IVDROEROLEEY OF R1HO
MK ERIANATZRD IR K GUON]
‘EREAT SLAVE DERE PROJBET -
TRSELRN RESOTRERS LINNTED

prapared Zers

Me. Ac T Hamdall
Testnin Reseurees Limitad
Bentall GCentez 4
Vangeuvair B.B8.

Neovemkber, 1983,

preparad bys

STTVENSON INTRRNATTONAL
CROTUIDTATER CONSTLTANTS LED.

STEVENSONIINTAG REGUNDWATE RICONSUIRTANTSITD




CONTENTS

INTRODUCTION ————— == — e e e e e e
1.1 Terms of Reference-—-—--—---—--—————————————m——w=——
1.2 Analysis Methods —-—-—————-—=—-—----s-—-—————m—o-
1.3 Information Sources and Acknowledgements -----
" GEOGRAPHY ~—————— == mmmmmm— e =
2.1 Location ——————————— e ——
2.2 Topographic Setting and Drainage --—--—--~-=—=---
2.3 Climate —=————— - - - s e e
HYDROGEOLOGY —— === e e
3.1 Concepts ————rm—- - — oo oo — e ——————

3.2 Geologic Setting and Apparent Aquifer Geometry
3.3 Apparent Aqulfer Hydraulic Properties,.
* Geometry and Boundary Conditions Inferred

from Geology —=-—-———————r-—————— e ——— =
3.4 Hydraulic Head Distribution and Regional
Groundwater Flow —-=——-=—-———-————-——osw————————

AQUIFER HYDRAULICS ————=—————— e e e e
4.1 X25 Pumping Test Data Analysis --=—-=-=-m==———=
4,2 RI90 Pumping Test Analysis —-—-——-——-—-—==rm-=————--
4.3 Boundary Conditions ==-=—=—=—=======mor—————-——————
DEWATERING R190-————————— e e
5.1 Concepts and Basic Assumptions ——-——=—==--——--—
5.2 Deconfining the R190 Region —--------—--—-~---=
5.3 Dewatering the R190 Region -—-==-----—-—-—--soom—— '
5.4 Leakage Effects —=—=——=--—-—om—rmooomeoo oo
GROUTING POTENTIAL AND EFFECIS AT R190-——————w=ww————
6.1 Grouting Potential---—-——-—-——so-m-———————m o :
6.2 Grouting Effects———-—=-—-——scomoomo e m—
IMPROVING RELTIABILITY ———————m———————m————m e mm
7.1 Aquifer Coefficients and Boundary Conditions -
RESULTS AND RECOMMENDATIONS ———————-———=—w————————————
8.1 Results ————-—me—mm—mm
8.2 Recommendations ———-——-----———-——————s-——e—————
REFERENCES CITED ————==s—————mm— e

15

17

18

19

20

22

23



Contents (Cont.)

Page
10.0 TABLES ————— o e - 25
Table la: RQD values andusecondary porosity estimates
of core in the vicinity of R190, Great Slave Reef
Project area.
Table lb: RQD values and’ secondary porosity estimates
of core along a north-south section across the Great
Slave Reef Project area Between R190 and X25.
Table 2: Laboratory measurements of porosity and
hydraulic conductivity of Great Slave Reef
core samplés -
Table 3: Aquifer parameters based on X25 test drawdown
.versus log-distance analysis. -
Table 4: Aquifer parameters bésed on R190 drawdown
versus log time analysis, and method of images
Table 5: Aquifef parameters based on R190 log drawdown
versus Log time analysis, and method of images.
Table 6: Aquifer parameters based on R190 drawdown
versus log distance analysis.
Table 7: Pumping requirements to deconfine the R190
: aquifer _
Table 8: Comparison of aquifer coefficients determined
- by various methods and authors.
11.0 PLATES~——————————— e e e e 26
Plate 1: 0il stained, poor vuggy limestone/dolomite, Slave
Point unit, Great Slave Reef core No. 412.
Plate 2: Tight, argillaceous, fine grained limestone,
Watt Mountain unit, Great Slave Reef core No 334.
Plate 3: 0il stained, moderate vuggy dolomite,.
near the top of the Presquile unit, Great Slave Reef
core No. 334,
Plate 4: Small wvugs, pitted regions and a healed
joint at the top of the Pine Point unit, Great Slave
Reef core No. 334.
Plate 5: Vertical open fractures on the south wall of open
pit J44, Pine Point Mines, N.W.T.
12.0 ILLUSTRATIONS ——\————-——————— e — e —— 27
Figure 1: Topography and drainage patterns around the

Great Slave Reef project area.



12.0 ILLUSTRATIONS (cont'd)

Figure 2: North-south stratigraphic section through the

Great Slave Reef project area,.

Figure 3: East-west stratigraphic section through the
central parts of Great Slave Reef and Pine Point
Mines project areas, with adjacent mineralized
zones projected into the section plane.

Figure 4: Isopachs of the Presquile and extent of the
zones of influence at R190 and locations of drill
holes used for RQD and porosity measurements.

Figure 5: Limits of the Presquile dolomite, and zones
of influence of R190 pumping and Pine Point Mine

dewatering.

Figure 6: X25 piezometer locations and water levels
Figure 7: R190 piezometer locations and water Leve1§
Figure 8: Drawdown versus log time plots of data

from selected observation wells during the X25
pumping test, Great Slave Reef Project.

Figure 9: Drawdown versus log time plots of data from
selected observation wells and the pumping well
during the X25 pumping test, Great Slave Reef
Project.

Figure 10: Drawdown versus log distance plots of X25
and R190 pumping test data, Great Slave Reef
Project. -

Figure 11: Velocity and caliper logs of R190 well

Figure 12a and 12b: Drawdown versus log time plots of
R1%0 pumping test data, Great Slave Reef Project

Figures 13a, 13b and l3c: Log drawdown versus log time
plots of R190 pumping test data, Great Slave Reef
Project.

Figure l4: Effects of barrier and recharge boundaries

on drawdown rates in pumping and observation wells.

Figure 15: Relations between multiple boundary effects
on drawdown rates in pumping wells and close

observation wells.
13.0 APPENDICES = ————— = mm o mmm

Appendix A: Structural properties of diamond drill core
’ from Great Slave Reef project area. ‘
Appendix B: Laboratory analysis of hydraulic preperties
of diamond drill cdre from Great Slave Reef

project area.

28



HYDROGEOLOGY OF — R190 MINERALIZED REGION,
GREAT SLAVE REEF PROJECT
WESTMIN RESOURCES LIMITED

1.0 INTRODUCTION

1.1 Terms of Reference

The purpose of this investigation is to provide descriptions of the hydrogeo-
logic conditions in and around the R190 and X25 mineralized regionms, in order to
improve the data base for future dewatering and permeability-reduction modelling
of the R190 ore zone, and for associated engineering studies.

Works completed in the course of the study are:

1. study existing data, maps, reports and aerial pﬁotographs;

2. examine selected core from Westmin's “Great Slave Reef projéct area, and
Cominco's open pits and M40 underground mine at Pine Point;

3. take selected core samples for lab-analysis of porosity and permeability;

4. review available geological maps, sections and reports of the Great Slave
Reef and Pine Point areas;

5. review available reports describing analysis of pumping tests carried out in
the Great Slave Reef Project area;

6. review reports of regional hydrogeology including the Pine Point area;

7. analyse Westmin's pumping-test data, and determine aquifer coefficients; and
boundary conditions in and around the R190 and X25 mineralized regions;

8. make a preliminary estimate of deconfining and dewatering rates at RI190;

9. describe data gaps and complementary works required to improve the reliabil-

ity of the analysis.

1.2 Information Sources and Acknowledgments

A. W. Randall, Westmin Resources Limited (WRL), provided geological reportsl,2
maps and sections, aerial photographs, core descriptions and verbal descriptions
of the geology of the Great Slave Reef (GSR) area; and reports describing the
pumping tests completed at X25 and RI190 sites,3,4,5 and the regional hydro-
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1.2 Information Sources and Ackmowledgments (cont'd)

geology in the GSR-Pine Point area®, Verbal discussions were held amoungst A.
Randall and R. Lane, WRL, the writer and Dr. U. Weyer, National Hydrology
Research Imstitute (NHRI), Calgary, concerning his report on the regional hydro-
geology around the Pine Point area. Mr. Randall and R. Lane, assisted the
writer in field examination of GSR core at Pine Point, and in interpreting the
geological data; Pine Point Mines' geological and engineering staff conducted
descriptive seminars for A. Randall, R. Lane and the writer, as well as tours
of selected open pits and their underground mine, and described some dewatering
history and conditions at Pine Point; Pine Point Mines' staff wmet with the

writer and discussed the regional groundwater-flow model’ described in the re-

‘port of Geologic Test{ng Consultants Ltd., the NHRI study and regional effects

of dewatering at Pine Point; copies of several annual water—quality reports of

Pine Point Mines were obtained from the N.W.T. Water Board, Yellowknife; region-
al topographic maps were obtained from A. Randall and from Environment Canada;

other references cited are listed in report Section 9.0.

2.0 GEOGRAPHY

2.1 Location

The Great Slave Reef project covers an area of about 260 square kilometres be-
tween Buffalo River and Birch Creek (Figure 1). The area is roughly divided
north and south by No. 5 highway and the Pine Point rail spur. Mineralized reg-

iong lie in the central part of the area, north of the highway and railroad.
2.2 Topographic Setting and Drainage

The GSR project area lies across the central parts of Birch Creeﬁ and Twin Creek
catchments, which are tributary to Great Slave Lake, and on the west side of
Buffalo River catchment, north of highway No.5. Land surface elevations drop
from about 230 metres at the southern edge of the project area to 175 metres at
the northern edge, however, local ridges up to 10 metres in height are present.
Those ridges generally form lateral bpundaries between tributary. catchments,
e.g. just east and nmorth of R190 site. Surface drainage in the area is poorly

integrated, and forms muskeg and swamps where locally dammed by beach ridges and

longitudinal sand dunes.
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2.3 Climate

AES data show that the GSR area receives about 340 mm of precipitation annually,
of which about 47 percent is snowfall. Mean daily temperatures above freezing
occur during May through Octcber; annual evaporation and transpiration losses

approximate 73 percent of annual precipitation.

3.0 HYDROGEOLOGY

3.1 Concepts

The hydrogeology of an area describes the occurrence and movement of water over
~and through surficial materials and bedrock that underlie the area, and their
chemical and physical interactions. The occurrence and movement of groundwater
&ithinlsaturated flow regions are controlled by the néture and distribution of
hydraulic parameters, such as porosity, hydraulic head and conductivity, and
storativity. Flow velocity is directly proportional to the hydraulic conductiv-
ity and hyraulic gradient. The direction-of flow is in the negative direction
(opposite) of the hydraulic gradient. In isotropic materials the groundwater
flow direction is parallel to the negative hydraulic-gradient direction, whereas
in anisotropic materials the flow is in the direction of maximum hydraulic con-
ductivity. Under natural conditions, the path of groundwater flow 1s across

less conductive strata, and along the more conductive strata.

Groundwater flow, may be quantified where sufficient hydraulic data exist, how-
ever the lack of such data usually results in the indirect mapping of flow
system geometry and hydraulic boundaries from geological boundaries. Hydraulic
‘tests are done in order to quantify hydraulic coefficients and validate the

assumed relationship between geologic and hydraulic boundaries.

In the GSR area, particularly around the R190 and X25 mineralized regioms, a
great deal of exploration drilling has been done, geological sections drawn, and
two long-term pumping tests done at those sites. Similar exploration work, as
well as mining and pit dewatering, has been done in the adjacent Pine Point
property over a span of several years. Available reports on work done in both
of these areas have provided the basis for this preliminary analysis which is

described in following sections of the report.
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3.2 Geologic Setting and Apparent Aquifer Geometry

Surficial geology of the GSR area is poorly known., General descriptions have
been made of surficial materials in the adjacent Pine Point area. The four main
types of surficial materials identified were interpreted® to be present in the
GSR area, as well, i.e. stony sand to sandy clay till; shallow beach sand over
till and beach ridges; lacustrine plains and shallow beach deposits over lacust-
rine materials; sandy gravel outwash; organic materials over beach sands and
lacustrine materials. Pure clay deposits in the area have been used in highway

construction.

Drilling data and geological sections show that thicknesses of surficial mater-
ials over the area range between 25 and 90 metres. Greatest thicknesses are
over collapse stfuctures, e.g at %25 test site, and in apparent bedrock.chaﬁ—
nels. Drilling data indicate that the upper part of the surficial materials has

a sandy, gravelly texture, whereas the lower part has a silty clay texture.

The interconnection between collapse depressions and preglacial channels in the
bedrock surface may be important where materials in the collapse region are con-
ductive. Under such conditions the bedrock channels could be a source of re-

charge to dewatered zones.

Bedrock within the =zone of investigation consists of a sequence of gently
folded, west dipping, stratified rocks (Figures 2 & 3), considered to be assoc-—
iated with a reef complex. From subcrop to the base of exploration the main
hydraulic units are: 1) the Upper Slave Point limestone sequence (about 60
metres thick), which has pitted and scattered vuggy zones (Plate 1), toward the
base; 2) Amco Shale~Watt Mountain argillaceous, micritic limestone sequence
(Plate 2), about 15 metres thick; 3) the Presquile unit, formed of medium to

coarse grained, moderate to extreme vuggy dolomite (Plate 3), which is about 70

metres thick im the central part of the area (main hinge) and thins northward

and southward (Figure 4); 4) the Pine Point unit of medium grained sandstone,
dolomite, and limestone that contain scattered vugs and pitted zomes (Plate 4).
The limey Hay River Shale formation forms the subcrop westward from it's eastern

erosional edge, which lies just east of the R190 mineralized region,
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3.2 Geologic Setting and Apparent Aquifer Geometry (cont'd)

The Presquile unit wedges out to the north, as illustrated in Figure 3. The
southern limit of the Presquile unit has not been mapped west of Euffalo River,
however, the eastern and southern limits have been defined in the Pine Point

area {Figure 4).

All of the bedrock units are jointed and fractured in outcrop (Plate 5) and in
core samples. The nature and degree of fracturing was measured as RQD values¥®
in the cored intervals of selected boreholes (Appeﬁdix A), located along a
north—-south line across the GSR area (Figure 4), and in the area of R190. Vis-
ual estimates of primary (intergrguular) and secondary porosities were made, as
well (Appendix A). Selected core samples were taken for:laboratery analjsis of

porosity and permeability (Appendix B).

Generally, the Slave Point unit is massive with poor development of high-angle
joints. The lowest RQD values (Appendix A) are associated with a vuggy zone
located near the base of the rock unit. There is a fractured,-apparent'weak
zone located at the base of the shaly Amco Shale-Watt Mountain unit and at the
apparent disconformity at the top of the underlying Presquile unit (commonly

choked with green clay and mud).

The Presquile unit appears to be structurally weak, generally with low RQD
values, Distinct fractures cannot be observed in the core, and most of the rock
breaks are through vugs or along remnant fossil boundaries. Parts of the vags
are infilled with caleite and sulfur crystals, some of which are bitumen coated

in the upper part of the rock unit.

The basal Pine Point unit contains a few well-defined high-angle joints, but ap-
pears stronger than the Presquile unit., Some pitted zones with weak vug devel-
opment are present in the basal unit. In lower parts of the sequence, fractures

and vugs are gypsum healed, e.g. core 75-1.

* RQD is the Rock Quality Designation, and is specified as the ratio of the
total length of core pieces over 10 ¢cm (4 inches) to the length of the cored in-

terval, expressed as a percentage.
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3.3 Apparent Aquifer Hydraulic Properties, Geometry and Boundary

Conditions Inferred from Geology

Apparent aquifer coefficients and boundaries can bé estimated visually from the
structural logs (Appendix A), described to follow. The main aquifer appears to
be the very vuggy Presquile unit, which ranges up to 70 metres thick (Figure 4).
Visual estimates of secondary porosity in this rock unit range from 10 to over
20 percent (Tables la and 1b). Permeameter tests of Presquile core samples
(Table 2) give porosity values ranging from 3.7 to 19.5 percent. Air conduct-
ivity measurements for those samples range from 1.7 x 10710 to 1.21 x 10—4m¢tres
per second (m/s); water conductivity values would be slightly lower. The high
values are from the tests on the NQ core samples (47.6 mm) from DDH 464. Core -
samples from other drill holes are of BQ(36.5 mm) size. Hydraulic conductivity
measurements were made on intact core, and as a result, do not include fracture

conductivity which may be high.

Other regions that appear porous ‘and conductive are the two—to-three metre
thick zones -located in the Slave Point unit above the Amco Shale, and in the
upper part of the basal Pine Point unit (Tables la and 1b). Permeameter tests
of samples give porosity values ranging from 2.3 to 21 percent., Hydraulic con-
ductivity values for those samples range from less than 0.86 x 10710 to 0.66 x
1076 m/s. The higher conductivity values are of the basal Pine Point samples,

which appears to be cleaner and more permeable.

The Amco Shale-Watt Mountain strata appears relatively tight, or of low permeab-
ility. It is important to note that the permeameter—test values have not meas-

ured hydraulic effects of rock fractures and joints.

Dewatering experiences at Pine Point Mines {(personal communication) indicate
that in the Pine Point area aquifers are present in the Slave Point unit, at

the top of the Watt Mountain member, at the upper Presquile contact, below the G

Horizon, and at the top and bottom of the Pine Point group. In the Pine Point

Mines area the Presquile unit forms ‘the subcrop east of the townsite, and is

confined or partly confined by overlying tills.
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3.3 Apparent Aquifer Hydraulic Properties, Geometry and Boundary

Conditions, Inferred from Geology (cont'd)

In the GSR area the entire Presquile unit appears to form the main aquifer,
confined above by the Amco Shale - Watt Mountain sequence, partly confined below
by less-conductive Pine Point rocks, and confined éo the north by the Eufﬁalo_
River shale omnlap. Southern and western boundaries of the Presquile unit have
‘not been delimited, however a southern boundary is indicated by extension from
Pine Point Mines area (Figure 5). The presence of gypsum infilling in fractures
and vugs appears to increase southward. The presence of gypsum—plugged rock

units in the south could form the southern boundary.

3.4 Hydraulic Head D}stribution and Regional Groundwater Flhw

Irregardless of the transmissivity of a rock unit, a hydraulic gradient must be
present for flow to occur. The direction of the hydraulic gradient is from
lower to higher heads. 1In the GSR area measured hydraulic heads in drillholes
cored through the Presquile unit (Figure 4) are lower toward Great Slave Lake
and higher southward, which condition indicates a regional hydraulic gradient
toward the south (about 1.5 m per km). As a result the direction of regional
groundwater flow is northward, parailel to the direction of the negative hyd-
raulic gradient or the maximum axis of the hydraulic conductivity tensor.
Water level measurements at RI90 and X25 sites (Figures 5 & 6) indicate that
hydraulic heads along the hinge (east northeastward) are nearly level, which
means that there is little to no hydraulic gradien£ or groundwaterflow along the

hinge between the X25 and R190 test sites.

In the northern part of the GSR area, north of the 600 foot (183 m) contour
line, regional groundwater discharge is present in the forms of springs, seepage
and phreatophytic plants. Artesian flows from deep drill holes in the northern
part of the area (Figure 4) indicate, as well, that the area is one of regional
grounwater discharge. Some of that regional dischérge could be diverted by the

dewatering process should mining occur in the GSR area.
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4.0 AQUIFER HYDRAULICS
4.1 X25 Pumping Test Data Analyses

A pumping test was completed at X25 site (August 3-~14, 1978) and the data anal-

3, using the unsteady-state, leaky—aquifer method of Hantush and

ysed by others
Jacob(1955)7, Transmissivity values were <calculated to range from 230
square metres per day '(mz/d), or 15,400 imperial gallons per day per foot
(igpd/ft) to 15,500 m2/d (1,039,300 igpd/ft); the medium value was estimated to

be 1450 m2/d (97,222 igpd/ft);

Drawdown data from the observation wells monitored during the X25 pumping test
were replotted versus the log of pumping duration. These ploté were used to ob-
serve‘the'réteswof'change in drawdown during pumping, in order to défine the
pumping durations during which drawdawn values are functions of transmissivity
and storativity, conditions which occur during early pumping times. During the
later part of the pumping test drawdown rates appear to have been affected by
boundary conditions that may be related to the coliapse structure in the X25
region or, to more remote boundaries, Erratic drawdown in some observation
wells after 100 minutes of pumping may be related to recharge from the ground

surface along the well casing.

Drawdown data at the 100 minutes of pumping time were considered to be the least
affected by boundary conditions or other effects. Thus these drawdown data
were plotted versus logs of their distance from the pumping well (Figure 10),
and distance drawdown lines drawn. From the slopes of those distance—drawdown
curves, calculations were made of transmissivity and storativity (Table 3),
and range from 910 to 5200 m2/d (aquifer coefficient values from all test anal-
yses are given in both metric and imperial units in Table 8) Storativity values
range from 0.33 x 1073 to 2.06 x 1073, The highest hydraulic conductivity
values are for drillholes 201 and 203, located nearest to the pumping well.
These high values may indicate the nature of the anisotropic conditions within
the Presquile aquifer (extreme conductive zones may be isolated within less con-—
ductive parts of the aquifer), or the presence of direct hydraulic interconect—
ion at the bedrock or ground surfaces. Extreme conductive zones in the Pres-—

quile wunit could be formed by cobble-to-boulder sized open wvugs, such as
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4.1 X25 Pumping Test Data Analyses {cont'd)

can be seen in the wall rocks of Pine Point Mines' M-40 underground mine or by
well-developed open fractures, such as can be seen in Pine Point Mines open pits
(Plate 5). The low hydraulic conductivity value for DDH 188 ﬁay be represent-
ative of regions where wvug and fracture development are less, or where those
openings were infilled with soil or rock,

Drawdown values at 1000 minutes were plotted, as well, and the drawdown-log dis-
tance curves drawn. The slopes of those curves are steeper than for the 100
minute interval, which indicates that drawdown may have been affected by re-
charge during the later time interval. The majority of transmissivity and stor-—
ativity values are considered to range from 960 m2/d to 1080 m2/d (Table 82, and
from 0.45xl0_3 to 0.89x 1073 respectively.

4.2 R190 Pumping Test Data Analyses

Two long—term pumping tests and a velocity log were run at RIZ0 site in March-
April, 1980, and in November, 1980. The velocity log indicates that most of the
flow entering the borehole during the test originated in the Presquile rock
unit, (Figure 11). The caliper log shows that the Presquile unit appears badly
caved throughout, whereas the Slave Point unit appears very competent (Figure
11) . Severe caving is apparent in the upper part of the Amco Shale-Watt Moun-—

tain unit, as well.

‘Analysis of the March, 1980, pumping test data (5.2 days) was done by others?,
using the "early-time" drawdown data and the Theis method of analysisl0. Later
time—drawdown data was not used due to fluctuations of the pumping rate. Median
transmissivity and storativity values were calculated to be 10,800 m2/d (724,140
igpd/ft) and 1.1x1073, respectively.

Anélysis of the November, 1980, pumping test data was done by others,6 using
both the Cooper-Jacob modification of the Theis methodll, and the type—curve
method of Streltsoval?, used for analysing effects of delayed yield in fractured
formations. Arithmetic-mean values of transmissivity and storativity (using. the
Streltsova method) were calculated to be 2982 m?/d (199,943 igpd/ft) and 2x1072,

respectively. Arithmetic mean values of transmissivity and storativity (using
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4.2 R190 Pumping Test Data Analyses (cont'd)

the Cooper-Jacob method and late-time drawdown data (after 10,000 minutes))
were calculated to be 2340 m2/d (156,900 igpd/ft) and 6x10”2%, respectively®. The
presence of anisotropic permeability distribution in the Prequile aquifer Qas
illustrated in the November, 1980, analysis (opcit).

The November, 1980, pumping test data have been re-analysed in this report
using the following methods; Chow's time-drawdown methodl3, and the Theis time-
drawdown method (opcit) both combined with the method of image wells described
by Ferris et all4; a distance—-drawdown variation of the C(ooper-Jacob method

(op cit).

The drawdown versus time method allows the plot of drawdown 'versus time data at
an observation well to be compared with similar drawdown-time plots at the other
observation wells and the pumping well. Where the slopes of the plots are the
same for early pumping times (before the depression cone reaches a hydraulic
boundary) the aquifer is isotropic and homogeneous. Where the slope of the
‘drawdown—-time plot at an observation well changes, a boundary effect is -indic-~
ated. The drawdown-time plot gives the time that the boundary effect reaches
the observation well. A range in the slopes of early drawdown-time plots from
different observation wells before a boundary is reached indicates that the
aquifer is anisotropic, or that the aquifer region around the well is plugged

(drilling mud, and so on).

The drawdown versus distance method allows the shape and extent of the depress-
ion cone to be drawn at selected pumping durations. Where the aquifer is iso-
tropic the drawdown-distance plot line remains constant during early pumping
times (before a hydraulic boundary is reached), and contains the drawdown value
of each observation well. Hydraulic boundaries may be either recharge or .dis-
charge boundaries. The barrier boundary condition has the same effect as inter-
ference from another pumping well (discharging image well) located on the oppos-—
ite side of the boundary (further described in the following section). The
effect of a discharging image well, or barrier-boundary condition, -is to in-
crease the rate of drawdown. Transmissivity and storativity wvalues calculétéd
from drawdown data after a barrier boundary has been reached would result in

those values being undervalued by one hundred percent for each boundary effect.
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4.2 R190 Pumping Test Data Analyses (cont'd)

The drawdown-log time plots of the R190 data (Figures 12a and 12b} show a mult-
iple barrier boundary condition after 1000 minutes of pumping. The slopes of
the drawdown-log time curves before 1000 minutes of pumping were used to calcul-
ate transmissivity and storativity (Table 4), using the method of Chow (opcit). .
Transmissivity and storativity values from the Chow method range from 6540 m2/d
to 11,200 m?/d, and 0.114 x 1073 to 2.5 x 1073, respectively. The relatively-
- low transmissivity value at DDH 424 may be caused by a low permeability condit-—
ion in the mineralized zome at DDH 424, or to plugging of the aquifer around the
drillhele by drilling mud. The relatively-low storativity value at X25 indic-
ates that the relatively~high conductive zone between the pumping well and X25

has 4 relatively~high compressive strength.

Analysis of the multiple boundary-condition effects shows that the distances of
the three discharging image wells range from 1300 to 12,900 metres (image well
No. 1), 5408 to 23100 metres (image well No.2), and 8900 to 45,600 metres (image
well No.3). The wide range of calculated distance to each image well is partly
due to the inherent error in selecting the zero drawdown time (to) using the
graphical method, and partly due the anisotropic conditions in the aquifer.
Distances to the actual boundaries are ome-half the calculated distances to the

image wells.,

Analysis of the log-drawdown data versus log-time data (from Figures 13a, 13b
and 13c) were made by the Theis method (op cit), and are tabulated in Table 5.
Transmissivity and storativity values ranged from 10,100 to 10,600 m?/d, and

from 0.56x1073 to 19.5x1073, respectively.

Analysis of the boundary conditions indicates that the distances of the three
discharging image wells range from 2940 to 7700 metres (image well No. 1), 4050
to 12,300 metres (image well No.2) and 9700 to 18000 metres (image well No.3).
Corresponding barrier boundaries would be about one half those distances from

the R190 site.
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4,2 R190 Pumping Test Data Analyses {(cont'd)

The slopes of the drawdown-log distance plots for early pumping times at R190
were used to calculate transmissivity and storativity values (Table 6), using a
variation of the Cooper—Jacob method (op cit). The drawdown-log distance curves
were constructed by selecting points 6f equal time intervals from the drawdown
versus log-time curves (Figures 12a and 12b). Those values were plotted versus
the logs of their distances from the pumping wells (Figure 8). The calculated
transmissivity and storativity values ranged from 9330 m2/d to 11,600 m2/d, and
from 0.11 x 10™3 to 78.5 x 1073, respectively. The high storativity value for
DDH 412 may be caused by a time lag in the water level response at R190. The
aquifer coefficients in Table 6 were used to calculate the image-well distances,
using the’ boundary arrival times taken from the drawdown versus log-time curves *
(Figures 12a and 12b). Based on those calculations the distanges.to‘the'three
apparent image wells range from 3700 to 13,000 metres (image well no.l), 7400 to
24,000 metres (image well No.2), and 13,500 to 15,000 metres (image well No.3).

The transmisssivity and étorativity values from Table 6 were used, as well, to
calculate zero drawdown distances for selected pumping times at R190. Those
distances were used to construct the drawdown cone limits for the various pump-—
ing duratioms {(Figure 4). The drawdown cone limits for the first image-well
time indicate that the first image well may be located in an east northeasterly

direction east of Buffale River (Figure 5).

The drawdown—iog distance plots (Figure 8) show that there was considerable well
loss during the pumping test (the well efficiency is calculated to be 63 per-
cent). That condition is thought tb have been caused by the high rate of pump-
ing from the relatively small-diameter well (12.5 inches), and perhaps from dis-
solution of hydrogen sulphide gas in the low pressure zone around the pump. Well
loss means that a seepage face exists above the water level in the pumping well,
and that only part of the available drawdown is used to produce water. As a
result, the cost of pumping would be greater {(because of the greater 1ift), and
tfansmissivity and storativity wvalues calculated from drawdown data  in- the
pumping well, would be undervalued. In the RI90 test transmissivity and storat-
ivity values were calculated from observation well data, and were not af-

fected by the well loss condition.
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4.2 R190 Pumping Test Data Analyses (cont'd)

The tranémissivity and storativity values at R190 calculated by the different
methods in this report compare well (Table 8)., These transmissivitf values ap-
proximate those obtained by Golder (op ciE), as well, however the Golder stor-
ativity values have a much higher range. The relatively-low transmissivity and
relatively-high storativity values obtained in the Brown-Erdman analysis (Table
8) are due to the use of the late drawdown-time data (after 10,000 minutes), and

the use of the Streltsova methed.
4.3 Boundary Conditions

Figure 14 illustrates that a barrier boundafy has the same effect on drawdown
rates in a pumping:well and piezometer as a discharging well located'on the op-—
posite side of the boundary (image well), and that a recharge boundary acts
similar to a recharging image well. The hydraulic conductivity, storativity and
boundary distances determine the time after pumping starts that boundary effects
arrive at the pumping and observation wells (Figure 15). The number of bound-
aries present and their configuration determine the rate of change in drawdown
versus time. Figures 12a and 12b illustrate that the slopes of successive limbs
of the drawdown-log time curves are multiples of the initial limb. The exact
ratio of the fourth limb to the first limb cannot be determined from the semi-

log plots.

The barrier boundary conditions in the GSR area, determined from geology, ind-
jcate that those boundary conditions could be represented as an open box (Case
3, Figure 15), however'the ratios of the image distances {(given in Tables 4, 5
and 6) indicate that parallel boundary effects were measured (Case 2, Figure
15). It should be noted that during the R190 test less than 10 percent of the
available drawdown was used, which means that not all of the boundary effects
may have developed, such as are shown in Cases 2 or 3 (Figure 15), or that may
occur during dewatering at R190. Some of the boundaries that may develop could
be recharge boundaries, -such as were indicated from the X25 test data. The mul-
tiple barrier boundary condition apparent in the R190 test data could be due to

facies changes at the lateral limits of the Presquile unit (Figure 5), or to
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4.3 Boundary Conditions (cont'd)

local changes in transmissivity and storativity within the Presquile unit, or to
hydraulic boundaries caused by dewatering. Local changes in transmissivity and
storativity have been described in reports of pit dewatering at Pine Point
Mines, and from analysis of pumping test data at Pine Point Mines and at X25
site. The existance of a hydraulic boundary becomes apparent, as well, from a
study of Figure 5. The 186 metre piezometric level in the drawdown cone (from
Pine Point dewatering) has advanced southward across the Presquile unit from
its (1968/69) prepumping northern position. The western edge of the drawdown

cone would form a hydraulic barrier to an advancing drawdown come from the
west. The present position of the western edge of the Pine Point drawdown cone

may be completely:across the Presquile unit, and as for west as Buffalo Riveér.,

5.0 DEWATERING R150

5.1 Concepts and Basic Assumptions

Dewatering at R190 would take place under changing hydraulic conditions during
pumping. Initially, pumping would occur under confined conditions, and the
first part of pumping would be "deconfining' the aquifer around the region to be
mined. During the deconfining process some leakage would occur through the con-

fining beds (above and below).

The second part of pumping would be "dewatering" the aquifer. During the de-
watering process the amounts of leakage from overlyiung and underlying beds would

increase.

During both pumping stages the drawdown cones would be limited by the barrier
boundaries (apparent from the R190 pumping test data). The boundary configurat;
ion at R190 is not known at this time, however, the effects of those boundaries
can be approximated where the given assumptions are valid, (specified in follow—

ing sections).

S1G 14




5.2 Deconfining the R190 region

Different sets of calculations were made (Table 7) to show the range of pumping
rates required to deconfine the aquifer where different boundary conditions and
aquifer properties exist. For the first calculation, aquifer coefficients were

given the values calculated for the X25 observation well, as given in Table 6
and illustrated by the long axis of the drawdown cone of influence (Figure 5).
These specifications would result in a large drawdown cone due to pumping, and
relatively few boundary effects. The calculations show that the assumed mult-
iple barrier boundary effect would reduce the required pumping rate to 4.0 m3/s
(52,800 igpm) from 10.2 m3/s (the pumping rate that would be required where no

boundaries are present).

For the second calculation, aquifer coefficients were taken-equal to those cal-
culated for piezometer 416 as given in Table 6., The use of these coefficients
result in a more restricted drawdown cone, as illustrated by the width of the
drawdown cone in Figure 5, and closer barrier boundaries. The calculations show
that the multiple barrier boundary effect would reduce the requlred pumping rate

from 10.3 m3/sec to 3.3 m3/sec (43,560 igpm).

5.3 Dewatering the R190 Region

The purpose of the second stage of pumping is to dewater the aquifer around
R190. During this process the drawdown cone in the aquifer is expected to have
the same shape but to expand much less rapidly because of the large increase.in
the storativity (specific yield) value (0.2 versus .00011). As a result, bound-

ary effects would be reduced, as shown in the following calculations.

The dewatering pumping rate may be calculated from the multiple-well equation
Q = 47 KDs/W(up )+ ;W u;). Where KD = 1.06x10%, s = 70m (assumed aquifer thick-
ness D)}, and dewatering time t would be 6 months, or 182.5 days, and § = 0.2,

the travel distance of the drawdown cone would be ro= (2. 25kDt/S)0: 3, Substitut~
ing, rg = (2.25x1.06%10%x182.5/0.2)0-5 = 4665 m. Because the nearest image well
is 13000 m away, there would be no boundary effect and £; Wluj) = 0. Further-
more,u, = r2§/4kDt, and up = 1002x0.2/(4x1.06x10%x182.5) = 2.58x10" 4,where r =
100m (diameter of the dewatered base), and W(u ) = 7.69 (from Tablesld),
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5.3 Dewatering the R190 Region (cont'd)

‘The required 6 month dewatering rate Q = 4&rx}.06x10%x70/(7.69) = 1.21x10%m3/d =
14m3/s (185,200 igpm). In order that the first®barrier boundary might be

reached, the duration of dewatering under the specified conditions would have to

be: t=r;25/2.25kD = 13000%x0.2/(2.25x1.06x10%) = 1417days, or 3.9 years.

Where the average transmissivity value would be 50 percent less (5300 m3/d)}, the

required pumping rate would be reduced, as well, by 50 percent.

Where the radius ry, of the base of the dewatered region (well field ring) would
be reduced by 50 percent, u,= 502x0.2/(4x1.06x10%x182.5) = 6.46x1075, W(u,)
9.07 (from Tables), and the six month dewatering rate Q = 4ﬂ'x1.06x104x70/9.07
1.02 x10% m3/d, or 11.9 m3/sec (157000 igpm), which would be a reduction of the

pumping rate by (14-11.9)/14 x 100, or 15 percent.

Where the mean storativity (specific yield) value would be reduced by 50 per-
cent, § = 0.1, and u, = 2.58x107#x0.1/0.2 = 1.29x107%, W(u.) = 8.37. The travel
distance of the cone of influence ro = (2.25x1.06x10%x182.5/0.1)0 5 = 6600 m.
Where the first barrier boundary would be 13000 metres away there would be no
boundary effect, and the reduction in the pumping rate would be due only to the

reduction in storativity, which would be (8.37-7.69)/7.69x100 = 9 percent.

On the other hand, where the first barrier boundary distance would be less than
5600 metres, as given in Table 6 for the observation piezoﬁeters other than X25,
the effects of the first boundary would be to reduce the pumping rate, as fol-
lows. For the first boundary effect £jW(uj) = 5.17 (Table 7), and. Q = 4wxl.06x
104x70/(7.69+5.17) = 725,000 m3/d, or 8.4 m3/s (110,800 igpm).

The foregoing calculations show that very comservative estimates of the dewater-
ing pumping rate (nmot counting leakage) approximate 14 m3/s. The calculations
show, as well, that where individual parameters would be 50 percent less than
estimated or where a barrier boundary effect would occur, pumping requirements
could be as much as 50 percent less (7 m3/s). Where those conditions are accum—

ulative pumping requirements could be as low as 3.5 m3/s.
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5.4 Leakage Effects

Both deconfining and dewatering of the aquifer around the R190 region are ex-
pected to produce leakage from the overlying and underlying saturated strata.
The rates of leakage would be directly proportional to leakage'areas, vertical
hydraulic conductivities, and hydraulic gradients. Leakage estimates are given

" to follow using the Darcy equation and Hubbert's point-sink analytical modell6,

Downﬁard leakage would occur at the top of the Presquile aquifer, over the area
of the drawdown cone. This area would be greatest at the end of the dewatering
process, and would reach the barrier boundaries. Where the image well distance
would be 13,000m (eastfnortheast) and 24,000m (west-southwest), the related
boundary distances would be 6,500 m and 12,000m. The forth and south boundaries
of the Presquile aquifer are approximated from Figure 5 to be 5500m and 11,500m
from R190 site. These boundaries would produce a sub-rectangular area df

18,500 m x 17,000 m, or about 3x108 mZ,

Where the average vertical hydraulic conductivity of the Amco Shale~Watt Moun—
tain unit is 10'9 m/s (10 x the permeameter test values, Appendix B), and no
conductive conduits exist in local collapse structures, and the upward hydraulic
gradient is unity (the case in a perched flow system), downward leakage Ld =
107 9%1x3x108 m3/sec, = 0.3 wm3/s (about 4000 igpm). Where the average vertical
hydraulic conductivity would be 1078 m/s, leakage Ld = 3x1078/1079 = 3m3/sec,
(about 40,000 igpm).

Upward leakage would occur across the bottom of the dewatered zone at the base
of the main Presquile aquifer. Kv of the Pine Point unit is taken to be  0.66 x
1076 m/s (measured in the permeameter fest of the NQ core sample, Appendix B).
The drop in hydraulic head in the underlying Pine Point strata would approximate
the depth of dewatered regiom, taken to be 180m. This head loss would be dis-
tributed in the Pine Point strata, laterally and downward, in proportion to the
log of the distance (assumed to equal the depth of the dewatered regiom, or 180
m). Flow into the lower part of a spherical point sink of 100 m radius is given
by Hubbert'sl? equation: Q = 2 Ky {hy~ hy)/(1/ry-1/r5). Where K = 0.66x10"6m/s,
hy = 180 m, hy=0, ry = 100+180 m, and r; = 100 m, Q = 2wx0.66x10"6x(180~0)/
(1/100-1/280)m3/s, or 0.12 m3/s (1530 igpm).
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5.4 Leakage Effects (cont'd)

A ten fold increase in vertical conductivity would result in similar increase in
the upward leakage rate,i.e. 0.12 m3/s x10 = 1.2 m3/s (15,800 igpm). Thus the
total upward and downward leakage rate is estimated to be 0.3 m3/s + 0.12 m3/s,
or 0.42 m3/s (5500 igpm). Where conductivities are an order of magnitude higher
than expected, leakage total rates would be 0.42x10 = 4.2 m3/s (55,000 igpm).
However, because the drawdown-time curves indicate that the aquifer is confined

high leakage rates from the Pine Point unit are not expected.

6.0 GROUTING POTENTIAL AND EFFECTS AT RI90

6.1 Grouting Potential

Calculated hydraulic coﬁductivity values for the Presquile unit range-_from
1.13x1073 to 1.93x10_3m/sec (Table 7), which is equivalent to the hydraulic con-—
ductivity of clean sand or a clean sand and gravel mixturel7, which are grout-
able. Pumping-tests results indicate that the Presquile unit is anisotropic and

may contain isolated open pockets formed by vugs or fractures.

Results of large-scale grout testing in deep alluvial sediments at a number of
dam sites, e.g. the Serre-Pongon Dam site and the High Aswan Dam site, have led
to the following conclusions!8: 1) where the hydraulic conductivity of the un-—
treated sediment (X) is greater than 10~% w/sec, grouting with an appropriate

mixture of cement and clay reduces the hydraulic conductivity to about 23106

m/sec, irrespective of the original value of K; 2) if the original value of K

is less than 10™% m/sec, the K value of the grouted sediment (Kg) increases with

- the decreasing K values; sediment with a K value of less than 10™° m/sec cannot

be grouted with clay-cement grout. Grout curtains up to 520 feet in depth have
been successfully constructed in coarse alluvial sands and gravels, e.g. the
Serre-Pongon Dam on the Durance River in southern France, the Mission Dam on the
Bridge River, British Columbia, and the Rocky Reach Dam on the Columbia River in
Washington State using either Solestance or Swiger methods 18,19,  Both methods
require drilling of several rows of boreholes (about 12 cm. diameter) to the

base of the section to be grouted.
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6.1 Grouting Potential {(cont'd)

The boreholes should be from 3 to 4.5 metres o.c., and the rows about 3 metres
apart. The number of rows depends on the desired hydraulic gradient across the
grout curtain (European experience recommends a minimum grout curtain width
equal to 25Z% fo 30% of the expected head drop across the grout curtain). The
boreholes are grouted in sections and in stages using appropriate clay-cement
and clay-cement-chemical mixtures. Grouting materials coarser than 200 mesh
~should not comprise more than 1% to 2% of grout materials. Grout testing should

be done to determine grout specifications, well spacing, and so on.
6.2 Grouting Effects

Considering that the expected head drop across a grout curtain around the R190
ore region would average about 130 metres under mining conditioms, minimum
grout—-curtain thickness should be 130/4, or 33 metres, according to European re-—
commendations. At a 3 metre row spacing,the number of rows should be 33/3, or
11, or from 5 to 6 rows at a 5 metre row spacing (the well and row spacing would

vary with the hydraulic conductivity, or the test results),

Where the diameter of the mine and the hydraulic conductivity of the grout cur-—
tain are known, the leakage (Q) through the grout curtain can be estimated using
Hubberts' line-sink analytical model: Q = 2mKL(h-hg)/ln r/ry. Where the radius
of the mine (rg) = 100 m, and K = 2x1070 m/s, Q = 2ax2x1070x70x130/1n133/100
w3/s, or 0.4 m3/s, (5,300 igpm). l ‘

Leakage into the mine from overlying beds can be estimated from Hubbert's half
point-sink equation Q = 2rRv(h-hg)/{(1/r-1/rg)(op cit}. Where k, of overlying

strata = 1079 m/sec, and the head is distributed over a distance equal to the
depth of the top of the mine, them Q = 2wx1079x100/(1/100-1/200), or 1.26x10~%4

m3/s (2.7 igpm), a negligable amount.

Leakage into the mine from underlyihg beds would be 0,12 m3/s (1530 igpm), as
given in section 5.4. Total leakage into the mine region would be 0.4 w3/s +

0.12 m3/s = 0,52 m3/s (6830 igpm).
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7.0 IMPROVING RELIABILITY

7.1 Aquifer Coeficients and Boundary Conditions

The foregoing calculations show that the exiﬁtence and distance of multiple bar-
rier boundaries are most important conditions in limiting the dewateriné rate
around the R190 mineralized region. Analysis of the X25 and R190 test data in-
dicate that high conductive zones are present in the Presquile aquifer along the
hinge, and that these zones appear restricted or bounded. Verbal information of
Pine Point Mines dewatering experiences indicate that similar high conductive
zones may be présent, as well, across the hinge. X25 pumping test data indicate
that significant vertical leakage may occur through collapse structures during
pumping.

The reliability of the dewatering.estimateé could be improved through better
location of barrier boundaries and better definition of aquifer coefficients.

This could be done through careful examination of all hydraulic test data and

relevant geological data from the Great Slave Reef-Pine Point Mine area.

Estimates of deconfining and dewatering rates could be improved through the use

of a properly—cbnstructed, three-dimensional computor model. Such a model could
be used; as weil,'to'predict effects of various grout curtain cohfigurations or
grouted regions in and around the R190 mineralized region. This could be done
through careful examination of all hydraulic test data and relevant geological

data from the GSR — Pine Point Mine area.

8.0 RESULTS AND RECOHHEﬁDATIONS
8.1 Results

" Results of the initial study indicate that the Presquile rock unit is the main
aquifer, and that the Presquile aquifer is hydraulically confined above and
below by less—conductive rock units, and internally by multiple barrier

boundaries.

The process. of dewatering the Presquile aquifer around the R190 mineralized

regions can be separated into the initial deconfining stage, and the subsequent
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8.1 Results (cont'd)

déﬁatering stage. The deconfining stage means lowering the piezometric head
from near the ground surface to the top of the Presquile aquifer. The dewater-
ing stage means lowering the unconfined water table around the R190 region to
the base of the Presquile, as well as pumping the leakage that would occur from
the overlying Amco Shale-Watt Mountain rock unit, and from the underlying Pine

Point rocks.

Where the duration of the deconfining process would be six months, the required
pumping rate could range from 3.3 m3/sec (m3/s) to 10.3 m3/s depending on the
existence of the apparent barrier boundaries. Where the dewatering duration
would be six months the required pumpiné rate could range from 3.5 m3/s to
14 m3/s, depending on the existence and 1oéation of the. apparent barrier bound-
aries, and whether the aquifer coefficients have values near the bottom or top

of their calculated ranges.

Leakage, "from overlying and underlying confining strata, would reach a maximum
during the dewatering stage, and would have to be added to the dewatering rate.
" Expected leakage is estimated to totalrabout 0.42 ms/s, however where confining g
materialé are much more conductive, or where vertical conduits to the base of

surficial materials are present, leakage rates could be much higher.

If a 33 metre grout curtain would be constructed around the R190 ore zone within
the Presquile rock unit, and the hydraulic conductivity reduced to 2x1076m/s,’
subsequent dewatering of the mine region could approximate 0.52 m3/sec (6830

igpm),'where the conditions on which the ecalculations are based exist.

8.2  Recommendations

The multiple barrier boundary conditions apparent in the Presquile aquifer con-
taining the R190 mineralized region, could have the effect of reducing the re~

quired pumping rate by 60 percent during the deconfining stage, and by 40 per-

cent during the dewatering stage. It is important to define these boundaries
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8.2 Recommendations (cont'd)

as well as the transmissivity distribution. This could be done through careful
examination and re-analysis of dewatering and pumping test data at Pine Point
Mines, and by carrying out an injection pressure test program in selected exist-—
ing open boreholes. Results from both of these studies would provide important

inputs into a three~dimensional dewatering design model,

. These works should be done in cooperation with Pine Point Mines, .and in time to

collect the required data that could be generated from the dewatering of their

N8l open pit.
Surficial materials in the GSR area should be mapped in-detail to locate and de-

scribe the physical properties of granular materials that would be required for

construction and grouting purposes.

DOUGLAS ROY

> STEVENSON
3. ¢

Douglas‘R. Stevenson, P. Eng., P. Geol.,
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TABLE 7: (continued)

* The rate of pumping is given by the formu]alh
Q= thDs/(W(ur)-+ZﬁNui)), where deconfinement drawdown s = 100 m,
Q = b x 1.06x10h x'100/(W(ur)-+iﬁuui)), and u_ = r2$/LKDt

100 m, and § = 0.11x1073

it

" Where r = diameter of dewatering well ring

b 1.52x10"7

= 100% x 0.11x1073/4 x 1.06x10" x 182.5)

.
From tables!? W(ur) = 15.19;ZM(ui) from above table.
b x 1.06x10" x 100/15.19 = 8.77x10° m3/d
10.2 m3/sec (134,000 igpm)

i

Case # 1. no image we]15;&W(ui) =0, Q

Case # 2. thrée_image we11s,§gw(ui) = 13.08 (from aboveitablé)
= harx 1.06x10" x 100/(13.08 + 15.19) = 471,000 m3/d
= 5.45 m3/sec (72,000 igpm) '

‘Case # 3. multlple image wei?s,i_w(u ) = 23.52, (fﬂ”z 37 7x10° m)
Q= bx 1.06x10% x 100/(23.52 + 15. 19) = 34%,100 m3/d-
= 4 m3/sec (52,600 igpm) ' Cem e '

Where $=o. 75x1o“3, KD = 9330 m%/day, t = 182 5. days, s = 100 m
(z 25 x 9330.x 182.5/0.75x10° “3yE Lgrs00m
F 2 x 0.75x1073/ (4 x 9330 x 182. 5) 1:1x10710
‘Q = h KDs/(N(u ) +iLW(u )), and u ; r S/hKDt
Where r = 100 m, S = 0. 75x10 3. KD = 9330 m*/d, £ = 182 5 days o
100 x 0.75x10 3/(ll X 9330 X 182 5) . 1x10 6 From tables w(ur) = 13.14

r.
i

U.

2

i

Case # 1. where o image wells exist, SLW(u ) =
_ Q= 4 x 9330 x 100/13.1h = 892, 300 m3/d

= 10.3 m3/sec (136,300 igpm)

Case # 2. Where three lmage wells exist, i.W(u ) = 12.5
Q = 47 x 9330 x 100/(13.14 + 12.5) = 457 300 m3/d
= 5.3 m3/5ec (69, 900 igpm}

Case # 3 Where multiple image wells exist, iZW(u ) = 27.67
Q= 4w x 9330 x 100/(27.67 + 13.14) = 287 400.m3/d

= 3.3 m3/sec (43,900 ime)
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Plate 5: Vertical open fractures on the south wall of open
Pine Point Mines, N. W. T. '
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' SCALE

TOPOGRAPHY AND DRAINAGE PATTERNS AROUND THE GREAT SLAVE REEF

PROJECT AREA. (after Figure 4.3-18)
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FIGURE 8. DRAWDOWN VERSUS LOG TIME PLOTS OF DATA FROM SELECTED = OBSERVATION WELLS DURING THE
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WESTMIN GREAT SLAYE REEF PROJECT

Diamond Drill Core Descriptions

-
.
[ Hole ¥ a26
[ . ¢
Dapth RQD ... and core recovery R Secondary Lith= Porosity |Jolnts| Porosity
(1) 4 Porosity % clogy Index Description
0 2 40 €0 &0 100 0 10 20
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100 - : ~|eeses —_
- . oo TS
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- 157 - sssssasaERssss - = e - i p §
]42 “levevsser “evean p §
147 — ~{eseee pé
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: “|eensorenssssssanscnnsnsonsnas - R “lessss 3 P §
- 1& “|essssanssnnnrs b ELTT Y p §
:[ g 174 Tleenssscsanssesnsssssssnas “|senes *
L ;28 O —_ B D — "
190 - “|eeeee
., 195 - - T pv
i 201 ~ sssessssssssnsne . T[essss P §
206 Seseteitbncnoranrnnens “leeees pv
= 2‘205- ssssssssSssISERRERS R T]asses 301
218,5- b P
reo 225 ~ | eenes SP
| s B PO o [
L‘ 238 - mELTTTY
200 ~| veenacrneansee — - anees . — m§
246-5' denbesevsnssnane R | eneee ) 3-1 P §
™lessssssssssssnan | sssns P §
26 - tasedasssasan — | eeses - h>f PV
b Tlesssssesssnsa | sssna h > f pv
%5 Tlasssnssssace el PYTY Y h>f pv
“{esssssssesas . “lenses . h>f pv
275 = AR EAS ST EERES = L Xl 11 h > f p V
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%5 - R = LYY Y] 3.1 Ppv
T|vessssssscsnssassannans = asssa pv
295 - ehbbenttnn - FTTYY) - P§
- mS - :l.-ll.l...l.llllllllll | sssns —
312 -] eee - AS
:, 325 = ::::l.l. = :::-. S P
L 327 - srrenens —_— b EYTT — b
335 - sessssnssans R ~lasnns WT 1 h>o
s 357 - -
! RQG - rock quallity designation - total length of unbroken pleces of core, each greater than four inches long,
— expressed as a percentage of the length of hole drilied, (SIG)
; Secondafy porosity -~ porosiTy of the rock mass due to selution cavities, open fractures and partings. (SIG)
i
L Porosity Index - classification system for rock fractures, (WRL) -
‘ Core recovery - fotal length of core recoverad expressed as a percentage of length of hole drilled. (WRL)
f Jelints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,
Porosity Description v = vuggy porosity, § = pitfed porosity, p = poor, m = moderate, h = heavy,
fi eg. m-hv means moderate to heavy vuggy porosity.
L
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WESTMIN GREAT SLAVE REEF PROJECT

Diamond Dritil Core Descriptions

Hole # a2

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity
(f+) p 4 Porosity % ology Index Description
0 2 40 60 80 100 0 10 2
357 Jureresrnnn R - WT 1 h>f
0 - sesssbianen —— l ET YT Y b
36 - . R i P 1
347 - . -_ - cnsen — —
350 - sssssssss . - sssas mv
ot [— - sesas hv
362 ~|eeeanes - “tees m=-h V
“leennens R - arees HF 5 m-hv
372 | eaea - raes m= "E v
=5 - [ITTY T ) - srsee ' m=hv
386 - : o I censne , m=hv"
2 - L —— - csses _— — : m-hy-
396 =) eenaaas M - ’ rese ’ m=hy
=leseanns: - ceses m-hyv
405 ~ ‘ - ssane i m=nhv
AZ “{enseness - csnee m-hv
~lasnanses - csese . m-hv
425 ~ LT . h seves ! m-hv
~|anaee : ' - ceens ’ m=hv
o FTIT R : - aeee I F 5 m-hv
A1 —|eaanen - cenns m=hvy
i LTI - sesne m-hv
455 —| wane - aane m=hvw
“|eare = e m-hv
© 466 - asssassessssassanes - TTTYY ) m-hv
470 =l eevee - LTI m=-hv
i YT = YT m=hv
479 «|sssesse —_— - I _— h>»o pv
480 =) eeanans ‘ R - wanee _ 5.2 h>o |pv
491 —leeaseananan . - aesen : CH h>o |pv
45 <l eeee : EE— - ssans - — myv
~fease - eesen ’ mv
505 —| eanses : - canas m v
“|secees = sssne ] my
515 - -1 - cones mv
517 = - cecee mv
- R - LYY 5 myv
27 T|aene = snene DF my
“|eese - seaae my
“leass by sanan mv
345 -(.. - sense mv
il E1) = LTYT Y my
53 - —_ - —_ —_ mv
558 -

[

[

-

[

RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled, (SIG)

. Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (SIG6)
Porosity index - classification system for rock fractures. (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = fillsd.

Porosity Description v = vuggy porosity, § = pltted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,



I

=

oo roT I

-

—

f

(.

r

A.,

= £ 1

I

WESTMIN. GREAT SLAYE REEF PROJECT

Diamond Drill Core Descriptions
Hole ¥ 428
14 1
Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity

(ft+) 4 Porosity % ology Index Description

0 20 40 &0 80 100 0 10 2
538 - - ssses : I>0 |[pv

= - sacae >0 |pv
567 =|ene - ereee >0 |[pv

i LT - sssee | >0 pVv
515 - sse - ssnse >0 [

= ' - aenen >0 Jpv
B4 - - acues . l>0 (pv

- - aeeee >0 |pv

- R - eses 4/5,.1 l>o0 {pv
60 ~ ) . - veene EB ‘
615 — sssussssssse ’ -1 - nn:-n. ST I-h >0 W.- D§
617 ~|eavaencacane : - ssnee ) >0 {nmv-p§

o PYYTYTTTITT T - adben ’ | >0 ‘v - p§
628 “|sose - snnes l >0 - p§
633 - “laenns >0

= “lreses | >0
A5 =] 00e bl T :
655 - —-— . - —_ — —_

RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expraessad as a percentage of the length of hole drilled, (SIG)

Secondary porosity ~ porosity of the rock mass dua"l’o solution cavities, open fractures and partings. {SIG)
Porosity index - classificatlon system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled. (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled.

Porosity Description v = vuggy porosity, § = bi'l"l'ed porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means mederate to heavy vuggy porosity, -
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WESTMIN GREAT SLAYE REEF PROJECT

Diamoend Drill Core Déscripfions

Hole ¥ 637

Depth RQD ... and core recovery R Secondary Lith- Porosity {Joints{ Porosity
() p 4 Porosity % ology Index Description
0 y.4] 40 & 80 100 0 10 2
0B
- — >0
121 = ssssasnasnssssesee : “|seane 5P
134 - o
138 - : -
oore missing -
242 - SssnaEBsLEREIPRAS B “lessse
255 ~|vanenes . ~|eeeen
1 - ssssssses Tleaene
265 =l eeeessrerennnnas W ETIT -
“|eeass AS
280 ~ PhssFEESIT ORI RIR SRS RRRS. ELTITTY -
2_85- L T T “lossea
“lerssscannnes bl YT SP
295 | susssssanrsnsan “| ssasa
at i ssssesessssssnnanas -  FY YT - h>o
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“lesssssasssssansanas Tl eeeen >0
| essses WT
324 - deebsevetonnce . T|evens
334 - i ETTTYY v
338 -|.... [ —
345 - LT Y - LT CF myv
~|eeerscarssananss - - - m-hv
356 - LTI T YT P Y PYY - sseee m=hv
“Jessecnsacacs - sseas LF m-hv
“lessesernsens ‘ = sevae m-hv
369 - - cssss m-hvy
315~ sssenssasasas - sesse - m-hv
“feeseesencanes = LT T BR m—-hvy
385 - -

[

RQD - rock quality designation - total length of unbroken pieces of core, sach greater than four Tnches long,
expressed as a percentage of the length of hole drilled, (SiG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (S1G)
Porosity Index = classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Jdoints I> = low angle, h> = high ar}gle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,
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WESTMIN GREAT SLAVE REEF PROJECT

Diamond Drill Core Descriptions

Hole # 637

Depth RQD ... and core recovery R -~Secoadary Lith- Porosity |Joints| Porosity

(f1) p 4 Porosity ¥ ology Index Description
0 il 40 & & 100 0 0 20

285 - LT T . - senae m=hv
“|sseasssane - anaes m-hv

395 “|vensan - YT m=hv
“jenenes - ssees BR m-hv
NI . - svsee m=-hv
~]esesas - crens m=-hv

413 - sssscsssans = ssese m-hv
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43 - gore missing - —

4% [ veerrnrersaresssnsarsnsessanisen ) leees h>o

465 =| aennnanssncsssasrrsersorsnn ’ “|svses

O by EB

T N “feene

496 1 Laenereneessasesssassssasnanasansrsssassenss | ~|eerer

500 = . - —

RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hcle drilled, (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. {SIG)
Porosity Index - classiflcation system for rock fracTures; (WRL)
Core recovery - fotal length of core recovered expressed as a percentage of length of hole drilled, {(WRL)

Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Deseription v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m~hv means moderate to heavy vuggy porosity,
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Diamond Drill. Core Descriptions

Hole # 327

Depth RQD ... and core recovery R Secondary Lith—- Forosity |Joints| Porosity
(ft) ) 1 Porosity %X ology Index Description
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RGD - rock quality designation - total length of unbroken pieces of core, each greater than four Inches long,
expressed as a percentage of the length of hole drilled,.-(S1G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (516)
Porosity index = classiflcation system for rock fractures. (WRL) =
Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Jolints }> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = wvuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m=hv means moderate to heavy vuggy porosity.
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Hole # 327

o

. Depth RQD ... and core recovery R ) Secondary Lith- Porosity |Joints| Porosity
1 ; (fH) 2 Porosity % ology Indax Description
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}; RQD - rock quality designation - total! length of unbroken pieces of core, each greater than four inches long,
o exprossed as a percentage of the length of hole drilled. (SIG)
[ Secondary porosity = porosity of the rock mass due to solution cavitles, open fractures and partings, (SIG)
LJ Poresity index - classification system far rock fractures, {WRL}

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled. (WRL)
i; Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pltted porosity, p = poor, m = moderate, h = heavy,

eg. m~hv means moderate fo hsavy vuggy porosity,

I
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Hole ¥ 355

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity
(f1)- ) 4 Forosity % ology Index Description
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RQD - rock quality designation - total |ength of unbroken pieces of core, each greater than four Inches long,
expressed as a percentage of the length of hole drilied, (51G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (5iG)
Porosity Index — classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled. (WRL)
Joints I> = low angle, h> = high angle {greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity.-
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WESTMIN GREAT SLAYE REEF PROJECT

Diamond Brill Core Descriptions

Hole ¥ 355

Depth RQD ... and core recovery R ~ Secondary Lith- Porosity [Joints| Porosity
(f+) b 4 . Porosity % ology {ndex Description
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RQD - rock quallty designation - total length of unbroken pleces of core, sach greater than four inches long,
expressed as a percentage of the length of hole drilled. {(S1G} -

Secondary porosity - porosity of the rock mass due fo solution cavities, open fractures and partings, (éIG)
Porosity lﬁdex - classification system for rock fractures. (WRL)

Core recovery ~ fotal Iehg?h of core recovered expressed as a percentage of length of hole drilled, {WRL)
Joints  |> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuqgy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg. m-hv means moderate to heavy vuggy poroslity.
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Diamond Drlill Core Descriptions

Hole # 464

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Forosity
{(f+) 4 Forosity % clogy Index Description
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RQD ~ rock quality designation - total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilied, (S1G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (51G)
Porosity index = classification system for rock fractures. (WRL) -,

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled.

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m~hv means moderate to heavy vuggy porosity.
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Diamond Drili Core Descriptions

Hole # 464

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity
(ft) 4 Porosity % ology Index Description
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
exprossed as a paercentage of the length of hole drilled. (S!G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and parfings. (51G)
Porosity index - classlification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL}
Joints I> = low angle, h> = high angle {(greater than 60°), o = open, f = filled.

Porosity Descriptien v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,
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Diamond Drill Core Descriptions

Hole # 75-1

o

Depth RQD ... and core recovery R Secondary Lith- Porosity fJoints| Porosity
(1) 4 Porosity % ology Index ) Description
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RQD - rock quality designation - total tength of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilied, (SiG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (S5iG)
Porosity index .- classiflication system for rock fractures. (WRL)

Core recovery ~ total length of core recovered expressed as a percentage of length of hole drilied. (WRL)
Joints I> = low angle, h> = high angle (greater than 60°)}, o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,
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Diamond Drill Core Descriptions

Hole ¥ 7s5-1

Depth RQD ,.. and core recovery R . Secondary Lith- Porosity |Joints| Porosity
(ft) p 4 Porosity % ology Index Description
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled, (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and parfings; (51G)
Porosity index - classification system for rock fractures, (WRL) -

Core recovery - total length ‘of core recovered expressed as a percentage of'lengfh of hole drilled. {WRL)
Jolnts I> = low angle, h> = high angle (greater than 60°), © = open, f = filled,

Porcsity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg. m-hv means moderate to heavy vuggy porosity.
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Diamond Drill Core Descriptions

Hole # 75-1

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity
(1) } 4 ‘ Porosity % ology - Index Description
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RQD -~ rock quality designation - total! length of unbroken pleces of core, sach greater than four inches long,
expressed as a percentage of the length of hoie drilled, (SIG)

Secondary porosity — porosity of the rock mass due to solution cavities, open fracTﬁres and partings. (51G)
Porosity Index - classiflication system for rock fractures, (WRL)

Core recovery -~ total length of core recovered expressed as a percentage of length of hole drilled. {WRL}
Joints I> = low angle, h> = high angle (greater than 60°), 6o = open, f = fiiled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,
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RQD - rock quality designation - fotal length of unbroken pieces of core, each greater than four Inches long,
expressed as a percentage of the length of hole drilled. (S16)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)

Porosity index - classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)

Joints

Porosity Description

eg. m-hv means moderate to heavy vuggy porosity,

I> = low angle, h> = high angle (greater than 60°%), o = open, f = filled.

v = vuggy porosity, § = pitted porosity, p = poor, m

moderate, h = heavy,



-

L

WESTMIN GREAT SLAVE REEF PROJECT

Diamond Drill Core Descriptions

Hole # 34

Depth RQD ... and core recovery R Secondary Lith- Porosity |Joints| Porosity
(tt) ) 4 Porosity % . ology {ndex Description
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ROD - rock quality designatlon - total length of unbroken pleces of core, each greater than four nches long,
expressed as a2 percentage of the length of hole drilled, (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)
Porosity index ~ classification system for rock fractures, (WRL) -

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled., (WRL)
Joints I> = low angle, h> = high‘angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity.
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Hole # a4
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Dapth RQD ... and core recovery R Sacondary Lith- Porosity [Joints| Porosity
(f1) z Porosity % ology Index Description
0 20 0 60 80 100 0 10 20
3%6 - ssssessssasnas = sesne
350 - LI Y YA Y Y ) . - XYYy
244 - LTI YT YR Y T = ssnne
347 - YT T YT Y PP PP YTy Y T = sesee
352 - ase - ssses
357 - -on.na;oooooo---.--.. snene hv
367 ~|aen seny = LT hv
375 =|sensesssstecrsccasanananse = cssss hv
387 ~| eese ascasssssrtE st esesanasnnee - cesen ' hv
34 ~ LTI YT - N - sena P Q - hv
407 - sesssssscenan. = : sanne D i ) hv
416 - sesensansese : h sesve I >0 hwv

425 - LT P T TY T = P esses . I »o hv
435 - . - eseee l>o0 |hv
M0 = seesrsnntnnnas - asaes 7 hv
4% B ELIITILIIYY - LTTY TS hv
457 - ssssnssnssssnns s va e hy
477 - L T Ty Y Y T T T T P YT by assss l-h >f hv
483 —|cenasnns . ' - nnas =h> |hv -
456 - LY T Ty T Y T P T PPy = asane hv
05 =[easnseecessecess - sessn h>o h v
508 - . - ’ —
- - CH
508, 5- - _—
514 - . = sssme . h>o h§ y WV
528 ~ ssssssssnee al sseas BR h>o
552 - FTTTYTTY - aanae h>o myv
5£ - - - .
Ml - sesNtstsIIRILIERERIRRSRS e FTTTTY h>o p §
550 - L Y Y T T YT Y YT Y P Y YT PRy T eenes
560 - L T LT YT T T Y ¥ P Y P P P PPy i ETYTTY
570 ~|missing core - BE
588 ~|usesssictnnsarcansasasassarcesnsance | vanse . h>o pv
596 ~ SN EESSENERNISIERNSIIIIIRTERIRRIRAY “lasess
607 ~ Ly P PP Y YT YYYYTIY] Tlasese ) h>o
6i7 - -

L

I

RQD - rock qualify designation = total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled. (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open‘fracfures and partings. (S1G)
Porosity index - classification system for rock fractures, (WRL) —

Core recovery - total length of core recovered expfessed as a percentage of length of hole drilled, (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Dascription v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to heavy vuggy porosity,
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Hole ¥ a2

Depth RQD ... and core recovery R Secondary Lith~ Porosity |Joints| Porosity
(ft) A 1 Forosity ¥ ology _Index Description
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RQD - rock quality designation - total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the [ength of hole drilled, (51G)

Secondary porosity - porosity of the rock mass due to sofution cavities, open fractures and partings, (SIG)

Porosity Index - classification system for rock fractures, {WRL)

Core recovery - total length of core recovered expressed as a pefcenfage of length of hole drilled, (WRL)

Joints

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m

I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

eg. m-hv means moderate to heavy vuggy porosity.

moderate, h = heavy.
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Depth RQD ... and core recovery R Sacondary Lith=- Porosity |Joints| Porosity
(£t} - Porosity % ology Index Description
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RGD - rock quality designation - total length of unbroken pieces of core, each-greater than four inches long,
expressed as a percentage of the length of hole drilled. (516}

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (S1G)
Porosity Index - classification system for rock fracfures; (WRL) ) '

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joints 1> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = hea#y.

-eg. m=hv means moderate to heavy vuggy porosity.
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,J RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled, (SiG)
'f Secondary porosity - porosity of the rock mass due to solutlon cavities, open fractures and partings. (SIG)
— Porosity index - classification system for rock fractures, (WRL)
Core recovery -~ total length of core recovered expressed as a percentage of length of hole drilied. (WRL}
- Joints {> = low angle, h> = high éﬁgle {(greater than 60°), o = cpen, f = filled,
) Porosity Description v = vuggy porosify, § = pltted porosity, p = poor, m = moderate, h = heavy,
I
| eg. m~hv means moderate to heavy vuggy porosity,
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Depth RQD ... and core recovery R Secondary Lith- Porosity {Joints| Porosity
(f1) . ) 4 Porosity % ology Index Description
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RQOD - rock quality designation - total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled. {SIG) i

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)
Porosity index - classiflication system for rock fractures., (WRL) -

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joints I> = low angle, h> = high angle {greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg. m-hv means moderate to heavy vuggy porosity,
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four Inches long,
expressed as a percentage of the length of hole drilled, (S51G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)

Porosity index - classification system for rock fractures,. (WRL)

Core recovery -~ Total length of core recovered expressed as a percentage of length of hole drilled, (WRL)

Joints

Porosity Description v =

> =

eg. m—hv means moderate to heavy vuggy porosity,

vuggy porosity, § = pitted porosity, p = poor, m

low angle; h> = high angle (greater than 60°}, o= open,'f = filled.

moderate, h = heavy,
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2 RQO - rock quality designation - total length of unbroken pleces of core, each greater than four fnches long,

expressed as a percentage of the length of hole drilled, (SiG)

i Secondary porosity - porosity of the rock mass due to solution cavities, open fracturas and partings, (SIG)
- Porosity index - classiflication system for rock fractures, (WRL)

: Core recovery - fotal length of core recovered expressed as a percentage of length of hole drilled, (WRL)
_j Joints I> = low angie, h> = high angle (greafeﬁ than 60°)}, o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg. m-hv means moderate to heavy vuggy porosity.



L

—

WESTMIN GREAT SLAVE REEF PROJECT

Diamond Drill Core Descriptions

Hole ¥ 575

Depth RQD ... and core recovery R Sacondary Lith=- Porosity |Joints| Porosity
(1) 4 Porosity % ology Index ) Description
0 2 40 &0 80 100 0 10 20
91 - e Tlessee — h>o
105 ~|sessessssscnssss “lessss h>o
15 =] sanrenaranaseses Tlasnse
118 = ssnsssans Tl evsne
15 - Stsdddbebssannnan “|sssan
128 - sassssasssssee “leanan
135 ~ianea | eenee
138 - T T P P T Y Y P rs “leeees
145 - sssssssssssesnes “{esnss
155 - . “[esees
135 ~faessasncassensesanisucnns ~|aeese : N
183 - L T T P TP T T P YT P Y Y YO r PP PP TS “|evase {>0
172 - sesssssees “lennne : >0
180 ={seeenssereanen | eeean i>o0
185 | eevcncencensacansncacs "] ewnne SP |l >0
190 - ..lllOD0.0.‘O......o;Oquouuo. . ~|aesae | >0
195 —| ensssescencanssancasances “leansne >0
20 - ssssesss ANttt iRt nen RN ' | ennna . -]
205 =|eesssassassnnnsarsosanse ) “|nasae >0
210 - ssssssssssancanenen T|eeeaa h>o
215 ~|cansasersses : - cenne h>o p#§
Z0 ~{eanaaese ’ - D §
225 ~|eavesanen e YT
Z2 =) ans |enans h>o
257 ~|asnnaasassess “Jaeeas >
242 - tedednsnnnnsneseReRRREe Tlevnee >
247 =l aannnnnsrsesranss “lesans >
22 - SesecNssNesIsIIIIIIILILISRE LS : - assas ' . : p v
257 - XTTTY) 7 = TTTY) >t p Vv
265 - ssssssssssnssssas “lasnes - | >f pv
29 ~ . ssscscensene i EYTYYY A $
21 - - asnane i EYTYT 3 h>f
2’ - Genessnnsenessasssnsans = T - p§ s BV
284 =] panenansareces - sesse p§ s BV
282 - ssscccsssssansans = senee SP p§ s BV ¢
205 - sssssssenscensne ' 1 weee
301 Tlrerensccsrrrines ™| wass —
35 - 0NN 0NLENSILENLRLERRELARNEINNRAY “l anes
307 - TTTITYTTYYY =] weee -
312 = | sess COWr
37 - | sene
32 - YL . "] sses
327 - [IIYTTITTY bl EYTTTY v, p§
335 - . .

RQD - rock quality designation - Yotal length of unbroken pleces of core, each greater than four Inches long,
expressed as a percentage of the fength of hole drilled, (S1G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)
Porosity Index - classification system for rock fractures. (WRL) -

Core recovery - total length of core recovered expressed as a perceatage of length of hole drilied. (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.,

eg. m-hv means moderate to heavy vuggy porosity,
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RQD - rock quality designation ~ total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drililed, {S16)

Secondary porosity -~ porosity of The rock mass due to solution cavities, open fractures and partings. (S1G)
Porosity Index - cléssiflcafion system for rock fractures, (WRL)

Core_recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joints I> = low angle, h> = high angle {(greater than 60°), ¢ = open, f = filied,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg. m=hv means moderate to heavy vuggy porosity,
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Pepth RQD ... and core recovery R Secondary Lith=- Porosity |Joints| Porosity
(f1) ) 4 Porosity % ology Index Description
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RQOD - rock quality designation - total length of unbroken pieces of core, each gfeaTer than four inches long,
expressed as a percentage of the length of hole drilled, (S5iG)

Secondary porosity - porosity of the rock mass due to solutlon cavities, open f}acfures and partings. (SIG)
Porosity index - classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drllled, (WRL)
Joints I> = low angle, h> = high angle (greater ‘than 60°%), o = apen, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate to héavy vuggy porosity,
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled, (S!G)

[

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)

Porosity index - classification system for rock fractures, (WRL) ’ -

-Core recovery - total length of core recovered expressed as a. percentage of length of hole drilled. (WRL)

[

Joints I> = low angle, h> = high angle (greater than 60°), o = open, f = filled.
Porosity Description v = vuggy porosity, § = pitted porosity, p = peor, m = moderate, h = heavy.
L eg. m-hv means moderate to heavy vuggy porosity,



[

WESTMIN GREAT SLAVE REEF PROJECT

Diamond Drill Core Descriptions

Hole # 468

3

Depth ROD ... and core recovery R ~ Secondary Lith- Porosity |Joints Porosity
(f+) ) 4 Porosity % ology Index Description
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ROD - rock quality designation - total length of unbroken pieces of core, each greater than four
expressed as a percentage of the length of hole dritled, (51G)

inches long,
Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (SIG)
Porosity index - classiflcation system for rock fractures, (WRL)

Core recovery - chalilangfh of core recovered expressed as a percentage of length of hole drilled, (WRL)
JoInts i> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg, m=hv means moderate to heavy vuggy porosity,
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RQD - rock quality designation - total length of unbroken pieces of core
expressed as a percentage of the length of hole drilled, (SIG)

, each greater than four inches long,

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (516)

Porosity Index - classification system for rock fracturas, {(WRL)

Core recovery - total length of core recovered expressed as a percentage of tength of hole drilled, (WRL}

Joints

Porosity Description

eg. m-hv means moderate to heavy vuggy porosity,

I> =

low angle, h> = high angle (greater than 60°), o = open, f = filled.

v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,
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Depth R(D ... and core recovery R ' Secondary Lith- Porosity |Joints| Porosity -
(ft) p 4 Porosity ¥ ology Index Description
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled. (S16)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (51G)
Porosity Index - classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)
Joln+5 I> = low angle, h> = high angle (greater than 60°), ¢ = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg, m-hv means moderate to heavy vuggy porosity.
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RQD - rock quality designation - total length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilied. (SI6)

Secondary porosity - porosity of the rock mass due fto solution cavities, open fractures and partings, (516}
Porosity index - classification system for rock fractures, (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled. (WRL)
Joints I> = low angle, h> = high angle (greater than 60°), o = open, t = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

eg., m-hv means moderate to heavy vuggy porosity,.
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Depth ROD ... and core recovery R Secondary Lith~ Porosity |Joints| Forosity
(1) . 4 Forosity % ology Index Description
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RQD - rock quality designation - total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hote drifled, (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (SIG)
Porosity index - classification system for rock fractures, (WRL)

Core recovery - fotal length of core recovered expressed as a percentage of fength of hole drilled. (WRL}
Joints I> = low angle, h> = high angle {(greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy.

¢g. m-hv means moderate to heavy vuggy porosity.
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RQD - rock quality designation - total length of unbroken pieces of core, each

expressed as a percentage of the length of hole drilled, (SI1G)

greater than four Inches tong,

Secondary porosity - porosity of the rock mass due to sclution cavities, open fractures and partings., (5(G)

Porosity index - classification system for rock fractures. {WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilied, (WRL}

Joints

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m

I> = low angle, h> = high angle (greater than 60°), o = open, = filled,

eg. m=hv means modefafe to heavy vuggy porosity.

moderate, h = heavy.
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RQD - rock quality designation - total length of unbroken pieces of core
expressed as a percentage of the tength of hole drilled. (51G)

Secondary porosity - porosity of the rock mass due to solution cavities,
Porosity index - classification system for rock fractures, (WRL)
Core recovery - fotal length of core recovered expressed as a percenfage

Joints  I> = low angle, h> = high angle (greater than 60°), o = open, f

» each greater than four inches long,

open fractures and partings, (51G)

of length of hole drilled, (WRL)
= filled,

Porosity Description v = vuggy poroslty, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m=hv means méderaTe to heavy vuggy porosity.
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RQD - rock quality designation - fotal! length of unbroken pleces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled. (S51G)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (S1G)
Porosity index - classification system for rock fracfufes. (WRL) -

Core recovery - total length of core recoversd expressed as a percentage of length of hole drilled, (WRL)
Jolnts I> = low angle, h> = high angle (greater than 60“); o =open, f = filled.

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m-hv means moderate fo heavy vuggy porosity,
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RQD - rock quallity designaticn - total length of

exprassed as a percentage of the length of hole drilled. (S1G)

unbroken pleces of core, each greater than four inches long,

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings. (51G)

Porosity Index - classification system for rock fractures. (WRL)

Core recovery - total length of core recovered expressed as a percentage of length of hole drilled, (WRL)

Joints

I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Forosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg. m~hv means moderate to heavy vuggy porosity,
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RQD - rock quality designation ~ total length of unbroken pieces of core, each greater than four inches long,
expressed as a percentage of the length of hole drilled, (SIG)

Secondary porosity - porosity of the rock mass due to solution cavities, open fractures and partings, (S1G)
Porosity index — classification system for rock fractures, (WRL) lf
Core recovery - total length of core recovered expreﬁsed as a percentage of length of hole drilled. (WRL}
Joints  I> = low angle, h> = high angle (greater than 60°), o = open, f = filled,

Porosity Description v = vuggy porosity, § = pitted porosity, p = poor, m = moderate, h = heavy,

eg, m-hv means moderate to heavy vuggy porosity,
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COMPANY
WELL

SAMPLE
NUMBER

- P W N

10
11
12

13
14

15
16
17
18

19
20

DEPT
FEET

STEVENSON INTERNATIONAL GROUNDWATER
CONSULTANTS LTD.
SELECTED SAMPLES

H

——

DOH
193
245
303
320
433
449

Y4

DDH
227
258
324
321
548
DOH
332
433
DBH
159
163
203
326
DDH
244
370

5

34

355

412

426

PERMEABILITY
MILLIDARCYS

CORE_ANALYSIS RESULTS

<0.
0.
<0.

01
10
Q1

0.02
0.23

27.

<0

4
.62

.19
.07
.01

0.09
0.62

7.66

o o o -

.05

.09
.03
.02
.03

.04

1.48

POROSITY GRAIN
PERCENT DENSITY
2.30 2.83
5.60 2.85
5.80 2.79
4.80 2.82
3.70 2.83
3.80 2.84
8.00 2.83
4.10 2.83
21.0 2.84
1.30 2.86
9.40 2.84
7.10 2.82
22.0 2.71
9.20 2.83
4.60 2.78
3.10 2.82
6.30 2.74
4.60 2.85
2.60 2.84
4.10 2.83

PAGE 2 of 3
FILE 7004-83-840
DATE 1983 11 03
VISUAL EXAMINATION
AND REMARKS ...

dol 1 mv Tmy

dol i sv Imy

dol i Tmy

dol i vugs

dol i vug

dol 1 vug

dol 1 ppv

dol i ppv

dol i

dol i

dol i vug

dol i ppv

1si vug

dol 1 vug

dol i Tmy

dol 1 vug

dol i Tmy

dol i mv

dol i ppv

dol i vug
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COMPANY
WELL

SAMPLE
NUMBER
21
22
23

24
25
26
27

28
29
30
31

STEVENSON INTERNATIONAL GROUNDWATER

DEP

CONSULTANTS LTD.
SELECTED SAMPLED

TH

FEET

416
521
619
DDH
312
382
484
600
DDH
280
394
525
585

464

575

CORE ANALYSIS RESULTS CONTINUED

PERMEABILITY

MILL IDARCYS

0.08
0.07
7.45

8.61
0.09

14082,
76.4

<0.01
0.04
0.02
<0.01

POROSITY GRAIN
PERCENT DENSITY
9.00 2.82
9.70 2.82
11.3 2.86
10.° 2.84
2.0 2.83
18.5 2.84
17.1 3.05
2.70 2.71
12.7 2.83
2.80 2.85
0.30 2.5%

PAGE 3 of 3
FILE 7004-83-840
DATE 1983 11 03

VISUAL EXAMINATION
AND REMARKS

dol i vug
dol i vug Tmy
dol 1 ppv

dol i sv myv Tmy
dol 1 sv

dol 1 vug

dol 1 ppv pyr

dol i ppv Imy
dol i

doT i
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