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2.0 DATA COLLECTION PROGRAMS
2.1 Bedrock and Surficial Geology

2.1.1 Bedrock Geology

The study area is located in the Sydney Coalticld. The Coalfield constitutes the on-fand and near-
shore portion of a much larger Carboniferous sedimentary basin (Sydney Basin), which extends
northeastward under the Atlantic Ocean. Glace Bay is sitnated in the castern part of the
Coalfield and is underlain by strata belonging to the Morien Group which has been divided into
{(ascending order) the South Bar, Waddens Cove and Sydney Mines Formations. These strata
comprise an 1800-metre thick succession of upward fining sediments. The basal South Bar
Formation is composed primarily of braid-steeam deposited sandstone and fines upwards into the
argillaceous coal-rich sediments of the Sydney Mines Formation. The Waddens Cove Formation

is equivalent to the South Bar, but contains appreciable duricrusts and red beds.

The Sydney Mines Formation hosts most of the major coal seams, which have been exploited
during the 230-ycar mining history in the arca. This formation is composed of sandstone,
siltstone, mudrocks, shale, fresh water carbonaceous limestone and coal. They bear the
characteristics of deposition in a fluvial environment on a slowly subsiding coastal plain, Marinc
sediments do not exist, but evidence of agglutinated Foraminifera suggests that minor incursions

of the sea may have occurred and established brackish conditions locally.

Six major coal seams are present in the project arca. The sequence of these seams 1s shown in
plan and sectional view in Figures 2.1 and 2.2, Deposition of the coal seams and the cnclosing
sediments was cyclical with a roughly similar sequence of strata developed between cach of the
seams, These repetitive sequences are often referred to as cyclothems and reflect depositional
changes associated with the rising and falling of sea level. A typical ¢yclothem sequence is

shown in Figure 2.3.
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An examination of borghole data and coastling mapping in the area reveals a predominantly
argillaccous sedimentary package with lesser amounts of sandstone, mudrocks, coal, limestone
and mixed sediments (siltstones, shales). The approximate proportion of ¢ach lithology within

the stucly arca is summarized in Table 2.1,

TABLE 2.1: STUDY AREA PROPORTIONAL LITHOLOGY (%)

o Coal : S Ambstone..
Above Hub 83 17 ? ? ?
Hub-Harhour 70 23 2 12 !
Harhour-Phalen 65 22 4 4 g
Phalen-Emery 58 25 3 2 11
Average 66 20 3 4 7

Structurally, the study area lies within the Glace Bay Syncline (Figure 2.4). The Bridgeport
Anticline and Cap Perce Anticline lic immediately to the west and cast, respectively.  The
syncline is believed to have formed in a halfgraben structure that was in the process of down
warping at the time of deposition. The strata on the flanks of the fold dip to the north and cast at
an average dip of about 5 degrees. The primary set of jointing is cast-northeast with a dip of 70
to 90 degrees. Secondary joints occur at various angles to this primary set. The sandstone beds
exhibit ¢lean, smooth fracture surfaces that can be traced for tens of metres in outcrop. Jointing
in the argillaceous rocks tends to be discontinuous and end abruptly. For the most part, mining
in this arca has been spared the effects of major faulting. The only major fault is the Cap Perce
Thrust. It was encountered in several of the submarine mines where measured digplacements of

less than 5 metres were reported.

The rank of the coal seams is high volatile A bituminous. The seams are generally considered to
be fow in ash, but high in sulfur. Since sulphur is instrumental in the formation of acid minc
drainage, Table 2.2 has been constructed to show its variability within the seams in the study
area. The sulphur content of the major seams (Hub, Harbour, Phalen and Emery) range from 2 to
5%, while the minor scams (Bouthillicr and Back Pit) average about 7%. The table also shows
the distribution of sulphur forms. Due to the fact that the sulphur content of the coals is quite
high and pyritic sulphur is the predominant form of sulphur, these coals can be expected to yield

copious amounts of acid mine water.

Fingl Repore
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TABLE 2.2; COAL SEAM SULPHUR CONTENT VARIABILITY %,

Elub 3.3 i )

Harbour 2-4 2 62 33
Bouthillier 7.

Back Pit 6.9

Fhalen 2.5--4 ] 63 34
Emery 255

In addition to the presence of acid generating agents, acid neutralization sediments and minerals
are also present.  Carbonates are probably the most effective substances for neutralizing acid
mine waters. The mineral siderite is the most common carbonate found in the Sydney Coalfield,
however, the most cffective acid neutralizing carbonates are calcite, dolomite and to a lesser
extent, ankerite. Both dolomite and ankerite are present in the Glace Bay area, but only in minor
amounts. Calcite, howcever, is refatively abundant. [t occurs as the primary constituent of thin
(20 to 30 centimetres) beds of fresh water limestone immediately overlying the coal scams, as
layers and nodules of calerete in both the roof and floor of the seams and as the cementing agent
within channel sandstones. Fresh water limestones have been observed above all the coal scams

except the Hub Seam in the Glace Bay area.

2.1.2  Surticial Geology

In the study area, bedrock has a widespread covering of a stoney silty sand to sandy silt basal till
(Bacchler, 1986). Bascd on information obtained from boreholes drilled by the coal companics
in the area, it ranges from 2 to 16 metres in thickness with an average depth of about 5 metres, [t
15 generally dense and compact where moisture and clay content is high, but may be loose to

very loose in areas that are well drained and sandy. Colour ranges from brown to gray.

The study arca is characterized by low reliel with many swamps and bogs that may lie
tmmediately on bedrock or glacial till, A thin (<21 metre) veneer of peat is common in most
swampy areas, but thicknesses in excess of 7 metres are not uncommon ncar the central arcas of

bogs. The surficial geology of the study area is depicted in Figure 2.5.

Final Report
Water Balunce Asyessment, CBDC, No, 1B Hydranlic System, (Hace Bay, Reserve and Dominion, Cape Breton, NS,



2003 9:56am
E:\52850011 \contO‘I \Wetlands_DWG1 .dwg

Feb 26,

fEGEND: ,\\
-SANDY SILT TO

SILTY SAND TILLL) \

20 LOCATION OF WELL —
© NUMBER INDICATES DEPTH

OF OVERBURDEN(ft) /4 __(

‘ 3 ::\\i’*\‘ &‘
.\\u.\w N&vx\\'&

i m“““&g?
. ) :’is:\‘\_.a BT

A EE'P\..._
._ .“.'.E:: 3 J”?E

‘ ' l‘f ‘ I: 53 “ e
7% SN 4 Bt Sy
. ﬁ _ \‘.ﬁ?p@@&f S K Sl
“\1 pmi f musa&
<r EZER~
BER R

Contacts — Approximate b

Bcse Mapping after Baechler, 1986

mé!féi‘ég-..

g\\?b"w. % .

SRy ISR f
=3 SR 2
7, : « ‘* 5,,,}'_ ' e ?\. *‘W
' / “. L. &?f”' £ \}\.\ SR "P A
B = :

NolB HYDRAULIC SYSTEM

) Bydney, Btjoha's, Halifex, Fredsricton aod Selam, NH J_
Famly of Compories. Dvg.
FIGURE 25 o T
Mm Steve Forgeron
& Consulting Ggobgist SURFICIAL GEDOLOGY bt iz
Whitford




2.2 Study Area Surface Watershed Delineation

The study area can be divided into three major surface watersheds and several minor watersheds,
as depicted on Map 1, located in the pouch at the conclusion of this report. The first of the three
major watersheds is the Dominion Brook Watershed, located in the western portion of the study
arca. This watershed encompasses 352 hectares and drains Centreville, Reserve Mines and a
portion of the Town of Dominion and discharges into Indian Bay to the west of Dominion
Beach. The second major watershed is the Cadegan Brook Watershed, located in the central
portion of the study area. This watershed encompasses 864 hectarcs and draing into Indian Bay,
near Bridgeport. The third major watershed is the Renwick Brook Watershed, located in the
castern portion of the study area. This watershed encompasses 2,819 hectares and drains into

Gilace Bay, just west of Quarry Point.

There are also several minor watersheds within the study area, which all drain overland or
through small brooks directly to the marine coastal watcrs.  The first of these minor watersheds
is the Indian Bay Watershed (128 hectarcs), located in the castern portion of the study area,
immediately north of the Dominion Brook Watershed and west of the Cadegan Brook
Watershed. ‘The second, third and fourth minor watersheds are located cast of the Cadegan
Brook Watershed and north of the Renwick Brook Watershed. These watersheds are referred to
from west to east, as Bridgeport, New Aberdeen and the Sterling watersheds and cncompass 215,
123 and 273 hectares, respectively. The fifth and final minor watershed is located to the east of
the Renwick Brook Watershed and drains a 225-hectare coastal area that feeds into, for the most

part, Big Glace Bay Lake.

In developing the conceptual model for mine inflow mechanisms (Scetion 4.0), ground and
surface water watersheds were assumed to coincide, as discussed above, The watersheds provide
a basis upon which to develop the local surface sub-watersheds that drain into the active No. 1B

Hydraulic System recharge area.

Final Report
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2.3 Municipal Storm/Sanitary Sewer Definition

Mapping of the extent of Reserve Mines Sewage Disposal System discharging into the
MacKay's Corner Lift Station was provided in hard copy by CBRM. The drawing was by C. A,
Campbell and Associates, dated September 1974, It notes approximately 5.4 km (3.3 miles) of
piping covering portions of Rte. 4, Tompkinsville Road, Main Street, Chant Street, Faulage
Road, Summerville Strect and Wilson Road. Al these discharge into the MacKay's Corner
Sewage Lift Station just west of Fraser Street along Rte. 4. From there it is pumped over the
topographic high at the corner of Rie. 4 and Phalen Road and then drains by gravity into the
Glace Bay sewer system. However, it is known that the system upstrcam, in Glace Bay, has
ingufficient capacity to handle the flow during significant storm/runoff events and/or during
electrical power outages. To avoid a surcharge situation at the MacKay’s Corner Lift Station, a
12-inch diameter overflow pipe was installed, which gravity drains directly into the No. 1B
Systera via the No. 5 Colliery. This pipe has the potential of contributing approximately 1700
USgpm to the mine during the above noted situations, assuming a pipe grade of 1%. Monitoring
of the sewage lift station through September and October 2002 has not witnessed this overflow,
and, therefore, the total volume of water potentially being contributed to the mine has not been

confirmed to date.
2.4 Location of Underground Mine Workings and Mine Watersheds

2.4.1 Location of Underground Workings

The study arca lies in a district that has been subject to continuous coal mining for over 250
years. During this time, all economic reserves of coal underlying the land and adjacent
submarine area have been removed. The coal seams of primary intercst were the Hub, Harbour,
Phalen and Emery. These scams were cxploited by 16 major collieries that removed
approximately 170,000,000 tonnes of coal. The largest mine was No. 2 Collicry; it extracted
about 26,000,000 tonnes. The locations of the collicries comprising the 1B Colliery Hydraulic

System underlying the study area arc depicted tn Figure 2.6.

Finat Report
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Vertical shafts, cross measure tunncls and slopes driven along the scam from portals at the
surface provided access to the coal. The surface expression of many of these access ways is stil
evident throughout the study arca. Mining was conducted to allow maximum recovery of the
coal reserve. BExtraction methods included room-and-pillar, room-and-piliar with piflar drawing,
longwall and full extraction longwall. Organized underground mining operations did not extend
to the surface outcrop, but usually stopped when 40 to 50 ft of solid cover was attained.
Bxtensive illegal bootleg mining of this remaining shatlow coal is evident wherever it could be
effectively cxploited. The location of these bootleg operations, and cave-ing (subsidence arcas)
associated with the organized underground mines, are shown on Map 2, included in the pouch at

the conclusion of this report,

2.5 Climatic Data

A long term (=100 years of records) Environment Canada climate station, identified as Sydney
A, 1s positioned in the southwestern corner of the study area at the Sydney Airport (Figure 2.7},
tt forms part of the national propram for monitoring long term changes, with records dating back

to 1895,

Climatic and weather data for the mine water ingress evaluation (Section 3.0) and the water
balance (Section 4.0) has been abstracted from the station files. Wherce pertinent, the data is

presented in figure format; raw data is not appended.

2.6 Stream Flow Data

An intermediate term (220 years of records) Environment Canada steeamflow station, identified
as McAskill Brook, was established by Bacchler (1986) to form a background index station for
the Sydney Coalfickd. The gauge is positioned some 6 km south of the study area with

continuous recording commencing in 1978 (Figure 2.7).

Relevant data has been abstracted from the station files for the water balance agsessment (Section

4.0). Where pertinent, the data is presented in figure format; raw data has not been appended.

Final Report
Water Balance Assessment, CRDC, No, | B Hydraulic System, Glace Bay, Reserve and Dominion, Cape Braton, NS,
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2.7 Estimates of Evapotranspiration

Theoretical evapotranspiration losses calculated using the Thornthwaite Method provide an
annual value of 535 mm (21 inches) (Baechler, 1986). However, the accuracy is suspect for
areas cxhibiting a humid maritime climate, possibly overcstimating the loss. Further discussion

is provided in Appendix B.

2.8 Mine Water Level Data
2.8.1 Water Level Monitoring Methods

CBDC has been monitoring water levels at several locations throughout the Coalfield since 1984,

The objectives of the mine water level assessment were to:

Validate CBDC Water Level Rise Time Lines to 2002
Determine Seasonal Influence on Mine Flooding Rates
Assess Storage Volume of No. 12/14 Mine System

Predict Time to Fill Remaining Voids

Predict Fill Rate for a Variety of Above-Sea Storage Options
Provide Information for Hydrology Study

& & & 4 = »

Monitoring at Dominion No. 2 and 9 was discontinued in December 1993 and January 1996,
respectively.  Monitoring at Dominion No. 4 at Quarry Point was recently discontinued in
March 2002. Available mine water level records are presented in Table 2.3. Only threc mine
locations are presently being monitored, in addition to the four Dominion boreholes that are used
to monitor water level and "first flush" water quality as the water levels rise up the No, 1A and

No. 5 slopes.

The assessment of mine water lovels presented in this report focus on the No. B Hydraulic
System using the more or less continuous records from the No. IB Shaft (1986 through October
2002), Water levels in the Lingan and Phalen Collieries are also addressed in light of the
outflow of waters from the No, IR System while these mines were in operation.  The No, 4
water levels are agsessed to show the effects of scasonal recharge on a "mature” or fully flooded
mine pool. The No. 4 situation provides insight into possible water level responscs after the No.

IB System has reached cquilibrium.

Final Report
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Water levels in the various mines are measured by CBDRC with Campbell Scientific CX 10X Data
Loggers. Water levels arc downloaded monthly for the Lingan and Phalen mines and weekly for
the No. 1B Shaft. Bi-weekly manual measurements were made during some periods of the
record. Two data loggers are set in the No. {B Shaft. Two loggers are set in the Phalen Mine at
depths of -1,760 ft (No. | Centre Top Level) and -969 ft (No. I East Bottom Level). One data

togger is sct in the Lingan Mine,

Water level data for the No. 1B Shaft is available since July 1986, Monitoring at the Lingan
Colliery began in November L1, 1992, afier the first inrush occurred. Monitoring in the Phalen
Colliery began in June 2000 after closure of that mine. This study uses the "new" monitoring
data collected since October 1993 in the inflow assessment and all of the data in the water level
assessment.

TABLE 2.3: SUMMARY OF AVAILABLE MINE WATER LEVEL MONITORING DATA FOR THE
SYDNEY COALYIELD

Colliery Locatlon Type Pevlod of Record MNates

No, tA/LR No. 1B Shaft Drats Logger Jul 18/86 to Apr 6/8% Intermittent
Apr /8% 1o Oet 17/93 Instrument Fatlyre
Oct 17/93 to Mar 15/2) fatermittent
Mar 15/90 o Deg 28/00 Dec 28700 [nstrument Failure
to Nov 27/92 Irtermittent (weelkly)
Moy 27-92 to Jul 29/97 Braily
Aug 2847 to Qot 2797 Daily
Aug 16/9% to May 20/9%9 Daily
Jun 23799 to Apr 18/00 Daily
Mov 17/00 to Mar 1/)1 Daily
Mar LHOF to el 28/01 Daily
Qct 501 wo Mar 11/02 Daily
Apr 23/02 1o Present Daily

Lingan Data Logper Mov 11/92 1o 8 Sep/04 Daily

Moy 7794 to Jan | 8/95
Mar 30/95 to 7 Sep/97
16-Ju/98 to Aug 18791
Feh 17/02 to Present

Phalen Data Logpar Jun 100 to Dee 21400 Daily
Jan 16/08 to Mar 17/02
Apr 1902 to Present

Dominion Mo, 4 Cuarry Point Data Logrer Sup B/80 to May 13/93 Weekly
Ju 21793 to Jan 2804 Daily
Apr /A5 to Jan 197 Dhaily
Aup 20/98 10 fun 21/99 aily
Feb 24/00 to Mar 7/02 Diatly
Prominion Mo, A BHI Mar 12/07 10 present Water Level and Quatity
B2 Apr 26/02 to present Water Level and Quality Water Level &
LK Jun/02 to Present Quality
B4 Water Level and Quality
BF5 Water Level and Quality
Dominign No, 2 Data Logper Maz 9795 ta Jnn 796 Continuous, honuty
Dominton Mo, ¢ Lyata Lopger Mar 9495 to Jan 496 Ciomtinuons, hourty
Iinal Report
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2.8.2 Determination of Mine Volumes

A number of basic assumptions were made in order to estimate the residual mine void volumes,

The work done in 1993 (JWEL, 1993} involved the following steps:

o The plan view area (square feet) lying within each 100-ft structure contour interval was
measured using a planimeter.
* The average dip between cach 100-ft structure contour wag calculated.
» The plan view arca was adjusted for dip to reflect the increase in arca produced by a
dipping surface,
e The adjusted arca was multiplied by the average coal thickness to determine extracted
volume of coal.
s The extracted volume of coal was multiplied by the following Estimates of Residual
. . . . 1.7
Void Space to obtain the minc void volumes (ft') in place:
¥ For Room and Pillar Mining with 42 to 47% coal extraction - 42%.
¥ For Room and Pillar Mining (Pillar Drawing) with 100% coal extraction - 30%.
¥ For Longwall Mining with 100% coal extraction - 30%.
¥ For Main HaulageTunnels with 100% coal and rock extraction -100%.,
The term “Estimate of Residual Void Space™ is used to indicate the amount of space remaining
after the ceal has been removed, the roof has collapsed into the mining-induced void and loading
by superincumbent strata has compressed the collapsed rubble. It is an estimate of the void
space available for filling with water as the mine waterfront advances. It has not been
quantitatively derived. It is based on the judgment of cxperienced mining people using basic
mining assumptions. The value of “Estimated Residual Void Space” is site-specilic because
local geology, mining depth, time and a number of other factors control it. In gencral, residual
void space will be at a minimutn in old mining areas that are deep and overlain by roof strata
with good bulking characteristics {(cxample: weak mudstone). [t will reach a maximum in the
youngest mining arcas that arc shallow and overlain by strata with poor bulking characteristics
{example: laminated sandstone). In room-and-pillar mining areas, the Residual Void Space is
cssentially the same as the percentage of coal extraction. In Main Haulage Tunnels supported by
steel arches, the roadways are assumed to be intact (not necessarity the case in all arcas) and the
Restdual Void Space caleulation is based on the arca of the arch opening. The revised mine void

caloulations are presentec in Appendix A,

Final Report
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2.8.3 Prepare Water Level Hydrographs

Water level monitoring records for the No. IB Shaft, No. 4 Colliery, Lingan and Phalen mines,
maintained by CBDC were compiled and presented as a series of annual water level
hydrographs. A compositc hydrograph covering all of the available period of record and annual
hydrographs are presented in Appendix A (Figures Al through All) for the four mines with
continuous records cxtending into 2002,  All hydrographs include meteorological data from
1990, Other water level monitoring data for Dominion No. 2 and Dominion No. 9 mines was

terminated prior to 1997, and were addressed in JWEL (1993) and JWEL (1997).

2.8.4 Review Mine Flooding History

An interpretation of the likely influences of active mining on the No. 1B water level risc was
made for the period 1986 through present, using the revised mine water level data for the No. 1B
Shaft, No. 4 Collicry, Lingan and Phalen mincs, and through review of available historical
records such as I'rost (1964), JWEL (1993) and other information compiled on the CBDC web

site,
2.8.5 Prepare Daily Flood Rate Hydrographs for Each Mine

In an effort to assess probable recharge rates to the mine complex, the water level data was
converted to volumetric flow rate data and plotted on annual hydrographs (Appendix A). The
gstimated volume per 100 ft of mine void was divided by 100 and multiplied by the incremental
daily water level rise in each mine to produce a hydrograph of "apparent” datly mme mnflow.
Because of the "noise” inherent in the daily values, a seven-day running mean (e.g., average of
preceding three days and following three days plotted for a specific day) was utilized to provide

a smoother hydrograph. All asscssments are based on seven day running means,

"Apparent inflow rate" is defincd as the likely rate of flow into the mine over a specified pertod.
It should be noted that inflow rate on a daily basis will vary over time due to time lag between
precipitation events, loss of water from the No. 1B - 26 Collieries to the Lingan and Phalen mine

between 1993 and 2001, until those mincs were almost fully flooded, and undetectable variations
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in mine volumes on a one foot basis as water level rise through collapsed workings, open or

scaled workings, barricr pillars and haulage ways, etc.

The method clearly illustrates seasonal recharge variation to the No. 1B Hydraulic System, as
measured at the No. 1B Shaft. The older data (1992 through 1999) clearly shows the effects of
barricr pillar breaks on the Lingan and Phalen mines and consequent outfall of No. 1B mine

water to those mines. A discussion of minc recharge is presented in Section 3.0,
2.8.6 Compare Flooding Rate With Precipitation

Early in the assessment, it became apparent that seasonal precipitation was the main driving
force behind the observed rate of mine recharge and water level rise. Daily precipitation records
were obtained from Sydney Airport for the period January 1990 through October 2002, These
records were plotted as bar hydrographs apainst the annual recharge hydrographs to visually

assess the effect and lag times of individual rainfall events on mine water fevel responses.
2.8.7 Estimate Current Rate of Water Level Rise and Recharge Rates

Trend analysis was performed on the fast five years of data for a dry year, a wet year and average
conditions to determine the annual recharge rate and water level rise rate that could be expected
under current conditions.  Where possible, bias introduced by missing hydrographic data was

considered.
2.8.8 Predict Mine Water Discharge Times

Three time lines were generated using seasonal recharge assumptions for a dry, wet and average
year, Predicted outfall times to sca level at the No. LA sea drain were made for the three time
lines. Time to fill remaining void above mean sea level on a S-metre basis was also generated

using the assumed void volumes above mean sea level.
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2.8.9 Predict Mine Water Discharge Rates

A key component of the assessment is to predict probable effluent rates once the mine system
has flooded to sea level, or to some above sea level equilibrium.  An initial assessment of
probable outfall rate is provided through a comparison of the inferred mine recharpe rates and

the hydrology studies of the landward recharge arcas (Section 4.0).

2.8.10 Assessment of Mine Water Storage Options

The mine void assessment, review of historical water levels and water makes and on-going
drilling cxploration work was employcd to asscss various mine water storage options in other
workings. The objective was to store water pumped from the No, 1B System in other non-
flooded workings, thercby extending the time before sea level outfall occurs from the No. [B
System. Options under assessment included the No, 12/14 mines and the feasibility of pumping

relatively non-actduous waters from the No. § Mine.
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3.0 MINE WATER INGRESS EVALUATION

This section presents an overview and summary of historical water level rise within the No. 1B
Hydraulic System, based on measurements made in the No. IB Shaft. A review of the water
level and recharge responses at the Lingan and Phalen Collieries is also performed, since these
collieries are now considered to be in direct hydraulic interaction with the No. IB System
through various strata breaks and seepage pathways. Hydrographs and detailed data tables are
presented in Appendix A, which provide a more detailed assessment of the mine water levels and

apparent recharge rates to the No. 1B Colliery.

3.1 No. 1B Hydraulic System

The Cape Breton Coalfield consists of 25 separate collieries organized into four Hydraulic
Interconnection Systems and eight individual collieries (JWEL, 1993). These collieries contain
46 billion US gallons of mine water with static water levels being between -75 fi (No. 1B
System) to +16 ft above sea level. Water levels in the No. 1B System were prevented from
flooding to equilibrium due to exfiliration from the No. 1B and No. 26 Collieries into Lingan and
Phalen mines over the past two decades. Since the Lingan and Phalen mines were closed in
February 1993 and July 2000, respectively, water levels in the No. 1B System, as measured in
the No. 1B access shaft, have been steadily rising towards sea level and as of October 30, 2002,

were at -75 ft below sea level.

The No. 1B Hydraulic System consists of several abandoned collieries: No. 1A, No. 1B, No. 5,
No. 9, No. 10, No. 20, No. 24, No. 26 and the most recent collieries of the Lingan and Phalen
mines. Several other collieries (No. 3, 4, 6 and 11) are suspected to be indirectly interconnected
to the No. 1B System via subsidence fracturing, bootleg workings or pillar retrieval operations.
Table Al (Appendix A) summarizes details for the collieries in the No. 1B Hydraulic System, as
well as collieries in other Hydraulic Systems and their respective flooded and non-flooded
volumes, Figure 2.6 (after, JWEL 1993) illustrates the assumed hydraulic interconnections

between the collieries.
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3.1.1 Current Flooding Status

Table 3.1 summarizes the flooding history for the No. 1B System. Six of the 24 collieries (Nos.
1A, No. 5, No. 12, No. 14, Lingan and Phalen) are currently flooding towards equilibrium
between mean sea level and some elevation above sea level between 16 ft and 30 ft. The No. 1B
System is presently (October 30, 2002) 96% flooded to an elevation of -75 ft below mean sea
level. The Lingan Colliery is almost full and is flooded to -200 ft in main haulage ways. The
Phalen Colliery is also almost full and is flooded to -557 ft in main haulage ways. Of mine void

remaining to sea level, the No. 5 mine represents 66% of available No. 1B System storage.

TABLE 3.1: SUMMARY OF MINLE FLOODING STATUS - NO. 1B HYDRAULIC SYSTEM (OCTOBER
340, 2002)
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No, 1B Hydraulic System
Dominion 1A/1B -75.8 75.8 12,040,049 97.3% 1,984,957 0 1,984,957
Dominion No. 2 full 0.0 0 0 ¢ 0
Dominion Neo. 5 -75.8 75.8 27,985,396 66.0% 12,852,894 0 12,852,894
Dominien No, 9 full 0.0 0 100.0% 0 0 i
Dominion No. 10 full 0.0 0 79.9% 25,168,710 5,033,742 20,134,968
Dominion No. 2( fuil 0.0 0 100.0% 0 0 0
Dominion No. 24 90 0.0 0 99.8% 1,979,129 98,956 1,880,173
Dominion No. 26 full 0.0 0 100.0% 0 0 0
Lingan -198 198.0 662,713 99.0% 540,007 ¢ 540,007
Phalen -557 557.0 1,745,655 99.3% 180,403 0 180,403
Total (fts) 42,433,813 42,706,100 5,132,698 37,573,402
Total (m°) 1,201,793 1,209,504 145,366 1,064,138

3.1.2 Water Level Responses

Annual water level hydrographs for the No. 1B Hydraulic System data logger records for the No.
1B Shaft are presented in Appendix A (Figures A2 through A10). Figure A1l illustrates the

relative water levels for the Lingan, Phalen and No. 1B System from November 1992 to present.

The annual hydrographs generally show a relatively rapid rate of water level rise in the spring
and late fall and a general decrease in water levels over the summer period (June through
October). The rate of water level rise in the No. 1B System is related to precipitation, outfall to

other mines and uneven filling rates within the workings, which are constantly changing in area
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as the water level rises. For example, a relatively quick rise would be expected where limited

lateral workings or predominantly haulage water are present, as opposed to elevations with large

areas of interconnected workings.

Figure Al in Appendix A illustrates the flooding history in the No. 1B Shaft between February

1984 and present. The No. 26 Colliery closed in 1984, No. 1B pumps were stopped November

1985 and the No. 4 pumps stopped in September 1986. The numbers indicate significant events

occurring during the period of monitoring and are summarized below:

10.

11

12.

13.

14.

15.

16.

. No. 1B losing water to No. 2 prior to February 1986

No. 1B and No. 2 mines reach equilibrium (about November 7, 1986)

No. 1B level reaches No. 5 deep barrier spill point to inside region of No. 1B (elev. -580 ft)
Inside region of No. 1B reaches equilibrium with rest of No. 1B by September 19, 1988
Water level reaches No. 26 seals mid-December 1988; began to spill to No. 26 Colliery

45 ft water level decline October 1989 to March 1990 (unknown cause; possible void filling)
No. 1B and No. 26 reach equilibrium at -554 ft level mid March 1991

First break between No. 26 and Lingan 2E November 29, 1992 (2,000 USgpm outfall to
Lingan)

Second break between No. 26 and Lingan February 17 to 25, 1994 (7,000 USgpm outfall to
Lingan)

Lingan and No. 1B water levels approach hydraulic pressure equilibrium at break elevations
Seasonal declines in summer due to continuing outfall to Lingan (and/or Phalen)

Water level reaches top of Dominion No. 26 (-340 ft)

Water level reaches top of Dominion No. 20 (-290 ft)

Water level reaches top of Dominion No. 9 (-200 ft)

Recovery trend over past three years due to reduction in outfall to Lingan-Phalen

Major spring recharge events control annual rate of water level rise
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17. Spring recharge 2002

18. Beginning of fall recharge 2002

Figure A1l (Appendix A) illustrates the relative water levels in the Lingan, Phalen and No. 1B
System between 1992 and 2002. By the end of 1997, the Lingan and No. 1B mines were near
hydraulic equilibrium and rates of water level rise were similar thereafter, suggesting that the
majority of inflow originated from the No. 1B System. The Lingan water level was at -198 ft

(October 30, 2002) and was rising in the main haulage ways at an average rate of 0.35 ft per day.

The water level in the Phalen mine recovered quickly over the past two years and correlates with
the estimated average pumping rate of about 1,000 USgpm prior to the closure of the Phalen

mine. The water levels in the Phalen mine are currently at -557 ft elevation and are rising in the

main haulage ways at an average rate of 1.6 ft per day.

3.1.3 Estimated Inflow Rates

The historical water make of the No. 1B Hydraulic System and other mines in the Cape Breton
Coalfield, determined from historical records summarized in Frost (1964) and JWEL (1993}, are
shown on Table 3.2. Additional details are shown on Table A.2 in Appendix A. Historical
records suggest a maximum recharge potential of up to 3,400 USgpm if all workings were still in
operation, with the greatest potential for recharge to occur in the vicinity of the No. 10 (50%),
No. 9 (26%) and combined No. 1A and No. 5 (16%) Collieries. With the exception of the No. 9,
which was entirely sub-sea, the higher contributor comes from above-sea workings. It is noted,
that there was no inflow data for the No. 5 Colliery, which is suspected to be a major contributor
to current inflows. Other possible connected contributors could include the No. 4, which
provided a 940 gpm inflow rate. If collieries Nos. 3, 4, 6 and 11 were contributing the No. 1B
Hydraulic System, total operational inflows could be as great as 5,000 USgpm when all mines

were 1n operation or non-flooded.
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No. 1A Phalen 15 615 550 acid
No. 1B Phalen -615 -2,350 50 acid -
No. 2 Phalen -525 -2,010 12 acid 2.28
No, 5 Phalen 115 -550 ? ? -
No. 9 Harbor -200 -700 900 acid 2.5
No. 10 Emery 125 -460 1,750 acid 3.1
No. 20 Harbor -293 -1,400 135 acid -
No. 24 Emery 5 -800 ? ? -
No. 26 Harbor -340 -2,700 15 alkaline 6.02
Lingan Harbor 87 -2,680 <50 alkaline 5.5
Phalen Phalen 90 -3,000 <50 alkaline 6.3
Total No. 1B System 3412
Other Mines Possibly in Hydraulic Connection:
No.3 Phalen 30 -530 ? alkaline 6.0
No. 4 Phalen 45 -2,010 940 acid 2.1
No. 6 l;garlgg: 27 -1,300 248 acid 229
No. 11 Emery 20 -950 420 acid 3.3
Total Ne. 1B System With Other Interconnections: 5,020

Figures A12 through A21 (Appendix A) illustrate the combined (Figure A12) and annual
(Figures A13 to A21) recharge hydrographs for the No. 1B Hydraulic System based on the
observed water levels and known void volumes per foot of water level rise. All values are

presented as seven day running mean USgpm,

Several approaches were taken to estimate a reasonable average annual recharge rate to the No.
1B Hydraulic System. In selecting appropriate recharge rates for a given year, consideration was
given to degree of outfall to the underlying Lingan Colliery, seasonal considerations and missing
data. Calculations of annual recharge involved estimation of apparent recharge rates over

periods with missing data.

Table 3.3 summarizes the range and mean apparent annual recharge rates for the No. IB
Hydraulic System based on seven day running means. Missing data in the record is compensated
for by adding the average daily recharge rate (USgpm per foot of mine volume rise) for each

missing day.
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TABLE 3.3: MEAN ANNUAL APPARENT DAILY RECHARGE RATES FOR NO. 1B HYDRAULIC
SYSTEM

Year Minimum Maximum Annual Mean Summer Mean
(USM) (USng) (US_ﬂam) (USEP"‘)
2002 -110 5,039 847 654
2001 -331 5,386 342 -149
2000 -281 3,988 1,217 -
1999 -1,266 10,381 1,580 ~611
1998 -1,665 2,361 174 -1,061
1997 -1,459 5,496 592 -143
1996 -651 6,836 1,545 551
1995 -1,375 4.342 834 151
1994 -14,032 5,876 2,471 -2,885
1993 2,451 5,876 n/a -
1995-2001 -14,032 10,381 891 -

Note: Minima and Maxima are absolute daily values; annual and summer mean values corrected for missing data

Based on the annual inflow rate hydrographs presented in Appendix A and Table A.3, the 10
year long term average annual recharge rate at the No. 1B System appears to be approximately
890 USgpm, ranging from a maximum inflow of up to 10,381 USgpm during and shortly after
peak storm events, to a maximum outfall of -14,032 USgpm during the Lingan Break (Appendix
A). This is consistent with the 834 USgpm flow rate for 1995, which is selected as a
representative mean year. This long-term value may be low because of the large volumes of
water lost to the Lingan and Phalen Collieries since the first Lingan break in November 1992.

Outflows to Lingan and Phalen are negligible over the past year (< 100 USgpm).

Since water level response and rates of recharge are strongly related to seasonal precipitation and

runoff distribution, three mean annual recharge rates are considered for further assessment:

« Dry Year (1995): 370 to 439 USgpm
« Average Year: 812 USgpm
. Wet Year (1996): 1,545 USgpm

In consideration that no data was available for the summer period, August through October in
2001, and assuming that outfall in the order of -350 USgpm occurred over the period, actual dry

year annual recharge may be as low as 370 USgpm.
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3.1.4 Seasonal Relationships

The water level and recharge rates are controlled by seasonal variation in precipitation with
declining degree of loss to Lingan-Phalen Collieries over the past two to seven years (Figure
A22 (Appendix A) and Figure 3.1). While individual annual hydrographs (Figures A13 to A21)
typically exhibit a bimodal hydrograph coincident with Nova Scotia stream and groundwater
hydrographs and climate normals, the composite hydrograph shown on Figure A22 shows that
the majority of mine recharge occurs between November and April. The 1996 year is anomalous
due to the intense rainfalls associated with Hurricane Hortense in September 1996. Water level
declines are observed during the summer due to net loss of water to the Lingan and Phalen
Collieries and to redistribution throughout other areas of the No. 1B complex. The spring
recharge events tend to be larger than the fall events, likely due to the time lag required for the
hydrogeological system to become saturated after a long period of drought. In the past two years,
the rate of discharge has diminished from a maximum of over 2,800 USgpm in 1994 as Lingan

filled, to less than 200 USgpm in 2001 and 2002,

Figure 3.1 Distribution of Mine Recharge Using Monthly Means No. 1B System

Mean Monthly Recharge (USgpm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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3.2  Lingan and Phalen Collieries

An evaluation of the water level rise and apparent recharge rates to the Lingan and Phalen
Collieries was completed to provide further insight into the possible inter-relationships between
the two mines, especially in earlier years when the No. 1B System was contributing water to the
flooding Lingan Colliery. A more detailed explanation of interconnection mechanisms was
presented in JWEL (1997). The relative water levels for the three collieries are shown on Figure
A1l (Appendix A). Figures A24 to A34 (Appeﬂdix A) and Figures A35 to A38 (Appendix A}

illustrate the estimated mine water recharge rates for the Lingan mine and the Phalen mine,

respectively.

As shown in Figures A24 to A34, the rate of recharge to Lingan has declined from over 2,000
USgpm in 1992 and 1993 to less than 10 USgpm over 10 years. The Lingan water levels also
appear to respond to major precipitation events, possibly a pressure response from the overlying

No. 1B System, with rates of apparent inflow reaching 100 USgpm in spring and fall.

Apparent recharge to the Phalen mine was very rapid (up to 7,000 USgpm) in September and
October of 2000 after pumping was terminated, declining rapidly to a steady recharge rate of
about 1,000 to 1,200 USgpm which is consistent with final mine pumping rates prior to closure,
with fluctuations of 200 to 400 USgpm until about mid June 2002, when the water level filled the

main workings and reached the haulage ways. Current flooding rate is in the order of 35

USgpm.

3.3  Effect of MacKay’s Corner Remediation

The MacKay’s Corner wetland was partially remediated in late 1996 after a major inflow of
water mto the No. 1B System. After repeated sinkhole formation in this area, further
remediation continued until August 2001 by placing a layer of low permeability glacial till over
the subsided areas. A comparison of the rate of water level rise in the spring of 2000 and 2001
with the spring of 2002 indicates negligible change that cannot be accounted for by seasonal
effects. For example, the 48 ft of water level rise in 2001 (a dry year) was very similar to the 53

ft of rise in 2002 (also after a dry period).
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3.4 Predicted Fill Times

Tables 3.4 and A.4 in Appendix A summarize the estimated time lines for mine water levels to
reach mean sea level for a dry, average and wet year, respectively. Fill predictions are made for
Lingan and Phalen assuming the average of the last year of recharge of 10 USgpm and 45

Usgpm, respectively.

TABLE 3.4: SUMMARY OF PREDICTED MINE FILLING DATES

Dry Year April 2004 - - - -
Average Year . July2003 12.5 November 2003 6.6 April 2003
Wet Year . March 2003 - - - -

3.4.1 No. 1B Hydraulic System

Water levels in the No. 1B System (No. 1A and No. 5 Collieries) are predicted to reach sea level
within 4.4 to 18.5 months for a wet or dry year, respectively (mean 8.2 months for an average
year of rainfall). Assuming the trends observed over the past few months continue, outfall could
occur by June 2003, a wet fall could result in outfall by spring 2003. Each 5 ft increment above
sea level represents an additional time delay or storage of 1 month (wet year) to 4.5 months (dry
year), mean 2 months is estimated. Allowing the mine to flood to +30 ft is, therefore, not
considered to be viable due to numerous possible outfalls near or slightly above sea level,

including the No. 1A outfall at about +5 ft elevation.

In consideration of the recharge distribution (e.g., Figure A23), about 75% of this recharge is
expected to occur over the winter and spring of 2002 - 2003. Therefore, the mine could be full or

approaching sea level (+ 20 ft) by the end of the 2003 spring recharge event.
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3.4.2 Lingan Mine

Based on the current water level of -200 ft (October 2002), an assumed volume of 662,713 f°
remaining fo sea level and a calculated recharge rate of 9 USgpm, the Lingan mine should be
filled to sea level within about one year. Time to fill to the expected static water level at 20 ft
above sea level could add approximately 30 months. Since water levels are rising in the main
haulage ways, the Lingan can be assumed to be essentially flooded now. No outfall from the

Lingan is anticipated.

3.4.3 Phalen Mine

Based on the current water level of -557 ft (October 30, 2002), an assumed volume of
1,745,655f remaining to sea level and a calculated recharge rate of 45 USgpm, the Phalen mine
should be filled to sea level within about 6.6 months. Negligible additional storage is present
above sea level and about 3.8 years would be required to fill the remaining voids to +40 ft. Since
water levels are rising in the main haulage ways, the Phalen can be assumed to be essentially

flooded now. No outfall from the Phalen is anticipated.

3.44 Summary

In summary, apparent recharge predictions suggest that the three remaining flooding collieries
could be filled to sea level in less than 1.2 years (December 2003). In the event of a wet year,
recharge could be complete by the spring of 2003. If dry conditions continue, filling could be
delayed to late 2003 or early 2004. Allowing the workings to flood above sea level is not
expected to increase these projections by more than a few months. The main uncertainty is the
potential for recharge rates to continue fo decline as the mines fill, thereby extending the

discharge time by several months or years. Continuing monitoring of water level rise is needed

to detect this trend.
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4.0 WATER BALANCE DEVELOPMENT

4.1 Background and Approach

Section 3.0 defined “how much” water was getting into the 1B System, as well as “when ™ and

“how fast”, based upon analysis of mine water levels.

This section summarizes a water balance investigation designed not only to determine “how”
and “where” the water identified in Section 3.0 is infiltrating into the workings, but also to
define “how much”. Support documentation for this section is provided in Appendix B and Map
4 (included in the pouch at the conclusion of this reporf). A summary of the approach and

findings is provided below.
4.2 Conceptual Flow Model - “How is the Water Moving?”

Climatic and geological conditions within the Sydney Coalfield have created conditions which
maximize infiltration and, therefore, inflow to the mine workings. High rainfall from low
intensity storms creates a large water surplus that recharges groundwater during at least two

periods every year (fall and spring) and possibly a third during mild winters.

This recharge maximizes the extent of saturation of the geological materials providing high
water tables to drive the flow system. Stream drainage densities are low, with high width/depth
ratio channels, thereby enhancing recharge and providing direct drainage control for only

interflow and shallow water table saturated groundwater flow — the remainder is available for

deeper recharge.

Urban landuse within the study area should generally act to minimize recharge. Historical
mining activities near the outcrop of the Phalen Coal Seam creates subsidence and increased
permeability, further enhancing recharge directly into the mines. This is exacerbated by one of

the longest on-land extent of cropline in the study area, some 9.4 km (5.7 miles} long.
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4.3 Watershed Areas — “Where is the Water Getting In?”

By understanding the flow systems (Section 4.2), it was then possible to delineate watershed
areas contributing flow by these processes to the mine workings. This included not only natural
“watersheds” (drainage controlled by ground surface topography), but also “Minesheds”
(drainage controlled by extent of mine workings) and “Sewersheds” (drainage controlled by

storm/sanitary sewers). The aerial extent of these “sheds” as they relate to the Phalen Coal Seam

are delineated on Map 4.

These “sheds” were further subdivided into drainage types that corresponded with different flow
systems defined in Section 4.2, including: Sinkholes and their Drainage Area, Bootleg Workings,
Watersheds for Bootleg Workings, Groundwater Flow Field, Ground-Surface Water Interaction,

Sewersheds and Minesheds.

These seven drainage types were combined into three Watershed Scenarios for determining

contribution to the No. 1B Mine Hydraulic System, namely:

Scenario A — No. 5 Colliery Mineshed, with a watershed area of 87 hectares (214 acres) along
3.6 km (2.3 miles) of cropline.

Scenario B — Scenario A plus No. 1A Outfall extension, with a watershed area of 109 hectares
(286 acres) along 4.5 km (2.8 miles) of cropline.

Scenario C — Scenario B plus No. 3 and 4 Colliery Minesheds, with a watershed area of 269
hectares (664 acres) along 8.0 km (5.0 miles) of cropline.

Three major streams cross the watershed areas allowing potential for additional inflow.
Groundwater-stream interaction where Cadegan Brook crosses the bootleg workings at
MacKay’s Corner (Map 2) is of paramount importance since it is positioned over the No. 5
Colliery Mineshed, which is in direct link to the No. 1B System. In addition, the reach is
relatively long, occurs within a large wetland with a lake and includes two dense areas of
sinkholes. Finally, of the three crossings, it is positioned at the highest topographic elevation (30
m) and is known to have a higher hydraulic head in the surface water system than in the

underlying unsaturated mine workings; thereby creating a downward driving head and confirmed
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influent conditions. Three localized sinkholes have already been infiled by CBDC where
surface water within the wetland was noted flowing directly into the mine workings. This is
augmented by direct discharge into the workings from the MacKay’s Corner Sewershed through
the lift station, If fully inundated, the overflow pipe could, theoretically, discharge some 1,700

USgpm into the No. 5 Colliery.

4.4  Contribution from Contributing Areas — “How Much?”

Having defined “how” the water could infiltrate into the mines (Section 4.2) and “where”

(Section 4.3), the next step was to quantify the flows using a water balance approach.

The simplified water balance equation for a watershed of known size without man-made

diversions to investigate groundwater inflow is:

Rgw =P — (ET + Rsw £ S)

Where:

Rgw = groundwater runoff
P = precipitation

ET  =evapotranspiration
Rsw = surface water runoff
S = change in storage

The last decade has shown an overall decline in total annual precipitation (Baechler, 1999). To
best reflect existing conditions, the last 10 years was assessed for high, low and normal
precipitation years. The selection was also based on having adequate No. 1B System hydrograph
records to allow for calibration of the analysis. This resulted in the year 1995 taken as a normal
year (54.27 inches of precipitation), 1996 as the wet year (69.01 inches) and 2001 as the dry year
(46.09 inches).

The lack of reliable information on evapotranspiration loss was resolved by undertaking a
baseflow recession analysis of the McAskill Brook streamflow data to determine the
groundwater runoff component of streamflow. The streamflow hydrographs, developed from

mean daily flow data for the three selected years, are provided in Figures B.2 to B.4 at the end of
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Appendix B. A modified Kunkle (1962) method of baseflow analysis was undertaken on each
annual hydrograph to develop minimum and maximum groundwater flow components, as

outlined in Figures B.2 to B.7 (Appendix B).

Given consideration to the conceptual flow model and watershed areas, the following recharge

values were utilized to quantify groundwater inflow to the mines.

Sinkholes and their drainage areas (all precipitation)
Bootleg workings (maximum groundwater inflow)

Bootleg working drainage area (minimum groundwater inflow)

OnNw @

Inflow leakage from the Groundwater Flow Field (GW-FF) was calculated using the
equation: Q=KIA

The maximum groundwater flow component resulted in 28.9 to 29.4 inches of annual
groundwater recharge over the three years. The minimum groundwater flow ranged from 14.5 to
15.5 inches. This is far in excess of values used within the Sydney Coalfield in the past of 152
mm (6 in.) (Brown, 1967) and in numerical computer models of 380 mm (15 in.) (JDAC, 2001).

This further supports the maximizing of mine water inflow by the climatic and geological

setting.

In summary, the model predicts average annual inflow rates to range between 450 (dry year) and
1070 (wet year) USgpm, with an average of approximately 1000 USgpm. The resulting
calculations are summarized in tabular format on Map 4 and re-defined in terms of USgpm and

percentage of total in Table 4-1.
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TABEL 4-1: SUMMARY OF AVERAGE ANNUAL INFLOW RATES FROM VARIOUS
SOURCES

T tal[nﬂow

iDRY 2001

Scenario A 83 (22%) 175 (46%) 47 (13%) 71 (19%) 376 (100%)
Scenario B 146 (32%) 175 (38%) 67 (15%) 71 (15%) 459 (100%)
Scenario C 231 (25%) 317 (34%) 266 (28%) 121 (13%) 936 (300%)
INORMAL 1995

Scenario A 08 (25%) 176 (44 %) 50 (13%) 71 (18%) 395 (100%)
Scenario B 172 (35%) 176 (35%) 72 (15%) 71 (15%) 490 (100%)
Scenario C 272 (28%) 320 (32%) 283 (28%) 121 (12%) 997 (100%)
'WET 1996

Scenario A 124 (29%) 177 (42%) 50 (12%) 71 (17%) 422 (100%)
Scenario B 218 (41%) 177 (33%) 71 (13%) 71 (13%) 538 (100%)
Scenario C 346 (32%) 322 (30%) 281 (26%) 121 (12%) 1072 (100%)

Note: Values are in USgpm (% of total for specified scenario)
In summary, the information indicates:

DRY YEAR (2001): In a dry year, the average annual flows theoretically range from 376 to 936
USgpm, depending upon which Watershed Scenario is selected. When compared with the
average annual inflow from the mine water hydrograph analysis of 342 (corrected) to 472
(uncorrected) USgpm, the closest approximation is Scepario B (459 USgpm).  This
underestimates inflow at 85% of calibrated value. Given consideration of the errors involved in
deriving the water balance and calibration values, this suggests that when rainfall isn’t high,
direct inflow through the No. 5 Colliery, including the No. 1A Outfall extension (Scenario B),
dominates. Most of the water enters through the bootleg workings (38%) followed by the
sinkholes (31%).

NORMAL YEAR (1995): In a normal year, the average annual flows theoretically range from
395 to 997 USgpm. When compared with the mine water hydrograph analysis of 834 USgpm,

the most representative value is Scenario C of 997 USgpm. This overestimates inflow at 120%
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of calibrated value. This suggests that as conditions become wetter the No. 3 and No.4 Colliery
Minesheds become hydraulically active and direct inflow to the No. 1B System. Most of the
water continues to enter through the bootleg workings (32%), followed by the drainage area to

the bootleg workings (28%) and the sinkholes (27%).

WET YEAR (1996): In a wet year, the average annual flows theoretically range from 422 to
1072 USgpm. When calibrated against the hydrograph analysis of 1545 USgpm, the most
representative value is again Scenario C of 1072 USgpm. This underestimates inflow at 67% of
calibrated value. This confirms what was noted above, that as conditions become wetter the No.
3 and 4 Colliery Mineshed become more important in directing flow into the workings. Since
the percent error of calibration is larger and becomes an underestimation compared to a normal

year, it also suggests that other factor(s) also become active as conditions become wetter,

including, but not limited to:

e Enhanced leakage from storm/sanitary sewers (i.e., MacKay’s Corner Lift Station); and

e Enhanced leakage from streamflow crossing the bootleg workings, combined with
expansion of the sinkhole and bootleg working watershed areas due to extension of storm
saturated overland flow, particularly in the MacKay's Corner wetland area. Most of the
inflow now appears to originate from the sinkholes (32%), followed by the bootleg
workings and their drainage area at 30% and 26%, respectively. This increased
importance of the sinkhole system further supports the above contention.

Additional investigations into No. 3 Colliery since October 31, 2002, suggest there is no strong
direct hydraulic link between No. 3 and No. 5 Collierics. However, indirect hydraulic
connection through low permeable collapsed zones is still possible. These would be expected to

provide enhanced leakage during periods of higher head in No. 3 Colliery.

On a maximum one-day duration peak storm event, inflow rates are expected to range from
2,000 to 2,500 USgpm for the Scenario A Watershed, 3,100 to 3,900 USgpm for Scenario B and
5,400 to 6,400 USgpm for Scenario C. The close resemblance of flows between all three years
for each Watershed Scenario suggests that regardless of the annual climatic conditions there will
be at least one such event of this magnitude. Regardless of year, or Watershed Scenario, most of

the inflow occurs from the sinkholes and their drainage area, ranging from 47 to 89%, with
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higher values associated with wetter conditions. There is, therefore, a high probability that a

“large” portion of peak storm inflow is from the MacKay’s Corner wetland area.

The water balance model provides mine water inflow rates approximately similar to that
provided by the mine hydrograph model at both average annual and maximum peak daily
inflows. Therefore, the water balance model appears to provide an acceptable description of
“how” and “where” water is entering the mine workings. The degree of error between the two
models increases as wetter and wetter conditions prevail, with the former providing
underestimates. This discrepancy is believed due to other processes becoming more dominant,

such as sewer inflows and storm saturated overland flow within the MacKay’s Corner wetland.

Final Report
Water Balance Assessment, CBDC, No. 1B Hydraulic System, Glace Bay, Reserve and Dominion, Cape Breton, NS.



42

5.0 CONCLUSIONS

The terms of reference for the Water Balance Assessment fundamentally involved answering, to

the best extent possible, a series of questions posed by the Hydrogeological Working Group.

These questions, and the associated answers, form the basis of the following report conclusions

and any data gaps or suggestions for on-going work are outlined in the following

Recommendations (Section 6.0).

(@

(®)

(2)

(®)

Can the rate of mine water rise in the 1B System be slowed by controlling
input?

Can the rate of mine water rise in the 1B System be slowed through diversion to
available storage?

Yes, based on the information available, it appears that the rate of mine water ingress
can be slowed by mitigating input through subsidence areas and direct sewage
discharge (i.e., MacKay’s Corner). The elimination of this input, estimated at up to
6,000 USgpm, would extend the flooding to sea level time frame to between
approximately 21 and 33 months from the current estimate of three to six months. It
is noted that although this solution would significantly reduce the rate of inflow, it
would not eliminate the eventual flooding and overflow of the system and, therefore,
treatment may be required. It is further noted that the cost of eliminating the
subsidence areas via infilling is significant (estimated at between 2.5 and 3 million
dollars) and there are numerous timing and logistical problems associated with this
potential undertaking, including the fact that many of these areas are located on
private property. In addition, the cost associated with the redirection of the
MacKay’s Corner overflow is again not a simple or inexpensive proposition
(estimated at between 1.5 and 2 million dollars) and extensive discussions with the
CBRM and the NSDEL will have to occur prior to rerouting this flow,

No, it appears from the available data that there is no available storage in adjacent
hydraulic systems to temporarily divert water from the No. 1B Hydraulic System.
However, it may be possible to remove and directly discharge (to the marine
environment) water from the No. 8 Hydraulic System and, therefore, create storage
for water from the No. 1B System. Thereby, extend the flooding time line for an
additional estimated 12 to 16 months and not eliminate the eventual need for
treatment. This time frame is based on a total available empty storage volume in the
No. 8 Hydraulic System of 73,000,000 ft (546,040,000 US gallons) not taking into
consideration the variation in vertical storage volumes and assuming an average flow
rate from the No. 1B System of 800 USgpm. It is noted that the total removal of
water from the No. 8 Hydraulic System may raise subsidence concerns and, therefore,
this requires investigation prior to pursuing this option. In addition, there is also a
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concern that the pumping of water into the No. 8 System may re-dissolve the iron
precipitate (i.e., ochre) and create eventual additional treatment and/or discharge

problems.

What is the maximum flow rate that may enter the mine through the 12-inch overflow
pipe located in the MacKay’s Corner Sewage Lift Station?

Based on hydraulic principles of a 12-inch diameter pipe and a grade of 1%, it is
estimated that the sewage overflow at MacKay’s Comer could theoretically contribute
1700 USgpm when running at full volume. To date, no information is available that
would enable a calculation of how much water, as a peak flow or in total, is being
contributed to the No. 1B Hydraulic System from this source. This is due to the fact that
overflow conditions have not occurred during current monitoring efforts and that it is
probable that the significant flow occurs during spring runoff conditions, which have not
been monitored to date.

Can discharge be controlled by plugging existing/potential outfalls and allowing the
water to rise above sea level?

Yes, by allowing the No. 1B System to flood to sea level or above, the overall flow rate
at the point of discharge will be reduced based on a reduction of groundwater input via
infiltration and leakage due to reduced groundwater head differentials. Furthermore,
allowing the No. 1B System to rise {0 an elevation of +20 ft above sea level should not
affect basements or groundwater well supplies, as to the best information available, there
are no basements located below this elevation or any existing wells in the area to be
potentially affected. A 20 ft additional head would extend the outfall time at No. 1A by
8.5 months for an average water year, but only by about 1 month during a wet year.

When will the water level in No. 1B reach sea level?

Given the present level of information, it is estimated that the No. 1B Hydraulic System
will flood to sea level within 4 to 12 months (i.e., April to December 2003). The
variability of this estimate is due to a lack of predictive capability with respect to
precipitation over this period going forward and not on mine storage volume estimates,
which are believed to be relatively accurate. Planning should anticipate a spring 2003
discharge date.

What maintenance water level should be maintained in the No. 1B System?

The maintenance water level in the No. 1B Hydraulic System can be maintained at a
variety of different levels, depending upon the amount of water removed via pumping.
Alternatively, the mine water discharge can be controlled via a variable pumping rate and
maintaining a constant water level in the mine, which would, in all probability, provide a
more consistent flow and water quality. It is noted, however, that the pumping rate
would be extremely variable and is estimated to range from a minimum of a few
hundreds of USgpm, up to 6,500 USgpm, under spring flood conditions. Assuming
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maximum spring recharge event of 10 days at 6,500 USgpm, a freeboard of about 25 ft is
recommended.

What will be the pumping rate necessary to establish the above-noted maintenance
water level?

Based on the results obtained from the water ingress evaluation and conceptual water
balance study, it is estimated that a pumping rate of between 800 and 1,000 USgpm will
be required on a constant annual basis to eliminate natural discharge. This estimate could
be reduced by an estimated 20 to 25% as the mine pool hydrogelogical conditions
stabilize.

What is the seasonal variation in the expected flow rate at the outfall?

Without water elevation control via pumping, it is estimated that the seasonal variation in
the rate of expected flow from the outfall will range from a minimum of 400 to 600
USgpm to a maximum of 6,500 USgpm.

Where is the best location to pump (or extract) the mine water?

Based on the available information, the optimum location to extract mine water from the
No. 1B Hydraulic System is via a series of pumping wells into the No. 5 Colliery,
assuming that constant pumping and the maintenance of a stable water level is the chosen
long term option.

What will be the chemical, bacteriological and physical quality of the mine water and
will it require treatment prior to discharge?

This issue is to be addressed in greater detail in the “Water Quality Report” for the No.
1B Hydraulic System, which will be provided under separate cover.

If the No. 14 Outfall is plugged, determine where the next seeps or outfalls will occur?

If the No. 1A Outfall is plugged, it is estimated that the mine water in the No. LB
Hydraulic System will rise above sea level. Based on this supposition, water may
discharge via a water level drift from the No. 1B coal shaft to the coast at approximately
the 5 ft elevation. Based on the configuration of the No. 1A water level, mine water
levels are likely to rise fo between 8 and 13 fi before exiting via the No. 1A sea drain.
Discharge may also occur through known bootleg workings at the coast near the 1A
Qutfall (per. comm., Don Peckham, CBDC).
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RECOMMENDATIONS

Continue investigations into mine pool water quality to address the potential of the
discharge of untreated mine water from the No. 1B System into wetlands or the coastal

marine environment.

Continue monitoring the MacKay’s Corner Lift Station through to the summer of 2003 to
determine an estimate of the total and peak volumes of water being contributed from this

Source.

Install additional boreholes into mine hydraulic systems including No. 4 and No. 8 to
gain an understanding of the various mine pool water quality and/or elevations.

Initiate stream flow monitoring upstream and downstream of the three major stream
crossings, which transverse the designated No. 1B Hydraulic System inflow areas to
determine any potential losses of surface water to the mine system in these areas.
Monitoring should be conducted during both non-rainfall and storm flow conditions.
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A0 MINE WATER INGRESS EVALUATION

The Cape Breton Coalfield consists of 25 separate collieries organized into four Hydraulic
Interconnection Systems and eight individual collieries (JWEL, 1993). These collieries contain
17.5 billion US gallons of mine water with static water levels being between -75 ft (No. 1B

System) to +16 ft above sea level.

A.1 No. 1B Hydraulic System

Water levels in the No. 1A/1B System were prevented from flooding to equilibrium due to
exfiltration from the No. 1B and No. 26 Collieries into Lingan and Phalen mines over the past
two decades. Since the Lingan and Phalen mines were closed in February 1993 and July 2000
respectively; water levels in the No. 1B System, as measured in the No. 1B access shaft, have
been steadily rising towards sea level and as of October 30, 2002, were at approximately 75 ft

below sea level.

A.1.1 Description

The No. 1B Hydraulic System consists of several abandoned collieries: No. 1A, No. 1B, No. S,
No. 9, No. 10, No. 20, No. 24, No. 26 and the most recent collieries of the Lingan and Phalen
mines. Several other collieries (No. 3, 4, 6 and 11) are suspected to be indirectly interconnected
to the No. 1B System via subsidence fracturing, bootleg workings or pillar retrieval operations.
Table A.1 summarizes the collieries in the No. 1B Hydraulic System, as well as collieries in
other Hydraulic Systems and their respective flooded and non-flooded volumes. Figure 2.6 in
the text JWEL, 1993) illustrates the assumed hydraulic interconnections between the collieries.



TABLE A.1: SUMMARY OF MINE Fi.OODING VOLUMES - CAPE BRETON COALFIELDS

fi !

A-2

E%ZJ 3/
}‘:%Q'L{ 00 i A 280 4(}'{:‘% /‘L A
% L7920 761 Vit
Mine Seam Status |Static Total Flooded Remaining to Sea Level Total Volume| Flooded Non-Flooded
{Oct. 30/02)Water| Void Volume{ Volume [Elevation Volume % Above Above Above
Level (ft3) {Oct. 2002) {ft) (% _ Flooded Sea Level Sea Levael Sea Level
(£t) {ft%) to MSL () (i’ ()
iNo. 1B Hydraulic System
Dominion 1A/1B Phalen | Flooding |-75.8| 511,583,800 | 487,538,803 | 758 12,040,049 97.6% 1,984,957 0 1,984,957
Dominion No, 2 Phalen | Full {bsh) - 315,604,078 | 315,604,078 0.0 G 100.0% 0 0 0
Dominion No. 5 Phalen | Flooding |-75.8| 120,224,831 | 79,386,541 758 27,985,396 73.9% 12,852,894 ¢ 12,852,894
Dominion No. 9 Harbour | Full {bsl} - 175,901,691 | 175,801,691 0.0 i T 100.0% 0 ¢ 0
Dorninion No. 10 Emery | Flooded 20 | 100,076,138 | 79,941,170 0.0 0 79.9% 25,168,710 5,033,742 20,134,968
Dominion No. 20 Harbour | Full (bsl} - 242,351,048 | 242,351,048 0.0 0 100.0% 0 0] 0
Dominion No. 24 Emery Full 5 90,842,094 | 89,062,821 0.0 0 100.0% 1,979,129 98,856 1,880,173
Dominion No. 26 Harbour | Fuli {bsh - 1112,360,110 | 112,360,110 0.0 0 100.0% 0 0 0
Lingan Harbour{ Flooding |-200 | 179,113,995 | 177,911,275 | 200.0 662,713 96.6% 540,007 0 540,007
Phalen Phalen | Flooding | -557 | 197,570,560 | 195,644 502 | 557.0 1,745,855 99.1% 180,403 0 180,403
Total (ft‘;) 2,045,709,254{1,965,702,039 42,433,813 42,706,100 5,132,698 37,573,402
Total (m™) 57,937,718 | 55,671,788 1,201,793 1,209,504 145,366 1,064,138
No. 4 Hydraulic System
Dominion No. 3 Phalen Full 16 | 48,811,543 | 48,148,146 0.0 0 98.6% 1,421,564 227,450 1,194,114
Dominion No. 4 Phalen Full 16 | 341,164,304 | 338,432,018 0.0 0 99.2% 4,239,756 678,361 3,561,395
Domirion No. 8 Phalen Full 15 | 109,544,349 | 108,785,650 0.0 0 99.3% 1,604,354 240,653 1,363,701
Total (ﬂ? 499,520,196 | 495,375,814 0 7,265,674 1,146,464 6,119,210
Total {(m”) 14,147,201 | 14,029,826 0 205,775 32,470 173,306
No. 8 Hydraulic System
Dominion No. 8 Harbour Fuil 5 85,143,016 { 73,709,244 0.0 0 86.6% 12,035,549 601,777 11,433,772
Sterling/Old Harbour Harbour Fuit 15 | 20,476,411 13,830,307 0.0 4] 67.5% 848,197 127,230 720,967
Total {ft) 105,619,427 | 87,539,552 0 12,883,746 729,007 12,154,739
Total (m®) 2,991,309 2,479,258 0 82.9% 364,388 20,647 344,244
iNo. 12/14 Hydraulic
System
Dominion No. 12 Harbour{ Flooding | -84 | 77,691,854 | 73,138,137 84.0 4,553,717 94.1% 0 0 0
Dominion No. 14 Phalen | Flooding { -84 | 77,973,883 & 74314,646 84.0 3,659,237 95.3% 0 ¢] 0
Total (ft") 155,665,737 | 147,452,782 8,212,955 0 ] 0
Total (m’) 4,408,700 4,176,096 232,604 94.7% 0 0 0
[Fotal Coalfields
Total (ﬁ? 2,806,514,614(2,696,070,187 50,646,768 62,855,520 7,008,170 55,847,350
Total (m”} 79,484,928 | 76,356,967 1,434,396 96.1% 1,780,168 198,482 1,581,685
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The No. 1B Hydraulic System as of October 30, 2002, contained 57.5 million m’ (15.3 billion
US gallons) of mine water. There is approximately 1.2 million m® (316.9 million US gallons) of
storage remaining to sea level in the No. 1A and No. 5 Collieries. Approximately 145,400 m’
(38.4 million US gallons) of mine is flooded above sea level to a maximum known elevation of
17 ft. An additional approximate 1 million m’ (264 million US gallons) of storage is available
above sea level in the No. 1B Hydraulic System. Table A.2 summarizes the mining history for

the No. 1B System (after Frost, 1964, 1977).

A.1.2 No. 1B Hydraulic System Flooding Status (October 2002)

As of the end of October 2002, the following summary of flooding status is presented. Table A.1
summarizes the current water levels and flooding status for the No. 1B mines and other collieries

within the Cape Breton Coalfield.

« Six collieries (Nos. 1A, No. 5, No. 12, No. 14, Lingan and Phalen) are not flooded to mean
sea level;

« 76.4 million m® of mine water (96.1% flooded) in Sydney Coalfield; (73% of this in 1B

System);

1.2 million m® remaining in No. 1B System to mean sea level (including Lingan and Phalen);

1 million m® potential storage remaining in No. 1B above mean sea level;

No. 1B system 96.1% flooded to elevation -75.8 ft;

Lingan Colliery flooded to -200 ft in main haulage ways (96.6% flooded);

Phalen Colliery flooded to -557 {t in main haulage ways (99.1% flooded); and

No. 5 Mine represents 66% of available 1B storage (73.9% flooded).

L ] L] L 2 L [ ] L ]

A.1.3 Historical Inflow Potential

The historical water make of the No. 1B Hydraulic System and other mines in the Cape Breton
Coalfield were determined from review of historical records summarized in Frost (1964) and

JWEL (1993). Table A.2 summarizes known information.

Based on the historical records and assuming that the majority of flows into the Lingan and
Phalen Collieries were from the older collieries, total inflow potential to the No. 1B mines would
be expected to be in the order of 3,400 USgpm if all workings were still in operation (Table A.2).
Based on historical inflow records, the greatest inflows would be expected to occur from the

vicinity of the No. 10 (50%), No. 9 (26%) and No. 1A and No. 5 (16%) Collieries. With the
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exception of the No. 9, which was entirely sub-sea, the higher contribution comes from above-
sea level workings. 1t is noted, that there was no inflow data for the No. 5 Colliery. Historical
records (Frost, 1964) sugpest that the No. 5 and No. TA flows were combined. Since the No. 1A
and the No, 5 were in operation at the same time between 1893 and 1927 and no reports of
pumping were given in Frost (1964) for No. 5 alone, it is possible that the reported 550 USgpm
flows from No, 1A may have in¢luded flows from both No, TA and from No. 5 Collieries.
During operation of No. B Collicry between 1924 and its” closure {about 1965), water collected
from collicrics No.1B and No. 5 was impounded in an abandoned portion of No. A, then
transferred via a 14" diameter cast iron pipeline to the No. 1B sump that was located 74 ft below

the lodgement (assumed to be 74 ft below bottom of No. 1B Shaft).

Other possible connected contributors could include the No. 4, which provided a 940 USgpm
inflow rate, If collieries Nos, 3, 4, 6 and 11 were contributing, total operational inflows could be
as great ag 5,000 USgpm. There 18 uncertainty on how much flow could occur from the Nos, 3,
4, 6 and 11 Collicries, as these are assumed to be isolated from the No. 13 System with scals.
However, 1t is noted that the No. 3 was construcied to recover the barrier pillar between the No.
4 and No. 5 Collicrics and assessment of long term water levels at the Quarry Point borchole

suggests possible movement of recharge water into other arcas of the mined complex.
A.1.4 Water Levels

Figure Al shows water {evel response over the time period 1986 through October 2002, Daily
precipitation is also shown. Note that all figures, which support Appendix A (i.c,, Al to A38),
are provided at the ¢nd of this appendix. Fipures A2 through A10 illustrate the water level trends
on an annual basis between 1994 and 2002 for the No. 1B System, Detailed discussion of water

level trends prior to 1994 were discussed in JWEL, 1993 and 1997.



No. 1A Dominion Phalen 1895 . 13,202,419 550 acid -
No. IB Dominion Phalen 1924 1955 L -6151 -2,350 7.0 - 17,822,961 50 acid -
No.2 Gilace Bay Phalen 1899 1949 {-5251 -2,010 7.2 5,184 26,571,920 12 acid 228
No. 5 Reserve Mines Phalen 1872 1938 | 115 -550 7.7 1,312 12,868,468 7 ? -
No. 9 Glace Bay Harbour 1899 1924 | -200 -700 6.5 1,734 6,413,916 900 acid 2.5
No. 10 |Reserve Mines Emery 1905 1942 | 125 -460 267t0133ft 2432 6,726,390 1,750 acid 3.1
No. 20 Harbour 1939 1971 |-293 | -1,400 5.3 6,077 17,155,142 135 acid - 1
No. 24 Glace Bay Emery 1919 1953 5 -800 31"t 4 3,616 5,578,793 ? ? -
No. 26 Harbour 1943 1983 |-3401 -2,700 717t06 1,574 7,268,093 15 alkaline | 6.02 2
Lingan Harbour 1978 1993 87 -2,680 6.5 - 24,593,308 <50 alkaline 5.5
Phalen Phalen 1985 1999 | 90 -3,000 - - - <50 alkaline 6.3
Total No. 1B System 24,344 | 138,231,410 3,412
Qther Mines Possibly in Hydraulic Connection:
No. 3 Glace Bay Phalen 1900 1915 | 30 -530 7.5 493 3,976,690 7 alkaline 6.0 3
No. 4 Glace Bay Phalen 1866 1961 45 -2,010 6.6 6,189 28,627,961 940 acid 2.1 4
No. 6 Phalen/Harbour] 1904 1933 | 27 -1,300 6.5 1,792 4,288,312 248 acid 2.29 5
No. 11 Glace Bay Emery 1899 1949 | 20 950 35 1,920 7,543,358 420 acid 33 6
Total No. 1B System 34,738 | 182,667,731 5,020
Notes:
1. Ceonnected to No. 5, No. 2 and No. 4
2. Connected to No. 1B
3. Recover coal between No. 4 & No. 5 Collieries; attached to No. 11
4. Potential connection to No. 3, 6, 24
5. Connection to Old Clyde; potential connecting to No. 4
6. Potential connection to No. 10 & No. 4 via bootleg workings.
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The annual hydrographs generally show a relatively rapid rate in walter level rise in the spring
and late fall and a gencral decrease in water levels over the summer period (June through
October). The rate of water level rise in the No. 1B System is related to precipitation, ouifall to
other mines and uneven filling rates within the workings, which arc constantly changing in arca
as the water level rises. TFor example, a relatively quick rise would be expected where mited
tateral workings or predominantly haulage ways are present, as opposcd to clevations with larpe

areas of interconnected workings.

A.15 No. 1B Flooding History

Figure Al illustrates the water level rise in the No. 1B Shaft between February [984 and present.
The No. 26 Colliery closed in 1964, No. 1A pumps were stopped November 1985 and the No. 4
pumps stopped in September 1986, The numbers indicate significant events occurring during the

period of monitoring and are summarized below:
I. 1B losing water to No. 2 prior 1o February 1986
2. No. 1B and No. 2 mines reach equilibrium (about November 7, 1986}

3. No. 1B level reaches No. § deep barrier spill point to inside region of 1B (clevation -580
ft)

4. Inside region of No. 1B reaches equilibrium with rest of No. 1B by September 19, 1988
5. Water level reaches No. 26 seals mid-December 1988; begin to spill to No. 26 Colliery

6. 45 ft water level decling October 1989 to March 1990 (unknown causc; possible void
filling)

7. No. 1B and No. 26 reach equilibriom at -554 {t level mid March 1991

8. First break between No. 26 and Lingan 25 November 29, 1992 (2,000 USgpm outfall to
Lingan}

9. Second break between No. 26 and Lingan February 17 to 25, 1994 (7,000 USgpm outfali
to Lingan)

10. Lingan and No. 13 water levels approach hydraulic pressure equilibrium at break
¢levations
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11. Seasonal declines in surnmer due to continuing outfall to Lingan (and/or Phalen)
12. Water level reaches top of Dominion No. 26 (-340 ft)
13. Water level reaches top of Dominion No. 20 (-290 ft)
14. Water level reaches top of Dominion No. 9 (-200 ft)
15. Recovery trend over past three years due to reduction in outfall to Lingan-Phalen
16. Major spring recharge events control annual rate of water level rise
17. Spring recharge 2002

18. Beginning of fall recharge 2002

Figure A1l illustrates the relative water levels in the Lingan, Phalen and No. 1B System between
1992 and 2002, Water levels in the No. 1B Shaft were recovering slowly before the first break
into the Lingan mine through the No. 26 barrier pillar in November 1992. After the second
break through Lingan SE in February 1994, the Lingan mine was abandoned and allowed to
flood to equilibrium. When the Lingan water levels passed the elevation of the barrier breaks,
the rate of outfall from the No. 1B System began to slow. By the end of 1997, the Lingan and
No. 1B mines were near hydraulic equilibrinm and rates of water level rise were similar,

thereafter, confirming that the majority of inflow originated from the No. 1B System.

Based on the 2002 period of record, the Lingan water levels are currently at -200 ft and are rising

in the main haulage ways at an average rate of 0.35 ft per day.

The water level in the Phalen mine recovered quickly over the past two years and correlates with
the estimated average pumping rate of about 1,000 USgpm prior to the closure of the Phalen
mine. Based on the 2002 period of record, the water levels in the Phalen mine are currently at

-557 ft elevation and are rising in the main haulage ways at an average rate of 1.6 ft per day.
Since September, water levels have been rising at about 25 ft per day after the fall rains.
Because of the hydraulic head difference between the Lingan and Phalen Collieries (350 ft), and

the strong inflow from the No. 1B, it is anticipated that the rate of water level rise will increase
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as the spatial dimensions of the Phalen complex diminish with elevation and that the Phalen

Colliery will be filled to sea level within a year.
A.1.6 Estimated Inflow Rates

Several approaches have been taken to cstimate a reasonable average annual recharge rate to this
colliery, Secveral possible influences on observed recharge rates, shown in Table A3, had to be
addressed. The annual recharges are often biased by missing data that can increase or decrease
apparent recharge, depending on what data is missing. Also, the loss of water to the Lingan mine
from No. 1B System also decreases the apparent annual recharge rate. The time period sclected
for statistical analysis also affects the estimation, sincc the effect of the apparent recharge rate 1s

dependent on the degrec of exfiltration to Lingan and/or Phalen and seasonal precipitation.

Figures A12 through A21 illustrate the combined (Figure A12) and annual (Figures Al13 to A21)
recharge hydrographs for the No. 1B Hydraulic System based on the obscrved water levels and
known void volumes per foot of water level rise. All values are presented as seven day running

mean in USgpm,

Table A.3 summarizes the ranpge and mecan apparent recharge rates for the No. 1B Hydraulic
System, The annual maximum values are representative of peak inflows during winter, spring or
fall recharge events. The minimum values {(which are usually negative values) arce representative
of late summer outflow rates to the other mines (Lingan, Phalen, other parts of No. 1 B System,
ete. ),

Baged on the hydrographs, some observations are as follows:

«  The average for 2002 may be biased low since some spring recharge data was missing.

»  The 2001 summer data is missing and outfall rate may be higher than estimated.

»  The 2000 data is unreliable, as data from April through October was missing,

+  The 1999 data is reliable; all data is present.

« The 1998 data is biased, as no data is available from January through mid August.
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» The 1997 average may be slightly low as the fall recharge period was not available.

» The 1996 year is complete and provides a representative annual and summer flow rate for a
wet year.

« The 1995 year is complete and provides a representative annual and summer flow rate. The
annual and summer means are dominated by outflow to Lingan Colliery.

« The 1993-1994 data is dominated by outflow to Lingan Mine after November 1993.

TABLE A3. SUMMARY OF APPARENT ANNUAL RECHARGE RATES - NO. 1B HYDRAULIC SYSTEM
USgpm Usgpm Corrected
Year Dally Waekly Monthly Daily Weekly Monthly
2002 min =701 -110 -24 701 =110 24
max 7,510 5,039 3,368 7,510 5,039 3,868
mean 717 778 876 846 847 880
summer 656 654 698 656 654 698
2001 min -879 -331 -340 -379 -331 -340
max 7,032 5,386 3,223 7.032 5,386 3,223
mean 472 472 428 343 342 333
summer -155 -149 -201 -155 ~-149 -201
2000 min -2239 -281 202 -2239 -281 202
max 4996 3988 2148 4396 3988 2148
mean 1037 1036 1059 1219 1217 1208
summer - ~ - - - -
1999 min -6257 -1266 -936 -6257 -1266 -036
max 19242 10381 5630 19242 10381 8011
mean 974 961 049 1598 1580 1540
summer -728 -730 727 -599 -611 =518
1998 min -4130 -1655 -1242 -4130 -1655 -1242
max 8439 2361 4257 8439 2361 4257
mean -124 =135 434 180 174 321
summer -1067 -1078 -798 -1067 -1061 -798
1997 min -2099 -1626 -1684 -2099 -1459 -1380
max 6983 5496 2948 65983 5496 2948
mean 645 643 529 592 592 549
summer -410 -409 -579 -146 -143 -348
1996 min -1811 -651 -385 -1611 -651 -385
max 8530 6836 4381 8530 6836 4381
mean 1546 1545 1557 1546 1545 1557
summer 543 551 895 543 551 895
1985 min -4227 -1375 -§95 -4227 -1375 -895
max 7465 4342 3128 7465 4342 3128
mean 834 834 769 834 834 769
summer 151 161 «41 151 161 -41
1994 min -15048 -14032 -8954 -15048 -14032 -8954
max 6004 4236 2984 6004 4236 2984
mean -2473 -2471 -2420 -2473 -2471 -2420
summer -2887 -2885 -2587 -2887 -2885 -2587
1993 min -1377 -393 1467 -1377 -393 1467
max 6936 5876 2060 6936 5876 2060
mean 2386 2461 2247 2386 2461 2247
summer -
1995 to 2002 min -15048 -14032 -8954 -15048 -14032 -8954
max 19242 0381 5630 19242 10381 8011
mean 768 765 823 895 891 895
N 2608 2609 2608 3284 3286 3274

Note: Minima and Maxima are absolute daily values; annual and summer mean values cotrected for missing data
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Based on the annual inflow rate hydrographs presented in Table A.3, the 10 year long term
average annual recharge rate of the No. 1B System appears to be approximately 890 USgpm,
ranging from a maximum inflow of up to 10,381 USgpm, to a maximum outfall of -14,032
USgpm during the Lingan Break. This is consistent with the 834 USgpm flow rate for 1995,
which is selected as a representative mean year. This long-term value may be low because of the

large volumes of water lost to the Lingan and Phalen Collieries since the first Lingan break in

November 1992,

A maximum potential recharge rate can be estimated by adding the rate of apparent recharge in
the Lingan and Phalen mines over the past 10 years and 2 years, respectively, and assuming that
all of this water originated from the No. 1B Systemn. Historical records indicate that the Phalen
effluent pumping rate rose from 200 USgpm 1n 1993 to about 1,200 USgprh by late 1996 (JWEL,
1997) and was reported to remain at this level for the remainder of the life of the mine (S.
Forgeron, pers. comm.}, While much of this highly saline mine water originates from formation
sources, some of it (perhaps 50%) is suspected to have originated from overlying flooded
workings. Inflows to the Lingan Colliery declined from over 7,000 USgpm in 1992 to negligible
flows after 2001. The rates of outfall to the Lingan and Phalen Collieries declines over the years,

as water levels equilibrate between the mine pools and flows consequently decline as head

pressure declines.

Assuming all of the 1,200 USgpm pumping rate and fill rate at Phalen over the past few years
originates from the No. IB System and the average flow rate needed to recharge Lingan since
1992 averaged 250 USgpm, a mean annual maximum inflow rate in the order of 834 + 250 +
1200 = 2,284 USgpm is suggested. Since hydraulic head pressures have equilibrated over the
years as water levels rose in the Lingan and Phalen Collieries, it is expected that the actual

recharge rate should be considerably lower than this theoretical maximum value.

Taking the mean monthly recharge values and excluding the 1994 data, which was biased by
outfall to Lingan Colliery, a long term mean average recharge rate of 812 USgpm is indicated.
This correlates well with the estimated long-term mean of 834 USgpm (Table A3) and the mean

annual recharge rate for 1995, which is considered to be an average water year.
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A range of recharge scenarios is selected for further evaluation. A recharge of 370 to 439
USgpm’ is used for a wet year (1996), a recharge of 812 USgpm is used for an average year
based on several methods of estimation, and a maximum recharge rate of 1,545 USgpm is used
for a wet year (1996). In consideration that no data was available for the summer period August
through October in 2001 and assuming that outfall in the order of -350 USgpm occurred over the

period, actual dry year annual recharge may be as low as 370 USgpm.

A.1.7 Relationships To Precipitation Events

The water level and recharge rates are controlled by seasonal variation in precipitation with
declining degree of loss to Lingan-Phalen Collieries over past two to seven years. The majority
of recharge occurs in spring and late fall recharge (100% between November and April). The
summer water level decline and negative recharge rates are controlled by exfiltration into Lingan

and Phalen and possibly to other mine interconnections and No. 5 filling,

Figure A22 superimposes seven hydrographs between 1996 and 2001. Figure A23 shows the
monthly distribution of recharge between 1995 and 2002. It can be seen that most recharge
occurs in the spring and winter months, While individual annual hydrographs (Figures A13 to
A21) typically exhibit a bimodal hydrograph coincident with Nova Scotia stream and
groundwater hydrographs and climate normals, the composite hydrograph shown on Figure A22
shows that the majority of mine recharge occurs between November and April. The 1996 year is
anomalous due to the intense rainfalls associated with Hurricane Hortense in September 1996.
Spring recharge events tend to be larger than the fall events, likely due to the time lag required
for the hydrogeological system to become saturated after a long period of drought. The lowest
recharge potential occurs in the summer between June and October. July, August and September
generally exhibited a net loss of water to the Lingan and Phalen Collieries and to other areas of

the No. 1B complex.

A comparison of monthly mean data indicates that the rate of recharge in the fall (November and
December) has generally declined since 1997. The spring data does not exhibit much change,

although a smaller volume of recharge is indicated since 2000.

Additional recharge events can occur during open warm winters, such as in 1994, 1995, 1997,

1999, 2000 and 2001 (Figures A10, All, Al12, A14).
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While the mine water levels often begin to rise after a major storm event, there ks typically a
three week delay between the major storm event and peak inflow in the mine system (sec Figure

Al4 for 1596).

During the summer months, little or no recharge is occurring to the No. 113 System (Iligure Al7,
Appendix A) and net recharge rate is essentially negative, as water is lost to the Lingan and
Phalen System. [n the past two years, the rate of outfall has diminished from a maximum of over

2,800 USgpm in 1994 as Lingan filled, to less than 200 USgpm in 2001 and 2002,

A.L8 Hydraulic Relationship Between Lingan and Phalen Collieries

An attempt was made to estimate the outfall rates from the No, 1B System to the Lingan and/or
Phalen. The relative water levels for the three collieries arc shown on Figure ATl. Figures A24
to A34 and Figures A35 to A38 illustrate the estimated mine water recharge rates for the Lingan

mine and the Phalen mine, respectively.

It is assumed that most of the Lingan and Phalen water originated {from the No. 1B System
(specifically the No. 26 Colliery) then maximum outfalls were in the order of several hundred to
up to 7,000 USgpm (Lingan in February 1994). These outfalls occurred prior to the Lingan and

Phalen mines reaching hydraulic equilibrium with the No. 1.

A.1.8.1Lingan

The Lingan 1s now flooded to the -200 fi level within the haulage ways and is essentially full.
The rate of recharge to Lingan has declined from over 2,000 USgpm in 1992 and 1993 to less
than 50 USgpm over 10 years.  In summary, since the end of 1997, recharge rates to the Lingan
colliery have slowed to an average of 8 to 10 USgpm. The Lingan water levels also appear to
respond to major precipitation cvents. Apparent recharge increased from a summer flow rate of
10 USgpm to about 100 USgpm after the spring and fall recharge events (Figures A28 and A26
for 2000 and 2001, respectively) before the water fevel reached the haulage ways (-300 {t
clevation). Since late 2001, seasonal fluctuations have been limited to about 10 o 20 USgpm

(Figurc A25).
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A.1.8.2 Phalen

The Phalen Colliery is flooded to the -557 ft level in the main haulage ways and is also nearly
full. The current recharge rate in the Phalen Colliery is estimated to be in the order of 45
USgpm, with some seasonal variation. Apparent recharge to the Phalen mine was very rapid (up
to 700 USgpm) in September and October of 2000, declining rapidly to a steady recharge rate of
about 1,000 to 1,200 USgpm, with fluctuations of 200 to 400 USgpm until about mid June 2002,
when the water level is interpreted to have filled the main workings and reached the haulage

ways. It should be noted that there is some uncertainty regarding actual mine volume and area

above the -850 ft elevation.
A.1.9 Effect of MacKay's Corner Remediation

The MacKay's Corner wetland was partially remediated in late 1996 after a major inflow of
water into the No. 1B System. After repeated sink hole formation in this area, further
remediation continued until August 2001 by placing a layer of low permeability glacial till over
the subsided areas. A comparison of the rate of water level rise in the spring of 2000 and 2001
with the spring of 2002 indicates negligible change that cannot be accounted for by seasonal
effect. The 48 ft of water level rise in 2001 was very similar to the 53 ft of rise in 2002. This
suggests negligible affect from the remediation. It is suspected that the un-remediated portion of

the site in the sewer overflow may be continuing to contribute to the recharge.

A2 Predicted Fill Times

A range of apparent mine recharge rates and the remaining estimated void volumes remaining to
sea level and above sea levels, were utilized to estimate probable fill times for the No. 1B
Hydraulic System for an average, dry and wet year. A similar approach was used to predict the

Lingan and Phalen recovery using the observed recovery rates over the past year.

Table A.4 summarizes the estimated time lines for mine water levels to reach mean sea level and

5 ft increments above sea level.



A-14

Predictions are made for an average year flow rate of 812 USgpm (1995), a dry year of 370
USgpm (2001) and a wet year of 1,545 USgpm (1996). These years were analyzed in detanl for
three potential mine recharge scenarios outlined n the Water Balance Assessment,  Fill
predictions are made for Lingan and Phalen assuming the average of the last year of recharge of

10 USgpm and 45 Usgpm, respectively.

No. 18 Hydraulic System

Water levels in the No. 1B System (No. 1A and No. 5 Collicries) are predicted to reach sca level
within 4.4 to 18.5 months for a wet or dry year, respectively (mean 8.2 months for an average

year of rainfall). Assuming an average trend will continue, outfall could occur in June 2003,

Fach 5 ft increment above sea level represents about 73 million US gallons of storage and an
additional time delay or storage of 1 month (wet year) to 4.5 months (dry year), mean iwo
months is estimated. Allowing the mine to flood to +30 fi 15, therefore, not considered to be
viable due to numerous possible outfalls near or slightly above sea level, including the No, TA

ouifall at about +5 ft elevation.

In consideration of the recharge distribution (e.g., Figure A23), about 75% of this recharge is
expected to occur over the winter and spring of 2002-2003. Therefore, the mine could be full by

the end of the spring recharge event,



TABLE A.4: PREDICTED FILL TIME FOR NQ. 1B, LINGAN AND PHALEN WORKINGS
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Colliery to Sea Level| to+51t to +10 ft to +15 ft to +20 ft to +25 fit to +30 ft to +35 ft to +40 fi
Volume (US [299,390,329| 372,424,007 | 445,457,685 | 518,491,363 { 591,525,041 | 664,558,719 737,592,397 { 810,626,075 | 883,659,753
A
No. 1A/No. 5 Rech:rglz: Rate Time to Fill in Months at Indicated Annual Recharge Rate
Dry Year (2001) 370 USgpm 18.5 23 27 32 36 41 45 50 54
Average Year (1995) 812 USgpm 8.4 10 13 15 17 19 21 23 25
Wet Year (1996) 1,545 USgpm 4.4 5 7 8 9 10 11 12 13
Volume (US § 4,957,093 | 8,064,210 | 11,171,327 | 14,278,444 | 17,385,561 § 20,492,678 | 23,599,795 | 26,706,912 | 29,814,029
Lingan Rechf.rgglg Rate Time to Fill in Months at Indicated Annual Recharge Rate
9 USgpm 1.0 1.7 2.4 3.0 3.7 43 5.0 5.6 6.3
Volume (US | 13,057,502 | 13,994,596 | 14,931,690 | 15,868,784 | 16,805,878 | 17,742,972 | 18,680,066 | 19,617,160 | 20,554,254
a
Phalen Rechagrglc)e Rate Time to Fill in Months at Indicated Annual Recharge Rate
45 USgpm 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.8 0.9
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Lingan Mine

I3ased on the current water level of =200 ft (October 2002), an assumed volume of 662,713 i}
remaming to sea level and a calculated recharge rate of 9 USgpm, the Lingan mine should be
filled to sea level within about one year. An additional seven to cight months can be achieved
for cach 5 ft increment above sea level, Since water levels are rising in the main haulage ways,
the Lingan can be assumed to be cssentially flooded now. No outfall from the Lingan iy

anticipated.
Phalen Mine

Based on the current water level of =557 {t (October 2002), an assumed volume of 1,745,655 ft’
remaining to sca level and a calculated recharge rate of 45 USgpm, the Phalen mine should be
filled to sea level within about 200 days (6.6 months). An additional two months can be
achieved for each 5 ft increment above sea level. Since water levels are rising in the main
haulage ways, the Phalen can be assumed to be essentially flooded now. No outfall from the

Phalen 1s anticipated.



Figure Al. No. 1B Hydraulic System Water Level Hydrograph (1984 to 2002)

Coalfield Water Levels - No1B Colliery (Man Shaft) Since 1986
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280 0
260 L .50
240 7 | oo
220 4 J -150
s =] &
18 250 8
g Y E
E 160 [ER| - -300
i III EJ 3
i 140 -350 g
2 120 . \/ -400 ;
5 L I3
100 } o 450 S
80} @) | e
m@m O / |
60 - 4 550
L ~,
x] A==y | BIRTTINE o
I 1 il | ]
2 it it i s Ml ] oo
Og A © @ o V o . @ ; o , ~ ' g : o - - o ; i -700
@ 3 S ] ) @ 3 3 2 2 2 2
(I A A T I T T T A T B B
Time in Years
Figure A2. No. 1B Hydraulic System Water Level Hydrograph (2002)
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Figure A3. No. 1B Hydraulic System Water Level Hydrograph (2001)

Coalfield Water Levels - No1B Colliery (Man Shaft) 2001
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Figure A4 No. 1B Hydraulic System Water Level Hydrograph (2000)

Coalfield Water Levels - No1B Colliery (Man Shaft) 2000
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Figure A5. No. 1B Hydraulic System Water Level Hydrograph (1999)

Coalfield Water Levels - No1B Colliery (Man Shaft) 1999
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Figure A6. No. 1B Hydraulic System Water Level Hydrograph (1998)
Coalfield Water Levels - No1B Colliery (Man Shaft) 1998
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Figure A8. No. 1B Hydraulic System Water Level Hydrograph (1996)

Time in Months




Figure A9. No. 1B Hydraulic System Water Level Hydrograph (1995)

No1B Colliery Water Level (1995)
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Figure A10. No. 1B Hydraulic System Water Level Hydrograph (1994)
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Figure A11. Water Levels for No. 1B, Lingan and Phalen Collieries (1992 to 2002)
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Figure A12. No. 1B Hydraulic System Annual Recharge Distribution (1994 to 2002)

No.1B System Recharge Rates (Oct. 1993 to Oct. 30,2002)
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Figure A13. No. 1B Hydraulic System Annual Recharge Distribution (2002)
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Figure A14. No. 1B Hydraulic System Annual Recharge Distribution (2001)

No. 1B Recharge Rates (2001)
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Figure A15. No. 1B Hydraulic System Annual Recharge Distribution (2000)
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Figure A16. No. 1B Hydraulic System Annual Recharge Distribution (1999)

No. 1B Recharge Rates (1999)
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Figure A17. No. 1B Hydraulic System Annual Recharge Distribution (1998)
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Figure A18. No. 1B Hydraulic System Annual Recharge Distribution (1997)

No. 1B Recharge Rates (1997)
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Figure A19. No. 1B Hydraulic System Annual Recharge Distribution (1996)
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Figure A20. No. 1B Hydraulic System Annual Recharge Distribution (1995)

No. 1B Recharge Rates (1995)
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Figure A21. No. 1B Hydraulic System Annual Recharge Distribution (1993-1994)
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Figure A22 Distribution of Peak Flow No. 1B System (1996 to 2001)

No. 1B Recharge Rates (Annual Plots)

f‘:‘
Fi
g + +
g .
: +
& §
g r 2
£ ' +
g F ol
2 + ) .
H + %
i s
ot —— ) Pl
- " ‘1 \
¢ i\ytb‘.'
Time in Months
[——"2002 2001 2000 1999 1998 1997 = = = 1996 |

Figure A23 Distribution of Mine Recharge Using Monthly Means. No. 1B System

-1000

e T T Ty Mo T YD SRS A A RN G T Y A - 2

Jan

Feb

mar

Apr

May

Jun

Aug

m Series1

2048

1056

845

613

176

-384

-886

-380




Figure A24 Lingan Annual Recharge Distribution (1992 to 2002)

Figure A25 Lingan Annual Recharge Distribution (2002)
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Figure A26 Lingan Annual Recharge Distribution (2001)
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Figure A28 Lingan Annual Recharge Distribution (1999)
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Figure A30 Lingan Annual Recharge Distribution (1997)
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Figure A31 Lingan Annual Recharge Distribution (1996)
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Figure A32 Lingan Annual Recharge Distribution (1995)
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Figure A34 Lingan Annual Recharge Distribution (1992-1993)
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Figure A35 Phelan Recharge Distribution (2000-2002)

Phalen Recharge Rates (June 2000 - Present)
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Figure A36 Phelan Annual Recharge Distribution (2002)

Phalen Recharge Rates (2002)

Mean Daily Flooding rate: 357 USgpm
BRET: Range: 13.1 to 929 USgpm 500
Summer rate: 40.5 USgpm

|;|. - 800
350 i - 700
z 70 L 600
5 | 500
3
a
5 ‘50 L 100
[
g 10 i
- 200
- 100
N
10 0
i) —t—ts - -100
g I g g S 8 g g = 8
= = = > = = =] i > o =3
5§ £ 2 ¥ & & * g3 & & 2 & &

Time in Years

7 Day Mean Recharge Rate (USgpm)




Figure A37 Phelan Annual Recharge Distribution (2001)
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Figure A39. No. 1B Hydraulic System Water Level 1984 to 2002
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APPENDIX B

WATER BALANCE DEVELOPMENT



B-1
B.0 WATER BALANCE DEVELOPMENT

B.1 Background and Approach

Section 3.0 and Appendix A defined “how much” water was getting into the 1B mine system, as

well as “when” and “how fast”, based upon analysis of the rise in water level within the mine

openings.

This section summarizes a water balance investigation designed to not only determine “how”
and “where” the water identified in Section 3.0 and Appendix A is infiltrating into the workings,

but also to define “how much”, or the relative contributions from different areas. The results of

this approach are summarized as follows:

“How" is outlined in Section 4.2 and Appendix B.2 through development of a conceptual model
of the hydrological cycle for the study area. This delineates ground and surface water flow

patterns and the associated controls.

“Where” is outlined in Section 4.3 and Appendix B.3 by delineating watershed areas

contributing water to the mines through the flow patterns defined above.

“How much” (Section 4.4 and Appendix B.4) combines Sections 4.2/Appendix B.2 and
4.3/Appendix B.3. Groundwater head level hydrograph data was not available within the time |
constraints for this study. Therefore, the analysis uses the McAskill Brook streamflow data to
quantify the flows from each watershed area. The resultant flows are calibrated against the mine

water ingress evaluation in Section 3.0 and Appendix A to determine the accuracy of this

approach.

The results of the water balance analysis are summarized in Map 4 (in pocket at the back of this

report). The reader is requested to have this map available while reviewing the following text.



B-2
B.2 Conceptual Flow Model - “How is the Water Moving?”

B.2.1 Model
Hydrological Setting

The Glace Bay study area lies within the Northeastern Appalachian Hydrogeological Province
(Meath, 1988). It is hydrologically positioned within the Lowland Hydrological Region,

specifically, the Homoclinal Flank District (Figure B.1) as defined by Baechler et al (2002).

The study area is principally characterized by gently undulating bedrock controlled topography
ranging from 0 to 75 metre (O to 200 {t). It terminates abruptly with 10 to 15 metre (30 to 45 ft)
high vertical wave cliffs along the Atlantic Ocean coastline, forming the northern perimeter of
the study area (Figure B.1). One notable topographic feature is a north-south trending broad
valley associated with Cadegan Brook, which transects the Glace Bay peninsula. Within the
upper reaches of this valley around MacKay's Corner, the valley floor takes the form of a 300 to
450 metre (1000 to 1500 1t) wide, 1600 metre (5300 fi) long depression, infilled with organic

deposits.

Rising sea levels of 0.3 metres (1 fi per 100 years) (Grant, 1994) has created a deeply indented
coastling of submergence. The heavy wave cliff erosion of 0.3 to 1.5 metres (1 to 5 ft} per year
is removing the geological units, minimizing the groundwater flow systems, raising the bage
level for streams and providing a notable long, lincar groundwater discharge point. By flooding
low-lying river valleys, it has created the two brackish estuaries that form the western
(Bridgeport Basin) and castern (Big Glace Bay Lake) boundaries to the study area. The overall
effect is to allow saltwater intrusion into the fresh groundwater flow field on three sides of the

study area,

A large portion of the land surface is under urban-suburban landuse within the communitics of
Glace Bay, Reserve Mines and Dominion, which are serviced with piped sewer and water
systems. This landuse generally enhances surface water runoff and reduces groundwater

infiltration.
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Hydrostratigraphic Units

A total of seven hydrostratigraphic units (HUs) {geological units with similar hydrogeological
properties) have been identified within the study area (Baechler, 1986 and ADI Nolan Davis,
1993) which control the flow of surface and groundwaters. The configuration of these units is

provided in concept on Map 4, Figure B.

The glacial overburden is divided into three HUs. At ground surface, this includes a roughly 0.3
metre thick, permeable (bulk K ranging from 10 "' to 10 cm/sec) podzol soil profile (Podzol
HU). This is developed over a 1 to 7 metre (3 to 20 ff) thick, lower permeability (107 to 10°¢
cmy/sec) silty sand basal till (Till HU). In the MacKay’s Corner area, organics create a Peat HU
positioned over the Till HU.

These overburden units overly fractured sedimentary bedrock comprised of an additional five
HUs. These include a relatively higher permeability (10™ to 10" cm/sec), 30 to 60 metre thick
sandstone/siltstone complex (Arenaceous HU), interbedded between each of five lower

permeability (107 to 10 cm/sec), 2 to 4 metre (5 to 12 ft) thick mudstone/coal units (Coal HU).

Four of the coal seams (Emery, Phalen, Harbour and the Hub) have been extensively mined out
forming an extremely high permeability (>1 c¢m/sec), karst-type system (Karst HU). This karst
zone includes not only the 3 to 4 metre (10 to 15 ft) high extraction zone, but also the collapse
zone induced above it, which could extend some 20 metres (60 ft) into the roof.  Where coal
mining lies within approximately 15 metres (50 ft) of ground surface (Forgeron, pers. comm.),
subsidence of overlying bedrock and overburden units into infilled collapsed zones creates
subsidence zones, and at times sinkholes, with expected highly variable permeabilities (1 to 10~

cm/sec) (Subsidence HU).

This entire bedrock HU package dips seaward at approximately 5 degrees; the structure of which
1s controlled by the northeast-southwest trending, northeast plunging (7 to 10 degrees) Glace Bay
syncline. Additional near subcrop fracturing is enhanced by stress relief, valley rebound, as well

glacial scouring loading/unloading activities. This creates a higher permeability (107 to 10™
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cm/sec) pathway within the top approximately 1 to 5 metres (3 to 15 ft) of the bedrock surface
(Subcrop HU).

Climate

The study area is characterized by a humid continental climate, with one of the two highest
precipitation regions in Canada. Precipitation is high (1500 mm). Low evapotranspiration losses
result in a large water surplus (294 mm) and minor deficit (5.8 mm) felt predominately in July
and August (Baechler, 1986). The result is elevated groundwater recharge volumes. Variations
in climatic variables delineate two groundwater recharge windows which will direct inflow into
mine workings; principally, during the fall and spring, although numerous melt events during
mild winters can also contribute infiltration. Most rainfall is associated with low intensity, long

duration events that further enhance recharge.

Groundwater Flow Systems

With rainfall, the first flow system activated is interflow created by rapid saturation of the Podzol
HU, perched over the Till HU. This exerts the primary control over runoff processes, as defined
by the Variable Source Runoff Model (Dunne and Leopold, 1978). During this process, a large
volume of water is quickly directed laterally down topographic gradient into adjacent streams,

the sea cliffs and/or the Subsidence HU. A portion is also diverted vertically to recharge the

water table.

The second flow system activated is the saturated groundwater flow field. For this system, the
Till HU forms an aquitard (a semi-confining layer over the Bedrock HUs). The Coal HU forms
an Aquitard, which separates the interbedded Arenaceous HUs into a series of Aquifer

Complexes.

Recharging water moves vertically through the Till HU to the water table, which depending upon
topography, is within the till (topographic low areas) or close to the till/bedrock interface in
topographic high areas. Depending upon the permeability contrast, a perched system may also

be developed at the contact.
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The bedrock HUs are all fully saturated under normal conditions. Given the high water surplus,
water tables closely resemble surface topography. Therefore, surface and groundwater
watersheds are similar. Each Aquifer Complex exhibits a water table system in its outcrop area,
which quickly become artesian down dip due to the overlying Coal HU aquitard. Fracture
permeability is expected to be active down to approximately 100 metres (Randall et al, 1988).
This has also been noted in mine workings (S. Forgeron, pers. comm.). Groundwater is not
expected to flow down-basin under the ocean floor due to reduction in permeability and the

presence of dense hypersaline mine waters at depth (ADI Nolan Davis, 1993).

Within the active on-land portion of the groundwater flow ficld, fluid potential (hydraulic head)
is expected to be the primary driving mechanism. Therefore, the groundwater flow field model
outlined by Toth (1962) is expected to adequately model the system. First order flow systems,
where groundwater recharge and discharge zones are adjacent to each other, are pertinent for
near surface flow within the Aquifer Complex subcrop areas. At depth, the Coal HU aquitards
are expected to contain flow within the Aquifer Complex and minimize development of 2™ or 3™
order flow systems. Given the height of the sea cliffs, lateral flow along strike to discharge

points along the coast is not expected to dominate the flow field.

The mined zones will alter the above model in two regards. First, the Karst HU can be expected
to act as a drain until filled, creating a localized linear drawdown cone. Second, the removal of
the Phalen Coal HU Aquitard will allow the lower Aquifer Complex above the underlying Emery
Coal Seam to combine with the upper Aquifer Complex below the Back Pit seam, resulting in

one large Aquifer Complex, allowing flow into the Karst HU from above and below.

Surface Water Flow Systems

Topographic relief, coupled with the rainfall-runoff-flow field processes defined above, has

combined to create a coarse surface water drainage network within the study area (Map 1).

The watersheds within the Sydney Coalfield are characteristically small, thereby reducing the

total volume of water transiting the study area in any one stream. Their low drainage densities
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and texture ratios create a coarse drainage system, mmplying they are poorly drained (Bacchler,
1986). The length of time for generated flow to reach stream is relatively long and more is
potentiaily available to be intercepted by sinkholes, except i urbanized arcas where roadside

draing create a high drainage density,

The three primary streams pertinent to the study area (Dominion, Cadegan and Renwick Brooks)
drain north to the coasl. Some portion of cach forms a trellised pattern following the semi-
circular pattern of coal scam outerop, althougl this is more dominant in Dominion Brook. The
remaining two watersheds exhibit primarily a dendritic pattern, which crosses strike and,

therefore, the coal seams at right angles.

Even the larger channels are not deeply incised into the terrain. They exhibit high width/depth
ratios created by the development of a lag pavement derived from underlying stony glacial till.
Therefore, the major HUs contributing direct flow into the channels are “interflow™ and saturated

groundwater flow in the Till HU. Bedrock 15 only sporadically exposed in streambeds.

Implications for Mine Water Inflow

The climatic and geological conditions have created favourable conditions to maximize
infiltration and, therefore, inflow to the workings. High rainfall from low intensity storms
creates a large water surplus that recharges groundwater during at least iwo periods cvery year

(fall and spring) and possibly a third during winter, if it is mild.

This recharge maximizes the extent of saturation of the groundwalter providing high water tables
to drive the flow system. Drainage densities are low, enhancing recharge and minimizing runoff.
Streams arc not deeply incised, thereby controlling only shallow groundwater flow - the

remainder is available for deeper flow.

Urban land use within the study area should generaily act to minimize recharge. The mining
activities near the outcrop of the Phalen Coal Seam creates subsidence and increased
permeability, further enhancing recharge directly into the mines. This is exacerbated by one of

the longest on-land extent of cropline in the study area, some 9.36 km (3.7 miles) long.
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Sea level rise will continue for an additional 2 to 7 metres, if equilibrium is to be achieved with
the last interglacial period. However, at | ft per 100 years it is too slow to impact mine water

decision-making,

B.3 Watershed Areas — “Where is the Water Getting In?”
B.3.1 Delineating The Watershed

By understanding the flow systems (Section 4.2/Appendix B.2), it was then possible to delineate
watershed areas contributing flow by these processes to the mine workings. This included not
only natural “watersheds” (drainage controlled by ground surface topography), but also
“Minesheds” (drainage controlled by extent of mine workings) and “Sewersheds” (drainage

controlled by storm/sanitary sewers).

The aerial extent of these “sheds”, as they relate to the Phalen Coal Seam, are delineated in Map

4 and summarized below.

Sinkholes and their Drainage Area

It was expected that in areas exhibiting sinkholes, all precipitation would recharge directly into
the underlying mine workings. This area would also include the localized drainage areas to these
sinkholes, as defined from a 1:10,000 scale digital mapping with 1 metre contour intervals.
Where isolated sinkholes were noted, an arbitrary three times their diameter was used to

delineate the drainage area.
Sinkholes associated with the Phalen Coal Seam were delineated from:

A. Nova Scotia Department of Natural Resources 1 in. = 100 ft mapping, with 5 ft contour
interval and 2.5 ft auxiliary contours compiled from 1971 air photographs;

B. Air photo interpretation of 1999 air photographs;

C. Groundtruthing; and
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D, CBDC expericnce.

This watershed type covers a total of some 40.3 hectares (99.6 acres). There is a scattering of
localized sinkholes along the entire crop of the seam, but with a high frequency in five locahized

arcas, including:
A. One in the Town of Dominton centered over the No. 1A ouflet cxtension coliicry
workings (Mineshed), covermg 10.5 hectares (25.9 acres),

B. Two around the Mackay’s Comer wetland and one in the Mcleod’s Crossing area, over
the No. 5 Colliery Mineshed, covering 14.1 hectares (34.9 acies), and

C. One in Pagschendacle over the No, 3 Colliery Mineshed, covering 4.98 hectares (12.3
acres),

Bootleg Workings

A potential zone of bootleg and old formal workings was expected to be present down dip of the
Phalen Coal Scam crop. Experience indicates that it is only within a zone where cover is less
than 15 metres (50 ft) that notable collapse of overlying rock and overburden into the mine
oceurs, thereby creating a “chimney” effect with higher permeabilities, but insufficient to create
a sinkhole. It is within this zone that increased direct recharge to the No. 1B mine system could

also oceur.

It was assumed, from CBIDC's experience with bootleg workings, that this zone could potentially
extend for the entire length of the scam crop. Outlining the 15 metre (50 {t) depth contour on the

floor of the seam delineated the acrial extent, as defined on CBDC mine plans.

This zone varies in width from 105 to 255 metre (350 to 850 1), covering some 119 hectarcs
(294 acres). Its’ narrowest zonc is positioned over the No. 1A Outlet Extension Colliery

Mineshed, the largest over the No. 4 Colliery Mineshed.
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Drainage Area to Bootleg Workings

Drainage into the bootleg workings would include “interflow,” as well as the shallow portion of

the saturated groundwater flow field. Surface watersheds delineated this area.
The configuration of the surface topography, in relation to the strike of the coal seam, keeps this
drainage area relatively small, comprising some 155 hectares (384 acres). The largest area of

90.7 hectares (224 acres) drains into the No. 4 Colliery Mineshed.

Groundwater Flow Field

Additional input to the unsaturated mine workings would include leakage through the roof and
the floor from the saturated portion of the deeper groundwater flow system within the Aquifer

Complex.

The downward leakage factor was calculated by utilizing the 100 metre (300 ft) depth limitation
on the active portion of the groundwater flow field. This translated into an average lateral

distance of some 1100 metres (3600 ft), not accounting for varying topographic relief.

This leakage applies while the mine is flooding. With rise in water level, the gradient reduces to
very low values expected within a natural groundwater flow system. As a result, this component

will reduce with time.
Ground-Surface Water Interaction

A potential source of direct inflow to the mine workings could be associated with influent
reaches of streams as they cross the zones of bootleg workings, sinkholes and their drainage

areas.

Drainage patterns indicate that there are three dominant locations where this has the potential for

occurring, including:
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Western Zone: A watershed associated with a tributary of Dominion Brook crosses a
relatively narrow 150 metre (500 ft) wide bootleg working zone and minor scaltered
sinkholes over the 1 A Colliery Mineshed within the Town of Dominion.

Middle Zone: A watershed within the headwaters of Cadegan Brook crosses a 200 metie
(660 ft) wide bootleg working zone and two associated dense zones of sinkholes
overlying the Na. 5 Colltery Mineshed at MacKay’s Corner.

Eastern Zone: The headwater portion of Renwick Brook crosses a 200 metre (660 f1)
wide bootleg working zone within the No. 4 Colliery Mincshed within the Town of Glace
Bay.

The latter two form the critical zones for the No. 1B Hydraulic System. Of these, the Cadegan
Brook — MacKay's Corner crossing is of paramount importance, since it is positioned over the
No. 5 Colliery Mineshed, which is in dircct link o the No. 1B System. In addition, the reach is
relatively long, occurs within a large wetland with a lake and includes two dense areas of
sinkholes. Finally, of the three crogsings, it is positioned at the highest topographic elevation (3¢
metres) and is known to have a higher hydraulic head in the surface water system than in the
underlying unsaturated mine workings; thereby, creating a downward driving head and
confirmed influent conditions. Three localized sinkholes have already been infilled by CBDC

where surface water within the wetland was noted flowing directly into the mine workings.

The other two rcaches are positioned at fower elevations (15 to 16 metres - Eastern Zone and 20
to 22 metres - Wegtern Zone). At this time, it 1s unknown whether the Eastern Zone crossing is
influent or effluent. On-going monitoring is being undertaken to confirm leakage rates and will

be provided, when available, under separate cover.

Sewersheds

The three communities within the study arca have combined storm/sanitary sewer systems, 1t is
possible that leakage could contribute direct flow into the mines where they cross bootleg
workings and/or sinkholes, However, none of this could be documented with the exception of
the MacKay's Comer Lift Station. At this site, storm/sanitary sewage is dirccted toward the lift

station, which pumps it over a knoll to drain into the Glace Bay System. CBRM acquired formal
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permission from CBDC to dump excess water from this station directly into the No. 5 Colliery
workings during periods of flow in excess of pump capacity. The volume and timing of this
inflow is unknown. If fully inundated, the overflow pipe could theoretically discharge some

1700 USgpm into the workings.

Minesheds

There are four colliery workings which mined the Phalen Coal Seam immediately downdip of
the cropline, including from west to east the No. 1A, No. 5, No. 3 and No. 4 Collieries. These

four Minesheds potentially link to the No. 1B Mine System.

Inflow to the No. 1A Mineshed over 1200 metres (4000 ft) along the cropline is diverted by the
No. 1A mine water drain northwest along strike to the seacoast. This study assumes interior half
dams prevent water from flowing down slope into the 1B System. There is also an 833 metre
(2730 ft) long eastern extension to this mine water drain, which may or may not also be active,

referred to as the 1 A Outfall extension.

The No. 5 Colliery Mineshed is exposed along 3657 metres (12000 ft) of the cropline and is in
direct contact with the No. 1B System at depth. This may include the 1A Outfall extension.

The 528 metres (1733 ft) of cropline exposed by the No. 3 Colliery Mineshed and 2987 metres
(9800 ft) of the No. 4 Colliery Mineshed could divert infiltrating groundwater laterally through

intersecting mine roadways, if still open, and/or collapsed but hydraulically active, into No. 5

Colliery.

B.3.2 Implications for Mine Water Inflow

In summary, the seven “shed™ areas described above could be combined into three Watershed

Scenarios, for determining contribution to the No. 1B Hydraulic System, namely:

Scenario A — No. 5 Colliery Mineshed, with a drainage area of 87 hectares (214 acres) along 3.6

km (2.3 miles) of cropline.
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Scenario B - Scenario A plus No. 1A Outfall extension, with a dramage area of 109 hectares

(286 acres) along 4.5 km (2.8 miles) of cropline.

Scenario C - Scenario B plus No, 3 and 4 Colliery Minesheds, with a drainage area of 269

hectares (664 acres) along 8.0 km (5.0 miles) of cropline.

Of the three stream crossings, MacKay's Corner cxhibits the highest potential for allowing
inflow, This is a result of not only sewer inflow, but also due to the presence of two relatively
large arcas of sinkholes within the confines of a large wetland that is constantly saturated to

variable extent and includes a lake.
B.4 Contribution from Contributing Areas - “How Much?”
B.4.1 Approach

Having defined "“Aow " the waler could infiltrate into the mines (Section 4.2/Appendix B.2) and
“where™ (Section 4.3/Appendix B.3), the next step was to quantify the flows. This was

undertaken using the water balance approach to calculate inflows on an Average Annual Basis:

The simplified water balance equation for a watershed of known size without man-made

diversions is:

P =Rsw+ Rgw + ET £ 8

Where!

P = precipitation

Raw = surface water runoff
Rgw = groundwater runoff
ET  =cvapotranspiration

9 = change in storage

For this investigation, the equation was re-written to quantify groundwater infiltration as:

Rgw = P — (KT + Rsw £ S)
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Precipitation was obtained from the Sydney A station. The 30-year Normal value was taken as
1524 mm (60 inches). However, the last decade has shown an overall decline in precipitation
and increasing air temperatures (Baechler, 1999). To best reflect existing conditions, the last 10
years were assessed for high, low and normal precipitation years. The selection was also based
on having adequate No. 1B System hydrograph records to allow for calibration of the analysis.
This resulted in the year 1995 taken as a normal year (54.27 inches of precipitation), 1996 as the
wet year (69.01 inches) and 2001 as the dry year (46.09 inches).

Changes in the storage component were assumed to be negligible given the absence of major

surface water lakes in the study area and in the absence of groundwater level hydrographs.

Surface water runoff was taken from the McAskill Brook gauging station records representing a

17.2 km? watershed.

Evapotranspiration losses calculated theoretically from the Thornthwaite method gave an annual
value of 535 mm (2linches) (Baechler, 1986). However, difficuity was noted in using the
method in a humid climate such as in the study area. Initial calculations using that range

indicated minimal water available for recharge, exemplifying the problem.

This left an equation to solve with two unknowns, namely Rgw and ET. This problem was
resolved by undertaking a baseflow recession analysis of the streamflow data to determine the
groundwater runoff component of streamflow. It was assumed that this volume equalled the

amount of precipitation recharging the groundwater flow system.

The streamflow hydrographs developed from mean daily flow data for the three selected years
are provided on Map 4. A modified Kunkle (1962) method of baseflow analysis was undertaken
on each annual hydrograph to develop minimum and maximum groundwater flow component.
The area under the curves was integrated on a daily flow basis to derive annual volumes of
maximum and minimum groundwater, as well as surface runoff for each of the three years.

These volumes were converted to depth of water over the watershed.
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The maximum groundwater flow component resulted in 28.9 to 294 inches of annual
groundwater recharge over the three years. The minimum groundwater flow ranged from 14.5 to
15.5 inches. This is far in excess of the 152 mm (6 inches) (Brown, 1967) and the average used

in the Sydney Coalfield for numerical computer models of 380 mm (15 inches) (JDAC, 2001).

Given constderation to the conceptual flow model and watershed areas, the following recharge

values were utilized to quantify groundwater inflow to the mines:

A. Sinkholes and their drainage areas (all precipitation).

B. Bootleg workings (maximum groundwater inflow).

C. Bootleg working drainage arca (minimum groundwater inflow).

0. Inflow leakage from the Groundwater Flow Field (GW-IT) was calculated using the
equation:
Q=KIA
Where:

Q = leakage discharge (
K = hydraulic conductivity (assumed to be 10™ em/sec)
I = vertical gradient (assumed to be 0.40)

The value derived above was arbitrarily multiplicd by two to account for upward leakage.

B.4.2 Average Annual Mine Inflow

The resulting calculations arc summarized in tabular format on Map 4. In summary, they

indicate:

DRY YEAR (2001): In a dry year, the average annual flows theoretically range from 376 to 936
USgpm, depending upon which Watershed Scenario is sclected.  When compared with the
average annual inflow from the mine water hydrograph analysis of 539 USgpm, the closest
approximately is Scenario B (459 USgpm). This underestimates inflow at 85% of calibrated

value, Given consideration of the errors involved in deriving the water balance and calibration
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values, this suggests that when rainfall is not high, direct inflow through the No. 5 Colliery
including the No. 1A Outfall extension (Scenario B) dominates. Most of the water enters

through the bootleg workings (38%), followed by the sinkholes (31%).

NORMAIL YEAR (1995): In a normal year, the average annual flows theoretically range from
395 to 997 USgpm. When compared with the mine water hydrograph analysis of 834 USgpm,
the most representative value is Scenario C of 997 USgpm. This overestimates inflow at 120%
of calibrated value. This suggests that as conditions become wetter, the No. 3 and No.4 Colliery
Minesheds become hydraulically active and direct inflow to the No. 1B System. Most of the
water continues to enter through the bootleg workings (32%), followed by the drainage area to

the bootleg workings (28%) and the sinkholes (27%).

WET YEAR (1996): In a wet year, the average annual flows theoretically range from 422 to
1072 USgpm. When calibrated against the hydrograph analysis of 1610 USgpm, the most
representative value is again Scenario C of 1072 USgpm. This underestimates inflow at 67% of
calibrated value. This confirms what was noted above, that as conditions become wetter the No.
3 and 4 Colliery Mineshed become more important in directing flow into the workings. Since
the percent error of calibration is larger and becomes an underestimation compared to a normal
year, it also suggests that other factor(s) also become active as conditions become wetter,

including, but not limited to:

e Enhanced leakage from storm/sanitary sewers (i.e., MacKay’s Corner Lift Station); and

o FEnhanced leakage from streamflow crossing the bootleg workings, combined with
expansion of the sinkhole and bootleg working watershed areas due to extension of storm
saturated overland flow, particularly in the MacKay’s Corner wetland area. Most of the
inflow now appears to originate from the sinkholes (32%), followed by the bootieg
workings and their drainage area at 30% and 26%, respectively. This increased
importance of the sinkhole system further supports the above contention.

Additional investigations into No. 3 Colliery since October 31, 2002, suggest there is no strong
direct hydraulic link between No. 3 and No. 5 Collieries. However, indirect hydraulic
connection through low permeable collapsed zones is still possible. These would be expected to

provide enhanced leakage during periods of higher head in No. 3 Colliery.
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B.4.3 Maximum Daily Peak Inflows

To assess maximum peak inflow rates in each of the three years, the wettest period was selected,
baseflow components broken out and quantified on a daily basis and applied to the three

Mineshed scenarios.

At the ltevel of detail required for individual storm events, two additional issues require
consideration, First, isolated peak streamflows may not result in peak mine inflows due to
antecedent storm conditions. Second, “lag” times occur between when peaks in precipitation,
strcamflow, as well as maximum and minimum groundwater inflows occur. Therefore, a long
duration wet period was first 1solated to ensure the system was fully saturated prior to the peak
event. Deep groundwater inflow from leakage through the roof and floor of the mine opening

was assumed to be negligible for these short periods. The analysis indicated:

DRY YEAR (2001): A 21 day duration period during snowmelt spring runoff occurred from 13
April to 03 May inclusive, with a peak period on 23 April. On this day, the theoretical maximum
groundwater component was 249,696 m*/day and the minimum was 44,150 m*>/day. This was in
response (o a precipitation event of 7.8 mm the previous day and the loss of 4 cm of snowpack
over the previous 19 days. This event resulted in a theoretical peak mine inflow for Watershed

Scenarios A, B and C of 2,624, 3,609, and 6,402 Usgpm, respectively.

NORMAL YEAR (1995): A nine day duration wet period occurred during fall rains from 22
November to 30 November inclusive with a peak period on 27 November, On this day, the
maximum groundwater component wag 121,565 m*/d with a minimum of 26,698 m*/d. This was
in response to a precipitation event of 53.8 mm on the previous day. This resulted in a
theoretical peak mine inflow for Watershed Scenarios A, B and C of 2,078, 3,164 and 5,400

Usgpm, respectively

WET YEAR (1996): An 18 day duration wet period occurred during fall rains from 14
September to 01 October 2002 inclusive with a peak period on 19 September 2002. On this day,
the maximum/minimum groundwater component was 84,586 and 6,653 m'/d, respectively. This

was in response to a precipitation event of 31.8 mm on the 18" and 43.8 mm on the 19", This
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event resulted in a theoretical peak mine inflow for Watershed Scenario A, B and C of 2,398,

3,882 and 6,304 Usgpm, respectively.

Of note is the close resemblance of flows between all three years for each Watershed Scenario.
This suggests that regardless of the annual climatic conditions there will be at least one such

event of this magnitude each year.

Also of importance is that regardless of year, or Watershed Scenario, most of the inflow occurs
from the sinkholes and their drainage area, ranging from 47 to 89%. However, there is a
secondary trend to the data that shows that the percentage increases as “wetness” increases. In
the dry year, the percentage ranged from 47 to 60% over the three scenarios; in the normal year,
the range was 67 to 78% and in the wet year 82 to 89%. This trend supports the contention
developed from analysis of the average annual flows of the importance of “other” mechanisms
during the wetter periods; specifically, those associated with the expansion of storm saturated
overland flow in the low areas such as MacKay’s Corner wetland. Such mechanisms would be

more prevalent in the sinkhole drainage areas.

Unfortunately, these peak flow values cannot be accurately calibrated against volumes calculated
from mine water hydrographs, due to the relatively long lag time between inflow from the model
and the time for it to be recorded on the hydrographs. However, the closest inflow peaks on the
mine hydrographs to the above events showed 3800 USgpm (1995), 6836 USgpm (1996) and
6,000 USgpm (2001), which roughly correspond to what the model predicted.

B.4.4 Implications for Mine Water Inflow

The water balance model provides approximately similar results to that provided by analysis of
mine hydrograph records at both average annual and maximum peak daily inflows. Therefore,
the conceptual model appears to provide an acceptable description of the main flow phenomenon

diverting flow into the mine workings.

The degree of error between model and hydrographic analysis enhances, with the former

providing underestimates, as wetter and wetter conditions prevail. This is believed due to other
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processes becoming more dominant, such as sewer inflows and storm saturated overland flow

within the MacKay’s Corner wetland.

On an average annual basis, inflow rates are expected to range between 450 (dry year) to 1070
(wet year) USgpm, with an average of approximately 1000 USgpm. Most of the inflow enters
viag bootleg workings and their drainage area, cxcept in the wet year when sinkhole drainage

assumecs priority.

On a maximum onc day duration peak storm cvent, inflow rates are expected to range from 2,000
to 2,500 USgpm for the Scenario A, 3,100 to 3,900 USgpm for Scenario B and 5,400 to 6,400
USgpm for Scenaric C.  The close rcscmblance of flows between all three years for each
Watershed Scenario suggests that regardiess of the annual climatic conditions there will be at
least one such event of this magnitude. Repgardless of year, or Watershed Scenario, most of the
inflow occurs from the sinkholes and their drainage area, ranging from 47 to 89%; with higher
values associated with wetter conditions. There is, therefore, a high probability that a “large”

portion of peak storm inflow is from the MacKay’s Corner wetland area.

Refinements will be posgsible to these caleulations with additional information now being
collected including: head levels from monitoring wells in to No. 3 and possibly No. 4 Colliery
Minesheds, availability of natural groundwater level hydrographs, monittoring during wet periods
at MacKay’s Corner Lift Station discharge into workings, mine water outfalls, definition of
extent of MacKay's Corner wetland, monitoring of any loss in streamflow across subcrop arcas,
and more detailed analysis of scasonal and storm hydrographs to assess the relevance of lag
times on understanding inflow mechanisms and volumes at the scasonal and mdividual storm

gvent level,
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FIGURE B.3: MCASKILL BROOK - 1995
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FIGURE B.4: MCASKILL BROOK - 1996
GROUNDWATER COMPONENT OF STREAMFLOW
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FIGURE B.5: MCASKILL BROOK - 2001
GROUNDWATER COMPONENT OF STREAMFLOW
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FIGURE B.6: MCASKILL BROOK - 1995
GROUNDWATER COMPONENT OF STREAMFLOW
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FIGURE B.7: MCASKILL BROOK - 1996
GROUNDWATER COMPONENT OF STREAMFLOW
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