ATTACHMENT C.1
PIPER DIAGRAM DATA FOR GROUND AND SURFACE WATER SAMPLES

(includes local and regional samples)



Attachment C.1.1

Sample Identification Used to Create Local and Regional Ground and Surface Water Piper
Diagrams

(includes local and regional samples)



Sample L.D. for Local and Regional Surface Water Piper Diagrams

Sample_id Date pH
116621 5/11/95 | 2.98
139880-2 10/11/95 | 8.05
139880-4 10/11/95 | 8.41
139886-7-8 10/11/95 | 8.53
139892 10/11/95 | 8.07
61230 4/5/95 | 7.68
61235 4/5/95 | 8.03
BG-1 1/25/97 | 7.98
BG-1 4/18/97 | 8
BG-1-C 49196 | 1.7
BG-1-D 8/2/96 | 6.9
BG-1-E 5121197 | 8.2
BG-1-F 7/3/97 | 7.5
BG-11 2/23/96 | 8.27
BG-2 1/25/97 | 7.18
BG-2-A 4/9/96 | 8.2
BG-2-B 8/2/96 | 3.5
BG-2-C 5121197 | 8.2
BHG-1 3/127/95 | 7.95
BUCKHORN CF 1/25/97 | 3.02
Buckhorn CF-A 72197 | 3.4
BUCKHORN_CONF 10/11/95 | 7.97
BUCKHORN_E_TRIB 10/11/95 | 7.17
Buckhorn Gulch-A 3/27/95 | 7.95
Buckhorn_Gulch-B 2/23/96
Buckhorn Seep 8/6/96 7.4
CO92W-HCBG-A 12/2/92 | 7.5
ICO92W-HCBG-B 12/3/92 | 7.98
CO92W-HCBG-C 12/4/92
CO92W-HCUH-A 12/2/92 | 8
CO92W-HCUH-B 12/3/92 | 8.01
CO92W-HCUH-C 12/4/92
ICO92W-MT-1-A 12/2/92 | 7.5
ICO92W-MT-1-B 12/3/92 | 7.51
ICO92W-MT-1-C 12/4/92
ICO92W-MT-2-A 12/2/92 | 7.5
|CO92W-MT-2-B 12/3/92 | 7.44
[CO92W-MT-2-C 12/4/92
[CO92W-SPR-A 12/2/92 | 7.3
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Sample L.D. for Local and Regional Surface Water Piper Diagrams (Continued)

Sample_id Date pH
CO92W-SPR-B 12/3/92 | 7.08
CO92W-SPR-C 12/4/92
CONT POND [-A 1/26/97 | 7.49
CONT POND 1-B 4/17/97 | 7.1
Cont Pond 1-C 7/27/97 | 6.6
Continental_Seep 8/6/96 | 4.38
DECANT 1725/97 | 7.46
DECANT-A 7/15/97 8
DM-6S-82 9/21/82 | 7.41
EBG-5 2/23/96 | 7.6
EDSN-1 2/26/96 | 1.7
EID-1 1/17/83
EID-2 10/6/87
EID-3 10/7/87
EID-5 11/9/87
Fan Discharge 5/13/95 | 7.91
FIERRO SPR-A 4/24/68 | 7.4
FIERRO SPR-B 4/25/68 | 7.4
FIERRO SPR-C 5/1/93
FS-1 2/24/96 | 7.2
GAP-1 2/24/96 | 8.3
GG-1-A 8/7/96 7.6
GG-1-B 5/120/97 8
GRP-1 2/25/96 | 7.3
Han Cr/Above Hanover Property 10/1/92 | 7.8
Han Cr/Below Hanover Property 10/1/92 8
Han Cr/Beside Hanover Property 10/1/92 8
HAN CR/BLACKHAWK 5/1/93
HAN CR/BULL HILL 5/1/93
HAN CR/MANHATTAN BAR-A 6/7/83
HAN CR/MANHATTAN BAR-B 6/7/83
HAN CR/MANHATTAN BAR-C | 7/12/83
HAN CR/UNION HILL 5/1/93
HAN CR/W DUMP 5/1/93
HANOVER CR SPRING 6/4/65 7.7
Hanover Creek Below Hanover 1724/74 | 7.03
HC-1 1/26/97 | 7.57
HC-1-A 5/20/97 | 7.6
HC-1-B 7/27/97 | 6.6
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Sample I.D. for Local and Regional Surface Water Piper Diagrams (Continued)

Sample_id Date pH
HC-2-A 1/28/97 | 7.8
HC-2-B 4/28/97 8
HC-2-C 4/29/97 | 7.91
HC-3-A 1/27/97 | 7.8
HC-3-B 1/27/97 | 7.99
HC-3-C 4/28/97 8
HC-3-D 4/29/97 | 7.71
HC-3-E 5/20/97 | 7.8
HSN-01 2/24/96 | 4.83
HSN-02 2/24/96 | 6.36
HSN-1 2/24/96 | 5.4
HSN-2 2/24/96 | 6.6
Mag Seep 7/6/97 7.9
MAGNETITE SEEP-A 1/26/97 | 7.47
MAGNETITE SEEP-B 4/17/97 | 7.2
MDD-1 2/25/96 | 7.5
MDD-2 2/28/96 | 1.5
POISON_SPRING 10/11/95 | 7.32
POND-A 1/25/97 | 6.3
POND-B 4/18/97 | 7.6
POND-C 7/3/97 7.7
POND B 9/26/82 | 8.08
PS-1 2/24/96 | 7.3
PS-1-A 1/26/97 | 5.49
PS-1-B 4/18/97 | 7.8
PS-1-C 4/9/96 8.4
PS-1-D 8/2/96 7.2
PS-1-E 5121/97 | 8.5
PS-2 10/11/95 | 8.13
SBG-1 2/23/96 | 8.24
SEEP 1/25/95 | 7.22
SEEP-A 7/6/97 8.3
TAIL-1A 2/24/96 | 5.9
TAIL-1B 2/24/96 | 7.2
TPS-1 2/25/96 | 1.7
TPS-2 2/25/96 | 7.9
TPS-3 2/25/96 | 7.6
TRUCK_SHOP 10/11/95 | 7.7
UV Discharge/Manhattan Bar 1/17/83
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Sample L.D. for Local and Regional Surface Water Piper Diagrams (Continued)

Sample_id Date pH
WBG-1 2/23/96 | 7.8
WEST_DUMP 10/11/95 | 3.23
WINDMILL 10/1/96 | 7.35
WWRD_SEEP 5/13/95 | 3.39
ZH-1 2/23/96 | 8.1
ZH-2 2/23/96 8

Cobre Mining Company
p:\100029\Report-Draft Revised\Appendix-Qiattc]. doc C . 1 '4

Shepherd Miller, Inc.
December 1999



Sample I.D. for Local and Regional Ground Water Diagrams

Sample_id Date pH
18S.10W.8.443A 6/12/52
18S.13W.2.321 4/11/54
18S.13W.8.13312 5/17/54
19S.12W.19.11342 1/10/52
19S.13W.29.421 6/4/54
20S.11W.20.243 12/5/74 7.1
20S.12W.19.123 2/11/55 7.7
20S.5W.31 5/9/61 8.6
215.11W.35.310 1/4/72 7.2
21S.12W.25.421 8/21/80 7.6
22S.11W.24.133 1/4/72 8.3
22S.6W.16.332 8/13/80 7.7
225.6W.32.14424 8/14/80 7.8
235.6W.28.244 8/14/80 7.9
23S8.7W.33.211 9/15/71 7.9
235.8W.21.222 10/18/71 | 8.2
235.9W.28.400 11/17/54 | 8.1
24S.10W.12.111 9/3/52
24S.11W.11.211 7/17/52
24S.11W.12 8/9/62 8.3
24S.11W.13.411 8/9/52
245.11W.14.11132 9/15/71 7.9
24S.17W.11 5/20/55
245.20W.1 3/1/48
245.7W.16.142 7/10/73 8.1
24S.7W.3.113 7/18/45
248.7W.5.133 8/4/69 9.6
24S5.7W.9 8/12/57 8.1
24S.8W.20.300 10/7/29
24S.8W.20.411 10/7/29
24S.9W.12.100 10/8/29
24S.9W.13.111 10/8/29
24S.9W.15.433 10/7/29
24S.9W.6 9/12/44
245.9W.6.431 9/12/44
255.10W.13.41212 9/15/71 7.9
25S5.11W.11.11223 8/15/66 8
25S5.7W.12.122 5/12/52
25S.8W.18.111A 7/25/46
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Sample LD. for Local and Regional Ground Water Diagrams (continued)

Sample_id Date pH
25S.9W.11.11144 9/15/71 | 7.8
26S.10W.25.32122 9/16/71 | 7.9
26S.8W.19.14123 9/15/71 | 1.7
26S.9W.2.221 9/15/71 | 1.9
27S.19W.19 5/26/48 | 7.8
27S.5W.7.444 5/22/58 8
27S.7W.19.200 1/15/50
27S.8W.15.131 8/8/52
27S.8W.23.100 1/15/50
27S.8W.35.12213 9/16/71 8
27S.8W.8.311 8/8/52
27S.9W.1 7/19/54
27S.9W.1.431 7/19/54
28S.6W.10.31143 522/58 | 7.9
28S.7W.20 7/19/54
28S.7W.20.42222 8/13/52
28S.7W.26.244 5/15/52
28S.7W.9.41114 8/8/52
28S.8W.02.111 7/17/68 | 7.7
28S.8W.25.211 8/8/52
28S.8W.26.222 5/15/52
29S.8W.11.11313 1/15/50
29S.8W.12.144 1/15/50
29S.8W.17.231 521/58 | 8.1
APACHE-8 9/15/82 | 1.5
BULLFROG #2 SHAFT 10/1/94 | 7.2
CHINO WELL 168 5/1/93

[CHINO WELL CB6D 5/1/93

[CHINO WELL WD10 5/1/93

[CHINO WELL WD4 5/1/93
ICONTINENTAL WELL 1 5/1/93
CONTINENTAL WELL 2 5/1/93
CONTINENTAL WELL 3 5/1/93
CONTINENTAL WELL 4 5/1/93
DENNIS WELL 9/26/82 | 17.63
DM-6D-82-A 9/21/82 | 123
DM-6D-82-B 11/9/82 | 12.19
ESCOBAR 5/1/93

GRUN HAND DU 9/12/182 | 4
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Sample L.D. for Local and Regional Ground Water Diagrams (continued)

Sample_id Date pH
GRUNERUD EAS 9/26/82 | 7.33
[GW-1-A 1/28/97 | 7.73
[GW-1-B 1/28/97 | 7.2
||GW- 1-C 4/28/97 7.4
IGW-1-D 429/97 | 7.14
|LGW-1R 1/28/97 7.3
"GW—Z-A 1/27/97 7.3
|[GW-2-B 1/27/97 | 7.88
GW-2-C 4/28/97 | 7.11
GW-3-A 1/27/97 7.1
GW-3-B 1727/97 | 7.77
GW-3-C 4/28/97 | 7.17
GW-4-A 1/27/97 6.1
GW-4-B 1/27/97 6.1
GW-4-C 4/29/97 6.2
GW-4-D 4/29/97 | 6.24
GW-4D 4/29/97 6.4
IGW-5-A 1/28/97 7.2
IGW-5-B 1/28/97 | 7.69
IGW-5-C 4/28/97 7.2
GW-5-D 4/28/97 | 17.07
Hanover Post Office-RR Tap 10/10/79 7
Hanover-Majalca 10/30/79 | 7.5
Majalca-A 10/30/79 | 7.92
Make-Up 7/11/97 7.2
MAKE-UP-A 1/26/97 | 7.58
MW-1-A 1/24/97 9.2
MW-1-B 2/28/96 9.2
MW-10-A 4/9/96 7.7
MW-10-B 7/31/96 7.2
MW-10-C 1/22/97 | 7.75
MW-10-D 4/18/97 7.2
MW-10-E 7/4/97 6.97
MW-10-F 2/27/96 7.5
MW-12-A 4/17/97 7.5
MW-12-B 7/6/97 7.23
MW-19-A 6/11/96
MW-19-B 7/31/96 6.9
MW-19-C 1/23/97 | 7.42
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Sample I.D. for Local and Regional Ground Water Diagrams (continued)

Sample_id Date pH
MW-19-D 4/14/97 7.1
MW-19-E 7/8/97 6.63
MW-1A-A 1/23/97 | 7.51
MW-1A-B 4/14/97 7.4
MW-1A-C 7/3/97 6.86
MW-1A-D 2/28/96 7.1
MW-2-A 1/25/97 8.9
MW-2-B 4/18/97 8.9
MW-2-C 7/5/97 7.74
MW-2-D 2/26/96 8
MW-20-A 6/11/96
MW-20-B 8/5/96 6.6
MW-20-C 1/24/97 | 7.37
MW-20-D 4/14/97 73
MW-20-E 7/9/97 7
MW-21-A 6/11/96 6.3
MW-21-B 8/7/96 59
MW-21-C 1/24/97 | 6.41
MW-21-D 4/18/97 6.2
MW-21-E 7/10/97 | 5.87
MW-24-A 4/17/97 6.4
MW-24-B 7/9/97 5.27
MW-25-A 4/23/97 6.4
MW-25-B 7/9/97 4.94
MW-3-A 1/25/97 7.6
MW-3-B 4/18/97 7.4
MW-3-C 7/5/97 7.47
MW-3-D 2/27/96 7.3
MW-4-A 1/24/97 | 7.85
MW-4-B 4/18/97 7.6
MW-4-C 7/8/97 7.41
MW-4-D 2/26/96 7.3
MW-5-A 1/24/97 | 7.58
MW-5-B 4/18/97 7.3
MW-5-C 7/6/97 6.84
MW-5-D 2/26/96 7
MW-7-A 4/9/96 7.7
MW-7-B 7/31/96 73
MW-7-C 1/22/97 | 7.89
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Sample L.D. for Local and Regional Ground Water Diagrams (continued)

Sample_id Date pH
MW-7-D 4/18/97 6.9
MW-7-E 7/29/97 7.8
MW-7A-F 2/28/96 7.2
MW-7B-G 2/28/96 7.1
MW-8-A 4/16/97 7.1
MW-8-B 712197 6.7
PW-1 12/18/95| 6.3
PW-1b 12/19/95 | 6.4
RIFLE RANGE 9/26/82 | 8.64
SOLANO WELL-A 9/14/82 | 3.75
SOLANO WELL-B 5/1/93
UG Sump 7/20/97 7.7
UG SUMP-A 1/29/97 | 17.69
UG SUMP-B 4/21/97 7.7
WTH-1 4/9/95 7.3
WTH-2 4/21/95 7
WWRDF 7/21/97 3.1
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Attachment C.1.2

Local and Regional Ground and Surface Water used to Create Piper Diagrams

The data contained within this attachment were used to generate

Figures C-5 to C-8, C-10to C-12, and C-19 to C-23.
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ATTACHMENT C.2

LOCAL AND REGIONAL GROUND WATER DATA

The data presented in this attachment were used to generate Tables C-1 and C-2.



Local Ground Water Data used to Calculate Summary Statistics

location_name Cu(D) | Fe() | SO4(-) [ TDS(-) | Zn (D)
[FAULT . nd | 0.010
MW-1 |  nd 0047 | 23 268 0.012
MW-10 0.056 0.033 430 1077 0.101
[MW-12 0010 | 1.525 1683 2773 0.089
MW-17 0.064 | 1393 1958 3210 0.032
MW-19 0.026 | 0.011 1362 2356 0.952
MW-1A 0.001 0.475 185 611 0.005
MW-2 nd 0.141 1077 1783 0.004
MW-20 0.003 0.219 1355 3374 0.121
MW-21 1914 22.749 2703 4153 4835
|Mw-22 nd 0.100 1796 3060 0.042
Mw-24 7.029 0.206 1495 2481 1.682
MW-25 0.109 0.623 2434 4286 0.170
|Mw-3 0.004 4615 784 1340 0.009
MWw-4 0.001 1.812 181 712 0.009
|Mw-5 0.009 0.044 195 611 0.185
MW-5A 0.003 0.019 1005 1750 0.033
|MW-7 0.013 0.706 474 999 0.241
MW-8 0.002 2.183 1470 2762 0.036
SLEEPING BEAUTY SHAFT 1432 2677
TANK ' nd 10
UG SUMP | 0.021 0.038 1226 | 2366.75 167

nd = non-detect

All listed values are calculated as the average of available data and reported in mg/L.

Cobre Mining Company
Pp:\100029\Draft-Report Revised\Appendix-Qattc2. doc

C.2-1

Shepherd Miller, Inc.
December 1999



Regional Ground Water Data Used to Calculate Summary Statistics

location_name Cu (D) Fe (D) S04 (—) | TDS (-) Zn (D)
18S.13W.2.321 68 !
18S.13W.8.13312 19 !
376-96-04 237 ! 456
B3A-5 1190 i 1470
BA-6 11 i 1100
526-96-16 | | 7 278
526-96-17 | | 114 308 :
B-40 ] 984 1640 T
fB-57R | 2510 3900 |
agullfrog #2 Shaft | 875 1502 |
ullfrog Shaft 950 1700
CHIN(_)_XVE_LL CB6D' { ~nd 925 327(_)_:_ : t 5210 [ 686
CHINO WELL WD10 - 6.74 e 047, 3670 5740 303
ICHINO WELL WD4 275 7.13 12600 17600 94.8
DENNIS WELL 137 548
ESCOBAR 1260 2090 B
IGRUN HAND DU 4259 | 729
IGRUNERUD EAS | | 827 1490 |
G-I w0 | B
GW-2 ! nd | 0.353 | y 1485 2.96
GW-3 | nd I 0.693 I 2755 1.37
GW-4 i nd [P0A81595 { 3477 [ 6285
GW-5 | nd ] nd | 1488 0.036
Hanover er
Hanover Post Office | 1695
Hanover Post Office-RR Tap ] 1740 I
Hanover Shaft Make-Up i | 1579 | 2564
Hanover-Fleming T B T S A
Hanover-Majalca ! 1640 I
{Hanover-Majalca Well 1233 |
Hanover-McNutt ] | 1400 |
I::Ianover-Sandoval | 735 | T
B3 i 268 652
LBCUT | | 1460 | 2600
LBEAST 5 | 491 | i110
M: o | | L o
{osad8 = 391 2598 3239 i_ 19.1
0.002 I 0.509 197 | 1330 | 0.033
0.002 | 0.803 447 | 983 | 0.151
T oot T 075 481 1098 | 0319
[ 588 1217 | ]
i 150 786
I 36000 = 48500
PZ-12. T R P Ol e R T e i
RIFLE RANGE | | 63 ! 208 i
SOLANO WELL | 6.36 | 0302 3474 | 5509 ! 16.9
TLB22 JE N Y AT N R B
TLB32 5 i . 23 287
WD-11 | i 434 762 ]
WD-5 | ' | 957 1800 [
WTH-1 - ] | 1 | 64 47 I
WTH-2 | [ 113 472
Shaded rows indicate uncharacteristically high concentrations.
nd = non-detect
All listed values are calculated as the average of available data and reported as mg/L.
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ATTACHMENT C.3

LOCAL AND REGIONAL SURFACE WATER DATA

The data contained in this attachment were used to generate Tables C-3 and C-4.



Local Surface Water Data used to Calculate Median Values

location_name Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)
116621 20180
139880-2 398
139880-4 420 |
139883-4 66 420 o
139886-7-8 484
139892 o 2968 o -
61230 2936
BG-1 0.034 1813 2996 0.357
BG-2 0.144 2154 3326 0.796
BGWL ) w600 | T
BGWU 1400 i
BHG-1 0.063 nd 1900 2800 | 0.130
BUCKHORN CF _ 1608 | 717 6236 | 7441 54.7
BUCKHORN_E_TRIB ; 1700 | 3000
Buckhorn_Guich [ 1900 | 2800 0.130
CO92W-HCBG ' [o211
CO92W-MT-1 1600 | 3050 =
CO92W-MT-2 T 71500 | 2969
CO92W-SPR 316 |
Cobre Creek 970 1700
CONT POND 1 0.074 0.407 1460 2499 1.662
DECANT 0.037 0.344 1970 3205 | 0.155
DG POOL 0.020 7.800
DG STREAM nd 5200
EDSN-1 0.190 nd 2500 4000 1.100
Fan_Discharge @ | 0018 | nand | | 2400 | nd
FIERRO SPR 604 1812 |
FS-1 nd nd 45 | 290 | 0015
GAP-1 nd 0.020 69 400 | nd
GG-1 0.060 ] 1036 | 1831 | 0.880 |
GG-Seep 3400 73000
GRP-1 nd 0.020 58 310 | nd
Han Cr/Above Hanover Property 1271 1947 |
Han Cr/Beside Hanover Property 1347 2036 |
Han Cr/Sleeping Beauty 530
HANOVER CR SPRING | B 282 B
HC-1 nd ! 37 295 | 0.174
HCW-1 440 T o
HCW-2 2000 ,
HSN-1 0.024 55.000 440 600 1.400
HSN-2 nd 0.080 210 350 | 0.020

Cobre Mining Company Shepherd Miller, Inc.
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Local Surface Water Data used to Calculate Median Values (continued)

location_name Cu@®) | Fe) | SO4(-) | TDS(-) Zn (D)
Mag Pond 2100 |
Mag Seep 0.035 0.008 1753 2862 | 0.240
MAGNETITE DAM SEEP nd nd 3410 0.004
MAGNETITE SEEP 0.042 nd 1876 3684 0.252
MDD-1 0.006 nd 2000 3500 0.023
MDD-2 0.017 0.020 2000 3400 0.061
MDS 3500
MP Seep 1 850
MP Seep 2 2000
Old Seep T 8500 i
POISON_SPRING 390 |
POND 0.021 0.023 1600 2589 | 0.042
PS 440 |
PS-1 o 0.020 0.017 98 | 506 | 0022
PS-2 - aso
SEEP 0151 | 0.015 2710 4079 | 1.208
G ; I I 380 | .
SW-3 0089 | nd [ 1400 0.360
Swa od T ed [0 ad
SW-5 0.034 nd 3500 | nd
TAIL-1B 0.009 0.01 1600 2600 | 0.051
TAILINGS | T 822 1208
TAILINGS_POND . 2w
TPS-1 0024 | nd 1800 2800 0.580
TPS-2 0.090 nd 1800 3000 0.770
TPS-3 0028 | nd 1800 2900 0.510
TRUCK_SHOP 510 |
TSN 510 |
UN3W-1 2400 i
UN3W-2 2000 3400 |
UN4W-2 2100 |
UN4W-3 © 1900 | | -
UN4W-4 2000 |
WEST_DUMP { . i 308 % SR25000, N8 T
WWRD Seep 1" 3695 | 107 | 8900 | IS0 1280 |
WWRDF 276.8 270 | 16570 21215 169.2

All listed values are calculated as the average of available data and reported in mg/L.
nd = non-detect
Shaded rows indicates uncharacteristically high concentrations.
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Regional Surface Water Data used to Calculate Median Value

location_name Cu (D) | Fe (D) [ SO4 (--) [ TDS (--) | Zn (D)
61235 . 2472
BG-11 0.015 nd 1700 2800 0.1
BUCKHORN_CONF 3000
Buckhorn_Seep 1910 3310
CO92W-HCUH 2502
E of Hanover Post Office . 1549
EBG-5 0.058 nd 1900 2800 0.82
GRUNERUD nd nd
HAN CR/BLACKHAWK 1260 1990
HAN CR/BULL HILL 1700 2650
HAN CR/MANHATTAN BAR L1162 0.57
HAN CR/UNION HILL | 1580 2660
HAN CR/W DUMP 1520 2300
Hanover Cr at Hanover 510
Hanover Creek Below Hanover 1400
HC-2 nd 0.127 1712 1.31
HC-3 0.0075) nd , 423 1923 1.53
N of Hanover Post Office 11526
SW-1 0.018 nd | 2400 nd
SW-2 0.021 nd 1700 2800 nd
SW-6 213
UV Discharge/Manhattan Bar 1807
WBG-1 1800
WINDMILL 0.012 nd 2920 | 0.043
ZH-1 nd nd 1500 2300 5.5
ZH-2 nd nd | 1600 2300 7.9

All listed values are caiculated as the average of available data and reported as mg/L.
nd = non-detect
Shaded rows indicate uncharacteristically high concentrations.

Cobre Mining Company Shepherd Miller, Inc.
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ATTACHMENT C.4

F AND STUDENT'S ¢t TEST:
DATA, ANALYSES AND RESULTS AND
PROBABILITY GRAPHS



C.4-1.0 Introduction

This attachment describes, in general, the statistical tests used to generate Section 3.0.

Also contained in this attachment are descriptions of the statistical methods

application.
C.4-2.0 Statistical Tests
C4-2.1 F Test

The F test determines if two sample variances are similar. The F test begins by
establishing a null hypothesis, which says that the variances of the two populations
are equal. Three alternative hypotheses also are established that define the conditions
under which the null hypothesis will be false. The test statistic used for these
determinations is “F”. F is defined as the ratio of the two sample variances being

compared:

Where: S} = variance of sample 1, and

S2= variance of sample 2.

The null hypothesis: H,: 6,>= o,

Where: o,? = variance of population 1, and

0,2 = variance of population 2.

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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Alternative Hypotheses: Rejection Region:

. 2 2
H;:0,">0, F2F , min
. 2 2
Hn' 0-l < 0-2 F < Fl-a, m-1, n-1
. 2 2
Ha' o-l # 0'2 F 2 Fu/Z. m-1, n-1 or F < Fl-a/Z, m-1, n-1

Where:a = confidence interval,
m-1 = degrees of freedom for sample 1, and

n-1 = degrees of freedom for sample 2.

Values of F, .., ., and F 1.1, are determined from published tables based on the F
probability distribution. Values of F, 5 i . and F, ., .., are determined from the

following equations:

Fl-u./2, m-1, n-1 = 1/ Fa/Z, m-1, n-1

and
Fie, m-ln-l 1/ Fu, m-1, n-1.

Thus, if the alternative hypotheses are false, then the null hypothesis is true and the
two sample variances are statistically identical. To determine if the sample means are

from the same population, the Student’s ¢ test is required.

CA4-2.2 Student’s ¢ test

The Student’s ¢ test was only performed on samples that passed the F' test because one
of the assumptions of the Student’s ¢ test is that the sample variances are statistically
identical. The null hypothesis of the Student’s ¢ test states that the means of the two

sample populations are equal. The alternative hypothesis states that the means of the

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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two sample populations are not equal. The following equations are used to determine

the test statistic

Where;

n+n,—2

Sp{(n, ~1)$24{n, - 1)s2 T, "

t = test statistic
X, = mean of sample 1,

X,=mean of sample 2,

. = standard error of the mean,

, = pooled estimate in standard deviation,
n, = number of observations in sample 1,
n, = number of observations in sample 2,
S, = standard deviation of sample 1, and

S, = standard deviation of sample 2.

The range of acceptable t values is determined from tables based on the t probability

distribution. The number of degrees of freedom for the two samples combined and

the confidence interval are needed to obtain a value from the tables for t .. The

number of degrees of freedom for the two samples is equal to the sum of the number

of observations minus 2.

Cobre Mining Company, Inc.

Shepherd Miller, Inc.
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The null hypothesis is true if:

t<ty and t2-tg,.

Thus, if the null hypothesis is true, the means of the samples are from the same
population. Populations that have passed both the F and Student’s ¢ tests can be

concluded to be statistically identical.

To apply the Student’s t test, three assumptions must be made: (1) data are randomly
selected, (2) data fit a normal type distribution, and (3) sample variances are equal
(Davis, 1986). The purpose of the first assumption is to prevent the inclusion of
outlier values that tend to skew statistical parameters. A review of the regional data
over the period of sampling indicated that seven ground water and three surface water
locations needed to be eliminated from the analysis to remove known bias, as

discussed in Section 2.1.1.

The second assumption is valid based on the central limits theorem which concludes
that most natural populations of adequate size conform to normal theory (Davis,
1986). The use of the F test, which compares the equality of sample variances, was

used to confirm the third assumption.

C.4-3.0 Probability and Frequency Distribution Analysis

The ranges of concentrations for many of the key water quality parameters evaluated
in this analysis were large, indicating the presence of multiple populations. Before
performing any comparative statistical analyses, unique populations for each
constituent were identified and separated. Two methods that aided in this task were
probability distribution diagrams and frequency distribution diagrams. Probability
diagrams, which have many applications in geology and engineering, are a useful
technique for displaying, separating, and characterizing unique populations of data.

At mine sites, these unique populations can be interpreted to represent a wide range of

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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conditions, ranging from natural background to effects from anthropogenic activity.
However, for this analysis, the probability approach was employed only to identify

and separate unique populations of data to be used in the statistical comparison.

For the probability distribution analysis, all data were transformed into logarithmic
values to aid in the identification and separation step. Data reported as less than
method detection limits were included in the analysis after substitution of a value
equal to one half the reported detection limit. The basis for performing the
logarithmic transformation is that natural populations generally follow log normal
distributions, thus allowing distinct, multiple populations to be more easily
recognized. Each constituent from the representative data sets was examined in this
manner. Individual probability graphs were generated for each constituent and are
provided in Figures C.4-1 through C.4-20. The data used in the analysis are in Tables
C.4-5 through C.4-8. Summary statistics (mean, standard deviation, variance, number
of values) were calculated using the arithmetic values for each population, including
substituted values for below detection limit data. These statistics are summarized in

Tables C.4-1 and C.4-2 below.

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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Table C.4-1 Statistical Summary of Ground Water Populations

Regional Area A Data Local Data
Population Population
Groundwater Lower Upper | Uncharacteristic | Lower Upper | uncharacteristic
Copper Mean 0.008 102 0.0046 0.062 73
Std. Dev. 0.004 135 0.0020 0.053 145
Variance | 1.60E-05 | 1.82E+04 2.7E-06 0.062 2.09E+04
No. 29 5 118 59 20
Iron Mean 0.047 0.59 36 0.038 4.82
Std. Dev. | 0.033 032 41 0.037 9.71
Variance | 0.0011 0.103 1670 0.0013 94.35
No. 10 14 10 98 98
Zinc Mean 0.26 31 0.047 1.51 83
Std. Dev. 0.33 33 0.065 0.85 88
Variance 0.111 1100 4.18E-03 0.729 7.71E+03
No. 20 14 149 34 16
Sulfate Mean 256 1510 18100 316 1570 12570
Std. Dev. 194 446 25000 181 560 9230
Variance | 3.77E+04 | 1.99E+05 | 6.26E+08 | 3.29E+04 | 3.14E+05 | 8.52E+07
No. 34 39 8 68 121 6
TDS Mean 329 2000 26900 245 1970 19150
Std. Dev. 106 944 37700 79 1142 11210
Variance | 1.12E+04 | 8.92E+05 | 6.26E+08 | 3.61E+03 | 1.30E+06 | 1.26E+08
No. 8 67 6 15 225 4

All units are in mg/L.
All statistics are for arithmetic values.
Shaded cells indicate uncharacteristically high concentrations and that no further statistical analysis was performed.
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Table C.4-2 Statistical Summary of Surface Water Populations

Regional Area A Data Local Data
Surface Water Population Population
Lower Upper | Uacharacterisic | Lower Upper | uncharacteristic
Copper Mean 0.012 0.043 198
Std. Dev. 0.016 0.061 158
Variance | 2.53E-04 3.73E-03 | 2.49E+04
No. 14 77 8
Iron Mean 0.054 0.020 0.40 102
Std. Dev. 0.10 0.018 0.25 92
Variance | 1.00E-02 3.19E-04 | 6.17E-02 | 8.49E+03
No. 13 56 9 6
Zinc Mean 0.051 248 0.044 0.89 43
Std. Dev. 0.031 2.36 0.039 0.56 49
Variance | 9.74E-04 | 5.58E+00 1.52E-03 | 3.09E-01 | 2.41E+03
No. 5 10 43 33 10
Sulfate Mean 452 1580 76 1700 10540
Std. Dev. 85 227 44 537 6830
Variance | 7.15E+03 | 5.16E+04 1.97E+03 | 2.89E+05 | 4.66E+07
No. 3 17 21 97 6
TDS Mean 830 2540 395 3020 12420
Std. Dev. 575 385 117 680 6085
Variance | 3.31E+05 | 1.48E+05 1.38E+04 | 4.62E+05 | 3.70E+07
No. 4 22 38 124 5

All units are in mg/L.
All statistics are for arithmetic values.
Shaded cells indicate uncharacteristically high concentrations and that no further statistical analysis was performed.

In ground water, multiple populations were identified for all key parameters at
regional and local monitoring locations (Table C.4-1). For regional data, relatively
small populations having unusually high concentrations were identified for all five
constituents. These populations, which were consistently traced to similar monitoring
locations (i.e., Chino Well WD4, Chino Well WD10, Make Up), were omitted from
further statistical analyses because they are not considered to represent unaltered
water quality. For the same reason, upper populations identified in the local data for
all key parameters were also omitted. These populations were consistently associated
with two monitoring locations (WWRDF, MW-21). Therefore, two local populations
of copper, sulfate, and TDS, and one local population of iron and zinc were used in

the comparative analysis to regional data.

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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In surface water, multiple populations were identified for all key water quality
parameters, with the exception of regional copper and iron data (Table C.4-2). The
only regional population that was omitted from further statistical analysis was an
upper population for zinc because concentrations were unusually high and
incomparable to similar populations identified for local zinc data. For local data,
upper populations were identified for all key water quality parameters that were not
considered to represent unaltered water quality. These concentrations were
consistently associated with the location Buckhorn CF. After omission of these upper
populations, two lower populations for iron, zinc, sulfate, and TDS, and one lower

population of copper were used in the comparative analysis to regional data.

C.44.0 The Comparative Analysis

As mentioned previously, several local populations were identified and determined to
be suitable for comparison to regional data. Comparisons for each constituent were
divided into separate cases. Each case is presented in Table C.4-3, which shows
pertinent statistics and results for each case. Table C.4-3 displays the F test
comparisons which are based on the number of observations and variance for distinct
populations. The limits of the test are shown in the “F Statistic” column and the
results for each limit are shown in the “Condition of Hypothesis” column. A “TRUE”
statement appears for each condition met, indicating that a limit of the Null
Hypothesis has been exceeded. A line of “FALSE” statements is required for the test
to pass. Compared populations that pass the F' test (Null Hypothesis = TRUE) are
then further examined by the Student’s ¢ test.

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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To facilitate the interpretation of Table C.4-3, the following example for ground water is
provided. For copper, two cases compare the two local (lower and upper) populations to
the lower population from the regional data set. Both cases for ground water copper
failed the F' test, as indicated by the “FALSE” statement in the “Null Hypothesis”
column. The conclusion in this example is that ground water copper at Regional Area A
and local monitoring locations are statistically different. The analysis follows for the

remaining key water quality parameters.

The ground water populations that passed the F test (shown in Table C.4-3) are the lower
iron population, lower TDS population, and both sulfate populations. The surface water
populations that passed the F test are the lower zinc and the lower sulfate populations
(Table C.4-3). The key water quality parameters that did not pass this test were not
evaluated further, except to conclude that they are statistically different. A conclusion

that they represent effects related to mining cannot be made.

Case comparisons for populations that passed the F test were further examined using the
Student’s ¢ test, which compared the means of each population. The design of this second
test is important, because in a comparison of populations it removes the natural
variability that is present in multiple measurements due to sampling methods, changes in
time, and analytical methods. For example, unusually high or low measurements affect
the statistics from small data sets to a greater extent than they affect the statistics of larger
data sets. Thus, the tolerance of the Student's ¢ test is greater for data sets (as it is with

the data presented in this report) in which the number of data are limited.

Summary statistics, test limits, and results of each test are shown in Table C.4-4. The
results show that the mean values corresponding to the lower populations for local ground
water iron, sulfate, TDS, in addition to the upper populations of sulfate are identical to
regional data. For surface water, only the lower population of zinc was found to be
identical. Therefore, a much higher level of correlation between local and regional water

quality is found for ground water than is apparent in surface water.
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C4-5.0 Results of Statistical Analysis

The results of the statistical analysis show that iron, sulfate, and TDS in the local ground
water system have, in part, statistically equivalent concentrations compared to the
Regional Area A ground water. Similarly, some of the zinc and sulfate concentrations in
the local surface waters are statistically equivalent to the concentrations in Regional Area
A surface waters. Uncharacteristically high concentrations of each constituent in the
ground water were identified for the local and regional areas. Similarly, local surface

water had populations with high concentrations of each constituent.

Although the remaining populations are not statistically equivalent, other observations
can be made. For example, local populations of copper in the ground water cannot be
correlated with the Regional Area A ground water; however, one of the local populations
has a mean concentration lower than the Regional Area A value. The same observation is
made for zinc in both the ground water and surface water, along with iron in the surface

water.

There are several instances where the multiple populations have been identified in either
the local or Regional Area A data, but a corresponding population does not exist in the
other region. This is observed for copper and iron in the ground water and iron and zinc

in the surface water.
The following is a brief synopsis of the statistical analysis results for each constituent:

e Copper - A direct correlation between local and regional populations of copper
was not evident in either surface or ground water. In ground water, the mean
concentration of the regional data is between the two local populations. In surface
water, the mean concentration of the local data was higher than the regional data.
A middle population of copper concentration is present in the local surface water
data that has a greater mean than the lower regional population mean.

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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e In ground water, the lower populations of iron for regional and local data were
directly correlated. For surface water, the range of iron concentrations are fairly
comparable, although no direct population correlation was identified. A middle
population of iron concentration is present in the local surface water data that has
a greater mean than the lower regional population mean.

e Local ground water and surface water zinc concentrations were lower than the
respective regional means. A middle population of zinc concentrations is present
in the local surface water data, with a mean greater than the lower regional
population.

e Sulfate concentrations in regional and local ground water are statistically identical
for the lower and middle populations. The means of the local and regional surface
water sulfate concentrations in the lower populations were statistically different.
The middle surface water sulfate populations have almost identical mean
concentrations although their comparison failed an F test.

e The TDS concentrations for ground water data were similar for the regional and
local data, as the population of lowest concentrations was determined to be
statistically identical. The middle ground water TDS populations have almost
identical mean concentrations, although their comparison failed an F test. The
pattern observed for sulfate in the surface water follows for TDS because sulfate
is the primary dissolved constituent.
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Table C.4-5 Regional Groundwater for Statistical Analysis

COH;::::M Cu (D) Fe (D) S04 () TDS () Zn (D)
FAULT 01-Jun-95 (nd) 0.01
MW-1i 01-Oct-92 36 960
MW-1 02-Dec-92 240
MW-1 03-Dec-92 290
MW-1 04-Dec-92 250
MW-1 06-Dec-92 (nd) 0.01 0.075 0.011
MW-1 07-Dec-92 (nd) 0.012 0.09 0.05
MW-1 08-Dec-92 (nd) 0.006 0.0339 (nd) 0.0057
MW-1 01-May-93 (nd) 0.006 0.0339 16.1 250 (nd) 0.0057
MW-1 01-Oct-93 200
MW-1 01-Jan-94 160
MW-1 01-Mar-94 170
MW-1 01-Jun-94 180
MW-1 01-Oct-94 170
MWw-1 01-Jan-95 180
MW-1 28-Feb-96 (nd) 0.005 (nd) 0.01 18 160 (nd) 0.005
MW-10 20-Jun-95 0.09 (nd) 0.02 1200 0.05
MW-10 27-Feb-96 0.12 (nd) 0.0t 390 910 0.44
MW-10 09-Apr-96 416 1010
MW-10 31-Jul-96 429 1040
MW-10 22-Jan-97 0.003 0.068 1060 0.112
MW-10 18-Apr-97 0.05 0.02 449 1040 0.1
MW-10 04-Jul-97 0.06 0.02 1234 0.09
MW-10 17-Oct-97 0.04 0.15 429 1100 0.07
MW-10 20-Jan-98 0.04 (U) 0.02 427 1000 0.04
MW-10 24-Apr-98 0.04 0.05 356 1070 0.053
MW-10 27-Jul-98 0.06 (U) 0.02 546 1180 0.102
MW-10 11-Nov-98 0.06 0.09 436 1180 0.057
MW-10 03-Feb-99 0.032 (U) 0.02 427 1000 0.059
MW-10 11-Aug-99 0.076 (U) 0.02 424 1050 0.044
MW-12 17-Apr-97 (nd) 0.01 0.88 1765 2994 (nd) 0.025
MW-12 06-Jul-97 (nd) 0.01 1.38 2880 (nd) 0.02
MW-12 21-Oct-97 (nd) 0.01 0.15 1350 2690 (nd) 0.025
MW-12 27-Jan-98 (U) 0.01 3.14 1380 2750 (U) 0.025
MW-12 24-Apr-98 (U) 0.01 2.37 1290 2710 (U) 0.025
MW-12 17-Jul-98 (U) 0.05 2.1 1550 2830 (U) 0.125
MW-12 22-Oct-98 0.02 1.04 1580 2700 0.121
MW-12 05-Feb-99 0.01 2.7 2080 2990 0.035
MW-12 10-Mar-99 (U) 0.004 1.35 2040 2280 0.162
MW-12 09-Aug-99 0.067 0.07 2110 2910 0.571
MW-17 17-Jul-98 (U) 0.05 1.4 1740 3170 (U) 0.125
MW-17 17-Nov-98 0.1 0.79 1930 3360 0.052
MW-17 19-Jan-99 0.12 0.39 2220 3340 0.041
MW-17 15-Mar-99 0.035 2.99 1940 2970 0.035
MW-19 11-Jun-96 1460 2480
MW-19 31-Jul-96 1390 2360
MW-19 23-Jan-97 0.039 (nd) 0.024 2470 0.75
MW-19 14-Apr-97 0.02 (nd) 0.02 1642 2772 0.77
MW-19 08-Jul-97 0.04 (nd) 0.02 1470 2582 0.76
MW-19 17-Oct-97 0.02 0.02 972 1860 0.519
MW-19 27-Jan-98 0.02 0.1 1190 2230 1.21
MW-19 24-Apr-98 0.03 (U) 0.02 1190 2460 1.09
MW-19 28-Jul-98 0.02 (U) 0.02 1180 2190 0.674
MW-19 05-Nov-98 0.04 (U) 0.02 1560 2550 1
MW-19 02-Feb-99 (U) 0.01 (U) 0.02 1560 2320 1.24
MW-19 15-Mar-99 0.023 (U) 0.019 1370 2160 1.19
MW-19 11-Aug-99 0.033 (U) 0.02 1360 2190 1.27
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Table C.4-5 Regional Groundwater for Statistical Analysis (continued)

Location Collection
Coanie date Cu (D) Fe (D) S04 () TDS (-) Zn (D)

MW-1A 20-Jun-95 (nd) 0.01 (nd) 0.02 580 (nd) 0.02
MW-1A 28-Feb-96 (nd) 0.005 0.26 160 530 0.014
MW-1A 23-Jan-97 (nd) 0.003 0.711 618 0.006
MW-1A 14-Apr-97 (nd) 0.0t 0.35 188 624 (nd) 0.025
MW-1A 03-Jul-97 (nd) 0.01 0.79 704 (nd) 0.02
MW-1A 17-Oct-97 (nd) 0.01 0.56 181 680 (nd) 0.025
MW-1A 23-Jan-98 (U) 0.01 1.04 166 580 0.03
MW-1A 24-Apr-98 (U)0.01 0.44 212 650 (U) 0.025
MW-1A 31-Jul-98 (U) 0.01 0.5 207 680 (U) 0.025
MW-1A 05-Nov-98 (U) 0.01 0.54 204 690 (U)0.025
MW-1A 28-Jan-99 (U)0.01 0.72 161 480 (U) 0.025
MW-1A 03-Mar-99 (U) 0.004 0.233 197 577 0.005
MW-1A 03-Aug-99 0.008 0.03 172 548 0.006
MW-2 01-Oct-92 780 1400
MW-2 10-Dec-92 1200
MW-2 11-Dec-92 1098
MW-2 12-Dec-92 1250
MwW-2 14-Dec-92 (nd) 0.01 0.034 (nd) 0.01
MW-2 15-Dec-92 (nd) 0.012 (nd) 0.14 0.02
MW-2 16-Dec-92 (nd) 0.0023 (nd) 0.0023 (nd) 0.0057
MW-2 01-May-93 (nd) 0.0023 {(nd) 0.0023 958 1250 (nd) 0.0057
MW-2 01-Oct-93 2000
MW-2 01-Jan-94 1900
MW-2 01-Mar-94 2200
MW-2 01-Oct-94 2400
MW-2 01-Jan-95 2100
MW-2 26-Feb-96 (nd) 0.005 0.1 1100 1900 (nd) 0.005
MW-2 10-Apr-96 1300 1890
MW-2 30-Jul-96 1230 1940
MW-2 25-Jan-97 (nd) 0.003 (nd) 0.024 2050 (nd) 0.003
MW-2 18-Apr-97 (nd) 0.01 (nd) 0.02 1148 1944 (nd) 0.025
MW-2 05-Jul-97 (nd) 0.01 0.33 1140 2008 (nd) 0.02
MW-2 16-Oct-97 (nd) 0.01 0.08 1020 1820 (nd) 0.025
MW-2 20-Jan-98 U)0.01 0.08 979 1720 (U) 0.025
MW-2 18-Apr-98 ) 0.01 1.17 1050 1720 (U) 0.025
MW-2 29-Jul-98 (U) 0.01 0.03 1040 1830 (U) 0.025
MW-2 03-Nov-98 (U) 0.01 0.02 905 1760 0.033
MW-2 02-Feb-99 (U) 0.01 0.1 1230 1830 (U) 0.025
MW-2 11-Mar-99 (U) 0.004 0.17 1200 1810 (U) 0.004
MW-20 11-Jun-96 1100 2500
MW-20 05-Aug-96 1270 2690
MW-20 24-Jan-97 (nd) 0.003 (nd) 0.024 3300 0.016
MW-20 14-Apr-97 (nd) 0.01 0.06 1424 3402 (nd) 0.025
MW-20 09-Jul-97 (nd) 0.01 0.29 1470 3696 0.14
MW-20 21-Oct-97 (nd) 0.01 0.05 1270 3690 (nd) 0.025
MW-20 23-Jan-98 (U) 0.01 0.11 1430 3620 (U) 0.025
MW-20 28-Apr-98 (U) 0.01 U) 0.02 1260 3580 (U) 0.025
MW-20 28-Jul-98 (U) 0.01 (U) 0.02 1370 3570 (U) 0.025
MW-20 17-Nov-98 (U)0.01 1.4 1360 3640 0.77
MW-20 03-Feb-99 0.03 0.06 1600 3430 0.16
MW-21 11-Jun-96 3000 4500
MW-21 07-Aug-96 2770 4430
MW-21 18-Apr-97 3.58 2.49 2753 4410 339
MW-21 10-Jul-97 0.55 15.4 2780 4504 36
MW-21 21-Qct-97 0.29 6.28 2570 43.7
MW-21 23-Jan-98 0.13 58.9 2650 4190 60.9
MW-21 28-Apr-98 0.1 38.1 2370 4430 53.2
MW-21 24-Jul-98 0.1 9.82 2410 4360 27.7
MW-21 16-Nov-98 0.12 54.5 2740 4300 75.1
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Table C.4-5 Regional Groundwater for Statistical Analysis (continued)

Location Collection
" name date Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)

MW-21 03-Feb-99 0.28 25.2 2820 4100 60.2
MW-21 10-Mar-99 12 5.7 2800 3620 51.8
MW-21 09-Aug-99 1.99 11.1 2770 2840 41
MW-22 28-Jul-98 (U) 0.01 (U)0.02 1730 3140 (U) 0.025
MW-22 16-Nov-98 (U) 0.01 0.47 1690 3130 0.202
MwW-22 21-Jan-99 (U) 0.01 (U) 0.02 1900 3080 (U) 0.025
MW-22 03-Mar-99 (U) 0.01 (U) 0.02 1900 3080 (U) 0.025
MW-22 03-Aug-99 (U) 0.003 0.03 1760 2870 0.008
MW-24 17-Apr-97 8.62 0.07 1662 2752 1.62
MW-24 09-Jul-97 5.45 0.07 1690 2878 1.82
MW-24 16-Oct-97 6.38 (nd) 0.02 1370 2460 1.88
MW-24 27-Jan-98 4.44 0.41 1440 2360 1.88
MW-24 27-Apr-98 6.09 0.04 1270 2350 1.48
MW-24 29-Jui-98 10.9 0.5 1340 2300 1.74
MW-24 16-Nov-98 6.77 0.21 1500 2620 1.29
MW-24 04-Feb-99 6.89 0.25 1670 2470 1.79
MW-24 15-Mar-99 7.72 0.301 1510 2140 1.64
MW-25 23-Apr-97 0.11 0.12 2374 4162 0.1
MW-25 09-Jul-97 0.23 0.23 2430 4282 0.11
MW-25 16-Oct-97 0.06 0.99 2310 4310 0.183
MW-25 27-Jan-98 (U) 0.01 1.03 2460 4400 0.131
MW-25 01-May-98 0.07 1.34 2110 4300 0.12
MW-25 29-Jul-98 (U) 0.01 0.43 2380 4470 0.109
MW-25 16-Nov-98 0.3 1.7 2630 4650 0.69
MW-25 02-Feb-99 0.16 0.14 2610 4360 0.143
MW-25 10-Mar-99 0.082 0.223 2470 4130 0.085
MW-25 10-Aug-99 0.081 0.023 2570 3800 0.0263
MW-3 01-Oct-92 530 980
MW-3 18-Dec-92 1200
MW-3 19-Dec-92 1277
MW-3 20-Dec-92 1230
MW-3 22-Dec-92 (nd) 0.01 0.092 (nd) 0.01
MW-3 23-Dec-92 0.032 0.04 0.1
MW-3 24-Dec-92 (nd) 0.0042 (nd) 0.0526 (nd) 0.0057
MW-3 01-May-93 (nd) 0.0042 (nd) 0.0526 657 1230 (nd) 0.0057
MW-3 01-Oct-93 1200
MW-3 01-Jan-94 1200
MW-3 01-Mar-94 1300
MW-3 01-Oct-94 1300
MW-3 01-Jan-95 1300
MW-3 27-Feb-96 (nd) 0.005 2.7 710 1300 (nd) 0.005
MW-3 10-Apr-96 837 1360
MW-3 30-Jul-96 776 1400
MW-3 25-Jan-97 (nd) 0.003 5.74 1380 0.013
MW-3 18-Apr-97 (nd) 0.01 7.23 818 1444 (nd) 0.025
MW-3 05-Jul-97 (nd) 0.01 7.65 813 1542 (nd) 0.02
MW-3 14-Oct-97 0.01 9.05 788 1420 (nd) 0.025
MW-3 20-Jan-98 (U) 0.01 11.6 757 1260 (U) 0.025
MW-3 18-Apr-98 (U) 0.01 0.25 815 1400 (U) 0.025
MW-3 27-Jul-98 (U) 0.01 8.67 843 1560 0.031
MW-3 03-Nov-98 (U) 0.01 3.74 814 1420 (U) 0.025
MW-3 04-Feb-99 0.01 1.89 926 1520 (U) 0.025
MW-3 11-Mar-99 (U) 0.004 7.37 855 1470 (U) 0.004
MW-3 09-Aug-99 0.006 7.82 821 1460 0.005
MWwW-4 01-Oct-92 170 710
Mw-4 02-Dec-92 (nd) 0.01 0.043 0.018
Mw-+4 03-Dec-92 (nd) 0.012 (nd) 0.14 0.06
MWwW-4 04-Dec-92 (nd) 0.0057 (nd) 0.0335 0.0155
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Table C.4-5 Regional Groundwater for Statistical Analysis (continued)

Location Collection
“name date Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)

MW-4 26-Dec-92 710
MW-4 27-Dec-92 754
MW-+4 28-Dec-92 702
MW-4 01-May-93 (nd) 0.0057 (nd) 0.0335 205 702 0.0155
MW-4 01-Oct-93 650
MW-4 01-Mar-94 700
MW-4 26-Feb-96 (nd) 0.005 34 180 640 (nd) 0.005
MwW-4 10-Apr-96 194 655
MWwW-4 30-Jul-96 180 676
MW-4 18-Apr-97 (nd) 0.01 1.88 191 802 (nd) 0.025
MW-4 08-Jul-97 (nd) 0.01 22 187 816 (nd) 0.02
MW-4 15-0ct-97 0.01 2.29 161 770 (nd) 0.025
MW-4 20-Jan-98 (U) 0.01 2.13 169 740 (U) 0.02
MW-4 14-Apr-98 (U) 0.01 3.67 184 730 (U) 0.025
MW-4 27-Jul-98 (U) 0.01 2.56 192 700 (U) 0.025
MW-4 18-Nov-98 (U) 0.01 3.57 164 650 (U) 0.025
MW-5 01-Oct-93 360
MW-5 01-Jan-94 360
MW-5 01-Mar-94 350
MW-5 01-Jun-94 350
MW-5 01-Oct-94 630
MW-5 01-Jan-95 650
MW-5 26-Feb-96 (nd) 0.005 (nd) 0.01 180 650 0.05
MW-5 10-Apr-96 204 658
MW-5 30-Jul-96 186 669
MW-5 24-Jan-97 (nd) 0.003 0.067 715 0.201
MW-5 18-Apr-97 (nd) 0.01 0.04 199 742 0.31
MW-5 06-Jul-97 (nd) 0.01 (nd) 0.02 194 756 0.05
MW-5 15-Oct-97 0.07 0.06 180 750 0.295
MW-5 20-Jan-98 0.02 0.08 195 720 0.31
MW-5 14-Apr-98 (U) 0.02 0.1 203 750 0.23
MW-5 24-Jul-98 (U) 0.01 0.02 177 480 0.115
MW-5 31-Oct-98 (U) 0.01 0.04 184 570 0.181
MW-5 03-Feb-99 0.02 0.02 223 710 0.217
MW-5 03-Mar-99 (U) 0.004 (U) 0.019 206 680 0.1
MW-5 03-Aug-99 (U) 0.003 0.1 205 670 0.157
MW-5A 28-Jul-98 (U)0.01 0.03 1040 1770 (U) 0.025
MW-5A 11-Nov-98 (U) 0.01 (U) 0.02 1000 1840 0.051
MW-5A 23-Jan-99 (U)0.01 (U) 0.02 1010 1730 0.049
MW-5A 03-Mar-99 0.007 0.025 1000 1730 0.043
MW-5A 03-Aug-99 0.006 0.04 975 1680 0.02
MW-7 20-Jun-95 (nd) 0.01 (nd) 0.02 770 (nd) 0.02
MW-7 28-Feb-96 (nd) 0.005 0.63 420 930 0.007
MW-7 09-Apr-96 479 1030
MW-7 31-Jul-96 451 980
MW-7 22-Jan-97 (nd) 0.003 0.946 1010 0.022
MW-7 18-Apr-97 (nd) 0.01 0.83 462 1048 (nd) 0.025
MW-7 29-Jul-97 (nd) 0.01 0.83 462 1048 (nd) 0.025
MW-7 17-Oct-97 (nd) 0.01 035 389 1020 (nd) 0.025
MW-7 20-Jan-98 (U) 0.01 1.63 439 920 (U) 0.025
MW-7 18-Apr-98 0.03 1.11 446 970 3.01
MW-7 27-Jul-98 (U) 0.01 0.4 426 940 (U) 0.025
MW-7 03-Nov-98 (U) 0.01 1.09 425 920 (U) 0.025
MW-7 04-Feb-99 (U) 0.01 0.59 517 1000 0.038
MW-7 10-Mar-99 0.145 0.132 484 1000 0.052
MW-7 03-Aug-99 (U) 0.003 0.64 760 1400 0.008
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Table C.4-5 Regional Groundwater for Statistical Analysis (continued)

Location Collection
o date Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)

MW-8 167Apr-97 (nd) 0.01 0.36 1498 2838 (nd) 0.025
MW-8 21-Oct-97 (nd) 0.01 1.29 1260 2760 (nd) 0.025
MW-8 23-Jan-98 (U) 0.01 447 1410 2680 0.191
MW-8 24-Apr-98 (U) 0.01 0.6 1160 2730 0.044
MW-8 29-Jul-98 (U) 0.01 5.42 1520 2890 (U) 0.025
MW-8 05-Nov-98 (U) 0.01 3.25 1510 2880 (U) 0.025
MW-8 02-Feb-99 (U) 0.01 338 1790 2890 0.029
MW-8 15-Mar-99 0.013 0.453 1560 2490 0.016
MW-8 11-Aug-99 0.007 0.42 1520 2700 0.044
SLEEPING BEAUTY SHAFT 01-Nov-72 530 2380
SLEEPING BEAUTY SHAFT 01-Jun-81 1875 2250
SLEEPING BEAUTY SHAFT 01-Sep-81 1890 3400
TANK 01-Jun-95 (nd) 10
UG SUMP 29-Jan-97 (nd) 0.003 (nd) 0.024 2100 2.36
UG SUMP 21-Apr-97 (nd) 0.01 (nd) 0.02 1185 2112 1.42
UG SUMP 20-Jul-97 (nd) 0.01 (nd) 0.02 1185 2112 1.42
UG SUMP 16-Oct-97 0.02 0.02 1270 2450 2.92
UG SUMP 21-Jan-98 (U) 0.01 (U) 0.02 995 2020 321
UG SUMP 04-May-98 0.07 0.17 1070 2510 19.2
UG SUMP 29-Jui-98 0.03 (U) 0.02 1330 2500 3.75
UG SUMP 08-Oct-98 0.05 0.11 1550 3130 3.11
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Table C.4-6 Regional Surface Water for Statistical Analysis

Location Collection Cu (D) Fe (D) S04 () TDS () Zn (D)
_name _date
61235 05-Apr-95 2472
BG-11 23-Feb-96 0.015 (nd) 0.005 1700 2800 0.1
BUCKHORN_CONF 11-Oct-95 3000
Buckhom_Seep 06-Aug-96 1910 3310
CO92W-HCUH 02-Dec-92 2500
CO92W-HCUH 03-Dec-92 2347
C0O92W-HCUH 04-Dec-92 2660
E of Hanover Post Office 24-Jul-80 1549
EBG-5 23-Feb-96 0.058 (nd) 0.005 1900 2800 0.82
GRUNERUD 01-Jun-93 (>) 600 (>) 1000
HAN CR/BLACKHAWK 01-May-93 1260 1990
HAN CR/BULL HILL 01-May-93 1700 2650
HAN CR/MANHATTAN BAR| 07-Jun-83 1134
HAN CR/MANHATTAN BAR 12-Jul-83 1228 0.57
HAN CR/UNION HILL 01-May-93 1580 2660
HAN CR/W DUMP 01-May-93 1520 2300
HANI14 01-Jun-93 (>) 600 (>) 1000
HANOVER CR 01-Jun-92 (>) 600 (>) 1000
Hanover Cr at Hanover 17-Nov-72 510
Hanover Creek Below Hanover 24-Jan-74 1400
HC-2 27-Jan-97 1.86
HC-2 28-Jan-97 (nd) 0.025 0.381 1900
HC-2 28-Apr-97 (nd) 0.025 (nd) 0.1 1646 1.1
HC-2 29-Apr-97 (nd) 0.025 (nd) 0.1 1590 0.98
HC-3 27-Jan-97 (nd) 0.025 (nd) 0.1 2479 1.7
HC-3 28-Apr-97 (nd) 0.025 (nd) 0.1 2907 22
HC-3 29-Apr-97 (nd) 0.025 (nd) 0.1 2710 2.17
HC-3 20-May-97 0.03 491 868 0.06
HC-3 24-Jul-98 355 650
N of Hanover Post Office 17-Mar-80 1526
SW-1 14-Mar-95 0.018 (nd) 0.05 2400 (nd) 0.05
Sw-2 14-Mar-95 0.021 (nd) 0.05 1700 2800 (nd) 0.05
SW-6 22-Apr-93 213
UV Discharge/Manhattan Bar 17-Jan-83 1807
WBG-1 23-Feb-96 1800
WINDMILL 01-Oct-96 0.012 (nd) 0.024 2920 0.043
ZH-1 23-Feb-96 (nd) 0.005 (nd) 0.01 1500 2300 5.5
ZH-2 23-Feb-96 (nd) 0.005 (nd) 0.01 1600 2300 79
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Table C.4-7 Local Ground Water for Statistical Analysis

Collection Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)
FAULT 01-Jun-95 (nd) 0.01
MW-1 01-Oct-92 36 960
MW-1 02-Dec-92 240
MW-1 03-Dec-92 290
MW-1 04-Dec-92 250
MW-1 06-Dec-92 (nd) 0.01 0.075 0.011
MW-1 07-Dec-92 (nd) 0.012 0.09 0.05
MW-1 08-Dec-92 (nd) 0.006 0.0339 (nd) 0.0057
MW-1 01-May-93 (nd) 0.006 0.0339 16.1 250 (nd) 0.0057
MW-1 01-Oct-93 200
MW-1 01-Jan-94 160
MW-1 01-Mar-94 170
MW-1 01-Jun-94 180
MW-1 01-Oct-94 170
MW-1 01-Jan-95 180
MW-1 28-Feb-96 (nd) 0.005 (nd) 0.01 18 160 (nd) 0.005
MW-10 20-Jun-95 0.09 (nd) 0.02 1200 0.05
MW-10 27-Feb-96 0.12 (nd) 0.01 390 910 0.44
MW-10 09-Apr-96 416 1010
MW-10 31-Jul-96 429 1040
MW-10 22-Jan-97 0.003 0.068 1060 0.112
MW-10 18-Apr-97 0.05 0.02 449 1040 0.1
MW-10 04-Jul-97 0.06 0.02 1234 0.09
MW-10 17-Oct-97 0.04 0.15 429 1100 0.07
MW-10 20-Jan-98 0.04 (U) 0.02 427 1000 0.04
MW-10 24-Apr-98 0.04 0.05 356 1070 0.053
MW-10 27-Jul-98 0.06 (U) 0.02 546 1180 0.102
MW-10 11-Nov-98 0.06 0.09 436 1180 0.057
MW-10 03-Feb-99 0.032 (U) 0.02 427 1000 0.059
MW-10 11-Aug-99 0.076 (U) 0.02 424 1050 0.044
MW-12 17-Apr-97 (nd) 0.01 0.88 1765 2994 (nd) 0.025
MW-12 06-Jul-97 (nd) 0.01 1.38 2880 (nd) 0.02
MW-12 21-Oct-97 (nd) 0.01 0.15 1350 2690 (nd) 0.025
MW-12 27-Jan-98 (U)0.01 3.14 1380 2750 (U) 0.025
MW-12 24-Apr-98 (U)0.01 2.37 1290 2710 (U) 0.025
MW-12 17-Jul-98 (U) 0.05 2.1 1550 2830 (U)0.125
MW-12 22-Oct-98 0.02 1.04 1580 2700 0.121
MW-12 05-Feb-99 0.01 271 2080 2990 0.035
MW-12 10-Mar-99 (U) 0.004 1.35 2040 2280 0.162
MW-12 09-Aug-99 0.067 0.07 2110 2910 0.571
MW-17 17-Jul-98 (U) 0.05 1.4 1740 3170 (U) 0.125
MW-17 17-Nov-98 0.1 0.79 1930 3360 0.052
MW-17 19-Jan-99 0.12 0.39 2220 3340 0.041
MW-17 15-Mar-99 0.035 2.99 1940 2970 0.035
MW-19 11-Jun-96 1460 2480
MW-19 31-Jul-96 1390 2360
MW-19 23-Jan-97 0.039 (nd) 0.024 2470 0.75
MW-19 14-Apr-97 0.02 (nd) 0.02 1642 2772 0.77
MW-19 08-Jul-97 0.04 (nd) 0.02 1470 2582 0.76
MW-19 17-Oct-97 0.02 0.02 972 1860 0.519
MW-19 27-Jan-98 0.02 0.1 1190 2230 1.21
MW-19 24-Apr-98 0.03 (U) 0.02 1190 2460 1.09
MW-19 28-Jul-98 0.02 (U)0.02 1180 2190 0.674
MW-19 05-Nov-98 0.04 ) 0.02 1560 2550 1
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Table C.4-7 Local Ground Water for Statistical Analysis (continued)

L_"::;‘:“ C°_':i°:t';°“ Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)
MW-19 02-Feb-99 (U)0.01 (U) 0.02 1560 2320 1.24
MW-19 15-Mar-99 0.023 (U) 0.019 1370 2160 1.19
MW-19 11-Aug-99 0.033 (U)0.02 1360 2190 1.27
MW-1A 20-Jun-95 (nd) 0.01 (nd) 0.02 580 (nd) 0.02
MW-1A 28-Feb-96 (nd) 0.005 0.26 160 530 0.014
MW-1A 23-Jan-97 (nd) 0.003 0.711 618 0.006
MW-1A 14-Apr-97 (nd) 0.01 0.35 188 624 (nd) 0.025
MW-1A 03-Jul-97 (nd) 0.01 0.79 704 (nd) 0.02
MW-1A 17-Oct-97 (nd) 0.01 0.56 181 680 (nd) 0.025
MW-1A 23-Jan-98 (U) 0.01 1.04 166 580 0.03
MW-1A 24-Apr98 (U) 0.01 0.44 212 650 (U) 0.025
MW-1A 31-Jul-98 (U) 0.01 0.5 207 680 (U) 0.025
MW-1A 05-Nov-98 (U)0.01 0.54 204 690 (U) 0.025
MW-1A 28-Jan-99 (U)0.01 0.72 161 480 (U) 0.025
MW-1A 03-Mar-99 (U) 0.004 0.233 197 577 0.005
MW-1A 03-Aug-99 0.008 0.03 172 548 0.006
MW-2 01-Oct-92 780 1400
MW-2 10-Dec-92 1200
MW-2 11-Dec-92 1098
MW-2 12-Dec-92 1250
MW-2 14-Dec-92 (nd) 0.01 0.034 (nd) 0.01
MW-2 15-Dec-92 (nd) 0.012 (nd) 0.14 0.02
MW-2 16-Dec-92 (nd) 0.0023 (nd) 0.0023 (nd) 0.0057
MW-2 01-May-93 (nd) 0.0023 (nd) 0.0023 958 1250 (nd) 0.0057
MW-2 01-Oct-93 2000
MW-2 01-Jan-94 1900
MW-2 01-Mar-94 2200
MW-2 01-Oct-94 2400
MW-2 0l-Jan-95 2100
MW-2 26-Feb-96 (nd) 0.005 0.1 1100 1900 (nd) 0.005
MW-2 10-Apr-96 1300 1890
MW-2 30-Jul-96 1230 1940
MW-2 25-Jan-97 (nd) 0.003 (nd) 0.024 2050 (nd) 0.003
MW-2 18-Apr-97 (nd) 0.01 (nd) 0.02 1148 1944 (nd) 0.025
MW-2 05-Jul-97 (nd) 0.01 0.33 1140 2008 (nd) 0.02
MW-2 16-Oct-97 (nd) 0.01 0.08 1020 1820 (nd) 0.025
MW-2 20-Jan-98 (U) 0.01 0.08 979 1720 (U) 0.025
MW-2 18-Apr-98 (U)0.01 1.17 1050 1720 (U) 0.025
MW-2 29-Jul-98 (U)0.01 0.03 1040 1830 (U) 0.025
MW-2 03-Nov-98 (U) 0.01 0.02 905 1760 0.033
MW-2 02-Feb-99 (U)0.01 0.1 1230 1830 (U) 0.025
MW-2 11-Mar-99 (U) 0.004 0.17 1200 1810 (U) 0.004
MW-20 11-Jun-96 1100 2500
MW-20 05-Aug-96 1270 2690
MW-20 24-Jan-97 (nd) 0.003 (nd) 0.024 3300 0.016
MW-20 14-Apr-97 (nd) 0.01 0.06 1424 3402 (nd) 0.025
MW-20 09-Jul-97 (nd) 0.01 0.29 1470 3696 0.14
MW-20 21-Oct-97 (nd) 0.01 0.05 1270 3690 (nd) 0.025
MW-20 23-Jan-98 (U) 0.01 0.11 1430 3620 (U) 0.025
MW-20 28-Apr-98 (U) 0.01 (U) 0.02 1260 3580 (U) 0.025
MW-20 28-Jul-98 (U) 0.01 (U) 0.02 1370 3570 (U) 0.025
MW-20 17-Nov-98 (U)0.01 1.4 1360 3640 0.77
MW-20 03-Feb-99 0.03 0.06 1600 3430 0.16
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Table C.4-7 Local Ground Water for Statistical Analysis (continued)

L_"::;‘;" C“_'::g“ Cu (D) Fe (D) S04 () TDS (~) Zn (D)

MWw-21 11-Jun-96 3000 4500
MW-21 07-Aug-96 2770 4430
MW-21 18-Apr-97 3.58 249 2753 4410 339
MW-21 10-Jul-97 0.55 154 2780 4504 36
MW-21 21-Oct-97 0.29 6.28 2570 437
MW-21 23-Jan-98 0.13 58.9 2650 4190 60.9
MW-21 28-Apr-98 0.1 38.1 2370 4430 53.2
MW-21 24-Jul-98 0.1 9.82 2410 4360 27.7
MW-21 16-Nov-98 0.12 54.5 2740 4300 75.1
MW-21 03-Feb-99 0.28 25.2 2820 4100 60.2
MWw-21 10-Mar-99 12 5.7 2800 3620 51.8
MW-21 09-Aug-99 1.99 11.1 2770 2840 41
MW-22 28-Jul-98 (Uy0.01 (U) 0.02 1730 3140 (U) 0.025
MW-22 16-Nov-98 (U) 0.01 0.47 1690 3130 0.202
MW-22 21-Jan-99 (U)0.01 (U) 0.02 1900 3080 (U) 0.025
MW-22 03-Mar-99 (U)0.01 (U) 0.02 1900 3080 (U) 0.025
MW-22 03-Aug-99 (U) 0.003 0.03 1760 2870 0.008
MW-24 17-Apr-97 8.62 0.07 1662 2752 1.62
MW-24 09-Jul-97 5.45 0.07 1690 2878 1.82
MW-24 16-Oct-97 6.38 (nd) 0.02 1370 2460 1.88
MW-24 27-Jan-98 444 0.41 1440 2360 1.88
MW-24 27-Apr-98 6.09 0.04 1270 2350 1.48
MW-24 29-Jul-98 10.9 0.5 1340 2300 1.74
MW-24 16-Nov-98 6.77 0.21 1500 2620 1.29
MW-24 04-Feb-99 6.89 0.25 1670 2470 1.79
MW-24 15-Mar-99 7.72 0.301 1510 2140 1.64
MW-25 23-Apr-97 0.11 0.12 2374 4162 0.1
MW-25 09-Jul-97 0.23 0.23 2430 4282 0.11
MW-25 16-Oct-97 0.06 0.99 2310 4310 0.183
MW-25 27-Jan-98 (U) 0.01 1.03 2460 4400 0.131
MW-25 01-May-98 0.07 1.34 2110 4300 0.12
MW-25 29-Jul-98 (W) 0.01 0.43 2380 4470 0.109
MW-25 16-Nov-98 0.3 1.7 2630 4650 0.69
MW-25 02-Feb-99 0.16 0.14 2610 4360 0.143
MW-25 10-Mar-99 0.082 0.223 2470 4130 0.085
MW-25 10-Aug-99 0.081 0.023 2570 3800 0.0263
MW-3 01-Oct-92 530 980
MW-3 18-Dec-92 1200
MW-3 19-Dec-92 1277
MW-3 20-Dec-92 1230
MW-3 22-Dec-92 (nd) 0.01 0.092 (nd) 0.01
MW-3 23-Dec-92 0.032 0.04 0.1
MW-3 24-Dec-92 (nd) 0.0042 (nd) 0.0526 (nd) 0.0057
MW-3 01-May-93 (nd) 0.0042 (nd) 0.0526 657 1230 (nd) 0.0057
MW-3 01-Oct-93 1200
MW-3 01-Jan-94 1200
MW-3 01-Mar-94 1300
MW-3 01-Oct-94 1300
MW-3 01-Jan-95 1300
MW-3 27-Feb-96 (nd) 0.005 2.7 710 1300 (nd) 0.005
MW-3 10-Apr-96 837 1360
MW-3 30-Jul-96 776 1400
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Table C.4-7 Local Ground Water for Statistical Analysis (continued)

L_"::l"‘l‘;“ C"_'g’:t‘;“‘ Cu (D) Fe (D) S04 (-) TDS () Zn (D)
MW-3 25-Jan-97 (nd) 0.003 5.74 1380 0.013
MW-3 18-Apr-97 (nd) 0.01 7.23 818 1444 (nd) 0.025
MwW-3 05-Jul-97 (nd) 0.01 7.65 813 1542 (nd) 0.02
MW-3 14-Oct-97 0.01 9.05 788 1420 (nd) 0.025
MW-3 20-Jan-98 (U) 0.01 11.6 757 1260 (U) 0.025
MW-3 18-Apr-98 (U) 0.01 0.25 815 1400 (U) 0.025
MWwW-3 27-Jul-98 (U) 0.0t 8.67 843 1560 0.031
MW-3 03-Nov-98 (U)0.01 3.74 814 1420 (U) 0.025
MW-3 04-Feb-99 0.01 1.89 926 1520 (U) 0.025
MW-3 11-Mar-99 (U) 0.004 7.37 855 1470 (U) 0.004
MW-3 09-Aug-99 0.006 7.82 821 1460 0.005
MW-4 01-Oct-92 170 710
Mw-4 02-Dec-92 (nd) 0.01 0.043 0.018
MW 03-Dec-92 (nd) 0.012 (nd) 0.14 0.06
Mw-4 04-Dec-92 (nd) 0.0057 (nd) 0.0335 0.0155
MW-4 26-Dec-92 710
Mw-4 27-Dec-92 754
MW-4 28-Dec-92 702
MW-4 01-May-93 (nd) 0.0057 (nd) 0.0335 205 702 0.0155
MW-4 01-Oct-93 650
MwW-+4 01-Mar-94 700
MW-4 26-Feb-96 (nd) 0.005 34 180 640 (nd) 0.005
MW+ 10-Apr-96 194 655
MW-4 30-Jul-96 180 676
MW-4 18-Apr-97 (nd) 0.01 1.88 191 802 (nd) 0.025
MWwW-4 08-Jul-97 (nd) 0.01 22 187 816 (nd) 0.02
MW-4 15-Oct-97 0.01 2.29 161 770 (nd) 0.025
MwW-4 20-Jan-98 (U) 0.01 2.13 169 740 (U) 0.02
MW-4 14-Apr-98 (U) 0.01 3.67 184 730 (U) 0.025
MwW-4 27-Jul-98 (U) 0.0t 2.56 192 700 (U) 0.025
MW-4 18-Nov-98 (U) 0.01 3.57 164 650 (U) 0.025
MW-5 01-Oct-93 360
MW-5 01-Jan-94 360
MW-5 01-Mar-94 350
MW-5 01-Jun-94 350
MW-5 01-Oct-94 630
MW-5 01-Jan-95 650
MW-5 26-Feb-96 (nd) 0.005 (nd) 0.01 180 650 0.05
MW-5 10-Apr-96 204 658
MW-5 30-Jul-96 186 669
MW-5 24-Jan-97 (nd) 0.003 0.067 715 0.201
MW-5 18-Apr-97 (nd) 0.01 0.04 199 742 031
MW-3 06-Jul-97 (nd) 0.01 (nd) 0.02 194 756 0.05
MW-5 15-Oct-97 0.07 0.06 180 750 0.295
MW-5 20-Jan-98 0.02 0.08 195 720 0.31
MW-5 14-Apr-98 (U)0.02 0.1 203 750 0.23
MW-5 24-Jul-98 (U)0.01 0.02 177 480 0.115
MW-5 31-Oct-98 ) o.01 0.04 184 570 0.181
MW-5 03-Feb-99 0.02 0.02 223 710 0.217
MW-5 03-Mar-99 (U) 0.004 (U) 0.019 206 680 0.1
MW-5 03-Aug-99 (U) 0.003 0.1 205 670 0.157
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Table C.4-7 Local Ground Water for Statistical Analysis (continued)

L_":::l‘:“ C"JL‘:;“ Cu (D) Fe (D) S04 () TDS (=) Zn (D)

MW-35A 28-Jul-98 (U) 0.01 0.03 1040 1770 (U) 0.025
MW-3A 11-Nov-98 L) 0.01 (U) 0.02 1000 1840 0.051
MW-35A 23-Jan-99 (U)0.01 (U)0.02 1010 1730 0.049
MW-5A 03-Mar-99 0.007 0.025 1000 1730 0.043
MW-3A 03-Aug-99 0.006 0.04 975 1680 0.02
MW-7 20-Jun-95 (nd) 0.01 (nd) 0.02 770 (nd) 0.02
MW-7 28-Feb-96 (nd) 0.005 0.63 420 930 0.007
MW-7 09-Apr-96 479 1030
MW-7 31-Jul-96 451 980
MW-7 22-Jan-97 (nd) 0.003 0.946 1010 0.022
MW-7 18-Apr-97 (nd) 0.01 0.83 462 1048 (nd) 0.025
MW-7 29-Jui-97 (nd) 0.01 0.83 462 1048 (nd) 0.025
MW-7 17-Oct-97 (nd) 0.01 0.35 389 1020 (nd) 0.025
MW-7 20-Jan-98 (U) 0.01 1.63 439 920 (U) 0.025
MW-7 18-Apr-98 0.03 .11 446 970 3.01
MW-7 27-Jul-98 (U) 0.01 0.4 426 940 (U) 0.025
MW-7 03-Nov-98 (U) 0.01 1.09 425 920 (U) 0.025
MW-7 04-Feb-99 (U) 0.0t 0.59 517 1000 0.038
MW-7 10-Mar-99 0.145 0.132 484 1000 0.052
MWw-7 03-Aug-99 (U) 0.003 0.64 760 1400 0.008
MW-8 16-Apr-97 (nd) 0.01 0.36 1498 2838 (nd) 0.025
MW-8 21-Oct-97 (nd) 0.01 1.29 1260 2760 (nd) 0.025
MwW-8 23-Jan-98 (U) 0.01 4.47 1410 2680 0.191
MW-8 24-Apr-98 (U)o0.01 0.6 1160 2730 0.044
MW-8 29-Jul-98 U)0.01 542 1520 2890 (U) 0.025
MW-8 05-Nov-98 (U) 0.01 3.25 1510 2880 (U) 0.025
MW-8 02-Feb-99 (U) 0.01 3.38 1790 2890 0.029
MW-8 15-Mar-99 0.013 0.453 1560 2490 0.016
MW-8 11-Aug-99 0.007 0.42 1520 2700 0.044
SLEEPING BEAUTY SHAFT 01-Nov-72 530 2380
SLEEPING BEAUTY SHAFT 01-Jun-81 1875 2250
SLEEPING BEAUTY SHAFT 01-Sep-81 1890 3400
TANK 01-Jun-95 (nd) 10
UG SUMP 29-Jan-97 (nd) 0.003 (nd) 0.024 2100 2.36
UG SUMP 21-Apr-97 (nd) 0.01 (nd) 0.02 1185 2112 1.42
UG SUMP 20-Jul-97 (nd) 0.01 (nd) 0.02 1185 2112 1.42
UG SUMP 16-Oct-97 0.02 0.02 1270 2450 292
UG SUMP 21-Jan-98 (U)0.01 (U) 0.02 995 2020 3.21
UG SUMP 04-May-98 0.07 0.17 1070 2510 19.2
UG SUMP 29-Jul-98 0.03 (U)0.02 1330 2500 3.75
UG SUMP 08-Oct-98 0.05 0.11 1550 3130 3.1t
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Table C.4-8 Local Surface Water for Statistical Analysis

L_"::l"‘l‘:" C"_'::::?“ Cu (D) Fe (D) S04 (-) TDS (=) Zn (D)
116621 11-May-95 20180
139880-2 11-Oct-95 398
135880-4 11-Oct-95 420
135883-4 11-Oct-95 66 420
139886-7-8 11-Oct-95 484
139892 11-Oct-95 2968
61230 05-Apr-95 2936
BG-1 09-Apr-96 2030 3090
BG-1 02-Aug-96 1500 2680
BG-1 25-Jan-97 0.006 2940 0.096
BG-1 18-Apr-97 0.01 1737 2984 0.48
BG-1 21-May-97 0.13 2164 3458 0.45
BG-1 03-Jul-97 0.01 2500 1.02
BG-1 14-Oct-97 0.04 1800 3110 0.08
BG-1 16-Jan-98 1700 3040
BG-1 13-Apr-98 1770 3130
BG-1 22-Jul-98 1740 3300
BG-1 22-Oct-98 1690 3100
BG-! 03-Feb-99 1850 2810
BG-1 30-Apr-99 1860 2900
BG-1 29-Jul-99 0.008 1910 2900 0.013
BG-2 09-Apr-96 1840 3000
BG-2 02-Aug-96 2650 3860
BG-2 25-Jan-97 0.067 3080 0.882
BG-2 21-May-97 0.22 2115 3270 0.71
BG-2 22-Jul-98 2010 3420
BGWL 23-Jan-96 1600
BGWU 23-Feb-96 1400
BHG-1 27-Mar-95 0.063 (nd) 0.05 1900 2800 0.13
BUCKHORN CF 25-Jan-97 11.3 124 4140 18.5
BUCKHORN CF 21-Jul-97 157 779 8300 31.6
BUCKHORN CF 14-Oct-97 263 239 7080 10100 69.3
BUCKHORN CF 02-Jul-98 363 0.23 2140 4070 14.4
BUCKHORN CF 22-Oct-98 123 3 6900 10600 40.1
BUCKHORN CF 03-Feb-99 373 0.54 9320 11700 155
BUCKHORN CF 27-Jul-99 162 272 5740 3180 53.8
BUCKHORN_E_TRIB 11-Oct-95 1700 3000
Buckhorn_Guich 27-Mar-95 2800 0.13
Buckhorn_Gulch 23-Feb-96 1900 2800
CO92W-HCBG 02-Dec-92 210
CO92W-HCBG 03-Dec-92 198
CO92W-HCBG 04-Dec-92 225
CO92W-MT-1 02-Dec-92 3000
CO92W-MT-1 03-Dec-92 3118
CO92W-MT-1 04-Dec-92 3080
CO92W-MT-1 07-Dec-92 1600 3000
CO92W-MT-2 02-Dec-92 2900
CO92W-MT-2 03-Dec-92 3046
CO92W-MT-2 04-Dec-92 3030
CO92W-MT-2 07-Dec-92 1500 2900
C0O92W-SPR 02-Dec-92 310
CO92W-SPR 03-Dec-92 315
CO92W-SPR 04-Dec-92 324
Cobre Creek 17-Jul-95 970 1700
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Table C.4-8 Local Surface Water for Statistical Analysis (continued)

Location Collection
" name " date Cu (D) Fe (D) S04 (-) TDS () Zn (D)

CONT POND 1 26-Jan-97 0.003 (nd) 0.024 2800 0.593
CONT POND 1 17-Apr-97 (nd) 0.01 0.36 1782 3092 1.66
CONT POND 1 27-Jul-97 (nd) 0.01 0.36 1.66
CONT POND 1 14-Oct-97 0.31 3.54 1620 3020 1.09
CONT POND 1 16-Jan-98 0.31 (U) 0.095 1300 2290 5.25
CONT POND 1 18-Apr-98 (U) 0.02 022 1600 2850 1.52
CONT POND | 05-Aug-98 0.04 (U) 0.02 1760 2740 1.55
CONT POND 1 13-Oct-98 0.03 (U) 0.02 967 1870 1.64
CONT POND | 03-Feb-99 (U) 0.01 (U) 0.02 1520 2040 (U) 0.025
CONT POND 1 26-Apr-99 0.047 U) 0.02 1220 2070 1.6
CONT POND 1 22-Jul-99 0.077 (U) 0.02 1370 2220 1.72
DECANT 01-Oct-93 3200
DECANT 01-Jan-94 3100
DECANT 01-Mar-94 3200
DECANT 01-Jun-94 3100
DECANT 01-Oct-94 3100
DECANT 01-Jan-95 3000
DECANT 10-Apr-96 2010 3110
DECANT 01-Aug-96 2010 3190
DECANT 25-Jan-97 0.004 0.752 3140 0.078
DECANT 15-Jul-97 0.02 0.14 1910 3400 0.08
DECANT 16-Jan-98 0.07 (U) 0.095 2000 3390 0.21
DECANT 22-Jul-98 (U) 0.05 0.8 1660 3260 (U) 0.125
DECANT 21-Apr-99 0.09 0.03 2230 3480 0.409
DG POOL 01-Jun-95 0.02 7.8
DG STREAM 01-Jun-95 (nd) 5.2
EDSN-1 26-Feb-96 0.19 2500 4000 1.1
EDSN-1 27-Feb-96 (nd) 0.01
Fan_Discharge 13-May-95 0.018 (nd) 0.05 2400 (nd) 0.05
FIERRO SPR 24-Apr-68 47
FIERRO SPR 25-Apr-68 861
FIERRO SPR 10-Aug-72 510
FIERRO SPR 11-Aug-72 740
FIERRO SPR 17-Nov-72 26
FIERRO SPR 01-May-93 40.9 324
FIERRO SPR 17-Jul-95 2000 3300
FS-1 24-Feb-96 (nd) 0.005 (nd) 0.01 45 290 0.015
GAP-1 24-Feb-96 (nd) 0.005 0.02 69 400 (nd) 0.005
GG-1 07-Aug-96 862 1470
GG-1 20-May-97 0.06 1177 1902 0.88
GG-1 21-Jan-98 1160 2230
GG-1 24-Jul-98 944 1720
GG-Seep 02-Feb-96 3400 3000
GRP-1 25-Feb-96 (nd) 0.005 0.02 58 310 (nd) 0.005
Han Cr/Above Hanover Property 01-Oct-92 1350 2040
Han Cr/Beside Hanover Property 01-Oct-92 1347 2036
Han Cr/Sleeping Beauty 17-Nov-72 530
HANOVER CR SPRING 04-Jun-65 282
HC-1 26-Jan-97 (nd) 0.003 354 0.026
HC-1 20-May-97 (nd) 0.01 18.1 234 0.47
HC-1 27-Jui-97 (nd) 0.003 0.026
HC-1 19-Jan-98 44 280
HC-1 11-Nov-98 46 330
HC-1 04-May-99 39.6 275

Cobre Mining Company, Inc. Shepherd Miller, Inc.

Pp:M00029\Report-Draft-Revised\Appendix-Qattcd.doc C.4-26 December 1999




Table C.4-8 Local Surface Water for Statistical Analysis (continued)

Location Collection
" name date Cu (D) Fe (D) S04 (-) TDS (-) Zn (D)

HCW-1 11-Jan-96 440
HCW-2 23-Jan-96 2000
HSN-1 24-Feb-96 0.024 55 440 600 1.4
HSN-2 24-Feb-96 (nd) 0.005 0.08 210 350 0.02
Mag Pond 23-Jan-96 2100
Mag Seep 06-Jul-97 0.06 (nd) 0.02 2280 3870 0.28
Mag Seep 14-Oct-97 0.03 0.02 2250 3250 0.181
Mag Seep 22-Jan-98 0.03 (U) 0.005 1840 3150 0.04
Mag Seep 18-Apr-98 0.01 (U) 0.02 2250 3870 0.044
Mag Seep 29-Jul-98 (U)0.01 (U) 0.02 1420 2530 0.077
Mag Seep 13-Oct-98 0.02 (U)0.02 975 1720 0.118
Mag Seep 04-Feb-99 0.02 (U) 0.02 1010 1670 0.686
Mag Seep 04-May-99 0.036 U)0.02 1420 2260 0.295
Mag Seep 22-Jul-99 0.113 0.05 2330 3440 0.442
MAGNETITE DAM SEEP 26-Jan-97 (nd) 0.003 (nd) 0.024 3410 0.0043
MAGNETITE SEEP 26-Jan-97 0.034 (nd) 0.024 4170 0.313
MAGNETITE SEEP 17-Apr-97 0.05 (nd) 0.02 1876 3198 0.19
MDD-1 25-Feb-96 0.006 (nd) 0.01 2000 3500 0.023
MDD-2 25-Feb-96 0.017 0.02 2000 3400 0.061
MDD-2 28-Feb-96 2000 3400
MDS 26-Sep-95 3500
MP Seep 1 24-Jan-96 850
MP Seep 2 24-Jan-96 2000
Old Seep 01-Aug-96 8500
POISON_SPRING 11-Oct-95 390
POND 01-Oct-94 1800 2700
POND 10-Apr-96 1800 2670
POND 31-Jul-96 1580 2490
POND 25-Jan-97 0.014 0.158 2680 0.046
POND 18-Apr-97 (nd) 0.01 (nd) 0.02 1654 2988 (nd) 0.025
POND 03-Jul-97 0.01 0.03 1750 _(nd) 10 (nd) 0.02
POND 14-Oct-97 0.03 (nd) 0.02 1290 2740 (nd) 0.025
POND 19-Jan-98 0.02 (U)0.02 1490 2670 0.029
POND 18-Apr-98 (U)0.02 (U) 0.04 1480 2910 (U) 0.05
POND 27-Jul-98 (U)0.01 (U) 0.02 1610 3170 0.074
POND 03-Nov-98 0.01 (U)0.02 1410 3010 0.038
POND 04-Feb-99 0.03 0.02 1660 2940 0.043
POND 28-Apr-99 0.006 (U) 0.02 1530 2440 0.057
POND 21-Jul-99 0.116 0.04 1750 2840 0.171
PS 26-Sep-95 440
PS-1 09-Apr-96 101 459
PS-1 02-Aug-96 90.3 478
PS-1 26-Jan-97 0.152 643 0.022
PS-1 18-Apr-97 (nd) 0.01 (nd) 0.02 90.7 478 (nd) 0.025
PS-1 21-May-97 (nd) 0.01 (nd) 0.02 124 544 0.07
PS-1 21-Jul-97 (nd) 0.01 0.04 145 642 0.03
PS-1 19-Jan-98 (U) 0.01 (U) 0.02 83 380 (U) 0.02
PS-1 27-Jul-98 (U)0.01 (U) 0.02 101 570 0.048
PS-i 11-Nov-98 (U)0.01 (U) 0.02 82 490 (U) 0.025
PS-1 28-Apr-99 0.011 0.08 68.9 371 0.004
PS-2 11-Oct-95 450
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Table C.4-8 Local Surface Water for Statistical Analysis (continued)

L_":::"I‘:“ C"_'L‘:t‘?" Cu (D) Fe (D) S04 () TDS (~) Zn (D)
SEEP 01-Oct-93 4000
SEEP 01-Jan-94 3800
SEEP 01-Mar-94 4300
SEEP 01-Jun-94 4600
SEEP 01-Oct-94 4000
SEEP 0l1-Jan-95 3600
SEEP 10-Apr-96 3020 4430
SEEP 01-Aug-96 2070 3280
SEEP 25-Jan-97 0.153 (nd) 0.024 3800 1.09
SEEP 06-Jul-97 0.06 0.06 3010 4892 0.31
SEEP 19-Jan-98 0.15 (U) 0.02 2620 4100 1.28
SEEP 22-Jul-98 0.24 (Uao.1 2830 4140 2.15
SG 26-Sep-95 3800
SW-3 14-Mar-95 0.089 (nd) 0.05 1400 0.36
SW-4 14-Mar-95 (nd) 0.01 (nd) 0.05 320 (nd) 0.05
SW-5 15-Mar-95 0.034 {nd) 0.05 3500 (nd) 0.05
TAIL-1B 24-Feb-96 0.009 0.01 1600 2600 0.051
TAILINGS 12-Feb-97 799 1200
TAILINGS 25-Apr-97 844 1396
TAILINGS_POND 01-Oct-93 3000
TAILINGS_POND 01-Jan-94 3000
TAILINGS_POND 01-Mar-94 3100
TAILINGS_POND 01-Jun-94 2800
TAILINGS_POND 01-Oct-94 2700
TAILINGS_POND 01-Jan-95 2400
TPS-1 25-Feb-96 0.024 (nd) 0.01 1800 2800 0.58
TPS-2 25-Feb-96 0.09 (nd) 0.01 1800 3000 0.77
TPS-3 25-Feb-96 0.028 (nd) 0.01 1800 2900 0.51
TRUCK_SHOP 11-Oct-95 510
TSN 26-Sep-95 510
UN3W-1 11-Jan-96 2400
UN3W-2 23-Jan-96 2000 3400
UN4W-2 11-Jan-96 2100
UN4W-3 [1-Jan-96 1900
UN4W-4 11-Jan-96 2000
WEST_DUMP 11-Oct-95 23000
WWRD. Seep 01-0ct-94 37700 000
WWRD_Seep 13-May-95 463
WWRDF 21-Jul-97 261 80.3 17700 101
WWRDF 22-Jul-98 331 20.1 19100 24200 165
WWRDF 14-Oct-98 474 15.8 21800 31000 283
WWRDF 04-Feb-99 318 18.6 21600 25800 296
WWRDF 30-Apr-99 0.129 (U) 0.02 2650 3860 0.807

Cobre Mining Company, Inc. Shepherd Miller, Inc.
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Logarithmic Probability Graph and Frequency Distribution
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Figure C.4-15
Logarithmic Probability Graph and Frequency Distribution
Diagram for Regional Surface Water Zinc Concentrations
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Figure C.4-16
Logarithmic Probability Graph and Frequency Distribution
Diagram for Local Surface Water Zinc Concentrations

Date: December 1999
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Logarithmic Probability Graph and Frequency Distribution
Diagram for Regional Surface Water Sulfate Concentrations
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ATTACHMENT C.5
FACILITY-SPECIFIC WATER QUALITY DATA
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1.0

INTRODUCTION

This appendix provides general descriptions of the local and regional water quality

associated with the Continental Mine Expansion Project. The objectives of this report

are to classify the general water quality types in the region, compare water quality

between local baseline and regional sample populations, and describe the baseline

water quality associated with specific facilities at the Continental Mine.

The various analyses used to generate this document include:

Piper diagrams. This tool was used to group and to distinguish the general
ionic character of local and regional water samples.

Comparison of the median value of 5 key constituents to the New Mexico
Water Quality Control (NMWQC) primary and secondary drinking water
standards. In order to assess general water quality these five constituents
(sulfate, TDS, copper, iron and zinc) were chosen because they are the most
probable constituents of concern at the mine.

Sulfate and Total Dissolved Solids (TDS) concentrations in local wells as a
function of time.

Preliminary comparisons of the average water quality at specific facilities to
estimate potential facility impacts to surrounding water quality. Facilities
evaluated include, the Main Tailings Pond, the waste rock disposal facilities,
the underground workings, and the proposed Hanover Pit.

Various companies and agencies collected surface and ground water samples at

various times between October 1929 and August 1999. The samples were collected

both locally (Continental Mine) and regionally. A list of the documents reviewed to

obtain local and regional data is included in the reference section (Section 5.0).

Cobre Mining Company Shepherd Miller, Inc.
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2.0 WATER QUALITY DATA AND ANALYSIS

2.1 Ground Water Quality

Ground water quality data were obtained from regional and local sampling locations

as shown on Figures C-1 through C-3.

2.11 Regional Ground Water Quality

The quality of ground water in nearly all of Grant County is suitable for livestock,
irrigation, domestic use, and most industrial uses (Trauger, 1972); however, ground
water of unsuitable quality for general use is found in localized areas. Ground water
has moderate to high hardness (high calcium and magnesium) nearly everywhere
within the county. These hard waters are generally derived from carbonate aquifers
due to the dissolution of calcite (CaCO,) and/or dolomite (CaMg(CO,),). The
Colorado and Percha Shale Formations may also produce hard water due to naturally
occurring gypsum (CaSO, ¢ 2H,0) in these formations. Ground water from volcanic
formations is typically of the best quality. It is usually soft (low calcium and
magnesium) with low TDS concentrations (Bureau of Land Management [BLM],

1996).

Ground water samples from 89 regional sample locations (Regional Area A shown on
Figures C-1 and C-2) were used to characterize the regional ground water quality.

Four different water types were identified as follows:

e Calcium-sulfate water - predominant along Hanover Creek (Figure C-5).

e Calcium-bicarbonate water - prevalent in locations south of Hurley, New
Mexico and south of the Peru Hill Mill (Luna County, New Mexico) (Figure
C-6).

e Sodium-bicarbonate and sodium-sulfate waters - occurring south of the
Florida Mountains (Luna County, New Mexico) (Figures C-7 and C-8,
respectively).

Cobre Mining Company Shepherd Miller, Inc.
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Figure C-4 shows the approximate zones of the four regional ground water types.
Differences in water type zones are most likely due to the variety of aquifer host
formations within the study area. Attachment C.1 contains the analytical data used to

create the Piper diagrams and the corresponding pH values and dates for each sample.

Water samples in Zone A (Figure C-4) have the same water type as samples collected
near the Continental Mine Project (Zone A on Figure C-9) and are in close proximity
to the mine site. Therefore, Regional Area A is considered to represent the regional

water quality for the mine area and will be used to compare against local water

quality.

To understand the general character of the water quality in Regional Area A, the
median and range of sulfate, TDS, iron, copper, and zinc concentration were
calculated. Mean values were not considered to be adequately representative of the
data because the locations of the regional samples and frequency with which they
were sampled were uncontrolled. The data set analyzed included all available ground
water data from Regional Area A. The majority of the data were collected during the
1990s (1990 through 1999), with only a few samples dating as far back as 45 years to
1954. To calculate the median value, the concentrations of each constituent at each
ground water sampling location were first averaged. The median value was then
calculated from that set of averages. The range is the minimum and maximum in the

set of average concentrations.

Because there was no control regionally over where and at what frequency water was
sampled, sample locations that had unusually high concentrations were considered
uncharacteristic of the regional water quality as a whole and were omitted. These
data were omitted because their inclusion would have positively biased the regional
(off-site) data statistics. The locations from Regional Area A that were omitted from
the analysis are Chino Well CB6D, Chino Well WD10, Chino Well WD4, GW-4,
MAKE-UP, PZ-10S, and PZ-12 (shown in Figure C-2). Wells PZ-10S and PZ-12

were omitted because their low pH values (3.7 to 3.9) coincided with

Cobre Mining Company Shepherd Miller, Inc.
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uncharacteristically high sulfate and TDS values. The typical pH values in other
regional ground water samples ranged from 5 to 9 (average of 7.2). Sample, MAKE-
UP was omitted from analysis because it came from waters generated from mine
operations and is therefore not representative of regional quality. The remaining
wells with unusually high TDS and SO, were omitted because they had
uncharacteristically high constituent concentrations, most likely because they were
located near dumps on the Chino Mine site or next to the Blackhawk Tailings. All of
the average ground water data considered (including the uncharacteristically high

values) are included in Attachment C.2.

Range and median statistics for the five dissolved constituents analyzed prior to and
after the omission of the few samples with uncharacteristic data are shown in Table
C-1. Table C-1 also shows the NMWQC standards for the constituents. The median
values for sulfate and TDS for Regional Area A ground water exceeded NMWQC
secondary standards while the median concentrations for iron, copper, and zinc were

below the standards.

Table C-1. Summary Statistics of Regional Area A Ground Water Quality

All Data Cu Fe SO, TDS Zn

Min nd nd 7 208 0.033

Max 275 92.5 73800 113000 94.8

Median 6.360 0.77 950 1487.5 2.96

Count 7 12 47 41 13

Excluding Uncharacteristic Data

Min nd nd 7 208 0.03

Max 6.36 0.80 4259 7296 16.90

Median 0.002 0.51 735 1274 0.38

Count 4 7 41 34 8

New Mexico Water Quality Secondary Standard for Domestic Water Supply (mg/1)
| 1.0 1.0 600 | 1000 10.0

Units are mg/L

nd = non-detect
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2.1.2 Local Ground Water Quality

Ground water samples from 21 local sampling locations were used to characterize
local ground water quality (see Figure C-3). Figure C-9 shows the approximate
locations of the three types of local ground water. Attachment C.1 shows the
analytical data used to create the Piper diagrams and the corresponding pH values and
dates for each sample. Three water types were identified as follows:

e Calcium-sulfate water - predominant in areas along Buckhorn Gulch [south of

the West and South Waste Rock Disposal Facilities (WRDF)] and to the east
and south of the tailings pond (Figure C-10).

e Calcium-bicarbonate water - prevalent on the northern portion of the mine site
(Figure C-11).

¢ Sodium-bicarbonate water - occurred in only one well (MW-1) located
northeast of the tailings pond (Figure C-12). This well is completed in a shale
unit of the Colorado formation, which could explain the sodium-dominated
characteristic of this water. The water quality in MW-1 is different than any
other local sample, and no other local ground water samples were
characterized as sodium-sulfate water.

Similar to the regional ground water quality data, a median value was calculated for
copper, iron, sulfate, TDS, and zinc. The majority of the data were collected during
the 1990s (1990 through 1999), with only a few samples dating as far back as 1972.
Range and median statistics for the five constituents analyzed are given in Table C-2.
As with the regional wells, the median values for the local wells exceeded water
quality standards for sulfate and TDS. The highest local sulfate and TDS
concentrations occurred primarily in the areas west and southwest of the tailings pond
and in the Buckhorn Gulch area south of the West and South Waste Rock Disposal
Facility (WRDF). The median concentrations for iron, copper, and zinc were all
below the water quality secondary standards for domestic water supply. Average
local ground water quality data are included in Attachment C.2. No local samples

were omitted from interpretation.

Cobre Mining Company Shepherd Miller, Inc.
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Table C-2. Summary Statistics of Local Ground Water Quality

All Data Cu Fe SO, TDS Zn
Min nd nd 23 268 nd
Max 7 23 2703 4286 48
Median 0.012 0.22 1291 2361 0.089
Count 16 19 20 20 21
New Mexico Water Quality Secondary Standard for Domestic Water Supply (mgn)
1.0 1.0 600 | 1000 10.0
Units are mg/L

nd = non-detect

Figures C-13 through C-15 show sulfate concentrations over time at local monitoring
wells. Sulfate concentrations have remained relatively stable at wells MW-1, MW-
1A, MW-4, and MW-10. Sulfate concentrations at well MW-5 have increased from
150 to approximately 200 mg/L in the last 6 years. The sulfate concentrations in well
MW-7 have remained stable since monitoring began. However, the result from the
August 1999 sample shows a sudden increase in sulfate. This data point may reflect
operational changes in the Main Tailings and Reclaim Pond, but will require
additional monitoring to determine if this trend will continue. Historically, sulfate
concentrations at wells MW-1, MW-1A, MW-4, MW-5, MW-7, and MW-10 have
been below NMWQC secondary water quality standard (600 mg/L). Based on the
past and current trends, it appears that the sulfate concentrations in these wells (except
possibly MW-7) will remain below water quality standards in the future (Figure C-
13).

Sulfate concentrations at wells MW-2, MW-8, MW-19, MW-21, and MW-24 have
varied between approximately 1,000 and 1,700 mg/L during the period of record, but
an overall trend is not obvious from the data (Figure C-14). However, the observed
variations of sulfate concentration in these wells appear to coincide to one another,
suggesting that the variations are being controlled in part by the same mechanism in
each well. Well MW-3 has been generally increasing from approximately 650 mg/L
to 850 mg/L sulfate over the period of record. Subtle variations similar to those noted

above are seen in the data.
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The TDS concentrations over time in the local monitoring wells are shown in Figures
C-16 through C-18. TDS concentrations in monitoring wells MW-1, MW-1A, MW-4,
and MW-5 are relatively stable below the NMWQC water quality standard of 1,000
mg/L for TDS (Figure C-16).

The TDS concentrations in well MW-7 have remained stable since monitoring began
(Figure C-17). However, the result from the August 1999 sample shows a sudden
increase in TDS. This data point may reflect operational changes in the Main
Tailings pond, but will require additional monitoring to determine if this trend will
continue. The TDS concentration at well MW-10 has remained relatively stable over
time at approximately 1,200 mg/L (Figure C-16). Well MW-3 has been generally
increasing from approximately 1,200 to 1,500 mg/L TDS over the period of record.
Wells MW-2, MW-8, MW-19, and MW-24 show variations in TDS, but no overall
trend is obvious in the data. Well MW-20 has shown the largest increase in TDS
concentrations over time, with an initial increase in TDS of approximately 1,200
mg/L during the first year, but has remained stable near 3,600 mg/L since. (Figure C-
17). Between November 1998 and August 1999, TDS concentrations in wells MW-
21 and MW-25 have significantly decreased (Figure C-18).

2.2  Surface Water Quality

The approximate locations of the regional and local surface water samples are

included in Figures C-1 through C-3.

2.2.1 Regional Surface Water Quality

Within Grant County, surface waters from storm runoff typically are elevated in TDS,
whereas surface waters from baseflow contain lower TDS concentrations. Generally,
surface water quality is best at stream headwaters and decreases downstream (BLM,

1996).

Surface water data from 35 regional sampling locations were used to help characterize

regional surface water into zones (Figure C-4). Based on assessment of the
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characterization of the regional ground water, as discussed in Section 2.1.1, the
regional samples used in this analysis were narrowed to 21 surface water samples
located within Regional Area A (Figures C-1 and C-2). Most surface water samples
were obtained from the vicinity of and north of Hanover, New Mexico. Two water

types were identified:

e Calcium-sulfate water - predominantly occurred in areas along Hanover
Creek. A majority of sample locations were of this type (Figure C-19).

e Calcium-bicarbonate water - located south of Hurley, New Mexico; two
sampling locations were of this type (Figure C-20).

Attachment C.1 contains the analytical data used to create the Piper diagrams and the

corresponding pH values and dates for each sample.

A median value of the dissolved concentration of sulfate, TDS, iron, copper, and zinc
in Regional Area A surface water was calculated in the same fashion as for the ground
water data. The majority of the data were collected in the 1990s (mostly 1990
through 1996), with a few samples dating back to 1972 (27 years).

Table C-3 lists the ranges and median values of the five constituents analyzed for the
available Regional Area A surface water quality sampling locations. Like the ground
water results, the median values for sulfate and TDS exceeded water quality
standards, and the median values for iron, copper, and zinc concentrations were below
the water quality standards. Average surface water quality data are included in

Attachment C.3.
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Table C-3. Summary Statistics of Regional Area A Surface Water Quality
All Data Cu Fe SO, TDS Zn
Min 0.0075 0.127 423 213 0.043
Max 0.058 0.127 1910 3310 7.9
Median 0.0165 0.127 1565 2487 1.07
Count 6 1 18 18 8
New Mexico Water Quality Secondary Standard for Domestic Water Supply mg1)

| 1.0 1.0 600 | 1000 | 10.0
Units are mg/L

nd = non-detect

2.2.2 Local Surface Water Quality

Data from 62 local surface water sampling locations were examined and used to
characterize types of local surface water. The trends in water type with location were
similar to those determined for the ground water samples. Three surface water types

were identified.

e Calcium-sulfate water - prevalent in areas to the east and south of the tailings
pond and along Buckhorn Gulch (Figure C-21).

e Calcium-bicarbonate water - occurs on the northern portion of the site,
particularly at Poison Spring, along Grape Gulch, and at Fierro Spring (Figure
C-22).

e Sodium-bicarbonate water - occurred only at one sampling location in the
tailings pile (Figure C-23).

Figure C-9 displays the local extents of the various water type zones. Attachment C.1
contains the analytical data used to create the Piper diagrams and the corresponding

pH values and dates for each sample.

Table C-4 lists the ranges and medians for the five constituents analyzed with respect
to local surface water quality. Several local surface water sampling locations were
excluded from the analysis because of their uncharacteristically high constituent
values. Excluded sampling locations included 11662, BUCKHORN CF, WEST
DUMP, WWRD_SEEP, and WWRDF. As with the regional surface water data and
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the ground water data, the median concentrations of sulfate and TDS exceeded water

quality standards for the site. Median concentrations for iron, copper, and zinc were

below water quality standards.

The average local surface water quality data,

including the uncharacteristically high constituents, are included in Attachment C.3.

Table C-4. Summary Statistics of Local Surface Water Quality
All Data Cu Fe SO, TDS Zn
Min nd nd 37 211 nd
Max 369.5 71.65 20180 23000 169.16
Median 0.036 0.023 1776 2700 0.36
Count 26 15 52 62 30
Excluding Uncharacteristic Data
Min nd nd 36.9 211 nd
Max 0.19 55.00 20180 8500 7.80
Median 0.03 0.02 1700 2544 0.25
Count 23 12 49 58 27
New Mexico Water Quality Secondary Standard for Domestic Water Supply (mg1)

| 1.0 | 1.0 | 600 | 1000 | 100

Units are mg/L

nd = non-detect
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3.0 COMPARISON OF LOCAL AND REGIONAL AREA A WATER
QUALITY

Water quality at local and Regional Area A ground water and surface water
monitoring locations were compared by examining dissolved concentrations of: (1)
iron, (2) copper, (3) zinc, (4) sulfate, and (5) TDS. This comparison was facilitated
by statistical tests, the F test and Student’s ¢ test, to distinguish if the two separate
data sets are different. The local and Regional Area A data were assumed to be two
independent data sets representing water quality surrounding the mine site. The
purpose of this comparison was to show areas where local water quality differs from
that found regionally. The data used in the analysis are included in Attachment C.4.
Cobre can use these differences to direct further investigation and characterization

efforts.

3.1 Probability and Frequency Distribution Analysis

Before performing any comparative statistical analyses, unique populations for each
constituent needed to be identified and separated. Two methods that aided in this task
were probability distribution diagrams and frequency distribution diagrams.
Probability diagrams, which have many applications in geology and engineering, are
a useful technique for displaying, separating, and characterizing unique populations of
data. At mine sites, these unique populations can sometimes be interpreted to
represent a wide range of conditions, ranging from natural background to effects from
anthropogenic activity. However, for this analysis, the probability approach was
employed only to identify and separate unique populations of data to be used in the
statistical comparison. Further characterization work will be required to assess the

reasons for differences found.

For the probability distribution analysis, all data were transformed into logarithmic
values to aid in the identification and separation step. The basis for performing the

logarithmic transformation is that natural populations generally follow log normal

Cobre Mining Company Shepherd Miller, Inc.
p:\100029\Repori-Drafi-Revised\Appendix-C\dppe.doc C‘l 1 December 1999



distributions, thus allowing distinct, multiple populations to be more easily
recognized. Data reported as less than method detection limits were included in the
analysis after substitution of a value equal to one half the reported detection limit.
Each constituent from the representative data sets was examined in this manner.
Individual probability graphs were generated for each constituent and are provided in
Attachment C.4, Figures C.4-1 through C.4-20. After identification of distinct
populations, the data were transformed back to arithmetic values. Summary statistics
(that is, the arithmetic mean, standard deviation, variance, and number of values)
were calculated using the arithmetic values for each population, including substituted
values for below detection limit data. These statistics are summarized in Attachment

C.4.

3.2 Description of Statistical Tests

Using the local and regional populations identified for each constituent by the
probability distribution analysis (Attachment C.4), statistical tests were performed to
determine if populations could be correlated. The F test evaluated a pair of samples
(groups of data) to determine if their variances were statistically equivalent. This test
assumes that the sample variance represents the true population from which the
samples were randomly drawn. A failed F test indicates that the sample data sets
have statistically different variances. Thus, they may be sampled from different
populations. An F test that passes indicates that the variances are statistically

equivalent and therefore the sample sets may be from the same overall population.

For pairs of samples that pass the F test, an additional procedure, the Student ¢ test, is
required. The ¢ test confirms that the pair of sample sets are from the same population
by testing the equality of means. If the results of the Student ¢ test indicate that the
sample means do not correlate, the sample data sets are considered to be from
different populations. A correlation of the sample means indicates that the two
samples (local and Regional Area A) are statistically identical. A detailed description

of the F test and Student ¢ test along with the details of the analysis is provided in
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Attachment C.4. Further descriptions can be found in fundamental books on statistics

for applied sciences.

The results of the statistical tests are summarized in Tables C-5 (ground water) and C-
6 (surface water). All of the mean concentrations are included in Attachment C.4.
Tables C-5 and C-6 are divided into columns according to which populations were
compared to one another for the Student ¢ test. Generally, population 1 of the
Regional Area A was compared against population 1 of the local data and similarly
for population 2. For example, iron in the ground water for population 1 in the
Regional Area A data is statistically equivalent to population 1 in the local data, but

not to population 2 of the local data.

Table C-5 Statistical Comparison Summary of Ground Water Quality
Populations
Lower Populations o ® Upper Populations o ©
Comparison 2z Comparison 2e
Regional Local S 8| Regional Local £g
Ground Water Area A REL Area A S s
ICopper  |Mean 0.008 0.0046 0.008 0.062
Std. Dev. 0.004 0.0020 Y 0.004 0.053 Y
No. 29 118 29 59
liron e 0.047° 0.038” 0.59 0.038
Std. Dev. 0.033 0.037 N 0.32 0.037 Y
No. 10 98 14 98
Zine e 0.26> 0.047°
Std. Dev. 0.33 0.065 Y NA
No. 20 149
Sulfate  jean 256" 316" 1510 1570
Std. Dev. 194 181 N 446 560 N
No. 34 68 39 121
TDS | fean 329" 245° 2000 1970
Std. Dev. 106 79 N 944 1142 Y
No. 8 15 67 225

Units are in mg/L. All statistics are for arithmetic values. Shaded cells indicate use of lower population values because a
second population does not exist. Different letters within a comparison indicate the populations are statistically different.
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Table C-6 Statistical Comparison Summary of Surface Water Quality
Populations
Lower Populations o Upper Populations 5@
Comparison ;:: % Comparison 5 5.:
Ground Water R:rgégljzl Local 2 N R:rg;:r:ll Local 2 g
|[Copper  Mean 0.012 0.043
Std. Dev. 0.016 0.061 Y NA
No. 14 77
iron vean 0.054 0.020 0.054 0.040
Std. Dev. 0.01 0.018 Y 0.10 0.25 Y
No. 13 56 13 9
Zinc Mean 0.051 0.044 0.051 0.089
Std. Dev. 0.031 0.039 N 0.031 0.56 Y
No. 5 43 51 33
Sulfate  fviean 452 76 1580 1700
Std. Dev. 85 44 N 227 537 Y
No. 3 21 17 97
TDS  lvemn 830 395 2540 3020
Std. Dev. 575 117 N 385 680 Y
No. 4 38 22 124

Units are in mg/L. All statistics are for arithmetic values. Shaded cells indicate use of the lower population values because a
second population does not exist.

33

Summary and Conclusions

The following can be summarized from this analysis:

e Generally, at least two distinct populations can be identified for each of the
five constituents analyzed.

e Comparison of arithmetic mean values (from the constituent populations
identified) to NMWQC drinking water standards indicates that the Upper
Population, both locally and regionally, exceeds standards for sulfate and
TDS.

e The arithmetic mean value for the upper population, local, surface-water zinc
concentrations exceeds NMWQC drinking water standards (which may be a
result of surface water sampling from abandoned zinc mine pits).

Cobre Mining Company
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e Comparing average sulfate and TDS values that exceed drinking water
standards generally shows that there are different populations locally and
regionally.

The objective of this analysis was to present and summarize baseline water quality
data in an efficient and useful manner. This work will be used in subsequent

characterization efforts to:

e Examine the reasons two populations generally exist
e Find where average sulfate and TDS values exceed NMWQC standards

o Establish whether or not a spatial correlation exists between the identified
populations

o Identify the different processes that are responsible for the indicated water
quality distributions.
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4.0 FACILITY-SPECIFIC WATER QUALITY

This section discusses the potential water quality effects from several facilities on
site. The facilities considered include the Main Tailings Pond, the South and West
WRDFs, the underground workings, and the proposed Hanover Pit. Representative
water quality data associated with these local facilities are summarized and
designated as upgradient, downgradient, and facility samples. Constituents that have
applicable New Mexico Water Quality Control (NMWQC) drinking water standards
for ground water were considered in the analysis. Attachment C.5 contains the data
used in the facility specific analysis. It should be noted that for all constituents
reported with a non-detect qualifier, a concentration of 0.00 mg/L was assigned to

that constituent for use in the analysis.

The data and analyses used to establish which wells and sampling locations were
representative of upgradient, downgradient, or facility ground water are found in
Appendix E (titled General Hydrology and Water Balance Models for the Proposed
Continental Mine Expansion Project, Grants County, New Mexico). Open intervals,
ground water flow directions, and surface water routes were considered in

determining which sampling locations were appropriate for the analysis.

4.1  Main Tailings Pond

The average water quality upgradient of, downgradient of, and at the Main Tailings
Pond were determined using the sampling locations listed on Table C-7. The average
water quality data along with various NMWQC Standards are listed in Table C-8. All
samples are surface water samples except those beginning with "MW," which are

ground water samples.
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Table C-7  Ground and Surface Water Sample Locations Associated with the

Main Tailings Pond
Upgradient Downgradient Tailings Pond
139880-2 MW-2 POND
139880-4 MW-24 TAIL-1B
139883-4 MW-25 TAILINGS
MW-7 MW-3 UN4W-3
POISON SPRING TPS-3
PS UN4W-2
PS-1
PS-2

Several constituents listed on Table C-8 show an increase in average concentration
between upgradient and downgradient samples that could possibly be the result of
influences from the Main Tailings Pond. These constituents include chloride, sulfate,

and TDS.

Several other constituents are elevated in the downgradient samples relative to the
upgradient samples, but cannot be accounted for by the Main Tailings Pond water
quality listed in Table C-8; these include cadmium, cobalt, copper, iron, manganese,
and zinc. The concentrations of these constituents in the Main Tailings Pond were
not sufficiently high to cause the observed increases in downgradient concentrations.
Thus, the water quality downgradient of the Main Tailings Pond (that is, the Fierro
Area) is not affected solely by the water quality of the tailings pond. For example, the
magnetite dam, located northeast of the Main Tailings Pond, may also have an
influence on the water quality in the Fierro Area. Monitoring well MW-25
(downgradient of the magnetite dam) had similar concentrations and the same water

type as in samples from near the magnetite dam.

The average concentration of several constituents equals or exceeds one of the
NMWQC standards, including cadmium, cobalt, copper, iron, manganese, sulfate, and

TDS. Further analysis will be required to understand these exceedances.
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4.2 Waste Rock Disposal Facilities

Average water quality was compared between two sample locations relating to the
South Waste Rock Disposal Facility (WRDF): MW-12, the downgradient ground
water sample location, and EDSN-1, a seep that is likely representative of the leachate
water quality from the South WRDF. Ground water and surface water flow directions
are discussed in Appendix E (titled General Hydrology and Water Balance Models

for the Proposed Continental Mine Expansion Project, Grants County, New Mexico).

Table C-9 lists the constituents and the corresponding NMWQC standards that were
considered. The average concentration of several constituents at MW-12
(downgradient of the South WRDF) exceeds some of the NMWQC standards,
including iron, manganese, sulfate and TDS. The concentration of selenium', sulfate,
and TDS at the EDSN-1 seep exceeds the NMWQC standards. However, only one
sample has been collected at the EDSN-1 seep, which is not enough to establish a

trend. Further analysis will be required to understand these exceedances.

The downgradient and at-facility samples exhibit different characteristics with respect
to heavy metals concentrations, as shown in Table C-9. This is likely due to the fact
that MW-12 is located near the old workings on Union Hill, while the seep sample
(EDSN-1) is located in the Fierro Area, thus the samples are likely impacted by

different sources.

1 This exceedance of the selenium standard at the seep is an isolated measurement. No subsequent samples have
exceeded the selenium standard. Also, the reason that this sample showed the selenium standard being exceeded
was because of laboratory non-detect limits (ie., the samples were analyzed with a method that had a minimum
detection limit at the water quality standard). It should also be noted that an additional sample taken at the same
time and analyzed for total (i.e. not dissolved) selenium did not exceed the standard.
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Table C-9. Water Quality Results Associated with the South Waste Rock Disposal Facility

New Mexico Ground Water |South Waste Rock| Downgradient

Standards Facility (EDSN-1) MW-12)
Constituent Human Other
(mg/L unless noted) StI:::thl'lds Standards for | Standards for | Average | Count | Average| Count
Domestic | Irrigation Use [ (mg/L) (mg/L)
Supply

Aluminum - -- 5.0 0.000 (1) 0.01} (10)
Arsenic 0.1 -- -- No Data| (0) 0.000; (10)
Boron - - 0.75 No Data| (0) No Data] (0)
Cadmium 0.01 -- - 0.000] (1) 0.000| (10)
"Chloride - 250.0 -- 180 (1) 33 (10)
|Chromium 0.05 -- - 0.000 (1) 0.01] (10)
Cobalt -- -- 0.05 0.000{ (1) 0.001} (10)
Copper - 1.0 -- 0.19{ (1) 0.01} (10)
Iron -- 1.0 - 0.00;{ (1) 1.53] (10)
Lead 0.05 -- - 0.00f (1) 0.000{ (10)
Manganese -- 0.2 -- 042 (1) 1.31f (10)
Mercury 0.002 -- - 0.000{ (1) No Data| (0)
Molybdenum -- -- 1.0 0.013| (1) No Data| (0)
Nickel -- -- 0.2 004, (1) 0.01] (10)
pH (std units) -- 6-9 -- 770 (1) 72 (8
Selenium 0.05 -- -- 0.07) (1) 0.005| (10)
Silver 0.05 - - No Data| (0) No Data| (0)
Sulfate -- 600 -- 25000 (1) 1683 (9)
TDS -- 1000 -- 4000] (1) 27731 (10)
Zinc -- 10.0 -- L (1) 0.089| (10)
Note: "Average" indicates the arithmetic average of all available samples (assuming non-detect values are 0.00 mg/L)

An average concentration of 0.00 mg/L indicates all available samples are non-detect values.

"Count" indicates how many samples were included in the average calculation, including non-detect values (assumed to be 0.00

mg/L)
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For the West WRDF, the upgradient sample is MW-21, the downgradient sample is
MW-20, and the West WRDF disposal seep (WWRDF_SEEP) and sample location
WWRDF are the samples considered at the facility. Table C-10 lists the constituents
and the corresponding NMWQC standards considered in the analysis. As shown in
Table C-10, downgradient concentrations are lower than upgradient concentrations
for almost all of the constituents. Only chloride appears to have increased between
the upgradient area and the downgradient area, but the increase is not necessarily
attributable to the West WRDF because the concentration downgradient is higher than
at the facility itself. For almost all of the constituents considered (except chloride),
the concentrations at the West WRDF are higher than the upgradient sample location,
but do not appear to affect the water at the downgradient location. More hydrologic

characterization is necessary to explain these results.

Average concentrations in the upgradient location (MW-21) exceed the NMWQC
standards for cadmium, cobalt, copper, iron, manganese, nickel, sulfate, TDS, and
zinc. For the downgradient sample (MW-20), average concentrations exceeded the
standards for chloride, manganese, sulfate, and TDS. Average concentrations
exceeded water quality standards at the facility for aluminum, cadmium, cobalt,

copper, iron, manganese, nickel, pH, sulfate, TDS, and zinc.

Cobre Mining Company Shepherd Miller, Inc.
p:\100029\Report-Drafi-Revised\Appendix-C\Appe.doc C-21 December 1999



Table C-10 Water Quality Results Associated with the West Waste Rock Disposal

Facility
New Mezxico Ground Upgradient |West Waste Rock| Downgradient
Water Standards Facility
Constituent | Human Other
(mg/Lunless | Health | Standards) Standards Average | Count | Average | Count | Average | Count
noted) Standards for for
Domestic | Irrigation (mg/L) (mg/L) (mg/L)
Supply Use

Aluminum -- -- 5.0 0.07[ (11) 1139 (6) 0.05 )
Arsenic 0.1 -- - 0.002| (11) 0.000| (6) 0.000 )
Boron -- - 0.75 No data| (0) No data| (0) No data (0)
Cadmium 0.01 -- -- 0.096| (11) 0.459| (6) 0.000 )
Chloride -- 250.0 -- 40| (13) 1741 (7) 4811 (11)
Chromium 0.05 -- -- 0.011} (11) 0.017 (6) 0.01 9)
Cobalt -- - 0.05 2.247| (10) 19.1] (6) 0.00 ®)
Copper -- 1.0 - 1.99| (11) 354 (6) 0.00 9)
Iron -- 1.0 -- 21.09) (11) 31.4] (6) 0.22 ©)
Lead 0.05 -- - 0.000{ (11) 0.000| (6) 0.000 ©)
Manganese - 0.2 - 148} (11) 960| (6) 0.47 )
Mercury 0.002 -- -- No data| (0) No data| (0) No data )
Molybdenum -- -- 1.0 No data} (0) 0.000] (1) No data (1)}
Nickel - -- 0.2 0.39| (11) 9.32| (6) 0.09 ©))
pH (std units) -- 6-9 -- 6.11 (12) 3.7 (6) 6.8 (10)
Selenium 0.05 -- -- 0.000| (11) 0.008| (6) 0.000 9
Silver 0.05 - - No data| (0) 0.149| (1) No data 0)
Sulfate -- 600 -- 2711 (13) 16857) (7) 1372 (11)
TDS -- 1000 - 4173 (13) 21217) (6) 3374 (11)
Zinc -- 10.0 -~ 47.7) (11) 214 (6) 0.121 €))
Note: "Average" indicates the arithmetic average of all available samples (assuming non-detect values are 0.00 mg/L)

An average concentration of 0.00 mg/L indicates all available samples are non-detect values.
“Count” indicates how many samples were included in the average calculation, including non-detect values (assumed to
be 0.00 mg/L)
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4.3  Underground Workings

Table C-11 lists the constituents and the corresponding NMWQC standards
considered to evaluate whether the underground workings may impact the ground
water. The upgradient ground water is represented by the sample locations MW-2,
MW-4, and MW-5. The downgradient ground water is represented by sample
location UG_SUMP, which is water collected by the underground workings. "I“he
concentrations at UG _SUMP (downgradient) were higher than the average
concentrations at upgradient locations for chloride, manganese, sulfate, TDS, and
zinc. The average concentrations in UG_SUMP were lower than the average

upgradient concentrations for aluminum and iron.

The average upgradient ground water concentration for TDS exceeded the NMWQC
standard. At UG_SUMP, the NMWQC standards were exceeded for manganese,
sulfate, and TDS.
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Table C-11. Water Quality Results Associated with the Underground Workings
New Mexico Ground Upgradient Downgradient
Water Standards (UG_SUMP)
Constituent | Human Other |Standards
(mg.:;:;)less S tI: :::Ltll'lds Stat;;i:rds Irrigoartion Average | Count | Average | Count
Domestic Use (mg/L) (mg/L)
Supply
Aluminum -- -- 5.0 0.027| (40) 0.00] (8)
Arsenic 0.1 - - 0.000] (40) 0.002] (8)
Boron - - 0.75 0.03] (3) No dataj (0)
Cadmium 0.01 - - 0.000( (40) 0.001 (8)
Chloride - 250.0 - 39] (65) 87 (8)
Chromium 0.05 - - 0.000] (40) 0.00] (8)
Cobalt - - 0.05 0.00{ (37 0.02 @)
Copper - 1.0 - 0.00] (40) 0.02] (8
Iron -- 1.0 -- 0.65| (40) 0.04] (8)
Lead 0.05 - - 0.000| (40) 0.000 (8)
Manganese - 0.2 - 0.070( (37) 0.91 (8)
Mercury 0.002 - -- 0.001f (11) No dataj (0)
Molybdenum - - 1.0 0.041f (3) No data| (0)
Nickel - - 0.2 0.01) (40) 0.01 8)
pH (std units) - 6-9 - 78] (65) 73 ()
Selenium 0.05 -- - 0.001| (34) 0.001 (8)
Silver 0.05 - - 0.00] (8) | Nodata] (0)
Sulfate - 600 - 542 (65) 1234]  (8)
TDS - 1000 - 1082] (65) 2367, (8)
Zinc - 10.0 - 0.06] (40) 167 (8
Note: "Average" indicates the arithmetic average of all available samples (assuming non-detect values are 0.00
:r%/zi:/)erage concentration of 0.00 mg/L indicates all available samples are non-detect values.
"Count" indicates how many samples were included in the average calculation, including non-detect
values (assumed to be 0.00 mg/L)
Cobre Mining Company Shepherd Miller, Inc.
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4.4  Hanover Mountain (Pit)

Three samples are considered near Hanover Mountain to compare water quality:
MW-1A, HSN-1, and HSN-2. Monitoring well, MW-1A, is approximately 1,000 feet
upgradient of Hanover Mountain and is completed in a sandstone unit of the Colorado
Formation (Figure C-3). HSN-1 is a surface water sample taken from a seep that
issues from a sandstone unit on the north side of Hanover Mountain. HSN-2 is a
surface water sample taken after the seep water traveled approximately 1,000 feet
downstream from HSN-1 over other outcrops of the Colorado Formation. Table C-12
lists water quality constituents and the corresponding NMWQC standard.
Concentrations in the HSN-1 sample were greater than those in the MW-1A sample
for cobalt, copper, iron, manganese, nickel, sulfate, and zinc. In addition, the pH of
the HSN-1 sample was lower than the pH of the MW-1A sample. Effects of
mineralization associated with Hanover Mountain likely caused the differences

between HSN-1 and MW-1A.

Chloride concentrations and pH values were greater in the HSN-2 sample than the
HSN-1 sample. HSN-2 had lower concentrations than HSN-1 of cobalt, copper, iron,
manganese, nickel, sulfate, TDS, and zinc. These differences were due to the effects
of the seep water being exposed to the atmosphere and the Colorado Formation

outcrops as the seep water flows approximately 1,000 feet from HSN-1.

All three samples have an average concentration of manganese that exceeds the
NMWQC standard. Also, average concentrations of cobalt and iron in HSN-1 exceed
the NMWQC standards.

Another sampling location important to this analysis is MW-1 because it will likely
be upgradient of the final Hanover Pit. .Monitoring well MW-1 was a unique sample
because it was the only local ground water sample that was classified as sodium-
bicarbonate water (Figure C-12). The pH of this sample was 9.3. MW-1 is

completed in a shale unit in the lower portion of the Colorado Formation. The
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hydraulic conductivity of this shale unit is relatively low (5 x 107 cm/sec) when
compared to the average hydraulic conductivity (8.2 x 10~ cm/sec) for the Colorado
Formation. This indicates that the waters in this unit do not readily flow into and mix

with waters from upper portions of the Colorado Formation.
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Table C-12. Water Quality Results Associated with Hanover Mountain (Pit)

New Mexico Ground Upgradient HSN-1 Downgradient
Water Standards (MW-14A) (Seep Face)
Constituent | Human Other Standards
(mgn,ft::)l s S g;::t:_l ds Star;;i:rds Irri;o;tion Average | Count | Average | Count | Average | Count
Domestic Use (mg/L) (mg/L) (mg/L)
Supply
Aluminum - -- 5.0 0.00| (12) 0.00 (1) 0.00 (D)
Arsenic 0.1 - - 0.000[ (13) 0.06| (1) 0.00{ (D
Boron - - 0.75 0.0 (1) 0.0 (D 0.0, (1)
Cadmium 0.01 - - 0.000 (13) 0.000f (1) 0.000[ (1)
Chloride - 250.0 - 30| (15) 51 (M) 8 (1)
Chromium 0.05 - - 0.00| (12) 0.00| (1) 0.00] (1)
Cobalt - - 0.05 0.00| (12) 0.16] (1) 0.00] (1)
Copper - 1.0 - 0.00] (13) 0.024| (1) 0.000| (1)
Iron - 1.0 - 047 (13) 551 (1) 0.08) (1)
Lead 0.05 - - 0.000| (13) 0.00 (1) 0.00] (1)
Manganese - 0.2 - 0.47| (12) 3 ) 024 (1)
Mercury 0.002 -- - 0.00] (1) 0.00] (1) 0.00f (1)
Molybdenum - -- 1.0 0.000[ (1) 0.000] (1) 0.000; (1)
Nickel - - 0.2 0.00{ (13) 0.13| (1) 0.00] (1)
pH (std units) - 6-9 - 7.01 (14) 48 (1) 64| (1)
Selenium 0.05 - - 0.000| (12) 0.00] (1) 0.00 (1)
Silver 0.05 -- - 0.00[ (1) No data| (0) No data| (0)
Sulfate - 600 - 187 (14) 440! (1) 2101 (1)
TDS - 1000 - 611 (15) 600 (1) 350 (1)
Zinc - 10.0 - 0.005| (13) 14 (1) 0.02| (1)
Note:  "Average" indicates the arithmetic average of all available samples (assuming non-detect values are 0.00 mg/L.)

An average concentration of 0.00 mg/L indicates all available samples are non-detect values.
"Count" indicates how many samples were included in the average calculation, including non-detect values (assumed
to be 0.00 mg/L)
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4.5 Proposed Leach Pad Areas

The proposed Fierro Leach Pad Area is to be located downgradient of the tailings
pond. The water in the proposed Fierro Leach Pad Area was classified as calcium-
sulfate water. In general, water quality standards were not exceeded except for
cadmium, copper, iron, manganese, sulfate and TDS. More detailed information on
this area can be found in Section 4.1 of this appendix concerning the samples that

were collected downgradient of the Main Tailings Pond.
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