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1.0 INTRODUCTION 

1. 1 Purpose 

At the request of Seabright Resource tnc , , Jacques, Whitfo1·d 
and Associates Limited has undertaken a series of field 
studies at the site of the proposed Beaver Dam Gold Mine. 
The primary purpose of the work was to obtain site-specific 
hyd rogeolog ic information sufficient to provide a preliminary 
prediction of groundwater inflows and mine water quality 
prior to the construe tion of the new mine portal. Secondary 
objectives were to evaluate the feasibility of developing 
groundwater resources for both mine process and potable uses. 

1. 2 L oc at ion 

The Beaver Dam gold mine is located approximately 80 km 
northeast of the City of Halifax, 55 km southeast of Jruro, 
lnct 70 km from the Gays River milling facility ( Figure 1.1). 
Ace ess to the site is via a 6 km Nova Scotia Department of 
Transportation haulage road ( Beaver Darn Road), off of Route 
224 which connects the Villages of Sheet Harbour and Upper 
Musquodoboit ( Figure 1.1). Upgrading of the mine access road 
is currently underway. The mine site is located adjacent to 
the Killa� River which lies within the watershed of the West 
Branch Sheet Harbour River which has a total drainage area of 
about 300 km2• 

1.3 Report Organization 

The field investigations were carried out in three phases 
between May 6, 1986 and July 12, 1986. Section 2.0 outlines 
the results of a packer injection program conducted on 
selected exploration boreholes for the Beaver Dam site. Tb e 
packer testing prog r-am was designed to determine the range of 
hydraulic conductivity values associated with the various 
rock types and structures comprising the Beaver Dam ore 
zones. An estimation of mine inflow rates for sizing of 
pumps is made based on the range of hydraulic conductivity 
ob served. 
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Section 4.0 outlines a groundwater exploration program 
conducted on behalf of Seabright Resources Inc. Test pitting 
was carried out to determine the feasibility of infiltration 

Section 3. 0 outlines the results of a comprehensive pump test 
and water quality monitoring program conducted on the exist­ 
ing Austin Mine workings. Analysis of 1:ime-drawdown data 
provide an assessment of the bulk hydraulic properties of the 
shallow (0-22 m) b ed r oc k zones. The continuous, o n= s i.t.e 
monitoring of water quality provides on assessment of t he 
expected mine effluent quality from the new mine. Monitoring 
of water level elevations in diamond drill holes distributed 

during the 
hydraulic 

construc­ 
well was 
hyd :raul ic 
and the 

across the proposed mine site was carried out 
shaft dewatering to determine the extent of 
response across the Beaver Dam Mine Site. 

gallery construction at Crusher Lake, and pipeline 
tion from Crusher Lake to the mine. One test 
construe ted and pump tested to determine the. 
p•roperties of the glacial till overburden, 
feasibility of dug well water supplies • 

• 
• 
• 

Section 5.0 is a summary of the findings of the various 
studies, and their implications on the proposed new mine. 

• 
Section 6.0 includes recommendations for monitoring of 
groundwater q ua n t L ty and quality during mine construe tion. 

• 1.4 Previous Studies 

• 
• 

Very 1 it tl e previous inform a t Lo n regarding groundwater flows 
in the Beaver Dam area is available. A discussion of the 
regional hydrogeology of the area is presented in Jacques, 
Whitford and Associates Limited (1986) Environmental 
Assessment o f the Beaver Dam Mine Site, and is included in 
Appendix 1 for reference purposes. 
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2.0 PACKER TESTING PROGRAM 

2.1 Purpose 

Due to the remote location of the Beaver Dam mine s i t e , and 
the 1 ac k of any previous hyd rog eolog ic al ev al ua tion in the 
mine area, there were some c onc e rn s regarding the volumes of 
groundwater which may be generated by a mine in the area. Of 
particular concern was the possibility of groundwater inflows 
to the mine excavation from the major fault zones in the area. 
such as Mud Lake Fault, from thick deposits of saturated sand 
and gravel overlying portions of the area, and from existing 
mine workings sue h as the Aust in Sha.ft. 

The flow of water into the proposed Beaver Dam Mine workings 
will be dependant on the degree of secondary permeability of 
the quartzite bedrock. Groundwater transmission in crystal­ 
line bedrock in Nova Scotia is governed by the frequency, 
orientation and aperture of the fracture join ts and faults 
developed in the bedrock. Two methods of evaluating the 
hydraulic characteristics of fractured rock are commonly 
used; large scale pumping tests, and packer Ln j ec t Lo n 
testing. Pumping tests provide the best assessment of the 
bulk hydraulic characteristics of the overall rock mass 
s ur r o und Lng a mine site, however, such investigations are 
generally extremely expensive and time consuming, requiring 
several deep vertical drilled wells and observation wells to 
render reliable results. Packer testing can provide a good 
statistical determination of the range and variation of 
hydraulic cond uc tiv i ty provided sufficient measurements are 
made. 

At the Beaver Dam Mine site, the presence of more than 90 
exploration diamond drill holes at various attitudes·, and the 
resultant good understanding of the structural geology of the 
area provided by the geologic logs, allowed the design of a 
vacker injection testing program sufficient in scope to 
evaluate the hydraulic properties of the various structures 
and rock types associated with the new mine. 
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Preliminary discussions with Seabright Resources geologic 
personnel, and examination of diamond drill geologic logs and 
vertical cross-sections, led to the selection of 16 diamond 
drill holes that should yield good, representative packer 
test results. The criteria used to choose the holes include: 

(i) the holes should be as vertical as possible to minimize 
possible equipnent problems, and to allow closer 
correlation between measured groundwater levels and 
acting; hydraulic head at each packer test location. 

(ii) the holes should intersect the primary zones of 
interest, i.e. the Mud Lake Fault Zone; the ore zone, 
both deep and shallow; the axis of the Beaverdam 
an tic 1 ine; and represen ta tiv e zones of the three main 
rock types, grey-wacke, argillite and quartzite • 

2.2 Method 
• 

Field work was carried .o u t during the period of June 5 to 
June 15, 1986. Of the sixteen holes chosen, packer tests 
were carried out in nine holes. Five holes were found to be 
blocked at various depths and no tests were done. In total, 
56 packer tests were performed over a period of 8 days . 

The packer test equipment consisted of two, one metre-long 
inflatable packers, connected by a 4.5 m perforated pipe. A 
small d t am e t e.r line connected the packers to a source of 
nitrogen gas at the surface, which was used to inflate the 
packers and seal the zone between them. The ver!orated pipe 
was connected to a high pressure hose line which also ran to 
the surface. The hose line was connected, through a flow 
meter and pressure g aug e, to a pump. The entire packer 
apparatus was raised and lowered by a wireline winch sys-cem. 
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The wirel ine cable was marked in order to determine testing 
depths. The hose line underwent a certain amount of stretch­ 
ing and thus, would not have been reliable for depth measure­ 
ments. All hose 1 ine connections were pressure tested to 
ensure that leakage was not taking place. The use of the 
high, pressure hose resulted in superior packer. testing 
results; than would have been the case with the usual E-Rod 
methods. 



The following testing procedure was employed: The packer 
a ppa r a tus was 1 owered to the required testing depth, and a. 
nitrogen pressure of 300 psi was applied to the packer. 
After a short wait of approximately 2 minutes, to ensure that 
the packers had inflated and there were no leaks in t he 
nitrogen line, the pump was s t a.r t ed , and water was allowed to 
flow into the packered zone, at an initial pressure of 25 psi 
above hydraulic head at that point. This pressure was 
maintained and the amount of flow recorded every minute until 
a steady state condition was reached. The water pressure was 
then sequentially increased to 50 psi and 90 psi, and similar 
measurements were taken at those pressures. On completion of 
the testing, the nitrogen pressure was released. When the 
packers had deflated, the apparatus could be Loc a t ed at t he 
next testing depth. The wireline-winch packer apvaratus 
devised for this study provided an efficient and 
cost-effective method of testing inclined boreholes. 

['he t e s t ed intervals for each hole are listed o n Table 2. r. 
Hydraulic conductivities (K) were calculated at each pressure 
level, and the geometric means of the results at each testing 
interval are given in Table 2.2. Geometric means are consid­ 
ered most appropriate for log-normally d I s t r ib uted hydraulic 
conductivity data. Figure 2.1 illustrates a typical cross­ 
section through the Beaver Dam Anticline in the vicinity of 
the portal area and also shows the distribution of packered 
zones. 

2.3 Discussion of Results 

Hydraulic conductivities ranged from 1.0 x 10-6 m/sec to 
3.7 x 10-10 m/sec, with an overall geometric mean of 
2.7 x 10-8 m/sec. The three different rock types had the 
following geometric mean hydraulic conductivities: a r'g i.Ll Lt e , 
8.2 x 10-9 m/sec; greywacke, 4.8 x' 10-8 m/sec.; 
quartzite, 2.0 x 10-7 m/sec. Tests conducted in the Mud 
Lake Fault Zone indicated a mean K of 2.3 x 10-8 m/sec. 
The mean hydraulic conductivity along the Beaver Darn 
An tic 1 inal axis was 9. 1 x 1 o-7 m/ sec. 

2-3 
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4.9 (6;;.01 
0.9 112.51 

6.3 185.0 I 

0.4 16.01 

Int I OW Ra ta 
C I/ s I i g pm I l 

TOTAL 

5.o x ,o-7 
, • 0 x 1 o " 7. 

Hydraulic 

Conductivity 

Cm/sec) 

59 5 

TABLE 2.3: INFLOW RATES 

615 

590 

555 

Tunne I Length 

( m) Level 

I 07 5 

I 12 5 

11 00 

1050 
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The testing pr og r am has demonstrated that, with the exception 
of shallow bedrock zones and the anticline axis, the bedrock 
at Beaver Dam Mine is considered to be relatively tight. 
This 1 ikely accounts for the poor water well yields reported 
for the Guysboroug h county area southeast of the site. 
Hydraulic conductivity generally decrease with d ep t h , as 
would be expected, and tends to be lower in the mineralized 
arg ill i te and quartzite zones then in the quartzite host 
rock. The higher bedrock permeabilities associated with the 
anticline axis (range 1.1 x 10-6 m/s to 4.7 x 10-7 
m/s) are associated with the increased fracturing and 
deformation in the core of the overturned anticline fold. 
Hydraulic conductivity can be expected ro be higher on the 
southern limb where bedding is more or less vertical. 

Testing has shown that the hydraulic conductivity of the Mud 
Lake Fault zone is relatively low (mean 2 x 10-8 m/s) 
ranging from 1. 1 x 1 o-6 m/ s near ground surface at bore­ 
h61 e 85-82 to 1.2 x 10-9 m/s) at 60 m depth at bor'ehole 
85-83. This is likely due to the presence of clay-like gouge 
materials which would tend to fill fractures and block 
groundwater flow. The Seabright Resources Geologist1 s log's 
describe the material as highly brecciated, very broken 
quartzite containing black graphite gouge material with poor 
core recoveries. The boreholes, as a result, were often 
unstable and tended to deform or cave in the fault areas. 
Several of the holes originally selected for packer testing 
(62, 5, 82) were found to be blocked at various depths. 

It is concluded from the ab ov e , that the Mud Lake Fault zone 
will not likely be a major source of groundwater inflow to 
the mine. It should be noted, however, that the fault zones 
are saturated, and could be very unstable and would r eq ut r e 
special consideration should mining penet�ate such rock 
materials. 

The ore zones tend to exhibit the lowest values of hydraulic 
conductivity (geometric mean 1.5 x 10-8 m/s, range 5 x 
10-7 m/s to 3.7 x 10-10 m/s). This is likely due 
to the presence of abundant quartzite veins and mineralized 
fill, material in the rock fractures. Permeability appears to 
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2.4 Calculation of Mine Inflow 

85-43, borehole m/s, 10-10 (K depth with decrease 

2-5 

85-16). This suggests that the mine zones should be 
relatively "dry", with the majority of groundwa-cer inflows 
occurring at shallower levels and via major joints in the 
bedrock. 

Actual gradients, however, could not be determined with the 
existing incl ine<.i borehole setups. It was a l so assumed that 
seepage would be occurring through all faces of the tunnels, 
(i.e. roof, floor and walls). Although it is acknowledged 
t ha t most flow will be via individual fractures, the scale of 

Borehole 85-16 is located on the baseline at O + 75 m west, 
and penetrates the shallow bedrock zone where the mine por-cal 
will be construe ted. Bedrock pe rm eab il i ty inferred from the 
vac ker testing ( Table 2) rang es from 1. 6 x 1 o-6 m for a 
fractured quarzi te zone about 13 to 14 meters in depth, to 
5.0 x 10-10 m/s, averaging 3.5 x 10-7 m/s for the 
upper 78 m of bedrock at the portal location. This suggests 
that no large groundwater flow would be expected from b ed r oc k 
in the immediate area of the portal. The most likely source 
of inflow would be from the overlying glacial tills 
( estimated K == 2 x 10-5 m/s from pump test of t e s t hole # 

1) and possibly from an old mine shaft found during portal 
preparation work approximately 50 meters to the north. 'I'h e 
shaft was pumped out by Seabright personnel to a depth of 4.6 
m (5.5 m to bottom) and exhibited a very slow recovery, 
confirming. the above predictions. The dewatering of Austin 
Shaft 100 m to the east, (Section 3.0) with an estimated k of 
9 x 10-7 m/s exhurted a low flow rate in the order of 3 
L/S (40 Lg pm ) , 

In order to calculate the quantity of water inflow that migh� 
be expected into the mine wor ki.ng s , several assumptions were 
made. It was assumed that the hydraulic gradient at every 
point was equal to one. This is the worst case, and in 
practice the gradient will likely be somewhat Le s s than one, 
especially after long time period when d ewa t e r t ng of the 
overlying rock mass has been achieved. 

• 
• 



I 

the mine is large enough that sufficient 
interconnectivity should occur to result in a 
continuity around the mined area. 

fracture 
hydraulic 

The total calculated inflow into the tunnels at four levels, 
6.3 1/s (85 igpm), may be affected by ore seam workings, 
fractures not encountered in the pac ke·r testing program a·nd 
fluctuations in groundwater levels, but: the calculated value 
should be representative of average conditions. 

Plans of initial workings at four levels, 1125, 1100, 1075 
and 1050 were measured to estimate exposed tunnel surface 
areas, as s um Lng 4 m square tunnels. The average hydraulic 
conductivities at each level were used. Table 3 gives the 
measured tunnel lengths, hydraulic conductivities used, and 
calculated inflow rates. 

I 

I 

A projected mine inflow rate in the order of lOP igpm is 
co'nsidered reasonable for this area. Pump testing or' the 
existing Austin Shaft supports this conclusion with an 
average inflow of 40 Lg pm at the 22 m level. Mine discharge 
rates of 50 igpm and 230 igpm were estimated for the Lake and 
Holman shafts re spec tiv el y at nearby Caribou mine ( NS DOE 
Fil es) • During initial portal construe tion, f 1 ow rates may 
reach or exceed this projection due to inflow from the 
shallow overburden aquifer or surface water, but r a t e s should 
decline once the incline portal has been stabilized. During 
mining, it is possible to encounter sudden groundwater flows 
from individual fractures, however, such flows should be 
short term as the fracture is d ewa tered • . 

2.5 Summary 

A total of 56 determinations of bedrock permeability from 9 
inclined exploration boreholes represent the range of 
hydraulic conductivity variation expected for the various 
rock types and structures associated with the Beaver Dam 
Mine. Bedrock hydraulic conductivity averaged 3 x 10-8 
m/s for the site, ranging from 1 x 10-6 m/s to 4 x 
10-10 m/s. '£he highest values were found to be 
assoqiated with the anticline axis and the lowest values were 
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associated with the deep ore zones. The Mud Lake Fault zone 
was found to have a low K, and the portal area was al so f'o und 
to be relatively tight. 

In conclusion, no anomaJ.ous wa ter.-bearing frac t ur e zones were 
detected by this packer program. For the exploration portal, 
an estimated mine inflow rate in the o r-d e r of 6.3 L/S (85 
Lg pm ) is calculated. Full scale mining should be less than 
15 L / S (2 00 i pg m) • De watering testing conducted on the 
nearby Austin Shaft suport these predictions. 

Pump sizing should therefore be capable of handling both the 
inflow water and process water used for drilling (est. 3-8 
L/S (50 igpm). Some recycling of process water may be 

feasible within the mine • 
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3.0 AUSTIN SHAFT PUMP TEST AND GEOCHEMICAL EVALUATION 

3. 1 Purpose 

0 "'Evaluate water quality characteristics during pumping of 
the workings, with particular attention to geochemical 
variations during drawdown. 

Assess the bulk hydraulic properties of the shallow 
bedrock zone (0 - 22 m depth) as an aid in predicting mine 
inflow for the new mine. 

0 

A comprehensive geochemical monitoring pr og r am was c o nd uc t ed 
concurrent with a dewatering test of the existing Austin Mine 
workings located approximately 150 meters east of the 
proposed new mine portal. The primary purpose of the 
d ewa t e r Lng program was to provide additional site-specific 
hydrogeologic and groundwater quality information for the 
prediction and assessment of mine pumping requirements and 
effluent chemical quality for the new gold mine. The 
specific obj ec tiv es of the study were to: 

I 

I 

I 

0 To determine the degree of fracture continuity across the 

Deaver Dam mine site by monitoring drawdown response in 
av ail ab le diamond drill holes during pumping of Austin 
Shaft. 

I 
A secondary purpose, was to allow Seabright geologists an 
opportunity to examine the old workings. 

I 3.2 Method 

3-1 

A high capacity, 40 hp submersible turbine pump was installed 
to a depth of 22 m in the Austin Mine shaft b yiR, Hopper Well 

plate and discharge water was directed to a waste rock pile 
adjacent to a large swamp area. Drawdown was monitored with 
an electric tape in a drop tube s t r appad to the pump riser 
pipe. A valve and flow-through cell were connected to the 
discharge pipe to facilitate water quality monitoring and 
sampf,e collection. 

I 

\;\L\ 
l 

Discharge was controlled by an orifice Drilling Limited. 
I 



Pumping rate dropped to approximately 38 i gpm and remained 
stable for the final 7 hours of the test. A steady-state 
flow rate of 38 i gpm was measured for the Austin shaft at 
21.6 m of depth. Time drawdown data and plots are presented 
in Appendix 2 • 

During the mine dewa teri ng, continuous monitoring of water 
quality was maintained, and selected samples were sent to the 
Environmental chemistry laboratory for analysis of metals and 
major ions. Field monitoring of ph , temperature, dissolved 
oxygen and electrical conductance were performed in a 
flow-through cell specially devised for this project. This 
device prevented the rapid degassing of the mine water and 
prevented contact with the atmosphere, resulting in more 

Pumping began on June 18, 1980 at 1330 hours at a discharge 
rate of 500 igpm. Drawdown, ph , dissolved oxygen, 
temperature and electrical conductance were monitored for a 
total of 16 hours until drawdown reached the top of the pump 
bowls (20.5 m ) , Pumping was terminated at 0535 hours June 
19, 1986 and recovery was monitored for 7 hours. The pump 
was again turned on, for approximately 1.5 hours until water 
level again reached the top of the pump. The mine was then 
allowed to recover for a period of two weeks. 

I 
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Because the initial pump could only dewater the mine to 
within 1.5 meters of the bottom, a second 30 hp centrifugal 
pump was acquired and installed in the well on July 8, 1986. 
The larger submersible pump was started on July 8, 1986 at 
1350 hours at a pumping rate of 480 ipgm. The pump was shut 
down for 6 hours to observe recovery trends, and then 
restarted. Drawdown and water quality were monitored in a 
similar manner to test #1. When the large pump broke suction 
op July 9, 1986 at 1440 hours at 20.8 m after a total·of 14 
hours of pumping, the smaller centrifugal pump was started at 
a rate of 166 igpm until it broke suction at 1130 hours, July 
10, 1986 at about 21.6 m depth. The initial 10 minutes of 
pumping after start-up of the second pump produced slightly 
turbid water due to pump turbulance, however, this quickly 
shi £ ted to a colorless, orderless discharge throughout the 
remainder of the test. • 

• 
• 
• 
• 
• 
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reliable measurement of these sensitive parameters. Samples 
subjected to metal analysis were field preserved with nitric 
acid in test# 1, and unpreserved in test #2.· 

Appendix 2 contains drawdown and recovery data and 
time-drawdown plots for the two pump tests. The results of 
laboratory analysis and field analysis of water ctuality for 
the two pumping tests are pr e se n t ed on Tables 3. 1 to 3. 3. A 
summary of available groundwater quality data £or the Beaver 
Dam site is presented on Table 3.4. The orientation of 
Austin Shaft and d iarnond drill holes monitored d ur i.ng the 
test are shown on Figure 1. 2. 

3.3 Discussion of Results 

Time drawdown data for the two dewatering tests were very 
similar ( Appendix 1). At a pumping rate of 480 to 500 igprn, 
an average drawdown of 192 cm/hr (1.5 inches/min),. was 
o�served until water level reached the top of the drift where 
drawdown decreased to approximately 13 cm/hr as the workings 
were dewatered. In test #2, when the centrigugal pump was in 
operation at a rate of 167 Lg jm , drawdown continued from 20.8 
m to suction break at approximately 21.8 mat a rate of about 
5 cm/hr, accelerating over the Las t 0.3 m due to depression­ 
dewa tering around the pump. In both tests, the Austin shaft 
exhibited a consistant recovery rate of 2.5 cm/hr (1"/hr) 
within the workings, ace el era ting to about 5 cm/hr within the 
shaft. It took approximately 2 weeks for full recovery to 
occur after test #1. The faster drawdown rate exhibited 
during pump test #2 may be due. to a c omb Lna t Lon of distance­ 
dewatering effects (incomplete recovery), low pe.rmeab t l i t y of 
the bedrock, lack o.f rainfall, and lower mean static water 
level (1.2 cm lower than the June 18 test) • 

When drawdown reached the bottom of the p um p at 21. 8 m below 
shaft collar, the discharge decreased to a steady-state 
pumping rate of 3 L/S (38 igpm) throughout the final 7 hours 
of testing. '!'he discharge remained clear, and no evidence of 
excessive turbidity was observed. Minutes prior to the drop 
in discharge rate, increasing amounts 0£ clean bark chips and 
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wood debris were observed in the flow-through cell, which 
signalled that drawdown was approaching the intake screen. 
The water remained clear and odor-free over the last few 
hours of pumping. 

An empiric al estimate of mine water vol um e 2273 m3 (0. 5 
MIG) was made based on the assumption of 2300 m3 (625, 000 
imp gal) water prnnped and 3 L/S (40 igpm) mine inflow rate. 
Assuming a 40 igpm steady state flow rate, a bulk apparent 
transmissivity of 18. 7 m3 /d/m (1253 igpd/ft) is estimated 
assuming a tunnel length of 425 m (from mapping supplied by 
Seabright Inc , ) and an average drift size of 2 m square. 
This suggests a hydraulic conductivity in the order of 9 x 

10-5 cm/s, for the uppe r 22 m of bedrock in this area. 

The Austin Shaft, containing approximately 2300 m3 of 
water, exhibits a steady shaft pumping rate of 3 L/S (38 
igpm). This value is lower than estimates of s.teady s t a t e 
c1ischarge rates reported from the nearby Caribou Gold Mine 
(NSDOE, 1983). The Holman Shaft containing 45, 500 m3 of 
water was pumped at a rate of 17.4 LS (230 igpn) and the Lake 
Shaft containing 25,000 m3 of water was pumped at 3.8 L/S 
(50 igµn). 

To assess the impact of the Austin Shaft on the proposed 
portal, and to determine the area affected by the mine 
dewatering, several of the existing diamond drill holes were 
monitored periodically during the dewatering o pe r a t Lon • 

(Table 3. 5). Drawdown distribution in various boreholes 
during both tests showed that there is hydraulic continuity 
over a large area of the mine site. The greatest drawdowns 
were observed in the area bounded by lines O + 25 E and O + 

75 E, which is underlain by the Austin workings. Drawdowns 
of greater than 12.2 m (40 ft) were observed.at boreholes 52 
and 59, which are believed to penetrate the northern 
extensions of the Austin workings. Running water could be 
heard at borehole 52. Several of the boreholes immediately 
ad j ac en t to the Austin workings (83-71, 85-2, 85-3) were dry 
to depths greater than 7 .6 m , Drawdowns of up to 1 m were 
observed as far west as BD-85-18, and 85-1 in the vicinity of 
the, proposed portal (0 + 75E). It is possible that some of 
these inclined boreholes may encounter un-mapped workings 
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along the Austin Seam (Figure 1.2). '!'he majority of the 
boreholes west of line O + 50E exhibited minor or no water 
level response during testing. Because all of the 
observation holes are inclined at a t t Lt ud e s of 45° to 70°, 
further assessment of bedrock hydraulic properties is not 
practical. 

It is concluded from the above, that there is a fair to 
moderate degree of fracture continuity along the Austin 
Seam, and in shallow bedrock surrounding the Austin Sh aft. 
It is likely that due to the existing natural fracture 
distribution, and due to blasting of new mine workings, 
that long term dewatering of mined workings will influence 
other boreholes at distances exceeding 100 m , and the new 
mine, in time, would likely dewater the Austin Shaft. 

Water Quality 

Water quality during the purnp i ng tests remained relatively 
steady (pH 6.8; D.O. 2.2 ppm; conductance 82 mS; temperature 
5.3 °0) until drawdown entered the mine workings. (Tables 
3.1 to 3. 3). When drawdown reached 1. 5 meters from the 
bottom, the dissolved oxygen content began to rise to about 
3.0 ppm· (test #1) and 5.0 ppm (test #2) due to uptake of 
oxygen in the mine shaft. When drawdown broke suction at 
21.8 m depth, the dissolved oxygen increased dramatically due 
to aeration at the pump intake. Th is was accompanied by a 
rise in pH as degassing of dissovled C02 gas occurred. A 

1 ab o r a tory experiment conducted on a preseved water sample 
exhibited a similar rise in pll ,from 6.51 to 7,3 after 2 days 
of exposure to the air. This suggests that mine effluent 
waters should be of neutral pH and that mine waters a r e 
1 ikely saturated with respect to calcite derived from the 
bedrock. 

Th r oug ho ut; the pumping there was continual increase in major 
ions, TDS (43 to 83 ppm), hardness (28-45 mg/L), p H (6,4-7,4) 
alkalinity (24-56 mg/L, silica (5.2-9.5 mg/L), suspended 
solids (0.3 - 7.3 mg/1) and metals such as arsenic (0.04 - 
0.17 mg/L); iron (0.32 - 2.6 mg/L), manganese (0.3 - 0.38 
mg/L). and a drop in concentration of nitrate (0.13 to (0.05 
ppm). 
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It is apparent that, from the unpurnped sample bailed from the 
shaft May 6, 1982, through the two pump tests, the chemistry 
of the Austin Shaft water is approaching that of natural deep 
groundwa.ter as exhibited at diamond drill hole 86-47 (Table 
3.4). This is illustrated graphically in Figure 3.1 which 
shows the linear trend in groundwater chemistry towards 't na t 
of deep groundwater (B). Borehole 86-47 is a flowing 
artesian well which was pumped several times for· drilling 
water, and is therefore, considered resprentative of the dee� 
bedrock groundwater quality. 

Analysis was carried out of heavy metals regulated und�r the 
Metal Mining Liquid Effluent Guidelines (EPS, 1978), (Tables 
3.1, 3.2). Arsenic concentrations increased steadily with 
time of pumping, from a background concentration of 0.04 mg/L 
stabilizing at approximately 0.17 mg/L after 16 hours of 
continuous pumping. Iron also increased from a background 
value of O. 32 mg/L (bailed) to 2. 6 mg/L near the .e nd of p um p 
Test #2. Concentration of iron and arsenic show a reas�nably 
good degree of correlation in Test #1 (preserved samples), 
but decrease markedly in Test #2, (unpreserved), likely due 
to increasing turbidity and aeration during the later stages 
of the test. 

Manganese concentration was observed to increase from a 
background of 0.03 mg/L (bailed) to 0.13 mg/L at the end of 
Test #1, and increased throughout Test #2 from 0.23 mg/L to 
o. 38 mg/L. It is possible that the source of the manganese 
may be from recharge from the overlying Mud Lake Fault bog or 
from mineralized zones. Al.though no obvious 1 eakage was 
observed within the Austin Shaft, the sound of c asc ad Lng 

water could be beard at borehole 85-56, which reportedly 
penetrates the workings. Other boreholes such as 85-52 and 
85-50 may t r an sm i t surface water to the mine,. which lies just 
15 m (50 ft) below the b og , Humic acids concen-cration 
remained unchanged at 1.8 ppm. Concentrations of the other 
major metals, 1 ead ( <. 002 mg/L); copper ( <O. 01 mg/L) , zinc 
(0.01 mg/L) and nickel (<.02 mg/L) remained unchanged 
throughout both tests. 
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1'he chemical analysis and monitoring c ond uc t ed during the 
Austin Shaft dewatering indicates that the effluent quality 
from this mine and the proposed portal should fall within the 
MMLEG (1978) guidelines. The Beaver Dam metal concentrations 
are well below those monitored during the Caribou Mine 
dewa tering, carried out in 1983 (Table 3. 6). It is 
interesting to note that the concentrations of arsenic, iron, 
al lll!1 inum and manganese exhibited a sig nific ant decrease after 

Continuous mon i t o r t ng of pH was carried out in-situ using a 
flow-through cell which prevented contact between the sample 
and the atrnosvhere. During the May 6, 1986 sampling prior to 
pumping, p H levels wre measured at 6.8 (Table 3.4). During 
the first pwnp tests, ph remained essentially stable at 6.7, 
but rose to about 7.7 at the beginning of pump Test #2. This 
increase may be due to oxidation and degassing of groundwater 
in the mine during the recovery of Test #1. Dissolved oxygen 
levels increased to 3.0 ppm (Test #1) and 5 p pm (Test #2) 

It was noted t ha t after a period of recovery within the 
workings, there was a large drop in pH from 6.8 to 5.1 (Test 
#1 after 7 hours of recovery) and from 7.7 to 6.8 after a 
series of pump s to ppag e s in Test #2. This suggests that 
there may be some oxidation of sulfide mineraliz�tion ?n the 
walls and floor of the workings as groundwater recharge 
occurs. The subsequent rise in pH after 2 1/2 weeks of 
recovery · had occurred and dissolved oxygen had become 
depleted, suggests buffering of the mine water by such 
pr oc es se s as calcite dissolution or sulfate reduction. Acid 
generation testing conducted on the wasterock from Austin 
Shaft indicates a mild acid generation c apac i t y (1.2 to 1 
ratio). Testing of the non-miner·al ized quartzite bedrock 
indicates a significant acid consuming potential (33 to 1 
ratio). This could account for the observed variation in pH • 
It is noted that the drop in pH to 5 .1 after 23 hours of 
pumping in Test #1 resulted in a slight decrease in arsenic 
concentration to 0.14 mg/L. Arsenic solubility is known to 
increase with increasing pH • 

I 
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A similar increase in pH from 6.8 
end of Test #2 under aeration 

after periods of recovery. 
to 7. 35 was seen near the 
conditions. 
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passage through a bog area. It is reasonable to conclude 
that the large bog separating the mine site and Cameron 
Flowage will afford adequate attenuation of the low levels of 
metals released from the new mine. 

3. 4 Summary 

A d ewa t.e r i.ng program conducted on the existing Austin Mine 
Shaft a t Beaver Dam mine has demonstrated that bedrock 
permeability in the upper 22 mis relatively low in the order 
of 9.0 x 10-7 m/s, resulting in a steady state discharge 
rate of only 3 litres/sec (40 ipgm) for the Austin wo r k.i ng s , 
An empirically-derived mine volume of 2273 m3 (0.5 MIGD) is 
calculated. The shallow bedrock exhibits a fair to mod er-a t e 
fracture interconnectivity, exhibited by measureable borehole 
hydraulic head response at distances of up to 100 m from the 
workings. Approximately one meter of drawdown was observed 
in boreholes adjacent to the proposed new mine po rt a L, which 
suggests that there will be some minor hydraulic interaction 
between the two mines at that point. The majority of the new 
workings would be located further to the west. The majority 
of the water pumped from Austin Shaft appears to be derived 
from deep g r'oundwa t e r , rather than surface sources . 

Monitoring of discharge water quality s ug g e s t s that the 
effluent from the new mine should meet the requirements of 
the Metal Mining Liquid Effluent Guidelines. The wa t e r is 
described as a soft. slightly oxidized (2 ppm D. O.) 1 

calcium 
b ic a rb ona te wa ter, typical of Meg um a-Group groundwater in 
Nova Scotia. Although there is potential for minor acidic 
drainage in the mine workings, chemical analysis suggests 
that there is a reasonable d eg r ee of buffering capacity in 
the groundwater (pH 7.3) and the un-cm i.ne r a Lf zad bedrock • 
Mine effluent pH should be in the range o� 6.0 to 7.5, 
depending on tbe ptunping rate from the mine, and the relative 
percentage of sulfide mineralized to non-mineralized wall 
1'0Ck. 

Suspended solid loads from undisturbed mine sumpage water 
should also be within the guideline. Should levels exceed 
the guideline due to drilling and blasting operations, then 
measures can be implemented tu treat the small flow volumes 
expected at the discharge point. 
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Metals** 

Arsenic 

l rcn 
Manganese 

Lead 

Copper 

Zinc 

Nickel 

Sodium 

Potassium 

Calcium 

Magnesium 

Hardness 

Al ka l lofty 

Sulfate 

Ch Ior ide 

Flourl�e 

Si I icate 

Phosphate 

Nitrate 

/llnmon i a 
ms 
Su sp, So I ids 

Colour CTCU) 

Turb Id i ty ( J1U) 

Conductance ( uS) 

pH 

Field Parameters 

Dissolved o2cppnl 
pH 

Temp ( °Cl 
Cond .<uS) 

Dral>down(m) 

10 min. 

o. 10 

1. 1 
0,06 
<0.002 
<O. 01 

0.01 

<0.02 

1. 6 
6. 73 
5. 9 

56.0 
,25 

1 hr. 

o. 10 

0.96 
0,05 
<,002 
<,01 
0.01 

<O, 02 

2,8 
, • 1 

13,0 
1. 3 

37,8 
31. 7 
7.2 
3. 8 

1. 8 
6,67 
5. 5 

55.0 
3.83 

4 hr. 

o. 14 
1. 5 
0.01 
<,002 
<,01 
0.01 
<,02 

2. 15 
6,74 
5. 5 

55.0 
10, 41 

6 hr, 

o. 16 

1,8 
o. 05 
<,002 
<,01 

0.01 
<,02 

2. 20 
6. 72 
5. 5 

54.0 
12, 74 

9 hr, 

0, 17 
1.8 
o. 09 
<.002 
<,01 
0.01 
<,02 

2. 35 
6.31 
5. 2 

59,0 
15. 29 

16 hr. 

o, 17 
1.4 
o. 11 

<0.002 

<O. 01 
0,01 

<O. 02 
3.3 

1. 1 
16.0 

1. 2 
45.0 
30. 5 
1.0 
4. 6 

<O, 1 
6. 1 
o.o 1 

o, 07 
<0.05 
57. 0 

6.8 
25. 0 
8.9 

85.0 
6,6 

2, 50 
6.81 
5. 5 

60,0 
16. 74 

23 hr.* 

o. 14 
1.4 
o. 12 

<,002 
<,01 
0.01 
<.02 
2,3 
1. 0 

10. 0 
1. 2 

30.0 
25. 4 

7. 2 
3. 8 , 

3. 0 
5.46 
5. 8 

63,0 
16. 58 

24 hr. 

o. 15 
1. 3 
0, 13 
<,002 
<,01 
O.O I 
<,02 

3. 2 
6. 92 
5. 8 

62, 0 
16.81 

TABLE 3. I: AUSTIN SHAFT PL.Vv1PING TEST II 1 WATER c;x,JALITY DATA, JUNE 18, 1986 

Al I parameters in mg/L un I ess otherwise nored , 

* 7 hours of recovery between t = 16 hr, and t = 23 hr, 

** metals ·11ere field preserve<! with nitric acid 



* Start-up of centrifugal p imp causer a short peria:I of turbidity 

** Pumo bnaiaKing suction, t = 45 hr. Al I parameters in mg/L uni es::; others i se noted. 

TABLE 3.2: AUSTIN SHAFT FUMPING TEST if. 2 WATER QJALITY DATA, JULY 8-12, 1986. 

13. 4 
7.20 
6. 3 

75. 0 
17, 7 

• 11 
2. 6 
,38 

<.002 
<,01 
<.01 
<,02 

7 
52.5 hr. 

4.4 
1, 4 

21,0 

2.0 
60,5 
56. 5 

9,4 
4,4 
<:1 
9,5 
<, 01 

< .:)5 
<,05 

83,0 
7.3 
7,5 

19.0 
153. 1 

7,4 
1. 8 
0.06 
0.02 
0.007 

<0.005 
<O. 01 
<O, 01 

0.01 

<O. 02 
<0.10 
<0.03 
<0.01 

6 

• 14 
1,3 
, 33 

<.002 
< ,01 
<.01 
<,02 

13. 2 
7.29 
6. 3 

89.0 
17, 7 

5 

• 14 

2,6 
• 35 

<.002 
<,01 
<, 01 
<,02 

15.4** 
7.29 
6. 3 

88.0 
17. 7 

46 hr. 49 .5 hr. 

• 11 

1. 9 
,32 

<,002 
<,01 
<. 01 
<,02 

4 
44 hr. 

4,8 
6.78 
6.3 

85.0 
17,82 

.02 
<.02 

• 26 

8.9 
,40 
.009 
.02 

6. 98 

3* 
25 hr. 

16,9 

.08 
1.3 
• 27 

<,002 
<.01 

, 01 
<.02 

1. 8 

2 
22 hr, 

16, 9 

2 hr. 

,06 
1. 1 
.23 

<,002 
< ,01 
.01 

<.02 

1. 59 
7.78 
6.7 

81.0 
9,4 

Arsenic 

Iron 

Manganese 

Le ed 

Copper 

Zinc 

Nickel 

Sample No. 
Time 

Metals 

Soj i um 

Potassium 

Cale i um 

Magnesi un 
Hardness 

Al kal in ity 

Sul fate 

Ch I or id e 

Flo11r ide 

SI I icate 

Phosphat-e 

Nitrat-e 

.ilrnmonla 

TDS 

Sup. Sol ids 

Col our (TCU) 

Turbidity (JTU) 

Conduct"ance (uS) 

pH 

1-klm ic Ac id 

Al un In um 
Boron 

Barium 

Beryl I rum 

Chranlum 

Cad ium 

CobulT 

Antimony 

Selenium 

Tin 

Van ?.d i um 

Field Parameter 

DI ssolved o2 

pH 

Temp ( "C) 

Cord.(�$) 
Dr aw:J own ( m) 
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TABLE 3.3: FIELD CHEMISTRY DATA, AUSTIN SHAFT DEWATER ING TEST 

TEST NO. 1 , JUNE 18 - 1 9, 1986 
Time Drawdown 
( m r n l (·ml Temp.(°Cl pH Cond.(uS> D.O.(mg/l) Sample 
June I 8 /86 
1 3: 3 0 0 6.73 54 2.3 
13:35 
13:39 
1 3: 45 o. 2 5 5.9 4.6 6.7 56 1. 6 0 -� 1 
1 3: 55 o, 8 0 5, 5 4.6 6.71 56 1.65 
1 4: 05 1. 52 5,5 4.5 6. 72 56 1. 75 
1 4: I 5 2.69 5.8 4. 7 6. 72 56 1. 65 faint H 2S odor 
14:25 3.29 s.s 4.5 6. 7 0 55 1. 75 from other shaft 
14:35 3.83 5.5 4.5 6.67 55 1. 8 0 #2 

1 5: 03 5.64 5.9 4.8 6.61 52 2. 05 Turbidity Increase 
15: 3 5 7.72 5.7 4.7 6. 5 9 50 2. 00 
16:35 9. 1 4 5. 5 4.7 6, 72 52 2. 00 

• 
I 7: 3 5 I O. 41 5. 5 4.6 6.74 55 2. I 5 #3 
I 8: 35 I 1. 43 5.5 4.4 6.65 50 2. 2 0 
19:35 12.74 5.5 4.2 6.72 54 2. 2 0 fl 4 

21: 35 1 4. 63 5. 5 0 3.8 6,78 59 2 .3 0 

Ii 
22:35 15.29 5.2 3.6 6.31 59 2.35 ti 5 
23:35 I 5. 87 5. 1 3.5 6.48 60 2.32 
J Jn e 19/86 

II 
00: 3 5 15.97 5.3 3.5 6. 1 5 60 1. 7 0 
02: 45 1 6. 22 5. 5 3.5 6. 51 60 7 • 4 0 MS 
04: 3 5 16.58 5.3 3.5 6.4-6.8* 60 2. 4 0 *Shifting 
05: 35 16.74 5.5 3.5 6.5-6.86* 60 2. 5 0 MS #6 

• PUMP OFF (SHORT RECOVERY 7 1/2 HOURS) 1 2: 52 
1 2: 52 16.58 5.8 4. 0 5. 1 2 64 3.35 #7 
I 3: 01 16.62 5.8 4.2 5.46 63 3. 0 

• 13: 11 16.65 5.8 4.4 5.95 63 3. 0 
13: 21 I 6. 7 0 5.8 4,4 6. 71 63 3. 0 
13: 31 I 6. 72 5.8 4.6 6, 72 62 3. 0 

• 
I 3: 4 I 16,76 5.8 4.6 6. 9 0 62 3. 05 
I 4: 01 16.81 5.8 4.6 6.92 62 3.2 #8 

I 4: 1 7 16.86 5.8 4.6 6.92 62 3. 0 

• TEST NO. 2, JULY 8 - I 1 E 1986 Ju I y_ 8/86 
Ju I y 8/86 
1 4: 07 6.9 7. 0 7.96 33 1. 3 1 

• 
1 5: 00 7.28 6.9 6,6 7, 8 0 84 I. 4 0 
1 6: 00 9.39 6.9 6.7 7,78 81 1. �9 d 1 
1 7: 00 1 1 • C.S 6.9 6,5 7.69 78 1,98 
1 8: 00 12,45 6.8 6.6 7,69 76 2.25 
Ju I y_ 9 /86 PUMP OFF 00: 01 to 06: 00 (6 hr, recovery> 
12: 00 16.89 #2 

14: 53 16. 88 9.2 6,98 113 

Ju I'.:!'. 1 0/86 
09: 00 17.66 6.8 6.5 6.78 87 5.5 
1 0: 00 1 7. 82 5.3 6.3 6.78 85 4.8 114 

11: 00 17.96 5.3 6.3 7. 1 0 88 4.8 
1 2: 00 1 8. 00 5.3 6.3 7.29 88 1 5. 4 115 

1 3: 00 1 a. oo 5.3 6.3 7.33 89 1 O, 6 
1 3: 3 0 1 8. 00 5.6 6.3 7.35 89 1 2. 4 
1 5: 3 0 1 B. 00 5.6 6.3 7.29 89 13.2 /16 

1 8: 3 0 1 8. 00 5.3 6.3 7, 2 0 75 1 3. 4 !17 



TABLE 3.4: Water Qua I ity A1al ysl s tor Ground water Samples, Baaver Dam Mine (1986 l 

AUSTIN MINE SHAFT 

Depth May 6/86 May 6/86 June 19/86 July 10/86 June 13/86 June/86 
Below 7 metres 17 metres 16 hr. 52 hr, Fl owing DC!-1 Dug �lei I 
Water <Bal led) (Bai led J pumo i nlt 1 pump i ngt}2 86-47 pumped 

Sa; i um mg/L 2. 1 2.3 3,3 4,4 4.4 2.0 
Potassium mg/L o, 9 a.a 1. 1 1. 4 1. 3 0, 3 
Cal c I 1.111 mg/L 8,3 9.5 16.0 21,0 24,3 21. 0 
Magnesi U1l mg/L 1. 0 1. 1 I, 2 2. 0 2.0 3.5 
Hardness C CaC03) mg/L 25. 0 28, 34 45. 0 65.0 69,0 67 .o 
Al kal in ity (CaC03l mg/L 20.3 23, 5 30. 5 56. 5 69.0 40, 7 
Sul fate mg/L 8.0 8,0 7,0 9.4 7,5 22,0 

Ch I or Ide mg/L 3, 3 3, 1 4, 6 4.4 4,6 6,4 
Fluoride mg/L <0,1 <O.i <0,1 <,I 0.2 <, 1 

Ii 
Si I lea mg/L 4. 8 5. 2 6, I 9.5 12.0 3.9 
Orthophosphate mg/L o. 02 <0,01 • 01 <.01 • 01 <,01 

Nitrate+ Nitrite mg/L o, 18 o. 13 ,07 <.05 <.05 0, 12 
,emmon i a mg/L <0,05 <0,05 <.05 <.05 <,05 <.05 

Ii f'r sen ic mg/L 0.04 0.04 o. 12 0, 11 .04 .04 

Iron mg/L 0.3 0,32 1. 2 2.6 .so 2,3 
Manganese • mg/L <0,01 0,03 o. 15 0.38 • 31 ,25 

Ii 
Lead (HGA) mg/L <0.002 <0.002 .003 <,002 <.002 .009 
Copper mg/L <0.01 <O, 01 .01 <.01 <,01 ,01 
Zinc mg/L <O, 01 <0.01 .02 <. 01 <,01 ,03 

._ Total Dl sso l ven Sol ids mg/L 35,0 43.0 57.0 83,0 94,0 84.0 

II Suspend e:i Sol Ids mg/L <0.3 <0,3 6,8 7.3 0.8 382,0 
Col or T. C. U. s.o 5. 0 25.0 7. 5 20.0 12. 5 

Turbidity J, T, U, 1. 5 2,3 8.9 19. 0 0.4 87,0 

II 
Conductivity (unho/cm) um Ho/ an 69.0 76,0 as. o 153. 0 161. 0 149,0 

pH units 6,30 6,40 6.6 7.3 7.4 6,8 
Hum ic Ac id mg/L 2. 0 2.0 i.s 

• 
Al un In un mg/L <0,05 <0.05 0,06 

Boron mg/L <O, 02 <O. 02 0.02 

Bari um mg/L <0,005 <0,005 0.007 

Beryl I llJTI mg/L <O. 005 • <O. 005 <O, 005 

• Chran i um mg/L <O. 01 <0, 01 <0.01 

C.Obal t mg/L <0.01 <0.01 o. 10 

Nickel mg/L <0,02 <0.02 <.02 <.02 

• 
Antimony mg/L <0.05 <O. 05 <O. 02 

Sel en i 1..111 mg/L <O. I <0,1 <O. 10 

Tin mg/L <0.03 <O. 0.3 <O, 03 

Vanadium mg/L <0.01 <O. 01 <0,01 

Mere ury ug/L <0,05 <O. 05 

Cadm I urn- lCP mg/L <O. 01 <O. 01 <0,01 

Fie Id Measurements 

pH units 6. 77 6,80 6,81 7,20 

(downward dri ttl 

Corn ucT iv i ty um ho/on 4 7,0 so,o 60.0 75.0 

Temperature (OC) s.o 4.2 5. 5 6. 3 
Di s so l v ed Oxygen ppm 2.0 2.0 2. 5 13,.1 

(June 18, 1986) 

0:1or TO:: NON:: NOit NON£: NONE 



• 
• 

• 
• 

Borehole No. 

85-8 
85-18 

• 85-4 
8 5-5 
85-1 
8 5-64 
85-67 
85-6 
85-10 
85-13 
85-31 
85-34 
85-82 
85-52 
85-50 
85-56 
85-9 

Beaver Dam Mine 

Depth in Meters Below Ground Surface 

Test i 1 

0.889 
0. 3 I 
o. 52 
o. 749 
0 • 7 11 

0.673 
o.616 
o. 502 
o.o 
0.013 
1. 4 2 
2. 55 
2.74 
7. 6 7 
0.940 
6.22 
0.254 

Test #2 

2. 20 
1. 10 

1. 51 
2. 18 
I. 91 
I. 32 
4. 81 

4.25 
3. 61 
2.79 

12. 38 

12. 35 

TABLE 3.5: HYDRAULIC HEAD MONITORED AT SELECTED DIAMOND DRILL HOLES 
DURING THE AUSTIN SHAFT DEWATERING PROGRAM 



TABLE 3. 6: CARIBOU GOLD MI NE, AUGUST 26, 1983 WATER QUALITY A NA LY SI S 

Discharge Sur face Bog 

Parameter (moll) Pipe @ Culvert Area 

Arsenic 1. 3 1. 3 • 25 
Iron 3. 4 3. 0 .22 

Manganese 1. 5 1. 5 • 22 
Lead <, 002 • 002 <.002 
Copper <.01 <.01 <, 0 1 
Zinc 0.02 • 0 1 <.01 

• TDS 204. 0 203.0 179.0 
Conduct Iv lty( um ho/cm) 340. 0 340. 0 300. 0 
pH 7. 1 7.2 7. 5 

• A I um in um • 17 • 17 <.05 
Boron <, 02 <, 02 <.Q2 

"'sari um .04 • 04 • 02 

• 
Beryllium <.005 <, 005 <.005 
Cad ml um <.002 <.002 <.002 
Chromium <.01 <.01 <, 0 I 
Co ba It <.01 <.01 <.OT 
NI c ke I <.02 <, 02 <.02 
Antimony <.05 <.05 <.05 
Selenium <, 10 <. 10 <, 1 0 

• Tin < • 0 3 <,03 <.03 
Vanadium <. 0 I <.01 <.01 

Source: NSDOE Environmental Assessment Re cords 

• 
• 
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4.2 Method 

4.0 WA'l'ER SUPPLY EXPLOHATION PROGRAM 

A groundwater groundwater supply for potable and mine uses. 

4-1 

source was preferred over a surface water source for a number 
of reasons, including possible closer proximity to the mine 
site, thus reducing capital expenditures for 1,ii1,ed service; 
better overall water quality, which would reduce or eliminate 
water quality treatment requirements; and long term security 
of supply, since little is known about the hydrology of the 
available surface water sources. Projected water demand for 
both potable and mine supply uses was in the order of 3 

liters/second, which, with the appropriate storage capacity, 
would require a well or wells capable of at least 3 L/S (40 
igpm) sustained yield.··" 

4. 1 Purpose 

A program of groundwater exploration was carried out by 

Jacques, Whitford & Associates Ltd. on behalf of Seabright 
Resources Inc. to evaluate the feasibility of d ev e.l o pf ng a 

Previous drilling attempts in the area of the temporary 
construe tion camp failed to develop a viable bedrock well. A 

91 meter test well at the construction camp yielded no water 
after stimulation by blasting. Th e low hydraulic conduct­ 
ivity values determined by packer injection testing on 
selected diamond drill holes (Section 2.0) further suggest a 
low probability of developing bedrock wells in excess of 0.07 
to 0.4 L/S (1 to 5 Lg pm ) , An average hydraulic conductivity 
of 2.7 x 10-8 m/s suggests· a bulk t r ansm i s s tv Lt y o.f 0.21 
rn2 /d (14. 3 igpd/ft) for a 91 m (300 ft) drilled well, which 
would be expected to yield about 0.1 L/S (1.5 igpm). This is 
within the range and somewhat lower than va l ue s determined 
for pump testing of wells completed in q ua r t z i t e bedrock in 
Halifax County (mean yield 0.2 L/S) and Guysborough County 
(mean yield 0.23 L/S) (Appendix 1). A further indication of 
low bedrock transmissivity is the very slow recovery of 
Austin Shaft after dewatering of 0.6 m/day (see Section 3.0). 



Because of the low probability of developing the required 3 
L/S from bedrock wells, exploration then focused on the silty 
sand and gravel glacial till overburden which mantles the 
mine site. Diamond drilling north of the centre line 
indicates overburden thickness varying between 1.5 metres to 
over 22 metres in a bedrock depression developed over Mud 
Lake Fault, and av e r ag Lng 3.5 to 4.5 metres in the vicinity 
of the mine site and portal. Significant volumes of ground­ 
water may be associated with the sand and gravel deposits 
reported in the Mud Lake Fault Trench, however, this area is 
designated for future exploration. The flat lying area of 
the mine site m a y have some potential for dug well 
developnent, but potential for contamination or dewatering 
due to mine activities is present. 

With consideration of the topography, drainage, bedrock 
structure and available information on overburden thickness, 
11: was reasoned that the best location for dug_ well 
�xploration may be the base of the s Lo pe between the mine 
site and Crusher Lake. A seismic refraction profile (Figure 
4.1) was run normal to the slope at 2 + 00 W adjacent to t.he 
waste rock storage area. This profile inferred an undulating 
bedrock topography and an apparent depth of 5 to 8 m (25 ft). 
A second possible exploration area was identified near 
Crusher Lake. 

A test pit pr og r am was conducted on June 26, 1986 to locate 
sites for dug wells or lateral screen collectors. Based on 
the seismic data, Test Pit # 1 was excavated across the 
apparent bedrock depression f�om Station 1 + 75 S to 1 + 65 S 
on line 2 + 00 W. Bedrock was encountered at a depth of 4.9 
m , and not the 7. O m inferred from the seismic profile. Four 
additional test pits construe ted within a 5 0 m radius of Te st 
Pit # 1 varied in depth from 3.3 m to 4.0 .m , with similar 
stratigraphy. 

Four soil samples were collected from Test Pit# 1 for grain 
size analysis at Jacques, Whitford & Associates Ltd. 
laboratory (Appendix 3). Overburden is described as a 0.6 m 
layer of orange-brown silty sand and gravel overlying 
oliye brown s a nd yi g r'av e l with some silt containing angular 
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quartzite 
diameter. 

and slate cobbles and boulders up to 1 m in 
Boulder content generally increases with proximity 

to bedrock surface. ,Soil texture becomes finer with depth in 
Test Pit# 1 with increasin� silt and boulder content. Grain 
size distribu�ion lies within a fairly uniform range, averag­ 
ing 61 % gravel, 24% sand, 15% silt and 1 ess than 1 % clay. 
Test Pit # 1 was subsequently pwnp tested to evaluate the 
hydraulic characteristics of the glacial till ov e.rb urd e n 
(Section 4. 3). 

Ii 
Ii 

• 

On July 11, 1986 five additional test pits were constructed 
in the vicintiy of Crusher Lake to evaluate the feasibility 
of induced infiltration from the lake. Preliminary field 
reconnaissance identified a series of east-west striking 
bedrock ridges with intervening depressions containing 
glacial till and bog-organic deposits. Test Pit # 6 was 
construe ted near Crusher Lake on the access road approxi­ 
mately 15 m from a bedrock ridge. Bedrock was encounter�d at 
1.�3 m depth, and a good flow of water was observed at 0.6 m 
depth, however, this was likely derived from a bog area 
adjacent to the well (pH = 4.6). Overburden was a dense 
yellow brown silty till, with nunerous quartzite fragments. 

Te st Pi ts #7 and #9 were construe ted to 
feasibility of b ur ya ng a pipeline from Crusher 
weathered bedrock surface can be excavated to 
depth, therefore blasting should be minimal. 

assess 
Lake. 
about 

the 
The 

1 m 

Test Pit # 8 was constructed adjacent to Crusher Lake to 
assess the feasibility of in.stalling 1 a teral screens for 
in due ed infiltration. Bedrock was encountered at O. 75 m 
beneath black organic peat deposits. Profiling of the bog 
area around the southern end of Crusher Lake indicated from 
4.3 m near the edge of the lake to 0.6 m of peat bog 
overlying bedrock. Test pit logs for the 9 test holes are 
presented in Appendix 3. 

4.3 Pump Test Evaluation 

A 5.77 m corrugated plastic culvert, 46 cm in diameter was 
perfqr a ted over the bottom 1. 8 meters and instal 1 ed in Te s t 
Pit# 1. The hole was backfilled with 1.2 m of coarse gravel 
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followed by 2,4 m of waste rock to above the water table. 
Glacial till was used to cap the test pit to ground surface. 
A 3-hp electric submersible pump was installed for pump 
testing the well. 

A series of step drawdown test (1.5 Lg jm , 12 ipgm, 20 igµn) 
were carried out and recovery measurements were then made. 
Analysis of the time-drawdown data infer an a.ppa r e n t 
transmissivi ty of 4. 85 m2 /d (325 igpd/ft) and a long term 
continuous safe yield of 1.5 igpm. The hydraulic conductiv­ 
ity of the overburden is estimated at 2 x 10-5 cm/s from 
the pump test data. This is typical of sandy silt glacial 
tills in Nova Scotia. 

A water quality sample was collected at the end of the 
pumping test and submitted to the Environmental Chemistry 
1 ab or a tory at the Vic tori a General Ho spi t a l for analysis 
(Table 3.4). The water chemistry is typical of sha.Ll o w 
glacial till aquifer in Nova Scotia, exhibiting higher pH 
(6.8), alkalinity (51 ppm) and less corrosiveness than the 
lake water. Elevated iron, manganese and turbidity are a 
consequence of the well construe tion method, and turbulence 
caused by overpumping. The detectable arsenic may be derived 
from the mine waste rock used in the construe tion of this 
test well. Pinal groundwater quality from a properly 
constructed dug well would be expected to be lower in these 
parameters. Iron and manganese would be the most likely 
water quality problems, and these aesthetic concerns can be 
ef fee tiv el y treated. 

4. 4 S umrnary 

It is apparent from the testing carried out to date that a 
large yield of groundwater will not be available from a 
single well in the immediate vicinity of the mine site. The 
test well, when properly construe ted and developed, may be 
capable of about o. 2 L/S (2 igpm) continuous yield, and up to 
5 ig µn short term yield. Although this wel 1 could be dev el­ 
oped to supply the majority of potable needs, it may be more 
cost effective to derive water from the surface water supply 
lin� which will be required to supply the mining needs. 

4-4 



The most feasible water supply alternative for the Beaver Dam 

bog 
1986, 

Cameron Fl owag e upstream of the 
Whitford and Associates Limited, 

surface water from either Cameron Fl owag e, 
Work is currently underway to develop a 

Mine is therefore 
or Cr usher Lake. 
water supply from 
outfall. ( Jae ques, 
Job No. M1292) • 

'I'e s t i.ng in the vicinity of Crusher Lake indicates a poor 
chance of locating an infiltration gallery a.long the lake 
shores which a r e bedrock controlled. The end closest to the 
mine site is overlain by thick peat bog deposits, which could 
result in very poor water quality to underlying screened 

collectors. 

• 
• 
• 
• 
• 
• 
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5.0 CONCLUSIONS 

The results of packer injection testing and mine d ewa tering 
operations conducted at the Beaver Dam Mine site indicate 
that the proposed new gold mine workings should encounter 
relatively low groundwater inflows. An estimated mine water 
discharge rate of 6.4 L/S (85 igpm) is predicted for the 
exploration portal, based on packer t e s t i ng results and the 
location of the mine tunnels. All hydrogeologic evidence 
c urren tl y av ail ab 1 e for the site ( test d ril 1 ing , packer 
testing, shaft d ewa tering) suggests a steady-state mine 
effluent discharge rate in the order of 7.5 to 15 L/S (100 to 
200 igpm) for a full scale mine. The majority of the flow 
will be ex pee ted from the shallowest mine horizon. Once this 
zone has been dewatered and appropriately grouted, long term 
discharge rates from the remaining deeper horizons should be 
less than 7 to 10 L/S (90 - 130 igpm). 

It "is anticipated that there should be no problem in the 
handling of natural groundwater inflow and process waters 
used for drilling purposes in this mine. There may be some 
opportunity to employ rec ire ul a tion of waters within the 
mine, thereby reducing the total pumping requirements. 

Packer injection testing of existing inclined diamond drill 
holes penetrating the proposed mine workings indicate an 
overall geometric mean hydraulic conductivity of 2. 7 x 
10-8 m/s, ranging from 1 x 10-6 m/s to 3.7 x 
10-10 m/s. Bedrock permeability was found to decrease 
with depth and with bedrock t ype from quartzite to greywacke 
to argillite, and was lowest for the deep mineralized ore 
zones. The Mud Lake Fault zone was found to be of low hydra­ 
ulic conductivity (2.3 x 10-8 m/s), although somewhat 
unstable. The highest bedrock K values were associated with 
the crest and axis of the overturned anticline and shallow 
bedrock (0-20 m). 

The shallow bedrock adjacent to the proposed portal has an 
apparent hydraulic conductivity of 3.5 x 10-7 m/s, which 
correlates with the estimated K of 9 x 10-7 m/s for 
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shallow bedrock a.round Austin Shaft. A pumping t e s t 
conducted in 4.9 m of silty sand glacial till overburden 150 
m from the portal area indicated a K of 2 x 10-7 m/s. 
This suggests that inflows to the portal area during 
construction should be controllable. Pumping of an old mine 
shaft discovered adjacent to the portal should aid in the 
control of shallow groundwater flows. 

A dewatering test performed on the Austin Mine workings 
indicated a steady-state mine discharge rate of 3 L/S (40 
Lg pm ) , Analysis of the time drawdown data suggests that the 
majority of this inflow was derived from the shallow zones, 
and that the deeper portion of the abandoned mine workings 
below 22 m d ept h was contributing only small amounts of 
water. Increasing manganese concentration and a shi.ft in 
water chemistry towards deeper groundwater characteristics 
suggest that flow is derived from both surface bog sources 
overlying the working, but primarily from deeper g r oundwa t er , 
This dewatering test indicates that flow rates from the new 
mine wh i.c h" will be situated in simular geology and structures 

r 

should al so be low, and results confirm the predictions 
generated by the packer test data. 

Continuous, in-situ monitoring of effluent water quality 
during the dewatering test bas demonstrated that the quality 
of effluent from the new mine should meet the Metal Mining 
Liquid Effluent Guidlines with minimal or no treatment 
required. With the exception of arsenic (0.4 -0.17 mg/L), 
iron (0.3 - 2.6 mg/L) and manganese (0.3 - 0.38 mg/L), all 
parameters fall within t h e Canadian Drinking Water 
Guidelines. Monitoring has shown that there is a small 
tendency for acidic drainage within the mine after �eriods of 
non-pumping, due to contact with mineralized wall rock. 
however, the buffering capacity of the n a t ur a.I groundwater 
and the quartzite bedrock tend to neutralize this tendency. 
Under continuous pwnping, the effluent would be expected to 
be a neutral pH (7.4), moderately alkaline groundwater with 
up to 3 ppm iron and minor arsenic cone entra tion (0 .10 - 0. 20 
mg/L). 
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Although suspended solids loads under undisturbed conditions 
are expected to be low, drilling and blasting would be 
expected to contribute to suspended solids loading. Given 
the volumes of water expected, it should be feasible to treat 
the effluent (if necessary) both in the mine sump and at the 
surface, prior to its release to the bog area. Monitoring of 
mine effluent quality will determine treatment requirements. 
The large bog area will afford significant natural 
attenuation of suspended material and dissolved metals. 

Monitoring of the existing diamond drill holes during 
dewa tering of Aust in shaft indicates that some hydraulic 
interconnection 1 ikel y occurs bet ween the ex is ting workings 
and the proposed mine. A total drawdown of 1 m was observed 
near the portal area during the testing. This inter­ 
connection may be due in some part to past mining activity 
along the Austin lead. It is 1 ikely that the Austin workings 
would eventually be dewatered by the new mine, although flow 
rates would be expected to be small. 

Exploration for groundwater resources in the Beaverdam Mine 
area indicates a poor probability of development of ground­ 
water resources for mine use. Bedrock aquifers exhibit low 
transmissivity in the order of 0.5 to 1.0 m2/ct, and drilled 

. wells would be capable of less than 3 Lg pm , Overburden 
within 200 m of the mine building is generally too thin to 
develop reliable dug or screened wells. One test well 
located on line 2 + 00 west may be capable of 2 Lg pn , The 
most promising groundwater development possibility 1 ies in 
the deep bedrock trench (22 m) tleveloped over Mud Lake Fault, 
west of the site, however, the area is designated for future 
exploration activities. 

As a result of the above, it was decided to d'ev e Lo p surface 
water supplies from Crusher Lake or Cameron Fl owag e , It is 
concluded, based on work done to date, that the proposed 
Beaver Dam .Mine will be relatively "dry" after the shallow 
drifts have been stabilized, and steady state drawdown has 
been achieved. Mine discharge waters are not expected to 
pose a serious threat to the environment and should remain 
withih the Metal Mining Liquid Effluent Guidlines with 
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minimal or no treatment required. The naturally occ ur r i ng 
iron, manganese, arsenic and al urn in um discharged with the 
effluent should be e f r ec t ave Ly removed through passage 
through the swamp prior to release to Cameron Flowage. 
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6.0 RECOMMENDATIONS 

1. Mine water discharge rates and water chemistry should be 
monitored on a regular basis to ensure that parameters 
remain within the MMLEG requirements. 

2. Although low steady state flow ra-ces in the order of 7.6 
L/S (100 igpm) are anticipated for this mine, water 
pressures ahead of the stope workings should be measured 
to ensure that all t n s t an taneo us flows of groundwater 
from undetected fractures are an t ic ipated. Such flows 
should rapidly decrease to steady state rate� after 
fracture dewatering has occurred. 

3. A long term groundwater monitoring program should be 
established to monitor groundwater levels in t he Austin 
Shaft, and bedrock zones above and around the mine 
workings during mine development. Such monitoring would 
provide an assessment of the source of flow into t he 
mine, and the degree of fracture dewatering. To 
accomplish this, it would be necessary 1:0 construe t a 
series of observation wells around the site, or to 
develop some of the existing diamond drill boles. 

4. The existing overburden test well should be retained to 
monitor overburden hydraulic head variation over the 
summer season. If head does not drop significantly, it 
may be feasible to develop this as a dug well for 
auxiliary uses. 

5. The geologic and hyd rog eolog ic nature of the Mud Lake 
Fault Zone suggests that caution should be exercised 
during mine excavation in these areas. Al though the 
b Lg h I y brecciated muterial exhibits a ·low hydraulic 
conductivity, the material is saturated and could 
collaps0 into the workings. Standard procedures for mine 
wall stab il iza tion should be implemented in this area. 

6. Consideration should be given to recycling of water 
within the mine for drilling activities and dust control. 
This would reduce the volume of sump water requiring 
disposal,· and reduce make-up water requirements. 
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7. Although initial work suggests that discharge water would 
not be hazardous, over the life of a mine the discharge 
quality could vary depending on mining activity and zones 
encountered. Contingency plans should be prepared for 
treatment of acidic waters with lime addition or to 
reduce suspended sediment loads by floccuation should 
such be found to be needed. 
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APPENDIX 1 

TAKEN FROM REPORT NO. M1285 

Hvdroaeoloqy 

Because af the remoteness of the Beaver D2.rn site, very few 
site-specific data regarding groundwater quality or flow are 
currently available. The nearest residential areas are 
located along route 224 from Upper Musquoc:ioboit 1.9 km to t::ie 
northeast and the Village of Marinette 10 JGn tc the sout::i. 
No impacts on existing groundwater supplies are an+icipated 
in relat�on to. the proposed mining operation. 

The following discussion of regional hydrogeology is based en 
general knowledge of the hydrogeology of the Meguma Bedrock 
in the ea�tern portions of Nova Scotia, for ex��ple, Halifax 
and Guysborough counties. The ·Beaver Darn mine site is 
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underlain by highly resistate crystalline bedrcck c�mprised 
of Goldenville Quar�zite in�ruded by Devonian-aged granites . 

• In Nova Scotia, · the predominance of s'tee;,ly-d.ipping 
subvertical fracturing, and bedrock strike perpendicular to 
regional topographic gradient favors the development of short 
gr·:mndwater flow regimes and vertical permeability greater 
than horizontal permeability. This results in relatively 
short distances of flow from areas of recharge to areas of 
discharge, in t�e order of 1 to 5 km (Lin, 1975). This 
suggests that groundwater recharging in t�e highland region 
to the south of the area (elevation 170 m) flows across the 

' mine site to discharge into Cameron Flowage on t�e Killag 
Ri�,er at an average gradient of about 2.5 percent • 

.- 
Groundwater Flow 

Grounc.water flow in fractured crys·talline rock is controlled 
by sec�ndary permeability and fra�turi�g. Locally, bedrock 
groundwater flows can be expected to be predominantly �outh­ 
eastward along th.e dominant' fault trends, with. smaller flows 
in the northeast and east directions (Figure 3.3.) Ground­ 
water f:aw in· the sandy silt glacial till ove=burden is 
expected ta mirror the topographic surface, with recharge 
occurring on the basin boundaries and uplands, and discharge 
to the Killag River watershed. 

Drilled· wells (45-61 m deep) in quartzite bedrock generally 
yield f=om 0.04 to 0.4 L/S (0.5-5 IGPM) (N.S. Strait of Canso 
Environment Comm. 1975). Yields·vary greatly depending on 
the degree of fracturing of the bedrock. Table 3.5 illu­ 
strates the range of transmissivity (T) and safe yield. (Q20) 
for 37 wells drilled in quartzite bedrock in Halifax and 
Guysborough counties (NSDOE pump test inventory)� Geometric 
mean·T is low (0.8 m2/dl compared to an average of 4.1 m2;d 
for Meguma Bedrock in Nava Scotia. .Well yields in 
Guysbcrough County range from 0.05 to 2.4 L/s (0.7-32 IGPM), 
averaging 0.22 L/s. Specific capacity averages 0.1 L/s per 
meter of drawdown, compared to 0.04 L/S/rn for Halifax County. 
Pump test data for Nova Scotia indicate that T generally 
decreases' from .. Yarmouth to Canso, likely because of de- .. 
creasing degree of metamophorisrn and less overall fractu=ing. 
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.IBLE 3. 5: Summary ai Pump Test Data for Wells Ccmpleted in Goldenville 
Qua.r-:zite, Halifax and Guysboraigh Counties, Nova Scotia 

15.2 - 137.2 67.l (68.6) 33.2 31 
.02 - 14.0 2.1 (0.86) 3.1 31' 
.015 - 4.2 .53 (0.20) 0.9 31 
.001 - .16 .04 (0.035) 0.05 31 

.... ,. 

- 
N SD 

(X) 
Mean 

X (G) 
Range 

' SUYSP.OROCGH CX)UNTY 

�LIFAX COUNTY 

I �ell D:pth (m) 
:ransmissivity (m2/d) 
ZQ-yr-safe yield (L/S) .. ;.: 

S1-,'€ciiic Capacf, ty (L/S/m) 

7/ell D:pth (m) 44.8 - 155.4 99.1 (89.0) 46.6 6 

Iransmissivity (rrl-/d) o. 08 - 11.2 2.5 (0.75) 4.3 6 
20 yr-safe yield (L/S) 0.05 - 0.46 0.27 (0.23) Q.89 6 

Si,,ecific capacity (L/S/m) 0.001 - 0.06. 0.11 (0.01) Q.25 6 

x = Arithmetic Mean 
G = Geanetric Mean 

SOURCE: .N.S. Department of the Environment, Pump Test Inventory 
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The presence of a dry (91 meter) well near the mine s�te, and 
low well yields for Guysborough County wells tend to support 
this conclusion. 

Preliminary results of a packer testing program conducted an 
the site also support the low tran��issivity of t�e non­ 
mineralized quartzite bedrock (Jacques, Whitfcrd and 
Associates Ltd., 1986 in preparation). Packer permeability 
measurements were carried out in June of 1986 for 56 zones 
4.6 m in length, which is representative of the various 
st=uctural rock features identified in the geologists lags 
( f.or example fault zones, fractures, �.nticline axis, ore 
zones, etc.).' Hydraulic conductivity averages 2.7 x 10-8 m/s 
(geometric.mean) and ranges from a· high of 1 x 10-6 m/s in 
the shallow zones of Mud Lake Fault.and the anticline axis, 
to less then 4 x 10-ll m/s in the deep ore zone and unfrac­ 
tured rock. Hydraulic conductivity generally decreases with 

- 

ore zone, li�ely because of r=act�e 
Results of bedrock permeability 

at· a later date. ':· 

�ept�, and is low in the 
• filling by quartz veins. 

testing will be reported 

I 

Nctwithstanding the above, experience in other mineralized 
areas of the province has shown that bedrock T and perme­ 
ability can be greater for Meguma bedrock intruded by 
Devonian granites and near fault zones. In the Beaver D�� 
area, the highest bedrock permeabilities would therefore be 
expected to occur near the granite contact southwest of the 
site, and adjacent to the major fault zones. 

Measurements of hydraulic head· in the various mine shafts 
around the property indicate bedrock water levels vary�ng 
f=orn 3 to 4 m below ground surface, and dominant groundwater 
=low direction to the west and northwest, along the strike of 
bedrock and topographic gradient. Mine shafts, where ground­ 
water levels approach ground surface, appear to be influenced 
by surface water drainage into the· workings. The 3 m depth 
to water in the Austin and Whip leads may be indicative of 
actual piezometric si.lrface for shafts penetrating to about 22 
m. The majority of the diamond drill holes exhibited static 
water levels averaging 0.3 meters below ground surface in the 
vicinity'of the cleared area. In the swamp area, most 
boreholes penetrating Mud Lake Fault were flowing at ground 



surface, usually a� rates of less than 0.1 L/S. Borehole 
BD-86-47 was measured at a flow rate of 0.1 t/s (1.3 IGPM). 
The presence of water in mos� trenches indicaces high water 
table conditions over most cf the site which appears to be a 
net reg�cnal grau�dwacer discharge area. 

Ccnversaticns with the geologists regardinq drillir.g 
conditions on site indicated that most of the deep boreholes 
were making enou�h water to sustain drillin�. Some borehcles 
exhibited loss ·of drilling fluid to adjacent holes (BD-85- 
24, 31, 27) which indicates some cross co!L�ection, at least 
in the shallow zones. Boreholes in the Mud iake Fault Zone 
were full of gouge macerial and highly unstable, and gen­ 
erally exhibited low flows due to clogging, and also resulted 
in low packer permeability values. The degree of bedrock 
fracturing appears to increase towards the Austiri Shaft end 
of the baseline; likely a result of tec�onic move..:.uents 
assor-iated with the fault zones. The drillers stated that 
ne�ligible movement of water levels was .observed in Aus�in 
Shaft during purnpage ( 0. 4 - 4. o 1·;s) far drilling pur:;,oses. 
A water well 91 m deep constructed for the temporary mining 
camp on t�e hill south of the mine was dry, even after 
sti.rnula�ion by blasting. 

The above discussions suggest t�at the bulk bee.rock hydraulic 
conductivity in the vicinity of the mine site is relatively 
low and that the greatest flows will be expected in �he 
southeast end of the site towards Mud Lake Fault. The 
variability of fracture permeability and hydraulic character­ 
istics of the shallow zone around the Austin Sha=t will be 
assessed in greater detail upon completion of current field 
work. 

In this region of Nova Scotia, most domestic wa�er suppl�es 
are obtained from dug or drilled wells. Dug wells developed 
in the glacial till overburden appear to be the most common 
dcmestic supply, yielding large volumes of good quality water 
frcm stratified sands and gravels such as are found at the 
west sice of Sheet Harbour, a�d 0.08 to 0.8 L/S from quart­ 
zite ti+ls such as underli� the area. Higher yields may be 
encountered if sufficient thicknesses of satu::-ated sand and 
gravel are encountered on the site. A program of overburden 
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exploration is currently being conducted to evaluate the 
water-bea=ing characteris�ics of thick overburden deposits 
iden�ified by seismic pro=i:ing. 

Groundwate� Quality 

Quality of groundwater from Goldenville quartzite a��fers is 
generally good (NSDOE Well Water Quali�y :nventory). The 
most common domes��c water quality complair.t is that iron and 
manganese levels are in excess of the respective drin.;<ing 
water limits cf 0.30 mg/Land 0.05 mg/L set for aesthetic 
reasons (Seal-=h rand Welfare Canada, 1978). In gold mining· 
dist=icts, arsenic c�nc�ntrations in excess of the 0.05 mg/L 
health standard ccromonly occ".ll's, and·is generally bel�eved to 
be derived from arsenopyrite mineraliza�ion associated with 
vein deposits in the'becrock (Grantham & Jones, 1976; Mccurdy 
1980, Bot�ornley 1984). Shallow overburden wells generally 
exhibit similar trends, without arsenic probla�s. 

To date, groundwater samples from the Beaver D�� area are 
limited to samples f=om Austin Shaft collected at depths of 
10 m and 21 m below the water surface (Table 3.6). Water is 
a typical calcium carbonate groundwater of good chemical 
quality. All parameters are within tolerable limits. 

· Arsenic levels at 0.04 mg/Land iron at 0.3 rng/L are typical 
of groundwaters in mine areas. The downward drift of pH and 
upward drift in conductivity suggest a slightly reducing 
ccndit�on, confirmed by later dissolved oxygen measurements 
of 2.0 ppm. A flowing deep borehole (86-41) and several 
other ceep boreholes also exhib�ted reducing trends (H2S 
odors). Detectable nitrate concentrations are likely to 
caused by vegetat�cn and timbers in the shaft. Profiles of 
temperature, electrical.conductance and dissolved oxygen were 
also made for the Austin Shaft (Table 3.7) and shows a slight 
i�crease in conductivity (TDS) and decrease in temperature 
with depth, as would be expected. Groundwater from these 
mine shafts are remarkably clear and are not expec�ed to be 
an environmental problem. 



TABLE 3. 6: . Wa-c� Quality .Analysis for Austan Shaft, 

Beaver Dam Mine (May 6,1986) 

4.2 
2.0 

(June 18, 1986) 
NONE 

6.80 
(downward drift) 

50.0 

NONE 

6.77 
47.0 
5.0 
2.0 

umho/an 
(OC} 
ppn 
TCC 

units 

7 metres 17 metres 
AU-1 AU-2 

rrg/L 2.1 2.3 
mg/L 0.9 0.8 
mg/L 8.3 9.5 
mg/L 1.0 1.1 
mg/L 25.0 28.3 ?; 

-u mg/L 20.3 23.5 � 
::, mg/L 8.0 8.0 c, 
x ID;?;/L 3.3 3.1 Iv 

mg/L <O.l <0.1 
mg/L 4.8 5.2 
mg/L 0.02 <0.01 
�/L 0.18 0.13 
mg/L <0.05 <0.05 
�/L 0.04 0.04 
mg/L 0.3 0.32 
mg/L <0.01 0.03 
mg/L <0.002 <0.002 
mg/L <0.01 <0.01 
mg/L <0.01 <0.01 
mg/L 35.0 43.0 
.mg/L <0.3 <0.3 
T.C.U. 5.0 5.0 
J.T.U. 1.5 2.3 
umHo/cm 69.0 76.0 
units 6.30 6.40 
mg/L 2.0 2.0 
mg/L <0.05 <0.05 
�/L <0.02 <0.02 
mg/L <0.005 <0.005 
n:g/L <0.005 <0.005 
mg/L .<0.01 <0.01 
mg/L <0.01 <0.01 
mg/L <0.02 <0.02 
mg/L <0.05 <0.05 
mg/L <0.1 <0.1 
.mg/L <0.03 <0.03 
mg/L <0.01 <0.01 
ug/L <0.05 <0.05 
mg/L <0.01 <0.01 

CXiar 

pH 

Conductivity 
Temperature 
Dissolved Oxygen· 

Field Measuremet1ts 

Deutb. Below Water Surface 

Scdium · 
?o-cassiun 
Calcium 
!Aa� . nesaun 

Hardness (Ca.CO�) 
Alkalinity (D.ffi.J) 
Sulfate 
Chloride 
Fluor::..de 
Silica 
Ori:hophosphate 
Nitrate+ Nitrite 
Anrncnia. 
Arsenic 
Iron 
Manganese 
Lead (HGA) 
Coppe;: 
Zinc 
Total Dissolved Solids 
Suspended Solids 
Color 
Turbid.i ty 

Conduc-::ivity (umho/cm) 
l,)li 
Humic Acid 
Aluminum 
Baron 

Bariun 
Beryllium 
Cbranium 

Cobalt 
Nickel 
Antimony 
Selenium 
Tin 
Vanadium 
Mercury. 
Cadmium-ICP 
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(1) TAELE 3.7: Electrical Conductance and Temperature Prof�le for :::, 
a.. Austin S�aft, Beaver Dam (May 6, 1986) x 
tv 

' Dei-ith Below Depth Below Tenperature Conductivity Salini1:y 
P.eference(m) Water Level(m) ( oc) uS/cm 0/00 

3 0 5.9 45 0.0 � 

:! 
::.... 

I 
:;:: 2 5.5 45 0.0 x .... 

w 
... 

7 4 5.5 47 o.o 
9 6 5.4 47 o.o 
11 8 5.4 49 0.0 

13 10 5.4 49 o.o 
15 12 5.4 50 0.0 

22 19 4.7 50 0.0 

Measuremen,:s by YSI Model 33 STC Meter. 
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JACQUES WHITFORD ��D ASSOCIATES LIMITED PUMP TEST REPORT 
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JACQUES W:-iITFORD Jo.ND ASSOCIATES LIMITED PUMP TEST ?.EPORT 
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JACQuES W'Hl'rFORD AND Assocr;:..TES LI�UTE:) PUMP T.::ST RE?ORT 
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WEJI.THER ------- 
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APPENDIX 3 

Test Pit Logs, Beaverdam Mine, June 25, 1986 (TP1-TP5); July 12 (TP6-TP9) 

l'bte: Test pits 1 to 5 constru:ted in the vicinity of TP # 1 which was 
pimp teste:i to evaluate well feasibility. 

black and orange brown, sandy silt, gravel and boulders. 
yellow-gray sandy silt and gravel. 
olive brown , silty sand and gravel, nunerous boulders. 

orange brown silty sand and gravel. 
olive brovn sandy gravel with silt, nunerous boulders. 
quartzite bedrock. 

orange brown , sandy silt and gravel • 
olive brov.n silty sam and gravel, quar-tza te boulders. 
quartzite bedrock. 

or arge brown, silty sand and g rave l 
olive hrown , sandy gravel, with sane silt. Numerous 
boulders of quartz an::l slate. 
olive brown , sandy gravel with some silt. Slatey clasts 
more nunerous than quartzite clasts. Large boulders 0.15 
- 0.46 min diameter. 
silty sard and gravel • 
quartzite bedrock. Water table 1.8 m. 0.46 m diameter 
culvert ans tal l ed in hole for pimp testing. 

rootmat , black and orange sandy silt with gravel. 
yellow brown, silty sand and gravel. 
olive brown sandy silt and g rv el , slatey gravel and 
boulders. Water table at 1.5 m, Sample col l ec ted for 
sieve analysis. 

(2 + 25W; 1 + 75S) 

(2 + 25W; l + 65S) 

(1 + 80W; 1 + 75S) 

(5 + oow ; 2 + 50S ) 
moss , roo tma t 
weathered red to black organic roil, water entering @ 0.61 
m fran beg area. 
yellow brown, silty sand till with quartz boulders to O. 3 
m diameter, dense. 
broken quar-tzi.te bedrock. 

(2 + OOW; 1 + 65S) 

(2 + OOW; 1 + 75S ) 

4.57 - 4.88 m 
4.88 - 5.0 m 

0 - 0.61 m 
0.61 - 3.3 m 
3. 3 - 3. 5 m 

0 - 0.6 m 
0.6 - 2.1 m 
2.1-4.0m 

0 - 0.6 m 
0.6 - 1.8 m 
1.8 - 3.35 m 

0 - 0.9 m 
0.9 - 3.35 m 
3.35 - 3.4 m 

Test Pit# 4 

Test Pit # 2 

3.33 - 4.57 m 

0.61 - 1.83 m 

O - 0.61 m 
O. 61 - 3. 33 m 

Test Pit # 1 

Test Pit# 5 

'!'est P'i t # 6 
0 - Q.15 m 
0.15 - 0.61 m 

Test Pit# 3 



Test Pit # 7 

0 - .15 m 

• 15 - .61 m 
• 61 - 1.0 m 

Test Pit II 8 

0 - O. 76 m 
0.76 - 1.0 tn 
1.0 - 1.22 m 

Tes1: Pit # 9 

O - 0.15 m 
0.15 - 1.5 m 

1.5 - 2.0 m 

APPENDIX 3 
(continued) 

(5 + 20W; 2 + 500) 

moss, rootmat 
reddish brown, silty sand loam, minor quartzite clas ts • 
broken quartzite bedrock, co water • 

(5 + oow ; 2 + 75S ) 

black, organic peat and mtc k, strong HzS odor 
black organic silt 
broken quartzite bedrock, some water. 

(5 + 15 W; 2 + 000) 

rmss , rootmat 
yellow brown silty sand loam, brooming more gravelly wi.th 
depth. Nunerous large quartzite boulders indicate 
proximity to bedrock. 
hard quartzite bedrock. N:> water. '!'est pit indicates 
tha.t bedrock ridge can be ripped to about 1. 2 m depth by 
excavator. 


	Appendix F.2 Hydrogeologic Investigation - Beaver Dam Mine  



