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ADRIAN BROWN CONSULTANTS, INC.
155 South Madison Street, Suite 302
Denver, Colorado 80209-3014
(303) 399-9630 FAX (303) 399-9701

May 5, 1989

Steffen Robertson and Kirsten

1030 West Georgia Street, Suite 801
Vancouver, British Columbia

Canada, V6E 2Y3

Attention: Mr. John Gadsby, P.E.
Re: Predicted Flow through the Reclaimed Cinola Pit Backfill
Dear John:

Please find attached my report on the above captioned matter. This report was
requested as a result of the meetings with the Provincial and Federal

reviewers of this project, which took place in Vancouver on May 5, 1989. The
analysis performed is an extension of the work presented in our report on the

gechydrology of the project, and evaluates the distribution of flow to the
backfilled pit greater detail.

I trust that this report meets your needs at this time. Should you have any
questions, please do not hesitate to call.

Respectfully submitted,
ADRIAN BROWN CONSULTANTS INC

Adrian Brown, P.E., President

Att.
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1.0 INTRODUCTION

City Resources Limited proposes to develop an open pit gold mine to exploit
the Cinola orebody, located in the Queen Charlotte Islands. As some of the
waste rock to be mined is potentially acid generating, it is proposed to
partially backfill the pit with this rock, and to resaturate this material to
prevent acid generation. This report presents a detailed evaluation of the

seepage of groundwater through the backfill material after the reclamation of
the mine.

Adrian Brown Consultants Inc
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2.0 ANALYSIS METHOD
- . i o

The analysis involved the evaluation of the flow conditions through the

backfill for both a transverse and a longitudinal section through the pit
"5 (Figure 1). The approach used is to refine the analyses performed in the

geohydrology report ("The Gehoydrology of the Cinola Gold Project", ABC,
March, 1989{. The flow heads were computed, which allowed a computed time for
plug flow at different locations over the reclaimed surface. This plug flow
- time was used to establish the total plug flow rates versus time for each
condition, and then to compute the proportion of plug flow in the total
seepage that passes through the backfill as a function of time. The plug
flow is expected to remove the bulk of the available chemical mass that may

- exist in the backfill material, so this proportion indicates the extent to
which the quality of this seepage has been modified by contact with the
backfill.

-

The two sets of analysis were then used to estimate an effective overall
condition. The detailed information on those analyses is attached as a data

- appendix; a discussion of the results is provided below.

-

-

»

-

-

-

-

-

-
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3.0 ANALYSIS RESULTS

3.1 Transverse Section

This analysis evaluated an east-west section through the deepest part of the

pit.

1.

The results are as follows:

Heads. Heads are shown on Figure 2. The flow through the backfill
material is in this section all upwards through the backfill.

Rata of flow per unit area. The rate of flow per unit area of the
reclaimed surface of the pit was computed, and is illustrated in
Figure 3. As expected the flow rate around the edges of the
recltaimed area are much higher than the rates in the center of the
pit.

Time taken for backfill to flush. The time taken for plug flow (that
is the displacement of the first pore volume of porewater from the
backfill material) was computed using an assumed porosity of 30%, and
the results are presented in Figure 4. This shows that the edges of
the reclaimed pit area flush quickly (in less than a year), because
they are subject to high gradients and the depth of backfill material
is small. The center of the pit takes up to 160 years to flush.

Estimated plug flow seepage. The estimatad proportion of plug flow
in the total seepage that passas through the backfill (that is the
proportion of "first flush" water in of the backfill seepage) is
plotted for this section on Figure 5. This shows that the plug flow
drops to 75% of the total seepage in the first 2 years, to 50% of the
total seenage in the first 10 years, and ends after 160 years.

Adrian Brown Consultants Inc
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3.2 Longitudinal Section

A similar analysis was performed using the longitudinal section presented in
the geohydrology report (ABC, 1989). This analysis evaluated a north-south
section through the deepest part of the pit. The results are as follows:

1.

Heads. Heads are shown on Figure 6. The flow through the backfill

material is upwards to the north of the section, and downwards to the
south.

Rate of flow per unit area. The rate of flow per unit area of the
reciaimed surface is illustrated in Figure 7. As before, the flow
rate around the edges of the reclaimed area are much higher than the
rates in the center of the pit. Also, in this section, the flow rate
is downward to the south, and upward to the north.

Time taken for backfill to flush. The time taken for plug flow was
computed using an assumed porosity of 30%, and the results are
presented in Figure 8. This again shows that the edges of the
reclaimed pit area flush quickly, while the stagnation point in the
center south of the pit takes up to 400 years to flush.

Estimatad plug flow seepage. The estimatad proportion of the seepage
through the backfill that is plug flow (that is comes from the "first
flush™ of the backfill) is plotted for this section on Figure 9.

This shows that the plug flow drops somewhat less quickly than for
the transverse section, but that the upward plug flow seepage reduces
to 50% of the total seepage in the first 50 years. WNote that the
downward plug flow percentages drop off more quickly.

Adrian Brown Consultants Inc
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3.3 Overall Results

The above results are taken for sections around the perimeter. An estimata of
the combined effect of the seepage system can be obtained by combining these
analyses, recognizing that the transverse section situation holds over perhaps
a few hundred meters of the pit, and that the longitudinal section situation
holds over a narrower portion of the pit. This is shown in two sketch plans
of the reclaimed pit:

1. Rate of flow to the pit. Figure 10 shows the rate of flow to the
reclaimed pit floor. The "high" rate of flow is greater than 0.3
cubic meters per square meter per year (and averages about 1 cubic
meter per square meter per year), the "moderate" rate of flow is 0.1
to 0.3 cubic meters per square meter per year, and the "low" rate of
flow is less than 0.1 cubic meters per square meter per year. As
expected, the high flow area is of relatively small size, and is
located where the backfill material is thinnest. Further, the
locations of upward flow and downward flow are identified on this
figure.

2. Time for plug flow. Figure 11 shows the time for the first pore
volume to flush as a function of location in the pit. As can be
seen, and would be expected, the flush times increase as the backfill
depth increases, and as the gradient in the backfill decreases. fote
that the plug flow flush times are for upward flow in the northern
portion of the pit, and for downward flow in the sourthern portion of
the pit.

3. Rate of plug flow. Figure 12 shows the expected proportion of
seepage that passes through the backfill that is plug flow. After
the p?ug flow occurs, the quality of the groundwater flow would be
expected to approach the quality of groundwater in the country rock.
The percentages for both upward and downward flow are shown. The
figure indicates that the quality of the seepage from the backfill
will improve rapidly, with the proportion of plug flow in the total
seepage throught the backfill falling to 50% within a decade, and
essentially ending within a century. Note that the seepage through
the backfill will not change, only the proportion that is plug flow
(that is the first pore volume).

In summary, the analysis indicates that the proportion of plug flow water in
the backfill seepage halves in the first decade after backfilling of the pit,
and drops to zero in the long term.

Adrian Brown Consultants Inc
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ABCFEZM - adrian 2roan Consultants Finite Sleaent Sroundwater Analysis - V4.0 PABE NUMBER: 7
CINOLA - PIT - N-3 - KIF{111=3 M/Y TINE: O year UNITS - Length [Ll: metars Tiae [T1: year

“==-----=-H0LE AND FLOW DATA=----------

-NODE DATA- $-COCRD  Y~COORD  3ASE-EL  MAX-EL INIT-#/T HEW-#/T BOUN FIXED-INF INFILT_INF STORE_INF STREAM_INF  OUTFLOW NGDE
- 33 LK INT L] (L] (L1 Ly - il (LI DARY  (L3/T@ (L3l (L3/T] (L3 (L3/T] 334

_ 10 ) -1060,0 -300,0  -500.0 170,90 170.0 HEAD 0,GOOE+00 Q.000E+00 0.G00E+90 0.000E+00 -1.300E+04 i
N 200 9 -1000.0 -700.0  -300.0 17,0 170.0 HEAD 0.000E+00 0,0008400 0,000E+0Q 0.000E+00 -1,289E+034 2
o I00 0 -{900.0 -300.0  -100.0  170.0  170.0 HEAD 0.000E+50 0.000E+00 0.000E+00 0,000E=00 -1.377E-04

o0 -E00.9 -300,8  -300.0 40,0 140.0 HEAD  0,000E-00 0,000E+00 0.0005+00 0.0006400 S.FUIEs04 &
] 500 0 -36.0 -700.0 -I00.0 150,90 152.3 CONT  0.000E+00 0,000E+00 9,000E+00 0.000E+00 -3.140E-02 3
- 2000 a0 =300 SS00.0 -100.0 1S0.9 180.3 CONT  0.000E=00 0.000E+00  0.40 2, 9008=00 -3.7178 E
LA R R 1 I SA00,0 -%08,0 170, 70,0 HESD  0,000E-0%  4,008+00 4,0 0,0008+00  I,335F z
- i o8 0 -, STH0,0 0 -300.0 1S0,0 1385 COMT 9,0008+00  9,000E+00 0.3 §. GOGE=00
i To0 b -300.0 -500.4 A 156 180,45 CONT  0.000E490  3,000E+00 0.9 2, 000E-00 :
Wm0 g -0, -300.0 Q0 208,0 208.0 HEAD 0.000Es00  0,000Es00 0.9 3O00E+00 -3, 3288404 10
A S TR 1, 700,49 S0 1500 178, CONT  0,000E+00 0.0 NO0OE=00 -1,233E-01 i
e 2 F 1 - 340, iS00 ISTLZCONT 0 000Fs00 0, G00Es0R 0,0 JOO00E=30 -1,3808-00 12
- A B i 300, L 0.0 I00LL0 HEAD 0.000E+00 0.0G0E+50 0.0 LO00E-09 -3, 203804 i
41 3 =700, A0 150 1T2.Z CONT 0.000E+00  0.000E+00  0.000E+00  0,900E+00 -2.183E-01 14
- L 04, 0 -500,9 L 13003 (48,9 CONT 0.000E+00  0,0006-00 0,000E=G0 05,000E+00 -I,T43E-01 1S
B o 8.3 -994,9 3 198,49 1S8.G HEAD 0.000E+00  0.000E+3)  0.000E+30 0,000E-d) -3.7IéE-04 Ut
G0 0.5 =700, 0.0 1S0.0 1827 CONT 0.000E+30 9.000E+0G  0,0008:30 3975-31 17
i 3.0 -390, | $9.0  140.0 CONT  0.000E-00 0.000E-00  9,3008200 = 3388-01 i3
| g4 238,49 -304.9 L0 1743 170.0 HEAD 0.0Q0E+20  9,300E+00 0.00GE+00  9.000E+00 -5,044E+03 (7
ii g 00,0 7909 A 1350 13005 CONT 0,000E+60  0,0008-00  3.0008+00 9.000E+00 -2.3015-31 2
It % 9 294.9 =306, -100.G 150,07 125.0 CONT 0.Q00E#30 0.500E#G  DLO00E+GD 0. 000F:9) -7, &48E-01 Il
5 2700 0 100,73 -300.0 -300.0 (00,0 1009 HEAD 0.000E+00 0,000E+G0 0.000E+00 0.000E-30 I.IT4E-04 22
il TO0 9 450,70 S700.0 0 -390.0  1S0.0 104.3 CONT  0.000E+30  0.000E+00  0,000E=40 9,0008-00 -1,3478-01 II
L B B 300.4 -300.9  -100,0  150.3 9.7 CONT  G.00CE=00 0,000E+00 0.0408+00 J.J048+00 -3.I3d4g-31 24
2% 009 800, 4 -500,0  -500.9 75,4 75.0 HEAD 0,000E+00 0,000E+00 0.900E+00 9,0008-00 7,527E+03 IS
& NEI B 530,49 0 -700.0 -396.0 15040 79.3 CONT  0.000E+00  0.000E-40 0,000E+00 0.000E-00 -3.0428-32 2%
l‘ 7600 30,9 -180.0 -30.0 -100.0 15040 75,0 CONT 0.000E+00 0.000E+00 0.00GE+00 0,0008+00 -3,7742-22 27
I 30,0 -300.0 -0 -300.90 5.0 I5.0 4SAD 0.000E#00 Q,000E+00  0,0C0E+00 0.000E-90 1L11IE+04 I3
ey 2?09 800.9  -300.0  -T00.0 -300.0  1S8.0 39,7 CONT 0.000E+20 0,000E+30 0,0008+00 0.000E+00 -2,34%6-02 23
- W19 §00.0  -100.0 -39 -100.0  [50.9 58,3 CONT  0.Q00E+00  3,000E+00 4.900E+90 0.000E+20 -2,4058-02 12
L0 4 1000,0  -300,0 -360,0  -500,0 15,9 5.0 HEAD 0.000E+00 0,000E+3) 0.000€+00 5.J00€+00 5, 000E+03 I
- 200 1000.% -300.0 0 -T00.0 -300.0 45,0 45,0 KZAD  0.000E+00 0, 000E+00 0.0008400 0,000E-00 [, 713Es04 I
i 3300 0 1000.0  -190.0 0 -300.0 -100.0 5. 15,0 HEAD  0.000E+00  0,500E+00 Q.DGGE*OG 0.000E+00 1, 291E+08 I3
- 2 S IR RS U I 170,90 -230.0 170 170.9 0 170.0 HESD 0, 000E+90  §,0008+00 0.0408+30 0.000E+00 -4,51SE+03
30 0 3 0.0 =300.0 190,90 170.0 470,00 HERD  0,000E<00 0,000E400  0.000E00 9.000E-00 -1,917E-04 I
-] EE 4s.a -335.9 5.0 45.0 45,5 HEAD 0.00CE<00  0,000E+30 0.0088-00 0.000E-00 4,830E+47
Ii TG 09 190,80 =300.0 109,09 156,035, CONT 0.000E+39  0,000E+00 0,0008+90 0,0008+00 -1,[83E-27 7
!y 1co.a SI00.3 L9000 IS0.0 1AL CONT 0.000E-00  0.0GOE-3) 0L 0G0E-00  0.0008-90 -3.313E-927 33
- D B 3.0 =400,7 g 15003 15B.4 CONT  Q.00CE+40 Q.000E+00  5.9608+50 0.008E-08 -1, {17E-91 I
5 w9 2.0 -89 3 156,00 1Z0.0 COHT 0.000E+00 0,000E+00  0.000E«00 0,000E-30 -1,33%E-01 49
i 9 3.0 -460.9 3.9 150,90 41,9 CONT 5.000E=30 0.0008+30 0,000E+00 9.0008+00 -2,574f-01 4
20009 2.0 -490.0 0.0 150.0  138.7 CONT 0.000E<90 0.006E+00 0,000E+00 0.000E+0 -I.571E-0t 22
500 9 -20,00 -420.0 0 -20.0 130.0 (35.4 CONT 0.0006+00 0.000E430 0.0008-00 0.0008+30 -3,3706-01 43
Woa -30.0  -430.0  -S0.0 13000 (34,3 CONT 0.000E+00  0.000E+0)  0.000E400  9,000E-99 -a.I8ZE-01 14
150 0 -30.0 -450.0  -30.0 1S0.0 129.2 CONT 0.000E+00 0,000E=0) 0.000E+90 0,300E-00 -5,l3&E-91 3%
B EE -50,0 -450,0  -30.9 1S0.0 122.5 CONT 0.000E+90 9,000E+00 0.000E+30 0.000E-90 -a.3478-31 1a
- 7 90 0 -50.00 -450.0 -30.9 LS00 tLiL7 CONT 0.00GE+00  0,000€+00 Q.009E+00 0.000E=00 -3,150E-21 47
B9 9 0.0 -400.0 9.9 [59.9 6.7 CONT 0. 000E-00 0,000E<00  3.0006+00 9, 200E+90 -7.341E-01 23
70 0 8.0 -300.0 0.0 150.0 82,4 CONT  0.000E+00  0,000E+30 0,000E-30 0,000E-00 -1,24a8-01 &7
30 3,0 =400, 3.9 150.9 77.7 CONT 0.000E-00 0,000E-00  0.000E-00 5.000E-30 -3.34E-07 IO

i



ABCFEM - Adrian 3rown Consultants Finite Elesent Groundwater analysis - ¥6.0 PAEE NUMBER: &
CINOLA - PIT - N-5 - H{$i11)=3 W/Y TIME: O vear UNITS - Langth [LI: seters Tiae {T1; year

“ ~mmn=m===-NODE AND FLOW DATA=-=------—-

-MODE DATA- X-COORD  Y-COORD  BAS
(

£-EL  MAX-EL [NIT-#/T NEW-#/T BCUN FTIYED-INF INFILT_INF STCRE_[NF STREARA
- $#3 LMK INT (L (L] L3

3 iNF QUTFLOW NODE
Ll (Ll (Ll (L1 DARY [L3/T1 {LI/T] L3 L3/7

1 (L3/T1 #%

- S0 0 T00.0 0.0 -400,0 4.0 15,0 544 CONT 0.000E400 0.000E+00 0,000E400 0.000E400 -2,784E-37 3
| B 200 0 -870.0  150.0 -250.0  (50.0  150.0  !50.0 HEAD 0.000E=00 0.000E+00 0.000E+00 0.000E+00 1.00E<04 32
S0 0 <7700 135.0 -285.0 (350 I33.0 I35.0 HESD 0.000€+00 0.0006400 0.000E+00 0.000EX00 4,373E+04 I3

o0 0 -s0.0 170,00 <2300 (70,0 170, 170.0 HEAD 0.000E=00 0.000E+00 0.000E+00 Q.000E+90 -1.ISIE+0: 34

f g0 -30.0 0 0000 -200.0 2000 200.0 2000 HESD 0,0006+00 0,0008¢00 0,050E+00 8,0008+00 -3,07IE-04 3%
- Sy 0§ -T30,0 0.8 2800 146.0 140.0 80,0 HEAD 0.000Esd0 0,000F E+j) 3,053E+04 3¢
T8 0 -3 (20,0 -280.0 1200 200 120.3 RESD 0.000E+90 0,000 E400 3.422509 37

a 80 (20,0 -280.0 20,0 128.0  120.0 MEAD 0.000E+00 0.0G0E: AG0ESN0 1L 3808-0 33
| S IR . 120.0 -290.0  120.0 1200 1200 HESD 0.000E-00 0.000E400 0.000Z+00 9.0008s30 1.I3IEedd 53
$03 0 -100.3 120,86 -280.0 1309 | 120.9 HEAD 0.0006540  0,000E+00 ,.uﬂ“c*na 0000460 1.3236404 30
a9 34 170.0 -188.0 120, {20.0 KEAD 0.000E+05 0,000E+30 0,0005+00 0.000E-00 L3336~ &l

o 2090 120,90 -236.0 1200 1000 120.0 SEAD 0.000ES00 0.000Es00 0.0006=00 0.000E+00 3,79EE-s3 il
- 30409 060 126,00 -190.0 126 12 (20,0 HEAD 0.000E+00 0,000€+30 0.000E+00 .000E+30 -3.3572-01 43
#0000 10,0 1209 -280.6 0 120.0 120.0 HEAD 0.000E:00 0.000E+00 0,000E<30 0.300E+00 -2.344E+03 34

- 35000 0.0 120.0 -280.0  120.9 120, HEZD 0.0006+00 0,000E400 0.000£+00 0.000E-00 -4.4038-07 i3
B SRR 1200 -280.0 {20, 120.0 HESD 0.000E+00 0,000E+00 0,000E+00 3.000E+00 =4.973E-03 26
SR 120,90 -280.0 120, 120.0 HEAD 0.0008+00 9.0008+09 0.300E-00 00008400 -3.0338-03 &7

@ 0 9 120.0 -236.0 120,39 1300 1200 HEAD 0.000E409 G.000€s30 0,006E+00 0.000E=00 -1,3108404 83

. 26 0 0.3 0.0 -I10.0 3.8 30,0 50,0 READ 0.000E#30 0.000E¢00 0,000E-00 0.000E-00 I1.3Z3E-03 &3
« oa 0 0. 7500 S350 T TR TT.OKEAD 0.000E-30 0.0008s00 0.0008+80 0.G00Es00 1.38iEs¢ 7O
o8 A6 0.0 -330.0 7.0 7.0 70,0 HEAD 0.000E+00 0.000E#30 .000E+40 O.UUU:*UO 534S T
T8 300.0 IO -MLO SO S50 S50 HERD 0,000E-00 0.000€s00 0,0008+80 0.000E=80 3.33tE+3 72

- TTO0 0 =400 1500 -I50.0 0 1S3 (T80 17,3 CONT 0.000E+00 0.000E400 0.000E+50 0.000E+00 -3.137E- 73
00 -00.0 100.3 -300.0  100.0 i0.0 138.0 CONT 0.006E400 0.000E400 0.090E+00 0.000E+0G -3.2635-92 T4

\ TG 4 -350.0 9.0 -336.0 30,0 1530 140.2 CONT 9.000€<00 0.009£+00 0.000E+30 0.000E+d0 -1,4226-01 7F

| | S0 0 -0 11800 -0 180 130.0 (30,9 CONT 0.000E+00 0.000E400 0.0G0E+00 9.000E+30 -3.021E-02 T8
T4 0 -39 30,0 -320.0 300 1RO 1313 CONT 0.000E00 0.3008:00 0.0008400 ,0008+30 -1, T30y 77
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ADRIAN BROWN CONSULTANTS, INC.
155 South Madison Street, Suite 302
Denver. Colorado 80209-3014
(303) 399-9630 FAX (303) 399-9701

May 18, 1989

Steffen Robertson and Kirsten Limited
1030 West Georgia Street, Suite 801
Vancouver, British Columbia

Canada, V6E 2Y¥Y3

Attention: Mr. John Gadsby, P.E.

Re: Response to Questions about the Geohydrology of the Proposed
Cinola Pit

Dear John:

Please find attached our report on the above captioned matter.
This report was requested as a result of the meetings with the
Provincial and Federal reviewers of this project, which took place
in Vancouver on May 5, 1989. Several guestions were asked on the
behavior of the groundwater system in the vicinity of the proposed
pit. These matters have been evaluated by further modeling of the
area 1n and near the pit. This report sets out the results of th
evaluations and activities have been performed to address these
questions.

I trust that this report meets your needs at this time. Should
you have any questions, please do not hesitate to call.

Respectfully submitted,
ADRIAN BROWN CONSULTANTS INC

-

Adrian Brown, P.E., President

Att.
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- Cinola Geohvdrology Questions -1~ May 18, 1889
- 1.0 INTRODUCTION
b At the groundwater workshop held in Vancouver on May 2, 1989,

several questions were asked by the Gevernmental Review Panel

on

the behavior of the groundwater system in the vicinity of the

>

wm

proposed pit.

Qur formulation of these questions were:

the adit drainage ares taken into account,

does the computed groundwater table reasonably match the
observed current groundwater table for the selected values of

the hydraulic conductivity and infiltration?

If the Specogna fault and hydrothermal breccia hydraulic

conductivity were in fact 30 meters per yeazr, what would be
the effect on inflow to the pit, and what would be the effact
cn the flow in Barbie Creek during and after mining?

about inflow

Z the ex

N
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report

pit, flow after pit reclamation turn out to be

and what responses

.AA
[oN)
ct
o2
o))
g
o
o

Wwrong, when wou

would be available to mitigate the effects of inflow?

What 1s the partiticning of the precipitzation

the analysis, and what is its

Could lateral and longitudinal cross sections through the pit
be provided, showing the geolcgy and the pre-mining water

taple?

Adrian Brown Consultants Ianc
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Responses to these gquestions have been developed, in part bu the
performance of further modeling of the area in and near the pit.
This report sets out the results of evaluations and activities

that we have performed to address these questions.

Adrian Brown Consultants Inc
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2.0 PRE-MINING HEAD/FLOW CONDITIONS INCLUDING ADIT EFFECTS

The Cinola exploration adit was installed in 1980, and extended in
1982. The collar elevation is about 117 meters above mean sea
level, and the slepe of the adit is about 1%. It would be

expectad to act as a drain in the groundwatar system.

2.1 AVAILABLE CALIBRATION INFORMATION

A considerable amount of water level data is available in this

(a1

area for this period, which allows reasonable calibration. This
data has been collected in the drill holes and wells shown in

igure 1. The heads that currently exist 1in the arsa ars

)

indicated in Figure 2, wnich shows the values of the water levels

-

used in the evaluation, and the resulting contours of the
groundwater table. The raw information used for the preparaticn
of this map are presentad in Table 1. To assist in comparisons
between computer generated results and the observed values of the
grouncwater table, a computer drawn version of the water table to
the same scale as the computed results has been presented as

Figurs 3.

In addition, data exists on the flow from the adit: the ZIour

measurements are presented in Table 2. Based on these values, the

I

racent flow from the adit appears t©o have pbeen in the vicinity o

abcut 200 cubic meters per day.

Adrian Brown Consultants Inc
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Table 1 - Measured Water Levels in the Vicinity of the Proposed

Pit

Adrian Brown Consultants Inc



SOREMOLE INFORMATION HEASURED MATER LEVELS (meters)
brill Northing Easting Collar  bedrock Azimuth Dip  Lengihim) Pieza  TiP(m) Jul-B1  Jan-82  Jun-87  Oc1-87  Apr-86  May-88  Jul-BE  Aug-88 05-Sep-8E )11-Sep-88  Oci-B8  Nov-8B8  Dec-88  Jan-89 REF
hole Elev{n) [Elav(m) Tips

17-1n 210.828 $0 60.96

8-02 20C.318 90 Q2

16-06 168.20 90 13

29-31 182.52 90 29.8

15-31 23,39 24,66 20.98

80-01 2650 4520 63.9% L1} 3 ? i 1.6 6.5

80-01 H 8.5 9.55

80-02 2420 5010

80-0) 2390 A0 20.75 90 §3.4 3 3 1.8 1.4

80-03 ? 10.% 4.

80-01 1 $ §.22

80-04 2150 340 81.38 90 [}} ] ) 9.52 1.8

80-04 2 16.74 HIT BOTTOH AT 16.78

80-04 1 12,86 19.05 18.6 OP-01
80-05 1720 3660 51.3375 9% 2.9 | (w) 3.6 3.9 2.38 DP-0}
80-06 2180 3850  56.205 90 61 ? -8.) DP-0)
80-06 PLUGGED bP-0)
80-0¢ {w) DRY ORY NOT FLOWIDP-O}
80-07 2210 4001 52 90 68.9 H FLONING : oP-01
80-07 (w) FLOMING  FLOWING FLOWING DP-D}
80-0) FLOMING -0}
80-08 2)60 3850 86.1 90 9.1 1 (w) 16.5 PSI 16.5 PSI RUSTED GADP-0)
80-09 2170 4480 56.1) 90 ] ] -4.3 bP-01
80-09 (w) BLOCKED BLOCKED RUSTED GADP-01
80-10 1930 5060 n 90 82.3 2 ) 10.8 0F-0)
80-10 1-3 BROKEN bF-0)
80-10 6.8 DP-01
80-11 2170 4650 81 90 82.3 ‘ 1.4 2 11.57 11.4 0P-0Y
80-1) 21.8 23.01 23.49 22 BP-0)
80-11 46.8 20,05 24.95 18.65 0¢.0)
80-11 29.8 8.2 0.2 24 DP-0}
80-12 233 3500 70 [ 46.3 ] H DRY bP-0)
80-12 " 6.25 MIT BOTION AT 25.6 4.3 DF-0}
80-12 14.9 13.9 12.6 7.95 DP-0}
80-12 46 18.45 13.4 8.4 DP-0)
80-12 19,8 18.48 1.8 6.06 DP-0)
80-126 198.697 90 €0 | n pP-01
80-121 192.9%2 90 [ ] 15 DP-0)
80-13 1590 2118 1] 90 e ] (w) 0.76 0.73 0.12 PP-01
80- 14 1710 2951 68 90 2.2 | FLOMING  FLOWING FLOKING DP-0OL
80- 144 90 ] FLOWING FLOWING FLOWING DP-0)
80-17 56 90 e.2 |

80-4) 216.26 90 n.s 1 19.6  26.27 20.5 20.6 DP-0)
B0-41 0.8 DP-01
80-8% 193.55 90 8 ] 2 0p-0)
81-1% 3430 3880

81-16 3650 4350

81-17 2187 3060 1.5 0P-0)
gi-n 7.48 1.9 1.3 DF-01
81-135 184..65 90 4 1

81-13¢€ 187.36) 90 $1.6 1 36.45 DP-01
81-13¢6 3606 3E.15 349 34 DP-0}
86-02 200.66 48 122 1 9.9 $.3 9.38 9.66 DP-0)
8¢-02 .6 bp-01
86-0) 183.89 ¥ %4 ] 9.4 DP-01

86-03 4542 46.% 45.08 44,1 bP-0)



i~

BOREHOLE INFORHATION MEASURED WATEK LEVELS (meters)
bridl Northing Eesting Collar  Bedrock Azimuth Dip  Length{m) Plezo TIP{m) Jul-81  Jan-8B2  Jun-8B7  Oc1-87  Apr-BB  Hay-88  Jul-B8  Aug-88 05-Sep-B8 1)-Sep-88  Oct-88  Nov-88  Dec-88  Jan-89 REF
Hole Elevin) Elev(a) Tips

87-01 199.66 @ 93.5 1

8)-6tu-) 250 wm 2 60 108.2 0

8)-GE0-2 220 189 mn 50 168.9 1

81-6£0-3 285 28) s €6 149 0

82-6£0-4 265 233-128 s2 60 3} 1

8)-GEO-5 270 23 i 60 50.3 1

81-GE0-5 298 289 90 8.3 1

87-060-7 7 328 90 2.9 1

87-G(0-8 250 131 90 H i

86L-01 5303.29 -701.3% 225,18 264.3 %0 554 1

886-02 5362.3 -526.3) 2908 2099 90 63.8 2

88G-03  5241.5) -186.84 284.3) 28 90 1.3 2

886-04 482075 612,24 263.28 2k 90 88.2 2

88G-04 296

88605 306.3

88G- 05 4234.91 -)008.58 312.88 3l.e 90 54,6 3

886-06 3956.35 -1095.4)  307.2) 307 $0 30.2 ?

886-07 4213.62 -408.19 3.7 348 90 60.2 2

886-08  3852.58 -792.13 M1.19 304D 90 3.2 3

886-09 4946.6  563.31 2. 229.6 $0 57.8 ]

886-10 4938.66 -548.49 264.91 2256 90 §? 2

£86-11 4947.69 -196.88 286.99 263.6 $0 4.2 ®

886-11a  4947.65 -40.86 273.13 270.1 90 28.) 1

BB8G- 12 A716.8)  -194.28  260.82 251.2 90 A5 2

8686-1) 4518.43 82067 21312 268.4 90 79.9 ?

886- 14 4812.72 -208.17  246.65 1.2 $0 89.7 ?

886-15  4381.77 674,55 272.67  240.4 90 80 ]

886- 16 $084.04 368.)) 256.84 2836 90 100.6 2

88G-17  5019.23 47).66 192.73  150.8 90 60.2 ?

886-18 4250.72 838.1)  254.05 835.1 90 4} 2

886-19  4120.42 B4S.9¢ 301.28  300.4 90 19.5 ?

886-20  4252.28  226.16 291.06  289.4 %0 18 2

886-21 4252.2)0  538.64 285.1) 281.1 90 21.9 ?

B8G-22  4025.02 541,49 3055  301.) 90 2.8 ?

886- 23 4635.5)  839.45  301.42 295.6 90 18 H

286-24 3333.04 3288.4% 152.75 156.8 z1 39 2618 2 CASING BLOCXED 0P-0}
886-24 9 34.6) 30.65 29.42 15.15 DP-01
886-24 260 23.15 28.97 29.78 26.92 0P-01
886- 25 2988.39 3460.97  16%.27 161.9 246 3 268.2 2 3.6 13 1N or-01
886-25 CASING BLOCKED ob-0}
886-25 268 8.5 48.49 0p-0]
886-26  3162.45 3068.57 206.12  203.8 3 2 1.8 2 9 83 83 80.13  79.54 DP-0)
886- 26 CASING 0P-01
886-26 2171.6 pP-0)
886-27 2898.3 3164.58 )BA.72 178.6 248 L 13 190.5 1 831.7 FLOMING 0opP-0]
886-28 3564.98 2219.21  162.83 W 30 36 2 OrEn BLOCKED r-01
886-28 2 2.1 2.09 1.2 0.84 DP-0}
880-28 34 2.3 2.26 1.4% 1.22 0pP-0)
886-29 90 98.3 2 A0.65 1.2 1.22 1.8 1 0P-0}
886-29 OPEN 0F-0}
£86-29 99 2.6 2.8 2.36 2.35 DP-D)
886-30 2701.62 3339.%¢  107.4) 100.5 90 83 2 62.9 .. 2.08 1.32 DP-0)
886-30 OrEN 0.1 pP-01
886- 30 ‘ s 2.1 2.08 1.45 DP-0)
886-11 2653.05 3291.39 99.85 96.8 90 47.8 2 OrEn CAVE bP-01

886-3) 46.4 0.1% -0.53 -0.6 DP-01



BOREHOLE [NFORMATION

brill

Hole

88-44
88-45
88-45
88-46
88-46
885-47
88G-4?
88-48
88-49
886-50
886-51
886G-52

2984 .

2358,

Lk}

a5

2467.)

2343,

224).

3849,

BIBTN

2661 .

ELIE N
3583,

3423,

1568.

EITLN
017,
FLT{ N
3403,
3248.
2112.

4887,
4986.

58

12
29
[1]
48

4889.9

2218.

Northing Easting

19

1177.6

3067,

0.

2959.

394,

4071,

2924,

1ar.
3518,

3601,

2131,

3555.

3628.

3243

n

3

88

.96

3100.8

3389

79l
490.
5s1.
487.

94
95
16
62

Collar
Elev(m)

243,

4

1.1

92.5

5.

156.

106.

1.

151,
124,

1.

161.

157.

163.

41

18

n
29

“

n

a7

0l

158.9

182.
154,

1

239,
225.
23,

as

a8
35
[}
29
86

Bedrock  Azisuth

Elev(a)

148.4

86

130.1

138.3
n.

w

1244

145.5

156.§
161.4
151.9
181.2
152,
i70.
233,

219,
230.

Cameo

Wl
B1p Lengih(a) Pleze TIP(m)
Tips
.1
90 70.4 1 oPEn
69.9
%0 48.1 2 4.8
OFEN
29.6
90 19.6 ? 8.7
S.
OPEN
90 30 H 29.1
OPEN
9.9
90 M 4 19.5
n
oPER
ri1} 45 129.54 1
OPEN
90 M 2 L)
OPEN
16.3
336 (2} 141.3 H 2.4
140,85
OPEX
90 132.6 1 125
OPEN
30 26.5 2 OPEN
8.15
2
%0 2.3 H 1.6
1.1
OPEN
90 16 H 18.6
OFEN
36
230 a 105.8 1 103.8
ortN
246 46.5 13922 1 135.2
OPEN
252 [}3 12).8 1 123.8
oPEN
100 45 1421 t 142
OPEN
24 45 102.% ]
210 (11 100.6 [}
14 $S 82 1
14 495 §1.3 2
N2 EH 90.§ 2

HEASURED WATER LEVELS (meters)

Jul-81  Jan-82  Jua-87 Oct-87 Apr-88  May-88  Jul-88  Auy-88 05-Sep-88 11-Sep-88

Oct-88 Mov-88  Dec-88  Jan-89 REF
-0.28 -0.58 -0.6 0P-01
0.2 or-0}
s.24 §.23 0p-01
4.9 1.9% 3.75 0¢-0%
a.1 0 op-01
9.8 4.7 3.7 0P-01
1.1 .23 2 0p-01
0.82 0.49 0.4 0P-01
6.2 or-01
Q.62 6.62 6.37 0P-01
0 0P-01
6.89 6.4 0P-04
18.69 16.91 15.85 0P-01
19.51 17.02 15.87 0#-01
1.5 1.65 0r-01
1.9 §9.15 §0.31 or-0t
SLOCKED 0r-Q1
9.7 8.49 1.25 OP-01
i or-01
4.8% (1} 3.48 0P-01
4.9 16.8 12.74 op-01
(.28 15.38 16.6 0P-01
BLOCKED op-0)
15.93 2.5 2.47 0p-01
BLOCKED 0P-0)
0 0r-01
-0.5% -0.25 0P-01
-0.86 -0.9 oP-01
-0.05 -0.55 0P-01
0.57 -0.55 0P-Q1
0.25 br-o1
0.92 0.2 0 OP-01
BLOCKED op-01
0.94 0.29 0 Dp-01
44.06 9.4 33.11 DP-01
0r-01
BLOCKED bp-o1
0r-01
203 17.38 07-01
oP-0t
4.49 OP-0)
op-0t
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Figure 3 - Computer Drawn Water Table Contours

- Pit Area
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Table 2 - Flow from the Adit

Date Adit Flow Comments
Length Rate
(m) (cum/d)
mid 1981 122 130 Flows became steady, vary with
precipitation.
mid 1882 457 n/a Adit extended to essentially its full

length. Length includes spurs; actual
distance from adit to most remote
location is about 360 meters.

Aug 1988 4357 97 Variations in flow due to precip-
itation considerably lower than when
adic was shorter.

Nov 1988 457 242 After precipitation; variation with

pracipitation small.

Jan 1989 recipitation.
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2.2 ANALYSIS OF EZFFECT OF ADIT

An analysis of the head and flow conditions in the vicinity of the
pit was performed for the period after the adit had been
installed, but prior to the develcpment of the mine. The mesh
used was aessentially the same as for the agquifer analyses

presented in Apvendix C of the ABC Geohydrology Report. The mesh

()}

was modified to explicitly model the location and head effect o

"

the adit. The results ars attached to this report as Exhibit

The first analysis was a steady state simulation of the water
table using the "standard" hydraulic conductivities for the area
(see Appendix C, ABC Gechydrology Report). Specifically, the

Specogna Fault and associated hydrothermal breccia was modeled

Adrian Brown Consultants Inc
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with an hydraulic conductivity of 6 meters per year, while the
altered/silicified Skonun was modeled with an hydraulic
conductivity of 1.5 meters per year. The resulting computed water
table for the area is presentad in Figure 4. It is similar to the
measured values, in that the adit is c¢learly visible in the
drawdown system, and the cther water levels are higher to both the
east and west. The analysis also allows a computation of the Ilow
from the adit under these conditions; the flow was is computed to
pe 263 cubic meters per day, scmewhat above the observed value of

about 200 cubic meters per day.

The hydraulic conductivity of the Specogna fault was then raised

ixfcld increase) and the analysis

(8 )}

to 30 meters per year (a

[0}

1-

raved in Figure Z, and is

[g]
]

re—-run. The water table is

[ty

S por

similar to the values optzined in the earlier run. The drawdown

1
3

-

around the fault is, however, much more marked, and is not
consistent with the observed data. The computed flow f£rom the
adit has dropped to 135 cubic meters per year, somewhat below the
measured flow from the adit. This drop in flow to the adit is a
result of the adit losing the contest with the fault zone for the

infiltracting local groundwater.

Accordingly, it would appear that the calibration of the system is
best achieved with the Specogna fault at the measursd nydraulic
conductivity of 6 meters per year, although it is not

inconceivable that the effective hydraulic conductivity may be

Adrian Brown Consultants Inc
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somewhat greater or less (say between 3 meters per year and 12

meters per year).

2.3 CONCLUSIONS FROM THE POST-ADIT ANALYSES

The conclusion of the evaluaticn is that, if the effects of the
adit drzinage are taken into account, the computed groundwater

table dcoces reasonably match the observed current groundwater tzable

[ 1Y
5

or the selected values of the hydraulic conductivitcy and

infiltracion.

Adrian Brown Consultants Inc
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\ i

Figure 4 - Water Table - Standard Conditions with Adit Drainage

Adrian Brown Consultants Inc
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Beeds

Figure 5 - Water Table - Eigh Conductivity Fault with Adit

Drainage

Adrian Brown Consultants Inc
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3.0 EFFECT OF A POSTULATED HIGE CONDUCTIVITY FEATURE

3.1 STATEMENT OF THE QUESTION

The representatives of the Governments wished an analysis oI the
conditions that would exist during mining, and after mine
reclamation, if the Specogna Fault proved to have an effective
hydraulic conductivity of 30 meters per year, a factor of five

e measurad value, and of the best wvalue for

oy
=
Q
(g
[}
H
r
(=2
fu
o
T
e
¥

calibration of the existing heads. The principal concern

1. the impact on the inflow to the mine, which might, if tco

high, overwhelm the water treatment plant capacity;

2. the impact on the flow in (particuarly) upper Barbie Creex of
diversion thrcough such a structure both during operation and

after backfilling; and

3. the impact on the flow from the pit backfill to the lower

Barbie Creek area aftsr reclamation.
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3.2 ANALYSES PERFORMED

Two analyses were performed, and the results compared to the
standard analyses presented in Appendix C of the ABC Geohydrology
Report. These analyses were conducted with the Specogna Fault and
associated nydrothermal breccia assumed to have a hydraulic

conductivity of 30 meters per year, for the following cases:

1. prior to mining (this analysis has already been presentad in

Appendix C of the ABC Geochydrology Report):
2. with the mine at full depth; and
3. after reclamation of the pit.
The results of the new analyses are presented in Exhibit 3, and

are summarized telow.

3.2.1 Flow to the vit

The assumption of a high hydraulic conductivity fault/breccia
feature increases the flow to the pit when fully mined frem 1,300
cubic meters per day for the standard case (ABC Geohydrology

or the high hydraulic

Hy
(2]

Report) to 1,900 cubic meters per day

conductivity case.
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3.2.2 Impact on Barbie Creek

The increased hydraulic conductivity results in a diversion of
some flow from upper Barbie Creek. The flow in Barbie Creek at
the three times analysed (before, during, and after mining) Lis
illustrated on Figure 6. The impact of mining on the flows in
Upper Barbie Creek amounts to about a 13% reduction in the
baseflow, and after reclamation this impact reduces to about 10%.

ference 1s not detectable in real stream systems,

th

[

This level of di

wnich are subject to far greater daily and seasconal variation.

3.3 CONCLUSIONS FROM THE ANALYSTIS

usion from this evaluation is that, 1f there is

o

[

The overall conc
high hydraulic conductivity through-going feature along tae
Specogna Fault alignment, then there will be a small computed
raduction of the flow in Barbie Creek during and after mining.
This reduction is small when compared with the normal variability

of the stream flow, and so would not be detectable in the field.
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4.0 PROQF OF ANALYSES AND RESPONSE TO VARIANCES

-

It is possible that the evaluations made in the Phase II report
about inflow to the pit and flow atfter pit reclamation could be
incorrect. This section evaluates the mechanisms that ensure that
if this were to be the case, it would be identified in a timely
manner, and that there ars "fall-back" engineering remedies
available for the possible consequences of those unexpected flows.
In presenting this section, it is pointed out that this does not

reflect a lack of confidence in the predictad ranges of outcomes

O
H

the proposed project, but illustrates that the project plan as
set out contains within it defense against not only anticipatsd

potential impacts, but &lso unanticipated impacts.

>y
Y

.1 METHODS QOF CHECKING ZIVALUATION

There are several methods by which the evaluations presented in
the Stage II report, the ABC Gechydrology Report, and this report
will be checked during the actual operation of the facility.

These are summarized below:

1. Water Level Monitering. There are currently a number of

completed drill heles in the vicinity of the pit which will
be used for monitoring groundwater levels after the pit is
constructed. In addition, it is likely that further

-
!

monitoring holes will be installed during the development of

Adrian Brown Consultants Inc
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. the pit to evaluate the impact of the pit, and the
- effectiveness of any slope stabilization or dewatering
activities. Accordingly the head predictions of the
ﬁﬁ evaluation will be checked against the expected values
throughout the project; remediation could be triggered
- operationally significant differences between predicted and
actual heads weres identified.
|
2. Mine Inflow Monitoring. Mine inflow will be mezsured as a
u routine part of the operation of the project. This is
necessary to ensure that pump capacity will be available to
" remove it from the pit, and that treatment capacity is
- available for that portion of the inflow that requires
ality adjustment prior to use or discharge. These
v monitored flows will be checked against predicticns, and any
variance may be the basis for remedial action.
|
= 3. Stream Flow Monitoring. The measurement of flow in the
- streams in the vicinity of the pit will be part of the
ocverall project monitoring program. Any significant
- reduction of flow will be identified by this program, and the
- significance of any such observed changes can be svaluated.
- Accordingly, it is consicdered that any gecohydrological changes
.{ that occur will be identified, -and can be compared with the
- changes contemplated in the pre-mining evaluation studies.
"
-
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Cinola Geohydrology Questions
hydrolecgy flow would need

AVAILARLE REMEDIES

4.2
Significant unanticipated changes in pit
to be evaluated with respect to a number of matters relating to
are discussed below.

a
=3

The remedies that are available

impact.
If these flows

Excessive pit inflow
The pit water management system is designed on the basis of

4,2.1
reasonable variation arcund the predicted flows.
The

then pit pumping and water treatment
pit pumping system

|
were significantly different,
plant capacity might nesd to be modified.
is predicatad mainly on the removal from the pit of direct storm
Groundwater inflew is a small percentage of such
for this to drive mine

y
-
precipication.
- flows, and it 1is not considered credible
dewatering system design or requirements.
-
4,2.2 Excessive flow £o the water treatment plant
|
The inflow to the pit might, in the worst case, be both of greater
-
quantity and of sufficisntly low quality to require treatment
. orior to discharge. This is considered to be unlikely, as the

source of any sigificantly increased flow would have to be surizace

] water, which i1s generally of excellent quality, and the flow rate

through the rock would have to be high, making it unlikely that

" quality changes could occur. However if this unlikely
circumstance occured, two remediaes appear to be available. ZFirst,
[
- .
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the flow quantity requiring treatment could be reduced, by a
number of methods including grouting of the (presumably) high
hydraulic conductivity flow conduit, channelizing of the portiocn
of the surface streams that would be providing the flow, or
dewatering of the flow conduit far enough from the orebody that
the water produced would not require treatment. Second, the
capacity of the treatment plant, or of the water storage
associated with it, could be increased to accommodate the

increased flow.

4.2.3 Excessive reduction in stream flow

The principal stream flow of concern with respect to the pit is
the flow in upper Barbie Creek, adjacent to the pit. In this
location it is understood that the flow is crictical Zfor fish
nhabitat and spawning. In the event that the flow to the pit is
significantly greater than predicted, the flow in the upper
portion of Barbie Creek may be reduced, perhaps significantly in
the extreme case. In the event that this were to occur, there are
several engineered remedies that would be available, including
channelization or sealing of the portion of the stream that
overlies the conduit that is providing excessive inflow to pit,
grouting of the conduit to the pit, interception cf inflow water
prior to its entry to the pit and replacement of this water into
the stream (from a stream point of view this replacement would
only be necessary during critical low flow periods, particularly

those that happen to coincide with spawning).
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- 4,2.4 Excessive impact on stream quality
. The quality of water in stresams might be more negatively impacted

than expected if the seepage through the pit backfill after

v reclamation was either of significantly greater quantity or worse
- quality than currenly expectad. The reasons that this might
occur, and the remedies that are available, are discussed below
. 1. Pit backfill macterial oroves to be of much higher hydraulic
- conductivity than currently expected. I the backfill wers
highly permeable throughout its mass, it is possible that
- seepage flows from the pit backfill in excess of the amounts
calculated might occur. The permeability of the backfill
- material will be much better known once the waste rock pile
: has been built. The hydraulic conductivity of this featurs
. can be ascertained, and the hydraulic conductivity of the
- backfill estimated. In the event that the hydraulic
: conductivity is considered to be too high, then the backfill
ﬁ material can be acdmixed with further excess mudstone. The
amount of mudstone i the waste pile is about £%; if this
bt were raised to 10% tze waste rock in the pit would be
, essentially impermeazle.
[}
" 2. Material to the sout2 of the pit is ¢f much higher hydraulic
. conductivity than current conditions and field measurements
a  indicate. If the material to the socuth of the pit were of
much higher hydraulic conductivity than the current
ﬂ evaluation suggests, it is possible that the seepage outilow
]
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u from the backfilled pit might be signficantly greater than
expected, which might also create an unexpected negative

- impact. Monitoring of the flow to the pit and of the impact

ﬁ; cf mine development on groundwater levels would provide prior
indication of this possibility. If this were to occur, then

» there are several engineering sclutions, including lining of
the pit face on the south end with mudstone prior to

- backfilling (to combat the possible presence of high

- nydraulic conductivity features), and grouting the materizl
to the south of the pit (to reduce inflow during mining, and

™ sespage after reclamation).

ﬁ/ 3. Water gquality in the backfill is more lcwer than anticipatad.
If the quality of the water in the backfili were poor, and

) the quality of the sesepage was not significantly modified Dby
flow through the bedrock, it 1s possible that the quality of

n the surface water downgradient from the pit might ke

” unexpectedly impacted. Measurement of quality of flow from

| the waste pile would provide prior indicaticn of any such a

™ potential problem. If such indications occur, then admixture
of more neutralizing material with the pit backfill, to

. further reduce the potential for future acid drainage, might

e re indicated.

N

i In summary, i1f the current predictions of the impact of the pit on

. the hydrolegic system flow and quality prove to be significantly

“ different from ithe actual conditions, this will be identifiable

]
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prior to the completion of the project, at which time available
and feasible remedies exist for the rectification of any
groundwater-related problems that might occur as a result of the

changed conditions.
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u 5.0 PARTITIONING OF PRECIPITATION
[
' 5.1 CONCEPT
-
- The evaluaticns upon which the Stage II report, the ABC
Geohydrology Repeort, and the current report are based in part on
ﬁ the availability of infiltration water to the groundwater system.
e This section describes the partitioning of incident precipitation
- that has been used in this study to develop groundwater flows.
ﬂ Approximately 2.1 meters of (mainly) rain is estimated to fall on
H the project site each year. The fate of this precipitation is of
- concern for the entire project, both in terms of project water
- management, and in terms of the impact of the project on the
surface and groundwater resources of the area. The process 1is
™) illustrated in Figure 7 and coﬁprises the following elements:
._ 1. Precipitation. BAbout 2.1 meters of precipitation fazlls on
the project area, mainly as rain. The precipitation cccurs
™) in all months of the year. 1In the wetter months of October,
November, and December, the precipitation rate reaches 300
L mm/month (Stage II report). This precipitation is the sourcs
of all of the water in the project area.
[
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- 2. Runoff. During and after high precipitation events, some of

the incident precipitation runs off directly to streams,

- without entering the groundwater system. In the Queen

. Charlottes, the dense ground cover and lush growth make
direct runoff relatively limited, as the retention capacity

- of the ground surface is high. Normally, runoff is defined
as water that moves to surface water courses without moveing

- below the ground surface. In this project, because of the
ground cover, runoff is defined as any water that reaches the

- streams without entering the groundwater system that is below

- the root zone of the plants (about 2 meters below ground
surface). Because of this definition, runoff is considered

- in this study to be a residual flow.

- 3. Direct EZvaporation. When the precipitation reaches the
ground surface, a portion of it directly evapcorataes from the

- leaves of plants, or from the ground surface (swamps, pocls,
streams, lakes, and other bodies of open water). The amount

. of evaporation is dependent among other things on the amount

- of open water, the temperature, humidity, wind velocity, and
other factors.

-

4., Evapotranspiration. Some of the incident precipitation

- enters the groundwater system. Of that portion, some is
captured by the roots of plants and trees, and is

- evapotranspired as part of the growth cycle. The guantity of
water that 1s evapotranspired by plants is a complex functicn

-
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of many variables, including temperature, humidity, wind

velocity, plant type, scoil type, and water availability.

Infiltration. The portion of incident precipitation that

percolates below the root system of the plant community is

described in this study as "infiltratcion”. This water flows

-

n the alluvial and bedrock groundwater system.

Baseflow Seepage. The groundwater that flows in the system

must ultimately emerge ©o the surface water system. This
seepage emerges at the surface, generally in topographic
lows. Upon emerging, this water must once again pass through
the root zone, where uptake and evapotranspiration is
possible. If direct infiltration is adequate to satisfy this
demand, then the seepage emerges at the surface, and either

evaporates or flows by runcff to surface streams.

Stream Losses. If a stream flows across an area where the

groundwater table is below the ground surface, then there
will be a tendency for flow in the stream to recharge the
groundwater system. The rate at which the stream is depletead
in these circumstances depends among cther things on the
permeability of the streambed and underlying materials, the
flow depth and width of the stream, and the depth to the

watar table.

Intaer-catchment groundwater flow. Some of the groundwater in

the system may flow from one catchment to the next, Dby
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underflowing beneath catchment boundaries. This "deep
seepage" would escape the local stream/evapotranspiration
system, and represents the extent of unaccounted for flow (if

neighboring catchments are unmonitored).

9, Stream Flow. The stream flow is the residual of the

precipitation less evaporation/evapotranspiration and less

inter-catchment seepage.

The above concept of flow is expressed in steady-state terms. The
system has some storage, and in the short term (days to months)
the amount of water stored will vary, creating a transient flow
source or sink. However in the context of evaluation of a mining
project these transients are of short duration, and in the context

of the precipitation in the Queen Charlottes, the volumes of water

are relatively small.

5.2 QUANTITATIVE ESTIMATE OF FLOWS

The system in the project arsa has been calibrated to establish
the most reasonable flow rates for the above partitioning.
Quantitative values ares nesded in order to be able to establish
the likely impact of the project on groundwater and surface watar
resources. The above discussion illustrates the complexity of the
detailed flow system; the approach taken in the study was to

somewhat arbitrarily consider the dividing line between the

surfaca and the groundwatsr systam to be the bottom of the root
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zone of the surface plant community. The system was then
calibrated by finding the infiltration rate that best matched the

cbserved stream flows and groundwater table.

Calibration of the infiltration was performed by setting up a
numerical model of the groundwater system, applying the known
topography, geology, hydrogeology, and other information to the
model, and computing what average infiltration to the groundwater
system is required to create the observed groundwater table over
the site area. This activity is reported in detail in the ABRC
Geohydrolcgy Report (Appendix B). This analysis indicated that
the infiltration rate to the groundwater system below the root

zone averages about 0.75 meters per year.

In addition to this wvalue, field cbservations of stream Iflow
indicate that about 65% to 70% of the precipitation that falls
ultimately reports to local streams (that is within the catchment

area 0L the streams).

When all these factors are assembled into the conceptual model
described above, the typical annual average flows are as indicatad
in Figure 8. Flows are expressed in volume/unit area of
catchment/unit time, and the unit used is meters/year, allowing

direct comparison with pracipitation.
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5.3 BASEFLOW

The term "baseflow"” has been used in the reports describing the
groundwater evaluations in this project. This term is
sufficiently difficult as to require some description here. As
shown in the above figures, the baseflow is defined in this
project as the flow that moves from the groundwater system below
the root zone to the surface water system. In surface water
hydrology, baseflow is usually reserved for the flow that remains
in the streams when all surface runoff has ceased, and is

requently measured as the asymtote of the recession flow curve

e

[a}}

ter a precipitation event. However in the Queen Charlotte

)
)

Islands context this definition poses a problem. Here, the
preciptation rate is sufficiently high that the groundwater table
is near the surface over much of the islands, and thus plants on
the surface have direct access to the séturated groundwater
system. During dry, hot periods, the forest’s demand for water
exceeds the incident precipitation, and so the plants draw on the
groundwater. This has the effect of intercepting the "baseflow"”,
and directly evapotranspiring it. Accordingly, in dry periocds it
would be expected that the stream flow would be less than the

"baseilow”.

To overcome these difficulties, baseflow is defined in this study

as the streamflow when total evaporation plus evapotranspiration

is exactly equal to precipitation.
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6.0 CROSS SECTIONS IN THE VICINITY OF THE PIT

Two cross sections through the pit have been developed for this
report, and are presented on Figure 9. The locations of the
sections are indicated on Figure 1. 1In each case the post-adit
construction, pre-mining groundwater table has been shown on the
section. These levels have been taken from the contour plan

presented in Figure 2.

The geology information has been developed from detailed
information collected during exploration of the orebody,
geotechnical drilling for the pit slopes, waste piles, and other
structures, and from condemnation drilling cutside the orebody
limits. The locations ¢of the principal drill holes used for this
construction are indicated on the sections, and on Figure 1. For

more detail on the geology the reader is directed to the Stage II

report.
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i I 20 L3 B7000.0 79700.0 =I35. 3.9 3.0 53.0 WP J.000E+00 3.237E-93 0.900E+00
k" 22 f 112 47900.0 37000.0 -1€0.0  120.0 120,00  120.0 SWMP 0.000E+00 4.5515s03 0.000E+)0
| 33 21 11y g8s000,0  3%000.0 -210.0 0.9 20.9 5,0 3uMP  9,000E+00 [,378E+06 9.000E-00 1,42
J I 43110 24400,0  3T450.0  -195.0 10S.0 105,90  LOS.0 SWMP  0.000E+00 1.173E#i6 0.000E+00 7.1
i 23 24 109 84800.0 34000.0 -180.0 1200 1200 120.0 3WMP O.000E+00 7.437E+05 0.000E+00 3.I1ZE+04
| 2% 23 108 8332%.0 3S82S.0 -f15.0  193.0  185.0  1BS.Q SWNP OQ,000E-00 7.4258+05 0.000E+00 4.33EEv06
| E 27 28 107 82200.0 33000.0 -35.0 279.0  Z75.0  273.0 SWNP 0.000E+00 4.2412+05 0.000E+00 3.23kE-ds
| B T a4 31700.0  34000.0 83.0  335.0 783,00  383.0 SHWMP 0,000E+00 5.2008+0S 0.d00E+90 1]
{ - 9 23 100 30800.0  I2700.0  180.0  480.0  460.0  450.0 SWMP 0.000E-00 I.06%E+0T  0.000E+00 3
1 % 30 106 79 85375.0 33T30.0  -2%0.0 W 30.9 30.0 SWMP 0.000E+00 ZI.31eE+03 0.000E+00 3&.13%E+02
I sl 30 %8 838Z%.0 34000.0 -240.0 U] 80.9 30,0 SdMP 0.000E+00 1.119E+05 0.000E+d0 Z,997E-05
2 31 97 86000,0 34300.0  -23a.0 ad. a4.0 84,0 SWNP  0.000E<00 73.35aE+dS 0.000E+00 C.443E-0:
| 33 32 9% 88350.0 3E060.0 -223.0 77.0 7.0 77.0 SHMP 0.000E+00 I,2522+05 0.000E400 2.70SE<03
‘ . 33 059 98400.9 33900.0 -195.0  105.0 105,90 103,90 SuMP 0.000E+00 3,734E+95 0.000E+00 I.045E-0:
33 34 46 36000.0 IIT00.0  -190,0  110.0  110.0  110.0 SNMP 0.0008+00 1.7312+05 0.000E=00 (.3315-04
2 34 35 33 988250 35850.0 179,00 121,00 1310 121.0 SWMP 0.000EX00 Z.190E40 0.00CEX00 l.5laE+ia
| i 37 36 4% 5492%,0 33460.0 -17%.0 1250 1400 1250 SWMP (.0GOE200 1.SIBE+93 0.000E400 {.213E+%5
3 37 32 aMS0.0 382350 -155,0 145, 18G.0  145.0 AP 0.000E+00 9.577c+U4  O.000E+0Q T GadE-D
37133 3 B3990.9  34a7S.0 -136.0 18Z.9 180.9  162.0 SWNP 0.000E=00 G,584E-04 0.000EX09 o.d44g-0D
' -9 90 84828.0  Toedl.0 - =2M,D 8§9.9 86,9 50.9 SWMP 0.J00E+00 4,735E+Q4 9.000E+80 1.035E+de
l i1 49 85 BASS0.0 33590.0 -227.9 13.0 73.0 73.0 GNP 90.000E+00 [,303E+04 0,000E+00 Z2,043E-03
i 42 41 103 34300.0 U700 -9 31 30.0 81.0 SWHP 9,.000E+00 4.52SE-03 0.000E+00 7.381E+%3
; 43 42 §5  94Z30.9 SYTEL.Y -193.0  10S.0  127.0  105.0 SWMP 0.000E*00 1.233E+04 0.000E+00 2.522E+08
i' 4 13 g4 34000.0 I3275.0  -13A.0 led.0 170.0  144.0 SWMP 0.Q00E+00 Z.867T+04 0,000E+00 2.Ia7E-ul
1 45 37 102 33525.0 34800.0 ~-138.0 142,90  175.0  182.0 SWMP 0.000E+00 2.230E+04 0.000E+00 4.a8ZE+03
4o 09 I BaERNL0  34525.N -35.0 235,90 230.0  I45.0 SHMP  0.Q00E+00 1.:G0E-93  .000E+20 95
47 34 71 @3825.0 34150.0  -SE.0  245.0 220.0  245.0 SWMP  0.000E+D0 I.33CE+G3  0.000E+00  9.00CE=30
i 15 49 a0 §3500.0 340250 -122,0 176,60  170.0  173.0 SWMP  4.000E+00 a4 3, 0008400 2, 900E+00
39 33 75 34050.0 13570 -180.0 140,00 1SS0 140.0 SWMP  0,000E%00 Z,I3ZE+od  0.000E-00 T.1IdE-04
| i S0 &3 70 BAIZS.0 0 333350 -1d,00 1590 17509 1S9.0 NP 0.00GE=G0 7.OT0E+43  0.000E+00  1.000E-%)
i
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#BCFEN - Adrian Srown Consultants Finite Slesent Sroundwatsr dnalysis - 6.0 PABE WUMBER: Il
CINOLA - PIT - SPECOGNA - Al X TIME: O year UNITS - Length (LI: aseters Tige {T1: year

“==m——=ee=NODE AND FLOW DATA==—=---- —

-NODE UATA- (-COORD Y-COORD BASE-EL  MAX-SL INIT-W/T NEW-W/T BOUN FIXED-INF INFILT_INF STORE_INF STREAM_INF  QUTFLON NGDE
#3 UK INT L] (Ll (Ll (Ll (Ll [Li DARY  fL3/T1] fL3/7] IL3/71 L3/l iL3/T] $8

3l 44 50 34075.0 34450.0 -115.0 (8S.0  195.0  1G5.0 SWMP 0.00GE+00 [.231E+04 0.000E+00 4.610E+00 !.I1S2E+04 E!
32 3% 82 54025,0 34700.0 -i1S.0  1BS.0  i85.0  185.0 SWMP 0.000E+00 T.373E=03 0.000E+00 !.363E+90 3.084E+03 32
3 43127 §38%0.0 33573.0 -130.0  170.0  145.0  170.0 SNMP 0.000E+00 o.5c4E+04 0.000E+00 3.IFIEHT 4.72EE#0T D
34 42127 E3375.0 33250.0 -124.0 1780 165.0  174.0 SWMP 0.000E+00 4.322E404 0.000E+00 !.799E+05 2,3iSE+03 D4
S 39 7§ G43T.0 J4650.0  -17L.0 129.0  125.0 125, =wa0 0.000E+Q0 G.2%LE+03 0.000E+00 9.000E+00 [.S5lE-01 EE
5 13 3 31730,0 78225.0 -120.0 180.0 185,00  172.0 swep 0.000E+90 4.867E+03 0.000E+00 0.000E5%0 3, =t
T OSLoTE BN TR -%.) 20400 0 180.0 198.8 swao 0.000E-00 C.1292%07 (0.000E+00 2.536EX00 | Iv
2 22 T Ba07S.0 3A700.0 -840 206.0 190.0  199,2 swap 0.000E+Y0 1.000E#00 ].C00E=30 I.39 <8
T35 30 8417I.0 34890.0 -%8.0 202,90 1750 187.8 swap .000E-00 5.000E+00 0.000E+40 1,383 &5
50 82 7% 34350.0 34830.0 -117.0  183.0  140.0  1B3.0 SRMP ).000E+00 4.378BE+04 0.000E+00 :.5008-0! 2.749E:3% 20
gl 85 73 94000¢.0 347259 -145.0 1S40 1350 1S4.0 SWMP 0.000E+00 3.33TE+04 0.00CE#00 S.S8ZEMZ SLTLO H
=z 82 68 SAT00.0 GARIS.C =i50 0 185.0- 137.0 0 154.9 swep Q.000B+00 Z.208E+(4 HGOELC0 52
32 of %9 B47ES.G 333750 -130.0 0 170.0 122,90 152.0 swap ULO00B+00 . 10dEe0d 0. 000E+00 23
84 a3 72 34630.0 342%0.0 -170.0 i30.0 1350 130.0 SWMP 0.000E+00 1.18BE+04 J.000E+Y) 34
a8 &7 &7 E4625.0 3MIT0 0 -200.0 100.0 120,08  130.0 GdMP 0.500E+d0  .407E+04 0,000EH)0 &3
36 88 135 24550.0 ‘ﬂﬂﬁb -175.0  [93.0  105.0  103.0 SWMP 9.000E+00 7.756E+03 J QO0E#3¢ i3
87 43 33 &4300.0 34250.0  -HO.0 190,60 150,59 1713 swap D.000Ex00 1,172E+0% 0.000E#00 a7
38 §7 37 64225.0 354750 -850 21T 1459 198.2 swen 0.000E+00 1.353E+04 0.000E%00 I ] 58
37 136 1 34175.0 G4725.0 -850 2150 1850 200.0 ewae O.Q00E+00 1.10ZE+)4 (.000E+00  0.000E+00 &?
70 60 27 84300.0 337759 -38.0 204.0 1ad.9 198.3 swao 0.000E+00 ![.Ja7E+04 9.000E+00 2.007E-3t i
7l a8l 3 84975.90 ’1650.9 -130.0 1700 135.0 17D, SWMP 0.000B+GQ LL41IE+H4 0,000E+00 3.%731E-¥2 vl
T2 42 &4 34550.0 34750 1250 17RO 1250 175.4 swmo 0.000E+00 l.:’ E+04 0.000E+00 2.000E=:) i
T3 a8 8d 54470 .4150.J -145.0 155,90 1180  135.6 swep 0.000E+=00 [.3i3E+04 0.000E+00 9.000E=)0 o
74 80 37 94350.0 343%0.0 -30.0 10,0  130.0  182.% cweo 0.000E+00 [, 443E+04 0,000E+00 0.000E+90 7, 043E-d! T4
73 8L 193 @4250.0 34330.0 -850  213.¢ 145,90  200.3 swap 0.000E+00 [.0a3E+24 0.000E+00 J,G00E+00 L.I94E-30 T3
78 70 A2 G427T3.0  38700.0  -38.0  2:2.0  1B0.O  205.7 swep 0.000E+00 1.SEBE+04 0.000E+00 4.000E00 1.77ZE-0! T3
77 71 37 84490.0  34600.0 -G, 185.0 140,90  185.0 SWMP 0.000E+00 ,Z47E+04 0,000E+00 0.000E+00 5,383E-03 °T
73 &4 125 54530.0 34400.0 -135.0  165.0  130.0  155.0 SWMP 0.00CE+00 1.7ISEv04 (0.000E+00 2.108E-3i I.:d9e+d4 72
79 45 101 84600.0 3HTE.O0 -175.¢ 5. 22,0 123.2 swao (.000E+00 3.515e+03 O.000E+00 !.2272-41 4.3 :-?E 13
80 79 % 84500.0 34225.0 -140.0  140.0  110.0  150.0 sweo 0.000E+00 1,227E+04 0.000E400 Z.37iE+00 !,J93e-0! SO
8l 73 38 94400.0 JMTS0  -105.0 195.0  140.0  199.0 SWNP 0.000E#00 2.041E+04 0.000E+00 I.403E+0¢ I.793E+0Z S
82 {23 32 34600.0 35120.0 -162.0 133.0 140.0  133.0 SWMP (Q.000E+00 8.574E+04 0.000E+00 9.349E-92 I.1I%E+0 :2
33 125 37 84800.0 34730.0 -175.0 1240  125.0  !24.0 SHAP: 0.000E+00 4.304E+04 0.000E+00 4.310E+94 Z.008E+05
34 102 135 83000.0 33473.0 -148.0  132. 110.9  1S2.0 SWMP 0.000E+09 2,331E+)4 0.000E+00 0.000E+30 I.IbeE+04 34
33 87 38 84775.0 34200.0 -170.0 130.0 132,39  130.0 S¥MP 0.000E+00 2.3Z3E+Q4 0.000E+00 9.000E=00 1.I32E+G4 I3
36 103 37 2507S.0 34150.0 -130.0  170.0 (12,0 127.7 swap 0.00CE+00 Z.33iE#04 0.000E+00 0.000E<00 0.000E+00 =&
§7 105 33 84%00.0 33950.0 -220.0 80.0  105.0 30.0 SHNP 0.000E<00 3,.334E+04 0.000E+Q0 7.722E=M4 {,799C+03 ¥
38 41 I3 33625.0  34000.0 -203.0 95,0  105.9 $2.7 zwap ,000E+00 I.(78E: V4 0.000E+62  3,307E-0 i1 3B
g% b oot AN, ¢ 35950.0 =207 0 3.0 - 10,0 33.9 SWP 0.000E+00 13 0.000E+00 &, 770E-3: 3%
30 42 33 83825.0 3357S.0 0 -196.0 1040 1250  104.0 SWMP 0.000E+00 Z.7OVEH0S 0.000E+00 0.000E+20 I,354E%03 39
19 2 34500 34500 =310 3.0 6%.4 37.0 SWMP  0,000E+00 [, 492E+04 0.000E+00 9,900E-00 !, 3172404 S
32 10 31 83750.0 32820.0 -150.0  1S50.0  150.9  139.1 swep 0.000E+00 2.314E+03 0.000E+00 0.000E+G0 9.000E+00 31
93 122 30 33325.0 33000.0 -205.0 3.0 3.9 85,0 SWNP  0.000E+00 1.SI3E+03 0.000E+Q0 4,960E+03 7.062E+05 3T
34 93 106 32700.0 33375.0  134.0 4340 434.0  334.0 SWNP 0.000E+00 4.723E405 0.000E+00 2,397E+03 1.902E+05 24
93 46 Za  §3000.0 34275. 9.0 30,0 340,00  320.0 SWMP O0.000E+00 2,8772405  0.000E+00 0,0002+30 1..4:’-' b
%% 23 35 3T000.0 33000.0 -33.0 2770 277.9  277.0 SWMP 0.000E+00 3.402E+95 9,000E+00 9,000E+00 2,5cé2#05 %%
7 39 B3 @3578.0 35100.0  -7A.0 22400 210.0  Z24.0 SWMP  O.000E+00 !.373E+03 0.000E+00 .900E:90 .4 ¥7
§8 38 Z0 - 84000.0 I3375.0 0 1220 178.0 1740 173.0 SWMP Q.QGOE+00 2,558E4+95 0.000E+00 0.000E:40 !, 78
9 J6 48 8%000.0  IITR0.Y 0 -180.0 14000 140,00 140.0 3P 0.000E+00 2,J13E-0S 0.000E¥GO  1.000E+00 ! 37
10033 T B R0, 0 < I2IE0 0 193 1970 107.0  107.0 SWMP D.000E+90 1,2B2E+)S 9.000E+00  9.000E+30 3
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A50FEM - Adrian Srown Zonsultants Finite Zleaent Sroundwatar spalvsis - 6.0 Fagc AUMBER: IZ
CINOLA - PIT - SPECOGNA - HI & TINE: O vear UNITS - Length ILI: setzrs Tiae [TI: wvear

—eeemeeea- HODE AND FLOM DATA==--n--=---

-NODE JATA- 1-COORD  Y-COGRD  BASE-SL  MAX-EL INIT-#/T NEW-4/T BOUN FIXED-INF INFILT_INF STORE_INF STREAM_INF  OQUTFLOW NCIE
$#3 LK INT (L] (Ll (L Ll (L: (L1 OARY  (L3/T] (L3 (LTl {iL3m (L3TT 333

101 32 47 83390.0 34780.0 -189.9 1110 10S.0  111.0 SWMP 0.000E+00 1.314E+03 0.000E+00 5.062E+05 3.341E#0S 191
102 31 34 85400.0 354300.0 -209.0 9.0 83.0 1.0 SHNP 0.000E+00 [.ISSE+0S 0.000E=00 I.Il7E-04  1.572E405 142
103 105 44 83173.0 34000.¢ -214.90 36.9 20.0 35,0 SWMP 0.000E+00 3.SA3E+04 0.000E+00 -3.a33z-98 4.330E+04 107
104 40 43 84875.0 33800.0 -233.0 &7.9 7.0 §7.0 SHMP  0.000E+G0 3.394E+04 0.000E+00 2.000E-20 3 04 154
105 (06 52 BSIS0.0 I5700.0 -24L1.8 39,0 370 59,0 SWMP 0.000E+00 1.021E+0T 0.000E«00 ! e IS
105 . 3 '3t  95380.0 33230.0 -288.0 23 329 S2.0 NP 0.000E+C0 2.237E<04 9.000E+00 &3
W -7 A0 allEt.d  -aadad.0. - <212.0 38.0 86.3 8.0 SWMP 0.000E+00 4,3532+03 0.000E+00 i i
M8 5 22 F7000.0 33T00.¢  -240.0 80.9 8.8 2.0 SNMP J.000E+3C 3.3732+02 90.000E+)0 £ i3
109 3 48 elg, 0 537000 ¢ =30 75,0 7340 79.0 SWMP  0.000E+00 1.204E+ho 0.000Es00 0.000E-0 L. ik
B¢ 3 47 8e2l0.0 35000.3 -285.0 8.4 R 35.0 SWMP  0.000E+Q0 7,337E+03 0.000E+00 0.000E<00 1.0 H
{11 32 i8 @87000.9 23430.0 -230.90 0.0 0.9 50.0 SuMP  9.000E+00 5.206E+0C O.000E+00 45,BBGE+0Z .42 1t
Pea it Teeagole, 00 35h00.0  -195.0 103.0  05.)  100.0 SN G, 000E+00 - £.77ZESOS (.000E+X0 1.000E400 3.3 i3
W3- 2 15 aTHi0.¢  IEES0.0  ~iS0.0  130.0 . 150.0 150.0 CHMP  0,900Ex00  [.4222<0¢ 0.000E+00 il i3
fra iR one S 90000.0 ZT000.C - =210.0 $9.0 0.3 %0.0 SumP  0.000E+00 1.007E=06 (,000E+00 id
1i5 1 23 87000.0 78000.9 -280.0 a0 80,9 30.0 SHMP 0.000E+00 1.437E<0e 0.000E+00 12
i18 <23 2 43700.0 37300.0 -170.0 130.0 130.0  130.0 SWMP 0.000E+00 1.390E=0c 0.J00E+00 iy
17 114 2s 0 25350.0 Ge330.0 -ii5.¢  183.0  183.0  1G5.0 SWMP 0.000E£00 7.175E+08 ¢.000E+00 3 i
{13 27 2% §0%00.0 32800.0  285.0 5850 2830 3a5.0 SWMP 0.000E+00 7.844E+03 0.000E+00 0.J00E-00 1.30GE+0S (13
113 13 23 82000.9 32100.0 -150.0  150.0  1S0.0  150.0 SWMP (0.000E+00 1.092E-0d 0.000E+0C 10.000E+Q0 | 19
120 9% 23 81900.0  33200.0 223.0 323.0 123 323.0 GNP 0.000E+00 3.323E#GT 0.000E<0C¢ 0,000E+37 L. )
121 27 21 82330.0 53200.0  10S.0 4050  &05.0  305.0 SWOP 0,000E+00 4.381E+03 0.000E+00 2,9002+)0 3 12!
122 12 20 83300.0 32700.0 -210.0 #.9 9.9 $0.0 SHNP 0.J00E+00 3.322E+03 0.000E+00 2.224E-03 i, 179E+da 11D
123 125 14 34080.0 35080.0 -i67.0  135.0 138.0 130,90 SWMP 0.000E+00 2.361E+04 0.Q00E+00 35,37ZE-i4 .1 i
124 128 I3 83090.9 351a0.0 -178.0  122.0 1220 122,90 SNP 0.Q00E+00 4.701Exdd 0.000E+30 9.000E24( i

125 191 12 83230.0 34870.0 -i86.0  114.0 1140 114.0 SWMP 0.000E+00 3.510E+94 0.000E+00 1.743E=93
12 101 {1 94810.0 34780.0 -171.0 129.0 1240  129.0 SWNP 0.000E+00 4,389E+04 0.000E+00 !.364E-93

sea B e B3 pos

127 36 10 85180.0 35280.0 -170.0  !130.0  130.0  130.0 SWMP 0.000E400 &.231E+04 0.000E400 0.000E+30 1,3a7E+4 127
128 i0f 3 8S350.0 34440.0 -185.0 15,0 110,90 115.0 SWMP 0.000E+00 2.353E-04 0.000E+00 4.B41Z:d4 4.3 i 128
29 128 8 83420.0 35020.0 -1@2.¢ 118.0  113.0  118.0 SiMP 0.000E+00 2.025E+04 0.000E+00 0.0002=00 1{.973E+04 127
130 128 7 83330.0 35200.0 -i77.0 123.0 110,90  1Z5.0 GWNP 0.000E<00 1.520E+04 0.000E+00 0.000E-00 2,368E+04 130
131 152 5 §9500.0 39230.0 -174.0 1250 1160  126.0 SWMP 0.000E+G0 [.270E+04 0.000E+00 1.3%3E+04 2,31SE+d4 [31
132 133 & 258B0.90 35060.0 -185.0  lIS.0  110.0  135.0 SWMP 0Q.000E+00 !.f40E-04 (.000E+00 Z,318E+)4

133 32 4 85740.0 33990.0 -195.0  105.0 100,90  105.0 SWMP 0.000E+00 1.028E+035 0.000E-00 3,2228-94 |, HS 15
134 131 3 §§S40.0  39280.0 -173.0 127.0 110.¢ 127.0 SWMP 0,000B+00 4.088E+04 Q.000E+G0 ),J00E<) 1,39SEedd 112
133 33 2 34050.9 35090.0 -145.0  IS5.0 (90,0  I55.0 SWMP 0.000E+00 5.788E+04 0.000E+60 7.41IE+0Z 3.890E+03 (3D
130 37 ! 84080.0 34BeS.0  -115.0 185,90  i85.0  183.3 swap O.000E+00 GS.343E+03 0.000E+00 I.3Q0E+00 1.347E-Gi ile

mmmmmememeSINK FLOA DATEmmmmmmmmee

SINK CONN TOT_FLOW SINK COMN  TOT _FLOW SINK CONN TOT_FLOW SINK CONN 70
B 8 ([LI/4] #0R (om # B (LM ¥

9 9 0.0000E+)0

12 3,0086E+07 2 9 0.0000E+00 39 0,0000E+30 4+ 0 0.0000E+00 SOF 0.0000E<00
5 0 0.0000E+50 70 0,0000E+00 3 0 2.0000E+00 9 0 2.0000€+30 00 9,J000E-30
11 0 0.0000E+00 12 0 9,0000E+00 139 0,0000E+00 14 0 2.,9000E+00 150 2.0000E<00
16 0 0.0000E+0) 17 0 0.0000E+00 18 0 2.0000E+06 199 0.0000E+: 20 9 2.3000E-30
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ABCFEM - Adrian Zrown Consultants Finite Eleaent Sroundwatsr 4nalysis - V&.90 P4GE NUMBER: I3
CINOLA - PIT - SPECOGNA - HI X TIME: 0 vear UNITS - Langth (L]: aetsrs Tise (71: yesr

SLEMENT DATA-——--——e-

ELEN o e e R S R O U IR T R b GO R RS R e R o (B S R s e L S (i i I R
Node! 76 27 27 95 28120 94 120 120 1168 118 15118118 15 29 16 16 27 17 28 2& 78 25 13 18 Z4 (% 20 Z3 Node!
Node2 25121 28 121 120 94 93 [19118 14 (S 118 28120 29 28 28 27 26 26 23 98 256 % 23 24 I3 33 23 22 Node:z
Hoges = aian 120 IR 1AL L1RlT 19 2929028 16N T I 1T 1B 1B I8 T OT 24 1% 19 20 21 2% Noded
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APPENDIX 3.2.8-1
SUMMARY OF KINETIC TEST DATA USED IN THE
EVALUATION OF CRITICAL NNP VALUE FOR ACID GENERATION,
CINOLA GOLD PROJECT

(Pages 1 to 6)
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APPENDIX 3.2.8-1
TABLE 1
Reprinted From Stage Il Report, Volume V
TABLE 3.3.3-1
Results of Acid-base Accounting From Norecol Humidity Cell Experiments (Serles | and It), Cinola Gold Project
t CaCO3/1000 t
NET
TOTAL LEACHABLE MAXIMUM  NEUTRALI- NEUTRALI-  KINETIC
HUMIDITY PASTE  SULPHUR SULPHIDE SULPHATE POTENTIAL ZATION ZATION TESTS?
CELL SAMPLE SERIES pH (%S) (%S) (%S) ACIDITY POTENTIAL POTENTIAL  pH<5

1 Weathered Skonun Sediments (Conglomerate) © 46 : - 0.38 - 11.9 -33 -15.2 Yes

e 43 0.58 0.22 0.26 18.2 -0.33 -18.5 Yes

2  Skonun Sediments (Conglomerate) ) 48 - 143 - 447 +13 -43.4 Yes

n 3.7 1.45 1.13 0.21 453 -3.97 -48.8 Yes

3 Argillically Altered Skonun Sediments ne 26 2.59 1.52 0.84 80.9 -20.8 -101.7 Yes

4  Skonun Sediments (Single-phase breccia) I 54 - 1.85 - 5§7.8 -0.1 -57.9 Yes

] 37 1.66 1.43 0.12 51.9 -1.06 -53.0 Yes

@ Based on humidity cell data reported in Volume V Appendix 3.3.3 - 1A and Appendix 3.3.3-2A of the Stage Il Report.
b Analysis for Series | and Il were performed by different laboratories for comparison.
€ Argillically altered Skonun sediments were only tested in Series ll. Maximum potential acidity was calculated from sulphide for Series | and from total sulphur for Series II.
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APPENDIX 3.2.8-1
TABLE 2
Reprinted from Stage li Report, Volume V
TABLE 3.4.3-2
Summary of Norecol Acid-base Accounting Study Results for Waste Rock Pads,
Cinola Gold Project

PARAMETER UNITS BOTTOM SAND? PA[? 1 PAD 2 PAD 3 PAD 4
Quantity of waste rock t - 20 30 30 30
Total S % 0.003 1.95 2.96 3.06 1.75
Total S kg - 390 888 918 525
Total SO4° kg - 1170 2660 2750 1580
Neutralization potential t CaCO3/1000 t 3.59 2.16 3.05 -6.37 0.69
Paste pH - 7.8 5.3 7.2 35 7.1
Net neutralization potential 1 CaC0O3/1000 t +3.50 -568.7 -89.5 -102 -54.0
Kinetic Tests: pH<5° Yes Yes Yes Yes
Time period of onset 4 months 2 months immediate 1 month

% Sand used at the bottom of each waste rock pad.

®  Total sulphate is calculated by assuming the total sulphur content could be completely oxidized to sulphate.

¢ Based on humidity cell data reported in Appendix 3.4.3-1 of Volume V of the Stage Il Report.
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APPENDIX 3.2.8-1
TABLE3
Reprinted from Table Stage il Repott, Volume V
TABLE 3.5.2-1
Description of Waste Rock Samples Used In Norecol Column Experiments,
Cinola Gold Project
WASTE ROCK SECTION HOLE SAMPLE LITHOLOGIC ABA SAMPLING KINETIC TESTS
GROUP No.2 No? No. UNIT® NET NP4 pH <5
Skonun 11482 86-R-30 43515 2d -4 Yes®
Sediments 14489 86-R-43 43286 2c -102 Yes®
(Composite) 15+25 87-R-12 45580 2c -44 Yes®
Single and 13+20 86-R-38 44438 4c -52 Yes'
Multiphase 15455 86-R-25 42642 4c -59 Yes'
Breccia 12412 86-R-27 42478 4b -28 Yes'
(Composite)

oo op

Section locations on Figure 3.2.3-1.

Drill hole locations are shown on Table 3.2.4-1, Volume V.
Lithological units are described in Section 3.2.3, Volume V.

Based on ABA data reported in Volume V Appendix 3.2.3-1 of the Stage Il Report.
pH remained constant at low levels (2.2-3.8) or dropped to ~3.5 in upper part of column for unflushed, constant trickle and wet/dry cycle conditions.
pH generally remained >6 in lower part of columns and other conditions (flushed, unsaturated with water table)

pH constant in range 2.5 to 3.5 for all column experimental conditions.

Refer to Table 3.5.3-1 of Volume V for details



APPENDIX 3.2.8-1
TABLE 4
Reprinted from Table Stage Il Report, Volume V

TABLE 3.6.3-1
Results of Norecol Acid-base Accounting Study of Argillically Altered Rock from the Cinola Gold Project (Serles IV)

TOTAL LEACHABLE MAXIMUM NET KINETIC

SULPHUR SULPHIDE® SULPHATE PASTE ACID NEUTRALIZATION NEUTRALIZATION TESTS
SAMPLE (%S) (%S) (as %S) pH POTENTIAL®®  POTENTIALSY POTENTIALY pH<5
Before Wash Tests
R-1 430 4.08 0.22 2,93 127.5 -3.1 -130.6 Yes
R-1 4.42 430 0.12 ass . 134.4 08 -133.6 Yes
R-3 564 551 0.13 3.95 172.2 33 -168.9 Yes
R-4 47 459 0.12 3.96 143.4 36 -139.8 Yes
After Wash Tests
R-1 3.03 2.97 0.06 299 9258 -0.1 -92.9 Yes
R-2 3.91 3.87 0.05 354 1206 16 -119.0 Yes
R-3 5.64 5.58 0.06 377 174.4 33 A7 Yes
R-4 5.51 5.44 0.77 B 170.0 26 -167.4 Yes

& Sulphide is calculated by subtracting leachable sulphate from total sulphur.

Maximum acid potential is calculated from sulphide.

Potentials expressed in tonnes of calcium carbonate equivalent per 1000 t of sample

A negative net neutralization potential indicates that the sample has a potential to produce acid mine drainage.
Based on humidity cell data reported in Volume V, Appendix 3.3.4-2 of the Stage Il Report.

o a oo



REPRINTED FORM STAGE II REPORT,

APPENDIX 3.2.8-1

TABLE 5

VOLUME V APPENDICES

APPENDIX 3.3.4-3

TABLE 1

ACID-BASE ACCOUNTING RESULTS FROM WASTE ROCK USED IN NORECOL HUMIDITY CELL
EXPERIMENTS (SERIES III),

CINOLA GOLD PROJECT

(t CaCO3/1000 t)

TOTAL NET
HUMIDITY PASTE SULPHUR MAXIMUM POTENTIAL NEUTRALIZATION NEUTRALIZATION HUMIDITY a
WASTE ROCK GROUP CELL No. pH (%) ACIDITY POTENTIAL POTENTIAL CELL pH<S

HAIDA MUDSTONES

6 8.2 1.30 40.6 29.7 -10.9 No

117 8.2 1.38 43.1 151 +108 No

19 8.4 0.87 27.3 49 .4 +22.1 No

20 7.7 1.15 35.9 7.12 -28.8 Yes

22 8.1 1.21 37.8 86.4 +48.6 No

31 7.6 1.71 53.4 35.1 -18.3 No
SKONUN SEDIMENTS

Sandstone 4 5.4 3.01 94.1 1.32 -92.8 Yes

7 4.9 1.98 61.9 2.47 -59.4 Yes

16 4.6 3.12 97.2 0.30 -97.2 Yes

21 4.1 2.46 73.8 -0.45 -74.3 Yes

23 5.1 3.84 120 -1.89 -122 Yes

32 4.1 3.08 96.3 3.04 -93.3 Yes

Matrix Conglomerate 1 6.3 0.96 29.9 1.00 -28.9 Yes

5 4.7 0.84 26.2 0.50 -25.17 Yes

8 4.1 2.34 73.1 1.25 -71.9 Yes

10 4.8 2.16 67.5 0.95 ~66.6 Yes

12 4.9 1.90 59.4 0.37 -58.8 Yes

217 5.7 2.35 73.4 1.30 -72.1 Yes

continued



APPENDIX 3.2.8-1
TABLE 5 (continued)
REPRINTED FORM STAGE II REPORT, VOLUME V APPENDICES
APPENDIX 3.3.4-3
TABLE 1 (concluded)
ACID-BASE ACCOUNTING RESULTS FROM WASTE ROCK USED IN NORECOL HUMIDITY CELL
EXPERIMENTS (SERIES III), CINOLA GOLD PROJECT
(t CaC03/1000 t)
TOTAL NET
HUMIDITY PASTE SULPHUR MAXIMUM POTENTIAL NEUTRALIZATION NEUTRALIZATION HUMIDITY

WASTE ROCK GROUP CELL No. pH (%) ACIDITY POTENTIAL POTENTIAL CELL pH<S5
Clast conglomerate and 11 7.1 2.53 79.1 6.23 -72.9 Yes
Single Phase Breccla 14 7.7 2.61 81.6 13.4 -68.2 No

15 6.4 2.20 68.8 1.74 -67.1 Yes

18 5.0 1.47 45.9 0.95 -45.0 Yes

28 6.5 2.55 79.17 . 2.54 -17.2 Yes

29 7.6 2.23 69.7 9.33 -60.4 No

30 5.0 1.63 50.9 0.25 -50.7 Yes
RHYOLITE 33 5.0 3.22 101 2.39 -98.6 Yes
MULTIPHASE BRECCIA

9 4.4 1.51 47.2 0.22 -47.0 Yes

26 4.3 2.14 66.9 0.01 -66.9 Yes

34 6.9 3.00 31.3 1.51 -29.8 Yes
ARGILLICALLY ALTERED
SKONUN SEDIMENTS

2 4.9 4.10 128 1.32 -127 Yes

3 3.8 6.08 190 0.01 -190 Yes

13 6.5 4.00 125 3.99 -121 Yes

24 6.6 4.05 127 6.58 -120 Yes

25 7.2 4.83 151 7.15 -144 Yes

Based on humidity

20 weeks, except cells

cell data reported in Volume V Appendix 3.3.4-1B of the Stage II Report. All
11, 20, 22 which have been running for 2 years.

cells ran for



APPENDIX 4.2.2-1
HIGH WEST MONTHLY WATER BALANCE FOR
AVERAGE ANNUAL PRECIPITATION

(Pages 1 to 50)
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SINOLA 30D P3LJECT
4137 WEST ARCA YEAR D {page § of D)
MONTHLY WATEZ BALANCE FOR AVERARE ANNUAL PRECIPITATION: YZAR @

@ 3 RESEZAVOIR CATCHMENT - 152 ha
"ATEh“.'; FOR BITCH EL - 75 ha
AUNDFF FACTOR = 0.7

T Er B

MONTH ARECI?  POTEXT POND DIRECT 3UNOFF 2OND SEZPABE SEZP TT 0 WATER DECANT  FLZW 70 E30/  WATZR WATER RUNDFT TN
TVARDT REA  PRECI VAP INIMP B! SUPPLY TD IMPBI SET POND JEF N AES  ELEY DITEH It
an na ha {--===seecaoma sssesssadudsacay 1000 a3/d--e=eememaanaan SrEdnatatasennanas ¥ ¥aj 2 1000 23/d
! 2 3 4 3 § 7 g 3 ) it 2 3 14 i 5
3733 302
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FES 218 15 10,11 .78 8,20 0.%6 0.000 0,504 0.20 0.99 .46 3,28 1,027 305 4,05
AR tdd 25 1163 0.34 4,33 4.1 0.000 2,004 3.2¢ .00 +.46 9,3 1,037 305 .44
APR 17! 40 11.63 f.68  A.00 1,18 0.000° 0004 120 0,30 Sl 5,093 303 2.7
Ay 42 % t1.23 g.42 ° 2,80 4,08 0,000 4,00 20,20 0.75 .28 - L0380 208 .90
JUN ¢ 27 14028 8,33 .35 4.3 0,000 2,004 1,20 1,45 .80 -1,22 0 1,049 205 1,37
Jil 20 i 3 de2 W2 @08 1000 0,008 4,20 fma L.3F =L.82 L0 308 1.3
ALS 74 8 0.2 2,83 5,37 9,900 1,004 9.2 1,63 2,25 -1.84  2.35% 33 122
57 184 71 { 0.80  3.8%  0.28 4,000 0,004 0,20 0,33 4,25 0.35 9,373 04 2.31
BET a7 a4 10,37 LA 10014 4LE 0 a.000 L 8.2 § 2,29 558 e 505 3.03
Xay 220 2 PR3 .07 35.06  0.09 5,000 (.004 3.20 .83 2.33 L2307 4,35
JEC 280 2 12 5T .49 3,74 9,08 0. 000 0,004 0,20 376 5.533 = o 4,40
3,004 2,20 .49 .00

338 L 1.09E+08 ad

NOTES RE COLLMNS

2 Frap Stz Rgaart, Yol III 12 Flow to Florencs Trzzp :pizl io _-c2ss (ool whan

2 Fros 3ta Reparf, Vol III reseryair full, confrolled simes

4 Froa cur f area vs, zigvation {2 Net rosulf of cojumns 3 f0 2

5 Froa col 2and 4 i4 mater yoiuse in storage

6 Fron columns 2, 4, catchaent, and runoff facfor {3 Froa curvae of zapacily vs. eisvation

7 Fram coluans 2 and ¢ i5 “rom column 2, catcheent, and runoff factor

8 Saf zguai fo zero

3 From seecage calculations

10 Mill make-un olus 2ill and aine domestic suasiy

{0 Decant to fmp. 3! fo sainfain ain. waler vel, see caiumn 23
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NTH POND OIRECT LOCAL MILL DN SEEPAGE SEE TD PADM REWUW RET N ML/ FADM GATER TOT TAILG: SOLINS AATER
AREA P2ZCIP AUNOFF  RUNOFF  EVA? IN 1! PORES DEF @S 3ES [N POND 4ASTE ROCK LBV  ELEY
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A7 in < S48 0.8 S.8F G20 0.000 0,005 0.0 £.00 5,22 Lot 50 I
HAY 112 65 :5.48 0,55 2.7t 4.33  0.000 0.005 0.2¢ 300 .73 L0 L.e8¢  Zi0
:'EI :4 -2 4 'y 4 i ~ ] - " ,) 13 A AA A AAT .." -~ A " -~ e - “A i -ma ~an “ -
joh 3 3 e Vemd wedd [ Fevv Jewida Fead ss0d FE-1-1F I la%?
Jit 8 104 15.48 0.40 2,65 0.52 0,000 0,005 .20 .30 2.32 (.00 l.o80 3iC R
ALE 78 98 15.48 2.39 2.58 0.49 0.000 0.005 0.20 0.00 .28 0.00 t.880 3:i0 1,32
SEP 168 71 15.48 0,38 5.6 0.37 0,000 9.005 0,20 2,80 .96 6,90 L.660  2iC 2.9
acs v i 4 13,48 L4 9,33 0.2 0.000  0.008 0.2 0.00 0,88 0,00 1,880 30 5.0C
NOY 280 21 1548 L34 4.8 0.1 0,000 2.005 .20 2,00 3.92  0.00 i.AEG 2.2 4:52
I 250 2 15.48 .30 8,80 0.08 0,000 0,005 0.2 0.00 %8¢ 0,00 1,880 210 C
NEAN 173 59 15.48 0,88 5.6 0.25 0.000 0.005 0.20 5.00 §.23 %00 t.850 3l0 3.9¢
TOTAL 2084 333 2.252+05 23 1, 092406
NOTES AE COLUMNS:
2 From Stage II egori, Vol III 12 Flow to Florenca Creek; squal %o sxczss (colusn 13) waen
3 Ero: Stage Il Regori, VYol III reservoir full, controiled af afher tises
4 Froa curve of area ve, 3lsvaiion 3 Net resuit of coluans 3 io 12
S From colusns 2 and 4 t¢ dater volume in storage
6 From coluans 2, 4, catcdeent, and runoff factor i3 Fros curve of capacily vs, sisvation
7 Frea coluans 3 and ¢ S Froa coiuen 2, catchaent, anc runoff ‘factor
Z Set 2gual fo 1er0

% Sron seepage caicuiations
10 Mill make-up 3lus alil ang alne doaesiic suzaly

Jacant 3o Imp. 3! to maintain ain, water vol, Lf necessary
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IAN 2.8 0.i% .07 44750 032 12.02 9.:45 306 8
FI3 2.36 .16 0,23 92,473 2,022 2.8% 5,146 306 308
L80 0ui0 G034 5075 0,028 0.00 2,148 08 06
.25 042 4.3 A0Ts .28 1.4 5..46 06 IS
LiB 88 7.37 073 0027 0.0¢ IR 06 0z
Ll - §nes S 5.08 £ 2,148 Sie.  2hg
. .08 0.0 1,38 9973 0,028 8.430 .00 0,20 0,00 G205 2,146 08 306
L0300 2.0 L300 9075 0.028 0,00 0,00 -0.18 9,30 2200 3,148 0z 306
.20 4.:1 0,97 0,073 0.028 .00 J,40 £33 000 0,242 3.148 06 306
52T 330 8 073 2,023 .80 | .20 2000 R.3Es 2,045 06 507
282 Q.2 0,072 0.623 0.00 0,00 J.40 3,20 0,438 3.148 06 307
ﬁ PR 8] 3.075 0,024 280 3,00 TS P 11 B 191 e 32 307
MEAN 21,2 2,31 0.10 0.57  0.073 0,027 teil 0,00 2.58 0.00  0.278 3,145 KD T
ﬁ TOTAL 2,47E405 a3
(7 Froa curve of arsa v, 2levation 20 Froa curve of capacify o, eisvation
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YEAR & lpage ! of 4)
733 AVERAGZ ANNUAL CRECIPITATION: YIAR £
FILE: WBB
0472 29-Jun-89
% § RESEAVOIR CATCHMENT = 162 ha
CATCHAMENT 708 DITCH [ED = 75 ha
YNOFF FACTOR = 2.7
FATER 342PLY RESERVOCLR
MOXTR  PRECI? POTENT 3OND DIRECT RUNGF= 20ND SEZTR4GE 3222 7O RATER #ATER 3UNDF
ZVaPOT AREA PRECIP EVAP N A IN RES  ELEY DITCA I
T an T I e ------=-1000 a3/ Nald x 1000
1 2 3 4 -] 6 7 8 3 14 5
LEE0 3ED
(2 i5.48 1,08 7.:3 0,06  0.000  9.00S 0.40 7.3 0000 LER) i
ia 15,48 .19 7,91 0.09 3.000 1,203 2.00 .31 200 i.ge0 219
25 15048 LTI TR G.T 000000 0,008 0,00 e 1,560 110
-0 58 NE O OSET .2t 0,000 a.00% DR it 1.2 210
114 g te i3 0,58 1.7 a3 8800 an 3.a0 - T
i a7 .48 A 37 L4500 Q.00 150 hEed 330
30 e L54E 0 G0 LD 320 0,000 2 2,32 i 310
75 28 1548 0.3% 2,35 .45 0.000 2 2.28 210
the 7 8.4 0,36 3.6 0,37 0.000 0,20 0,40 3.96 3t
247 24 5N t.43 9,337 0,22 4,000 228 200 3.8 Y
25 & L3 8.8% il 0,000 .24 G080 3 310
280 2 L300 5.0 8038 2,000 3,22 2.20 2 318
HEAN 173 M 1548 0,39 5.8 0.25 0.009
TOTAL 2084 383
NOTZS AE COLUMNG:
2 Froa Stace 1T 3esort, Vol III 12 Flow to Flor
2 Fri ge I Resorf, Yol 111 12 Fiow %o Figrence |
3 From Stage I Femors, Yol IiI resarvoir fuil,
4 From curve of area vs. 2levaiion 13 Net resull of co
J From coiuans 2 ang ¢ 14 Water volume in
5 Froa coiumns 2, 4, cafchaent, and runoff factor (S Frog curve of ca
7 Srea coigans 2 ang @ 1§ Froa coluan 2, cal
3 Ba% agua: o zer:

‘it
il

ros seesaca faiculations

Mill make-ud

Decant fo Zae. 3D Yo malsfaln sin, vater vol, 1f nscassary
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. TMDOUNDNENT %1 CATCR¥ENT = 44 ha

i MONTH POND DIRECT  LZCAL P0WD SEEPABE  SEER 70 DECANT 70 JECANT T2 EXC/ FROM  WATER TOT TAILS+ 3DLIDS  WATER
. - -~ - 1 T nrT - £ - - ]
AEA PRECI? RUNOFF ZVAP IN IMP 32 NP R2 SET MM DEF  WS3 IN FOND #ASTE Q0¥ ELEV  ELEV
53 femmmemmmmemeea- e -====1000 23/d--~----=-- P S vemmmm—=} LI ¥ a3 Y 3
7 i3 220 21 2 23 24 25 2 27 28 28 3
2,146 308 207
AN 40,0 040 008 0018 0,024 w32 -0,43 0,00 3,145 206 207
[ { FEB 42,8 Yol '0-:‘: 0.0 S :).0:-‘; 3.:3 -;).48 0.00 3,145 305 207
- MR 420 0,07 0,35 0,075 0.02¢ 325 0.4 0.00 46 08307
47R 2.08 4.3 0,073 L0023 2.34 -0.43 0,00 3148 208 07
P Ay : n.89 thi u.)ZZ Laiid -0,43 0 0.G0 3,148 chi 07
HS R .- .= 2 e . = i NKp 2
H N § 1.2 i e -3.93 2.90 2..70 ML) LTk
. JUL 42,6 ot 75 0.9 0,30 0,26 -hsd .00 3188 308 307
dE 42,0 1,33 2,073 2.9022 3,00 .23 -3.43 0 0.00 2. 148 308 207
v SE7 42,0 0.39  ¢.073 )02 2, £.93 -0.43 0,00 3,046 306 307
H R 598 0,60 0.078 022 9.18 4,08 -1.¢2 0 0,00 3,148 208 7
- amy - - .z 2 g tas A
¥y 40 0,23 7S 9,02 .8 3.82 -5.43 0.3 g.ide 208 kbt
y JEL 42,0 3.0 0.OTE 2.02¢ 2,40 3.85 -0,43 0,04 3,145 308 07
4
MEAN 4.0 2.3 007 0.89  0.075 0,023 9.40 2.3 -0.44 0.00 2474 2.146 206 207
_ aTAL -1, 61E+05 a2
-
By
17 From zurye of arsa ys, aisvation 3% Froa curve of casacity vs. sisvation
ey i8 Fron coluans 2 and 17
19 Zerm o 2. 17, cater Fooang rungff factar
<3 TTCR O CGLdmAS o, 1y ;&..MEH., ang runoty TacLoy

.7

coiuans 3 and 17
21-22 From seepage calculations

[
<
]
.t
[=J
]

= i . i F
i 22 Decant of gond water to lap #2
ﬂ 24 Decant %9 reduca vaier mme ta noainal 400 000 a3
25 Net rasuit of coluans (8 ¢
- 28 Jecant from waier supnly res., If necessary
N 27 Fron coluans 25 and 25; 100 060 a3 sinisum
2B-22 From Year &



- LA DENSITY

ORY DENSITY OF PLACED T
TAILINGS MQISTURE CIONTENT = 3

AILINGS = 1,20 /83
0K = 2,20 ¢/

SULK JENSITY OF XASTE 3 2.0

e G
o
an e

- IMPOUNDMENT %2 CATCHY

MEN 30 ha  ARZA OF
TAILINGS DEPOSITION AA

: LW GAADE GRE STOCKRILE 2
2 §009 t/day VGL ZF TA

u
v
1

NT W ;
TE LS PRODUCED IN YEAR = 1,83 4 a3
WASTE R0CK DEPOSITION RATE = 2500 t/day VOL OF WASTE 30CK IN YEAR = 0.41 ¥ &3
-‘ WILL EFFLUENT RECYCLZ 4TI gs 1 TGTAL YGL TF SGLIDS IN YEAR - 2,24 M 13

: (ONTE POND DIRECT LOCAL il EXC/  FADM WATER 70T TAILG+ SOLIDS HATES
- SRES PRECI® AUNDFF RUNDFF DEF I¥P 5 IN FND WASTE F00K ELEV  ELE,
B --eeeeeaea =e=e=== 1000 23/gennnnmeeemee e R ¥ a3 1 23 "R
TR 43 A
] 0,458 2240 M8 26
70015 A71 22 AT0 0.8 9,485 243 299
7 0.915 9.7¢ %.20 2.0 115 5.513 2.
- 700 LU 128 LT 027 2.510 2,792
50018 271 w28 L0 .31
0T LT I3 LT -n0s T : 232
& ) 24T 0T LTT I3 LT ! 233 283
| I AT N LiDn33 0075 0013 70 %28 AT -LgS 0,378 13
W3 243 0.8 0 078 0075 0,018 971 A2 270 -L.E3 0,319 LAt 3
SE2 255 L. 0,27 50 0473 0018 71 823 70 ) 295 263
A ST 2.3 Lm 230 037 0073 2.0 471 L3 270 2 1105 245
- MV 2.0 2.3 0.35 815 007 0,020 .71 523 70 L&S L2887
B3 .32 25 AL 007 0.0 AT A2 LT L6 L3063

ron curve af area /s, s2levation

32 From columns 2 and S

i 33 From coluans 2, -;:_. : tchaent, anc runoff faciar

“ 34 Mill site and lov grade are siscipiie runoff, plus other wastes
23 Froa coluans 2 and 2!

B 25-37 Froa seenage calculziions
22 ¥i1! afflusnt

(%)
(%)

Mill affluent racyie fas a I of toval aill inf

2} Frog osoistyre costent anc f33osition ratas

igans 32 o 40




YEAR & fpage ¢ of &)

[MPOUNDNENT 43 CATCHMENT = 376 ha

SETTLING POND (IMPOUNDNENT NUNBER 3

ONTH 7OND DIRECT RUNQFF PCND SEEP FR SZZPASE DECANT FR ZXC/ FLON 7O WATER  WATER REDUCTION
AREA PRECI? VAP Iwp 82 wr P H DEF FLOCK [INPOND GZLEV IN FLOW
e herie s g 1000 23/g--=smmmmmmeroee e eaanan 3 - e 1 !
47 48 43 ol 3l s2 3 54 LH & 37 8
0.i00 X0
JAN {.4 0.10 29.66 0.01 Q.01  0.00¢ .33 3331 RE - 00 230 3.2
FEB 1.4 0.1t 33.09 0.91 0,011  0.004 3.33 3%.52 352 0.100 22 4.1
MR L4 0,07 1977 0.6 0.0t 0.86% S S .98 4.le 220 4,2
LN Le 008 24,28 0,02 2.0i0  0.004 2.3 5.6 2666 0.i00 22 di
MY L. 0,08 15.i0 .08 0,012 . 0.004 L6 1529 16,29 0.100 220 2.1
SN L 004 lL%6 0.04 0,012 0,004 046 LSS UOINA il 2 Pt
JL L4 0,04 10,44 0.05 0,012 0.004 0.20 10.64  :0.8¢ 0.100 220 4.8
AUE 1.4 0,04 10,19 0,04 0,012 0.004 0.25 10.4¢ 10,44 0,100 220 4.3
SE? .4 . 0,08 23.37 0,03 0.013 0.004 1.3 280.26 25,26 0.100 220 L1
BB I 0.3 M.0¢ 002 0,013 0,004 405 45,21 4520 0.0 220 L4
MV otk 0,12 .19 000 Q.014 0 0.00¢ 305 ¢ 4L LT oM 220 3.8
b f.4 0,12 36,03 0.0f 0.0 0,004 3.83 20,00 40,00 0.i00 220 3.3
¥EAN L& 0.08 24,25 0.02 0.012  0.004 &2 %4 26.2¢ 0100 220 Tl
T 9.8%E+06 a3

46-47 As for Imcoundment 3!

4§ Runoff from undissurdee catchaent, 2ius coiuans {2 and !5
43-36 As for Imooundaent #!
S7 Reduction in Upper Fiorence Creek flow, before flow dugaentation
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ANOEF SACTOR =

Ll
~
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5
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YEAR 7

fzage ! oof <)

S3ECIZ POTENT POND DIRECT RUNOFF POND SEZEPASE SEER 7T ATER DECANT  FLOW 72 EID/  WATER WATER AUNOPF I
EVARET AEA P3ELI? ZVAR IN IMP R SUPPLY T3 [MPRL SET AOND  DEF IN RES  ELEV DITER If!
an an i Dsssessusdasavesvessssssanss a0l aiflesens wenrmans csevsEssssassvadast M 33 a 1000 s3/F
2 3 s g 3 7 3 3 0 i {2 'a 4 15 ih
28 12 i5.48 LgE T 006 0.0%0 405 0,20 00 1.85
Il H i5.4 i,49 791 0.09 0.000 2,903 0.20 2.00 8.3!
26 iS4B 0 07T 4,78 0443 2.00 3.48
in e an , :
& 5.48 0,33 L8 L2 .00 §.22
56 .l.ik o N o 328
7 5,4 2,97 .48 200 2,58
0 iS4 0.0 L33 031 0,400 3 023 2.0%
33 15,48 0.3% .38 0.4 0,000 3 8.1 2,10
7o 18,43 0.82% 588 37 0,000 0.005 0.00 5. 36
44 1543 48 %33 0220 4,000 0,095 .20 0.9 12,33
g0 i S LB 63 0. 0,000 0.908 .20 ha0 .52
220 (20 1542 LI 2.0 006 0,000 4305 020 880 3.84
73 0 tG4E 058 386 0.25 0.000 2,003 020 0,04 8,23 4.00 ! 10
2084 598 2,298406 a3 :
Bha e 5% Banmh G e i fe o SR o
Stage II Regord, Yol IIf (2 Flaw o3 Tlorence Iresk; 2gual ioosicess {coluan 13) when
Stage [I Feport, Vel III resaryslr full, coniroilac as ather tiaes
curve of area vs. 2lavation 13 Net resuil of colwens § fo 12
coiusns 2 and ¢ 14 Hater yoluae in siorage
coluans 2, 4, catchaent, and runoff facior Z Fromocurve of cagacdiy vs. 2lsvaiion
¢ {6 Froa coluan 2, catchaent, ang runeff factor

HILL I

uml

I3



' [MPOUNDMENT &1 CATCAMENT = 44 ha

*ORTR POND DIRECT  LDTAL  3OND SEIZPAGE  SEER TDODEDANT I L7 0/ PN AR g+ AATER
AREA PRECIZ FUNIFF  Z¥AP N IM 2 e E2 AIND DEF WS IN P0ND oy
Hg (e==mmmemmmmcmceaao cmmmemme== {000 23/d-------=-- S O, 4 a3 2] 2 Py
i7 18 92 21 22 2 24 28 28 27 22 23 KiH
- e e R RS SR R L R e N L e e ———— e S
- hoend 3,048 6 W
AN 20 .53 0.i0 0.:3 2.90 300 0000 0.4 g.048 e 307
red w233 0L % .38 0.00 2.9 0,400 3,145 06 207
1) AR 42,0 1.3 507 0.38 1.72 0,00 0,30 0. 3.:28 306 7
- AP <20 2,320 0.08 0.3 .39 0.00 o.M 1 Al 06 307
Y 0,03 0.8% 0.72 0,00 3123 el 307
i A g 0 0 N oA N A 8 A s -
i Si¥ Dyl a2 0.6: 4.3 0.00 3..%h kK 87
ii sel U8 GGs Ll 2,00 -0.23 0,23 5,148 MW 07
i P Sy fan -~ g s mny
. AUE LOs 0 004 1,23 0.09 -5.18 (.48 8.:46 s 207
322 5.4 .28 .08 0.%% 133 .06 0,00 2,148 08 W07
' 8T L 407 012 0.8 a2 0.00 200 8.4 38 307
- MY 40 52 12 0.3 241 4,0 2.0 206 08 7
iEn:  iA G = p ; ‘ ¥ a5p
g2 2000 5052 Da0g 215 3.2 800 2 3..45 sbs 307
i MEAN 4200 2,35 0.07 0,63 0,073 0.020 0.16 .32 <004 0,04 0,400 8.143 W 07
TETAL -1, 282704 a2
g
. 17 Froa curve of area vs. zlavatisn 30 Troa curve of cagacity vs. zlavafion
(3 From columns 2 ang 7
3 From coiuans 2, 17, catchaent, aad runeff factor
- : LI
B 20 Froa coiumes I oand 17
A L v .
21-22 Frog seepaga calculations

23 Decant of ponc water to lag 82

B 5 Eoie

- calumn 5. 400 ANA
27 Froa column 28; 400 200 2

ﬁ b
H 28-2% Troa Year 4

=

-t



YEAR 7 (zage 3 of ¢)

PULP DEXSITY - 381 DRY DENSITY OF PLACED TAILINGS = 1.20 t/a3
TAILINGS MDISTURE CONTENT = 431 BULK DENSITY OF WASTZ 30CK - 2.20 t/a3
IMPOUNDMENT 32 CATCHMENT = 30 ha  AREA OF LOW GRADE DRE STOCX?ILE = 0.0 ha

TAILINGS DEPOSITION RATE - 6000 t/day VOL OF TAILS PRODUCED IN YEAR = 1.83 4 a3
WASTE A0CX DEPOSITION RATE = 3300 %/cay VOL OF 4ASTE R0CK IN YEAR = 0.55 M a3
MILL EFFLUENT RECYCLE WTI0= 841 TOTAL VOL OF SOLIDS IN VEAR = 2,37 4 3

IMPOQUNDNENT NUNBER 2
ALV )

----------------------------------------------------------------------------------------------------------------------------------

POND DIRECT LOCAL  YILL POND SEZ’ABE SES?ASE FROM  RETUAN RET IN EXC/  FAON AATER  TOT TAILS+ SOLIDS RATES

AREA PRECI? 3JUNOFF AUNOFF ZVAP iN QUT NILL TO MILL PORES DEF NP ! N POND WASTE ROCX  ELEV ELE:
K (wrovfriensosmmasoimmsinanaminsosssaies 1000 83/d===mmmmmee e > N3 1 a3 3 i
3l 32 33 3 ki gl 29 40 41 42 43 4 45 &

0.472 4,480 o~

8.5 1.99 05 . 028 .12 0074 0 %l 3.28. .00 0.89 - 0,00 -0.5H 4.58! a0 L T

8.3 2.20 .8 22 0.4 0.07¢ ~0.021 9.7 .8 L1 118 0,00 0.5 4,863 2890 27

o o R 0.67 0.3 0,23 0.073 © 0,022 %.7: %.28 10 L3l 000 0524 <.085 0

2.3 L8 -0 lE 03 0.073 2.022 9.7 2.28 %M .04 0.90 523 5.280 7000
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APPENDIX 4.2.3-1
BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CLEMENTS
(080A003) GAUGE AND FROM BARBIE
AND FLORENCE CREEKS

(Pages 1 to 2)



APPENDIX 4.2.3-1

BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CLEMENTS
(080A003) GAUGE AND FROM BARBIE AND FLORENCE CREEKS

BASE FLOWS IN STUDY AREA STREAMS (m3/s)

BARBIE CREEK FLORENCE CREEK YAKQOUN

YEAR DATE MIDDLE LOWER MIDDLE LOWER WSC
1986 Dec 16 0.159 11.6
1987 Mar 3 0.159 11.5
1987 Mar 19 0.1 0.226 17.9
1987 Apr 6 0.037 0.101 8.8
1987 Apr 25 0.086 0.159 20.6
1987 May 9 0.051 0.109 0.43 16.9
1987 May 20 0.089 0.146 0.52 22.1
1987 May 23 0.044 0.104 0.36 10.4
1987 June 9 0.093 0.39 10.4
1987 June 25 0.035 0.114 0.35 7.76
1987 June 30 0.027 0.071 0.24 5.41
1987 July 6 0.02 0.051 0.058 0.16 3.91
1987 July 15 0.013 0.023 0.04 0.1 3.22
1987 July 20 0.009 0.012 0.025 0.06 2.68
1987 Aug 10 0.013 0.041 0.029 0.08 2.24
1987 Aug 27 0.008 0.041 0.03 0.09 2.02
1987 Sept 5 0.023 0.093 0.076 0.31 8.57
1987 Sept 10 0.013 0.051 0.038 0.1 4.25
1987 Sept 26 0.037 0.4 0.13 0.56 23.1
1987 Oct 11 0.034 0.113 0.115 0.49 15.6
1987 Oct 23 0.025 0.083 0.027 0.3 8.5
1987 Nov 2 0.086 0.191 0.341 0.66 25.9
1987 Nov 16 0.353 0.286 1.39 35.5
1987 Dec 17 0.132 0.194 0.24 0.84 30
1988 Jan 7 0.041 0.062 0.103 0.49 10
1988 Jan 31 0.04 0.104 0.092 0.58 21.8
1988 Feb 24 0.068 0.133 0.146 0.416 16.7
1988 Feb 28 0.057 0.097 0.112 0.344 13.2
1988 Mar 16 0.066 0.114 0.121 0.394 17.1
1988 Mar 27 1.27 36.3
1988 Apr 15 0.072 0.133 0.2 0.541 21.4
1988 Apr 27 0.036 0.057 0.111 0.269 10.5
1988 May 9 0.013 0.022 0.133 7.67
1988 June 6 0.071 0.171 0.121 0.61 21.9
1988 June 13 0.048 0.105 0.109 0.394 9.58

continued .



APPENDIX 4.2.3-1 (concluded)

BASEFLOWS FROM THE YAKOUN RIVER NEAR PORT CLEMENTS
(080A003) GAUGE AND FROM BARBIE AND FLORENCE CREEKS

BASE FLOWS IN STUDY AREA STREAMS (m3/s)

BARBIE CREEK FLORENCE CREEK YAKOUN

YEAR DATE MIDDLE LOWER MIDDLE LOWER WSC

1988 July 7 0.061 0.113 0.376 7.98
1988 July 20 0.122 0.077 0.394 7.01
1988 Aug 5 0.019 0.101 0.215 6.85
1988 Aug 16 0.019 0.045 0.168 4.93
1988 Aug 27 0.019 0.045 0.143 3.04
1988 Sept 4 0.01 0.039 0.133 3.84
1988 Sept 17 0.019 0.044 0.154 5.36
1988 Oct 28 0.211 0.316 0.692 27.4




APPENDIX 4.2.3-2
LINEAR REGRESSION PLOTS FOR CONCURRENT BASE-FLOW
DISCHARGES ON THE STUDY AREA CREEKS
AND THE YAKOUN RIVER

(Pages 1 to 4)
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APPENDIX 4.2.6-1

MINE AREA: WATER MANAGEMENT PLAN
FOR YEAR OF WETTEST PRECIPITATION

(Pages 1 to 9)



30
1

CINOLA BOLD PRJJECT - MINE AREA
WATER MANAGEMENT PLAN FOR YEAR OF WETTEST PRECIPITATION: YEAR 3 Sheet
FILE: MINWAT3
Catchaent  Runoff Catchaent Runoff
Area  Factor Area Factor
(ha) (ha)
Pit (Mudstone) 0.00 0.90 #RS: 3:1 slope to south 3.00 0.98
Pit (Acid Benerating) 39,28 0.90 WRS: 3:1 slope to north 1.60 0.98
WRS: Top surface 8.00 0.90
MSSP1: WRS Runoff 1.10 1.00 WRS: Active face 3.07 1,00
M5SP2: WRS Active face 0.60 1.00 Haul Road to WRS 1.44 1.00
M5SP3: Pit - Acid Gen. 1,33 1.00 WRS to Pit L& Area south 9.08 0.60
¥SSP4: Pit - Mudstone 0.00 1.00 Above WRS % below Div ditch 33.30 0.80
MSSP3: Teaa. hHaul Road 0.20 1,00
NSSP6: M L O 2.45 1.00 Mudstone dump 20,00 0.90
MSSP7: WRS North t.10 1.00 Overburden duap 12.23 0.70
MSS?3: Mine Plant 0.00 1,00 Area around %/S & 0/B 37.45 0.60
4ONTH DAYS PPTN POTENTIAL DISCHARSE L0CAL - SRGUNDWATER TOTAL M55P3 DISCHARGE LOCAL TOTAL DISCHARGE LOCAL TOTAL
EVAPO- fros PiT DISCHARGE PIT to MSSP3 to LIME froe W3S DISCHARGE INFLOW  to MSW!1  DISCHARGE INFLOW
TRANSPIRATION ACID GEN to MS5P3 TREATPLANT  to MSSP2 to MSSP2 to MSSP2 fo MSW1  to MSWi
21 " O et D b DL L DR LR 1000 83/g---======-==meceesemmmccceccecccc oo )
P2 3 4 3 6 7 g ! 5 10 i i2 13 14
JAN 31 281 14} .20 0.12 0.14 3.46 1 0.71 0.05 0.76 ¢ 4,22 0.40 4.62
FEB 28 23! 16 1 3.17 0.12 0.14 3.42 0.70 0.05 0.75 ! 4,18 0,39 4.36
MAR 31 160 26 1.82 0.06 0.14 2,03 1 0.48 0.03 0.30 @ 2.53 0.2 2.74
APR 30 180 4 2.12 0.07 0.14 2,33 1 0.33 0.03 0.56 ! 2.88 0,23 3.1t
2AY 31 104 66 | 1.19 0.03 0.14 1.35 4 0.37 0.0: 0.38 ! 1.73 0.09 1.82
JUN 30 96 88 ! 1.13 0.02 0.14 1.29 1 0.36 0.04 0.37 ¢ 1.63 0.06 1.7
JuL 3t 110 105 ¢ 1.25 0.02 0.14 1.41 1 0.38 0.01 0.39 | 1.80 0.06 1.B6
AlE 31 89 98 1.0t 0.01 0.14 1.16 1 0.34 0.00 0.34 | 1.5¢ 0.03 1.34
SEP 30 185 7 2.18 0.06 0.14 2.38 0.54 0.03 0.56 § 2.94 0.21  3.15
ocT 31 317 44 | 3.61 0.13 0.14 3.88 ¢ 0.78 0.06 0.83 1 4.71 0.42 3513
NOV 30 337 19 3.97 0.135 0.14 4.25 1 0.84 0.06 0.90 | 3.16 0.49 3.63
DEC 31 268 11 3.08 0.11 0.14 3.3 0.68 0.05 0.73 § 4,04 0.38 4,42
MEAN 198 30 2,30 0.07 0.14 2.31 1 0.36 0.03 0.39 @ 3.10 0.23 3.33
TOTAL 2378 599 !

NOTES RE COLUMNS:

3 Froa Norecol (Yakoun R data # 18/17)

4 Froe Norecol report (Masset data)

3 From area and runoff factor

6 Froa area and runoff factor less 2/3 of
potential evapotranspiration fros pond

7 Broundwater to NSSP3

8 Total of 5 %07

9 Froa area and runoff factor for active face,
infiltration froa 3:1 slopes and horizontal
surface, and groundwater to WRS

10 From area and runoff factor

11 Total of 9 and 10

12 Total of 8 and {1
3 From area and runoff factor less 2/3 of
potential evapotranspiration froa pond

14 Total of 12 and 13



5t
Year 3 - Sheet 2
Average Precip.

Catchaent Runoff Buantity
Area Factor (a3/d)
(ha)
Between Pit & Haul Road 4,23 0.60 Groundvater to WRS 168
Mine Plant incl. MSSP8 1.43 0.80 Broundvater to MSSP4 140
Broundvater to MSSP3 140
MS¥! 4,52 1.00
MSW2 3.13 1.00

DISCHARGE DISCHARSE  LOCAL T0TAL GISCHARGE LOCAL  TOTAL DISCHARGE LOCAL  TOTAL
froa ¥RS froa ABOVE  DISCHARGE INFLOW  from PIT INFLON INFLON  fros INFLOW  INFLCW
to MSSPL WRAS to NSSPl to MSSPL to HGSP1 MUDSTONE to MSSP4 to MSSP4  HAUL ROAD to MSSPI fo MSSPI

N et e T et IOl 1000 a3/d-=-===veevmsrrrecrccmee e cceneaenenaan >
13 H 17 18 § {9 20 209 22 23 24
1.06 2.42 0.10 .39 0.14 0.00 0.14 1 0.13 0.02 0.15 1§
1.039 2.40 0.09 3.39 1 0.14 0.00 0.14 | 0.13 0.02 0.13 1
0.80 1,38 0.0 .04 8 0.14 0.00 0.14 | 0.07 0.0! 0.08 !
0.70 1.61 0.06 2.37 1 0.14 0.00 0.14 1§ 0.09 0.01 0.10 ¢}
0.39 0.90 0.02 .30 0.4 0.00 0.14 | 0.05 0.00 0.03 !}
0.37 .86 0.01 1.29 ¢ 0.14 0.00 0.14 1 0.035 0.00 0.03 ¢
0.42 0.33 0.01 1,38 1 0.14 0.00 0.14 1 0.05 0.00 0,05 !
0.24 0.77 0.01 f.110 0.14 0.00 0.14 ! 0.04 0.00 0.04
0.72 1.63 0.05 2.43 1 0.14 0.00 0.14 3 0.09 0.01 0.10 ¢
1.20 2.74 0.10 4.04 1 0.14 0.00 0.14 1 0.15 0.02 0.17 }
1,32 3.0 0.12 4,44 | 0.14 0.00 0.14 1 0.16 0.02 0.18 :
1.01 2.32 0.09 3.420 0.14 0.00 0.14 | 0.12 0.02 0.14 %
0.76 1.75 0.06 2.97 % 0.14 0.00 0.14 | 0.09 0.01 0.10 ¢
15 From areas and runoff factors 24 Total of 22 and 23

16 Froa area and runoff factor

17 From area and runoff factor less 2/3 of
potential evapotranspiration fros pond

18 Total of 13 to 17

19 From area, runoff factor, and groundvater to MSSP4

20 Fros area and runoff factor less 2/3 of
potential evapotranspiration from pond

21 Total of 19 and 20

22 From area and runoff factor

23 Froo area and runoff factor less 2/3 of
potential evapotranspiration fros pond



52
Year 3 - Sheet 3
Average Precip.

DISCHARGE CISCHARGE ARZA Lacat DISCH froa TOTAL LacaL TOTAL  DISCHARSE LOCAL T0TAL XINE PLANT
fros froe around  DISCHARGE btwn PIT  INFLON  DISCHARGE INFLOK  from WRS DISCHARSE INFLON  including
M/S QUNP 0/B DUMP M/S & 0/B to ¥35P6 X% HAUL RD to MSSPE to MSW2  to MSW2 to NORTH 8o MS3P7 to N3SP7 4S5P8

{mmmm e e 1000 @3/d==-=======mmmmm o m et s >

23 26 27 28 29 30 3 324 33 34 35 36 i
1.63 0.78 2.04 0.21 0.23 5.04 1 0.27 5.3t 0.14 0.10 0.24 | 0.11 ¢
1.61 0.77 2.01 0.2¢ 0.23 4.968 | 0.27 5.25! 0.14 0.09 0.23 1 0.10 ¢
0.93 0.44 1.16 0.11 0.13 2.86 1} 0.14  3.00 ! 0.08 0.05 0.13 ¢ 0.06 !
1.08 0.51 1.33 0.12 0.1 3.32 1 0.16  3.48: 0.09 0.06 0.15 ¢ 0.07 !
0.60 0.29 0.73 0.03 0,09 1.83 1 0.06  1.891 0.03 0.02 0.07 ! 0.04 ;
0.58 0.27 0.72 0.93 0.08 1.73 ¢ 0.04 177! 0.05 0.0t 0.06 ! 0.08 !
0.64 0.30 0.80 0.03 0.09 1,921 0.04  1.96 ! 0.06 0.0t 0.07 i 0.0¢ 1
0.52 0.23 0.65 0.02 0.07 1.54 } 0.02 1.57: 0.05 3.01 0.05 ! 0.03 1
f.11 0.33 1.39 0.11 0.16 3.39 ! 0.14 3.53! 0.19 0.09 0.15 ! 0.07 !
1.84 0.88 2,30 0.23 0.26 5.67 % 0.29 5.9 0.16 0.10 0.26 ¢ 0.12 ¢
2.02 0.96 2.52 0.26 0.2 6.24 1 0.3¢ 6,38 ! 0.18 0.12 0.30 | 0.13 1§
1.36 0.74 1.94 0.21 0.22 4,66 ! 0.26 4.93 ! 0.14 0.09 0.23 ¢ 0.10 ¢
1.17 0.56 1.46 0.13 0.17 3.59 ¢ 0.17  3.76 0.10 0.06 0.16 ! 0.08 !

25 Froa area and runoff factor 34 From area and runoff factor less 2/3 of

26 From area and runoff factor potential evapotranspiration froa pond

27 From area and runoff factor 35 Total of 33 and 34

28 From area and runoff factor less 2/3 of 36 From area and runoff factor

potential evapotranspiration froe pond
29 Froa area and runoff factor
30 Total of 25 to 29
31 Froa area and runoff factor less 2/3 of
potential evapotranspiration fros pond
32 Total of 30 and 3!
33 Froa area and runoff factor



CINOLA BOLD PROJECT - MINE AREA
NATER MANAGEMENT PLAN FOR YEAR OF WETTEST PRECIPITATION: YEAR 7

FILE:

RINWAT?

Pit (Mudstone)
Pit (Acid Benerating)

MSSP1:
MSSP2:
MSSP3:
MSSP4:
¥SSP3:
MS5P6:
%S5P7:
MSSP8:

HONTZ DAYS PPTN PGTENTIAL

#RS Runoff

NRS Active face
Pit - Acid Gen.
Pit - Mudstone
Teap. Haul Road
LR

WAS North

Mine Plant

Catchaent Runoff
Area  Factor

(ha)
0.00
39.25

1.10
0.60
1,33
0.00
0.20
2.43
1.10
0.00

DISCHARGE LOCAL

0.90
0.90

— et e e e e s e
. . -

L= = B R B I a4
S OO OO OO

GROUNDWATER

Catchaent

WRS: 3:1 slope to south
NRS: 3:1 slope to north

NRS: Top surfa
WRS: Active fa
Haul Road to W

ce
ce

RS

NRS to Pit & Area south

Above WRS & belov Div ditch .

Mudstone dump
Overburden dus

p

Area around M/S & 0/B

5P2

TOTAL M5SP3 DISCHARGE LOCAL

Area
(ha)
8.50
2.33
13.30
3.29
2.16
9.66
6.77

20.00

12.23

37.45

TaTAL
fron WRS DISCHAAGE INFLOW

to ME5P2 to MSSP2

.......................................................................................................................................

NOTES

EVAPQ- from PIT DISCHARGE PIT to %5573 $o LIME
TRANS?IRATION ACID GEN ‘%o ¥55P3 TREATPLANT  to S
an [ L e D DL LI DD D 1000
2 3 42 3 6 7 Bt
21 281 14 | 3.20 0.12 0.34 3.66 ¢
28 291 16 ¢ 3.17 0.12 $.3¢ 3.62 %
3t 160 26 1 1.82 0.06 0.34 2,23 %
30 180 41 1 2.12 0.07 0.34 2.33 1
31 104 66 | 1.4 0.03 0.34 1.93 |
30 96 88 | 1.13 0.02 0.3¢ {.43 !
31 110 105 | 1.25 0.02 0.34 1.61 ¢
31 89 98 | 1.0t 0.01 0.34 £.36 1
30 183 11 2.18 0.06 0.34 2.38 1
31 3 44 3.61 0.13 0.34 4,08 |
30 337 19 4 3.9 0.1 0.34 4.45 |
31 268 i1 3.05 0.1t 0.34 3.31 1
198 50 ¢ 2.3 0.07 0.34 2,71
2378 399 !

RE COLUNNS:

3 Fros Norecol (Yakoun R data # 18/17)
4 Froa Norecol report (Masset data)
3 Fros area and runoff factor

6 Fros area and runoff factor less 2/3 of

8

9 Fros area and runoff factor for active face,

11

potential evapotranspiration froam pond
7 Groundvater to MSSP3

Total of Sto 7

infiltration froa 3:1 slopes and horizontal
surface, and groundvater to NRS
10 From area and runoff factor

Total of 9 and 10

12 Total of B and 11

13 Froa area and runoff factor less 2/3 of
potential evapotranspiration froa pond

14 Total of 12 and 13

33
Sheet |
Runoff
Factor
0.98
0.98
0.90
1.00
1.00
0.60
0.80
0.90
0.70
0.60
DISCHARGE LOCAL TOTAL
{o MSW{  DISCHARSE [NFLON
to MSW1  to MOK!
H 12 13 i4
! 4,52 0.40 4,92 !
H 4.47 0.39 4.86 !
H 2.78 0.28 2.9
: 315 .23 338
H .97 0.09  2.05 ¢
H {.89 0.06 1.94 1
: 2.04 0.06  2.09
H 1.74 0,03 L.77 1
H 3.2 0.21  3.42¢
H 3.02 0.42 5.44 ¢
H 5.48 0.49 5.97
H 4,33 0.38 . 4.71 !
' 3.37 0.25  3.62 !



Catchaent Runoff
Area Factor

(ha)
Between Pit ¥ Haul Road 4.25 0.60 Broundvater to WRS
Mine Plant incl. MSSP8 1.45 0.80 Broundvater to MSSP4
Broundvater to MSSP3
HSHt 4,52 1.00

HSd#2 3.13 1.00

DISCHARGE DISCHARGE  LOCAL TOTAL DISCHARGE LCCAL  TOTAL
from WS from ABOVE  DISCHARGE INFLON  froa PIT INFLON  INFLOW
to ¥55P: WRS to MSSPi to MSSPI to MSSPL MUDSTONE fo MS5P4 to M3SP4

DISCHARSE
froa

54

Year 7 - Sheet 2
Average Precip.

Quantity
(a3/d)

168
340
340

LOCAL
INFLOW

TOTAL
INFLOW

HAUL RCAD to MSSPJ to MSSPS

LR L ettt L L LR LT 1000 a3/d----====---=cceccccnccccccnccnccccccennen >
15 16 17 19 ! 19 20 21 2 2 24
2.23 0.49 0.10 2.82 0.34 0.00 0.34 | 0.20 0.02 0.21
2.20 0.49 0.09 2.78 | 0.34 0.00 0.34 ! 0.19 0.02 0.2t
1.27 .28 0.05 1.60 ) 0.34 0.00 0.34 ! 0.1! 0.0t 0.12
1.47 0.32 0.06 1.86 ¢ 0.34 0.00 0.34 | 0.13 0.01 0.14
0.82 0.18 0.02 1.03 ! 0.34 0.00 0.34 ! 0.07 0.00 0.08
0.79 0.17 0.01 0.97 ! 0.34 0.00 0.34 ! 0.07 0.00 0.07
0.87 0.19 0.01 1.08 ! 0.34 0.00 0.34 | 0.08 0.00 0.08
0.71 0.16 0.01 0.87 1 0.24 0.00 0.24 | 0.06 0.00 0.06
1.52 0.33 0.05 1.90 ! 0.34 0.00 0.34 : 0.13 0.01 0.14
2.51 0.35 0.10 3.17 0.34 0.00 0.34 ! 0.22 0.02 0.24
2.7¢ 0.61 0.12 3.49 ) 0.34 0.00 0.34 ¢ 0.24 0.02 0.26
2.12 0.47 .09 2.69 ! 0.34 0.00 0.34 | 0.19 0.02 0.20
1.60 0,33 0.06 2.01 ¢ 0.34 0.00 0.34 ¢ 0.14 0.01 0.15
15 Froa areas and runoff factors 24 Total of 22 and 23

16 From area and runoff factor

17 Froa area and runoff factor less 2/3 of
potential evapotranspiration from pond

18 Total of 1§ to 17

19 Froa area, runoff factor, and groundvater to M55P4

20 Froa area and runoff factor less 2/3 of
potential evapotranspiration from pond

21 Total of 19 and 20

22 Froa area and runoff factor

23 Froa area and runoff factor less 2/3 of
potential evapotranspiration from pond



35
Year 7 - Sheet 3
Average Precip.

DISCHARGE DISCHARGE AREA LOCAL DISCH froa TOTAL LOCAL TOTAL  DISCHARGE LOCAL TOTAL MINE PLANT
froe froa around  DISCHARGE btwn PIT INFLON  DISCHARGE INFLOW  from WRS DISCHARGE INFLOW  including
M/S DUMP 0O/B DUMP N/S % 0/B to MSSP6 & HAUL RD to NSSP6 to 342  to MSW2 to NORTH to MSSP7 tc MSSP7 MSSP

R D e T 1000 83/d-=====s==mccecmcmeommmeceecceccecccemecacccaaceenaae >
23 2 27 28 29 30 ¢ K} 2 33 34 35 36
1.63 0.76 2.04 0.21 0.23 3.10 0.27  5.38 0.22 0.10 0.32 ! 0.11 8
1.6 0.77 2.01 0.21 0.23 5.04 ! 0.27 5.3t 0.22 0.09 0.32 !} 0.10 ¢
0.93 0.44 1.16 0.11 0.13 2.30 ! 0.14 3.04 0.13 0.05 0.18 } 0.06 |
1.08 0.51 1.35 0.12 0.135 3.36 ¢ 0.16 3.32! 0.139 0.06 0.20 ¢} 0.07 1
0.60 0.29 0.75 0.05 0.09 1.85 ! 0.06 1.9 0.08 0.02 0.10 ¢ 0.04
0.58 0.27 0.72 0.03 0.08 1.75 1 0.0 1.791 0.08 0.0! 0.09 ! 0.04
0.64 0.30 0.30 0.03 0.09 1.94 ) 0.04 1,98 0.09 0,01 0.10 } 0.04
0.352 0.25 0.53 0.02 0.07 1,96 ¢ 0.02 1.39: 0.07 0.0t 0.08 ! 0.93
{.11 0.33 1,39 0.11 0.18 3.44 ) 0.14 3.58 1 0.15 0.03 0.20 ! 0.07 1§
1.84 0.88 2.30 0.23 0.26 5.74 | 0.29 6.03 ! 0.25 0.10 0.36 ! 0.12 }
2,02 0.96 2,52 0.26 0.29 6.32 4 0.34 6.66 ! 0.28 0.12 0.40 ! 0.13
1.36 0.74 1.94 0.2 0.22 4.67 | 0.26 4.93 1 0.21 0.09 0.31 0.10 ¢
.17 0.36 1.46 0.13 0.17 .63 4 0.17  3.80 ¢ 0.16 0.06 0.22 ! 0.08
25 Froa area and runoff factor 34 Froa area and runoff factor less 2/3 of
26 From area and runoff factor potential evapotranspiration from pond
27 From area and runoff factor 35 Total of 33 and 24
28 Froa area and runoff factor less 2/3 of 36 Fros area and runoff factor

potential evapotranspiration froa pond
29 Froa area and runoff factor
30 Total of 25 to 29
31 From area and runoff factor less 2/3 of
potential evapotranspiration froa pond
32 Total of 30 and 3!
33 Fros area and runoff factor



CINGLA 6OLD PROJECT - MINE AREA 36
NATER MANAGEMENT PLAN FOR YEAR OF WETTEST PRECIPITATION: YEAR 12 Sheet |
FILE: KINWAT12
Catchgent  Runoff Catchaent Runoff
Area  Factor Area Factor
(ha) (ha)
Pit (Mudstone) 0.00 0.90 NRS: 3:1 slope to south 25.83 0.98
Pit (Acid Benerating) 41.60 0.90 NRS: 3:1 slope to north 2.33 0.98
WRS: Top surface 14,01 0.90
NSSP1: WRS Runoff 1.10 1.00 WRS: Active face 3.25 1.00
MSSP2; WRS Active face 0.60 1.00 Haul Road to WRS 2.61 1.00
MSSP3: Pit - Acid Een. 1,35 1.00 WRS to Pit & Area south 9.1 0.60
MSSP4: Pit - Mudstone 0.00 1.00 Above W35 ¥ belov Div ditch 0.00 0.80
M5SP3: Teap. Haul Road 0.20 1,00
MSSP6: M & 0 2,43 1,00 Mudstone dump 20.00 0.90
M55P7: WRS North {.10 £.900 Overburden dusp 12.23 0.70
M35P8: Mine Plant 0.00 1.00 Area around /5 k% 0/B 37.45 0.60
MONTH DAYS PPTN POTENTIAL DISCHARGE LOCAL SACUNDWATER TOTAL M5SP3 DISCHARGE LOCAL TOTAL DISCHARGE 1OCAL TOTAL
EVAPQ- fros PIT DISCHARGE PIT to MSSP3 to LIME from WRS DiSCHARGE INFLOW  to MSW1  DISCHARGE INFLOW
TRANSPIRATION ACID BEN to MS5P3 TREATPLANT  to MSSP2 to Y8572 to MSSP2 to MSK!  to MSW!
1] 38 LR e i bt 1000 #3/d--------==-=-=------mcommemccmmeeeeee >
{2 3 4] 3 6 7 81 9 10 {1 12 13 14 1
JAN 3! 281 141 3.3% 0.12 0.63 4.14 | 0.82 0.05 0.87 ¢ 3.01 0.40  5.41
FEB 28 23! 16 3.36 0.12 0.63 4,10 1 0.81 0.05 0.87 | 4,96 0.39 35.35:
MAR 31 160 26! 1.93 0.06 0.63 2.62 1 0.54 0.03 0.57 & .19 0.21 3.40 !
APR 30 180 41 | .23 0.07 0.63 2,94 1 0.60 0.03 0.63 @ 3.7 0.23  3.80 1
MAY 31 104 66 1 1.26 0.03 0.63 1911 0.41 0.01 0.42 ! 2.33 0.03  2.42 1
JUN 30 96 33 ! 1.20 0.02 0.63 1.84 1§ 0.40 0.01 0.41 1 2,25 0.06 2.30 !
Jue 3t 110 109 ¢ 1.33 0.02 0.63 1.97 1§ 0.42 0.01 0.43 1 . 2.40 0.06 2,461
AU 31 89 98 1 1.07 0.0t 0.63 {711 0.38 0.00 0.38 | 2,09 0.03  2.121
SEP 30 183 711 2,31 0.06 0.63 3.00 ; 0.41 0.03 0.64 | 3.64 0.21  2.84 !
ocT 3t 317 44 3.83 0.13 0.63 4.38 | 0.91 0.06 0.96 ! 3.54 0.42 3.96 ¢
NOV 30 337 19 1 4,21 0.15 0.63 4,98 | 0.98 0.06 1,04} 6.02 0.49  6.51
DEC 31 268 1 .24 0.11 0.63 3.98 ¢ 0.79 0.05 0.84 ¢ 4,82 0.38  5.20 !
MEAN 198 30 1 2.44 0.07 0.63 3.14 0.64 0.03 0.67 i 3.8t 0,25 4,05}
TOTAL 2378 599 !

NOTES RE COLUMNS:

3 Froa Norecol (Yakoun R data # 18/17)

4 Froa Norecol report (Masset data)

S From area and runoff factor

6 From area and runoff factor less 2/3 of
potential evapotranspiration froa pond

7 Groundvater to MSSP3
8 Total of S to 7

9 Froe area and runoff factor for active face,

infiltration froe 3:{ slopes and horizontal
surface, and groundvater to WRS
10 Froa area and runoff factor

{1 Total of 9 and 10

12 Total of 8 and 1!

13 From area and runoff factor less 2/3 of
potential evapotranspiration froa pond

14 Total of 12 and 13



Catchaent fu

Area Fa
(ha)
Betveen Pit % Haul Road 4,23
Mine Plant incl. HSSP8 1.43
MSWl 4,52
M52 3.13

noff
ctor

0.60
0.60

Sroundvater to NRS

Groundwater to MSSP4
Broundvater to MSSP3

DISCHARGE DISCHARGE  LOCAL TOTAL DISCHARSE LOCAL  TOTAL

DISCHARGE
from

~o M
[2F

OO OO DO OO0 OO
- e e e e e =

RN OO OO e e
LW SN0~ Do)

s

Year 12 - Sheet 2
Average Precip.

Quantity
(23/d)
168
623
625
LOCAL  TOTAL
INFLON  INFLOW
HAUL RCAD to MSSP3 to NSSPS
23 24
0.02 0.25
0.02 0.23
0.01 0.14
0.0t 0.17
0.00 0.09
0.00 0.09
0.00 0.10
0.00 0.08
0.01 0.17
0.02 0.29
0.02 0.31
0.02 0.24
0.01 0.18

22 and 23

fron WRS from ABOVE DISCHARGE INFLOW  from PIT INFLON  INFLOW
to MSSPL WAS to MSSP! to MSSPi to MSSPI MUDSTONE to MSSP4 to MSSP4
(mommmem e mm e eaa 1000 a3/d
{5 16 17 18 | {9 20 21
3.64 0.00 0.10 .74 1 0.63 0.00 0.63
3.680 0.00 0.09 .70 ¢ 0.63 0.00 0.63
2,08 0.00 0.09 2131 0.63 0.00 0.63
2.41 0.00 0.06 2.47 | 0.63 0.00 0.63
1.33 0.00 0.02 1,37 1 0.63 0.00 0.63
1.29 0.00 0.01 1.30 ! 0.63 0.90 0.63
1.43 0.00 0.01 1.4} 0.63 0.00 0.82
1.15 0.00 0.01 {.16 1 0.63 0.00 0.83
2.48 0.00 0,035 230 G52 0.00 0.63
411 0.00 0.10 4.21 % 0.63 0.00 0.63
4,92 0.00 0.12 4.64 | 0.63 0.00 0.63
3.48 0.00 0.09 3.37 % 0.63 0.00 0.63
2.62 0.00 0.06 2.68 ! 0.63 0.00 0.63
13 Froa areas and runoff factors 24 Total of
{6 Fros area and runoff factor
{7 Froa area and runotf factor less 2/3 of

potential evapotranspiration froa pond
18 Total of 13 to 17

19 Froa area, runoff factor, and groundvater to MS5P4

20 Froa area and runoff factor less 2/3 o
potential evapotranspiration from pond

21 Total of 19 and 20

22 From area and runoff factor

23 Froa area and runoff factor less 2/3 o
potential evapotranspiration froa pond

f

f



58
Year 12 - Sheet 3
Average Precip.

DiSCHARGE DISCHARGE AREA LocAL DISCH from TOTAL LOCAL TOTAL  DISCHARGE LOCAL TOTAL HINE PLANT
froa froa around  DISCHARGE btwa PIT  INFLOW  DISCHARSE INFLOM  fros WRS DISCHARGE INFLON  including
M/3 DUMP /8 DUMP M/S & G/B to MSSPE & HAUL RD to MSSP6 to X542  to ¥SWZ to NORTH to M3377 tec MSSP7 MSSP8

(=== et 1000 a3/d--===-c=s=cmmemceca-n- -- R amana DL )

2 26 27 28 29 30 ¢ 3 321 33 34 35 i 361
1.83 0.78 2.4 0.2 0.23 J.i4 ) 0,27 S.421 0.22 0.10 0,32} 0.11 3§
1.5 0.77 2,01 0.21 0.23 5.09 i 0.27 S35 0.22 0.09 0.32 i 0.10 |
0.93 0.44 1.16 0.11 0.13 .92 0.14 3,06} 0.13 0.05 0.18 | 0.06 !
1.08 0.31 1.35 0.12 0.15 3.9} 0.16 3.55 ¢ 0.13 0.06 0.20 | 0.07 i
0.60 0.29 0.73 0.03 0.09 1.87 1 0,06 1,331 0.08 0.02 0.10 ¢ 0.04 !
0.58 0.27 0.72 0.03 0.08 1.77 1 0.04 1,811 0.08 0.0t 0.09 ! 0.04
0.64 0.30 0.80 0.03 0.09 1.96 1 0.04 2,00 ¢ 0.03 0.01 0.10 ¢ 0.04
0.32 0.23 0.63 0.02 0.07 1.58 } 0.02 1.60 ¢ 0.07 0.0t 0.08 ! 0.23
1.1 0.33 1.39 0.1 0.6 .46 ! 0.14 36110 0.13 0.03 0.20 | 0.07
1.84 0.88 2.30 0.23 9.26 5.79 | 0.29 6.08 0.25 0.10 0.36 ! 0.12 1
2,02 0.96 2.32 0.26 0.29 6.37 | 0.34 6.71 0.28 0.12 0.40 3 0.13
1.56 0.74 1.94 0.21 0.22 4,67 1 0.26 4.93 % 0.2t 0.09 0.3} 0.10 1
.17 0.36 1.46 0.13 0.17 3.69 ! 0.17 3.82 ! 0.16 0.06 0.22 ! 0.08 ¢

25 From area and runoff factor 34 Froa area and runoff factor less 2/3 of

26 Froa area and runoff factor potential evapotranspiration from pond

27 Froa area and runoff factor 33 Total of 33 and 34

28 From area and runoff factor less 2/3 of 36 From area and runoff factor

potential evagotranspiration froa pond
29 From area and runoff factor
30 Total of 29 to 29
31 Froa area and runoff factor less 2/3 of
potential evapotranspiration froa pond
32 Total of 30 and 31
33 From area and runoff factor



APPENDIX 6.2.3-1

COMMENTARY FROM ENVIRONMENT CANADA
ON MERCURY / NUTRIENTS

(Pages 1 to 2)



NOTES
CINOLA Hg/NUTRIENTS

The—~concept/theory—of-Biodilution. Still have some problems with this

concept. Jernelov et al offers no evidence of this in their paper. The
theory that organlsms “in oligotrophic lakes tend to have higher Hg levels
than organisms in eutrophic lakes could be due to biodilution, could also
be due to some other phenomenon such as reduced availability of mercury
under eutrophic conditions owing to production of sulphides and organic
chelators.

Advice given to me is that Hecky et al in their limnoc®rral experiments in
Southern Indian Lake, found that doubling the primary productivity had no
effect on either the uptake of mercury by fish or on the growth of the
fish. This does not necessarily constitute evidence of biodilution, for
biodilution would of been accompanied by an increase in the growth rate of
fish. Also I understand that the report does not claim that biodilution was
involved!

Again, advice given to me re Rudd and Turner’'s experiment performed in
limnocorrals with water-tight plastic bottoms installed in Clay Lake found
that increasing the primary productivity 4X or 9X caused a substantial net
increase in the mercury content of fish muscle. The authors concluded that
enhancement of productivity increased both the rate of mercury methyl
production (because of increased microbial activity) and the biodilution of
mercury (because of increased fish growth), and that the effect of
increased methyl mercury production far exceeded the opposing effect of
biodilution. Thus, their conclusions are in direct opposition to the
biodilution concept.

Jackson 1988 (Can. Jour. Fish. Aquat. Sci. 45: 1744-1757) found evidence
that biodilution does does not play a significant role.

Availability—of-Mercury—(especially—inert—inorganic—cinnabar).

The concerns about increased inorganic mercury mobilisation are dismissed
on the grounds that cinnabar, the source of mercury, is relatively
insoluble and unreactive. This could still be open to some question. For
instance in Rudd and Turner’s experiments there were major increases in
nutrient levels and primary production and only a trace of mercury was
added (as radioactive Hg-203); yet the result was a net increase in the
accumulation of mercury by fish. Moreover, cinnabar, though very insoluble
and relatively stable to oxidation, does have a finite solubility and
undergo oxidation (e.g. by trivalent iron in acid mine waters) to the more
soluble mercuric sulphate. (As what could be happening now to cause the
elevated Hg levels at the Cinola site). Consequently, some increase in the
pool of potentially available inorganic mercury is likely in the event that
mining causes an increase in the cinnabar particles into the environment.
The amount may be small compared with the amounts in a heavily polluted
body of water, but experience with the polluted reservoirs in Northern
Manitoba has shown that it does not take much mercury to create a problem
id the conditions are right for a rise in the rates of mercury methylation
and bio-accumulation. Even without an increase in the abundance of



inorganic mercury, the enhanced primary production could cause an increase
- in methyl mercury production; the mercury from the cinnabar would simply
enhance this increase.

5 A contingency plan:

In order to give approval of the mine, a contingency plan has to be
- developed as to what to do if mercury methylation does occur once mining
begins.



APPENDIX 7.2.2-1

FERGUSON BAY DOCK IMPACTS AND COMPENSATION
HAY & COMPANY RESPONSE

(Pages 1 to 3)



RECEIVED MAY 2 § 1589
HAY & COMPANY

CONSULTANTS INC.

One West 7th Avenue

May 24, 1989 Vancouver, B.C
‘ Canada VSY 1LS

(604) 875-6391

File : NORE.02 FaX: 875-8363

Norecol Environmental Consultants Ltd.
Suite 700, 1090 West Pender Street
Vancouver, B.C.

V6E 2N7

Attention : Ms. E. M. Neil

Dear Ms. Neil

Re: Ferquson Bay Dock Site

In reference to our recent meeting on the physical impacts and
compensation potential for the above project, this letter
presents our opinion and comments as requested.

The following comments are made on the basis of a review of
existing data as no site visit was undertaken by Hay & Company.
The data reviewed, included an air photo (BC86114 # 010), a plan
showing marine vegetation zones (Norecol 1989), underwater photos
inside and outside the bay (Norecol), panorama photos taken from
the existing breakwater looking north and east across the
eelgrass bed and along the adjacent shoreline (Norecol), plan
showing bathymetric contours and the existing breakwater (Taylor
Peach), and a substrate and biological survey of Ferguson Bay
(MacMillan Bloedel, 1978).

Investigations by Taylor Peach (designers of the new facility)
tarough discussions with locals and MacMillan Blcedel indicates
that winds and waves approach the site from a variety of
directions with some predominance from the north. Major winds
around the Queen Charlotte Islands are southeast along Hecate
Strait and westerly through Dixon Entrance. Overland winds are
affected by local topography such as the mountains to the west
and the north-south axis of Masset Sound. These topographic
features will have an effect on wave directions at the site. 1In
addition arctic outflow winds, which occur primarily during the
winter, will cross Hecate Strait from the Skeena valley and
generate waves across Masset Inlet approaching the site from the
east.

There are no definite indications of predominance in coastal
processes as indicated by the geomorphic features shown in the
air photo. The influence of the tidal flows through Juskatla

DUNCAN HAY S. ROBERT M. GARDINER DAVID D. McCONNELL
M.S., Dip. H.E. (Deift), P.Eng. Ph. D., P.Eng. B.Sc., P.Eng.



Narrows to the west of Ferguson Bay is evident in the alignment
of bars and spits, and the development of the Yakoun River delta
is evident to the east. There is little evidence of recent
shoreline development between Ferguson Bay and Yakoun Bay.

A narrow tidal shelf runs between the Yakoun River delta and the
east side of the existing breakwater at the site. The air photo
* indicates the shelf to be approximately uniform in width except
against the breakwater where it widens. No distinctive shelf is
evident in the air photo to the west of the breakwater. The
change in the width of the shelf is also borne out in the
surveyed contours, Figure 1.

The reasons for the wider shelf on the east side of the
breakwater are not evident in the data reviewed. The portion of
the shelf exposed in the panoramz photos -appears quite stable
with a heavy armouring of cobble and boulder although some minor
erosion of the low backshore escarpment is evident in the fallen
trees. The breakwater has been in place for at least 10 years
and any significant littoral drift would be seen in either

accretion or erosion of the upper foreshore at the root of the
structure.

A layer of fine sediments appears on the surface in the sub-tidal
zone as seen in the underwater photos and documented in the
substrate and biological survey of 1978. Such sediments settling
out from the water column can be expected in a large inlet where
tidal velocities are low and should not present any physical
constraints on compensation development.

With little source of sediments for shoreline development between
Ferguson and Yakoun bays, it appears the wider shelf at the
breakwater may have existed prior to constructicn or have
developed through backshore erosion in response to the prescence
of the structure. 1In any event the present equilibrium of the
foreshore east of the breakwater would indicate an opportunity
for extending the existing eelgrass bed by excavating into the
inter-tidal shelf at the appropriate elevation.

A more detailed study than this overview is recommended to
confirm the potential for extending the existing eelgrass bed, or
creating additional beds along the foreshore east of the
breakwater. The elevation of the beds are not precisely known,
the scope for such development may not exist where the shelf is
narrow, and any change to the shelf may impact the adjacent
backshore until a new state of equilibrium exists.

We would be pleased to visit the site to more closely examine the
physical conditions and discuss compensation potential with
Fisheries and Oceans. We have undertaken similar compensation
projects and are known to the Fisheries and Oceans staff at
Prince Rupert.
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We trust this brief overview of site conditions‘meets your
present needs and if there are any further queries, please call.

Yours very truly,

HAY & COMPANY CONSULTANTS INC.

%‘/&

D.D. McConnell, P.Eng.

DMc/
encl.
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