
The following file is part of the A. F. Budge Mining Ltd. Mining Collection 

ACCESS STATEMENT 

These digitized collections are accessible for purposes of education and research. We 
have indicated what we know about copyright and rights of privacy, publicity, or 
trademark. Due to the nature of archival collections, we are not always able to identify 
this information. We are eager to hear from any rights owners, so that we may obtain 
accurate information. Upon request, we will remove material from public view while we 
address a rights issue. 

CONSTRAINTS STATEMENT 

The Arizona Geological Survey does not claim to control all rights for all materials in its 
collection. These rights include, but are not limited to: copyright, privacy rights, and 
cultural protection rights. The User hereby assumes all responsibility for obtaining any 
rights to use the material in excess of “fair use.” 

The Survey makes no intellectual property claims to the products created by individual 
authors in the manuscript collections, except when the author deeded those rights to the 
Survey or when those authors were employed by the State of Arizona and created 
intellectual products as a function of their official duties. The Survey does maintain 
property rights to the physical and digital representations of the works. 

QUALITY STATEMENT 

The Arizona Geological Survey is not responsible for the accuracy of the records, 
information, or opinions that may be contained in the files. The Survey collects, catalogs, 
and archives data on mineral properties regardless of its views of the veracity or 
accuracy of those data. 

 

CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
416 W. Congress St., Suite 100 

Tucson, Arizona 85701 
602-771-1601 

http://www.azgs.az.gov 
inquiries@azgs.az.gov 
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METCON Research Inc. 

1844 W. Grant Road, Suite 106 

Tucson, Arizona 85745 

A.F. Budge (Mining) Limited 
4301 N. 75th St. 
Suite 101 
Scottsdale, AZ 85251 

Attention: Dale H. Allen 
Production Manager 

Subject: Metcon Proposal No. M-186 

Tel: (602) 623-1327 

Telex 284623 KDE UR 

8 August 1989 
EI-052-89 

Acid Leach Metallurgical Study 

Dear Mr. Allen: 

Pursuant to your instructions this proposal outlines the scope 
of work and the cost estimate for metallurgical testing to be 
performed on a copper ore sample from your property. 

1.0 OBJECTIVE 

The primary objective of this 
amenability to a sulfuric acid 
metallurgical data developed may be 
be performed on this project. 

2 . 0 SCOPE OF WORK 

study is to determine the ore 
heap leach process. The 

used in a feasibility study to 

The initial testing program discussed with you during our 
recent phone conversation is described below: 

2.1 Ore Samples 

A suite of 20 interval samples weighing approximately 40 
to 60 pounds each will be provided by the client for bottle 
roll leach testing . 

A representative composite sample prepared form coarse 
material with a weight ranging from 1000 to 1200 pounds will 
be prepared as specified by the client. The entire ore sample 
will be crushed to minus 2 inch then blended by the cone and 
quartering method, representative samples of ore will be split 
out for column leach testing and screen anlysis. 



2.2 Bottle Roll Acid Leach Testing 

One fourth of each interval sample will be split out then 
crushed (if necessary) to minus 1/2 inch. A representative 
sample weighing approximately 1 to 2 kg will be split out the 
crushed (if necessary) to minus 10 mesh. The sample is then 
blended and pulverized. A head sample and a 500 gram test 
charge are prepared for analysis and testing. The original 
samples will be saved for future testing. 

The test charge will be leached on a bottle roll 
apparatus with a 100 gram per liter acid solution at a pH 
below 1.0 for 24 hours. The amount of copper solubilized will 
be determined by atomic absorption. The total copper, non­
sulfide copper and iron will be assayed in the heads. The 
leach residue will be assayed for copper only. 

2.3 Column Acid Leach 

A series of 8 inch columns will be filled with 
approximately 200 pounds of crushed ore to a height of 6 ft. 
The ore is cured with a strong acid-ferric solution for 15 
days, then leached with a 10 gram per liter acid and 3 gram 
per liter ferric solution at a pH below 1.5. The irrigation 
rate used for leaching is 0.0025 GPM per square foot. The 
estimated test duration is 120 days. The daily pregnant 
solutions obtained will be assayed for copper, iron and acid 
consumption and extraction will be monitored throughout the 
test. 

Ini tially, three ore samples will be treated with a 
strong acid cure pretreatment. An additional test will be 
necessary for control. 

3.0 ESTIMATED COST 

The estimated cost associated with this testing program is as 
follows: 

(20) Bottle roll leach tests 
(4) Column test set-up 
(4) Leaching (column Operation) @ 120 days 
(8) Screen analyses (feed and leach 

residue) 
Analytical 

Estimated project cost total 

$ 5,000.00 
800.00 

19,200.00 
800.00 

1,000.00 

$26,800.00 

A metallurgical report will be issued wi thin two weeks of 
completion of the test work. Progress reports will be issued as 
required by the client. 



Enclosed you will find a project description summary and 
project compliance agreement. Please sign and return the 
agreement. Should you have any questions in regards to the 
information contained herein please do not hesitate to contact us. 

EI:rs 
Enclosures 

Very truly yours, 

£tjt-)U~ J)tUdLo 
Euget'io Ias i llo 
Process Engl.neer 



PROJECT COMPLIANCE AGREEMENT 

I , an authorized ,-------------------------------

representative of , have reviewed the 
~~--------~~~~~~~----(Company or Individual) 

attached copies of METCON RESEARCH INC. proposal No. M-186 

"Condition of Terms", "Project Description Summary", being in 

agreement with all said sections, do hereby authorize commencement 

of work as described and will comply with terms set forth before 

me this day of 19 

SIGNED BY: 
Name and Title 

APPROVED BY: 
METCON RESEARCH INC. 



METCON RESEARCH INC. 

PROJECT DESCRIPTION SUMMARY 

DATE: 8 August 1989 

CLIENT: A.F. Budge (Mining) Limited 

Address: 4301 N. 75th St. 
Suite 101 
Scottsdale, AZ 85251 

This is to confirm that a project, with an Estimated 
(EST, NTE, FC) 

amount of $ 26,800.00 to perform the following work: 

A series of four column leach tests for approximately 120 days. 

20 bottle roll leach tests, screen analyses and analytical work 

associated with this study. 

will be completed in an expeditious and timely fashion as per 
written METCON RESEARCH INC. Contract/Proposal No. M-186. 

Advance Deposit Required: $ 3,000.00 Date: 8-8-89 . 



METCON RESEARCH INC. 
1844 W. Grant Rd. 

Suite 106 
Tucson, AZ 85745 

CONDITION OF TERMS 

1) All ore samples and/or products resulting from a completed 
project will be returned to the client prior to 60 days from 
the completion date of that project. Completion of project 
constitutes issuance of report on that specific ore sample or 
samples. 

Labor and direct costs accrued during the disposal of these 
ore products will be the client's responsibility and will be 
included in the final invoice issued to the client. 

If previous arrangements have been made with METCON RESEARCH 
INC. for either maintaining or disposal of said sample, costs 
for a specific arrangement will be established and included 
in the project costs and billed accordingly. 

METCON RESEARCH INC. may elect not to dispose of waste 
products resulting from materials furnished by client to 
METCON RESEARCH INC. for testing if METCON RESEARCH INC. 
believes that such materials contain hazardous materials that 
cannot be disposed of in hazardous waste facilities reasonably 
available to METCON RESEARCH INC. In this case, such waste 
products will be returned to client. 

2) Invoices for labor, assays, and expenses will be billed 
according to the current rate schedule at the close of each 
month or at a timely termination date for the project. 

Invoices are due and payable in full upon receipt. 

Invoices unpaid at the close of the subsequent billing cycle 
will have a finance charge of 18 percent annually applied to 
the unpaid balance. 

Proceedings for collection on an unpaid account balance will 
commence 60 days from last account payment. Collection costs 
will be added to the clients billing. 

3) All contracts may be cancelled at any time provided, however 
that all labor, assays, and other expenses incurred by METCON 
RESEARCH INC. will be billed based on work actually performed 
as of the receipt of notice of cancellation including any fees 
and expenses required for terminating the proj ect. Any 
cancellations 24 hours after acceptance by METCON RESEARCH 
INC. are subj ect to an additional cancellation fee of 10 
percent of the amount of the original estimate. 



4) A 10 percent of cost handling fee will be charged for all 
vendor purchases not advanced to MET CON RESEARCH INC. at the 
onset of project. 
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P.O. 80K 788i 
~17~S. 
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.JaTluary 16. 1990 

MU1asps Mineral Service, IOc. 
3886 aS8toh Boule'lard 
Room 2021 
Snlt Lake City. Utah 84109 

Attention: Mr. Frank W. MilhHtP~ 

subject: Cost 'Estimate For Column Leach Testing au Ollide Ote Sample. 

G~n tlemftn: 

PUt' uant to discussions between Mr. Frank Millsaps and ourAAlvee. we 
ftr~ pleased to present a cost estimato for column leach testing an o.ddo 
uopper ore aBmple, It 1s our undontandtng that preliminary tosting 
has already been performed to determine ore characteristica such 89 
Bcid requll"ementt>. coppor extractions. etc. The hlst work raqu~8ted 
by Mr. Millsaps will determine the r6f1pOnS6 ot R IBT~e sample to almu­
lattlQ thin layer leachlng for copper e,;tracuon by add. leaching samples 
in six (6) inch and 24 inch diameter tan (10) foot high test nolurunt~. 
The following speciflc tflsts were pl'Op086d: 

- Ono each six (6) inGI\ diameter by ten (10) foot higb column 
leach of minus one inch sample. 

One each siX ( 6) iIlCh dj .. met~t hy tAn (10) foot high culumn 
leach of minus one inch sample agglomeratfld with sulfuric acid. 

On6 each 24 inch diametel' by ten (1 0) foot high column lQach of 
minus six incb sample. 

Eight (8) 6ach 55 gallon bllrfole of a single bulk slllllplfl (approxImately 
5800 pounds total of six (6) inch top-aize) will btJ availabl,. for te tinK. 

We are pleased to of!ur the followlug ~09t ostimat8, incl\uling analyses 
based on a 30 day leach cycle eatimated by Mr. Millsaps. 

- Thorougbly mix contents pi each· drum into OBe large sample. 
air dry. and spUt out t of s ampls (approximately 1400 
pounds) . 

1 4 : 1 '" I~ ~ '-, F' • U . 



8 8812614681 

Mr. Frank Millsaps 
Millsaps Mineral Service, Inc. 
January 18. 1990 
Page -2-

D~hlSON MET LrtB S 

C~·u8h the 1400 pound split through ons inch. 

Split out 200 pounds from the minus one i.nch material and 
crush through 3/8 inch. Split out 50 pounds of minus 3/8 
inch materlal and crush through 20 mesh . Split out head 
sampl08 from minus 20 moah sample for total Cu, Oxide CUt 
Fo. Caco3. and left acan. 

Store rejects of minu8 one inch end minus 3/8 inch . 

Store remalnlng 3/11 of lal'go samplo [6 inch top size) for largo 
diameter (24 inch) column leach teating. 

Cost. . • _ . • • • . . $ 1.500 

II. ~~tneratipn _T88ting Minua One Inch Sample 

Determ1ne optimum acld and moisture requin.ments to produce 
atablB, well-formed agglomerates on lnl11U~ one inch samples. 

Cost. • . . - - . . . .• 800 

III. Small Diameter (Six Inch) 9~ulI!!1_ L~ache~ 

Datermine copper extraction verSU8 time for 60 kllogr8ms of minua 
one inch saJupie in 8 inch c::llameter I 10 foot high columna. 
Perform one test on an lmagglomerated sample and another test on 
B sample aa~lomerat8d with sulfl1rlC acid. Monitor unalUllomerated 
sample for both copper and tron. 

Cost •••....... , It200/tcst. '2.400 tQta1 

IV . Larse Diameter ( ~_4 InchL Column l.each and _ !!E!~idu8 
Aasay Screen AniUysis 

Dsbtrmlne copper extraction verSUB time for minus 6 inch un­
agglomerated samplB in a 24 inch diameter, 10 foot high column. 
Determine distrlbution of un}s8ched copper by a"soy-screenlng 
column leach r8aiduo at 3 inch. 1 inch I 3/8 inch, 10 nl98h. 35 
mesh, and 100 tn6f1h. 

Cost •.. . . .. . . .. . • 3.500 

11411 l':,-Y(l TUE 1 4 : 1 5 P. (1 ", 
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MT. Frank Millsaps 
Millsaps Mineral Service . Inc. 
J8.nuary 16. 1990 
Pagf'J -3~ 

V. Pllta. Cnllaction and Pinal R8port 

Coat ••••• 

Project Subtotal. 
Cont1n&eney • • • 
Grand total • . 

$ 1.000 

$ 9.200 
, 1.800 

• ,U"OOO 

These costs repr.,sent OUl' best estimate. Actual costs will be deter~ 
mined by the time requirod to perform the test work. Factols 9uch 8.8 
tt~t9nded leach times, 6XC688iv8 material handling (due to clayey slimOli 
In leach relliduell) may affect time raq uiramen ta • 

If you have any ~uestlons fQgnrding this proposal, please cill. We 
would be happy to work with you on this project. 

Sincorely, 

Dn80N

4
;G. leAL LABORATORIBS, 

#t-
Philip 'thompson 
Vico Proftidont 

llT/fg 

FUe No. MiUsaps. D1sle 1 

r 

INC. 

.T H t~ - 1 r:. -, 9 (1 T U E 14:1':: r' . () 1 



TIONAL, INC. 

A WORLD LEADER IN MINERAL TECHNOLOGY 

January 22, 1990 

Mr. Dale H. Allen 
Production Manager 
A. F. Budge Mining Ltd. 
4301 N. 75th Street 
Suite 101 
Scottsdale, Az 85251 

MOUNTAIN STATES R [; 0 INTERNA TIONAL. INC 
EMPLOI'EE OWNED CORPORA TlON 

1380 I E. BENSON HIGHWA Y 
P.o. BOX 3 10 

VAIL. ARIZONA 8564 1 

TEL. (602) 762·5364 
TUCSON ONLY 624·7990 

TELEX 9102502482 MSRD 
TELEFAX 602·762·57 17 

Subject: Column Leaching Of Budge Mining Copper Ore 

Reference: MSRDI Proposal No. 0008 

Dear Mr. Allen: 

Pursuant to our meeting of January 11, 1990, Mountain States R&D International, 
Inc. (MSRDI) has prepared a proposal for the leaching of Korn Kob ore. The scope 
of work proposed includes the following key elements: 

SCOPE OF "ORK: 

Budge Mining Ltd. will deliver approximately two tons of representative Korn Kob 
ore to MSRDI. The run of mine ore (approximately 6 inches) will be used to 
conduct two simulated heap leach tests in 4-inch diameter columns and one heap 
leach test in a 24-inch diameter column. The 4-inch column leach tests will be 
performed on ore crushed to one inch. The 24-inch column leach test will be 
performed on ore crushed to six inches. A copper assay screen analysis will be 
performed on a head sample of the ore for the 4 and 24-inch column leach tests. 
Ore decrepitation will be determined from the assay screen analyses at the 
termination of the leaching campaign. 

An acid consumption test will be run on a pulverized ore sample to establish 
the maximum quantity of acid the ore will consume. The results of this test will 
be used to establish the amount of acid required for acid curing of one of the 
4 inch diameter columns. 
Prior to the application of the curing solution, the moisture content of the ore 
will be determined. After the moisture content of the ore is determined, cure 
solution containing 80 percent of the acid consumed during the acid consumption 
test will be applied to the ore. The quantity of cure solution used will be 10 
percent of the weight of the ore. The 4-inch cured column will be allowed to 
stand seven days before leach solution is applied. The second 4-inch column 
will be leached in a conventional manner by the application of a pH 1.8 leach 
solution. The objective of the two, 4-inch column leach tests is to establish 
the most efficient and cost effective leach procedure. The 24-inch column will 



A. F. Budge Mining Ltd. 
MSRDI Proposal No. 0008 

Page 2 
January 22, 1990 

then be run using the best of the two procedures. Acid and copper metallurgical 
balances will be conducted at the end of the leaching campaign. Copper recovery 
curves will be drawn and the amount of copper recovered from the individual 
screen fractions will be calculated. 

COST ESTIIIATE: 

Cost Estiaate For Two, 30-Day, 4-Inch Dia.eter Colu.n Leach Tests 

*Sample Handling and Preparation 
Head Screen Assay Analyses and Acid Consumption 
Column Leaching and Maintenance 
Assays (Cu, Fe+2

, Fe+3
, H

2
SO.) 

Residue Screen Assay Analyses 
Supervision, Clerical and Report Preparation 
Contingency at 10 Percent 
Total for Two, 4-Inch Columns 

$ 1,500.00 
350.00 

1,600.00 
( 1;if0:00 ; 

-300. 0 
~.@!) 

656.00 
$ 7,116.00 

*The sample preparation charges for the 24-inch column, have been 
included in the cost for sample preparation of the 4-inch columns. 

Cost Estiaate For One, 10-foot, 24-inch Colu.n, Operated for 30 Days 

Ore Loading 
Head Assay Screen Analyses 
Ore Curing 
Column Leaching and Maintenance 
Assays (Cu, Fe+2, Fe+3

, H~O.) 
Column Discharge 
Residue Assay Screen Analyses 
Supervision, Clerical and Report Preparation 
Contingency at 10 percent 
Total 

$ 500.00 / 
Q,200.0D 
-2~ 

Remuneration for the work conducted will be billed on the basis of the actual 
time spent on the project in accordance with the MSRDI Rate Schedule 070189 
attached. MSRDI will not exceed the budget specified without the authorization 
of Budge Mining Ltd. 



A. F. Budge "ining Ltd. 
"SRDI Proposal Ho. 0008 

Page 3 
January 22, 1990 

Should this proposal be acceptable to Budge "ining Ltd., please sign the enclosed 
"SRDI Project Compliance Agreement and return it to us for our record. 

Thank you for allowing us to present this proposal. 
conducting this work. 

Sincerely, 

Vice President and "anager of Projects 

J"cD/rrj 

Enclosures: "SRDI Project Compliance Agreement 

c.c. Frank W. "illsaps 
3865 Wasatch Blvd. 
Salt Lake City, Utah 85109 

We look forward to 
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PROJECT COKPLIARCE AGREERERT 

I, _D~a~l~e~H~.~A~l~l~e~n~ ____________________ , an authorized representative of 

_A~.~F~.~B~u~d~g~e~"~i~n~i~n~g~L~t~d~. _______________________ , have revieved the attached 
(Company or Individual) 

copies of "SRDI proposal No. 0008 , ·Condition of Terms·, Rate Schedule 

070189 ·Project Description Summary·, being in agreement vi th all said 

sections, do hereby authorize commencement of vork as described and vill comply 

vith terms set forth before me this __ day of 19 __ • 

SIGNED BY: 
Name and Title 

APPROVED BY: 



CLIENT: 

ADDRESS: 

KOUNTAIN STATES R&D INTERNATIONAL, INC. 

PROJECT DESCRIPTION SUKKARY 

A. F. Budge Mining Ltd. 

4301 N. 75th Street 
Suite 101 
Scottsdale, Az 85251 

Page 2 

January 22, 1990 

This is to confirm that a project, with an __________ ~E=s~t~i~m~a~t~ed=_ __________ __ 
(EST,NTE,FC) 

amount of $ =1=G~,G~4=2=.~0~0~ _______________________ to perform the following work: 

Column Leaching of Budge Mining Copper Ore 

will be completed in an expeditious and timely fashion as per written "SRDI 
Contract/Proposal No. 0008. 

Advance Deposit Required: $ 6,000.00. 



"OUNTAIN STATES R&D INTERNATIONAL, INC. 
POST OFFICE BOX 310 
VAIL, ARIZONA 85641 

CONDITION OF TERBS 

Page 3 

1) All ore samples and/or products resulting from a completed project will be 
returned to the client in not to exceed 60 days from the completion date of 
that project. Completion of project constitutes issuance of report on that 
specific ore sample or samples. 

Labor and direct costs accrued during the disposal of these ore products 
will be the client's responsibility and will be included in the final invoice 
issued to the client. 

If previous arrangements have been made with "SROI for either maintaining 
or disposal of said sample, costs for a specific arrangement will be 
established and included in the project costs and billed accordingly. 

"SROI may elect not to dispose of waste products resulting fro •• aterials 
furnished by client to "SROI for testing if "SROI believes that such 
materials contain hazardous materials that cannot be disposed of in hazardous 
waste facilities reasonably available to "SROI in which case, such waste 
products may be returned to client. 

2) Invoices for labor, assays, and expenses will be billed according to the 
current rate schedule at the close of each month or at a timely stopping 
point for the project. 

Invoices are due and payable in full upon receipt. 

Invoices unpaid at the close of the subsequent billing cycle will have a 
finance charge of laX annually applied to the unpaid balance. 

Proceedings for collection on an unpaid account balance will commence 60 
days from last account payment. 

3) All contracts may be cancelled at any time provided, however that all labor, 
assays, and other expenses incurred by "SRDI will be billed based on work 
actually performed as of the receipt of notice of cancellation including any 
fees and expenses required for terminating the project. Any cancellations 
24 hours after acceptance by "SROI are subject to an additional cancellation 
fee of l0X of the amount of the original estimate. 

4) A 10X of cost handling fee will be charged for all vendor purchases not 
advanced to "SROI at the onset of project. 



IDIITm STAm; R , D IlTEDAnOlAL, IIC. 

1.1 PIU~TOIIIS -

elBR 

45J JUlIOR PROCESS EIGlIEEi •••••••••••••• 4S.80 -
SSP PROCEss ElGIIEEi I •••• ~.~ •••••••••••• SS.80 
6SP PII(XISS ElGIIEER II .................. 6S. 80 
SSP PROCESS ElGIIEER 111 ••••••••••••••••• 85.80 
gap PII(XISS ElGIIEER I¥ •••••••••••••••••• 9I.1e 
4IL UIIORlTORY SUPERYIStlR •••••••••••••••• 41. lie 
4SII UDlTORY 'I'UD .•••••••••••••••••• "45 •• 
3IC CBEIlST 1 •••••••••••••••••••••••••••• 31.11 
48C CBEIIST .ll ••••••••••••••••••••• ~ ••••• 4I.ee 
4SC . CBEIIST 111 •••••••••••••••••••••••••• 45.80 
5IC CBEIIST IY ••••••••••••••••••••••••••• 5I.11 
55(: mEr c::BEIIST ......................... 61. ee 
41! ITIERllnGlST 1 ••••••••••••••••••••••• 48.80 
551 IIIEIiLDGIsr II •••••••••••••••••••••• SS.II 
SSG GEDLDGlST •••••••••••••••••••••••••••• 5S.10 

25S SECIlETDt I •••••••••••••••••••••••••• 25. ~ 
28S SECRETD'11 ••••••••••••••••••••••••• 28.ee 
38S SEClETlIT 111 •••••••••••••••••••••••• 31. Ie 
3ll laDJIT1IT 1 ••••••••••••••••••••••••• 38. M 
3Sl ~m 11 ••••••••••••••••••.•••••• 35. Ie 
58A lCClIJITm III ••••••••••••••• o •••••••• sea 80 
381) O1TA PIlOCESSIm ........ ~ .-............. 30. M 
3IP PtlbQliSIIG 1GEIT ••••••••••••••••••••• 31.11 

3.1 DDtm:1S 
REPml:TlOIS (IEIQI (DIlES) •••••••••• $I.12ImPY 
TELEFAl (OUTGOIIG) •••••••••••••••••••• 83.MIPAGE 

= -C IICOIIIEl •••••••••••••••••••• $2. 801P AGE 
cOatgoiDg telef81 charge plus telephODe charge 
_ plIc1Dg _ID international cuU 

l. aDJ.IE 

4.1 II10IQS 
In,oices till be aaUed mil, or 'poll project 
co.pleUOQ to 1Dclude all curreat charges. 

4.2 1EIIS 
IeUttlDces are due and payable upon receipt. 

4. 3 FWD c:&AIQS 
1 finaDce charge of 181 annually 'ill be added 
to unpaid baluces at the beginning of the 
aubaequent billing cycle. 

RATE 9lIEDUl.E 
111189 

1.2 m:mCAL 
elBR 

28T T'EX:HlICld 1 •••••••••••••••••••••••••••••• 28. II ' 
3IT TECBlICII1 11 ••••••••••••••••••••••••••••• 31.11 
3ST TECBlIClii 111 •••••••••••••••••••••••••••• 35.11 
48S . ~IOR TECRlICIO ••••••••••••••••••••••••• 41. em 

2SL LlBORER ••••••••••••••••••••••••••••••••••• 2S.11 
2SI IECRlIIC I ••••••• ~ •••••••••••••••••••••••• 2S.11 
2SI IECBlIIC 11 ••••••••••••••••••••••••••••••• 28.11 

o 3SI IECBlIIC 111 •••••••••••••••••••••••••••••• 35.11 

• Assays and ele.enW deterainations as per analJt1cal 
price list. (available 'pon request) 

3.2 mwm IIDIEIS 

Although IlSRDI attnpts to 1Dclade in their costs, . 
estiated ~ for telepboDe, teln, reprodactiou, 
freight, -out-of-pocket npeues, etc., -it is DOt poss­
ible to include all c:IIarges. Therefore, charges iDcur­
red during the course of the project 1111 be bllled 
-8c!::ordingly. 1 111 baDdUng dIarge 1111 bel88l!8lled 
-on all vendor purcbases DOt advauced to IISRDI. 

(All prices subject to change 'ithout notice) 



Page 1 

PROJECT COKPLIARCE AGREEKERT 

I, ~D:a~le~H~.~A~l~l~e~n~ ____________________ , an authorized representative of 

~A~.~F~.~B~u~d~g~e~K~i~n~i~n~g~L~t~d~. ________________________ , have reviewed the attached 
(Company or Individual) 

copies of KSRDI proposal Ho. 0008 , ·Condition of Terms·, Rate Schedule 

070189 ·Project Description Summary·, being in agreement with all said 

sections, do hereby authorize commencement of work as described and will comply 

with terms set forth before me this __ day of 19 __ • 

SIGHED BY: 
Hame and Title 

APPROVED BY: 
KSRDI Representative 
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KOUITAIN STATES R , D INTERNATIONAL, INC. 

CLIENT: 

ADDRESS: 

PROJECT DESCRIPTION SUKKARY 

A. F. Budge "1ning Ltd. 

4301 N. 75th Street 
Suite 101 
Scottsdale, Az 85251 

This is to confirm that a project, with an 

January 22, 1990 

Estimated 
(EST, NTE, FC) 

amount of $ ~1:6L,6~4~2~.~0~0~ _______________________ to perform the following work: 

Column Leaching of Budge Mining Copper Ore 

will be completed in an expeditious and timely fashion as per written "SRDI 
Contract/Proposal No. 0008. 

Advance Deposit Required: $ 6,000.00. 



MOUNTAIN STATES R (; D INTERNATIONAL. INC. 

~~IP.H'I IN1FR"'~ATlONAL, me. 

A WORLD LEADER IN MINERAL TECHNOLOGY 

October 23, 1989 

!fr. Dale Allen 
A. F. Budge lIining, Ltd. 
4310 North 75th Street 
Suite 1010 
Scottsdale, Arizona 85251 

Subject: Estimated Colu.n Leach Costs -- Korn Kobb 

Dale: 

For budgetary purposes, I am estimating the following costs: 

EMPLOYEE OWNED CORPORA TlON 
13801 E. BENSON HIGHWAY 

p.o. BOX3JO 
VAIL. ARIZONA 85641 

TEL (602) 762·5364 
TUCSON ONLY 624·7990 

TELEX 9102502482 MSRD 
TELEFAX 602·762·5717 

4-inch column test, 30 day duration, assay copper only and screen/assay 
on residue: Estimated Cost $1,500. 

24-inch column test, 30 day duration, assay copper only, screen/assay on 
head and residue: Estimated Cost $5,700. 

Actual costs could vary, up or down, depending on sa.ple received, test 
parameters, and/or assay requirements. When you have .ore data we can supply 
a detailed proposal which will be specific for your require.ents. 

If you have any questions, please call .e. Tbank you for your bUSiness; it is 
greatly appreciated. 

Sincerely, 

h Bher 
Process Engineer 

RFF/clp 
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To: John W. Norby 

From: Dale H. Allen 

Date: May 11, 1990 

John: 

Try these computations for determining an average grade (NOT cut-off 
grade - - where is my tape?) for each 20-ft. interval. 

Operating Costs 

Acid: $30.00 per ton = $0.015 per pound 

Mining: 
Ore - (including haulage, conveying 

and stacking) $1.35 per ton (Brown&Root) 
Waste - $0.90 per ton (Brown&Root) 

Total $2.25 per ton 

SX-EW: 
$0.30 per pound (Brown&Root) minus acid costs 

= $0.25 per pound 

Considerations 

1. The plant costs have to be based on each pound of copper 
recovered. For example, if we only recovered 1 pound of copper 
per ton of rock, and using the Brown & Root figures, the cost 
would be $0.25 per pound AND $0.25 per ton (not including acid 
costs) • 
The figure obtained from Frank M. was derived from a specific 
case where a certain grade and recovery was used. 
Brown & Root's operating costs of $0.30 per pound also includes 
leaching, acid, operation plus G&A. Their acid costs are 
probably low ( 7 pounds acid per pound copper and $15 per ton 
of acid f.o.b. mine), so I backed those costs out. The $0.25 
cost per pound is reasonable. 

2. The copper recovery is based on recovery of total copper, not 
just acid soluble copper. The 70% recovery I gave you was for 
copper recovered over a relatively short period of time, i.e. 2 
to 4 weeks. To be more realistic, over a period of 12 to 24 
weeks, we should be able to recover 80% to 85% of the copper. 
For this exercise, I have used 75% recovery, which is still a 
conservative figure. 

Let g = average grade (in % copper) 

Income per ton = Mining cost per ton + Acid cost per ton + 
Plant cost per ton 

(% rec x g/IOO x 2000 x copper price) = (g/IOO x 2000 x .015 x #acid 
per #Cu x % rec) + ($2.25) + ($0.25 x % rec x g/IOO x 2000) 



I 

-
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at 75% recovery: 

(g/100 x 1500 x copper price) - (g/100 x 22.5 x #acid) - (g/100 x $375) 
= $2.25 

g/100 «1500 x copper price) - (22.5 x #acid) - $375) = $2.25 

g «1500 x copper price) - (22.5 x #acid) - $375) = $225 

at 80% recovery: 

Examples: 

Copper 
price 

$0.65 

$0.80 

$0.90 

$1.00 

$1.20 

g «1600 x copper price) - (24 x #acid) - $400) = $225 

Copper price $0.80 per pound 
Recovery of 75% 
Using 10 pounds of acid per pound of copper 

g «1500 x $0.80) - (22.5 x 10) - $375) = $225 

g = 225 / 600 = 0.375 % copper 

At $0.80 per pound copper, 75% recovery and 14 pounds acid 

g = 225 / 510 = 0.44 % copper 

Pounds of acid Grade / Grade 
per pound copper @ 75% recovery @ 80% recovery 

10 0.60 % Cu 0.54 

10 0.38 % Cu 0.34 

10 0.30 % Cu 0.28 

10 0.25 % Cu 0.23 

10 0.19 % Cu 0.17 

Looks a little better, huh??? 
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Ladies and Gentlemen: 

COPPER SX-EW WORLDWIDE 

P.G. Mahoney & W.N. Nahas 

Fluor Daniel, Inc. 

We were pleased to be invited to review with you a topic of considerable importance to 

the copper industry and to all of us here working directly or indirecJy for t.~e mining 
industrY . 

• A.s we all know, the development and commercial application of solvent extraction to the 

hydrometallurgical treatment of copper ores more than 20 years ago has proven to be the 

most Significant technolOgical breakthrough in copper processing. Today, high purity 

cathode copper can be produced for less than 30 cents per pound via the add leach, 

solvent extraction and electrowuming route. 

The recovery of the U.s. copper industry from its most severe recession of the early 

eighties can be largely attributed to the wise industry decision to maxiIr-ize copper 

production through the construction of fast tracked SX-EW plants. 

Basic Princ:oles in Solve!1t Extraction - Electrowinning 

Solvent extraction is used in metal recovery operations to selectively extract a metallic ion 

in solution from other metal ions present in solution. In copper solvent extraction, the 

aqueous solution would typically be an acid lea~lt liquor containing cupric, feme, ferrous, 

nickel, caldum, magnesium, aluminum and other ions primarily as sulfates. 

Tne add lea~~ liquor is contacted with an iIrunisdble orgarjc phase containing an active 

extractant selective to copper over the other ionic metal species. 

871-34/ 2 1 



This reaction is sensitive to the hydrogen ion concentration in solution and can be 

reversed by contacting the loaded organic solvent with a high acid strength solution. This 

takes place in the stripping section of the soh'ent extraction system. 

The organic and aqueous phases are i.mmi.sCble thus a simple mixer-seruer equipment is 

adequate to carry out both the extraction and st::pping operations. 

The main advantages of the system can be 5UIT'=..a~...zed as follows: 

1. Copper is selectively extracted from an impure aqueous solution a.rld transferr.?d to 

the tankhouse electrolyte as concentrated pure copper sulfate solution. 

2. The organic reagent is regenerated durL"1.g strippi..."1g for return to the extrac:ion 

section to recover more copper . 

.. 
~. 

4. 

5. 

Add is generated in the aqueous solution dur.ng exrrac:ion to extract more coppe:­

from the dumps. 

Sulfuric add is generated. during elec::rowinning to strip more copper from the 

clrC.llating organic solvent. 

A 99.99 percent pure copper is produced by electrowinning which is marketable as 

refi.."1ed copper without fttrL"'ter processing. 

A typical SX-EW plant thus consists of three closeC loop CrC'.uts that only require II".ake­

up acid and organic solvent to maintain their operational effectiveness. The three loops 

are: 

a. 

b. 

c. 

871-34/2 

Leaching and the extraction section of SX 

The organic solvent circulati."'g bet'Neen the two SX sections. 

Electrowinning and the stripping section of SX 
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Typical SX-EW System 

The slide provides a schematic illustration of a typical countercurrent mixer-settler liquid 

ion excha...'1ge system integrated with an electrov.inning tankhouse. In this example, the 

solvent extraction unit consists of 2 extraction stages and a single stripping stage. 

In the extraction section, an im.mi.sc:ible organic consisting of the active reagent usuallv 

diluted wit.~ kerosene is contacted v.;th the copper bearing solution from leau."Ung in the 

first stage mixer. The mixed ~·o phases overflow into a settler and are allowed to 

separate. The clear organic overflo\\ing the weir at the discharge end of the settler is 

referred to as the pregnant organic or loaded organic. It advances to the striping section 

mixer. The settled aqueous moves under the organic weir and overflows the subsequent 

weir. It advances to the second stage extraction mixer where it is contacted with stripped 

organic from the stripping settler. The organic oven10\\ing the second stage settler 

advances countercurrently to the first stage extraction mixer, and the overuov.ing aquecus 

is returned back to leaching. It is referred to as the copper depleted aqueous raffinate. 

In the stripping section, copper values are now contained in the organic phase referred to 

as the loaded organic. It is contacted with addle spent electrolyte from the tankhouse 

causing the copper to transfer from the organic phase to the aqueous phase and produce a 

pregnant electrolyte solution suitable for treatment in electrolytic cells_ The stripped 

organic is returned to the extraction section to repeat the cycle. 

In the copper tar.khouse, the pregnant electrolyte is drcu1ated in electrolytic cells made up 

of insoluble lead anodes and copper starter sheet cathodes connected in series. Copper is 

won electrolytically from the drC'.Jlating pregnant solution by deposition at the cathodes. 

Furthermore, the electrochemical reactions proceeding in the cells result in the formation of 

sulfuric acid in the electrolyte and the evolution of nascent oxygen at the anodes. 

Solvent General Properties 

For a solvent extraction reagent in copper application to be successful, it must have the 

following properties: 

1. High selectivity for copper ion extraction from add leach liquors. 

871-34/2 3 
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2. Be applicable to a wide range of leach liquors. 

3. High metal loading c.apadty. 

4. Copper must easily strip under conditions consistent with conve.."1tional tankhouse 

add concentration 050-180 gi l). 

5. Good copper transfer kinetics. 

6. Good stability under operating conditions (lo ..... hydrolysis and deg:adation). 

7. Very low solubility in the aqueous phase. 

8. High solubility in the kerosene diluent. 

9. Stable emulsions should not be promoted. ..... hen both phases are :nixed. 

10. Crud formation must not be enhanced.. 

11. Should not increase entrainment. 

12. Should be safe to use . 

. 13. Last but not least should have an acceptable cost. 

Some of these properties impact the capital cost, for example, the completeness of copper 

extraction and its relationship to staging requirements. Other impact the operating ccst 

such as reagent stability and organic entrainment while still others impact both operating 

and capital cost, as for example, the organic selectivity and its relationship to drcuit size, 

production and tankhouse costs. 

871-34/2 4 
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Development of Reagents in Cooper SX Apolication 

The first commercially available organic solvent designed specifically for the selective 

extraction of copper from dilute copper dump leach liquors was produced by General 

Mills Inc. (Henkel today). Designated LIX 63, the amine reagent became available in the 

early sixties. LIX 63 suffered from two drawbacks; first, the pH range was too high >2 to 

be applicable to most dump leach liquors and second its rejection of the ferric ion was not 

as good as was required. LIX 63 was followed by LIX 64, a substituted 

crhydroxybenzophenone oxime. It was capable of extracting copper quite selectively at 

pH values as low as 1, however it still suffered from slo..... kinetics. 

LIX 64 was followed by lJX 64~, which showed significantly improved kinetics of 

extraction over l1X 64 and was the most widely used reagent of the first generation 

solvent extraction plants. 

Ketoxime Reagents 

The ketoximes were the first reagents to be used commercially for the extraction of copper 

from dilute sulfuric add leach liquors and were exclusively used for 12 years. The 

ketoximes exhibit the following properties: 

1. Excellent phase separation. 

2. Low entrainment losses to raffinate. 

3. Do not promote excessive crud formation. 

The use of ketoximes is, however, limited because of the following two shortCOmings: 

1. 

2 

They are moderately strong copper extractants. 

They have slow kinetics at cold temperatures. 

SalicyWdoxime Reag<>nts 

Tne much stronger salicylaldoxime-based reagents were introduced to override the 

perceived shortCOmings of the ketoximes. Plant configurations formerly with 4 or 3 
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extraction plus 3 or 2 stripping stages were dramatically reduced to 2-2 or 2+1 stages 

even for high copper tenor liquors at low pH. Leach liquors of up to 40 g i l copper at 

pH 1.5 are being treated so that almost any copper bea.ri.."g liquor can be purified by 

solvent extraction. However, the reagents by themselves are such strong copper 

extrac+..ants that they are often used in combination with an equilibrium modifier, so they 

can be effidently stripped with an acidic copper solution from which high quality copper 

can be electrowon. 

The use of equilibrium modifiers leads, howe\'er, to t...~e follo'.\"ing shortcomings: 

1. Reagent hydrolysis and degradation. 

Transfer of iron to the tanknouse. 2. 

3. 
4. 

5. 

Organic losses because of entrainment of each phase in the other. 

Higher crud formation. 

Deleterious effec+.s on certain rna terials of construction. 

By 1988, the number of operating SX plants had almost tripled and the annual prodllction 

increased to 600,000 tonnes from less than 200,000 tonnes installed capacity in 1979. 

Ketoxime - Salicvladoxime Mixtures 

The ketoxirne - Salicyladoxime !l'ixtures contain no added modifier. LlX 984, for example, 

is a mixture of LIX 860, a salicyladoxime reagent with LIX 84 ketoxime reagent. It 

combines the extractive strengt-~'1 and fast kinetics of the salicylaldoximes with the good 

physical performance and stability of the ketcximes. 

Although the extractive strength of the II'Iixt'..rres is not quite so high as the modified 

salicyIadoximes, it is considerably greater than the ketoximes. Copper transfer kinetics are 

a little slower than salicylaldoximes, but are still very fast It is felt that the ketoxime 

functions as a modifier for the salicyladoxime portion in the strip side of the circuit. The 

separate extraC""..ants and their mixtures are highly selective for copper over iron from 

almost all available copper leac-'1 solutions. As a result, minimum ta.nkhou.se bleeds are 

needed for iron control. 

871-34/2 6 
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Determination of the Number of Extraction and Stripoirig Stages 

For a selected solvent. this is arrived at using the McCabe-Thiele binary diagram which 

will give the number of equilibrium extraction and stripping stages to reach a desired 

ra.ffi.nate and pregnant electrolyte compositions. 

The number of equilibrium stages may vary vvi.th the alteration of the extemal organic to 

aqueous ratio. The higher the ratio, the lower the num~ of required stages but the 

larger the size of mixers and settlers per stage. An economic trade-off study usually 

establishes the optimum number of extraction and stripping stages. 

First Generation SX Plants 

The first generation SX plants had the follo\.\.ing design features; 

1. 

2 

Used ke!oxime reagents such as LIX 64~ which have slow kinetics and a limited 

application range. 

Copper extraction selec:hity, Le. iron rejection was not as good as with present day 

aldoxime reagents. 

3. Included 3 to 4 extraction and 2 to 3 stripping stages. 

4. 'Used. multiple train SX sections. 

5. Had a ~.ngle mixer per stage sized for 3 minutes retention time of the combined 

organic and aqueous flows. 

6. Settlers were sized for a length to width ratio of 4 to 1 and a settling rate ranging 

from 1.5 to 1.75 gpm per square foot. 

7. Total liquid inventory in settlers was 36 inches deep consisting of 9 inches orgarJc 

phase and 27 inches aqueous phase. 

871-34/2 7 
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8. Because settlers are substantially shallower but must have the same top level as 

that of the mixers for hvdraulic head to be conserved. the settlers had to be 
" 

supported on columns above grou..,d level. 

9. Used a double shrouded "pump-mix" impeller located in the middle of the mixi."1g 

vessel with a feed draft tube extending from the tank bottom to the impeller 

suction side, Bluebird used separate pumps and mixe.'"S t.~t resulted in too muc-'1 

organic entrainment. 

10. Maintained internal organic to aqueous ratio of 1:1 by recycling the smaller flow 

phase from the settler back into the mixer. 

11. To even the flow in the settler, two rows of "picket-fence" baffies made up of 

vertical bars were placed across the width of the settler. Tne first fence was 

usually located 1 meter from the mixer discharge, and the second midway into the 

settler le....,gth . 

12. 

13. 

Mostly stainless steel material of construction was used for mixers, settlers, piping, 

fittings and control valves. Concrete structures with stainless steel linings were 

also used, and one plant used FRP mixers and settlers. 

In some installations, heaters were installed to preheat the spe:-.t electrolyte feed to 

the stripping section; thus heat up the solvent extraction system during winter. 

14. Coalescers were added to separate entrained organic from the pregnant e1ectroiyte, 

and an extra settler to skim entrained organic from the aqueous raifinate. 

First Generation EW Plants 

The first generation EW plants have the following design features: 

1. Include two major sections; a starter sheet section to produce copper starter sheets, 

and a commercial section to grow copper on starter sheets to terminal cathodes 

weight. 

871-34/2 8 
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2. Cells are of reinforced concrete walls with wood plank false bottoms and 

plasticized PVC liners and buffer sheets. The Johnson Camp EVV tankhouse ..... as 

the only factlity which used shop fabricated FRP cells because of its small cell size 

and short life expectancy. 

3. Most cells use approximately 10 square feet cathode su:face area . 

4. Lead antimony anodes ..... ere used at the start but were later replaced by the 

superior corrosion resistant lead caldUID anodes. 

5. Cells are designed with adjustable discharge weirs to varY the electrolyte level 

hence prevent the breaking of starter sheet loops. 

6. 

7. 

8. 

RectiJlers and cells are arranged. to minimize the n-.ai.., bus total le!1gth of run and 

cost. 

Intercell connection design evolved from a wood blo<:-":. .... ith separators to the 

plastic capboards and lately the plastic capboards with cera..zr.ic separators. 

The average current density in the starter sheet section is 18 amperes per square 

foot and 25 amperes per square foot in the commerdal section. 

9. The nwr.ber of cathodes per ceil va.""ies from a low of 21 to as high as 69. 

10. Starter sheets are gro .... -n in a single day cycle while commercial cathodes are 

harvested once every 5 to 7 days. 

11. A continuous electrolyte bleed is practiced to keep the iron level from building up 

in solution. The bleed volume depends on the extent of iron transferred to the 

electrol yte. 

12. The tankhouse bleed is usually directed to the first extraction mixer to recover its 

contai."ed copper value for return to the electrowinning tankhoU5e. 

871-34/2 9 
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13. A dedicated rectifier for the starter sheet section is preferred since it allows for 

current density control independent from the commercial section operating 

condition. 

14. Cathodes are pulled live in order not to interrupt the flow of current to the cell. 

Every third ca~,ode in the cell is harvested at a time with a strongback and 

replaced with stripped blanks or starter sheets. The procedure is twice repeated 

until the balance of cathodes in the cell are pulled and replaced. 

13. Starter sheet preparation is done manually, semi-automatically or fully automatically 

depending on the size and capadty of a specific tankhouse. 

16. Tankhouse layouts are developed to minL..-UZe the bridge travel distance and cycle 

time. 

17. Tan.k.1.'lOuse capadties vary from as low as 2800 mt/y to as high as 100,000 mt / y. 

18 . 

19. 

Starter sheet embossing is practiced to rigidize the surface for electrical short 

prevention. 

Stai.11.iesS steel siding is used to resist the corrosive mist condition inside the 

building. 

20. Cell surfaces are covered wiL~ lavers of floating plastic balls to suppress mist 

entrainment in the tankhcuse. 

21. Forced ve.?\ti1ation enhances the air quality inside the tankhouse building. 

22. Floor surfaces are either covered with sulfur concretes or the concrete floor is 

coated with an add resistant surface. 

Second Generation SX Plants 

The second generation SX pla.. .... ts started with the introduction of the muc..; stronger 

salicylaldoxime-based reagents. These superior reagents first introduced by ICI - Acorga 
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contributed to an appreciable reduction in the size and costs of solvent extraction plants. 

The following design improvements were implemented: 

1. The number of extraction stages were reduced to 2 and stripping stages to 1 or ::!. 

2 The single train feed flow rate was dramatically increased to as high as 6000 gprn. 

3. Much higher grade pregnant leach solutions (PLS) are presently processed. 

4. Parallel and series mixer-settler configuration was introduced for low PLS aqueous 

solutions. 

5. As high as 33% active organic reagent is used in one operating plant. 

6. 

7. 

8. 

Multiple mixers arranged in series were introduced with auxiliary agitators rated 

for phase dispersion only. 

Retention time in mixers was reduced because of the faster reagent kinetics. 

Settler's specific flow rate was increased, hence reducing the overall area 

requirement for phase disengagement. 

9. Settlers configuration was dramatically altered from long and narrow to wide and 

shor.. The new configura tion reduces the dispersed phase velocity ac:oss the 

setder and maintains a linear flow regi-me. 

10. The organic and aqueous depth in the settlers was measurably shortened reduc'..Ilg 

the overall settler height, the volume of inventoried liquid and the set""Jer 

founda tion and structural needs and costs. 

11. Low profile settlers were also introduced further redudng their foundation and 

structural needs and costs. 

12 Krebs of France introduced it's proprietary mixer-settler design whic..."l uses hig~ 

settling rates of 4 to 6 gpm per square foot that substantially reduces the overall 

settler area and provides the following distinct advantages: 

871-34/2 11 
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• Reduction in settler and hence SX plant size. 

• Independence of agitation from pumping allowing optimum mixing 

conditions. 

• Substantial savings in solvent inventory. 

• Simplified layout and hence maintenance. 

• Reduced piping and instrumentation. 

13. 'Uncovered settlers were introduced and used in some cases. 

14. ~., organic after settler stage for separation of entrained organic from the pregna11t 

elecrolyte has been used in some designs, while in another design, a coh.: ...... -.r. 

flotation cell was selected. 

15. A dedicated storage tank area on concrete slab at lower elevation was incorporated 

into earlier designs and became an industry standard prac:ice. 

16. An entiIe SX-EW plant was enclosed under one roof because of severe cold climate 

conditions (Gibraltar in Canada). 

f Second Generation EW Pfants 

The most important design c:.~ge of the second geJle.."ation FW plants has been the 

introduc:ion of Copper Refineries Ltd. direct copper plating technology as developed and 

first used at Mount !sa's refinery in Tov."n.Sville, Austra.1.ia. With the Mount !sa 

technology, copper is deposited on stainless steel blanks and allowed to grow enough in 

Weight that conventional starter sheet preparation and use is no more required. 

By adopting this technology, the tankhouse is designed v.ith no starter sheet production 

section, hence starter sheet preparation and handling equipment are totally el.i.Ininated. 

After copper growth to terminal weight onto stainless steel blanks, cathodes are pulled 

from the cells by a travelling overhead crane using a strongback and taken to the ca~l-tode 

stripping and blank preparation machine. In this machine, the cathodes are automatically 
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washed, stripped, stacked and conveyed to weighing and handling stations. Stripping 

operation includes hammering with rubber mallets and high pressure air blasts or knife 

blades to dislodge the deposited copper from the stainless steel blanks. The edge and 

bottoxrs of the stripped stainless steel blanks are protec!ed from ingress of copper bv 

applying a thin layer of high melting point wax before they are returned to the cells. 

Harvesting of cat.~odes using the direct plating technology is done every i to 11 days and 

the weight of grown copper r~nges ITorn 100 to 150 lbs per cathodes face. The C"..uTen~ 

efficiency can be as high as % to 98 percent with low iron contained electrolytes b~use 

of the rigid stainless steel blanks which prevent short circuit conditions wit.1"..in the cells. 

Other developments in new tar .... k .. "louse desigr-s include the use of prer....ast concete ceils 

which reduce the tankhouse construction time and cost, and the switch over to hollow 

hanger bars to reduce their supply cost. 

Solvent Ex:rac:ion - EleC:rowinnir.c E::onCr.1ics 

Solvent Extraction Capital Cost 

Factors that influence the capital cost of the SX section are: 

1. The ge..'1eral site deyelopr:-,ent and utility supply aJ'ld installatiol"' .. 

2. The pregnant leach solution CPLS) ponds and pumps. 

3. The raffinate poncL 

4. The PLS feed flow rate to the SX plant. 

5. The staging requirement for extraction and stripping, Le. the total number of mixers 

and settlers. 

6. Tne number of SX trains. 
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7. Materials of construction selection. 

8. Storage tanks and pumps. 

9. Organic and diluent initial fill. 

10. Crud treatment system. 

Electrowir.r.ing Capital Cost 

Factors that in.t1uence the capital cost of t..~e EW section are: 

1. Degree of automation in star.er sheet preparation and h.L-.d1ing syste:::-..s. 

2 The design current density and the cells current efficier .. cy. 

L 3. Conventional or Mount !sa technology selection. 

&-
i 4. L Materials of construction and degree of water proofing. 

r , 
._-

Operating Costs SX-EW 

Operating costs presented in this paper are based on the follo\Ating criteria: 

1. Electrical Power at 7.5 cents/kv"H 

2 Sulfuric Add at 550 / ton 

3. Operating labor at $15/hr 

4. Organic reagent at approximately $6.50/lb 

5. Organic diluent at S1.55/gallon 

6. Anodes at $300 each 

7. Cobalt at $l2.50 /lb 

8. Maintenance labor and supplies as a percentage of capital cost 

Operating costs exclude the following: 

871-34/2 14 



• Management overhead 

• Taxes 

• Royalties 

• Marketing Costs 

• Depredation 

• Depletion 

The estimated total SX-EW direct operating costs is 18.6 cents/lb. 

Review of Some World Copper SX-E..W Plants 

Oose to 30 plants have been built since the first SX-EW facility of Ranchers Exploration 

t ~ and Development was constructed in Miami, Arizona in 1968_ The total SX-EW installed 

\.. capacity in the free world presently exceeds 600,000 metric tons. It is anticipated that the 

fast growth rate experienced in the last decade will be maintained if not surpassed as 

more applications to the technology are uncovered and used. 

I The following review provides salient features of some of the SX-EW plants built over the 

last 20 years_ 

[ 
1. Ranche!'S Ex-pioration & Development 1968 

This was the first commercial application of copper SX-EW. It included 3 

extraction and 2 strip stages. Was also the first plant to use organic removal 

equipment for electrolyte purification and the only SX plant to use separate mixers 

and pumps. The plant has since ceased to exist. 

2 Cy;?DlS Ba~ad, 1970 

This was the second SX-EW plant; the only one with 4 extraction and 3 strippi..""1g 

stages. Included 4 trains and used pump-mixer impellers. All vessels and pipi..""1g 

are of stainless steel construction. 

871-34/2 15 



3. Zambia Consolidated Copper MInes, Zambia, 1974 

First large flow plant rated at 3300 gpm/train. Includes 4 trains of 3 extraCtion, 2 

stripping stages. First high tenor PLS feed (5 gil). uses concrete m.ixers-se~Jers 

with stainless steel lining. First multiple crane bay tankhouse consisting of 10 rows 

of cells in 5 bays. A total of 660 cells are installed induding 98 starter sheet cells 

in 2 rows of 49 each. 

4. A.."1aInaX Twin Buttes, Ar.zona, 1974 

5. 

Feed is CCD washed solution from an agitated leach system. Consisted of 2 trai..~ 

of 4 extraction, 2 stripping stages. First attempt to filter PLS feed and first t\\·o 

level tankhouse design using automated starter sheet preparation machine. The 

plant is no longer in operation. 

Cyprus ToMson, Arizona, 1976 

FIrst SX-EW plant, using shop fabricated FRP vessels for mixers, settlers and cells. 

Consisted of 5 trains of 3 extraction, 2 stripping stages. Cells included only 21 

cathodes each because of FRP weight limitations. The plant was dismantled and 

reconstructed at Sierrita. 

6. Pinto Vallev Copper Co., Miami A......;~ona , 1976 

First to install low profile settlers, and first to use multiple mixing chambers. Also 

first SX plant to dedicate a separate tank farm area below mixers-settlers' level. 

The tankhouse uses the Johnson Camp cells and same electrodes configuration. 

7. Duval Corp, 1979 

Plant is similar in design to Pinto Valley but uses more mixing chambers than any 

other SX plant. 
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8. Inspiration Copper Co .. 1979 

The first to use an aldoxime reagent in the U.s. High PLS feed tenor, high settler 

sizing flow rate and first distant SX plant from the tankhouse. 

9. Centromin. Cerro de Pasco. Peru. 1981 

First plant to treat mine water. Uses low profile settlers and multiple mix 

chambers. Semi-automated starter sheet preparation equipment are installed. 

10. Phelfs Dod~e. Burro Chief. Tyrone. 1984 

11. 

Consists of 2 trains of 2 extraction, 1 stripping stage. One of the largest SX plants 

in te.~ of PLS flow rate. Settlers have been tested at 50 percent above design 

flow rate and plant experiences very cold PIS solution. Uses a ketoxime modified 

aldoxime reagent. The entire SX plant uses 2 operators per shift. The tankhouse is 

designed with no starter sheet cells which are received from the E1 Paso refinery. 

This was resulted in significant cost savings. The tankhouse includes a rigidizing 

press for starter sheets to reduce cells short circuits. Experiences lowest direct 

operating cost of all SX-EW plants because of favorable power rates. 

Magma Copper - San Manue1. 1983 

Uses free-standi..-,g stainless steel se~Jers and multiple mix chambers with axial flow 

auxiliary mixers . Also uses a flotation column to recover entrained organic from 

the electrolyte. The tankhouse uses ~t. !sa's technology and an automatic cathode 

washing, stripping and blank preparation machine. The C.l.ITent efficiency is in the 

range of 96 to 98 percent because of the low iron content of the electrolyte and the 

rigidness of the cathode blanks. Higher current densities can also be maintained. 

12 Gibraltar Mines, B.C. Canada. 1986 

The entire SX-EW plant is under one roof. The first plant to ever use parallel­

series SX configuration. Uses MO~'"lt !sa direct plating tec:mology but because of 

small capacity perform manual cathode washing, striping and blank rewaxing. 
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Future Growth Outlook 

Since the first commercial application of SX-EW, the proces has experienced solid industry 

acceptance and fast growth which has resulted in the construction of close to 30 plants in 

the free world in the last 20 years. Installed capadty has more than tripled in the last 

decade, Le. the compounded annual growth for the process use was maintained at a rate 

close to 12 percent. 

It is impossible to predict the future with certainty, however, it is fair to state that the 

momentum experienced in the past decade could be maintained or even surpassed if 

additional applications to the technology were to be established and implemented. 

As the copper industry continues to explore ways to reduce costs, more emphasis will be 

given to the processing of copper sulfide minerals through hydrometallurgical techniques. 

This would undoubtedly increase the pace of SX-EW plants construction as well as 

increase the single unit capadty of the constructed fadlities. 

Additional future applications are forecast to include: 

• In-situ leaching. 

• Polymetallic sulfides hydrometallurgical processing. 

• Bacterialleaching. 

Future Technology Developments in Solvent Extraction 

The only way to make a realistic prediction of future technological developments in a 

commodity is to do it on the basis of present day needs for improvements. 

In the case of solvent extractio~ three areas have been identified for future improvements. 

1. The need exists for more development of reagents to further improve their copper 

selectivity and extraction/ stripping kinetics, as well as further reduce their 

entrainment into the aqueous phases. 

871-34/2 18 



r .. ~ 

f ' 
j . 

2. The ultimate mixer-settler configuration is visualized as a continuous countercurrent 

extractor or stripper providing the requisite number of equilibrium stages in a 

single vessel. 

3. Impeller pump-mixers may eventually be replaced by static type mixers. 

Future Technology Developments in Electrowinning 

Soluble impurities in the electrolyte, particularly iron, impose a limitation on the present 

operating current density. Cells productivity would drastically increase and the tankhouse 

area and capital cost would Ir.arkedly reduce if the operating current density could be 

substantially increased from present operating levels. This could only be achieved if an 

electrolyte purification proces were to be developed to allow for such high current density 

use. 

With large capacity tankho us es, the need also exists for further equipment and process 

automation as well as computer scheduling of materials handling functions . 

An area of environmental conce..~ and need is the objectionable add mist condition of 

most tankhOU5eS. Mist elimination could only be accomplished if the oxygen generated at 

the anodes were to be collected in an enclosed cell design, evacuated for separation in a 

scrubber, and the scrubbed add mist neutralized for disposaL 
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Leadership means . .. 
· . . customer service 
is an integral part of all our operations at Henkel. 
Our international technical sales and marketing 
system assures an immediate response to cus­
lomer requests and underlines our commitment 
to provide quality service world-wide. Among 
the many services we can provide are: 
• Services for new SX plant construction 

-Flow sheet analysis and pre-engineering 
feasibil ity studies 

-Material balances and engineering design 
analysis 

• Solvent extraction process instruction 
-Videocassette tapes , available in both 

English and Spanish for in-house instruction 
-Live seminars addressing various aspects of 

liquid ion exchange technology and training 
• Solvent extraction technical services 

-{)n-site personnel training and assistance in 
new plant start up 

-Monitoring of SX reagent behavior in com­
mercial SX plants 

-Trouble shooting through physical and 
chemical analysis 

... product choice, including the 
widest selection of solvent extraction reagents for 
metal recovery systems in the industry. More 
than twenty different solvent extraction reagents 
of the Alamine ll , Aliquatll , and LlXlI trademarkS 
have been engineered and produced to meet our 
customers ' needS worldwide . The new LlXlI 900 
Senes is ~nother example of our growing and 
successfu l product line . 

.. . quality and reliability 
in our raw materials , our products , our processes 
and our services. This is the foundation upon 
which the Minerals Industry Division of Henkel 
Corporation has been built . 

-
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ADVANTAGES OF COPPER SX-EW 

• Selective Copper Extraction 

• Copper Solution Concentration 

• Organic Solvent Regeneration for Reuse 

• Sulfuric Acid Regeneration for Reuse 

• High Quality Cathode Copper Production 
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SOL VENT GENERAL PROPERTIES 

• High Copper Selectivity 
• Broad Application Range 
• High Copper Loading Capacity 
• Ease of Copper Stripping 
• Good Transfer Kinetics 
• Good Stability 
• Very Low Solubility In Aqueous Phase 
• High Solubility In Diluent 
• No Stable Emulsions Must Be Promoted 
• Crud Formation Must Not Be Enhanced 
• Entrainment Must Be Minimized 
• Must be Safe To Use 
• Cost Must Be Acceptable 
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KETOXIME REAGENTS (Hydroxy Oximes) 

o FIRST GENERATION REAGENTS 

o USED FOR 12 YEARS 

o PROPERTIES 
• Excellent Phase Separation 
• Low Entrainment Losses To Raffinate 
• Low Crud Formation 

o SHORTCOMINGS 
• Moderately Strong Extractants 
• Limited Application Scope 
• Slow Kinetics At Low Temperatures 

o TYPICAL REAGENTS 
• LIX 63, LIX 64, LIX 64 N, LIX 65 N, LIX 70, 

LIX 71, LIX 73, LIX 84 (SME 529) 
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SALICYLALDOXIME REAGENTS 

o SECOND GENERATION REAGENTS 

o FIRST INTRODUCED BY ICI-ACORGA 

o PROPERTIES 
• Strong Copper Extractants 
• Broad Application Range 
• Faster Kinetics Than Oximes 
• Require Modifers For Copper Stripping 

(Tridecanol or Nonylphenol) 

o TYPICAL REAGENTS 
• Acorga PT-5050, Acorga M. 5640 
• LIX 860 
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KETOXIME - ALDOXIME REAGENTS 

o NO MODIFIER ADDED 

o KETOXIME FUNCTIONS AS MODIFIER 

o SLOWER KINETICS THAN ALDOXIMES 

o LIX 984 ONLY MIXED REAGENT 
• Consists of LIX 860 with LIX 84 
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Relative Extraction Power of LlX 84 for Metals d~1i 2.0 

Metal 

Cu (J I ) 
Fe(III) 
Mo (V I ) 
V( V) 
Zn (II ) 
Sn ( II ) 
(a(ll) 
Mg ( I I ) 
As(III) 
Al(1I1) 
Fe(lI) 
Si(IV) 
Co(ll) 
Ni(II) 

Relative Extraction Power 

Very strongly extracted 
Slightly extracted 
Slightly extracted 
Slightly extracted 

Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
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FIRST GENERA TION SX PLANTS 

• Use Ketoxime Reagents 
• Use 4+3 or 3+2 Stages 
• Use Multiple SX Trains 
• Use Single Mixer Per Stage 
• Use 4 to 1 Settler Ratio 
• Use Elevated Settlers 
• Use Pump Mix Impeller 
• Have Two Picket Fences in Settlers 
• Use Mostly Stainless Steel 
• Have Heaters Installed to Preheat SX System 
• Use Coalescers to Separate Entrained Organic 
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FIRST GENERA TION EW PLANTS 

• Include Two Cell Sections 
• Use R.C. Cells with PVC Liners 
• Use 10 Square Feet Cathodes 
• Use Lead - Antimony Anodes 

or Lead - Calcium Anodes 
• Cells Layout For Minimum Main Bus Run 
• Use 21 to 69 Cathodes Per Cell 
• Operate at 18 Amps/Ft2 Starter Sheet Section 

and 25 Amps/Ft2 Commercial Section 
• Have Separate starter Sheet Rectifier 
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FIRST GENERA TION EW PLANTS 

• Harvesting Cycle Varies 
• Live Harvesting is Practiced 
• Electrolyte Bleed to First Extraction Mixer 
• Automation Depends on Tankhouse Capacity 
• Embossing to Rigidize Starter Sheets 
• Stainless Steel Building Siding 
• Plastic Ball Covers on Cell Surfaces 
• Forced Ventilation to Clean Tankhouse Air 
• Sulfur Concrete Floors or Acid Resistant Coatings 
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SECOND GENERA TION SX PLANTS 

• Use Aldoxime Reagents 
• Process Much Higher grade PLS Liquors 
• Use 2+2, 2+1 and 1 + 1 Stages 
• Single Train Flow Up To 6000 GPM 
• Use Parallel and Series Mixer-Settlers 
• Use Multiple Mixers in Series 
• Mixers-Settlers Sized For Higher Specific Flowrates 
• Use Wide and Short Settlers 
• Use Shallower and Low Profile Settlers 
• Some Settlers Designed With No Roofs 
• Use Dedicated Tank Area At Lower Elevation 
• Use Organic Entrainment Separation Equipment 
• New Equipment Design 

- Krebs Mixer Settler 
- Continuous Mixer Settler CMS 
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I KREBS has developed a mixer settler system with substantial I improvements in design and performance. 
I I The application of sound and yet simple engineering principles to basic 
i solvent extraction has allowed KREBS to achieve a major cost breakthrough; 
: not only are overall capital requirements and operating costs reduced 
: but at the same time plant design is simplified . 
I 

I 

I 
I I ® conical pump to provide liquid transfer and enhance phase coalescence 

i @ agitator selected on the basis of mixing requirements 
I 

: @ superimposed launder providing further phase separation 
I 

I l @ removable covers 
I . ® settler for final separation. 

I The heart of the system is the intensive coalescence (I. C.) of the phases 
obtained from centrifu~al forces developed by the conical pump. 
Experience in the 14.. . atory· and in industrial plants has shown that 
the combination of ;cal pump and superimposed launder allows a reduction 
of the settler area Ie quarter to one-half of that normally required. 
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KREBS MIXER - SETTLER ADVANTAGES 

• Reduction in Settler Size 

• Independence of Agitation From Pumping 

• Savings in Solvent Inventory 

• Reduced Piping and Instrumentation 
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SECOND GENERA TION EW PLANTS 

o MT ISA DIRECT PLATING TECHNOLOGY 
INTRODUCED LEADING TO: 

• Elimination of Starter Sheet 
Preparation Section 

• Elimination of starter Sheet 
Preparation Equipment 

• Improved Current Efficiency 
• Increased Current Density 
• Reduced Operating Labor 
• Addition of Cathode Stripping and 

Blank Preparation Machine 

o CONTINUED DEVELOPMENT OF LEAD 
ALLOY ANODES 

• Pb-Ca, Pb-Sn, Pb-Sr-Sn, Pb-Sb-Ag 

o PRECAST CONCRETE CELLS ADOPTED 
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SX CAPITAL COST 

o FACTORS THAT INFLUENCE SX CAPITAL 
COST ARE: 

• General Site Development and Utility Installation 
• PLS Ponds and Pumps 
• Raffinate Pond 
• PLS Flowrate to SX Plant 
• Single or Multiple trains 
• Extraction and Stripping Staging Requirement 
• Materials of Construction 
• Organic Tanks and Pumps 
• Organic and Diluent Initial Fill 
• Crud Treatment System 

_ ..... , 



CASE 1 

CASE 2 

CASE 3 

CASE 4 

CASE 5 

CASE 6 

CASE 7 
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SOLVENT EXTRACTION PLANT CAPITAL COSTS 

FLOWRATE 

GPM 

600 

3300 

3000 

3000 

8000 

8300 

13100 

CIRCUIT DEFINITION 

2+ 1, 1-Train 

2-Train, Ser.lPar. 

2+1, 1-Train 

ENCLOSED, Ser.lPar. 

2+1, 2-Trains 

2+ 1, 2-Trains 

2+ 1, 3-Trains 

CAPITAL COST 

$MILLIONS $/GPM 

1.3 2190 

2.4 740 

5.5 1820 

4.6 1550 

11.0 1380 

13.4 1610 

18.5 1410 

• 
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SOLVENT EXTRACTION PLANT CAPITAL COSTS 

2~~----------------------------------------------~ 
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EW CAPITAL COST 

o FACTORS THAT INFLUENCE EW CAPITAL 
COST ARE: 

• Extent of Automation in Starter Sheet 
Preparation Equipment 

• Design Current density and Cells 
Current Efficiency 

• Conventional or Mount ISA 
Technology Selection 

• Materials of Construction and Degree of 
Weather Proofing 

.-, 1 
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CASE 1 

CASE 2 

CASE 3 

CASE 4 

CASE 5 

CASE 6 

CASE 7 

Cu PRODUCTION 
TONS/DAY 

3.2 

5.0 

15.0 

13.8 

45.5 

68.5 

63.8 

" 
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EW CAPITAL COSTS 

CATHODE 
TYPE 

SS 

Cu. Import 

Cu. 

SS 

Cu. Import 

SS 

Cu. Import 

CAPITAL COST. 
$MILLIONS 

1.3 

1.3 

6.9 

5.1 

15.0 

19.4 

15.0 

CAPITAL COST. 
$/ANN. TON of Cu 

1075 

700 

1260 

1020 

905 

775 

645 

"' 
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SX-EW CAPITAL COSTS 

Cu PRODUCTION TOTAL CAPITAL UNIT CAPITAL COST 
TONS/DAY COST. $MILLIONS $/ANNUAL TON OF Cu 

CASE 1 3.2 2.6 2180 

CASE 2 5.0 3.7 2035 

CASE 3 15.0 12.4 2255 

CASE 4 13.8 9.8 1945 

CASE 5 45.5 26.0 1570 

CASE 6 68.5 · 32.7 1310 

CASE 7 63.8 33.5 1435 

I , ~ , ' ! .. it. l i 1-. j. 
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TYPICAL SX-[W DIRECT OPERATING COSTS 

llli1 UHl1. UNITS1ToN or Cu ~LLB. Of Cu 

SULfURIC ACID LBS 573 0.7 
ORGANIC DILUENT GALS 12.9 1.0 
ORGANIC REAGENT LBS 3.5 1.1 
C08ALT L8S 0.16 0.1 
ANODES EA 0.06 0.9 
MISC. SX SUPPLIES 0.5 
MISC. rw SUPPLIES ~ 

TOTAL SX-EW SUPPLIES 5.2 

SX POWER KW-HRS 388 1.5 
EW POWER - MISC. KW-HRS 1~ 0.1 
[W POWER - RECTIfIERS KW-HRS lliZ £...l 

TOTAL SX-EW POWER 2199 8.3 

SX LABOR MH 1.2 0.9 
[W LABOR MH 2.0 W 

TOTAL OPERATING LABOR 2.~ 

MAINTENANCE LABOR MH 0.8 0.8 
MAINTENANCE SUPPLIES W 

TOTAL MAINTENANCE 2.7 

TOTAL sx-rw OPERATING COST 18.6 
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LEACH-SX-EW OPERATING COSTS 

POWER 10.8¢(J7~)-

r-SUPPU[S 10.2¢(.35~) 

-MNNT. 4. 7¢( 16~) 

'-tABOR 3.4¢( 1270) 

TOTAL 29.1¢/LB. OF CU 
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APPENDIX I 

WORLD COPPER SOL VENT EXTRACTION PLANTS 
SEPTEMBER 1988 

c...par.y and Sta" -vp ~.tnod 01 'raduc llon rod ~t '!'.( 'Int Od~.nt .... . 0' 
Loc at lon O.t. L.,thlna 1'-,. Ceepee J t lon Str •••• 

(e, '."nu.' CWI tenor pH 

(1 /11 

CYPN. Baldad. 1910 D_p I .. <h • )00 1.1 2 . 0 LIX ~4~ HS ~.r .. ( .'0B 
Arllona Ch.-.,on IlS 

laDb:. Coo.ol,d •• .d 1914 AI"aud 100 000- 1.9 ACO~GoA PT-~O~O [,ca ... ' 1001 4 

c..pp .. H, n ... Z..bu (Onk 1 .. < h 120 000 LIl 1I()4/914 LS(;o 
0' TAILINGS 

AIIiV'"u '" 'n lu" ... 19H a.OSlD (t II • ACOR GoA I 

ArJ.&o". 

C,,"" Johnaon. 191/> CUlSlD rOKANltrnT (Ull 

Ar lion. 

' : n.o Val:oy Copp~r 191/> In placo • 200 0 . 8 2 . 0 LII Ib~ 'hdhp, SJ - 1 

CO . 1~ •• C! ). Arllon. 1 ... e h 

Ctr:o V.rd,_ '.ru 1911 D...:p toach )].000 2.1 2.0 L:I />4 liltS Lor .1 
L:I eb O K.rol,D. 

Duval Corp . 19H Cl.OStD PDUIA II[ ~·tT (L111 

lalti, Hount. ~ n . 

Ar:..aor .• 

Inlp'", :or CC Co. I 91~ H.,p ~ .. r ,!, J C: .~ 000 LS I.~ ACOaGoA H U I S Ch....,ron Ion 

Ar~lon. Cur. le., h Ar..C~l.A P . H 00 uchl"I' 
Sol".nl 

• 

Aauioul St, •. nl 
flow .... c. 
IH\ Itr ••• !..'rec '! SI r:. 
(. Ih' I 

Ito 

1~0 

no 

280 

1010 



r .. I' ~: .: r", r .. · ... • 

APPENDIX I 

WORLD COPPER SOLVENT EXTRACTION PLANTS 
SEPTEMBER 1988 
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Loe at ~on Oal. l •• e.un, R.t. Coepo. J 110n 

(a,l.nnua) Cu llnor pH 
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GROWTH OUTLOOK 

o CAPACITY TO AT LEAST DOUBLE IN THE 
NEXT 10 YEARS 

o TECHNOLOGY APPLICATION MAY 
BROADEN TO COVER: 

• In-Situ Leaching 
• Polymetallic Sulfides Processing 
• Bacterial Leaching 

• 
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FUTURE SX TECHNOLOGY 

o IMPROVED REAGENTS FOR: 
• Better Copper Selectivity 
• Faster Kinetics , 

• Less Phase Entrainment 

o CONTINUOUS COUNTER CURRENT EQUILIBRIUM STAGE 
IN SINGLE VESSEL 

o USE OF STATIC MIXERS 

o USE OF ELECTROSTATIC PHASE SEPARATORS 

• 
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FUTURE EW TECHNOLOGY DEVELOPMENTS 

o ELECTROLYTE PURIFICATION 

o IMPROVED ELECTROLYTE DISTRIBUTION 

o HIGH CURRENT DENSITY OPERATION 

o INCREASED AUTOMATION 

o COMPUTERIZED SCHEDULING AND 
MATERIALS HANDLING FUNCTIONS 

o MIST COLLECTION AND SCRUBBING 
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