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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, 
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CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
1520 West Adams St. 
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PRINTED: 08/29/2001 

ARIZONA DEPARTMENT OF MINES AND MINERAL RESOURCES AZMILS DATA 

PRIMARY NAME: HOLBROOK POTASH DEPOSIT 

ALTERNATE NAMES: 
SUPAI SALT BASIN 

APACHE COUNTY MILS NUMBER: 308 

LOCATION: TOWNSHIP 18 N RANGE 25 E SECTION 23 QUARTER 
LATITUDE: N 34DEG 56MIN 47SEC LONGITUDE: W 109DEG 39MIN 23SEC 
TOPO MAP NAME: SORREL HORSE MESA - 7.5 MIN 

CURRENT STATUS: EXP PROSPECT 

COMMODITY: 
POTASH SYLVITE 
SODIUM SALT 
GYPSUM ANHYDRITE 

BIBLIOGRAPHY: 
ADMMR HOLBROOK POTASH DEPOSIT 
AZBM BULL 180, P. 421 
PIERCE, H. WESLY, EVAPORITE DEPOSITS OF THE 
PERMIAN HOLBROOK BASIN, AZ. GEO FILE 

A DISCOVERY WELL WAS DRILLED IN THIS SEC. 
BUT THE RESOURCE IS FAR MORE EXTENSIVE. 

AGSU OFR 00-03 PERMIAN SALT IN HOLBROOK BASIN 
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Petrified wood logs on the Company's Holbrook Trac~ 

Potash. The Company's large, low 

grade potash deposit (some 72 

million tons containing 12.5% 

potassium oxide) on its Holbrook 

Tract remained undeveloped 

throughout the year due to 

depressed world markets for this 

commodity. 

Limestone. The Company has over 

50 million tons of travertine 

limestone, reportedly of high calcium 

I • Gallup 

I 

content, on its lands of the Valencia 

Tract. Efforts are under way to 

determine if this limestone is of 

commercial significance to industry. 

Other Prospects. Efforts are 

constantly being made by 

management to fully and accurately 

define your Company's total mineral 

estate. Enough regional geological 

data has been assembled to at least 

indicate the possibility of other 
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EI Malpais Shell 's New Wildca t Location if I 
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- Boundary of Company's 
checkerboarded holdings 
on the Valencia Tract 

--- County boundaries * Recent deep wildcat I 0 6 12 18 24 L - - - --

test wells I ' s~ ale ' rn,,!s I 
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mineral prospects on Company 

lands. These include prospects for 

copper, molybdenum, gold, fire clay, 

kaolin, and construction materials. 

Most of these prospects are of 

marginal probability. The true 

potential of these prospects will be 

learned only through patient efforts 

and the expenditures of risk capital 

for exploration. 



Dividends 

Other 

1972 Gross Income Sources 

I Mohave Tract 

_ Fee Land 

_ Mineral Land 

• Commercial Property 

* Residential Property 

A Industrial Property 

* Agricultural Property 

* 

Oil and Gas 

I 
Tract 

Grazing 

Real Estate 

Land Sales 

1973 Gross Income Sources 

I San Juan Tract 

III McKinley T~~c t ·· 

Uranium 

. ,. 

* 
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MINE ORE GRADE 12.5% K20 

t'MUUU\" I IUN \"U~ I ~~IIIYIAIr:.. Ore fppd rate to plant 

; roduct Eota sb OLe Symbol 

A! IiQlb:r;:QQk Arizona Company Arkla EX1.210ration C om1.2any Eroduction of refinery plant 
Estimated By ~r:tbJJr: G M~Kee &, CQmpany Date February 1966 

Capital Costs 
At San Francisco. California Sbaft ann !=:t;:Jt"inn!=: 

Underground developmen 
Surface plant and hoists 
TT . ...l 

...l eauinmpnt 
ASSUMPTIONS 

Total r;:mital rosts (Ip) 
Mine production: design rate 5 700 000 tons per yr RAW MATERIALS 

16 600 tons per day Units 
Hoisting: design rate 830 tons I2er hr, 20 hr ]2er day 

! Mining met hod: room and pillar flat bed with continuous borers. 
Primary mine extraction 52. 5 percent final extraction 85. 7 percent. 
Haulage in mine by roof-suspended rope belt conveyors 
Ore grade: 19.8 l.2ercent KCl. eguivalent to 12.5 percent K20. 

i Ore bed height 48 tQ 60 inches 
I 

Refinery recovery 92 percent of KCI in ore l.2roduct grade 96.6 to 98.2 
i percent KCl eguivalent to 61 to 62 2ercent K20. 

TOTAL RAW MATERIALS 

! 
CQnnected motor load - 8850 h1.2 ----

RAW MATERIAL COST 
Lobor (L) 
Supervision {S} 

i MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 
--L:b-':r-Benelils ' 20 percent o{"iJ + S 

! Steam 

i Electricity kwhr 
Air 

Water - Purch. or Process 

I Water - Piont or Cooling 

Fuel - G.os - Cool - Oil 

! ():)er~ting supplies 
I hlein,enonce _ Minor ) /1\Jr\ I 

Maintenance _ Mojor ) 
\ ... 

i 
Factory ~upplies included in operati 

I Laboratory 

PACKING COST 
DIRECT CONVERSION 

I Kind 

Copacity 

Cost o f Contoiner -- Depreciation See schedule above 
Cost of Liner ControllC\blc Indirect 35% of L + S + M 
Pocking Lobor ----- Non-Con\rolloblc Indirect 3 % of Tn 
Other Costs 

! T 0'0 I Cos, per Conto iner 
INDIRECT CONVERSION I Proportion Each Type 

NOTES 

TOTAL COST IN BULK 
Ton quantities are short tons of 2000 pounds. Rounded 

Pocking Cost 

Shipping Cost 

TOTAL COST F.O.B. 

ARTHUR G. McKEE 8: COMPANY 
.... lnt...lE="'I="~~nll~ METALS a MINERALS DIVISION 

5 400 000 tons per yr 
625 tons per hr 

(Appendix B) 
TABLE __ 7 

1 000 000 tonsper yr of potassium chloride (KCI) 

Life years An~ual depreciation 
~1 R42 000 20 ~ !=l2 100 

399 000 20 20 000 
1 858, 000 15 123, 900 
6 489 000 10 648, 900 

$10 588 000 $884 900 
AMOUNT $ PER $ per yr $ per yr $ grr;;~n $~er ton 

per yr unit o product 

... 

2 299 128 o 426 2 299 
186 888 .035 . 187 
497 203 .092 497 

57 024.000 o 01 570 240 10f) 570 
incllldpd 
allowance 2 000 .002 

allowance 3 000 .001 003 
2 176 200 403 2 176 
2 117 564 392 2 Ita 

hE: supplie 
32,400 .006 .032 

7, ~84, 623 1. 460 7.885 
I I 

884 900 
I 

.164 .885 

.298 1. 611 I, 611,200 
317,640 .059 .3; -, 

-
2, 813, 740 .521 2.814 

10698363 1. 981 10. 698 
10,700,000 1. 98 10. 70 

I 



MINE ORE GRADE 16.00/0 K20 

.... HUUU\" I IUN \"U~ I t:..~IIMAIt:.. 

Product EQtasb Ore Symbol 

At Holbrook, Arizona Compony Arkla EX2loration Com2any 
E .timoted By Ar-thur G . McKee & COm12any Dote February 1966 

At San Francisco, California 

ASSUMPTIONS 

Mine production: design rate 4,400,000 tons peryr 
12 900 tons per day 

Hoisting: desi!!Il rate 645 tons per hr 20 hr per day 
Mining method· room and pillar flat bed with continuous borers. 
"Pr imarv mine extraction 52 5 percent final extraction 85.7 percent 
Haulage in mine bv roof-suspended conveyor belts. 
Or p p"rade· 25 4 ~cent KCl eguivalent to 16.0 percent K')O. 

Ore bed heip"ht 48 to 60 inches. --

r> c: recover:;i 92 R~rcent of KCl in ore, 12roduct grade 96.6 to 98.2 
percent KCl eauivalent to 61 to 62 percent K?O 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

---~------- -

--

---- - -

PACKING COST 

Kind --c--
Capacity 

Cost of Container ----
Cost of Liner 

Pocking Lobor .. __ . . _--
Other Costs -I--
Total Cost por Container 

Proportion Each Type 

NOTES 

Ton quantities are short tons of 2000 pounds. 

ARTHUR G. McKEE & COMPANY 
NONFERROUS METALS S MINERALS OlVISION 

Ore feed rate to plant 4 210 000 
512 

PrQduction of refiner:;i Rlant 1 000 000 

Caoital Costs 
Shaft and stations $1 842 000 
Underground development 349 000 
Surface plant and hoists 1 548 000 
Under.e:round equipment 5 408 000 

Total Capital Costs (Ip) $9 147 000 
RAW MATERIALS AMOUNT $ PER 

Units per yr unit 

TOTAL RAW MATERIALS 
-

Labor (L) 
Superv.i sion (S) 

-L~b~;-Be~-~;~~ O-;-ercentof C + S 
-~!'~"!-... - --. - .. _. - --,- . __ .. - . _----_ .-. 

E iectricity kwhr 44,626, 000 0.01 
Air included 
Woter _ Purch. or Process 

Wat-er - Plont or Cooling) allowance 
Fuel - Ga. - Cool - Oil ) 

r-~ratinf! Supplies 
Maintenance - Minol' ), IT<./r\ 
Maintenance - MaioI' } \~'~I 

Factory Supplies included in operati 19o supplies 
Laboratory 

DIRECT CONVERSION -
I 

Deprr.c:iotion See schedule above 
Controllable Indirect 35o/n ()f T + S + M 
Non-Controllable Indirect 

INDIRECT CONVERSION 

TOTAL ~XCOST IN BULK 

Rounded 

Pocking Cost 

ShippH,g Cost 

TOTAL COST F.O.B. 

tons per yr 
tons per hr 

(Appendix B) 
TABLE __ 8 

tons per yr of potassium chloride {KCl} 

Life years Annual depreciation 
20 $ 92 100 
20 17,450 
15 103 200 
10 540 800 

$7 3 550 

$ per yr $ per yr $ per ton 
of ore 

$ per ton 
of product 

-
i 
1 793 460 o 426 

147 350 .035 
388 192 092 

446,260 . 106 I 

4 200 001 

1 696 630 .403 
1 829 400 4:i5 

25 260 .006 
I 

I 16,330, 752 1.504 6.331 
.. _ ._ ---- -

I ! 

753 550 .179 
1 320 000 ~14 \-

267 600 .064 -

2,341, 150 .556 2.341 
I 
I 

I 8, 671, 902 2.060 8.672 
8 670 000 2.06 8. 67 

I 

, -

I!: 



(Appendix B) 

MINE - ORE GRADE 20. 0<70 K2 0 
TA.BLE 9 

PRODUCT,ION COST ESTIMATE ()rp fpprl r::ltp to n1::lnt 3 370 000 tons oer vr 
410 tro,.,,,, no.,.. rl~v 

Proelvc:t Potash Ore Symbol 

At HoJbrook 8rizona Com pony Arkla EXQloration ComQany Production of refinery olant 1,000,000 tons per yr of potassium chloride (KCl) 

~.ti ... at.d By Arthur G. M~K~~ & ComQanv Dote February 1966 
Capital Costs Life , years Annual depreclatlon 

At SaD Er:anei seo CaJifor:Dia Shaft and stations $1 842 000 20 $ 92 100 
Un ' deve' 313 000 20 15 650 
S11rf::lr'p nl::lnt ::lnn hoi~t~ 1 327 000 1. 5 88 470 
Underground eauioment 4 635 000 10 463 500 

ASSUMPTIONS Total Capital Costs (Ip) $8,117,000 $659,720 

Mine 12roduction: des ign rate 3 , 500, 000 tons per yr RAW MATERIALS AMOUNT $ PER $ per yr $ per yr 1$ per ton $ per ton 

10 200 tons oer day Units per yr unit of ore of product 

Hoistins:r · dp~is:rn rate 510 tons per hr 20 hr per day 

l\'~ ; .,,;nrr T"npthror1· .... 1"'\1"'\"YY1 ::l."rl nill::lr fl::lt hpn with (' IS borpr 
P::-imarv mine extraction 5~. 5 percent final ex traction 85. 7 percent 
Haulage in mine bv roof-suspended rope belt conveyors. -
O""e gr:ade· 3] '1 perceDt KCl eqlliYalenll0 20. 0 oercent K')O . 

Or~ b~d height, 48 to 60 inch_es 

Refinerv r:~cov~ry 92 12ercent of KC1 in ore, Qroduct grade 96.6 to 98.2 

per:cen1 KC] eqllj~la]ent to 6] to 62 per:ceDt K20 TOTAL RAW MATERIALS 
I 

- '--
I 

Labor (L) 1 435 620 o. 426 
RAW MATERIAL COST Supe."~ .. ~-,,-_____ LSJ ____ . 117 qSO O::lS-

Labor Benefits 20 percent of L-· + S 310 714 . 092 
MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

.. 
Steam -----_._-_ ._.- --- -

kwhr 65 ·722 600 Electricity 0.01 357 220 . 106 
Air 

Water - Putch. or Process 

Water - Plont or Cooling ) allowance 3 600 . 001 
Fuel - Ga. - Coal - Oil ) 

Operating supolies 1 358 no . 403 
Maintenance Minor ->-. (M) 1 623 400 .482 
Maintenance - Mojor ) 

Foctory Supplies included in oneratin~ supplies 
Laboratory 20 220 . 006 

PACKING COST 
01 R ECT CONVE RSION 5,226,83<1 1 . 551 5. 227 

-- --_. __ ._-
Kin<! I ! 

Capacity 
Deprec iat ion See schedule above 659,720 

Cos, of Conto in.r -- . -----_. 

Cost of Line1" 
Controllable Indi.ec:t 35% of L +S + M I,ll 0,000 

Pocaing Lobor 
Non·Controlloble Ind irect 231 750 

j 
- - ----.-- -I 

I 

Other Costs f--
I 

Tot-cl Cost per Container INDIRECT CONVERSION 

Prooortion Each Type 
2, 001,470 .594 2.001 

NOTES 
TOTAL COST IN BULK 1,228,30<1 2.145 7.228 I 

Ton quantities are short tons of 2000 pounds . Rounded 7,230,00( 2.14 7. 23 

Poe"ing Cost 

Shipping Cost I 

TOTAL COST F.O.B. 

ARTHUR G. McKEE So COMPANY 
__ . _ _ _ .~.""r"'> '" C r"'Il\./Ic:;.10N 



FEED PREPARATION - 12.5% K20 

PRODUCTION COST ESTIMATE 

oduct Crusbed deslimed RQtash OI:e Symbol __ 

Holbrook, Arizona Company Arkla Ex]210ration Com]2any 

timoted Sy Artbllr G McKee & Company Date February J 966 

At San Francisco, California 

ASSUMPTIOHS 

Th~ ore averages 19. 8 Rercent 120tassium chloride equivalent to 12. 5.J2..ercent 

K2 0 
The nrp rnnt~in~ 2 7S in~()lllhle~ <Clav etc.) Removinp" the inc:;nll1bles 

in a desJiming operati OD and wasbing and settling tbeslime.£iQ~ the 

G~mtail=l€d pGtash, ~ggni~gs GIlg pouIld o£ Sgpa:r::aIl ~ n<=>r tnn nfc:lirne"'-OEAs 

Labor includes three men 12er shift. with a total of three shifts per day 

twel ve men total. 

Connected ]2ower load is noo h]2, eguivalent to (nOO)(o. 8)(0. 746)(5600) or 

~ Fi7Fi nnn kwhr ner ve~r 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

SeRaran (guar) Ib $1. 20 $1. 25 

PACKING COST 

Kind 

Capocity 

Cost of Container 

Cost of Liner 

Poc'-:ing Lobor 
4 ___ . _ 

Oth.r Costs r---
Totol Cos t DOr Container 

Proporfion Each Type 

NONFERROUS METALS 

Ore feed rate 5 400 000 tons Der vr 

~erQdu~tiQn Qf Rotassi]Jm chlor de 1 000 000 tons ReI: ~ 

f-~ital Investment ID $ 4 140,000 

-' 

RAW MATERIALS AMOUNT $ PER $ per yr 
Units per _yr unit 

5e12aran {guar) Ib 148 50( 1. 25 185 600 

TOTAL RAW MATERIALS i 
- -- .-

L·obe. (L) man __ yeal~ 12 7 000. 84 000 

Supervision (S) = 10% of L 8 400 

L:h.:.-Ben·;fi;.20%- oTL+-S .. 18 480 

Steam .. _ .. -_ .. _ .. _ .. --- - -- ._. - - .. -- - '--.-
Electricity . kwhr 3~676, OOC O. 01 36 , 760 

Air allowance 1 000 

'Wat.r - Purch. or Process 1000 £Tal 910 OOC . 03 27 300 

Wat.r - Plant or Cooling 

Fuel _ Ga. - Cool - Oil l3..11owance 3 000 

Maintenance - Minor )(M) = 2 % of Ip 82 800 

Maintenance - Mojor ) 

Factory Supplies 0.5% of Ip 20 700 

Laboratory 

i DIRECT CONVERSION 

r- I 

[j.preciotion 15 years, linear 276,000 
.------. 

Controllable Indirect 350/0 of L+S+ M 61,320 

~on -Controllable Indirect 3 % of In 124 200 

INDIRECT CONVERSION 

TOT AL ~ COST IN BULK 

Rounded 

f'odcing Cost 

~hipping Cost 

TOTAL COST F.O.B. 

I 

$ per yr 

185,600 

282,440 

(Appendix B) 

TABLE 10 

$ per ton tl' per ton 
of ore fee ~ of KCl 

O. 034 0.186 

. 016 

.002 
_003 

.007 

.005 

. 001 

.015 

.004 

.052 .282 ._-----, ._ .. 
I .051 

. 011 

.023 

461 520 .085 .462 

929,56C .172 930 

~30 , 000 . ..!.7 .93 



(AppendiX b ) 

FEED PREP ARA TION 16.0% K')O TABLE 11 

t-'HODUCTION COST ESTIMATE Ore feed rate 4 210...L 000 tons~er yr 

:iu ct Crushed, deslimed potash ore Production of ~otassium chlor de 1.000 000 tons~~ 
Symbol • 

Holbrook , Arizona Company Ar:Kle E xplorahon Company 

mated By 8r:tbm: G McKee & Company Dote February 1966 
-r.anital T . -In ~1 A..5...Q 000 

At San Francisco California 

ASSUMPTIONS 

1:he-.OIe averap"es 25 4 chlQrid~ emlivalent to16 .0 RAW MATERIALS AMOUNT $ JJl1 $ per yr $ per yr \$ per ton $per ton 

K 2O. 
Unit perE ~ ore fee:l of KCl 

The ore contains 2. 7 5 ~ercent insolubles (clay, etc.). Rem ovin2" the insolubles 

~ n a deslimin~ operation and washin2" and settlin~ the slimes to recover the Se.Qaran (guarl Ib 117 80 1.25 147 250 

~ oDtaiDed potasb r:eqllir:es ODe POllDd of Separ:aD ('TIlrtr~--D.e.L ton of slime solids 

LahQr: includes :three men peL shift Yli:th a :total oLihr~-.£hifts ner da..Y 

±Jlile])[e meo leta] 

TOTAL RAW MATERIALS 
i 

147 250 O . ~fj -.il.l4.7. 

:LJlQ~ 84 000 021l 
Labor iLl ~-~"- 12 

RAW MATERIAL COST ;uper ... is.~j.sl-==~:LL ___ -.a Aill1 002 
18 480 .004 

_abor Benefit. 2 O~ of L + S 
MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

it.om ---
Electricity kwhr 3 000 Q..Q O. 01 30 000 .007 

Se:earan (guar) Ib ~1. 20 $1. 25 'ir ill -.l --.O..llil 

Not.r Purch. or Process 1000 e-a 709 Q..Q . 03 21 270 .005 

""at., - Pion' or Cooling 

Fuel - Ga. - Coal - Oil ~11owance 2,500 .001 

oAointenance - Minor) (M) 2% of 12 69,000 .016 

~aint.nonce Mojor 1 

F aetory Supplies U. :J~ 01 lp 1'(, Z:JU • UULi 

Laboratory 

PACKING COST 

I 

: ind 

DIRECT CONVERSION 
251,900 .060 . 252 

:apacity 

I I 

:ost of Contoi"er 
J.preciation 15 years, linear 230,000 .055 

: os, of Linet' 
:antrollable Indirect 35% of L+S+ M 56 490 . 013 

~ oclc ing Labor 
.... onaControlioble Indirect .3.%. of In ~13ill). O?!" 

--- -
)-,;,.r Costs 

i otol Cost per Conto iner INDIRECT CONVERSION 
389,990 .093 .390 

~ n)portion Each Type 

NOTES 
TOTAL COST IN BULK 789 140 .187 . 789 

Ton quantities are short tons of 2000 pounds. Rounded 790 000 .19 .79 

Pock i ng Cost 

!;hipping Cost 

: TOTAL COST F.O.B. 

ARTHUR G. McKEE 8: COMPANY 

NONFERROUS METALS 8 MINERAL S DIVISION 



(Appendix B) 

FEED PREPARTION - 20. 0% K20 

PRODUCTION COST ESTIMATE 

Product Crushed, des limed potash ore 
At Holbrook, Arizona 

Symbolt<=,-:-;--=--~-:=-,..--:-_."..._-""r::-__ _ 
Company Arkla Exploration Company 

E.tima~ By Arthur G McKee & Company Dote~ruary 1966 

At San Francisco, California 

ASSUMPTIONS 

TABLE 12 

nre feed_rate 
~ 

3,370,000 tons~rvr 

Production of potassium chlodde 1, 000, 000 tons ~r yr 

capital Investment, Ip $ 2,960.000 

The ore averages 31. 7 percent potassium chloride, equivalent to 
20. 0 nerrent K'J(l 

RAW MATERIALS AMOUNT 

Units I £e~ 
$ PER 
unit 

$ per yr $ per yr I $ per ton 1$ per ton 
pf ore f ee:l of KCl 

The ore contains 2. 75 percent insolubles (clay, etc.). Removing the inso!ubles 
in c. desliminQ" op~ration, and washinQ" and settling- the slimes to recover the 

1'ant a;ned natash rea)];rpc; onp nOllnLi-D.L~.n;:!r::ln (O'll::lr) ner tnn11f~c:liT"n'" ",,.,lirl,,, 

Labor includes three men per shift. with a, total of three shifts per day 
twelve men total . 

RAW MATERIAL COST 

s~ran (guar) Ib 92.700 

TOTAL RAW MATERIALS 

Lobor (L) man -year):; 12 

1. 25 115,875 

i 115 875 -
! 

7, 000---1--84, OOC 
o A 1)( 

J.o, "±01 _ . 
j 

MA~~-rv..!S!?~ .. (8) ~ 10~ Et L 
I TERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK Labor Benefit~Uo/O 0 S-''' - I,\-" ;=;{;( 

St#om 

Separan ~rl Ib $1. 20 EI':c't:iCi't~ - - --.-- - - .--. - ·---kW~ 250, ODd V. Vi I ~~ ~---
$1. 25 A;, ::11' 1 1 000 

. 03 , 17 ()l 0 
1 

W ... r - Purch. or Process 1000 ga~ 567 DOC 
Water - Plont or Cooling 

Fuel - Gos - Cool· Oil 'allowance 2 000 

a 0341 

· U25 
· 002 
· U05 

I-- · 007 

oos 

001 

ton ...,n,,1 .018 Maintenance - Minor ) (M) 2 % of 1p £J VV! 8 I 
Motntenonce - Mojor ) 

PACKING COST 

Factory Suppl;es O. 5% of 1p 

Capacity 
De""eciotion 15 years, linear 

Kind 

Cost of Container 

Cost of Liner 

Pock ins Lobor 

DIRECT CONVERSION 

E==~~~=~~;jl Lo~rotory 14 

800

1 I 

QQ1 

i 2222~. · .067 
! 

197'

330

1 I 
.059 

~~~ ~~:~~g 
I 

339,190 .101 

COnh-olioble Indirect 35% of L+S+ M 
NOn·Controliable Indir.ct 3 % of 1p 

Oth.r Costs 

Totol Cost per Container 

Proport ion Eoch Type 
INDIRECT CONVERSION 

NOTES 
682, 455 1 .203 
680 . 000 .20 Ton quantities are short tons of 2000 pounds. Rounded 

TOT AL~ COST IN BULK 

POCking Cost 

Shipping Cost 

TOTAL COST F.O.B. 

ARTHUR G. McKEE 8: COMPANY 
NONFERROUS METALS 8 M INERALS DIVISION 

o. llii 

.227 

.339 

.682 

.68 

-



ouct 

FLOTATION REFINING OF POTASH ORE (12.5% K20) 

FLOTATION SECTION 

PRODUCTION COST ESTIMATE 

Potassium Chloride Symbol KCl 

Holbrook , Arizona Company A;rkla EX I21QI:atjQD CQmpaD;}C 

j",ot.d By Arthur G. McKee & COml2any Dote FebnJar;}C J 966 

At San Francisco, California 

ASSUMPTIONS 

J'otal Men Annual Rate Wages 

~ ,abQI:: Eour shift~ with two men ~ach 8 $ 7 000 $ Sf) 000 

One reaf!ent tender 1 6 500 6 500 

nno l",hnrAr 1 6 000 6 000 

Total TO $ 68 500 

SU!2ervision: One foreman 1 7 500 7 500 

?QYleI:' ~Qnne~ted load 3100 hp not countinf! spares. 

ai 8400 h;r l2~r y;r this tQials 15 540 000 kwhr per vr 

REAGENT AND RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

Starch Ib $0. 08 $0. 09 

" ArTn::lr '1'" lb .38 delivered ..$0.01 . ~9 

Methyl Isobutvl Carbinol Ib .20 
.20 

PACKING COST 

Kind 

Capocity 

Cost of Container 

Cost of Liner 

? odcing Lobor 

Oth •• Costs 

T otal Cast per Container 

P roportion Each Typo 

NOTES 

1. Ton quantities are short tons of 2000 pounds. 

2 To obtain the total production cost per ton of p<?tassium chloride product, 

the costs from the last column of Table 16 must be added to the costs in the 

last column of this table. 

ARTHUR G. McKEE 8: COMPANY 

NONFERROUS METALS a M INERALS DIVISION 

(Appendix B) 

TABLE 13 

Mined ore rate (12. 5% K,)O) 5 400 000 tons P~_vr 

iThe feed to this section 

is ~ctuallv 11 :r lS Ie df>-

c::li"...,pr! nrp_" _c::pp '1'~hlp l()) 

Prodll"ti on of chlor :rlf> 775 000 tone:; nf>r vr (??I:) 000 trine:; morp rompe:; from 

(Krl) ~ e:;Tn"''' lA!>l"'hincr - crye:;t::llli?'.inrr cAl"'tinn C::oo 

TItble 16. ) ~ ~ 

Ca....I2.ital Investment Ip $ 3 500 000 

RAW MATERIALS AMOUNT $ PER $ per yr $ per yr 
$ per ton $ per ton 

Units per year unit ::>f mine::l arE of total 
KCl 

Starch (0. 1 Ib per ton ore) Ib 540 OOC O. 09 48 600 
-". 

11 ArTn~(, '1'" (() ~ lh n,:>r 
ton of ore) Ib 1 620 000 .39 631 800 

(See 

*Methyl Isobutvl Carbinol 
note 2) 

(0. 1 Ib per ton ore) Ib 540 000 .20 108 000 

*or Pinf> Oil 

I 

TOTAL RAW MATERIALS 
788,400 O. 146 O. 788 

Labor (L) See assumptions 68 500 
I 

Supervision _(&t 
7 C;no 

I 

Labor Sen.fits 20 oercent of L+S 15 200 

Steam -
a110wance 1 500 

Electricity 
kwhr 15 540 oa . 01 155 400 

I 

Air 
t;J.llowance 1 000 

Wot.r Purch. or Process see fE led prepar tion 

Water Piont or Cooling 

F=uel - Ga. - Cool - Oil allowance 1 000 
I 

Maintenance - Mino. \ (M) = 2. 5% of 10 
87 :')00 

'-'oint.nonce - Maior \ 
I 

~aetory Supplies 

laboratory 
30 000 

I 

DIRECT CONVERSION 
367,~~ • 068 .368 

I 

D.p"eciotion 15 years, linear 233 300 

Controllobl. Indirect 350/0 of L+S+ M 57 225 

Non-Cont.ollable Indirect ~ o/n of Tn 105 000 

INDIRECT CONVERSION 
395,525 .073 .396 

TOT AL :JtIEIE: COST IN BULK 
551 525 . 287 1. 552 

Rounded 
550 000 . 29 1. 55 

~.dci"9 Cost 

Shipping Cost 

TOTAL COST F.O.B. 
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FLOTATION REFINING OF POTASH ORE (l6. 0% K
2
0) 

FLOTA TION SECTION 

r nVLlU\" I IUN \"U~ I t..~ IIMATE 

ProOuct Potassium Chloride Symbol KCl 
At HQ].br:QQk 8r:izQDa Company Ar:kla Exp1or:ati OD CQmpaDJl 
Estimot.d By Arthur G. McKee & Company Date February 1966 

At San Francisco, California 

ASSUMPTIONS 

Total Men Annual Rate Wages 
Labor: Four shifts with two men each 8 $ 7 000 $ 56 000 

One reagent tender 1 6,500 6,500 
Onp l",hr.1"o"" 1 6 000 6 000 

Total 10 $ 68 500 ' 

Sllnp1"vi!":inn' ()no f, 1 7 500 7 500 

Powfr' connectfd load 2600 h:Q, not counting s:Qares 

at 8400 hr :Qer::rr this totals ,, 13 030 000 kwhr per vr 

REAGENT AND RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

Starch Ib $0. 08 Jtu. U!:I 

"A,...,.,..,,,,, '"r" lh .38 delivered SO. 01 .39 

: 1I11'~+1..' T -'r<~ .1- • ,~, Ib ?O 2Q 

I 
--J -J 

I , 
i 
! 

PACKING COST 

! Kind 

I Capacity 

Cost of Contoiner 

Cost of Liner 

p adt in9 La bor 

I Other Costs 

Total Cost per Container 

Proportion Each Type 

NOTES 

1. Ton quantities are short tons of 2000 pounds. 

2. To obtain the total production cost per ton of potassium chloride product, 

the costs from the last column of Table 16 must be added to the costs in the 

last column of this table. 

ARTHUR G. McKEE 8: COMPANY 

NONFERROUS METALS 8. MINERALS D'VIS'ON 

(Appendix B) 

TABLE 14 

'Mined ore rate (l6. 0% K"O) 4 210 000 tons_per vr 

-=(The feed to this section 
- is actually" crushed de-

slimed ore - see Table 10) 

Production of potassium chlor de 850 000 tons per yr <150 000 more tons come from 

(KC':l) a small leaching - crystalliziIli[ section. See 

Table 16. ) 

Capital Investment Ip $ 2 500 000 

RAW MATERIALS AMOUNT 
$ uzi'il

R 
$ per ton $pertond 

Unit~ per yr $ per yr $ per yr of mire d 011 of total 
KCl 

Starch (0. 133 Ib per ton ore)Ib 540 ax: O. 09 48 600 product 

"Armac T" (0. 39 Ib per 
ton of ore) Ib 1 620 DOC .39 631,800 (::>ee 

'Methyl Isobutyl Carbinol 
note 2) 

(0 133 Ib DPr ton ore) Ib 540 OO-C .20 108 000 

*nr Pinp Oil 

TOTAL RAW MATERIALS 788,400 0.187 O. 788 

LJl.Or (L) See a i()n~ 68 500 

S,,.,..,ision (S) 7 500 

La ..... Bene/its 20 percent of L + S 15 200 

s_ allowance 1 SOD 

S.ctr;city kwhr 3 030 DOC .01 130 300 

~ laP 1 000 

..... r Purch. or Process spp fppd 

.... r Plan' or Cooling 

""I Go. - Cool - Oil allowance 1 000 

""tnt.nonce Minor) (M) - 2. 5% of Ip 62 500 

M.intenonce Mojor) 

F,ctory Suppl ies 

L. .... rotory 30 000 

DIRECT CONVERSION 
317 ,500 .075 . 318 

I 

o.preciotion 15 years, linear 166,670 

Controllable Indirect 35% of L+S+M 48 475 

HOn-Controllable Indirect ':l aJn nf Tn 7!'i 000 

INDIRECT CONVERSION 
290,145 .069 .290 

TOT AL:JilE;. COST IN BULK 1 396 045 .332 1. 396 

R nllnripri 11 400 000 ~ 1 40 

'.cking Cost 

ShiPPin9 Cost 

TOTAL COST F.O.B. 
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Product 

FLOTATION REFINING OF POTASH ORE (20.0% K 20) 

FLOTATION SECTION 

PRODUCTION COST ESTIMATE 

PQ1assium Chloride Symbol __ KCl 

AI Holbr:QQk ,brizQna Company Ark1a E~lora1iOD CQm:Ran~ 

E.tlmat.d By Arthur G. McKee & Company Dale ebruary 1966 

AI San Francisco, California 

ASSUMPTIONS 

Total Men Annual Rate Wages 

T ,::lhor ' POllr c:;hift<:: ,"u-i th two rnp.TI p.ach 8 ~ 7 000 ~ !'in 000 

(")"'0 "'-00:> ,.,.0"'+ +o",rlo-. 1 6 500 6 500 

r.. l~h~rpr 1 6 000 6 000 
~ .. ~ 

Total TO $ 68 500 

Supervision: One foreman 1 7,500 7 500 

Power: connected load 2200 hp, not counting spares, 

at 8400 hr per vr this totals 11 030 000 kwhr per vr 

REAGENT A-ND RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

Starch lb :jiu. Uti $0. O~ 

"Armac T" Ib .38 delivered $0. 01 . 39 

Methvl 1f:;ohutvl ~arbinol Ih 20 ?O 

PACKING COST 

Kind 

Capacity 

Cost of Container 

Cost of Lin ... 

Packinll Labor 

Oth.r Costs 

Totol Cost per Contoiner 

Proportion Each Type 

NOTES 

1. Ton quantities are short tons of 2000 pounds. 

2. To obtain the total production cost per ton of, potass ium chloride p,roduct, 

the costs from the last column of Table 16 must be added to the costs in 

the last column of this table. 

ARTHUR G. McKEE 8: COMPANY 

NONFERROUS METALS a MINERALS DIVISION 

-
~VIined ore rate (20 . 0% K?O) 
r- (The feed to this section 

r- is actuallv 'nushp.d de-
t-- _cl',"",orl,... '0" - coo.T<>h1p l()\ 

I- Production of potass ium chlor := (KCl) 

t-- ':apitol Investment Ip 

RAW MATERIALS 
Units 

~t;Jr('h (0 ln lh TIPr ton ore) Ib 

"ArTn::lr '1'''(0 48 Ih TIPr ton 
of orp.) Ib 

*'Methyl Isobutyl Carbinol 
(n 1fl 1h nprton orp) lh 

*or Pine Oil 

TOTAL RAW MATERJALS 
-

_obor (L) See a 
~ ~~~~~~ _____ M.'_ 

: . abor Benefi ts 20 of L+S 
---; 

i teom 

!.=lectricity -- '-kwhr 

~ , i, 

t lot.r _ Purch. or Process see 
! tat.~ - Plont or Cooling 

J :uel - Gos - Coal - Oil 

: \aintenonco - Minor ) . (M) - 2. 5'70 of Ir 
i 4o intenonce _ Mojor ) 

=octory Supplies 

_oborotory 

DIRECT CONVERSION 

).preciot'on 15 years linear 
:ontrolloble Indirect ~!'i C1f" of T +S+ M 
~on-Controllabl. Indirect ~ of Tn 

INDIRECT CONVERSION 

TOT AL :JiIUKiK COST IN BULK 

Rounded 

;:'ocking Cost 

~h i pping Co Sf 

TOTAL. COST F.O.B. 

3 370 000 tons~er vr 

(Appendix B) 

TABLE 15 

de 850 000 tons ~er vr (150 000 more tons come from 

a small leaching - crystallizing section. See 

Tabk-.l6. ) 
$ 2 190 000 

AMOUNT $ PEl\: 
$ per ton $' per ton 

per yr unl $ per yr $ per yr jf mired ex- of tot al 

KCl -
540 OOC 0, 09 48 600 product 

!See 

1 620 DOC .39 631 800 note 2) 

!'i40 OOf 20 108 000 

i 788 , 400 o. 234 O. 'i -
I 

68 500 ' 
7,500 

15 200 
, l' 1 500 I 

11 ,030 OOC . 01 11 0 300 
8.1' 1 000 

: 

eed prepa ation 

allowance 1 000 

54,7 50 

30,000 

_?"~JL...150 . 086 . 290 
: 

146 000 
4:') 7flO 

;:;.; 7()() . , -

257,460 . 076 .2571 

1.335 610 .396 1.336 
1 340,000 .40 1. 34 

I 
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FLOTATION REFINING OF POTASH ORE 

LEACHING - CRYSTALLIZING SECTION 

t'HUUUl,; IIUN COST ESTIMATE 

Product Potassium Chloride Sym~ KCl 
AI Holbrook z Arizona C rkla .J::;xploratlOn Company 

ompony 

E.,lmo,.d By Arthl1r G McKee & Company Dole February 1966 

AI San Francisco, California 

ASSUMPTIONS 

This small leaching-crystallizing section recovers potash that would otherwis€ 

be ]ost in tbe des1iming operation and permits the reworkinp" to satisfactory 

particle sizes of dust from oroduct handling operations. 

T ,rihnr' C:rystallizer operators four shifts each with two men. 

Power: Connected 10~ 1300 hE not counting spares. 

81 80QQ bI: per J'I this: totals 6 210 000 kwhr per yr 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCCK 

-- ------
-- ------ --

-- -------
--I------~ .---

-----_. 
- -

--- - ----------
--- -. 

-------~ 

-- - - . 

PACKING COST 

Kind ------1----.---

Capacity --- ------ 1-------

Cost of Container - 1--------1----.. - -- ... --

Cost of Liner ---------_.-
Pocking Lobor 

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

Oth., COSh --- -.- --------1--- --- 1--- -- - - -... - - ' 

Totol Cost per Container 

Proporlion Each Type 

--

ES 
)ounds. 
ton of potassium chloride product, 

table must be added to tre costs in 

COMPANY 
NO ERALS DIV I SION 

Mineo ore rate 
U,...nr1,rti"n "f n"t",,,,,,,i'lm 

rhlorinp rrv"t~l" 

-

.capita] Inyp ·c;trnpnt 10 

RAW MATERIALS 
Units 

.-. 

TOTAL RAW MATERIALS 
.. . _ .. .. _ .-

Lobor (L) man-vee: 

Supervision .. (S) .. :=--1O$.of L . . __ '- . __ . 
Labor Benefits 2'0 ~_ L + ~C; 

1000 . 1l:L Steom 
. -. . - - - -- -- .. -

_~~.it)._ . kNhr 
Air 

5 400 000 to 3 370 000 tons per yr 

225 000 tons per yr 

(Appendix B) 

TABLE 16 

(See tables 13 to 15 for flotation production of an 

",,.,,.,itir>n,,,l 77':1 000 to RC:;O 000 tons of not~"sillrn rhloriop 

npr VPrir for a tnbl nl::!nt nroduction of 1 000 000 tons. ) 

~ 4 700 000 

AMOUNT $ PER $ per yr $ per yr $oPl~t~~n 
per yr unit 

KCl proW: 

(spp 
nnt<=> ?) 

; 

rs 8 7 000 56 000 
':I nOO 

12 320 
__ 2_4..Q. OOC 0._65 156 000 

6 210 OOC . 01 62 100 

allowance 500 

1000 gal _1------9q OOC , 10 9 600 
Water - Purch. or Process - . . -_._ ._ . __ .--- -- -

OOC 29 940 
J---WCJ~er Plont or Cooling 1000 ITal 998 . 03 

!allowance 1,000 
Fuel Gos - Cool - Oil 

Maintenance Minor) (M) - 2% of Ip 94,000 

Maintenance Major) 
.. 

. Faclory Su;.;ii~;----rpercent of Ip 47,000 
30 000 

~~orotory .. _ .. 

DIRECT CONVERSION 
504,060 0.504 

-- _. ---- r------ ------ .- ·----1-------- -- - -- -- -

~~~alio~ 15 years, linear -- - _ .. . _ .•. _. -- _1-_313 300 

Controllable Indirect ::l S C1Jn ()f 1 +S+ M 54 460 -
f------ -.- 141 000 

Non-Controllable Indirect 3% of Ip 
'-

C-

INDIRECT CONVERSION 508,760 .509 

TOT AL liE& COST IN BULK Ol? R?O ~, 013_ 

Rounded ,010 , 000 1. 01 

~9Cost 

Shipping Cost _ . 

TOTAL COST F.O.B. 



REFINING BY LEACIDNG. CRYSTALLIZATION (12.5% K20) 
(FLOTATION NOT USED) 

PRODUCTION COST ESTIMATE 

Potassium Chloride Product Symbol KCl 
At Ho]brook ~r:jzoDa Com pony ArK:la Exploratlon ComEany 
Estimoted By Arthur G. - McKee & Company Dot" February 1966 

At San Francisco, California 

ASSUMPTIONS 

Ore averages 19. 8 percent KCl eauivalent to 12. 5 percent K?O 

!:Q:w:e:r · cQooecied ITlotor load 2600 hn eauivalent to 1580 kw 
lOr: 8000 hr per j[r 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT I UNLOADING IN STOCK 

I 
I 
I 
! 
i 
1 
! 

PACKING COST 

Kind 

Copacity 

Coat of Container 

Cost of Liner 

Pocking Labor --_. 
Oth.r Costs 

Total Cost per Container 

Proportion Each Type 

NOTES 

All ton quantities are short tons of 2000 pounds. 

ARTHUR G. McKEE 8: COMPANY 
NONFERROUS METALS S MINERALS DIVISION 

Ore feed rate 

Production of potassium chlor 

Cavital Investment Ip 

RAW MATERIALS 
Unit! 

TOTAL RAW MATERIALS 
-

labor (L) man-year 
Sup.r~.~.1.S.L=..J.~~ __ 
loborBenefit. 20% of L + S 
Steam 1000 Ib ---- _._- - - --_ . 
El.ctricity k~h"" 
Air L 

Wot.r~ Purch~ or Process 1000 p-~ 
WQt.r~ Plant or Cooling 1000 ga 
F ... I ! Go. - Cool - Oil 

- ~ 
Maintl.once Minor.L 1M) - two perce 
MQin~onc. - Mojor ) 

Foct~ sup.ei •• one percent of 11 
Labo .. ory 

DIRECT CONVERSION 

Depr.iotion 15 years, linear 
Cantrtiioble indirect 35% of L+S+M 
Nan-Controllobl. Indirect ~ OJn ()f Tn 

INDIRECT CONVERSION 

TOT AL::lt6i. COST IN BULK 

Rounded 
Pack", Cost 

Shipplog co.t 

TOTAL COST F.O.B. 

5 400 000 

de 1 000 000 

$ 14 000 000 

AMOUNT $ PER 
per yr unit 

8 7,000 

480 DOC O. 65 
h? f)40 oor 01 

allOWanCE 
192 000 . 10 

1 !=l!=lf) ooe O:i 
b! 11 

~t of Ip 

tons ner vr 

tons per vr 

$ per yr 

56,000 
1) nOO 

12 320 
312 000 
l?R 40n 

1 000 
19 200 
Sq RRO 

2 0001 

280,0001 
I 
! 

140 OOO ! 
nO oon l 

! 

$ per yr 

(Appendix B) 

TABLE 17 

f$ per ton $ per ton 
of ore bf KCl 

product 

! I , 074 , 40q O. 199 1. 074 
I I ·-- ---T 

933,300i 
li9 5601 

4?O nnn 

I i 1 ,472,86 .273 1.473 
I 
2,547,26 .472 2 . 547 
2 550 00 .47 2. 55 



'~ - ;-r-' -- .. _ - _. -

REFINING BY LEACIDNG, CRYSTALLIZATION (l6. 00/0 K 20) TABLE 18 

PRODUCTION COST ESTIMATE Ore feed rate 4 210 000 tons per~ 

Potassium Chloride Symbol KCl 
Production of Rotassium chlor de 1 000 000 tons per yr 

duct 
HoI6rooK, Anzona Company ArKla EX:Qloration Com:Qany 

I ma~ By Arthur G. McKee & Company Date February 1966 

At San Francisco, California Capital Investment 10 1$12 650 000 

ASSUMPTIOHS 

Ore averae-es 25. 4 oercent KCl ~uivalent to 16. O.-12ercent K')O. RAW MATERIALS AMOUNT $ PER $ per yr $ per yr 
~ per ton i$ per ton 

Unit ~ per yr unit 
of ore of Kr.l 

Power: connected motor load 2160 hp equivalent to 1360 kw 

fnr HOOO hr ner yr. 

TOTAL RAW MATERIALS 

1'_6 000 
Labor (L) man-vear~ 

8 - 7 000 

RAW MATERIAL COST Suporvision 1S.l = ~ 
_~ £111l 

li'~ 

L.abor B_efits ~1+8 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 
Steom ~O Ib Ailll 001 O. 65 2fin -.O..O..Q 

E leefriel ty 
kwh~ 0,880,001 .01 108 ..... 800 

Air Lall.ow.an.c..a -.l JlQ.Q 

Water - Purc:h. or Proc.s. 1000 gal 160 001 .W 1t> ,UUU 

Water _ Plant or Cooling 1000 gal 11 660,001 .03 49 800 

Fuel - Gos - Cool - Oil allowance 2,000 

"'oint.nonc. Minor~ JM} 2% of 10 253 000 

114aintenanc. Maior ) 

Factory Supplies .l%. of Tn 
.l.2R -.5.D1l 

Laboratory 
60 ..... 000 

PACKIHG COST DIRECT CONVERSION 
951,020 0.226 0.951 

Kind 

Copacity 

Cost of Container 

O.pr.dation .l5....YeaI:s. 1 i n p= 843 300 

Coat of Liner 

Controllabl. Indirect 355"0 of L+S+M .llQ lQil 

Pocking Lobor 

Non-C ... trolloble Indirect..3..% nf Tn 379 SOO 

Oth.r Cost. 

Total Cost per Contoiner 

INDIRECT CONVERSION 
1,332,900 . 317 1. 333 

Proportion Each Type 
/' 

TOTAL~ COST IN BULK 
2,283,920 .542 2. 284 

~ounded 
~,28U, uuu .~ ~. ~tl 

lPacking Coat 

Shippi"" Cost 

TOTAL COST F.O.B. 
I 

NONFERROUS ME 

,. 



REFINING BY LEACHING, CRYSTALLIZATION (20. 0% K20) 
(FLOTATION NOT USED) 

PRODUCTION COST ESTIMATE 

=roduct 
Potassium Chloride 

Symbol KCl 

" HQlbrQok Ar:izQna Company Arkla ExploratiQn Company 
::.tlmat.d By Arthur G. McKee & CQmpany Date February) 966 

At San Francisco. California 

ASSUMPTIONS 

Qr:e ayerages 3] 7. per:cent KC] eqlli~a]ent to 2Q 0 percent K20 

Powpr· ~ load 1860 hn pmliv~lenL1Q 1140 kw 
~ff"'lr_Jlnnn "h". no". "'". ... oJ 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE I FREIGHT UNLOADING IN STOCK 

PACKING COST 

Kind 

Capacity 

Cost of Containe, 

Cost of Liner 

Packing Lobor 

Oth.r Costs 

Total Cost per Container 

P ropartion Each Type 

HOTES 

ton quantities are short tons of 2000 pounds. 

Ore feed rate 3 370 000 tons ner_YI 

Prorillrti on of not~ssium rhlor lrip 1 000 000 tons DPr vr 
~ 

Capital Investment ~ $11 700 000 

RAW MATERIALS AMOUtH $ PER $ per yr Unit per yr unit 

TOTAL RAW MATERIALS 
--_. 

Lobor (L) man 'year 8 7 000 56 000 
lupervi!~_~ = 10% o~ ... _ 5 600 
Lobor Senefits 2 a-%" of I +~_ 1? ':l,)() 

St.om _____ _ ~UtQO_ 11- 342 OOC O. 65 222 300 
EI.ctr:icity kwhr 9.120 DOC 01 91 200 
~ir allowance 1 nnn 
Wot.r Purch. or Process 1000 cn:i · 1~7 000 10 l~ 7 nn 
Wot.r Plont or Cooling 1.420 DOC . 03 42 600 
Fuel Ga. - Cool - Oil lallowance ? 000 

"'oint.nonce Minor) (M) 2% of ill. 2~4 000 
t.lointenonc. Mojor) 

Factory Supplies lo/n of In n 7 000 
loboratory 60 000 

DIRECT CONVERSION 

Depr.ciation 15 years linear 780,000 
Controllable Indirect 35 Ofn of T +S + M 103 46 a 
Non-Controllable Indirect 3% of.In ~"1 000 

INDIRECT CONVERSION 

TOT AL ~ COST IN BULK 

Rounded 

'POCking Cost 

Shipping Cost 

TOTAL COST F.O.B. 
I--

$ per yr 

8.57,720 

l,234,46C 

2 092 180 
2.nQn nnn 

(Appendix B) 

TABLE 19 

$ per ton $ per ton 

: 

I 

I 

of ore of~ 
product 

I 

I 

o. 255 0.858 

. 366 1. 234 

.621 2. 092 
n? ? nQ 

-



COMPACTION SECTION 

PRODUCTION COST ESTIMATE 

Product Granular Potassium Chloride Symbol KCl 

At Halbrook ~rjzoDa Company Arkla EXQloration ComQan~ 

E stimat.d By Arthur G. McKee & Company Dote February 1966 

At San Francisco, California 

ASSUMPTIONS 

This section includes two Allis -Chalmers J2resses I model 2424C 

Ooeratimr time oer year is 7875 hours. 

R",,...., n.,...ccc ll~PC::: 1 S O"nTn nf =",tpr 

u. : -' r';",ri ;c::: SS4 hn nr a tot::ll of ~~S k-w lor 7R7fl hr 

Labor: half the time of one operator (from dryer sectionf on each of 

three shifts oer day. One half man times four crews is two man -year . 

RAW MATERIAL COST 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK 

i 
j , 
I 

I 
j 
I 

I 

PACKING COST 

Kind 

Capocity 

Coat of Contain ... 

Cost af Liner 

Packing La ..... 

Oth.r Costs 

Totol Cost per Contain.r 

Proportian Each Type 

NOTES 

ARTHUR G. McKEE & COMPANY 

NONFERROUS METALS S MINERALS DIVISION 

Production Rate 100 000 tons ~er 3r 
::l04 ton~ ner rl~v 

19 7 tnnc npr .,.,... 

C::loita1 Investro.ent 10 $ 750 000 

RAW MATERIALS AMOUNT ~ u~rr Units per yr $ :per yr 

TOTAL RAW MATERIALS 

Labo., (L) man-years 2 7, 000 14,000 

Supe.r>"isi_ (S) - 10% of L 1 400 

Labo .. B_fit. 20% of L + S 3 080 

St.""" allowance ?,OO 
EI.C1Iricity kwhr 2 638 000 . 01 26 380 

Air allowance 100 

Wote". _ Purch. or Proc ••• 

Wale" _ Plant or Cooling 1000 Q'a 14 200 .03 426 

Fu.l · _ Go. - Cool - Oil 

Maintlen_ce - MinD<) (M) = 4% of Ip ::{O 000 

Mointtenon~ - Maior ) 

FoctQ:,ry Supplies 1% of Ip 7 500 

Labo ... atory la" 3 000 

DIRECT CONVERSION 

I 

Depr.eiotion 15 years, linear 50,000 

Contr'oli.l>le Indirect 35% of L + S + M 15 890 

Non-<::ontroli.l>le Indirect 3% of Ip 22 500 

INDIRECT CONVERSION 

, TOT AL~ COST IN BULK 

Rounded 

Pack!;ng Co.t 

Shippiing Co.t 

TOTAL COST F.O.B. 

i 

$ per yr 

86,086 

88,390 

174,476 
l'/U, UUU 

(Appendix B) 

TABLE 20 

l:ji per ton $ per ton 
of com- pf Total 

I:>acted KCJpro-
product duction 

O. 861 O. 086 

-
-

.884 .088 

1.745 .174 
1. '(LJ.: . 17 

I 

I 

I 

I 

I 

'.' 



DRYIN 

r nvL.lU,", I IVN ""V~ I ~~ liMA I t. 

(AppenOlX b ) 

TABLE 21 

Production rate 1. 000 000 tons per vr 

...iuct Dried Potass ium Chloride Symbol KCl C=:fu nn~c~l~u~d~es2.J;bu:orttlhLifl!JoI!t;£ailltiQon...-n_~ ________________ ---------------==1 
! Holbrook A rizo na Company A rkl a Exp1 oratj on Com pa ny [==~::I~nrlL~ ('~::qr··v~~,·tta:::I11LJI1i i:z 7.' . .ee.x....r .p.I:Dl:l.uctS-J+-\ ________________________________ j 

,ti.outed By Arthur G. McKee & Company Date Febolary 1966 

At San Francisco California ... 8' ~ --,:;:, -' f 'h" tn nrveT" "l,..,rl 

Caoital Investment Tn ;t) i:')u non CPPr1 ,eli:s ) 

deli very to screen 

ASSUMPTIONS 
1<1: 

$ I'" per ton 

The use of three drvf>rs is .,,,,co,,.,.,.,,,,n one f>acb for P'ranlllar (,ORrse ::Inn RAW MATERIALS . A~OUNT P~R $ per yr $ per yr of total 

., + .,,..,n~'l"rl n'l"r.rl ,,+ 
UnIts ..,er yr unIt KCl 

' ~ .. ~, .~ ~ -'; ~ c .~ . {\ 1 

-'. 

The -fll P1 i~ n.,tllT".,l rr.,,,, m;H,1'1nn 'Rt,;trr'l"n';';\ n"' .... ~ ""hil" ' fn';+ 

!" uel oil is a standbY fuel. -0.-

'" time i~ R400 br ner vr . 
?ower: connected load is 500 ~P, or 300 kw for 8400 hr. 

Labor : assume one-half man per shift, 3 shifts per day (four crews) or 

two man-Years. 
TOTAL RAW MATERIALS 

L.bor (L) man-v"'::",,::: 2 7 000 14 000 

RAW MATERIAL COST Supervision (~) - 10% of L ~J.-6;J~!..\gu-----l-----t----i 

MATERIAL UNIT AT SOURCE FREIGHT UNLOADING INSTOCK t!L~.~ .... ~r~B;.n;.~fi;h~')z:,~nOfn~:Ofof=r=Tj+~s::S_=_ ___ +----~------+-~L.J~-~~----t----j=====l 
St.cnn 

-------------4---+-----+------+-------1f--.......L---I-EI.ctricity kwhr 2.520 000 0.01 25 200 

lAir allowance 250 

--------~-----_+--_+------__j'--
-----+------+------I~"W.t.r - Purch~ or Process 

Water Plont or Cooling 

Fu.1 - Gol -~xjut 1000 Cll f" 375 000 30 11 ~ :')00 

Maintenance - Minor) (M) 2% of Ip 17 000 

Maintenance Mojor \ 

------------~--4-----~----~-----~-
---~~~;~~~~~~ 0. 5%clfu : ~~~ 

Loboratory 

PACKING COST I-
If a 183 

DIRECT CONVERSION 182,68\. 

(inc! 
~ I 

c"""city 
. l' 56 670 

r- f C -
O.preciation 15 years, lnear , 

'-Ost ° onto'n.r 
11 340 

Co f L " 
Controllabl. Indirect 35% of L + S + M 

at 0 ,nor 

') to; to; 0 0 

F.cking Lo...... 
__ ~.~N~o~n-~C~on~tr~ol~lo~b~I.~I~nd~i~r.~ct~~ 3i!.:la %.Jo;ll.fj IIJ;LD---t-----+------j:-~:..::t......::tUJ..I't-----I----I--= 

0,;..., Costs 

l otol Co,! per Contoin.r 
INDIRECT CONVERSION 93,51C. 093 

r roportion Each Type 

NOTES 

TOTAL K~ COST IN BULK 276 19C .276 

Pocking Cost 

Shipping COlt 

Rounded ~RO nor ,) A 

I~ _______ T~~O~T~AL~C~O~S:T~F~.O~.B:. ________ -+ __________ t-________ -t __________ t----------t--------~~------~ 
ARTHUR G McKEE 8: COMPANY l ... ,===:.. __________ .L. ____ L ___ ..J_--_..J ____ ....L. ____ ... ___ ..... 

. ~ 

NONFERROUS METALS a MINERALS DIVISION 
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~ SENING, STORAGE, AND L( ..JING 

PRODUCTION COST ESTIMATE 

Product potas~j]]rn Chlorjde 
At Holbrook A rjzODa 
E.timated Sy Arthur G. McKee and Company 

Symbol KCl 
Company Ark]a Exp]orat' C -lOD ornpany 

Date Febrllary 1966 -

At San Francisco. California 

ASSUMPTIONS 

The nrOnlJi"T is oroduced in three grades based on particle size' Q'ranular 

coarse. and standard. 
,..·,11 1"\""''''''.,,+0 ~ I'lh;fT~ Dpr rl::iV R400 hr npr vr 

Loading ~nd shiooinQ' ooerat~ifts oer dav . 4000-hr per VT. 

Labor' 
-inrT ., rn~'n no.,.... c'h i f't L1 ,.....,...a':r r ~ nl"c 1 l~hf)"rt=Jl'"' "'Pn+!:ll Tr'Ion = a 

Storage .10adinQ' 19 

Production rate 

npc::iO"D narti~le size ratio' 

Capital Investment. Ip 

RAW MATERIALS 
Units 

--- .. - .... MATERIALS 

1 . 000 . 000 tons per VT 

l?~ toDS ner br (s~rpPDiDo") 

Granular 25% 
Coarse 25% 
Standard 50% 

1$ 3. 700.000 

AMOUNT 
per vr $ PER 

unit 
$ per yr $ per yr 

(Appendix B) 

22 
TABLE 

$ per ton 
hf product 

-

FREIGHT 

Lobo. (L) man-years 28 I 6 , 000 168.000 

MATERIAL 

RAW MATERIAL COST Supe .... ;a;on (S) - ]0% of~ -1 ~~ ~~~I ==1 
-------------..;:.~~~~::....:..:.......::.....I"----,-----T __ ~==_LLobor aeneBts 20o/n of L + S 

UNIT I AT SOURCE UNLOADING IN STOCI!( 
Steam 

Electricity kwhr I RRO 000 o 01 R ROO 

Air !:Ill 0'" !:I nl' I" 1 000 

Water - Purch. or Process 

Water - Plant or Cooling 

Fuel - Gas - Cool - Oil 

Mo;ntenonce - M;no. ) (M) 2% of 10 74 000 

Maintenance - Maior \ 

F oclory Supp!;es O. 5% of Ip ..l.8.......5.. 

K;nd 

PACKING COST 

on nODI I 

~S~06_Q_: ____ 

Laboratory 

DIRECT CONVERSION 

I 
246 670 Copodty 

Co .. of Container O_p'ec;ot;on 15 vears. linear 
90 5801 

'1 '1 '1 nnn 
Coot of lin_ 

Controllobl. Ind;rect ::l !') Ufn of T , + S + M 

~ Labe.. 
Non-Controllobie Ind;rect 3 ern of Ip .l .l .l: v v v I 

Other Costs 

Totol Cost peT Container 

Proport ion Each Ty~ 

NOTES 

"ck or bag charges are not included since these are generally passed on to the 

yer at or near cost. resulting in the same net return on sacked or bulk material. 

ARTHUR G. McKEE & COMPANY 

NONFERROUS METALS S M INERALS DI V ISION 

INDIRECT CONVERSION 448.250 

TOTAL COST IN SULK 
832,310 

Rounded 830,00U 

Pocking Cost 

Shi pping Cost 

TOTAL COST F.O.B. 

_ 0.384 

.448 

. 832 

.83 



TABLE I-A 

CAPITAL AND OPERATING COST SUMMARY 

(FLOTATION PROCESS) 

Plant for production of 1,000,000 tons per year of potassium chloride (KCl). 

Arkla Exploration Company, Holbrook, Arizona 

ORE ANALYSIS: 12. 5% K20 eguivalent 16. 0% K 20 eguivalent 

CaEital Cost Production Cost Capital Cost Production Cost 

Plant Section $ $ $ per ton $ per ton $ $ $ per ton $ per ton 

of ore ..Q.f....l2.roduct of ore of product 

Mine 
Shafts and stations 1, 842,000 

1,842,000 

Underground development 399,000 
349,000 

Surface plant and hoists 1,858,000 
1,548,000 

Underground equipment 6,489,000 
5,408,000 

10,588,000 1. 98 10. 70 9,147,000 2. 06 8.67 

Process Plant 
Feed preparation 4,140,000 .17 . 93 3,450,000 . 19 .79 

Flotation 3,500,000 .29 1. 55 2,500,000 . 33 1. 40 

Leaching, crystallizing 4,700,000 . 19 1. Ol 4,700,000 .24 1. 01 

Compaction 750,000 .03 .17 750,000 .04 . 17 

Drying 850,000 .05 .28 850,000 .07 .28 

Screening, storage, loading 3 , 700 , 000 . 15 .83 3/700/000 .20 .83 

17,640,000 
15,950,000 

Utilities 1,360,000 1,360,000 

Non-process Facilities 1,550,000 1,550,000 

Mine and Plant Capital Cost 31,138 , 000 28,007,000 

Working Capit::1l 5,600,000 5,100,000 

Total Investment 36,738,000 33,107,000 

Total Production Costs 2. 86 15.47 3. 13 13. 15 

(Appendix B) 

Table I-A 

20. 0% K;60 eguivalent 

Capitol Cost Production Cost 

$ $ $ per ton $ per ton 

of ore of product 

1,842,000 
313 , 000 

1,327 , 000 
4 , 635,000 

8, 117 , 000 2.14 7. 23 

2,960,000 .20 .68 

2, 190,000 .40 1. 34 

4 , 700,000 . 30 1. 01 

750,000 .05 . 17 

850,000 . 08 . 28 

3,700,000 .25 .83 

15,150,000 

1,360,000 

1,550,000 

26,177,000 

4,800,000 

30,977,000 
3. 42 11. 54 



TABLE I-B 
CAPITAL AND OPERATING COST SUMMARY 

(LEACH-CRYSTALUZATION PROCE33) 

Plant for production of 1, 000, 000 tons per year of potassium chloride (KC1), 
Arkla Exploration Company, Holbrook, Arizona 

ORE ANALYSIS: 12. 5% K 20 eguivalent 16. 0% K 20 eguivalent 
Capital Cost Production Cost Capital Co st Production Cost 

Plant Section $ $ $ per ton $ per ton $ $ $ per ton $ per ton 

Mine 
~re of product of ore of product 

Shafts and stations 1,842,000 1,842,000 
Underground deyelopment 399,000 349,000 
Surface plant and hoists 1,858,000 1,548,000 
Underground equipment 6 ,489,000 5,408,000 

10,588,000 1. 98 10. 70 9,147,000 2.06 8.67 

Process Plant 
Feed preparation 4,140,000 . 17 .93 3,450,000 . 19 .79 
Leaching, crystalli zing 14,000,000 .47 2. 55 12,650, 000 .54 2. 28 
Drying 850,000 .05 .28 850,000 .07 .28 
Screening, storage, loading ~(). 000 . 15 .83 3, 700,000 .20 .83 

22,690,000 20,650,000 

Utilities 1,360,000 1,360,000 

Non-process Facilities 1,550,000 1,550, 000 

Mine and Plant Capital Cost 36,188,000 3?,707, OOO 

W or king Capital 5 , 600 , 000 5,100,000 

Total Investment 41,788,000 37,807,000 
Total Production Costs 2.82 15.29 3. 06 12.85 

(Appendix B) 

Table I-B 

20. 0 % K20 eguivalent 
Capital Cost Production 'Cost 

$ $ $ per ton $ per ton 
of ore of product 

1,842.,000 
313 , 000 

1, 327,000 
4,635 , 000 

8 , 117,000 2. 14 7. 23 

2,960,000 .20 .68 
11,700,000 .62 2. 09 

850,000 . 08 .28 
3 , 700 , 000 . 25 .83 

19,210,000 

1,360, 000 

1,550,000 

30,237,000 

~ 800 , 000 

35,037,000 ' 
3. 29 11. 11 



TABLE 2 
DATA FOR PROFIT ANALYSIS 

PROCESS: 

Ore Analysis, % KzQ: 
No. Item 
1. Process investment (mine and plant) 

2. Utilities investment 

3. Non-process investment 

4. Pre-production and exploration expense 

5. Interest charges during construction 

(One year on items 1 to 4 at 5. 5 percent) 

6. Total Fixed Capital (Sum of items 1 to 5) 

7. Working Capital 
8 . Total Capit<!tl Investment (Sum of items 6, 7) 

9. Annual net sales (1,000 , 000 tons at $27 per ton) 

10. Annual production costs (includes depreciation) 

11. Annual gross plant profit (Item 9 less item 10) 

Expenses: 

Data Source 
Tables l-A,:B 
Table 3 
Table 4 
allowance 

Table 6 

Tables 7 -22 

12. Administration, sales, research (6 percent of item 9) 

13. Royalties {allowance of $1. 05 per ton product} 

14. Annual interest charges (5. 5 percent of item 6) 

15. Profit before taxes (Item 11 minus sum of items 12 to 14) 

16 . Depletion ($1 per ton) allowance 

17. Taxable income (Item 15 minus item 16) 

18. Federal income tax (50 percent of item 17) allowance 

19. Profit after taxes (Item 17 minus item 18) 

20. Depreciation plus Depletion Item 16 and 
Tables 7-22 

21. Cash Flow (Item 19 plus item 20) 

22. Percent return on original invest ( 100 x item 21) 
item 8 

23 . Payout time, years Item 6 
Item 21 

DOLLARS 

Flotation Process 

12. 5 16.0 20.0 

28,228 25,097 23,267 
1,360 1,360 1,360 
1,550 1,550 1,550 
2,000 2,000 2,000 

~ 1,650 1,550 

34,961 31,657 29,727 
5,600 ~ ~ 

40,561 36,757 34,527. 

27,000 27,000 27,000 

15,470 13, 150 11,540 

11, 530 13,850 15,460 

1,620 1,620 1,620 
1,050 1,050 1,050 

1,923 ~ 1,635 
6,937 9,439 11,155 
1,000 1,000 1,000 

5,937 8,439 10,155 

2 , 968 4,220 5~ 078 

2,969 4,219 5,077 

~ ~ 2,690 
6,042 7,053 7,767 

14. 9 19.2 22.5 

5.8 4.5 3. 8 

(Appendix B) 

Table 2 

IN THOUSANDS 

Leach -Crystallization Process 

12. 5 16. 0 20.0 

33,278 29,797 27,327 

1,360 1,360 1,360 

1,550 1,550 1,550 

2,000 2,000 2,.000 

2,100 1,909 1, 773 

40,288 36,616 34,010 

~ ~ 4,800 

45,888 41,716 38,810 

27,000 27,000 27,000 

15,290 12,850 11,110 

11,710 14, 150 15,890 

1,620 1,620 1,620 

1,050 1,050 1,050 

2,216 Llli ~ 
6,824 9,466 11,349 
1,000 1,000 1,000 

5,824 8,466 10,349 

2,912 ~ ~ 
2,912 4,233 5,175 

~ ~ ~ 
6,322 7,380 8,136 

13. 8 17. 7 20.9 

6. 4 5.0 4. 2 

" 
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TABLE 6 

WORKING CAPITAL ESTI MA 1' E 

Flotation Process 

Ore Analysis, % K20 ~ 16.0 20 . 0 

Production Cost from Table ~, $ per ton KCI 15.47 13. 15 11. 54 

Thousands 

1) Cash: (30 days production cost) 1,289 1,096 962 

2) Accounts Receivable: (1 / 12 of annual sales) 2,250 2,250 2,250 

3) Inventories: 

a) Stored product (100,000 tons) 1,547 1.315 I, 154 

0) Reagents, operating supplies 25 25 25 

c) Materia ls in process 50 50 50 

d) Spare parts 200 200 200 

4) Plant Startup, 1 % of Capital Cost of 190 173 H.i5 

Proc. plant and utilities 

Total Working Capi tal 5,551 5,109 4,806 

Rounded 5,600 5,100 4,800 

(Appendix B) 

Table 6 

Leach -Crystallization Proces:; 

~ ~ ~ 

15.29 12. 85 11. 11 

of dollars 

1,274 I, 071 926 

2,250 2,250 2,250 

1.529 1,285 I, 111 

25 25 25 

50 50 50 

200 200 200 

~41 ~~u ~OG 

5.569 5, 101 4,768 

5,600 5,100 4,800 

Not e: This t able has ' been computed from average percentages derived from 

reports of companies in the industry. The figures could be exceede d in years 

when potash is in long supply and inventory costs are higher. ' 
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HOLBROOK POTASH DEPOSIT APACHE COUNTY 

NJN WR 9/2/83: Provided Hal Susie and Mark Jordan of the Arizona 

State Land Department with information on the Holbrook Potash Deposit from 

our New Mexico and Arizona Land Co. file and Arkla Exploration file. 

Mr. Jordan reported that they have additional information on the deposit 

from a drilling project which occurred in the 1970's. The State Land 

Department is evaluating its lands in Apache and Navajo Counties south of 

the Indian reservation to see which it should trade/sell/consolidate 

before the Navajo-Hopi relocation takes place. 

NJN WR 4/29/83: Provided mineralogical data on some evaporite and potash 

minerals to Coyd Yost, registered consulting geologist. Mr. Yost was doing 

some work for a client interested in the potash potential of the Holbrook 

Evaporite Basin, Navajo County. 

NJN WR 4/17/87: Created a Holbrook Potash Deposit file, Navajo County. This 

file contains information from the Arkla file (Arkansas Louisiana Gas Co) 

and has been added to NaJfW MILS. . 

I\f f.\v\\~ 
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.j~ A~K'~ ~JCP~0f!A r~o~ ""qeD P. o. BOX 1734 SHREVEPORT, LOUISIANA 71102 

April 30, 1965 

Mr. E. L. Gorsuch 
New Mexico ,Arizona Land Company 
808 Bank of New Mexico Bldg. 
Albuquerque, New Mexico 

Dear Lee: 

Attached is a zerox copy of a chemical assay received 
today on A.E.C. #25 Pete in the Santa Claus Area and 
A. E • C. #14 State in the Holbrook Area. 

I will keep you informed on any phone calls I receive. 

Very truly yours, 

ARlCLA EXPLORATION CCMPANY 

RLB:aw 

R. L. Breedlove 
Chief Geologist 

cc: Mr. W. H. Thomas 
Mr. W. C. Bradford 

OIL • GAS • MINERALS 



TO: 

... i' . ; . 

ARKLA EXPlORATION COMPANY 
COMPANY 

INTERNAL CORRESPONDENCE 

MR. R. L. BREEDLOVE 

DATED AT HOLBROOK, ARJ ZONA 

APR I L 6, 1965 

'o • .. . 
", : 

FROM: MR. W. E. CARR 

SUBJECT: CORE ANALYSIS RESULTS, ARKLA No. 27X NMA 

SIXTEEN SAMPLES FROM TWO CORES WERE SHIPPED VIA AIR FREIGHT TO CORE 

LABORATORIES, FARMINGTON, NEW MEXICO. RESULTS ARE AS FOLLOWS: 

CORE NO e 3 714-723.4 RECOVERED 9.4'. SHALE TO 716.4, COCONINO 

SANDSTONE 716.4-723.4~ 

DEPTH PERMEABILITY-MD POROSITY-% WATER SATURATION-~ 

717 58 13.9 87.8 
717.5 93 15.7 89.1 
718.5 81 15.2 89.5 
719.5 118 17.4 89.0 
720.5 67 18.0 92.8 
721.5 121 17.8 91.1 
722.5 102 16.2 85.8 
723.4 134 17.9 80.5 

CORE NC? 4 723.4-731.4 RECOVERED 8' COCON I NO SANDSTONE. 

DEPTH PERMEABILITY-MD POROSITY-~ WATER SATURATION-~ 

723.9 94 17.4 90.8 

724.9 89 17.1 87.7 
725.9 164 14.8 85.,2 

726.9 73 19.6 88.8 

727.9 29 19.9 87.4 

728.9 69 15.5 86.5 

729.9 181 20.5 86.8 

730.9 132 17.8 90.0 

ApPEARANCE OF THE CORES SUGGESTS THAT THERE WAS CONSIDERABLE FILTRATE 

INVASION, AND IT IS BELEIVED THAT TRUE WATER SATURATION WOULD BE 

SOMEWHAT LESS THAN INDICATED ~Y ANALYSIS. HOWEVER, ELECTRICAL LOGS 

INDICATE THAT THE PENETRATED PART OF THE COCONINO WOULD BE WATER 

PRODUCTIVEe 

WEC/SK 

I I 

w{~ ! ~.:tl\;'.7~ 5:~~.S J.~1~1~ ::t. h,~ S Co.. 
i! :;:.; ., "<;1:!t; j, LG~ ; : ;;. ' :~ 

r ,." ...: ~ f. 1 V f D 
I: . !\ on - " i;'D~r; 
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ARKLA EXPLORATION COMPANY 
COMPANY 

INTERNAL CORRESPONDENCE 

TO: MR. R. L. BREEDLOVE 

DATtO AT HOLBROOK, ARI ZONA 

APR I L 28, 1965 

FROM: MR. W. E. CARR 

SUBJECT: RADIOMETRIC AND CHEMICAL ANALYSIS BY CSM RESEARCH FeUNDATION, AEC 

#14 STATE 
... --

DEPTH RADIOMETRIC CHEMICAL 

1002.7-03 1.0 

03-04 1.6 

04-05 4.4 2.68 

05-06 9.0 8.13 

06-07 10.7 6.42 

07-08 14.0 9.78 

08-09 8.5 7. 36 

09-10 4.6 3.20 

1010-11 8.7 7.57 

11-12 5.2 4.86 

12-13 ~ 
2.22 / __ 

... 
13-14 18.2 17.7 

14-15 18.8 17.4 
Z7 

15-16 9.6 'tM 6.11 \070 

\ vlo 

16-17 5.1 4.46 

17-18 4.9 / 3.83 / 
lIP' 

18-19 4.1 3.14 

19-20 6.3 4.26 

1020-21 8.2 7.67 

21-22 5.0 

22-23 3.5 

WEC/SK {J~ 
._ .. -----. - - --



State of Arizona 

Arizona Geological Survey 

Jane Dee Hull 
Governor 

January 8, 1998 

Nyal Niemuth 
ADMMR 
1502 W. Washington 
Phoenix, AZ 85007 

Nyal: 

416 W. Congress, Suite 100 

Tucson, Arizona 85701 
(520) 770-3500 

Larry D. Fellows 
Director and State Geologist 

Enclosed is the assay and lithology log for the well in A(18-25)24. It is our well 

#2053, and is named KCL #8 (for Kern County Land Co.). 

I hope it's a good year for you! 

Sincerely, 

.~~~ 
Tom McGarvin 
Geologist 
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NEW MEXICO and ARIZONA LAND COMPANY ttrA 
Camel Square, Suite 1408,.4350 East Camelback Road. Phoenix, Arizona 85018 • Telephone 602/959-8250 _'~ 

J. D. Sphar 
Vice President-Minerals 

Mr. John H. Jett, Director 
Arizona Department of Mineral Resources 
Mineral Building - Fairgrounds 
Phoenix, Arizona 85007 

Dear Mr. Jett: 

October 18, 1976 
CJfV " 

r. - • 

- i": 

.. ~ 
:. ·~I ...-, .... .. _ 

Thank you for the recent courtesy you extended to us at your 
office. Enclosed is a copy of our engineering report on portions 
of the Holbrook salt basin containing potash deposits. This 
information is not considered confidential at this time. 

Please note the the "black lines" on the copy are the result of 
the xerox machine, and were in fact highlighted in yellow crayon 
on my copy. 

Regards' L / 
/ ' . 

.. ~~z:;:~ :/' yr-iJ 
J. D. Sphar 

Enclosure 

JDS:ko 
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ARTHUR G. McKEE & COMPANY 
NONFERROUS METALS a MINERALS DIVISION 

ENGINEERS AND CONTRACTORS 

• e!50 FIFTH STREET 
SAN FRANCISCO. CAL.IF. 94107 

March 18, 1966 

ARKLA EXPLORATION COMPANY ' 
P. O. Box 1439 
Oklahoma City, Oklahoma 

/ / 
Attention: 

Reference: 

Gentlemen: 

Mr. William C. Bradforj 
Exploration Coordinator 

McKee Job No. 942-1 
Arizona Potash Project 
Preliminary Feasibility Study 

CABLE ADDRESS 

WKECO 

! /---~.: < 
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J
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The results of our Preliminary Feasibility Study of your 
potash prospe..ct in the Holbrook Area in Arizona are presented 
in the attached report authorized by your letter dated December 
22, 1965. Eleven copies are being sent according to the 
distribution given be low. 

The purpose of this initial study is to determine the economic 
feasibility of mining and processing potash ores using a 
1, 000, 000 ton per year (60% K20) mine and plant complex as 
a base case. The capital and operating costs and profitability 
analyses developed indicate that the Holbrook deposit is not 
economically attractive. This report is preliminary in nature, 
but it will serve to reduce the "risk" element in your decision 
making and is as right as available factors allowed. 



The opportunity to assist you with this study is .appreciated. 

4ti .etsdeeriea 12 T 1 '( 77'Ur (,,' 1 

k '. f 1] nTH that P? ) ( , , 3 F 

the s 1 n~n. We believe this report provides complete 

information within the scope of work. Please do not hesitate 

to call if there is any question whatsoever on the report. 

RKY:ws 

Very truly yours, 

ARTHUR G. McKEE & COMPANY 
Nonferrous Metals & Minerals Division 

#1~-
R. K. y~g 
Manager Engineering 

cc: Mr. W.C.Bradford - 5 copies 
Mr. W.Thomas - 3 copies 
Mr. E.L.Gorsuch - 3 copies 
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1. INTRODUCTION 

This report presents the results of a preliminary technical 
and economic evaluation · of a proposed project to mine and 
process potash ore from a deposit near Holbrook, Arizona. 

The work of the evaluation was authorized by Arkla Exploration 
Company (Arkla) in their letter of December 22, 1965. That 
letter authorizes a preliminary feasibility study as described 
in a letter dated August 11, 1965, from Western Knapp 
Engineering, a division of Arthur G. McKee & Company (McKee). 

For the purposes of this evaluation the capacities of the mine 
and processing plant are specified as large enough to produce 
1, 000, 000 short tons per year of potassium chloride (potash). 
Product purity is 96.6 to 98.1 percent potassium chloride, 
equivalent to 61 to 62 percent potassium oxide (K

2
0). 

The scope of the evaluation includes consideration of ore re
serves, mining plan, processing plant, non-process facilities 
and utilities, mine and plant capital and operating costs, and 
the economics of the project. 

Capital and operating costs have been prepared from data for 
similar installations and factored to fit the Arkla design criteria. 

'--------------------------------------------------------- ~~-----------------b...r'r.r. . 
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2. SUMMARY 

acc eptable return on .investment 

I 11. 

The basic design criteria for a mine and plant to produce 
1, 000, 000 tons of potassium chloride (KCl) per year were 
develope.d from corehole data submitted by Arkla. 
1; II ggCL : 2 "'xl *9 ?wf*st 12 73&BY1' ..... 

fif Q 2: *; ';v'S- liWi-I£?X! ! I? : - .1!e1f:=::~ 
: 223&1 rem;..' = ~IIII: 
Further exploration is needed to establish an adequate reserve 
for twenty years of operation at the . proposed rate. Details 
concerning the location of the ore bodies are shown in Figure 
942-1X of Appendix Co 

Two processes are in general use for recovery of a potassium 
chloride product from a potash ore: flotation; and leaching 
followed by crystallization. Costs were estimated for treating 
the ore by each of these processes. After the work of pre
paring the cost estimates had been nearly completed, labora
tory test data was obtained that indicated that the flotation 
process would not give a suitable grade or yield of product, 
and that it would therefore be necessary to treat the ore by 
the leach-crystallization process. 

The summarized capital and operating costs for both processes 
and three grades of ore are given in Tables lA and IE of 
Appendix B. The mine and leach-crystallization process plant 

- ' '--___________________________ ~.~~--o -------
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will cost about 36 million dollars, complete with utilities 
and supporting non-process iacilities. The total mine and 
plant production cost will be $15.29 per ton of potassium 
chloride product. Details of the development of these costs 
are outlined in Tables 7 through 22 in Appendix B. 

The leverage of grade on mining and on certain of the pro
cessing costs is so great that it appeared desirable to high
light this effect by comparison of a 12.5 percent deposit with 
deposits having 16 and 20 percent of equivalent. The costs 
for these three are grades are developed in Tables 7 through 
22. 

A profit analysis 'for the two processes and the three are grades 
is given in Table 2 in Appendix B. The return on the original 
investment is 13.8 percent for 12.5 percent K

2
0 are and would 

increase to 17.7 and 20.9 percent for ore with 16 and 20 
percent K20, respectively. Payout time is 6.4, 5.0, and 4.2 I. 

years for ore with 12.5, 16, and 20 percent K20, respectively. 
The returns would be slightly higher and the payout times 
shorter if the flotation process could be used. i 

; 

I 
I 
t , 
I 

I 
~ 

I 
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3. CONCLUSIONS 

In this study · the. return on investment is the annual cash flow 
(aiter=tax profit plus depreciation and depletion) as apercentage 
of the total inve.stment, including working capital. .Although 
cost estimates were prepared for the flotation process and 
for the leach-crystallization process, only the latter is con
sidered technically feasible for this are. The return on in
vestment for the selected production level of 1,000, 000 tons 
per year of potassium chloride by leach-crystallization is given 
below for mine-run are grades of 12.5, 16.0, and 20.0 percent 
K.20. The economic data is developed in more detail in Table 2 
(Appendix B). 

Grade of Ore, 
percent K20 

equi valent 

16.0 

Potash Costs, 
fob Plant 

Total Capital $ per short ton 

41,716,000 

38,810,000 

12.85 

11.11 

Payout, 
years 

5.0 

4.2 

Return, 
percent 

17.7 

20.9 

Payout time in years is obtained by dividing the fixed capital 
investment by the annual cash flow . 

.... : .• • • ~ '" - ~. ,.'. , . • ' ._ ...... : .J., . . '.:. ,~' : <-v :-": '. - .• '-' •• ' 
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The target ore reserve for .an operation producing 5,400,000 
tons of ore per year over --a period of 20 years would be ap
proximately 15 sections or less than half a township. This 
is rather a smalLiarget when compared to the -acreage held 

:y lJ;rkla, ~d=1I1 .= I 

work has not developed any "teaser" areas, nor do any of the 
holes warrant of.fset drilling to confirm original results or to 
develop ore trends in a reduced area of influence per drill 
hole. 

The ratio of coverage is 28 out of 220 or 1 to 8. It is generally 
considered that one .... tenth of the number of holes needed for com
plete coverage is enough to give a fair estimate of the value 
of a flat~bedded ore deposit. Based on our experience, it 

would appear ~ ! E 

---------------------------------------------------------~~-----------
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4. ORE RESERVES 

Potash deposits. have recently been discovered in northern 
Arizona as a result of exploration by Arkla. An extensive 
bed and related salts was located in the vicinity of the Petrifie<i 
Forest National Monument. Core samples from some parts 
of this deposit have been studied and the results are dis
cussed here for the purpose of estimating the quantity and 
grade of ore that can be extracted. 

The are zones are approximately 13 miles east of Holbrook 
on highway US 260. The potash occurs in relatively flat-lying 
beds of evaporite consisting of halite, sylvite, carnallite, 
anhydrite, related salts and varying amounts of clay. The 
ore zone lies from 670 to 1302 feet below the surface. A total 
of nine holes penetrated ore four feet or more in thickness 
containing 12 percent or more of K

2
0 equivalent. Six of these 

holes penetrated ore five feet or more in thickness with 
more than 12 percent of K

2
0 equivalent. 

Estimations regarding indicated ore reserves were based on 
information received from Arkla. In order to verify the work 
completed and the results obtained, McKee examined the 
property in January 1966. 

The preliminary field exploration by Arkla consisted of core 
drilling a pattern of widely-spaced vertical holes from the 
surface into the mineralized zone. The holes were as much 
as two miles apart in some cases. Vertical core samples 
were taken and sometimes additional samples were obtained 
by whip-stocking. 

~-----------------------------------------------------~-----------
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53 oia 1M sf f rr Core recovery has been in the range of 
100 percent in the ore zone. Field exploration is continuing 
on the north side of the property. Sample.s were sent to various 
laboratories for verification of field testing and chemical 
analysis. The results of the assays run by T. J. Futch, Carlsbad, 
were accepted as most accurate by industry standards. 

Ore Reserve Calculations 

The estimate of. the indicated ore reserves for this study 
is presented in three classifications: ((Proven Ore", ((Probable 
Ore", and "Possible Ore". In order to clarify these terms, 
definitions taken from {(Mineral Valuations of the Future" 
by C. K. Leith (Maple Press, York, Pennsylvania) are quoted 
here: ((Proved or assured ore is ore blocked out in three 
dimensions by actual underground mining operations, or by 
drilling, but it includes in addition minor extensions beyond 
the actual openingsand .drill holes, where the geological factors 
that limit the ore body .are definitely known and where chance 
of failure of the ore body to reach these limits is so remote 
as not to be a factor in the practical planning of mining oper
ations. 

((Frobable or semi-proven ore covers extensions near at hand, 
where the conditions are such that ore will probably be found 
but where the extent and limiting conditions cannot be so pre
cisely defined as for proved ore. Semi-proven may also mean 
ore that has been cut by scattered drill holes but too widely 
spaced to assure continuity. 

((Ore is classed as possible where the relations of the land 
to adjacent are bodies and to geological structures warrant 
some presumption that ore will be found but where lack of 
exploration and development data precludes anything like cer
tainty of its actual location or extent." 

The estimated quantity and grade of the indicated ore reserves 
were calculated from Arkla data using the following assumptions: 

~-------------------------------------------------------- ;~~-----------~ ./. 
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1) The cutoff grade of the ore is 12 percent K...?,O equiv.alent 
2) The bulk density of the are in place is 1b-cubic feet to 

the ton 

For calculation purposes, isocons of equal grade were plotted 
using thicknesses of four feet orgre.ater and five feet or greater. 
The map included .as drawing 942-1X in Appendix C shows the 
isocons based on thicknesses of 4 feet or greater. In estimating 
are boundaries beyond the areas where drilling had been done, 
the contours were projected at similar intervals beyond the 
holes at the edges of the explored areas. 

The are was ass~med to be a continuous layer between holes, 
but the grade varies. The isocon map, drill hole footage, and 
grade table are included in Appendix C . 

. A summary of estimated ore reserves follows: 

Ore bed four feet or more in thickness 

Hole Area Grade Thickness 
No. sq mi % K20 ft 

38 0.3 12.4 4 
83 .5 12.2 5 
77 .1 12.0 5 

1 .5 12.1 4 
12,32 3.2 12.3 4 to 5 

1,59,99 5.0 12.3 4 to 5 
Averages I2.3 4.3 
Totals 9.6 

Ore bed five feet or more in thickness 

38 0.1 
83 .6 
32 .2 
77 .1 
1 .3 

99 .2 
Averages 

12.4 
12.6 
12.2 
12.1 
12.2 
12.4 
I2.4 

5 
5 
5 
5 
6 
8 
5.3 

Ore Reserves 
tons 

2,091,000 
4,356,000 

871,000 
3,484,000 

24,288,000 
37,730,000 

72,820,000 

871,000 
5,227,000 
1,742,000 

871,000 
3,139,000 
2,.790,000 

~ ____ T_ot_al_S ___ 1_.4 _____________ :::J 
8 



5. MINING PLAN 

The criteria used in this evaluation are listed below: 

Design ra.te of potassium chloride 
production, tons per year 

Design grade of the product, percent 
KCI 

Design grade of the product, percent 
K 0 equivalent 

Plan1 recovery, percent of potash 
values in the ore 

Mine Extraction, (percent of potash 
values extracted from the deposit) 

Deposit density, cu ft per ton, in place 
Ore reserve, years 
Height of cut mined out 
Grade of mined ore, percent K

2
0 

equivalent 

Mining production required: 

1,000,000 

96.6 to 98.1 

61 to 62 

92 

85.7 
16 
20 
48 to 60 inches 

12.5 

(1,000,000 ton/yr) (0.62) = 5,400,000 tons ore per year 
(0.125) (0.92) 

Assuming five percent down time and contingencies, the 
average mining rate should be, say, 5, 700, 000 tons of 
ore per year 

Ore reserves required for 20 year life: 

(5,400,000) (20) = 125,000, 000 tons of ore in place 
(0. 85) 

L-_________________________________________________ ~~----------
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Assuming operation . 36 ~.-days per year, .20 shifts per week, 
the required mine production is as follows: 

tons per week 
tons per shift 
tons per day 

Shafts 

5, 700, 000 ton/51.4 weeks = 
110,850 ton/20 shifts = 

(5,540 ton) (3 shifts) = 

110,850 
5,540 

16,600 

Two shafts are recommended: both of them 19 ft inside diameter 
and adjacent to th~ plant. The exact location of the shafts would 
be deter;mined by an evaluation that would consider the economics 
of haulage over the life of the 20-year deposit. 

The production shaft will hoist ore and exhaust bad air. It 
will feature a concrete headframe. A multi-rope friction 
hoist will be mounted in the concrete penthouse tower. Hoisting 
will be done in 18 - ton skips. 

The service shaft, with a steel head frame, will transport 
men, materials and equipment, and convey fresh air. The 
doubledrum hoist will be mounted at ground level in a hoist 
house. A large cage will be used in conjunction with a counter
weight. 

Shaft pillar development will include the shaft stations and 
approximately 7000 feet of drifts for ventilation fans, stopes, 
warehouse, and electrical facilities. The storage bin and tripper
conveyor tunnel will also be near the production shaft. 

Mining Method 

Room and pillar mInIng is recommended using two low-height 
continuous borers per section. This method eliminates handling 
of explosives and their resulting fumes. It also avoids the 
danger of fracturing the back, which could then require roof 
bolting. 

The main entry system will consist of six entry units with 
cross entry units turned off and developed on approximately 
4000 feet centers. Panels will be developed off the cross entries. 

L. 

__ ~ ___________________________________________ ~~ ________ ~ 
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Each panel will be eight entry units wide and approximately 
2000 feet long. Rooms will · be developed on 90 ft centers 
and will be 28 ft wide. Primary mining extraction will be 
52.5 percent, leaving 62 by 62 ft pillars. Panels will be de
veloped on primary extraction to full depth of cut, which 
is approximately 2000 feet. Pillars will then be mined on 
retreat out of the panel, with an estimated final mining ex
traction of 85.7 percent being achieved. 

The ore is broken from the face and discharged on the ground 
behind the borer. Loaders pick up the ore and fill shuttle 
cars. The shuttle cars carry the ore to the conveyor system 
and discharge i( onto the panel conveyor belts. Each section 
should produce 500 tons per shift per machine, or 1000 tons 
for each panel or entry section using two borers. Minimum 
mining height for a continuous potash boring machine should 
be 4.5 feet. 

Haulage and storage 

The panel conveyor belts are 42 inches wide and the cross entry 
conveyor belts are 48 inches wide. Both are rope belt conveyors 
suspended from the roof and extended in increments of 180 
feet. The panel conveyor discharges onto the cross entry 
conveyor, which in turn discharges onto the main entry con
veyor. 

The main entry ~onveyor is extendable in units up to 4800 
feet. The belt discharges onto the tripper conveyor which 
spreads its discharge into an underground storage bin holding 
3000 tons. Plow feeders regulate the flow of material onto 
a reclaim belt. The reclaim belt discharges into the shait 
surge bin. In the bottom of the surge bin, volumetric skip 
loaders portion the material into the skips whenever they are 
in loading position. 

Men, supplies and repair equipment are carried in diesel
powered trucks equipped with exhaust scrubbers. Supervisors 
are furnished with battery operated jeeps. 

~----------------------------------------------------------~~~~----------~ ........ 
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Mining Cost Estimate 

Estimated mine operating costsar.e shown in Tables 7, 8, 
and 9 of Appendix B. These costsar.e based on the mine 
design criteria stated earlier in this report. The estimated 
production per man-shift for the mine is calculated at 37.0 
tons. This is based on the proposed mining schedule for 
person!lel and on an estimated face production target of 500 
tons per continuous borer shift. 

Due to the preliminary nature of the exploration work and 
consequently of .the are reserve determinations, it has been 
considered desir:able to calculate production cost estimates 
for ' two higher grades of mine-run ores. The two additional 
cost estimates are based on ore grades with 16 and 20 percent 
K ° equivalent and mining at heights of 48 to 60 inches. 
Tnese calculations illustrate the effect of mining grade upon 
production costs. The capital costs have been factored from 
the original cost estimate for a mining grade of 12.5 percent 
K

2
0 equivalent. 

The mine shafts, stations, and underground development are 
depreciated over 20-year periods. The surface plant and hoists 
are generally depreciated over 10 to 20 years, depending upon 
type and usage of equipment. For this report, an average 
figure of 15 years has been used. Underground mining equip
ment is depreciated over a 10 year period, but the direct 
operating maintenance costs include an allowance for rebuild 
funds, since major overhauls will be required during the 
ten-year depreciation period. 

Controllable indirect costs are calculated at 35 percent of the 
total of mine labor, supervision, and maintenance materials 
costs. Maintenance labor total costs of $670,000, $522,000, 
and $418,000 per year are included in the respective control
lable indirect cost for mining ore with 12.5, 16, and 20 percent 
of K 20 equivalent. Non-controllable indirect costs are cal
culated at three percent of capital investment and cover 
local taxes and insurance 0 

~------------------------------------------------------------------- ,~-----------
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6. ORE PROCESSING 

Two different processes are in use for the recovery of a 
commercial grade of potassium chloride from mined potash 
ore. The process that is generally favored is flotation, since 
it requires a smaller capital investment. The other process, 
leaching .and crystallization, hasc.ertain .advantages, and is 
a necessary alternative whenever the character of the ore is 

. such that the flotation process will not produce a good yield 
of a satisfactory product. 

Costs have been estimated for treating the ore by each of these 
processes. The costs are given in Appendix B in tables 
7 to 22 and summarized in Tables 1-A and 1-B. The presence 
of carnallite in the ore and the results of laboratory heavy
media tests indicate, however, that a suitable grade of product 
can ·not be obtained from this ore body by the flotation process. 
If the heavy-media test cannot give a satisfactory product, 
there is no hope that flotation will do it. It will be necessary, 
therefore, to treat the ore entirely by leaching and crystal
lization. (See report from T. J. Futch in Appendix A.) 

Flotation 

In preparation for flotation (See 942-SK1, Appendix C) the ore 
from the mine is crushed to a size that frees crystals of 
sylvite (potassium chloride) from the halite (sodium chloride) 
and other barren minerals. The crushed material is then 
pulped in brine and agitated or "scrubbed" to free it from 
clay. The clay is removed because it would otherwise con
sume excessive amounts of flotation reagents. The scrubbed 

----------------------------.. ;Mo.-----
' ...... ----/ 
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ore is conditioned with reagents and then fed to the flotation 
cells where the potash values are ('iloated" out in the froth 
that overflows from the cells. There are .additional steps 
that clean and concentrate the floated product, which is then 
dried and screened to produce the desired particle-size grades 
of potassium chloride product. 

Much of the product from the flotation cells is too fine and 
must be processed in a compaction unit to increase the particle 
size. 

Because considerable potash is removed with the clay slimes 
in scrubbing, it i$ necessary to leach and wash these slimes, 
then recover the potash from the leach brine in a small crystal
lization unit. The crystal product can be made in the size 
range desired. 

Leaching and Crystallizing 

When the ore is processed entirely by leaching and crystal
lization, (See 942-SK2, Appendix C) the equipment is larger 
and more expensive than the units that treat only the slimes 
from the scrubbers of the flotation process. However, no 
compaction unit is needed and the equipment can be designed 
to make the product crystals in the size ranges desired. 
Scrubbing of the ore is usually not required. 

The ore is leached in agitated tanks at an elevated temperature. 
The rich brine then flows through a series of two or more 
vacuum crystallizers that progressively cool the brine and 
crystallize out a pure grade of potassium chloride. The 
crystals are separated from the brine, then washed, dried, and 
screened. They are then ready for shipment or storage. The 
lean brine is then returned to the leach tanks to dissolve more 
potash. 

Grade of Ore 

The probable mineralogical composition of the ore from the 
Holbrook deposit has been calculated from the analyses reported 
for the composite core sample sent in for test: . 

L--__________________________ ,~ -----... 
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Mineral 

Sylvite 
Halite 
Carnallite 

Polyhalite 

Anhydrite 

Chemical formula 

KCl 
NaCl 

MgC12·KC1· 6H
2

0 

2CaS0
4 

. MgS0
4 

. K
2
S0

4 
. 

2H20 

Ca?°4 

Percent 

16.9 
69.4 

7.0 

2.3 

.6 

The remainder is miscellaneous salts and insolubles. 

The composition' indicates that the potash values will be lost 

in the tailings if the ore is processed by flotation. This is 

confirmed by the laboratory tests mentioned. Carnallite 

will decompose in the scrubbing brine, but much of the potash 

from it can be recovered in the leach-crystallization treat

ment of the scrubber slimes. This treatment requires bleeding 

the circuit to control the magnesium chloride content of the 

brine, resulting in some loss of potash. 

The following chemical analysis, representing the weighted 

average of 100 samples from representative core holes on 

the site, has been used in the evaluation of costs: 

Constituent 

Potassium (as K) 
(as K

2
0) 

Sodium (Na) 
Magnesium (Mg) 
Calcium (Ca) 
Choride (Cl) 
Sulfate (SO 4) 
Water-insolubles . 

Percent 

10.31 to 10.49 
12.42 to 12.64 
27.47 to 27.41 

.80 to .70 

.62 
53.87 to 53.59 

1.71 to 1.79 
2.77 to 2.73 

The remainder is assumed to be water and carbonates. 

--------------------------------------------------------------- ,~----------~ 
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T. J. FUTCH 
ANALYTICAL CHEMIST 

918 NORTH ALAMEDA PHONE TU l5.27!H5 AREA CODE 15015 

CARLSBAD. NEW MEXICO 

88220 

February 14, 1966 

Mr. J.R. Jensen, Manager Process 
. Arthur G. McKee & Company 

Nonferrous Metals & Minerals Division 

650 Fifth Street 
San Francisco, California ' 

Re : Potash 'Project 
McKee # 942 

Dear Mr. Jensen: 

Appendix A 

Enclosed are a report of heavy liquid separation of carnallite and sylvite 

from float fractions received from you numbered 761, 764 and 767, analyses 

of the separated portions and analysis of the -65 mesh fraction from your 

test work. 

I had hoped that a physical separation would produce a product of above 

60 % K20 grade, but apparently the sylvite-halite middlings coupled with 

the sylvite-carnallite middlings of a density greater than 1.85 prevent 

this. Leaching, of course, would solve the problem in a plant process 

and would leave only the recovery of K from the carnallite to consider. 

I want to again thank you for this work and I hope that .I may be of some 

help to you in the future. 

Sincerely, . 
/J 



Appendix A 

February 14, 1966 

Arthur G. McKee & Company 

Potash Project - McKee #942. 

Heavy liquid separation of carnallite and sylvite from float fractions 

numbered 761, 764 and 767. 

Density of liquid - ~85 

Weieht of fractions separated -

761 F ... 14 Mesh Float 6.9 gms 

761 S ~lh Mesh Sink 22~3 gms 

764 F -14+28 Mesh Float 709 . gms 

764 s -14+28 Mesh Sink 29.6 gms 

767 F -28+65 Mesh Float 1401 gms 

767 s -28+65 Mesh Sink 42~4 grus 

Analyses of the above s&~ples are shown on a separate sheet under the 

same identifying numbers. 

Calcu1utions show a small amount of carnallite, anhydrite and from 2 % 

to almost 13 % halite in the sink fractions where it was expected that 

60 % 120 grade mi~ht be achieved. The float fractions calculate about 

90 % carnallite, 4 % to 5 % sylvite and 1 % to 4 % halite, except fOT 

No. 767 F shovdng about 27 % sylvite and 72 % carnallite. 

The sink: portiilln at -28+65 mesh (767S), where one would certainly expect 

to make grade, shows by calculation the follo-#ing minerals and approximate 

percentages : 
Sylvite 9294 
Carnallite 4.a) 

Halite 2.1 

A..Ylhydrite 0.4 
Clay OQ6 



16lF 
7615 

764F 
7648 

767F 
767S 

Febrllary Jl~, 1966 

Arthur G. McKee & Company 

Samples - Fractions separated by heavy liquid, at density 1.85, frorl float portions of te.t saJlp1es 

numbered 161, 164 and 161 under Potash Proj ect-hicKee #942. 

Portions for analysis dried at 60oc. Figures in percentage by weight. 

STATEIJENT OF ANALYSIS 

Sample No. H20 Insol§ Ca Mg K Na Cl 8°4 K as K20 
(Calc. ) 

+14 Mesh Float 0~71 0.09 8.05 14.94 1058 39~h7 0021 13000 

+l4 Mesh Sink 1.74 0.21 0.60 41.93 5004 47Ji48 0.60 50051 

-14 ... 28 Mesh Float 0\li45 0011 8010 15.92 00 46 38.77 00 25 19.18 

-14+28 Mesh Sink 1 .. 24 0,,23 0025 47024 20 40 47 ~3J~ 00 46 56.91 

-23+6.5 Mesh Float OD)7 0 .. 11 6.42 24p.35 00 22 041.16 00 25 29~33 

-23...65 Mesh Sink 00 58 0.15 0.40 491107 00 31 46~99 00 27 59.11 

~
;O' 

~>l~o 
,A " df;ti 

• ~ Futch ,:,:o° Analyst 

~ 
'0 
'0 
ro 
::::J 
0.. 

X 

~ 



February 14, 1966 

Arthur Go McKee &1 Company \ 

Sample - Shipment by air parcel post 2-8-660 Potash project ~ McKee #942. Sink-float fraction of 
potash ore numbered as shown below. 

Sarllple No. 

769 -65 Mesh 

Portion for analysis dried at 600 C.Figures in percentage by weight. 

H20 rnsol. Ca 

3.87 0 0 14 

STATEMENT OF ANALYSIS 

Mg K 

0 0 99 11027 

Na 
(Cal:!~ ) 

25041 

C1 S04 

52D19 1090 

K as K20 

13.,58 

??f-L 
tch ~ .Apa1~~ 

J> 
'D 
'D 
(i) 

::s 
0-
r-'. 

x 
. J> 

~ 

.... 
! 
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APPENDIXB 

LIST OF TABLES 

Table 
No. Cost Estimates and Summaries 

I " A Capital and Operating Cost Summary (Flotation 

Process) 
1 B Capital and Operating Cost Summary (Leach-

Crystallization Process) 

2 Data for Profit Analysis 
3 Utilities, Capital Cost Estimate 

4 Non-process Facilities, Capital Cost Estimate 

5 Laboratory Ope rating Costs 

6 Working Capital Estimate 

7 
8 
9 

10 
11 
12 
13 

14 

15 

16 

Production Cost Estimates 

Mine, Ore Grade 12.50/0 K20 
Mine, Ore Grade 16.0% K20 
Mine, Ore Grade 20.070 K 0 
Feed Preparation, 12.5% k20 
Feed Preparation, 16.0% K20 
Feed Preparation, 20.0% K20 
Flotation Refining of Potash Ore (12.5% K20), 

Flotation Section 
Flotation Refining of Potash Ore (16.0% K20), 

Flotation Section 
Flotation " Refining of Potash Ore (20.0% K2

0), 

Flotation Section 
Flotation Refining of Potash Ore, Leach-Crystal

lizing Se ction 

~---------------------------------------------------~~----------~ 



/' 

17 

18 

19 

20 
21 
22 

23 

Refining by Leaching, Crystallization (12.5% K20), 

(No Flotation Unit) 
Refining by Leaching, Crystallization (16.0% K20), 

(No Flotation Unit) 
Refining by Leaching, Crystallization (20.00k K2

0), 

(No Flotation Unit) 
Compaction Section 
Drying Section 
Screening, storage, and Loading 

Ore Dep·osit Survey 

Drill Hole Data 

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



TABLE 3 

UTILITIES 

CAPITAL COST ESTIIvlATE 

Electric power distribution 
Water supply system 

Four wells and pumps, 750 ft 
deep, 600 gpm each 

Pipeline, 1 mile of 16-inch 
Reservoir tank, 150,000 gal 
Distribution, etc. 
Potable water 

Fire protection system 
Sanitary system . 
Steam plant 

$100,000 
75,000 
16,000 
84,000 
25,000 

Compressed air (instrument, plant) 
Tailings dispos al 

Pipeline, 16-inch 
Starter dam 

Fuel oil and gas distribution 
Cooling tower 

Total 

$ 75,000 
25,000 

( .Appendix B) 

Capital Cost 

$ 300,000 

300,000 

50,000 
30,000 

350,000 
75,000 

100,000 
30,000 

125,000 

1,360,000 

--------------------------------------------------- :~--------~ 



( Appendix B ) 

TABLE 4 

NON - PROCESS FACILITIES 

CAPITAL COST ESTIMATE 

Capital Cost 

Office, including furnishings $ 150,000 

Laboratory, including equipment 75,000 

Process plant change house, including 
furnishings 35,000 

Warehouse, including racks, bins, etc. 50,000 

Shop, including equipment 200,000 

Plant garage 30,000 

Foreman's office 25,000 

Gatehouse, fences, etc. 10,000 

Plant roads, including site access road 

and site preparation 50,000 

Plant rail system, including switcher, 
car movers, track scale, etc. 100,000 

Plant spur (equivalent to 15 miles of 
straight track, no bridges) 750,000 

Automotive equipment, trucks, fork trucks, 

etc. 75,000 

Total Non-Process $ 1,550,000 

Note: Underground mine warehouse, shop, and foreman's 

office is included in mine capital cost. (Tables 7 to 9) 

---------------------------.~~~ ------
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(Appendix B) 

TABLE 5 

LABORATORY OPERATING COSTS* 

Flotation Process Leach-Crystallization Process 

Ore Analysis, % K20 12.5 16.0 20.0 12.5 16.0 20.0 

Mine 32 25 20 32 25 20 
Flotation 30 30 30 
Leach-C rystallize 30 30 30 60 60 60 
Compaction 3 3 3 
Drying 5 5 5 5 5 5 
Screen, store, load 60 60 60 60 60 60 

Total 160 153 148 157 150 145 

Note: These costs are sufficient for plant control and for testing in con
nection with mine exploration .and development. They have been assigned 
to the various mine and plant sections on the basis of experience with 
this type of plant. The .costs would not be .adequate for research, except 
that associated with minor plant improvements. The laboratory operates 
24 hours per day and uses a total of 14 employees. 

*Thousands of dollars per year 



Surface 
Elevation 
eft above 

Hole No. sea level) 
NMA 1 5502. 5 
NMA 5 5521. 4 
NMA 7 5391. 0 
NMA 11 5516.4 
NMA 12 5372.2 
NMA 17 5444. 5 
NMA 26 5394. 9 
NMA 27 5681. 3 
NMA 36 5450. 6 
NMA 37 __ 5279. 0 
NMA 38 5551. 8 
NMA 39 5365.8 
NMA 51 5377. 5 
NMA 68 5354. 1 
NMA 77 5253. 0 
NMA 88 5425. 8 

(STATE) 
STATE 1 5443. 1 
STATE 3 5316. 5 
STATE 7 5282. 5 
STATE 14 5336. 4 
STATE ~. 5393. 9 
(NMA) 
STATE 56 5397. 9 
STATE 59 5329. 4 
STATE 64 5210.0 
STATE 83 5399. 7 
STATE 99 5294. 6 

OCC. 1 5319. 5 
OC·C. 2 

~ 
5308. 2 

r - ! ~:'r '?I 
.':-- : <.. - ,-'"< 

.-;. 

r; ~ 
C" · ...; 

r 'j !~. t- 10 

J '-:. Note: KCl = ./ 

..... , ;..-; 
7..0 

7 <-
-....-1 
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TABLE 23 
ORE DEPOSIT SURVEY 

DRILL HOLE DATA 

Hole 
Depth Bottom Ore Bed 
of Hole Elevation Thickness 

ft ft ft --
1274 4228. 5 4 

995 4396. 0 4 
1131 4385. 4 4 

989 4383. 2 4 
1124 4320. 5 4 

900 4294. 9 4 
1259 4422. 3 5 
1163 4287.6 5 

792 4487. 0 4 
1302 4249. 8 4 
1056. 8 4209. 0 4. 5 

974 4303. 5 4 
888 4466. 1 4 
709 4544. 0 5 

1031 4394. 8 5 

975 4468. 1 4 
892. 5 4423. 0 4 
911. 5 4371. 0 4 

1018.5 4317. 9 4 
975 4218. 9 4 

1139 4258. 9 5 
103 O. 5 4298. 9 4 

670 4540. 0 
1040 4359. 7 4 

927 4367.6 4 
934. 2 4385. 3 4 
858 4450. 2 4 

1. 5830 times K2O. 

(Appendix B) 
Table 23 

Ore Grade 
% K20 

12. 3 
Nil 

7. 3 
6. 74 

13.7 
5. 4 

11. 25 
4 Approx. 
8. 33 

10.73 
14.50 
~ 

7. 05 
9. 61 
5. 18 

12. 13 
8.94 

14.74 
9. 15 
4. 84 

11. 05 
14.59 

11. 13 
12. 15 
Nil 

13. 09 
14. 00 

2. 37 
8. 49 



Drawing 
Number 

942-SKI 
942-SK2 

942-1X 

APPENDIX C 

DRAWINGS 

Title 

Process Flow Diagram - Flotation 
Process Flow Diagram Leaching 

and Crystallization 
Isocon - Percent K20 

L.. 
___________________________________________________ ,~~----------~ ..... -;.-



ORB PRODUCTION 

5,400,-000 ton/yr with 12. 5% K20 

.4,210,000 ton/yr with 160;0 K 20 

3,370,000 ton/yr with 20% K20 

1 Compaction · 1 

Mining 

Crushing & 
Storage 

Desliming 

Flotation 

. Drying 

Storage & 
Loading 

1,000,000 T/yr · 
KCl 

Product 

1 
Leaching I 

I 
+ 

IcrystallizatiOn I 
I 

FLOT A TION PROCESS 

(Appendix C) 

I Uti lities 

I Non -Process I 

To tailings 

WESTERN KNAPP ENGINEERING CO., SAN FRANCISCO. CAUFORNIA DIVISION OF ARTHUR G. McKEE & Co. 

DESCRIPTION ID~W~ CK'D I DATI!:! SCALE: 
SKETCH NO. REV . 

I I I DRAWN: 
Process Flow Diagram 

I I I CK'C: lr<?30,~OOlton/~ P8tash Plant 942 -SKI 
I I I ........ a xp orat on ompany 



I 
I 
I 
I 

. . 

ORE PRODUCTION 

5, 400, 000 ton/yr with 12.5=70 K20 

4, 210, 000 ton /yr with 16 =70 K2 0 

3,370, ODD. tbn/yr'with 20=70 '. K2 0 

Mining 

Crushing & 
Storage 

. 

Leaching 

, Crystallization 

Drying 

Storage & 
Loading 

1, 000, 000 T /yr 
KCl 

Product 

I 
1 

(Appendix C) 

I 
Utilities 

I 
Non- Process I 

To tailings 

LEACHING AND CRYSTALLIZATION PROCESS 

WESTERN KNAPP ENGINEERING CO SAN FRANCISCO CALIFORNIA 
0' 

CIVISION OF ARTHUR G. McKn: S. Co. 

DESCRIPTION DRAWN CK'D I PATr: I SCALE: Process Flow Diagram SKETCH NO. REV. 

I I DRAWN: 

I I CKOC: 1,000, 000 ton/yr Potash Plant 
942-SK2 

I I.t.pp, Ar~la Explqr~tlon Company 
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~State Leased 

U.S. Open 
o Probable dri I Isite location 

Cutoff if restricted to ± 10,000 ac. 
( U.S. Leased 
I Fee Land 
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