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Executive summary

The subject R1 subdivision is proposed to include up to about 59 lots (minus perhaps a few lots 
for use as parkland) on a 41.4 ha parcel of forest-covered land that is now zoned RU (Rural Use).

The northwest corner of the site is bounded by South Uniacke Road and the Sackville River 
along its southwest border. The site is bounded by a few rural urban properties to the north along 
South Uniacke Road, and by forested land everywhere else, beyond with to the west there is 
some rural residential and commercial development along Eter Road and old Highway 1.

The only land use in the general region that may have presented any environmental issues of 
concern in the past within is the northeast-most part of the South Uniacke Gold District (which is
shown in 1902 mapping to overlap the north part of the site). However, due to the surface and 
subsurface hydrological locations of the old abandoned underground mine workings and of old 
crusher and tailing ponds, any legacy environmental issues of possible concern from the past 
mining are unlikely to present any concerns at the proposed subdivision site. There are current 
exploration licences over the northern two-thirds of the site and over other lands farther north. 
However, in light of the remaining small body of ore (if any) that may be present in the area, and
the extreme costs (social, environmental assessment, operational, and others) to develop it, it is 
highly unlikely that any reputable licence holder would want to undertake significant new 
exploration work on or near the site.

The site is entirely underlain by Cambrian age (540-510 Ma) metamorphosed bedrock 
(greywacke) of the Goldenville Group, which from mapping done earlier by this report’s author, 
is understood to be Taylors Head Formation. Bedrock of the Halifax Group Beaverbank 
Formation (metamorphosed siltstone), then Cunard Formation (slate) is present north of South 
Uniacke Road not far from the site. Because of their past tectonic history and metamorphism, the
Goldenville and Halifax Group hydrostratigraphic units (HU’s), and any wells constructed in 
them, are entirely dependent on fracture flow (secondary permeability). The overburden at the 
site consists of perhaps 2 to 5 m of glacial till, and two drumlins on-site. One drumlin (located on
the east site border) is about 22 m high and the other (along the south site boundary) is about 6 m
high above the surrounding lands. Parts of the site at the base of the drumlins are wet.

Based on information from the NSE well log database, 751 wells have been drilled into the 
Goldenville Group and 157 have been drilled into the Halifax Group within about a 4.5 km 
radius area around the site. No dug wells are reported within this area, and accurate mapping 
coordinates are available for only 27.6% of the drilled wells, so it was necessary to relegate the 
review of well yields and construction to statistical analysis of the available database records.

Short-term driller air lift yield rates for wells completed in Goldenville Group bedrock range 
from 0.5 to 227.3 (mean 18.0) L/min from well that are 6.4 to 192 (mean 65 m) deep with 1 to 73
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(mean 12 m) of casing. Of these, 85% meet or exceed the minimum 1,350 L/day (0.9 L/min) 
household need as suggested by NSE (2011). For wells completed in Halifax Group bedrock, 
reported air lift yield rates range from 0.3 to 159.1 (mean 19.2) L/min from wells that are 5.2 to 
133 (mean 66 m) deep with 1.8 to 33.5 (mean 10.6 m) of casing. Of these, 87.5% meet or exceed
the minimum 1,350 L/day household need as suggested by NSE (2011).

The highest air lift yield rates reported in the NSE well log database for all wells drilled within a 
4.5 km radius of the site, are from a few wells located across South Uniacke Road just north of 
the site. These localized high well yields may be explained by bedrock faults that have been 
mapped on-site, and lineaments that suggest those faults may extend beyond the site and across 
the road. As such, similar high well yields may be possible also in north part of the site. Due to 
till cover, bedrock structural information is not available for the south part of the site.

Two methods were used to assess the groundwater recharge potentially available for the wells 
proposed to be drilled on-site. Both methods allowed for the required 50% of the estimated 
available recharge to be reserved for stream baseflow and related ecosystem maintenance. The 
more (extremely) conservative method used, which assumes that groundwater recharged is 
limited to the site property boundaries, suggests that such recharge could, on an annual basis, 
provide 1.4 to 1.5 times the minimum 1,350 L/day per lot water need suggested by NSE (2011). 
The more realistic assessment method used suggests that the greater recharge area that is likely to
supply water to wells drilled on-site and other groundwater users is likely able to support the 
existing 330 homes that are on wells within the larger assessment area, plus assuming recharge 
from only the smaller recharge capture area considered, likely an additional 500 new homes.

The amount of water that an aquifer can store will depend on average porosity and aquifier 
size/thickness. The porosity of the local bedrock aquifer units may be expected to range between 
0.1% to 2%, and that of the much thinner surficial unit above bedrock range 10% to 20%. Based 
on that and an assumed conservative saturated thicknesses of 2 m and 190 m (greatest local 
reported well depth), for the surficial and bedrock HU’s, respectively, together the two HU’s may
have an estimated 21 years, to over 200 years, of available groundwater storage, excluding new 
additions from precipitation.

While well interference effects from pumping could not be calculated based on the data 
available, experience at other sites with similar bedrock geology and development density 
suggests that pumping induced well interference should not be an issue of large concern on and 
immediately around the site. However, well interference could be an issue if wells are spaced too
close together, so maintaining proper (consistent) well spacing is important.

The Goldenville Group bedrock HU produces generally good quality groundwater, but there may
be some issues related to hardness, iron and manganese, and arsenic may also require treatment. 
These are relatively inexpensive and easy to treat.
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Based on the information available and reviewed, the use of private drilled wells appears to be a 
reasonable means of providing for the water needs of new homes and lot density for the R1 
subdivision proposed for this site. Further, based on the very high yields reported for wells 
situated across the road not far north of the site, there is good reason to believe that 
(notwithstanding large variations in well yields expected due to fracture flow conditions) drilling 
for water supplies in the northern part of the site should be met with generally good success. For 
this reason, well interference in the northern part of the site should be expected to be less of a 
concern than would be generally be expected if the potential for higher well yields was not there.

While there is relatively good geologic control (i.e. data on faults) in the north part of the site, 
because of till obscuring the be bedrock surface, a similar level of control does not exist for the 
south part of the site. It is for this reason (notwithstanding NSE (2011) stating one is needed for 
subdivisions with greater than 25 lots) that a we recommend a Level 2 groundwater assessment 
for this site.
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Statement of Limitations and Qualifications 
This Level 1 hydrogeological assessment report was prepared by earth-water Concepts inc. (ewC) for 

the sole benefit of Portree JACC Enterprises Ltd. (PJE) as supporting documentation required by PJE 

and the Municipality of East Hants for consideration in application to rezone a a parcel of RU zoned 

land for a proposed R1 low density subdivision at South Uniacke, Nova Scotia, and for other purposes 

as stated in the report. This report cannot be used for any other purpose by any other person or entity 

without the express written consent of ewC and PJE.

The data and interpretations presented in this report are based solely on site inspections, data available 

for review, and site conditions present at the time the work was performed. There are levels of 

uncertainty inherent to all geologic/hydrogeologic assessments which are subject to change over time 

and/or as new or different information becomes available. All data obtained for this assessment 

represent conditions about a limited area surrounding the subject site and as such, the information used 

for this report can be expected to be variable with respect to location and time; ewC accepts no 

responsibility for the levels of completeness or accuracy of the information used for this report, or to 

update such information. This work is specific to the site, conditions and land use described herein, and 

cannot be used or applied under any circumstances to a location and situation that has not been 

specifically outlined.

The information presented in this report is based upon work undertaken according to sound geoscience 

and related hydrogeological practices by trained professional and technical staff for the purpose and use

described in this statement and the report; ewC makes no other representations, or any guarantees or 

warranties whatsoever, whether express or implied, with respect to this report, the information 

presented, or any part thereof, and ewC accepts no responsibility for any events, conditions or other 

circumstances that may have occurred before, or which may occur subsequent to, the work that was 

undertaken. This report must be read as a whole and no sections thereof are to be copied or read out of 

such context. Should future investigations provide information which supplements or differs from the 

information presented in this report, we request to be notified immediately and permitted to reassess the

results and interpretations provided herein. This Statement of Limitations and Qualifications forms part 

of the report and any use of the report is subject to the terms thereof.

 Original Signed
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1. Introduction
earth-water Concepts inc. was commissioned 
by Donald Martin of Portree JACC Enterprise
Inc. (PJE) to carry out a Level 1 groundwater
assessment for a proposed low density sub-
division in South Uniacke, in the Municipality
of East Hants (MEH), Nova Scotia.

The purpose of this study is twofold, to:

 1. Provide a screening level review of the 
proposed subdivision to help identify, 
from a desktop review of available data:

 the availability of, and ability for the 
site to supply the volumes of well 
water needed to support the proposed
subdivision,

 well construction and water quality 
issues of possible concern,

 potential issues that may arise from 
an increase in groundwater resource 
demand on existing neighbouring 
groundwater users.

 2. Assist the developer in his application 
to the MEH – and their review of same 
– to amend the Generalized Future Land
Use Map and the Land Use Bylaw Map 
to change the designation of the site 
from Rural Use (RU) to Established 
Residential Neighbourhood (ER), and 
zoning from Rural Use (RU) to Single 
Dwelling Unit Residential (R1).

1.1  Study guidance

This Level 1 groundwater assessment was 
done solely for the subject site in accordance 
with the Nova Scotia Environment Guide to 
Groundwater Assessments for Subdivisions 
Serviced by Private Wells (NSE, July 2011).

1.2  Map coordinates and accuracy

All coordinates and maps in this report are in 
reference to UTM projection/datum NAD 83,
Zone 20. Some of the data used for this report
was taken from air photos or maps created 
using compass and chain, which coordinates 
may be approximate. All ground elevations 
are in reference to vertical datum GCVD2013.

2. Site description

2.1  Definition of the study area

For the purpose of this report, the “site” 
comprises the proposed PJE subdivision 
development area specifically, as described in
Sections 2.2 and 2.3 below. However, by 
necessity, the study encompasses a much 
larger area, as required to properly assess and
describe the site geology and hydrogeology, 
and other related natural and anthropogenic 
features and land uses as may pertain to the 
groundwater quantity and quality 
characteristics at the site.

2.2  Site location and access

The site (land parcel PID 45141496) is in 
South Uniacke, immediately east-southeast of
the South Uniacke Road, roughly 2.35 km 
north-northeast of the Highway 101 exit 3, in 
the Municipality of East Hants immediately at
its eastern border with the Halifax Regional 
Municipality (HRM). The site is in the 
northeast corner of NTS map sheet 11D/13B 
(at the northwest corner of Tract 95, bordering
onto Tracts 94, 98 and 99) and is centred at 
approximately UTM 437675E/4967720N.

Figure 1 shows the site location relative to 
major roads and communities. Figure 2 
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shows the site location and more immediate 
local geographic features in greater detail.

Access to the site from the end of the Highway
101 exit 3 Mount Uniacke Connector is via  
Route 1 north 770 m to Eter Road, north 
along Eter Road 1.3 km to South Uniacke 
Road, 550 m east on South Uniacke Road 
and over Sackville River to the site.

Current access onto the site is via the private 
gravel driveway at 79 South Uniacke Road 
immediately north of the site (NSCRS (2021) 
shows the driveway to be on PTE property). A
trail leads in a southwesterly direction from 
the end of the driveway along the north site 
boundary to UTM 437800E/4967650N at the 
north edge of a drumlin centred roughly at the
eastern boundary of the site.
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Figure 1. Site location.
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Figure 2. Site location close-up and plan showing preliminary road and lot layout. 
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2.3  Development description

The site land parcel totals about 41.4 ha. The 
exact number of lots planned for the site is 
uncertain at this time. An early sketch of the 
proposed subdivision provided for this study 
suggests 59 lots that are to be serviced by 
individual on-site wells and septic systems, 
and about 1,800 m of new road.

However, there are a few wet areas on-site, 
and park space and specific well and septic 
system spacing requirements that are not yet 
accounted for in the early sketch, so the 
number of lots may be reduced slightly.

3. Scope and general
    methodology

3.1  Scope

Level 1 assessments are done to characterize 
the regional and local geology/hydrogeology 
to define the availability of, and possible 
issues related to, water supply for new 
subdivisions that are to be serviced by private
wells. The overall objectives are to minimize:

• the risk of potable water quality and 
natural and land-use quantity problems 
in new residential subdivisions; and

• potential for impacts of subdivision 
development on existing groundwater 
users and the environment near the 
proposed development.

Level 1 groundwater assessments generally 
consist of a site visit and desktop reviews, 
using available information, to characterize 
and describe the geology, hydrogeology, and 
other regional and local natural and man-

made features that may be of significance to 
a site’s groundwater resources.

A Level 2 assessments are similar to a Level 
1 assessment, except they include doing field 
work that typically includes the drilling on 
test wells on the proposed development site, 
and carrying out pumping tests and water 
quality testing on those wells.

The scope of this assignment is to carry out a 
Level 1 assessment of the subject site.

3.2  General methodology

This Level 1 assessment involved completing
desktop reviews of published and unpublished
reports, site visits, and numerous trips past 
the site on route to other assignments. The 
data reviewed included geologic and 
hydrogeologic maps, water well log database 
information, exploration drillhole data and 
mineral assessment reports, air photos, 
LiDAR1 DEM2 data, and hydrologic and 
geologic interpretations made from that data.

The site was visited many times while doing 
exploration ground geologic mapping of the 
area (Gagné and Wait, 1988), and numerous 
times from the mid-2000’s though November

1.  LiDAR (an acronym for Light Detection and 
Ranging) is a remote sensing method that uses a 
pulsed laser beam that is scanned from an aircraft to 
measure distances, based laser pulse reflection return 
time, to the tops of trees, and to bare earth as can be 
seen by the laser beam through vegetation.

2.  DEM (Digital Elevation Model) data is bare earth 
elevation data (as compared to DSM, or Digital 
Surface Model data, which represents to tops of trees 
and other vegetation) that’s collected from air photos, 
LiDAR, or other means, as a square grid across the 
land. The DEM used for this study had a horizontal 
resolution of 1 m and a vertical accuracy of 
approximately 15 cm.
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2021 while on-route to do other nearby 
project site work.

4. Site characterization

4.1  Area land use and cover

The site consists mostly of softwood forest. 
The site is bordered to the north by rural 
residences (a cluster of about 15 dwellings 
spread in a roughly 300 m by 400 m area on 
both sides of the South Uniacke Road), to the
west-northernmost part of the site by the 
South Uniacke Road, and south of that along 
its entire southwestern border by Sackville 
River. There is forest for several kilometres 
immediately east of the site. 

4.1.1  Local municipal zoning

The site and land immediately surrounding it 
within the MEH are zoned RU (Rural Use) 
(MEH, 2016, 2021), and lands immediately 
east of the site for several kilometres within 
HRM is zoned MR-1 (Mixed Resource) 
(HRM, 2021a, 2021b, 2021c). The land on 
the south side of the Sackville River within 
HRM is zoned MU-2 (Mixed Use) (HRM, 
2021a, 2021b, 2021c).

The parcels of land in areas extending about 
0.3 km away from the site up to about 2 km 
west and northwest within MEH are zoned 
R1 and R2 up to Highway 1, with some land 
on the west side of Highway 1 zoned BP 
(Business Park) and IC (Industrial 
Commercial) (MEH, 2021). The parcels of 
land on both sides of Highway 1 from the end
of the exit 3 Mount Uniacke Connector to 
and including the start of Eter Road are all 
zoned RC (Regional Commercial).

4.1.2  Area domestic-type land use

Along the South Uniacke Road immediately 
north and extending northeast of the site, the 
land use (all but one zoned RU) includes:

• a cluster of about 15 rural dwellings (as 
noted above) on both sides of the road 
immediately to the north of the site,

• a northwest trending section of 
abandoned railway line located about ½ 
km north of the site,

• another cluster of roughly 15 rural 
dwellings along both sides of South 
Uniacke Road for about another ½ km 
northeast of the tracks, then

• a mobile home park (Valley Gate Park), 
which is zoned MH (Mobile Home) and
has a capacity of about 180 homes (75%
to 80% occupied).

4.1.3  Area industrial land use

The lands zoned RC along Highway 1 
include an Irving gas station and store, an 
equestrian centre, a number of homes, a 
machine shop, a restaurant, a diesel service 
shop, and a construction company 
warehouse. The lands zoned BP and IC 
include various businesses and warehouse-
type establishments.

There is an abandoned shale borrow pit about
800 m north of the site, an active soil borrow 
pit about 1 km north-northwest of the site, 
and an active soil and rock borrow pit about 
1.7 km northeast of the site in HRM.

The site is also located at the southwest edge 
of the South Uniacke Gold District, where 
gold mining took place mostly north of the 
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railway tracks, with the work done at the 
south end of the Valley Gate Mobile Home 
Park, from the late 1880’s to shortly after 
WWII. There are still gold mining interests in
the area. More details are provided in 
Sections 5.7.3 and 5.7.4 of this report.

4.1.4  Site land cover

The leading forest species on-site include 
(NSDNR, 2021a, 2021b):

• black spruce (6-8 m height) near South 
Uniacke Road at the proposed site 
entrance road and at the northeast 
corner of the site,

• red spruce (6-8 m height) from about 
the centre of the site to its eastern edge, 
and

• unclassified softwood species (around 3 
m height) along the west boundary to 
the centre of the site. 

There are also small areas of mixed-wood 
(red maple, 9-11 m height predominant) 
along South Uniacke Road just south of the 
proposed site entrance road, narrow strips of 
red spruce (8 m height) and red maple (15-17
m) predominant along the Sackville River, 
and a small hardwood patch of red maple 
(12-14 m height) on the drumlin at the east 
edge of the site.

Wet areas are shown (NSDNR, 2021a) to 
extend from north to south on either side of a 
small tributary to Sackville River that runs 
about 100 to 160 m from the west boundary 
of the site. Bog and swamp are shown to be 
present along that tributary nearest the river. 
Another wet area is shown to be present at 
the far northeast corner of the site.

4.1.5  Registered wetland and special
          species designations

The wet areas mapping model produced by 
UNB in 2007 (made available by NSDNR 
(2012 and 2021a)) suggests that the north-
south wet area noted above, which is shown 
by NSDNR (2021a) to extend to the northeast
corner of the site, is likely to be poor to very 
poorly drained (or water), with drainage 
grading from moderate to good and rapid 
from the low wet areas to top of the drumlin 
situated at the east site boundary. However, 
there are no wetlands or related species at 
risk registered with the Province within the 
site property boundaries.

4.1.6  Historic land use

Air photos flown in the summers of 2017, 
2013, 2006, 2003, 1992, 1981, 1975, 1974, 
1966, and 1964 were reviewed to help assess 
the recent historic land use of the site and 
surrounding areas. That review identified the 
following general site conditions and changes
going back over the past 57 years:

• There appears to have been no land-use 
changes immediate around the site 
going back to at least 2013.

• The properties at 90 to 116 South 
Uniacke Road (north side of the road) 
were developed some time between 
2013 and 2003. 

• The property at 79 South Uniacke Road 
located immediately to the north of the 
site was developed some time between 
the 2003 and 1992 air photos, as was the
trail that leads from it into the property.

• There are no apparent land-use changes 
near the site until some time shortly 

                             Project 173UC01 – Portree JACC Enterprises Ltd.                    Page 6 of 70



          Level 1 groundwater assessment – Portree JACC Enterprises Ltd., South Uniacke, NS

before 1974, which air photo shows a 
relatively new section of South Uniacke
Road alignment and bridge over the 
Sackville River.

• The older section of road, which is still 
bare in the 1974 air photo (see Figure 
3), continued straight before the existing
curve to make a much sharper bend over
the river at approximately UTM 
437320E/4967895N, then after the old 
bridge, swung northeast to return to the 
existing road. The northeasterly section 
of older road was just outside the 145 m
northwesterly-most part of the site’s 
property boundary.

• Based on the 1966 air photo, except for 
the above-noted road alignment change,
there were no other land-use changes 
apparent immediately near the site.

Older air photos were flown at reasonable 
1:15,000 scales in 1954 and 1931, but were 

not available for review for this assessment.  
However, the progressive amounts of growth 
present in the air photos from 1964 through 
to 2017 suggests that the area at the top of the
drumlin at the eastern site boundary may 
have been cleared some time before 1964. 
Additionally, mapping by Faribault (1909), 
who is known for his surveying accuracy, 
shows the road alignment west of Valley Gate
Park (and thus likely also land use) remained 
unchanged from the early 1900’s when he did
his surveys, through to the early 1970’s.

4.2  Topography, surface hydrology

4.2.1  Area topography

Figure 4 shows the site location relative to 
Nova Scotia’s primary watersheds. The larger
scale map in Figure 5 shows the regional 
topography, lakes, streams and rivers, roads, 
buildings, other geographic features, and the 
local Sackville River tertiary sub-basins.

Ground surface elevations within the Figure 
5 map area range from 74.3 m to 224.8 m and
average 142.0 m, with elevation histogram as
shown in the figure legend. Ground surface 
elevations on-site range from 118.4 in the far 
south at Sackville River to 149.5 m and mean
of 130.4 m. However, except for two drumlin
features (one about 20 m high at the east site 
boundary, the other about 6 m high along the 
southwest site boundary), the site has a low 
general relief of only about 7 m.

4.2.2  Surface water hydrology

The site is located within the upper reaches 
of the Sackville River watershed (Figure 4) 
and more specifically, at the west edge of 
tertiary sub-watershed 1EJ-4-F (Figure 5), 
which is the uppermost (east side of the river)
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Figure 3. Air photo (1974) from the Eter 
and South Uniacke Road intersection to the 
east-most site boundary. Photo shows the 
existing (paved) and old (unpaved) road 
alignment and Sackville River crossing.
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tertiary sub-basin of the Sackville River 
watershed.

The Sackville River watershed has a total 
area of 972,337,379 m2 (NSE, 2021a). Table 
1 summarizes the sizes of its tertiary sub-
basins shown (some partially) in Figure 5.

Table 1. Size of local tertiary sub-basins.

Sub-basin ID (NSE, 2021a) Surface area (m2)

1EJ-4-G 22,017,390

1EJ-4-J 11,926,047

1EJ-4-H 3,512,284

1EJ-4-F 8,479,564
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Figure 4. Site location relative to Nova Scotia’s primary watersheds (named after their principal 
river). (from ESRI, 2021)
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Because of the 1:10,000 scale used by NSGC
(2021b) and NSE (2021a) to map streams and
to define watersheds, Figure 5 may not show 
all of the smaller surface channel water flows
on-site. Figure 6 shows the more localized 
drainage patterns and catchment basins.

Figure 6 was produced by first stitching 
together the fifteen 1 m resolution LiDAR 
DEM data sheets (NSGC, 2021b) necessary 
to form one continuous DEM file to cover all 
of the upper Sackville River primary 
watershed (a part of which is shown in Figure
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Figure 5. Regional ground surface topography (NSGC, 2021b) and local Sackville River tertiary
sub-watershed boundaries (dark blue lines, NSE, 2021a). Basemap from NSGC (2021a). 
Geographic legend: light blue = rivers and lakes, dark grey = paved roads, light brown = 
unpaved roads and/or trails, pink = utility power lines, maroon = railway line, red = municipal 
and site boundaries.
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5). That DEM was hydrologically corrected 
by carving 1 m deep “channels” into it where 
NSPW (2021) and NSGC (2021a) show 
bridges and culverts, and elsewhere where 

streams identified by photogrametry at the 
1:10,000 scale (NSE, 2021a; NSGC, 2021a) 
are shown to cross roads. This was followed 
by infilling any no-flow areas that may have 
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Figure 6. Local 1st to 7th Strahler (1952, 1957) order stream drainage patterns and catchment 
basins draining via 5th to 7th, 4th to 7th, and 3rd to 7th order streams as defined for a drainage 
outlet located at the north end of Little Deadwaters lake (orange dot). The thick dark-blue lines 
show the boundaries for basins that drain 5th to 7th order streams. The thin dark-blue lines show 
the boundaries for basins that drain 4th to 7th order streams. The basins that drain 3rd to 7th order 
streams are randomly coloured. See text for details. Basemap, NSGC (2021a).
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been inadvertently created by the carving. 
Using the corrected DEM, the hydrologic 
modelling modules in GRASS GIS (2021) 
were run, using a flow initiation threshold of 
0.5 ha., to define streams within the DEM 
domain, their flow directions, stream orders 
(Hack, 1957; Horton, 1945; Shreve, 1966; 
Strahler, 1952, 1957), lengths, slopes, and 
other stream statistics.

The more detailed map in Figure 6 shows 
that the PJE site drains only partly into the 
Sackville River river-direct catchment, and 
indirectly via three catchment sub-basins that
discharge into it via:

• a 3rd order stream that drains the 
397,017 m2 sub-basin (shown in grey in 
Figure 6) that extends from the South 
Uniacke Road - railway crossing and 
into the northern-most part of the site,

• a 3rd order stream that drains the 
113,740 m2 sub-basin (also shown in 
grey in Figure 6) that lies almost 
entirely in the south part of the site, and

• a 2nd order stream (at the site) into the 
644,269 m2 sub-basin (shown in pink in 
Figure 6, encompassing only a small 
part of the site at its eastern border) that 
extends from South Uniacke Road, 
drains through a culvert under the 
railway, into another 120,136 m2 sub-
basin (just outside the southeast corner 
of the site, grey-yellow in Figure 6), to 
then discharge as a 4th order stream into 
the Sackville River at a point about 95 
m (as the crow flies) downstream of the 
southeast corner of the site.

5. Area bedrock geology
Figure 7 shows the area bedrock geology. 
The area and site are underlain by bedrock of 
the Cambrian to Early Ordovician age (540 to
470 Ma) Meguma Supergroup.

5.1  The Meguma Supergroup

The Meguma Terrane (Meguma Supergroup) 
is Canada’s eastern-most tectonic terrane3 
(see Figure 8). It encompasses all of Nova 
Scotia south of the Avalon Terrane along the 
Minas Fault zone at the base of the Cobequid 
Hills, which runs east-west from Chedabucto 
Bay to Cobequid Bay and the Minas Basin.

5.1.1  Meguma Supergroup components

The Meguma Supergroup is comprised of 
three bedrock groups: the older Goldenville 
Group, the largely conformably overlying 
younger Halifax Group, both of which are 
sedimentary sequences deposited in a mostly 
transgressive4 marine environment, and the 
younger still Rockville Notch Group that 
unconformably overlies the Halifax Group.

3.  A tectonostratigraphic terrane is a crust fragment 
that is formed on a tectonic plate that is accreted or 
“sutured” to crust lying on another plate. The crustal 
block preserves its own distinctive geologic history, 
which is different from that of the surrounding areas. 
The suture zone between a terrane and the crust it 
attaches to is usually identifiable as a fault.

4.  A marine transgression is a geologic event during 
which sea-level rises relative to the land and the 
shoreline moves toward higher ground, resulting in 
flooding. Flooded environments generally provide for
better preservation of sediments and thus, of the 
geologic record. Marine regressions are the opposite. 
They are times during which sea-levels fall relative to
the land, exposing former sea bottom. During those 
drier environments, erosion is prevalent and 
depositional processes (or their preservation) are 
reduced, thus leaving blanks in the geologic record.
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The Goldenville Group consists largely of 
Cambrian-Age (520 to 485 Ma) turbidite 
(submarine slide and avalanche) sands and 
related coarse sediments. The Early 
Ordovician age (485 to 470 Ma) Halifax 
Group, which sediments include finer-
grained silts and muds, are thought to 

represent more distal and deeper marine 
deposition. The  Lower Ordovician to 
Silurian age (470 to 420 Ma) Rockville 
Notch Group consists of a sequence of 
sedimentary and volcanic rocks that were 
deposited in what is believed to be a rift 
(White and Barr, 2017).
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Figure 7. Area bedrock geology (Horne et al, 2009). The South Uniacke Gold District boundary 
line is shown in purple. Basemap NSGC (2021a). *The Goldenville Group is undivided by Horne
et al, but from observations made around the site is believed to be Taylors Head Formation.
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During the Acadian Orogeny (closure of the 
pre-Hercinian Ocean) as Gondwana (now 
Africa) and Laurasia (now North America) 
collided to form Pangea, these bedrock units 
were tightly folded against the Avalon Terrane
and Laurasia and uplifted into a formidable 
mountain system. This now metamorphosed 
fold belt was intruded by mostly Middle 
Devonian to Mississippian age (395 to 360 
Ma) granitic plutons, followed by additional 
regional and localized deformation and rapid 
exhumation, the whole of which is referred to 
as the Meguma Supergroup.

5.1.2  Origin of the Meguma Terrane 

The traditional thinking is that the Meguma 
sediments were deposited in a passive 
continental shelf type environment on the 
west coast of Gondwana and subsequently 
compressed onto the Avalon Terrane.

However, recent stratigraphic, sediment 
provenance, and paleomagnetic studies by 
Culshaw and Lee (2006), White et al (2007), 
Waldron et al (2009), White and Barr (2017), 
Shellnutt et al (2019), and others, suggest that
the Meguma was instead likely deposited at 
least partly on the Avalon basement in a rift 
zone located between the Avalon Terrane and 
Gondwana, with terrane sediment deposition 
and deformation occurring within a sequence 
of tectonic plate spreading and subduction 
events that spans the Middle Cambrian to 
Upper Devonian.

Figures 9 and 10 probably best illustrate 
those tectonic processes. In Figure 9:

(a)  The Ganderia, Avalonia, and Meguma 
terranes are reconstructed to surround the 
South America craton around 510 Ma 
following the breaking up of Pannotia.
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Figure 8. The Meguma Terrane in relation to the Laurentia (early North America) and the other 
eastern Canada tectonic terranes (after White and Barr, 2017).
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Figure 9. Palinspastic reconstructions during the Early Paleozoic time 
(510-370 Ma) period (from Shellnutt et al, 2019). AM = Amazon, AV = 
Avalonia, BT = Baltica, EAV = Eastern Avalonia, LU = Laurentia, GRN 
= Greenland, SIB = Siberia, WA = West Africa.
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Figure 10. Tectonic evolution showing the possible relationship between 
Avalonia and Meguma during the Late Silurian to Late Devonian. (a) Late 
Silurian emplacement of the Rockville Notch Group. (b) Initial stages of the 
Acadian Orogeny and peak granulite facies metamorphism in the underlying 
Avalonia rocks. (c) Middle Devonian silicic magmatism and high temperature
deformation episode. (d) Late Devonian dyke emplacement and entrainment 
of the granulite xenoliths. SCLM = subcontinental lithospheric mantle. OLM 
= oceanic lithospheric mantle. RNG = Rockville Notch Group.
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(b) Separation of Ganderia terrane from 
South America craton as the Iapetus Sea 
opened. Separation of Avalonia, Eastern 
Avalonia terrane, and Meguma terrane 
from the edge of Amazon craton as the 
Rheic Ocean opened at 480 Ma.

(c) Closure of Iapetus sea and continuous 
spreading of Rheic ocean bring Ganderia, 
Avalonia, Eastern Avalonia terrane closer 
to Laurentia, but regional extension 
between Avalonia and Meguma occurred 
at 440 Ma.

(d) Formation of Laurasia during 420 Ma 
as Ganderia, Avalonia, and Meguma 
terranes amalgamated into Laurentia, and 
Eastern Avalonia terrane amalgamated 
into Baltica. Folding of Meguma strata.

(e)  Further closing of Rheic Ocean around 
420 Ma caused the Meguma terrane to be 
thrust over Avalonia. Brittle faulting of the
Meguma, granitic magmatism triggered by
mantle detachment from folding, related 
hydrothermal gold mineralization in folds 
and shear zones. 

(f)  The closure of Rheic Ocean brought 
Laurussia and Gondwana closer to form 
the supercontinent Pangea around 370 Ma.

5.2  Structure and metamorphism
       of the Meguma Supergroup

5.2.1  Folding

The main period of folding is thought by 
many to be ductile deformation of sediments 
related to the docking of the Meguma Terrane
(and Avalon Terrane) with Laurasia between 
420 and 400 Ma, before any granitic pluton 
emplacement took place. However, there is 
evidence of post-pluton folding from 378 to 

366 Ma (Keppie et al (2002), in Culshaw and
Lee, 2006) after sediment strengthening, 
which resulted in Goldenville Group saddle 
reef fold structure development (which host 
many if not most of Nova Scotia’s gold 
deposits) and related auriferous quartz vein 
emplacement. 

No matter the timing or number of episodes 
of folding, the direction of tectonic stresses 
causing folding resulted in the development 
of tight, vertical folds with a province-wide 
northeast axial trend, many of which can be 
traced over very long distances along strike. 
The folds have a 11 to 18 km wavelength that
in not apparent in maps (Culshaw and Lee, 
2006) that is overprinted by a 4 to 6 km fold 
frequency due to buckle shortening that is 
much more clearly evident in geologic maps.

5.2.2  Brittle deformation – faulting

In addition to sediment folding, the tectonic 
stresses related to the collision of Gondwana 
with Laurasia generated a number of well 
developed faults with a distinctive northwest 
orientation that typically show a sinistral 
(counterclockwise) strike-slip5 separation 
(over 20 km for some). They may also exhibit
a certain amount of normal and/or reverse6 
(depending on location) displacement.

5.  Lateral, or horizontal displacement.

6.  Describes vertical or dip-slip displacement. In 
normal faults the block of rock above the inclined 
break line is displaced downward along the break; 
these are typical of extensional stresses. In reverse 
faults the block of rock above the inclined break line 
is displaced upwards; this is typical of compression 
stresses and results in shortening of the crust. In both 
types of faults the section of rock that’s below the 
fault line is referred to as the footwall, and the section
of rock that’s above the fault line is referred to as the 
hanging wall. 
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These northwest striking faults define the 
overall structural fabric of the Meguma 
Terrane, and are responsible for the 
development of nearly all of the harbours 
along Nova Scotia’s Eastern Shore.

There are also numerous northeast trending 
dextral strike-slip, thrust7, and tension faults 
that cut the province and cover long time 
spans. Some are related to the collision of 
Gondwana with Laurasia (Boehner, 1981; 
Giles and Boehner, 1982), during it (Waldron
et al, 2010; Keppie Sr, (undated); Javaid, 
2011; Keppie Jr, 2013), and to later stresses 
during Carboniferous (360 to 300 Ma) 
deposition (Bachtadse et al, 2018), in the 
Permian (~275 Ma) (Irving, 2005; Muttoni et
al, 2003), and possibly into the Lower 
Cretaceous (145 to 100 Ma) (Stea and Pullan,
2001; Piper et al, 2005).

5.2.3  Metamorphism

The regional metamorphism8 associated with 
tectonic compression during the Acadian 
Orogeny varies across the Meguma Terrane 
from amphibolite facies9 (medium pressure 
and average to high temperature) in the 

7.  A reverse fault in which the fault plane is nearly 
horizontal. Thrust faults can result in significant 
crustal shorting and vertical stacking of strata in cases
were multiple, sequential thrust faults are present.

8.  Metamorphism is a process of mineral assemblage 
and texture variation that results from the physical-
chemical changes in solid rocks as they are subjected 
to pressure (regional or dynamic metamorphism) and/
or temperature (contact metamorphism). 
Metamorphism comprises recrystallization, 
deformation, and mineralogical alteration. 

9.  A metamorphic facies is a set of mineral 
assemblages formed under similar pressures and 
temperatures, which certain minerals can be linked to 
certain tectonic settings, times, and places in the 
geologic record. 

extreme northeast and southwest areas of 
Nova Scotia, to mid or lower greenschist 
facies (low temperature and pressure) in 
central Nova Scotia (Compton et al, 2012).

The large volumes of granite and 
granodiorite (the South Mountain Batholith 
encompasses nearly half of the Meguma – 
see Figure 8) that intruded into tightly folded 
and regionally metamorphosed Meguma 
Supergroup strata resulted in the presence of 
well developed, well defined hornblende-
hornfels facies (low pressure, moderately to 
very high temperature) contact metamorphic 
aureoles that range in width 0.5 to 2.5 km 
around plutons (Taylor and Schiller, 1966).

5.3  Goldenville Group
       lithostratigraphy

Upward to a dozen mappable formations (see
Figure 11) are  recognized in the Goldenville 
Group (White, 2010).

The Goldenville Group is dominated by 
thickly bedded to massive grey to greenish 
grey, generally poorly sorted quartzose and 
feldspatic psammite (metasandstone) with 
chlorite-rich matrix, interbedded with minor 
interbeds of grey to black pelitic rocks 
(metasiltstone, slate, argilite) (Church Point, 
Green Harbour, Tangier, and Taylor Head 
formations), and grades upwards into thinly 
bedded psammite and  metasiltstone, and 
silty slate (Government Point Formation). 
Gold-bearing quartz veins occur at many 
localities (Williams et al, 2018).

The maximum measured thickness of the 
Goldenville Group is about 5,400 m, with the
base not exposed. The stratigraphically 
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lowermost exposed unit in the Goldenville 
Group, in the Yarmouth-Digby area, is 
located 3 km in stratigraphic thickness below 
the High Head member. This metasandstone 
unit yielded 555 Ma detrital zircon, providing
an earliest Upper Neo-proterozoic 

depositional age for that exposed part of the 
Goldenville Group (White et al, 2007).

The Goldenville Group is overlain 
conformably by the Halifax Group, although 
some have suggested that the two are in part 
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Figure 11. Schematic stratigraphic columns for the Megume Supergroup 
(after Waldron et al, 2009). 
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contemporaneous. It is intruded by Upper 
Paleozoic granitic plutons. Where the Halifax
Formation is absent, the Goldenville is 
unconformably overlain by the Lower 
Carboniferous Horton and Windsor groups 
and by the Upper Triassic Wolfville 
Formation of the Fundy Group.

Horne et al (2009) (Figure 7) do not specify 
which formation is present at/around the site. 
However, from Smith et al (2005), Horne and
Pelley (2007), Compton et al (2012), 
Waldron et al (2015) and White and Vaccaro 
(2020), and through a familiarization with the
geology of the area from outcrops and float 
that were observed and mapped near the site 
(Gagné, 1988; Gagné and Wait, 1988), and 
from water well drill cuttings collected at 
another nearby site, confirm that the bedrock 
unit present at the site is the Taylors Head 
Formation.

Again, based on mapping done in the area 
and on-site by Gagné (1988) and Gagné and 
Wait (1988), the Taylors Head Formation 
at/near the site is known to consist principally
of pale grey-green cyclic, thin to thick 
bedded metagreywacke and metasiltstone, at 
times in fining-up sequences with fine-
grained conglomerate locally at the base of 
cycles. Metasiltstone intervals are typically 
pale green, commonly laminated, and may 
include minor slate at the tops of cycles.

5.4  Halifax Group lithostratigraphy

The Halifax Group includes at least eight 
mappable formations (see Figure 11). It is 
dominated by greyish-green to black pelite 
and, locally, red slate, and minor fine- and 
very fine-grained metasandstone; it is 
generally thinly bedded and strongly sheared.

The Halifax Group’s lowermost units (the 
Moshers Island Formation and, locally, the 
Beaverbank Formation), are grey-green, can 
be schistose-looking in places, and are 
characterized by numerous Manganese-rich 
calcareous concretions. Thier contacts are 
transitional with rocks of the Goldenville 
Group that they conformably overlie.

Although they are conformable, the contact 
of the Cunard Formation with the underlying 
Beaverbank Formation is sharp (Gagné and 
Wait, 1988; White and Barr, 2012).

The Cunard Formation consists mostly of 
black to rust- brown slate with thin beds and 
lenses of minor black metasiltstone. Cross-
laminated, fine- to medium-grained, poorly 
sorted, pyritiferous metasandstone beds, up to
30 cm thick, are locally present. The 
abundance of graphite and sulphide minerals 
within the Cunard Formation suggest it was 
deposited under anaerobic sea-floor 
conditions during a period of basin-wide 
stagnation (Waldron, 1987, 1992).

The Halifax Group thickness varies from 
about 3,600 m in the type area (Halifax) to 
about 500 m in southwest Nova Scotia. The 
Halifax Group conformably overlies the 
Goldenville Group, and as with the 
Goldenville, the Halifax Group has also been 
intruded by Upper Paleozoic granitic plutons.

The Halifax Group is unconformably 
overlain by the Rockville Notch Group, 
which is present mostly in the Yarmouth-
Digby area, but also near Kentville. 
Elsewhere, the Halifax Group is 
unconformably overlain by the Lower 
Carboniferous Horton and Windsor groups 
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and the Upper Triassic Wolfville Formation 
of the Fundy Group.

5.5  The South Mountain Batholith

The granodiorite10 that is shown to be present
at the west edge of Figure 7 is in fact the 
eastern-most edge of the South Mountain 
Batholith; the largest plutonic intrusive that 
forms part of the Meguma Supergroup.

Within the Figure 7 map area, the rock in the 
south is described by Horne et al (2009) as a 
medium- to dark-grey, and medium- to 
coarse-grained, containing 5-10%) 
megacrysts11, 12-15% biotite, and numerous 
xenoliths12. The rock in the north is described
as medium grained and equigranular, with 
12-15% biotite and abundant xenoliths. The 
quartz is reported to have bluish colouration.

5.6  Local structural geology

As was noted earlier, the collision of 
Gondwana with Laurasia during the Acadian 

10.  Granodiorite is a coarse-grained igneous rock 
consisting of essential quartz, plagioclase feldspar, 
alkali feldspar, biotite and hornblende, with accessory
sphene, apatite, and magnetite. Plagioclase is the 
dominant feldspar, equal to or greater than two-thirds 
of the total feldspar present. Granodiorites are 
commonly found as intrusions into the crust above 
tectonic subduction zones.

11.  A term that applies to the texture of any igneous 
or metamorphic rock which contains large, usually 
euhedral crystals set in a finer-grained ground mass. 
The term has no genetic connotation, unlike 
‘phenocryst’ which implies crystallization from a 
magma, and ‘porphyroblast’ which implies solid-state
recrystallization during metamorphism.

12.  A xenolith is an inclusion of enclave of a pre-
existing rock in an igneous rock. Xenoliths are often 
derived from the country rocks that have been 
invaded by the igneous mass, and frequently show 
evidence of reaction, rounding of edges, and 
metamorphism.

Orogeny caused Meguma sediments to 
become tightly folded, metamorphosed, and 
fractured. The orientation of the sediment 
bedding and thus, of the fold anticline/ 
syncline13 axis, as shown in Figure 7, are 
entirely a result of that collision.

The Schmidt (equal area) stereonets14 (lower 
hemisphere) shown in Figure 12, which were 
produced for this assignment, represent the 
bedding, cleavage, and jointing strike/dip15 
planar data as reported by Horne et al (2009) 
within the metasediments of the Goldenville 
and Halifax Groups in the Figure 7 area.

13.  Anticline axis are the top hinge-lines of folds, 
whereas synclines are the bottom fold hinge-lines.

14.  A stereonet is a graphical tool that allows the 
projection of three-dimensional information onto a 
two-dimensional plane. Stereonets involve the 
projection of lines and planes inside a transparent 
sphere, with an extended plane (or line) passing 
through its centre. A plane will cut the sphere forming
a line (great circle) on the sphere’s surface, whereas a 
line will generate a point.

Two alternative projections are commonly used, the 
upper and lower hemisphere respectively, with use 
depending on the discipline of interpretation. When 
the sphere is viewed from above these are 
stereographical projections; as the lines and planes 
extend beyond the sphere, intersections in the upper 
and lower hemispheres are visible.

The points in Figure 12 (and their contoured Fisher 
Distribution) are lower hemisphere projections of 
lines that were drawn perpendicular to the planes 
(which great circles are not shown, as there would be 
too many for the stereonets to make sense) defined by
the strike and dip data measured in the field. 

15.  Strike and dip refer to the orientation of a 
geologic feature, such as bedding, or fault planes. The
strike line represents the azimuth of the intersection 
of that feature with a horizontal line (in simple terms, 
the wet mark that the water surface in a lake would 
leave on a sloping bedding surface). Dip gives the 
steepest angle of decent of the tilted feature being 
measured. All strike/dip values used here are defined 
using the right-hand (North American) rule.
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The bedding orientations that are represented 
by Figure 12 (a) show a marked northeast 
strike, with mostly north (around 80°) 
bedding dips and southwest plunging folds 
within the Figure 7 map area. The domed 
anticline that forms the saddle structure in 
which gold deposits were concentrated east 
of the site, extends to the site, such that dips 
on-site range from 0° to 85° north and south.

The axial planes for the two anticlines within 
the Halifax Group present in the northern 
third of Figure 7 have apparent dips of 80° 
north and over 85° south, respectively 
(Faribault, 1909). The axial plane of the 
South Uniacke anticline (middle of the site) 
has an apparent dip around 55° south, and the
axial plane of the Lewis Lake anticline at the 
south of Figure 7 (partly hidden behind the 
map legend) dips around 80° north.

Figure 12 (b) shows a similarly marked 
northeasterly strike orientation, and nearly 
vertical northerly and southerly dips for 
primary bedrock cleavage16 (i.e. fold axial 
planes) for Figure 7 area metasediments.

Within thick/massively bedded Goldenville 
Group bedrock units, cleavage can be and is 
often confused with bedding, particularly 
where outcrop exposures are poor and few.

16.  Cleavage in structural geology (not to be 
confused with mineral crystal cleavage) describes a 
planar rock feature that develops as a result of 
deformation and metamorphism – the degree of 
deformation along with rock type determined the kind
of cleavage feature that develops. Cleavage shows a 
measurable geometric relationship with the axial 
plane of folds that develop during deformation, and is
referred to as axial planar foliations. Foliations are 
symmetrically arranged usually with respect to the 
bedding fold axial plane, depending on the 
composition and competency of a rock. 
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Figure 12. Schmidt stereonet projections of 
strike/dip planar data (Horne et al, 2009) 
from Figure 7 area metasediments.
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Figure 12 (c) shows three distinct joint17 set 
orientations as measured within the Figure 7 
area metasediments. The primary joint set has
a fault-parallel northwest orientation with 
mostly steep southerly dips ranging between 
70° and 80°. The secondary joint set strikes 
east-west with predominant southerly dips 
within the 75° to 90° (vertical) range. The 
tertiary joint set strikes northeast with 
westerly dips of 60° to 80°.

Figure 12 excludes data from Gagné and 
Wait (1988); it is presented graphically only, 
is difficult to read, and field notes for that 
work are no longer available. However, the 
mapping done on-site shows bedding strikes/
dips that match those in Figure 12 (a), and 
south dipping northwesterly joint sets.

In addition to the above, Figure 7 shows two 
sets of local faults and lineaments18 with clear

17.  A joint is a discrete brittle fracture in a rock along
which there has been little to no movement parallel to
the plane of the fracture, but slight movement normal 
to it. These fractures may be caused by shrinkage, due
to cooling (such as is volcanic flows), desiccation, or 
to the unloading of overlying rocks by erosion or 
tectonism. A group of joints of common origin 
constitutes a ‘joint set’ and the joints are usually 
planar and parallel or sub-parallel in nature. ‘Joint 
systems’ comprise two or more joint stes, which are 
usually arranged systematically with respect to the 
principal stress axes of regional deformation.

18.  A lineament is a linear feature in a landscape that 
is an expression of an underlying geologic contact
or geological structure, such as bedding folds, or 
faults and shear zones. Faults may generate subtle or 
significant escarpments, straight-line valleys, or 
subtle linear depressions in the landscape because 
where the bedrock gets physically displaced and/or 
broken up, it becomes more easily eroded.

Lineaments are often apparent in topographic maps 
and on aerial or satellite photographs as straight 
shorelines, or in the linearity streams and rivers. They
also become evident in hill-shade images created 
from DEM obtained either form air photos or LiDAR.

northwest and northeast orientations – these 
are consistent with the overall structural 
fabric of the province described above. 
Figure 7 also shows one lineament following 
the outline of the South Mountain Batholith, 
which may be indicative of displacement in 
metasediments caused by the rise through 
them of the granodiorite pluton.

The lineaments shown in Figure 7 are also 
consistent with a GIS lineament analysis 
done in the area by ewC for other clients.

Horne et al (2009) give no direct information 
on displacement or underground orientation 
for the faults shown in their maps. However, 
Faribault (1902) shows that the main 
northeast fault at Valley Gate Park, which 
was encountered in underground mine 
workings, dips south and was subjected to a 
normal apparent vertical displacement of 38 
m and apparent strike-slip dextral translation 
of 60 m. A related north-northwesterly fault 
shown by Faribeault was confirmed by ewC 
(2007, 2020a, 2020b) from well drilling to 
extend farther north and to dip west.

The nature of the displacement of the faults 
mapped by Gagné and Wait (1988) on-site 
and immediately to the north of the site could
not be determined, but nearby jointing plane 
orientations suggest that the fault-set located 
directly on-site likely dips west.

5.7  Local economic geology

Searches were done of the designated land 
use database (NSGC, 2021b), Nova Scotia 
mineral occurrence database (O’Reilly et al, 
2016), and the Geological Survey of Canada 
and NS Natural Resources Energy and Mines
Branch “GeoScan” and “NovaScan” library 
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databases in efforts to identify any past 
and/or current mineral interests within the 
area. Search findings included the following 
within the Figure 7 area:

• The gravel, stone and shale borrow pits 
noted in Section 4 of this report.

• A gold occurrence located about 3.6 km 
southwest of the site south of Highway 
101, as shown by Faribault (1909).

• A manganese occurrence about 4.4 km 
southeast of the site along Beaver Pond 
Brook halfway between South Uniacke 
and Fenerty, Halifax County. It occurs 
as small veins in slate exposed on the 
brook. How (1868) reported that 100 
pounds of Mn-oxide, mostly pyrolusite 
averaging 70% MnO2, was removed 
from the site. Smitheringale (1928) also 
reported bog manganese along the 
brook and Mn-oxide float in the area.

• The Mount Uniacke Gold District 
located about 6 km north of the site and 
within the St. Croix River watershed.

• The South Uniacke Gold District 
immediately at and east of the site.

5.7.1  Environmental considerations re. 
          local mineral occurrences

Except for perhaps the South Uniacke Gold 
District, none of the above are considered to 
present direct or significant concerns in terms
of impacts to groundwater, surface water, or 
groundwater recharge for water supply wells 
that are likely to located on-site – they are 
either too far from the site, downgradient of 
if, too small, or are in sub-watersheds that are
unlikely to directly influence the site. For 
example, any acid slate runoff from the old 

shale pit north of the site (abandoned since at 
least in the late 1980’s) would flow under the 
railway via the sub-basin (pink in figure 6) 
north of South Uniacke Road to discharge 
into Sackville River about 345 m (as the 
crow flies) upstream of South Uniacke Road, 
or about 445 m upstream of the site (600 m 
upstream along channel). It’s effect would be 
to lower the river water pH, posing more as a 
surface aquatic ecosystem concern at/below 
the site than a groundwater one.

5.7.2  Description and history of the
          South Uniacke Gold District

Compared to some other Gold Districts, little 
information exists on the mining history at 
South Uniacke. This may be because South 
Uniacke ranked only 20th (Parsons et al, 
2012) out of about 40 Gold Districts in terms 
of total recorded gold produced.

South Uniacke, which is classed as a vein-
rich gold deposit type (Kerr, 2020), is a small
side fold on the Holmes Settlement fold.

Gold was first discovered in the area in 1987,
and almost continuous production was 
recorded from the following year until 1900 
(Johnston, 1974). During the first 2 years, 
298 tons of ore produced from the Hard Lead
yielded 3,200 ounces of gold (10.7 oz/ton 
milled) and in the subsequent 4 years a total 
of 7,073 ounces of gold had been recovered 
from 788 tons of crushed ore (9.0 oz/ton).

Prior to 1900, modest production was also 
derived from the Slate Lead. Sporadic 
production continued until 1905. In 1922, a 
new shallow shaft was started, followed by 
additional spurts of activity with the sinking 
of a more shallow shafts and dewatering of 
older ones in 1928, 1937 and 1947 and the 
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Figure 13. Close-up from Figure 7 of the site and South Uniacke Gold District boundaries 
(purple lines), showing the locations of old gold mining shafts and workings (red squares) and 
exploration drill holes (orange dots). (From Horne et al, 2009; Faribault, 1902; O’Neill and 
Poole, 2016; Hennick and Poole, 2020; Basemap NSGC, 2021b). 
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advancement of five diamond drill holes in 
1942. No has been no further production 
since then. 

From 1888 to 1948 the South Uniacke 
District is reported to have produced 20,762 
troy ounces of gold from a reported 11,070 
tonnes (Parsons et al, 2012) to 11,722 tonnes 
(Kennedy and Nicholson, 2006) of crushed 
ore, with an average grade of 55.05 g/tonne19,
(1.77 troy ounces/tonne) (Pelley et al, 2007).

A geologic site plan by Faribault (1902) (see 
Figure 13 for some of the features shown on 
his plan) shows the three major gold leads20 
(the Hard and Slate Leads were the major 
two, the Middle Lead having had some work 
done along it) located roughly under the first 
two southern-most rows of mobile homes at 
Valley Gate Park, plus two more working 
leads (the Copper and North leads) located 
farther north. Figure 13 also shows the shafts 
that were sunk on site based on Faribault 
(1902), Gagné and Wait (1988) and Hennick 
and Poole (2020).

A 123 m deep shaft was sunk at the far east 
end of the Hard Lead, from which a 30° 
incline was worked to a vertical depth of 220 
m. An additional seven shafts were sunk 
along the Hard lead, ranging from 122 to 6 m
deep, becoming shallower westward, except 
for one shaft west of the northeast fault noted
earlier, which was sunk to a depth of 45 m.

19.  To give some perspective, successful historical 
NS gold mines often had just one or two ounces of 
gold per ton, but others, such as at Oldham, have 
yielded over 100 ounces per ton and producing 
85,178 ounces of gold. Today, output at successful 
gold mines is measured in grams per ton, not ounces.

20.  By comparison, at least 40 leads were worked at 
the Oldham Gold District, including some mining 
shafts and a significant number of surface trenches.

The Slate Lead had ten shafts along it that 
ranged in depth from 24 to 92 m, with six 
deeper than 61 m. The Slate lead appears to 
have been worked to a maximum vertical 
depth of around 114 m.

The Middle Lead is shown to have been 
worked mostly as near-surface, shallow 
trenches.

Most of the significant mining work was 
limited to areas east of the railway and more 
specifically, from about 200 west of the 
Davis Drive meets South Uniacke Road and 
eastward. For example, the “shafts” farthest 
south of Valley Gate Park were 15 m deep 
and near surface trenches only. The “shaft” 
immediately east of the railway and one at 
the north edge of the site were each also 
reported (Hennick and Poole, 2020) to be 
only about 15 m deep; but they appeared 
(Gagné and Wait, 1988) to be pits only and 
all others near the railway and on-site were 
worked as near-surface, shallow trenches. 

The Faribault (1902) plan shows three 
crushers – two were about 200 and 250 m 
east of Valley Gate Park, each having 3 and 5
stamps, respectively, and a main crusher with
10 stamps located about 200 m southwest of 
the South Uniacke Road at Davis Drive. The 
Faribault plan shows only one tailing pond 
immediately northwest of the main crusher. 
However, tailing ponds were likely also 
present at the other two crushers east of 
Valley Gate Park.

The area is shown to have included one store 
just to the south of where Valley Gate Park is 
now, a school north of South Uniacke Road 
about 370 m west of Davis Drive, and 
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another store with post office and a station 
building at the east side of the railway just 
west of South Uniacke Road.

Notwithstanding reports of later work, except
for what appears to be later trenching on both
sides of the railway, nothing suggests that 
any more significant mining work took place 
beyond the area shown by Faribault (1902).

As was typical of the day at other NS Gold 
Districts, mining at South Uniacke was done 
by focusing mostly on gold-rich quartz veins.
Refining the ore involved crushing it with 
mercury in battery boxes (stamps), then 
discharging the resulting pulp onto secondary
copper plates coated with mercury to recover 
any gold that escaped amalgamation in the 
crusher boxes. Then the gold-mercury 
amalgam was retorted to produce sponge 
gold and mercury for reuse.

During this process, very fine particles of 
mercury were generated and were usually 
lost into mill tailings (as much as 14 grams or
more of mercury per ton of ore processed 
(Parsons and Percival, 2005)) along with the 
crushed quartz and associated sulphide 
minerals (mostly pyrite, pyrrhotite, and 
arsenopyrite). Also, some mercury was lost to
atmosphere during the retort process, leaving 
a trail of mercury condensate on the ground 
surface downwind of the mills.

5.7.3  Environmental considerations re.
          past mining at South Uniacke

All of the more significant mining operations 
and related mine dumps (waste rock material 
that was deemed to not contain gold value 
and which was not crushed) took place east 
of the faults shown at Valley Gate Park. Thus,

since they are not directly upgradient of the 
site (see Section 7.4.1 of this report) and due 
to their distance from the site (about 1 km), 
those past activities are unlikely to be a cause
for any direct concern regarding groundwater
quality for water supply wells drilled on-site.

Elemental mercury is not directly soluble in 
water, and as such any elemental mercury 
that may have been spilled from the South 
Uniacke mining operations is also not likely 
to be a concern for groundwater at the site.

Organic mercury complexes may be water 
soluble, and mercury bound to sediment may 
have been transported along steams away 
from tailing areas. However, the tailing areas 
at all three crushers discharged via 2nd and 3rd 
order head-water streams of the 5th-to-7th 
order sub-basin east of the one that the site it 
in. As such, any tailing discharge would have
been into the Sackville River at a point about 
1,020 m downstream of the site’s southeast 
corner (as the crow flies), or about 1.73 km 
downstream of the site along channel.

To summarize, while the tectonic and related 
structural events that took place millions of 
years ago may have caused the bedrock in the
area to become naturally mineralized (pyrite, 
pyrrhotite, and arsenopyrite at the site, and 
some gold perhaps at the the site, but mostly 
farther east of the site), the effects of past 
mining activities at South Uniacke are not 
considered to pose any direct groundwater 
flow or groundwater recharge quality issues 
(see Section 7.4.2) for wells proposed to be 
drilled on-site. The issues specifically 
regarding possible naturally elevated arsenic 
and other metals in groundwater is discussed 
further in Section 7.3 of this report.
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5.7.4  Possible future local mineral work

The focus on mining mostly only quartz 
veins in the old days and older prospecting 
techniques used resulted in a lot of the ore 
present in Nova Scotia’s historic Gold 
Districts having been left behind. Due to new
exploration and mining techniques and a 
change in gold mining economics, many of 
the old mining sites have seen a resurgent 
interest by gold mining companies.

A search of the NovaScan database suggests 
that work by Acadian Mining Corp. (Pelley et
al (2007) may have been the last of any 
exploration done at South Uniacke. However,
assessment reports submitted to NS Natural 
Resources take about three years to become 
public via NovaScan. 

Current exploration licenses cover the Valley 
Gate Park area (claims registered to persons 
affiliated with NSGold Corp.) and the rest of 
the historic South Uniacke Gold District west
to and including the northern two-thirds of 
the site (registered to 1156219 B.C. Ltd., 
affiliated with Meguma Gold Corp.).

Besides their small South Uniacke and more 
significant Mount Uniacke area exploration 
license holdings, Meguma Gold Corp. has a 
large number of other gold exploration 
interests (directly and via its numbered firms)
in Nova Scotia. Based on the relative location
of those other license holdings, it is unclear 
whether Meguma Gold are cooperating with 
or competing against Atlantic Gold (which 
parent company is St. Barbara Corp. from 
Australia), which is Nova Scotia’s current 
largest and most active gold exploration and 
mining company.

Although mineral exploration licences are 
currently registered at South Uniacke:

1. The existing licenses cover a small area 
only, and Nova Scotia employs an 
inexpensive paper claim staking 
process, so the current exploration 
licenses may simply be strategic means 
of keeping others out of the area.

2. Any renewed mineral exploration 
activity in the South Uniacke area 
would require that companies involved 
negotiate land access agreements with 
property owners to allow them to do any
ground exploration and soil or bedrock 
sampling work. It is understood that  
PJE is willing to grant such land access.

3. Notwithstanding the above, based on:

• our knowledge of the site and of the 
local area geology,

• the fact that South Uniacke is a 
quartz vein type of deposit,

• the existing/planned local urban 
development and existing and 
growing dependence on land and 
groundwater resources,

• the relatively small body of ore, if 
any, that may possibly remain, and

• the huge social/financial costs related
to completing the environmental 
assessments required to mine such a 
small volume mineral resource,

it would make little financial sense for 
any reputable natural resource company 
to incur large exploration expenditures 
in attempts to renew mining operations 
at South Uniacke.
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6. Quaternary geology

6.1  Background

The Quaternary Period (about 2.6 Ma to 
today) includes the Pleistocene Epoch (the 
period of latest glaciation, which began about
2.6 Ma and ended 18,000 to 12,000 years 
ago), and the Holocene Epoch (the period 
following the last glacial melt, to today).

The major features of the landscape of Nova 
Scotia – the overall relief, the distribution of 
highland, upland and lowland areas – are all 
the product of its long tectonic history. The  
land minor features – the final rounding of 
the land surface, the alignment of surface 
lineations, surficial deposits and sea-level 
changes – are the product of glacial activity 
that involved ice flows up to 1 km thick over 
Nova Scotia during the Quaternary Period.

The last phase of glaciation, which ended 
about 10,000 years ago, left behind during 
the Holocene an unconsolidated mantle of 
sediment. On it, drainage patterns were 
reestablished and soils were developed.

Much of the following discussion is from 
Stea and Mott (1990) and Davis (1998). 
Deep-ocean-sediment core samples provide 
evidence that there were more than sixteen 
glaciations during the Quaternary. They 
generally each lasted about 100,000 years 
and progressed slowly until huge ice sheets 
covered most of Canada. But on-land Nova 
Scotia, evidence for only the last two (the 
Illinoian and the Wisconsin) is preserved.

The Wisconsin glaciation started about 
75,000 years ago and ended 12,000 to 10,000

years ago. Each major glacial advance, by its 
nature, tends to destroy evidence of previous 
glaciations. The glacial deposits and features 
in Nova Scotia are therefore almost all of 
Wisconsin age.

The main events of the Wisconsin glaciation 
have been interpreted from their deposits and 
striation patterns which indicate ice-flow 
patterns. The Wisconsin glaciation occurred 
in four phases, with each leaving new 
deposits stacked over older ones where the 
older deposits were preserved, or onto 
bedrock where they were not. These stacked 
till sheets and superimposed striations helped
to interpret the changes in ice flow.

The Phase 1 striations, erratics, and till fabric
suggest that the earliest and most extensive 
ice flow in Nova Scotia was eastward, then 
southeastward. The majority of the drumlin 
fields in Nova Scotia were formed during this
phase and modified during Phase 2.

Phase 2 ice flow was southward and south-
westward from from the Escuminac Ice 
Centre in the Prince Edward Island region, 
and established much of the drumlin 
topography and alignment of the 
geomorphological features in Nova Scotia.

Phase 3 included development of thick ice 
and an ice divide in southern Nova Scotia, 
with northward and southward ice flow.

Phase 4 saw mostly westward ice flow from 
remnant ice caps from Phase 3, which formed
over the Chignecto Peninsula, and where 
eskers and striations cut across features 
formed by earlier ice flows.
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None of the advances in the late Wisconsin 
were as strong as those before, and they 
became progressively weaker, until the ice 
caps finally disappeared from Nova Scotia 
some 10,000 to 12,000 years ago.

These events left behind surficial deposits 

both regionally and locally, that consist of: 
drumlins, ground moraine (sheet till veneer 
or blanket), and Holocene alluvial and 
lacustrine and related organic deposits.

Figure 14 shows their distribution at and 
around the site.
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Figure 14. Quaternary (surficial) geology (from Utting, 2011; Stea and Fowler, 1981, Basemap 
NSGC, 2021b). 
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6.2  Till ground cover

All of the local Meguma metasediments and 
a part of the granodiorite pluton are covered 
by till of various origins and thicknesses.

Utting (2011) does not differentiate the till 
types present in the area, but Stea and Fowler
(1981) have. Lawrencetown till covers the 
northeastern fifth of the Figure 14 map area, 
and Beaver River Till (as defined by Utting, 
2011), which Stea and Fowler (1981) define 
as quartzite till, is present in the rest of the 
Figure 14 map area.

The Lawrencetown Till, which Stea and 
Fowler show as being older than Beaver 
River Till, is described as a reddish-brown, 
moderately compact, noncalcareous, fissile 
and massive till. It often contains iron and 
manganese oxide staining on fissility planes, 
some horizontal fluvial inclusions, and a 
bimodal clast fabric, where clays are 
dominated by kaolinite, and the drumlin 
facies are usually sandier. The Lawrencetown
Till is said to have developed in areas that are
underlain by Carboniferous bedrock and as 
such, is likely to have been imported from at 
least 10-15 km away into the Figure 14 map 
area by glaciers.

The Lawrencetown Till can contain up to 
80% locally derived clasts, whereas the 
drumlin facies generally contains 10-30% 
allochthonous (not indigenous) components 
that may have been transported as far as 10-
70 km. These may include basalt (from the 
North Mountain), leucogranite (from the 
Cobequids and reworked Trassic Fundy 
Group rocks), and sandstone, shale, and 
conglomerate (from the Triassic and 
Carboniferous fundy and Windsor Groups).

Utting (2011) describes the Beaver River Till 
as a diamicton21 with sandy matrix and 
locally derived clasts. Stea and Fowler (1981)
go further to describe it as being light bluish 
grey and loose with angular clasts that are 
largely cobble sized

Utting (2011) describes the blanket till shown
in Figure 14 as being 5–10 m thick (thick 
enough to mask irregularities of the 
underlying bedrock), whereas till veneer 
thickness is estimated to range from 0.5–5 m,
with some areas including exposed bedrock.

6.3  Drumlins

Drumlins are streamlined, elongate landforms
with their long axes parallel to ice flow 
direction and steeper faces up-glacier. There 
are no modern examples of drumlins being 
formed, but are thought to have need 
generated as material released from the base 
of an ice sheet by melting, reworking, and 
moulding by ice action, often where there are
large changes in the bedrock topography.

Within the Figure 14 map area, the drumlins 
are composed of up to three tills: a core of 
Hartlen Till (which is not present in the area 
as a moraine or till blanket, but is observed 
only at coastal sections of Nova Scotia) that 
is overlain by Lawrencetown Till in the north
part of Figure 14, and by Beaver River Till 
elsewhere in the figure map area.

Hartlen Till is a medium bluish grey to 
greyish-brown, compact, noncalcareous, 
fissile and massive diamicton with dark grey, 
compacted, clayey silt matrix that is 

21.  A non-sorted or poorly sorted conglomerate 
material containing a large range of particle sizes.
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dominated by illite. It is predominantly 
locally derived and contains lesser (6-15%) 
distally derived clasts.

Drumlin thickness is affected by the surface 
relief of the landforms they are sitting on. In 
some instances depth to bedrock (determined 
from water well data) exceeds the surface 
relief, suggesting material filled a preglacial 
topographic low or paleovalley. These 
thicknesses may exceed 30 m.

There are two drumlins on-site:

• one straddles the site’s eastern boundary
(and MEH and HRM boundary) and 
stands about 22 m above site baseline 
ground elevation, and

• the other is almost entirely inside the 
site along its southern boundary (only a 
bit of it straddles the MEH-HRM 
boundary) and stands about 6 m above 
site baseline ground elevation.

Together, the two drumlins (from base to top)
occupy just under 50% of the site’s total area.

6.5  Holocene deposits

6.5.1  Deeper horizons

Utting (2011) describes and alluvial deposits 
within the Figure 14 map area as containing 
gravel, sand, silt, minor clay and organic 
deposits. They were deposited by active 
streams and rivers in channels and 
floodplains, and can range from 1-10 m in 
thickness.

He describes the lacustrine deposits as sand, 
silt, clay and organic materials deposited 
from suspension in freshwater lakes, ponds 

and wetlands, and include shoreline material 
deposited or reworked by wave action. Utting
(2011) suggests that they may be underlain 
by till or glaciolacustrine material (sand, silt 
and clay with some dropstones), and range in 
thickness from 1-5 m.

Less that about 7% of the Figure 14 map area
is covered by Holocene alluvial, floodplain, 
and lacustrine and organic deposits. 
However, an estimated 28% of the site is 
covered by alluvial and floodplain deposits, 
present in the northwest and eastern parts of 
the site and between the drumlins.

6.5.2  Soil A and B horizons

The A and B soil horizons include the top and
subsoil layer immediately below – generally 
the layers that are cultivated – as opposed to 
C horizon soils described above, which 
except for water-based organic deposits, 
typically contain little to no organic material.

The A and B horizons, along with the C 
horizon, can affect precipitation infiltration 
into the soil and thus, both groundwater 
recharge rates, and quality.

The site and parts of the surrounding areas 
are underlain by three soils: the Elmsdale 
Series soil along the western edge of the site 
and Sackville River, the Halifax Series soil 
along the eastern edge of the site, and 
swampy land at the site’s entrance (Cann et 
al, 1954; MacDougall et al, 1963).

The Elmsdale Series soil is described as a 
light brown sandy loam over yellowish red 
sandy loam. It has as parent material reddish 
brown clay loam till, which is derived from 
shale and sandstones, and contains hard slate 
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and quartzite cobbles. This soil is very stony 
with rapid drainage.

The Halifax Series soil is described as a light 
brown sandy loam over yellowish brown 
brown sandy loam that is fairly stony. It has 

as parent material reddish brown sandy loam 
till derived principally from granite. This soil
has good to excessive drainage.
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Figure 15. Wells reviewed for this assessment ((NSE, 2019; NSDNR, 2020; NSDNR, 2016a, 
2018; NSDNR, 2016b; Drage, 2018). The bedrock legend as in Figure 7. Wells that have been 
pump tested are identified as red dots, those with available water quality data as yellow dots. 
Poorly georeferenced wells are shown as stacked dots. Base map NSGC (2021b).
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7. General hydrogeology
Groundwater supplies may be obtained from 
dug wells constructed in till or other surficial 
deposits, or wells drilled through surficial 
material into bedrock. Dug and drilled wells 
will each have their own water quality and 
yield characteristics, depending on the type 
of soil or rock they are constructed in.

Notwithstanding poor georeferencing22, the 
most recent available well log (NSE, 2019; 
NSDNR, 2020) and water quality (NSDNR, 
2016a, 2018) and pumping test (NSDNR, 
2016b; Drage, 2018) GIS database files used 
for this assessment identify no dug wells23, 
and 908 drilled wells in the Figure 15 area. 
Of those, 751 wells plot as having been 
constructed in the Goldenville Group, and 
157 plot as having been completed in the 
Halifax Group. Of the 908 wells on record 
within the Figure 15 map area, accurate 
locations (UTM coordinates) are available for

22.  Drillers did not start to use GPS devices (accurate
to about 10 m) to locate wells until after mid-2006. 
Before that, well locations were identified (often 
guessed at) to within about 1 km using map books.

In the available GIS database files, the locations of 
wells drilled before 2006 are defined as the 1 km 
UTM centroid in which they are thought to have been
drilled, or as the centroid of the community they are 
reported to be in. While most well logs include well 
owner names, many have no address, so the only way 
to locate those wells is by title search (beyond the 
scope of this study). Therefore, where in GIS many 
wells plot in the same location (i.e. the same 1 km 
UTM centroid), those wells are shown in Figure 15 as
stacked dots that are offset (by 5 m) to the northeast.

Of note, with the advent of smart phones with GPS, 
many drillers those to report well locations, but most 
phone GPS are accurate to only about 100 m. 

23.  Construction records for dug wells are frequently 
not submitted to NS Environment and as such, are 
under-represented in the NSE well log database.

only 27.64% of all wells (for 211 wells 
constructed in the Goldenville Group and 40 
wells constructed in the Halifax Group).

Within the Figure 15 map area, available GIS
files include pumping test data from 13 wells 
and water quality data from 26 wells 
(although 11 of those records provide data for
only one or two water quality parameters).

There is a fair amount of data available on 
well characteristics (well depths, casing 
lengths, driller yield rate test results) within 
the Figure 15 map area. However, there is 
little information available generally on water
quality (nearly all of the water quality data 
that is available is for only one locale – on 
the central water supply wells that service 
Valley Gate Park), and since there are no dug 
wells reported in the database, there is no 
data available for wells that may nonetheless 
have been constructed in the surficial 
hydrostratigraphic unit24 (HU).

Therefore, the discussion that follows on both
the surficial and the bedrock HU’s must still 
be based on having a general understanding 
of the area topography, land use, soil and 
bedrock geology (i.e. the medium through 
which groundwater flow), and effect those 
aquifer materials might have on the regional, 
nearby, and on-site hydrogeology and 
hydrogeochemistry.

24.  A Hydrostratigraphic Unit (or HU) is defined as a
part of a body of rock or a soil unit that forms a 
distinct hydrologic unit with respect to the flow and 
the quality of groundwater. The surficial (soil) HU, 
Carboniferous (Windsor Group) rocks, and Cambrian 
(Goldenville Group) rock units are expected to have 
very different groundwater flow characteristics and 
water quality, so they must each be considered as 
separate HU’s.
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7.1  The local surficial (till) HU

Till generally has low permeability and thus, 
any wells constructed in this HU are expected
to provide sustained yield rates just large 
enough to meet single residential needs. 

Dug wells are known to produce generally 
good quality water. However, since tills are 
usually unconfined25, wells constructed in 
them are prone to contamination from surface
sources (thus the greater setbacks required 
from septic systems compared to drilled 
wells). This is due in part to the nature of the 
construction of dug wells, and also to the 
shorter travel times, and thus shorter natural 

25.  A confined aquifer (or HU) is an aquifer below 
the land surface that is saturated with water. Layers of
impermeable material are both above and below the 
aquifer, causing it to be under pressure so that when 
the aquifer is penetrated by a well, the water will rise 
above the top of the aquifer (i.e. flowing wells).

A water-table--or unconfined--aquifer or HU is an 
aquifer whose upper water surface (water table) is at 
atmospheric pressure, and thus is able to rise and fall. 
Water-table aquifers are usually closer to the Earth's 
surface than confined aquifers are and do not have 
impermeable layers above them. As such the are 
impacted by drought conditions sooner and are more 
prone to surface contamination than confined aquifers.

soil filtration distances, available for the 
water entering dug wells.

Also, due to the short groundwater travel 
distances to dug wells, and thus shorter 
aquifer residence times (less time to dissolve 
minerals), water from dug wells will typically
have lower pH, and in many cases can be 
exceptionally soft and have low total 
dissolved solids (TDS) concentrations. This 
low pH and low dissolved minerals can often 
result in aggressive water that may be 
corrosive to plumbing systems.

Depending upon local topographic relief, the 
nature and permeability of surficial materials,
and the availability of local recharge, the 
depth to the surface of the groundwater table 
can vary significantly in surficial deposits.

In many cases, particularly where till 
permeability is lowest, the piezometric (water
table) surface will follow general ground 
surface elevations (more details on this in 
Section 7.4.1 of this report). That is why in 
the Wet Areas Mapping model provided by 
NSDNR (2012), very shallow groundwater 
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Table 2. Key aquifer and well construction characteristics for wells plotting as having been drilled
into the Goldenville Group HU within the Figure 15 map area.

N (data
records)

Max. Min. Mean
1st

Quartile
Median

3rd

Quartile
Yield rate (L/min) 723 227.3 0.5 18.0 4.5 9.1 20.5

Yield rate per 30 m (L/min) 716 1,515.3 0.1 21.4 2.3 6.8 20.3
Static water level (m) 338 50.91 0.61 8.04 3.05 6.10 9.15

Bedrock depth (m) 626 91.46 0.00 8.43 1.52 3.96 12.20
Well depth (m) 745 191.77 6.40 64.54 38.72 61.89 86.28
Fracture 1 (m) 586 173.78 0.91 39.07 21.34 33.54 52.06
Fracture 2 (m) 370 117.38 13.11 55.41 37.50 54.88 73.09
Fracture 3 (m) 41 105.18 16.77 53.04 32.01 52.44 65.55
Fracture 4 (m) 13 97.56 21.34 55.09 42.68 50.30 65.55

Casing depth (m) 669 73.17 1.07 12.01 6.10 7.32 14.63
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levels (near surface) are anticipated in till at 
the base of the drumlins located on-site (thus 
the wet land areas at the base of the on-site 
drumlins), whereas piezometric levels would 

be expected to be deeper on or at the top of 
the drumlins. In many cases in Nova Scotia, 
groundwater elevations in dug wells can 
fluctuate between 1 and 2 m seasonally. The 
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Figure 16. Close up from Figure 15 of the site and driller air lift yield rates reported (in igpm) 
for nearby water supply wells which locations (UTM coordinates) are accurately known (within 
10 m). The bedrock legend is as in Figure 7. The additional number of lineaments present in this 
map vs. those shown in Figure 7 were generated from shaded relief images (produced from 
LiDAR DEM) specifically for this assignment and for other work done by ewC (2007, 2020a, 
2020b) at the northern edge of the map area. Bedrock lineaments could not be defined within the
southwest corner of the map area due to till cover. The on-site elevation contour = 2m interval.
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larger fluctuations may cause problems with 
dug wells going dry during the summer, 
particularly where bedrock and/or well 
depths are shallow.

7.2  Physical characteristics of
       the local bedrock HU’s

The following sections discuss each of the 
local Goldenville Group and Halifax Group 
HU’s separately.

7.2.1  The Goldenville Group HU

Table 2 summarizes the key aquifer and well 
construction characteristics from the well log 
database records (NSE, 2019; NSDNR, 2020)
for the 751 wells that plot in GIS as having 
been drilled into the Goldenville Group 
within the Figure 15 map area.

The metamorphosed rocks of the Goldenville
Group are impermeable – they have no 
primary permeability26, and secondary type 
permeability (fracture flow) along joint sets, 
fault planes, and shear zones is the only way 
that water can flow through this HU.

Thus, depending on the locations and degree 
of bedrock fracturing, yields and water 
quality can be expected to vary significantly 
over very short distances for wells drilled 
into the Goldenville Group bedrock.

26.  The term “primary permeability” describes 
groundwater flow within the spaces between sand 
grains of non-indurated and indurated sedimentary 
deposits, which values depend the size of the spaces, 
amount of bonding cement present (clay minerals, 
calcite, quartz), and thus the interconnection of the 
interstices and overall levels of flow tortuosity within 
the aquifer. Secondary permeability is flow through 
bedrock joints (small cracks) or fractures in faults and
shear zones, or through solution channels or caves 
such as may be present in areas with limestone.

The close-up from Figure 15 in Figure 16 
illustrates that clearly, where air lift yield 
results reported for wells near the site range 
from 3.4 to 54.6 L/min, (and 160 to 225 
L/min for wells with uncertain locations).

Note that the wells showing air lift yield rates
of 50.0 and 136.4 L/min (11 and 30 igpm) at 
Valley Gate Park were drilled as central 
supply wells27 for the mobile home park, for 
which well locations were specifically 
targeted to intercept faults that were assumed 
present based on lineaments. 

Keeping this in mind when reviewing the  
summary data in Table 2, reported driller air 
lift yield rates for wells constructed in the 
Goldenville Group within the Figure 15 map 
area range from 0.5 to 227 L/min28, with an 
average of 18.0 L/min (median 9.1 L/min), or
a mean 21.4 L/min/30m29 of open borehole 
(median 6.8 L/min/30m) from wells drilled to
average/median depths of about 65 m.

27.  Wells drilled for domestic purposes are normally 
located based on small property size constraints  and 
are typically drilled only as deep as required to obtain
sufficient water to meet single household demands, 
whereas commercial wells are often drilled at targeted
locations and deeper to increase the amounts of water 
that can enter the well and to optimize production.

28.  The highest (227 L/min) yield is from a 67 m 
deep well at 90 South Uniacke Road (immediately 
north of the site near the 12 igpm well in Figure 16), 
and a 30 m deep well at 20 Mill Road just west of 
West Lake (whereas the well yield at 12 Mill Road 
was only 3.2 L/min).

29.  Because of the way residential wells are drilled, 
well yields and depths can vary significantly over 
small distances, making it difficult to characterize 
aquifers. To help with doing spatial aquifer analysis, 
in our GIS we have normalized yield against well 
depths by calculating reported yield per 30 m (100 
feet) of open borehole (vertical distance from the 
casing bottom to well bottom) to obtain values that 
are akin to well specific capacity.
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NSE (2011) suggests a minimum daily water 
usage rate of 1,350 L/day per single family 
dwelling (which, for today’s homes with 
multiple bathrooms, may not be conservative 
enough). So assuming there is sufficient well 
bore cold-water storage in wells30, a well 
should be able to produce a at least 1 L/min 
to meed that criteria. Approximately 15.5% 
of the wells represented by Table 2 do not 
meet that criteria (84.5% do) based on the 
driller air lift yield test results reported for 
wells drilled into the Goldenville Group.

As was noted earlier, wells that are 
constructed in the Goldenville Group depend 
entirely on fracture flow to be able to 
produce any amount of water. So wells that 
do not intercept a sufficient number of 
bedrock fractures will not produce water.

Table 2 shows a large range of depths for 
water-bearing fractures encountered in wells 
as reported by drillers. First fractures are 
typically encountered about mid-well, 
whereas additional (2nd, 3rd and 4th) fractures 
are typically encountered near the bottoms of 
wells (which is entirely due to the nature of 
drilling domestic wells only as deep as 
necessary to meet single home demands31).

Barring the effect of tight till above bedrock, 
the Goldenville Group HU is commonly 
considered to be unconfined, particularly 
where water-bearing fractures are 
encountered at shallow depths. However, 

30.  That wells are deep enough to have the necessary
combined yield and storage capacity per 24 hour 
period to meet domestic demand.

31.  This also suggests that very few of the 751 wells 
represented by Table 2 were drilled for commercial 
purposes or as central water supply wells.

where water-bearing fractures are found 
deeper in wells, pending static water levels32 
relative to fracture depths, those fracture 
systems may actually experience confining 
type conditions if they represent long 
groundwater travel flow paths from the 
recharge areas to the wells.

It should be noted that the air lift yield test 
results reported by drillers are usually based 
on crude visual estimates only (few actually 
measure flows) of water flow rates coming 
from the tops of well casings during well 
development after drilling completion.

Also, since well development is typically 
done with the drilling bit sitting at the very 
bottoms of wells, thus blowing all water from
wells, and usually for only a period of about 
one hour (often less), then driller air lift yield
tests do not represent typical household-use 
pumping conditions.

Therefore, the air lift well test yield results 
represented in Table 2 (and for individual 
wells as they are being constructed) must be 
viewed as non-conservative approximations 
only of what wells might be able to produce.

Depending on well depth and on the depths 
of any fractures that may be encountered in 
drilled wells, as well as hydrogeologic 
conditions at and around the wells, driller air 
lift yield test results may represent at best 
only 75% to 50% of the actual, long-term 
sustainable well yields for wells in which 
water-bearing fractures are located deeper 
down nearer the bottoms of wells.

32.  A static water level is the natural, non-pumping 
affected water level in wells.
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Table 3. Data summary from the pumping test database (Drage, 2018) for wells drilled into the 
Goldenville Group within the Figure 15 map area.

Pumping Test ID HAN-18 HAN-14
HAN-
26.6

HAN-
26.5

HAN-
26.2

HAN-1
HAN-
26.1

HAN-17
HAN-
26.3

HAN-
26.4

HAN-2
HAN-
26.7

HAN-3

Easting 433341 434233 438166 438368 438406 438408 438452 438472 438472 438487 438493 438493 438493
Northing 4972363 4971548 4969078 4968928 4968939 4969216 4969316 4969382 4969382 4969146 4969254 4969254 4969254
NSE Well Number 891831 791592 51033 50987 831253 731768 831254 891804 891804 50986 -- -- 731988
Well ID -- -- Well 14 Well 13 Well 2 Well 1A Well 1 Well 6 Well 6 Well 12 Well 2B Well 3 Well 2A
Well depth (m) 72.54 99.06 62.5 105.2 91.5 35.05 109.8 91.44 90.8 105.2 91.44 219.2 191.72
Casing depth (m) 6.71 12.8 12.2 -- 8.23 -- 6.1 -- 38.1 6.1 -- 6.4
Test year 1989 1979 2005 2005 2004 1972 2004 1990 2004 2005 1972 2004 1973
Test duration (hrs) 72 72 72 72 168 72 72 72 72 72 72 72 72
Ave. pumping rate 
used (m3/d)

39.27 6.55 131.78 55.32 39.6 51.05 16.72 93.6 27.43 16.3 39.27 13.29 38.62

Tot. vol. pump (m3) 117.82 19.64 395.34 165.96 277.2 153.16 50.16 280.8 82.29 48.9 117.82 39.87 115.85
Static water level 
(m)

0 3.02 2.11 3.28 5.09 7.62 7.17 2.34 3.05 7.17 5.18 7.67 12.07

Pump setting depth
(m)

67.06 96.01 54.4 -- 90 33.53 91.5 85.34 86.4 85.5 82.3 152.4 178.31

Avail. drawdown 
for test (m)

67.06 89.92 28.89 20.49 30.91 25.91 27.83 57.91 58.95 65.83 77.11 144.73 166.12

Max. drawdown in 
test (m)

17.37 27.55 21.25 15.78 12.1 25.91 25.8 20.62 57.58 25.09 75.59 102.39 98.24

% of avail. draw-
down used

25.91 30.64 73.55 77.01 39.15 100 92.71 35.6 97.68 38.11 98.02 70.75 59.14

Drawdown stable? N N N N Y Y N N N N Y Y N
Total recovery (m) 16.56 -- 20.6 12.21 11.52 27.71 25.6 -- 56.34 24.28 75.59 67.56 94.55
Recovery minutes 50 -- 1060 500 90 390 80 -- 75 100 300 620 300
% recov. of max. 
drawdown

95.32 -- 96.9 77.4 95.2 106.96 99.2 -- 97.8 77.8 100 66 96.25

Calc. Transmissi-
vity (T) (m2/d)

1.18 -- 8.13 3.52 2.87 0.95 0.65 5.12 0.38 0.52 0.2 0.05 0.26

Well specific capa-
city (m2/d)/m

2.26 0.24 6.20 3.51 3.27 1.97 0.65 4.54 0.48 0.65 0.52 0.13 0.39

Hydraulic conduc-
tivity (K) (m/d)

0.0168 -- 0.157 0.0345 0.0334 0.0348 0.00633 0.0575 -- 0.00741 0.00232 -- 0.00144

Avail. long-term 
drawdown (m)

-- -- -- -- -- -- -- -- -- -- 86.26 -- --

Long-term yield 
(Q20) (m3/d)

39.27 8.18 127.95 -- 48.33 19.64 9.85 93.6 12.2 -- 9.82 3.94 22.91

Long-term yield 
(Q20) (L/min)

27.3 5.7 88.85 -- 33.56 13.6 6.84 65 8.47 -- 6.8 2.74 15.9

Short-term yield 
(Qshort) (m3/d)

65.45 55.89 68.74 26.18 14.02 17.36 26.52 13.09 32.73

No. of obs. wells 
monitored

-- -- -- -- -- -- -- 2 -- -- -- -- --

Aquifer T (m2/d) -- -- -- -- -- -- -- 5.12 -- -- -- -- --
Aquifer Storativity -- -- -- -- -- -- -- 7.15E-04 -- -- -- -- --
Q20 as % of driller 
air lift test result

65.15 738.23* 39.89 20.06** 95.32 24.84** 10.05**

 Notes:  *  Test conducted for the first time after over 20 years of pumping, which resulted in improved well development
                  over time and eventual hydraulic communication of the well with nearby abandoned gold mine workings.
              **  Retest of wells, lower Q20 yield values obtained as a result of damage caused by over-pumping wells over time.
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In Wells where water-bearing fractures are 
encountered higher up at shallower depths33, 
actual sustainable long-term pumping rates 
may be as low as 30-40% of the driller air lift
yield test results or lower. Pumping tests of 
sufficient duration are needed to be able to 
identify proper, long-term sustainable well 
yield values.

Table 3 summarizes the pumping test data 
(NSDNR, 2016b; Drage, 2018) available for 
the 11 nearby and 2 more distant wells shown
as red dots in Figures 15 and 16. The records 
state that two of the wells in Table 3 are in 
the Halifax Group. However, they are wells 
with which ewC (2007, 2020a, 2020b) has 
been directly involved – first-hand 
observations confirm that they (plus other 
wells at Valley Gate Park that in Figure 16 
plot in the Beaverbank Formation) were 
completed within the Goldenville Group 
Taylors Head Formation.

The following summarizes the pumping test 
data presented in Table 3:

• The average pumping rates that were 
able to be used to carry out the pumping
tests ranged from 6.55 to 131.78 m3/d 
(mean 43.75 m3/d).

• The static water levels in the test wells 
ranged from flowing to 12.07 m below 
the tops of casings (mean 5.06 m).

33.  Pumping causes the groundwater level at and 
around the pumping well to be lowered. It is generally
good practice to avoid dewatering wells for extended 
periods of time to below the depths of major water-
bearing fractures, since doing so can result in those 
previously saturated fractures becoming dried up, 
inducing air into them, and thus (in a process similar 
to air locking a hydronic heating system) decreasing 
the fracture’s hydraulic conductivity, thus also 
decreasing well yield. 

• For testing purposes, the pumps were 
set at depths ranging from 33.53 to 
178.31 m (mean 91.90 m)34 below the 
tops of casings.

• Based on the above, the amounts of 
available drawdown (distance from 
pump intake minus typically 3 m to 
avoid drawing air into the pump, minus 
the static water level) provided for the 
pumping tests ranged from 20.49 to 
166.12 m (mean 66.28 m)m)34.

• The total amounts of water level 
drawdown experienced during the 
pumping tests ranged from 12.1 to 
102.39 m (mean 40.41m), or 25.91% to 
100% (mean 64.48%) of the available 
drawdown values provided for testing 
purposes35. As such, some of the wells 
were under-stressed.

• The total amounts of water level 
recovery (which data is also used for 
test analysis) experienced after turning 
off the pumps for testing ranged from 
66.0% to 106.96% (mean 91.71%) of 
the total amount of drawdown 
experience while pumping35.

34.  Some of those pump setting depths for pumping 
tests done earlier tests at Valley Gate Park are known 
to have been only about 3 m off the bottoms of wells 
and thus, available drawdown values would have 
reflected those deeper pump settings, whereas 
regardless of the pump setting depths for the pumping
tests done in 2004 and 2005, their available 
drawdown values were set based on trying to avoid 
dewatering any of the major water-bearing fractures 
present in the wells. 

35.  For pumping test purposes, in order to adequately
stress the aquifer being tested, the amount of water 
level lowering sought-after is typically 75% of the 
available drawdown. Also, recoveries greater than 
80% of total drawdown experienced are usually 
sought to ensure there is enough recovery data 
available for interpretations 
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• The values for specific capacity (the 
average pumping rate used for testing 
divided by available drawdown) from 
the 11 pumping tests listed in Table 3 
ranged from 0.13 to 6.20 m3/day/m 
(mean 1.91 m3/day/m).

• The values for Transmissivity (T)36 
calculated from slopes of the drawdown
and recovery experienced during the 
pumping tests ranged from 0.05 to 8.13 
m2/day (mean 1.99 m2/day) which, 
assuming aquifer thickness equals well 
depth, gives values of hydraulic 
conductivity for the aquifer near the 
wells of 0.00144 to 0.157 m/day (mean 
0.03515 m/day).

• The values calculated for 20-year37 well 
yields Q20 from the values calculated for
T and the available drawdown38 ranges 
from 3.94 to 127.95 m3/day (mean 35.97
m3/day), or 2.74 to 88.85 L/min (mean 
24.99 L/min). The short-term or Qshort 
values39 obtained from those same tests 
ranged from 13.09 to 68.74 m3/day 
(mean 35.55 m3/day).

36.  The coefficient of Transmissivity (T) defines the 
ability for water to flow through an aquifer and of the 
capability of the aquifer to deliver water to wells. It is
the rate at which water flows through a strip of 
aquifer as defined by aquifer hydraulic conductivity 
multiplied by aquifer saturated thickness penetrated 
by a well.

37.  20 years is used as the standard duration for yield
assessment. This number assumes a number of things 
about the aquifer being tested, one of which is that 
there is no groundwater recharge during the 20 years 
being assessed.

38.  The available drawdown serves as a multiplier in 
the equation used to calculate Q20 and other yield 
values. As such, there is a linear relation between 
available drawdown and long-term sustainable yield.

39.  These are typically based on 3 to 4 month terms 
to approximately include possible recharge effects.

The single value for aquifer Strorativity40 (S) 
of 7.15 x 10-4 shown in Table 3 for the 
pumping test done on Well-6 at Valley Gate 
Park is within the range for confined aquifers
(Freeze and Cherry, 1979).

Table 2 shows static water levels that vary 
over a wide range within the Figure 15 map 
area, as does Table 3 for more local wells. 
Static water levels should be expected to 
vary, by significant amounts at times, 
depending on local topography, aquifer 
depth, and other causes.

Static groundwater levels at individual wells 
can also vary and fluctuate naturally both 
seasonally, and year to year, depending on the
amounts of precipitation received, how much 
of that precipitation becomes groundwater as 
recharge during any particular water year, 
and during in antecedent years over greater 
periods of time.

To define what those seasonal and annual 
groundwater fluctuations are, Nova Scotia 
Environment has reinstated its groundwater 
elevation observation well network (NSE, 
2021b), and nearly continuous recent data 
plus some historic data are available from 
most of their network system wells.

The network observation wells completed in 
the Goldenville Group located nearest the site
are at Lawrencetown (well 043) and 

40.  Storativity (S), or the coefficient of storage, 
represents the volume of water released per unit of 
aquifer storage area per unit change in head. In 
confined aquifers, S is a result of compression of the 
aquifer when the head is reduced during pumping. In 
unconfined aquifers, S is the same as the specific 
yield (percentage of the void space available between 
sediment grains or in bedrock fractures for water to 
be stored in) of the aquifer.
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Figure 17. Historic groundwater levels at the NSE (2021b) 
Musquodoboit Harbour and Lawrencetown network observation 
wells.

Figure 18. Groundwater levels by Groundswell at Valley Gate Park (Jones
and Jamieson, 2017).
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Musquodoboit Harbour (well 078). Figure 17
shows the historic high and low groundwater 
levels for them for the periods 1978 to 2020 
and 2008 to 2020, respectively, along with 
year 2020 water levels.

Additionally, Valley Gate Park Ltd. agreed to 
participate in the Ecology Action Centre’s 
Groundswell program for a while – a 
community-based groundwater level 
monitoring program aimed to augment the 
NSE (2021b) network. Figure 18 shows the 
groundwater levels measured from the end of
2012 until mid-2016 at the well (now a 
production well) located just west of the 
community mailboxes at the corner of South 
Uniacke Road and Davis Drive.

The Lawrencetown observation well shows 
about a 1 m annual water level fluctuation, 
with a nearly 2 m overall historic range over 
time. The 2020 data (in red) shows what may
be a pumping or tidal effect on groundwater 
levels at that location. The Musquodoboit 
Harbour observation well shows about a 1.8 
m annual water level fluctuation, with about 
a 2.5 m overall historic range over time. The 

observation well at Valley Gate Park shows a 
1.3 m to 1.8 m annual water level fluctuation 
over it’s short 3½ duration of record.

Based on the above, wells drilled on-site 
should be expected to experience natural 
(non-pumping) annual groundwater level 
fluctuations within the 1 to 1.8 m range, with 
perhaps around a 2 m of variation over 
several years.

7.2.2  The Halifax Group HU

Table 4 summarizes the key aquifer and well 
construction characteristics from the well log 
database records (NSE, 2019; NSDNR, 2020)
for the 157 wells that plot in GIS as having 
been drilled into the Halifax Group within the
Figure 15 map area.

As with the Goldenville Group, the equally 
metamorphosed rocks (mudstone and slate) 
of the Halifax Group are impermeable – they 
have no primary permeability, and secondary 
type permeability (fracture flow) along joint 
sets, fault planes, and shear zones is the only 
way that water will be able to flow also 
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Table 4. Key aquifer and well construction characteristics for wells plotting as having been drilled
into the Halifax Group HU within the Figure 15 map area.

N (data
records)

Max. Min. Mean
1st

quartile
Median

3rd

quartile
Yield rate (L/min) 148 159.1 0.3 19.2 5.5 9.1 22.7

Yield rate per 30 m (L/min) 145 378.8 0.1 20.5 2.5 6.2 19.0
Static water level (m) 82 42.68 0.91 6.10 3.05 6.10 7.62

Bedrock depth (m) 130 30.49 0.03 6.83 1.52 3.66 10.14
Well depth (m) 153 132.62 5.18 65.78 48.78 60.98 85.37
Fracture 1 (m) 131 115.85 0.91 35.22 19.82 28.96 45.73
Fracture 2 (m) 90 126.52 8.54 52.21 34.60 48.78 60.59
Fracture 3 (m) 14 75.91 9.76 48.58 33.84 50.30 68.60
Fracture 4 (m) 5 105.79 24.39 58.84 25.91 53.35 84.76

Casing depth (m) 143 33.54 1.83 10.62 6.10 7.62 12.20
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through this HU. Thus, as for the Goldenville
Group, depending on the locations and 
degree of bedrock fracturing, well yields and 
water quality can vary significantly over 
short distances within the Halifax Group.

Again keeping this in mind when reviewing 
the summary data in Table 4, reported driller 
air lift yield rates for wells constructed in the 
Halifax Group within the Figure 15 map area 
range from 0.3 to 159 L/min, with an average
of 18.0 L/min (median 9.1 L/min), or a mean 
21.4 L/min/30m of open borehole (median 
6.8 L/min/30m) from wells drilled to 
average/median depths of about 65 m.

A number of higher yielding wells are located
in the East Uniacke and Sackville areas, but 
as with the Goldenville, about a half dozen 
wells with exact locations unknown plot in 
South Uniacke in the vicinity immediately to 
the north of the site. 

Approximately 12.5% of the wells that are 
represented in Table 4 do not meet the NSE 
(2011) 1,350 L/day per dwelling criteria 
(87.5% do).

As in Table 2, Table 4 also shows a large 
range of depths for water-bearing fractures 
encountered in wells as reported by drillers. 
First fractures are typically at or slightly 
above mid-well (shallower than for wells 
drilled into the Goldenville Group), whereas 
additional (2nd, 3rd and 4th) fractures are 
typically encountered deep in wells drilled 
into the Halifax Group. Again, the relative 
locations of fractures in wells suggest that 
wells drilled into the Halifax Group within 
the Figure 15 map area are mostly residential.

Similar deeper fracture confining type 
characteristics would be expected for wells 
completed in the Halifax Group as would be 
expected for wells in the Goldenville Group.

For the reasons explained in Section 7.2.1 of 
this report, the air lift well test yield results 
represented in Table 4 (and for individual 
wells as they are being constructed) must be 
viewed as non-conservative approximations 
only, and to probably be 75% to 50% (or 
even 30-40%) higher than long-term yields as
defined from pumping tests.

Unfortunately there is apparently no pumping
test data available for wells completed in the 
Halifax Group within the Figure 15 map area,
so an analysis of long-term yields as was 
done in Section 7.2.1 of this report cannot be 
done for wells that have been drilled in the 
Halifax Group.

Table 4 shows a slightly smaller range of 
static water levels than in Table 2. But 
unfortunately, the closest NSE (2021b) 
observation completed in the Halifax Group 
is located at Fall River, and the large 
population density that uses well water 
supplies near that well has caused seasonal 
groundwater level fluctuations to exceed 8 m 
seasonally due to drier summer conditions at 
that observation well.

That said, the seasonal and annual 
groundwater level fluctuations that area 
expected for wells completed within the 
Halifax Group near the site should be similar 
to those for wells drilled in the Goldenville 
Group.
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7.3  Groundwater quality

Table 5 summarizes the water quality data 
available in public GIS files for wells 
represented by orange dots in Figure 15.

Two of the wells with water quality data that 
in Figure 15 (based on the NSE (2016a, 
2018) database) are shown to to be in the 
Halifax Group, are incorrect plotted; both are
known to be in the Goldenville Group. One is
a Valley Gate Park water supply well. The 
other, which plots between Highway 1 and 
Eter Road, gives data for uranium only and, 
therefore, is not included in Table 5.

7.3.1  The Goldenville Group HU

Except for perhaps a few parameters, wells 
drilled into the Goldenville Group HU 
generally produce good quality water, but 
which can vary locally depending on well 
location and construction, area land use, and 
specific local bedrock and soil lithology.

The Goldenville Group HU has been seen to 
produce calcium-bicarbonate type waters 
inland, to sodium-chloride type waters nearer
the ocean (although sodium-chloride type 
waters may result from the use of winter road
maintenance salt), typically with low-to-
medium hardness and total dissolved solids. 
Iron and manganese can both exceed the 
Health Canada (2020)41 aesthetic objective 
values of 0.3 and 0.02 mg/L42, respectively, 

41.  While in other provinces the Health Canada 
Guidelines for Canadian Drinking Water Quality 
values are just that – guidelines values to guide water 
professionals, Nova Scotia Environment has elected 
to adopt those guideline values as regulation values.  

42.  One mg/L is roughly equal to one part per 
million. One mg/L is equal to 1,000 µg/L. One µg/L 
is roughly equal to one part per billion.

as well as the manganese health objective 
value of 0.120 mg/L, with manganese (more 
difficult to treat, generally) being present 
often only slightly above lab detection levels.

Depending on location, particularly in gold 
districts, well water from the Goldenville 
Group may also naturally contain arsenic in 
concentrations above the Health Canada 
(2020) health objective value of 0.010 mg/L.

In regards to the data available more locally 
and within the Figure 15 map area, the data 
available shows mostly calcium-bicarbonate 
type waters for the well water samples 
summarized in Table 5. Water samples from 
some wells classify as calcium-chloride type 
waters which, at Valley Gate Park, are known
to be due to the use of winter road 
maintenance salt.

Based on the sparsely distributed data 
available within the Figure 15 map area:

• Water hardness appears lowest (range 
34.2 to 86 mg/L, mean around 57 mg/L)
in the Sackville and Mount Uniacke 
areas, and highest (range 130 to 470 
mg/L, mean around 280 mg/L) in the 
Pentz Lake to Valley Gate Park areas.

• Total dissolved solids (TDS) values 
(range 86 to 149 mg/L, mean around 
111 mg/L) appear to be lowest in the 
Sackville and Mount Uniacke areas, and
highest (range 255 to 619 mg/L, mean 
around 400 mg/L) in the Pentz to Valley
Gate Park areas.

• Water pH is above neutral generally 
(overall mean value of 7.4) everywhere,
except in the Sackville area where water
pH ranges from 6.19 to 7.05 and 

                             Project 173UC01 – Portree JACC Enterprises Ltd.                    Page 44 of 70



          Level 1 groundwater assessment – Portree JACC Enterprises Ltd., South Uniacke, NS

                             Project 173UC01 – Portree JACC Enterprises Ltd.                    Page 45 of 70

Table 5. Well water quality data available from the public domain GIS files for wells completed 
within the Figure 15 map area (NSDNR, 2016a, 2018).
Parameter / Location area Valley Gate Park (VG)
 Sample ID (NSE) Reg1770 Reg1767 Ptest505 Reg1811 Ptest510 Ptest508 Ptest507 Ptest506 Ptest504
 Sample ID (ewC, 2007)* -- Well-2 Well-14 Well-15 Well-1 Well-13 Well-3 Well-2 Well-12
 Year Sampled 1989 1987 2005 2006 2004 2005 2004 2004 2005
 Alkalinity (mg/L as CaCO3) -- -- 99 99 100 130 160 180 310
 Bicarbonate (mg/L) -- -- 98.8 99 100 135 160 180 310
 Carbonate  (mg/L) -- -- 0.5 0.5 0.5 0.5 0.5 0.5 0.5
 Sodium (mg/L) -- -- 1.7 1.9 47.5 77 17.4 45.6 16
 Potassium (mg/L) -- -- 25 13 1.6 0.1 1.7 2.7 2.8
 Calcium (mg/L) -- -- 120 68 64.1 120 60.6 93.8 130
 Magnesium (mg/L) -- -- 0.05 0.1 16.6 24 14.2 21.6 36
 Fluoride (mg/L) -- -- -- -- -- -- -- -- --
 Sulphate SO4 (mg/L) -- -- 53 22 34 45 43 41 64
 Chloride (mg/L) -- -- 230 84 140 250 35 140 98
 Hardness (mg/L as CaCO3) 290 226.7 390 220 228 400 210 323 470
 TDS (mg/L) 434 336 543 274 381 619 279 464 547
 pH 7.7 7.4 6.53 7.48 7 6.89 7.5 7.4 7.45
 Nitrate/nitrite (as N mg/L) -- -- 0.35 0.025 0.58 0.67 0.025 0.25 0.025
 Arsenic (µg/L) 40 60 1 30 7 24 29 10 86
 Uranium (µg/L) -- -- 2.9 3.5 1.3 5.6 1.3 3.3 8
 Iron (µg/L) 20 410 25 25 25 150 25 25 240
 Manganese (µg/L) 170 2400 36 38 570 66 720 2700 250

Parameter / Location area VG Pentz Lake Mount Uniacke Sackville
 Sample ID (NSE) Ptest509 Reg1761 Reg1547 Reg3114 Ptest439 Reg1400 Reg1737 Reg1401 Reg1403
 Sample ID (ewC, 2007) Well-6 -- -- -- -- -- -- -- --
 Year Sampled 2004 2000 2006 1993 1979 2006 2007 2005 2006
 Alkalinity (mg/L as CaCO3) 84 -- 120 27 86 21 26 40 93
 Bicarbonate (mg/L) 83 -- 117 -- -- 21 26 39.8 93
 Carbonate  (mg/L) 0.5 -- 1 -- -- 0.5 0.5 0.5 0.5
 Sodium (mg/L) 37.5 -- 24 7.2 7.6 8.8 28 14 6.3
 Potassium (mg/L) 0.7 -- 3.5 2.9 1.7 1.1 0.4 1.3 1.3
 Calcium (mg/L) 39.6 -- 56 8.9 26 16 2.4 29 28
 Magnesium (mg/L) 7.5 -- 8.7 2.9 4.3 2.2 0.2 2.6 4.1
 Fluoride (mg/L) -- -- 0.1 -- 0.05 -- 0.3 -- --
 Sulphate SO4 (mg/L) 14 -- 18 2 7 36 10 36 5
 Chloride (mg/L) 83 -- 56 18.6 7.8 8 23 29 4
 Hardness (mg/L as CaCO3) 130 -- 180 34.2 83 50 7 82 86
 TDS (mg/L) 240 -- 255 -- 118 93 86 149 119
 pH 8.1 -- 7.96 6.3 8.1 6.19 6.8 6.55 7.05
 Nitrate/nitrite (as N mg/L) 0.05 -- 0.84 0.025 0.08 0.57 0.08 1.3 0.025
 Arsenic (µg/L) 2 20 -- 1 2.5 1 1 1 8
 Uranium (µg/L) 1 10 6.9 0.05 -- 0.05 0.05 0.1 0.8
 Iron (µg/L) 25 -- -- 23000 130 25 170 25 25
 Manganese (µg/L) 92 -- 2.1 220 120 88 31 1100 740
 Notes:  * In terms of the Canada Privacy Act, this level of sample ID/location is given here only because the
                water quality data noted here, which is available in the public domain contains dates but no location
                details, whereas the pumping test data, which is also available in the public domain but contains both
                dates and well identifier information, when reviewed together, can allow anybody accessing the same
                publicly available data to define the same levels of water quality data location as are provided here. 
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averages 6.65 in the four well water 
samples from that area.

• Alkalinity values range from 21 to 93 
mg/L (mean around 50 mg/L) in the 
Sackville and Mount Uniacke areas, and
84 to 310 mg/L (mean around 143 
mg/L) in the Pentz Lake to Valley Gate 
Park areas. Alkalinity values from wells 
in hydraulic communication with old 
abandoned mines at Valley Gate Park 
range from 100 to 180 mg/L (average 
146.7 mg/L), versus 84 to 310 mg/L 
(average 144.4 mg/L) from wells that 
are known to not be in hydraulic 
communication with old mines. 

• Iron concentrations in the Valley Gate 
Park area range from 25 to 410 µg/L 
(average 121.25 µg/L) from wells in 
hydraulic communication with old 
abandoned mines, and 20 to 240  µg/L 
(average 80.83 µg/L) from wells that 
are known to not be in hydraulic 
communication with old mines. The 
values for wells in the Sackville area 
range from 25 to 170 µg/L (average 
61.25 µg/L), and iron values from wells 
in the Mount Uniacke area range from 
130 to 23,000 µg/L.

• Manganese concentrations range from 
2.1 to 1,100 µg/L (average around 383 
µg/L) in the Sackville, Pentz Lake, and 
Mount Uniacke areas (with the highest 
values in the Sackville area, with two of
four wells showing values above 740 
µg/L ), whereas wells known to not be 
in hydraulic communication with old 
abandoned mines at Valley Gate Park 
range from 36 to 205 µg/L (average 
108.7 µg/L). Wells that are in hydraulic 
communication with old abandoned 

mines show manganese values that 
range from 570 to 2,700 µg/L (average 
of 1,598 µg/L). 

• Arsenic concentrations range from 1 to 
8 µg/L (average 2.4 µg/L) for water 
samples from wells in the Sackville and 
Mount Uniacke areas. Arsenic values 
range from 1 to 86 µg/L in the Valley 
Gate Park area, with maximum values 
from wells that are not in hydraulic 
communication with old abandoned 
mines (range 1 to 86 µg/L, average 30.5
µg/L) being higher than wells that are in
communication with old mines (values 
of 7 to 60 µg/L and average 26.5 µg/L). 

• Uranium values are lowest (0.05 to 0.8 
µg/L, average of 0.21 µg/L) in the 
Sackville and Mount Uniacke areas. 
Uranium concentrations range from 1 to
8 µg/L (average 4.2 µg/L), and 1.3 to 
3.3 µg/L (average 1.97 µg/L), from 
wells that are not and are in hydraulic 
communication with old mines, 
respectively, in the Valley Gate Park 
area. There is only one value reported 
(20 µg/L) for the Pentz Lake area.

To summarize from the above, there is an 
apparent natural regional groundwater quality
variation within the Goldenville Group where
water hardness and TSD values appear to be 
highest around the site area. Local past 
mining activities do not appear to have 
affected water hardness and TDS. Likewise, 
water pH and alkalinity appear to increase 
naturally farther inland, with past mining 
activities possibly decreasing alkalinity only 
slightly (but with values remaining above 
those for the four water sample results 
available from the Sackville area).
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Iron and manganese are known to be water 
quality issues for many wells drilled into the 
Meguma bedrock. No clear conclusions can 
be drawn from the Table 5 data on the 
natural, regional distribution of these two 
parameters within the Figure 15 map area.

However, based on the water quality data 
from wells at Valley Gate Park, there is a 
clear association of elevated manganese and 
iron values in wells known to be in hydraulic 
communication with abandoned underground
mine workings. This may be due to the 
presence of lower redox43 conditions due to 
the breakdown by bacteria of the timbers 
used to support old mine workings and debris
thrown into them to abandon them.

43.  Redox (reduction-oxidation) is a type of chemical
reaction that is characterized by the transfer of 
electrons between chemical species, where the species
that loses electrons (the reducing agent) undergoes 
oxidation (increase in redox state), and the other 
species (the oxidizing agent) undergoes reduction 
(gains electrons - a decrease in redox state). An 
example is the combustion of wood, in which the 
redox state of carbon atoms (which lose electrons) in 
the wood increases and that of oxygen atoms (which 
gain electrons) decreases, as carbon dioxide and water
are formed. A similar type of reaction occurs between 
oxygen and iron when steel rusts. 

Although redox reactions are commonly associated 
with the formation of oxides from oxygen molecules, 
oxygen need not be included in all such reactions, as 
other chemical species (such as nitrogen) can serve 
the same function.

In underground aqueous environments, the use of 
oxygen by bacteria will create low redox conditions, 
under which some of the elements bound in the rock 
that makes up aquifers, such as iron and managanese, 
can go into solution to increase their concentrations in
well water. Reducing conditions, on the other hand, 
will cause elements such as uranium to precipitate 
from solution and decrease its concentration in well 
water. Because asenic may exist in two common 
oxidation states, it can be released from minerals to 
groundwater under either oxic or reducing conditions.

Similar high values are not be expected for 
wells drilled on-site.

Arsenic is also closely associated with water 
supplies that are developed in the Meguma 
bedrock. In former gold mining areas, this 
may be due in part to arsenopyrite leaching 
from the waste rock piles left behind (also 
sources of acid runoff). But in light of the 
very small amount of past mining activity 
that apparently took place immediately 
nearby, that is not expected to be a cause for 
concern for wells drilled on-site.

However, any arsenic that may have been 
concentrated within the bedrock by virtue of 
the tectonic mineral enrichment of the area, 
may cause arsenic values to increase in water
produced from wells drilled into those more 
highly mineralized zones, which may or may 
not be associated with wells having direct 
hydraulic communication with underground 
workings.

For example, some private wells located off-
site that are known to not be in hydraulic 
communication with abandoned underground
workings that were sampled during the water 
supply development work for done for Valley
Gate Park (ewC, 2007) were found to have 
higher arsenic concentrations than wells at 
the mobile home park that are known to be in
hydraulic communication with the old mines.

Such may be a possibility for wells drilled 
on-site.

The uranium values summarized in Table 5 
are not terribly elevated (they are most 
certainly lower than the values encountered 
often in wells drilled in areas underlain by 
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granite or by certain types of sandstone). 
Also, of the seven Figure 15 map area wells 
reporting on only uranium but which are not 
included in Table 5, values ranged from 0.05 
to 1.9 µg/L, with a mean of 1.02 µg/L (the 
Health Canada (2020) health-based guideline 
value for arsenic is 10 µg/L).

The range and average value of 1.9 µg/L for 
uranium from Table 5 for the local wells 
known to be in hydraulic communication 
with abandoned underground mine workings 
are generally lower than the 1 to 8 µg/L range
and 4.2 µg/L average obtained from wells 
that are not in communication with the old 
underground mine workings. This may be 
due in part to the lower redox conditions 
associated with the old mine workings

7.3.2  The Halifax Group HU

Although there is no water quality data 
available within the Figure 15 map area for 
wells that have been drilled into the Halifax 
Group formations, the quality characteristics 
of groundwater produced from that HU 
should be expected to be similar to those for 
wells drilled in the Goldenville Group HU.

Exceptions to this may include relatively 
higher values for arsenic and manganese 
from wells drilled into the Beaverbank 
Formation, or higher arsenic and iron values, 
and also perhaps also lower water pH and 
alkalinity, from wells drilled into the Cunard 
Formation.

Due to their finer sediment content and 
deposition in more reducing, deeper marine 
environmental conditions several million 
years ago, the rocks of the Beaverbank and 
Cunard Formations should be expected to  

contain more uranium than the rocks of the 
Goldenville Group. For example, airborne 
radiometric surveys (NSDNR, 2006) are one 
way to remotely distinguish between the two 
bedrock groups, with rocks of the Halifax 
Group emitting significantly higher uranium-
equivalent gamma signals (including within 
the Figure 7 and 15 map areas) than rocks of 
the Goldenville Group.

Higher amounts of uranium in Halifax Group
rocks may, under certain conditions, result in 
higher uranium values (and possibly also 
dissolved radon44 gas and lead 210 (210Pb) 
values) in water produced from wells that are
constructed in that HU.

7.4  Groundwater recharge

Understanding the amount of groundwater 
recharge available is necessary to determine 
the number of homes that may be supported 
and the sustainability of on-site water supply 
resources for new developments.

Groundwater recharge estimates can be done 
by many approaches, the two most used for 
these types of Level 1 assessments being:

44.  Radon gas is the sixth progeny product of the 
radioactive decay of uranium-238 (which progeny are
thorium-234, protactinium-234, uranium-234, 
thorium-230, radium-226, then radon-222). While 
radon-222 has a half-life (the time it takes for a 
radioactive element to decay to half its mass by the 
emission of energe – alpha, beta and gamma particles)
of only 3.82 days, its progeny are polonium-218 
(half-life 3.05 minutes), lead-214 (half-life 26.8 min.),
bismuth-214 (half-life 19.9 min.), polonium-214 
(half-life 1.64x10-4 seconds), then lead-210, which 
has a half-life of 22.3 years and which can contribute 
to lead in well water. The amount of radon gas that is 
naturally released directly from bedrock fractures into
the air from some Halifax Group rocks (the Cunard 
Formation, in particular), may be high enough to 
resent as an airborne carcinogenic (lung) concern.  
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1) the ultra-conservative per-lot based 
water balance approach, as presented in 
Appendix B of NSE (2011), or

2) a more realistic aquifer-based balance 
approach that includes larger areas 
around development sites, groundwater 
flow gradients, which also accounts for 
other groundwater users outside of the 
subject development sites.

The information needed to assess possible 
water availability to aquifers by either 
method (or for any other type of water supply
and/or well field development review), 
requires defining the following:

a) the watershed and/or aquifer extent and 
recharge capture area size (needed for 
both methods, but which is limited to lot 
size only for method 1 above),

b) total annual precipitation (required for 
both methods above),

c) a groundwater recharge coefficient for 
the groundwater recharge capture area 
(required for both methods above), and

d) total water demand by other groundwater
users within the subject capture area, 
which must be subtracted from the total 
recharge available to the site under 
consideration (this is not required for 
method 1).

Per NSE (2011), this forth criteria also 
includes reserving 50% of all available 
recharge for surface water (stream, lake) 
and related ecosystem maintenance. 

These items are discussed in the four sub-
sections that follow.

7.4.1  Groundwater flow, potential
          water capture areas

Estimating groundwater recharge capture 
areas requires first identifying surface 
watershed boundaries, then defining the 
associated regional and local groundwater 
flow regimes likely within those areas.

Groundwater flow can be differentiated as 
regional, intermediate, or local (Freeze and 
Cherry, 1979) – with flow between each 
being possible without distinct boundaries.

Regional flow involves recharge at the top of 
the province and deep, long-distance flow 
toward the ocean with long residence times. 
Regional flow in reference to the site (which 
is not far from the provincial water divide, 
see Figure 4) would be mostly south-
southeasterly toward the Bedford Basin and 
Atlantic Ocean.

Intermediate flow would closely parallel the 
regional flow and include recharge from 
areas around 6 km north of the site, with 
discharge largely in a southerly direction 
down along the centre of the upper reaches of
the Sackville River watershed (mostly within 
the central sub-basin that in Figure 6 is 
defined by thick dark-blue lines that drains 
the 5th to 7th order streams in which the site is 
located), again with flow continuing toward 
the Bedford Basin and into the central parts 
of the Chebucto Peninsula.

The groundwater-sheds for both regional and 
intermediate flows can and often do 
transcend surface watersheds. As such, some 
of the intermediate flow at the site may 
include contributions from the northern-most 
parts of the 5th to 7th order stream sub-basin 
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east of the main central basin (i.e. areas 
immediately east of Valley Gate Park), as 
well as contributions from sub-basins defined
by thinner blue lines and by the smallest sub-
basins shown in pink and grey in Figure 6. 

Local-scale groundwater flow typically 
includes recharge at local knolls and 
discharge in nearby valleys. Local-scale 
groundwater flow surfaces usually parallel 
surface topography in a subdued manner.

At the site, this would include flow from the 
north from sub-basin shown in grey 
immediately to the north of the site in Figure 
6, as radial flow from the two drumlins on-
site toward the low-land between them, and 
as northeasterly flow from the taller drumlin 
toward the far northeasterly corner of the site.

Where there is no empirical data, the concept 
above and ground surface elevations may be 

used to make rough estimates of groundwater
flow directions and define approximate local 
groundwater recharge areas.

The above-noted regional, intermediate, and 
local groundwater flows would all contribute 
to supply water to wells drilled on-site. This 
would include an area that extends roughly 
1.5 to 2 km north of the site, and due to the 
drawdown effects of pumping wells on and 
around the site, 0.5 to 1 km east and west of 
the site, narrowing to 0.25 to 0.5 km from the
site at its southern-most boundary, or an area 
of about 4,024,125 m2 to 6,295,470 m2.

7.4.2  Precipitation

Precipitation at the site falls as rain and snow,
with frequent rainfall and snow melt events 
during winter. However, when considering 
longer-term groundwater recharge, all of the 
snow falling onto the potential recharge area 
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Figure 19. Total precipitation and temperature.
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noted above would also contribute to 
groundwater recharge as spring snow melt.

Figure 19 and Table 6 summarize the 30-year
climate normals for the period 1981 to 2010 
(the latest 30—year normals available) from 
the Environment Canada (EC) Pockwock 
Lake climate station located 10.35 km south-
southwest of the site. They show the general 
“form” of the annual climate data for the area
– that historically the highest average rainfall 
occurs in November – and a total average 
annual rainfall of 1,305 mm, and 1,513 mm 
total precipitation including snowfall.

However, the Pockwock Lake climate station
is missing a large amount of data (Figure 19 
and Table 6 represent only about 78% of the 
30 years covered, so the climate station is not
UN World Meteorological Organization 
(WHO) compliant) and the climate station is 
located adjacent to a power generating 
windmill which, although its construction 
date is unknown, can significantly affect both
temperature and precipitation data readings.

The WHO compliant EC climate stations are 
located long distances apart, and there are no 
other WHO compliant climate stations near 
the site (the next closest ones are at the 
Halifax International Airport 22 km away, 
Shearwater 35 km away, and Kentville 60 km
away, all in different micro-climate zones). 
So to help offset these data discrepancies and 
to accommodate Nova Scotia’s ocean-
affected climate peculiarities, a few years ago
ewC developed a precipitation model45 for 
Nova Scotia using GIS and total mean 
monthly and total mean annual precipitation 
30 year normal data from the 57 EC (2014) 
climate stations (20 in Nova Scotia, 37 in 
New Brunswick) that are WMO compliant 
for the period 1981 to 2010.

45.  The modelling was developed using spatial 
approximation analysis using climate station point 
data to floating-point raster format (10m x 10m 
resolution) by regularized spline interpolation with 
tension factor 30, zero smoothing) in GRASS GIS 
(2021). Measures were not needed to incorporate 
elevation-dependence, as local orographic effects are 
likely inherent to the climate station locations. 
However, anisotropy (ratio 2 to 1, azimuth 70 
degrees) was applied to represent prevailing storm 
advance directions across Nova Scotia.
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Table 6. 30-year mean (1981 to 2010) precipitation, Pockwock Lake, Nova Scotia.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Rainfall (mm) 94.2 79.2 101.1 109.2 128.6 100.9 99.5 87.3 118 139.2 142 105.6 1,304.7
Snowfall (cm) 54.4 46.8 36.1 10.5 0.7 0 0 0 0 0 16.5 39.6 204.7

Tot. precip.  (mm) 149 126.8 138.9 119.9 129.3 100.9 99.5 87.3 118 139.2 158.7 145.7 1,513.2
Ave. snow depth (cm) 3 0 0 0 0 0 0 0 1 2
Med. snow depth (cm) 0 0 0 0 0 0 0 0 0 0

Extr. daily rainfall (mm) 67 72 63.2 76 75 53.4 74.6 48.8 133.2 91.6 73.8 72
Date (yy/dd) 92/05 85/13 79/14 82/28 05/22 85/17 81/21 99/15 96/02 05/08 02/13 81/15

Extr. daily snowfall (cm) 36 36 27 18.1 7 0 0 0 0 1 75 50.8
Date (yy/dd) 87/31 02/04 93/18 97/01 95/06 79/01 79/01 79/01 79/01 97/23 04/13 79/09

Extr. daily precip. (mm) 67 72 63.2 76 75 53.4 74.6 48.8 133.2 91.6 75 72
Date (yy/dd) 92/05 85/13 79/14 82/28 05/22 85/17 81/21 99/15 96/02 05/08 04/13 81/15

Extr. snow depth (cm) 44 60 53 15 0 0 0 0 0 0 44 39
Date (yy/dd) 05/27 02/05 01/10 82/08 82/01 82/01 82/01 82/01 82/01 82/01 04/14 95/27
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Table 7 summarizes the total monthly and 
annual precipitation amounts from that model
at the centre of the site.

Table 7. Mean total precipitation 
for the 30 year period 1981 to 2010 
as defined from the ewC GIS 
precipitation distribution model.

Period Total precipitation (mm)

January 143.6

February 114.9

March 129.1

April 117.1

May 125.3

June 95.0

July 93.1

August 88.0

September 112.7

October 131.4

November 157.5

December 146.3

Annual 1,454.0

Based on the numbers in Tables 6 and 7, total
annual precipitation at the site might be 
expected to be somewhere between 1,513 
mm and 1,454 mm. A mean of these values, 
or 1,484 mm, may be appropriate for the site.

7.4.3  Recharge coefficients

Kennedy et al (2010) have published values 
for groundwater recharge coefficients for the 
entire province. They have ascribed values of
0.14 for the Shubenacadie and Sackville 
River primary watersheds, and values of 0.16
and 0.17 for the Indian River and St. Croix 
River primary watersheds, respectively. The 
work by Kennedy et al (2010) was based on a

broad distribution for total precipitation and 
total watershed outputs, so in light that the 
site is situated at the headwaters of the 
Sackville River watershed and less than 3 km
from each of the Shubenacadie and Indian 
River watershed divides used by Kennedy et 
al, then a value of 0.15 is deemed appropriate
for recharge coefficient at the site.

7.4.4  Other groundwater users

Table 8 summarizes number and types of 
buildings (MEH, 2020) located within the 
potential groundwater recharge capture areas 
described in Section 7.4.1 of this report.

Table 8. Number and type of buildings 
present within the potential groundwater 
recharge capture areas likely to supply water 
to wells proposed to be drilled on-site. 

Building type

Potential groundwater
recharge area

Smaller area
(4,024,125 m2)

Larger area
(6,295,470 m2)

Single detached 35 115

Mobile homes 41 181

Accessory 75 243

Undefined type 12 34

Total buildings
needing water

88 330

7.4.5  Estimated groundwater recharge

NSE (2011) suggests applying a daily water 
usage rate of 1,350 L/day per single family 
dwelling46. Using method 1), total daily well 
water supply availability is calculated by:

46.  For today’s homes with multiple bathrooms, this 
value may not be conservative enough.
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Qlot = I ● Alot ● Euse                               

–––––––––––––––        (eq. 1)
365 days                

Where:
Qlot = Available groundwater from each 

lot (L/day)

I = Groundwater recharge rate 
(mm/yr)

Alot = Area of the lot that contributes to 
recharge (m2)

Euse = Percentage of recharge reserved 
for baseflow and ecological use

Using method 2), total annual groundwater 
recharge available for use as well water 
supply is calculated by:

Qrech = Arech ● P ● I ● E      (eq. 2)

Where:
Qrech = Available groundwater from the 

overall recharge area (m3/yr)

Arech = Overall groundwater recharge 
area (m2)

P = Annual precipitation (m/yr)

I = Groundwater recharge coefficient

E = Percentage of recharge reserved 
for baseflow and ecological use

Using equation 1, assuming the total unpaved
area of the subdivision site (around 371,110 
m2) is divided by the number of lots, then 
assuming 56 lots, the amount of groundwater 
available per lot would be 2,020 L/day per 
lot. Assuming 59 lots, that number becomes 
1,918 L/day per lot.

The numbers from equation 1 exceed the 
NSE suggested 1,350 L/day per dwelling 
requirement by 1.5 and 1.4 times.

Table 9 summarizes the estimated volumes of
groundwater recharge available and the 
approximate total number of homes (or home
equivalents) including existing homes that 
may be served by applying equation 2 and 
the noted two possible recharge capture areas
discussed in Section 7.4.1 above.

Table 9. Estimates of groundwater recharge 
and number of homes (or equivalent) that 
could be served within the potential recharge 
areas described in Section 7.4.1 of this report.

Ground-
water

recharge
area (m2)

Possible
recharge1

(m3/yr)

Possible
allocation2

(m3/yr)

No. of
homes3

served

6,295,470 1,401,372 700,686 1,422
4,024,125 895,770 447,885 909
1 Assuming 1,396 mm/yr precipitation and a 

groundwater recharge coefficient of 0.17.

2 Half the value in column 2, as required by NSE 
for ecological support. 

3 Proportion of total allocation based on 1,350 
L/day per home (or equivalent), 365 days/year.

In light that there are 330 and 88 existing 
groundwater users in each of the potential 
groundwater recharge areas described above, 
then the values in the last column of Table 9 
suggest that more than sufficient amounts of 
groundwater recharge would be available to 
supply the new wells that are proposed to be 
drilled on-site.

7.4.6  Land use effects on water quality
          in groundwater recharge areas

The land uses in the potential groundwater 
recharge capture areas described above that 
could have an effect on surface water and 
thus, groundwater recharge quality, include 
the gravel borrow pit and abandoned shale pit
noted in Section 4.1.3 of this report, and a 
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couple of properties near the junction of Eter 
and East Uniacke Roads where agricultural 
land use (horse keeping) is done. Those 
activities are considered to be too far from 
the site to have any direct significant impact 
on groundwater quality for the wells that are 
proposed to be drilled on-site.

Besides that, all remaining land use within 
the potential groundwater recharge area is 
rural urban and undeveloped forest land. 
Heating oil tank leaks and other types of 
spills at those homes may impact 
groundwater locally, but again, they are 
considered too far from the site to have any 
direct impact on groundwater quality for the 
wells in the proposed subdivision.

As was noted in Section 5.7.3 of this report, 
all of the crushers and related tailing pond 
areas associated with past mining activities at
the Valley Gate Park area discharged water 
via streams flowing in sub-basins belonging 
to a surface watershed that is outside of the 
groundwater recharge area described above, 
and which discharge into the Sackville River 
about 1.73 km along channel downstream of 
the proposed subdivision. As such, they are 
not expected to have an effect on recharge 
water quality for wells drilled on-site.

The only other point source surface water 
contamination in the region is the outfall of 
the waste water treatment plant for about 140
existing (potentially 180 total) mobile homes 
at Valley Gate Park. The plant is located at 
the end of a gravel road south of South 
Uniacke Road. It discharges straight into the 
same brook that received discharge from the 
main (10 stamp) crusher once located south 
of the Davis Drive/South Uniacke Road 

intersection. Again, that waste water 
discharge and brook are situated outside of 
the above-noted potential groundwater 
recharge area, and also discharge into the 
Sackville River at a point 1.73 km along 
channel below the site.

7.5  Aquifer water storage

The bedrock HU’s that underlie the site and 
the groundwater recharge areas noted above 
depend entirely on bedrock fractures and 
joints for water to flow through them. Those 
fractures also serve to store groundwater 
within those HU’s.

As was noted earlier, fracture density (thus 
aquifer groundwater storage) is expected to 
vary significantly from one place to another 
in both the Goldenville and Halifax Group 
HU’s. Also, how the fracture systems in those
HU’s behave to store groundwater will 
depend on the degree of aquifer unit 
confinement present.

There is only one Storativity values in Table 
3 for the Goldenville Group HU; it suggests 
confining conditions at that well location and,
if it is indeed unconfined, a possible specific 
storage value about around 0.1%.

For unconfined bedrock aquifer materials, 
Freeze and Cherry (1979) suggest porosity 
values of 0-10% for shale and fractured 
crystalline rock, and 0-5% for dense 
crystalline rock. So should the Goldenville 
and Halifax Group HU’s be unconfined in at 
least some of the local areas (which is 
expected), in light of the apparent bedrock 
fracturing present in the area (i.e. the faults 
and lineaments shown in Figures 7, 13 and 
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16), then conservatively, porosity values of 
0.1% to 2% might be assumed for fractured 
metamorphic rock in the local Goldenville 
and Halifax Group HU’s.

Assuming conservatively also that there is 
about 190 m (maximum depth of area wells 
in Table 2) of fractured, saturated bedrock 
aquifer material within the local Goldenville 
and Halifax Group HU’s, then for the smaller
(again, to be conservative) 4,024,125 m2 
groundwater recharge area described in 
section 7.4.1, then the estimated total volume
of groundwater in storage potentially within 
the local bedrock HU’s may be between 
764,580 m3 and 1,529,675 m3. Based on the 
existing 88 groundwater users plus 59 new 
homes proposed within the smaller recharge 
catchment area, that represents 10.5 to over 
200 years of water storage assuming no new 
water is introduced from precipitation.

The till material in the surficial HU is likely 
variably sorted and as such, its average net 
porosity may be expected to range from 10% 
to 20% (Freeze and Cherry, 1979). so 
assuming an average till thickness of 4 m 
(excluding drumlins), a groundwater table 2 
m below surface, and the smaller recharge 
capture area of described above, then an 
estimated 804,800 m3 to 1,609,000 m3 of 
groundwater storage (11 to 22 years supply 
assuming no new water from precipitation) 
may be present within the surficial HU, or 
74,000 m3 to 148,000 m3 of groundwater 
storage (or 2.5 to 5 years supply) within the 
site property boundaries.

Together, the bedrock and surficial HU’s are 
very conservatively estimated to contain 
potentially 21 years, to over 230 years of 

stored groundwater supply assuming no new 
introductions from precipitation.

7.6  Well interference

In any development with many closely-
spaced wells, there is a potential for pumping
induced well interference problems – namely,
the cumulative pumping effects from all 
wells, which can result in the lowering of the 
water table and of groundwater levels in 
wells. This can affect both wells within a new
subdivision, and wells outside that are in 
close proximity to new subdivisions.

In the absence of doing complicated and 
costly computer aquifer modelling, NSE 
(2011) recommends the use of the Theis 
(1935) equation and their spreadsheet as one 
means to assess well interference. However, 
their criterion to determine if the calculated 
interference is acceptable is arbitrary, may 
not be suitable for all sites, and all methods 
require having aquifer Storativity data, which
is available for only one well located off-site 
(see Table 3), and which based on an 
apparent greater number of bedrock fractures 
immediately north of the site, is unlikely to 
represent the bedrock aquifer on-site.

Therefore, is is not possible to assess the 
potential for, or the extent of, potential well 
interference on-site at this time. However, 
unless there is direct fracture communication 
between very closely spaced low-yielding 
wells, past studies at more densely developed
locales with similar groundwater recharge 
and bedrock aquifer settings suggest that well
interference should not be a large concern at 
or around the site.
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8. Discussion

8.1  Well yield considerations

Drilling for water into the Goldenville Group 
HU is likely to be met with a wide range of 
outcomes – from wells that can only barely 
meet single dwelling residential demand, to 
(based on reports for wells immediately north
of the site) wells that could supply the entire 
new proposed subdivision.

Table 10. Examples of wells yields and depths 
that may be able to meet a water supply target
of 1,350 L/day (NSE, 2011).

1 2 3 4 5 6

Well
depth

(m)

Well
yield

(L/min)

Well
bore

storage
(L)3

2 hr
well
yield
(L)

24 hr
well
yield
(L)

Total
volume

from
columns
3 + 4 (L)4

20 10.6 88 1266 15192 1354
40 9.1 265 1092 13104 1357
60 7.6 442 912 10944 1354
80 6.1 618 732 8784 1350
100 4.6 795 558 6696 1353

Notes:

1) The target water supply volume of 1,350 L/day assumes 
each water well serves a four bedroom home.

2) It is assumed that the entire target water supply volume of
1,350 L/day will need to be supplied during a 2 hour period 
to meet peak demand. Further, the well yield must be able to 
replenish this volume within 24 hours, on an ongoing daily 
basis. To satisfy these requirements, columns 5 and 6 must 
both meet or exceed the target volume of 1,350 L/day.

3) The column 3 calculation assumes: a) 150 mm diameter 
well; b) available drawdown in the well equal to well depth 
minus 10 m (i.e., assumes a static water level of 5 m and the 
pump is placed 5 m above the bottom of the well with a 5 m 
allowance to keep the pump submerged); c) the available 
drawdown is reduced by 50% to allow for cumulative well 
interference effects from other wells in the subdivision.

4) “Total Volume Available from Well Storage and 2 Hour 
Yield” is calculated as follows (Equation B.3): Total 
available water (L) = 500π (D/2000) 2 H A + 120Q 20;  
where D is well diameter (mm), H A is available head (m) 
and Q 20 is the 20 year safe pumping rate (L/min)

That said, the data summarized in Table 2 
points to over 85% of wells in the Figure 15 
map area as being able to meet the minimum 
1,350 L/day well output that is suggested by 
NSE (2011), with the lowest quartile being 
able to meet 4 times that minimum need.

Drillers should be requested to take care to 
accurately note well yields with respect to 
bedrock fracture locations and ensure that 
there is sufficient combined yield and well 
bore cold-water storage to meet domestic 
needs. Table 15, which is directly from NSE 
(2011), may be used as a guide for that.

Where low yield wells are unable to meet 
these general criteria, then if done properly 
(focusing on deeper fractures), hydraulic 
fracturing may be able to successfully 
increase well yields.

Should wells not be able to supply all of the 
water needed for some lots, then mitigation 
options may include augmenting water 
supplies with roof water collection, or the use
of communal water supply wells to meet 
those needs.

8.2  Groundwater recharge
       and well sustainability

The size of the contributing groundwater 
recharge capture areas, the proposed site lot 
density plus other existing well water users in
those areas, and the recharge analysis done 
using equations 1) and 2) in Section 7.4, all 
point to there being more than enough 
groundwater recharge available to supply 
water to the wells that are proposed to be 
drilled on-site.

                             Project 173UC01 – Portree JACC Enterprises Ltd.                    Page 56 of 70



          Level 1 groundwater assessment – Portree JACC Enterprises Ltd., South Uniacke, NS

The sustainability of any individual water 
supply is subject to being able to drill wells 
successfully on each lot. As can be seen from
the summary data in Tables 2, 3 and 4, that 
can vary. However, in light of the faults that 
were mapped on-site by Gagné and Wait 
(1988), local lineaments to suggest that those 
faults may extend off-site, and the high well 
yields (due to bedrock fracturing) reported 
for wells located right across South Uniacke 
Road north of the site, decent yields should 
be expected generally from wells drilled 
within the north part of the site. There is less 
data available to likewise characterize the 
south part of the site, which will need to be 
“tested out” by drilling.

Notwithstanding, as was noted before, for 
lots with lower yielding wells, hydraulic 
fracturing deep fractures, water preservation 
measures, and roof rainwater collection for 
irrigation, etc., may serve to mitigate water 
supply quantity issues.

8.3  Well interference

Notwithstanding the somewhat arbitrary 
nature of the calculations suggested by NSE 
(2011), because values for Storativity (S) are 
not available for the site, it was not possible 
to do the any of calculations to assess 
theoretical well interference on-site.

That said, unless there is direct hydraulic 
communication between low-yielding wells 
along specific bedrock fractures (in which 
case well yields should also be expected to be
higher), then based on similar theoretic and 
empirical assessments done elsewhere with 
similar aquifer and lot density characteristics,
pumping-caused well interference is not 

anticipated to be an issue of big concern at or
around the site.

Where pumping-caused well interference is 
most likely to occur is where two or more 
wells are located very close together. Thus, 
while maintaining proper septic system and 
other setback distances, efforts should be 
made to keep wells spaced as evenly and as 
far apart as possible.

8.4  Groundwater quality
8.4.1  Natural water quality

Groundwater quality from the Goldenville 
Group HU is generally satisfactory in most 
situations, requiring treatment generally only 
for iron, manganese, hardness in some places,
and perhaps arsenic – due mostly to natural 
conditions inherent to the area because of its 
geological history.

8.4.2  Anthropogenic water quality issues

Not included in any of the data available, but 
of equal concern to natural water quality are 
the possible human effects on groundwater 
quality in both rural and urban settings. 
These may include:

• Winter maintenance road salt: NSTIR 
has begun to apply winter salt to roads 
again. They do so based on claims that 3
to 4 times more sand than salt needs to 
be applied, and that applying that much 
sand with 5% to 10% salt in it to keep it 
from freezing results in just as much salt
being applied on roads. However, that 
math does seem not make sense, so sand
(even if it contains 5% to 10% salt) 
should be applied to the roads on-site to 
avoid damage to subdivision wells.
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• Heating oil tank and related fuel line 
failures: Poorly installed heating oil 
storage tanks can be subject to early 
failures, and fuel transfer lines placed 
under concrete floors may leak for long 
periods of time before getting noticed. 
While the tills present on-site may offer 
some protection to groundwater, their 
thickness is not equally distributed and 
precipitation percolating through the 
tills may still reach deeper aquifer units,
which effects are difficult to mitigate.

• Vehicular spills: Although these may 
involve few events and smaller volumes
and are often easy to spot and deal with,
accidents involving bulk fuel vehicles 
present a much larger threat to well 
water and can involve large volumes 
that are more difficult to deal with.  

• Fertilizers and pesticides: While the 
more harmful pesticides are controlled 
in Nova Scotia, the cumulative effects 
of “safer” pesticides can still cause 
harm to groundwater and wells. The use
of fertilizers in residential gardens can 
also impact well water by increasing 
nutrient (nitrates, nitrites) content in 
groundwater. Landscaping practices 
such as growing gardens to camouflage 
wells (particularly if bark mulch is 
used) can also have deleterious effects 
on well water quality, particularly if the 
annular space outside of well casings 
are not properly sealed.

8.4.3  Well maintenance practices

All new wells should be properly chlorinated 
after drilling and/or after installing pumps in 
them, and tested for coliform after one to two
weeks of use (meanwhile using bottled water 

to drink and cook) to allow the chlorine to 
properly dissipate to avoid false negatives.

Wells should be regularly tested for coliform,
general chemistry, and metals analysis. 
Again, to ensure that all debris has cleared 
from newly drilled wells or wells with newly 
installed pumps, to avoid false-positives for 
metals that may be associated with debris 
suspended in well water, sampling should be 
done after about two weeks of regular well 
use (again, using bottled water for drinking 
and cooking until lab results are available).

Notwithstanding the need for regular water 
quality testing, the above testing should be 
done both before and following any large-
scale work on or near the well, including any 
major land-use changes or heavy construction
and blasting.

8.4.4  Potential water treatment options

The more common water quality issues that 
may be expected from wells drilled on-site 
may include:

• Hardness: Can cause soap efficiency to 
decrease (i.e. needing more soap for 
laundry), spotting of dishes in 
dishwashers, development of calcium 
films on bathroom tiles, and buildup in 
piping, hot water tanks, and boilers. 
Hardness is an aesthetic concern with no 
guideline, since the calcium and 
magnesium that cause hardness are in a 
form that is beneficial to health.

• Elevated iron and/or manganese: Can 
cause staining of plumbing fixtures, 
staining of laundry if bleach (a strong 
oxidizer) is used, or staining in 
dishwashers (many dishwater soaps 
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contain bleach). They can also cause bad 
taste in drinking water when present in 
higher  concentrations. While iron is an 
aesthetic concern (there is no evidence of 
dietary water-borne iron toxicity in the 
general population), chronic exposure to 
manganese may effect neurological 
development and behaviour.

• Sodium and/or chloride: Most likely to 
be issues due to road salt, particularly for 

wells located nearer South Uniack Road 
where winter salt is in use. Elevated 
sodium in well water may cause problems
for people with high blood pressure, and 
elevated chloride levels can make water 
more aggressive to plumbing and heating 
system components.

• Elevated TDS: A result of the cumulative 
concentration of other elements present in
the water. More likely to be a problem for
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Table 11. Water quality problems that may exist for on-site wells and common 
home treatment methods available to address them.
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Colour, taste, odour issues ● ● ● ● ● ● ●
Bacteria2 ● ● ● ● ●
Calcium (hardness) ● ● ●
Chloride ● ●
Hydrogen sulphide ● ● ● ● ●
Iron ● ● ● ● ● ● ● ● ●
Magnesium (hardness) ● ● ●
Manganese ● ● ● ● ● ● ● ● ●
Sodium ● ●
Viruses2 ● ● ● ● ●

1.  The substances these technologies reduce or remove depends on the filter media or resin.
2.  If using a filter, it must have the pore size needed for the bacteria or virus being removed.
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wells that produce water that is hard and/
or high in sodium and/or chloride.

• Taste, colour, odour issues: A byproduct 
of either elevated iron or manganese.

• Arsenic: A naturally occurring element 
present in Meguma Supergroup bedrock 
in many locations. It is colourless, 
odourless, and produces no taste effects; 
the only way to confirm its presence and 
the efficacy of any arsenic treatment 
system is to have water analyzed by a 
certified lab. Chronic exposure to arsenic 
can result in lung, bladder, liver or skin 
cancers and cause other skin, vascular 
and neurological effects. 

The matrix in Table 11 lists the types of water
quality problems that may need to be 
addressed for water from wells drilled on-
site, along with the more common home 
water treatment methods available to treat 
each issue.

Except for under-counter point-of-use units, 
water treatment systems should be installed 
by professionals. Also, to avoid possible 
scams, proper, complete lab analysis (for 
general chemistry and metals) should be done
on properly collected well water samples 
before deciding on what type of treatment 
system to install and/or making system 
purchases.

For wells drilled into the Goldenville Group 
HU, a water softener may be adequate to 
meet most household needs for wells that 
produce moderately to very hard water with 
some iron or manganese. However, for 
maintenance, some form of acid (citric-
based) may be needed occasionally during 

system backwash to remove iron/manganese 
coatings that may form on resin beads should
oxidizing conditions prevail at the well or 
water treatment system.

Water softener systems have become 
available recently that employ an inert 
material inside the resin beads that can allow 
for both, more efficient softening and iron 
and manganese removal, and more complete 
media regeneration and thus, reduced salt use
when compared to systems that use 
conventional resin media.

9. Conclusions and
    recommendations

9.1  Conclusions

The proposed R1 residential subdivision will 
include up to about 59 lots (minus perhaps a 
few lots for use as parkland) on a now RU 
(Rural Use) zoned 41.4 ha. parcel of 
undeveloped forest covered land.

The northwest corner of the site is bounded 
by South Uniacke Road and the Sackville 
River along its southwest border. The site is 
bounded by a few rural urban properties to 
the north along South Uniacke Road, and by 
forested land everywhere else, beyond with 
to the west there is some rural residential and 
commercial development along Eter Road 
and old Highway 1.

The only land use in the general region that 
may have presented any environmental issues
of concern in the past within is the northeast-
most part of the South Uniacke Gold District 
(which is shown in 1902 mapping to overlap 
the north part of the site).
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However, due to the surface and subsurface 
hydrological locations of the old abandoned 
underground mine workings and of old 
crusher and tailing ponds, any legacy 
environmental issues of possible concern 
from the past mining are unlikely to present 
any concerns at the proposed subdivision site.

There are current exploration licences over 
the northern two-thirds of the site and over 
other lands farther north. However, in light of
the remaining small body of ore (if any) that 
may be present in the area, and the extreme 
costs (social, environmental assessment, 
operational, and others) to develop it, it is 
highly unlikely that any reputable licence 
holder would want to undertake significant 
new exploration work on or near the site.

The site is entirely underlain by Cambrian 
age (540-510 Ma) metamorphosed bedrock 
(greywacke) of the Goldenville Group, which
from mapping done by this report’s author, is 
understood to be Taylors Head Formation. 
Bedrock of the Halifax Group Beaverbank 
Formation (metamorphosed siltstone), then 
Cunard Formation (slate) is present just north
of South Uniacke Road not far from the site.

Because of their past tectonic history and 
state of metamorphism, the Goldenville and 
Halifax Group HU’s, and any wells that are 
constructed in them, are entirely dependent 
on fracture flow (secondary permeability).

The overburden at the site consists of perhaps
2 to 5 m of glacial till, and two drumlins on-
site. One drumlin (located on the east site 
border) is about 22 m high and the other 
(along the south site boundary) is about 6 m 
high above the surrounding lands. Parts of 

the site at the base of the drumlins are wet.

Based on information from the NSE well log 
database, 751 wells have been drilled into the
Goldenville Group and 157 have been drilled 
into the Halifax Group within about a 4.5 km 
radius area around the site. No dug wells are 
reported within this area, and accurate 
mapping coordinates are available for only 
27.6% of the drilled wells, so it was 
necessary to relegate the review of well 
yields and construction to statistical analysis 
of the available database records.

Short-term driller air lift yield rates for wells 
completed in Goldenville Group bedrock 
range from 0.5 to 227.3 (mean 18.0) L/min 
from well that are 6.4 to 192 (mean 65 m) 
deep with 1 to 73 (mean 12 m) of casing. Of 
these, 85% meet or exceed the minimum 
1,350 L/day (0.9 L/min) household need as 
suggested by NSE (2011).

Short-term driller air lift yield rates for wells 
completed in Halifax Group bedrock range 
from 0.3 to 159.1 (mean 19.2) L/min from 
well that are 5.2 to 133 (mean 66 m) deep 
with 1.8 to 33.5 (mean 10.6 m) of casing. Of 
these, 87.5% meet or exceed the minimum 
1,350 L/day household need as suggested by 
NSE (2011).

The highest air lift yield rates reported in the 
NSE well log database for all wells drilled 
within a 4.5 km radius of the site, are from a 
few wells located across South Uniacke Road
just north of the site. These localized high 
well yields may be explained by bedrock 
faults that have been mapped on-site, and 
lineaments that suggest those faults may 
extend beyond the site and across the road. 
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As such, similar high well yields may be 
possible also in north part of the site. Due to 
till cover, bedrock structural information is 
not available for the south part of the site.

Two methods were applied to assess the 
groundwater recharge potentially available 
for the wells that are proposed to be drilled 
on-site. Both methods allowed for the 
required 50% of the estimated available 
recharge to be reserved for stream baseflow 
and related ecosystem maintenance.

The more (extremely) conservative method 
used, which assumes that groundwater 
recharged is limited to the site property 
boundaries, suggests that such recharge 
could, on an annual basis, provide 1.4 to 1.5 
times the minimum 1,350 L/day per lot water
need suggested by NSE (2011).

The more realistic assessment method used 
suggests that the greater recharge area that is 
likely to supply water to wells drilled on-site 
and other groundwater users is likely able to 
support the existing 330 homes that are on 
wells within the larger assessment area, plus 
assuming recharge from only the smaller 
recharge capture area considered, likely an 
additional 500 new homes.

The amount of water that an aquifer can store
will depend on average porosity and aquifier 
size/thickness. The porosity of the local 
bedrock aquifer units may be expected to 
range between 0.1% to 2%, and that of the 
much thinner surficial unit above bedrock 
range 10% to 20%. Based on that and an 
assumed conservative saturated thicknesses 
of 2 m and 190 m (greatest local reported 
well depth), for the surficial and bedrock 

HU’s, respectively, together the two HU’s 
may have an estimated 21 years, to over 200 
years, of available groundwater storage, 
excluding new additions from precipitation.

While well interference effects from pumping
could not be calculated based on the data 
available, experience at other sites with 
similar bedrock geology and development 
density suggests that pumping induced well 
interference should not be an issue of large 
concern on and immediately around the site. 
However, well interference could be an issue 
if wells are spaced too close together, so 
maintaining proper (consistent) well spacing 
is important.

The Goldenville Group bedrock HU produces
generally good quality groundwater, but there
may be some issues related to hardness, iron 
and manganese, and arsenic may also require 
treatment. These are relatively inexpensive 
and easy to treat.

9.2  Recommendations

Based on the information available and 
reviewed, the use of private drilled wells 
appears to be a reasonable means of 
providing for the water needs of new homes 
and lot density for the R1 subdivision 
proposed for this site.

Based on the very high yields reported for 
wells situated across the road not far north of 
the site, there is good reason to believe that 
(notwithstanding large variations in well 
yields expected due to fracture flow 
conditions) drilling for water supplies in the 
northern part of the site should be met with 
generally good success. For this reason, well 
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interference in the northern part of the site 
should be expected to be less of a concern 
than would be generally be expected if the 
potential for higher well yields was not there.

While there is relatively good geologic 
control (i.e. data on faults) in the north part of
the site, because of till obscuring the be 
bedrock surface, a similar level of control 
does not exist for the south part of the site.  It
is for this reason that (notwithstanding Table 
1 of NSE (2011) stating one is needed for 
subdivisions with greater than 25 lots) that a 
we recommend a Level 2 groundwater 
assessment for this site.

Regardless of how many lots might be lost 
from the preliminary sketch provided for this 
assessment (shown in all Figures) to wet 
areas or for parkland use, the proposed 
subdivision is likely to contain between over 
50 lots and as such, based on NSE (2011), at 
least 4 test wells should be drilled and pump 
tested for the purpose of carrying out the 
recommended Level 2 assessment.

More than 4 wells may be drilled and tested 
(or additional wells used as observation wells
for the pumping tests done on the requisite 4 
wells), should be able to be suitably located 
so they may be later sold along with the lots. 

Regarding the design of a proper Level 2 
groundwater assessment, the following are 
recommended:

 1. Before doing any other work, this study 
be augmented by looking more closely 
at all existing nearby wells:

 a) to better define the locations of all 
poorly georeferenced wells within 

the Figure 16 map area (which will 
require using well-owner names and
asking a long-term resident who 
lives (lived) where, which is outside 
the scope of this Level 1 review), 
then using better georeferenced NSE
(2019) and NSDNR (2020) data:

 b) more accurately map local well 
locations, yields, depths, specific 
capacity locally and from that,

 c) better define the locations and 
lateral extent of the known and 
suspected (based on lineaments) 
faults present on- and off-site.

This new mapping information will help
to better characterize the potential for 
developing individual wells in the north 
part of the site, provide data to better 
assess possible well interference issues, 
possibly shed more light on buried 
bedrock geology in the south part of the 
site, and should matters go toward a 
worse case scenario where individual 
wells are not successful for all lots, help
define where community wells might be
drilled.

 2. That, based partly on the above and site 
accessibility, test wells be located where
the data gained from them may best 
represent geologic and hydrogeologic 
conditions throughout the site.

 3. That any test wells be located where 
they may also serve double duty so they
may be sold as water supplies along 
with lots.

 4. That reputable drillers only be used for 
drilling the test wells to ensure that they
are properly constructed, developed, 
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and that proper reporting of conditions 
encountered is provided.

 5. That drill cutting return samples be 
collected during the drilling of all test 
wells to help verify site bedrock 
geologic conditions.

 6. That drillers be asked to carefully note 
changes in yield and suspected fault 
zones and as test wells are advanced, by
doing occasional short-term (5 minute) 
air lift yield tests to help characterize 
the HU horizontally and vertically.

 7. That pumping tests not be done for only
the minimum 6 hours per NSE (2011), 
but that a mix of longer-term47 (48 and 
72 hour) pumping tests be done (which 
locations are should be defined from 
driller air-lift test results).

 8. That as many wells as possible be used 
as observation wells during pumping 
tests (including neighbouring wells if 
possible, which may require providing 
them temporary water supply in tanks) 
to help ensure that any possible on and 
off-site well interference may be more 

47.  One of the concerns for any hydrogeological 
testing, but particularly where fracture flow is 
prevalent, is to be able to identify aquifer boundary 
conditions. These are situations were the aquifer unit 
being tested may be in contact either with geologic 
units with lower hydraulic conductivity, which can 
result in a decrease in aquifer water supply (referred 
to as limitation boundaries), or units with higher 
hydraulic conductivity, or with rivers, which can 
result in increased aquifer water supply (referred to as
recharge boundaries). Identifying these boundaries is 
important in terms of being able to define supply 
sustainability, and/or possible sources of water that 
may affect water supply quantity and quality. These 
boundary conditions cannot be identified in short-
duration pumping tests, but can in general be 
identified withing the time span of 48 or 72 hour tests
(thus the derivation of the “standard” 72 hour test).

fully understood (in 3-D), and should 
observation well water levels respond to
pumping, to allow obtaining values for S
for interference calculations to confirm 
the adequacy of lot sizes/well spacing.

 9. If the subdivision is to be developed in 
phases, then to ensure that driller 
information is collected from all wells 
constructed during each phase, for use 
in to guide/confirm well placement 
designs moving forward in following 
subdivision phases.

The following additional recommendations 
are notwithstanding any of the above Level 2 
assessment needs – they should be done as a 
normal part of constructing any well:

• Care should be taken to ensure that 
drillers correctly report all findings; air 
lift bail yield results should be based on 
measurements (bucket and stopwatch), 
not just estimates of overground flow.

• All wells should be developed for a 
minimum of one hour after drilling.

• Wells should be drilled as far apart as 
practical, taking into account road, 
building, septic system, and other 
setbacks, to help avoid both water 
quality issues and pumping induced 
well interference issues.

• All new wells should be sampled (with 
instructions made available to lot 
buyers, perhaps) and water quality 
analyzed using certified labs only 
(particularly when deciding on 
treatment equipment) for general 
chemistry, metals, and coliform.

• The above testing is best done about 
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two weeks after well construction 
and/or pump installation to give the well
adequate time to develop properly and 
water to clear. The well may be used 
normally in the interim for such things 
as laundry and bathing, but bottled 
water should be use for drinking, 
cooking and preparing baby formulas 
until such time as lab results become 
available, results analyzed, and the 
water is confirmed safe to consume.
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