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Yellowknife Mines Limited 

DATE: November 15, 1988 

T0: Doug Bartlett 

FROM: Jim Shepherd 

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 grade 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. 

../2



Memo to D. Bartlett 
November 15, 1988 
Page Two 

FIGURE 4: 

Variability in tails grade is not explained by variation in density, pH, flow, 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 DPERATINE DATA 
AUG 15 — 001 15 

18068 VAR (X): 
DEP DAR (Y): 

510 CONCLUSIDN: 

JUL 25, A86 4 DELETED 

DEDDm, pH, ELDD, TDNNABE, HEAD GRADE 
DDLD EXTRACTIUN 

VARIABILITY IN 80L0 EXTRAETIDN 13 N81 
EXPLAINED BY EDHBINATIDN 0F DENSITY, pH, 
FLDH, TDNNAEE, AND HEAD GRADE. 

Regression Dutput: 
Constant -0.00708 
Std Err of Y Est 5.806707 
R Squared 0.146258 
N0. of Observations 66 
Degrees of Freedom 60 

X CoefficientCs) 
Std Err Df Coef. 

0.000251 -0.30316 226.4954 -0.00266 2.720645 
0.000801 0.361023 86.01191 0.003093 1.691115 

Date 601d Ext Feed TonsFeed 2801 Head 02 USEPH pH Tails 0: 

25—Sep 
19-Aug 
19-Oct 
04-Oct 
15-0Et 
15~Sep 
12-Sep 
17-8ep 
21-Aug 
12-Oct 
08-Oct 
11-8Et 
13-5Ep 
08-Sep 
28-Aug 
27~Aug 
24-Sep 
23-Aug 
02~9Ep 
19-Sep 
05—0ct 
18—Aug 
20-Aug 
18-0Et 
19-0Et 
17-Oct 
14—Oct 

.24-Aug 
02-Oct 
18-Sep 
16-396 

12.90 
17.12 
18.80 
18.83 
19.28 
19.59 
20.20 
20.85 
21.30 
21.72 
22.02 
22.14 
22.50 
24.06 
24.35 
24.68 
24.69 
24.80 
25.20 
25.22 
25.48 
25.54 
25.60 
25.81 
25.87 
26.45 
26.59 
26.90 
26.95 
27.16 
27.21 

6951.0 
5528.8 
10493.0 
8871.4 
8304.4 
5816.7 
6393.2 
5414.6 
9642.1 
8577.9 
8439.0 
10040.7 
7524.7 
6941.0 
4303.9 
4302.3 
6027.3 
8383.0 
7678.0 
5122.0 
7980.0 
7571.0 
9285.3 
6634.1 
1056.4 
8314.4 
8763.5 
8250.0 
4124.5 
6691.0 
5515.0 

38.77 0.055 2492 11.03 0.048 
34.44 0.069 2609 9.53 0.057 
39.44 0.070 3339 11.10 0.057 
39.59 0.063 2869 11.10 0.051 
38.66 0.048 2772 11.21 0.039 
37.05 0.067 2062 10.94 0.054 
36.76 0.082 2804 10.67 0.065 
33.83 0.061 2487 10.91 0.048 
40.22 0.070 3120 10.24 0.055 
39.48‘ 0.056 2881 10.59 0.044 
40.24 0.073 3284 11.09 0.057 
40.95 0.061 3038 11.11 0.047 
34.17 0.083 2887 10.67 0.064 
38.63 0.083 2270 10.47 0.063 
36.3 0.064 1524 10.30 0.048 
37.18 0.071 1480 10.31 0.053 
35.61 0.066 2268 10.99 0.050 
38.62 0.074 2743 10.02 0.056 
40.36 0.077 2473 10.93 0.058 
28.68 0.050 2919 11.16 0.037 
44.66 0.062 2449 11.29 0.046 
37.11 0.080 2847 10.20 0.059 
39.80 0.070 3047 10.29 0.052 
34.97 0.062 2471 10.97 0.046 
34.59 0.061 2181 10.25 0.046 
39.16 0.063 2671 10.32 0.046 
38.79 0.054 3039 11.16 0.040 
40.66 0.079 2585 9.81 0.058 
35.62 0.059 2517 11.15 0.043 
31.41 0.057 2966 10.97 0.041 
35.40 0.079 2332 10.03 0.058 

Giant Yellowknife Hines Limited Engineering Dept. 

Est Rec Observation 

25.82 
25.56 
27.85 
27.06 
24.36 
29.68 
30.60 
27.98 
25.64 
24.01 
27.88 
26.06 
31.67 
31.27 
28.51 
30.00 
29.53 
27.12 
30.29 
26.51 
26.70 
28.94 
26.01 
28.37 
25.67 
25.45 
24.94 
27.45 
27.23 
27.02 
29.62 
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07-880 
.01-8ct 

13—Oct 
14-Sep 
06-Sep 
31-Aug 
29-890 
10-8tt 
25-Aug 
05-Sep 
21-509 
25—588 
26-809 
27-Sep 
30-Sep 
04-86p 
08-8ct 
09—5ep 
29-Aug 
10-Sep 
30-Aug 
22-809 
17-Aug 
11-5ep 
28-Sep 
16-Oct 
22-809 

.07—8c1: 
03-Sep 
15-809 
16-809 
01-Sep 
23-529 
03-Oct 
20-Sep 

27.46 
27.54 
27.73 
27.93 
28.93 
29.16 
29.16 
29.65 
30.87 
31.04 
31.24 
31.34 
31.37 
31.57 
31.58 
31.78 
32.41 
32.57 
32.88 
32.89 
33.04 
34.19 
34.30 
34.35 
34.74 
34.78 
34.95 
36.09 
36.26 
37.10 
37.74 
38.32 
38.76 
40.15 
40.63 

6205.0 
4730.1 
10192.2 
7884.5 
6536.9 
8030.0 
5482.5 
6191.0 
3930.7 
5865.2 
3826.2 
6248.0 
3215.4 
6183.0 
7302.1 
7854.9 
10386.6 
8035.0 
5005.0 
7079.1 
7883.8 
8090.0 
8636.1 
6035.2 
5519.0 
9456.8 
5495.7 
8854.5 
6376.0 
6312.3 
9159.0 
7080.0 
4809.1 
6230.3 
3246.7 

36.83 
39.48 
42.81 
37.48 
39.88 
41.09 
33.10 
38.33 
39.66 
36.92 
36.44 
37.72 
39.03 
38.04 
41.39 
37.83 
42.83 
37.62 
38.67 
35.63 
39.39 
38.02 
37.49 
33.93 
34.68 
41.79 
35.90 
41.36 
38.00 
35.77 
38.27 
39.24 
32.35 
34.48 
30.54 

0.065 
0.063 
0.052 
0.076 
0.063 
0.069 
0.068 
0.076 
0.078 
0.067 
0.061 
0.067 
0.079 
0.074 
0.075 
0.080 
0.060 
0.069 
0.072 
0.071 
0.090 
0.075 
0.072 
0.072 
0.076 
0.068 
0.062 
0.077 
0.084 
0.068 
0.068 
0.073 
0.064 
0.077 
0.062 

2161 
1831 
3014 
2514 
2049 
2418 
2358 
2274 
2241 
2327 
1622 
2557 
2042 
2392 
2430 
2663 
2956 
2722 
1635 
2733 
2513 
2703 
2939 
2749 
2433 
2783 
2013 
2643 
2596 
2480 
3033 
2418 
2054 
2638 
2513 

10.57 
11.44 
9.68 
10.70 
10.71 
10.50 
11.32 
10.93 
10.38 
11.26 
11.50 
11.14 
10.38 
11.04 
11.21 
10.95 
11.15 
10.80 
10.30 
10.67 
10.25 
10.22 
10.70 
10.59 
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 
0.038 
0.055 
0.045 
0.049 
0.048 
0.054 
0.054 
0.047 
0.042 
0.046 
0.054 
0.051 
0.052 
0.054 
0.040 
0.047 
0.048 
0.048 
0.080 
0.050 
0.047 
0.047 
0.050 
0.045 
0.040 
0.049 
0.053 
0.043 
0.042 
0.045 
0.039 
0.048 
0.037 

28.12 
29.74 
19.87 
30.12 
27.50 
27.32 
31.28 
30.89 
28.85 
29.89 
30.89 
28.81 
29.87 
30.45 
90.30 
31.33 
25.88 
27.83 
29.51 
28.81 
31.82 
28.10 
28.40 
29.03 
32.19 
25.89 
29.57 
30.07 
32.18 
27.83 
27.95 
28.80 
30.54 
31.51 
29.87 

32 
33 
34 
35 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65
66
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Date 

19-5ep 
0-3ep 
13-Oct 
23-3ep 
15-Oct 
22-Sep 
06-Oct 
14-Oct 
13-Sep 
16-Aug 
21-Sep 
02-Oct 
15~Aug 
12-Oct 
06-Sep 
01-3ep 
16-0tt 
01—Oct 
19-Oct 
26-3ep 
17-Oct 
03-Oct 
05-Oct 
13-Oct 
11-Sep 
05-5ep 
09-Sep 

.1741n 
11-Oct 
23-Aug 
10-Sep 

Giant Yelluuknife Hines Limited Engineering Dept. 

1933 TRP OPERATING DATA 
AUG 15 - OET 15 

JUL 25, AUG 4 DELETED 

INDEP VAR (X): 
DEF VAR (Y): TAILS GRADE 

DENSITY, pH, FLOW, TDNNAGE, HEAD GRADE 

STD GDNELUSION: YARIABILITY 1N TAILS GRADE 13 APPROX 672 
AGCOONTED FOR BY COMBINATION OF DENSITY, pH, 
FLDH, TDNNAGE, AND HEAD GRADE. 

Regression Output: 
Constant 0.020550 
Std Err of Y Est 0.003975 
3 Squared 0.671500 
No. of Observations 66 
Degrees df Freeddn 60 

X CoefficientCs) ~0.00000 0.000214 0.569127 0.000001 ~0.00202 
Std Err of Doef. 0.000000 0.000247 0.053392 0.000002 0.001157 

Gold Ext Feed TonsFeed 1301 Head 02 

25.22 5122.0 23.63 0.050 
40.63 3246.7 30.54 0.062 
27.73 10192.2 42.31 0.052 
33.76 4309.1 32.35 0.064 
19.23 3304.4 33.66 0.043 
34.95 5495.7 35.90 0.062 
32.41 10336.6 42.33 0.060 
26.59 3763.5 33.79 0.054 
27.16 6691.0 31.41 0.057 
37.74 9159.0 33.27 0.063 
31.24 3326.2 36.44 0.061 
26.95 4124.5 35.62 0.059 
37.10 6312.3 35.77 0.063 
21.72 3577.9 39.43 0.056 
23.93 6536.9 39.33 0.063 
33.32 7030.0 39.24 0.073 
34.73 9456.3 41.79 0.063 
27.54 4730.1 39.43 0.063 
25.37 1056.4 34.59 0.061 
31.34 6243.0 37.72 0.067 
26.45 3314.4 39.16 0.063 
40.15 6230.3 34.43 0.077 
25.43 7930.0 44.66 0.062 
25.31 6634.1 34.97 0.062 
34.35 6035.2 33.93 0.072 
31.04 5365.2 36.92 0.067 
32.57 3035.0 37.62 0.069 
34.30 3636.1 37.49 0.072 
22.14 10040.7 40.95 0.061 
24.35 4303.9 36.36 0.064 
32.39 7079.1 35.63 0.071 

USGPH 

2919 
2513 
3014 
2054 
2772 
2013 
2956 
3039 
2966 
3033 
1622 
2517 
2430 
2331 
2049 
2413 
2733 
1331 
2131 
2557 
2671 
2633 
2449 
2471 
2749 
2327 
2722 
2939 
3033 
1524 
2733 

pH Tails Oz 

11.16 0.037 
11.33 0.037 
9.68 0.033 
11.07 0.039 
11.21 0.039 
11.17 0.040 
11.15 0.040 
11.16 0.040 
10.97 0.041 
11.00 0.042 
11.50 0.042 
11.15 0.043 
10.40 0.043 
10.59 0.044 
10.71 0.045 
10.52 0.045 
10.29 0.045 
11.44 0.046 
10.25 0.046 
11.14 0.046 
10.32 0.046 
11.02 0.046 
11.29 0.046 
10.97 0.046 
10.59 0.047 
11.26 0.047 
10.60 0.047 
10.70 0.047 
11.11 0.047 
10.30 0.043 
10.67 0.043 

Est Rec Observation 

0.037 
0.043 
0.043 
0.044 
0.037 
0.043 
0.044 
0.041 
0.041 
0.049 
0.042 
0.043 
0.049 
0.043 
0.046 
0.052 
0.050 
0.044 
0.046 
0.048 
0.047 
0.053 
0.045 
0.044 
0.051 
0.047 
0.050 
0.051 
0.045 
0.046 
0.050 

mumm—r-wwv- 

MNMMM—hl—fly—‘MHH—fii—h 

MaowmwmmAmMF-om 

N La 

24 
25 
26 
27 
23 
29 
30 
31 

'TflBLE ‘2'



29-340 
07-500 
25-Sep 
17-Sep 
29-Aug 
31nAug 
07-001 
22-6ug 
24~Sep 
28-Sep 
04—0ct 
27-5ep 
30-880 
20-609 
27-609 
03-5ep 
25~Aug 
10-Oct 
04-3ep 
26-609 
15-820 
14-806 
21-609 
23-Aug 
08-821: 

19-809 
09-Oct 
16-Sep 
02-Sep 
24-689 
18-Aug 
30-609 
08-830 
13-8ep 
12-Sep 

Giant Yellowknife Mines Limited Engineering Dept. 

29.16 
27.46 
12.90 
20.85 
32.88 
29.16 
36.09 
34.19 
24.69 
34.74 
18.83 
31.57 
31.58 
25.60 
24.68 
36.26 
30.87 
29.65 
31.78 
31.37 
19.59 
27.93 
21.30 
24.80 
22.02 
17.12 
18.80 
27.21 
25.20 
26.90 
25.54 
33.04 
24.06 
22.50 
20.20 

5482.5 
6205.0 
6951.0 
5414.6 
5005.0 
8030.0 
8854.5 
8090.0 
6027.3 
5519.0 
8871.4 
6183.0 
7302.1 
9285.3 
4302.3 
6376.0 
3930.7 
6191.0 
7854.9 
3215.4 
5816.7 
7384.5 
9642.1 
8383.0 
8439.0 
5528.8 
10493.0 
5515.0 
7678.0 
8250.0 
7571.0 
7883.8 
6941.0 
7524.7 
6393.2 

33.10 
36.83 
38.77 
33.83 
38.67 
41.09 
41.36 
38.02 
35.61 
34.68 
39.59 
38.04 
41.39 
39.80 
37.18 
38.00 
39.66 
38.33 
37.83 
39.03 
37.05 
37.48 
40.22 
38.62 
40.24 
34.44 
39.44 
35.40 
40.36 
40.66 
37.11 
39.39 
38.63 
34.17 
36.76 

0.068 
0.065 
0.055 
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 
0.078 
0.076 
0.080 
0.079 
0.067 
0.076 
0.070 
0.074 
0.073 
0.069 
0.070 
0.079 
0.077 
0.079 
0.080 
0.090 
0.083 
0.083 
0.082 

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 
2332 
2473 
2585 
2847 
2513 
2270 
2887 
2804 

11.32 
10.57 
11.03 
10.91 
10.30 
10.50 
11.02 
10.22 
10.99 
11.24 
11.10 
11.04 
11.21 
10.29 
10.31 
11.02 
10.36 
10.93 
10.95 
10.38 
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 
0.048 
0.049 
0.049 
0.050 
0.050 
0.050 
0.051 
0.051 
0.052 
0.052 
0.053 
0.053 
0.054 
0.054 
0.054 
0.054 
0.054 
0.055 
0.055 
0.056 
0.057 
0.057 
0.057 
0.058 
0.058 
0.058 
0.059 
0.060 
0.063 
0.064 
0.065 

0.047 
0.047 
0.041 
0.044 
0.051 
0.050 
0.054 
0.054 
0.046 
0.052 
0.046 
0.052 
0.052 
0.052 
0.050 
0.058 
0.056 
0.053 
0.055 
0.056 
0.047 
0.053 
0.052 
0.054 
0.052 
0.051 
0.050 
0.056 
0.054 
0.057 
0.057 
0.062 
0.058 
0.057 
0.057 

32 
33 
34 
35 
36 
37 
‘Ju 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65
66
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Date 

19-Sep 
20-5ep 

.13-0ct 
23-3ep 
15-0ct 
22~5ep 
06-Det 
14-0ct 
13-5ep 
16-Aug 
21-3ep 
02~0ct 
15-Aug 
12-Oct 
06-3ep 
01-3ep 
16—0e1 
01-0e1 
19-Oct 
26-Sep 
17~0et 
03-Oct 
05—0ct 
13-0tt 
11-Sep 
05-3ep 
09-Sep 
17-Aug 

.11—0ct 
23~Aug 
10-3ep 
29-3ep 

Giant Yelldwknife Mines Limited Engineering Dept. 

1933 733 DFEEATINE DATA 
AUG 15 - DDT 15 

JUL 25, A33 4 DELETED 

IRDEP VAR (X): 
DEP VAR (Y): 

HEAD GRADE 
TAILS GRADE 

STD EDNELUSIDH: VARIABILITY IN TAILS ERADE IS APPRDX 642 
ACCDUHTED FDR BY VARIATIDN IN HEAD GRADE 

Regression Dutput: 
Cnnstant 0.007605 
Std Err df Y Est 0.004025 
3 Squared 0.640705 
He. 01 Dhservatidns 66 
Degrees of Freedom 64 

X Eoeffitient1s) 0.603925 
Std Err of Beef. 0.056531 

Bold Ext Feed TonsFeed 2301 Head Dz 

25.22 5122.0 23.63 0.050 
40.63 3246.7 30.54 0.062 
27.73 10192.2 42.31 0.052 
33.76 4309.1 32.35 0.064 
19.23 3304.4 33.66 0.043 
34.95 5495.7 35.90 0.062 
32.41 10336.6 42.33 0.060 
26.59 3763.5 33.79 0.054 
27.16 6691.0 31.41 0.057 
37.74 9159.0 33.27 0.063 
31.24 3326.2 36.44 0.061 
26.95 4124.5 35.62 0.059 
37.10 6312.3 35.77 0.063 
21.72 3577.9 39.43 0.056 
23.93 6536.9 39.33 0.063 
33.32 7030.0 39.24 0.073 
34.73 9456.3 41.79 0.063 
27.54 4730.1 39.43 0.063 
25.37 1056.4 34.59 0.061 
31.34 6243.0 37.72 0.067 
26.45 3314.4 39.16 0.063 
40.15 6230.3 34.43 0.077 
25.43 7930.0 44.66 0.062 
25.31 6634.1 34.97 0.062 
34.35 6035.2 33.93 0.072 
31.04 5365.2 36.92 0.067 
32.57 3035.0 37.62 0.069 
34.30 3636.1 37.49 0.072 
22.14 10040.7 40.95 0.061 
24.35 4303.9 36.36 0.064 
32.39 7079.1 35.63 0.071 
29.16 5432.5 33.10 0.063 

USBPM 

2919 
2513 
3014 
2054 
2772 
2013 
2956 
3039 
2966 
3033 
1622 
2517 
2430 
2331 
2049 
2413 
2733 
1331 
2131 
2557 
2671 
2633 
2449 
2471 
2749 
2327 
2722 
2939 
3033 
1524 
2733 
2353 

pH Tails Dz Est Tailsflbservation 

11.16 0.037 0.030 1 

11.33 0.037 0.045 2 
9.66 0.038 0.039 3 
11.07 0.039 0.046 4 
11.21 0.039 0.037 5 
11.17 0.040 0.045 6 
11.15 0.040 0.044 7 

11.16 0.040 0.040 8 
10.97 0.041 0.042 9 
11.00 0.042 0.049 10 
11.50 0.042 0.044 11 

11.15 0.043 0.043 12 
10.40 0.043 0.049 13 
10.59 0.044 0.041 14 
10.71 0.045 0.046 15 
10.52 0.045 0.052 16 
10.29 0.045 0.049 17 
11.44 0.046 0.046 18 
10.25 0.046 0.044 19 
11.14 0.046 0.048 20 
10.32 0.046 0.046 21 
11.02 0.046 0.054 22 
11.29 0.046 0.045 23 
10.97 0.046 0.045 24 
10.59 0.047 0.051 25 
11.26 0.047 0.046 2 
10.60 0.047 0.049 27 
10.70 0.047 0.051 20 
11.11 0.047 0.044 29 
10.30 0.048 0.046 30 
10.67 0.043 0.050 31 
11.32 0.048 0.049 32 
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07—Sep 
.25-820 

17—588 
29-000 
31-609 
07~0c1 
22-Aug 
24‘380 
28-5ep 
04-0121 

27’588 
30—300 
20-Aug 
27-800 
03-8ep 
25-809 
10—Oct 
04-500 
26-809 
15-Sep 
14-Sep 
21-409 
23-Aug 
08-8121 
19-Aug 
09-Oct 
6—890 

02-8ep 
24-609 
18-009 
30-009 
08-520 
13—588 
12-590 

81501 Yellnwknife Hines Limited Engineering Dept. 

22.46 
12.90 
20.85 
32.88 
29.16 
36.09 
34.19 
24.69 
34.74 
18.83 
31.57 
31.58 
25.60 
24.68 
36.26 
30.87 
29.65 
31.78 
31.37 
19.59 
27.93 
21.30 
24.80 
22.02 
17.12 
18.80 
27.21 
25.20 
26.90 
25.54 
33.04 
24.06 
22.50 
20.20 

6205.0 
6951.0 
5414.6 
5005.0 
8030.0 
8854.5 
8090.0 
6027.3 
5519.0 
8871.4 
6183.0 
7302.1 
9285.3 
4302.3 
6376.0 

7854.9 
3215.4 
5816.7 
7384.5 
9642.1 
8383.0 
8439.0 
5528.8 
10493.0 
5515.0 
7678.0 
8250.0 
7571.0 
7883.8 
6941.0 
7524.7 
6393.2 

lid 

10 

DJ 

DJ 

45- 

A 

to 

L0 

to 

DJ 

LO 

--5- 

U! 

CD 

I-‘- 

4—" 

CD 

DJ 

m 

Cl" 

- 

n

. 

u 

.. 

-

_ 

.-
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U
I 
0'! 

f.“ 

D 

121.1 

Cv 

m 
m

N 

m 

1.13 

a: 

r---- 

I’Q 

0‘! 

Hill 

N 

to 

‘4 

DJ 

35.40 
40.36 
40.66 
37.11 
39.39 
38.63 
34.17 
36.76 

0.065 
0.055 
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 
0.078 
0.076 
0.080 
0.079 
0.067 
0.076 
0.070 
0.074 
0.073 
0.069 
0.070 
0.079 
0.077 
0.079 
0.080 
0.090 
0.083 
0.083 
0.082 

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 
2332 
2473 
2585 
2847 
2513 
2270 
2887 
2804 

10.57 
11.03 
10.91 
10.30 
10.50 
11.02 
10.22 
10.99 
11.24 
11.10 
11.04 
11.21 
10.29 
10.31 
11.02 
10.36 
10.93 
10.95 
10.38 
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 
0.050 
0.050 
0.050 
0.051 
0.051 
0.052 
0.052 
0.053 
0.053 
0.054 
0.054 
0.054 
0.054 
0.054 
0.055 
0.055 
0.056 
0.057 
0.057 
0.057 
0.058 
0.058 
0.058 
0.059 
0.060 
0.063 
0.064 
0.065 

0.047 
0.041 
0.044 
0.051 
0.049 
0.054 
0.053 
0.047 
0.054 
0.046 
0.052 
0.053 
0.050 
0.050 
0.058 
0.055 
0.054 
0.056 
0.055 
0.048 
0.054 
0.050 
0.052 
0.052 
0.049 
0.050 
0.055 
0.054 
0.055 
0.056 
0.062 
0.058 
0.058 
0.057 

‘1 
3.: 

34 
‘2‘u 
36 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65
66
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1988 TRP OPERATINO DATA . 688 15 - OCT 15 
JUL 25, AUG 4 DELETED 

INDEP VAR (x1: nansm, 911, mm, TONNAEE 
DEP VAR m: TAILS GRADE 

5m mnnusmn: X'ARIABILITY IH TAILS GRADE {314m 
EXPLAINED BY VARIATION IN 
DENSITY, pH, FLOH, AND TONNAEE. 

Regressiun Output: 
Constant 0.087850 
Std Err at Y Est 0.006304 
R Squared 0.160103 
80. of Observations 66 
Degrees of Freedom 61 

X Cnefficient£51 -0.00000 0.000433 0.000001 -0.00522 2.720645 
Std Err of Coef. 0.000000 0.000390 0.000003 0.001759 1.691115 

Date Bold Ext Head 02 Feed TonsFeed ZSol USEPH pH Tails Oz Est Rec Observation 

19-Sep 25.22 0.050 5122.0 28.68 2919 11.16 0.037 0.04 1 

20-Sep 40.63 0.062 3246.7 30.54 2513 11.38 0.037 0.04 2 
13-Oct 27.73 0.052 10192.2 42.81 3014 9.68 0.038 0.06 3 
23-Sep 38.76 0.064 4809.1 32.35 2054 11.07 0.039 0.05 4 
15-Oct 19.28 0.048 8304.4 38.66 2772 11.21 0.039 0.05 5 
22-3ep 34.95 0.062 5495.7 35.90 2013 11.17 0.040 0.05 6 
06-Oct 32.41 0.060 10386.6 42.83 2956 11.15 0.040 0.05 7 
14-Oct 26.59 0.054 8763.5 38.79 3039 11.16 0.040 0.05 8 
18-Sep 27.16 0.057 6691.0 31.41 2966 10.97 0.041 0.05 9 
16-Aug 37.74 0.068 9159.0 38.27 3033 11.00 0.042 0.05 10 
21-5ep 31.24 0.061 3826.2 36.44 1622 11.50 0.042 0.04 11 

02-Oct 26.95 0.059 4124.5 35.62 2517 11.15 0.043 0.05 12 
15-Aug 37.10 0.068 6312.3 35.77 2480 10.40 0.043 0.05 13 
12-Oct 21.72 0.056 8577.9 39.48 2881 10.59 0.044 0.05 14 
06-3ep 28.93 0.063 6536.9 39.88 2049 10.71 0.045 0.05 15 
01-6ep 38.32 0.073 7080.0 39.24 2418 10.52 0.045 0.05 16 
16-Ott 34.78 0.068 9456.8 41.79 2783 10.29 0.045 0.05 17 
01-Oct 27.54 0.063 4730.1 39.48 1831 11.44 0.046 0.05 18 
19-Oct 25.87 0.061 1056.4 34.59 2181 10.25 0.046 0.05 19 
26-8ep 31.34 0.067 6248.0 37.72 2557 11.14 0.046 0.05 20 
17-Oct 26.45 0.063 8314.4 39.16 2671 10.32 0.046 0.05 21 
03-Oct 40.15 0.077 6230.3 34.48 2638 11.02 0.046 0.05 22 
05-Oct 25.48 0.062 7980.0 44.66 2449 11.29 0.046 0.05 23 
18-Oct 25.81 0.062 6634.1 34.97 2471 10.97 0.046 0.05 24 
11-5ep 34.35 0.072 6035.2 33.93 2749 10.59 0.047 0.05 25 
05-890 31.04 0.067 5865.2 36.92 2327 11.26 0.047 0.05 26 

.09-8ep 32.57 0.069 8035.0 37.62 2722 10.60 0.047 0.05 27 
17-Aug 34.30 0.072 8636.1 37.49 2939 10.70 0.047 0.05 28 
11-Oct 22.14 0.061 10040.7 40.95 3038 11.11 0.047 0.05 29 
28-Aug 24.35 0.064 4303.9 36.36 1524 10.30 0.048 0.05 30 

Giant Yellowknife flines Limited Engineering Dept.



10-Sep 
29-Sep 
07-580 

5 
25-Sep 

1 

17-Sep 
5 29-009 

31-000 
07-Oct 
22-Aug 
24-Sep 
28-890 
04~8ct 
27-Sep 

% 30-Sep 
20-Aug 
27-009 

3 

03-3ep 

1 

25-009 
10~8ct 
04-Sep 
26-009 
15-5ep 
14-8ep 
21-Aug 
23-Aug 
08-8ct 
19-Aug 
09-Oct 
16-Sep 
02~5ep 
24-Aug 
18-Aug 
30-Aug 
08-8ep 
13-Sep 
12~Sep

~ 
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32.89 
29.18 
27.46 
12.90 
20.85 
32.88 
29.16 
36.09 
34.19 
24.69 
34.74 
18.83 
31.57 
31.58 
25.60 
24.68 
38.26 
30.87 
29.65 
31.78 
31.37 
19.59 
27.93 
21.30 
24.80 
22.02 
17.12 
18.80 
27.21 
25.20 
26.90 
25.54 
33.04 
24.06 
22.50 
20.20 

0.071 
0.088 
0.065 
0.055 
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 
0.078 
0.076 
0.080 
0.079 
0.067 
0.076 
0.070 
0.074 
0.073 
0.069 
0.070 
0.079 
0.077 
0.079 
0.080 
0.090 
0.083 
0.083 
0.082 

7079.1 
5482.5 
8205.0 
8951.0 
5414.6 
5005.0 
8030.0 
8854.5 
8090.0 
6027.3 
5519.0 
8871.4 
6183.0 
7302.1 
9285.3 
4302.3 
8378.0 
3930.7 
6191.0 
7854.9 
3215.4 
5818.7 
7384.5 
9642.1 
8383.0 
8439.0 
5528.8 
10493.0 
5515.0 
7878.0 
8250.0 
7571.0 
7883.8 
8941.0 
7524.7 
6393.2 

35.63 
33.10 
36.83 
38.77 
33.83 
38.67 
41.09 
41.36 
38.02 
35.61 
34.68 
39.59 
38.04 
41.39 
39.80 
37.18 
38.00 
39.66 
38.33 
37.83 
39.03 
37.05 
37.48 
40.22 
38.62 
40.24 
34.44 
39.44 
35.40 
40.36 
40.66 
37.11 
39.39 
38.63 
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 
2332 
2473 
2585 
2847 
2513 
2270 
2887 
2804 

10.67 
11.32 
10.57 
11.03 
10.91 
10.30 
10.50 
11.02 
10.22 
10.99 
11.24 
11.10 
11.04 
11.21 
10.29 
10.31 
11.02 
10.36 
10.93 
10.95 
10.38 
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 
10.87 
10.67 

0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.049 
0.049 
0.050 
0.050 
0.050 
0.051 
0.051 
0.052 
0.052 
0.053 
0.053 
0.054 
0.054 
0.054 
0.054 
0.054 
0.055 
0.055 
0.056 
0.057 
0.057 
0.057 
0.058 
0.058 
0.058 
0.059 
0.060 
0.063 
0.064 
0.065 

0.05 
0.04 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05
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1988 TRP OPERATING DATA 
AUG 15 - 881 15 

JUL 25, AUG 4 DELETED 

INDEP VAR (X): 98 
DEF VAR (Y): TAILS GRADE 

STD CONCLUSION: VARIADILITY IN TAILS BRADE IS NUT 
EXPLAINED BY VARIATION IN pH. 

Regression Output: 
Eonstant 0.108590 
Std Err of Y Est 0.006230 
R Squared 0.139547 
No. of Observatians 66 
Degrees of Freedom 64 

X Coefficientts) -0.00553 
Std Err of Beef. 0.001716 

Date 8018 Ext Head 8: Feed TonsFeed 2801 USGPH pH Tails 02 Est Tailsflbservation 

19-Sep 25.22 0.050 5122.0 28.68 2919 11.16 0.037 0.05 1 

20-Sep 40.63 0.062 3246.7 30.54 2513 11.38 0.037 0.05 2 
13-Oct 27.73 0.052 10192.2 42.81 3014 9.68 0.038 0.06 3 
23-Sep 38.76 0.064 4809.1 32.35 2054 11.07 0.039 0.05 4 

15-Oct 19.28 0.048 8304.4 38.66 2772 11.21 0.039 0.05 5 
22-8ep 34.95 0.062 5495.7 35.90 2013 11.17 0.040 0.05 6 

06~Dtt 32.41 0.060 10386.6 42.83 2956 11.15 0.040 0.05 7 

14-Oct 26.59 0.054 8763.5 38.79 3039 11.16 0.040 0.05 8 

18-Sep 27.16 0.057 6691.0 31.41 2966 10.97 0.041 0.05 9 
16~Aug 37.74 0.068 9159.0 38.27 3033 11.00 0.042 0.05 10 

21—8ep 31.24 0.061 3826.2 36.44 1622 11.50 0.042 0.04 11 

02-Oct 26.95 0.059 4124.5 35.62 2517 11.15 0.043 0.05 12 

15-409 37.10 0.068 6312.3 35.77 2480 10.40 0.043 0.05 13 
12-Oct 21.72 0.056 8577.9 39.48 2881 10.59 0.044 0.05 14 
06-Sep 28.93 0.063 6536.9 39.88 2049 10.71 0.045 0.05 15 
01~3ep 38.32 0.073 7080.0 39.24 2418 10.52 0.045 0.05 16 
16*8ct 34.78 0.068 9456.8 41.79 2783 10.29 0.045 0.05 17 

01-Oct 27.54 0.063 4730.1 39.48 1831 11.44 0.046 0.05 18 

19-Oct 25.87 0.061 1056.4 34.59 2181 10.25 0.046 0.05 19 

26-89p 31.34 0.067 6248.0 37.72 2557 11.14 0.046 0.05 20 
17—Oct 26.45 0.063 8314.4 39.16 2671 10.32 0.046 0.05 21 
03-Oct 40.15 0.077 6230.3 34.48 2638 11.02 0.046 0.05 22 
05—Oct 25.48 0.062 7980.0 44.66 2449 11.29 0.046 0.05 23 
13-Oct 25.81 0.062 6634.1 34.97 2471 10.97 0.046 0.05 24 
Il-Sep 34.35 0.072 6035.2 33.93 2749 10.59 0.047 0.05 25 
05-3ep 31.04 0.067 5865.2 36.92 2327 11.26 0.047 0.05 26 
09-6ep 32.57 0.069 8035.0 37.62 2722 10.60 0.047 0.05 27 

.17-0119 34.30 0. 072 8636.1 37. 49 2939 10.70 0.047 0.05 28 
11-8Et 22.14 0.061 10040.7 40.95 3038 11.11 0.047 0.05 29 
28*Aug 24.35 0.064 4303.9 36.36 1524 10.30 0.048 0.05 30 
10-6ep 32.89 0.071 7079.1 35.63 2733 10.67 0.048 0.05 31 

Giant Yellowknife Nines Limited Enginaering Dept. T146146 5



29.16 
27.46 
12.90 
20.85 
32.88 
29.16 
36.09 
34.19 
24.69 
34.74 
18.83 
31.57 
31.58 
25.60 
24.68 
36.26 
30.87 
29.65 
31.78 
31.37 
19.59 
27.93 
21.30 
24.80 
22.02 
17.12 
18.80 
27.21 
25.20 
26.90 
25.54 
33.04 
24.06 
22.50 
20.20 

0.068 
0.065 
0.055 
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 
0.078 
0.076 
0.080 
0.079 
0.067 
0.076 
0.070 
0.074 
0.073 
0.069 
0.070 
0.079 
0.077 
0.079 
0.080 
0.090 
0.083 
0.083 
0.082 

5482.5 
6205.0 
6951.0 
5414.6 
5005.0 
8030.0 
8854.5 
8090.0 
6027.3 
5519.0 
8871.4 
6183.0 
7302.1 
9285.3 
4302.3 
6376.0 
3930.7 
6191.0 
7854.9 
3215.4 
5816.7 
7384.5 
9642.1 
8383.0 
8439.0 
5528.8 
10493.0 
5515.0 
7678.0 
8250.0 
7571.0 
7883.8 
6941.0 
7524.7 
6393.2 

33.10 2353 
36.83 2161 
38.77 2492 
33.83 2487 
38.67 1635 
41.09 2413 
41.36 2643 
33.02 2703 
35.61 2268 
34.68 2433 
39.59 2869 
33.04 2392 
41.39 2430 
39.80 3047 
37.13 1430 
33.00 2596 
39.66 2241 
33.33 2274 
37.83 2663 
39.03 2042 
37.05 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 
40.66 2585 
37.11 2847 
39.39 2513 
38.63 2270 
34.17 2887 
36.76 2804 

KN? 
1/ $143 

81331 Yellowknife Mines Limited Engineering 0901. 

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 0.049 
10.22 0.050 
10.99 0.050 
11.24 0.050 
11.10 0.051 
11.04 0.051 
11.21 0.052 
10.29 0.052 
10.31 0.053 
11.02 0.053 
10.36 0.054 
10.93 0.054 
10.95 0.054 
10.38 0.054 
10.94 0.054 
10.70 0.055 
10.24 0.055 
10.02 0.056 
11.09 0.057 
9.53 0.057 
11.10 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 

W” 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.06 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

32 
33 
34 
35 
‘5 
«.7 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65
66
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DATE 

July 23 
A88 19 
Aug 9 
Aug 21 
A08 12 
Aug 6 
Aug 11 

,Sept 25 
Aug 10 
July 10 
JUL 29 
July 18 
Aug 15 
JUL 22 
Aug 18 
Aug 8 
Aug 16 
July 12 
Aug 7 
July 21 
Sept 12 
Aug 13 
Aug 20 
8:1 4 
Sept 15 

July 11 

July 19 
JUL 8 

A08 5 
Aug 28 
Aug 17 
Sept 17 
Aug 2 
Sept 13 
Aug 1 

Aug 27 
Aug 23 
Sept 8 
Aug 4 
SEP 2 
Sept 7 
Sept 5 
Sept 6 
Aug 31 
Aug 24 
Aug 25 
Sept 24 
Aug 3 

Sept 19 

TRP TDNNAEE/REEUUERY REERESSIDN 

EDNCLUSIDH: RECBVERY INCREASES 81TH DEEREASED TDNNAEE 

HEADS 

0.058 
0.072 
0.065 
0.072 
0.063 
0.091 
0.069 
0.057 
0.066 
0.075 
0.054 
0.066 
0.071 
0.059 
0.082 
0.080 
0.070 
0.059 
0.095 
0.066 
0.084 
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 
0.061 
0.074 
0.077 
0.086 
0.091 
0.080 
0.069 
0.070 
0.065 
0.071 
0.082 
0.080 
0.069 
0.065 
0.053 

TAILS RECDVERY TONS/DAY 

0.051 
0.064 
0.057 
0.063 
0.055 
0.079 
0.060 
0.049 
0.056 
0.062 
0.045 
0.054 
0.058 
0.049 
0.068 
0.066 
0.058 
0.049 
0.078 
0.053 
0.068 
0.052 
0.058 
0.053 
0.056 
0.061 
0.048 
0.060 
0.082 
0.053 
0.058 
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 
0.061 
0.060 
0.051 
0.048 
0.039 

11.52 
11.52 
11.68 
12.64 
12.90 
13.03 
13.10 
14.22 
14.55 
16.78 
17.21 
17.47 
17.53 
17.63 
17.74 
17.93 
17.96 
18.01 
13.45 
18.99 
19.09 
19.22 
19.59 
19.64 
19.77 
19.88 
20.03 
20.33 
20.54 
20.74 
21.01 
21.52 
21.53 
21.86 
22.36 
22.56 
23.09 
23.32 
23.37 
24.30 
24.47 
24.55 
24.80 
24.89 
24.96 
25.64 
25.32 
26.20 
26.77 

5760.9 
5523.3 
7743.1 
9642.1 
3261.5 
5132.2 
8087.1 
6951.0 
6842.0 
7412.7 
6353.7 
11313.8 
6312.3 
6925.1 
7571.0 
5901.0 
9159.0 
3393.1 
5587.1 
8553.9 
6393.2 
7971.2 
9235.3 
3371.4 
5816.7 
6427.5 
10025.3 
9482.0 
6238.9 
4303.9 
8636.1 
5414.6 
8407.5 
7524.7 
3929.0 
4302.3 
3333.0 
6941.0 
5555.9 
7678.0 
6205.0 
5865.2 
6536.9 
8030.0 
3250.0 
3930.7 
6027.3 
6190.2 
5122.0 

DENSITY 

41.70 
34.44 
37.53 
40.22 
36.33 
28.63 
35.10 
38.77 
32.93 
39.54 
38.56 
42.10 
35.77 
33.78 
37.11 
26.57 
38.27 
39.72 
27.47 
42.07 
36.76 
35.38 
39.30 
39.59 
37.05 
38.15 
42.72 
40.69 
30.47 
36.36 
37.49 
33.33 
38.37 
34.17 
39.63 
37.18 
38.62 
38.63 
31.33 
40.36 
36.83 
36.92 
39.38 
41.09 
40.66 
39.66 
35.61 
33.65 
23.68 

ORDER RES 7335 TPDI100 REE/100 

magma-awn:— 

7558.87 
7543.81 
7528.75 
7513.69 
7493.63 
7433.57 
7463.51 
7453.45 
7438.39 
7423.33 
7408.27 
7393.21 
7378.15 
7363.09 
7348.03 
7332.97 
7317.91 
7302.85 
7287.79 
7272.73 
7257.67 
7242.61 
7227.55 
7212.49 
7197.43 
7182.37 
7167.31 
7152.25 
7137.20 
7122.14 
7107.03 
7092.02 
7076.96 
7061.90 
7046.34 
7031.78 
7016.72 
7001.66 
6936.60 
6971.54 
6956.48 
6941.42 
6926.36 
6911.30 
6896.24 
6331.13 
6866.12 
6851.06 
6336.00 

57.6 
55.3 
77.4 
96.4 
32.6 
51.3 
30.9 
69.5 
63.4 
74.1 
63.5 
113.1 
63.1 
69.3 
75.7 
59.0 
91.6 
33.9 
55.9 
85.6 
63.9 
79.7 
92.9 
88.7 
58.2 
64.3 
100.3 
94.8 
62.9 
43.0 
36.4 
54.1 
34.1 
75.2 
89.3 
43.0 
83.8 
69.4 
55.6 
76.8 
62.1 
53.7 
65.4 
80.3 
32.5 
39.3 
60.3 
61.9 
51.2 

75.6 
75.4 
75.3 
75.1 
75.0 
74.8 
74.7 
74.5 
74.4 
74.2 
74.1 
73.9 
73.3 
73.6 
73.5 
73.3 
73.2 
73.0 
72.9 
72.7 
72.6 
72.4 
72.3 
72.1 
72.0 
71.8 
71.7 
71.5 
71.4 
71.2 
71.1 
70.9 
70.8 
70.6 
70.5 
70.3 
70.2 
70.0 
69.9 
69.7 
69.6 
69.4 
69.3 
69.1 
69.0 
63.8 
68.7 
68.5 
63.4



Sept 25 
Sept 26 
Sept 27 
Sept 28 
Sept 29 
Sept 30 
Oct 1 

Oct 2 
0st 3 
Bet 4 

0.057 0.049 14.22 6951.0 
0.070 0.047 31.98 6248.0 
0.077 0.052 32.55 6183.0 
0.079 0.051 35.59 5519.0 
0.071 0.050 30.03 5482.5 
0.078 0.053 31.79 7302.1 
0.066 0.047 28.38 4730.1 
0.061 0.044 28.72 4124.5 
0.080 0.047 40.88 6230.3 
0.066 0.053 19.64 8871.4 

HEAD GRADE REGRESSION 
Regression flutput: 

Constant 0.077351 
Std Err ef Y Est 0.009352 
8 Squared 0.051890 
No. of Observations 64 
Degrees of Freedom 62 

X Coefficientts) ~0.00011 
Std Err 0f Beef. 0.000063 

38.77 
37.72 
38.04 
34.68 
33.10 
41.39 
39.48 
35.62 
34.48 
39.59 

55 0.071 0.049 
56 0.071 0.049 
57 0.071 0.049 
58 0.071 0.049 
59 0.070 0.048 
60 0.070 0.048 
61 0.070 0.048 
62 0.070 0.048 
63 0.070 0.047 
64 0.070 0.047 

TAILS GRADE REGRESSIDN 
Regression flutput: 

Constant 0.063647 
Std Err of Y Est 0.007444 
R Squared 0.300254 
No. of Observations 64 
Degrees of Freedom 62 

X Coefficientis) -0.00025 
Std Err of Coef. 0.000050



DATE 

Aug 1 

Aug 2 
Aug 3 
Aug 5 

Aug 6 

Aug 7 
Aug 6 
Aug 9 
Aug 10 
Aug 1 1 

Aug 12 
Aug 1 

Aug 1 

Aug 1 

Aug 1

3
4
5
6 

Aug 17 
Aug 16 
Aug 19 
Aug 20 
Aug 2 1 

Aug 22 
Aug 23 
Aug 24 
Aug 25 
Aug 26 
Aug 27 
Aug 26 
Aug 2 

Aug 3 
Aug 3 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept

9
0 

1

1

2
3
4 
5
6
7

8 
Sept 9 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 

10 
11 

12 
13 
14 
15 

16 
17 

HEADS 

0.061 
0,066 
0.065 
0.103 
0.091 
0.095 
0.060 
0.065 
0.066 
0.069 
0.063 
0.064 
0.062 
0.071 
0.070 
0.074 
0.062 
0.072 
0.072 
0.072 
0.078 
0.077 
0.062 
0.060 
0.061 
0.074 
0.067 
0.074 
0.092 
0.071 
0.076 
0.060 
0.067 
0.063 
0.070 
0.065 
0.069 
0.066 
0.072 
0.074 
0.075 
0.064 
0.066 
0.079 
0.070 
0.062 
0.064 
0.060 
0.053 
0.066 
0.063 
0.065 
0.066 
0.069 

TAILS 

0.047 
0.052 
0.046 
0.062 
0.079 
0.076 
0.066 
0.057 
0.056 
0.060 
0.055 
0.052 
0.056 
0.056 
0.056 
0.056 
0.066 
0.064 
0.056 
0.063 
0.056 
0.059 
0.061 
0.060 
0.057 
0.057 
0.053 
0.054 
0.064 
0.054 
0.046 
0.061 
0.056 
0.057 
0.053 
0.049 
0.052 
0.066 
0.046 
0.050 
0.050 
0.066 
0.067 
0.057 
0.056 
0.060 
0.050 
0.043 
0.039 
0.039 
0.044 
0.042 
0.042 
0.051 

6E6 

22.36 
21.53 
26.20 
20.54 
13.03 
16.45 
17.93 
11.66 
14.55 
13.10 
12.90 
19.22 
29.59 
17.53 
17.96 
21.01 
17.74 
11.52 
19.59 
12.64 
26.05 
23.09 
24.96 
25.64 
30.46 
22.56 
20.74 
27.96 
30.35 
24.69 
36.50 
24.30 
35.27 
30.66 
24.55 
24.60 
24.47 
23.32 
32.44 
32.64 
33.73 
19.09 
21.66 
27.97 
19.77 
26.67 
21.52 
27.94 
26.77 
41.19 
30.65 
35.00 
37.50 
25.62 

TDNS 

6929.0 
6407.5 
6190.2 
6266.9 
5132.2 
5567.1 
5901.0 
7743.1 
6642.0 
6067.1 
6261.5 
7971.2 
6599.6 
6312.3 
9159.0 
6636.1 
7571.0 
5526.6 
9265.3 
9642.1 
6090.0 
6363.0 
6250.0 
3930.7 
3215.4 
4302.3 
4303.9 
5005.0 
7663.6 
6030.0 
7060.0 
7676.0 
6376.0 
7654.9 
5665.2 
6536.9 
6205.0 
6941.0 
6035.0 
7079.1 
6035.2 
6393.2 
7524.7 
7364.5 
5616.7 
5515.0 
5414.6 
6691.0 
5122.0 
3246.7 
3626.2 
5495.7 
4609.1 
6027.3 

DENS 

39.63 
36.67 
33.65 
30.47 
26.66 
27.47 
26.57 
37.53 
32.93 
35.10 
36.33 
35.36 
36.51 
35.77 
38.27 
37.49 
37.11 
34.44 
39.80 
40.22 
38.02 
36.62 
40.66 
39.66 
39.03 
37.16 
36.36 
36.67 
39.39 
41.09 
39.24 
40.36 
36.00 
37.63 
36.92 
39.66 
36.63 
36.63 
37.62 
35.63 
33.93 
36.76 
34.17 
37.46 
37.05 
35.40 
33.63 
31.41 
26.66 
30.54 
36.44 
35.90 
32.35 
35.61 

mNU‘Lfl-fi-MM— 

u—ny—mu—su—n—uu—hu—sI—bn—n 

GNU‘ILfl-RDJN—‘Gufi 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
'3d 
39 
39 
4o 
41 
42 
43 
44 
45 
46 
47 
46 
49 
so 
51 
52 
53 
54 

RES HEAD RES 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 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.075 
0.074 
0.074 
0.074 
0.074 
0.074 
0.074 
0.074 
0.074 
0.074 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.072 
0.072 
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 
0.061 
0.061 
0.061 
0.060 
0.060 
0.060 
0.059 
0.059 
0.059 
0.059 
0.056 
0.058 
0.056 
0.056 
0.057 
0.057 
0.057 
0.057 
0.056 
0.056 
0.056 
0.056 
0.055 
0.055 
0.055 
0.055 
0.054 
0.054 
0.054 
0.054 
0.053 
0.053 
0.053 
0.052 
0.052 
0.052 
0.052 
0.051 
0.051 
0.051 
0.051 
0.050 
0.050 
0.050 
0.050



DATE 

July 28 
Aug 19 
Aug 9 
Aug 21 
Aug 12 
Aug 6 
Aug 11 

Sept 25 
Aug 10 

July 10 
July 29 
July 18 
Aug 15 
July 22 
Aug 18 
Aug 8 
Aug 16 

July 12 
Aug 7 

July 21 
Sept 12 
Aug 13 
Aug 20 
8:1 4 
Sept 15 
July 11 

July 19 

July 8 
Aug 5 
Aug 28 
Aug 17 
Sept 17 
Aug 2 
Sept 13 
Aug 1 

Aug 27 
Aug 23 
Sept 8 
Aug 4 
Sept 2 
Sept 7 
Sept 5 
Sept 6 

Aug 31 
Aug 24 
Aug 25 
Sept 24 
Aug 3 

REESESSIDN ANALYSIS T8 DETERMINE TUNNAEE 
TRP TUNNAEE/RECDVERY REGRESSIDN 

BASED ON RECOVERY 

EDNELUSIDN: DENSITY DDES NDT AFFEET REDUVERY 

HEADS 

0.058 
0.072 
0.065 
0.072 
0.063 
0.091 
0.069 
0.057 
0.066 
0.075 
0.054 
0.066 
0.071 
0.059 
0.082 
0.080 
0.070 
0.059 
0.095 
0.066 
0.084 
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 
0.061 
0.074 
0.077 
0.086 
0.091 
0.080 
0.069 
0.070 
0.065 
0.071 
0.082 
0.080 
0.069 
0.065 

TAILS 

0.051 
0.064 
0.057 
0.063 
0.055 
0.079 
0.060 
0.049 
0.056 
0.062 
0.045 
0.054 
0.058 
0.049 
0.068 
0.066 
0.058 
0.049 
0.078 
0.053 
0.068 
0.052 
0.058 
0.053 
0.056 
0.061 
0.048 
0.060 
0.082 
0.053 
0.058 
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 
0.061 
0.060 
0.051 
0.048 

RECOVERY 

11.52 
11.52 
11.68 
12.64 
12.90 
13.03 
13.10 
14.22 
14.55 
16.78 
17.21 
17.47 
17.53 
17.63 
17.74 
17.93 
17.96 
18.01 
18.45 
18.99 
19.09 
19.22 
19.59 
19.64 
19.77 
19.88 
20.03 
20.38 
20.54 
20.74 
21.01 
21.52 
21.53 
21.86 
22.36 
22.56 
28.09 
23.3 
23.37 
24.30 
24.47 
24.55 
24.80 
24.89 
24.96 
25.64 
25.82 
26.20 

T8NS 

5760.9 
5528.8 
7743.1 
9642.1 
8261.5 
5132.2 
8087.1 
6951.0 
6842.0 
7412.7 
6353.7 
11313.8 
6312.3 
6925.1 
7571.0 
5901.0 
9159.0 
8393.1 
5587.1 
8558.9 
6393.2 
7971.2 
9285.3 
8871.4 
5816.7 
6427.5 
10025.8 
9482.0 
6288.9 
4303.9 
8636.1 
5414.6 
8407.5 
7524.7 
8929.0 
4302.3 
8383.0 
6941.0 
5555.9 
7678.0 
6205.0 
5865.2 
6536.9 
8030.0 
8250.0 
3930.7 
6027.3 
6190.2 

DENSITY DENSITY REE DENSI 

41.70 
34.44 
37.53 
40.22 
36.33 
28.68 
35.10 
38.77 
32.93 
39.54 
38.56 
42.10 
35.77 
38.78 
37.11 
26.57 
38.27 
39.72 
27.47 
42.07 
36.76 
35.38 
39.80 
39.59 
37.05 
38.15 
42.72 
40.69 
30.47 
36.36 
37.49 
33.83 
38.87 
34.17 
39.63 
37.18 
38.62 
38.63 
31.83 
40.36 
36.83 
36.92 
39.88 
41.09 
40.66 
39.66 
35.61 
33.65 

41.7 
34.4 
37.5 
40.2 
36.3 
N P \l 
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38.6 
38.6 
31.8 
40.4 
36.8 
36.9 
39.9 
41.1 
40.7 
39.7 
35.6 
33.7
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Sept 19 0.053 0.039 26.77 5122.0 28.68 28.7 
Sept 16 0.082 0.060 26.87 5515.0 35.40 35.4 
July 30 0.058 0.042 27.39 8794.8 38.71 38.7 
July 17 0.070 0.051 27.70 8500.6 40.21 40.2 
Sept 18 0.060 0.043 27.94 6691.0 31.41 31.4 
Sept 14 0.079 0.057 27.97 384.5 37.48 37.5 
Aug 29 0.074 0.054 27.98 5005.0 38.67 38.7 
Aug 22 0.078 0.056 28.05 8090.0 38.02 38.0 
July 26 0.071 0.051 28.21 6876.7 37.51 37.5 
Oct 1 0.066 0.047 28.38 4730.1 39.48 39.5 
Oct 2 0.061 0.044 28.72 4124.5 35.62 35.6 
July 20 0.062 0.044 28.73 7815.5 40.39 40.4 
July 27 0.048 0.034 29.16 3894.5 36.73 36.7 
July 9 0.080 0.057 29.24 7365.1 38.98 39.0 
Aug 14 0.082 0.058 29.59 6599.6 36.51 36.5 
July 24 0.141 0.099 29.74 9165.2 40.00 40.0 
July 25 0.083 0.059 29.90 10148.1 39.28 39.3 
Sept 29 0.071 0.050 30.03 5482.5 33.10 33.1 
Aug 30 0.092 0.064 30.35 7883.8 39.39 39.4 
Aug 26 0.081 0.057 30.48 3215.4 39.03 39.0 
Sept 21 0.063 0.044 30.85 3826.2 36.44 36.4 
Sept 4 0.083 0.057 30.88 7854.9 37.83 37.8 
July 23 0.072 0.049 31.12 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 37.72 37.7 
July 15 0.067 0.046 32.12 4508.5 37.67 37.7 . Sept 9 0.072 0.048 32.44 8035.0 37.62 37.6 
Sept 27 0.077 0.052 32.55 6183.0 38.04 38.0 
July 14 0.069 0.046 32.63 5971.6 36.34 36.3 

, 
Sept 10 0.074 0.050 32.64 7079.1 35.63 35.6 

3 

July 16 0.068 0.046 32.72 6611.3 39.80 39.8 

3 

Sept 11 0.075 0.050 33.73 6035.2 33.93 33.9 
1 July 13 0.071 0.047 34.27 9870.9 41.23 41.2 

Sept 22 0.065 0.042 35.00 5495.7 35.90 35.9 
Sept 3 0.087 0.056 35.27 6376.0 38.00 38.0 
Sept 28 0.079 0.051 35.59 5519.0 34.68 34.7 
July 31 0.064 0.041 36.11 7954.3 37.81 37.8 
Sept 1 0.076 0.048 36.50 7080.0 39.24 39.2 
Sept 23 0.066 0.042 37.50 4809.1 32.35 32.4 
Oct 3 0.080 0.047 40.88 6230.3 34.48 34.5 
Sept 20 0.066 0.039 41.19 3246.7 30.54 30.5 

Regression Output: 

1 

Bonstant 37.25 
1 

Std Err of Y Est 3.35 
R Squared 0.00 
No. of Observations 89.00 
Degrees of Freedom 87.00 

X Coefficient1s) —0.00469 . Std Err of Cuef. 0.049990 
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0.067 
0.074 
0.092 
0.071 
0.076 
0.080 
0.087 
0.083 
0.070 
0.065 
0.069 
0.086 
0.072 
0.074 
0.075 
0.084 
0.086 
0.079 
0.070 
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 38.67 
0.064 30.35 7883.8 39.39 
0.054 24.89 8030.0 41.09 
0.048 36.50 7080.0 39.24 
0.061 24.30 7678.0 40.36 
0.056 35.27 6376.0 38.00 
0.057 30.88 7854.9 37.83 
0.053 24.55 5865.2 36.92 
0.049 24.80 6536.9 39.88 
0.052 24.47 6205.0 36.83 
0.066 23.32 6941.0 38.63 
0.048 32.44 8035.0 37.62 
0.050 32.64 7079.1 35.63 
0.050 33.73 6035.2 33.93 
0.068 19.09 6393.2 36.76 
0.067 21.86 7524.7 34.17 
0.057 27.97 7384.5 37.48 
0.056 19.77 5816.7 37.05 
0.060 26.87 5515.0 35.40 
0.050 21.52 5414.6 33.83 
0.043 27.94 6691.0 31.41 
0.039 26.77 5122.0 28.68 
0.039 41.19 3246.7 30.54 
0.044 30.85 3826.2 36.44 
0.042 35.00 5495.7 35.90 
0.042 37.50 4809.1 32.35 
0.051 25.82 6027.3 35.61 
0.049 14.22 6951.0 38.77 
0.047 31.98 6248.0 37.72 
0.052 32.55 6183.0 38.04 
0.051 35.59 5519.0 34.68 
0.050 30.03 5482.5 33.10 
0.053 31.79 7302.1 41.39 
0.047 28.38 4730.1 39.48 
0.044 28.72 4124.5 35.62 
0.047 40.88 6230.3 34.48 
0.053 19.64 8871.4 39.59 

Regression flutput: 
Constant 0.072880 
Std Err of Y Est 0.012338 
8 Squared 0.000057 
No. of Ubservations 89 
Degrees of Freednm 87 

X coefficient151 ~0.00000 
Std Err of Eoef. 0.000050 

52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073



DATE 

July 8 
July 9 
July 10 
July 11 

July 12 
July 13 

July 14 

July 15 
July 16 
July 17 

July 18 
July 19 
July 20 
July 21 
July 22 
July 23 
July 24 
July 25 
July 26 
July 27 
July 28 
July 29 
July 30 
July 31 
Aug 1 

Aug 2 
Aug 3 
Aug 4 

Aug 5 
Aug 6 
Aug 7 
Aug 8 
Aug 9 
Aug 10 
Aug 11 

Aug 12 
Aug 13 
Aug 14 
Aug 15 
Aug 16 
Aug 17 
Aug 18 
Aug 19 
Aug 20 
Aug 21 
Aug 22 
Aug 23 
Aug 24 
Aug 25 
Aug 26 
Aug 27 

TRP HEAD GRADE/TIHE REERESSIDH 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 
0.059 
0.072 
0.141 
0.083 
0.071 
0.048 
0.058 
0.054 
0.058 
0.064 
0.061 
0.066 
0.065 
0.091 
0.103 
0.091 
0.095 
Cl , 1331) 

0.065 
0.066 
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 
0.046 
0.046 
0.051 
0.054 
0.048 
0.044 
0.053 
0.049 
0.049 
0.099 
0.116 
0.051 
0.034 
0.051 
0.045 
0.042 
0.041 
0.047 
0.052 
0.048 
0.111 
0.082 
0.079 
0.078 
0.066 
0.057 
0.056 
0.060 
0.055 
0.052 
0.058 
0.058 
0.058 
0.058 
0.068 
0.064 
0.058 
0.063 
0.056 
0.059 
0.061 
0.060 
0.057 
0.057 

20.38 
29.24 
16.78 
19.88 
18.01 
34.27 
32.63 
32.12 
32.72 
27.70 
17.47 
20.03 
28.73 
18.99 
17.63 
31.12 
29.74 

-39.32 
28.21 
29.16 
11.52 
17.21 
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 
19.59 
12.64 
28.05 
23.09 
24.96 
25.64 
30.48 
22.56 

TAILS RECDUERY TDNSIDAY 

9482.0 
7365.1 
7412.7 
6427.5 
8393.1 
9870.9 
5971.6 
4508.5 
6611.3 
8500.6 
11313.8 
10025.8 
7815.5 
8558.9 
6925.1 
10014.8 
9165.2 
10148.1 
6876.7 
3894.5 
5760.9 
6353.7 
8794.8 
7954.3 
8929.0 
8407.5 
6190.2 
5555.9 
6288.9 
5132.2 
5587.1 
5901.0 
7743.1 
6842.0 
8087.1 
8261.5 
7971.2 
6599.6 
6312.3 
9159.0 
8636.1 
7571.0 
5528.8 
9285.3 
9642.1 
8090.0 
8383.0 
8250.0 
3930.7 
3215.4 
4302.3 

DENSITY DRDER 8E8 HEADS 

40.69 
38.98 
39.54 
38.15 
39.72 
41.23 
36.34 
37.67 
39.80 
40.21 
42.10 
42.72 
40.39 
42.07 
38.78 
40.01 
40.00 
39.28 
37.51 
36.73 
41.70 
38.56 
38.71 
37.81 
39.63 
38.87 
33.65 
31.83 
30.47 
28.68 
27.47 
26.57 
37.53 
32.93 
35.10 
36.33 
35.38 
36.51 
35.77 
38.27 
37.49 
37.11 
34.44 
39.80 
40.22 
38.02 
38.62 
40.66 
39.66 
39.03 
37.18 

u—mH.‘ 

NH'DHDCDNU‘Ui-fi-UJMI—h 

._p. 03 

butt—fiv—hu-‘I-‘vt—h 

kOWNIO‘Cfl-Pa 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
g.d 
33 
34 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073



0.082 0.060 26.87 5515.0 35.40 50 6820.94 55.2 68.2 
0.058 0,042 27.39 8794.8 38.7! 51 6805.88 87.9 68.1 
0.070 0.051 27.70 8500.6 40.21 52 6790.82 85.0 67.9 
0.060 0.043 27.94 6691.0 31.41 53 6775.76 66.9 67.8 
0.079 0.057 27.97 7384.5 37.48 54 6760.70 73.8 67.6 
0.074 0.054 27.98 5005.0 38.67 55 6745.64 50.1 67.5 
0.078 0.056 28.05 8090.0 38.02 56 6730.58 80.9 67.3 
0.071 0.051 28.21 6876.7 37.51 57 6715.52 68.8 67.2 
0.066 0.047 28.38 4730.1 39.48 58 6700.46 47.3 67.0 
0.061 0.044 28.72 4124.5 35.62 59 6685.40 41.2 66.9 
0.062 0.044 28.73 7815.5 40.39 60 6670.34 78.2 66.7 
0.048 0.034 29.16 3894.5 36.73 61 6655.28 38.9 66.6 
0.080 0.057 29.24 7365.1 38.98 62 6640.22 73.7 66.4 
0.082 0.058 29.59 6599.6 36.51 63 6625.16 66.0 66.3 
0.141 0.099 29.74 9165.2 40.00 64 6610.10 91.7 66.1 
0.083 0.059 29.90 10148.1 39.28 65 6595.04 101.5 66.0 
0.071 0.050 30.03 5482.5 33.10 66 6579.98 54.8 65.8 
0.092 0.064 30.35 7883.8 39.39 67 6564.92 78.8 65.6 
0.081 0.057 30.48 3215.4 39.03 68 6549.87 32.2 65.5 
0.063 0.044 30.85 3826.2 36.44 69 6534.81 38.3 65.3 
0.083 0.057 30.88 7854.9 37.83 70 6519.75 78.5 65.2 
0.072 0.049 31.12 10014.8 40.01 71 6504.69 100.1 65.0 
0.078 0.053 31.79 7302.1 41.39 72 6489.63 73.0 64.9 
0.070 0.047 31.98 6248.0 37.72 73 6474.57 62.5 64.7 
0.067 0.046 32.12 4508.5 37.67 74 6459.51 45.1 64.6 
0.072 0.048 32.44 8035.0 37.62 75 6444.45 80.4 64.4 
0.077 0.052 32.55 6183.0 38.04 76 6429.39 61.8 64.3 
0.069 0.046 32.63 5971.6 36.34 77 6414.33 59.7 64.1 
0.074 0.050 32.64 7079.1 35.63 78 6399.27 70.8 64.0 
0.068 0.046 32.72 6611.3 39.80 79 6384.21 66.1 63.8 
0.075 0.050 33.73 6035.2 33.93 80 6369.15 60.4 63.7 
0.071 0.047 34.27 9870.9 41.23 81 6354.09 98.7 63.5 
0.065 0.042 35.00 5495.7 35.90 82 6339.03 55.0 63.4 
0.087 0.056 35.27 6376.0 38.00 83 6323.97 63.8 63.2 
0.079 0.051 35.59 5519.0 34.68 84 6308.91 55.2 63.1 
0.064 0.041 36.11 7954.3 37.81 85 6293.85 79.5 62.9 
0.076 0.048 36.50 7080.0 39.24 86 6278.79 70.8 62.8 
0.066 0.042 37.50 4809.1 32.35 87 6263.73 48.1 62.6 
0.080 0.047 40.88 6230.3 34.48 88 6248.67 62.3 62.5 
0.066 0.039 41.19 3246.7 30.54 89 6233.61 32.5 62.3 

Rwrwshnflflpm: 
Constant 7573.927 
Std Err 01 Y Est 1680.887 
8 Squared 0.051410 
No. of Ubservatiuns 89 
Degrees of Freedom 87 

X toefficient(s) -15.0597 
Std Err of Eoef. 6.935403
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Q! . y . . ”3 / 1’“ ‘o 2+1“ 43/134 A's/‘0'" ‘4 5 0 FM, 
13 01-88 30.47 85 59 34.17 0.047 96.2 9870.9 41.23 0.061 '. 0.042 0.0029 

1 14—Jul-88 28.6 7..1 32. 3 0.046 3 5971.6 36.34 0.056 
‘ 

0.04 0.0036 
15-Jul-88 27.53 78 98 32. 2 0.046 60.83 4508.5 37.67 0.0551 0.04 0.0035 
13301-88 24.67 71.5 32. 2 0.046 84.6 6611.3 39.8 0.0531 0.04 0.0038 
17-J01-88 18.18 76 64 27 7 0.051 76.3 8500.6 40.21 0.055 0.045 0.004 
18-Jul-88 6.64 65.16 17. 7 0.054 100 11313.8 42.1 0.0514 0.048 0.0045 
13—Jul-88 12.03 63.03 20.13 0.048 100 10025.8 42.72 0.0487 0.043 0.004 
20~Jul~88 25.88 75.01 28.73 0.044 98.3 7815.5 40.39 0.0512 . 0.038 0.004 
21-Jul-88 13.31 73.59 18 99 0.053 100 8558.9 42.07 0.0576 0.10 8 0.05 0.0023 
22—Jul—88 23. 3 60 06 17 63 0.049 30.8 6925.1 38.78 0.055 0. 0 8 0.042 0.0044 
23-Jul-88 26.61 79 26 3 12 0.043 99.2 10014.8 40.01 0.053 0.10 3 0.044 0.0039 
24—701—88 44.69 53 33 23 74 0.093 100 9165.2 40 0.112 0. 1 8 0.062 0.0244 
254581 88* 0.36 136 14 33 32 0.116 106- 10148.1 39.28 0.067 81 .9 “.067 8.0313 
26-Jul-88 27.5 70.3 28 21 0.051 100 6876.7 37.51 0.059 0.1174 0.042 0.0051 
27-181-88 13.73 70. 8 29.16 0.034 100 3834.5 36.73 0.035 0. (74 0.028 0.0033 
28-Jul-88 7.65 40.. 11.52 0.051 79.2 5760.9 41.7 0.045 0. 34 0.041 0.0071 
23-Jul-88 7.63 50.73 17.21 0.045 89.9 6353.7 38.56 0.039 0. 37 0.036 0.0057 
30-Jul-88 20.96 ‘ 39 0.042 100 8794.8 38.71 0.044 0. 87 0.035 0.0045 
31—Jul-88 29.5 11 0.041 100 7954.3 37.81 0.051 0. I73 0.036 0.003 
01-Aug—88 18.11 36 0.047 100 8929 39.63 0.052 0.1156 0.043 0.0029 
02-Aug-88 15.21 53 0.052 100 8407.5 38.87 0.056 0.1164 0.048 0.0027 
03-Aug-88 23.53 .2 0.048 96.3 6190.2 33.65 0.051 0.3 69 0.039 0.0044 
84-Afig488...__,:1.5— .25 0.111 84.2 5555.3 31.83 0.071 0.: 31* ”0.077 0:616 
05~Aug-88 17.57 54 0.082 94.6 6288.9 30.47 0.082 0. 93 0.067 0.0063 
”-88 6.31 03 0.079 100 5132.2 28.68 0.074 0. )67 0.063 0.004 

988 1LM A5 00m 8&8 SWLI 2L47 mom 0 77 00% 00M4 
08-Aug-88 11.83 ".93 0.066 98.3 5901 26.57 0.063 0. 61 0.056 0.0036 
09-Aug-88 6.42 .68 0.057 97.5 7743.1 37.53 0.054 0. 64 0.05 0.004 
10-Aug-88 4.77 -.55 0.056 100 6842 32.93 0.052 0 00 9 0.049 0.0034 
11~Aug~88 10.8 3.1 0.06 100 8087.1 35.1 0.057 (.00 5 0.051 0.0049 
12-Aug-88 19.43 -_ ._1 .9 0.055 97.1 8261.5 36.33 0.049 0.009 0.04 0.0088 
13-Aug-88 24.28 VE549422 0.052 100 7971.2 35.38 0.053 

2:33;; 
0.04 0.0067 

14-Aug-88 28.65 29153 0.058 99.2 6539.6 36.51 0.058 . 
6‘ 0.042 0.0093 

15-Aug-88 37.1 17.53 0.058 32.1 6312.3 35.77 0.068 0.0015 0.043 0.0087 
16-009—88 37.74 17.36 0.058 100 9159 38.27 0.068 0.0012 0.042 0.0034 
173489 88 34.3 21.01 0.058 100 8636.1 37.43 0.072 0.0012 0.047 0.0066 
18-Aug-88 25.54 17.74 0.068 91.7 7571 37.11 0.08 0.0014 0.059 0.0048 
13—Augw88 17.12 11.52 0.064 80.5 5528.8 34.44 0.069 0.0014 0.057 0.0033 
20-Aug-88 25.6 19.59 0.058 95.8 9285.3 33.8 0.07 0.0014 0.052 0.0039 
21-Augh88 21.3 12.64 0.063 35.8 3642.1 40.22 0.07 0.0014 0.055 0.0053 
22~Aug~88 34.13 28.05 0.056 100 8030 38.02 0.075 0.0014 0.05 0.0039 
23—Aug-88 24.8 23.09 0.059 100 8383 38.62 0.074 0.0013 0.056 0.0018 
24-Aug-88 26.3 24.96 0.061 37.5 8250 40.66 0.073 0.0015 0.058 0.0022 
25-Aug-88 30.87 25.64 0.06 55.4 3930.7 39.66 0.078 0.0018 0.054 0.004 
26—6ug—88 31.3 30.48 0.057 50.8 3215.4 39.03 0.079 0.0018 0.054 0.0017 
27—Aug-88 24.68 22.56 0.057 100 4302.3 37.18 0.071 0.0018 0.053 0.0023 
28mm88 2435 2074 00% mo 4%39 3836 00% 00MB mow 00W8 
23-Aug-88 32.88 27.38 0.054 100 5005 38.67 0.072 0.0018 0.048 0.0035 
30~60g~88 33.04 30.35 0.064 100 7883.8 39.39 0.09 0.0018 0.06 0.0028 
31- ug~88 23.16 24.89 0.054 100 8030 41.09 0.069 0.0013 0.049 0.0035 
1 1-88 38.32 36 5 0.048 33.8 7080 33.24 0.073 0.0019 0.045 0.0021 
02-59p—88 25.2 .3 0.061 35.8 7678 40.36 0.077 0.0013 0.058 0.0013 
03~52p~88 36.26 .27 0.056 82.1 6376 38 0.084 0.0019 0.053 0.0017 
04—Sep—88 31.78 .88 0.057 39.2 7854.9 37.83 0.08 0.0019 0.054 0.0018
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25.82 
14.22 
31.98 
32.55 
35.59 
30.03 
31.79 
28.38 
28.72 
40.88 
19.64 
25.9 

32.68 
36.09 
22.3 
18.15 
29.82 
21.54 
21.32 
27.51 
26.1 
17.35 
34.22 
24.45 
25.56 
25.56 
26.74 
24.06 
24.49 

0.053 
0.049 
0.052 
0.066 
0.048 
0.05 
0.05 

0.068 
0.067 
0.057 
0.056 
0.06 
0.05 

0.043 
0.039 
0.039 
0.044 
0.042 
0.042 
0.051 
0.049 
0.047 
0.052 
0.051 
0.05 

0.053 
0.047 
0.044 
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0.051 
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0.049 
0.046 
0.039 
0.041 
0.041 
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87.5 
100 
100 
100 
100 

94.2 
85 

79.6 
100 
100 

97.5 
86.7 
84.6 
96.3 
83.8 
57.1 
83.3 
98.3 
96.3 
96.7 
90.8 
82.5 
86.3 
85.4 
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89.6 
82.1 
59.6 
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97.9 
87.5 
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79.6 
100 
90 
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94.6 
96.3 
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97.9 
100 
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100 
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56.3 
100 

64.6 
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7384.5 
5816.7 
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5414.6 
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5122 

3246.7 
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6183 
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10493 
6191 
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35.63 
33.93 
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34.17 
37.48 
37.05 
35.4 

33.83 
31.41 
28.68 
30.54 
36.44 
35.9 

32.35 
35.61 
38.77 
37.72 
38.04 
34.68 
33.1 

41.39 
39.48 
35.62 
34.48 
39.59 
44.66 
42.83 
41.36 
40.24 
39.44 
38.33 
40.95 
39.48 
42.81 
38.79 
38.66 
41.79 
39.16 
34.97 
34.59 
22.2 
30.3 
26.51 

0.067 
0.063 
0.065 
0.083 
0.069 
0.071 
0.072 
0.082 
0.083 
0.076 
0.067 
0.079 
0.061 
0.057 
0.05 

0.062 
0.061 
0.062 
0.064 
0.066 
0.055 
0.067 
0.074 
0.076 
0.068 
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0.063 
0.059 
0.077 
0.063 
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0.06 
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0.073 
0.07 

0.076 
0.061 
0.056 
0.052 
0.054 
0.048 
0.068 
0.063 
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0.056 
0.048 
0.05 

0.0016 
0.0013 
0.0018 
0.0016 
0.0017 
0.0017 
0.0016 
0.0016 
0.0017 
0.0018 
0.0014 
0.0014 
0.0016 
0.0016 
0.0015 
0.0015 
0.0013 
0.0017 
0.0014 
0.0015 
0.0017 
0.0017 
0.0017 
0.0016 
0.0016 
0.0016 
0.0016 
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0.0016 
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0.0017 
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0.0015 
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0.0014 
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0.0014 
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0.0014 

0.047 
0.045 
0.048 
0.063 
0.047 
0.048 
0.047 
0.065 
0.064 
0.055 
0.054 
0.058 
0.048 
0.041 
0.037 
0.037 
0.042 
0.04 

0.039 
0.05 

0.048 
0.046 
0.051 
0.05 

0.048 
0.052 
0.046 
0.043 
0.046 
0.051 
0.046 
0.04 

0.049 
0.057 
0.057 
0.054 
0.047 
0.044 
0.038 
0.04 

0.039 
0.045 
0.046 
0.046 
0.046 
0.042 
0.038 
0.039 

0.0038 
0.0027 
0.0025 
0.0016 
0.0012 
0.0012 
0.0013 
0.0018 
0.0016 
0.0013 
0.0011 
0.0012 
0.0011 
0.001 

0.0008 
0.0007 
0.001 

0.0011 
0.0013 
0.0007 
0.001 
0.0009 
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0.0008 
0.001 
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0.0007 
0.001 

0.0009 
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0.0009 
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380 Simple Linear Regression and Correlation 

e model is nonlin 

n some situations 
uitable t 

lowest degree model that adequately describes the data. The la 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 ve ‘ 

many independent variables as observations on y. 

that th 
theory. I ' 

t line by usmg a s 
' 'nsically linear. 

zinaiii‘ple of a nonlinear model 
function 12-5.3 The Coefficient of Determination 

The quantity 
¥=i 

intrinsically linear, s 
tron is mation logarithmic transfor “gm—fl _ — 

lny=lnp S» S” 
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 R2 is the squ

. correlation coefficient between x and y.) Clearly OsR’s 1. We often 
loosely to R2 as the amount of variability in the data explained or ac 
for by the regression model. For the data in Example 12-1, we have 
SSR/S” = l924.87/l932.10 = .9963; that is, 99.63 percent of the variability: . 

the data is accounted for by the model. 
The statistic R2 should be used with caution, since it is always possr 

make R2 unity by simply adding enough terms to the model. For example 
can obtain a “perfect” fit to n data points with a polynomial of degree I: 
Also, R2 will always increase if we add a variable to the model, but this

. not necessarily mean the new model is superior to the old one. Unless I -’ 

error sum of squares in the new model is reduced by an amount equal toM 
original error mean square, the new model will have a larger error m 
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. i 

There are several important misconceptions about R’. In general, R2 d 
not measure the magnitude of the slope of the regression line. A large value 

,. R2 does not imply a steep slope. Furthermore, R2 does not measure the, 
appropriateness of the model, since it can be artificially inflated by addin 
higher-order polynomial terms. Even if y and x are related in a nonlinear. 
fashion, R2 will often be large. For example, R2 for the regression equation in 
Fig. 12-3b will be relatively large, even though the linear approximation is poor. 
Finally, even though R2 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 

R2 

requires that th 

ntly distributed 
linear functic 

" nsformation 
d independe 

» ther intrinsrcally 

y = 50 

a1 transform 

y=i 
(1 rec 
For 

using the reciproc 

'etimes the logarithmic an 
I 

y to linearize a 
function. 

y‘Ei 

= ll y, we have the line. tting y* 
in y* 

r examples of nonln :veral othe od (1971) 3mm by Daniel and W0 

7 Correlation 

Ur development of regressrond 
athematical variable, measure 
ariable. Many applications cab 
oth x and y are random van

i 

that the observations (ybxi),
. 

' 

' les obtaine . 
1‘ 

3:12:20 develop a regressron :(n; 

to the weld diameter. In this et.‘ 
would randomly select n spo

~ 

~ ~~~ We occasionally find that the straight-line regression model y = 30+ Bxx + e is inapprOpriate because the true regression function is nonlinear. Sometimes 
this is visually determined from the scatter diagram, and sometimes we know 

~~ ~ ~ d from the dis

~
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410 Multiple Regression 

Therefore, we have 
3312(l31. I30) = 5990.7712 — 5885.852] 

= 104,919] (1 degree of freedom) 
of squares by adding x already containing x1. To test Hot/32 = 0, form the test statistic 

This is the increase in the regression sum 

F0 = SSR(lB.. BO)“ _ 104.9191/1 MSE ‘ 
5.2352 =20“ 

from the full model, using both x. and x2, is u test statistic. Since 505.122 = 4.30, we re 
(x2) contributes significantly to the 

.. test involves a single variable, it is equivalent“:' 
0 resulted in the 
andom variable i 

one and y de ' 

Note that the MSE 
denominator of the 
conclude that distance 

Since this partial F- 
!-test. To see this, recall that the t-test on Hozflz= statistic to=4.4767. Furthermore, the square of a t r degrees of freedom is an F random variable with freedom, and we note that 13, = (4.4767)2 = 20.04 = F0. 

13-6 Measures of Model Adequacy 

~~ ~~ ~ ~~ 
~~~ ~ ~~~ ~~

~ ' f 
. The coefficrent o 

3.:t in Example 13-1~ SSR- 2:...“— R 
5,,~ ‘ r 

‘ t 98.11 percent 0 
” liii/lien the two indepc 

(x2) are used. In Eixami 
» d. The value of R for t 

"able x; to the model has 1 ~ ~~~ ~~~ ~~~ Residual Analysis 
tim: iduals from the es 

9s 
9- play an important 2) n 

' ssion. r 
ii’m 1e linear regre

. 

11:1 plots that are often usel 
helpful to plot the resrdua

~ ~~ ~ ~~~ ~~~ ~ ~~ A number of techniques can be us 
regression model. This section will present severa 
validation is an important part of the multipl 
process. A good paper on this subject is Snee (1977). 
13-6.1 The Coefficient of Multiple Determination 
The coefficient of multiple determination R2 is defined as 

SS SS R2 = —R = 1-— ——B 
8,, 8,, 

R2 is a measure of the amount of r 
Using the regressor variables x1,x2, . 

case, we must have Ossi. However, 
necessarily imply that the regression model i 
to the model will always increase R2 
variable is statistically significant or n have large values of R2 to yield p0 
estimates of the mean response. 
The positive square root of R2 

between y and the set of regressor variables x,,x2,. measure of the linear association bet 
this becomes the simple correlation between y and x. 

ed to measure the adequacy of a mu
. 

l of these techniques. M- 
e regression model buil- ~ ~ ~ ~~ 

eduction in the variability of y obtained. it 
..,xk. As in the simple linear regressron 

a large value of R2 does not 

ot. Thus it is possible for models that 
or predictions of new observations or 
is the multiple correlation coefficient 

..,xk. That is, R is a 
ween y and x.,x2,...,xk. When k= 1.

~~ ' are possible candidates for 
e in Fig. 12-5, indicate the 

didate variable. 

~~ ~~~ ~~~~ ~~~ ~ ~~ 
~~ ~~~ " ' 13-9. The residuals i 

35‘; Table 13-3. These re,I 
Fig. 13-2. No severe dew: 

though the two largest Ir; ' 

tremely close to a straig
< 

wever, the standardized re. 

1189, do not seem excessrvely 
rror in collecting obszvatioi 

EC ‘ these two pom . 

m("lfllfayresiduals are plotted 
Tali: 

13-4 and 13-5, respectively. m Fig. 13-4'there is some indica
( With small delivery volumes t: 

Cases), and over predicts thee
i 

(7 5 x1 5 14 cases). The sam d relationship between timedar:i 
involving xi, say, be ad et1 
presently in the model afiecec 
regressor variable 15 requir 

~~ ~~~~ ~~ ~~ ~~ ~~ ~~ ~ ~~~ ~~ ~~ ~~~ ~~~~ ~~~~ ~~ ~~ ~~~ ~~ ~~~ ~~ ~~ ~~~ ~~~ ~~ ~~~ ~~~ ~~ ~~~~ ~ ~~



~ ~ <5.8521 
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degree of freedom) 
squares by adding x; to a model 

11 the test statistic 

04.9191/1 
5.2352 

.ig both x. and x2, is used in 
_-= 4.30, we reject Ho: [32 = 0 a' 
cantly to the mode]. 
variable, it is equivalent to . 

l Ho:Bz=0 resulted in th 
‘ of a t random variable 
)le ith one and u degrees 
(‘0. 

WV 
asure the adequacy of a ni 
event! of these techniques

J 

ltiple regression model 
-e (1977).

~~ R2 = g = 5990,7712 
3,, m = .981137 

.11 percent of . t xplamed when the two indeperildceiilta istance (x2) are used. In E veloped. The value of R2 
xample 12.7 

3‘ 

variable x; to the model

~ ~~ ~~~ = 20.04 ~~~ riability in de ~ ~~~ ~~ . livery time variables delivery volum: ’23:) [3:53 
. , a model ' 

for this model is R2= 52389231?!) to x, only was has increased R2 from 963954. to grsfffgg’ adding 

~ ~ ~~ ~~ ~~~ ~~~ ~~~ ~~~~~ ~~
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.2 Residual Analysls ~ ~~
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nlnatlon 
is defined as 

is; 
S” 
1 the variability of y Ob 
s in the simple line

7 

a large value of 
IS a good one. Ad 
"dless of whether t 
us it is possible for ”a. 

‘ 

lictions of new



~ Multiple Regression 
123456 
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3-6.3 Estlmatlon of Pure 

:In Section 12-52 we describe 
The procedure involved part 
a component due to pure err

~ 
The pure error sum of squar 
by repeated observations at 

This general procedure c 
sion. The calculation of SS,» 
set of levels on the regresso 
of the X matrix must be ‘

I 

~~~ ~~ ~ ~ 30 
9‘ 

40 ~ ~~~~ 
~~ ~ Fly. 13-3. Plot of residuals against 7. ~ ~~
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Measures of Model Adequacy 
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Estimation of Pure Error from Near Neighbors 
'n 12—52 we described a test for lack of fit in simple linear regression. 
‘dure involved partitioning the error or residual sum of squares into 

'v’nent due to pure error and a component due to lack of fit, say 
535 = 53p): + SSLOF 

"error sum of squares SSPE is computed from the responses obtained 
ted observations at the same level of x. 

eral procedure can, in principle, be extended to multiple regres- 
calculation of SSPE requires repeated observations on y at the same 

on the regressor variables x,, x;, . . . , xk. That is, some of the rows 
matrix must be the same. However, the occurrence of repeated
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