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Tombstone Mining District (Volume 8, Book 24) 

Record #175 [8:24:1-3] <letter> 
Lindeman, John E. (12128/83) Letter To: Lee, Robert G. 
Cyanide Spill of November 7, 1983. 
Arizona Department of Health Services, Tucson, AZ. 

Record #176 [8:24:4-9] <water sample analysis > 
Smith & Smith. (01/10/84) 
Water Quality Analysis for samples DWW #1, TWW #1-2, LWW #1, CWW #2-3. 
Smith & Smith Environmental Laboratory, Flagstaff, AZ. 

Record #178 [8:24:12] <analysis quotation> 
Amalfi, Rick. (01123/84) 
Laboratory Analysis Request and Fee Quotation. 
Western Technologies Inc., Phoenix, AZ. 

Record #177 [8:24:10-11] <letter> 
Devereaux, Stephen B. (01123/84) Letter To: Lee, Robert G. 
Confirmation of discussions outlining sampling and monitoring program. 
Arizona Department of Health Services, Tucson, AZ. 

Record #179 [8:24:13] <letter> 
Lindroos, Gary A (01/30/84) Letter To: Rendes, Andrew M. 
Implementation of water sampling program. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #180 [8:24:14-16] <water & sediment assays> 
Amalfi, Frederick A (03122/84) 
Water and Sediment Analysis. 
Western Technologies Inc., Phoenix, AZ. 

Record #181 [8:24:17-19] <water analysis> 
Amalfi, Frederick A (03122/84) 
Water Analysis. 
Western Technologies Inc., Phoenix, AZ. 

Record #182 [8:24:20-23] <cyanide analysis> 
Amalfi, Frederick A (04/23/84) 
Cyanide Analysis. 
Western Technologies Inc., Phoenix, AZ. 

Record #183 [8:24:24] <memo> 
Lindroos, Gary A (05124/84) Letter To: Schloss, Thomas. 
Cyanide Spill. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #215 [8:24:125] <water analysis> 
Atkinson, Beth. (06129/84) 
Inorganic Chemical Analysis Reporting Form. 
Western Technologies Inc., Phoenix, AZ. 
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Record #184 [8:24:25] <cover letter> 
Lindroos, Gary A (07/02/84) Letter To: Doughty, Allen. 
Enclosure of water well and sediment samples for analysis. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #216 [8:24:126-127] <weekly report letter> 
Lee, Bob G. (07/24/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of July 16-22, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #185 [8:24:26] <cover letter> 
Lindroos, Gary A (07/27/84) Letter To: Western Technology. 
Enclosure of water well samples for analysis. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #186 [8:24:27] <cover letter> 
Lindroos, Gary A (07/31/84) Letter To: Western Technology. 
Enclosure of water well samples for analysis. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #217 [8:24:128] <weekly report letter> 
Lee, Bob G. (08/01/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of July 23-31, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #219 [8:24:130] <weekly report letter> 
Lee, Bob G. (08/31/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of August 25-31, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #220 [8:24:131] <weekly report letter> 
Lee, Bob G. (09/10/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of September 1-7, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #221 [8:24:132] <weekly report letter> 
Lee, Bob G. (09/17/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of September 8-14, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #222 [8:24:133] <weekly report letter> 
Lee, Bob G. (09121/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of September 15-21, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #223 [8:24:134] <weekly report letter> 
Lee, Bob G. (09/28/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of September 22-28, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 
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Record #224 [8:24:135] <weekly report letter> 
Lee, Bob G. (10/05/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of September 29 to October 5, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #225 [8:24:136-137] <water analysis> 
Hoppe, Steven P. (10/17/84) 
Laboratory Report - Water Sample Analysis. 
Western Technologies Inc., Phoenix, AZ. 

Record #226 [8:24:138] <weekly report letter> 
Lee, Bob G. (10/19/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of October 14-19, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #227 [8:24:139] <weekly report letter> 
Lee, Bob G. (10/29/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of October 20-26, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #228 [8:24:140] <weekly report letter> 
Lee, Bob G. (11/09/84) Letter To: Martin, Eddie. 
Report on TEl, Inc. well water samples for the week of November 3-9, 1984. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #187 [8:24:28-29] <letter> 
Traywick, Ben T. and Gradillas, Alex. (03/28/86) Letter To: Cochise Co. Health Dept. 
The many headed Hydra monster "cyanide contamination" has reared its head. 
Office of the Mayor, City of Tombstone, AZ. 

Record #190 [8:24:35] <cover letter> 
Columbus, Wm. L. (06/02/86) Letter To: Escapule, Dustin. 
Enclosure of two "Applications for Installation Permit" forms. 
Arizona Department of Health Services, Tucson, AZ. 

Record #188 [8:24:30-31] <letter> 
Kennett, Roger. (06/02/86) Letter To: Magini, Frank. 
Contention Mine; Cochise Silver Mines, Site Inspection. 
Arizona Department of Health Services, Phoenix, AZ. 

Record #189 [8:24:32-34] <site inspection report> 
Kennett, Roger. (06/02/86) 
Report of Site Inspection, Contention Mine (Tombstone); Cochise Silver Mines. 
Arizona Department of Health Services, Phoenix, AZ. 

Record #191 [8:24:36] <letter> 
Magini, Frank. (06/03/86) Letter To: Kennett, Roger. 
Response to your letter dated June 2, 1986. [Draft} 
Cochise Silver Mines, Phoenix, AZ. 
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Record #192 [8:24:37] <memo> 
Lind, Audrey M. (01(27/87) Letter To: Magini Contracting. 
Cost to analyze water samples and required payment. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #193 [8:24:38] <cover letter> 
Lindroos, Gary A (02/02/87) Letter To: Arizona Testing Lab. 
Enclosure of well samples and "Self-Monitoring Form". 
Cochise Silver Mines, Tombstone, AZ. 

Record #229 [8:24:141-144] <self-monitoring report> 
Drake, Robert J. (02/18/87) 
Groundwater Quality Protection Permit Self-Monitoring Report Forms - Well and Tap Water. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #194 [8:24:39] <letter> 
Kennett, Roger. (03/12/87) Letter To: Lindroos, Gary A 
Cochise Silver Mines, Inc., Groundwater Quality Protection Permit No. G-0011-02. 
Arizona Department of Health Services, Phoenix, AZ. 

Record #230 [8:24:145-148] <self-monitoring report> 
Drake, Robert J. (04/06/87) 
Groundwater Quality Protection Permit Self-Monitoring Report Forms - Well and Tap Water. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #195 [8:24:40] <cover letter> 
Zimmerman, Jeffrey C. (05/06/87) Letter To: Harper, Raymond. 
Enclosed Environmental Law Letter. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix, AZ. 

Record #196 [8:24:41-52] <letter> 
Zimmerman, Jeffrey C. (05/06/87) Letter To: Harper, Raymond. 
Arizona Environmental Quality Act. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix, AZ. 

Record #231 [8:24:149] <chain of custody> 
Lindroos, Gary A (05/15/87) 
Chain of CustOdy - Water Samples. 
Cochise Silver Mines, Inc., Tombstone, AZ. 

Record #240 [8:24:166] <cyanide analyses> 
Drake, Robert J. (05/18/87) 
Report of Laboratory Tests - Cyanide Sludge Cake. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #241 [8:24:167] <cyanide analyses> 
Drake, Robert J. (05/19/87) 
Report of Laboratory Tests - Soil. 
Arizona Testing Laboratories, Phoenix, AZ. 
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Record #232 [8:24:150-153] <self-monitoring report> 
Hoppe, Steven P. (05(22/87) 
Groundwater Quality Protection Permit Self-Monitoring Report Forms - Well and Tap Water. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #242 [8:24:168-169] <cyanide analyses> 
Smith, Kathryn W. (06/12/87) 
Laboratory analysis of solid impound samples. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #243 [8:24:170] <cyanide analyses> 
Smith, Kathryn W. (06/18/87) 
Laboratory analysis of pregnant solution. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #244 [8:24:171] <cyanide analyses> 
Smith, Kathryn W. (06/18/87) 
Laboratory analysis of solid impound samples. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #198 [8:24:55-60] <meeting notes> 
Unknown Author. (06(24/87) 
Notes from State Meeting 6(24/87. 
Cochise Silver Mines, Phoenix, AZ. 

Record #197 [8:24:53-54] <memo> 
Lindroos, Gary A (06(24/87) Letter To: Escapule, Dustin. 
ADHS Inspection (Inspectors: Mr. Andrew Rendes, Mr. John Best). 
Cochise Silver Mines, Tombstone, AZ. 

Record #233 [8:24:154-156] <self-monitoring report> 
Lindroos, Gary A (06130/87) 
Groundwater Quality Protection Permit Self-Monitoring Report Forms -

Field Summary for April, May & June 1987. 
Cochise Silver Mines, Inc., Tombstone, AZ. 

Record #199 [8:24:61] <impoundment pad map> 
Graves, A J. (07/01/87) 
Waste Containment Facilities. 
Cochise Silver Mines, Phoenix, AZ, scale: 1 inch = 30 ft. 

Record #200 [8:24:62] <memo> 
Rendes, Andrew M. (07/01/87) Letter To: Maston, James A 
Site Visit to Cochise Silver Mines, Inc., Tombstone, Arizona. 
Arizona Department of Environmental Quality, Phoenix, AZ. 

Record #201 [8:24:63] <memo> 
Lindroos, Gary A (07/22/87) Letter To: Escapule, Dustin. 
Inspection and Sampling by ADHS. 
Cochise Silver Mines, Tombstone, AZ. 

[page 5 of 8] 



Tombstone Mining District (Volume 8, Book 24) 

Record #234 [8:24:157] <cover letter> 
Lindroos, Gary A (07/24/87) Letter To: Arizona Testing Lab. 
Enclosure of well and tap water samples for analysis. 
Cochise Silver Mines, Tombstone, AZ. 

Record #237 [8:24:160-163] <self-monitoring report> 
Smith & Smith. (07/29/87) 
Groundwater Quality Protection Permit Self-Monitoring Report Forms - Well and Tap Water. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #235 [8:24:158] <water analysis> 
Drake, Robert J. (07/29/87) 
Report of Laboratory Tests - Water Sample Analysis. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #238 [8:24:164] <water analysis> 
Drake, Robert J. (07/29/87) 
Report of Laboratory Tests - Water Sample Analysis. 
Arizona Testing Laboratories, Phoenix, AZ. 

Record #236 [8:24:159-164] <letter> 
Lindroos, Gary A (08/05/87) Letter To: Curlett, James E. 
Reference to your letter of July 23, 1987 - resampling of wells and tap water. 
Cochise Silver Mines, Inc., Tombstone, AZ. 

Record #202 [8:24:64-65] <letter> 
Kennett, Roger. (08/18/87) Letter To: Escapule, Dustin. 
Cochise Silver Mines, Inc., Groundwater Quality Protection Permit No. G-OOll-02. 
Arizona Department of Environmental Quality, Phoenix, AZ. 

Record #203 [8:24:66] <letter> 
Lindroos, Gary A (08/18/87) Letter To: Curlett, James E. 
Request for approval to remove washed tailings to Houghton Pad. 
Cochise Silver Mines, Inc., Tombstone, AZ. 

Record #239 [8:24:165] <water analyses> 
Smith & Smith. (08/19/87) 
Laboratory Results of TEl well water 8/6-19/87. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #204 [8:24:67-69] <letter> 
Magini, Frank. (10/30/87) Letter To: PBR Minerals Board. 
Irregularities at the Tombstone mine site. 
Cochise Silver Mines, Phoenix, AZ. 

Record #206 [8:24:71] <memo> 
Ashworth, J. Michael. (04{27/88) Letter To: All Employees. 
Temporary Plant Closure. 
PBR Minerals, Inc., Phoenix, AZ. 
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Record #20S [8:24:70] <press release> 
Ashworth, J. Michael. (04(27/88) 
Press Release - PBR Minerals to begin final testing and closure of cleanup operation. 
PBR Minerals, Inc., Phoenix, AZ. 

Record #207 [8:24:72] <letter> 
Vineyard, William L. (OS/01/88) Letter To: PBR Minerals. 
Proposed Leach Operation. 
Arizona Department of Environmental Quality, Phoenix, AZ. 

Record #208 [8:24:73] <memo> 
Ashworth, J. Michael. (OS/17/88) Letter To: All Suppliers. 
Accounts Payable. 
PBR Minerals, Inc., Phoenix, AZ. 

Record #209 [8:24:74-106] <letter> 
Rouse, Jim V. (06/08/88) Letter To: Ashworth, Mike. 
Enclosure of items for your review and input. 
Geochemical Engineering Inc., Lakewood, CO. 

Record #210 [8:24:107-114] <letter> 
Escapule, Dustin L. (06/13/88) Letter To: Rouse, Jim V. 
Enclosure of filled out "Notice of Disposal" application. 
PBR Minerals, Inc., Tombstone, AZ. 

Record #212 [8:24:116] <letter> 
Ashworth, J. Michael. (06/14/88) Letter To: All Suppliers. 
Trade Payables. 
PBR Minerals, Inc., Tombstone, AZ. 

Record #211 [8:24:11S] <letter> 
Smith, Kathryn W. (06/14/88) Letter To: Lindroos, Gary A 
Contaminated sample (TEl well #3) in 1987. 
Smith & Smith Environmental Consultants, Sierra Vista, AZ. 

Record #245 [8:24:172-1%] <geochemical report> 
Unknown Author. (06/1S/88) 
Geochemical Evaluation of Clay-Subliner Material. [Draft] 
Geochemical Engineering Inc., LakeWOOd, CO. 

Record #213 [8:24:117-123] <notice of disposal> 
Lindroos, Gary A (07/13/88) 
Notice of Disposal - Grand Central Leaching Facility. 
PBR Minerals, Inc., Tombstone, AZ. 

Record #246 [8:24:197-223] <geochemical report> 
Unknown Author. (08/03/88) 
Geochemical Evaluation of Clay-Sub liner Material. 
Geochemical Engineering Inc., LakeWOOd, CO. 
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Record #218 [8:24:129] <water analyses> 
Lindroos, Gary A (08/10/88) 
Daily analyses of TEl, Inc. well water samples for 8/1-10/84. 
Tombstone Exploration, Inc., Tombstone, AZ. 

Record #247 [8:24:224-290] <quality control plan> 
Unknown Author. (09/01/88) 
Quality Control Plan for Clay Subliner Placement - Grand Central Leaching Facility. 
Geochemical Engineering Inc., Lakewood, CO. 

Record #214 [8:24:124] <memo> 
Ashworth, J. Michael. (04/24/89) 
Suspension of tailing leach operation. 
PBR Minerals, Inc., Tombstone, AZ. 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 

BRUCE BABB.lTI. Govern or 

DONALD B. MATHIS. Director 

December 28, 1983 

Mr. Robert G. Lee, General Manager 
Tombstone Exploration, Inc. 
P.O. Box 610 
Tombstone, AZ 85638 

Dear Mr. Lee: 

Re: Cyanide Spill of November 7, 1983 

Division of Env ironmental Health Services 
Bureau of Water Quality Control 
402 West Congress Room 214 
Tucson, Arizona 85701 
Telephone: 628-5321 

I am writing to follow-up a verbal request from Mr. Ed Swanson of ADHS to 
Tombstone Exploration, Inc. concerning monitoring and sampling as a result 
of the cyan&de spill in Tombstone on November 7. 1983. 

Mr. Andrew Rendes of my staff and I wish to thank you for your past cooper
ation and concern for the situation. We feel certain that you will not feel 
our requests for monitoring and sampling tri be unreasonable or unjustified. 
Mr. Rendes of this office will work with you and assist you with whatever 
problems you may encounter. 

According to information I received from Mr . Swanson, his requests are: 

*Tombstone Exploration. Inc. design and implement a water well sampling 
program. Basic water chemistry plus cyanide should be tested for. but trace 
metals~an be omitted~ For clarification. basic water chemistry includes. 
calcium. mag~sium, sodiumt. phenolphthalein.lllkalinfty'. total alkalinity. 
chloride, nitrate, sulphate, total phosphates, fluorides, hardness, and 
potassium. 

*Design and implement a surface water and sediment sampling program 
/' for cyanide to confirm the thoroughness of the cleanup operation. 

*Perform a comprehensive analysis of the rinse pond water and sediment. 
including cyanide and trace metals. This should include in-stream and 
off-stream (for control) sediments from above the operation to a downstream 
point on the main highway (U.S. 80) in the Northwest corner of Tombstone. 

000001 
Th e Departm ent of Health Services is An Equal Opportullity Affirmative Actioll Employer. All qualified m " l1 alld 

wom en , illcluding thc handicapped, arc "ncouraged to participate. 

Phnl'>nlv t. "' '> Ann or.:.{\{\'7 



Mr. Robert G. Lee 
Page 2 
December 28, 1983 

*Inform the Bureau of Water Quality Control if other potentially 
dangerous chemicals are/were used in the mining process. If there appears 
to be a possibility that these chemicals were released during the spill, 
they should also be sampled for in the previously mentioned locations. 

As I stated earlier, this office is desirous of working with T.E.I. in the 
aftermath of the accident to ascertain the safety of the drinking water of 
the town and to allay the fears of the residents. T.E.I. may already have 
performed or partially performed one or more of the requests. The sooner 
your firm designs the monitoring plans and reviews them with Mr. Rendes, the 
better for all parties involved. If you should need any assistance or are 
ready to review your monitoring and sampling scheme, contact Mr. Rendes at 
628-5321. 

~Ie again thank you for your past cooperation, and look forward to working 
with you and hearing from you within ten working days from receipt of this 
1 etter. 

Sincerely, 

c!'. ~jJ~ , 
hn E. Lindeman, P.E., Manager 

outhern Regional Office 
Environmental Health Services 

JEL:AMR:ps 

cc: Cochise County Health Department 
Ed Swanson, BWQC 
Tombstone City Clerk 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 

BRUCE BABBITT. Governor 

DONALD B. MATHIS. Director 

Division of Environmental Health Services 
Bureau of Water Quality Control 
402 West Congress, Room 214 
Tucson, Arizona 85701 

January 23, 1984 

Mr. Robert G. Lee, General Manager 
Tombstone Exploration, Inc. 
P.O. Box 610 
Tombstone, Arizona 85638 

Dear Mr. Lee: 

Telephone 628-5321 

This office offers its thanks for the cooperation of you and your firm 
(Tombstone Exploration, Inc.) in working toward the rapid resolution of 
the potential problem related to the escape of the cyanide solution from 
your operation on or about Monday November 7, 1983. 

This letter is written confirmation of discussions between Mr. Andrew 
M. Rendes of the Bureau of Water Quality Control staff and Mr. Gary 
Lindroos of T.E.I. and yourself, on Thursday January 19, 1984. 

In response to questions by Mr. Lindroos to Mr. Rendes regarding this 
office's letter of December 28, 1983 outlining the sampling and monitor
ing program to be carried out by T.E.I., Mr. Rendes visited your site. 

For any and all water and sediment analysis, Mr. Rendes informed Mr. 
Lindroos to be certain that the methods outlined in "Standard Methods 
for the Examination of Water and Wastewater" be used and followed. This 
book is published jointly by the American Public .Health Association, 
American Water Works Association, and the Water Pollution Control 
Federation, to standardize analysis of chemicals. In addition, any and 
all equipment used for quantitative analysis must be capable of 
accurately measuring quantities less than 0.02 parts per million (ppm). 

On an item by item basis of our December 28th letter, Mr. Rendes and Mr. 
Lindroos understand that: Item I - T.E.I. will design and impliment a 
water well sampling program. T.E.I. has indicated they will work with 
the City of Tombstone and sample the City's three water wells. This is 
acceptable to this office. The basic water chemistry plus cyanide is to 
be sampled for at all three wells, but the basic water chemistry need be 
sampled for only the first time to establish a base line. The sampling/ 
monitoring is to be taken and performed once a month each month, until 
further notice, beginning with February 1984. 

Th~ D~partmcnt of Hralth Suuices is An £llllal Opportllnity Affirmative Action Employer. All Qllallfied men and 
womell, incllldillg th(' handicappl"d, arl' I"ncollraged to porticipate, 
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Robert G. Lee 
Tombstone Exploration, Inc. - Page 2 -

Item 2 - T.E.I. will design and implement a surface water and sediment 
sampling program for cyanide. Two samples of soil/sediment are to be 
taken at each of three locations: One location above the T.E.I. property, 
one location in Emerald Gulch that received the spill, and one location 
downstream in Walnut Gulch past where the spill was contained. One soil/ 
sediment sample at each site is to be taken from the .stream bed/channel 
and the other is to be taken up off the bank in native soil. This soil/ 
sediment sampling is to also be done monthly, beginningin February 1984 
and continuing through July 1984. 

Item 3 - T.E.I. will perform a comprehensive analysis of the rinse pond 
water and sediment that would be representative of that which escaped during 
the spill. Cyanide and trace metals are to be analyzed quantitatively and 
qualitatively. 

Item 4 - T.E.I. is to inform the Bureau of Water Quality Control in writing, 
of any other potentially dangerous chemicals/materials that are/were used 
in the mining process. 

The results from items 1 and 2 must be submitted monthly to this office and 
item 3 and 4 before the end of February 1984. 

Since T.E.I. is removing the pond that was breached, at the request of the 
Bureau of Land Management, this office will be the proper one to notify to 
inspect the site, as mentioned in the BLM correspondence, to ascertain there 
is no threat to groundwater. 

We again thank you for your past cooperation and look forward to your 
monitoring results. 

Sincerely, 

cJi/~13. £)~f 
Stephen B. Devereaux, Acting Manager 
Southern Regional Office 
Environmental Health Services 

SBD:AMR:ps 

CC: Cochise County Health Department 
City Clerk, City of Tombstone, 315 East Fremont, Tombstone, AZ 85638 
Ed Swanson, Arizona Department of Health Services 
John Freeman, BLM, 425 East 4th, Safford, AZ 85546 
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WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P.O. Box 21387 
Phoenix, Arizona 85036 
(602) 268-1381 

LABORATORY ANALYSIS REQUEST 
AND FEE QUOTATION 

Date /- 23 - 8i.f WTI Rep. kkk Am/tLEI 
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Address Sky hAte Dr/ve 

7Ornks13Ne S>S03 j 
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I Cyan leU) Fre~ ·1- Mfd-/ 
I 
I ,4/i:~NI.J'I I 
I 

1-~j/ W~I-er I &//i).JJNQJ K; Alk, CI; 
I NO.]-N; SDtfJ Poif-PJ . ! Pi !/ardll!!S.S 

l:Alell Week,.. (!,yQ.J?/~ I ;:=r~e -I- Tc;tdj 

I , 

I 

I 
I , 
I 
I 

Mode: Qhon~ 
Letter 
~1eeting 

Methods Turnaround 

JIIy) EPA 
EP4 

,'" 

£/,A I 

EPA IO-/~ . 
tvo~ku¥'? 

clAYS 

c:.PA 

Price 
/~O~OO 

SO.oo 

/~ .00 

~ 105.00 

6(j.ot) 

._----------,--- -------_._-------..--" I .. _----
I 
I i I 

I 
I 

I 
I 

I 

I I 

r-
! 
t 
I 
I 

I 

I I 
I 

!Remarks: Send Literature: sef ctJI'1-/a/l,JS 

-X- Send Sample Bot tl es : 7 sefs ;;r sednunfs: I nrlrJt:'j I ~oJI()n1h'ltl"rJX, I tI"p~f 'Y 
I 

i 8 ~is .~c w(./[UJaieA ; 111'';'''(., J SOI"""'1 ~d"'~J /..rubtUr":. r; l 
'U/1 ~s~rV¥!cL ,. 

St. :! : .1.1 s : 
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® TOMBSTONE EXPLORATION,INC. 

30 Janua ry 1984 

Arizona Department of Health Services 
Bureau of Water Quality Control 
402 West Congress, Room 214 
Tucson, Arizona 85701 

Attention: Mr. Andrew M. Rendes 

Dear Mr. Rendes: 

Tombstone Exploration, Inc. is implementing a water well sampling program and 
a water and sediment sampling program for cyanide. Western Technologies, 
3737 East Broadway Road, Phoenix, Arizona 85036, has been retained to conduct 
the necessary analysis and submit required reporting data to those agencies 
involved. 

Water and Sediment samples will be collected by February 2, 1984 and submitted 
to Western Technologies for analysis. This sampling program wil I be continued 
on a monthly basis through July 1984. 

Sincerely, 

6£ ~~3!D 
G~indrOos 
Lab Supervisor for 
Tombstone Exploration, Inc. 

GLlckc 

cc: Mr. Thomas H. Schloss 
Mr. Dustin Escapule 

17 East 76th Street 
~f'\\" York, Nt'w YOI·k 1002] 

212-()28-8466 

000013 

P.O. Box 610 
')()J}lhstOlH', Arizona 8;;638 

602-457 -2231 



.~ WESTERN 
TECHNOLOGIES 
INC. 

3737 Eas t Broadway Road 
PO Box 21387 
Phoe ni x, Arizona 85036 
(602 ) 437-3737 

Client Tombstone Exploration 
Post Office Box 610 
Tombstone, Arizona 85638 

l 
LABORATORY REPORT 

Job No . ____________________ _ 

Lab/Invoice No. 22140124 

Date of Report 3/22/84 

Page 1 of 2 
Proj~ ________ ~W~a~t~e~r~~a~n~d~S~e~d~i~m~e~n~t~An~~a~10y~s~l~· s~ ______________________________________ ___ 

Location ______ ~T~o~mb~s~te:::o~n~e~E::.:x::.pt:..::.l~o:..=r~a~t:::..:l~· o~n _______________________________________________ _ 

Material/Specimen Water/Sediment 

Source Shown below 

T est Procedure Shown below 

WATER SAMPLES 
City 

Sample ldent. Well #1 

Fluoride 
(mg/L) 

lhtrate - N 
(mg/L) 

Total Alkalinity 
(mg/L as CaC03) 

Calcium 
(mg/L) 

Magnesium 
(mg/L) 

Sodium 
(mg/L) 

Potassium 
(mg/L) 

Chloride 
(mg/L) 

Sulfate 
(mg/L) 

Phosphate-P 
(mg/L) 

Cyanide, Free 
(mg/L) 

Cyanide, Total 

2.0 

9.0 

210. 

79. 

22. 

28. 

3. 

40. 

50. 

<0.02 

<0.01 

<0.01 

opies to: Client (1) 

Sampled By 

Submitted By 

Authorized By 

RESULTS 

City 
Well #2 

0.2 

3.8 

179. 

52. 

18. 

4. 

2. 

6. 

7 . 

<0.02 

<0.01 

<0.01 

City 
Well #3 

0.4 

3.9 

155. 

"32. 

17. 

13. 

3. 

8 . 

4 . 

<0.02 

<0.01 

<0.01 

TELPersonnel Date 2LQ3L!H 
TELG. LindroQ~ Date 2/03/84 

TE/G. Lindroos Date 2/03/84 

TEl TEl 
Well #1 Well #3 

2.3 2 . 0 

3.8 2.1 

172. 172. 

60. 62. 

16. 13. 

17. 15. 

3. 2. 

21. 16. 

27. 26. 

<0.02 <0.02 

<0.01 <0.01 

<0.01 <0.01 

000014 

Analyst: __ -Z-~£~~eYieWed by: f. 
F Icidfr. i c k A. Ama 1 f i(ft ::::----;..:..=..:=-+-----~~:...:......,~--



:, 

~tone Exploration 
40124 

ge 2 of 2 

SEDIMENT SAMPLES 
Emerald Wash Emerald Bank 

Above Spill Sample Ident. Above Spill 

Arsenic (ug/g) 27.3 
Barium (ug/g) 57.5 
Cadmi um (ug/g) 9.2 
Chromium (ug/g) 4.4 
Lead (ug/g) 659. 
Mercury (ug/g) 0.028 
Selenium (ug/g) <1. 
Silver (ug/g) 5.4 
Alkalinity (ug/g)as CaCG3212. 
Cyanide, Free (ug/g) <0.1 
Cyanide, Total (ug/g) <0.1 

Sample Ident. 

Arsenic (ug/g) 

Emerald 
Walnut Bank 

Barium (ug/g) 
Cadmium (ug/g) 
Chromium (ug/g) 
Lead (ug/g) 
Mercury (ug/g) 
Selenium (ug/g) 
Silver (ug/g) 
Alkalini ty (ug/g) as CaC03 
Cyanide, Free (ug/g) 
Cyanide, Total (ug/g) 

1.4 
75.3 
<1. 

2.4 
<1. 
<0.010 
<1. 
<1. 

170. 
<0.1 
<0.1 

METHODS OF ANALYSIS 

Sample prep~ration 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 
Alkalinity 
Fluoride 
Nitrate-N 
Calcium 
Magnesium 
Sodium 
otassium 

Chloride 
Sulfate 
Phosphate 
Cyanide 

4.4 
83.2 
<1. 

7.0 
73.4 

0.010 
<1. 
<1. 

223. 
<.1 
0.23 

Wash 
Below Spill 

0.6 
51.6 
<1. 
1.4 

<1. 
<0.010 
<1. 
<1. 

148. 
<0.1 
<0.1 

EPA Method 
3050 
200.7 
200.7 
200.7 
200.7 
200.7 

7471 
200.7 
200.7 
310.1 
340.2 
353.3 
200.7 
200.7 
200.7 
200.7 
325.3 
375.4 
365.2 
335.2/9010 

Emerald Walnut 
Wash 

o . 7 
67.9 
<1. 
1.6 

<1. 
<0.010 
<1. 
<1. 

180. 
<.1 
0.14 

Bank 
Below Spill 

<1. 
53. 
<1. 

2.2 
<1. 
<0.010 
<1. 
<1. 

148. 
<0.1 
<0.1 
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'. 

Project . 

LOCCItion 

Authorized By -:-:-~-:-_G~~=?,:...<. '---.:L=:=i:.:n.:.:dr~,-=,c:~ .. o:.:i;::.· _"._-'_'-"_-'---.::c.;..':.-' _~'_' '_'-._:..:..:"..:.:.~ .~" --::-.'. -:":~_: _" -.-:.~ __ 

Type of Work _-::-:-:::-:-:~w=a:...:t::.:e::.:r~.:::an::::.:d~~S-=e:.::d~i~m~e~n~t=-::" ...:.An~..':a~l~YL:"s~i.!::s~' _-=--.:.._~ ,-
. J ..... •• 

~ _ --~ . . , ---:7:-__ -_,7~---- -.:..----- . 

'.:-: : ' . ~: :. ::- __ ~~ .. ":_~~:_ . .. :~: ~_' "_:-J~._ .*: " . '" _ . ... ... . : 

, in:~i~~dBY :Frederick " A. Amalfi 

.' 

000016 
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.~ WESTERN 
TECHNOLOGIES 
INC. 

3737 Eas t Broadway Roa d 
P.O. Box 21387 
Phoeni x . Arizona 55036 
(602) 43 7-3737 

LABORATORY REPOR T 

Client Tombstone Exploration 
Post Office Box 610 
Tombstone, Arizona 85638 

)obNo. ____________________ __ 

Lab/I nvoice No. 2 21 4 0184 - ] 
Date of Re port 3/22/84 

Proj~ _________ W~a~t~e~r~~A~n~a~l~y~s~i~s~ ________________________________________________________ _ 

Location _______ T~o~m~b::.::s~t~o~n~e='....L.1 ~Ac.±:r....:!i~z~o-l..cn!.!Qa ___________________________________________________ _ 

Material/Specimen ...:.W.:..:a=-t=.e=r _____________________ Sampled By TE I /P e r s onn e 1 

Source _________ P-...:.o_n_d ___ -...:.2 _____________________ Submitted By TE I! G. Li nd r 00 s 

Test Procedure Shown below Authorized By TEl/G. Lindroos 
---=~~~~~~-------

Parameter 

Fluoride 

Nitrate-N 

ka1inity (as CaC03) 

Calcium 

Magnesium 

Sodium 

Potassium 

Chloride 

Sulfate 

Phosphate-P 

Cyand i e (Free) 

RESULTS 

Concentration (mg!L) 

2.4 

12.3 

197. 

103. 

28. 

26. 

4. 

70. 

75. 

< 0.02 

19 . 6 

Date 2/22/84 

Date 2/22/84 

Date 2/22/84 

EPA Method 

340.2 

353.3 

310.1 

200.7 

200.7 

200.7 

200.7 

325.3 

375.4 

365.2 

335.2 (w/o 

~ . 

;i' , 
1 

. i 
I ' 
, I 
I' 

" i; ,. 
J ; 
I; 
! 
" 

distillation " 
Cyan i de (Total) 25.8 335.2 

000017 
opies to Client (l) 

Analy s t: ~J. .-/ ~~~~~. Re vi ewed by : 
;;~A~ R. Al a n Dou g 



'. 

WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P .O . Box 21387 
Phoenix , A ri zona 8503& 
(602) 437-3737 

Client Tombstone Exploration Inc. 
Post Office Box 610 
Tombstone, Arizona 85638 

Proj~ Sediment Analysis 

Location Tombstone, Arizona 

Material/Specimen --=S:..:.e::..d==i~m.:...:e:..:n:..:....::t _ ______ .-..-:..._ Sampled By 

Source Wash Plant Submitted By 

Test Procedure Shown below Authorized By 
, 

RESULTS 

Parameter Concentration 

Arsenic 164. 

Barium 171. 
.. ium 12.6 

1.8 
Lead 2090. 

Mercury < 0.01 
Selemium < 1. 
Silver < 1. 

Alkalinity (as CaC03) 254. 

Cyanide, Free 6. 

Cyanide, Total 6 . 

Co yeS to C 1 i e n t (1 ) 

LABORATORY REPORT 

Job No. ____________________ _ 

Lab/ Invoice No , 22140184 - 2 

Date of Report 3/22/84 

TEILPersonne1 Date 2/22i84 

TEl/G. Lindroos Date 2i22i84 

TEl/G. Lindroos Date 2/22/84 

(ug:/g) EPA Method 

200.7 

200.7 

200.7 

200.7 

200.7 

7471 

200.7 

200.7 

310.1 

335.2/9010 
w/o distillatio 

335.2 

000018 
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'. 
Client 

/ 

Tombstone Ex?lo:Cct ioTl I LC:_ 
Skyline Drive 

-Post Office Box 610 
Tombstone, Arizona 85638 

Project _ _ _ 

Location ___________ ____ _ __ _ 

LAB/INVOIC~ NO_ 

Job No. -.¥;ATER---

Date .-lL~~.L84 __ 

Authorized By _ _ _ Gary Lindroos __________ __ _ _ _ 

Type of Work __ -----'Water_ and _ .sediment .Analysis 

i-Client P,O. No _..:.-___________ ..........:~_=__ __ _=_ __ 

! I -Special Instructions: 

r 
! 
I 

CHARGES 
, 
t Quantity De~cription Unit Amount 

I 

I' 
I 
I 

i 
I 

! 

r 
t · 

~ . 

I 

1 
2 

Water AnalyS..L ;'.A...-~--------fJ...Cl5...-O.o ~l-O-5-_-O-O-

.Free and ' T.o_taLCyi'l n ; n p - . ....50_.0 D ----lDD----D .0-

1_ =-1 __ +-",S:..o::e=di"",,-_me.Q..t-=:lmal~ is . --. . ~ ? :~.J10 ~ - 13.2--.00-

------'-I~---- --'---------'----j--I--j 'j 
. " 

; '- " 
... '";- . ' .: . .. -.-::- " 

::, 

: ." . #," - ' 

.' 

.:-' 
;-

f\-I I-f------.:.-~---

Function : Total Charge~ Thi~ Invoice ls":\ ~ 7 n n 

Invoiced By Frederick 1>.. Arnalfi 

000019 



Client 

WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P.O. Box 21387 
Phoenix, Arizona 85036 
(602) 437-3737 

Tombstone Exploration Inc. 
Skyline Drive P.O. Box 610 
Tombstone, AZ 85638 

Project .. Cyanide Analysis _ .. 

Location. __ .. Tombs.tone I ._AZ ___ .... " .... . __ 

LABORATORY REPORT 

Job No. -----.------ -----. __ _ 

Lab./lnvoice No. 22l4.03.Q-J.5 _ _ _ 

Date of Report A /-23/8A _______ _ 

Reviewed By ___ __________ .. __ _ 

Material/Specimen SoiL __ _____ ~ ____ : __ ~ _________ _____ ........: -__ __ ____. _____ Sampled By _TE ILA __ M.o __ . Rendes ____ . Date .3/26/8_4 

Source . _Shown_ .B_el.uw ____ . ______ . ________ .____ ___ _ _ ______ Submitted By __ TEI/G~ __ Lindr.aos _ _ Date 3 L2.6 L8..4 

TestProcedure . __ EPA 335.2 __ __ . ___ .. _____ _________ _ _ AuthorizedByTEI/-G. __ ._Lindro_os. ___ Date 3/26_1-84 

Sample Identification 

TEl #1 South 

TEl #2 North 

Analyst: 

Copiesto:A. M. Rendes 
Bureau water Quality Control 
402 W. Congress, 'Room 214 
Tucson, AZ 85701 

RESULTS 

Total Cyanide (ug/g) 

~ 0.01 

< 0.01 

Reviewed: 

R. Alan Do 

.. lIIA'< 7 1984 
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I 
t 

Client 

--_oJ 
.' .. ,' ,. 

WESTERN • )737 E;;'I B,oadway Road I P .O . Bo, ]13B7 I Phocni. :· ~'ilOn. 8503b I (bOl) 437 -3737 

TECHNOLOGIES· ]4lJO Ea" Hunl,r: ·~"r., ,'iv,· 'J Fldpl.,II. A"wn. 81>001/ (b011774- B708 

INC. ·41) Soulh Ohen Aven ue i Tuc>on, Amon. O:'71Y I I(1) b14·88'+4 

5378 

TG~bstone Lxp~oration Inc. I 

Pos~ Office ~~X 61~ 
TaDDstone, Arizona 83638 

LAB/ INVOICE NO. 

Job No. ....1 t:s t __ ____ -..: 

Date 4/23/84 - -_ 

Project _ CYll.;::ide Jm&ly sis _______ .. __ _ 

Location _'I'ombstO!!e, A2 ______ ___ _______ _ .. _______ _ 

Authorized By G, . Lindroos _____________________ ~ __ _ 

Type of Work -Inorganic. _______ . _____ __ ________ _____ _ 

Client P.O. No. _ --------'-....:..-._ ---=-_._----_._------_.-

Special Instructions: 
- .. .. ~:: _ _ .f - ' - _ ~: r-

----------~,--- .'''' 

CHARGES 

Quanti\¥ Description Amount 

2 
----II-;T-Gtal-C-yanide---_~_-.------R570~ 7t)~O--

- - .-.. - --. ----------------'--=c,......,..-=---(~-___,-I---,.------

, .. • ~ :,. _ I .. 

--- .-- -----------,\---~ . ..,... ·~·);--'--------'··'----.,.......---~-I . ../ :::_:- f----~"-'-----
.. .. " ... ~~ ... ..J.:. ~ . :~ .' .: ,.~ .~;:~: .- . , ' - .. , . ' . j 

_._- --- --------:-----------,::-:~ ..... - ' .. --~-----"-'.=. : .- _. - " - _ .. , -_.-

/.. ~ 
1-----(- ·_----------- -.------ - -...,..--+-------------

Function: 152 Total Charges This Invoice tz n n n 

--=-=-=-=--~/ j Invoiced By JM. . J 

: I 
I, 
i I 
~ ~ 
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Client 

WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P .O . Box 21387 
Phoenix , Arizona 85036 
(602) 437-3737 

Tompstone Exploration Inc. 
Skyline Drive 
Tombstone, AZ 85638 

LABORATORY REPORT 

Job No.-.. --. ______ ._. _ 

Lab./lnvoice No . 2.2.l .4.Q3l.9. _ ___ _ 

Date of Report 4/23/84 . __ __ __ .. ____ _ 

Reviewed By 

Locationr:r..o..m~~~QJ~~_L__M ____ ___ . __ __ ._ _ _. . . . __ ._. ___ _ . __ _ .. _. ___ .. _. __ _ . . ___ . __ .. . _. ____ . . _ ...... ___ . _ . ___ _____ .... __ __ ____ . 

MateriaI/SpecimenJi~~~X __ . _ ____ __ .. ___ . ____ ._ .. _____ Sampled By TE~-.lJ~J~J;:sQ_nn_~.l ______ __ Date ___ ___ _ 

Source ._.SJJO~IL.A.~J-9W __ ______ ._ ... ___ ._ ... ______ Submitted By _TEI/.G. .• _ Lindro_os __ DatL. __________ _ 

Test ProcedureEJ~~_._:lJ5_ ~_l _, __ .. 3 3 5 •.. 4 .. ___ ._ .. _. __ . ______ .. ____ .. _._ Authorized ByTEl/G. __ LindrQQs_ ..... Date ______ . __ 

RESULTS 

Sample Identification Free Cya.nide (mg/L) Total Cyanide (mg/L) 

TEl #1 C/-ly wr.i/ < 0.01 < 0.01 

TEl #2 t ,'I y fV~/! < 0.01 ~ 0.01 

TEl #3 tI l ,! JlVr: /1 < 0.01 < 0.01 

Analyst: 

Copies to: 
7fcd~/I~ 
. F. A. Amalfi 

Reviewed: 

R. Alan Do 

MAY 7 1984 000022 



" 

~-~- - ___ ~...,..-:-"I;.-~-. , 

WESTERN .3737 Eo" (;ro.dw,~y Kuad I :'...0 _ IJox 11387 I PhoenIX , Amon. 85036/ (bOl) ~37·3737 
TECHNOLOGIES, 1400 E." Hunltng:o_ ::J"ve / F(a~,..,ff . Amona 8t>OO1 / (bOl) 774· 8708 
INC. • H3 50ulh Ol><n Avenue / 1 uc>on, Amana 857 19/ (bOll 614·88~4 

Client 

TO:nbstO;-l£ ExploratioD In::::. 
SkylinE Driv~ P.O. Box 610 
Ton·.bsto;.e: , AZ 85£38 

LAB/INVOICE NO. 

Job No. Test ---- .-~. 

Date4-123/S,* --

Project .Cyanide Analysis _ . ______ . _ __ .. _. 

Location --Tombs tone I - .. AZ  ------ ---------

Authorized BYG. --Lindroo5----~-----------------

Type of Work Inor-ganic--------
Client P.O _ No. _ _ ___________ _ 

- . .•• ·.·· .• 1 -----__ -,--_____ .:..-____________ : _'~=l 
Special Instructions : -_--___________ _ . ___ _ 

~i 
1 

CHARGES 

Quantity Description .. Unit "mount j 
I 

--- ... - - ------'--...:....:.----=----'--.."...---------=-1·-.-:---- -- - .---- . 

----I-----------------~-- -------I---~-----------

1-------+----------0-------------------- - ------

---- -------------------------~-----I--------

----- ------~--~----------------~-----I~--~-----

-------- ----_._----- -----.--- ----. .--

Function: 1 C; ') Total Charges This Invoice 
r;n nn 

Invoiced By ___ F_AA _________ _ 
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TOt1BSTONE EXPLORAT I ON, INC. 

11EMO 

24 Hay 1984 

TO~ Thomas Schloss, President 

FR: Gary Lindroos. Lab Supervisor 

RE: Cyan i de Sp i 11 

Due to the cyanide spi II that occurred on Monday. November 7, 1983, we 
were notified by the Arizona Department of Health Services Lo do the 
fo I I owi ng: 

I) Design and implement a water well samol ing program. Basic water 
chemistry plus cyanide to include: calcium, magnesium, sodium. 
pheonolphthalien alkalinity. total alkalinity. chloride nitrate. 
sulphate, total phosphates, flourides, hardness and potassium. 

2) Design and implement a surface water and sediment samDI inq program 
for cyanide to confirm the thoroughness of the cleanup operation. 

3) Perform a comprehensive analysis of the rinse pond water and sediment. 
including cyanide and trace metals. It also had to include in-stream 
and off-stream (for control) sediments from above the operation to a 
down stream point on the main highway (U.S. RO) in the Northwest corner 
of Tombstone. 

4) Inform the Bureau of Water Qual ity Control if other potentially danger-
ous chemicals were used in the mining process If there was. then they 
should also be sampled. 

Th e cos t 0 f the abo ve. t 0 d ate, i s as f 0 1 I ow s : 

Western Technologies 
Mountain States Research & Development 
T. E. I. t1an Hou rs 

TOTAL: 

~opies of Lab reports and invoices attached) 

/ \ , ~ \' /J /} '/7 
~.~~/?< rt;;;;#~ 

Gary L"indroos 
Lab Supervisor 

GL/ ekc 

$2174.00 
$ 216.00 

185.25 

$2575.25 

000024 



.July 2, 1~)8'1 

irif'stpI"n Tpci'louJogjes 
~ 737 E. nroadway Road 
II O. rj n>: 2J 387 

11 ;) " ':. :-:. ;" r i Z 0 n a 85036 

[ I c' ':'':': "'I; naughty: 

Enc losed you will fjnd samples at TOJ[;bs l .. ' flP (' . ! t~ WiitC T wp]J', ;H !d 

sediment samples from Emerald Gu]c~ an~ ~oj nu T Gu }ch. 

Pl ea se run sC!mpje~ j 'lC:CLlrdance with T'(i(l\. ; :- ' II" j " .- ~) : Arjz()j,(, ' 
Department of Heal th Standards, Bureau a: Water Qual i ty Control . 
42 West Congress, Room 214. Tucson . Arizona 85701. 

Samrles are in ses of five (5) each , l~ken July 2. 1984 , older of 
samples are as follows: 

1) Sedjment t.merald Wash. (above spill) 
2l Sediment Emerald Wash at Walnut (mid-spill) 
3) Walnut Wash (below spill) 

4) Tombstone City Well No.1 
5) Tombstone City Well No.2 
6) Tombstone City Well No.3 

Sincerely. 

TOMBSTONE EXPLORATION, INC. 

000025 

17 Ea;;;( 7(.1 Ii St ,'('d 

:\(' \\ VI JI·k. \, , \\ Yljd" I n02l 
P. O. Box 610 

'1;'1111>::;(11111', Ari/.ol1:t ~1.=)()38 

(I02-4S 7-2~31 



® TOMBSTONE EXPWRATION, INC. 

July 27, 1984 

Western Technology Inc. 
3737 East Broadway Road 
Phoenix, Arizona 85036 

Dear Sirs: 

Enclosed find 3 water samples from the City of Tombstone, Arizona 
Water Wells. Please run samples for Free Cyanide and Total Cyanide. 
Copies of report should be sent as follow: 

1 

2 

3 

Tombstone Exploration Inc. 

City of Tombstone, Arizona 85638 

State Bureau of Water Quality Control 

Sincerely, 

17 East 76th Stt'eet 
New YOI"k. New Yor"k 1002] 

212-628-8466 

000026 

P.O. Box 610 
Tombstone. Arizona 85638 

602-457-2231 
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OjJue0fthelVlayor 

.. I TY ... !;,jjWU WilfJ~ 
P. O. BOX 339 TOMBSTONE. ARIZONA 85638 (602) 457.2202 

MCVtc.it 2 g, 1 9, g 6 

COC.h-<-6C. COl1n;tr; Hc.aLtll V<'.pCl!I.:Dllcn.t 
27 1 Ba.JLt.ow VJt.ivc. 
S.{e.'l.!la V,u,W, AJt.izona 85635 

Dear Sirs: 

Again the many hcaded lIydrn r.lOllster "cyanidc contnmination" has reared 
its head over the citizl:ns of TOIOlustone. 

Preparations arc nuw unu<:rw;IY tu n!op~n what W<lt> T.E.I. mining operations 
presumably under Dnoth<:r 11;)I1IC - but uJ1(\<:r 1I1c salllC Ih.:rsonnel essentially. 

On August 22, 1984, th~ United States Environmental Protection Agency, 
in conjunction with till: Arizona Department of Health Services, conducted an 
inspection of Tombstone Exploration's mining facilities and made the following 
r-ecommendations: 

1. A thorough hydrogeolor,ic sturly of the area should be':)undertaken 
at the expense o[ T.E.I. by carefully selected individuals with 
expertise in the ur\.'iJ of g0ology ;IIHI hydrology to include the 
use of tracers, water level measurements, and diffraction 
mcthotls to m;]!> LhL~ di rcctioll <J1lL1 ratc of groullu water flow 1n 
the area. 

2. Honitoring wells should be il1~talled t>uch that plume location, 
plume size, and exLl'lll of cOlltamination can be determined with 
the frequency of S;llllpLllIg from these ,",'ells to be determined by 
the state. 

3. Tombstone Explor Ll Lio'l h;I~; b l.! ell Int>ll'llcleu to lint.! all ey.isting 
and future pOllds if Ihvy COlltinllc npel-:.tting. 
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4. Lysimeters for leak detection should be installed un-'.er the 
ponds to assist in the prevention of future incidents. 

5. Chlorinators should be installed. 

6. City wells and the T.E.I. wells should be closely monitored. 

To our knowledge tlle only recommendation that has been carried out is the 
recommendation that the wells be monitored, and the city wells are being 
monitored at the sole expense of the City of Tombstone which is patently un
fair since the City did not create this problem. 

These administrators (once T.E.I. - now?) are the same individuals who 
kept a cyanide leak into one of their wells a secret from the city and the 
regulatory agencies for months. 

Not only have the recommendations made by the inspecting team been ignored, 
but no cleanup from the last operations has been performed. Even contaminated 
cyanide drums are still scat tered over the Ill"Opert)'" 

Therefore, 'vo'e again urge YOll to use all the pO\,/ers and resources at your 
command to insure that the recommenuations of the U.S. Environmental Protection 
Agency and the Arizona Department of Ilea] th Services be 'carried out; that there 
be continuous monitoring of the operations of these mining interest and their 
wells by governmental agencil's; and th,lt eVI!ry conceivable effort be made to 
insure that the citizens of Tombstone do not suffer in any manner from these 
mining operations. 

\~e also insist that 110 permi.ts to COllllllence mining operations be issued 
until all the aforesaid recommendations of the Environmental Protection Agency 
and the Department of Health Services have been carried out and adequate 
insurances given to all agencies involved and to tlle Mayor and Council of 
Tombstone that the health and welfare of the citizens of Tombstone have been 
protected. 

We also insist tbat we be given written notice of any and all proceedings 
affecting these mining intcreSls, so that the rights and welfare of the citizens 
of Tombstone may be protected. 

Please read the attached magazine article by Andy Zip~er to understand 
the buck-passing, inaction, nnd inJiff~rence to our pleas from the regulatory 
agencies who arc supposed to protect us. 

Also flnu clll.:losed HdY B, 1985, letter (rom Chuck Anders, wIth assurances 
marked in red. 

~-T"I / / ( I ;n/T'.' T~:Y~i;: //f;jl~c~_E_-
Councilman Ward 3 
TUlllbstone 

Very truly yours, 

'l ~' Alqt:£-;;,!!J~ 
0000:'9 ~Iayor _ 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 

BRUCE BABBITI. Governor 

LLOYD F. NOVICK. M.D .. M.P.H .• Director 

Hr. Frank Nagini 
Cbchise Silver Mines, Inc. 
4831 N. 42nd Ave. 
Phoenix, Arizona 

85019 

Dear Mr. Hagini: 

Re: Contention Mine; 
Cochise Silver rUnes 
Site Inspection 

June 02, 1986 

Enclosed is the rep:>rt of my May 22, 1986 inspection of the referenced 
facility to determine compliance with the Groundwa.ter Regulations, R9-
20-201 thru 226. 'Ihe Depart:rrent had received reports that you may have 
been operating without a Groundwdter Quality Protection Permit. Hy 
findings are surrmarized below. 

There was no cyanide leaching occurring on site. In fact, there is no 
cyanide on site at all. All errpty cyanide barrels have been crushed 
and are still on site. These should be disposed of at an approved 
landfill. I will be coordinating with Tibaldo Canez of our Depart.rrent 
to determll1e which landfill \\Quld be appropriate. . The water has been 
rerroved from Pond #1, and the sludge is drying. Hy recomrendation is 
to halt any further \\Qrk on the pond(s) until an reclamation/closure 
plan is sul::mitted and approved. 'Ihe closure of the ponds should be 
conducted by an independent Engineering/Consulting firm. The details 
of both the pilot plant and proposed full scale leaching operations 
must be submitted for approval, and a permit issued before operations 
may begin . . 
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Mr. Frank f.1agini 
Page 2 

If you have any questions concerning this matter, feel free to call Ire 

at 257-2270. 

RK:do 

Enclosure 

cc: Corine Li, EPA Mailstop vl-6 

Sincerely, 

~I<~- -
Roger Kennett 
Env. Eng. Specialist 
\'Ja.ter Pennits Unit 

Alex Gradillas, Mayor of Tombstone 
Carol tbrclliorst, Director, Cochise County Health Dept 
Jim I-laston, Manager, SRO 
Ron Miller 
Charles Anders 
Paxrela swift 
Jim Vieregg, Attorney General's Office 
Dusty Escapule, Cochise Silver tvrines ..--
Jim t1att, State Mine Inspector I s Office 
Scott Larson, Arrerican Engineering 
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REPORT OF SITE INSPECTION 

BY: Roger Kennett, Env. Eng. Spec. ~ 
Water Permits Unit 

RE: Contention Mine (Tombstone); Cochise Silver Mines Inc. 

On May 22, 1986, I visited the mine/mill site formerly operated by 
Tombstone Exploration Inc. (TEl). A new leasee (land is owned by 
Tombstone Development Corp.), Cochise Silver Mines, is in the process 
of applying for a Groundwater Quality Protection Permit to operate a 
new cyanide leaching facility. The purpose of the visit was to 
establish that no new leaching was occurring, ascertain the dispo
sition of empty cyanide barrels, inspect the condition of the process 
ponds used by TEl, and inspect the area to be used for the new facility. 

I arrived on site at about 2 p.m., and met Dusty Escapule, who was 
to show me around. I explained my purpose and the items I wanted to 
cover. The empty cyanide barrels had been stored on top of the hill 
above the facility's fresh water reservoir. Mr. Escapule said the 
barrels were rinsed during the 4 years of operation as they were 
emptied and taken to the top of the hill. The last barrels were rinsed 
about 1.5 years ago when operations ceased. Toward the end of opera
tions, EPA helped design a rinsing system whereby the rinsate was 
contained in one of the process pdnds. Some of the barrels are in a 
locked, fenced area near the guard house. Mr. Escapule said these 
contain silica slag along with some silver. About six barrels near 
the old recovery building contain powdered lime. Another 15 or so 
inside the building contain diatomaceous earth. The present dispo
sition of the empty barrels on the hill is that they have been flat
tened by a bulldozer, and for the most part, are stacked in one pile, 
roughly 10 feet thick and 20 feet across. There are a few still 
scattered around the hilltop. I recommend these crushed barrels, and 
all other empty barrels not being used for other purposes be disposed 
of at an approved county landfill. Coordination through Ty Canez 
should insure the chosen landfill understand the situation clearly. 

The lined pond (Pond H1) h8s all the water removed, and the sludge in 
the bottom has mud cracks forming on it. I would estimate the sludge 
to be about 3-4 feet thick in the center. It is still quite wet. 
Samples of this material were collected by both Mr. Escapule and 
American Engineering. As of the drafting of this report, we have not 
received the results of analysis. I recommend that no further rec
lamation work be performed on this or other ponds until a plan is 
submitted to and approved by the Department. The plan should be 
included in the Proposal for Permit Application. I recommend that 
when the liner has been removed, shallow soil borings (approximately 
20' neep) be drilled through the bottoms of all three ponds, prefer
ably with a hollowstem auger, and split spoon samples taken at five 
foot intervals. These should be analyzed by EPA approved test methods 
(Test Methods for Evaluation Solid Waste, SW-846, 2nd Edition) for the 
following constituents: 
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Contention Mine (Tombstone) 
Cochise Seilver Mines Inc. 
Page 2 

Cyanide (Total & Amenable) 
Arsenic 
Barium 
Cadmium 
Chromium (Total) 
Lead 
Mercury 
Selenium 
Silver 

After receiving the results of these analyses, the proper closure 
methods will be determined. 

The proposed area for the new leaching operation is on the opposite 
side of the aforementioned hill (where the crushed drums are stockpiled) 
from the old pads and ponds. Mr. Escapule explained how and where the 
various portions of the system would be constructed. I let him know 
that all construction details, including leak detection systems and 
flood control dikes, had to be included in the permit application 
before I could pass judgement. My impression is that significant 
caution should be taken to prevent excessive runoff from entering 
and leaving the site. 

His description of the leaching circuit included agitation of the 
material in a trommel with cyanide and spread out on the pad with a 
slurry pump. The pad would be terraced in a fashion to allow the 
large solids to fallout. The pregnant solution would then flow into 
a first pond for settling out some of the fines, then pumped to a 
second pond which would lead to the recovery circuit. 

Cochise Silver Mines does not plan to actively mine new ore at this time. 
Rather, they plan to leach the stockpile of tails that exists at the 
site. In order to determine the proper chemistry and feasability of 
the full scale operation, they wish to perform a pilot test on approx
imately 20-30,000 tons. They propose to do this at the old wash site. 
This is an area where the tails were washed in the past to extract 
the last remaining silver values and clean the aggregate for sale as 
construction material. The "wash pad" area received the fines. 
According to Mr. Escapule, the pad was constructed of caliche, two 
feet thick, placed and compacted in six inch lifts. They propose to 
place the leaching slurry on this "wash pad" in order to decant the 
solution. I told Mr. Escapule I had reservations about doing this 
since I had no knowledge of the liner integrity. He says engineering 
documents exist, but may be difficult to obtain. I explained this 
was another item that should be included in the permit application. 
I also have a fundamental problem with using calcium carbonate materials 
as a containment structure due to the possibility of the formation of 
dissolution cavities. I recommend that the pilot test be put on hold 
until we have the opportunity to review the perti.a f!.ot :':' i tiformation con
cerning the operation, and a permit has been issued. 
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Contention Mine (Tombstone) 
Cochise Silver Mines Inc. 
Page 3 

There had been reports of some buried equipment being unearthed. I 
asked to see this equipment. It is a belly dump scraper which has 
had the bottom welded together. It has no tires and looks immobile. 
It was explained that it had been used in the washing process pre
viously mentioned. There were other items associated with it such 
as small tanks, water lines, and wires. Mr. Escapule said it had 
been buried by Colorado-Arizona Tractor Company hired by the Saveco 
Finance Co. to repossess the heavy equipment. The purpose of burying 
it apparently was in order to drive over it to haul the equipment 
they were repossessing. 

RK:me 
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SRO-AQ-1164 

ARIZONA DEPARTMENT OF HEALTH SERVICES 

BRUCE BABBITT, Governor 
LLOYD F. NOVICK, M.D., M.P.H., Director 

June 2, 1986 

Mr. Dustin Escapule 
Cochise Silver Mine 
P.O. Box 1103 
Tombstone, Az 85638 

Dear Dusty: 

Office of Air Quality Management 
4040 East 29th Street 
Tucson, Arizona 85711 
Telephone 628-5321 

Please find enclosed two "Applications for Installation Permit" 
forms and the "Filing Instructions for Installation Permit Applications" 
for your crusher, as per out converstion. 

If you have any questions, please feel free to contact me. 

WLC:ps 
Enc. 

CC: David O. Chelgren 
Anthony Leverock 

Sincerely, 

u } ~~",-;u.k-t> 
Wm. L. Columbus, P.E., Manager 
Air Quality Operations 
Southern Regional office 
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Arizona Department of Health Services 
Roger Kennett 
Environmental Engineering Specialist 
Office of Waste & Water Quality Management 
2005 N. Central Avenue 
Phoenix, Arizona 85004 

Dear Mr. Kennett, 

COCHISE SILVER MINES 
4831 n. lpnc. Avenue 
Phoenix, Arizona 85019 
June 3, 1986 

In response to your letter of June 2, 1986, we would like to make a few 
comments. First of all, we have, I believe, shown our good faith and 
good intentions by starting clean up of the ponds and the well as per 
general consensus at our original meeting in March, 1986. The well 
has been pumped and cleaned up considerably and weekly tests show 
that it is almost clean. In your letter you recommend that we halt 
further work for the present. We feel that we are being discriminated 
against by this recommendation and penalized for taking this clean up 
initiative even though all of the results thus far have been positive. 

Secondly, regarding the pilot plant, we want you to understand that no 
more cyanide will come in contact with the surface area than that which 
is already present. 

FUrthermore, we are aware of and will take precautions so that all the 
cyanide contaminated material will be cleaned up and a final analysis 
by an independent engineering firm will show that such has been done. 
Any other materials coming in contact with the ground will be treated 
and rinsed to prevent any further contamination. 

If you have any further questions, please give me a call at 242-7315. 

Sincerely, 

Frank Magini 
President, Cochise Silver Mines 

, 
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Memo 9wm 
AUDREY LIND 

January 27, 1987 
l-yo Magini Contracting 

Melissa 

Mr. Gary Lindroos has given your company 
name as being responsible for testing of 
water samples that he will be submitting 
in the name of Cochise Silver Mines. 
He has requested Mercury, Nitrate N, 
Free & Total Cyanide on 5 wells. The 
charge for this analysis is $59.00 each 
sample for a total of $295.00. This 
amount will be payable before the results 
of the tests will be released. ' 
If you have any problem with this 
arrangement, please contact me or 
our manager, Bob Drake. 

ca~4£;c 
Offic:tl~~nager 

cc : .... ,/Mr. Gary Lindroos 
Cochise Silver Mines 
Skyline Drive 
Tombstone, AZ. 85638 

AIUZONA TESTING LADORA TORIES 
817 West Madison 

PHOENIX, ARIZONA 85007 
(602) 254·6181 
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February 2, 1987 

COCHISE SILVER MINES, INC. 
P. O. Box 158 

Tombstone, Arizona 85638 

Arizona Testing Laboratories 
817 West Madison 
Phoenix, Arizona 85007 

Dear Sirs: 

, 

Enclosed please find "Self-Monitoring Form" suppl ied by the Arizona Department 
of Health Services. Request that three (3) copies of this form be sent to: 

Arizona Department of Health Services 
Office of Waste and Water Quality Management 
Compliance Section 
Room 304 
2005 North Central 
Phoenix, Arizona 85004 

In compliance with our Groundwater Quality Protection Permit No. G-00ll-02 
request that the following EPA Analysis Methods be used: 

Cyanide (Free) 
Cyanide (Total) 
Mercury 
Nitrate (as N) 

335. I 
335.2 
245 ~ 1 
353 ~ 2 

If you have any questions please feel free to contact me at 457-2282 at any 
time. 

Sincerely yours, 

Gary A. Lindroos 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 

F.VAN MECHAM, GOVF.RNOR 
TED WILU AMS, DIR ECTOR 

Gary A. Lindrcx:>s 
Oochise Silver ¥rines, Inc. 
Post Office Box 158 
Tombstone, Arizona 85638 

Dear Mr. Lindroos: 

r-1arch 12, 1987 

RE: Cochise Silver Mines, Inc. 
Groundwater Quality Protection Permit No. G-00ll-02 

With your concurrence by your letter of January 23, 1987, we 
have made minor m:xlificationsto the arove referenced pennit 
to correct typ::>graphical errors on page 4. The EPA analysis 
method number has been changed to 245.1 for TEl wells #2 and 
3. 

Enclosed is a copy of the corrected page 4. Please replace 
the page 4 in your present copy of the permit with it. 

If you have any questions, please feel free to call Ire at 
257-6806 . 

Sincerely, 

~ {.a-",~';J:A---

RK:rrm 

Enclosure 

cc : Frank !J'..agini 

Roger Kennett 
Water Permits Unit 

Cochise County Health Department 
~vater Pollution Compliance 
Southern Regional Office 
State Lab, Attn: Grace MJssman 
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MEYER, HENDRICKS, VICTOR, OSBORN & MALE DON 
A PAO,-ESSIONAL ASSOCIATION 

PAUL J , MEYER 
DAVID VICTOR 
WILLIAM oJ . MALIEOON 
AND"I:W O. HURWITZ 
RANDALL C . N[LIION 
LUCIA "AKONAS HOWARD 
DONALD W . BIVIENS 
MARK S . WALLACE 
"ON KtL.O ..... O 
DONALD M . PE;:TERS 
DAVID O . CAMPBELl. 
C . TAYLOR ASHWORTH 
GARY A . GOTTO 
WILLIAM M . HARDIN 
ANNA L . DURAND 
DAVID B. ROSENBAUM 
W . SCOTT BALES 
,JOHN R . HANNAH 
WILLIAM.J . sI"'snr 
MARK D . SAMSON 

EOWIN ~ . HENDRICKS 
JONIES OSBORN II: 
LARRY A . HAMMOND 
ROBERT L . PALMER 
JI: .... Rl:y L . SI:UI:RS 
R . DOUGLAS DALTDN 
VINCENT ~ CHIAPPETTA. 
COLIN ~ CAMPBELL 
,JAY I, MOYES 
THOMAS H. CURZON 
JOHN .... LASOTA. JR . 
MEL!:N PEARY GRIMWOOD 
THOMAS D . PROFFITT 
BRETT L. DUNKELMAN 
JEFFREY C . ZIMMERMAN 
DIANE M . JOHNSEN 
JON M . SANDS 
TANH . S L . ,.OX 
H£LEN M . SANDALLS 

• "EO'STE"'EO ~"'TIlNT J'TTO .. HET 

Mr. Raymond A. Harper 
Cochise Silver Mine 
2412 East Montebello 
Phoenix, Arizona 85016 

May 6, 1987 

Re: Enclosed Environmental Law Letter 

Dear Ray: 

SUITE 4000 

27DO NORTH THIRD STREET 

PHOENIX, ARIZONA B15004 

tl02-2t13-8700 

TELEX TWX S.IO-~&O·'IOI 

TELECOPY (24 HOURS) 

1S02-26t1- 67SI 

FILE NO. 

I am enclosing a copy of a letter I recently prepared for 
general distribution to our clients concerning the many major 
recent changes to Arizona environmental laws. Jay suggested 
that I send you a copy. 

The letter gives an overview of the many recent statutory 
and regulatory changes. It does not specifically address the 
issues raised by the Cochise Silver Mine operations, but it 
will give you a feel for the kinds of regulations that may 
apply to those operations in the near future. 

Jay has suggested that we meet in the near future to 
discuss your leaching operation. Please feel free to call me 
if you have any questions in the meantime. 

ve~7JYO~ 
Jeffrey C. Zimmerman 

JCZ:kh 

Enclosure 

cc: Jay I. Moyes, Esq. 
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MEYER, HENDRICKS, VICTOR, OSBORN & MALEDON 

A PROFESS'ONAL ASSOC.AT.ON 

PAUL.J. M£YE.R 
OAVID VICTOR 
WILLIAM .J . MALI:DON 
ANDREW D. HURWITZ 
RANDALL C . NELSON 
LUCIA "AKONAS HOWARD 
DONALD W . BIVENS 
MARK S. WALLACE 
RON KILGARO 
DON"'LD .... PETERS 
D",v'D G. C ...... P.ELL 
C . TAYLOR ASHWORTH 
GARY A . GOTTO 
WILLIAM M. HARCIN 
.... NNA L. DUA .... NC 
DAVID B. ROSENBAUM 
W . SCOTT eALES 
.JOHN A . HANNAH 
WILLIAM J. SIMS:nr 
MARK D . SAMSON 

EDWIN,. . HENDRICKS 
,JONES OS.ORN II: 
LA .... ., A. HAMMOND 
ROBERT L . PA,LMI:R 
.JE,.,.,U:Y L . SELLERS 
R. DOUGLAS DALTON 
VINCENT ,.. CHIAPP£TTA • 
COLIN IE: CAMPBELL 
.,JAY I. MOYES 
THO ...... S H . CURZON 
,JOHN .... LASOT .... ,JR. 
HELEN PERRY GR''''WOOD 
THOMAS D . PROF"ITT 
BRETTL. DUNK£LMAN 
..JI:""A£Y C. ZIMMERMAN 
DIANE M • .JOHNSEN 
JON M . SANDS 
TANHIS L. FOX 
HELEN M . SANDALLS 

Mr. Raymond A. Harper 
Cochise Silver Mine 
2412 East Montebello 
Phoenix, Arizona 85016 

May 6, 1987 

Re: Arizona Environmental Quality Act 

Dear Ray: 

SUITE 4000 

2700 NORTH TH"~O STREET 

PHOENIX. ARIZONA 85004 

"02 - 2"3 - .700 

. TELEX TWX 51'0-51150-"0' 

TELECOPY (2. HOURS) 

002-280-6751 

FILE NO . 

Last year the Arizona legislature enacted major environ
mental control legislation. This letter is being sent to you 
at Jay Moyes' suggestion, as a client who may be affected by 
the legislation, to provide a comprehensive introduction to the 
developments that may affect your business. After you have 
reviewed this letter, we can discuss any questions you may have 
about how particular portions of the new laws apply to your 
business. 

The center of the new legislation is the Environmental 
Quality Act ("EQA"). EQA subjects many facilities and activi
ties to state environmental regulation for the first time. The 
main provisions of EQA are currently codified in Arizona Revised 
Statutes at §§ 36-3501 et seq. As of July 1 of this year, they 
will be transferred to a new Title 49 of the Arizona Revised 
Statutes. All EQA citations in this letter are to Title 49. 

Part I of this letter summarizes how EQA and related new 
statutes and regulations may affect your business. Part II 
describes the major relevant provisions of EQA and related 
legislation. Part III discusses the current status of pending 
and proposed regulations to implement the new laws. Finally, 
Part IV suggests how you can become involved in and affect the 
regulation development process. 

Part I. How EQA May Affect Your Business. 

Your business may have to: 

(1) obtain an additional environmental permit called an 
aquifer protection permit. Facilities and activities that may 
adversely affect groundwater quality will need such a permit, 
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Mr. Raymond A. Harper 
May 6, 1987 
Page Two 

issued by a new regulatory agency, the Department of Environ
mental Quality ("DEQ"). DEQ will be split off from the exist
ing Department of Health Services on July I, 1987. (Until 
July I, DHS is responsible for most DEQ functions); 

(2) report to DEQ and clean up existing sources of 
potential groundwater contamination, such as soil contaminated 
by hazardous materials spills or dry wells down which chemicals 
have leaked or been poured; 

(3) employ certain technologies or management practices, 
or retrofit facilities with control equipment, to minimize 
groundwater contamination; 

(4) undergo periodic state inspections and re-permitting 
procedures; 

(5) perform more detailed monitoring of pollutant dis
charges; 

(6) prepare a facility closure and post-closure plan; 

(7) register with DHS all dry wells; and 

(8) comply with stringent new underground storage tank 
rules. 

Part II. Major Provisions of EQA and Related Laws . 

EQA closely parallels the federal Resource Conservation and 
Recovery Act ("RCRA") and Superfund laws. It goes beyond those 
laws in its emphasis on groundwater pollution and its applica
bility to ~ polluting facility or activity, no matter how 
small. EQA contains no "small generator" or similar exemption 
from regulation . 

EQA generally requires virtually any facility or activity 
that may affect surface water or groundwater quality in Arizona 
to obtain an aquifer protection permit. A.R.S. § 49-241(A). 
Certain classes of facilities defined by statute must obtain 
permits, including : 

1. surface impoundments, including pits, ponds and lagoons 
for holding, storing, settling, treating or disposing of pol
luting materials; 
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2. solid waste disposal facilities (such as landfills); 

3. facilities that add a pollutant to a salt dome forma
tion, dry well, cave or mine; 

4. mine tailings piles and ponds and mine leaching opera
tions; 

5. septic tanks with a capacity greater than two thousand 
gallons per day; 

6. groundwater recharge and underground water storage 
projects; 

7. point source discharges to navigable waters; and 

8. sewage or sludge ponds and wastewater treatment facili
ties. A.R.S. § 49-241(8). 

Any other facility or activity that may degrade water qual
ity could also need a permit (unless exempted as discussed 
below). Such facilities and activities could include: 

1. construction activities; 

2. hazardous waste treatment, storage or disposal facili
ties, and possibly hazardous waste generator facilities; 

3. agricultural activities; and 

4. land on which hazardous materials have spilled or been 
disposed of . 

The statute specifically exempts only a few facilities and 
activities from the permit requirement, including: 

1. household and domestic activities, including household 
gardening, landscape irrigation and maintenance; 

2. the noncommercial use of consumer products; 

3. livestock and wildlife ponds; 

4. water reservoirs, canals and ditches, if effluent is 
not added; 
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5. discharges to a community sewer system; 

6. mining overburden returned to the excavation site; 

7. facilities that have an effluent reuse permit; 

8. surface impoundments used solely to contain storm 
runoff; 

9. natural leaching of precipitation, provided that no 
pollutants are added because of human activities; and 

10. closed facilities. A.R.S. § 49-250(8). 

In the most recent draft of its aquifer protection permit 
regulations, DHS has proposed an administrative exemption from 
the permit requirements for properly constructed and operated 
dry wells that do not drain hazardous substance loading docks; 
facilities that have RCRA hazardous waste permits; wash water 
from sand and gravel and placer mining operations, if no chem
icals are added from such processing; and certain lined ponds 
at sewage treatment plants. 

In the same draft regulations, DHS has also proposed 
exempting from the required individual permits, through the 
issuance of " general permits" (discussed below in this Part), 
additional facilities and activities: 

1. small home septic tanks; 

2. hydrostatic tests of new pipelines; 

3. hydrostatic tests of used natural gas pipelines pro
vided that all leakage is collected and properly disposed of; 

4. surface impoundments that receive groundwater from 
water quality sampling procedures; 

5. facilities that have an NPDES permit, if they discharge 
to a perennial stream and remain in compliance with the terms 
of the permit; and 

6. dry wells that receive only condensate from refrigera
tion units, unpolluted overflow from evaporative coolers, 
swimming pool filter backwash, or drinking water treatment 
plant filter backwash. 
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To obtain an individual permit, the applicant must demon
strate that its facility will employ the "best available demon
strated control technology" ("BADCT") to ensure the greatest 
achievable degree of discharge reduction, including zero dis
charge where practicable. ·A.R.S. § 49-243(B). BADCT must be 
employed by all facilities, no matter how minor their dis
charges. The exact parameters of BADCT are uncertain. 
However, the theory behind BADCT is that if there is a practi
cable control technology for a certain class of facilities and 
it is used somewhere in the country, it can be required for 
facilities in Arizona. For example, retrofitting unlined land
fills and chemical ponds with liners may be required because 
liners are commonly used. Cost and site-specific character
istics, as well as the age and size of a facility, can affect 
the selection of appropriate BADCT for a facility. Unlike some 
federal environmental protection techniques, BADCT can be 
tailored to meet the specific circumstances of a particular 
facility. 

Individual permit applications must include hydrogeological 
studies of the discharge area. A.R.S. § 49-243(A). These may 
be expensive. An applicant must demonstrate that its dis
charges will not cause or contribute to a violation of water 
quality standards in the aquifer, or further degrade the qual
ity of an aquifer that already violates the quality standard 
for a particular pollutant. A.R.S. § 49-243(B). For existing 
facilities, this standard is supposed to mean that existing 
discharges may continue if the application of BADCT does not 
eliminate them. New facilities, however, will have to meet 
very high quality-siandards for any discharges. 

All aquifers in the state are initially classified by EQA 
for drinking water use, and must meet federal primary drinking 
water standards. (This means that the aquifer standard is that 
the groundwater must be clean enough to drink without treat
ment.) Aquifers and hydrologically isolated portions of 
aquifers can be reclassified by DEQ upon request to allow some 
degradation. However, the circumstances under which reclassi
fication is allowed are so narrow that reclassification will 
seldom be possible. 

Aquifer protection permit conditions must include facility 
design standards, monitoring and reporting requirements, con
tingency plan requirements (for spills or similar releases of 
pollutants), discharge limitations, a post-closure plan, and 
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designation of alert levels for various pollutants which, when 
exceeded, may require adjustment of permit conditions or 
cleanup. A.R.S. § 49-243(F). DEQ can refuse to issue a permit 
if it determines that an applicant is incapable (financially or 
otherwise) of carrying out the permit terms. A.R . S. 
§ 49-243(1). 

Aquifer water quality is measured at a "point of compli
ance," which is generally in the aquifer directly beneath the 
facility if hazardous pollutants are involved, and which may be 
at or downgradient of the facility boundary if other pollutants 
are involved. A.R.S. § 49-244. 

DEQ may issue general permits for classes of facilities or 
activities, such as urban runoff, storm sewers, silvicultural 
activities, and small septic tank systems. A.R.S. § 49-246. 
If DEQ issues a general permit, any facility in the class that 
meets all the permit conditions will be exempt from obtaining 
an individual permit. General permits will specify methods and 
practices, called "best management practices," that must be 
used by each facility to reduce discharges. DEQ's current 
proposed general permits were described above. 

DEQ must adopt agricultural general permits containing best 
management practices for the application of nitrogen fertil
izers and concentrated animal feeding operations. A.R.S. 
§ 49-247(A). Agricultural best management practices may vary 
regionally, according to local conditions. 

Agricultural pesticide control provisions of EQA require 
pesticide manufacturers to submit to DEQ by December 1 detailed 
information about the persistence and leachability of each 
pesticide used in Arizona. For certain pesticides that might 
pollute groundwater, the farmer/user or commercial applicator 
must file with DEQ a report of each use of any such pesticide 
by the Monday following the day of use. Pesticide dealers must 
file quarterly reports of all sales of pesticides. DEQ will 
also conduct field monitoring and testing to determine the 
potential for certain pesticides to pollute groundwater and may 
halt sales of polluting pesticides. 

EQA also contains provisions very similar in scope to the 
federal Superfund program. The DEQ may require or perform 
cleanup of hazardous substance releases. The owner or operator 
of a facility must notify DEQ immediately when it has knowledge 
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of a release of a hazardous sub~tance from the facility in a 
quantity greater than or equal to the reportable quantities 
established under Superfund or by DEQ. This reporting require
ment also applies to all releases that occurred before passage 
of EQA, but were not reported to the Environmental Protection 
Agency ("EPA") before August, 1986. 

The state Superfund provisions apply to past spills as well 
as recent ones, and impose joint, several and strict liability 
on owners and operators of facilities. The 1987 statute 
abolishing joint and several liability in tort actions does not 
abolish such liability for actions relating to hazardous wastes 
or solid waste disposal sites. Laws 1987, Ch. 1, § 2. 

The concept of "facility" in EQA's reporting and cleanup 
provisions is very broad. It can include, for instance, land 
on which a hazardous substance (such as a pesticide, gasoline, 
or solvent) was spilled or buried. Thus, if your business owns 
or purchases any land that has been contaminated by a hazardous 
sustance, you may have to report it to DEQ and clean it up. 
This makes it important to investigate any land you are con
sidering purchasing for evidence of problem areas such as old 
landfills or dumps, dry wells, pesticide handling areas, and 
the like. Like the federal Superfund law, EQA may impose lia
bility for cleanup costs on a bank or other lender that becomes 
the owner of a property through foreclosure proceedings. Unlike 
Superfund and the laws of some states other than Arizona, EQA 
does not impose any liens on contaminated property to secure 
cleanup costs. 

EQA has a unique limited defense against cleanup cos t s for 
an innocent purchaser of realty that is later found to have a 
hazardous substance problem. The defense does not apply if the 
purchaser knew or reasonably should have known of the problem 
at the time of purchase. EQA also has a narrow defense for 
farmers for the application of pesticide products registered 
under FIFRA (the federal pesticide registration law) and 
applied according to label requirements. 

EQA has strong civil and criminal sanctions and expressly 
authorizes citizens to sue to enforce its key provisions . 
A.R.S. § 49-264. 

Other Laws 

The 1986 legislature passed two other important environ
mental statutes. The first requires the owners of all existing 
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dry wells, except dry wells used for golf course maintenance, 
to register the wells with DHS. A.R.S. § 36-1891 et seq. We 
have copies of the registration forms and copies may also be 
ordered by calling DHS at 257-2270. There is currently no 
deadline for the registration of existing wells. The statute 
requires DHS to promulgate regulations governing the design, 
construction, performance, location, inspection and closure of 
all new and existing dry wells. New dry wells can be drilled 
only by drillers licensed by DHS. DHS anticipates having a 
draft of its new dry well rules ready for public comment in 
July. 

The second major 1986 law created detailed regulation of 
underground storage tanks used for petroleum products or 
hazardous substances other than those regulated under RCRA 
(which regulates generators of hazardous waste and hazardous 
waste treatment, storage or disposal facilities). Beyond the 
requirement that all such tanks be registered with DHS, the 
statutes require each owner and operator of a regulated tank 
system to use some form of leak detection system: to immedi
ately report to DHS most leaks or other rel e ases from the tank 
system; to take corrective action when leaks are detected: to 
properly close the tank system when it is taken out of service: 
and in certain circumstances, to demonstrate financial ability 
to fulfill such obligations. DHS can be expected to adopt 
regulations to implement this law similar to the con t roversial 
regulations recently proposed by EPA . The EPA regulations 
include, among other things, a requirement that tank owners 
maintain insurance or other assurances of spill cleanup funds 
In a minimum amount of $1 million. 

This summer, the legislature is slightly modifying EQA. 
How to fund the state Superfund (the "WQARF," a revolving fund 
for cleanup actions undertaken by DEQ and for other EQA pur
poses) was left unresolved last year. Measures under consider
ation include a tax (possibly more than $2.00 per acre foot) on 
all groundwater withdrawn within the state; a 5 per cent tax on 
environmentally hazardous household products, such as drain 
cleaners, detergents, pesticides, oil and paint; agricultural 
pesticide brand registration fees; a $35,000 tax on industrial 
discharges to public sewer systems; and assorted taxes on land
fills, on hazardous waste handlers, on underground storage 
tanks, on commercial fertilizer licenses, and on municipal 
water use. 
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A "technical corrections" bill will transfer jurisdiction 
over the dry well and underground storage tank programs from 
DHS to DEQ. 

The legislature is also considering major new air pollution 
legislation to meet federal clean air act requirements. 

Part III. Status of Pending and Proposed Regulations. 

DHS is rapidly developing regulations to meet many dead
lines EQA imposes for the promulgation of regulations. During 
April and May, there will be several public meetings involving 
rules for the determination of aquifer boundaries and the 
classification of aquifers; aquifer protection permits; pesti
cide regulation; and BADCT guidance for wastewater treatment 
plants, mining operations, and landfills. DHS hopes to com
plete rules for the state WQARF, aquifer boundaries, pesti
cides, remedial action and aquifer protection permits this 
year, with the other necessary rules to follow within the next 
two years. 

Certain aspects of the proposed and pending rules, even on 
seemingly innocuous technical subjects such as the designation 
of aquifer boundaries, may be very important to your business. 
For example, DHS originally proposed to establish aquifer 
boundaries in a manner that designated the entire surface of 
the state of Arizona as overlying an aquifer. Yet many por
tions of the state (such as some hilly and mountainous areas 
and portions of the Colorado Plateau region of northern 
Arizona) are not underlain by aquifers or are underlain by 
aquifers that are protected from surface pollutants by imper
meable rock or soil layers. While discharges from an indus
trial plant or other facility located in such an area might 
eventually reach surface water or an aquifer, certain dis
charges from such facilities might not have any reasonable 
probability of reaching such water. Under the proposed regu
lations facilities that otherwise would not need a permit would 
be subject to the permit requirement. DHS has relented some
what on this issue, but still interprets EQA very broadly and 
concludes that, because discharges from virtually any facility 
located anywhere in Arizona have a reasonable probability of 
eventually reaching an aquifer, they require a permit. 

As another example, the draft aquifer protection permit 
rules establish class exemptions and general permits. An exemp
tion or general permit is desirable to reduce the expense of 
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complying with EQA and to eliminate the need for an individual 
aquifer protection permit. DHS currently proposes to establish 
only four class exemptions and six general permits (described 
in Part II above). Many other classes of facilities may be 
able to obtain exemptions or general permits by lobbying DHS. 

DHS is also beginning to develop BAneT for various indus
tries. The BADCT chosen for a class of facilities may dramat
ically affect the cost to each facility of the permit program. 

DHS is also struggling with the formulation of water qual
ity standards. EQA allows the use of both numerical (i.e., 
"100 micrograms per liter") and narrative (i.e., "no signifi
cant threat to human health") standards for aquifer water qual
ity. The use of narrative standards will increase the uncer
tainty whether a facility is in compliance with EQA and will 
give DEQ considerable discretion to determine that a facility 
is violating a standard. It will also greatly increase the 
possible range of regulated substances l because the current 
list of substances for which EPA has adopted numerical primary 
drinking water standards is very small. 

A final current regulatory issue (of importance to farmers) 
involves the identification of pesticides that might pollute 
groundwater. DHS recently proposed a list of approximately 80 
such pesticides, any use of which will require additional 
reporting by users. The list is subject to criticism because 
it has not been prepared following the statutory procedures. 
Also, it includes some pesticides the use of which is now 
banned, other pesticides that are not used in Arizona, and 
still other pesticides that may not present an environmental 
threat because Arizona soil compositions, temperatures and 
precipitation amounts differ from those used by EPA in identi
fying the hazardous pesticides from which DHS prepared its 
list. There has been much discussion at recent public hearings 
that only 5 or 10 pesticides, and maybe none, are presently 
appropriate for the additional reporting requirements . 

Part IV. Your Participation in the Regulatory Process. 

If your business may be affected in any major way by the 
new laws, it is very important that you stay abreast of the 
regulatory developments and submit your comments on those 
developments that may affect your facilities. DHS lacks the 
technical expertise, in many areas, to determine reasonable and 
appropriate BADCT or discharge limitations for various indus
tries. DHS personnel tend to lack the practical experience and 
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concerns of businesspersons about matters such as streamlining 
the permitting process and avoiding unnecessary costs and 
delays. Finally, in those areas where DHS appears to interpret 
EQA so broadly as to expand its powers beyond the letter or 
spirit of EQA, public input is needed to make sure that DHS 
adheres to the limits of its authority and incorporates those 
limits into its regulations. This will help keep DHS from 
following its proven tendency to expand, gradually and infor
mally, its interpretation of its authority even without 
statutes or regulations to support its interpretation. 

To monitor EQA developments effectively, I suggest that you 
designate one person in your organization for the post. I 
would be happy to help any person you may designate get 
involved in the public review process. 

If it appears that the cost of the new regulations to your 
business justifies the employment of technical experts from 
within or outside your firm, I strongly recommend that you have 
such persons review the relevant draft regulations for you. 
Many EQA issues cannot be adequately resolved without technical 
expertise, and it has been apparent during the regulation 
drafting process so far that expert comments from regulated 
industries and environmental professionals are very important 
in swaying DHS on important issues. 

Finally, you may want to consider lobbying the legislature 
on issues such as the WQARF (Superfund) tax. We would be happy 
to be of assistance to you in this area as well. Jay Moyes of 
our firm is currently involved in water rights and water use 
lobbying efforts. Jack LaSota, who was Governor Babbitt's 
Chief of Staff for several years through mid-l986, and Andy 
Hurwitz, who preceded Jack, have many useful contacts in state 
government and are currently involved in diverse legislative 
lobbying efforts. 

Part v. Conclusion. 

Even though this letter is somewhat lengthy and compli 
cated, it only begins to describe the sweeping changes now 
being made to the Arizona environmental regulations. These 
changes call for your prompt and close attention. They will 
significantly affect a myriad of business activities in Arizona 
and will substantially increase state government involvement in 
environmental protection. 
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I will be happy to discuss any particular concerns that you 
may have about how the new laws apply to your business. I 
would also be happy to coordinate with you or someone in your 
organization so that you can keep up with the new regulatory 
developments and provide meaningful input into that process. 

I note for your information that the Arizona State 
University Center for Environmental Studies is sponsoring a 
"trade fair" for waste generators on May 19, from 8:00 a . m. to 
8:00 p.m. at Mesa Centennial Hall. Admission is free. The 
fair will feature exhibits and demonstrations by Arizona com
panies that provide services to generators of wastes, and will 
include workshops on hazardous waste man i fests, placards, and 
similar subjects. If your company generates hazardous waste, 
this may be a good opportunity to learn more about the services 
available to it and the companies that provide them. 

Please feel free to call me with any questions you may have. 

ver)ljlY~ 

Jeffrey C. Zimmerman 

JCZ/lh 
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TO: 
FROM: 

DUSTIN ESCAPULE 
GARY LINDROOS 

COCHISE SILVER MINES, INC. 

MEMO 

REF: ADHS INSPECTION (INSPECTORS: MR. ANDREW RENDES, MR. JOHN BEST) 
DATE: JUNE 24, 19B7 

TIME: 11:45 A.M. 

Showed Mr. Rendes and Mr. Best around entire property to include, plant, lab, 
and smelter areas. Wells #1,2.3. Old lab building, Reservoir, Contention and Grand 
Central Pits, and leached tailings dump. 

Mr. Rendes asked me if we were bringin~ cyanide onto the property and he 
questioned the water at east side of Impound area near roadway, 

Mr. Rendes suggested we contact Hazardous Materials Div,ision of ADHS and 
get procedures to remove old cyanide drums off the property , 
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TO: 

FROM: 

RE: 

AJUZONA DEJ>AJHMENT OF ENVIIWNMENTAL QUALITY 

Inter-Office Memorandum -

James A. Maston, P.E., Manag~~ 
Southern Regional Office 

, 

Andrew M. Rendes ~?~~ 
Southern Regional Office 

July 1, 1987 

Site Visit to Cochise Silver Mine, Inc. 
Tombstone, Arizona 

On Tuesday June 23, 1987 a, site visit was made at Cochise Silver Mines. Inc. in Tomb
stone , Arizona, as a response to citizen requests and as a part of our agency's ongoing 
overseeing of mine activity. 

John Best and I initially spoke to Messrs. George Kruse. Alex Gradil1as. and Joe Perotti 
of the City of Tombstone regarding concerns expressed to them. 

John and I then went to the mi ne site proper and spoke with Mr. Gary li ndroos, the 
chemi s t. The three of us walked through the area where the a 1 ready-l eached ta i1 i ngs 
are being washed. There was no evidence of any cyanide being added to any of the mater
ial. Larger and additional processing and recovery units are on site, but the equipment 
is for removing. concentrating, and recovering the residual gold and silver from the 
already-leached material. We then drove through other areas of the property. In a 
back area of the mine, we found a site where a large number of blue barrels were crushed 
and made unusable. These barrels were used for the importation of the Sodium Cyanide. 
In other areas of the property, other colored barrels were found. Looking in the bar
r els revealed they contain oils or greases used for lubrication. There were green 
colored barrels at the smelter site with alcohol labels. Mr. Lindroos said the alcohol 
was used in prior processes. 

John and I stopped at the Mayor's business office and informed him of our findings. 

cc: Cochise County Health Dept. 
Roger Kennett, DEQ 
Alex Gradillas, Mayor, Town of Tombstone, P.O. Box 339, Tombstone 85638 
Dustin Escapule, Cochise Silver Mines, P.O. Box 158, Tombstone 85638 
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22 J uly 1 ')37 

'f O: f'·Ir . Dustin i!;sc apule 
.8'B. : G2r v Linc1ro os 
Ie:; : I n spec tion a nd Samplj.ng b y ~dJIlS 

.:\ t a ppr ox i ma t e ly 10 15 hour s t h i s dat e nr. J ohn Des t of ~\DTI;~ 'J:uc son 
visited the property . He \'I US a ccornp o.nied by i'-'Ir. Jucm _ ~l e:~ri :l 
of the Cochi s e County IIe o.1 t h Delu.rt ment. 

I'·1r. Best s ::lrnp l e d \le1 1 No. 2 ::~nd a sked to see the oper a tion from 
the top of t he TQi lings Du~p . ~hil e there, I expl a ined the op
e r a tion :.md h o\'l \-[12 Here h .:-,n dlinc t he t 3.ilings fr om the impound 
:lre :'. . 

ilesp ec t fully Submitted : 

c c-J.1r. .2. oeer Kennett i'J)~I~~ , I'hoenix 
I'lr . ;,ndrew Rend.es ADW::; , Tu c son 
I':lr . ~-L1Y ilarper 
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.. ,.,' ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY 

EVAN MECHAM . GOV ERNOR 

Gerald Teletzke, Ph.D., Director 

Mr. DuStL~ Escapule 
Cochise Silver Mines, Inc. 
Post Office Box 158 
Tombstone, Arizona 85638 

Dear Mr. Escapule: 

RE: Cochise Silver Mines, Inc. 

August 18, 1987 

Groundwater Quality Protection Permit No. G-OOll-02 

Based on my site visit of August 7, 1987, there are several facility deficiencies 
and/or misunderstandings which need to be addressed. 

"Approval" is defined on page 9 of your permit as rreaning "approved in writing 
by the Director." Please note that any request for modification to a facility 
must be in writing. Any requests for modification should be submitted to, 
and approvals made by the Water Permits Unit. Inspections to determine canpliance 
vlith approvals and permit conditions will be perforrred by the Southern Regional 
Office. 

Our records reflect that no written request for any expansion of the impoundrrent 
area has been made. The impoundrrent area I observed on August 7, was constructed 
with liner materials which are not in accordance with permit conditions. 
Since this vlaS at least partially due to an apparent misunderstanding, the 
first expansion may remain as is, provided that no new material is stacked 
on this area. In order to receive approval for the current expansion, you 
must submit a request and attach detailed engineering drawings indicating the 
phases of impoundrrent expansion, including installation dates and materials 
used. The present expansion may proceed after request and approval with the 
installation of 36-mil thick Hypalon liner, over the present installation, 
seamed by manufacturer I s approved methods. The seams shall be tested in the 
field by AS'IM rrethod D-413 in the presence of a Departrrent representative fran 
the Southern Regional Office. This liner should be tied adequately to the 
material underlying the first expansion so as not to allow fluids to penetrate 
at this junction. 

The leak collection system monitoring points (the two standpipes) are difficult 
to inspect. This could preclude regular inspection. Please explain how the 
monitoring effort is to be acccr,~lished or hovv this deficiency is to be corrected. 

OOOOf4 
The Departlllent oj' EIII'ironlllel1lal Quality is All Equal Opportullity Allirlllative Actioll Elllployer 

Central Palm Plaza Building 2005 North Central Avenue Phoenix, Arizona gS004 



Mr. Dustin Escapule 
Page 2 
August 18, 1987 

Please submit the requested infon-ration to this office no later than September 
14, 1987. If you have any questions, please feel free to call. 

PJ<:mn 

Sincerely, 

~i~-
Roger Kennett 
Water Permits Unit 

cc: James Maston, Southern Regional Office 
J~ Curlett, Compliance 
Jay Moyes 
P-ay Harper 
Frank Magini 
Juan Alegria, Cochise County Health Department 
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COClII ;;; !,; ;.;r :LV i ;~t r·HN I~: :) , INC . 
l' . O. 130z 150 

Ir ombs tone, "I.rizona [35638 

J\.UGu s t 10 , 198 7 

[:Jr. J.'l.rnes J . Curlett 
Arizona ])e p:::lrtJllCmt 0 C I~nvironrnent rl.l i.~u::).li ty 
Water Poll~tion Compliance Unit 
CentrQl l' ~ll m l'laza Duild :Lng 
200 5 l1 0rth Centr8.l ..:'l.venue 
I~oenix, Ari z ona 85004 

De::l.r f<'1r . Curlett: 

:Per our telephone convcrc ~ l.t:L on of this morninG, ':Je request 
approv~l to remove the washed t :J.:Llings :from the Impoundment .,:\rea 
to the North end of the Houghton r;td ( r::.pproved by ;·l ;J.rtin t:ngin
eering) • 

:Jmith aucI Smith :L :::.bor ;:~torie8 hc~s ;).n:1.ly::;ed the t <:U.lings \'Ie 

sublllitted emU. IFtS confirme<l iI.ll 8:1l1lples to be belo','" their (letectlon 
limi\t oJ 0.01 rng/Kilogr::'tnl I.~ob).l CY::l.l1id e. 

If you h ave a.ny questions, ple;:tse cont;lct fIl e a t 457- ;~282 . 
fhank you. 

~).i nc erely , 

/\;?y . 
/ .. Y7~~~~zZ----1 

G,"lry .:1.. 1ln~~ 
/tss;-...yer / Chemic t 
Cochise :iilver 1:lin0D, Inc. 

OOOO€6 



Board of Directors 
PBR Minerals, Inc. 
P.O. Box 32040 
Phoenix, AZ 85064 

Gentlemen, 

~ ~ 4t1e ) 
/D~ 

Frank Magini 
24.06 W. 'lUckey Lane 
Phoenix, AZ 85015 
October 30, 1987 

I visited the Tombstone mine site on Monday, October 26, 1987, due to a 
commotion caused by certain people in the employ of PBR Minerals. My 
investigation at the mine site included the observation of certain 
"management personnel" on site; however, one of these persons involved 
was not on site. The commotion caused was not the first occurence 
of harassment and/or retaliation of female employees and possibly others 
that had been brought to my attention and which I would like to address 
now as well as other irregularities which have been occuring at the mine. 

First of all, I have brought these incidents of harassment and retaliation 
to the attention of the members of the board of directors of PBR Minerals, Inc., 
namely, Peter Lendrum, Jr., Benton Ledbetter III, and Raymond Harper, verbally 
on' 'several occasions. However, these problems have always been passed off 
inconsequential. I find this lax attitude extremely irritating considering 
the severity of these claims. During my investigation at Tombstone on 
October 26, 1987, I f01md that at least one bOard member, Benton Ledbetter, 
had personal knowledge of harassment several months earlier and nothing was 
done to properly handle the matter then. Considering the severity of the 
claims, I would like to set the record straight on my position and ~lll 
state my recommendations regarding this matter. 

As I stated earlier, my trip to Tombstone was preci~itated by a commotion 
caused by certain people in the employ of PBR Hinerals, Inc. And when 
I arrived at the mine site on Monday, October 26, 1987 , Benton Ledbetter, 
apparent chairman of th e board of dirsctors for PBR Minerals, Inc., had 
already flovm in from Phoenix. I stated at this time to both Benton Ledbetter 
and Jack Schi$l.er, the supposed manager of the mine, that Dusty Escapule, sr. 
should be immediately relievmd of his duties at the mine due to severe 
employee relations problems. I also let it be known that I recommended 
that Les Bowyer's position needed to be re-evaluated fo I' the same reasons 
and that he also should be jffimediately relieved of his duties at the mine. 
I do not believe that Jack Schissler, the supposed manager of the mine, is 
capable, or else he does not have the desire or authority to get involved 
in the problems at hand to take proper action. 

0000t7 



page 2 

I want to make it clear that I, Frank Magini, as a member of the board of 
directors for PBR Minerals, Inc., do not approve of the management policies 
of the board. Furthermore, I adamantly and vehemently disapprove of the 
geneJCil management at the mine and the direction that this mining operation 
has taken since January, 1987. Our agreEment (see exlLlxt A) of July 20th, 
and signed by Benton Ledbetter, and Ray Harper, 'on September 16, 1987, is 
proof enough of my concerns of the management and personnel of the mining 
operation. I, Frank Magini, Presid<d of Cochise Silver Mines, Inc., agree 
that I did allow payroll to be made on Cochise Silver Mines' payroll account 
pending PBR Minerals setting up thir own pa~roll account, and that the monies 
to pay the payroll came fran largely Ray or Linda Harper's personal ballk 
account, fran the account of PI3R Minerals, Inc., and some monies came fran 
the sac of metal, monies which were controlled and dispersed wholly by 
Raymond Harper. Cochise Silver Mines has not contributed any monies 
other than the sale of metal and has contributed only the use of equipment 
that Cochise Silver Mines owns. This equipment was bought with joint 
venture capital, primarily with checks written on Ray or Linda Harper's 
account and with monies furnished by Benton Ledbetter. 

As PreSdent of Cochise Silver Mines, Inc., my name, Frank Mag-1m, is on 
the Groundwater Quality Protection permit, and I had every intention of 
proceeding to run the tails pile and doing the dean up at the mine site 
according to the 1986 plan of operation which was submitted to the 
Department of Environmental Quality. Everyone involvecl with this planning 
had every intention of using an environmentally c1nn system that would 
produce no slimes whatsoever. This process has not been follovled and 
D1.1ffierous problans have arisen as a result of this. The original clean up 
procedure had been satisfactorily proven to me in a lab test by engineers. 
All this was disregarded when Ray Harper made the statement in early 
January, 1987, that it was his money and he'll spend in in his own way. 
It bacame apparent then that Ray Harper and Dusty Escapule, sr. had 
become the managing and spending partners. I resisted and agued 
vociferously in every way possible, but was overruled each time by 
Ray Harper saying it was his money and by Benton Ledbetter saying he 
wasn't able to vrri te any checks. Since this time I have not been 
directly involved with nor consulted about any decisions regarding 
personnel, management, or anything in connection with the mine. 
Although I have been present at dozens of meetings and have triecl to 
impress upon Ray Harper, Benton Ledbetter and Peter Lendrum, the 
importance of the state permit and the clean up, I have gotten nowhere 
with them. 

At that meeting in January, on the 10th to be exact, I asked for money 
to purchase such equipment and money for installation and labor to 
install a filter belt. I eGt~nated 60 days or until the 10th of March 
to have the filter belt in operation. R~y Harper said absolutely not, that 
in 60 days he would have an operating mine and the clean up done. 

At this point in time, much to my disgust and dismay, that altho'l.gh the 
pilot plant is operating, and only at 60% of capacity, it is producing an 
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pag e 3 

engineer's nightmare of slimes on the site. This was not and is not 
my projection of any environmentally clean system. And as of October 26, 1987, 
the clean up has made very little progress. There has been sane 
staking done, two dozer trenches dug at 4' deep, 140' long and this 
material has been tested, according to the lab manager and head assayer, 
Gary Lindroos. There is supposedly another machine, a scraper, being 
brought onto the site to facilitate the clean up. 

Because of the great amount of slimes being produced by the present 
"pilot" plant, additional costs have been incurred to build and line 
larger settling ponds. This had to be done at the request of the 
Department of Environmental Quality, water permits unit, to effectively 
handle the slimes, I have been told. 

As of October 26, 1987, PBR Minerals, Inc., is now carrying the payroll 
and will pay it out of its own bank account. PBR Minerals has had 
plenty of tne to apply for and receive its state and federal id numbers, 
severance tax number, resale number, have its own industrial insurance, 
general insurance and a two million dollar umbrella liability policy. 

Originally my two partners in this joint venture were Peter I,endrum, Jr. and 
Benton Ledbetter II. They were to supply the financing, and I would be 
the manager of the mine and put everything together. In other words, they 
were "silent partners" since they did not Imow anything about mining. 
Our association was on a very good level from March, 198~, through the 
end of the year. They were going to fund the operation up to $250,000.00. 
At the time that Cochise Silver Mines got its Groundwater Quality Protection 
permit, approximately half of the original funding for th e mine had been 
spent. Right about this point in time P~ter and Benton brought in 
Ray Harper to provide additional funding. No real funding was made, however, 
but Ray Harper would _ say, "go ahead and charge it and I'll pay the bills." 
I have a letter signed by Ray Harper that says he is personally responsible 
for all of Cochise Silver Mines' bills (see exhibit b). Cochise 
now has bills totalling over $157,000.00 , some of which are several months 
overdue. My recanmendation is to get the bills paid and concentrate on 
getting the clean up work done. Third, an assessment of the present 
completely inefficient slimes producing system needs to be done. TI1ere is 
a dire need for an environmentally clean ~stem to be put into effect. 
The most important matters .-,t hand, however, are the problems between 
management and labor and employee relations. Should the canplaints 
that I've heard be taken to the labor relations board, serious 
consequences will follow. 

Since~rl - //2 ' r f 

.. '. ?d'.&t;~ ""!:1~ to' t./ 
Frank M gun ':/ '(;; 

cc: Peter Lendrum, Jr. 
Benton Ledbetter II 
Raymond Harper 
Jack Schissler 

FM:mm 0000t9 
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PRE S S R E LEA S E 

TOMBSTONE, ARIZONA. PBR Minerals, Inc . announced the 

completion of the excavation and processing of the materials 

removed from the old ponds constructed by the former lessee. ' 

PBR has ceased operation of its pilot scale plant and intends , 

to apply for a permit for a full scale operation. Mike , 

Ashworth, Administrator, says, "We are confident that we have ' 

eliminated the source of contamination of one of the private : 

wells on ,the property." 

PBR will begin final testing and closure of the cleanup 

operation while awaiting action on its new permit. It is the 

intention of ' management to rehire as many of the workers as ' 

possible who participated in the cleanup operation when the 

new operation begins . 

FOR FURTHER INFORMATION, CONTACT J. MICHAEL ASHWORTH AT 457-

2282. 

3104 EAST CAMELBACK RD. 

I 
I 

SUITE 603 
PHOENIX. ARIZONA 85016 

PHONE 602/457-2282 
0000 70 



::-: 

, . 

':.:. 

.. ' 
.... 

" 'c ' ',4.";a' , 
"~ 

FGi MINERALS, 
INCORPORATED 

M E M 0 RAN DUM 

To: All Employees 

From: J. Michael Ashworth 
Administrator 

Date: April 28, 1988 

Re: Temporary Plant Closure 

As of this date, April 28, 1988, PBR Minerals, Inc. has 
completed the necessary excavation and cleanup anticipated in 
our Groundwater Quality Protection Permit. As many of you 
know, our total operation has been functioning under the 
guidelines of this Permit, and with the completion of the 
cleanup, we can no longer continue to operate the plant. 

We are 
Permit, 
months . 

in the process of applying for a new Heap Leaching 
which we anticipate securing within the next six 

Your pay check for this week and a termination bonus will be 
available at the mine office on Wednesday, May 3, for you to 
pick up. 

We sincerely appreciate the efforts and dedication of each 
and everyone of you, and are hopeful that when we start up 
again, we can again continue the relationship that we have 
enjoyed in the past. 

JMA: jab 

3104 EAST CAMELBACK RD. 
SUITE 603 

PHOENIX, ARIZONA 85016 
PHONE 602/457-2282 000071 



ARIZONA DEPAI~TMENT OF ENVIRONMENTAl.; QU,ALITV 

N MECIIAM , GOVERNOR 
ERAl.D II. TEl.ETZKE, 1'11.0" DIRECTOR 

Dear Sirs: 

RE: Proposed Leach Operations 

The Department of Environmental Quality was notified that your company is interested in constructing a cyanide leach facility in the State of Arizona. Cyanide operations are required to file a Notice of Disposal with the Office of Water Quality. If all requirements of the laws are met, a Groundwater Quality Protection Permit will be issued. Attached for your use is a Notice of Disposal Form. 

To assist you in completing the NOD, the Department suggests the following design features to ensure that the facility is nondischarging: 

1. The ponds (pregnant and barren), which contain cyanide solution, should be lined, first, with a geotextile fabric, followed by an impermeable layer. If it is a synthetic liner, then it should be 30 mils thick and u.v. resistant; 

2. Ponds should be tested for possible leakage with fresh water before cyanide is added to the system (the water balance can be established using a pan evaporat10n test); 

3. The pad liner should consist of, first, a geotextile fabric underline!', foliowed by a PVC liner (u~v. resistant fo)' .:111 sur faces exposed to sun 1 i ght). Dependi ng on the site spec i fi c conditions, another layer of geotextile fabric may be needed covering the synthetic liner; 

4. The pad must have a leak detection and collection system underneath the liner to monitor the presence of liner leakage; 
5. The entire cyanide system should be designed and maintained in order to contain and protect it from infiows or failure due to a laO-year, 24-hour precipitation event; and 

6. Groundwater monitoring may be required , by the Hydrology Unit based on size, proximity to drinking "later sources, depth to vlater, design of the systeln and the environmental sensitivity of the surrounding area. 

If you have any questions regarding the rules and regulations or the permitting p)'ocess, please feel free to contact this office at (602) 257-6306. 

Sincerely, 

Hill 'ialll L. Vineyard 
H.) tCl" Perm its Un it 

HLV:l11m I I 1' 1" " ( II) ,1" , ,' 11/ "'11/(11 ()I 'I" " '"I/ill ' ,111i"I/,fli, '" "I, li"1/ FIIII ,I"I"'I' 
I It' )l '/Ia r /nll 'lI' f' 11\ '",""11«"" \..!If I , I\tlilchment ' 

Ccntral P;li111 PI ;I!;! BlIilding 2()O) :\ mrh Cent 1';\1 i\ \'l'IIlIC 
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To: All Suppliers 

From: J. Michael Ashworth, 
Administrator 

Date: May 17, 1988 

Re: Accounts Payable 

On April 27, 1988, PBR Minerals, Inc. completed the cleanup 
operation of our leased property in Tombstone, Arizona; thus, 
fulfilling the requirements of the State of Arizona. The 
cleanup operation and the processing of metals from the 
tailings were being conducted under the guidelines of the 
State issued Temporary Permit, thus eliminating our only 
source of cash flow. 

PBR will be applying for a permanent heap leaching permit 
within the next four weeks, and we feel quite confident that 
within 5 months after our application is submitted, we will, 
in fact, begin our heap leaching operation. During the six
month waiting period, we intend to create a market and sell 
our by-product aggregate to the State, County and City 
municipalities, and to private construction entities, in 
order to provide a sufficient cash flow to pay our suppliers 
and meet our overhead. 

We ask that you please bea: with us during this transitional 
period. 

Enclosed please find a proposed payout schedule. Thank you. 

J. Michael Ashworth 
Administrator 
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~ GEOCHEMICAL ENGINEERING 
... ~. , INCORp,ORATED 

June 8, 1988 

Mr. Mike Ashworth 
PBR MInerals, Inc. 
PO Box 370 
Tombstone, AZ 85638 

Dear Mike: 

In the absence of the detailed topos and the results of the water-quality 
samples Gary and I collected, I have prepared several items for you folks to 
review and/or supply information. We will be expanding or completing several 
of these as soon as we receive the above items; meanwhile, I thought I'd send 
this material, in the interest of time. The following numbers correspond to 
the red numbers on the various items. 

1. This draft "Notice of Disposal" needs your input on the items highlighted 
and your review of the answers I've supplied. 

2. This is an outline of the "Application for a Ground-Water Quality 
Protection Permit" in the draft requirements. Note that Ch. 2 will require 
quite a bit of information on land ownership. 
3. This is a rough draft of Chapters 4 and 5 of the Application (item 2, 
above). It will be expanded upon receipt of the water-quality data. Chapter 6 
will say there is no anticipated impact, due to liners, clay attenuation, depth 
to water, and proposed use of a continuously-pumped monitor well. A separate 
report on the clay liner attenuation tests will be referenced here and included 
as a stand-alone appendix. Chapter 7 will propose such a continuously pumped 
monitor well, with water pumped to the Barren Pond. Chapter VIII will say 
pumping will continue, and Chapter IX will call for cyanide neutralization and 
post-closure monitoring. 

I'd appreciate your review of this material as soon as reasonably possible. 
Most critically we need the data from the samples Gary and I took, as well as 
past data which Dusty said he was going to send. Please send that as soon as 
possible. 

Very truly yours, 
Geochemical Engineering, Inc. 

~2 /"..L----
Jim V. Rouse, R.G. 

JFR/ldm 000074 
274 UNION BLVD., SUITE 460 LAKEWOOD, COLORADO 80228 (303) 988-8902 



rorlCE OF DISPOSAL 

1. " ;a f' Facility Narre: 

<'-b J Facility IDeation (List address or describe access by roads): 

}/(.( .1\ ,' 
i j 

County C tJ C ;; /5 C Zip Code ~ .5-0 '5 '1 
------------------------------II" Ie, I:J.- r /Jf 

Township 205 Range zz£ Section(s) 1/4 1/4 1/4 
----' ----

c ) Facility lw'.anager: MB'/ L, 1\/ Q &0 C! 5" 

Telephone NI.lrl'\rer: 6> 0 2. - ).j $- '7 - :L 2. .s "2-
(Area Code) 

-r<'d. 'r Owner's Name 

, .. -" .,., 
"~. e. ' Owner's h:1dress q '5"0 S (( l--) l.t'N ~ ~ ,). < I) u (l..;.~ v ~? 0 

~0"\ 1500 y-i e. ! A 2- 2 SL, 3 ? -Zip-ebde _"""7 ______ _ 

I..andawner of the facility site: lo <) (-12 ~ bs:t;::< bvd<>'(;>,., .... ; ,.- [.0, 

W ~J: t" (" P (3 r2 (Y) 1 ~f(,- '<'''''-.[ ) \" C. 

g. Facility's plan engineer/architect: 

c//p., V . 1F<1 UJ" 0 
Name: '-' 

Finn: G~ (1C t'",,.....r"/ E-~~.9" ·"PP'-r'~:?, r~. c 

Address: 

Tele;tilone number: '3 CJ ::r .. '7 e. (~- g' ? CJ z: 

v~ater Penni ts unit 
Revised 9/86 

(Area Code) 
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h. 'lype of PeDni.t you are awlying for: 

area pez:m:i.t _____ individual facility pennit _--.-.;.X~ __ 

i. 'lype of facility requesting penni.t: 

new ____ _ existing ---o6r.....-__ 

2. a. Attach a t..oFographic map (preferably a 7.5 minute quadrangle l:ase) , 

sh::::Jwing the geographic ~ocation of the facility (s) and aD. disr:osal . 

locations. In addition, show the ~ocation of any existing groundwater 

withdrawal wells within the apprcocimate vicinity (~mile radius) of 

the disposal area and identify the use of each well (Le. irxlustrial 

wells, drinking water supply wells, etc.). (If applying for an area 

peDnit as described in ~-2o-211, indicate on the map the location 

of each facility and disr:osal location in the pJ:OFOsed pe:onitted area) . 

b. List Latitooe/Longitude of all disp::>sal locations indicated on 

the attached map __________________ _ 

Cen/pred O N -:;.: /" ","Z":Jo"A/ c:,," / //0 0
:;,1 ;v: 

t7 H / /r'r I' /.~, /,h. <"~. A //,/J/'oo'_u ."db ,./, a,..~ ./(7 c/J'"t;. /,.' ",.~ ~,' ~ /, 

/(#c., k O:?7~"'?,'(1'" .5.;t'.r1~"''''J' , A,..,."" cY,..uu " t7 eve-,/,-,- , ;., ~,. C'.""/",,,..,./. 

c. List applicable U. S. Department of Cz:mrerce St.an:Jard 

Industrial Classification (SIC) Codes for above activities 

/ 0 ~ / G- ,A /c/ /r ( / . " , ..... (~ ... 

/ /J d ··:I· 
.~. ! 
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4. ,I Date Facility began/w.ill begin operating-/""-:(-Y'~/ .>:,4: 
<::: "7J / 'l c, 

.pe E>cpected Facility (s) Operational Lifetine ______ ..:..' ~l.) ~7~.P'-. ..:..1"1--.:...' ~;;;;;."' __ _ 

List any other envlIoIl!'l'ental pe.rr.U.ts issued to the facility (s) (Le. air 
quality permit, NPDES permit, hazardous waste peDnit) 

A J. ,C , '-' 
{') ) !. ,.I. ( ,-:. I ~) f<...~ 

7. a. DescriJ:::e disposal activities at the facility (s) 

b. DescriJ:::e any control neasures and treatJrent processes designed a"1d 
operated to protect groundwater guali ty fran effects of the disposal 

("'yO ~ ; /C , .Pv"Y' .... / / .. <" ; ,' , fr:· r- tA./,.. IT d -<_, 0 ,. . -:.~ /.Ii <:7 ~. of -4!.~ t? . A.J' /e &7 ,( ~ 

'\ 
occur 0-,,/ rt><>ct ;1r"",,/ Iv .. I'rr(h /:9 t:'(Y v~,/:j"'G.J /~CY"""/C''''''' (/ ffr 

c. Describe existing groundwater use (s) of the receiving aquifer (s) 

.... ' .//. r ,' ~ ,'J"'" ~ (, 
'Z("' / . :/ ,'Ij 

~t: //~ l .. :. ~,! . I . r:,/ t; 
- . j' 

(' , - c 
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r/.~ 'V .. {r-r 
.,'to . .1 Jr- oJ'£. ':; I~J 

Date of neasurerent / '/{,Y ('> ... ../ ":;: c./ 1<~ I',r c ' " " , ,, ' 

------------------------------------------------
e. If available, attach analytical reports for the arrbient groundwater 

concentrations of the receiving aquifer (5) for those constituents 
listed that are contained in the disposal. Indicate source of data and 
date of sanpling for all values listed. ~!' ~ .:> f / '" ( /.. .. ,./ rI'" orr 

Sa. Identify the type (5) of waste (5) generated by each process within the 
facility. Be as descriptive as possible without listing specific 
constituents. 

I.~· · '."' :' ~ !. , . / ,..., 

b. If available, attach analytical reports for the sF€cific FOllutants , 
diSFOsed by the facility. ~~(" q ,c.ft> .. 1;,'/ rf'./dr ~ dn C1./rn. c 'M ~"I.,., 
/.,. .. c t; $ON.f,-r;)(.· ~.:Jt7u..rp~ ·,> 4.7 C /--:; .$" c/4 , , " 7I'r 

c. Estimate the diSfOsal schedule including the annual average in hours 
per day, days per year, and the diSfOsal periods if the diSfOsal is 
seasonal. 

H~s/day ___ ~~~~~H~~_~~~~/~t~>~~!~~V~·----------------------______ __ 
I 

Days/year ___ 3.;;..:6;...,:0. ~~D::::.tl? ..... "'-V("'~)L-,4,;LV.u,IR:.....&...! _____________ __ 

Seasonal Distrib.Jtion of DiSfOsal ________________ __ 

d. ~Estima.te the flO'Yl rate (s) of the diSFOsal i.e. mininnJrn, average, arxl 
max:inun daily florw; mean annual fl.cMi or nean, I1U.IUlTILlffi, and rnax.irmJm 
florw by season if disposal is periodic; or by \o.hatever other units 
appropriate to the type of dis:p::>sal. 

3')-{) 00/ 
.. ... - , .I. , --' , .. .... - --

,-
(,! ... . 
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II 

9. Describe any existing groundwater quality ITOnitoring program(s) 

(attach supfOrting technical rep:>rts if available) . . 

/ 
" / .. c' -" 

. r .'7 r-r "",r (._ /~ .. ,',',/;" ,.',... J., ~ -": c' .,I,- / 'f c-r ' .~. w "'.~. " " "", ., ,,~, .f 
1 .... ,O ... ''f· di'' tAJ'Coo/1 """,'!' < < .:::1'" , . ~"r, - 'J ,,' 

----------------------------------------------------~ .. ~/----------

10. Include any other data or infonnation which, in the joogerent of the 

o.-.ner /o:pe.rator, denonstrates that the facility qualifies for a ground

water quality protection pe.Dnit based on carpliance with the criteria 

listed in R9-2o-20B.A. Use attachments if applicable (Le. depth to 

groundwater I geology at the site). 

(J(/C(f,&;19 f'Clc.f~rJ /~~/..'..h:v}I/"'~/ ~flS.h u •. ,/ /,,,,,e(./ ..,.,..:f~ co~I"'>;-.;"Dh/-

cr./.f"~(JCo{;· "'-; ('0/,"<:'& /:, c/;'.,,7 s< ·f.'j:·"'r'.,'(z. ,~. ncu.f'ro;;l:,.olr·(j'" o~cy", ;. . <4 ,- _;/,r . .f 

Ct:7 h /c.-k<: f 00 ~/ C' <Jh/;' ,.... a <;7 ('" (1'.- 4;-.. ,. (',A" - ~ ro,.,.:' ..... · e, f -:', () v I a .. / ( b) h.y!; .s ",r-J.. ~ (' 

C> V" / <11' (·":0 ~f rtf K J 

11. Certification: 

"I certify that under penalty of lc..w that I re\!e personally ',exam:i~oo 

and am familiar with the infonnation sul:mitted in this docurrent and all 

attachments and that, based on my inquiry of those individuals irrm:.diately 

responsible for obtaining the infonnation, I believe that the infomation 

is true, accurate, and c::arplete. I am aware that there are significant 

penalities for sul:mitting false infonnation, including the possibility 

of fine and irrprisoIll1'el1t. II 

Printed Name. of Applicant 

Title 

Date Application Signed 

s~gnature of APPl~cant 
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4.0 ENVIRONMENTAL SETTING 

The P.B.R. facility is located immediately south of the town of 

Tombstone, Arizona, in a portion of the Sonorian Desert. The general 

environmental setting is described in the following portion. 

4.1 Land Use 

1-.I7e. To#" ~ of 

The P.B.R. Minerals facility is located on the southside ofVTombstone, 

approximately 75 miles southeast of Tucson and 25 northwest of Bisbee, 

Arizona, in the southwest quarter of Cochise County. The region is 

semiarid, and is used primarily for stock grazing, mining and 

recreational and tourism activities. Access is provided by means of 

Interstate Highway 10 to Benson and U.S. Highway 80 from Benson to 

Tombstone. The regional area is further accessed by means of various 

gravel roads, with unimproved ranch and mining roads generally 

passable, and providing access to nearly all sites. 

Vegetation in the area consists of predominately desert shrubs and 

scattered clumps of grasses. Within the San Pedro River basin, 

creosote bush, tarbush, mortonia and whitethorn are common, with 

several varieties of grama, curly mosquite and tobosa grass near the 
P(rcY 

mountain front. Mesquite and paloverde are common along theVstream 

channels, while ocotillo, yucca and agave occasionally occur with the 

grasses (Hollyday, 1963). 
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deJ'e./o/Jec! d. c.Ge 1-0 
Recreational and tourism activities Ylargely a1!fJ a ftli,ct;tJ:f'f5GOfVthe 

historic mining development which has occurred within and adjacent to 
a.Jt. 

the town of Tombstone. Tourism is assumingYincreasing importance 

within the town. Mining activities are generally perceived as 

consistent with such historical tourism activities. 

4.2 Climate 

.s-/ 'r" Cl. re r:l 
Tombstone, ~~9 at an elevation of between 4,500 and 4,600 feet, 

has a semiarid climate, with moderate winters and hot summers. 

Average maximum temperature is 76°, while the average minimum is 49° 

(Hollyday, 1963). Recorded extremes are a high of 110° and a low of 
ljc. ... r pe .... :"'..\.... 

Average annual precipitation at Tombstone over a 65-jl81 i\1'd of 

record is 14 inches, with extremes of 7 and 28 inches. Precipitation 

is bimodal ~ with approximately 70% of the precipitation 

coming during intense convective storms during the monsoonal season.or 

and September.. The remaining precipitation ;s 

distributed during the winter months, and is more general and gentle 

in nature. 

Because of the semi ari d nature of the area, evaporati on and evapo
,yreq.~& 

transporation is extreme, s:tgm:::f!:i:Ga~ exceeding the precipitation 
cYect.r. 

during the ~. Table 4.1 provides monthly and annual data 

on precipitation, pan and lake evaporation and potential evapo-

transporation. Such semiarid conditions, with a net evaporation, 

allow for the conduct of zero-discharge mill ing operations, with a 
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bleed stream in the form of the water incorporated into the 

interstitial voids of waste material. 
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5.0 SITE HYDROLOGY 

.sc .¥',,".be. of. 
The site hydrology in the P.B.R. Minerals area has been well de~ 

by Hollyday (1963). The btdk-nf;dJle following description is adapted 

from this source, together with modifications resulting from more 

recent drilling activities and excavations conducted by P.B.R. 

Minerals and its predecessors. 

5.1 Geology 

The geology of the Tombstone Mining District has been examined in 

detail with respect to both general and economic geology. One of the 

first studies of the general geology and ore occurrence was prepared 

by W. P. Blake (1882) in response to mine litigation. Blake subse

quently published additional general reviews of geology and mining 

development in 1902 and 1904. J. A. Church (1903) published a report 
dey:; as /r.s 

on the regi ona 1 occurrence of ore Vand the general geology, whi ch 

incorporated local stratigraphic names. 

Dr. F. L. Ransome (1920) published a comprehensive study of the 

geology of the surface and subsurface of the Tombstone Mining 

District, and introduced the type stratigraphic names as utilized in 

the Bisbee District. This work was continued and carried to com

pletion by B. S. Butler, E. D. Wilson and C. A. Rasor (1938) in a 

descri pti on of the geology and the occurrence of ore in the central 

portion of the Tombstone Mining District. 

000084 



S 
James Gilluly, J. R. Cooper and J. S. Williams (19.4) conducted a 

detailed study of the Pennsylvanian-Permean stratigraphy in the 
t.jC'y-qo!e of 

adjacent Tombstone Hi 11 s, and snllll33Fhled Ransome's Naco Formati on into 
Cf (;rf)~" h/4,,'C J He.!j' J'v..tfc/,'",.':r/eO< /",rT't? 

y four sma:1=1;er! formations. Gilluly subsequently conducted a regional 

study of the stratigraphy and structure in the Tombstone Hills, 

Dragoon Mountains and the northern half of the Mule Mountains (1956). 

5.1.1 Surficial Geology 

Soils within the P.B.R. Minerals area are generally thin and discon

tinuous, and are formed by the in-pl ace weathering of bedrock with 

occurs at or very near the 1 and surface. Soi 1 s tend to be rather 

coarse-grained in nature, reflecting such mechanical weathering, and 
~/~h7L-

are generally of lowVproductivity. 

Alluvium occurs in the northeastern corner of the Tombstone Mining 
1Y4/c4 

District, and is composed largerly of coarse sand and gravel, and in 

many locations is cemented with caliche deposits to depths as great as 

90 feet (Hollyday, 1963). The alluvium thickens to the northeast and 
#er~ b 

east of the town .. w:1,th the upper 30 to 90 feet of alluvium most 

predominately composed of limestone pebbles and cobbles derived from 

Palezoic carbonates and cemented with caliche. Below this layer, the 

alluvium is unconsolidated to moderately well-indurated gravel 
FrCl..9H?e'?& 

composed of pebbie5 Vderived from shales and sandstones of the Bisbee 

Formation. This gravel has a maximum thickness of between 45 and 120 

feet. The lowest portion of the alluvium consists of a gravel layer 
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which is unconsolidated to weakly cemented, with a maximum known 

thickness of 300 feet. This lower-most layer is composed primarily of 

a mixture of gravel and sand derived from the Bisbee Formation and 

from quartz latite volcanics. A well, drilled approximately one mile 

east of Tombstone, encountered the water table in the alluvium at a 

depth of approximately 455 feet, but taved before it could be pumped 

to determine the water-bearing properties of the alluvium. Hollyday 

(1963) presents information that indicates the water table in the 

alluvium is interconnected with the water table in consolidated 
rece/yoe.5 rechQ.J-,Jl'e /-0 .be 

bedrock, where the alluviumV'g sufficiently thi-ck trra-H-ow-=devel-ttpmen 
$q.rc/rq;'c:d. 
Qf a .larer ~. Alluvium is absent or only rarely present in the 

P.B.R. Minerals site. 

5.1.2 Subsurface Geology 

The Tombstone Mining District is underlain by a thick sequence of 

intrusive rocks and Precambr~;emetamorphi~~ Paleozoic clastio 

~, Paleozoic carbonates, YBisbee formation and volcanic rocks. 

lbe5E3l:r:e:=eax;h;de:s:Enlbe.d~ore:::det~;JSthe---=6oTl;oWiillg?b~n:. 

Intrusive and Metamorphic Rocks: As noted by Hollyday (1963) "the 

intrusive rocks and Precambrian metamorphic rocks consist of three 

generalized geologic formations: Precambrian intrusive and metamorphic 

rocks, Triassic-Jurasic intrusive rocks, and Tertiary intrusive 

rocks." The Precambrian intrusives consist of albite granite, quartz 

diorite, gneissic granite, and saussuritic quartz diorite. In 
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general, these rocks are highly fractured, altered and weathered, with 

the fractures sealed with clay-sized weathering products. As a 

result, they yield small quantities of water only within the first few 

tens of feet below the water table (Hollyday, 1963). 

The Triassic and Jurasic intrusive rocks occur in the western portions 

of the Mule Mountains and along the core and southern portion of the 

Dragoon Mountains. These are predominately quartz monzonite and 

granite which have been intensely altered and sheared. As in the case 

of the Precambrian rocks, they are generally quite impermeable below 

the first few tens of feet. 

The Tertiary intrusive rocks outcrop in the northern and western 

porti ons of the Tombs tone Hill sand in the northern porti on of the 

Dragoon Mountains. These intrusives are intermediate in composition, 
rot/"o( /~ 

similar to quartz monzonite. The Schieffelin GranodioriteYllll the 

western portion of the Tombstone Mining District is characterized by 

an irregularly-spaced, three-directional fracture system which stores 

small quantities of water. Shallow dug wells along Tombstone Gulch 

furnished water for the town of Tombstone during the first two years 

of its existence, and derived such water from fractures within the 

Schieffelin Granodiorite. Dewatering activities in the rocks east of 

the Schieffelin Granodiorite did not result in change in water level 

within the granodiorite, thereby documenting that the Schieffelin 

Granodiorite is not hydrologically connected with consolidated rocks 

to the east. 
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Dikes of granodiorite to diorite composition, similar to the 

Schieffelin Granodiorite in origin, cross the Tombstone Mining 

District along a trend of North 12 degrees East and dip steeply to the 

west. 

Paleozoic Clastic Rocks: The Balsa Quartzite of middle Cambrian age 
well /I?d'(/ra..-r~d 

is /composedLpredominately! of Yhard quartzite derived from quartzitic 

pebble grit and coarse sand, with a thin basal conglomerate. It crops 

out in the Tombstone Mining District, along the western edge of the ) 
. //o/&t:<'Q.,s,' (/YC3 

Mule Mountains, and in the core of the Dragoon Mountains. Y:A=tt:rn:kn8$:S. 
refiorr-ed Gt. to()~ r-4;-'c..t-
V Df 440 ~~<ldj, 196"3=} waS=f~un~upi ; s-e=a homogeneous 

I~ r~e. Bc/.$-q:, tPv~r~z.//c 
aquifer Vas a result of numerous joints and fractures. in=thls hor.d. 

The Balsa Quartzite is one of the best 

crystaline-rock aquifers within the Tombstone Mining District. 

Paleozoic Carbonates: The various Paleozoic carbonate fonnations in 

the area are generally undifferentiated in the following discussion. 

These Pal eozoi c carbonates i ncl ude the Abrigo Limestone, the Martin 

Limestone, the Escabrosa Limestone and the four local formations in 

the Naco Group; the Horquilla Limestone, the Earp Fonnation, the 

Colina Limestone and the Epitaph Dolomite. The composite thickness of 

these Paleozoic carbonates is approximately 5,200 feet, of which 

approximately 13% or 660 feet consist of partly siliceous material 

metamorphosed to hornsfels near younger intrusive rocks. Such 

hornfelsic material yields moderately large quantities of water ; The 

remaining 4,540 feet of non-soliceous material in the Paleozoic 
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carbonate sequence is composed of predominately limestone with 

subordinate amounts of modular chert, dolomite and calcarious shale . 

Fractures in the carbonate material have generally been enlarged by 
C~I-',;.c.Y ~(!ye/c,c;.-rt:,1,r -/-0 C< de~~.f of' 

solution~above the-wa~e~~ble and~ 200 to 300 feet below the 

water table. 

Bisbee Formation: The Bisbee Formation of Cretaceous age outcrops in 

the central portion of the Tombstone Mining District and the Tombstone 

Hil1s. It also underlies most of the northern half of the Mule 

Mountains and the Eastern portion of the Dragoon Mountains. The 

Bisbee Formation, within the Tombstone Mining District, is subdivided 

into three generalized geologic units: Bisbee Formation clastics, 

Blue Limestone and Joe Limestone. The Bisbee Formation has a 

composite thickness of approximately 3,000 feet, of which 

approximately 160 feet is limestone. The lowermost clastic rocks at 

the base of the Bisbee Formation are locally known as "novaculite", 

and unconformably overlie the Epitaph Dolomite, ranging in thickness 

between 55 and 125 feet. The "novaculite ll is an interbedded sequence 
F~'-"7e-'lh of limestone - . merate in a quartzitic sand matrix, sandy 

limestone, calcarious shale and chert. The IInovaculitell has been 

altered to extremely hard and brittle hornfels. 

The IInovaculitell is conformably overlain by the Blue Limestone. It is 

a medium to thin-bedded silty limestone ranging in thickness between 

20 and 40 feet. The Blue Limestone has generally been subjected to 
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extreme solutioning above the present water table prior to deposition 

of silver ores. 

The Joe Limestone is a cherty 1 imestone of approximately 20 feet 

thickness. Numerous fissures and faults within the Bisbee-Formation 

have been accompanied by strong zones of shattering. The~ zones give 
h/ ~ , 

the Bisbee Formation clastics relatively ~ porosity and 

permeablity, as compared with the Paleozoic carbonates. 

Volcanic Rocks: Two ages of volcanics occur within the Tombstone 

District. The Cretaceous-Tertiary volcanics outcrop along the San 

Pedro River, southwest of the Tombstone Hills. These are composed of 
tfrC> c/~'ye,;-

andesite and quartz latite, and have been intruded and broken by ~ 

rocks. The upper quartz latite member contains water-deposited tuff 

beds, with a total thickness of Cretaceous-Tertiary volcanics of 

approximately 6,000 feet. 

Tertiary-Quarternary volcanics outcrop in the area of Stockton Hill, 

between the Tombstone Hi 11 s and the southern part of the Dragoon 

Mountains. These volcanics are predominately latite tuff and rhyolite 

tuff, together with flows of hornblend andesiate. A small plug-shaped 

mass of olivine basalt occurs within valley alluvium approximately 

three-quarters of a mile northeast of Tombstone. Th~volcanics 

supplied much of the detrital material forming the alluv i um in the 

valley northeast of Tombstone. 
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5.1. 3 Structure 

Geologic structure within the Tombstone Mining District has an 

appreciable impact on the hydrologic conditions within the area. Four 

major structural elements have been identified, and are designated the 

Tombstone Syncline, the Schieffelin Dome, the Ajax Hill Horst and the 

Tombstone Alluvial Basin. 

Tombstone Syncline: The central portion of the Tombstone Mining 
//es Wh'c~ ~ 

District OCGU~ in a broad, asymetrical synclinal basinVplung~ to 

the southeast. Three minor folds bring Paleozoic carbonate rocks to 

the surface. The syncl ine has resulted in the presence of a thick 

section of clastic rocks, thereby producing a potential storage 

reservoir for ground water. Clastic rocks thicken to the east 

southeast, as a result of the synclinal plunge. 

The synclinal basin is traversed by at least eight major fissures, 

trending approximately North 45 degrees East and dipping steeply to 

the southeast. The fissures have been widened by solution activity 

above the water table and for a distance below the water table, and 
e/;7'-/·q./ 

thus may impart a strong preferred orientation to the permeability of 

rocks within mine workings. 

The synclinal basin is also traversed by a set of normal faults 

trending North 10 to 15 degrees East, and by a minor set of normal 

faults at approximately right angles to these faults. The faults 

I 

) 
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apparently are rel atively open channelways for water ci rcul ation at 

depths greater than 400 feet below the water table (Hollyday, 1963) . 

The Tombstone Syncline is bounded on the west by the Schieffelin Dome, 

a granodiorite intrusive which plunges below the Tombstone Syncline at 

an angle of approximately 60 degrees (Hollyday, 1963). As noted 

earlier, the Schieffelin Dome acts as a barrier to ground-water 

circulation west of the Tombstone Syncline. 

Ajax Hill Horst: The Tombstone Syncline is bounded on the south by 
TtI,e.H! ~k/() FeCl.~v-e.s W'e~e Fo,rhree>t.6y re I-'~.l-Je 

the Ajax Hill Horst.V with ;-sepm:zl't=wtt=rbet-weett==t-"he hOI &t -and -the 
~oJ/eh?e~~ q./o'(Y 
S:)'DfrJ-ine::lJY:::mean5=Of the P romp te r Fa u 1 t, a=s:teep=:r-8Vtu tce= fau4:t=d~g 

~a=degr~~u~h, with a maximum stratigraphic displacement of 

approximately 4,000 feet. Paleozoic carbonate rocks in the vicinity 

of the Emerald Mine dip 50 to 60 degrees east. The Prompter Fault and 

its associated branches uplift relatively impermeable Precambrian 
Wh/G~ 

albite granite~ continue the impermeable hydrologic boundary formed 

by the Schieffelin Granodiorite. 

Tombstone Alluvial Basin: The Tombstone Syncl ine is bounded on the 

north and northeast by the Tombstone Alluvial Basi~ Water in the 

alluvial deposits occur at a distance of approximately 1,500 feet east 

of the northeast corner of the Tombstone Mining District. Such 

alluvial water forms an important source . of recharge to mine rocks 

during heavy pumping operations. 
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5.2. Hydrology 

Hydrology of the Tombstone Mining District has been extensively 

studied and reported by Hollyday (1963). The following discussion i s 

largely taken from that source. 

5.2.1 Surface Water 

Surface water does not exist in the Tombstone Mining District except 

during and immedi ately after peri ods ot: intense preci pitati on. The 

closest perennial stream to the Tombstone Mining District is the San 

Pedro River, a northerly-flowing stream located approximately six 

miles to the west of Tombstone. 

5.2.2 Ground-Water Occurrence and Movement 

Interest has long centered on ground-water conditions in the Tombstone 

area as a result of the problems presented to mining operations by the 

presence of 1 arge quantiti es of ground water. l11r. W. F. Staunton 

first reviewed the dewatering records of previous mining companies in 

order to estimate the requisite capacity of a new pumping plant. 

Staunton explained the reasoning behind his estimate in a 1908 paper 
re Y /e Jc/e e( 

and sabs:equen:t~3'::::p~ed=a~:c-+e-.-re~~ the accidental flood-

ing of the mines, the existing pumping plant and problems associated 

with regaining the 1,000-foot level in an article published in 1910. 

tWo E. W. Walker (1908) also described the Tombstone Pumping Plant and 
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some of the dewatering problems. J. A. Church (1905) investigated the 

water problems in the district and published hypotheses as to the 

source and movement of water and its potential for control. Charles 

LeGrand (1914) reviewed existing pumping and provided an estimate of 

contemporary cost of dewatering. tlU".R. B. Brinsmade · (1906, 1907) 
ec( sC/cY.7f!.$~"'·Ci~J 

reported on the method 
k',.,t.~ re~e c/ /-0 

US;~9 for sinking wet shafts and proposed ide~ 

v~ the source of" water. 
f-'tI,e 

He a 1 so reported on progress in handl i ng 

water problems at the Tombstone Mining District. By far the most 

complete description. of hydrologic conditions in the ' area has been 

provided by Hollyday (1963). 

Ground water occurs under both fissure occurrence in fractured 
Ih-/(!r"s/-///q / 

consolidated rocks and asVwate~~~ in alluvium. The 

alluvial reservoir is located north,of the Tombstone Mining District. 

with Ij;{i nor perched wa ter occu rrences in 1 oca 1 depos its of a 11 uv i urn 
F,,/,1,w,l.Y 

-along desert washes immediat~}Y ~ precipitation events. 

e~ 
The consolidated-rock aquif~r consists of water- fill~ minute 

fractures, larger fissures i!nd major solution openings", m regwns 

where metamorphism and structural deformation have developed large 
/.1) 

secondary permeability within the rocks. ~tJ the Tombstone Mining 

District this consolidated rock reservoir is encountered in all but 
Cf. re fo (/;; 0( 

the extreme western part of the district, ~ Jrtatic water levelsVat 

depths ranging from 400 to 600 feet below land surface. The bulk of 

this ground-water reservoir is conta~n2d within the upper 300 feet of 
B}?'~ w I-~ /$ cd e/,7£~,. 

saturated rock (Hollyday, 1963). w..i-t:t+. fissures and fractures 
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e 
decreas~ in open space, and solution cavities becoming almost 

non-existent. beiow ~ dePtb. Recharge to the consolidated rock 

ground-water mass occurs by . infiltration of precipitation through 

highly-fractured zones in the bedrock of the mountains and through 

alluvial recharge along washes in the valley areas. Water in the 

ground water reservoir moves slowly down gradient, away from the 

mountain front, toward the San Pedro River and Whitewater Draw. Tne 

direction of ground-water flow within the Tombstone District is 

genera lly to the north ina reas south of the ci ty and to the west in 

areas north and east of the cjty. Discharge is as seepage outflow to 

the San Pedro River and as tr~nspiration by phrentophytes in the river 

valley and along Whitewater D~aw. 

Hollyday (1963) has divided the Tombstone Mining District into four 

generalized hydrogeologic regions. The region of greatest yield and 

least drawdown is located tO,the northeast of Tombstone, in the area 

of valley alluvium which is, ..in turn, ·underlain by the Bisbee Forma

tion. Region 2, including the P.B.R. Minerals site, is the area of 

next highest yield, but is characterized by a greater specific 

drawdown. This region contains the thicker portions of the Bisbee 

Formation clastic rocks. Region · 3 is the area of lowest yield and 

greatest drawdown within the mining district, and is underlain by 

~ (][edominately carbonate rocks adjacent to the impermeable Schieffelin 
us:: 

Dome and Ajax Hill Horst. Region 4 is characterized by the 

Schieffel in Dome west of the Tombstone Syncl ine and the impermeable 

albite granites in the western part of the Ajax Hill Horst. 
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Ground-water development in the Tombstone Mining District has dealt 

primarily with efforts at dewatering, to allow deep mining. These 

efforts included empirical testing to estimate dewatering capability, 
a./oh.7 w"f~ . 

vend the provision of water for milling operations. Only minor water 

development has occurred for municipal use. 

The first known discovery of water was made in the Sulphuret Shaft in 

March, 1881 at an elevation of approximately 4,110 feet. The 

Sulphuret Shaft is immediately adjacent to the present open cut which 

~as operated by the P.S.R. Minerals predecessors. In April, 1882, the 

Grand Central Shaft encountered water at approximately the same 

elevation as that in the Sulphuret Shaft. Water was encountered at an 

elevation approximately the same in the Contention Shaft and the Head 

000096 



Center Shaft in the winter of 1882. The Emerald Shaft, located south 

of the main mining district, encountered water in 1988 at an elevation 

of approximately 4,090 feet, after the fi rst efforts at pumping and 

dewa teri ng had been in place. A 11 these s ha fts are now wi th in or 

immediately adjacent to the large open pit on the P.B.R. Minerals 

site. 

The first major efforts .at dewatering were installed by tne Grand 

Central Company during 1883, with a capacity of approximately .5 

million gallons per day combined capacity. These pumps proved 

inadequate to lower the water to a Significant depth, so an additional 

capacity of 1.5 million gallons per day was installed. At 

approximately the same time, the Contention Company installed an 

additional capacity of 1 million gallons per day. The two main 

companies were thus able to lower the water table approximately 100 to 

130 feet during 20 months of pumping between May, 1884 and May, 1886 

(Hollyday, 1963). By April, 1886, water had been encountered in the 

West Side workings in the northern part of the district, at an 

elevation of approximately 4,116 feet, and an average withdrawal of 

153 gallons per minute resulted in an II-foot drawdown. Water from 

the West Side workings were used for supply in the Girard Mill. 

During 1890 water was encountered in a winz at the bottom of the Lucky 

Cuss workings at an elevation of 4,110 feet ~ Dewatering at this site 

by means of pneumatic pumps and iron bailers succeeded in lower~~he 
water table approximately 100 feet. This variety of experiences 
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demonstrated that succe~stul dewatering would require the construction 
{fDr -/-;fq/ ;L./h7~ 

of a modernYpump plant of large capacity under centralized management. 

Pumping and shaft sinking for a new Pump Shaft was begun in December, 

1902. Apparently the plans were to reach the 1,000-foot level in less 

than two years; however, a four-year time period was required before 
/hre r-r,://-".i7 .. ,...$ 

the 1,000-foot level was actually reached. Aa:-iden:ts to the steam 

power supply caused the ultimate submergence of the pumping equipment 

in June, "1909. Efforts to regain the 1,000-foot 

ul timate terminati on of pumpi ng in January, 1911 and the 

bankruptcy of the Tombstone Consolidated Mines Company. Records 

indicate that the Pump Shaft produced 36,900 acre feet of ground water 
w,y.~ ct. 

over the 8-year period, or an average of 2,830 gallons per minuteJ ~ 

maximum pumpage of 5,280 gallons per minute for a 24-hour period .. 
r6e .;<>v~/q/?e 

Vresulted in a 440 drawdown during cross cutting operations on the 

1,000-foot level. 

.;br"'~c::rr,,& 
Problems encountered during these dewatering operations were ~*St~ 

ai~ related to the insufficient pumping capacity and problems 
o Fer:? (./ /'" ./~J' C h 7"-" , 

associated with submergence V during brief periods of power supply 

failure. Finally, the companies failed to take into account the vast 

quantity of water which would have to be pumped from storage during 

dewatering operations. Such dewatering operations were, of course, 
';-"-t:.or/t:.> h/ere 

conducted before tbecdeve1~pme~£=tne-5t4fnce=of geohydrologyr utey~~~ 

00009r3 



During 1954 and early 1955, Newmount Mining Corporation conducted an 

extensive dewatering operation, utilizing the West Side shaft to 

dewater the 600-foot level, provide water for diamond dril1 ing, and 

test aquifer response. The dewatering operations were carefully 
~~/oc!er;.7 ~c. c~;uyvc-..J of 

monitored, utilizing theVS~~ geohydrology . The West Side shaft 

produced an average of 505 gallons per mi nute for the fi rst six 

months, and 41 gallons per minute for the remaining nine months. The 

water level was lowered approximately 35 feet in the West Side shaft, 

with a concomiTtant lowering of approximately 13 feet at an 

observation well one-third of a mile away. The main problem during 

this time was the clogging of pump intake streams with wood pulp and 

debris from the flooded workings. 

The first recorded use of the ground water for municipal supply was in 

May, 1948, at which time Tombstone completed its 700-foot-deep Well #1 

on the south side of town, to augment the municipal water supply 

derived from springs located in Miller Canyon during periods of low 

flow. Intennittent pumping of approximately 260 gal10ns per minute 

occurs during daylight hours on peak demand. 

The various efforts at dewatering have been utilized to detennine 
Jc./c.4- ctJ 

aquifer characteristicsVnf the coefficient of transmissibility (T) and 

the coefficient of storage (S). Assumptions implicit in hydrologic 

theory require that: 

The aquifer is homogeneous and isotropic; 
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The well being tested completely penetrates the aquifer and 

is of infinitesimal diameter, 

The coefficient of transmissibility is constant in all 

places and at all times, 

The aquifer is bounded by impermeable strata both above and 

below, 

The coefficient of storage is constant and water is released 

instantaneously from storage with a decline in head, 

The flow to the well ' is laminar and radial or unidimensional 

in sectional view , and 

The aquifer is of infinite a real extent. 

Geologic evidence indicates that none of these assumptions is actually 

valid in the Tombstone Mining District . Inspite of the significant 

departures, the assumpti ons may be approximately ful fi 11 ed by taki ng 

into account the macro-scale fissure patterns and the interconnections 

formed by the extensive mine workings in the Tombstone Mining 

District. Hollyday (1963) concluded that the Tombstone aquifer 

complex may, indeed, be treated by hydrologic theory if observation 

well data is taken from tests of long duration . Hollyday ut i lized the 

existing pumping data to calculate transmissivities and storage 

coefficients. Table 5.1, adapted from Ho1lyday, provides information 

calculated on the various pumping efforts during the period from 1903 
q: 

to 1955. Coefficient of transmissibility values range over ~ rather 

narrow range from 10,000 to 15,000 gallons per day per foot . The 

coefficient of storage ranges from a low of 0.003 to a high value of 
eel 

0.2. Hollyday explain6 this rather wide range as a change in storage 
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coefficient as the cone of depression spreads. In essence, the 

pumpi ng efforts are s i gnifi cantly di fferent dependi ng on whether or 

not the interconnected workings are dewatered. 

5.2.3 Ground-Water Utilization 

Ground water is not generally used widely in the P.B.R. Minerals area, 
rea.c{y 

as a result of the great depth to water, and theVavailability of an 

imported source of potable water from springs in Miller Canyon,., and 

supplied by the Town of Tombstone. Nearby ranches utilize windmills 

drawing from perched water mosses in alluvium along various dry 

washes. Table 5-2 provides information on wells registered with the 
a:. rQc(/~':; 

State of Arizona within at least t 3-miles Yof the proposed P.B.R. site. 

P.B.R. Minerals currently maintains 3 wells in the vicinity of their 

existing wash facility. One of these (well #2, D-22-20-12cb2) is 

pumped continuously and used for makeup water at the facility. While 

no completion data are available on this well, it is located in the 

vicinity of numerous old mine workings, and probably draws water from 

old mine openings. The other two P.B.R. Minerals wells (wells #1, 

D-22-20-12cbl, and #3, D-22-20-11db) are also in the general vicinity 

of mine workings; however, they are not pumped except on an intermit-

tent basis, for water~quality sampling. As .will be discussed in the 

following section, the water quality of wells #1 and #2 indicate they 

are not completed in as high mineralized a rock moss as is well #2. 
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Ground water from the competent rock formations is withdrawn for 

supplemental municipal use by means of Tombstone Well #1 (D-22-11ad). 

As reported by Hollyday (19623), this 700-ft deep well was completed 

in May, 1948 and is pumped at a rate of 260 gpm during daylight hours 

during periods of peak demand. The Tombstone Well is located approxi

ma te ly 1 mil e north of and downgrad i ent from the proposed P . B. R. 

Minerals leach facility. 

It is proposed that P.B.R. Minerals construct a fourth ~ell 

(D-22-20-a411) in the area immediately north (downgradient) from the 

proposed leach facility. This well will be pumped continuously, 

thereby forming a cone of depression which will assure capture and 

deflection of any ground-water degradation which might result from the 

proposed 1 each faci 1 ity. Pumped water wi 11 be di scharged into the 

Barren Pond, where it wi 11 serve as make up water for the 1 each 

facility. 

5.2.4 Ground-Water Quality 

Prior, published studies of the geohydrology of the Tombstone area 

have not addressed water quality to any significant detail. Hollyday 

(1963) makes no mention of water quality. Fortunately, P.B.R. 

Minerals and its predecessors have collected water quality data, for 

selected parameters, over a long period of record. Occasionally 

samples have been collected and assayed for a more complete suite of 
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parameters., by both P.B.R. Minerals and the Arizona Department of 

Health Services. 

Table 5-3 presents data on the concentration of mercury, nitrate, and 

total and free cyanide for the three P. B.R. wells and Tombstone Well 

#1 duri ng the peri od June 16, 1987 through April 20, 1988. These 

samples were collected by the P.B.R. chemist or by personnel from 

Smith and Smith Laboratori es, and analyzed by Smith and Smith Labo

ratories. The data are also plotted on Figure 5- , with· concen-

tration shown as a function of time. 

The data show that Wells #1 and 3 are generally of high quality. Well 
)9.';""7 

#2 is generally more mineralized, as a result of its locationVin the 

area of old mine workings. This is reflected by the relatively 

elevated values of mercury, with a mean concentration of 0.026 mg/l 

and a standard deviation of 0.006 mg/l for the period June, 1987 

through April, 1988. This is 13 times the USEPA Primary Drinking 

Water standard of 0.002 mg/l, and doubtl ess refl ects along-term 

contamination associated with natural mineralization, perhaps 

exacerbated by historial use of mercury for precious-metals recovery. 

Mercury is not generally detected in P.B.R. Wells #1 or #3, with only 

one detection value (apparently an analytical artifact) in Well #3, 

and no detectable values in Well #1. The Tombstone well has only one, 

barely-detectable mercury value. 
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During date , monitoring by P.B.R. Minerals of Well #2 it was ------
found that the well contained detectable free and total cyanide . 

.6'r://e~t:: 0( f/'~~ 
Wh;i:;3:e There is no drinking water standard for cyanide.1t was fei; 

this contamination likely had resulted from prior use of cyanide for 

precious-metals leaching by prior tenants of the P.B.R. site. 

Elevated values of nitrate, in excess of the EPA Primary Drinking 
ere.. c O"~loIf,,-t:o( 

Water Standard, was also fel± to be from the prior use of cyanide, as 

cyanide can. be oxidized to form nitrate. Nitric acid had also report

edly been used by a prior tenant. 

On February 23, 1987, representati ves of the Ari zona Department of 

Health Services (ADHS) collected samples of water from Well #2, and 
.s 0( ~,,4 /es 

from Tombstone Well #1, and analyzed these wet:a. for major ions, 

nutrients, and trace metals. The sample from Well #2 (Table 5- ) 

was found to contain 0.200 mgjl total cyanide, but no detectable free 
,\ II 

cyanide. The total cyanide was probably present in the form of a 

stable metallic complex such as copper, iron, or nick1e cyanide. 
,.,,~/c~ /$ 

Mercury was present at elevated levels of 0.0235 mg/1,Vcons istent with 

P.B.R. monitoring results, and nitrate was present at 27.3 mgjl, again 
. /el"e/r'i e..sh//':.f4~/ ';y "PB/? "'7~;/'/;£C'.r/;",y. 

genera 11 y cons i s tent with the .R:;.B;;R·.,::results.. 

The ADHS sample from Tombstone #1 did not detect mercury or cyanide. 

Nitrate was present at 10.32 mg.1, slightly in excess of the EPA 

Primary Drinking Water Standard. 
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Major-ion data from the two ADHS samples, collected February 23, 1987, 

were entered into a computer data base and used to generate trilinear 

plots (Piper diagrams) and Stiff plots (Figure 5- ) • As shown by 

the diagrams, both waters are calcium bicarbonate types, with Well #2 

showing somewhat greater concentrations of magnesium sulfate. This is 

consistent with the known mineralization in the area of the well. The 

reported potassium value of 410 mg/l apparently is a typographical 

error and should have. been 4.10 mg/l. The reported value cannot be 

correct, and a value of 4.10is consistent with the ion balance. (/s/~c7 ~./t?"'J/e . 
'y/tl/~ "'l1-T ;tJH /./qHce of /,:5~ J1/At"r.:;~$ V,$~ tlF ~/() ~y/e y./e/ct'.s 
Q'#7 (/",qcc~/a//e /o~ /Q/q~a of 3.78 

The data indicate that flbackground ll values of nitrate are very close 

to the EPA Drinking Water Standard. Such a finding is not at all 

unconmon, especially in semiarid regions. Nitrate is "fixed" from 

atmospheric sources and flushed to the water table. In the case of 

the Tombstone Well, this may have been exacerbated by the prior 

disposal of sewage into old mine workings in the vicinity of the town 

well. 

The data strongly indicated a relationship between prior use of 

cyanide at the site and observed elevated values of cyanide and 

nitrate in Well #2; however, this was not consistent with geochemical 

experience. While it is known that nitrate commonly is conservative 

(e.g., it moves at the same rate as ground water), the geochemical 

1 iterature has documented that cyani de tends to form meta 11 i c com

plexes and not be mobile in the ground-water environment. It was thus 

difficult to explain how cyanide from the old processing facility 
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could have migrated 500 feet to the water table, followed by a lateral 

migration of several hundred feet to report to Well #2. 

This question was answered in a rather direct manner during April, 

1988. During the process of removing contaminated clay from a prior 

liquid holding pond, an earth scraper broke through into a vertical 
co~;"e c/e;/ :/0 

shaft leading to abandoned mine workings assuct a:terl. .w:i=t-h mine workings 

in the vicinity of Well #2. It is apparent that cyanide-bearing 

was tes had perco 1 a ted through the clay coveri ng the verti ca 1 shaft, 

moved down the shaft, and reported to Well #2. Continued pumping of 

thi s well has returned the free cyani de to generally non-detectab 1 e 

levels. There have been annual peaks of free cyanide, probably 

associated with rainfall and resultant migration of recharge down the 

shaft. This should not be a future factor, now that the contaminated 

clay has been removed from around the shaft collar. 

000106 



June 13.. 1988 

PDR MINERALS .. . INC. 
P. O. BOX 370 

TOMBSTONE.. ARIZONA 85638 

Mr. Jim Rouse 
Geoche~ca1 Engineering 
274 Union Bou1evord.. Ste. 460 
Lakewood.. C010rado 80ZZ8 

Dear Jim: 

P1eaae r.ind enc10sed the "Not.ice of! Disposa1 1t app1ication. 
We have cOJQP1eted. the sect.ions that you have highl.ighted. for 
completion. In Section 1-1 .. we were wondering if this is a 
existing facility or new? In our opinion we feel it is a new 
Facility. I have a1so enc10aed two reproducible topographical 
maps with a scale of 1" = 40· on a 1 foot contour; drawings of 
the cyanide mix area.. cyanide storage area.. and cyanide can 
detoxification area; an interoffice me.a fro. Tucson to Phoenix 
MEQ. offices .. referring to the mercury and. nitrates in we11 "2; 
and also a graph indicating the pan evaporation stud.i.es 
conducted by USDA. 

Your graph on mercury and nitrate levels on well #3 for 
sample dated 12-3-87 is incorrect by an error with S~th & S~th 
Laboratories in using a contaainated.· bottle to col.lact the 
sample. The well. W8S reuaJllPl.ed · f!or that particu1ar date on 
January 18.. 1986.. indicating the nitrate to be at 10.2 and the 
mercury to be at leas than . 001. Sal th & SIIli th Laboratories are 
sublllitting a 1etter to us verifying this f!act and. we wil.l 
f!orward a copy to you as soonaa we receive it. 

We are also enclosing the Western Technol.ogies .. Ioc. 
anal.yaio of! TEl Wel.l. .1. TEl Well .Z. and City of To.ostone Wel.l 
#1.. The Total and Free Cyanide are somewhat higher than the · 
results that we have been receiving f!ro. Stith & Stith 
Laboratories but are stil.l within the allouabl.e l.i~ts of! .2 
mg/L. Smith & Snith Laboratories shoul.d have the results on 
their dupl.icate water· sallPles by 6-15-86. We · will f!orward to 
you a ·copy as soon as we receive this ana1yais. 

DLE:cr 
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NJI'ICE OF DISPOSAL 

. ~ 1. a~ Facility Name: 
. '1 

~~ b~ J Facility Location (List address or describe access by roads) : 

1//.1.)\ " 
I ) 

Cbunty __ C_I'_C_/'_.I_f; c_. _______ ---.:Zip o:xle ~ 5-&:5 't 
/1/ 12, /3" r /1-

Township 2..05 Range c..ZE Section(s) 1/4 1/4 1/4 --- ---

c. ( Facility JI..anager: rr fJf;' '/ ~ I'll Q 8-0 (1 !i 

Telephone Number: (, 0 :?. - )f $-'7 - :2.:Z B ~ 
(Area Code) 

. r 

.' d. " Owner's Name 

()..mer I S h1dress 

TO\ '~\ l)"ft,) I" e ,A 2... 2 ,t~(. 3 ? -z~_J'-.. _______ _ 

,~,., ... .. 
". , . f"~ I..andc1wner of the facility site: 10~) ( 0 rz ~ bs:t;;:~ ':txvd..,'(',~.r.)/~ Co, 

~ s! .- C' P (3 r2. (Y) 1 ~Jt" .... '1 i-,{ )1" c::.. 

g. Facility's plan engineer/architect: 

Name: 

Finn: Ge t1C t''',...'t: "'/ rl'~p ~ · .:·pp,,- ·"~Z- ~. c 

Address: -e 7 4- t/~",'c q c.;/v~ S .y .' k ~ b"o 

gozz? 

- .. ..A -... Q J..'>.' <? _. (.~ ,..,,,.., ? 

TeleIilone number: ,..J (../ -' • ./ <.; _ - / V '-

~(~Ar-ea-=Cod-~~~)---------
-----------------

"~ater PeI:mits Unit 
Revised 9/86 OOOlCB 



i I 

h. 'lype of PeJ:m.it you "are applying for: 

area pex:mit ____ :individual facility pez:m:i.t _____ X __ 

L Type of facility requesting pennit: 

new ____ _ existing __ 4.:....;.... __ 

2. a. Attach a topographic map (preferably a 7.5 minute quadrangle base) , 

slxJwi.ng the geographic location of the facility (s) and all d:i.sfosal . 

locations. In addition, show the location of any existmg groundwater 

withdrawal wells within the approximate vicinity (~mile radius) of 

the disposal area and identify the use of each well (Le. industrial 

wells, drinking water supply wells, etc.). (If applyin; for an area 

peDIri.t as described in R9-20-211, inclicate on the map the location 

of each facility and diSposal location in the proposed permitted area) . 

b. List I.atitooe/IDngitude of all disposal locations indicated on 

the attached map __________________ _ 

Cel7/f'red 0"-1 :: /" ~CI:JO" AI a ... / //0
0

")1 ;v: 

b. Nature of Activity oorou...'"ted at facility (5) rrt/$~'/ cfrt:. l:.s 

t? .,/ I~r./ /,. /,h. ~~. A // /,;'ocr..u '/.:'J ,...,(. .:# r ·c '/Qv/"~ /~. "d~ IV, ' ",;; 

/~C:, J:- O? /rr77,'I1+ J,:y.r(rr4J • A r~a.. .;i' ra 1;.""/ ~ .... If-.- /j ~,C' H, /"t",.,./' 

c. List applicable U. S. Depart::ment of O:rnrerce St.arrlard 

Industrial Classification (SIC) Codes for al:x7Ve activities 

/04- / - b-c' / c/ /~( .. ',. . :. ,/ 

/ (J q .. 4·, 
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· 1\ - -9/1q 
Yfj'e.,y Q n ;., :{,~I <?/I';n f,cJ,.. ... ' ~ ,'.fr ~T-" --' 

~r-.af7ol7(' .ty ,/'r ~..ff"'..c 'd , jS.Z_, ,.,. 
(c:J"'J ,/'r<'" /;'J<' .. _'~L~f_ ,, __ __ , 

4. I Date Facility began/will begin operating_(1",I,<-V<-k'~/ S'k 

~'=-'--'-~~/~i~" ---------------------------

5. Dcpected Facility(s) ~ationa1 Lifetirre ______ .-.:...' ::::...l)_7+.P;;...-:.,A---:.r .... ~~ __ 

6. List any other enviromental perr.ri.ts issued to the facility (s) (Le. air 

quality pennit, NPDES pennit, hazardous waste peDnit) 

p., {l. \ ,- , ' .~ 

7. a. Descril::e disp:>sa1 activities at the facility (s) 

b. Descril::e any o::mtrol neasures arrl treatment processes designed a..'1d 

operated to protect groundwater guali ty fran effects of the disp:>sal 

AJ -., .. r~/,,-... TCI/ Q///,r .. ",p,:;:: ./'~cl..~ arr.c/ ./'a;~h ... ,",.,., /':7"/ 1<./;/1; /.fP,.,froF-( 

c. Descrilie existing groundwater use (s) of the receiving aquifer (s) 

+ r ' c"·· - .... 1" 

(':.; /./" /" ,' .. . .... ,', ~.;-
ct,('" / .. '//;& 
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, .. fir t""i".,,,_,, ;1~1 I ~r ';~ f' ... ~.,. :.'; ' •• " :;;~J' 4 / r7':) ' . 

J.· ,:::, l " ~ .. ,::. l~ '~ ! .. .. ' ,1':r", • . J ~" .. , . . r · ... r ,. '/7""'P ... ~ .. .?' 

d. Note depth to groundwater _(')_,_W' __ /_~_,,_P_.r:._f"_"'_-_/._'_' d_~_7_.,,_.f __ +_~ __ r<f_.!J_"_' __ r_~_.c __ .... _. ~- -_ ., .. ,.,., ".' - ,T' 

Date of neasurercent _____ 1_7_· (_'; __ .... ___ (>_ ... _./ ___ J_';. _c./_t._.~._q_ • . 7_<_' ,"_,._. _t"_' ____ _ 

e. If available, attach analytical rep:>rts for the arrbient groundwater 
concentrations of the receiving aquifer (s) for those constituents 
listed that are contained in the cllSIX>saJ.. Indicate source of data and 
date of sanpling for all values listed. .$~~ a ('/c- (' /:. ... j "" qr(' 

Sa. Identify the type (s) of waste (s) generated by each pro::ess within the 
facility. Be as descriptive as possible without listing specific 
constituents • 

. ~r /. ... . , ./~ /. , .... ;/.:.> , 

b. If available, attach analytical reFQrts for the specific !X)llutants . 
cllSFQsed by the facility. ..> ("(" q I" I'd .. r. f'''/ "'-1",/ t1 r ~ c) n Q./ r,.,. c ' " {o',,/ .-, 

/~"Ch f;OW+,',N:' ~ot7<.Jf",~ ",> 4/ c/7 J"CJ .[r. '7"r 

c. Estimate the cliSFQsal schedule including the anrrual average in hours 
per day, days per year, and the cliSFQsal periods if the cli5IX'sal is 
seasonal. 

Hours/day ___ ~~~~~H~~_~~,~/~D~r;1~k~' __________________________ __ 
I 

Days/year ____ 3;;;:.,:{;,;:.. .. -::....(""---!.;:...Dt2~;/.~>"L.;j..;t.V'-LIR~I _________________________ _ 

Seasonal Distri.l:ution of DiSFQsal _______________ _ 

d. : tEstimate the flervl rate (s) of the cliSFQsal Le. mi.nimum, average, and 
max:inu:n daily flow; mean annual fl.c::M; or mean, I1UlllICU.l11I, and max.inuJm 
flow by season if cliSFQsal is pericxlici or by whatever other units 
appropriate to the type of cliSFOsal. 

" r ": ,,.- r c. ~ .... ~ .... " f .-..:'" 'j",, '''! '' .. t O() 6P/Y1 . 
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II 

9. Describe any existing groundwater quality nonitoring program(s) 

(attach supfOrting technical reports if available) . . 
~#, C"., ,; ,~~; ... / l.l ·' 

10. Include any other data or infoncation which, in the joogerrent of the 

CMne.r !operator, denonstrates that the facility qualifies for a groun?
water quality protection permit based on catpliance with the criteria 

listed in R9-20-208.A. Use attac:hrrents if applicable (Le. depth to 

groundwater, geology at the site). 

.. .. J /, .... I _y ~ r 

,' " / . .(:' ~, / . ./.. ,'.>" . /c;) ,I' ,./ -' ...... r'/ - ..... r • . ./:.1;' ,. ,- 1/ ..• .:. r : , 

/, 'P<'~f'n~ :; 'f(j""f~ <"",~, "..." -" /. ~~ ~ ' '''' , ,,' 
\",. , t ... 

t;:> V "~C'I .. 7:0 :/ ;'n I< J 

11. Certification: 

"I certify that under penalty of lc..w that I lu,!e personally ·.exam:bErl 

and am familiar with the infonnation sul:m:itted in this docurrent and all 

attachrrents and that, resed on my inquiry of those individuals intre:1iately 

responsible for obtaining the infonnation, I l::elieve that the infoncation 

is true, accurate, and c:x:rrplete. I am aware that there are significant 

penalities for subnitting false infonnation, including the possibility 

of fine and mprisollIrent." 

Printed Nalre. of Applicant 

TiUe 

Date Application Signed 

s~gnature of APPI~cant 
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Well #1 
Cyanide 

Day of Date Mercury Nitrate Total Free 
Sample Sampled 

1 
38 
51 
64 
85 

100 
113 
119 
127 
141 
155 
170 
180 
204 
216 
232 
247 
261 
289 
295 
309 

o 
o 
o 
p.... 
..... 
W 

6/16/87 
7/24/87 
8/6/87 

8/19/87 
9/9/87 

9/24/87 
10/7/87 

10/13/87 
10/21/87 
11/4/87 

11/18/87 
12/3/87 

12/21/87 
1/6/88 

1/18/88 
2/3/88 

2/18/88 
3/3/88 

3/31/88 
4/6/88 

4/20/88 
Mean: 
Std. Dev.: 

mg/l 
0.001 

<0.001 
<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

mg/l 
2.6 
1.5 
2.0 

2.3 

3.0 

2.6 

3.3 

4.0 

2.2 

3.9 

2.8 

2.745 
7.7 

mg/l mg/l 
<.01 <.01 
<.01 <.01 
<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

PBR MINERALS TOMBSTONE, ARIZONA 

WATER QUALITY DATA 

Well # 2 
Cyanide 

Mercury Nitrate Total Free 
mg/l mg/l mg/l mg/l 
0.026 8.9 0.05 <.01 
0.026 7.0 0.13 0.02 
0.024 6.7 0.13 0.03 
0.024 10.9 0.07 NS 
0.026 9.0 0.08 0.01 
0.0264 12.4 0.13 <0.01 
0.020 22.3 0.12 om 

0.0235 22.3 0.08 0.01 
0.028 24 .9 0.13 0.02 
0.0297 16.3 0.09 0.02 
0.026 28.8 0.04 0.01 
0.034 24.2 0.13 0.01 
0.0386 23.5 0.14 <.01 
0.029 22.6 0.09 om 
0.020 23.4 0.14 0.01 
0.020 31.5 0.12 <.01 
0.020 18.5 0.11 <.01 
0.024 23.4 0.20 0.03 
0.027 ~3 .0 0.18 0.02 
0.030 22.9 0.08 <.01 
0.026 18.12 0.112 0.012 
0.005 7.44 0.04 0.008 

Well #3 
Cyanide 

Mercury Nitrate Total 
mg/l 

<0.001 

<0.001 

<0.001 

<0.001 

0.0166 

<0.001 

mg/l 

2.5 

6.2 

8.7 

10.1 

17.4 

10.2 

9.18 
4.96 

mg/l 

<0.01 

<0.01 

<0.01 

<0.01 

0.02 

<0.01 

Free 
mg/l 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Tombstone #1 
Cyanide 

Mercury Nitrate Total Free 
my I 

0.0011 
<.001 
<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

mg/l 
5.8 
8.6 
7.5 

6.0 

2.5 

9.4 

8.6 

9.1 

8.6 

7.1 

8.2 

7.4 
2.012 

rug/I mg/l 
<.01 <.01 
<.01 <.01 
<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

. 
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<:8mith 5- <:8mith Cnai'tonmE.ntat Con~U{tanti 
PH. 458-4789 

P.O. BOX 1146, SIERRA VISTA, ARIZONA 85636 

June 14, 1988 

Mr. Gary Lindroos 
P. B. R. Minerals 
950 Skyline Drive 
POBox 370 
Tombstone AZ 85638 

Dear Gary, 

Re: Contaminated sample (TEl well # 3) in 1987 

On December 3, 1987 a sample was collected by you and Ruth 
Vanden Broeck of our laboratory, at TEl well # 3. 
Unexpectedly, cyanide was found in the sample. Prior 
analysis of this well never indicated a cyanide 
contamination, and subsequent analyses have consistently 
shown less than 0.01 mg/L to be present. 1 feel this 
discrepency was due to a contaminated bottle that we had 
used for another sample. We have since implemented the use 
of disposable bottles in our laboratory sampling program, 
and have corrected the problem. 

I apologize for any alarm this may have caused you and your 
staff. 

Thank you for your patience. 

Respectfully, /J 

~~ t-1. p,~;rI-Z 
Kathryn W. Smith 
Laboratory Director 
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PBR M I NER.o-.L~. 
950 SKYLINE DRIVE 

P. O. .BOX 370 
TOMBSTONE. ARIZONA 85638 

602-457-2282 

June 14·. 1988 

To: All Suppliers 

From: NUke Ashworth. Administrator · 

Re: Trade Payablea 

On April 27. 1988. PBR Minerals. Inc. comp1eted the c1eanup 
operation or our leased property in Tombstone. Arizona; thus. 
rulrilling the requirements or the State or Arizona. The 
cleanup operation and the processing of metals rrom the tail
ings were being conducted under the guidelines or the State
issued Temporary Permit. and was. at that time. the only 
source or cash flow to the company. 

PBR will be applying ror a permanent heap leaching permit 
within the next rour weeks. and we reel quite confident that 
within rive months after our application is submitted. we will 
begin our heap leaching operation. During the six month wait. 
we intend. to create a market and sell our by-product aggrega~e 
to the State. County and City municipalities. and to private 
construction entities • and to conduct an orderly liquidation 
or any or our assets that would not be runctional for our heap 
leaching operation. in an efrort to provide a sufricient cash 
£low to meet our overhead and pay our trade payablos. 

During the next three weeks. we will be developing an opera
tion budget that will address an extended payout schedule for 
'our trade. In conjunction with this budget develop.ant. please 
make note in your records of our new billing and. mailing 
address or: 

PBR J1.INE~S 
950 Skyline Drive 

P.D.Box 370 
Tombstone. Arizona 85638 

Thank you for bearing with us during this transitional period. 

000118 
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1-13-f8 

r-."OTICE OF DISPOSAL 

1. a. Facility Nam2: Grand Central Leaching Facility 

b. Facility Location (List address or descri.b2 access by roads) : 

Old Bisbee Highway, Tombstone , AZ 

County Cochise Zip o:x1e_~8::..::5..:::.6:.:.;.38~_--.-____ _ 

'lb'.·.7'.ship 205 Range 22.E 

c. Facility Va'1ager: 

11,12, 
Section(s) 13,JL, 

Gary Lindros 

___ 1/4 ___ 1/4 ___ 1/4 

'J\2.1ei?I-Dne Number: 602-Lf57-2282 
~--~~~~~~~------------------------------------(Frea Code) 

d. CHr.le.r 's Nc:rTe PER Minerals, Inc. 

e. O ... rner 's Mares s 950 Skyline Drive, P.O.Box 370 

Tombstone, AZ Zip ~ ___ 8~5~6~3~3 __________ _ 

f_ Landowner of the facility site: Lessor:Tombstone DeveJ.opment Co. 

Lessee:PBR Minerals, Inc. 

g. Facility's plan e.'lginee..:!:'/ill"chite::::t: 

Narr.:;: Curtis Sealy, P.E. and Jim V. Rouse, R.G. 

Fi.rm: Geochemical Engineering, Inc . 

.kl:ircss: 274 Union Blvd., Suite L+60 ----------------------------------------------
Denver, CO. 80228 

Telephone mI1Cer: 

v;atc.=:" Permits Unit 
Revise<: 9/86 

301-988-8902 
(J>Iea Cede) 

00011'7 



h. Type of Pe.nnit you are aw1ying for: 

permit iriiividual facility pe.r:mit 
x 

area 

i. Type of facility requesting permit: 

x existing -----new ____ _ 

2. a. Attach a topographi c nBp (preferably a 7.5 minute quadrangle base) , 

shJwing the g~jraphic location of the facility (5) and all disp:Jsal 

locations. In ad:.ht-ion, .sh.aw ·the location of any existing groun:J:-Y'iO.ter 

withdrcl\ .• al wells -v,rithin the approx.i.rnate vicinity (~. mile radius) of 

t.."'1e disfOsal area and identify tJle use of each v.cl.l (i.e. ir.dustrial 

~ls, drinkirJ9' \va'tcr 5 l.'Q;;1 y 1fP--1ls, etc.). (If ap-?l ying for an area 

pe.rmi.t as described in H9-20-211, indicate on the maD the location 

of each facility and di~sal location in the propo~ penn:itted area) . 

b. List Latitude/Longitude of 3.'.1 disr..osal locatiol'.5 indicated on 

tJ1e att..ached ffi3.p 
--------------~------------------

--------

Centered on 310LI2 I 30" N. and 11003 I W. 

3. a. '1".JPe of Facility (s) PreCi01.1S - metal heap-leach facility, 

zero discharge with spent ore left on pad 

b. Na::ure of Activity con:3.uc:ted at facility (5) Crushed ore is 

loaded on an impervious pad and leached "lith a dilute solution 

of sodj:um cyanide. "Pregnant" solution is treated for recovery 

of precious me tals. Solution is then recycled. Spent ore is neutralized 

and placed nearby. P~l process ponds are double lined, with leak 

aetection systems. Area 8ro~nd ,vater is monitored. 

c. List. applicable U. s. rx~p.~rtm.='::1t of O:::mrerce St.ari!ard 

Industria l Classification (SIC) o.xles for atove 2......--tivities 

1041 - Gold M:~ning 

1044 - Silver M:ining 

OOOllH 



Date Initial Operation Began at Site: Sept., 1979 
January, 1988 
November, 1988 

Date Operations Began by Applicant: 
Date Anticipated Construction Start; 

4. Date Facility 1:::cgan/will b::.--gln operating __ M_a_r_c_h_,_19_8_9 _______ _ 

5. Expected Facility (s ) ~ational Lifeti.rre __ l_O-.:...y_e_a_r_s __________ _ 

6. List any other environi1ent.a.l P""--IT.rits issued to the facility (5) (Le. air 
guali ty ..... penni t I NPDES r..c.r.mi t 1 - hazardous waste penni t) 

Air Quality Permit to be appl ied for 

7. a. Descrit:e diSJ?Osal activi·ties at t:'1e facility (s) 

Tbere is no surface or suhsurface disposal. All process strearns are recycled. 

All process-solution ponds are double lined, \vith a leak detection system, and 

,vith the lower liner being a composite membrane/clay liner shmvn to have 

ability to attenuate contaminants. Pad liner also underlain by clay. Spent 

ore lS neutralized to destroy residual cyanide', prior to unloading of pad. 

b. D2scrit:e cu"1y rontrol rreasu::-e.s a.....a treatJ'rent processes desiS'Tl.ed a.."1d 
operated to protect <j-DunQ\·t'.J.ter quality fran effects . of the di~sal 

As noted in 7a, all process pads and ponds are lined with membrane liner 

and with clay liner capable of attenuating contaminants. Sp~nt are 1-1]_11 be 

neutralized after leaching, to destroy residual cyanide. Pumped monitor well 

assures that should any leaks occur and reach ground water (highly unlikely) 

they wo,uld be detected, and could be treated. 

c. Descril:€ existing groundwater use(s) of the receiving aquifer(s) 

Process water for existing wash plant and proposed leach plant taken from one 

of three existing wells downgradient of site. To,vn of Tombstone uses same 

aqUifer as a supplementa1 source of supply, with a well located approx-

imately one mile from area of proposed activity. 
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The water table elevation is approximately · 
4100!, which is 500! below land surface, 
depending on the elevation of the point of 

d. Note depth to groundwater measurement ----------------------------------------------
Source of data N.S.Thesis by Hollyday, continued observation in Co. wells 

I:B.te of ITeaSUrrnent 1963 and subsequent 
------------------~--------------------------------

e. If available, attach analytical rep::lrts for the ambient groundwater 
concentrations of the receiving aquifer (s) for those constituents 
listed that are contained in tre cliSf-Osal. Indicat:.e source of data and 
date of sarrpling for all V3,1ueS listed. 

8a. Identify the type (5) of v~aste (s) generated by each process ylithin the 
facility. Be as descriptive as p::lssible without listing specific 
constituents. 

Wastes contain spent ore, neutralized to degrade free cyanide. Residual 

pore water contains traces of heavy metals, cyanide complexes. and 

nitrate from cyanide degradation. 

b. If available, attach analytical rer:orts for the specific pJlluta.'1ts 
disposed by the facility. See attached report on attenuation of leach 
solution pollutants by clay subliner. 

c. Estir:Bte the disposal sch2dule including the armual average in hours 
p='J day, days per year, and the disposal periexis if the diS[.-asal is 
seasonc.l. 

HourS/day ____ 24_·_h_o_ur __ s~/_da~y~ ______________________________________ _ 

Days/year ____ 3_6_5 __ dc_ay~0_c~/y~e_~a_r __________________________________________ _ 

Seasonal Distribution of Disposal ___ N~!A~. ____________________________ _ 

d. Estirre.te tlle flOVl rate (s) of t.te disposal i. e. minimum, average, an::1 
rr.axirnU11 daily flow; m=>..an annual flo,,; or mean, nu.ru.rnum, and rrax:i.nn..lm 
flow by season if disposal is pericx:lici or by whatever other units 
3?Propriate to the typ2 of disp8sal. 

llined tonnage, per year: 350 ,000 

Solution circulation rate : 600 G.P.M. 
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9. De5cr.iJ:::€ any existing grounCivlater quality rronitoring program (5) 

(attach supfOrting teclmical reports i£ available) 

Three existing company water-supply wells are monitored on a routine 

basis, as is the Tombstone water-supply well. A new monitor well 

will be drilled immediately }iowngradient of the f acility , and ,..;rill 

will be continuously pumped to assure formation of a cone of 

depression and caP.ture of any potential leakage. 

10. Include any o'-....he.r clata or info::mation ...-hich, in the ju:3.gerrent of the 

owner /ope.rator, denonstrat.es that the facility qualifies for a gro~

water quality protection permit l::ase.'1 on ccrnpliance with the criteria 

listed in R9-20-208.A. Use attachrrents if applicable (Le. depth to 

graunclwater I geology at the site). 

Qualifying factors include : (1) lined ponds and pads, with contaminant

a ttenuation capacity in clay subliner, (2) neut r alization of cyanide in 

spent ore, (3) depth to vlater t able of appr oximately 500', (4) benning 

and lining of reagent storage and mix facilities, (5) pumped monitor 

,.,rell ,..;rhich can detect and contain any contaminant migration, and (6) 

higQ.surface evaporation rates. , , ... ~. Certl!lcatlon: 

"I certify that under penalty of lc:.w tJ1at I ruve personally-.ex.ar:ri:-:Erl 

and am familiar with the infonnation sul::mitted in this 60currEnt and all 

attachrrents and t..l)at t based on my .inquiry of those individuals 1.rrrrwiately 

responsible for oht2.J.ning the infornetion I I l:::e.lieve that the information 

is true I accurate I and o::rr:.01ete. I am a\..;are that there are s ignifica.11t 

:p2.!1alities for subnitting false infonnation, including t..'1e FOssibility 

of fine and inprisom€.i"1t." 

. PBR MINERALS, INC. 
Gary A. Lindroos 

P::'J..Dtea Narre. ot Appllcant 

J u 1 y 13, 1988 
Date A?plication Slgned 

Fae; 1 ity Manilger 
Title 



D 

~RruECT 
DATE: 6/30/88 

Lessor; 

Tombstone Development, Co. 
P.O. Box 1445 
Grand Island, Nebraska 68801 

REVISIONS 

Morning Star 
Owner: Bob Crist 

Tucon, Arizona 

Gra.nd Centrai Leaching Facility 

OOO.l~2 
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Table 5.3 

Well #1 
Cyanide 

Day of Date Mercury Nitrate Total Free 
Sam~ Sampled mg/l 

1 . 6/16/87 0.001 
38 7/24/87 <0.001 
51 8/6/87 <0.001 
64 8/19/87 
85 9/9/87 <0.001 

100 9/24/87 
113 10/7/87 <0.001 
119 10/13/87 
127 I 10/21/87 
141 11/4/87 <0.001 
155 11/18/87 
170 12/3/87 <0.001 
180 12/21/87 

-. 

204 1/6/88 <0.001 
216 1/18/88 
232 2/3/88 <0.001 
247 2/18/88 
261 3/3/88 <0.001 
289 3/31/88 
295 4/6/88 <0.001 
309 4/20/88 
323 5/4/88 
324 5/5/88 <0.001 

338 5/18/88 
Mean: 
Std. Dev.: 

mg/l 
2.6 
1.5 
2.0 

2.3 

3.0 

2.6 

3.3 

4.0 

2.2 

3.9 

2.8 

2.4 

2.717 
0.741 

mg/l mg/l 
<.01 <.01 
<.01 <.01 
<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

<.01 <.01 

.. Contaminated Sample Container, data invalid 

PBR MINERALS TOMBSTONE, ARIZONA 

WATER QUALITY DATA 
Smith & Smith Lab 

Well # 2 

Cyanide 
Mercury Nitrate Total 

mg/l mg/l mg/l 
0.026 8.9 0.05 
0.026 7.0 0.13 
0.024 6.7 0.13 
0.024 10.9 0.07 
0.026 9.0 0.08 
0.0264 12.4 0.13 
0.020 22.3 0.12 

0.0235 22.3 0.08 
0.028 24.9 0.13 
0.0297 16.3 0.09 
0.026 28 .8 0.04 
0.034 24.2 0.13 
0.0386 23.5 0.14 
0.029 22.6 0.09 
0.020 23.4 0.14 
0.020 31 .5 0.12 
0.020 18.5 0.11 
0.024 23.4 0.20 
0.027 23.0 0.18 
0.030 22.9 0.08 
0.034 17.8 0.18 
0.025 - 0.15 

0.028** 0.16** 
0.034 21.2 0.12 
0.027 19.159 0.117 
0.005 7.101 0.041 

** Duplicate Sample 

Free 
mg/l 
<.01 
0.02 
0.03 
NS 
0.01 

<0.01 
0.01 

0.01 
0.02 
0.02 
0.01 
0.01 
<.01 
0.01 
0.01 
<.01 
<.01 
0.03 
0.02 
<.01 
0.02 
0.01 

0.01** 
<0.01 
0.015 
0.008 

Well #3 
Cyanide 

Mercury Nitrate Total 
rng/l 

<0.001 

<0.001 

<0.001 

<0.001 

0.0166* 

<0.001 

mg/l 

2.5 

6.2 

8.7 

10.1 

17.4* 

10.2 

9.18 
4.96 

mg/l 

<0.01 

<0.01 

<0.01 

<0.01 

0.02* 

<0.01 

Free 
mg/l 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Tombstone #1 

C") 

C-J 
"'"1 
o 
o 
o 

Cyanide 
Mercury Nitrate Total 

mg/I 
0.0011 
<.001 
<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<.001 

<0.001 
<0.001 

mg/l 
5.8 
8.6 
7.5 

6.0 

2.5 

9.4 

8.6 

9.1 

8.6 

7.1 

8.2 

8.1 

7.46 
1.93 

D1g/1 
<.01 
<.01 
<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

< .01 

<0.01 
<0.01 

Free 
mg/l 
<.01 
<.01 
<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<0.01 
<0.01 



PUF: lyIIN[Hnl....':3~ Ii'lC. 
P. D. .GiJX 370 

TOMBSTONE, nRIZONA 
( C 1/1 ;::: ) 1.1' ~:".j 7 "- ;::: ;::: [:3 ;:~ 

(.) r". 0:;:' f' n rn'''' :l 1 ;~: I.f ., :l. ~') [:') ~) , P E< f~ ~/11 t··H::: f:{~) l..S , I 1\1(.::: • h ,T:, ~". t f·! rn p .::;, r-' ,:,\'0 .... :i. 1. ::r' 
s uspended th e tailing s leach operation in effort to devote 
our ma xi mum energies in the open pit mining operation, whi c h 
we are confident will s t art wit hin the next 9 week s . 

During thi s time, we will be making improvRments to our 
processing plant and smelter facilities plu s upgrading our 
pit plE~n. 

J. Michael Ashworth 
F'r· .. · E·! ~" :i. cl E':- '1", t 
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DFlrm:ING W.o.n:. R QU A LITY 

INOR Gr",/·HC cH t::.r:~~CA L ANAlYS ~ S REPORT IN G fO r-. ;\lf 
C -E I;)f£' (" r,; :770}["!fJII Q. /:' !~~.~ e !('ad Insrrut:1fonS on r eVf!fS (} s{'de . . 

·· .. - --·--·-.. ----- - -NOTE. WArEn SYSHM M UST COMPLET·E All BLANKS INSIDE TH IS l" OX ' .. ---- .. --- -" - -------1 

[---_. __ .. _._._---------j 
P"WS ID NO . ,oT'4 ['-- 1" ': ,'-"-'''--J---[ L:l _ ___ ., . __ L._. __ . 
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July 24, 1984 

State Mine Inspector 
750 Capitol Tower 
Phoenix, Arizona 85007 

Attention: Mr. Eddie Martin 

Dear Mr. Martin: 

l' 

". 

. , 
" 

'" .... 

.. . .. 

.' t , 

.. The ' following . is a report . on Tombstone ' Exploration; Inc. well 

water samples for the ,' week of July 16 - 22, ' 1984 and the City of 

Tombstone ~ell ~ater _~amples ·for July 18 ~ a~d19,· 1984. 

TOMBSTONE EXPLORATION ,INC. , 

.. The following , are ,·· readings 
pounds/toll': 

WELL·. NO.' 1 

.' 7-16-84 Nil 

Nil 
., 

... f' " 

for fr~e •. c~anide - measured 

WELL NO. 2 ' WELL NO. 3 

Nil 

Nil 

Nil 

in 

!, , ",,' .• ," 7 19"'<' 84''',' 
!, .... ,....iI-., ,'. - -

.,. • '""'- I 
\ Nil 

" N'il 

Nil 

.. ".'. 

': " 7-20- 84* pump down for repair Nil 

Nil ; 141 Nil 
.~ 'I' 

, ,.7-22-84 . :126 Nil 

. . ' 
* On Friday, July 20~ 1984~ Well No .. '2 p~mp was down for repairs 

, , . ~ 

treated w'fth.40 pounds : lime ' , ·;~ 400 pounds Calcium 

and · 4000 ' gal10ns of fresh ' water " in:' an . attempt to . ' 

from the sou'rce of the l .eak .. ; ~ ;". , 
. t .... • .,.,. ~ •• ~ ... , ~) 

,- , 
.. '.!-" I. 

, • I , 

... " . . , , ... I 

• ~ ':'"' .... 1" ......... 

,. , 1 
~ .. 

17 East 76th Street 
New York, New York 10021 

212-628-8466 

P.O. Box 610 
Tombstone, 'Arizona 85638 

602-457-2231 

.. ' 
'. ,,~< .r . .. / . 

i! I '.. ;~ 
f", .. ,,· 

~, <', 

, J. 
\' 
l 
I 
j 
J 

\~, ~ .- ... \ . ...;: ::.,: ,t 
i 
'i· 
~ 

~ 

'i. .... 
... . : . , . :~ 

J 
...... ~, ....... " ,1 ·,'t 

, 
.';':"':. .. . . 
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{ 

., 
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.. STATE MINE INSPECTOR):: . ' 
PAGE n 

' . . 

.... -:: h I_ 

t 
' /0-' t, 

, 
.. 

Tap water from the Plant and Lab at T ,E ,'1, " have been run 
days per week and ha~ :~lwayshad a nil reading for cyanide. 

' . , 
~" 

CITY OF TOMBSTONE 

·'.,. CITY WELL NO. d 
_____ ..: _____ ..!.'0~_ ., _____________ :..-_ ~ 1 ;. ,': ,'"'"1: 

) nil . 7-18 nil nil '(, '.';. 

.7-19 nil · " ' 10',' nil nil , 

seven 

3 .-, 

. If ymC have' any ques'Uons concerning 'this neport plel:l.~t: · .• ,,~;~J:\Lj.J.; ,t . 
Mr~ .Gary Lindroos ' or '::mysel( at the Tombst6t'ie~:~aadre's's/ph6ne ' l1sted '" 

. : below. . L' .:,' :.;;?,,~ .". ".'.~,... .; . . 
~ t 

Sincerely"; .. , '~""".(,. 

. BGL/ckc ' , 

I 
V' 

:,'J '~ • 

. ' ..... 

......... 1.. 

.' .-.. .,. 

- . cc: Mr ', Alex" Gradflla:S', Mayor of Tombstone . , .. 
. '\.: i . ' t C " • ~ ~-'f' -"", " ......... 

" ;':"'i':~'...'·"-' ., ..~'.: .. - .. ~; Mr . . Joe' 'Perottf, ·'l Clty . of Tombstone ,- .. \... .. 
...;.·~r-:~ ··{- ':-';1,~_ 1" ;; ' ~;.".i..,;.,,,:,,~ ;;' Mi';;: '- Tho'rna's H~ ' S~hl(fs's'"';' i:' To'inbstonlr -ExjJi"6~'flok:'~' Inc, 

. t··,· :+f":'~;:-~'T:'l'fr-:-'-Dustin L', "Es capule',':cToinbstone 'Exploratfon, Inc, 

• '. j 

oJ"'-,· ", 

:',i' : ~ :~ .. " 

17 East 76th Street 
New York, New York 10021 

212-628-8466 

·t'r, 
'1-';,' 
'~"i . 

, .i" .... 

" . 

" 

000127 

P.O. Box 610 
Tombstone, Arizona 85638 

602-457-2231 

I', ~ ,' .. • 
't·, 

',.,; 
"I' '):: .' ~ 

. ~ ." ... 
.. ~ ....... ·7"' ,v' 

" ~:i~"'l~/ .. ~:.~ 
~ .. ,-,' , 

.. , 
T'" ' .'.:', 
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August I, . 1984 

" State Mine Inspector 
750 Captiol Tower 
Phoenix, Arizona 85007 

Attention: Mr. Eddie Martin 

Dear Mr. Mart. in: 

.The following is a report on Tombstone Expl'o'ra-tion, Inc. we1.lwater 
", samples for the period .'of July 23, 1984-1 Jlfly, 31, 1984 . 

. ~r: " .. l:,l'\:?'~ '~::~/~~ '~~':~;'~I;~ :';';,11. '{~'.' .. ,.,.~ ~;.r:·~r~;~.,.'·'~~ · .\ .~ ~ . . ~~:: .. '. ~,".\ \<~~·~·:'~~~,;,\~·i.,.,. ~;i::',:,:, .. 
, The f6 11 owing'.'read ing's ';::E'or f;ee cyan id e;' ir r .e ' 'r 'e'port 'ed in pound sl tons: 

~,' y' :'-, ~ .... ':~.' ".::~~.~~~,X~f~t·~~~:i::'~_ ".?'~' ':; .. ::,." " ,··,~~~~t~~~-~:,}~:·:.~!X;·:I~:~ "\', :' ,I ., ••.. J .• } ~ ~!r·i~~~~~~~;hl:~:~' .. F_ ': 

, .', DATE .. >, ... :.:.',"" WELL No. '" 1 , " WELL No.2 ':',,,.. WELL No.3 
. ". "-£':;',, ~ , t ' .~ .' • ... , ", ,'. " , ,.' .... - , \ . ' , '.~ ': .:- " ~. 

" ~:.'::?'~'. 7 - 23- 84 '" ~;:iy~·:'-; ~ ' i 2 '0 ' . .' ''<~< rii 1 

';':".:: .. ;=;i=~: ~i·i ~ . " ': i;~ ··}:.'·:·/:··:·; ~ii , 
'7-26-84 nil .118 :' ,:. '.... n\il 

, ., 
! 

I I 

" r 

I' 
i !" _-4 . .;. 

',\1. , 

. " 

, , 
.~ 1 I 

'. , 

7-27-84 nil .116 :,:: .... ·~ nil 

~~g,~g ,. . :" ~ :~t . . , .. ·; :t~,~f~·,:;l,~i{:~,:., m".. 
The spray pond was, treated with an additi6na1 '. 40 "pounds of Time, ' and 

. 200 pound s .. 0 f . Cal c i um ,, ~tpo ,~ h 1 ori t e . . J::,:, ..... i",,:;~:i;U~;:,~.j,,';./>,·":'.·: :~"~:,:., . ;,:,.', .. ' :,.' ;., , 
Tap' water from the Lab 'and Plant (which 'n are' oh the .'CitY of Tonibstone ·. 
line) were chec'ked daiiy a,nd had a ·: ri.ii , T'ea:dingfor ··cyanl.de ~ '.e;.. .. ;;}'/; ,J '~'t!">:~.;;:, 

.' . , ,;':~'r' - ,,' ',., ,· .. ;IC;~r,,:;~,~,;\\lE.~:~i~£-::r,-) ·i(I.,;, "', ' ... ;":;" ;"'- ':':;:.':<i:"',';,'~ '",' f. .'·F'. 
No ' water: samp1es from ' 'the 'City of Tombst 'o''ri '~ ·'~.we;r, e . re 'ceived ·during ,,,thiS . ;.':{~ "~"'" ~[ 

: ::: ~: :: : ~ d. '., "'if' '",." "~"; )~';:,~r'~~";'" :'. ~r '.." . i~j~>;"''\ "i,'( '~',i 
,', ,':' \ 

:'. \. 

;27~?--':~ON, I~C. ''''::;.:"'\)" ''' , ':?~>:l 
Bob G. Lee '\;" '.o', ,. ' j 
General Manager <,. "'.;:-,; :, ... , /., . . .. ,. ,.. < 

BGL/ckc •• \~::/ n ' :,r . :i::' /~:~.':~~:' ; .. :::~ .. >,:!:'." . : ~ :.;".",;' ': " , " ,,;~ 
., ...... :-.. , ~ .. .! ;:, . I, '.. T" • " ~ I ~.~ .• ~:: .•. , ." ••• ~~~' ~ 

,',_ ~ • " .,.... . . ' ~ ,. J • , " ' .•• • ltr 

Mr .. A1ex . Gradi11as" Mayor , ~f ' Tombst'o~e ··.::<.·,:/):,:.; , . ': , ... ,-,,:'. 000128 " ... ;~ j 
Mr. Joe Perotti Sr, City '; of Tombstone "- ..... ~;.,.. . I'~ ,..' : ':) 

cc: 

Mr. Thomas Schloss, Tombstone Exploration ~ Inc~ • 
Mr, Dustin L. Escapule, Tombstone Exploration, Inc: '1 

17 East 76th Street 
New Y(.rk, New York 1002] 

212-(i:28-8 'lo6 

./ 

.' : '. ·P.O. Box 6JO " 
rullnhstOJ'lt', Adzona 85638 

'(,02-457 -2231 
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August 31, 1984 

Mr. Eddie ~jartin 

Staie Mine In spe c to r 
750 Capitol Tower 
Pho e nix, Ari zon a 85 007 

Dear }';,. Mar::in: 

" 

I 

-l , 

,T h e fol10 '."ing 'is ,a r 'eport or, lq rq b stone; E-xp ,lora t ion . Inc. weI 
wate r samples for the p e riod o f ' Au gust 25 - August 31. 1984 . 

The followi ng re,adi,ngs for ' f ree reported in pounds/ cvanide a re . , 
ton : 

'DAT E W[L L No ; 1 WELL No.2 ' ~HLL No.3 PLANT", , LA B'~ 
; - - '- '- -

8.:. ,2 5 - 84 n i' 1 '" , 034 nil ni 1 ni I 
8-' 26 - 84 ni 1 .034 nil n i 1 nil 
8-27-84 nil ' . 036 nil ni nil 
8-28-84 n i i ~ O38 n i I ni nl 1 
8-29-84 ' nil .036 ni 

, 
n i nil , 

8 - 3.0 ,- 84 n i J .036 , n i J ni nil 
8-31-84 ' n i J ' .034 nil Ii i 1 Ii i 1 

* Plant and Lab tap water source is ' City of Tombstone 

I f you h a v e an y que s t i 0 Ii S con c ern i n 9 t his rep ar t, p J e as e f e e ' l 
free to contact me at th e Tombstone phone numbe r/ address li s t ed 
below. Thank you. ~ 

Sincerely, 

TOMBSTONE EXPLORA TI ON , INC . 

/~/1 fl ~J.!:::J 
, 0/~~./ L-

r ,t '7\, ~,,=--, 
Bob G. Lee ' ; 

, G'e n era 1 , M,a nag e.-

' BGL/ckc , . ,. 0:00130 

,', 

:.'-

" 
i 
r 
,,, 

t, 

, 
I, 

': 
I· 

I 

" r 

' cc: Mr. Alex Grad'i lias ,M'ayor of Tombs~ tone 'I';;;;l" " ':";~ 
Mr. Joe Perotti Sr, Director of Public Works, C,ity of Tombstone , :,:::: \': 
Mr. Thomas Sch ,loss, : President ',Tombstone Exploration, Inc. , :",\, i .. 
Mr. Dustin Esea'pule, Vice President, Tombstone Exploration, Inc. t 

.1 7 Fast 70th St rt'e t 
~n\ York, :': .:w Yod, 10(121 

PO, Box ()I O" 
1(, 1' :\ hSI orw. A ri 'wnaS;;638 

()«~ - \ ,') ~ - : ~~2:) I 
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September 10, 1984 

tit r , E d dj e Mar t in 
~ ta t e . t1 i n e Ins p eo c tor 0 

7 50 Capitol Tow e r 
,' hueni x , Arizona 85 007 

j ei::lr i''tr, Martin: 

Th e f 01 low i n g 
water samples 

i 5 are po r ton To m b s tori e/ " E x P lo r a t i' -0 n, " I n c. we 1 1 
for the period of September 1 - September 7, 1984. 

" ' 
T h e following readings for free ,cyanide , are reported , in pounds/ 
ton: 

0' 

DA TE WELL No. WELL No.2 WELL No.3 PLANT'~ '. LAB* ----
3-1-84 n .034 nl nl 1 ni 1 
9- 2-84 n . 02 9 n i n i 1 n i 1 
9-3-84 n .032 n i n i l n i 1 ' 

9-4-84 n .023 nl ni 1 n i 1 
5 - 5-84 ' n .02 8 n i n i 1 n i 1 
5-6-84 n .030 0 1 1 nl 1 n i 1 
3- 7- 84 n .o2E; ni ,1 r, I 1 n i 1 

,~ P 1 ant and Lab tap 5 wa t e r sou r c e i 5 fro m ' t he Cit Y 0 f Tom b 5 ton e "'i~l. ',; . 

If yo~ have any questions concern i ng this report, pl ea se feel free 
to contact me at t he Tombston e p h o ne number/address ,1 isted below. 
Th an k you. ,.; .'. 

r' :' ,', , 

Sincerely, 
,,'1:,,: . ' 

TOMBSTONE EXPLORATION, INC. 

BGL/ccr 

cc: Mr. Alex Gradi l1as, Mayor of Tombstone 

000131 

':. ',- ' .. , ,. ~ " 

Mr. · Joe Perotti Sr, Director of Public \.Jorks ' , City of Tombstone 
Mr. Tho mas S c h los s , , P res ide nt, Tom b s ton e E x p 1 '0 rat ion, Inc. 
Mr. Dustin Escapule, Vic e President, Tombstor,e Exploration, ,Inc. 

J -:- [;}<; t -;' (l!!t Stl'I ' ~ ' t 
'\('\'. -Y'n'k, T\(,v, Yl, ;-i,; Wt)~:l 



" 

" 

:; J 

I .. 
t. 

" 

, " 

,',,' 

, " . ' " 

'"" .,/..;' ,.: 

TOl\ffiSTONE EXPLORj-\TION~ INC. 

September 17, 1984 

1-1 r. E d die Mar tin 
~ tat e r,j i n e Ins 'p e c tor 
750 CaDitol Tower 
Phoenix, Ar;~on a 8500 

Dear hr, Mar tin: 

/ 

:.,' . 
,i. '/ 

we 11 The follciwing 
VI a te r s (/in pIe s 

is a re'port on ' Tombstone " Ex'ploration, Inc. 

fo r: the pe r i 0 d 0 f S e pte m b, e r 8' - S e p t eo m b e r 14, 1984. 
.. " 

The fo 1 j :':'w ing 
to,n: 

read i ng's fo:' free cyanid.e : are reporte d' i r, pounds/ 
.'. ' 

DP,T E WELL NO .1 ,--------

9- $- 84 nil 
5-3-84 n i ], 

9-10-84 ni l 
S-II-8Lt n i j 

9-12-84 nil 
9-13-84 nil 
9-14-84 n'f1 

Plant and 

.j , ; . " 

If you have an y q0esti on s conc~ rning 
t o con t act me it the lo~bs ton ephone 
Thank you. 

' S i ncerely" 

TOMBSTPN~ EXPLORATION, INC~ 

8 ¢;l; G. Lee 
G e n ~'r 'a I M a ;; age r .0' . 

, " 

':r' .' ~.~' .;. . "', ~ .! .,,. , ' • . 

nil" 
n i) 

ni.l 
nil 

' n i 1 
ri i,: 1 
nil , 

" 

", 

, '" 

P LA NT;';-
----.--

n i) 
ni I 

" 

ni F 
ni 1 
ni l 
ni l 
ni 1 

LAB* 

nil 
fil f 
nl ; 
ni l 
n i i 
nil 
nil 

the Ci ,Y , of, 7ombst,o,n e 

" .. :', 
( , 

this report, p lease feel free 
~u~ber/address i isted below. 

000132 
cc: H r .. Ale x,":G r a d i 1 1 ;'i:ls ,M a yo r of T am b 5 t;o n e 

'Mr. :: Jo'~ "~P~e'~'.p.tt 'i ,} S t: .. ,', Di r~cto r ' ofJ;fub 1 i c \,Jorks, City of T OJ ~ , L, st Gne 
, Mr. HH'i'I,11 c:l ' ~: ' " S "t h I ci s s ': ' 'Jr e s j ci e nt, ;ti1jJ'l,b' 5; 1 0 n e ' E.x pl or a t ion, Inc . 

• : • W ',', ''''/': J , • • ~(. ~ .. :~ .. \ . " . • • 

Mr. Dus t in ': ,. sr ca· ~' U~ 2 ,"'v, !:::: ~reS :'- 'i~\·:t jjr:" T,.)rn nsto fY e :,Y, p lo rat:c) n, inc::. 
J -:- L! s t '7(dl ~~!:',': ' ; 'l ' '. P. O, Ht' '\: (,In 

, I 
,.1 ' 

~', • c , 

" ' 

;L 

i, . 

i 
i. 
f 

J 
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TOlvrnSTO~~ EXPLORATION, ]NC. 

September 21, 1.984 

Mr , Eci die ~a rtin 
S~ate ,Mi nE' inspect o r 
75C Capi r ol T 0wer 

Phoenix Ar;?0n~ l5007 . 

The following report, is on Tombstone Exploration, Inc. \-Jell water samples 
f o r th e period of September 15 - September 21, 1984. 

The following readings for fr ee cyanid e are reported In pound 's/ton: 

DATE WELL NO.1 WELL NO.2 WELL NO.3 ' PLANP LAB:~ ------- ---- --.. --

9-15-84 nil .028 n 1 n.i 1 nil 
5-16-84 nil .026 n I nil nil 
9-17-84 , ni 1 .028 n \ n i i ni 1 J 

9-18-84 nil .024 n I nil nil 
9-19-84 n il .022 n 1 nil ni 1 
9-20.-84 ,' n; 1 .022 n 1 ni 1 nil 
9-21-84 . n j 1 .022 'nll ri i I nil 

Plant and Lab ~ater source is from the : City of Tombstone 

l '. ~ I\" I ' 

If you have any ques t ions concerr. t ~ 1 g {r~ j s report, please fee'i free to con t. ac t 
meat the Tombstone phone number/ address I j'st'ed below. Thank you. 

Sincerely, 

. \ 

TO,~BSTON: EXPLORAT ION, INC. 

, /"'-;;rS /"~-;.-:, / " 
//~,s."<~<"--/L-<~:'<;';/ ~~~_, 

........ 
Bob G. Lee 
Genera I ,Manager 

BGL/ccr 

, cc: Mr. Alex Gradillas, Mayor of Tombstone 

0001.33 

Mr. Joe Perotti Sr~ Director of Public Works, City of ~ombstone 
Mr. Thomas Schloss, President, Tornbstone' Exploration. Inc. 
Mr. Dustin Escapule, Vice Presid en t, T6mbstone Exploration, Inc. 

1 ~ F:1 Sf '7 () t h S t n ·t·! 

\ "\'. Y''i·k. \ ('w Yu :·k lO(!,n 
P.O. B()~ 610 

!; Hll;l:-:.luIW .. ArizolHl WI ():~g 

(d !':: ,.,1. :-: 1-?'2JJ ' 

.' 

" 1; 
I 

1,·,·· .. ·1 · 



, I 

. ' ' 

, . 

, . , 
""':1 

I ,'" . 

I, 
t 

, 
" ,I 

. ' 
~ ; i : 

~~ ir/t~ ... 
, I 

" I 

y 

" 
,,' 

," 

~ , I, 

'~ 

.l t • 

TOIVIBsrrONE EXPIJ)Rt\TION, INC. ' 

September 215, 1984 

1'1r. Eddie Martin 
St a te Mine In spe ctor 
7 50 Capitol Tower 
Phoenix, Arizona 85007 

Dear Mr . Martin: 

" 

The fo 1 I ow i n g 
vJater samples 

r' e po r tis 0 n T Q rn b s ton e ' Ex p lora t ion, Inc. well 
f or the periodo~ Sept~mber 22 '- 2B, 1984. 

... . ,',l', 

The following readings 
pounds/ton: 

fo r free cyan ide ' are 'repo r ,ted in 

DATE 'v/ELL NO. 1 ,~ WELL NO.2 WELL NO.3 PLANT* LAB* ------

9-22-84 . 
,,' 

nil ' ni~ ,j n 1 .022 nil 
.Ir.~ 

9-,23- 84 n .020 nil nil ni 1 
" 

9-24-84 n 1 .020 nil nil nil 
9-25-84 n 1 ,.020 nil nil " nil 
3- 26- 84 n 1 .018 nil nil nil 
9- 27- 84 n 1 .018 n j J " nil nil 
9-28-84 n 1 .022 n j J ., nil nil 

.,.,,: PIa n t and Lab water source i s from the Cit y of Tombstone 

If you have any ques ti ons concernin g this report, , please feel 
ft ee to contact me at the Tombstone phone nu ~b er/a~dress l ·is t ed 
below. , Thank you. \' 

Sincerely . 

TOMBSTON~ EXPLORATION, INC. 

5'o b G. Lee ' -. 
, ., 

BGL/ccr 00-0134 

,. 

.r. 
, " 

> 

. ~!\: ' I fit; 

',; ~ 

,\; , 

'" , 

cc : " M r. 
, 1 

Ale x G' r a d ill as, May 0 r 0 f , Tom b s' ton e . . i, 
Mr. 
Mr. 
Mr. 

Joe Per otti Sr, Director of Public Works, " City of ' Tombst'o' n' e 'i:~ 
Tho mas S c h' 1 0 5 5, Pre sid e n t . Tom b 5 ton e E x p lor a t ion, Inc. . ;.' t' ; 
D6st ,in Escapule, Vice President, Tombstone Exploration, Inc. 

, ' 

17 Eas t 7(ith SI l'f~'d 
]\,, \\ )'\ .1'1.;." ~~('\\' yf) d.~ lUn2J 

:::-: :... - () ~ B - ~;J(l () 

P. O. Box 6] 0 
, 'l(lmh~llIJw ~ A!;izona 8;;638 

602 -4.; -; -2:?31 
',' 

.' 
, 

\ (~t' 
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T01"IBSTON ,E~ l'=X_PLOPLL\TION~ INC. . . , I 

October 5, 1984 

Mr. E d die t1 art i n 
State Mine ' Inspector 
750 Capitol Tower 
Phoenix, Arizona )5007 

Dea r Hr. Mart 'in: 
"" 

" 

, . '-

., 
The fol lowing 
water samples 

report is on ' Tomb~~one Exploration, Inc. 
for ' th e per io d ·6 f S e pte m be r .: 29 '- 0 c t 0 be r 

The , f 01 J ow i n g 
pounds/ton: 

' :',i~~~'> ' . / '~ "l > ~~\~",: <.~; :' ~'<"'~;:"~i)~~;!.~t;j":'91.:,) ··! "<l~~~; ",' ;1,.. ~ 
rea d i 'n 9 s f 0 i- f r e ec 'y a ~ 'i de a r ~ , re po r ted 1 n 

',r .' '.: • 

DATE WELL NO . . 1 

9-29-84 . nil 
9- 30-84 nil 

t..,·,v, 

10-1-84 nil 
: .. -. 

J 0- 2-84 nil 
10-3-84 ni 1 pump 
10-4-84 n i J 
JO-5-84 nil , . 

WELL NO.2 

.020 

.020 

.018 

.014 
down for repair 

_022 
.018 

WELL NO.3 

nil 
nil 
nil 
nil 
n: 1 
ni 1 
ni 1 

./. 

PLANT~~' 
y ' 
~ 

n i J 
ni J 
ni 1 
ni J 
ni 1 
n i J 
ni 1 

we 1 1 
5, 1984. 

LABi, 

ni J 
ni 1 
ni J 
nil 
ni 1 
ni 1 
nl 1 

Plant and Lab water source is from the City of Tombstone 

I f you have any questions 
free to ' contact me at the 
be I ow. ( T han ky 0 U ;:{',}i 

Sincerely, 

concerning this report, please feel 
Tombstone phone number/address Jis;e~ 

,-

TOM B S T O'N E EX P LOR A Til 0 N, INC. 
t 

. - r / . " 4/1 . 
, ///,) ~ / ,~ / .' ~ ~ 

.. ~ ,...~~'/" :,,,r ~~7~ ~ .' ' 
. / ~ . . 

:--," Bob G _ Lee . 

. , f , 

General Manager 

BGL/ccr 000135 
, ~.' 

cc: Alex Gradillas, Mayor of Tombsto-ne, City of Tombstone 

,". 

, ,, '; 
• ,. ,I 

" ,t 

... 
~. ~.:':~ lW 

"-" "'j 

~, ' , "'~ 

~~ 

-: 

:-. ~,! , .. :~-': '~ 

.. ~ 

. u: 

.. 
r. 
< 
" 

'f 
" I 

.~; 

ji-

'. 

Mr. 
Mr. 
Mr. 
Hr. 

Joe Perotti Sr, Director of Public Works, City of Tombs t one 
Thomas Schloss, President, T'ombsto-ne Exploration, Inc. 
Dustin Escapu1e, Vice President, Tombstone Exploration, Inc. 

17 East 76th Stl'C(~t 
l\'ew Yod". ~cw York ](}021 

P.O. Box .610 
rn !mh~! () nt~, Ari7.t1na g'=:>638 " ~ 

, 
" ' 

~l(t~ - -F;7 -??:11 



Client 

Project 

Location 

WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P.O. Box 21387 
Phoenix, Arizona 85036 
(602) 437-3737 

Tombstone Exploration, Inc. 
P. O. Box 610 
Tombstone, Arizona 85638 

Attn: Gary A. Lindroos 

LABORATORY REPORT 

Job No. 

lab./lnvoice No. 22140742 

Date of Report 10/17/A4/1 . 

Reviewed .BY~ f/. ~ 

Material/Specimen Wa ter . _ ....... __ . '.' _ Sampled By __ . TEl/personnel Date 

Date Source .. Submitted By TEl/personnel 

Test Procedure . Std. Methods . .4J2D ......... _ .... _ ...... Authorized By-::,.:- Date 

RESULTS 

Three water samples were received for analysis of free and total cyanide. 
The results of these analysis are as follows: 

Sample Free Cyanide Total Cyanide 
Identification m9:/L mg/L 

#1 <0.05 <0.01 

#2 <0.05 <0.01 

#3 <0.05 <0.01 

Copies to : Client (3) 
City of Tombstone (1) 
State Bureau of Water Quality Control (1) 000136 



Client 

Project 

Location 

WESTERN 
TECHNOLOGIES 
INC. 

3737 East Broadway Road 
P.O. Box 21387 
Phoenix, Arizona 85036 
(602) 437-3737 

Tombstone Exploration, Inc. 
P. O. Box 610 
Tombstone, Arizona 85638 

Attn: Gary A. Lindroos 

LABORATORY REPORT 

Job No. 840002-004 

Lab./lnvoiceNo. 22140757 

Date of Report 10/17/84 1/ 
Reviewed BY~ {J, ~ 

Material/Specimen Wa t~r __ .. _. __ .. _ .. _ .. _. _______ . __ . ______ . __ ._ Sampled By. __ ._T~Jlp.e r sonne 1 Date 
Source _ --: .. . . ____ . _. __ . __ ... ___ . _______________ ._ .. _ _ ._ ._ Submitted By TE.r/personnel Date 8/03/84 

T est Procedure Std .• .. Method s:4J.2.P . ____ . ________ .. __ ._ Authorized B-y:'"":: _ Date 

RESULTS 

Three water samples were received for analysis of free and total cyanide. 
The results of these analysis are as follows: 

Sample Free Cyanide Total Cyanide 
Identification mg/L . mg/L 

#1 840002 <0.05 <0.01 

#2 840003 <0.05 <0.01 

#3 840004 <0.05 <0.01 

Copies to: Client (3) 
State Mine Inspector (1) 
Arizona Dept. of Health Services (1) 

000137 
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TOl\1BSTONl= F~XPLC)ll~rIOI\~ L\1C. , " 

October 19, 1984 

Hr, Eddie Martin 
State Mine Inspector 
750 Capitol Tower 
Phoenix, p,rizona 85007 

De ar Mr. Mar'tin: 

' " 

The f 0 1 low i n 9 rep 0 r, tis 0 n Tom b 5 ton e E x p lor a t ion. Inc. weI 1 
", water samples for the period of October ' 14 ,, - 19. 1984. 

The fo1 lowing readings for free cyanide are reported in pounds/ 
ton: 

DATE WELL No.1 WELL No.2 WELL No.3 PLANT-~ LAB-': ------ . -
10-14-84 nil ,014 nil nil nil 
10-15-8'4 ni I ,011 nil " n i 1 ;n i 1 
10-16-84 ni 1 .006 ni I ~. n i-I ni I 
10-17-84 ni I .011 nil nil nil 
10-18-84 nil .014 nil nil nil 
10-19-84 ni 1 . OIl nil nil nil 

. * Plant and Lab waster source is from ,th~ , ! City of Tombstone 

If you have any questions concerning this report, please feel 
free to contact me at the Tombstone phoninumber/addres~ 1 isted 
below. Thank you. 

Sincerely, 

Bob G. Lee 
General Manage r 

BGL/ccr 
00013B 

cc: Mr . Alex Gradil1as, Mayor of Tomb-stone, City of Tombstone 

, . 
" 

'Mr. Joe Perotti Sr., Director of Public Works, City of Toinbstone 
Mr. Tho mas ' S chI 0 s s, Pre sid e nt, ,Tomb s ton e Ex p lor a t ion, Inc. i 

Mr. Dustin EscapuJe, Vice Presid~nf, Tombstone Exploration, In~. 
" 

:t , 

17 E~lst 76th Strf'd 
' ,,' ',,\ Y(ll'k. \cw 'Yi .,'k 'l":!t:2 1 ' 

P.O. B( ,X (dO 
1~ , III h..: l 01le , ' :\ r-; zn! 111 n;i(i;') 8 

{ )i l~ - :\ ,', ': - :~ '-' ?, 1 

.. 

;: 
i~ 
j~ 

~ 

~ 
" 
\ 
-; 

'.i 
" 

'! 

\ ' 
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<i;\ • 

October 1984 

Mr. Eddie t'Jartin 
State Mine Inspector 
750 Capitol TOltJer 
Phoenix, Arizona 85007 

.... 
• '. ... ,. :. ,.J 

.' . )' ~, t 

, . 
I 

The fo J 'I. ow i n9 
water sappJes 

'report , is on , Tom b.;; tPne Exp l oration, Inc. 
for the period ofOctobe ~ 20 - 26, 1984. 

we 11 

The fol lowing readings for free ~yanide are reported in pounds/ 
ton: 

DATE WELL No.1 WELL No.2 WELL No'. 3 PLANT* " LAB* 
. 

10-20-84 ni 1 
~ 

nil .013 ni 1 ,n 1 , 

10-21-84 n11 .011 "ni 1 n 1 nil 
10-22-84 nil .015 ni 1 n 1 nil 
10-23-84 nil .017 nil n 1 nil 
10-24-84 ni 1 .010 • nil , n 1 ni i 
10-2:::-84 . -' ni 1 .010 ." ni I n I nil 
10-26-84, nil . OIl ,,' 

"i 1 n I ni 1 

* ~lant and Lab source is{ro~ the C,ity of Tombstone 

If you have any questions concerning this report, please feel 
free to contact me at the Tombstone phone number/address 1 isted 
be 1 o It, _ Thank you. 

Sincerely, " , 

TOMBSTONE EXPLORATION, INC. 

,:. "I, 

,l, 

.... 

" 

::Y ~; 

: ':l-:. :" 

:t' 

" 

' .. 
" i 

1 
~; 

, 
, 

' ," ~ 

" 

~,/b~ /: " "t - ~ 
/ /' . ,,,,""/ _.' -

I ". -- '-r L,I c.~/ , # , /" ' 

~.. 1._ .... · /'--"\. _ .L.-..... 

.. ~ 

Bcb G. Lee ' 
G~ n eral M~"aoe r 

,.' , 

eGL/ccr 
000J.39 

cc: Mr. ' Alex Gradillas, Mayor of Tombstone, City of Tombsto 'ne ,' 
Mr. Joe Per 0 t tiS r, D ire c tor , 0 f Pub 1 i 'c' W 0 r k s, Cit Y 0 f Tom b s t '0 n e 
Mr. Tho ni as ' Sc h 1 os s, P res i de nt, Tomb s tone E x p lor a t i on, Inc. 
Mr. Du~tin ~scapule, Vice President, Tombstone Exploration, Inc. 

1-:- ErJ~t i (lt h S1:'cct P.O. Box 6]0 I 
j 

,. ~ 'h '.'''r ·k . ~'~ ~ ' \'I' )'Ilr k ll';{l21 
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169001 
____ • __ • __ ._ • ...".....,. .... I ..... ~ • I ""'''''i....,,,,IU'' r 'G'llll, 

PZ d e ll //0 / 
SPECIMEN NO, 

Self-Monitoring Report Form 
Arizona Department of Health Services 2-9-87 ------------- ---DATE REC'D AT t AB 

Labcre & Address . LA~~ I 00002 

Arlzona Testlng Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise Si lver Mines, Inc. 
p ~Ii o. Box 1 58 
Tombstone, Arizona 85638 

G-O Oll-02 
ADHS Permit No. 

C'.?c !: is<, J ',!;/r:r:- /J-1;/"./'f?S 

Sample Location -;t''c>m ":.~ ';",.t-e ,I ..('r: ( -: , ?,.I~ 

SAMPLE COLLECTION INFORMATION 

ei:J Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other _________________ _ 

-7 C '""-7 //. ' 10 Sample Dale _.:::--<>--.-":::':-'--.JI.rf:-.L __ 5 ample Time _--'--' __ ~ __ 

Deplh 10 Wiler ______ Foel below land .urface 

(Groundwaler Samples Only) 

Parameter Code: P72019 

l
iDH: s I:USI:

e 

I: nl:
I
Y

: : ':1 :: I: I I: I: I : I:: I I:: ': I: ' :: I I:: I: ' :: I I:: ': I :, ' I I I I , , I lsici,iiiiiiiiiiiliiiiiiiiiiiiiiiii. I 
$lore( P1I,.." ..... 

Number 

Arsenic + P01002, 

Barium + P01007, 

Cadmium + P01027, 

Chromium + P01034, 

I Ler ' }-__ ~+-l 
~,"",J~ + 

P01051, 

P71900, < 0·nn1 
Nitrate(N) POO620, 2·9 
Selenium + P01147, 

SlIver·- , + P01077, 

Fluoride P00951, 

Alkalinity P00410, 

Calcium P00916, 

Chloride POO940, 

Copper + P01042, 

Hardness P00900, 

Iron + P01045, 

Magnesium P00927, 

Manganese + P01055, 

pH P00403, 

Sodium P00929, 

Sulfate P00945, 

TOS P00500, 

Zinc P01092, 

·Units are mgll unless otherWise noted. 
cc: Dir. of PubLic Wor k s, < = Less than 

Tombstone AZ 

Store( P1Iram .. ., 
Par.."",, Name · Numb« 

Endrina P39390, 

Lindanea P39782, 

MethoxyChlor a P39480, 

Toxaphene a P39400, 
2.4-0a P39730, 

2,4,5-TP Slivex a P39045, 

ITHM a 
P82080, 

, 
Free Cv anidp fn''iJ..w/'I ___ .:...'~ < 0' 01 
TotaL Cyanide ' Ih~~q/L~ ____ ~'~ 1 __ <~ ____ ~0~.~0_1 ______ ~ 

A adlu m-226/228b 

GrossAlpha. Tor 

- Count Errorb 

Beta Activityb 

Cesium-134 tl 

lodlne-131 b 

Strontium-gO/8gb 

Tritiumb 

Uraniumb 

• U nits are J-.Lg/l 
bUnits are pCi/l 

P11S03, 

P01501, 

P01S02, 

P03501, 

P28414, 

P28301, 

P01082, 

P82126, 

P22706, 

Arizo partment of Health Service~ Comments: --------------
Send 3 J ies of comp(eted form to: ' 

Office 0 aste and Water Quality Mgmt. 
Compliance Section 
Room 304 
2005 North Central 
Phoenix. Arizona 85004 

J 



. -.--

:f/ .r 1/'./-: 1/ 1/.) . ::: 
SPECIMEN NO. 

Self-Monitoring Report Form 
Arizona Department of Health Services 

2- 9- 87 
DATE REC'D AT LAB 

Lab Name & Address LAB 10 I 00002 
NO.I....,;;,~~~_-4 

Ar zona Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise, Silve r Mines, 
P. O.'Box 158 
Tombstone, Arizona 

Inc. 

G-OO 11-02 
AOHS Permit No. 

CocA/sf'; ~'I~"r'A /J1/-N< .• 
Sample Location _-=-/;,-=o::...:rrl:..:.....:.~~· :<~fu::..:.!Nt?~/"..., ...:::Ao!.-" /.:~, w'·"Z''-!..:'''~N:..::,. ___ _ 

SAMPLE COLLECTION INFORMATION 

!Xl Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other ________________ _ 

- / 0- I'/.·~s-S.mple Oal. _---.: ..... ~~...::.< .:.... ••. -~~.!.-, L( _Sample Time ___ ~'-'--__ 

Depth 10 W.'er _____ F&et below I~nd ,urtace 

(G roundwater Sample. Onlyl 

Parameter Code: P72019 

Collected By: /Jv~r-'-t' ,/~e,;~<>,.,"'/, 
/ 

I 
I 

: : : : : 
I I 
I I : : : : : : : : : : : : : : : : : I I I I I I-I I I 

Storef P8r8meter 
Number LAboratory An.y'" Result. 

Arsenic + P01002, 

Barium + P01007, 

Cadmium + P01027, 

Chromium + P01034, 

Lead + P01 OS1, 

+ P71900, 0·022 
Nitrate(N) POO620, 28. 
Selenium + P01147, 

Silver +,' P01071, 

Fluoride POO9S1, 

, 
Alkalinity P00410, 

Calcium POO916, 

Chloride POO940, 

Copper + P01042, 

Hardness POO900, 

Iron + P0104S, 

Magnesium POO927, 

Manganese + P010S5, 

pH P00403, 

Sodium POO929, . , 
Sulfate POOQ46, 

ros POOSOO, 

ZInc + P01092, 

·Units are mgll unless otherwise noted. 

Par8meter Nam.· 

Endrina 

Lindanea 

MethoxyChlor· 

Toxaphene· 

2.4-0a 

2,4.5-TP Silv6x · 

TTHM a 

Storet P8rame1.r 
Number 

P39390, 

. P39782, 

P39480, 

LAboriltory Analyal. RHUII. 

P39730, _ 

P3904S, 

P82080, I I _______ ~ 1---------------' I 

P39400, ~ .~ __ .. §:: 

, -:l 
I--------~ I-----~~------

Free Cyanide, mF-g.:..../L~ ____ ~,~ 1 _________ 0_._0_6 ______ ~,~ 
Total Cyanide :ng/L, 0.27 

Radium-226/228t 

GrossAlpha. Tot 
- Count Errorb 

Beta Activityb 

Cesium-134 b 

lodine-131b 

Strontium~~O/aeb 
Tritiumb 

aUnits are 119/t 
bUnits are pCi/t 

I-------~ 

I-------.-!..- i----------------~ 

, 
P11S03, 

P01S01 , 

P01502', 

P03501, 

P28414, , I 

P28301, 

P01082, • 
P82126, 

P22706, 

I . 2-18-87 cc : Dir. of Public Works, Tombstone, AZ 
Send 3 copies of completed torm to: 
Arizo l7 apartment of Health Service~ Comments: -------------------- An,'y,,, D''A17!"j 
Office Naste and Water Quality Mgmt. 
Compliance Section 
Room 304 
2005 North Central 
Phoenix. Arizona 85004 

Analyst ~ 
L-_____________~ 

000142 



------ --- . 
'16'1UUU 

-;:;t?1i,/o~ {. /, f,Vr // ,1110 , I 
Self-Monitoring Report Form 

2-9-87 (-r t/ Arizona Department of Health Services 
SPECIMEN NO, 

) 
" DATE REC'D AT LAB 

-

LabQ' . Add" .. LAB 10 I 00002 
G-0011-02 NO, 

AOHS Permit No. 
Ar zona Testing Laboratories Cochise Si lver Mines 
817 West Madison Street Sample Location Tombstone, Arizona 
Phoenix, A'r i z on a 85007 

SAMPLE COLLECTION INFORMATION 

Facility Name & Mailing Address 'EJ Groundwater 0 Vadose 0 Waste Stream 0 Pond 

o Other 
I I ~ - .c . .f' 7 //; .J::;-- 1 

Cochise S i, 1 yeF Mines, Inc; S.mple O.te Sample Time ! 

P. O. Box 158 Depth lo Water FHt below land sunlee 

Tombstone, Ar i zona 85638 (Groundwater Sample. Only, 

Parameter Code: P72019 

Ccnactad By: ,'\ (j/ \() j 
I I ' ,.;'Y·l/~;rr ·~/ /1:...-r· """~i~;t' '', -4.~ .. 

ADHS Use Only I (l " 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Islel·1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Per8lTlet., fUme· 
$10'" Par8lTlet., $10'" Parameter 

Number uboratory An"yale RHUlla par8lTlet.r Ham.· Number uboratory Ana/yala Result. 

Arsenic • P01002, · , Endrina P39390, , 
Barium • P01007, · - , Lindane' P39782, .'-
Cadmium • P01027, · , MethoxyChlor a P39480, 

.,~ 

Chromium + P01034, · , Toxaphene a P39400, 
.~ 

. Lead + P01 051, , 2.4-0a P39730, . - , 
~~}y • P71900, < 0·001 , 2.4.S-TP Silvex' P3904S, =l 

Nitrate(N) POO620, 1 n' ') , TTHM a P82080, , I 

Selenium • P01147, , , , I 
Silver P01077, , Free Cyanide, n giL , < o· 01 • , 
Fluoride POO9S1, · , T()t;'ll Cyanide mq/l , < 0.01 , 

, · , , , 
Alkalinity P00410, · , ,. , 
Calcium POO916, · , , , 
Chloride POO940, , , , 
Copper • P01042, , , , 
Hardness POO900, · , Radlum-226/22Sc P11503, , 
Iron • P0104S, · , Gross Alpha. TOf P01501, , 
Magnesium P00927, , - Count Errorb P01S0Z, , 
Manganese + P010SS, , Beta Activityb P03S01, , 

, pH P00403, · , Cesium-134b P28414, , 
Sodium POO929, · , lodlne-13,tl P2830' , . , 
Sulfate POO945, · , Strontlum-90/Sgt P01082, , 
TDS POOSOO, · , Tritium b P82126, , 
Zinc • P01092, , Uraniumb P22706, , 

"'-

aUnits are J.1~1 ·Units are mg/l unless otherwise noted. 
cc: Oir. of Public Works, < = Less than bUnits are p ill 

I "", Tombstone, AZ 
Send 3 copies of completed torm to: 

Comments: Analysis Date 2-18-87 I Arizo partment of Health Service~ ,1Zi!2 
.-

Office aste and Water Quality Mgmt. J Compliance Section Analyst 
Room 304 v ' 

. " 
2005 North Central 
Phoenix. Arizona 85004 000143 



-------.-

169003 
- " -_ .... _-- - .-:- _ . .. _ -- -" ------- .. - .. ... _ ........ .. 

lumbs-l-o~ Ci 1-/ ~! /1/..,-/1""'-
SPECIMEN NO. ) 

Self-Monitoring Report Form 
Arizona Department of Health Services 

2-9-87 
----------

DATE REC'O AT LAO 

Ln ame & Address LAB 10 I 00002 
NO. '-------1 

Ar zo~a Testing Laboratories 
817 West Madison Street 
Phoenix, A(izona 85007 

Facility Name & Mailing Ad~reSs 

Cochise Silver Mines, Inc. 
P.O. Box,] 58 
Tombstone, Arizona . 85638 

AOHS Permit No, GtJO 11-02 
C 0("'4 is t: S,I."t-/f- /1:' ;1V't'-!> 

Sample Location __ 7,::;.:..;::>/'>:.....:...:.' h.::.;,· ·':...J.i-.::/o:':'::"~':":'~-r) --=:.:,c:...,:/?::..,.'c..::<:'::.:,. . • ,:..,:.r'_-" ____ _ 

SAMPLE COLLECTION INFORMATION 

KJ Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other _________________ _ 

Sample Date _--'--/7_-"""r::-=----~ .;....V-,-7 __ Sampla Time __ 1_.:1_"_' ('-.:.'/J:..~ __ 

Depth to Water ______ F""t below land surface 

(Groundwater Samples Only) 

Parameter Code: P72019 

ColI';cted By: / ""'\ /J/ V /r!.~ 
(~",.,...--t./ ~-:J~,--d«'/ 

/ 

: : : : : : : : : : : : : : : : : II II I I I I 

Arsenic + P01002, 

Barium P01097, 

Cadmium + P01027, 

Chromium + POI 034, 

4J,"r'u-ry---"';':-l 
P01 051, 

~ __ P_71_90 __ 0~,~ ~_<~ ____ O~'~ OI~01 __ ~,_ 
Nitrate(N) POO620, 5 • 7 , 

Selenium + P01147, 

Silver + I P01077, 

Fluoride P00951, 

Alkalinity P00410, 

Calcium POO916, 

Chloride POO940, 

Copper + P01042, 

Hardness POO900, 

Iron + P01045, 

Magnesium P00927, 

Manganese P01055, 

pH P00403, 

Sodium P00929, 

Sulfate P00945, 

TDS P00500, 

Zinc + P01092, 

'Units are mg/1 unless otherwise noted. < = Less than 
cc: Dir. of PubLic Works( Tombstone, AZ 

pwamet..- Nam.-

Endrin· 

Lindane d 

MethoxyChlor~ 

Toxaphene~ 

2.4-0· 

2.4.5-TP Silvex· 

TTHM· 

A adlum-226/228D 

Gross Alpha. Tor' 

- Count Errorb 

Beta Activityb 

Cesium-134 D 

s trontlum M 90/8g!l 

Tritiumb 

Uraniumb 

·Units are j.1g/l 
bUnitsare pCi/1 

~o..t Parameter 
Number 

P39390, , 
P39782, , 
P39480, , 
P39400, . 
P39730, , 
P39045, , 
P82080, , I 

, I 
I 

, 
, 
, 
, 
, 
, 
I 

, 
, 
, 
, . 
, 
, 
, 
I ---

Send 3 copies of completed torm to: 
Ariz epartment of Health Service~ 

I . 2-18-8~-1 
AnalYSIS Date _ .- _ 

Analyst ~rI () I 
Comments : _____________ _ 

Offi - Waste and Water Quality Mgmt. 
Compliance Section 
Room 304 
2005 North Central 
Phoenix. Arizona 85004 

\ , 
'----------_._-----, 

0001.44 



-- ---

.r d'T L/I/''' // //t., / 
SPECIMEN NO. 

Self-Monitoring Report Form 
Arizona Department of Health Services 

3-13- 87 

DATE REC'D AT LAB 

Lab Name & Address LAB 10 I 00002 NO. '--____ ---< 

izona Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise Silver Mines, Inc~ 
P, O. Box 158 
Tombstone, Arizona 85638 

ADHS Permi t No. _---'Gu.;-::::Ou.;Ou.;JJ....JJ....-::.:O~2 _______ _ 

Sample Location TEl Wel l No .1 

SAMPLE COLLECTION INFORMATION 

, CrGrOundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other __________________ _ 

Sample Dale 
..... ' -5 <;;' 7' /;'.. /~ .. -' ",). h .' . J • I, - 0 Sampl. Tim. /, . ' .' , . 

DoPlh 10 Walor -::::5~/ 8<::....-___ FO<It below land surface I 
(Groundwller Samplea Onlyl JI 
Parameter Code: P72019 

Collected By : ---
I ADHS ~. Only i 
I I I I I I I I 1 I I 
:s:c:.: : : : : i I : : : I : : : : : : : : : : : : : : : : : : : I I I I I I I I I I I I I I I I I I I I I I I I 

I 
I 

Arsenic .. 
Barium + 

Cadmium .. 
Chromium .. 
Lead 

~/-Iry,-------'-I" 
Nitrate(N) 

Selenium 

Silver 

Fluoride 

Alkalinity 

Calcium 

Chloride 

Copper 

Hardness 

Iron .. 
Magnesium 

Manganese 

pH 

Sodium 

Sulfate 

TDS 

Zinc 

ubor8tory An8ly" RHYlle 

P01002, 

P01007, · 
P01027, · 
P01034, · 
P01051, · 
P71900, < o· 001 
POO620, 3.0 
P01147, · 
P01077, 

P00951, 

P00410, 

P00916, 

P 00940 , 

P01042, 

POO900, 

P01045, 

P00927, 

P010S5, 

P00403, 

P00929, 
POO945 , 

P00500, 

P01092, 

·Units are mg/l unless otherwise noted. < = l es s 
cc: Dir. of Public Works, Tombstone, AZ 

than 

, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
I 

, 
, 
, 

Pw..netet' Name' 

Endrina 

Lindanea 

MethoxyChlor a 

Toxaphene a 

2.4-0 a 

2.4.5-TP Silvex a 

TTHM a 

Free Cyanide 

TotaL Cyanide 

Radlum-226/22Sb 

Gross Alpha. Tor 

- Count Errorb 

Seta Activityb 

Cesium-134 b 

lodine-131b 

Strontlum M 90/8!f 

Trltiumb 

Uraniumb 

aUnits are J..l~1 
bU nits are pill 

Number Ltbot'atory An8lyale RHYne 

P39390, 

P39782, • ___________________ L-

1 __ P_3_9_4_8_0.:..., -l 1 _________ • .2_ 

P39400, 

1 ___ P_3_9_7_3_0.:...'-l I------------------~'--
1 ____ P_3_9_0_4_S.:...,-l I-----------------·-~ 

P82080, 

< 0.01 , I 
1--------_····-

< o· 01 I 

I----------------~ 

mb/L , 
mg/L , 

, , 
, 
, 
, 

I--------~~ r----------------·~ , 
, 

P11503, 

P01S01, 

P01502', 

P03S01 , 

P28414, 

P26301 1 . 
P01082, 

I--------~~ r--------------.--~I-

P82126, 

P22706, , ____ -..:........1 '-___________ .~ 

Send 3 copies ot completed torm to: 
Mizon ~~partment ot Health Service~ I ~ Analysis Date 4 - 6 - 8 7 

./ti.l(J -
Comments: _____________ _ 

Ottice Vasta and Water Quality Mgmt. 
Compliance Section 
Room 1304 
2005 North Central 
Phoenix. Arizona 85004 

Analyst _._ 
L-______ . .... _l 

000.145 



- ----- - -1 .. - ---- .... - .•• _ •.•••• 
~~6UU1 

J'/ T YJle/1 ;/l1, ,J 
SPECIMEN NO. 

Self-Monitoring Report Form 
Arizona Department of Health Services 3-13-87 

OATE REC'O AT LAB 

Laat.~ame & Address LAB 10 I 00002 
NO. '--------1 

AI zona Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name; & Mailing Address 

Cochise Silver Mi n es, Inc, 
P, 0, Box 158 
Tombstone, Arizona 85638 

. -

G ..... OOll-02 ADHS Permit No. ----------------------------
Sample Location -LT.r..E.LI_ll\LJpl:!...Ll .L1 ...JN~la~-,2,,--____________ _ 

SAMPLE COLLECTION INFORMATION 

.$ 'Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other _______________________________ _ 

.., , ~, D /~ / 1.-' .i'0 
Simpl. Date ~J ,) ... () S.",ple Time __ -

Oeplh 10 Wiler ~Q FHI belOW lind .urilce 

(Groundw.le, Simpl •• Only) 

Parameter Code: P72019 

Collected By: 

InT:T: : : 1 : : : : ; is iei. iii ii iii i . ; : : : : : : :: : : : : : : : : : : ; I I I I I I I I I I I I I I I I I I I I I I I I II I I 
Arsenic • 
Barium • 
Cadmium • 
Chromium • 
~8d, • 
Ml,J'l-ry--.'-i 
Nitrate(N) 

Selenium 

Silver • 
Fluoride 

Alkalinity 

Calcium 

Chloride 

Copper + 

Hardness 

Iron + 

Magnesium 

Manganese 

pH 

Sodium 
Sulfate 

TOS 

Zinc + 

Slo...c PtlrMleter 
Number 

P01002, 

P01007, 

P01027, 

P01034, 

P01051, 

P71900, 

POO620, 

P01l47, 

P010n, 

P00951, 

POO4l 0, 

POO916, 

POO940, 

P01042, 

P00900, 

P0104S, 

P00927, 

P01055, 

P00403, 

P00929, 
POO945 , 

POOSOO, 

P01092, 

laboratory An8lya'- RHUlta 

0'025 
25· 

·Units are mg/1 unless otherwise noted. 
cc: Dir. of Public Works, Tombstone, AZ 

Endrina 

Lindanea 

MethoxyChlor· 

Toxaphene a 

2.4.5-TP Silvex· 

TTHM a 

Free Cyanide 
TotaL Cyanide 

1----------

Radlum-226/22Sb 

Gross Alpha. Tor 

- Count Error b 

Beta Activityb 

Cesium-134 b 

lodlne-131 b 

Strontium-90/89b 

Tritfumb 

Uraniumb 

aUnits are /.1g/1 
bUnits are pCi/f 

Slo...c Ptlramet.r 
NumMr 

P39390, 

P397B2, 

P394BO, 

P39400, 

P39730, 

P3904S, 

PB20BO, 

mb/L , 
Ing/L , 

, 
I 

, 
, 
, 
, 

P11S03i 

P01S01, 

P0150Z, 

P03S01, 

P28414, .. 
P2S301, 

P01082, 

P82126, 

uboratory Analya.a RHUUa 

_________________ .. 2-

, 

, 1-----------------_·---
O' 01 
0 . 16 

I 
, I 

--:I 

P22706, 
I--------~ ~ ______________ . __ .~ 

~I -----------------
Send 3 opies of completed form to : 
Arlzo apartment of Health Service~ 

Analysis Date 4 - 6 - 8 7 '/,/ ILl Comments: _________________________ _ 

(llfice aste and Water Quality Mgmt. 
Compliance Section 
Room 304 
2005 North Central 
Phoenix. Arizona 85004 

/1/ /! / . 
Analyst - \ "/:q I 

000146 



-- ~--

O:::O:::OUU.) 

/-"-A f:;·~f,'A~ -,!-',i", /,.I~ /I /..10 . / 
SPECIMEN NO. 

Self-Monitoring Report Form 
Arizona Department of Health Services 

3-13-87 
OATE AEC'O AT u.e 

L81tj81me & Address LAB 10 I 00002 
NO. 1.-.------1 

Ar ana Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise Silver Mines, Inc. 
P. O. Box 158 
Tombstone, Arizona 85638 

G-OOll-02 
ADHS Permit No. 

Tombstone City Well No.1 Sample Location ______________ _ 

SAMPLE COLLECTION INFORMATION . 

,$ Groundwater 0 Vadose 0 Waste Stream 0 Pond:' 

o Other ______________ ~---
-r - /.?-,.."., I -./ -< • 

SompIIOo," • r, / Somple Time . / .. -5 V 'f, ;;~ 

Oeptn '0 WI"Y L/O'l. .:>"') Feet belOw lind '~r1lce 
(Groundwater Sa~) 

Parameter Code: P72019 : 

Collected By: 

: : : : : : : : : : : : : : : : : : I I I I II II I 

Arsenic + P01002, 

Barium + P01007, 

Cadmium + P01027, 

Chromium + P01034, 

P01051, 

P71900, 

Nitrate(N) POO620, 

Selenium + P01147, 

Silver + P01077, 

Fluoride P009S1, 

Alkalinity P00410, 

Calcium P00916, 

Chloride POO940, 

Copper + 

Hardness POO900, 
Iron + P01045, 

Magnesium P00927, 

Manganese + P01055, 

pH P00403, 

Sodium P00929, 

Sulfate 

TDS POOSOO, 

Zinc + P01092, 

Stom Panll11eter 
Laboratory An8lYM Result. PlI(lImete, Name' Number Laboratory Analy.l. Result. 

< O· 001 
10.0 

Endrina P39390, 

Lindanea P39782, , ---------,,--
P39480, MethoxyChlor· 

Toxaphene· P39400, 
----~~~ I-----------------·-·~ 

P39730, I 

2.4,S-TP Silvex· 

TTHM a 

\=""'" rV::lnir!", 

Total Cyanide 

P39045, 

P82080, 

ntn /1 , 
mg/L , 

, 

1_<~~~0~.~071 __ ~~1 
< ; 0.01 

I------~'~ I----------------~ 
Radium-226/22S" P11503, , 

GrossAlpha. Tor P01501, 

- Count Error" P0150Z, 

Beta Activity" P03501, 

Cesium-134" P28414, 

lodlne-131 b P28301, 

Slrontium·90/8911 P01082, 

Tritium" P82126, 

Uraniumb P22706, '-:-______ --l , ____ --.:......J '-_________ ' 

'Units are mg/l unless otherwise noted. < = less than aUnits are IJ.g/l 
"Units are pCill 

cc: Dir. of Public Works, Tombstone, AZ 
Send 3 " pies of completed form to: 
Arizo~ ,apartment of Health Services 
Office ,waste and Water Quality Mgmt. 
Compliance Section 
floom 304 
:m05 North Central 
Phoenix. Arizona 85004 

Comments: _____________ _ 
I 

Analysis Date ,, 4 - 6 - 8 7 

///../ ) , 
Analyst I!\.z/ i ) 

\?-..c 
~--------~-------------

000147 



-- -- T - - -

"le"1 t J Iv f/" r: Iff 
SPECIMEN NO. 

--i~? f/:/\~ /(·tC... 
Self-Monitoring Report Form 

Arizona Department of Health Services 3-13 -8 7 
DATE REC'O AT u.s 

Lab Name & Address LAB 10 I 00002 
NO. '--'~";;;"';;;;~---1 

A zona Testing Laboratories 
8 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise Silver Mines, Inc. 
P. O. Box 158 
Tombstone, Arizona 85638 

ADHS Permit No. 
G-OOU-02 

Sample Location --LT.l.lo.JJJmlUb.i:lsJ.t.l.lQ..LJD ... e~C:.J.j..l.t.:t.y---"T.£la",p~H.£la~t~e~L __ _ 

SAMPLE COllECTION INFORMATION 

b Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other _______________ --:-__ 

/1:- C' ,j - ' "'~ /."': Sample 0.,. ..... 7 ~ / . .1' -If 7 
DepllliO WIler ~) 
(Groundwater Sampl •• Only) 

Parameter Code: P72019 

Collected By : 

Sample Time 

FHI below land surflce 

I 

ADHS Use Only i 
: : : : : : : : I : : : : : I : : : : : : : : :: : : : : : : : : I I I I I I I I 

Arsenic .. 
Barium + 

Cadmium 

Chromium + 

Lead 

Selenium .. 
Silver .. 
Fluoride 

Alkalinity 

Calcium 

Chloride 

Copper .. 
Hardness 

Iron + 

Magnesium 

Manganese 

pH 

Sodium 

Sulfate 

TDS 

Zinc + 

stoNC Par8meCer 
Number 

P01002, 

P01007, 

P01027, 

P01034, 

P01 051, 

P71900, 

POO620, 

P01147, 

P01077, 

P00951, 

P00410, 

POO916, 

POO940, 

P01042, 

POO900, 

P01045, 

P00927, 

P01055, 

P00403, 

P00929, 

POO94~, 

POOSOO, 

P01092, 

Laboratory An .. y" R ....... 

< O· 001 
6.2 

·Units are mg/l unless otherwise noted. < :: less than 

cc: ~ir. of Public Works, Tombstone, AZ 

Endrina 

Lindane a 

MethoxyChlor· 

Toxaphene· 

2,4,5-TP Silvex· 

TTHM a 

stoNC Pwameter 
Number 

P39390, 

P39782, 

P39480, 

P39400, 

P39730, 

P39045, 

P82080, 

Lab«etory Analys.s Results 

, , 
F r e e C y ani de - m ~ / L < 0 . 0 1 -~I 

I f:l.H~ ___ ..:...' --i 1-------0--·- .--'--

Total Cyanide mg/L , < 0.01 
I~-----"':"'-I 

Aadlum-226/228t 

Gross Alpha. Tor . 

- Count Errorb 

Beta Activityb 

Cesium-134 b 

IOdine-l:31 b 

5 trontium-gO/89b 

Trltium b 

Uraniumb 

a U nits are J,J.g/l 
bUnits are pCi/1 

, 
, 
, 
, 
, 

P11503, 

P01501, 
I-----.:..--j 

P01502', 

P03501, 

P28414, 

P28:301 I . 
P01082, . 
P82126, 

r-------------------~ 
P22706, 

Send 3 copies of completed form to: 
Arizon . epartment of Health Service~ 

Comments : _____________ _ 

Office aste and Water Quality Mgmt. 
Compl a ce Section 
Room 304 
2005 North Central 
Phoenix. Arizona 85004 00014~ 



COCHISE SILVER l'lTl·lES _ Hie. 

r, .\ ~F: /.6- 1'1/J </ I 'i :11 - . . '. _--- ,--_.-_ .. _' .. .. ---~----.---...----.-------.- .-.-.. --.---.-.... -.-.---._- ----- -- --. - -----.-

-r- b .J / oM o3,o",f'( d,:ly 

--- /.J /OMbs /011( r!' I .-ITt 

lEI Well 

j£L I/V'rJ/ 

//'KI! 

{;Or 

#,' I 

;.Iv, ;Z 

;)6. I 

N~-/el--

(7 'ff~ ilks) 

(:3' /}otlk :.) 

(; 750:11 /cs) 
\. . 

P ~ojl~·.J) 

000149 



. --

Sell-Monttonng HepOn r-orm 
327102 

SPECIMEN NO. 

Lab Name & Address LAB ID I 0 0 0 0 2 
NO, '--------1 

rizona Testing Laboratories 
817 West Madison Stree t 
Phoenix , Arizona 85007 

Facility Name & Mailin\1 Address 

Cochise S i lve r Mines, Inc. 
P.O. Box 158 
Tombstone, Arizona 85638 

DATE REC'D At u.s 

AOHS Permit No. G-OOU-02 

TEl Well No . 1 Sample Location _____ ______ ___ _ 

SAMPLE COLLECTION INFORMATION 

)xl Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Olher __ :-----: _____ ________ _ 

Sampl.O.,. 5- IS~ - P 1 Sample Tim. 

DOpih to Water _-->S=,-,-/~?,--_ Feel below lind surf,c. 

(G,ound""al.r Sample. Only) 

Parameter Code: P72019 

2 
Collected By : Mlr ff 

: : : : : : : : : : : : : : : : : : : I I : : : I I I I I I I I 1/ I I I I I I I I I I I I I I I I I I I \I I 
"'rllll1eler Name' 

Arsenic 

Barium 

Cadmium 

Chromium 

Lead 

~cury 

~"' r(tate (N) 

Selenium 

Sliver 

Fluoride 

Alkalinity 

Calcium 

Chloride 

Copper 

Hardness 

Iron 

Magnesium 

Manganese 

pH 

Sodium 

Sulfate 

TDS 
Zinc 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Slorel Parameler 
Numb.r 

P01002, 

P01007, 

P01027, 

P01034, 

P010S1 , 

P7l900, < 
POO620, 

P01147, 

P01077, 

POO9Sl, 

, 
POO4l0, 

POO9l6, 

P00940, 

P01042, 

POO900, 

P01045, 

POO927, 

P010SS, 

P00403, 

POO929, 

POO945, 

POO500, 

P01092, 

Laboralory Analyala ReauUa 

· 
· 
· o . 001 

2 . 9 

· 
· 
· 
· 
· 
· 

Parameler Name' 

Endrina 

Lindanea 

MethoxyChlor' 

Toxaphene· 

2.4,S-TP S ilvex' 

TTHM a 

..E.ree.Cy:m i ell" 

Total Cyan i de 

Radium-226/228° 

Gross Alpha, Tott 

- Count Error b 

Beta Activityb 

Cesium-134 b 

IOdine-131 b 

Strontium-90/89b 

Trillumb 

Uranlumb 

Slorel Parameler 
Number 

P39390, 

P39782, 

P39480, 

P39400, 

Laboralory Analyale Rnune 

--------------, 

P39730, , 
I----~~ I ----------~-

P39045, 
---------~-

P82080, 

mdl ' < o 01 
mg/L , < o 01 

Pl1503, 

P01501, 

P01502, 

P0350l, 

P284l4, 

P2830l, 

P01082, 

P82126, 

P22706, 

' Units are mg/l unless otherwise noted, aUnits are J,19/1 
bUnits are pCill 

• Send 3 copies of completed form to: 

' O(f' of Wasle and Water Quality Mgmt. 
C iance Section 
Room 304 

. 2005 North Central 
Phoenix, Arizona 85004 

Comments : _...:--___________ _ Analysis Date 5/2 2/ 87 

Analyst 

0001 50 



l 

327103 
Self-Monitoring Report Form l U 

5/15/87 
SPECIMEN NO 

Lab Name & Address LAB 10 I 0000 2 
NO. '-____ ~ 

Arizona Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

Cochise Silver Mines, Inc. 
P.O. Box 158 
Tombstone, Arizona 85638 

Plrameler Heme· 
Siorel Parameler 

Number uboralory Analyala Reaulla 

Arsenic 

Barium 

Cadmium 

Chromium 

lead 

t( '-;ury 
~lrate(N) 

Selenium 

Silver 

Fluoride 

Alkalinity 

Calcium 

Chloride 

Copper 

Hardness 

Iron 

Magnesium 

Manganese 

pH 

Sodium 

Sulfate 

TDS 

Zinc 

.. P01002, 

.. P01007, 

.. P01027, 

.. P01034, 

.. P010S1, 

.. P71900, 

P00620, 

.. POl147, 

.. P01077, 

P009Sl, 

P004l0, 

P00916, 

P00940, 

.. P01042, 

P00900, 

.. P01045, 

P00927, 

.. P01055, 

P00403, 

P00929, 

P00945, 
poosoo, 

.. P01092, 

·Units are mg/l unless otherwise noted. 

o. 020 

? (). R 

DATE REC'O AT LAB 

AOHS Permit No. G-OOll-02 

Sample location __ T.::.E=· .::.I--=..:.W..::e.=I.=I'--...:..N:.::o:....:.:........:2=---_____ _ 

SAMPLE COLLECTION INFORMATION 

)if Groundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other _________________ _ 

Sample Olle d .... - !~--f 1 Sample Time ---'/,c..::.'/_._·O_<J_....:./'_../_V, 

Depth 10 Waler __ Q~-~<~7~_ Feel below land lurllce 

(Groundwaler Sample, Only) 

Parameter Code: P720l9 

Collected By: M~i. /~J~ 

Paum.l.r tum.· 

Endrin" 

lindane' 

MethoxyChlor' 

Toxaphene' 

2.4-0' 

2.4.5-TP Silvex' 

TTHM
a 

Free Cyanide, 
Total Cyanide 

Radium-226/228t 

GrossAlpha. Tott 

- Count Errorb 

Beta Activityb 

Ceslum-134 b 

lodine-131 b 

Strontlum-90/SSt 

Tritium!> 

Uraniumb 

aUnits are .u(!l 
bUnits are p ill 

Stor.t Par.m.ler 
Numb", uboralory "naly.la Rtlulh 

P39390, 
------~~ 1------------' 

P39782, 

P39480, 

P39400, 

P39730, ---------, 
P39045, 

----------~~-
P82080, , 

n giL , 
mg/L , 

< 0 01 l 
I-------------------·~ o 24 

, 
PllS03, 

P01501, 

P01S02, 

P03S0l, 

P28414, 

P28301, 

P01082, 

P82126, 

P22706, 

Send 3 copies of completed form to: Comments: _____________________ _ Analysis Date 5 122 187 

Ortie Waste and Water Quality Mgmt. 
Co nee Section 
Room 304 

. 2005 North Central 
Phoenix. Arizona 85004 

0;1.l Analyst --:zP"...L.'-4--1!L:L--------_ 

000151 



. 
18 Self-Monitoring Report Form 

321100 f:,/ky!87 
SPECIMEN NO_ DATE AEC'O AT LAB 

L(jame & Address LAB 10 10000 2 
NO. 

AOHS Permit No. G-00ll-02 

Arizona Testing Laboratories 
Tombstone City Well No. 1 

817 West Madison Street Sample Location 

Phoenix, Arizona 85007 

Facility Name & Mailing Address 

W SAMPLE COLLECTION INFORMATION 

Groundwater 0 Vadose 0 Waste Stream 0 Pond 

o Other 
Cochise Silver Mine, Inc, ~""-I$"-? 7 I/:' :fO &. M, Sample Oa.e Sample Time , P.O. Box 158 

f.~Fi Tombstone, Arizona 85638 Depth 10 Weier F e.1 below lind su~,.c. 

(G,oundwllor Slmplo, Only) 

Parameter Code: P72019 

Coliected BY:r=:x4..a_,f't/' £.~f;;r/ 
/' 

, 
AOHS Use Only I 

I , , , , , , , , I I I I I I 
, I I I I I 

. . 

I I I I I I I I I I I I I I I I I I I I 
ISIC', I I I I I I I I I I I I , I I I I I I I I I I I I I I I I I 

Siorel Plrlmeler , Stor.1 Plrameler 
Parameler Nama' Number lebor.lory An.lya'a RuuU. Paramet.r Name' Number leborllory Analyal. R"ull. 

--
Arsenic + P01002, , Endrin" P39390, . , 
Barium + P01007, , Lindane" P39782 , , 
Cadmium + P01027, , , MethoxyChlor I P39480, , 
Chromium + P01034, , Toxaphene" P39400, , 
Lead + P010Sl, , 2,4-0" P39730, 

-, 
~,)Ury 2,4,S-TP Silvex l .-

+ P71900, < 0 001 , P3904S, , 
10 2 TTHM

a --
Nrtrate(N) POO6201 , P82080, , 
Selenium + P01147, , Free Cyanide, giL , < 0 .01 ,l 
Silver + POl on, , Total Cyanide mg/L , < 0 ·01 , 
Fluoride POO9S1, , , , 

, · , , . , 
Alkalinity POO410, · , , , 
Calcium POO9l6, , , , 
Chloride POO940, · , , , 
Copper + P01042, , , , 
Hardness POO900, · , Radium-226/228° Pl1503, , 
Iron + P0104S, · , Gross Alpha, TOr' P01S0l, , 
Magnesium POO927, , - Count Errorb P01502, , 
Ma-nganese + P01055, , Beta Activityb P03S01, , 
pH POO403, · , Cesium-134 b P284l4, , 
Sodium POO929, · , lodlne-131 b P2830l, , 

--_. -. ~-- -- .- .- - --
S I rontiun'l-gO/IH)~ SuI/lata POO945, · , P010s2. 

1-:.:ca .. . 

Triii~mD 
~~~ ~~ 

TDS POOSOO, , P82126, , 
Zinc + P01092, , Uraniumo P22706, , 
'Units are mg/l unless otherwise noted. aUnits are J.1({' 

bUnits are pill 

Send 3 copies 01 completed lorm to: 
Comments : Analysis Date 5-22-87 

, o IIi 1 Wasle and Water Quality Mgmt. 5IJ-- I Con <l nce Seclion Analyst 
Room 304 

. 2005 North Central 
Phoenix. Atlzona 85004 

OOOl~:2 
- .. __ ., .. 



Self-Monitoring Report Form 18 
S/ Y\W87 327101 

SPECIMEN NO. 

arne & Address LAB 10 00002 NO. L-.. ____ ~ 

izona Testing Laboratories 
817 West Madison Street 
Phoenix, Arizona 85007 

Facility Name & Mailing Address 

DATE REC'O AT LJo. B 

ADHS Permit No: G-OOll-02 

Sample Location Tombs tone Cit y Tap Water 

\ SAMPLE COLLECTION INFORMATION 

%GrOundwater 0 Vadose 0 Waste Stream 0 Pond 
o Other ___ --:-_--: __________ _ 

~ -" 1 '-'7 .1 Cochise Silve r Mines, Inc. 
P.O . Box 158 

SampleOala ...,j -/.j - {( SamplaTima / ..,:'0(; 1""0. ) 

Tombstone, Arizona 85638 
Oeplh 10 WII.r _____ Fool below lInd .urllel 

(G,oundwII.r Sampl •• Only) 

Parameter Code: P72019 

Collected By: 

I 

ADHS Use Only : 

: : : : : : : I I : : : : :: : : : : : : : : : : : : I : : : : : I I I I I I I I I jsjcj ,j j iii i II I I II I I II I I II I I I II II II I . 
Siorel P.r.meler Slor.1 P.flmll.r 

Per.meler NIIme' Num~r Laboralory Ana/y.J. Rnull. Plramel.r Name' Num~r 

Arsenic + P01002, 

Barium + P01007, 

Cadmium • P01027, 

Chromium + P01034, 

Lead + P0105l, 

+ P7l900, < o . 
POO6201 

5, 

Selenium + P01147, 

Sliver • P01077, 

Fluoride POO95l, 

, 
Alkalinity POO410, , 

Calcium POO916, -
Chloride POO940, 

Copper + P01042, 

Hardness POO900, 

Iron + P01045, 

Magnesium POO927, 

Manganese + P01055, 

pH P00403, 

Sodium P00929, · -.> . 

Sulfate --1:QOQ45, · 
TDS POO500, · 
Zinc • P01092, 

'Units are mg/l unless otherwise noted. 

, 
, 
, 
, 
, 

001 , 
0 , 

, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 

,-
, 
, 
, 

...l-
, 
, 

Endrin" 

Lindane" 

MethoxyChlor' 

Toxaphene" 

2.4-0" 

2,4 ,5-TP S iivex' 

TTHM" 

Trree Cyanide , 

T()t- :> l r.v:1nir! p 

Aadium-226/228t 

Gross Alpha. Tott 

- Count Error b 

Beta Activityb 

Cesium-134 b 

lodine-13l b 

Slrontlurn·90/B9~ 
Trltlumb 

Uraniumb 

"Units are JJg/I 
bUnits are pCill 

P39390, 

P39782, 

P39480, 

P39400, 

P39730, 

P39045, 

P82080, 

P11503, 

P0150l, 

P01502, 

P0350l, 

P284l4, 

P2830l, 

POl082, 
P82126, 
P22706, 

Labor.tory AnaJYIII R.lult. 

< 0 01 

< 0 01 

. 

Send 3 copies of completed form to: Comments: _____________ _ Analysis Date 5/22/87 
I ' 0111 , Waste and Wator Quality Mgmt. 

Com ce Section 
Room 304 

. 2005 North Central 
Phoenix. Arizona 85004 

Analyst 5# 
000153 

--, 
, 
, 
, 
, 

-, 
, 
,,-I 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
I 

, 
, 



--S-P-EC-fME~N 77NO""".---

LASlO 

Groundwater Qua\lly Protection Permit 
Self-Monitoring Report Form 

NO. '--------1 ADHS Permit No. 

DAtE REC'O AT LAB 

G-OO 11-02 

TEl Well Ho. 1 
Sample Location _______________ _ 

SAMPLE COLLECTION INFORMATION 

·tJ Groundwaler 0 Vadose 0 Wasle Siream 0 Pond 
rF::-a-c'""ili,-ly-N;~-e -&-M-8iii~g-Add-:-r-e-ss---------------

-, 

Cochise Silver Mines, Inc. 
OOlher ______________________ ___ 

P. O. Box 158 . Slmp'e 01'. _______ s.mp,. TIm. _--..--___ _ 

Tombstone, Arizona 85638 O~plh 10 Wole, ______ F ... ""ow Iincr lurl.e. 

IO.oundwllft. Sftmpr •• Ooryl 

Parameler Code: P720t9 

Collecled By: Gary Lindroos 

AOHS USB Only '--____ ,-, ________________________ --. 

I / / / I I I I I DIre/II I I I I I I I 1 m-I-I-II 1 1 IJ I I I 1 I 

[SJCI·I I I I I I I I I I I I I , I I I 1 I I I I I I I I I I I I 
----

P.,.m.I., Him.· 810,.1 Plrlmel.r 
Number ----

Arsenic + P01002, ------
Barium + P01007, 
-- -----

Cadmium + P01027, 

Chr m + P01034, ------
Lead + P010S1, ----
M.~~.:~ry + P71900, ----
NI~~~~jN) POO620, ------
Selenium + P01147, 

-------
Silver + POlOn, ------
Fluoride POO9S1, 

Alkalinity POO410, ----
Calcium POO916, 

Chloride POO940, ------
Copper + P01042, 

Hardness POO900, 
------

Iron + P0104S, 

Magnesium POO927, ------
Manganese + POI05S, 

pH POO403, 

Sodium POO929, 

Sulfate POO945, -- ----
TDS POO500, 

Zinc + P01092, 

·Unlls are mg/l unless otherwise noled. 

:end 3 copies of compleled form to: 

)fIlce 01 WilsIe end Wilier Ouailly Mgml. 

:omplllll1ce Secllon 
IOOfll :30" 

ubor.lory Anll,..,. Ruull. 
'--. 

f;ndrln" 

Lindane" --------
MethoxyChlor" 

Toxaphenea 

2.4-0a 

2.4.5-TP Sffvexa 

TTHM" 

Slor.1 rl'lfll.11r 
Numb., 

;-----'-'-'---~ 

P39390, --------
P39782, 

------'-
P39480, 

--'--

P39400, ------
P39730, -------'--

__ P~904~ 

P82080, 

J?ree ' Cyanid e MgLII, 

Radlum-226/228" 

GrossAlpha. Tott 
I-'---~ 

- Count Errorb 

Bela Activltyb -------:-
Cesium-134 b 

-------".--
lodlne-131 b 

5 ironU~m-90iB9ii 
TrlUumb 

--.--~ 

Uraniumb 

~-.--------

"Unils are /.19/( 
b Unils are pCllf 

, 
, 
, 
, 
, 
, 
, 

Pl1503, 
.--'--. 

P01501, 
-----'--

P01502, ---
P03501, 

------'--
P28414, 

-------'--
P28301, 

--'--

PO 1082, ------
~~126, 

P22706, 

Field Summary Comments: _-'-_______ -C:... ________ _ 

April, May & June 1987 

· 
· 
· 
· 
· 
· 
· 

<0 01 

· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· · 
· 
· 
· 
· 

!-, -, 
, 
, . , 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 
, 

005 Nor'" Cenlr'll 
'hoonix. Arizono 65004 000154 



- _. -
r 

Groundwater Quality Protection Permit 
Self-Monitoring Report Form 

SPECIMEN NO. ,. DAlE nl:C'D AT tAr-

rbN --
& Address LASlO I 

NO. G-0011-02 ADHS Permit No. 

II 
TEl \')'e11 No. 2 

Sample local/on 

SAMPLE COLLECTION INFORMATION ._-
10 Groundwater 0 Vadose 0 Waste Stream EJ Pond Facility Name & Mailing Address 

Cochise Silver r'1ines, Inc. 
o Other 

P. o. Box 158 S.mpI.O.,. S.mpl. Tim. 

Tombstone, Ari z ona 85638 D.plh 10 Wole, F •• , below I.nd .u,'.e. 
IO,oundw.'., Sompl .. Only, 

Para meier Code: P72019 

Collected By: Gary Lindroos 
ADHS Use Only I 

I I I I I I I I I nil n [[[[[I I I I nlTl I I I lTD I I I I I 
Islcl·1 I I I I I I I I I I I I ITI I I I I I I I I I I I I I I -_. 

I'IIr.m.t" fUm.' 
Slo,.t P.r.,,,.I.r Slo,.1 r."m.'.r 

Hum"'r ubor.tory Analy." R •• ull. P.rlm.l.r Nam.· ~':'''!~ 
ubor.tory An.'y." Auull. 

r---'-'----- '--' 
Arsenic + P01002, · , E;ndrlna P39390, · !------- - --- ------~ 
Barium + P01007, · , lIndanea P39782, · , --_. -------- -------
Cadmium + P01027, · , MelhoxyChlor a 

~948~ · , 
I---~ 

Ch~'um + P01034, • , Toxaphene' P39400, • , ------'-
Leaa-' 2.4-0a + POlO51, · , P39730, • , 

I--~ 

2.4.5-TP SlIvex' 
. 

Mercury + P71900, · , __ P~9045, · , 
I-'--~ 

~~rate(N) POO620, · , TTHMa 
P82080, · , -------'-- .Free Cyanid ~ Mg7L, SelenIum + P01147, · , <0.01 , -------'--

Sliver + POlOn, · -----'-
, , · , 

FluorIde P00951, · , , · , 
, · , , · , 

Alkalinity POO410, · , , · , 
f-._- _ ._-'--

Calcium POO916, · , , · , 
>------- -.----

Chloride POO940, · , , · , 
-------

Copper P01042, · , , · , 
+ _. ------ -- b 

P11503, Hardness POO900, · , Radium-226/226 · , 
1-----'--

GrossAlpha. T~f 
-----

Iron P01045, · , P01501, · , 
+ -----'--

MagnesIum POO927, · , - Count Errorb P01502, · , 
--.-.:.- .- _-c.--

Manganese + P01055, · , Beta Aclivityb P03501, · , 
pH POO403, · , Ces;um-134 b P28414, · , 

1------ _._---
Sodium POO929, · , lodine-131 b P28301, · , 

--- Slro~lium-90/89b 
---~ 

SuI/ate POO945, · , P01082, · , 
----~ 

Trillumb 
----~ 

TOS POO500, · , P82126, · , 
--- '-- -----'--

Uran;umb 
Zinc + POt092, · , P22706, · , 

'-----------' .- ~----

·Unlls are mg/l unless olherw;se nOled. aUnils are /.1~1 
b Unils are p ill 

iend 3 copies 01 completed form to: 
C~mmo'Ys: 

~' ielcl Summary Analysis Dale . 'I 

mice of WI'sle end Walor Quality Mgml. i prl , I·lay, June 1987 AnaIY5(W~o.~LA-~ f-/ :ompliol1ce Seclion 
/ 

loom :)04 /;1 / v I 
005 Norlh Centr:!' v 
'hocnlx. Arllono 85004 OOO l. ti5 



-

Groundwater Quality Protection Permit 
Self-Monitoring Report Form 

SPECIMEN NO. -- DATE REC'O AT LAB . .. 

r.---, 
& Address \..ab Nt., LAB 10 I 

NO. 
ADHS Permit No. G-0011-02 

TEl Well No. 3 
Sample Location 

SAMPLE COLLECTION INFORMATION 

Facility Name & Mafll~g Address .fu Groundwater 0 Vadose 0 Waste Siream 0 Pond 

Cochise Silver Mines, Inc. 
o Olher 

P. o. Box 158 S.mpl. Oil. Simpl. TIm. 

Tombstone, Arizona 85638 Oeplh 10 Wal., F •• , below I.nd lu,I.c. 
IO,oundwI'a, Sample. OnlYI 
Parameler Code: P72019 

Collected By: Gary Lindroos 

AOHS Use Only I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
fSlCl·1 I I I I I I I I I I I I Illll I I I I I I I I I I I I 

--
P8t1fl1.ttr Nlm.· 

Slo,.1 Per artl.ler 
LAboralory Analy." R •• ull. 

Slor.1 P,llm.l.r 
LAboralory Analr'" A.aull. NumlM~_ P.ram.ler Him.' NumlMr 

Arsenic + POI002, · , E;ndrln' P39390, · !--- 1----- -----
Barium + POlOO7, · , lIndane l P39782, · , . ------.:.- --- -------=--
Cadmium + P01027, · , MelhoxyChlor' P39480, · , 

1-- -----
Chr-pm + POlO34, · , Toxaphene l P39400, · , 

Lead ----~ 
2.4-0· + POlOSt, · , P39730, • , 

----'-- -Mercury + P71900, • , 2.4.S-TP SJlvex' ~904S!- · , 
-....:.-

Nltrate(N) POO620, · , TTHMI P820S0, · , 
'----. 1-----'--

Selenium + __ P~~14~_, · , :Free Cyanid e f'1g/L, <0 • 01 , 
Silver + POlOn, · ----...:.- , , · , 
Fluoride POO9St, · , , · , 

--.!.- · , , · , 
Alkalinity POO410, · , , · , 

1--------
Calcium POO916, · , I · , 

1--. 1----'--

I 
Chloride POO940, · , • · , 

- -----~ 

Copper + POI042, · , , · , 
Hardness POO900, · , Radium-226/22S

6 
P11503, · , 

I-----=--
Gross Alpha. TO{ P01501, Iron + POI045, · , · , 

1-----'--
- Count Errorb POt502, ! Magnesium POO927, · · , , 

f------'-
Beta Aclivltyb P03501, Manganese + POlO55, · , · , 

------- _.- ------~ 
pH POO403, · , Ceslum-l34 b P28414, · , 

f---._--

Sodium POO929, · , lodlne-131 b 
P2S~~ · , 

.-'--
Sironllum-90/S!f Surrale POO945, · , POI 082, · , ---.---=--

TOS POO500, . --'-- · • TrllIumb P82126, · , 
Zinc .. P01092. · , Uranlumb P22706, · , 

-
"U~~s are /.13" 'Unlts are mg/l unless olherwlse noled. 
b Unils are p 1/1 

end 3 copies 01 compleled form 10: 
Commenls: F;i.eld Summary Analysis Dale . ~ ( II 

'fllee of Wilsie end Walor Quallly Myml. April, May & June 1987 Ana,ys,~~/lX~ ~~ :ompIlAJ1ce Secllon 
,J.CP 

00/11 304 /' I /1 1 
!:lOS Norltl Cenlral 

OOOlj6 hoonlx, Arizona 85004 



24 July 1987 

COCHISE SILVER MINES, INC. 
P. O. Box 158 

Tombstone, Arizona · 85638 

Arizona Testing Laboratories 
817 West f-ladison street 
Phoenix, Arizona 85007 

Dear Sirs: 

Enclosed you will tind Well Water Samples for TEl Wells No. 1 and 
No.2. Tombstone City Well No. 1 and Tombstone Tap Water. 

Please run samples for Free and Total Cyanide, Nitrates (as N), 
and Mercury. 

If you have any questions please contact me at 457-2282. Thank 
you. 

Sincerely yours, 

'lJ~~ ~~ ~ ~4/~ ~ 
~~ ~~~, ~ P/an-L'JZ--f ~ 
~ ~. tJtJ fi/>'1 ~ ~ ~./ ~ ~~ ~ 
~g{ ~~4-r. iJYR . 

0001 57 



For: Cochise Silver Mines, Inc. 
Attn: Mr . Gary Lindroos 
Post Office Box 158 
Tombstone, Arizona 85638 

Sample: Wa ter 

Received: 7-27-87 

Submitted by: Same 

Date: July 29, 1987 

Lab. No. : 4332 

Marked: Sampled: 7-24-87, 0800 

REPORT OF LABORATORY TESTS . 

Samples Marked: TEl TEl Tombstone Tombstone 
Well #1 We l l #2 City , We ll # 1 Tap Water 

Mercury LTO.OOI 0.027 LTO.OOl LTO.OOI 

Nitrate - N 2.6 23.5 11. 5 4.2 

Total Cyanide LTO.Ol 0.18 LTO.Ol LTO. Ol 

Free Cyanide LTO.OI 0.02 LTO.Ol LTO.Ol 

LT = less than the detection limit given 

Respectfully submitted, 

ARIZONA TESTING LABORATORIES 

~f)j~ 

00015B 

mg/L 



August 5, 1987 

P'1r. James E. Curlett 

c Geru~; I'; [; rIA Ell ru N f~:.~, INC. 
P. O. !lox ·158 

lJ'ombDtclDe, "trizon:l 135638 

Arizon:'l Ilep8.rtment of E:nvironrnen tal ' Jua.llty 
V!ater ['ollution Compli ::\nce Unit 
2005 North Central Avenue 
Phoenix, ~rizona 85004 

Dear Mr. rurlett: 

I{eferenc(~ your letter of .July 2 3, 1,)(17. We h:we resampled 
Tombstone City Well rro. I, 'L'ombstono I:i ty 'L'ap \'Jater, '1'1':1 :i!ell 
No. ·1 a nd TEl ;'Ie11 No.?. ~;mi.th ~:lnrl :.;rnitl1 La boratories had 
:1 represent.., t:L Vp here on J uly ?~, 1 ()87 and fl.~rnples were npli t 
r or ~imith ;·tnd Srn.i. th I,abora tori es nnd ,\ r :i ZOn.~l '!'esting l':lborator
le:,:. Copies of test results fr cHn both laboratories are encloserl. 

~"'lrs. Kathy :~m.i th I'la s inforrnecl me that they har1 lIlercury contamin
a tj.on or the nitric aci~ they use0 nttheir lnboratory. This is 
evidentally why they h8~ higher mercury reR~ings on th~ July 
samples which were tested. ~s you can see from the reports the 
mercury levels for 'Pin \:Jell No.1, '['ombstone Cl ty Well No. 1 and 
Tombstone Tap Water are all less than their detection limits. 

[3rni th and ~·;mith Labor,ltories this morning sampled '.L'Jta ~iJells 1, 
2, an (1 3, 'J~ombstone City ~\Jell No.1 and '.L'ombstone Irap water 
lor the August sampling period. 

If I r.; ~ !,n be of any assistance to you plensc contact me at 
157- ~: 2 f32 

5 Incl 
cc: r-lr • .r;lrf)e~:; r1laston, ~~ outhern i\egional Office, AD.E;'.>. 

I'Jr. Uobert r,1 iJllUri, r:1ana ger, 1~:Lelu :]crvices ~)tation, !d)Ji}. ~ 
[,'1s. :3~lr;lh r·1 apes, r·1,'lnager, Compliance Sectton, /\n8Q 
r'1r. I\oger I{ennett, i.ly<lrolor;y, :\'J)lj;'.~ 

[Jr. !lonalc1 ]~. r'HIler, }lfl. 1'., :\Jl J': :, ~ 
r··1r. ;\lex r.r~'l(1ill:18, r:1:Wor 0 C 'L'owbstone 
P'l!'3. r •. ~:' 1 r o 1 f·10rrlhorst ,Director Cocllis0 Co. fIoal th l)ept. 
[.1r.' . j)n.v Ul .l3 cl.['on, (~enter for 1<lW Ln th~ .l'uhLic IntcreGt 
i-'i s. !I:!.:ncy J> rnison, C LvillJlvision, .\.ttorney GellerCll's Office 
["1c.llustin li:sc n. pulc, Vice .Pre~)ident, Cochise ~3ilver f"linen, Inc. 

000159 



- - - ------:-. 
T 

Groundwater QlIbillY Protection Permit 
IS 317 Solt-Monitoring Report Form 7/27/87 

SPECIMEN 110. 
DAlE nec'o AI lAO 

ab Name & Add" .. L4BIDI000L,8 
NO. 

mith & Smith Environmental AOIIS Permit No. 

onsultants 
99 East Fry Blvd. Suite 202 Sample Locallon Coch.isc Silver ~1 i ne \0.' (> I I 1/ I 

ierra Vista AZ 85635 
--_._-_._------

--
SAMPLE COLLECTION INfOnMATlO'~ 

Facility Name & Mailing Addreu ~J Groundwaler 0 V ..... ose 0 Wesla Slr .... 111 C] Pond 
Cochise Silver Hines [] Olher 
PO Box 158 S _mpl. 0.,. 7/24/87 0730 
Tombstone AZ 85638 

'.mpl. '1m. ___ 
O.pth 10 War., f •• 1 b.'ollW land lUI '.c. 

ATTN: MR. GARY LINDROOS 10'OUI"h ... ,., Samp ... O,..lyl 

Paralllolor Code: P72019 

Collecloc1 Oy: R V B 

DHB Uu Only I 

I I I I illLlJJJJJI~I:J;[I;I]JT[D::C~ Ir If I 
sic! , I I I I I I I LLIJJIT[[[JJJJ._CLLDJ . 
Pet_el., ..."... • &lOt.t P., .. ".IM ~.~, 

Number LAboralory AI,e/y.l. 11 .. .,11. P .... n ••• r N.me' 
.--!!'!.".!b.!_ labo,alory Ana/v.I. 11 .. .,111 -- r------

Araenlc rOloo2, Endrl,," .--p~~~~~!-
-.-• · , _._----- · ----- ! . Bs/!um + rOlooT, · , l.IflduflO" --p~~~~~~---- -----. ------- - , 

Cadml -tt.~ t PO 1027, · , _~~~~~_~~~~l~~ --P~~~~~!-
ChrOr(, )1 , 

+ P010J4, · , TOXilphollO" -~~~~~~~------ 2~4: Oi----- · , 
Lead POI051, ---• · , 

__ '~~~~~!.-. ---- · , 
Mercury + P71900, < 0.0 0 I I 2.4.5-TP SlIv6x' _~~90~~~ -- ---rTIii,,1" · , 
Nltrata(N) POO620, 1· 5 , __ ~62.~60, . , 
~Ienlum + POt147, · , , · , 
Sliver • POIOH, · , , · ------

IIIg/1. 
- , 

FluorIde rOOg51, , 1'0 La 1 CYClfli( ( , <0. 0 I 
IiigTT,-- , 

["rce CYClllidl < 0 () I 
-.-, · , , · , 

Alkalinity POO410, · , __ ----L._!.-_ , 
CalcIum POOOI6, · , , , 
Chloride POO940, · I , , 
Copper • POI042, · , , · "-------, , 
t fIIrdneu roo90o, · , n adllllll -22GI22!1' --~~~~~-!- · -(3 ~-;;Aipll;:T~ii 

, 
Iron • rOI045, · , .--~~~~~ · -_ .. _---- - , 
p,AagflCIIIlum Poo927 , · , - COllllt Error b __ POI50~ · , 
Manaanose • POI055, · , -!!~~~~~~~Y~ --~~~~~~!- , 
pH POO403, · , Coslum-134 b --P~~~~~!.-. · -iodl~;-131ii---

, 
Sodlurn POOO29, · , --~~~~~!~--s i~~;~ii~;;;~ 90/09' - , 
Sulf.te POO945, · , --P~.!.~~~!---. , 
lOS POO500, · , T rllluill" __ ~~~~~6,_ · - .------- , 
Zlno • P01092, · , U r allium" P22706, · '-_._-- , 
·Unlls are mgl1 unlolll otherwIse notod. ~lJnlts aro Pg" 

Units oro p III 

f/ld 3 • 01 complolod form to: 
Commenls: Analysis Oalo 7/29/87 

flet of w .. tt and Wlter QUlllty Mgmt. 
Analyst - . J) II 0 , n V B ~mpllinc. S.cllon . 

pom 3O-C 
otS Nor1tt C.nt(.' -. o.olx. Aruon. 116Q0.4 - OOOlbO 



--- -

Groundwater Quality Protection Pormlt 

I S 318 Self - Monitoring Report Form 
7/27/87 

III'fCIU(N NO. 
OAIE REC'O AriA-o--

ab Nlme & Addre .. LA~0001,8 
mith & Smith Env i ronm e ntal AOIIS Perillil No. 

onsultants 

99 East Fry Blvd. Suite 202 Samplo Location C o~~ i s e Silver Min e we ]1 /I ') 

ierra Vista AZ 85635 
-._-

- --
SAMPLE COLLECTION INfORMATION 

faclilly Name & Mailing Add.ea. (lIJ G,olJndwalur 0 Vat/OSII rJ Waslll Sl'lIam 0 POlld 
Cochise Silver Mi nes [] Oilier 
PO Box 158 7/2 1,/87 0825 -

Sampl.O.t, S ampla 11m, 
Tombstone AZ 85638 

O.plh 10 W.I., f ••• b •• o..., tanJ IUI',C. 

ATTN: MR. GARY LI NDROOS en'OUfuJ ... I., S.mpl .. 0", .,. , 

Po'.melllr Codu: P72019 

Colleclod By : RVn 

OHS U .. Only 1 

I I I I I I I I I I I I I I , I lIT' , I ITLL[CLLCI._L[1 IIJlD.I 
~cl·1 I I I I Ui[TrrnTIl·-rrrr[l]].JJ-]JJ 

.. 

"'_"e#~' 
• ~orol PUa/lltllf 

.... bor.lory ""81,..1, A .. "U. Sioltl Pa,atn.h. 
Numb., p..,.,n.'.' N ...... • r--!4U.!!~ .... bor.lory Ant4ro', 'houtl. 

'-' 
Arsonic P01OO2, · Endrln' __ P~9J~~~ 

-'-+ , ----_.- · , 
Barium + POI GOT, · , lIndano' --P~~!~~~-_ ._-- ---- . · , 
Cadml I!l t P01027, · , __ ~i_o!~<?~~~~I~~ ---~~~~~~~ 
ehrot, it. 

--- - , 
+ P0103.f, · , Toxaphono' --P~~~~~~ ----- - 2:4:0·------ · ---!--LOIld + P01051, · , ._PJ~~~~~_ ---------- · , 

Mercury + PT1900, 0,02 6 , 2.4.5-TP SlIvex' ~~~~~!.-. ---.. · , 
Wilite (N) POO6201 7.0 , TTHM' __ P82000.!.-. -- · , 
Selonlum • POll4T, · , , · Sliver POlO77, --------~ 

+ · , , 
Fluoride POO95l, 1'0 La I. Cyalli(( -'-11 g7"[- :- () 

, 
· , ~T3--'-

Free Cyanid( IIIg71-. -
, 

, · , 0 .02 , , 
Alkalinity POO4l0, · , , · , 
Calcium . POO916, · , , , 
Chloride POOO40, -· , , -----_. , 
Copper P01042, .-

+ · , , 
n adlulII -22612201 

, 
t-fardne .. POO900, __ P.!...!503.!_ 

-· , · G~~8 AlPh;'T~i 
r 

Iron . + P01045, · , --P~!~~!-... · , 
M·al1~tllum POO92T, · , - COllll1 Error b 

__ P~50~ · ._----- , 
Manoanell • P01055, · , _~'!.~ Acll~.'r.b_ __ ~~~50!!_ · , 
pH POO40J, · , Ce31urn-134 h 

--P~~~!.~!-... Iodi;-;;:-jJ, ii- -
, 

Sodium POO929, · , --~~~~~~~ --5 i;ollii~~;-= !)o/O!)i 
, 

Sullate POO945, · , --P~!?~~!- · . T;jik;~b----
, 

TtJS POO500, · , -~~~!~~!-... .. -'-- -------- · , 
Zino + P01092, · , Uranlu",b P22706, · 

~lJ1I1I3 aroJ.1~1 
------'-- , 

·Unlt, .re mgl1 union olherwlse noted. 
Unlls are pilI --

tnd 3 ...... of compleled form 10: Comments: Analysis Dale 2L29/8_7 _ 
InC. 01 Wnt •• nd W.ler Quallly Mom!. 

J)1I0!HVB omplllnCI Section Analy,t · . 
oom 304 
)oS Nonh Clnlral . 

OOOl.fl 1\o~llI. Ariton. 1150().4 



IS 319 

Grollndwuler Ulh111lY Protection Pormlt 
Sell-Monitoring Report Form 

7/27/87 
SPECllAfN NO. 

b Namo & Addr." 

mith & Smith 
onsultants 
99 East Fry 
ierra Vista 

LAB 10 I 00048 NO. '--____ _ 

Environmental 

Blvd. Suite 202 
AZ 85635 

Facility Name & Mailing Add,eu 

Cochise Silver Mines 
PO Box 158 
Tombstone AZ 85638 

ATTN: MR. GARY LINOROOS 

01·/8 U .. Only I 

DAlE IIEC'O AI '~8 

ADIIS Permil No. 

Sample Location _Q 0 chi s e Silvel-Mine lal> tn(l 

r------ ------------_____________________ ~ 
SAMPLE COLLECTION INFOnMATlOt., 

"') G,oundwa'e, 0 V"dose 0 Wule Slturn 0 Pond 

IJ Olher -=--:-::-:-7::~------------------__ _ 
5., .. ",.0.,. 7/24/B7 0910 S.mpl. lim. _______ _ 

O.pth 10 Wal., ______ , •• 1 b.,o ... land ,ulf,c. 

,O'OUfuJwe •• , S.mp'" O,l',., 
Pa,allltller COdtl: P12010 

Collec.ed By: H V B 

1 1 1 11 I I I I I I IJITITD UTIJJJJJIIJIITD j 
f.--.IS I.c--L.:J.~..&..-IIJ_JL. ....L-J.-~II--'-I-'-I-'--1 1[--L.O-L--...L-10ITlYJJ=[ [[[[[IJ . 

. "G'eC P"&IJ\.lw 510,.1 p~, 
Nu,."b.,. labo,.'ory An"yal. R .. ull. ,,"' ....... , t4.m.' lalto,.,ory An"yol. R .. ulla 

ArsenIc + 

Barium + 

Cadml 
ChrO~r.~ 
Lead 
Mercury 

Nllrlle(N) 

Selenium 

Sliver 

FluorIde 

Alkalinity 

Cllclum 

Chlorldo 

~~pp8r 
Hardnells 

Iroll 

Ma(Jn~,,'um 

ManQlneu 

Sodltlm 

!Wllete 

ros 
~Ino 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

P01002, 

POlool, 

POtou, 

P010J4, ---
POt05t, 

1----'--
Pl1900, 

Poo620, 

POltH, 

POlOn, 

roo95t, 

, 
POO410, 

POOOtO, 

POO940, 

P01042, 

flooOOO, 

rOl045, 
1-----,'-:'-

rOOO2l, 

POtD55, 

POO403, ---
POO920, 

POOO45, 

POO500, 

P01092, 

·Unllt are mall unleaa otherwIse noted. 

,d 3 cople, of completed form to: 

let of WJet, .nd Water Qu.llty Mgml. 
mpllanc. Secllon 
0",304 

ItS North C.nlr.' 
I)~"')(. Adlona S600-4 

· , 

· , 
· , 

· , 
, 

< O. 0 0 1 , 
3 . 0 , 

· , 
· , 

· , 
· , 
· , 
· , 

· , 
· , 
· , 
· , 

· , 

· , 
· , 
· , 

· , 
· , 
· , 

-

Endrl,," 

Llndane o 

--- --- ----------
-.!:'olho~yC~~ 

To)(ol'l1ollo' -- - --------
Vt-o· 

-----_._---.,-j 

2.4.5-TP SlIvax' 

nadh,rn -226/228! 

-(3 r O~ArPh;T~i 
-----------

- Count Error b 

_~~11l Act!~!Y~ 
Coslum-134 b 

-Iodl;-;;=I:i ji>---
-sl;~;~ii~~ -90/69i 
----------

T rlllum" 
--------

Uranhllllb 

-; ---._-----
llnlls aro 112(' 

b UllltS aru i) III 

.. -
--------------------, 
-------------------, 
-------------------, . -----------------, 
-----------.~.------, 

------------------, 
--------------------, , 

IIlg!1. , 
IIlgl1, , 

. ------------------, < 0.0 1 
< O. 0 1 

, 
, 
, ----------.--------, 

------!..... 
P1150J, 

__ POI~~ 

__ P~~50~~ · 
___ ~OJ50 !!_ · 
--~~~~~~!-
--~~~~~!!..... · 
___ P~ .!.E~~!_ · 

-------------------, 
------------------, 

--~~~~~~ · P22l06, · 

Conlmenls: _________________________ __ Analysis Dale 7/29/87 

Analysl . . nllO, R V B 

OOOl. t' 2 



IS 320 
Groundwater UUtlllly Protection Pormlt 

S~It-Moniloring Report Form 
7/27/87 

IIPfCll.IlN NO. 

I.ab Name & Addr ... LABIOI00048 
NO. 

~ mith & Smith Environmental 
~onsultants 
D99 East Fry Blvd. Suite 202 
~ierra Vista AZ 85635 

Facility Nam. & Melling Addreu 

Cochise Silver ~1i nes 
PO Box 158 
Tombstone AZ 85638 

ATTN: ~1 R • GARY LTNDROOS 

I . 

ADIIS Permit No. 

Sample Location City of Tom\Jstone well II 

SAMPLE COl.LECTlON INFOnMATlON 

Kl GlOundwelel (] Vadose CJ WIlSIe SII88111 [J Pond 

o 0 Ihel -:;-7.-:-;-;:::---------~_;:_;_::_--
S.n,pl'O.,. 7 /24/87 • 09" 0 

~.m.,.. 'Ito. ______ _ 
O.plh 10 W.I., ______ , ••• b •• ow lInd 'Ufr~C' 

1<1,oufl(J .... I.' S."'p'" O"lyJ 

Palellleler COde: P12019 

Collected By: H V B 

ADHS U .. Only 

I I ITIrrrTn~ITlnll-rrTl=IJ= I I I [[[[[IICllTLO 
[]]J=O ISlcl·1 I I I lnl I I IITll-Il]JI[[[[ 

-
,.., __ 1., NINtte· '1101.1 P.r .. ",'., 

LAbol.lory AnalYII. n .. uu. Nun.b., 

Arunlc • rOtOO2, · , 
Barium • POtool, · , 
Cad7JJ"!lI • POtOU, · , 

\ 
POt03"" Chro, / rn • · , ------

lued • POt05t, · , 
i-~ercu!1 • Pl1900, < o . 0 0 1 , 

Nltrale(N) rOO620, 8 · 6 , 
Selenium • POltH, · , 
Sliver 

., 
POI077, + · , ---

Fluoride POOO5l, · , 
, · , 

Alk.llnlty POO410, · , 
Calcium POOO16, · , _._---
Chloride Poo940, · , 
Copper +- P01042, · , 
Hardneu roo900, · , 

.Iron • POI045, · , 
, ---

"'·Ollulum Poo02l, · , 
........---. 
Mlln08n8~o • P01055, · , 
pH POO403, · , 
Sodium POO929, · , 
SuU.te POO945, · , 

....... 
lOS roo500, · , -------
Zino • POl092, · , 
·Unlla are mgll unlellS otherwise noled, 

~d 3 cop" el of completed lorm 10: Comments: 

IItIO' of W",. Ind Wiler Qu.llly Momt. 
ompllinci 6~tlon 
oom 3004 
)()(S Norlh C.nlrl' 
lIoon"(. Arltona eMlO4 

E ndrlll' - ---- -------
L1ndano" 

- .. --~-------

_!::~~~~~~~~or" _ 
Toxaphone" -- ---- -----
2.4-0" -------- 1 
2,4.5-TP SlIvex' 

-mMi----

, 
rolal Cy a II~ ( II1g/I-, - ,- . 

I : 1" e e Cyall.idl -----mgn-, -, 
, 
, 

, 
nadlulll-22GI228

1
, Pl150J, 

G~~s8Ai?:~a. T~? __ P~~~~~!-
.......::: Co~nl E,~orb __ P~50~!_ 

~~Ia ACII,:!!'y"_
b 

_. __ ~~~~~.!~ 

- U ranhll"b . --- -- _._ ._----' 
bLJnlts are /..lg/I 
Unlls are pC1I1 

l.bo,.loty Analv.,. " •• utl. 
----

----------, 
---------, 

--------------, 
------------------ ' 
(---------------' 
-----------, 

< o . 0 

< o . () 

---------, 

------------, 

,--------------, 
------ -----!-

Analysis Dale 7 / 29/87 

Analys' · , nil 0 , R V B 

OOOlt:3 



For: Cochise Silver Mines, Inc. 
Attn: Mr. Gary Lindroos 
Post Office Box 158 
Tombstone, Arizona 85638 

Sample: Water 

Received: 7-27-87 

Submitted by: Same 

Date: July 29, 1987 

Lab. No.: 4332 

Marked: Sampled: 7 -2 4 -87, 0800 

REPORT OF LABORATORY TESTS 

Samples Marked: TEl TEl Tombstone Tombstone 
Well 1/1 Well 1/2 City, Well 1/1 Tap Water 

Mercury LTO.OOI 0.027 LTO.OOI LTO.OOI 

Nitrate - N 2.6 23.5 11. 5 4.2 

Total Cyanide LTO.Ol 0.18 LTO.Ol LTO.Ol 

Free Cyanide LTO.Ol 0.02 LTO.Ol L'l'O .01 

LT = less than the detection limit given 

Respectfully submitted. 

ARIZONA TESTING LABORATORIES 

~+flQ!~ 

mg/L 

OOOl.t:4 



-!;.r-e C:rJ <~! °i 

tc; f~/ c:.~ < 0,0/ 

h! ~ ~.J,:.s (A~ tJ) :(0 

Alc.l!.t:. t/ AI < 0, Oui 

0, oj 
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Wf>I/ .z 

-
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For: Cae his e S i l ve r Min e So, Inc. 
Attn: Mr. Gary A. Lindroos 
Post Office Box 158 
Tombstone, Arizona 85638 

Sample: C Y ani deS L u d g e C a k e 

Received: 5 114 187 

Date: May 18, 1987 

Lab. No.: 3227 

Marked : See Be Low 

Submitted by: Bird Machine Co., Inc. 

REPORT OF LABORATORY TESTS 

Saml2Les Marked TotaL Cyanide 

So Lid BowL Centrifuge Cake w/out PoLymer 1.6 ppm 

SoLid BowL Centrifuge Cake w/130 mg/L PoLymer 1 .9 

BeLt Filter Press Cake 2.9 

Respectfully submitted, 

ARIZONA TESTING LABORATORIES 

Robert J. Drake 

OOO.1tb 



For: American Engineering Company 
Attn: Mr. Scott Larson 
3864 North 27th Avenue 
Phoenix, Arizona 85017 

Sample: Soil 

Received: 5-8-86 

Submitted by: Same 

Date: May 19, 1986 

Lab. No.: 7522 

Marked: See Below 

REPORT OF LABORATORY TESTS 

Sam21es Marked Total Cyanide, 22m 

1) Old Spray Pond 713 ppm 
Surface Sample 

2 ) Old Spray Pond 1180 ppm 
I' Under 

3 ) Line Pond 11 ppm 
Surface 

Respectfully submitted, 

ARIZONA TESTING LABORATORIES 

-£~I Jdr.,).~ 
Robert J. Drake 



c::Smi.tl'z. & c::Smi.tl'z. Enai.'tonm£ntat Con!"uttant~ 

4201 INLAND RD. PH. 458-4789 

P.O. BOX 1146. SIERRA VISTA. ARIZONA 85636 

c --~;ap CilvPT Minps 

POBox 158 
Tombstone AZ 85638 

Attn: Mr Gary Lindroos 

Specimen no. Name 

IS 250 IMPOUND 

NORTH 

IS 251 IMPOUND 
SOUTH 

IS 252 IMPOUND 
EAST 

IS 253 IMPOUND 
WEs'r 

Respectfully submitted, 

;:ft4-r- J. ~·L 
Kathryn W. Smith 

Laboratory Director 

~amDle type: solid impound sample 

Collected by: Cochise Silver f'lJilles 

Lab received date: 06/10/87 

Method: EPA 9010 

Sample date Total CN- conc. 

06/09/87 0.18 mg/kg 

06/09/87 0.11 mg/kg 

06/09/87 0.19 mg/kg 

06/09/87 0.12 mg/kg 

date reported: 06/12/87 

analyst: DHO 

DOO.lf8 

I 
I 
I 

i 
I , , 
I 

I 
I 
I 
I 
I 



c5mitfz. & c5mitl'z. EnuitonmE.ntaf Con~uftant~ 
4201 INLAND RD. PH. 458-4789 

P.O. BOX 1146. SIERRA VISTA. ARIZONA 85636 

Cochise Silver Mines 
POBox 158 

Tombstone AZ 85638 
Attn: Mr Gary Lindroos 

Specimen no. 

IS 254 

IS 255 

Name 

IMPOUND 
EAST 

IMPOUND 
WEST 

Respectfully submitted, 

Pi4~ J. !L '-/~ 
Kathryn W. Smith 
Laboratory Director 

Sample type: solid impound sample 
Collected by: Cochise Silver M1nes 

Lab received date: 06/12/87 
Method: EPA 9010 

Sample date Total CN- conc. 

06/11/87 < O.Ul mg/kg 

06/11/87 < 0.01 mg/kg 

date reported: 06/12/87 
analyst: DBO 

OOOlt:9 



c5mi.th & ~mi.th Enoi'tonmentat Con~LLttant~ 
4201 INLAND RD. PH. 458-4789 

P.O. BOX 1146, SIERRA VISTA, ARIZONA 85636 

Cochise Silver Mines 
POBox 158 
Tombstone AZ 85638 
Attn: Mr Gary Lindroos 

Specimen no. Name 

IS 260 PREGNANT SOLIN 
WITH SODIUM 
HYPOSULFI'rE 

IS 261 PREGNANT SOLIN 
UNTREA'rED 

IS 260 PREGNANT SOLIN 
WITH SODIUM 
HYPOSULFITE 

IS 261 PREGNANT SOLIN 
UNTREATED 

Respectfully submitted, 

;!J£~ tJ. tJ~·L 
Kathryn W. Smith 
Laboratory Director 

Sample type: pregnant solution 
Collected by: Cochise Silver Mines 

Lab received date: 06/16/87 

Method: EPA 335.2 

Sample date Total CN- conc. 

06/16/87 < 0.01 mg/L 

06/16/87 4.55 mg/L 

Free CN- conc. 

06/16/87 < 0.01 mg/L 

06/16/87 0.67 mg/L 

date reported: 06/18/87 
analyst: DHO 

0001'70 



c5milh 5- cSmith Enai'tonm£ntaf {!on~uftant~ 
4201 INLAND RD. PH. 458-4789 

P ~O . BOX 1146, SIERRA VISTA, ARIZONA 85636 

Cochise Silver Mines 
POBox 158 
Tombstone AZ 85638 
Attn: Mr Gary Lindroos 

Sample type: solid impound sample 
Collected by: Cochise Silver Mines 
Lab received date: 06/17/87 
Method: EPA 9010 

Specimen no. Name Sample date Total CN- conca 

IS 250 IMPOUND 06/17/87 < 0.01 mg/kg 
NOR'I'H 

IS 251 IMPOUND 06/17/87 0.01 mg/kg 
SOUTH 

IS 252 IMPOUND 06/17/87 0.01 mg/kg 
EAST 

IS 253 IMPOUND 06/17/87 < 0.01 mg/kg 
WEST 

date reported: 06/18/87 
analyst: DHO 

* The above are re-samples of Impound samples collected 
6/9/87. A 24 hour turn around time for test results was 
requested by Mr. Gary Lindroos. 

Respectfully submitted, 

~t>- tJ. ~ fI-
Kathryn W. Smith 
Laboratory Director 

000171 





DRAFT 

GEOC!-IEMICAI. EVALUATION 

OF' CLAY- SUBLINER MATFJUAI, 

PBR MINERALS, INC. 

J UNE 15 , 1988 

000.1'12 



T ABLE OF CON'I'£IlrI'S 

1.0 Purpose and Scope 

2 .0 Introductton 

3 .0 Geochem.:i.ca.l Program 

3 . 1 Preparation of HC<lp- Leach So.lu.t:ion 

3.2 Geochemica.l Charac te:t':lzation of Clay -

SubTineI' M?rter:ia.l 

3.2.1 

3.2.2 

3.2.3 

Minel'alc>gical Hesul ts 

Geochcmic81 Propprties 

Geochem:i.ca l Ev.lauation 

3.3 SequenUa.l Batch Testv.x:>rk 

3.3.1 Testwork Procedures 

3.3.2 Discussion of Resul ts 

4 . 0 Conclu .. sions 

Page 

0001'7 3 



1 .0 PUFJ?OSE AND SCOPE 

This Geochem.h·:aJ Re];x)rt was pre[lc-:lrecl in support of PER ~1:inera.l~;' 

"App.1JCAt.iO:Cl for a Gronnd--vJater Qualj.ty P:rotecUon Pe:('m:it" for a go.ld m.in.:inlj 

and heap--Je2ching f;:;,ci.1ity to be Iocated south ot the t own of Tombstone, 

Coch.i.se County, Ar5.zona. The report s ummal'izes the results and conc Jns.ions 

from labora tory testv.)()rk conducted t o evaJuate t he geochemical attenuatjon 

abiJaity of locally ava .i.lab.1E! cJ~y-bear_ing mater.ia.1 wh:i.ch oi.::.; to l>p USE!d .in the 

con~::;truction of clay--s ubJ iners f01 ' p:r'ocec';s \I~ater impoundments and Jeach pads. 

The phncipal objectives of the labora tory program were twofold : 

( J. ) deterndne the mineralogical and geochem:ical properttpf'; of thp 

clay--s't.:tb,Line r mater:iCl.1 ; iind 

( ? ) conf i rm througrl labor atory te~o;twork whether the cJ.ay-sub.l j ner 

rnaterial can retard or attenuate the movement of chem.icaJ 

constituents that In<:ly be present in seepage . 

0001 '7 4 



2.0 INTRODUCTION 

PBR M.i.ne:r<.tls, Inc . is subm:ittlng a pe:t'lTd.t 2pp.1:i.cation of operate i1 gold 

mining and heap-lea ch.ing facility in Cochise County, Arizona . The fCtc51Jty 

wU 1 include a conventional heap- leaching c irctl.it. Where crushed are will be 

JO<-:l.ded on a 10\\I-[JE>rmeab:i1:ity pad and .l eached with a d .i.lute so.lution of s odium 

cyan:i.c1e . GoJd-bearing solut:ions colJectecJ from the heap leach wjlJ l)t} treait."<:1 

to recover precious metals and then recycled. Spent ore w:Ul be .neutralized 

and left in place. 

The .leach pad and process water ponds w.i1J be Hned with syntheUc 

membranes wh:ich w.Ul be placed over compacted clay s ubliners. The clay 

s'UhLiners can serve t wo P\ll:'pose~, In add:i t.lon t o acting as a geotechn.lc2IJ 

barr:iex' to seepage movement, the c l ay sub11ners can function as a geochemical 

bal'r:ier to contaminant migr ation. If the cJay-subliner mate ria1 has tht.J right 

geochem.icaJ properties I the clay can .interact with chemica] con..sti tuents w}-d ch 

may be present in seepage. Under the right condit:ions such inter'act:ions can 

Jead to geocJx~m:ica] reaction..s that fix and immob:iU ze const.i.tuents and remove 

them f:com s o.lution. Examples of snch geochemical mechan.isms include catton

and anion-exchange, s orpt:lon, prt:-ci pi tat:i.on and coprecipi tat ion . Pf'rform.ing in 

th.1s ""ray, a c.lay subUner can in traduce one addi tional safeguard again..s t 

contaminant migX'<.1tion . 

0001'75 



3 . 0 GEOCHEMICAL PROGRAtvI 

ThE:' 9C?ochemical pX'CYdTam tbat WGL:; implemerrted fo:r PBR M.inerals was desjgnt.~:l 

to complement gcotechnical and geohydro.1og.:ical jnvesti9ations at the: sHp. Tbr:~ 

program consisted of laboratory ana.lyses and testwork on clay-bearing material 

that was targeted for use in the construction of impeJUndment and leach pad 

sublinC?rs . 

Specific objectives ot the laIy .. :rc<".tory program included the following: 

(1) preparp a synthetic heap-.1E:'Clch solution that resembl0.c'l posGibJe 

seepage solutions; 

(2) determine the m.ineralcxJica .1 and geochem:ical properties of the 

clay-sublj.ner materJa J; and 

(3) evaluate in sequential batch tests the abiUty of the 

clay-subliner material to act as a geotechnical trap and retard 

the migration of chemical constituents present in seepage. 

The synthetic cyanide solut:ion wh.ich was utiLized in the cli"lY subl.i.ner 

evaluation studies was preparecl at Core Laborator:les, Aurora, Colorado, from 

samples of ore and well water provided by Mr. Gary Ljndroos, Techrd cal 

Superintendent, PBR Minera.1s, Inc. Care was taken to assure that the hcap

leach solution would be representat:ive of the heap-lp3ching p:r<lctices 

OOOl 'i6 



a.rrtic::i.r.lEltL>CI at PBR M.ineraJ s. The solutj on was synthes.i.7.ed from actuz·Ll ore thc"it 

will be processed In the PBR Minerals heap-leach circuit and by us ing water 

f r om the No. 2 weJ.l at the s:ltc-. C~,mnj'<1e and lIme were added :in propo:rt.i.ons 

that would dup.l.icate leaching cond.ttion.,::~ .in the heap. The matr.:lx th~;t PBR 

Minerals ant:i.cipates using is J pound NaGN <=1nd 4 pounds Itme per ton of ore. 

DupJicating this matrix , th<~ heap-.l each so.lution was prepared by aGitating 

a mixture of 10 pounds of ore composite, 9 grams of lime, 2.5 grams of NaCN in 

10 l .i tel's of v'{ater , for about 24 hours. The procedure .is descr:ibed in more 

detail in the testwork protoco.1s included w.:i. th the analyt.1caJ rerxwt from Core 

Laboratories that is appended to this report. At the conclU!3.i.on of the 

procedure, the mixture was settled and the cyan.i.de soluUon was c1f'canted . 

Chemical ana Jysis of th.is synthet.i.c heap-leach solution is presented .ill TabIe 3-

1. 

The solution that is prof:iled in Table 3-1 resembles the heap-.1each fluids 

that would come :into contact with c.lay-subJ :iner. materjal in the unlikely event 

of liner leakage . The so.luUon Is alkaline (pH 1J .6), enr:iched in cyanide 

concentrations, and contains traces of arsenic, cadmium, and mercury. The 

synthetic cyan.i.de solution conta:ins silver at a concentrat:lon of 2.03 mg/I. 

This concentration of si.J.ver reflects the fact that no at tempt was made to 

recover the precious metal from soI-uUon. SEveI' and gold wUl be recovered 

dur:ing commercial plant operat.ion~~ . 

0001. ?7 

A s<:llDple of t he clay-subUner matE:~riaJ was analyzed for minera.1og:icaJ and 

geochemicaJ properti es at Core Laboratories , Aurora, Colorado. Mine ra.1.og:ica J 

j.dentHication cons isted of quant:itatiw~ x-ray dlffr<'lct:ion i'lYl<'ilysis to 

d c== termi ne bulk mineraJogy and rr-'? Jat.lve clay abundances . Geochem.i.cal eva1l1."l.tion 



TABLE 3-1 

CHEMICAL ANALYSIS OF SYNTHETIC HEAP-LEACH SOLUTION 

PARAMETEl't 

pH (units) 

Arsenic 

Bariulll 

Cadmium 

Chromium 

Lead 

Mercury 

Se.len:ium 

SiJver 

Total Cyanide 

Free Cyan.tde 

WeCik-Acid-Dis~:;oc.iable Cyanide 

CONCENTRATION, in mg/1 

11.6 

0.07 

0.06 

0.09 

<0.01 

<0.01 

0.0474 

0.04 

2.03 

lUi. 

120. 

138. 
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invoJ.ved laboratory analyses ot the sample for geochem:icaJ properties to 

include the follow.ing: 

3.2.1 

cation-exchange capacJty ;:md exclv'1ngeable cations 

acid-solub.le iron and manganese 

organic carbon content 

soil pH 

base neutralizing p::ltentJal 

lvtineralogical Propert ies 

The x-ray diffraction ana.lys es completed on the bulk sample and on the 

clay-size fraction are swnmarizec1 in Table 3-2. The ana.lysis incLicates tbEJt 

the subJiner materia.l is ca]cerf.?ous and conta.ins various clny mineraJs. The 

mineral calcite (CaC03) constitutes the major percentage (46% by wetght) of the 

bulk materia]. Clay minerals constitute a smaller but signH:icaJ."lt fraction 

(24% by weight). The pr:inci pal clay-forming minerals in th:is fractjon a re the 

mixed-·layer smecUte or montmorillonite type of clay mjneraJ.s . Kao.linite and 

iJ.lite make up a minor percentage of the total clay-mineral phase. 

3 .2.2 Geochem:ical Properties 

The results of geochemical (;il"lalyses completed on the clay-subliner sample 

are presented in Table 3-3. The size of the clay-size fraction was determineel 

by quaJ.itative clay separation techniques. Cation- exch..-:mge capacity was 

measured by using the sodium acetate extraction procedure; exchangeahle bases 

were 
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TABLE 3-2 

MINERALOGICAL PROPERTIES OF CLAY- SUBLINER SAMPLE 

CONSTlWENT 

Quartz 

Feldspar 

Plagioclase 

K-Felcispar 

Calcite 

Clay Minerals 

-------

CONSTITUENT 

Kaolinite 

Chlorite 

Illite 

Mixed-layer, Illite/Smectite 

BULK MINERALOGY 

(wt %) 

24 

06 

02 

04 

46 

24-

100% 

RELATIVE CLAY ABUNDANCES 

(wt %) 

09 

16 

75 

100% 

000lao 



TABLE 3-3 

GEOCHF...MICAL PROPERTIES OF CLAY--SUBLINF..R SAMPLE 

PARAMETER 

Mo:isture (AJ.r-Dry) 

Clay Content 

Cation--Exchange Capacity 

Exchangeable cations: 

Calcium 

Magnesium 

Sodium 

Potassium 

Acid-Soluble Iron 

Add-Soluble Manganese 

Total Organic Carbon 

Soil pH 

Base Neutralizing Potential 

UNITS 

% 

meg/lOOg 

meq/100g 

meq/lOOg 

meg/lOOg 

meq/.lOOg 

% 

% 

% 

pH units 

VALUE 

4.13 

%.0 

14.7 

39.3 

3.64 

1.07 

0.23 

0.61 

0.02 

0.11 

7.5B 
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determined by 1)s:i.n~J a sO.luble cat:ion extract.ion procedure in combination wit:h 

an ammonjum acetate extraction procedure. Organic carbon was ana.l'y'Zed lls ,ing a 

mod.iOed v.]alkJp.y-BJack add-dlgesUon method, and tb(~ amOLmt of .i.ron and 

manganese hydr ous ox:ides present wa...s estimated by soalcing the sample in dilute 

hydrochloric acid and mear .. ;urlng the iron and manganese that were solublized in 

the process. 

The cJay-subliner sample contain.s about 35 percent clay-size material and 

shows a moderate cation-excb.cmge capacHy (14.7 meq/l00 g). Calcium is the 

predominant exchangeable cation, suggesting that any s mectite or 

montomoriUonite clay is ca.lc:ium saturated. The discrepancy between the 

reported exchangeable calc:ium and the total cation-exchange capacity of the 

sample is reJ.ateel to the presence of CaC03 in the material. Ca] cium-bear .. ing 

minerals such as calcite are s lightly soluble in the ammon:ium acetate solution 

that is used. in the exchangeab.1 e caLion procedure. Disso.lution of the calcite 

interferes in the exchangeable calc:ium analyses. 

As expected, the clay-subliner sample is low in organic carbon content 

(0.11% by weight). The resuIts of iron analyses suggest that traces of iron 

hydro1..1s oxides may be present in the material. The soil pH of the c.1ay

sub] :IneX' sampJe is near-neutraJ . Howevel~, the sample shows an abH.i ty to 

neutralize the pH of alkaline solutions. 

3.2 .3 Geochemical Evaluation 

OVer-aU, the clay-subliner sample shows very favorable miner'a]ogical and 

geochemical properties , The propert:ies suggest that the c.lay-subliner material 

can geochemtca .1ly interact wHh seepage solutions and .i.rrunob.ilize potentia.1 

ground-water contamina.nts. 
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The material is eru'iched in cJay minC:-J:'als, especially in m.ixed-.1ayer tYf)l~' 

clays such as montmorillonite. Montmorillonite-type clays are well known for 

their abiJi ty to l.mdergo cation-and anion-exchange reactions w.ith chemical 

consti tuents and to i.mmobilize potentiaJ. ground-water contaminants. Likewise, 

the material contains traces of organic carbon and iron hydrous-oxide 

impurj.ties which can be beneficia.l. Orrranic: carbon can act as a chemica.l 

reducing agent and the iron hydrous oxides can scavange and sorb chemical 

constituents from ground water. 

Although the soil pH of the clay-subliner sample is sJ.ightly a.lkaHne, the 

material has the ability and cap3city to neutralize the alkaljne pH of 

potential cyanide seepage solutions. By neutraLizing the alka.1ine pH, 

coOOi tions are established that promote degradation or attenuation of cyanide. 

Cyanide vo.lat:i.Li.zation becomes sign.ificc.mt when the pH of seepage solution :i!'; 

reduced heleM app:r.ox.lmately 9.4; sorpt:ion of cyanide by natural clay-bearing 

materials is more efficient at less alkaline pH. 

3.3 Sequential Batch Testwork 

Sequential batch testwork is a laboratory procedure that is commonly used 

to evaluate the attenuation ability of clay-l:iner materials. Sequential batch 

testwork is described in more detail by Houle and Long (1980). The procedures 

simulate continously leached columns wherein successive seepage solution comes 

in contact with fresh c1ay-subUner material that can effect attenuation of 

potential contaminants. The procedure can sj.mulate years of potential field 

seepage througb a clay subIiner in a few days of laboratory test1->lOrk. 
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3.3.1 Testwork Procedures 

A schematj.c of the sequentiaJ. batch test that was des.i.gned for the PBR 

Mineral' s geochem~ical program is illustr<:ltc..:xl jn Figure 3-1. The procedures 

consisted of mixing meas1..1.red portions of c1ay-subliner m..'1terial and the 

synthetic heap-leach solution discussed in section 3.1 and gently agitating the 

slurry in 1'o111ng bottles for a period of 24 hours. At the conclusion of each 

test :in the series, the solution was sampled for chern. lea] anaJysis and, after 

f i 1 ted.ng, the 1 iquid and so.Lid port j ons were advanced in sequence according to 

. the matrix illustrated in Figure 3-1. 

3.3.2 Discussion of Results 

Table 3-4 s1.unmar.izes the results of chemical analyses completed on 

leachate saJnples from each batch test. The results are reported on a dissolved 

basIs since leachate samples were fi ltered through 0.45 urn pr.i.O:t· to analysis. 

For cornpa:dson purposes, the chem:ical profile of the synthetic heap-leach 

solution used in the testwork is included jn Table 3-4. 

The pH measurements prsented .tn Table 3-4 clearly show the pH buffering 

capacHy of the clay-subl.iner materia] . Contact of the heap-leach solution 

wi th the clay material in each test neutralized the alka.Lin.l ty of the solution 

from pH 11.6 to pH of about 8-9. As expected, the greatest amount of 

neutralization was observed in batch tests Ai, A2, and A3, where the solution 

to solide;; ratio was 1: 1. However, the alkalin.i ty (pH 11.6) of the heap- leach 

solution was reduced s.-ignificantly even in batch test C1 (pH 9.31), where the 

soJ.ution to solids ratio was 3.1. By neutralizing the alkalinity of 
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SEQUENTIAL BATCH TESTWORK • PBR MINERALS, INC. 

Synthetic Heap-Leach 
Solution 

Batch Liquid To 

Solid Ratio 

A 1 :1 

8 2:1 

c 3:1 

Figure 3-1 

500 ml ~ 

1,000 ml 

1,500 ml 

No 1 

500 gm 

A1 

500 gm 

81 

500 gm 

C1 

CUlY - SUBLINER SAMPLE 

No2 

'250 gm 

250 ml A2 
125 ml 

250 ml 125 ml 

500 ml 

82 
500 ml 500 ml 

1500 ml 

No3 

125 gm 

A3 
125 ml 

EJ 

~ GEOCIIEMICAL ENGINEERING 
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TABLE 3-4 
CHEMICAL ANALYSES OF SOLUTIONS FROM SEQUENTIAL BATCH TESTS 

SYNTHETIC 
HEAP-LEACH CONCENTRATION, jn mg/l 

PARAMETER SOLUTION Al A2 A3 Bl 82 Cl 
--~-- .---.--.---.-~--.. ---

pH (pH units) 11.6 7.90 7.31 7.51 9.03 8.28 9.31 

Arsenic 0.07 0.01 <0.05 <0.05 <0.01 0.01 <0.01 

cadmium 0.09 0.02 0.01 <0.01 0.05 0.03 0.07 

Mercury 0.0474 

Total Cyanjde 115. 72.8 4J.6 15.8 98.8 55.2 87.6 

Free Cyanide 120. 92.4· 3,??' 16.6 95.6 62.8 100. 

Weak-Ac:id I3a. 81.6 33.2 4 ') ./'... 81.6 50.0 83.6 
Dissociable 
Cy-dl1ide 
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the heap-leach solubol1, pH cond.itions a r'e es tabl:ished tfk'1t p:comote the 

function.ing of geochemical mechanisms which remove potential ground-water 

containments from solutIon. 

The arsenic, cadmiluu, and merC1Jry analyses summar.i.zec1 in Table 3-4 conf.i.rm 

that the clay-liner material :is capable of scaveng.i.ng heavy metals and removing 

chemical coru.-;; ·tituents from solution. Arsenic, for example, which was present 

in the heap-leach solution at a concentration of 0.07 mg/l was not detected in 

mos t of the samples from the batch tests. The solutions from batch test Al and 

B2 did report o. 01 mg / 1 arsenic. Arsenic w.il 1 be inunob.il ized from sol uUon by 

any number of geochemical mechanisms. Under neutral to slightly acid pH 

conditions, arsenic in the form of the monovalent arsenate (H2As04-1) anion 

will lmdergo exchange with montmor.:i.llonite-type clays. In addHion to anion 

exchange with clay minerals, arsenic is likeIy to undergo adsorption and 

precipi tat ion reactIons with cOlmnon clay impud t .ies. FoX' example, arsenic may 

be adsorbed on hydrous oxides of iron or may be precipitated as an insoluble 

arsenate by metals such as iron, copper, or zinc. 

Similar geochemical mechanisms (cation-exchange, adsorption, and 

precipitation) are probably responsible for removing cadmium and mercury from 

the heap-leach solution dur.i.ng the batch testwork. The effectiveness of these 

reactions a re illustrated in samples Al, A2, and A3. 

Neutralizing the alkaline pH of the heap-leach solution had a pronounced 

effect on the cyanide concentrations reported in the batch test solutions. 

Prior to contact with clay- subliner material, the synthetic heap-leach solution 

u.sed in the sequential batch testwork contained over 100 mg/1 cyanide. With 

each contact, the concentrations of cyanJde were reduced. The solution sample 
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from batch test A3 re1-,,')rted about 36 mg/ 1 total cyanide and about 4 mg/ 1 WAD 

cya.nide. These concentratIons represent a decrease of 86 and 97 percent In the 

total and WAD cyanide levels, respect.ive.1y, fl'om the start of the batch tests. 

VolatiJization is a major physiochemical mecbanism that w.i.ll degrade and 

retard the movement of cyanide through the clay subliner. Neutralizing the 

alk...'J.J.ine pH of the heap- leach solution l'educes "the pH in"to a range where 

signif:icant cyan:ide volaUljzation can occur. Cyan.i.de volatJJ:ization becomes 

sign:ificant when the pH is reduced belo\.\1 9.4. 
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4.0 CONCLUSIONS 

The results of the geochemical analyses and the sequential batch testwork 

lead to the following conclusions: 

.1. The mineralogjcal and geochemical properties of the clay-subl :iner 

sample are typical of natura.l materials which retard or attenuate 

the movement of chemical COI1Sti tuents. 

2. The principal clay-forming minerals in the clay-subliner sample are 

smectite or montmorillonite-type clays. Trace amounts of organic 

carbon and iron hydrous·-oxides are present in the material. Most 

importantly, the clay-sub.l:iner ma terial is capable of neutralizinrJ the 

alkaline pH of heap-leach solutions. 

3. By neutr2ll iz.ing alk.<:1..HnHy, favorable pH condi t j ons art-! establ j sbed 

which promote the funct.i.oning of geocbemical mechanis ms wtdch 

immobilize heavy metaJs such as arsenic, cadmiwn, and mercury, and 

degrade or volatilize cyanide. 

4. Sequential batch testwork conf.i.r ms that the clay-subUner mater:ial 

will interact with any un.1ikely seepage and is able attenuate 

potentiaJ. ground-water contaminants such as arsenic, cadmiwn, mercury, 

and cyanide. 
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TESTWORK PROTOCOLS 

PBR MINERALS 

A. LABORATORY PREPARATION OF HEAP-LEACH SOLUTION 

PROCEDURE: 

1. Air-dry, mix and composite ore sample; 

2. Weigh 10 pounds of ore composite and transfer to leach vessel; 

3. Introduce 10 liters of water from No 2 well, and agitate mixture 
(0.31% solids); 

4. Measure pH of mixture after about 15 minutes of agitation; 

5. Add 9 grams of lime (Ca(OH)2) to mixture amd agitate; 

6. Measure pH of mixture after about 15 minutes of agitation; 

7. If pH is alkaline (>9.0), add 2.5 grams of NaCN and agitate; 

8. Measure pH of mixture after first 15 minutes and each 2 hours 
thereafter (during first 8 hours of mixing); 

9. Agitate for 24 hours; 

10. Let stand, measure pH and .decant clear solution for use in 
sequential batch-contact tests. 

B. GEOCHEMICAL CHARACTE..l{IZATION OF CLAY-LINER NATERIAL 

PROCEDURE: 

1. Air-dry, mix and composite clay-liner sample; 

2. Analyze composite sample for the following: 

a. Cation-exchange capacity and exchangeable cations; 

b. soil pH and base-neutralizing potential; 

c. organic carbon content; 

d. acid-soluble iron and manganese content 

e. clay-sized material 

f. bulk-mineral analYSis and clay-mineral analysis 

C. SEQUENTIAL BATCH-CONTACT TESTS 

PROCEDURE: 

1. As of Figure 1 ~ GEOCHEMICAL ENGINEERING 
~ INCORPORATED 

000190 



Client Sample I.D. 

CORE LABORATORIES 

ANALYTICAL REPORT 

June 16, 1988 

KBR Minerals 
Ore Sample 

KBR Minerals 
Clay Liner 

Lab Sample I.D. (8,80487) #1 #2 

PARAMETER 

% Moisture-Air Dry 

* Soil pH (1:1 paste) 

cation Exchange Cap. 

Exchangeable Cations 

Calcium 

Magnesium 

Sodium 

Potassium 

Acid Soluble F,e 

Acid Soluble MIl 

Organic Carbon (W.B.) 

Clay Content 

Base Neutralizing Cap. 

UNITS 

% 

pH units 

meqjlOOgm 

meq/100grn 

meqJI00gm 

meq/l00gm 

meq/100gm 

% 

3.21 4.13 

7.58 

14.7 

39.3 

3.64 

1. 07 

0.23 

0.61 

0.02 

0.11 

35.0 
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Western At:lalil 
International 

A· .. ""O'.-c....-v 

CORE LABORATORIES 

5295 HaJ:ister Road 
Ho:':Ston. Te;:&$ 
77040-6295 

(713) 460-9600 

Core Laboratories - Aurora 
Sample No. 880487-2 File: 2a82?J 

Sample: 

Quartz 

Feldspar 
Plagioclase 
K-Feldspar 

Calcite 

clay Minerals 

Kaolinite 

Chlorite 

Illite 

Mixed-layer** 
Illite/Smectite 

TABLE 1 

X-RAY DIFFRACTION (XRD) DATA 
(Weight Percent) 

1 

Bulk Mineralogy (Calculated)* 

24 

06 
02 
04 

46 

~ 
100% 

Relative Clay Abundances 
(Normalized to 100%) 

09 

16 

75(BO) 
100% 

* Bulk mineralogy is calculated from sand/silt-size and clay
size XRD data. 

** Numbers in ( ) are percent e xpandable smectite interlayers in 
mixed-layer clays. 
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SEQUENTIAL BATCH TESTWORK - PBR MINERALS, INC. 

Synthetic Heap-Leach 
Solution 

Balch Liquid To 

Solid Ratio 

A 1 :1 

8 2:1 

c 3:1 

Figure 3-1 

500 ml ~ 

1.000 ml 

1.500 ml 

No 1 

500 gm 

A1 

500 gm 

81 

500 gm 

C1 

CLAY - SUBLINER SAMPLE 

No2 

250 gm 

250 ml A2 
125ml 

250 ml 125 ml 

250 gm 

500 ml 

82 
500 ml 500 ml 

1500 ml 

No3 

125 gm 

A3 

~ 

125 ml 

8 

GEOCHEMICAL ENGINEERING 
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CORE LABORATORIES 

ANALYTICAL REPORT 

June 16, 1988 

The following are results on extracts from bottle roll tests performed 
as illustrated in Figure 1 (Copy attached). The solution used for each 
test (Heap Leach Solution 880487-3) was prepared following the 
directions provided (A - attached). The solids used in each test was 
the PBR Minerals Clay Liner Material - 880487-2. 

Client Sample I.D. (KBR Minerals) 

Lab Sample I.D. (880487) 

PARAMETER UNITS 

pH pH units 

Total Cyanide mg/l 

Free Cyanide mq/l 

W.A.D. cyanide mg/1 

Arsenic mg/l 

Barium mgjl 

Cadmium mgjl 

Chro.mium mg/l 

Lead lllg/l 

Mercury ugjl 

Selenium mgjl 

Silver mgjl 

Heap Leach 
Solution 

#3 

11.6 

115 

120 

138 

0.07 

0.06 

0.09 

<0.01 

<0.01 

47.4 

0.04 

2.03 

2A1 2A2 

#4 #5 

7.90 7.31 

72.8 41.6 

92.4 37.2 

83.6 33.2 

0.01 <0.05 

0.02 0.01 
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CORE LABORATORIES 

ANALYTICAL REPORT 

June 16, 1988 

The following are results on extracts from bottle roll tests performed 
as illustrated in Figure 1 (Copy attached). The solution used for each 
test (Heap Leach solution 880487-3) was prepared following the 
directions provided (A - attached). The solids used in each test was 
the PBR Minerals Clay Liner Material 880487-2. 

Client Sample I.D. (KBR Minerals) 2Bl 2A3 2B2 

Lab Sample I. D •. (880487) #6 #7 #8 

PARAMETER UNITS 

pH pH units 9.03 7.51 8.28 

Total Cyanide mg/l 98.8 15.8 55.2 

Free Cyanide mg/l 95.6 16.6 62.8 

ii.A.D. Cyanide mg/l 81.6 4.20 50.0 

Arsenic mg/l <0.01 <0.05 0.01 

Cadmium mg/l 0.05 <0.01 0.03 

Mercury mg/l 
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CORE LABORATORIES 

ANALYTICAL REPORT 

June 16, 1988 

The following are results on extracts from bottle roll tests performed 
as illustrated in Figure 1 (Copy attached). The solution used for each 
test (Heap Leach solution 880487-3) was prepared following the 
directions provided (A - attached). The solids used in each test was 
the PBR Minerals clay Liner Material 880487-2. 

Client Sample I.D. (KBR Minerals) 2C1 

Lab Sample I.D. (880487) #9 

EARAMETER UNITS 

pH pH units 9.31 

Total cyanide mg/l 87.6 

Free Cyanide mg/l 100 

W.A.D. cyanide mg/l 83.6 

Arsenic mg/l <0.01 

Cadmium mg/l 0.07 

Mercury mg/l 
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1.0 PU~POSE AND SCOPE 

This Geochemical Report was prepared in support of l)BR Minerals I "Application 
for a Ground-Water Quality Protection Permit" f or a gold mining and heap
leaching facility to be located south of the town of Tombstone, Cochise COW1ty, 
Arizona. The report swnmarizes the results and conclusions from laboratory 
testwork conducted to evaluate the geochemical attenuation ability of locally 
available clay-bearing material which is to be used in the construc t ion of clay
subliners for process water impoundments and leach pad<: . 

The principal objectives of the labora tory program werr' t,vofold: 

(1) determine the mineralogical and geochemical proport ies of the 

clay-subliner material; and 

(2) confirm through laboratory testwork whether the ciay-subliner 

material can retard or attenuate the movement of chemical 

ccnstituents that may be present in seepage. 
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2 .0 I~ODUCTION 

PBR Hinerals, Inc. is submitting a permit applicati r_in of operate a gold ffilnlng 

and heap-leaching facility in Cochise County, Ar i.zona. The facility ~vill 

include a conventional heap-leaching circuit, where c rushed ore will be loaded 

on a low-permeability pad and leached with a dHute solution of sodium 

cyanide. Gold-bearing solutions collected from the heap leach ~vill be treated 

to recover precious metals and then recycled. Spen t ore will be neutralized 

and moved to a spent ore disposal area. 

The leach pad and process water ponds will be lim'fl 'vith synthetic membranes 

which will be placed over compacted clay sublinen -: . The clay subliners can 

serve two purposes. In addition to acting as a geotechnical barrier to seepage 

movement, the clay subliners can function as '" geochemical barrie r to 

contaminant migration. If the clay-subliner materia l has the right geochemical 

properties, the clay can interact with chemical constituents which may be 

present in seepage. Under the right conditions sue;1 interactions can lead to 

geochemical reactions that fix and immobilize const it-l len ts and r emove them from 

solution. Examples of such geochemical mechanisms :include cation- and anion

exchange, sorption, precipitation and coprecipitation. Performi ng i n this ~,'ay, 

a clay subliner can introduce one additional saf eguard agai nst contaminant 

migration. The spent ore disposal area will be lill'-'d wi th a similar clay, to 

protect against contamination from spent ore leachate. 
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3.0 GEOCHEMICAL PROGRAM 

The geochemical program that was implemented for PBR ~linerals was designed to 
complement geotechnical and geohydrological invest :i ';a tions at the site. The 
program consisted of laboratory analyses and testwor l: on clay-bearing material 
that was targeted for use in the construction of i mpoundment and leach pad 
subliners, as well as spent ore disposal area liners. 

Specific objectives of the laboratory program included Ule following: 

(1) prepare a synthetic heap-leach solution that resemhled possible 

seepage solutions; 

(2) determine the mineralogical and geochemical prope;ties of the 

clay-subliner material; and 

(3) evaluate in sequential batch tests the ability of [-he 

clay-subliner material to act as a geotechnical u ,:; r and retard 

the migration of chemical constituents present i n seepage. 

3. 1 Preparation of Heap-Leach Solution 

The synthetic cyanide solution which was utilized in the clay subliner 
evaluation studies was prepared at Core Laboratoric' s , Aurora, Colorado, from 
samples of ore and well water provided by Mr. ( dry Lindroos, Technical 
Superintendent, PBR Minerals, Inc. Care was takei1 to assure that the heap
leach solution would be representative of the heap-leaching practices 
anticipated at PBR Minerals. The solution was synthe :: i, zed from actual ore that 
will be processed in the PBR Minerals heap-leach cixcui t and by using 'V,ra ter 
from the No. 2 well at the site. Cyanide and lime '-.;ere added in proportions 
tha t would duplica te leaching condi tions in the 1 leap. The rna trix tha t PER 
Minerals anticipates using is 1 pound NaCN and 4 pouncl~; H me per ton of ore. 

Duplicating this matrix, the heap-leach solution ,";.:1 S prepared by agitating a 
mixture of 10 pounds of ore composite, 9 grams of limf' , 2.5 grams of NaCN in 10 
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liters of water, for about 24 hours. The procedure i s described in more de tail 

in the testwork protocols included with the anal ytical report from Core 

Laborator i es that is appended to this report. At the conclusion of the 

procedure, the mixture was settled and the cyanide solution was decanted. 

Chemical analysis of this synthetic heap-leach solut i on is presen t ed in Table 

3-1. 

The solution that is profiled in Table 3-1 resembles the heap-leach flui ds that 

would come into contact with clay-subliner mater ial in the unlikely event of 

liner leakage. The solution is alkaline (pH 11 . 6 ), enriched in cyanide 

concentra tions, and contains traces of arsenic , cadmilUTI, and mercury . The 

s)~the tic cyanide solution contains silver at a concentration of 2. 03 mg/l. 

This concentration of silver reflects the fact t ha t no attempt was made to 

r ecover the precious metal from solution. Silver and gold will be r ecover ed 

during commercial plant operations. 

3. 2 Geochemical Characterizations of Clay-Subliner ~ Ia t er i als 

material was analyzed f or mineralogical and 

Laboratories, Auror8, Colorado. ~lineralogical 

quantitative x-ray diffr action analysis to 

relative clay abundances . (,eochemical evaluation 

A sample of the clay-subliner 
geochemical properties at Core 
i.dentification consisted of 
de t ermine bulk mineralogy and 
involved laboratory analyses of the sample f or geochemical pr operties to 

include the following: 

cation-exchange capacity and exchangeable cations 

acid-soluble iron and manganese 

organic carbon content 

soil pH 

base neutralizing potential 

3 .2.1 Mineralogical Properties 

The x-ray diffraction analyses completed on the bulk sample and on t he clay

size fraction are sumnarized in Table 3-2. The i:1nalvsis indica tes t ha t the 

subliner material is calcareous and contains v" d otls clay miner als . The 

mineral calcite (CaCO 3) constitutes the major percen t age (46% by ~~e i ght) t') f the 

bulk material. Clay minerals constitute a smaller but significant frac tion 
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(24% by ,,'eight). The principal clay-forming minera I.s in this fraction are t he 
mixed-l<1yer smectite or montmorillonite type of c l f1:,- minerals. Kaolini te and 
illite make up a minor percentage of the total clay- millenl l phase . 

3.2.2 Geochemical Properties 

The results of geochemical analyses completed on t he:' clay-subline r sample are 
presented in Table 3-3. The size of the clay-size frac tion was de termined by 
quali ta t i ve clay separation techniques. Ca tion-exci1cmge capaci ty ,,,as measured 
by using the sodium acetate extraction procedure; exchangeable bases ~ere 
determined by using a soluble cation extraction procedure in combina t ion with 
an ammonilUTI acetate extraction procedure. Organic G irbon was analyzed using a 
modified \~alkley-Black acid-digestion method, and the amoWl t of iron and 
manganese hydrous oxides present wa s estimated by sO':lking the sampl e in di lute 
hydrochloric acid and measuring the iron and manganc';e tha t were solublized i n 
t he process. 

The clay-subliner sample contains about 35 percent c -!:ty- size ma terial and shows 
a mode r a te cation-exchange capacity (14.7 meq /l nO g ). Calcium is t he 
predominant exchangeable cation, suggesting I-ha t any smectite or 
montomor illonite clay is calcium sa turated. The d iscrepancy between t he 
r eported exchangeable calcium and the total cati on-exchange capacity of the 
sample is related to the presence of CaC03 in the IWI t erial. Calc i um-bearing 
minerals such as calcite are slightly soluble in t hp- ammonium acetate solution 
that is used in the exchangeable cation procedure. Dissolution of t he ca lci te 
i nterferes in the exchangeable ca lcium analyses. 

As expec ted, the clay-subliner sample is low in orS:i1nic carbon con ten t (0 . 11% 
by weight). The results of iron analyses suggest tha t traces of i ron hydrous 
oxides may be present in the ma terial. The soil pH of the clay-subline r sampl e 
is near-neutral. However, the sample shows an abi li ! .";' t o neutr a li ze the pH of 
a lkaline solutions. 

3.2.3 Geochemical Evaluation 

Overall, the clay-subliner 
geochemical properties. The 
can geochemically interact 
groWld-"13 ter contaminants. 

sample shows very f av nrable mineralogica l and 
properties suggest tha t i~ he clay-subl i ne r material 
with s eepage solutions and immobilize potential 

The material is enriched in clay minerals, especially i n mixed-layer type cl ays 
such as montmorillonite. Montmorillonite-type clay:: are well knmm for their 
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ability to undergo cation- and anion-exchange reactions ,,,ith chemical 

constituents and to immobilize potential ground-~vatet· contaminants. Like,,,ise, 

the material contains traces of organic carbon and iron hydrous- oxide 

impurities which can be beneficial. Organic carbon can ac t as a chemical 

reducing agent and the iron hydrous oxides can scavange and sorb chemical 

constituents from ground water. 

Al though the soil pH of the clay-subliner sample i s slightly alkaline , the 

material has the ability and capacity to neutraJi.ze the al kaline pH of 

potential cyanide seepage solutions. By neutraLi.z :i.ng the alkaline pH, 

conditions are established that promote degradation or attenuat ion of cyanide. 

Cyanide volatilization becomes significant when the pH of seepage solution is 

reduced below approximately 9.4; sorption of cyani de by natura l clay-bearing 

materials is more efficient at less alkaline pH. 

3.3 Sequential Batch Test~vork 

Sequential batch testwork is a laboratory procedur <: tha t is commonly used to 

evaluate the attenuation ability of clay-liner ma !,~ rials. Sequential batch 

testwork is described in more detail by Houle and Lon}; (1980). TIle pr ocedures 

s imulate continuously leached columns wherein succeS5 ': ve seepage solution comes 

in contact with fresh clay-subliner material that can effect attenuation of 

potential contaminants. The procedure can simula te years of po tential field 

seepage through a clay subliner in a few days of lab01:" tory testwork. 

3.3.1 Testwork Procedures 

A schematic of the sequential batch test that \,~(]S designed for the PBR 

i'lineral's geochemical program is illustrated in F: (,,,.lre 3-1. The procedures 

consisted of mixing measured portions of clay-suhUner material and the 

synthetic heap-leach solution discussed in section 3 . 1 and gently agitating the 

slurry in rolling bottles for a period of 24 hours. At the conclusion of each 

test in the series, the solution was sampled for chl'mical analysi s and, after 

filtering, the liquid and solid portions were advanced i n sequence according to 

the matrix illustrated in Figure 3-1. 

3.3.2 Discussion of Results 

Table 3-4 sUIJlJlarizes the results of chemical anal ~.-se s completed on leachate 

samples from each batch test. The results are repr)r.ted on a dissolved basis 

since leachate samples were filtered through 0.4 5 iim prior t o analysis. For 

comparison purposes, the chemical profile of the Syll ;'hetic heap-leach solution 

used in the testwork is included in Table 3-4. 
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I11e pH measurements presented in Table 3-4 clear ly show the p[-{ buffering 

capacity of the clay-subliner material. Contact c·f the heap-leach solution 

~dth the clay material in each test neutralized the :::lkalinity of the solution 

from pH 11.6 to pH of about 8-9. As expected, the greatest amount of 

neutralization was observed in batch tests A1, Al, ,met AJ, where the solution 

to solids ratio ~"as 1:1. However, the alkalinity ( !,j[ 11.6) of the heap-leach 

solution '''as reduced significantly even in batch t e,,, I: C1 (pH 9.31), where the 

solution to solids ratio was 3:1. By neutralizing the alkalinity of 

the heap-leach solution, pH conditions are established that promote the 

functioning of geochemical mechanisms which remov(' potential ground- wa ter 

contaminants from solution. 

The arsenic, cadmium, and mercury analyses summarized i n Table 3-4 confirm that 

the clay-liner material is capable of scavengin~ heavy metals and removing 

chemical constituents from solution. Arsenic, for example, which ,,,as present 

in the heap-leach solution at a concentration of 0. 07 mg/l was no t detected in 

most of the samples from the batch tests. The solutinns from batch test Al and 

B2 did report 0.01 mg/l arsenic. Arsenic will be imillobilized from solution by 

any number of geochemical mechanisms. Under neu!Tal to slightly acid pH 

conditions, arsenic in the form of the monovalent arsenate (H2As04- J ) anion 

will undergo exchange with montmorillonite-type CL1YS . In addit ion to anion 

exchange with clay minerals, arsenic is likely Lo undergo adsorption and 

precipitation reactions with common clay impurities. For example, arsenic may 

be adsorbed on hydrous oxides of iron or may be pr l' cipitated as an insoluble 

arsenate by metals such as iron, copper, or Zi;lC . Similar geochemical 

mechanisms (cation-exchange, adsorption, and prec ipitation) were probably 

responsible for removing cadmium and mercury fr orn the heap-leach solution 

during the batch testwork. The effectiveness of these reactions are 

illustrated by the chemical analyses of leachate sampl· " , AI, Al, and AJ. 

The capacity of the clay-subliner material to C! !', t. enua te the movemen t of 

arsenic, cadmium, and mercury is indicated by the (~;) lculations summarized in 

Table 3-5. The table lists the amounts of arsenic, cadmium, and mercury that 

"Jere removed from the heap-leach solution by S( )C) g of the clay-subliner 

rna terial during batch tes ts AI, B1, and Cl. The calcll1a tions indica te tha t the 

clay-subliner material is capable of sorbing at least". 0 .41 mg/kg arsenic, 0.21 

mg/kg cadmium, and 0.27 mg/kg meccury. The capaci t::: estimate is conservative 

since the attenuation properties of the clay-subliner sample were not exhausted 

during the course of the testwork. Even after two prior contacts ,.,ith heap

leach solution, the sample in batch test Cl condnued to remove arsenic, 

cadmium, and mercury from solution. These result s suggest that the ultimate 

capacity of the clay-subliner material for immobili zi ng arsenic, cadmium, and 

mercury is even greater. 
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~eutralizing the alkaline pH of the heap-leach solution had a pronounced effect 

on the cyanide concentrations reported in the batch tes t solutions. Prior to 

contact with clay-subliner material, the synthetic h(: .. !p-leach solution used in 

the sequential batch test'vork contained over IOU !'1g/ l cyanide. \hth each 

contact, the concentrations of cyanide were reduced. '!.h e solution s ampl e f r om 

batch test A3 reported about 16 mg/l total cycm.i.de and about 4 mg /J. \~,-\D 

cyanide. These concentrations represent a decrease 01: 86 and 97 percent in the 

total and HAD cyanide levels, respectively, from the Si :)r t of the batch tes ts . 

Volatilization is a major physiochemical mechanism t hD l. ,.,Till degrade and retard 

the movement of cyanide through the clay subliner. ~\:eutralizing the alkaline 

pH of the heap-leach solution reduces the pH into :1 range where significant 

cvanide volatilization can occur. Cyanide volatil ii.;, ·J tion becomes significant 

when the pH is reduced below 9.4. 
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TABLE 3-1 
CHEMICAL ANALYSIS OF SYNTIIETIC HEAP-LE1\ClI SOLUTION 

PAR.-\t·1ETER CONCENTRAIT',:.J , in mg/l 

pH (units) 1 ', . 6 

Arsenic 
I ~ .07 

Barium ().06 

Cadmium " . 09 

ChrOmilun <' ) .01 

Lead 

Mercury ' ).04 74 

Selenium n .04 

Silver ~ .03 

Total Cyanide 1 J ') • 

Free Cyanide 1.::0 . 

Weak-Acid-Dissociable Cyanide 
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TABLE 3-2 
MINERALOGICAL PROPERTIES OF CLAY-SUBLIXER. SAMPLE 

CONSTI1'lJErIT 

Quartz 

Feldspar 
Plagioclase 
K-Feldspar 

Calcite 
Clay Minerals 

CONSTlWENT 

Kaolinite 

Chlorite 

Illite 

Mixed-layer, Illite/Smectite 

BULK MIlIITT .,'\jJXY 

(q %) 

24 

06 

46 
24 

100% 

02 
04 

RELATIVE (-·1 ,AY ABUNDANCES 
( \,,(: %) 

09 

16 

75 
100% 
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TABLE 3-3 
GEOCI-IEl-lICAL PROPERTIES OF CLAY-SUBLH,! R SAMPLE 

UNITS VALUE 

Moisture (Air-Dry) 01 
,0 4.13 

Clay Content ( rl 35.0 10 

Cation-Exchange Capacity meq/100g 14.7 

Exchangeable Cations: 

Calcium meq/lOOg 39.3 

Magnesium meq/100g 3.64 
Sodium meq/100g 1.07 
Potassium meq/100g 0.23 

Acid-Soluble Iron (II 0.61 r' 

Acid-Soluble Manganese "'/ ,., 0.02 

Total Organic Carbon U/ 0.11 /0 

Soil pH pH units 7.58 

Base Neutralizing Potential 
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TABLE 3-4 

CHEMICAL ANALYSES OF SOLUTIONS FROt-1 SEQlJEl:IJ"T] .\ L BATCH TESTS 

PARAMETER 

pH (pH units) 

Arsenic 

Cadmium 

:'[ercury 

Total Cyanide 

Free Cyanide 

Heak-Acid 
Dissociable 
Cyanide 

SYNTIIETIC 
HEAP-LEACH 

SOLUTION 

11.6 

0.07 

0.09 

0.0474 

115. 

120. 

138. 

CONCENTRATIO~; , in mg/1 

A1 A2 A3 1:.1 B2 Cl 

7.90 7.31 7.51 9 .Cn 8.28 9.31 

0.01 (0.05 (0.05 <O JH 0.01 <0 .01 

0.02 0.01 <0.01 0.')5 0.03 0.07 

0.001 (0.0025 0.0005 O, i jOO8 0.0006 0. 0042 

72.8 41.6 15.8 01·.8 55.2 87.6 

92.4 37.2 16.6 ~) ; . 6 62.8 100. 

83.6 33.2 4.2 ~ ~ 46 50.0 83.6 
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BATCH 
TEST 

Al 

B1 

C1 

TABLE 3-5 
CAPACITY OF CL..I\Y-SUBLINER MATERIAL TO YLTENUATE 

ARSENIC, CADHIUM AND HERCURY 

LIQUID TO 
SOLIDS RATION 

0.5 

1.0 

1.5 

TOTAL: 

ATTENUATION CAPACITY: 

AMOUNT i\TIEN1JATED, IN MG 
ARSENIC C \mIIUM HERCURY 

0.030 n .035 0.0233 

0.070 0 .040 . 0.0466 

0.105 0 .030 0.0648 

0.205 0 .105 0.1347 

0.41 mg/kg ("l.~ l mg/kg 0.27 mg/kg 
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SEQUENTIAL BATCH TESTWORK • PBR MINERALS, INC. 

Synthetic Heap·Leach 
Solution 

Batch , Uquid To 

Solid Ratio 

A 1 :1 

B 2:1 

c 3:1 

Figure 3·1 

SOOml. 

1.000 ml 

1,500 ml 

No 1 

500 gm 

Ai 

500 gm 

81 

500 gm 

',,{ 

C1 

CLAY· SUBUNER SAMPLE 

No 2 

250 gm 

250 ml 

P2 
125 ml 

250ml 125 ml 

250 gm . 

o 
SOOml 

82 
SOOml 500 ml 

1500 ml 

No 3 

125 gm 

A3 

~ 

125 ml 

EJ 
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4.0 CONCLUSIONS 

The results of the geochemical analyses and the s ("jl lential batch testwork 
lead to the following conclusions: 

1. The mineralogical and eeochemical properties () I: the clay-subl.i.ner 
sample are typical of natur3l materials which :' c~ tard or attenuate 
the movement of chemical constituents. 

2. The principal clay-forming minerals in the cl<! ': ·~.subliner sample are 
smectite or montmorillonite-type clays. Trace amounts of organic 
carbon and iron hydrous-oxides are present in Lhc material. Most 
importantly, the clay-subliner material is car :lb.le of neutralidng the 
alkaline pH of heap-leach solutions. 

3. By neutralizing alkalinity, favorable pH condi:, i.ons are es tablished 
"Thich promote the functioning of geochemical nv.:, chanisms which 
irrnnobilize heavy metals such as arsenic, cadmi llll1, and mercury, and 
degrade or volatilize cyanide. 

4. Sequential batch testwork confinns that the cl;lv-subliner material 
will interact with any unlikely seepage and i 0 clble to attenuate 
potential ground-~yater contaminants such as ar :;(:nic, cadmium, mercury, 
and cyanide. 
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PER MINERALS 

A. LABORATORY PREPARATION OF }~P-LEACH SOLUTION 

PROCEDURE: 

1. Air-dry, mix and composite ore s~nple; 

2. Weigh 10 pOlli1ds of ore composite and tri1T1sfer to leach vessel; 

3. Introduce 10 ljters of water from No 2 \\1.,11 , and agi t ate mixture 
(0.31% solids); 

4. Measure pH of mixtur0.. after about 15 mi ! '1] tes of agita t ion; 

5. Add 9 grams of lime (Ca( OH)2) to mixtlll:- i ' arnd agitate; 

6. Measure pH of mixture after about 15 m.i : l!tes of agitation; 

7. If pH is alkaline (>0.0), add 2.5 grams o f NaCN and agitate; 

8. Measure pH of mixture after first 15 mj Illites and each 2 hours 
thereafter (during f i rst 8 hours of mix.i ;lg ) ; 

9. Agitate for 24 hours ; 

10. Let stand, measure pH and.decant cleariolution for use in 
sequential batch-cont.act tests. 

B. GEOCHEMICAL CHARACTERIZATION OF CLAY-LINER HATEf'T AL 

PROCEDURE: 

1. Air-dry, mix and composite clay-liner s ;:unple; 

2. Analyze composi te sample for the follm,: i ! 19 : 

a. Cation-exchange capaci ty and exchal';,;eable ca tions ; 

b. soil pH and bast: -neutralizing potC! II i a l ; 

c. organic ca~bon content; 

d. acid-soluble iron and manganese C()I 'I' F-~ nt 

e. claY-Sized material 

f. bulk-mineral antilysis and clay-min(' :-.-,1.1. analysj.s 

C. SEQUENTIAL BATCH-CONTACT TESTS 

PROCEDURE: 

1. As of Figure 1 
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SEQUENTIAL BATCH TESTWORK • PBR MINERALS, INC. 

Synthetic Heap·Leach 
Solution 

Said! Liquid To 

Solid Ratio 

A 1:1 

B 2:1 

C 3:1 

Figure 1 

500 ml ~ 

1,000 ml--", 

1,500 ml ~ 

No 1 

A1 

500 gm 

81 

500 gm 

I 
t 

C1 

250 ml 

t-

250 ml 

, 
GJ 

500 ml 

e-

500 ml 

81 

t-

1500 ml 

.. 

CLAY· SU8l1t1En SA/,lPLF. 

No2 

.. ~ 

A2 
125 ml 

l-

125 ml 

250 gm , 

A2 

, 
• 82 l-

500ml 

r 

~ 
I 

l-

-'----, 

No3 

.f 

.. 
A3 

~ 

I-

5ml 

,. 
G 

'--

t-

L. 
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'':'L ·: ri 1$ used Or reheo li~ c n for any reason whatsoever 

. .. . '1')( whose excluS I'./~ ar'lG ~c·r.: :den:ial :.J se ','1 s "-: :':. ~ ' ",:)5 
, '; '.' <; f'lC r9SPonslbllil '/ln(l ma~: i:::: Nj ·NJr·a·~ : · . -: ' ... : :; H.~~""=:I ' 

..... ;" property. well or -; and I" :~:","' €':. ::o n .• , ~ . " ..... '. ~ :".: "' 
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Western Atlas 
International 

Al..ftr. ;~~ 

Client Sample 1.0. 

CCRELABCRATORIES 

ANALYTICAL REPORT 

July 14, 1988 

KBR Mineral !':; 
Ore Sampl e 

KBR Minerals 
Clay Liner 

Lab Sample 1.0. (880487) #1 # 2 

PARAMETER UNITS 

% Moisture-Air Dry % 3.21 4.13 

* Soil pH (1:1 paste) pH units 7.58 

cation Exchange Cap. meqjlOOgm 14 . 7 

Exchangeable cations 

Calcium meqjl00gm 39.3 

Magnesium meqj 100grrl 3 . 64 

Sodium meqjlOOgI'l 1. 07 

Potassium meqj100gm 0 . 23 

Acid Soluble Fe % 0.61 

Acid Soluble 1m % 0.02 

Organic Carbon (W. B. ) % 0 . 11 

Clay Content % 35.0 

Base Neutralizing Cap. meqjgm 6.4 

- "'t:' .l'~a lysI S . OD,nIC"'S or rr'lle rpretatlons contained in thiS report ar9 baSOd upon -: t)servations and material sl."jpolled by ;!" . '0: whose exclusIVe ann .:cnhceniia! J'j o"; :- ~ '0:. : 0: - ·)5 
" ';'~" -nade The Inlf·r;:;rela:rons or opinions expressed represent the oast Judgment ")1 Core Laboralories . Core Labora lo"~ ' , .'~' u5 no responsib. llly a:1d rr.a "~$ -.1'; 113rt,;r,' " 0: ' ' ~:: ' ~S~I" :d' 
. ': r~ ~ ~-.: or ess or 1n"" "') .. ~C . :1 S to the productIVIty. proper operations or prO" lablen .... 'j~ however of any oil. gas. coal or otr;· ~ '.",, 1. property. 'Nell .J( sanG .r C":}:-Vlec:! .... Jr , 1, 1' " "' .... '::- ~..:~ ;-, 

' "!;:,·c r 's iJsed or ~ !- ' €'c .. pon for any reason whatsoever 
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CORE L ABORATORIES 
Weetern Atlas 
International 

"l...ft::r .~.~ 

ANALYTICAL REPORT 

July 14, 1988 

The following are results on extracts from bot t l e roll tests performed 
as illustrated in Figure 1 (Copy attached). Th e solution used for each 
test (Heap Leach Solution 880487-3) was p repared following the 
directions provided (A - attached). The solids used in each test was 
the PER Minerals Clay Liner Material - 880487-2. 

Client Sample I.D. (KBR Minerals) 

Lab Sample I.D. (880487) 

PARAMETER UNITS 

pH pH units 

Total cyanide mg/l 

Free Cyanide mg/l 

W.A.D. Cyanide mg/l 

Arsenic mg/l 

Barium mg/l 

Cadmium mg/l 

Chromium mg/l 

Lead mg/l 

Mercury ug/l 

Selenium mg/l 

Silver mg/l 

Heap Leach 
Solution 

#3 

11. 6 

115 

120 

138 

0.07 

0.06 

0.09 

<0.01 

<0.01 

47.4 

0.04 

2.03 

------------------------------
2A1 2A2 

#4 #5 

7.90 7.31 

72.8 41.6 

92.4 37.2 

83.6 33.2 

0.01 <0.05 

0.02 0.01 

- r~ a,., alysis. opln10"S or rnrerpretations contained In this repo" are based upon observaltons and material slJpplied by {..,.~ . ;~ .. , 'or whose exclUSive ana ~on!II.:lCn:I JJ ..;5 -::' '- :S ' ':00(' - ;lS 
-:.,~ .. ''""oe The mll?for~ Ic11Ions or opinions expressed represenllha bp.sljudgmonl ')' Core Laborat()(ies. Core Laboratofler.; , . ~ '~ 5 :'10 responsibllilv and mar.es "'1 -:: 'II.:}rr an:'! ,,:' ·~c' :? se":a· 
' 1('.,,:- avpre5S or Il'T"olied as to the productivity. proper operations or profitableness however of any oil. gas. coal or oth,.:: "Bra!. property, well or sane :!1 ~onn.eC!lon h 't !"' .... -'C,.. ':' l.. C ~ 

' ,~~""'I t 'lj used or fp', gd uoon tor any reason whalsoever. 
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CORE LABORATORIES 
\Neetern At1a8 
International 

Al..ft:r /C>M:Mr~ 

ANALYTICAL REPORT 

July 14, 1988 

The following are results on extracts from bot t le roll tests performed 
as illustrated in Figure 1 (Copy attached). Th e solution used for each 
test (Heap Leach Solution 880487-3) was p repared following the 
directions provided (A attached). The solid :: used in each test was 
the PBR Minerals Clay Liner Material 880487-2. 

Client Sample I.D. (KBR Minerals) 2Bl 

Lab Sample I.D. (880487) #6 

PARAMETER UNITS 

pH pH units 9.03 

Total Cyanide mg/l 98.8 

Free Cyanide mg/l 95.6 

W .. A.D. Cyanide mg/l 81.6 

Arsenic mg/l <0.01 

Cadmium mg/l 0.05 

Mercury mg/l 

- '"1-: d"alysis. 00Inll ,:"\5 .)~ ,.,terprefatlons contained in this report are based upon cbsorvaflons and matenal ~upplied by .. , 
:. c."1n ro130e . The In~':':l tlll allons or opinions expressed represent Ina brls l /udgrnan, 01 Coro LaboratOf'l9S. Cora Laboratotl/'!', 
" 0:-: 5, q)toress or , ..... c lred . as to the productivIty. proper operations or pro"tablerlt'!~s hOW8ver of any oil, gas . coal or ou" " 
'<;oC'': '1 15 used or reueo uoon for any reason whatsoever. 

--------------------------------
2A3 2B2 

#7 #8 

7.51 8.28 

15.8 55.2 

16.6 62.8 

4.20 50.0 

<0.05 0.01 

<0.01 0.03 

',' 'or whose exc!uSIV':! and r; or.l·c~;"'\ : : al l; ~~: '-.. <:; ·r.(,:,r, -:15 

"" ;~S:"lO responsiblli: y and milfl:8S ."Ie 'Ha:'a, ,-,': :" · ';:·~S';:-i.1 · 
: : ':'~ ' .'.I1. oroperty, well .,} r 'l and ,.' ,. .: .... , ~·:: .:'I · '. . .-
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CORE t ABORATORIES 
~AtIae 
International 

AL...ftr DrftIsw~ 

ANALYTICAL REPORT 

July 14, 1988 

The following are results on extracts from bot t le roll tests performed 
as illustrated in Figure 1 (Copy attached). The s olution used for each 
test (Heap Leach Solution 880487-3) was p repared following the 
directions provided (A attached). The solid !; used in each t est '"as 
the PBR Minerals Clay Liner Material 880487- 2, 

Client Sample I.D. (KBR Minerals) 2C1 

Lab Sample 1.0. (880487) #9 

PARAMETER UNITS 

pH pH units 9.31 

Total Cyanide mg/l 87.6 

Free Cyanide mg/l 100 

W.A.D. cyanide mg/l 83.6 

Arsenic mg/l <0.01 

Cadmium mg/l 0.07 

Mercury mg/l 

-"'c;o ,)nalysIS . oo·n ·jns c~ inleroretatlons contained In this repon are based UOOl l obSMvations anO matortllilliupplied b~ .. 
:i .. ;o "", r I""'\d<Je. The ~ '~rDrplallon5 or opinions e'Xpressad rapr&50nllhe cost jUllgmonl 01 Core Laborillorias . Corll Laboralor.· :' 
" ( -,S e)lcress or "'olrtJ-1 as to the prOduC llvlty, proper operallons or profltablenoss however 01 any oil. gas. coal Or rW' O 

· ·:,~cr. IS 'JSed or '~lIe:: Joon for any reason Whatsoever 

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

. ,.,., 'or 'Nhose 8J11 chJ s : .... e 3"0 o:orl lcenl lal 'J:H .- ~ ·'?c· ... ~· ~ i)5 

~ " .... os no rf)spons lb1ht'.' anC mitres no) ..... ~ :.J,..'1 : .• ',' ''!(. ··:-s.::-'';a 
• "f)r,U, property. WI? ll 'J r sant:! .n cc"ne-::I(.~ ... ,· r ... " ,:1" ; JC :-
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X-RAY DIFFRACTION ANALYSES 

FOR 

CORE LABORATORIES - AUPORA 
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CORE LABORATORIES 
Western Atlas 
International ___ __ 0 _____ ______ _ 

... Lnr !..·.''''! ..... ~ 

June 6, 1988 

Core Laboratories - Aurora 
1300 South Potomac suite 130 

Aurora, CO 80012 

ATTN: Mr. Doug Lempke 

Subject: X-Ray Diffraction Analyses 
Sample No.: 880487-2 
File No.: 288283 

Dear Mr. Lempke: 

This report presents the results of an X- ~d y diffraction an a l ysis 

performed on one (1) submitted sample (yot:L sample number 88 0 487-

2) . The sample was received by the Reservoir 

Geology/Petrographic Services Group of Co ,~ e Laboratories on June 

1, 1988. This report provides the analyt ical procedur es as well 

as the results (see Table 1). Note that, due to s a mple 

heterogeneity, the entire sample was g ~ ound in a mortar and 

pestle and passed through a 40 mesh sic'le. This was done i:1 

order that a representative sample coul e! be obtained. Please 

advise us if you would like the sample re tur ned to you. 

It has been a pleasure performing t:h i s study for Core 

Laboratories - Aurora. Should any quest i , ~, ns arise I or if we c a n 

be of further assistance, please feel fre e to contact us. 

Sincerely, 

CORE LABORATORIES, INC. 

lu~(c,~~ L. It t: '-
William L. Reese 
XRD Analyst 

1 '\ oQ.~ ) ,. ,- ~ 
i C-:El'el L.' Dixon 

Man ~0e r, Houston 
Re s t' r"voir Geology / 
Pet ~ a graphic Serv i c e s 

.; :: . ", : ·...,.30 ~ 'on ],,' .; .. · · :· r~· · t\ ' <:, ~ ... ;j(\ ' fl ·' :;', ''''.:, . " \" : " , " CO; ' ,,' : ';" . .. ~ .::! .• ~ t.S;',,,! con: ' J~" ' '''! . : '1 : ' " ' " 

. ..... . J ;;Y.' .r : : ' ,; -:;r"'Oloyees ;\SS ;MP' "'0 ';:>S X " 'i 0 , .... r -..; :- " !'. , ~ : 1 . . : I " I"\' e.u't:?!iS€H.! . ) ! :rL' ' ! '; ... ,:. , • • \ . . ••. • 

. . ,"v :: ' : . - . ~ 1" :" - ,. ~' :!II!at:'~f'\~<:s ('I :l"~ ':" :.: cE ,-:;! (' ::- e .. " "" OJ ' \;.' • .. . -, ••.. , ., .;onl1€-C;lon ~"I:~ wh,C· ~~. ,: ... . .:.~ 
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Page 2 
Core Laboratories - Aurora 
Mr. Doug Lempke 

ANALYTICAL PROCEDURES 

X-Ray Diffraction Analysis 

The samples selected for quantitative X-rny Diffraction Analysis 
are disaggregated with a mortar and pestle, weighed and 
transferred to deionized water, where fu r t her disaggregation is 
performed with a sonic probe. The samples a re then centrifugally 
size-fractionated into sand/silt (>4 micr nns) and clay-size «4 
microns) fractions. The suspended cl a ' .. ' - size fractions are 
decanted and vacuum-deposited on silver me ~ . d l membrane filters to 
produce oriented mounts. Each clay mou n t is anal y zed dry 
(relative humidity = 50%) and after t reatment · with ethyl ene 
glycol. If necessary, samples are analyzed d third time foll owi ng 
heat treatment (375 0 C for one hour). 

The sand/silt fractions of each sample a rr~ dried and weighed to 
determine weight loss due to the removal o f clay-size material . 
The dried sand/silt fractions are then mi x 0 d with alumina (Al203) 
as an internal standard and ground in W l t er to a fine powder 
using a micronizing mill. The .resultan t slurries are dried, 
dis aggregated and packed into aluminum powder holders usi ng a 
modified pellet press. 

Quantitative XRD analyses are performec( using an automated 
Philips 3620 powder diffractometer. The \.;eight percentages of 
minerals present in the sand/silt fractio ns are determined using 
internal standard ratio techniques. The we i ght percentages of the 
various clay minerals (and other clay-size r ock forming minerals) 
in the clay-size fractions are determined by Lorentzian profile 
fitting/empirical peak-area-ratio meth nds. The whole-rocl< 
compositions are then calculated by mathem~tically combining the 
XRD data from both size fractions. 

Compositions and species of clay mineral s detected in the clay 
size fractions are determined according to procedures outline d by 
Weaver (1956), Jonas and Brown (1959), Ca r roll (1970), Reynolds 
(1980), and Srodon (1980). The detectabili 1· y limit is 0.5% - 1.0% 
for crystalline phases present in the siz e f ractions anal y zed. 
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'Illl CORE L ABORATORIES 
Western Atlas 
International 

A l .ttr: .. j-Aot"t ~"Y 

Core Laboratories - Aurora 
Sample No. 880487-2 File: 28 8 283 

Sample: 

Quartz 

Feldspar 
Plagioclase 
K-Feldspar 

Calcite 

Clay Minerals 

Kaolinite 

Chlorite 

Illite 

Mixed-layer** 
Illite/Smectite 

TABLE 1 

X-RAY DIFFRACTION (XRD ) DATA 
(Weight Percent) 

1 

Bulk Mineralogy (Calcu L l ted)* 

24 

06 
02 
04 

46 

il 
100% 

Relative Clay Abundan r e s 
(Normalized to 100 %1. 

09 

16 

75(80) 
100% 

* Bulk mineralogy is calculated from s a ~d/ silt-size and c l a y 
size XRD data. 

** Numbers in ( ) are percent expandabl e ~mectite inte rlayers In 
mixed-layer clays. 

.:. ;- . " .; oa ~", ' : ,;'. ',Y'TIJ',o", and ma'er 'd I;, ':I. ~O : ' ~!\l :,)'. ':, !?~ '!'" :' .: ", .:'t~;~ d·" :' ..... ) ~:cCrl;~ ',CO ,=or:l!d~:: : '.l .. -':' . ~. ':- ,:. . 
. ~ '- 1 ~1 3' : ' - i'·:· ... ~'¥'r:·.)ye~s ,} :;::. .. :'e - '. ' ~" ::r: "' c:;.::,, ' " " .. : . o . ~ .C· I ',.1 ' ;' !" , " I i~ .. orp. f.sec: ;:)r ': " o"t"·,; ... 1",1'" .:. 

. ' . ' : '. ': ', ;)rOC-: :- ... ,' .- - :, ;l·olltao't?r .• ~c;r: ,I l"'. ,)t .1,1.i .;' ·):"e' ... . . " I h ::""I', , . '\'~' ·f' ':;::" " ~:::~Icn ",, '!h ..... n·c,. . : :"1 .• ~: .• " 

: ~ .. : .:~ r' :e' t:I~' :' 
. ;: ' "~35. :,:' . .. 0: . 

••. : ' . tf' ' .:G ,.:~r ,-
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QUALITY CONTROL PLAN 

FOR 

CLAY SUBLlNER PLACEMENT 

GRAND CENTRAL LEACHING FACrr , ~TY 

PBR Minerals, Inc. 

Tombstone, Arizona 

~ S~ EOCHEMICAL ENGINEERING 
~ I ;'';CORI'ORATED 
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1.0 SCOPE OF QUALITY CONTROL 

QC shall be provided for the following: 

(1) Earthwork including excavation, preparation of foundations, and 
construction of embankments, 

(2) Placement and compaction of the clay subliner under leach pads and ponds 
and clay pad for Spent Ore Disposal Area. 

1.1 Personnel 

The Quality Control (QC) Officer or his designated r rpresentative shall verify 
that the work is performed in accordance with design. Approval of the 
construction covered in each of the following section:] shall be documented i!1 

writing by the QC Officer in accordance with the QC pr.ocedures listed in this 
plan. 

1.2 Earthwork 

The QC Officer will take soil samples and perform mo js ture-density tests, 
gradations and other tests to ascertain that the work is being performed in 
compliance with the design. Samples may be taken at the place of excavation, 
stockpiles, or on the fill itself. The QC Officer wil l conduct the density and 
other tests on the materials and related laboratory tes ting as frequently as 
deemed necessary. 

1.2.1 Excavation 

The QC Officer shall verify that the excavation for ".he Barren, Pregnant, and 
Neutralization Pond, Leach Pads, Diversion Ditches, Spent Ore Disposal Area, 
and related facilities are made to the lines, grades, and dimensions of the 
design. The excavations shall be observeq during cons truction. Documentation 
of the measurements and surveys shall be reviewed by the QC Officer. 

1.2.2 Preparation of Foundation 

The QC Officer shall verify that the foundation area" for the pond embankments, 
clay subliner, and Spent Ore Disposal Area are prepared in accordance with the 
design. Fmmdation preparation shall be observed during construction. The 
foundations shall be approved by the QC Officer prior to placement of 
embankment materials or the clay subliner. 

1.2.3 Materials 

Materials for construction of the earthfill embankments and clay subliner 
consist of materials excavated from the construction area or materials imported 
from the clay borrow area. These materials shall be ~pproved by the QC 
Officer. The following Quality Control Procedures s h :111 be used to evaluate 
borrow material: 

Procedure 
(1) Soil Classification for Engineering Purposes 
(2) Soils Finer than No. 200 Sieve 
(3) Particle Size Analysis 

Procedure No. 
QC-4 
QC-5 
QC-6 
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(4) Moisture Content of Soils 
(5) Sampling of Aggregates and Soils 

1.2.4 Placement and Compaction 

The QC Officer shall verify the following: 
(1) Placement of earthfill is done in accordance "rj. l:h the design. 

(2) The placement of materials meet the following r8quirements: 

(a) The correct type of material is placed. 

rt:--7 
QC-9 

(b) The material being placed is free of unsuH able material. 

(c) The material is placed to the lines and gr:ldes designated in 

the design. 

Factors including materials uniformity, lift thicknc;,s , compactive effort and 

load counts of materials placed, shall be noted. Q1.J:tlity Control testing shall 

be conducted in accordance with the following Quali t \' Control Procedures. 

Procedure 
(1) In-Place Density Tests 
(2) Laboratory Standard Compaction Test 
(3) Soil Classification for Engineering Purposes 
(4) Soils Finer than No. 200 Sieve 
(5) Particle Size Analysis 
(6) Moisture Content of Soils 
(7) Sampling of Aggregates and Soils 

1.2.5 Moisture and Density Control 

Procedure No. 
QC-1 
QC-2 
QC-4 
QC-5 
QC-6 
QC-7 
QC-9 

The QC Officer shall verify that the moisture conteJ~ t and density of the 

compacted materials are in accordance with the design and that necessary 

reworki ng is performed as required. The Quality Cont rol Procedures are listed 

in Section 1.2.4. 

1.2.6 Frequency of Quality Control Tests 

The frequency of the Quality Control Tests for earth·lOrk shall be as follows: 

(1) The frequency of the field density and moisture tests shall be not less 

than one test for each 500 cubic yards of placed fill material. 

(2) There shall be at least one field density and moisture test for each lift 

of fill material placed and compacted. 
(3) Gr adations and Atterberg limits (Classification for Engineering Purposes) 

of compacted fill materials shall be performed a t a frequency of not less 

than each 1,000 cubic yards of placed clay sub .1 i ner or each 5,000 cubic 

yards of compacted earthfill. 
(4) For fill materials where moisture content test ~ are correlated with 

optimum moisture content as determined by the ~:t:andard Compaction Tests, 

frequency of moisture content tests of compactc·d fill material shall not 

be less than one test for each 500 cubic yards of compacted fill 

materials. 
(5) For fill materials where field density tests or compacted fill material 

are correlated with laboratory maximum density 3 S determined by the 

Standard Compaction Test, frequency of field density testing for compacted 

fill material shall not be less than one test I' ()r each 500 cubic yards of 

compacted fill materials. 
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(6) Frequency of laboratory standard Proctor compac t ion tests shall be such 
tha t rnax:iJnum densitie~ 'are determined for the r '.1:lge of material s being 
placed in the fill; however, frequency of compaction tests shall not be 
less than one test for each 5,000 cubic yards of compacted fill material. 

1.2.7 Compliance Report 

A Compliance Report shall be prepared for the earthwork . 

1.3 Documentation of Quality Control 

Written records shall be maintained for each construction day, covering the 
subject construction activities. The written records nnd reports shall be in 
accordance with the respective QC Procedures and sha ll include results of all 
tests conducted. The originals of all doctUnents shall be maintained in the PBR 
Project Files. 

2.0 QUALITY ASSURANCE 

2.1 Personnel 

Quality Assurance consisting of audits and ' cross checks on the Quality Control 
functions, shall be provided by the Quality Assurance (QA) Officer. 

2.2 QA Activities 

The QA Officer shall implement the program by perfornlLng the follOwing 
functions: 
(1) Prequalify QC Personnel 
( 2) QC Technician training 
(3) Verification of effectiveness of QC Personnel 
(4) Verification of test procedures and results by ~3po t retest 
(5) Equirrnent checks 
(6) Review of calculations and documentation. 

2.3 Documentation 

Each QA Activity shall be documented in writing and !:'~lall be kept in the PBR 
Project Files. 
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QUALITY CONTROL PROCEDURE 

FOR 

IN-PLACE DENSITY TESTS 

Procedure QC-l 
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PROCEDURE QC-l 

INDEX 

Pace ~To. 

1.0 EQUIP11ENT . · · · · · · · · · . . . 1 

1.1 Nuclear Gauge Hethod · · · · 1 

1.2 Sand Cone Hethod 1 

1.3 Rubber Balloon Hethod. 2 

1.4 Drive Cylinder ~·!et!;,od . 3 

2 . 0 METHODOLOGY · · 5 
:~~~ 

2.1 Objective. · · · 5 

2.2 Test Procedures. · . · · · · · · . 5 

2.2.1 Nuclear Gauge Method. S 

2.2.2 Sand Cone Method. · · 6 

2.2.3 Rubber Balloon Method 6 

2.2.4 Drive Cylinder Method 6 

2.3 References 6 

:3 • 0 C.;LIBRATION · · · 7 

3.1 Nuclear Gauge Hethod · · · 7 

3.2 Sand Cone Method · 7 

3 . 3 Water Balloon Hethod · · · · · 7 

3.4 Drive Cylinder Method. · · · 7 

4.0 REPORTING . · · · · · · · · · · · · 8 

4.1 Forms. · · · · · · · · · · · · · · · · · . 8 

4.2 Records. · · · · · · · · · · · · · · . 8 
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PROCEDURE QC-l 
Page 1 

1.0 EQUI PMENT 

1 .1 Nucloar Gauge Method 

(1) Gauge - Instrument containing all elect~c~ ic modules, recharge-

able battery packs and nuclear sources. 

(2) Reference Standard Block - This block s e r Ies to establish the 

standard counts against which all measur e ~ents are proportion-

al; second, it serves as a known repeata l: l e reference :or cali-

bration. 

( 3 ) Drill Rod Used with a hammer to punc :~ a hole required fer 

direct transmission measurements. 

(4) Scraper Plate - Functions as a guide for t he drill rod and aids 

in smoothing the test site and removing t h e drill rod. 

(5) AC and DC Battery Chargers - The AC cha rger will operate fron 

115 or 230 volt power. The DC Charger wjl l operate when plug-

ged into a 12 volt, negativ e ground, veh~~ l e cigarette lighter . 

1 .2 Sand Cone Method 

(1) Density Apparatus - Jar with volume of a Fp roximately 1 gallon, 

metal cone detachable from jar, square metal plate with flanged 

center hole. 

( 2) Sand - clean, dry, uniform, uncemented, ('..lrable and free- flow-

ing. 
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PROCEDURE QC-l 
Page 2 

(3) Balances - (a) with a capacity of 10 kg ~ ccurate to 2g below 

7000g and 3g above 7000g, (b) with a capac~ =y of 2000g accurate 

to 0.1%. 

(4) Drying Equipment - Oven as specified in AST~'! Method 0-2216. 

(5) Miscellaneous Equipment - Digging tools, small brush, plastic 

bags or airtight container. 

1.J Rubber Balloon Method 

(1) Calibrated Vessel - A calibrated vessel de signed to contain a 

liquid within a relatively thin, flexibl e , elastic membrane 

(rubber balloon) for measuring the volume of the test hole 

under the conditions of this method. Th e apparatus shall be 

equipped so that an externally controlled pressure or partial 

vaCUll.r:l can be applied to the contained li~ '.li d. It shall =e c: 

such weight and size that it will not cat; :~ e diston:icn cf ~!1e 

excavated test hole and adjacent test area during t!1e ~erfcr

mance of the test. Provision shall be made for placing weights 

(s~rcharge) on the apparatus. There shal J. be a volume indica

tor for determining to the nearest 0.000 :5 cu. ft. any change 

in volume of the test hole. The flexible ~embrane shall be of 

such size and shape as to fill the test hc l e completely without 

wrinkles or folds when inflated within the test hole, and its 

strength shall be sufficient to withstand such pressure as is 

necessary to ensure complete filling of t:-,':!. test hole. 
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PROCEDURE QC-l. 
Page 3 

The description and requirements gi ':' .. ~ :1 in this section are 

inte:1ded to be nonrestrictive. Any appa ~~ ~~s using a flexible 

(rubber) membrane and liquid that can be used to measure the 

volume of a test hole in soil under tt~e. conditions of this 

method to an accuracy within 1.0 percent i s satisfactory. 

( 2) Balances - A balance or scale of approx ~~a tely 20 kg capacity 

accurate to 1.0g (or 35 1b capacity acc~ = ~ te to 0.01 lb) and a 

balance of l600g capacity accurate to 0 .: ; . 

( J ) Drying Apparatus A stove, oven or ct ': e r appa ra tus proven 

suitable for drying sailor moisture samt- ~ e s. 

(4) Miscellaneous Equipment - Small pick, c h i sels, or spoons for 

l.4 

digging test holes; plastic bags, buckets with lids, or other 

suitable metal containers that can be clos ed for retaining the 

soil taken from the test holes; therrnc-:1eter for determining 

temperature of water; small paint brush. 

Drive Cvlinder ~ethod 

(1) Density Apparatus - The essential elemel ts of the apparatus 

consist of calibrated drive cylinders, ~ detachable driv ing 

head and a drive hammer. Any size of drj.'.; e cylinders and'driv

ing apparatus which will give an accura =y within one percent 

when checked by the sand cone or other acceptable in-place 

density method is satisfactory. 

000 23~2 



PROC=OURE QC-l 
Page 4 

(2) Balances - Any standard laboratory ba la nce with a capacity 

equal to the mass of soil and cylinder a nj sensitive to O.lg is 

satisfactory for obtaining the net mass c : the sample. 

(J) Drying Equipment - A stove or oven for d ::-'/ ing moisture samples. 

(4) Miscellaneous Equipment - A shovel is requ ired for digging out 

the cylinders after they have been driv P;l into the soil and a 

steel straightedge with one edge sharpen od is needed to cut ~~e 

ends of the sample flush with the cylind~~ . Seamless tin cans 

with lids, or other suitable container s , for retaining the 

moisture samples are necessarl, as well cS miscellaneous small 

tools. 

00023 J 



2.0 METEOOOLOGY 

2 . 1 Ob-; esc:. i 'Je 

PROCEDURE QC-l 
Page 5 

The objective of this test is to dete ~ ~ i~e the density of 

in-place soils/aggregates/tailings/sludges or 2 combination of these 

mate!:":'als. 

2.2 Tes~ ?~ocedures 

The tests shall be conduc~ed in accorda ~ c e with the Standa!:"d 

Procedures referenced below. The percentage o f maximum dry density 

shall be calculated based on the maximum dry d ensity obtained from a 

compacticn test performed on that material type . compaction tests 

shall be performed for each material type test ,-:-i and at inte~vals in 

accordance with the Specifications. 

2. 2. 1 Nuclear Gauge Method 

AST~ 0-2922-81 (Density) 

ASTM 0-3017-78 (Moisture) 

AASETO T-238-79 (Density) 

AASHTO T-239-76 (Moisture) 
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2.2.2 Sand Cone Method 

ASTX D-1556-82 

AASHTO T-191 

2.2.3 Rubber Balloon Method 

AST~ 0-2167-66 (1972) 

AASHTO T-205-64 (1982) 

.' 2.2.4 Drive Cylinder Method 

AASHTO T-204-64 (1982) 

~ .. 2.3 Re:eyences 

( 1) Annual Book of ASTX Standards Volume 04 . J8 

( 2 ) AJI.SHTO Part 2, Tests 

PROCEDURE QC-l 
Page 6 

000 ')3 '-
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3 .0 CALI 3RATION 

3,1 Nuc l ear Gauge Method 

PROCEDURE QC-l 
Page 7 

The nuclear gauge shall be calibrated ~ 3 ily or in accordance 

'..J i th the manufacturer I s recommendations. 

3 .2 Sand Cone Method 

The d ensity equipment, sand and balance ~; s hall be calibrated at 

least mont hly. 

J.J Water Balloon Method 

Density equipment and balances shall b~ calibrated at least 

~onthly. 

J . 4 Dri'l e Cyl inder Method 

Bal a nces for moisture and density deterrr: :_ :lations shall be cal i -

b rated at least monthly. 

000238 



:',0 REFO?TING 

PROCEJCP.S QC-l 
Page 8 

F- 3 = ill Observation and Test ing (for ~; ~1 ':: 1 ear Dens i -':"/ '::'est 

Data) 

F-5 ? ield Dens i ty Tests (Sand C:::me and ',: :: :.e!:' Sal2- ::ar-. ) 

F-6 : ·:oisture-~ens i ty \'ior}:sheel.: 

~.2 Rec::rcs 

Completed reports shall be maintained l~ the PBR Project 

000237 



f ~ 1, 

":'.' .. .... 

F-3 FILL OBSERVA .. ~ & TESTING 

l'rolol;l No. 

T ocllnlclan 
Quilt 

Appr oved U y __________________ _ Udlly Allport No . 

. - - . . .. -----,.-----------,r-----

I£SI 
NO 

LOCATION 

- ._ --_. _ .. 

- - ------ . . . _--_ .. - -

• _ _ __ e . 

._------_. - _.- .. -_ . -

----------- --- ----- -- . 

. -.. . - .. '" . - . - .-.-. . _.-

------ -- --- _. 

iPECIFICATION COMPACTION & MATERIAL 

fYPE AND NUMBER OF EARTH MOVING UNITS 

g,YPE Arm NUMUER OF COMPACTION lJNI1S 

o . 
l\) lUMBER OF PASSES Tl-i1CKNESS OF LIFT 

C..,) ·.1ETHOD OF ADDING MOISTURE 

c~: 

O~~:" -M:':;IM\i~T~~;'-MU-M-1 ~II[~Q 
(II VA1tOtl ony MOISTURE Dill' tAOISTURE I PERC£NT 

(1111) OUISilY CONIENI I OfNSIIY CONHNT COMPACTION 

___ (jJ(IL __ _ 1"M __ . .. Iprl) ('lI.) 
. . .- · ·_·1 -··-----1---··---·---

SOIL IYP£ 

._-----.---- .- -- - - . __ ._----------

. .. 

- -.-- ,"" 

.- .----- '----

.. --------

- - - - .-- - - - - j 

-._- .----.- - -- _ .. _-- --- ---------
I I FILL TESTED MEE I S SPECIFICATIONS. 

II FILL TESTED OOES NOT MEn SPECIFICATIONS AS INDICATED BY TEST 

NO.(S) 
AND SI10ULD U( liE MOVED OR AEWOIiKED 

1"1 CONTI1ACTOn ADVISED 

OBSERVA T IONS 



F-5 FIELD DENSITY TEST (Sand cone. 8 (~~!o on) 

SamCle ,'Jo. 

Oes~rlOll0n 01 ~oil 

Sano -ccne metnoO 8alloor. :;!etnc:: 

'.vt. o~ .... e l sad - ~an ____________ _ W: c' ""I:I 51.: :1 - - , -

,"t. o ~ :: an _________________ _ W: '';' '=" ,- _ _ . 

.. "'t . .' ... : :.11 

',VI. o~ .... el s:>iI .: .. r: ____________ _ Wt : . ,',e:SQII - :: .: ,' _____________ _ 

WI o~ :;ry 5')lt . car 'Nt. o! .::ry svli - : :, :~ _____________ _ 

Wt.ol :laM _______________________________ _ WI. ot pan __ .. _______________________ _ 

'NI. ot ~r', 50,1 ________________ _ WI. ot dry sod __ .. 

Waler content " 

Balloor. mel~OC 

'7'y;Je c' sar,Q "sea _____ ~ _________ _ C.:>r:ec:on IC:::': : '" 

__________ oct Final scale reao ,n ': _____________ '=:.. II 

WI ot :wq - ,=~ne oetore use _____________ 10 Inlttal sC31e re30 ,",:'; ____________ '=',J II 

WI. 0' l Ug - ,:one after use ________________ 10 Vol. at hole. \ ', _ .. _. _ _____________________ cu It 

WI 01 sane used (hole - cone) Ib Vol. of hole = \.; (, F) ____________________ C'.J It 

WI. 01 sano (1"1 cone I'rom calibration) _______ Ib 

WI. of sand In hole. \\ . __________ Ib 

Vol. of hole. \'. = \rl'Y'~M = 
_______ cu It 

Wei aenslrv )' ... = \\."/\'. _________ pc1 OrydensirYYdn = " . .. /( 1 +u;} = _______ ;)ct 
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I~ 

QUALITY CONTROL PROCEDURE 

FOR 

LABORATORY STANDARD COMPACTION 'f~ST 

Procedure C'> 2. 
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PROCEJU~::: QC-2 

INDEX 

1.0 EQUIPMENT . 1 

2 . 0 METHODOLOGY 2 

2.1 Objective. 2 

2.2 Test Procedure 
..., ... 

2.3 Refe~ences 2 

~ J.O REPORTI~lG 3 

3.1 Forms. 3 

3 , 2 Records. . . . 3 

" 
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::".0 EQ:;:?MENT 

( 1) Cy ~ indrical ~olds, ~-inch and 6-inch dl a~ ~ce~s. 

PROC::::r":RE QC-2 
?age 1 

(2) Ra~~er, either manual or mechanical, ab J .• : ~~ drop 12 i~ches and 

weighing 5.5 lb. 

( 3 ) Balance or scale, a) with a capacity n f 20 kg, acc~=a~e to 

1.Gg, and b) with a capaci~y of lOOOg, a r ' = ~=ate t~ a.OIg 

( S) St=~ightedge. 

( 6 ) Sieves: J-inch, 3/4-inch, and tlo. ~. 

( 7) Mixi~g tools: mixing pan, spoon or spat~ : 2. 

(8) Moisture containers. 

OOO~2 4 ~) 



' " 

2.0 ME'::iOOOLOGY 

2.1 Ob-iective 

PROCEDURE QC-2 
Page 2 

The obj ecti ve is to determine the rei E~ :: ionship bet~,.;een the 

~aterial moisture content and density when cor~acted in a mold of a 

given size with a 5.5 lb. (2.49 kg) rammer drc~~ ed from a height of 

1 2 i:lches (305 rom) to determine maximum densi ':':' and opti::-.u:n ::toist:ure 

c8ntent for each soil type encountered in fill ~lacement operations. 

2.2 Ig§t Procedure 

The procedure for performing this test s"lall be in accordance 

with AS7M Method 0-698-78. 

2.3 Refe!:"ences 

ASTX Volume 04.08 0-698-78. 



J .O RE?ORT!NG 

2.1 Fc~:-:-.s 

F-7 Laboratory Compaction Test 

F-3 Moisture-Density Relationships -1 

F-? Moisture-Density Relationships -2 

2.2 Re::::::-as 

Co~pleted Reports shall be maintained i. n the 

- . , : ~ _ es . 

. . : 
~ ,-: 

' . 

PROCE DL'"RE QC - 2 
Page 3 

PER pr-oject 

00024~5 



----

F'-7 LABORATORY COMPACTION TEST 
WORKSHEET - -

=CHNICIAN PROJECT NO. 

I OYED BY DATE 
--

. AMPLE NO . ,. -

SAMPLE DESCRIPTION --- COLOR ---

sge-78DAsTM 
~ 

,STM D 0 1557-7eL-j METHOD: i\ 8 CD OTHER 
: - ---

TEST DATA 
,-- I I , I I 

f INT ' l UMBER 1 2 3 " 5 I a I 7 
----

I WT . OF SOIL AND TARE I I I -
I I I , ~OUNT OF ADDEO WATER, WT . 

-
w 'r,OF SOIL, WATEn & TARE I I , I I 

- " -
OUNT 0'= wArEn .. >.DDED. VOL. 

I I I I I , j I -
, : r . 0 F 1.10 L DAN 0 ','/ E T S C J L I I I I I I I --
~ ' . OF MOLD I I I I I I I , 

- -
v.::'·.O F WET SOIL I I I I , I ... -

I I 
.... --

I I I .... T DENSITY PCF I I _-.1 - '. . •.. -- " 
DISH NUMBER __ 0--
~. Cl DISH AND 'NET SOIL 

--." 
W •• OF DISH AND SOIL 

.-. --
VI' . OF DISH 
- -
.... ::;, OF WATER 

- -
',IV, , OF :RY SOIL I I - -
I,(QISTUnE COI'HEN T 'X. 

, 

I 
I 

I 
I 

I I 1 
-

I i I 0 . CENSITY PCF 
- ' 

• I -1ICH POINT WAS SOIL PUMPING ? RO ~_:K CORRECTION DATA 

r '" HICH POINT WAS SOIL BLEEDING? 
,-''''EIGHTS ARE PER POINT) 

...... " - -- x • lb. 
'71 JM MOISTURE CONTENT X 

-+ ~ .. - X .. lb . 
\XIMUM DAY DENSITY_ oct - -, 

\ 100". lb. 

0 MENTS: 

-

- -

--., -
.- . . -

_ .... ... -
00 024£ 



1:30 \ 1 
.-.. 

1 1 ~ \ I P RO JECT NO, 

\ l (\ 

~TE 1\ \ 
f\ 

I \ "\ 1 25 
. , 

I 
~ \ 

I I \ t\ 
I I I /\ \ 
1 1 ! 

I 1 I I I I \ \ \ I 

i 1 1 1 I 1 I 
" 1\ ;-:~ ~O AI" VOID CUlI\V£1 

! 1 i 
I I 1 r\ \ \ I 

1 20 

I 1 I I I '\ \ 
1 I 1 1 1 \ \ '~ ? = '': I;='C 

'\ /\ ... ::; A V ITY - 2 80 

I 1 I I 1 I \ \ 11 S 

I \ r'. 

L.L 
() ! lC 

a.. 

I I I \ \ 

/ 
. :> '=C IFIC = 2.7 0 

1 I I I 1 \ "-
:: RAVITY 

1 I I I I I I \ \ 
I 1 I 1 I I I 1\ l/T\. ~ :; ECIFIC - , .60 

-; i= ,.l.VI7',. -
I 1 I I I i I \1 \ I 

I 1 I I I I I \ V 1\ 

>- 1 I I I I I V \ 
~ >-

(.f) 
lOS 

Z 
UJ 

.. 0 

t >-a: 100 

I I 1 I \ " "\ 
I I ~ '\ ... 

I I I 1\ ~I \ 

f\ " ", I 1\ 
I \[-"\ 

-.;:: - :~ '-r\ 
j '-f-l~ ~ i . 
; --~ 
-( -
1\ '\"\ 

.. - ~ '\ ~ 

I I "\. -
I I i ,,' /'\ "\ 95 

I '\. 1\ 
I \ ~ 

I I 
. -

"" f"\ 
1 I 

I 1._. 
I I 1 I I I I " " ['\, I I I I I 

,-- f"\. r\ 90 

I I "- '\ r-. 
t f\ '\ 

I +--
f'\ "\ 

"- ~ f'\ 
.- -

;,\ I'\. 
1 _ '" '" 

85 

.- f'\ '\ 

I 
.- ~ "-

I I 
,... 

so 
a 20 30 

5 2 :' 10 15 35 

MOISTURE CONTENT - PERCENT C F DRY WEIGHT 
I : 

i I ______ .........--___ ~ 
I Lr.cAT"C>N: F-8 MOISTURE-DENSITY 

ro PLE 00: 
RELA TIONSHIPS - 1 

l1li4 A T"EFUAL OESCIPTlON: 

lAX.. OOY DENSITY : 

. X)J[) Lt.MT : ---

PCF Cf'T, hoQST. CONla(T : 

~N)€)(: __ _ TECH / 'ICIAN: 00024 7 



, - , 

1 

I ~ ' 1 0 JC:CT NO. 

~rE ________________ __ 

155 
I L\ I I 1\ \ " P I 
: \ \ \ 
1 r-.. \ 0 

1 I \ 
1 r\ f\ 

150 

! I \ \ 
I 1 \ 1\ \ 

, I " \ 
I I I \ 1\ 
; 1 I \ t\ \ 
I I \ 
I 1 1\ \ 

1~5 

;'-<: "0 "'''' VOIO CU"VEI 

S?t cn: 
2..80 .:i r:lAVrTY 

LL.. 
140 

U 
Cl. 

1 1 \ \ 
I I I \ \ 
1 I 1\ \ ~~ 

1 \ 1\ ! 

! I \ 1\ \ 

$P€ CFIC 2.70 GRAVITY -

SffCFC 2.so ,_-;p, A Y rrY -
, 

>-
""''' l-
I' en 135 

Z 
UJ 

! I r\ \ 
i ! \ \ 
I i \ 1\ 

I 1\ \ 
0 \ r-.. 

>-a: 
0 130 

Y' \ 
- 1 I r\ \ 

\ ~ \ 
-, ~ \ \ 

I \ r\ 

I 
125 

I \ " I \ '\ '\ 

I \ r'\ 
I I r-., \ \ 

I I \ \ 1\ 
1 r\ \ 
I 1\ '\ ~ I 

1 \ ~ \ 
120 

~ \ ~ 

\ \ 
1\ \ \ 

115 \ 1\ 
o 5 10 15 

" 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

f-Wl~ NO: 
ll ~--~----------------------------~----~ 

"'CA __ TX:I4 __ : _______________ ----1 F - ~ ; MOISTURE-DENSITY 
RELA TJONSHU'S - 2 

AA TER IAl DESc{?T ION: 

, YAX.. OO'Y DEHSm' : pa: eFT. MOfiT. CCHT9lT : -,,,.,----------------. 
LQJD LJ.Iff: ~ NOEX: :TE6.' ; N~IAN: 
~~~~~--------~--~~~~~~--------~--------------------~ 
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Procedure (C - 4 

QUALITY CONTROL PROCEDURE 

FOR 

SOIL CLASSIFICATION FOR ENGlNEERI',G PURPOSES 
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PROCE::Jt;RE QC-4 

INDEX 

P"!oe ~;o. 

1 .0 EQt: I ?!'!ENT AND HATERIALS 1 

1.1 Equipment. :.. 

1.2 Materials. 1 

2 .') HE'!:-:OJOLOGY . 2 

2.1 General. 

2.2 ':'est p!:"~cedures. 
., 

,,. 
2 • 3 References J 

J .0 REFJRTING . 4 

3.1 Forms. 4 

3 • :: Records. 4 

'. 
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1.0 EQUIPMENT AND MATERIALS 

PROCEDURE QC-4 
Page 1 

(1) Sample preparation apparatus - see ASTM J -421 or 0-2217. 

(2) Particle size analysis apparatus - see ASTM D-422 O~ J-1140. 

(3) Liquid limit apparatus - see ASTM D-43 J. -: . 

(4) Plastic limit apparatus - see ASTM 0-4 3.3 . 

( 5) C:assification chart. 

2..2 M,! ter ials 

( 1) No. 40 Sieve. 

( 2 ) Moisture containers. 

( 3 ) Bulance, accurate to O.Olg. 

( 4 ) Oven, 100 0 ±5 c. 

000251 



2 .0 MET;'-:OOOLOGY 

2 .1 GE ~ e!:"al 

PROC~r:URE QC-4 
Page 2 

The objective is to determine the clas s : .: ication of soils fo:r: 

engineering purposes in accordance with the C ;: i ~ ied Soils Class i ~i-

cation Sy stem based on part~cle size and A t' ~ ~ ~e~g lini~ 3 (l i c~ ~ ~ 

~ i ~i~ and plasticity index) af t~e soil. 

2 . 2 Test ?rocedures 

Analysis to be performed in accordanc e ~.,rith ASTH D-2487-83. 

oth er procedures are as follows: 

( 1) Sa~ple preparation ASTM 0-421-85, or 

AST:1 0-2217-85 

( 2 ) Pa=~icle size analysis ASTM 0-422-~J, 

AST!1 0-11~0-54 

(J ) Lisu i d limit ASTM 0-4318-84 

( -'r ) Plastic limit ASTM 0-4318 -8 4. 

Based on the test results, the soil shal l b e classified accord-

~ng to the Unified Soil Classification System . 

000252 



2.3 Re:e~e!1ces 

PROCEDL'RE QC-4 
Page 3 

Annual Book of ASTM Standards, Volume O ·~ .C8, D-2487-33. ;..150 

t~e following ASTM standard procedures: 

( 1 ) 0-~21-85 

( 2 ) 0-2217-85 

( 3 ) D- 11 22-63 

(4 ) 0-:::'140-54 

( :3 ) 0-i~.J18-84. 
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" 

3.0 R;:PGRTING 

J • 1 F-::: r:-:-.s 

PECC:::;URE QC-4 
Page .; 

F - 10 Gradation Analysis with Hydromete ~ Worksheet 

F-ll Gradation Analysis Worksheet 

F · ol") Gradation Test Results 

F-1J Atterberg Limi~s l-?oint Workshe e~ 

F"::"~ Atterberg I -200 I ;-:0 isture and De r.:. ::::. \·ior~:shee:: 

F-15 Atterberg Limits 3-Point Workshe e : 

- F-17 Summary of Laboratory Test Result ~ ; 

J . J Records 

Completed reports shall be maintained ~ t the PBR Project 

- . , 
:~_es. 

000254 



';. 

-. . 
" 

F-10 G R A 0 A T ION A N A L Y SIS WIT f ' ~ H Y 0 ROM E T E R 

ECHNICIAN 

APPROVED BY 

SAMPLE NO. 

VISUAL DESCRIPTION: 

- U " - y ,... 
" -

SI(;VE S I Z E 

CF PAN AN] SN~ 

WT . OF PAN 

DR Y WT , RETAINED 

D RY Wi, PASSING 

% O F i OTAL ? A~SINGI 

WORKSHEET 

PROJE C T NO 

DATE 

SAMPLE PREPERATION 

3" 1 1/ 2 ' . .3/4" 1 J /8" ... ..- . 
' .......... • '"'1 

I 
I 

-

I 1 
I -. .. 

I I I ..• 

W~ : _. 

v . .. ...; ,I. 

SAMPL~ WE:IG,",'j~ 

WET C.:" 

TOTAL 
SAMPL~ 

RETAI NED 
Otl NC: . 4 

:::ASS i,'; G 
NO . 4 

I 
I 

I 

I 
! 
I 

RUN - Y 
SIEVE ANO HYDROME 7ER A NAL 'I SI S 

__________ ~S~IE~V~I~'.~G~'j~".~IE~==========~ = 
SIE V E WE I GHT WEIGHT % OF 

FACTOR ~= TOTAL - --NO . RETAINED PAS£ING PASSING w - -----= 
.-

8 ( '0) MCIST L' c: DETERMINATICN 

i 6 M) 

()o (.cO) 

_.-.. 
DISH NO, 

• 4 -<I HYGAO . HY~RO , 
ERIAL MATERIAi.. MOISTURE SAM~LE 

.. 

SO WT, 'NET s:::c... NC> OS-! 
. . 

100 WT, CRY SO«... M'O DISH 
.. .. 

200 WT . DISH 
. 

PAN ---- WT . OF DAY SOIL :: W 

TOTAL -- ~ MOISTURE 
-

HYDROMETER 'ANAL YSIS RUN BY -

CYLINDEP. /-10 . SPECIFIC GRAVITY D/ S f-' ERSING AGENT ' 
. 

DISH NO. DATE AMOUNT __ . ___ ml DATE CALIa. 
-. --

CLOCK TEST TIME TEMP. HYD, ~d~R* ~~~S .. ~ U TOTAl.. PAATIC·H TI)..A E C· READ r--!: ~' ':sN3 OIAMtT A 
~ 

STAHT MIX -- -- -- -- ~ _ .. _--
0 ~ . ... 

STOP MIX -- -- -- -- < 0 - -'--W ~ a: CI) 
0.5 min 0 V) 0.050 mm 

w -< r---" 
' .0 min ~ ... 

0.037 0 ...J 
mm 

w < 1--'_ -

04.0 min a: ~ v.O l' mm a: 0 
0 too 

..--- . 

1 9 min 0 
"- 0.009 mm 

x 0 - .-
60 min 

~ ~ 0.005 mm 

) 
- .--

7h '5 min ~ 0.002 mm 0 
< - _ ... 

2Sh .5 min 1.1.. . 0.00 , mm 

GRAVEL S SAND ~ CLAY-SUr ~ . fslORAGELOCATION 
-.-

0 002~~ 
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.r . ; 
PROJECT NO. ~ h i-i,CIA" 

F-l1 GRADATION NAlYSIS 
PROVED BY 0--- ] 
~PlE NO. 

SCRI"T~ 

I BY RUN BY 

• 
iH H2. 
V SOil & OU5H , 

10 SOt\. .. DI8H 

;H WT. 

V SOK.. WT. 

IVE C~. 

" WT. 
E "fT ""8S 

l ICUM. 1 __ .. ~gi __ P:ss 
4 

J 

-1/2 

tI .. 

JII 

1'4 

Jt' I lun -1-· -l ...-C-+I--+---I --,-u----l 

,VEL" 

10 " 

D.Y-SIL T " o 
OIARKa: 
r\:j 

U, C1.) ___________ ...... 

i 
:-----.-- i--1 

!LACE WITH <# 10 & #40 SEIVE WHEN REQUESTED 

WORKSHEET DATE 

---------41 I I ~------

RUN BY ____ _ RUN BY I I RUN BY I I RUN BY ____ _ 

~-------___il I .- --

I I~J~~ I ~~\s CUM. ,,; 

I_u litJi __ !~~~ 1 I 
1 __ J~I~-l!A\s __ 

I_I I II I 1 I F-r
n 

f~~ f f-J U 1 
, ;._ ." ! ._ ! ___ i _ _ ! L __ ! __ i ___ ! 1 i : 

1-----------11 I 1 I-- .. _--
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F-12 GRADATION TEST RESULTS 

0 
Z 
;;, 
\I) 
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1.0 EQt:IPMENT 

Eauinrner.t 

(1) U.S. Standard Sieve: No. 40, No. 200. 

(2) Com:ainers. 

(3) Ba13nce, accurate to O.lg. 

(4) Oven, 100 ±50C. 

PROCEDURE QC-5 
Page 1 

000284 
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2.0 ME:'EODOLOGY 

2.1 Ob-iective 

PROCEDURE QC-S 
Page 2 

Tho: obj ective of this procedure is t ·) determine the total 

amount of materials finer than the U.S. Stand ! ~d No. 200 sieve con-

tained in soil, aggregate or soil aggregate ~ ~ xture. 

2.2 Test P~ocedure 

The tests are to be performed in accorda.lce with the procedure 

outlined in ASTM 0-1140-54. 

2.3 Refe~ences 

Annual Books of ASTM Standards, ASTM Pr~:edure D-ll~O-54 Volune 

O~.08. 

0002ti5 



,-

i. 

3.0 REPCRT:::NG 

:;.1 For's 

F-ll Gradation Analysis Worksheet 

PROCEDUP.E QC-5 
Page 3 

F-l '~ Atterberg, -200, i·!oisture and Dens i :- .~. \'1orksheet 

F-li Summary of Laboratory Test Results 

comFleted reports shall be maintained i :' the; ' PBR Project 

Files. 

0002c6 
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PROCEDURE QC-6 
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1.0 EQUIPMENT AND MATERIALS 

1 .1 Ecu iDment 

( 1) Balance, accurate to O.lg. 

(2) stirring apparatus with baffled dispers isn cup . 

PROCECURE QC-6 
Page 1 

. ,. ( 3) Hy drometer, 152H. 

..... 

(4) Sedimentation cylinder, 1000 mI . 

( 5) T~e~ometer, accurate to ±0.5 0 C. 

(6) U.S. Standard sieves: J-inch, 2-inc~ , 1-1/2-inc:--" 1-inc:-:', 

3/4-inch, 3/8-inch, No.4, No.8, No. 16, No . 2 0 , No. JO, 

No. 40, No. 50, No. 60, No. 100, No. 14 0 , No. 200. 

(7) Covered container. 

(8) Timing device. 

(9) Oven, 110 ±50C. 

1.2 Mate!"'ials 

(1) Dispersing agent: 4% solution Na (P0 3 ) ( I'~a lgon" is not accept

able) . 

( 2) Distilled water. 

000272 
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2.0 ME':'HODOLOGY 

2 . 1 Ob ~ ective 

PROCEDURE QC-6 
Page 2 

The objective of this procedure is to qt.l 2ntitatively determine 

the dis t ribution of particle sizes of soils, ~ qgregates and soil-ag

g~egate mixtures. The distribution of partic ;e sizes larger than a 

~T o. 200 sieve are determined by screening. '!'he distri.bution of 

particles smaller than a No. 200 sieve are de !:.: ~ined by hydrometer 

analysis. 

2.2 ~t Procedures 

Pa r ticle size analysis shall be perfoITIc'.:1 in accordance with 

t h e procedures outlined in ASTM D-422-63. 

2 . 3 References 

Annual Book of ASTM standards, ASTM Proc r:: c1ure D-422-63, Volume 

0 4 .08. 

0002'13 
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J .0 RE?ORT!!-TG 

3.1 Fo:-:::s 

PROCEDURE QC-6 
Page :3 

F-:. O Gradation Analysis '.." ith Hydrometer- ~;orksheet 

F-~l Gradation Analysis Worksheet 

F-:2 Gradation Test Results 

~ 3. 2 Rec==ds 
\-;3 

, . 
I, 
I ... 
t .; 

t. 
0 ', • 

• 1 
~: 

Completed reports shall be maintained in the 

Files. 

PBR Project 
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PROCEDURE QC-7 

INDEX 
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1.0 EQ1JIPMENT AND MATERIALS 

Equiome:~t 

(1) Balance, accurate to O.Olg. 

(2) Moisture containers. 

(J) Oven, 100 ±Soc. 

PROCEDURE QC-7 
Page 1 
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2.0 ME'I::OOOLOGY 

PROCEDtJRE QC-7 
Page 2 

The objective of this procedure is to dete rmine the laboratory 

moisture content of soils, aggregates and soi l-cggregate mixtures. 

2.2 Test Procedures 

The tests shall be performed in accordance 'di th the ~rocedures 

outlined in ASTM D-2216-80. 

2.3 References 

An:r. '.lal Book of ASTM standards, ASTM Proc E"'_: ure 0-2216-30, Volu:i.e 

04.08. 
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RE?O~TING 

Fo:-:-:-.s 

F-6 Moisture and Density Worksheet 

F-~7 Summary of Laboratory Test Results 

:.2 Rec:~~cs 

Co~pleted reports shall be maintained ~ . ~ the 

Files. 

PROCEDURE QC-7 
Page J 

PBR Project 
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QUALITY CONTROL PROCEDURE 

FOR 

SAMPLING OF AGGREGATES AND SOILS 

Procedure QC-9 
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1.0 EQUIPMENT AND MATERIALS 

1. 1 Ecru; :),::1ent 

PROCEDURE QC-9 
Page 1 

Sho"lels, scoops, buckets and brushes for :'.amp1 ing, 

1.2 Materials 

Plas~ic and cloth bags, tags and markers ~ ~r samples and sample 

~ identification, ' 
~ . ~ 

000 28'1 



. , 

2.0 SJ\MPLING METHODOLOGY 

2.1 Ob jectives 

PROCEDURE QC-9 
Page 2 

The obj ective is to provide standard :.; a.mpling procedures for 

obtain~ng samples of soils, aggregates and ~ o il-aggregat2 mixtures 

from stockpiles, truck loads and borrow are 2S . 

2.2 T~st Procedure 

Sampling shall be done in accordance with the standardized 

proced'.lres outlined in ASTM 0-75-82. 

2.3 R~ferences 

ASTM Procedure 0-75-82, Annual Book c ~ ASTM Standards, Volu~e 

04.08 . 
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F-4 SOIL SAMPLING LOG 

SAMPLE NO. PROJECT ~~O. ____________ _ 

DATE DELIVERED TO LAS ORA TORY 

SAMPLED BY DA TE 

LOCATION 
(EXAMPLE:STOCKP~E, _____________________________________________________________________________ _ 

BORHOW AREA, TRUCK. _________________________________________________________________________ _ 

fILL) 

DEPTH 

SAMPLE TYPE 

(eXAMPLE: LARGE BULK 
SAMPLE, DRIVE CYLINDER, __________________________________________ _ 

ECl. ) 

ViS U A L Cl ASc1iFl C ATION 

INTENDED USE _________________________________________________________________________ ___ 

(EXAMPLE: CLAYEY BORROW, _______________________________________________________________________ __ 

RANDOM fil l , 

ETC.) 

TES TING PROGRAM 

(EXAMPLE: STANDARD COMPACTION TEST, 

.\l TERBEAG LIMITS, 

ETr..) 
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Southwestern 
Exploration Associates 

COUNTY NOTEBOOK RESEARCH SYSTEM 

4500 E. Speedway, Suite 14 
Tucson, Arizona 85712 

( 602) 795-6097 

CONSULTING SERVICES IN: 

literature research 

mineral exploration 

geothermal exploration 

geophysical exploration 

multispectral aerial photography 
space imagery search and retrieval 
image enhancement and processing 
remote sensing and interpretation 

environmental studies 



COUNTY NOTEBOOK INVENTORY LIST 

Volume 1: County Summary Material 

1. Mining Distric"t index map with USGS quadrangle overlay 
2. County bibliography list with explanations 
3. Target listing 
4. Listing OI all deposits with current exploration status 
5. Map indexes to various commodities and a generalized 

land status map 
6. County report by State Bureau of Mines 
7. InIormation on industrial mineral occurrences within 

the county 
8. General articles Iiled alphabetically, preceded by 

bibliography list 
9. Metal price list 

Volume 2: Thesis Material 

1. Index map OI available theses 
2. Theses arranged alphabetically by author 

Volume 3: U.S.G.S. Reduced Topographic Sheets 

1. Reduced A.M.S. sheets 
2. Reduced 7! and 15 minute quad sheets with list of 

mines located on each quad sheet 

Volume 4: U.S.G.S. Geologic, Geophysical, Geochemical and Open 
File Maps 

1. Index to maps in Volume 4 
2. Geologic maps 
3. Geophysical maps 
4. Geochemical maps 
5. Photo index maps 

Volume 5: Mining District Notebooks 

1. Mining district summary sheet 
2. Mint records, mineral resources material, Weed's Copper 

Handbook (colored sheets separate these sections) 
3. Mining district articles listed alphabetically 
4. Bibliography 
5. Mine summary sheets with geologic data 
6. Land status 


