GIANT
Yellowknife Mines Limited

DATE: November 15, 1988

TO: Doug Bartlett

FROM: Jim Shephexd

CC: Sadek El-Alfy, Gerry Wolfe

RE: TRP Multivariate Analysis

CONCLUSIONS

1. Gold extraction is not significantly related to any plant operating variables

for which data is available.

2. Tailings gqrade provides a better basis for comparison of operating variables
than gold extraction.

3. The only significant prediction of tailings grade appears to be based on head
grade, eg: plant feed characteristics, not plant operating characteristics.,

FIGURE 1:

Variability in gold extraction is not explained by a combination of density, pH,
flow rate, tonnage, and head grade.

Since gold extraction is a mathematical value calculated as a function of head grade
and tailings grade, the variability of gold extraction is effectively doubled in
comparison with head grade and tails grade which are directly measured. Therefore,
gold extraction provides a relatively meaningless basis for comparison of operating
variables.
FIGURE 2:

Variability in tails grade is approximately 67% accounted for by a combination of
density, pH, flow rate, tonnage, and head grade.

Expressing tailings grade instead of gold extraction as a function of the same
independent variables as Figure 1 produces a relatively strong correlation.

FIGURE 3:

Variability in tails grade is approximately 64% accounted for by variation in head
grade.

Head grade essentially provides the correlation in Figure 2.
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FIGURE 4:

Variability in tails grade is not explained by variation in density, pH, £low, and
tonnage.

Tested individually against tails grade to account for approximate variability:
tonnage 0.8%, density 3.5%, flow rate 0.1%, pH 14% (head grade 64%).

FIGURE 5:

Variation in tails grade is not explained by variation in pH.

Jim Shepherd
Planning Engineer
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1988 TRP MULTIVARIATE ANALYSIS
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1968 TRP OPERATING DATA

AUG 15 - OCT 15

INDEP VAR (X):
DEP VAR (V)

STD CONCLUSTON:

JUL 25, AUG 4 DELETED

DENSITY, pH, FLOW, TONNAGE, HEAD GRADE
GOLD EXTRACTION

VARIABILITY IN GOLD EXTRACTION 15 NOT
EXPLAINED BY COMBIMATION OF DENSITY, pH,
FLOW, TONNAGE, AND HEAD GRADE.

Regression Oubput:

Constant -0.90708
Std Err of Y Est 5.B0GT07
R Sguared 0.145258
No. of Observations k6
Degrees of Freedom ]

¥ Coefficient(s)
Std Err of Coef,

0.000251 -0.30316 226.4954 -0.00266 2.720645
0.000801 0.361023 86.01191 0.003093 1.631115

Date Gold Ext Feed TonsFeed %50l Head 0z  USGPH pH Tails 0z

25-Gep
19-Aug
D9-0ct
04-0ct
15-0ct
{5-8ep
12-8ep
17-5ep
H-Aug
12-0ct
08-0ct
1i-0ct
13-Gep
08~5ep
28-Aug
27-Aug
24-8ep
23-hug
02-5ep
19-Sep
05-Dct
18-Aug
20-Aug
18-0ct
13-0ck
17-0ct
14-0ct
‘24-Aug
02-0it
18-8ep
16-5ep

12,90
17.12
18.80
18.83
19.28
19.59
20,20
20,85
21,20
21.72
22.02
22.14
22.30
24.08
24,33
24,68
24.69
24,80
23.20
25.22
23.48
23.54
23.60
23.81
23.97
26.43
26,59
26.90
26.93
27,1k
.2

6951.0
5328.8
10493.0
8871.4
8304.4
aB16.7
£393.2
5414.6
9642.1
8577.9
8429.9
10040.7
1524.7
6941.0
4303.9
4302, 3
6027.3
8283.0
7678.0
3122.0
7980.9
7571.0
9283.3
Ghad. |
1036.4
8314.4
8763.5
8230.0
4124.3
6691.0
3315.0

38,77 0,058 2492 11.03 0,048
.44 0.069 2609 9.33 0,057
39.44 0,070 3 a0 0,057
29,99 0.063 2869 11,10 0,051
38.66  0.048 277 121 0.039
37,05 0.067 2062 10.94 0,034
36.76 0,082 2804 10.67  0.065
33,82 0.061 2487 10,91 0,048
40,22 0.070 320 10.24 0,055
29.48 0.056 2881 16,59 0.044
40,24 0.073 284 1109 0,057
40.95  0.061 3038 1.1 0.047
34.17 0,083 2887 10,67 0.064
38,63 0.083 2210 10.47  0.063
36,3 0,064 1324 10,30 0.048
348 0.0M 1480 10.31  0.052
Ja.61 0,066 2268 10,99 0.030
as.62  0.074 2743 10.02  0.056
40.36 0,077 1473 10,93 0,058
28.68  0.030 2919 116 0.037
44,66  0.062 2449 11,29 0.046
3741 0.080 847 10.20  0.039
.80 0.070 047 10,29 0,052
4.97 0062 2411 10,97 0.046
H#31 0.061 18 10,23 0.046
3%.16 0,063 2671 10,32 0.046
w73 0.0 3033 1116 0.040
40.66  0.079 2585 9.81  0.058
35.62 0,059 2317 115 0.043
341 0,057 2966 10.97 0,041
35.40 0,079 2332 10,03 0.038

Giant Yellowknife Mines Limited Engineering Dept.

Est Rec Observation

23.82
23,56
27.83
21.06
24,36
29,68
30,60
21.98
23,64
24,01
27.88
26.06
31.67
.27
28.31
30.00
29.93
27.12
.29
26.31
26.70
28,94
26.01
28.37
23.67
23.43
24.94
21,43
.23
21,02
29.62
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07-Sep

.aji-ﬂct

13-0ct
14-8ep
06-Sep
3-Aug
23-Gep
10-0ct
25-hug
05-Gep
21-5ep
26-Gep
26~-Aug
27-8ep
30-5ep
04-Gap
0b-lct
09-5ep
29-Aug
10-5ep
30-Aug
22-Aug
17-Aug
11-Sep
28-Sep
16-0ct
22-Sep
.07-Dct
03-8ep
15-Aug
16~-Aug
01-Bep
23-Sep
03-0ct
20-Sep

27.44
27.54
27.73
27,93
28.93
29.16
29.16
29,683
30.87
31.04
.24
31.34
.37
31,57
31,548
3,78
32.41
32.97
32.88
32.89
33.04
34.19
34.30
.35
M7
34.78
34,95
36.09
36.26
37.10
3774
28,32
38.76
40,15
40,63

6205.9
4730.1
16192.2
7384.5
£336.9
B030.0
3482.5
£191.0
3930.7
3865, 2
3826.2
£248.0
32154
6183.0
73021
7834.9
10386.6
8035.0
3003.0
7079, 1
7883.8
8090,0
8636.1
£035.2
3919.0
9456.8
3499.7
BS54, 5
6376.0
B312.3
9159.9
7080.0
4809.{
£230.2
3246.7

36.83
29.48
42.81
37.48
39.88
41.09
33.10
38.33
39.66
36.92
36.44
.72
39.03
38.04
41.39
37.83
42.43
37.62
38.67
35.63
39,39
38,02
37.49
33.93
34.68
41.79
35,90
41.36
38,00
a7
as.27
39.24
32.35
34.48
30,54

.063
0,063
1.032
0.076
0.063
0.069
0.068
4,076
0.078
0. 087
0.061
0,087
0.079
0.074
0,075
0,080
0.080
0. 069
0,072
0.071
4.090
0.073
0,072
0,072
0,076
0.068
0.062
4.077
0.084
0,068
0.068
0,073
0.064
0,077
0.062

2161
1831
3014
2014
2043
2418
2358
2214
2241
2327
1622
2557
2042
2392
2430
2663
2956
2722
1633
27133
2513
2703
2979
2149
2433
2783
2013
2643
239
2480
3033
2418
2034
2638
2513

10,57
11,44

9.68
10.70
10.71
10,50
11.32
10,93
10,34
11,26
11.50
11,14
10,38
11,04
t1.21
10,95
t1.15
10.60
10,30
10.67
10,25
10,22
10,70
10.39
11,24
10.29
11.17
11,02
11.02
10,40
11.00
10,52
11.07
11.02
11.38

0.048
0,046
4.038
0,055
0,045
0.049
0.048
0,054
0.054
0.047
9,042
0.046
0.054
9,051
0.052
0.054
0,040
0,047
9.048
0.048
0,080
0,030
0,047
0,047
0.030
0.045
0,040
0.049
0.033
0.043
0.042
0,045
0.039
0.046
0,037

28.12
29.74
19.67
30,12
27.50
27.32
31.26
20,823
28.83
29.89
30.69
28.81
29.67
30,45
30.30
31.32
23.68
27.83
22,51
28,81
.62
28.10
28,40
29.03
32.19
23,69
29.97
30,07
32.18
27,83
27,95
28,60
30,54
.51
29.87

n
33
34
29
3
38
39
40
41
42
43
44
43
46
47
48
49
30
a1
52
33
54
33
a6
37
38
59
60
b1
b2
63
64
£a
13




TAILS GRADE (OZ/TON)

0.066
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Date

19-Sep
0-Bep
13-0ct
23-Gep
13-0ct
22-8ep
06-0ct
14-0ct
18-Gep
16-Aug
21-5ep
02-0ct
15-Aug
12-0ct
Oh-Sep
(1-Gep
16-0ct
01-0ct
13-0ct
26-5ep
17-0ct
03-0ct
05-0ct
i8-0ct
11-Sep
053-Sep
03-8ep
’l 7-Aug
11-0ct
28-Aug
10-Gep

Giant Yellowknife Mines Limited Engineering Dept.

1988 TRP OPERATING DATA
AlG 15 - OCT 135
JUL 25, AUG 4 DELETED

INDEF VAR (X):

BEF VAR (¥): TAILS GRADE

DENSITY, pH, FLOW, TONNARE, HEAD GRADE

5TD CONCLUSION:  VARIARILITY IN TAILS GRADE IS APPROX 671
ACCOUNTED FOR BY COMBINATION OF DENSITY, pH,

FLOW, TONNAGE, AND HEAD GRADE.

Regression Output:

Constant (.020550
Std Err of Y Est 0. 003975
R Squared 0.671300
Ho. of Observations bt
Degrees of Freedom &0

X Coefficient(s) -0.00000 0.000214 0.369127 0.000001 -0.00202
Std Err of Coef. 0.000000 0.000247 0.958892 0.000002 0.001157

Gold Ext Feed TonsFeed YSol Head 0z

25,22 51220 28,68  0.030
40,63 3246.7  20.54 0,062
21,73 10192.2 42,81 0.082
38,76  4809.1 32,35 0.064
19,28 8304.4  38.66  0.048
34.95 54957 35,90  0.062
32.41 10386.6  42.83  0.0R0
26,59 8763.5 38,79 0.054
27.16 66910 3141 0,097
371,74 9159.0  38.27  0.068
H.4 3826.2 3644 0,061
26,95 41245 3562 0.059
3710 6212.3  35.77T  0.068
21,72 85779 39.4B 0.056
28,93 6336.9 3%.88  0.063
38,32 7080.0 39,24 0.073
24,78 9456.8 41,79 0.068
27,54 47301 39.48  0.083
23.87  1056.4  34.59  0.061
a4 eMB0 37.72 0,087
26,43 83144 3916 0.063
40,15 6230.3  34.48  0.077
23.48  7980.0 44,66 0.062
25.81  Be341 34.97  0.062
34,33 6035.2 3393 0072
31.04  3865.2 36,92 0.067
32,57 8035.0  37.62  0.069
34.30 BE3G.D 37.49  0.072
22,14 10040.7 40,95 0.061
24,35 43039 3636 0.064
32,83 7079.1 35,63 0.07H

USGPH

2919
2513
J014
2054
2172
2013
2936
3039
2966
3033
1622
2517
2480
2881
2049
2418
2783
1831
2181
2957
2671
2638
2449
24N
2143
232
2022
2939
3038
1524
2133

pH Tails 0z
t,16 0,037
11,38 0,097
9.68  0.038
11,07 0.029
11,21 9.039
11,17 0,040
11.15 0,040
i1.16 0,040
10,97 0.041
i1.00 0,042
11.50 0,042
11,15 0,043
16.40 0,043
10,33 0.044
10,71 0,043
10,532 0.045
10,28 0,045
11,44  0.04b6
10,23 0.046
11,14 0.046
19,32 0,044
11,02  0.04f
11,29 0.046
10,97  0.04&
10,39 0.047
11,26 0,047
10.60  0.047
10,70 0,047
1Lt 0,047
10.30  0.048
16,67  0.048

Est Rec Observation

0.037
0.042
0.043
0,044
0.037
0.043
0.044
0.041
0,041
0.049
0,042
0.043
0.049
0.043
8.046
0.052
0.030
0.044
0.046
0.048
4.047
0.053
0.043
0.044
0,05l
0,047
0.050
0.051
0.045
0.046
0,050
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29-Sep
07-Gep
25-8ep
17-8ep
23-hug
JH~Aug
07-0ct
22-Aug
24-Gap
2B-5ep
04-0ct
27-8ep
30-5ep
20-Aug
27~Aug
03-Sep
23-hug
10-0ct
04-Sep
26-Aug
13-Sep
14-Sep
21-Aug
23~Aug
08-0ct
19-Aug
09-0ct
16-Gep
02~-8ep
24-hug
18~Aug
30-Aug
08-Gep
13-Gep
12-Sep

Giant Yellowknife Mines Limited Engineering Dept.

23,16
27.46
12,90
20,83
32.88
29.18
36.09
.19
24,69
24,74
18.93
.57
3.8
25,60
24,68
36.26
30.97
29,55
31.78
.37
19.59
21,93
21.30
24,80
22,02
17.12
18.80
27.2
25.20
26,90
25,54
33,04
24,06
22,50
20,20

5482.3
£205.0
£951.0
5414.6
0050
8030.0
8854.5
8090.0
£027.3
5519.0
8871.4
£183.0
7302.1
9285.3
4302.3
6376.0
3930.7
6191.0
7854.9
3215.4
3816.7
7384.5
9642, 1
8383.0
8439.0
9928.8
10493,0
3519.0
7678.0
8250.0
7571.0
7883.8
£941.0
7524.7
£393.2

3310
36,83
38.77
33.83
38.67
41.09
41.36
38.02
35,61
34.68
1.5
38.04
41,39
39.80
37.18
38.00
39.66
28,33
37.83
39,03
37.05
a7.48
40.22
38.62
40,24
4.44
.44
35.40
40,36
40.66
.1
39.39
28,63
M4.17
36,76

0.068
0.065
1,055
0,081
0.072
0.089
0.077
0.075
0.066
0.075
0,083
0,074
0.075
0.070
0.071
0,084
0.078
0.078
0,080
0.079
0,067
0.078
0,070
0.074
0,073
0,069
0.070
0.079
0.077
0.079
0,080
0,090
0.083
0.083
4,082

2358
2161
2492
2487
1633
2418
2643
2103
2268
2433
2869
2392
2430
3047
1480
2596
2241
2214
2663
2042
2062
2514
3120
2743
3284
2609
2339
2332
2473
2585
2847
2513
2210
2887
2804

11.32
10.57
11.03
10.91
10.30
10,30
11.02
10.22
10.99
11.24
11.10
11.04
it.21
10.29
10.21
i1.02
10.36
10.93
10.93
10.38
10.94
10.70
10,24
10,02
i1.09

9.33
1.0
16,03
10.93

9.81
10.20
10.23
10.47
10,67
16.67

0.048
0.048
0.048
0.048
0.048
0.049
0.049
4.050
0.050
0.050
.05t
0.05t
0,052
0,052
0.053
0.053
0.034
0.054
9.054
0.054
0.054
0.05%
0.035
0.056
0.057
0,057
0,057
0.058
0.038
0.058
0,039
0.080
0,063
0.064
9,063

0.047
0.047
0.041
0.044
0.051
0.050
0.054
0.054
0.046
0.032
0.046
0.032
0.632
0,052
0.630
0.058
0.056
0.0353
0,055
0.9056
0.047
0,053
0.032
0.094
0.032
0.051
0,050
0,056
0.034
0.057
0.037
0.062
0.038
0.057
0.037

2
33
34
3
36
37

o
o

39
40
41
42
43
44
45
46
47
48
49
30
51
32
53
54
35
3k
37
58
39
b
B1
62
b3
£4
b3
66



TAILS GRADE (OZ/TON)
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1988 TRP MULTIVARIATE ANALYSIS
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Date

19-Gep
20-8ep
‘13-0:1:
2a-5ep
15-0ct
22-8ep
06-0ct
14-0ct
18-8ep
16-Aug
21~8ep
02-0ct
15-Aug
12-0ck
0hi-Sep
01-5ep
16-0ck
01-Det
19-0ct
26-5ep
17-0ct
03-0ct
05-0ct
18-0ct
t1-5ap
05-5ep
09-Sep
17-Aug
.l 1-Dct
28-Aug
10-5ep
29-Bep

Giant Yellowknife Mines Limited Enginsering Dept.

1968 TRP DPERATING DATA
AUG 13 - OCT 15
JUL 25, AUG 4 DELETED

[HDEP VAR (X):  HEAD GRADE
DEP VAR (Y): TAILE GRADE

§TO CONCLUSIOM:  VARIABILITY IM TAILS GRADE IS APPROX 647
ACCOUNTED FOR BY VARIATION IN HEAD GRADE

Ragression Output:

Constant 4.007603
Std Err of Y Est 1,004023
R Squared 0. 640703
Ho, of Observations 13
Degrees of Freedon &4

It Coefficient(s) 0.603923
8td Err of Coef. 0.036531

Gold Ext Feed TonsFeed %50 Head 0z

24,22 §i22.0 28,68 0.090
40,63 32467  30.54  0.062
21,73 10192.2 42,81 0.032
38,76 480%.1 32,33  0.0B4
19,28 8304.4 3866 0.048
34.95 54957 3590 0,082
32,41 10386.6  42.83  0.060
26,99 87633 3879 0.034
27.16 66310 3.4l 0,097
3774 91590 38.27  0.068
31,24 3826.2 36,44 0.061
26,95 412453 35,62 0.0%9
.10 63123 377 0.068
21,72 B977.9  39.48  0.0%6
28,93 6336.9  39.88  0.062
38,32 7080.0  39.24 0,073
.78 9456.8 41,79 0.068
27.54  4730.1  39.48  0.063
25.87 10564 34,59 0.061
31.34 624B.0  37.72 0,067
26,43 83144 3316 0,063
40.15  6230.3 34,48 0.077
23.48  7950.0  44.66  0.062
23.81 66341 .97 0.082
34,33 6035.2 33.93  0.072
31,04 3863.2  36.92  0.067
32,57 8035.0  37.62  0.089
.30 BB36.1  37.49  0.072
22,14 10040.7 40,33 0.061
24,33 43039 3R.36 0.064
32,85 7791 3563 0,071
29.16 MB2.5 3310 0.068

UsGPM

2819
2513
3014
2034
272
2013
2956
3039
2366
3633
1622
17
2480
2881
2049
2418
2783
183t
218t
2557
2671
2638
2449
Hn
2143
22
212
2939
3038
1524
2733
2358

pH Tails Oz Est TailsObservation

1116
11,38

9.68
11,07
11.21
11.17
11,158
11,16
10.97
11.00
11,90
11,15
10,40
10,59
16.71
10,52
10.29
i1.44
10,25
i1.14
10.32
11.02
11.29
10.97
10.59
11.26
10.60
10.70
11,11
10,30
10.67
11.32

0.037
0.037
0,038
0,039
9.039
0.040
0,040
0.040
0.041
0.042
0.042
0,043
0.043
0,044
0.043
0,045
0.043
0.046
0,046
0.046
4.046
0.046
0.046
0.046
0.047
0.047
0.047
0.047
0.047
0.048
0.048
0.048

0,038
0.045
0,039
0,046
0.037
0.045
0.044
0.040
0.042
0.049
0.044
0.043
0.049
0.041
0.046
0.052
0.049
0.046
0.044
0.048
0. 04k
0.054
0.043
0.045
.05t
0.048
0.049
0.051
0.044
0.046
1.050
0.049
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07-5ep
'25-8»311
17-8ep
29-Aug
3-dug
07-0ct
22-Aug
24-Gep
28-Gep
04-0it
27-8ep
30-Sep
20-Aug
27-hug
03-Gep
25-Aug
10-0ct
04~8ep
26~hug
15-Gep
14-Gep
21-Aug
23-Aug
08-0ct
19-Aug
09-0ct
£-8ep
02-Gep
24-Aug
18-Aug
20~Aug
08-Sep
12-Sep
12-Sep

fiiant Yellowknife Hines Limited Engineering Dept.

27,4k
12,90
20.83
32.98
29.16
36.09
4.19
24.69
H.74
18.83
31.97
31.58
23.60
24,468
36,26
30.47
29,865
21.78
31.37
13.59
27.93
21,30
24.80
22,02
17.12
18.80
21,21
23,20
26,90
23,54
33,04
24,08
22.30
20,20

£205.0
6331.0
5414.6
5005,0
8020.0
8854.5
8090.0
£027.3
5519.0
2871.4
6183.0
7302.1
9285.3
4302.3
376.0

7854.9
3215.4
9816.7
7384.5
9642, 1
8383, 0
8439.9
3a28.8
10433.9
9313, 0
7678.0
8250.0
7571.0
76883.8
£341.0
7524.7
£393.2
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35.40
40,36
40,566
.11
39,39
38.63
.47
36,76

0.063
0.035
0.061
0,072
0.069
0.077
0.075
0.066
0.076
0.063
0.074
0.075
0.070
0.071
0.084
9.078
0.076
9.080
0.079
0.067
0.076
4.070
0.074
0.073
0.069
0.070
0.079
¢.077
0,079
0,080
0.090
0.083
0,083
0.082

2161
2492
2487
1633
2418
2643
2703
2263
2433
2869
2392
2430
3047
1480
239k
241
2214
2663
2042
2062
2514
20
2743
3284
2609
3339
2332
2473
2383
2847
2013
2210
2887
2804

10.57
11,03
10,91
10.30
10.50
11.02
10,22
10,99
11.24
11,19
11.04
i1.21
10.29
16,31
11.02
10,30
10.93
10,493
10.28
10.94
10.70
10.24
10,02
11,09

9.53
11.10
10.03
10.93

9.81
10.20
10,25
10.47
10.67
10.67

0.048
0,048
0.048
0.048
0.049
0.049
0.030
0.050
0,050
0.05¢
0.051
0.052
0.052
0.033
0.053
.034
0.054
0.054
0,054
0.054
0,055
0,055
0.056
0.057
0.057
4,057
0.058
0.058
0.058
9.039
0.060
0.083
0.064
0,065

0,047
0,041
0.044
0.0at
0.049
0.0534
0.053
0.047
0.054
0.046
0.052
0.033
0.050
4.050
0.058
(.055
0.054
0.036
0,055
0,048
0.054
0,450
0.052
0.052
0.049
0.050
0,055
0.054
0,055
0.056
0.062
0.058
0.058
0,057

ta)
33

34

a
o

36

38
29
40
41
42
43
44
45
46
47
48
49
30
51
32
53
34
59
36
a7
58
29
60
b1
62
63
b4
b3
1



TAILS GRADE (OZ/TON)
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0.06
0.058
0.056
0.054
0.052

0.05
0.048
0.046
0.044
0.042

0.04
0.038
0.036

O

1988 TRP MULTIVARIATE ANALYSIS

TAILS GRADE VS DENSITY, pH, FLOW, TONS

ACTUAL TAILS GRADE
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INCREASING TAILS GRADE OBSERVATION
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CALC TAILS GRADE

60

FIG. 4




1988 TRP OPERATING DATA

' Allg 13 - OCT 15

JUL 25, AUG 4 DELETED

INDEP VAR (%) DENSITY, pH, FLOW, TONMAGE
DEP VAR (V): TAILS GRADE
57O CONCLUSTON: VARIABILITY IN TAILS GRADE IS NOT

EXPLAINED BY VARIATION IN
DENSITY, pH, FLOM, AND TONNAGE.

Regreasion futputb:

Lonstant 0.087850
Gtd Ery of ¥ Est 4. 006304
R Squared 0.160183
Ho. of Qbservations 66
Degrees of Freedon 61

¥ Coefficient(s) ~-0.00000 0.000433 0.000001 -0.00522 2.720643
§td Err of Coaf. 0.000000 0.000390 0.000003 0.001739 1.691115

Date Gold Ext Head Oz Feed TonsFeed %S0l  USGPH pH Tails Oz Est Rec Observation

19-8ep 25,22 0,050 5122.0  28.68 2919 1.6 6,037 0.04 1
20-Gep 40,83 0.062  3246.7  30.34 2513 11,38 0.037 0.04 2
13-t 27,73 0,052 10192.2  42.8! 3014 9.68  0.038 0.06 3
23-ep 38,76 0,064 4B09.1 32,35 2054 1L.07  0.039 .03 4
15-0ct  19.28  0.048  8304.4  3B.EE 272 128 0,039 0.05 5]
22-5ep 34,93 0.062 54957  35.90 2013 117 6,040 0.03 &
06-Dct 32,41 0.060 103B6.6 42,83 2996 11,15 0.040 0.05 7
14-0et 26,59 0.034 48763.5 36,79 2039 iLae 0040 0.03 8
18-8ep  27.16 0,037 BR9L.0  31.41 2966 10,97 0,041 0.05 9
l6-Aug 37,74  0.068 31§9.0 38,27 033 1L00 6042 .05 10
21-Gep 31,24 0,061 38262 36,44 162z 1130 0.042 0.04 3
02-0ct 26,95 0,039 4149 35.62 217 L1 9.043 0.05 12
i3-Aug 37,10 0,068 63123 35.77 2480 10,40 0,043 0.03 13
12-0et 21,72 0.036  B377.3  39.48 2881 10,39 0.044 0.03 14
0F-Sep 28,93 0,063 65369 39.88 2049 1071 0,043 0.03 15
01-5ep 38,32 0.073  T7080.0  39.24 2418 10,52 0.045 0.03 16
i6-0ct  24.78  0.06B 9456.8 41,79 2783 10.29  0.049 0.05 17
ot-0ct 27,34 0.063  4730.1  39.48 1831 iL.44  0.046 0.03 18
19-0ct 26,87 0.0R1 105R.4 34,59 2181 10,23 0.046 0.5 19

26-Sep .M 0067 6MB.0 3172 5 14 0046 4.03 20
17-0ck 26,43 0,063 83144 29,16 2671 10,32 0.046 0.05 21
03-0ct 40,13 0.077  6230.2 34,48 2638 11.02  0.046 0.03 22

03-0ct 25,48 0.062 79800 44,66 2449 11,29 0.046 0.03 2
i8-0et 25,81 0.062 6R34.1 M.97 1471 1097 0.046 6.03 24
H-8ep 2435 0.072 6035.2  33.93 2749 10,39 0.047 0.03 23
03-S2p  31.04 0,067 5863.2 36,92 2327 1126 0,047 .03 26
'O‘B-Sep 32,37 0,068 B035.0  37.62 21722 1060 0.047 0.05 21
i7-Ayg 34,30 0,072 B636.1 37.49 2933 1070 0.047 0.03 28
ti-0ct 22,14 0,061 10040.7 40,95 038 141 0047 0.03 29

28-Aug 24,35 0.0R4 43039 36,36 1524 10,30 0.048 0.03 30

fiiant Yellowknife Hines Limited Enpinesring Dept. TABLE +



10-Sep
29-Sep
07-Sep
| 25-Gep
i 17-8ep
5 29-hug
31-Aug
07-0ct
22-Aug
24-Sep
28-Sep
04-ct
27-%ep
| 30-5ep
20-Aug
27-Aug
| 03-8ep
| 25-Aug
10-fct
04-8ep
26-Aug
15-Bep
14-Gep
21-Aug
23-hug
08~0ct
19-Aug
09-0ct
16-Sap
02-8ep
24-Aug
18-Aug
30-Aug
(8-Bep
13-Sep
12-Sep

Giant Yellowknifs Hines Linited Engineering Dept.

32.89
29.16
27.46
12,90
20.83
32.88
29.16
36.09
34.19
24.69
.74
i8.83
.37
31.38
23.60
24,68
36,26
30.87
23,63
31.78
3.3
19.59
21,93
2130
24.80
22,02
17.12
18.80
27.21
253,20
26,90
25.54
33.04
24.06
22,50
20.20

0.071
0,068
.063
0,055
0.061
0.072
0,069
0,077
0,075
0.066
4.076
0,063
0.074
0.073
0,070
0.071
0.084
0.078
0.076
0.080
0,079
0.067
0.076
0.070
0,074
6,073
0,069
0.070
0,079
0.077
0.079
0,080
9.090
0,083
0.083
0,082

7079.1
3482.5
6205.9
£951.0
3414.6
3003.0
8030.9
8834.5
8090.0
6027.3
9919.0
8871.4
6183.0
7302.1
9283.3
4302.3
£376.0
3930.7
6191.0
7834.9
32154
3816.7
7384.5
9642, 1
8383.0
8439.0
3328.8
10493.0
35150
7678.0
8250.0
73711.0
7883.9
6941.0
73247
£393.2

35,63
33.10
36.43
38.77
23.82
38,67
41,09
41.36
38.02
35,61
34,68
29.59
38.04
41,39
39.80
37.18
38,00
39.66
38.33
37.83
39,03
37,03
37.48
40,22
38.62
40.24
34,44
39.44
39,40
40.36
40,66
37.41
29,29
28,62
34.17
36,76

2733
2358
2161
2492
2487
1635
2418
2643
2703
2268
2433
2869
2392
2430
3047
1480
2596
2241
2274
2663
2042
2062
2514
3120
2743
3284
2609
3339
23
2473
2585
2847
2513
2210
2887
2804

10.67
11.32
10.57
11.03
10.91
10.30
19.50
11.02
10,22
10.99
11.24
1.10
11.04
11.21
19.29
10,31
11.02
10,36
10.93
10.93
10,38
10,94
10.70
10.24
10,02
11.09

9.53
t1.10
16,03
10.93

9.41
16,20
16,23
10,47
10.67
10.67

0.048
0.048
0.048
0.048
0.048
0,048
0.049
0.04%
0.050
0.050
4,030
0.051
0.051
0.052
0,052
0,053
0.9053
0,054
0.054
0,054
0,054
0.054
0,053
0.055
0.056
0.057
0.057
0.057
0.058
0.058
0,058
0.059
0.060
0.053
0.064
0.065

0.03
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.905
0.05
0.03
0.03
0,03
0.05
0.03
0.03
.03
0.03
0.03
0.05
0,03
0.09
0.05
.03
0,05
0.03



TAILS GRADE (OZ/TON)

0.066
0.064
0.062

0.06
0.058
0.056
0.054
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0.05
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0.04
0.038
0.036
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1988 TRP MULTIVARIATE ANALYSIS

TAILS GRADE VS pH
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13688 TRP OPERATING DATA

A6 15 - OCT 13

JUL 25, AUG 4 DELETED

[HDER VAR (X): gh
DEF VAR (V): TAILS GRADE
87D CONCLUSION: VARIABILITY IN TAILS GRADE IS MOT

EXPLAINED BY VARIATION IN pH.

Regression Oubput:

Lonstant 0,108550
Std Err of Y Est 0.006230
R Squared 0.139547
No. of Qbservakions hh
Degrees of Freedon b4

¥ Coefficient(s) -0.00333
Std Err of Coef. 0.001716

Date Gold Ext Head 0z Feed TonsFeed %501  USGPYH pH Tails 0z Est TailsObservation

19-8ep 25,22  0.030 Si22.0  28.68 29 .16 0,037 0.03 1
20-5ep 40,63 0,062 3246.7  30.54 2513 1L.38 0.0%7 (.05 2
13-0ct 27,72 0,052 (0192.2  42.81 3014 9.68  0.038 0.06 3
23-Sep 38,76 0.0R4 4809.1 32,35 2034 11.07 0,039 0.03 4
15-0ct 19,28 0,043 8304.4  38.66 2172 2 0.039 0.05 3
22-5ep  34.95 0,062 5495.7  35.90 2013 117 0.040 0.05 3
06-0ct 32,41 0,060 10386.6  42.83 2936 115 0.040 0.03 7
14-0ct 26,59  0.054 H763.5 3879 3039 HL.1E 0.040 .05 ]
18-8ep 27,16 0.057 66910 3.4 2966 10,97 0.041 0,05 k]
fe-Aug 27,74 0.068 9159.0 38,27 3032 100 0.042 0.05 10
21-8ep 3,24 0,061 3B26.2 36,44 1622 11,50 0.042 0.04 i1
02-0ct 26,95 0.03%9 4124.5  35.62 517 115 0,043 0.05 12
15-4ug  37.10 0068 6312.3 35.77 2480 10.40 0,043 0.03 13
12-0ct 21,72 0.036 B8377.9  39.48 2881 10,59 0.044 0.05 14
De-Sep 28,93 0.063 6336.9  39.88 2043 1071 0.043 0.05 15
01-Sep 38,32 0.073 7080.0 39.M4 2418 10.52  0.045 0.05 16
16-0ct 34,78 0.068 9456, 41.79 2783 10,29 0,045 0.03 17
01-0ct 27.54 0,062 4730.1  39.48 1831 1144 0.046 0.05 16
13-0ct 25,87 0.061 10364 3459 2181 10.25 0.046 0.03 13
26-5ep 3.3 0.0R7  624B.0 37,72 2537 114 0.046 0.03 20
17-0ct 26,43 0.063  B314.4 3.6 2671 10,32 0.046 0.03 21
03-0ct 40,15 0077 62303 34,48 2638 11.02  0.046 0.0a 22
03-0ct 25.48 0,062 7980.0 44,64 2449 11.29  0.046 0,03 23
18-0ct 25,81 0,062 GRM.1 0 34.97 14711 10,97 0,046 0.05 24
11-8sp 34,27 0,072 6035.2 33,93 2743 1059 0.047 0.03 23
05-Gep 31,04 0.067 O5BARS.Z  36.92 23271 1L.26 0.047 0.05 26
09-8ep 32,57 0,069 8035.0  37.62 27122 10.60  0.047 0.05 27
‘IY-Aug 34,30 0,072 B3 3749 2938 10.70 0.047 0.03 28
11-0ct 22,14 0,061 10040.7  40.95 Jo3e LY 0047 0.03 e
28-hug 24,35 0.0R4  4305.9  36.36 1524 10,30 0.048 0.05 30
10-8:p 32,89 0071 70791 35,63 2733 10.67  0.048 0.03 3

Giant Yellowknife Nines Limited Engineering Dept. TAGLE 5



2316
27.45
12,90
20,83
32.88
29,16
36,09
34.19
24,69
.74
18.83
337
31,58
25.60
24,68
36.26
30.87
29.65
3t.78
.37
19.39
27,93
21,30
24,80
22,02
17,12
18.80
21.21
23,20
26,90
23.54
33.04
24,06
22,30
20.20

.068
0.063
4,095
0,061
0.072
0.069
0.077
0.073
.066
0.076
0.063
0.074
4.073
3,070
8,071
0,084
0,078
0.076
0.080
0,079
0067
0,076
0.070
0.074
4.073
0.069
8.070
0,079
4,077
0.079
0,080
0.090
0.083
0,083
0.082

3482.3
£205.0
63510
414.6
3005.0
B030.0
8854.5
B8090.0
£027.3
3519.0
B871.4
6183.0
7302.1
528353
4302.3
£376.0
2930.7
6191.0
7834.9
3215.4
38167
7384.5
9642.1
8383.0
8433.0
3428.8
10493.0
39150
7678.0
B250.0
7371.0
7882.8
£941.0
7524,7
£392.2

33.10 2358
36.83 2161
38.77 2492
32.83 2487
28.67 1635
41.09 2418
41,36 2643
28,02 2703
33.61 2268
4,68 2433
39.59 2869
38.04 2392
41,33 2430
39.80 3047
27.18 1480
28,00 2596
29.66 2241
38,33 2274
37.83 2663
39.03 2047
37.03 2062
37.48 2514
40,22 3120
38,62 2743
40,24 3284
34.44 2609
39.44 3339
35.40 2332
40,36 2473
40,86 2585
.41 2847
39,39 2513
38.62 2210
24.17 2887
36.76 2804
N
L
o3

Giant Yellowkniie Mines Limited Enginsering Dept,

11.32 0.048
10.57 0,048
11.03 0.048
10.91 0,048
10.30 0.048
10.50 0.049
11.02 0.04%
10.22 0,050
0.9 0,050
11.24 0.050
11.10 0.051
ii.04 0,051
1.2 0,052
10.29 0.052
10.3 0,053
11.02 0.053
10.36 0,054
10.93 0,054
10.495 0.094
14,38 0,054
10.%4 0,054
10.70 0,099
10.24 4,055
10,02 0.056
11.09 0,057
9.53 0.057
i1.10 0.057
10,03 0.058
10.93 0.058
9.81 0.058
10,20 0.059
10,25 0,060
10.47 0,063
10.67 0.064
10,67 0.065
e

0.03
0.03
0.03
0.03
0.93
0.05
0.03
0.05
0.03
0.03
0.03
0.03
0.03
0.03
0.05
0.05
0.03
0.05
0,03
0,05
0.03
0.03
0.03
0.05
.05
0.06
0,035
0.03
0.03
0.05
0,05
0.03
0,05
0.05
0.05

E7)
33

34
35

3
]

3
38
39
40
41
42
43
44
43
46
47
48
49
30
a1
32
a3
34
35
36
a7
38
39
&0
&1
b2
b3
64
5]
66



GOLD EXTRACTION (%)

TRP GOLD EXTRACTION

3 DAY MOVING AVERAGE
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DENSITY %2

RECOVERY %%

TRP DENSITY/RECOVERY REGRESSION

JULY 8, 1988 — OCTOBER 4, 1988
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JULY 8, 1988 — OCTOBER 4, 1988

TRP TONNAGE /RECOVERY REGRESSION
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DATE

July 28
AUS 19
Aug 9
Aug 21
Al 12
Aug &
Aug 11

Sept 23

Aug 10
July 10
JiL 29
July 18
Aug 15
JuL 22
Aug 18
Aug B
Aug 16
July 12
fug 7
July 21
Gept 12
Aug 13
Aug 20
et 4
Gept 13
July 11
July 19
JL 8
Alli 5
Aug 28
fug 17
Sept 17
Aug 2
Sept 13
Aug 1
Aug 27
fug 23
Sept 8
Aug 4
8EP 2
Sept 7
Sept 5
Sept £
Aug 31
Aug 24
Aug 23
Sept 24
fug 3
Sept 13

TRP TONNAGE/RECOVERY REGRESSTON

CONCLUSION: RECOVERY INCREASES WITH DECREASED TONMAGE

HEADS

0,038
0,072
0,063
0.072
0.063
0.091
0.089
0.057
0,066
0.073
3.054
0. 066
0,071
0.059
0.082
0,080
0.070
0.059
0,095
0.066
0.084
0.0r4
0.072
0. 0R6
9,070
0.077
0.060)
4,075
0.103
0,087
0.074
0,064
0.08h
0.086
4.061
¢.074
0.077
0,086
0,091
0.080
0,069
0,070
0,063
0.071
0.082
4.080
0.069
4,065
0.053

TAILS RECOVERY TONS/DAY

0.051
0.064
0.037
0.063
0,033
0.079
0,060
0.049
.03k
0.062
0.043
0,054
0.038
0.049
0.068
0.086
0,038
0.049
0,078
0,033
0,068
0,052
0.058
0,053
$.036
0. 061
0.048
0. 060
0,082
0.053
0,058
0.050
0.052
0.087
0.047
0,057
0.059
0,066
2.070
0, 061
.052
0,053
.049
0,054
. 081
0. 060
0.051
0,048
0.039

11.52
1,52
1.68
12.64
12.90
13.03
13.10
14.22
14,53
16.78
17.21
17.47
17,53
17.63
17.74
17.93
17.96
18.01
18.43
18.99
19.09
19.22
19.59
19,64
19.77
19,88
20,02
20,38
20,54
20.74
21.04
21.52
21,533
21.86
22,36
22.56
23.09
23,32
23.37
24.30
24.47
24.53
24.80
24,89
24.96
23.64
23.82
26,20
26,77

§760.9
3328.8
7743.1
942, 1
8261.3
3132.2
8087.1
B951.0
£842.0
7412.7
£333.7
11313.8
6312.3
6925, 1
7371.9
9901.0
9159.0
8393.1
J387.1
#358.9
6393.2
7971.2
9283.3
8871.4
3816.7
£427.5
10025.8
9482.0
£288.9
4303.9
8h36. 1
3414.6
8407.5
7524.7
8929.9
4302.3
8383.0
6341.0
35999
7678.0
6203.0
3863.2
£336.9
8030.0
8250.0
3920.7
6027.3
6190,2
5122.90

DENSITY

41.70
34.44
37.33
40,22
36.33
28.68
35.10
8.77
32.93
39.94
38.56
42,10
35.77
38.78
37.1t
26.57
38.27
39.72
21.47
42,07
36.70
35,38
39.80
39.59
37,05
3815
42.72
40,69
30.47
36.36
37.49
33.83
38.87
.17
39.63
37.18
38.62
38.63
31.83
40.36
36.83
36.92
39.088
41.09
40.66
39.66
33.61
33.63
28.68

ORDER REG TONS TPD/100 REG/100

3 ) 09 LT S L3 P e

7538.487
7543.81
7328.73
TH13.69
7498.63
7483.57
7468.51
74533.45
7438.39
7423.23
7408.27
7293.21
737815
7363.09
7348.03
733297
7317.9
7302.85
7287.79
212.73
1237.67
724261
7221.55
1212.49
7197.43
7182.37
7167, 3
7152.25
7137.20
722,14
7107.08
7092.02
7076.96
T061.90
7046.84
7031.78
T016.72
7001.66
6986.60
£971.54
£956.44
£941.42
£926.36
£911.30
6896.24
6881.18
£866.12
b851.06
6836.00

7.6
5.2
7.4
9.4
82.6
91.3
0.9
9.5
68.4
ILD
63.5
113.1
3.1
69.3
73.7
59.0
9.6
83.9
39,9
85.6
63.9
19,7
92.9
88.7
8.2
64.3
100.3
94.8
62.9
43.90
6.4
4.1
84.1
75.2
29.3
43.0
23.8
69.4
93.6
76.8
62.1
8.7
63.4
0.3
82.3
39.3
60.3
1.9
3t.2

73,6
75.4
79.3
75.1
73.0
74.8
74.7
74.3
4.4
74.2
4.1
739
73.8
73,6
73.3
73.3
73.2
73.0
72.9
12.7
72,6
72.4
72,3
72.1
72,0
71.8
n.7
71,5
71.4
1.2
7.1
70,9
70.8
70.6
70.5
70.3
70.2
70,0
69.9
69.7
9.6
£9.4
£39.3
9.1
£9.0
68.8
8.7
£B.5
68.4



Sept 25
Bept 26
Sept 27
Sept 28
Sept 29
Sept 20
Ot
et 2
et 3

Bet 4

0,057  0.049 14,22 63510
0,070 0.047 3198 6248.0
0.077 0,032 32.55 61830
0.079 0,051  35.59 5519.0
0,071 0,030 30.03 54825
0.078 0,053 31,79 7302.1
0066 0.047  28.38  4730.1
0.061  0.044 28,72 4124,5
0,080  0.047 40,88 6£230.3
0,066 0,033  19.64 BB7L.4
HEAD GRADE REARRESSION
Regression Output:
Constant 1.077331
8td Err of ¥ Est 0,009352
R Squared 0.051890
No. of Observations &4
Degrees of Freadon Y]
f Coefficient(s) -0,00011
8td Err of Coef. 0.0000R3

.77
31.72
38.04
34.68
3.1
41.39
.44
35,62
34.48
39.59

90 0,071 0.049
9% 0071 0,049
7 0071 0.049
af  0.071 0,049
3 0.070 0,048
60 0,070  0.048
81 0.070  0.048
62  0.070 0,048
63 0.070  0.047
B4 0,070 0,047
TAILS GRADE REGRESSION
Regression Outputs
Lonstant 0.063647
Std Err of ¥V Est 0.007444
R Squared 0.300254
No. of Dhservations 64
Degraes of Fraedon b2
X Coefficient{s) -0,00025
Std Err of Coef. 0.000050



DATE

hug 1
fug 2
fug 3
Aug 3
Aug 6
Aug 7
Aug 4
Aug 9

fug 10

fug 1

1

Aug 12

Aug 1
Aug 1
Aug |

3
4
3

dug 16
Aug 17
Aug 18
Aug 19
fug 20

Aug 2

1

Aug 22

Aug 2

3

Aug 24
fug 29
Aug 26
Aug 27
fug 28

Aug 2
Aug 3
Aug 3
Sept
Bept
Sept
Sept
Sept
Sept
Sept
Sept

9
0
1
1
2
3
4
3
]
7
8

Sept 9

Sept
Sept
Sept
Sapt
Sept
Sept
Sept
Bapt
Sept
Sept

10
1t
i2
13
14
13
16
17

HEADS

4.061
0. 066
4.065
0.103
0,091
4.059
4,080
0.065
0.066
0.069
0.063
0.064
0.082
0.071
0.070
4,074
0,082
0.072
0.072
0.072
0,074
0,077
0.082
0,080
0.081
0.074
0.067
0.074
0,052
6,071
0.076
0.080
4.087
0,083
0.07¢
0,063
0,063
0.086
0.072
0.074
0,075
0.084
0.086
0.079
0,070
0.082
.004
0.060
4,053
0. 066
0.063
0.063
0.066
0.069

TAILS

0.047
0.052
0,048
0.9082
0,079
0,078
0,066
0,057
0,054
0.060
0.033
0.052
0.058
0. 058
9,038
0,058
0.068
0.064
0.058
0,063
4.056
0.059
0.061
0.060
0.057
0,057
0.053
0.054
0,064
0,054
0,048
0.061
0.056
0.057
0,053
0,049
0.052
0,06k
0.048
0,030
0.050
0,068
0.067
0.057
0,056
0.060
0,050
0.043
0.039
0.039
0,044
0.042
0.042
0,051

REC

22.36
21,53
26,20
20,54
13.03
1B.45
17.93
11,68
14.53
13,10
12.90
19.22
29.59
17.53
17.96
21.01
17.14
11,52
19.59
12,64
28.05
23.09
24,96
25,64
30.48
22,56
20.74
27.98
30,35
24.89
36.50
24,30
35,27
30.88
24.53
24.80
24,47
22,27
37.44
32,64
33.73
19.09
21.86
27.97
19.77
26,87
21.52
27.94
26.77
41,19
30,85
39,00
37.50
25,82

TONS

8929.0
8407.5
£190.2
£288.9
3132.2
9987, 1
5301.0
7743.1
£842.0
ROR7.1
A261.5
1971.2
6999.6
6312.3
3159.0
R636. 1
7371.0
5528.8
9283.3
9642.1
8090,
§383.9
8250.0
2920.7
215.4
4302.3
4303.9
5005.0
7883.9
8020.0
7080,0
7678.0
£376.0
7654.9
5865.2
R536.9
£205.0
p941,0
8035.0
7079.1
£035,2
£393.2
7524.7
7384.5
5816.7
93150
G414.6
6691.0
5122.0
3246.7
3826.2
5495.7
4809.1
£027.3

DENS

.63
38.87
33.65
30,47
208.68
21.47
26,57
37.53
32.93
310
36.33
35.38
36.51
».77
38.27
37.49
7.1
.44
33.80
40,22
38.02
38.62
40.66
39.66
39.03
37.18
36.36
38.67
39.29
41.09
39.24
40.36
38.00
37.83
36.92
39.88
36.83
3B.62
37.62
35.63
33.593
3. 76
34.17
37.48
37.05
35,40
33.82
31.41
28.68
30.54
36.44
35.90
32.35
39.61
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13
20
2
2
23
24
25
26
21
28
29
30
A
32
33
M
33
3b

2
]

38
19
40
4
42
43
44
45
45
47
48
49
50
51
52
53
54

REG HEAD REG TAIL

0.077
0.077
0.077
0.077
0.077
0.077
0.077
0.076
0,076
0.076
0.076
0.076
0.076
0.076
0.076
0.073
0.973
0.075
0.075
0.075
0.075
0,079
0.073
0.073
0.074
0.074
0.074
0.074
0.074
0.074
0.074
0.074
0.074
0,072
4.073
0.073
0.073
0.073
0.073
0.073
0,073
0.072
4.072
0.072
0.072
0.072
0.072
0.072
0.072
0.072
0.071
0,071
0.071
0,071

0.063
0.063
0.063
0,063
0.062
0.062
0.062
0.062
0.061
0,081
0.061
0.061
0. 060
0.060
0. 060
0.059
0.039
0,059
0,059
6.058
0.058
0,058
0.058
0.057
0.037
0.057
0,057
0. 0356
.056
0. 056
8.056
0.055
0.035
4,095
4,055
0.054
0.054
. 054
0.054
0.053
0.053
0.053
0.052
0,052
0.052
0.052
0.051
0.051
0.051
0,051
$.050
0.050
0.050
0.050



DATE

July 28
Aug 19
Aug 9
Aug 21
fug 12
Aug b
Aug 11
Sept 23
Aug 10
July 10
July 29
July 1B
fug 15
July 22
Aug 18
Aug 8
Aug 16
July 12
Aug 7
July 21
Sept 12
fug 13
Aug 20
Dt 4
Sept 13
July 11
July 19
July B
Aug §
Aug 28
Aug 17
Sept 17
Aug 2
Sept 13
Aug 1
fug 27
Aug 23
Sept 8
Aug 4
Sept 2
Sept 7
Sept §
Bept &
Aug 21
fug 24
Aug 23
Sept 24
Aug 3

REGRESSION ANALYSIS TO DETERMINE TONNASE

TR TONNAGE/RECOVERY REGREGSION

BASED ON RECOVERY

CONCLUSION: DENSITY DOES NOT AFFECT RECOVERY

HEADS

0.058
0.072
0.063
0.072
0,063
0,091
0.089
0,057
0.066
0.073
0.094
0.066
3.071
0.059
0.082
0,080
0.070
0,059
0.095
0.0k
10.084
0.064
0.072
0,066
0,070
0,077
0.060
0.075
0.103
0.067
0,074
0.064
0,066
0,086
1.061
0,074
0.077
0.086
8.091
0.080
0,089
0,070
0,065
0.071
0.082
0.080
.069
0,085

TAILS

0.051
0.064
0.057
0,063
0,035
0,079
0.060
0,049
0.056
0.062
0,045
0.054
0,038
0,049
0.008
0.066
0.038
0,049
0.078
0.053
0,068
0.052
0,038
0,053
0.036
0,061
$.048
0.060
0.082
0,053
£.054
0. 050
0,052
0,067
0.047
0. 057
0.059
0,066
0,070
0,061
0,052
0,053
0,049
0,054
0,081
0.0R0
0.051
0.048

RECOVERY

i1.52
.52
t1.68
12,64
12.90
13.03
12.10
14,22
14,33
16.78
17.21
17.47
17.33
17.63
17.74
17,92
17.96
18,01
18.45
18.99
19,039
19,22
19.39
19,64
19.77
19.88
20.03
20,38
20.54
20,74
2401
21.52
21,53
21.86
22,36
22,36
23.09
22.3

23.37
24,30
24.47
24.53
24.80
24.89
24.96
20,64
23.82
26.20

TONS

5760.9
5928.8
7743.1
k42,1
8261.5
5132.2
8087.1
£951.0
£842.9
7412.7
£6353.7
11312.8
6312.3
£925.1
79710
5901.0
3159.0
8293.1
5387.1
8558.9
£393.2
7971,2
9285.2
871.4
5816.7
£427.5
10025.8
9482.0
£288.9
4303.9
8636.1
J414.6
8407.5
7524.7
8929.9
4302,3
8383.0
6941.0
3555.9
7678.0
£205.0
9865.2
£336.9
#030.0
1250.0
3920.7
£027.3
6196,2

DENSITY DENSITY REG DENSI

41.70
4.4
17.53
40,22
36.33
28.68
3510
w77
32.93
39.54
38.56
42,10
[.77
28.78
3.1
26.57
8.27
39.72
27.47
42.07
36.76
35.28
39.80
39.59
37.05
38.15
42.72
40,69
30.47
36,36
37.43
33.83
38.47
24,17
2.6
37.18
38.62
38.63
31.83
40,36
36.83
36,92
35,84
41,09
40,66
29.56
35.61
33.65

4.7
.4
1.5
40,2
36.3
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3.1
8.2
42.7
40.7
20.5
36.4
3.5
33.8
38.9
34.2
3.6
3.z
8.6
8.6
31.8
40.4
3.8
36.9
N
41.1
40.7
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Sept 19 6,033 0.033 26,77 51220 28.68 8.7
Sept 16 0.082  0.060 26,87 55150 35.40 35.4
July 30 0.058  0.042 27,33 8794.8 3.7 .7
July 17 0,070 0,051 27,70 BS00.6  40.21 40.2
Sept 18 0,060  0.043 27,94 6691.0  31.41 .4
Sept 14 0,079  0.057  27.97 7384.53  37.48 1.5
Aug 29 0.074  0.034 27,98 5005.0  38.67 18.7
Aug 22 0.078 0,056  28.03 B0%0.0  38.02 an.0
July 26 0,071 4.031 28,21 68767 305t 3.5
Ot 1 0.066  0.047 28,38 4730.1  39.48 9.5
Oet 2 0.061 0.044 28.72 4i24.5  35.82 33.6
July 20 6,062 0.044 28,73 T7BIS.G 40,39 40.4
July 27 0.048  0.034 23,16 38M.5  36.73 36.7
July 9 0.080  0.057 29.24 7351 38.98 39.0
Aug 14 0.082  0.058  29.59 6599.6  36.5! 36.5
July 24 0.141 0,093 29.74 91652 40.00 40.0
July 23 0,083 0.039 29,90 10i48.1  33.28 3.3
Gept 29 0.0  0.030  30.03 9482, 33.10 331
Aug 30 0.092  0.064 30,39 7383.8 39.19 9.4
Aug 26 0.081 0,057 30,48 3215.4  39.03 39.0
Sept 21 0.063 0,044 20.85 3826.2  36.44 36.4
Bept 4 0.083  0.057  20.88 7854,9  37.83 37.8
July 23 0,072 0.049  3.12 10014.8  40.01 40,0
Sept 30 0.078 0,053  31.79 7302.1 41,39 41.4
Sept 26 0.070  0.047 31,98 6248.0 31.72 .7

July 15 0,067  0.046  32.12 4508.5  37.67 a7
‘ Sept 9 0,072 0.048  32.44 8035.0 37.62 1.6
Sept 27 0,077 0,082 32,55 6183.0  38.04 28.0
July 14 0.069 0.046 32,63 59716 36.34 36.3
Sept 10 0,074 0,080 32,64 T7079.1 25,83 35.6
July 16 0.068  0.046 3272 66113 39.80 3.8
Bept 11 0.075  0.630 33,73 6025.2 23.93 33.9
July 13 0,070 0.047 3427 9870.9 41,23 4.2
ept 22 0.065  0.042 35,00 54957  35.90 5.9
Sept 3 0,087  0.056 35,27 6376.0  28.00 38.0
Sept 28 0.079 0,051 35,39 5519.0  34.68 .7
July 31 0.064 0041 3611 79943 3.8 7.8
Sept 1 0.076  0.048 36,50 70B0.0  39.24 39.2
Sapt 23 D.066  0.042 37,50 48091 32,35 2.4

et 3 0.080  0.047 40,88 6220.3  34.48 34.5
Sept 20 0,066 0.039 41,19 346.7  30.H 30.5

Regression Dutput:

Constant 31,25
Std Err of Y Est 3.3
R Squared .00
Mo, of Dbservations 89.00
Degress of Freedon 87.00

¥ Cosfficient(s}y -0.00469
' Std Err of Cosef, 0,049990
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0.067
0.074
0.092
0.074
0.076
0.080
0.087
0,083
0.070
. 065
0.069
0.086
0.072
0.074
0.073
(1. 084
0.086
0.079
0.07¢
0,082
0.064
0.060
0.053
0. 066
0.063
0. 065
0.066
0. 069
0.057
0.070
0.077
0.079
0.071
0.078
0.066
0.061
0,080
0,066

0,053 20.74 4303.9  36.36
0,054  27.98  5005.0  23B.67
0.064  30.35 7883.8 3.1
1.054  24.89  B030.0  41.09
0.048  36.50 7080.0 3% %
0.061 24,30 76780 40,36
0,056  35.27 6376.0  3B.00
0.057  30.B8 7854.%  37.83
0.053 4.5 5865.2  3A.92
0.04% 24,80 65369  39.88
0,052 24,47 6205.0  36.83
0.066 23,32 6941.0  38.53
0.048 32,44 80350  37.62
0,050 32.64  T7079.1  35.83
0,030  33.73 4035.2 33.93
0.06B  19.09 6393.2 2676
0.067  21.86 73M.7  34.17
0,057  27.97 7384.5  37.48
0.056  19.77 5816.7  37.05
0.060  26.87 S5515.0  35.40
0.050  21.52 G5414.6  33.83
0.043  27.94 6691.0 31,41
0.039 26,77 S122.0  28.68
0.039 4119 2246.7  30.54
0.044  30.85 38262  36.44
0.042  35.00 54957  35.90
0,042  37.30 4809.1 32,35
0,051  25.82 6027.3  25.61
0.049 14,22 69510 38,77
0.047  31.98 62480 37.72
0.052 32,35 6183.0  38.04
0.051 35,59 5519.0 24,68
0,030 30,93 5482.5  33.10
0,053 379 73024 4139
0.047 28,38 47301 39.48
0,044 28,72 41245 35.62
0.047 40,88 6230.3  34.48
0.053  19.k4 BB7T.4  39.99
Regression Qutput:
Constant 0.072880
Std Err of Y Est 0.012338
R Squared 0. 000057
No. of Observations ik ]
Degrees of Freedow 87

L Cosfficient(s) -0.00000
5td Err of Coef. 0.000050

92
33
L}
i)
56
a7
a8
99
&0
b1
E2
b3
b4
63
b6
67
68
69
70
I
72
13
74
75
76
11
78
79
8
81
82
83
84
85
86
87
83
89

0.073
0.073
9.073
0.073
0.073
0,073
0.073
0.072
0.073
0.073
9.073
0.073
0.073
0.072
0.073
0.073
1,073
0.073
0,073
0.072
0.073
0,073
0.073
0.072
0.073
0.073
0.072
0.073
1.073
0.072
0.072
0.073
0.073
0.073
0,072
0.073
0.073
0.073



DATE

July B
July 9
July 10
July 1
July 12
July 13
July 14
July 15
July 16
July 17
July 18
July 19
July 20
July 2
July 22
July 23
July 24
July 23
July 26
July 27
July 28
July 29
July 30
July 3
Aug 1
Aug 2
Aug 3
Aug 4
hug 3
Aug 6
Aug 7
Aug 8
hug 9
Aug 10
Aug 11
hug 12
dug 13
hug 14
hug 13
Aug 16
hug 17
Aug 18
Aug 19
Aug 20
Aug 21
Aug 22
Aug 23
fiug 24
hug 25
Aug 26
Aug 27

TRP HEAD GRADE/TIME REGRESSION ANALYSIS

HEADS

0.075
0,080
0.075
0.077
0,059
0.071
0,069
0.067
0.068
0.070
0. 066
0,060
0,062
0.066
0.039
0.072
0. 141
0.083
0.071
0.048
0.058
0.054
0.058
0.064
0. 061
0.066
0.085
0.091
0.102
0.09
0.095
(4,080
.08
0.0Rf
0.069
0.063
0. 064
0,082
0,071
0.070
0.074
0.082
0.072
0,072
0.072
0.078
0.077
0.082
0,080
0.081
0.074

0,060
0.057
0,062
0.061
0,049
0.047
0.046
3.046
0,046
$.051
0.054
0,048
0,044
0,053
0.049
0,049
0.099
0.116
0,051
0.034
0,951
0,045
0,042
0.041
0.047
0,052
4,048
0. 111
0.082
0.079
0.078
0.066
0.057
0.056
0. 060
0.055
0.052
0,038
0,058
0.038
0.058
0,068
0.064
{.038
0.083
0.036
0,059
0.081
0. 060
0.057
0,057

20,38
29.24
16.78
9.88
18,01
34.27
32,63
32.12
32,72
27.70
17.47
20,03
28.73
18.99
17.63
H.12
29.74
-33.32
28.21
29.16
11,52
{7.21
27.39
36,11
22.36
21.53
26.20
-22.25
20,54
13.03
18.45
17.93
11,68
14,55
13.10
12.90
19,22
29.59
17.53
17.96
21,01
17.74
11.52
13.59
12,64
28,03
23.09
24.90
25,64
30.48
22.56

TAILS RECOVERY TONS/DAY

9482.0
7363.1
12,7
6427.5
#393.1
9870.9
39716
4308.5
6h11.3
8500.6
113132.8
100235.8
7815.3
8338.9
6925. 1
10014.8
9165.2
10148, 1
6876.7
38943
a760.9
6333.7
§794.8
7954.2
£8929.0
8407.5
61960.2
3335.9
6288.9
3132.2
Ja87.1
3901.0
77431
£842.0
8087.1
8261.3
1971.2
6399.6
6312.3
9159.0
B636.1
7971.0
9528.8
9283.3
9642, 1
§090.0
8383.0
82500
3930.7
315.4
4302,2

DENSITY  ORDER REG HEADS

40.69
38.98
39.54
38.13
39.72
41.23
36,24
37.67
39.80
40.21
42,10
42.72
43,39
42.97
38.78
49.01
40,00
39.28
37,51
36.73
41.70
38.56
38.71
37.81
39,62
38.87
33.65
31.83
30,47
28.68
27.47
26.957
37.53
32.93
35.10
36.33
33.38
36,51
».77
38.27
37.49
7.1
34,44
3.80
40,22
38.902
38.62
40.66
39.66
33.03
37.18
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36
3
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40
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42
43
44
45
46
47
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49
a0
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6,072
$.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.072
0.073
0,073
5.073
0.073
9.073
6.073
1,073
0,073
0.073
0.073
4.073
0.072
0.073
0.073
0.073
0.072
0.073
0.073
0.073
0.073
0.073
0.073
0.973
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
8.073
0.073
0.073
0.073
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0,082
9,058
0.070
0,060
0,079
0.074
0.078
0,071
0,086
0. 041
0,062
0,048
0,080
0.082
0.141
0.083
0.071
0.092
0,081
0.063
0.083
0.072
0.078
0.070
0,087
0,072
0.077
0.069
0.074
0.068
0,075
4,071
0,065
0,087
0.079
0,064
0,076
.06
0.080
0,066

0.060 26,87 55150 35.40
0,042 27.33 87948 W7
0.051 27,70 EB500.6  40.21
0.043 27.94 6691.0  31.41
0.057  27.97 73B4.5  37.48
0.034  27.98  S005.0  38.67
0.056 28,05 B090,0  3B.02
0,031 28.21 68767  37.51
0.047 28,28 47301  39.48
0,044 28,72 4M.5  3.62
0.044 28,73 78155  40.39
0,034 29.16 38345 3673
0.057  29.24  73R5.1  38.98
0,038  29.53 6399.6  36.51
0,099 29,74 9165.2 40,00
0,039  23.90 10148.1 39.28
0.050  30.03 5482.5 3310
0.064 30,35 7883.8 .39
0.057 30,48 32154  39.03
0.044 30,85 3826.2  3h.44
0.057  30.88 78349  37.82
0.043  31.12 10014.8  40.01
0,033  3L.7% 73021 4.39
0.047 31,98 6248.0 37.72
0.046 32,12 4508,5 37.€7
0.048  32.44 8035.0  37.62
0.052 32,55 61B3.0  3B.04
0.046 32,63 5971.6 36,34
0.050 32,64 7079.1  95.63
0.046 32,72 66113 39.80
0.050 33,72 6035,2 33,93
0.047 34,27 98709  41.23
0.042  35.00 54957 35,90
0.056  35.27 6376.0  38.00
0.051 35.39 5519.0 34,68
0,041 36,11 795,32 37.81
0.048  36.50 7080.0 39,24
.04z 37.50 480%.1 32,35
0.047 40,88 6£230.3 34,48
0,033 41,19 3246,7  30.%¢
Regression Dubput:
Constant 7573.927
Std Err of ¥ Est 1680, 887
R Squared 0,051410
No. of Observations 89
Degrees of Freedon 87

X Coefficient(s) ~15.0597
Std Erv of Coef. 6.935403

a0
at
32
53
i |
55
Rl
a7
a8
5
&0
&1
&2
£3
&4
63
bb
h7
&8
£9
70
It
72
73
74
73
76
77
78
7
8o
1
82
83
B4
83
B
87
g8
2

£820.94
£805.88
£790.82
£773.76
6760.70
£743.64
£730.58
6715.532
6700.46
6683.40
6670.34
£655.28
f0d0.22
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6610.10
£393. 04
£579.98
6364.92
6549.87
6334.81
6519.75
6504.69
£489.63
6474.57
£439.51
£444.45
£429.39
6414,32
6399.27
6384.21
6369.15
£354.09
£329.03
6323.97
6308.91
6293.85
6278.79
6263.73
£248.67
£233.61

55.2
87.9
85.0
f6.9
73.8
50.1
0.9
68.4
47.3
41,2
8.2
38.9
13.7
h6.0
91.7
101.5
4.8
78.8
32.2
8.3
8.5
100.1
73,0
62,5
45.1
80.4
1.8
99.7
70.8
6.1
60.4
98.7
55,0
3.8
99.2
79.5
70.8
48.1
62.3
32.5
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380 Simple Linear Regression and Correlation

e model is nonlin
jituations

n some stt\{a

itable t

that th
o theory. In sC
is tnim: by using a sU

sically linear.
ically near model

lowest degree model that adequately describes the data. The lag
may be useful in this respect. However, it is always poss
polynomial of degree n — 1 to n data points, and the experiment,
consider using a model that is “saturated,” that is, that has very
many independent variables as observations on y.

function
12-5.3 The Coefficlent of Determination

The quantity

y=1I

trinsically linear, s’

tion is in :
logarithmic transformation

~SS _,_SSe
S Iny=Inf

Syy S,y

is called the coefficient of determination, and it is often used to jud
adequacy of a regression model. (We will see subsequently that in
where x and y are jointly distributed random variables R? is the squ :
correlation coefficient between x and y.) Clearly 0 < R?<1. We often

R2

requires that th
ntly distributec_i
linear functic

ansformation
d independe
wother intrinsically

loosely to R? as the amount of variability in the data explained or ac y =Bo
for by the regression model. For the data in Example 12-1, we have

SSe/Syy = 1924.87/1932.10 = .9963; that is, 99.63 percent of the variability & + o the reciprocal transform
the data is accounted for by the model. ysing y=i

The statistic R? should be used with caution, since it is always possi
make R? unity by simply adding enough terms to the model. For example
can obtain a “perfect” fit to n data poirits with a polynomial of degree n
Also, R? will always increase if we add a variable to the model, but this do¢
not necessarily mean the new model is superior to the old one. Unless the
error sum of squares in the new model is reduced by an amount equal to thé.
original error mean square, the new model will have a larger error mes
square than the old one, because of the loss of one degree of freedom. Th
the new model will actually be worse than the old one. '

There are several important misconceptions about R2. In general, R? d
not measure the magnitude of the slope of the regression line. A large value of
R? does not imply a steep slope. Furthermore, R? does not measure the,
appropriateness of the model, since it can be artificially inflated by addi
higher-order polynomial terms. Even if y and x are related in a nonlinear,
fashion, R? will often be large. For example, R? for the regression equation in
Fig. 12-3b will be relatively large, even though the linear approximation is poor.
Finally, even though R? is large, this does not necessarily imply that the
regression model will provide accurate predictions of future observations.

12-6 Transformations to a Straight Line

d rec

1 ithmic an
Sometimes the logarithmic o

y to linearize a function.
Y = ex

= 1]y, we have the line.
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" that the observations (¥ir zi)’di\
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* wish to develop a regression m
to the weld diameter. In this et :
would randomly select n spo

We occasionally find that the straight-line regression model y = B, + B;x + € is
inappropriate because the true regression function is nonlinear. Sometimes
this is visually determined from the scatter diagram, and sometimes we know
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The coefficient of

Therefore, we have ated in Example 13-1

SSr(B2]B1, Bo) = 5990.7712 ~ 5885.8521

=1049191 (1 degree of freedom) 2SSk
This is the increase in the regression sum of squares by adding x. Sw

already containing x,. To test H,: B, =0, form the test statistic

= SSe(B2]B1, Bo)/1 _ 104.9191/1 _
R TMs, T " s - 200

Note that the MS; from the full model, using both X; and x,, is u
denominator of the test statistic. Since Fosan=4.30, we reject Hy: B,
conclude that distance (x,) contributes significantly to the model, - %

Since this partial F-test involves a single variable, it is equivalent g
t-test. To see this, recall that the I-test on Hy:B, =0 resulted in the
statistic 1o = 4.4767. Furthermore, the square of a ¢ random variable '
degrees of freedom is an F random variable with one and v degreeg S
freedom, and we note that 3= (4.4767)* = 20.04 = F,.

: f
j ¢ 98.11 percent O
J P\?/ll‘\en the two indepet

(x,) are used. In ?xam;
toped. The value of R? for t'
Hable x; to the model has 1

Residual Analysis

squals from the estim:
951;“31” an important X)

mple i ssion. A:
Fsimple linear regre ‘
u:l plots that are often' use]
‘helpful to plot the. residua
{ are possible candlf:lates f?‘
se in Fig. 12-5, indicate tha

13-6 Measures of Model Adequacy

A number of techniques can be used to measure the adequacy of a mul
regression model. This section will present several of these techniques. Mod§
validation is an important part of the multiple regression model! build
process. A good paper on this subject is Snee (1977).

XS 13-9. The residuals f
\‘:‘:‘;n Table 13-3. These r.e'1
Fig. 13-2. No severe devu\,
hough the two largest _r;.t
tremely close to a straig

13-6.1 The Coefficient of Multiple Determination
The coefficient of multiple determination R? is defined as

R’= & =1- -SS_B wWever, the Standardlz'e\?e{;‘
Syy Sy 1.89, do not seem excesst

error in collecting ob_se:;vatlox
tnodify these two points.
m?lfltl\iyresiduals are p}otted '1?15
13-4 and 13-5, respectu_/ely. H
Fig. 13-4 there is some indica (
with small delivery vplumes t:
cases), and over predicts thee i
(7 =x, < 14 cases). The sam ;
relationship between time arll
involving x}, say, be addc:tl
presently in the mo'del aﬁeicr:e(
regressor variable 15 requ |

R is a measure of the amount of reduction in the variability of y obtained y
using the regressor variables X1, %2, . .., X As in the simple linear regression
case, we must have 0<R?<1. However, a large value of R? does not
necessarily imply that the regression model is a good one. Adding a variable
to the model will always increase R?, regardless of whether the additional
variable is statistically significant or not. Thus it is possible for models that
have large values of R? to yield poor predictions of new observations or
estimates of the mean response.

The positive square root of R? is the multiple correlation coefficient
between y and the set of regressor variables x;, x,, ..., x,. That is, Risa
measure of the linear association between y and Xty X2y ..., X3 When k=1,
this becomes the simple correlation between y and x.
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Estimation of Pure Error from Near Neighbors

ion 12-5.2 we described a test for lack of fit in simple linear regression.
edure involved partitioning the error or residual sum of squares into
ponent due to pure error and a component due to lack of fit, say

SSg = SSpe + SSLor

§rr0r sum of squares SSpg is computed from the responses obtained
Med observations at the same level of x.
eral procedure can, in principle, be extended to multiple regres-
calculation of SSpz requires repeated observations on y at the same
on the regressor variables xy, X, . . . , Xx. That is, some of the rows
matrix must be the same. However, the occurrence of repeated
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