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: 1. AUTHORITY - | | 

This contract is entered into by and between the State of Wisconsin 
Department of Natural Resources, Box 7/921, Madison, Wisconsin 53707 

° (hereinafter called “the Department") and Dr. Andres A. Trevino, 5118 ° 
Sherecod Road, Madison, WI 53711 (hereinafter called “the 
Consultant"), under the authority of Section 23.40(5), subject to the 
requirements of Section 16.87(2), Wisconsin Statutes. : ; 

II. PURPOSE . 

The purpose of this contract 1s to have the Consultant provide the 
Department with technical assistance in reviewing and verifying data 
concerning the potential for utilization of waste materials from a 
Zinc-copper-lead mine and mill proposed by Exxon Corporation 
(hereinafter referred to as “Exxon") near Crandon, Wisconsin. This 
information will be utilized in the environmental and regulatory 
reviews of Exxon's submittals and in preparing draft (DEIS) and final 
(FEIS) Environmental Impact Statements, mine permits, and mine waste 
disposal facility (MWDF) approvals for the proposed Crandon mine 
project. 

III. SCOPE OF WORK 

A. The Consultant shall perform for the Department in connection with © 
its environmental impact analysis and regulatory reviews of the 
Zinc-copper-lead mine proposed by Exxon (hereinafter referred to as 
“the project") the following services. 

1. Project Familiarity: The Consultant shall become familiar with 
the general aspects of the proposed project through discussions 
with Department staff and through reading of project related 
documents which will be made available by Department staff. 

2. The Consultant shall review and evaluate the Following 

documents which Exxon and its Consultants prepared to document 
the reuse, sale, recovery, and processing of mining wastes 
resulting from the Exxon mining project. (These documents were 
prepared to comply with section NR 182.08(2)(b)3g and 
NR 182.11(2)(f), Wisconsin Administrative Code. ) : 

a. Pyrite Processing Market Studies Final Report, Commodities “ 
Research Unit, Ltd., dated November 1979. 

b. Transportation Rate Estimates for Davy McKee Project 2489 5 
Exxon Minerals Co. USA, Jones Bardelmeier and Co., Ltd., 
dated September, 1979. 

c. Crandon Project Pyrite Processing Study - Summary, Davy | 
McKee, dated June, 1981. 

d. Crandon Project Pyrite Processing Study - Phase I, Davy 

McKee, dated November, 1979.
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e 3s 
e. Crandon Project Pyrite Processing Study - Phase II, Davy 

McKee, dated June, 198]. 

. Ff. Crandon Project Pyrite Processing Study - Appendix, Davy 
McKee, dated March, 1980. 

g. Miscellaneous narrative and data supplied by Exxon in its 
Environmental Impact Report, mine plan, and MWDF 
feasibility study and assorted responses to Department 
letters regarding quality and reuse of saltcake derived 
from water treatment proposed for the Crandon mine and mill. 

3. Utilizing the information contained in the documents listed in 
item ITI.A.2 a-f, the Consultant shall evaluate and address the 
following specific topics concerning pyrite processing: 

a. Adequacy, completeness and accuracy of data sources and 
calculations performed to support the conclusions reached 
by Davy McKee. 

b. Adequacy and completeness of the survey of available 
technologies which Davy McKee evaluated for potential 
application to the Project. 

© c. Adequacy and correctness of conclusions reached by Davy 

McKee regarding potential for reuse and processing of the 
pyritic fraction of the mine tailings waste. 

d. Adequacy of the conclusions of the Davy McKee studies when 
compared to updated data available since the studies were 
completed. (Study conclusions were reached during the 
period of 1979-1980). 

e. Adequacy of definition of study area, distribution network, 
transportation modes, and product handleability as these 
factors relate to waste marketability. 

f. Effects on pyrite and byproduct marketability caused by 
mine production variations and decisions to utilize total 
production of mill tailings in byproduct production. 

- g. Range of capital costs for construction of facilities to 
accomplish the various pyrite reprocessing alternatives. 
Costs are to be addressed on a feasibility study level. 

" 4. Utilizing the information contained in documents referred to ° 

under III.A.2.g above, the Consultant shall evaluate and 
address the following topics concerning saltcake: , 

a. Adequacy and completeness of evaluation of the suitability 
@ for reuse of saltcake in commercial processes.
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b. Availability and description of existing markets for . 
| saltcake. 

/ 

c. Environmental effects and necessary processing or - 
containerization required for land disposal of saltcake. 

5. The Consultant shall evaluate and recommend, as necessary, 
additional studies on pyrite processing or reuse, pyrite 

° byproduct production, and saltcake disposition. . 

6. The Consultant shall review and evaluate additional studies 
performed by Exxon or the Department in response to 
recommendations under the Scope of Work item, III.A.5 above and 
shall provide the Department with a written summary, acceptable 
to the Department, of this review. 

7. ‘The Consultant shall perform literature surveys and prepare 
written summaries of the state of engineering knowledge and 
engineering research on pyrite reprocessing ard its potential 
applications to the waste generated by the project. Specific 
evaluations shall be made of their potential commercial } 
application within the project life of the project. This shall 
include the reproduction or acquisition of key technical 
publications which support the written summaries which shal] 
become the property of the Department. 7 

Section III. A. 7. iS hereby amended to specificaily include tne following 

gocument as one ot the Key technical pubiications in the iiterature survey: 

"Aiternative Solutions for Pyrite Mine-Waste Problems: Suifur Markets, - 

vvg Control in Pyrite Processing, and the Use of Fly Ash in Treating 

and Isolating Mine Waste", by John Strasma, et ai., January 8, 1981. 

Section III. A. 3 is hereby amended to add a new paragraph: . 

h. Potential magnitutde of environmentai emissions resulting from the 

processing of the pyritic fraction of the mine tailings waste. 

i



@ 1. EXECUTIVE SUMMARY , 

: 1.1 Pyrite Processing. 

Exxon Mineral Company's planned mill operations at Crandon are 

: expected to generate 1,094,000 T/A of pyrite tailings. An 

/ impoundment area 1S proposed to dispose off the 267,000 T/A 

of fine fraction in these tailings. The remaining coarse fraction 

can be used as mine fill. Impounded pyrites, however, generate 

an acid leachate that could contaminate the groundwater. As an 

alternative to impoundment, further processing of the pyrites to 

marketable products is suggested. Potential products include 

sulfur, sulfuric acid, phosphoric acid, diammonium phosphate 

fertilizer, iron pellets and several nonferrous metals. 

e This review assesses the adequacy of the feasibility study 

conducted to evaluate the pyrite processing alternatives available 

to Exxon. The study is contained in six reports prepared by 

Exxon's consultants Davy McKee, Commodities Research Unit and 

Jones, Bardelmeier and Co. The assessment aims at establishing 

the conformation of these reports to industrial practice. For 

each report, a careful analysis of data sources, calculations, 

methodology, technology survey, site considerations and conclusions 

- was conducted. Since the reports were finished in the period 

1979-1981, the potential effect of updated information on the 

conclusions was estimated. An extensive literature survey was | 

completed to detect relevant technology innovations. 

®
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The reviewer's conclusion is that the reports are professional @ 

and conform to feasibility studies used in industry. Minor errors 

and omissions detected in the reports do not affect the final 

conclusions. The study's more important flaw is the lack of “ 

justification for the elimination of Crandon as a potential 

processing center. Transporting pyrite to Green Bay adds $3 

million to the operating cost of processing fine tailings and 

$13 million to the cost of processing also the coarse fraction. a 

McKee's final conclusion is that the processing center is 

uneconomical at the time of the analysis. Their recommendation, 

therefore, is to impound the fine fraction and use the coarse 

fraction as mine fill. The conclusion is supported by the study 

results presented in the reports. Based on available current 

information on markets and technology it is the reviwer's belief @ 

that an updated study would not modify McKee's final conclusion. 

1.2 Sait Cake. 

The proposed water treatment system at Crandon will produce some 

4620 T/A of salt cake (sodium sulfate). A review of the market 

potential for this byproduct, its suitability for kraft pulping 

use and its potential environmental impact if impounded is | . 

included in this review. This section of the review is, however 

independent from the pvrite processing sections. " 

Sodium sulfate's main uses are in the kraft pulping (44%) and 

the detergent industries (44%). The kraft pulping use has been @
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®@ decreasing as stricter environmental regulations force pulp | 

7 manufacturers to recover their waste sulfur and sodium values. 

This trend is expected to continue in the future. US sodium 

” sulfate imports from Canada are estimated to reach 220,000 T in 

1984. Exxon should not have any problem allocating its small 

production of sodium sulfate if willing to sell at Canadian 

price levels (2/3 of US price). This alternative is subject to 

acceptance of the technical specifications of Exxon's product by 

the kraft pulp manufacturers. Household lauudry detergents can 

contain up to 75% of sodium sulfate. This use is expected to 

grow moderately in the future. This market would also be open 

to Exxon's sodium sulfate if it can meet the required specifications. 

There is no information available to determine the final 

@ technical specifications of Exxon's sodium sulfate. If the 

resulting product is unacceptable to either kraft pulp or 

detergent manufacturers Exxon would have to dispose off this 

byproduct. 

Sodium sulfate's main environmental threat is its high solubility. 

Leachate carrying the dissolved sulfates would find its way to 

groundwater. Rough estimates indicate that at the conditions 

. present at Crandon the impounded salt cake could disappear in 

as. little as a century. No information on salt cake impoundments 

° is available in the technical references. It is the opinion 

of consulted experts that Exxon would have to provide a lined 

pond to keep water away from the impounded salt cake. 

®
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2. INTRODUCTION e 

' Exxon Mineral Company's (Exxon) expects to obtain 1,094,000 

T/A of pyrite tailings as a by product of their mill operations 

at Crandon. The original plan called for impoundment of the ; 

fine fraction of these tailings, amounting to 267,000 T/A, 

while the remaining 827,009 T/A of coarse fraction is returned . 

to the mine as mine fill. The impounded pyrites, however 

present an environmental nuisance as their leachate contains 

sulfuric acid that would find its way to contaminate groundwater. 

The DNR requested alternative forms to process the vvrite tailings 

to avoid or ameliorate their environmental impact. Exxon hired 

the engineering consulting firm Davy McKee to conduct the 

studies. McKee specializes in engineering plant design, 

construction, procurement, commissioning, etc. and acts as © 

licensing agent for several chemical process technologies. 

They have wide experience in the fertilizer industry. Since 

McKee does not conduct market studies, they subcontracted 

Commodity Research Unit, firm dedicated to market analysis, 

and Jones, Bardelmeier and Co., a worldwide freight specialist 

firm to establish the product markets, raw material availability 

and transportation modes and costs for both products and raw 

materials. 

The results of the study are presented in six reports: . 

- Market Study (by Commodities Research Unit) 

e
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* ‘(Transportation Rate Estimates (by Jones, 
Bardelmeier and Co.) 

- Summary Report (by Davy McKee) 
. * Phase I Report (by Davy McKee) 

- Phase II Report (by Davy McKee) 
e Appendix Report (by Davy McKee) 

The adequacy of these reports is analyzed in this review. The 

review is based exclusively on the information contained on 

the six reports. In a few cases, estimates based on their 

information were used to strengthen my conclusions. These 

cases are properly identified in this review. For each report, a 

careful analysis of the following factors was conducted when applicable. 

a. Data sources and calculations. 
b. Adequacy of technology survey. 
c. Adequacy of conclusions. 
d. Effect of current conditions on the conclusions. 
e. Study area, distribution network, transportation mode and product 

handleability. 
f. Effect of mine production variations and use of total tailings. 
g. Range of capital costs. 

Section 3 summarizes the pyrite processing project. Section 4 presents 

the individual report reviews. The technology review offered 

by McKee in the Phase I Report was extended by means of a 

* computerized literature search, as well as physical searches 

in the University of Wisconsin-Madison Libraries. Section 5 

" Summarizes the extended technology review. Section 6 presents 

rough quantitative estimates of the environmental emissions generated by 

e the proposed pyrite processing facilities. Section 7 summarizes 

my conclusions on the reports and their recommendations. !
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' Section g is a review of the disposal problem posed by sodium 

sulfate generated at the mill's water treatment unit. This 

is a separate evaluation not related to the other sections . 

in this report. Limited telephone interviews were conducted 

for this section. The purpose is to establish the potential - 

markets for sodium sulfate, the suitability of Exxon's salt 

cake for kraft pulping purposes and the environmental 

implications of its impoundment. 

@ 

©



e 3. PROJECT SUMMARY 7 

- Pyrites can be roasted to produce either elemental sulfur (S) 

or sulfur dioxide (SO). Although most sulfur is oxidized 

. to SO5, the roast-to-sulfur alternative must be viewed as a 

source of sulfur to be sold as such. The two step process 

- of pyrite roasting to S and S oxidation to SO» is bound to 

be more expensive than the one step process in which pyrite 

is roasted directly to SO». The alternate processing "trains" 

for Exxon's pyrites are shown schematically in Figure 3.1. 

The by-product of both pyrite roasting vrocesses is called 

"cinders", and it contains mostly iron minerals, but also 

non-ferrous metals: copper, lead, zinc, and some gold and 

Silver. These cinders could be impounded (wasted), but would . 

© pose an environmental problem as their leachate is acid [22]. 

Alternatively, the iron can be separated and pelletized and 

sold to steel manufacturers, and the remaining non-ferrous 

metals recovered and sold to appropriate metal refiners. 

The environmental problem would thus be greatly diminished. 

Should the pyrite roasting to SO> route be followed, the 

resulting SO 7 could be liquified and sold to manufacturers 

of sodium bisulfate or paper, or to sucarbeet refiners. These 

. markets are too small compared to the roasting unit's output, 

. and it is necessary to further process the SO» to sulfuric 

acid. Sulfuric acid is the largest volume chemical being 

manufactured in the world and could be sold to many markets. 

®@ The main use, however, is to produce phosphoric acid for



| | 

| 
| 

| 

| | 

| 

Figure 3.] ; 

PYNITE PROCESSING ALTERNATIVES 

| 

| 

‘ 

oe | < 
est Roast 

YN Elemental 
| 6 Sulfur 

[cinaers 
| 

Handling rs Iron Pellets 
| Fines Only of Separate Iron | Separate Cu 
| or Concentrate | and non-ferrous Pb 
| All Tailings Pelletize Metals 7 Zn 
| 

Au 

= | , Ag 
| Cinders 

| 8 ' | 

%, | | | 
3%, "| | | | 

! : eS Roast Sulfuric Phosphoric . : 
| ° Sulfur Acid Sulfuric j iAcsa | Phosphoric nap DAP 

! pores’ Plant . Acid Plant. | Acid ; Plant 

| ; __ T tT 
| | Liquify Liquid SO Phosphoric Ammonia 

| . Rock . 
. 

! ° Any of the products after roasting can 
| be sold without further processing. Source: Figure 2, Chapter 4, Phase I Report, Section 4.2, 

| Phase I Report. . 

| 

| , co 
: , 

| 

| 

iz area fF ree ere a teaten tee Pit anes Pon eA Une ias sify ne cen eks SST SAAN BAT RA ME PSS UE EON te St Se Tap eM Scant eet he net oh eRe Sy Seay ho | eee 

| |



| 9 

fertilizers, and the addition of a phosphoric acid plant 

e _ to the processing train would increase the value added of 

the final product. A phosphoric acid plant requires phosphate 

rock that must be hauled from Florida or the western states 

region. By-product gypsum is manufactured in very large 

_ amounts, markets for this gypsum must be found or else its 

disposal might be a problem. Phosphoric acid can he further 

processed to manufacture diammonium phosphate (DAP). DAP is 

avery popular fertilizer widely used in the corn belt area. 

No further chemical processing is possible and DAP would be 

the highest value added product resulting from the pyrite 

| processing train. Figure 3.2 oresents the raw material require- 

ments and by-product production for each processing step. Figure 

3.3 shows the overall material balance for the alternative of 

od processing pyrite fines to elemental sulfur and Figure 3.4 

presents the corresponding balance when the pyrite fines are 

| processed to DAP fertilizer. The necessary adjustments to 

take into account the processing of all the pyrite tailings 

(slimes and coarse) can be readily made using the material 

balances shown in Figure 3.2. All the annual production figures 

assume 350 operating days per year. 

" To take advantage of the lower costs of larger production units, 

(i.e., economies of scale), Exxon studied the alternative of 

processing additional 320,000 T/A of sulfuric acid generated 

by a zinc refinery. The additional acid calls for larger 

@ phosphoric acid and DAP units, and therefore, larger requirements



. Figure 3.2 
| wy 

| Simplified Individual Process Material Balances 

Pyrite 2.0 T ——_——5 | [es 1T of 8 

[ly Cinders * 

Pyrite 1.0 T ——_—_—4 —-» iTof SO, 

0.6’ T of Cinders 

| Cinders 1.24 T ——_——- : 1 T of Iron Pellets 
| (65.2% Fe) 

| 0.0016 Cu 

: , 0.0089 Zn 3 | 
: | 0.0011 x1073Au | 

| 0.0244 x1077Au | 
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* Not Estimated | 
: Source: McKee's estimates, Phase I and Phase II Reports. (A published 
| reference is available in McKee's Appendix Report, pg. 113). 

t~



Figure 3.2 (Continued) : . 

S0, 0.67 T —————_5 | |— 1 T of H,S0, 

H,80, 1.51 T ———____ 
(1004) : - 

| Phosphoric Rock 1.70 -? —— 1T of H3P0, (54%) 
| 32 
| | 5.03 T of Gypsum By~Product 

Ammonia 0.222 T —_—_—> [> 1 T of DAP (18-46-0) 

HPO) 0.845 

(54%) 

| Source: McKee's Estimates, Phase I and II Reports. See also | 
| C11) p 13, (5) p 134, (10) p 301,302,305 for 
: sulfuric acid, [5] p 246-250, (10) p 252-254 for 

: phosphoric acid and [5] p 255-257, [10]: p 255 for DAP. 
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: Figure 3.3 | 

: Overall Pyrite Processing Material Balance : Roast to 5S . 
(1000 T/A) 
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Source: McKee'ls estimates, Phase I and Phase II Reports (See Figure 3.2) 

y 
t 

ho



@ Figure 2d, @ 

Overall Pyrite Processing Material Balance : Roast to S05 

(1000 T/A) : 

| Phosphoric Rock . 

490 Ammonia 
69 

Sulfuric Phosphoric | y pg | 

Pyrite Fines Roast 80: Acid H5S0 Acid 3° 4 DAP DAP 

("Slimes") 267 Plant 400 Plant 0 Plant 313 

267 ) 

Cinders Gypsum 
1330 

| L180 | 

| | Iron Separation Iron Pellets | 

| and 180 | 

| Pelletization | 

Non Ferrous Metals: 
Cu 0.290 | 

| Pb 0.265 
. Zn 1.600 3 

Gypsum . Au 0.2 x 10_3 

3 | Ag 4.4 x 10 ~ | 

: Source: McKee's Estimates, Phase I and Phase II Reports (see Figure 3.2). 
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of phosphoric rock and ammonia. Although the zinc refinery 

_ is not expected to be available, the additional acid can @ 

be purchased from various sources and thus the evaluated 

alternative sheds light on the effect of economies of 

scale on the pyrite vrocessing project. Table 3.1 summarizes , 

all the production alternatives for Exxon's pyrite processing 

center studied by McKee. Table 3.2 presents the capital " 

investment requirements for each case in 19890 dollars. 

@ 

®



Table 3.1 | 

PRODUCTION ALTERNATIVES | 
(1000 T/A) 

No H9SOq from Zn Refinery 320,000 T of HoSO, from 4n Refinery 

Products: Only Slimes | All Tailings Only Slimes All Tailings Jo. 

S 1344 547b 134a 5475 
SO | 2674 1094b 2674 10945 
H>f04 (1003) 4004,d 1694) +c 7294rc 2014b-¢ 

| HPO, (548%) | 264d ,e 1115¢e 4goarc 1343P7¢ 
DAP 313d 13224 5624,C 1572b,c 
Iron Pellets 1804,d 718b,d 1804 718) 

Cu | | 0.2909 1.8702 0.2909 1.870) 
Pb 0.2659 1.050) 0.2659 1.050 
Zn 1.6009 3.740 1.6009 | 3.740 

~39 ~3h 39 ~3h 
Au 0.2x10 0.84x10 34 Q.2x1l0 °- 0.84x10 h 

Ag 4.410739 18. xl07 4.4x10° 39 18. x1l073 

Raw Materials: : | 

Phosphoric Rock (32%) 4502 18874 g19a,c 226g8P7¢ 
Ammonia | 70d 288d 125a,c 359b,c 

tr 

Wm
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| 
Table 3.1. 

| . (cont. ) 

| (a) Summary Report, Pg. 1-2 and 2-7, "base case". | 

| (b) Summary Report, pg. 2-8, alternate case. 

| (c) 320,000 Tons of H5S0, are bought from the hypothetical 2n refinery 

; or any other outside source, affecting all downstream processes. 

| (d) Phase II, pg. 3-3. 

| (e) H3P04 reported as 109% P7205 in source, 54% in this table. 

(f) Reported figure is 1,100,000 T/A for Only Slimes case and 6,000,000 T/A 

| for All Tailings case, but these figures are inconsistent with their 

calculations for the added sulfuric acid cases. Actual gypsum production 
| should be around 9.17 T/T of 100% H3P0O,, or 5.03 T/T of 54% H3P0,4 

| This error does not affect the outcome of the economic assessment 

7 since gypsum is assumed to be impounded. The effect on the cost 
impoundment facilities is small enough to he neqlected at this level 

: of analysis. | | 

| (g) Phase II, Section 5, Figure 6. 

| (h) Phase II, Section 5, Figure 7. 

| 
| 

, aan 
| 

oN



| fable. 3.2 a, 

BASIC ALTERNATIVES: | 

| INVESTMENT REQUIREMENTS * 

($ Million) . 

Process/End Product NO HjS0, from Zn Refinery 320,000 T of HjSO, from 2n Ref 

Tony slimes All Tailings | only Slimes All Tailings| 
Pyrites to Sulfur — 58 f,k 170 g,k | 58 f,k 170 g,k. 

% 1) 1 to a 
‘g Liquid SO, 565 | 161 | 54°. 1640.0 | 
O | 7 

| A " ] 

4 H2S0,4 g4a+b;h 250?°h g4a>b,n 250°7h 

f | 
Ss} A # FF # 

Y) H3P04 n.Ge NeAe NeA@e, - nea... 

: 0 - . 
oa . \ 

: uw . $ ° ° 

| aa . : ; 

My : . 

# Included in DAP. 

| 7 al All figures include recovery of iron pellets and non-ferrous metals. Off-sites 
cost included, but no working capital. All costs are in 1980, first quarter dollars. 
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Table 3.2 (Cont.) 

| (a) Phase II, pg. 3-5. 

(b) Phase II, Figures 6 & 7 of Chapter 3. 

| (c) Phase II, Figures 8 & 9 of Chapter 3. 

(d) Phase II, Figures 10 & 11 of Chapter 3. 

! (e) By adding the individual plant investments together the resulting total 

| investment is $392 million, McKee rounded it up to $400 million in 

| Figures 10 & 11 (Chapter 3). | 

(f) Phase II pg. 4-20 and 4-21. 

. (g) Phase II, pg. 4-22 and 4-23. 

| (h) Phase II, Fiqures 39 & 40, Chapter 5. 

(i) Phase II, Figures 41 & 42, Chapter 5. | | | 

(j) Phase II, Figures 43, 44, Chapter 5. 

| (k) Phase II, Figures 45, 46 Chapter 5. 

! (1) Estimate based on Figure 5 of Chapter 3 (Phase II Report), leaving out the 

| sulfuric acid plant and adding liquefaction facilities. 

t 

© © ae ©
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@ 4. INDIVIDUAL REPORT REVIEWS | 

4.1 Pyrite Processing Market Studies Final Peport, Nov., 1979 

- Data Sources and Calculations (Contract TIII.A.3.a.) 

. It is considered by the preparing company as a "preliminary" 

evaluation, implying extensive use of published and unpublished 

data and industry contacts, but limited field interviews. 

All referenced public data sources are reliable and adequate 

(e.g. U.S. Bureau of Mines, U.S. Dept. of Agriculture, United 

Nations Statistics, United Kingdom Iron and Steel Statistics 

Bureau, Eissen und Stahl, American Iron Ore Assoc., Tennessee 

Valley Authority, U.S. Dept. of Commerce, Dept. of Energy, 

@ Minerals and Resources of Canada, U.S. Environmental Protection 

Agency, etc.). The referenced private sources include the 

preparing company's files (Commodity Research Unit) and 

Stanford Research Institute of California, both firms with 

wide experience in market analysis. 

The information in these reports is adequate for the purpose 

of assessing the project's viability. The prices and potential 

markets for each of the following products is studied: 

: - Pyrite 
- Sulfur 
- Iron Pellets 

- - Sulfur Dioxide 
- Sulfuric Acid 
- Phosphoric Acid 
- Gypsum | 

- Diammonium Phosphate (DAP) fertilizer
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Also, the availability and price of the auxiliary raw materials: @ 

a - Phosphate. Rock : 
~ Anhydrous Ammonia 

The analysis includes an overview of the World supply/demand ° 

status and trends, and the possibility for exports/imports 

based on the individual strengths of the countries involved. 

Then, the U.S. Domestic supply/demand is analyzed, by region, 

in great detail. All available sources and downstream user 

companies are detected and their plant capacity listed. The 

possibility of specific purchases/sales from or to the most 

relevant companies is established through direct or indirect 

interviews. Interviews are also used to establish the mode of 

commercialization, if different from the normal company-to-company 

' scheme. This analysis results in a strong report. @ 

Adequacy of Conclusions (Contract III.A.3.c) 

Table 4.1 presents a summary of salient comments and conclusions. 

CRU's recommendations follow an adquate rationale. A few cases 

were presented weakly (See Table 4.1): 

1) Iron Pellets. A market opportunity was detected but dismissed 
on the grounds of a dropping price and "probable" unfavorable 
economies of scale. Such economic assessment was beyond 
their scope and they base it on interview comments. This 7 
is avery informal assessment, to say the least. Davy 
McKee conducted the actual economic assessment of manufacturing 
iron pellets, thus CRU's informal comment had no further 
consequences. "



TABLE 4.1 

SUMMARY _OF MAIN CRU CONCLUSIONS AND 
COMMENTS FOR EACH MATERIAL 

a nN 
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__ MATERIAL ___CRU_ SALIENT COMMENTS AND CONCLUSIONS —_____GOMMENTS 

° Only use is roasting to S mostly for 
. HoaSO, production. Not profitable as 
| a source of Iron 

| ° World Market still substantial but 
| cheap local sources available 

| ° U.S. Market disappearing as cheaper 
Pyrite Concentrates Frasch S and by-product H2S0, become | 

| (pgs. 13-18) widespread. Also roasting presents 
: environmental problems 

! > Only potential clients:Copper Range 

| (10% of Exxon's output), Cities Service 

! * (3 times Exxon's output). This is a simple way of 
| tti - 
3 ° Buying subject to Exxon's product specs getting rid of the tail 

4 th bl t 1 . ings, and if it is pro- 
: an en probably a Ow price. fitable Exxon will 
| undoubtedly pursue it. 

| - 904 goes to Steel 

> U.S. Cap. approx. 82 million T, 75% in : | 
! Great Lakes (pg. 58) 

| *- Alternative of further processing pellets Certainly unnecessary, 
| to produce "prereduced" pellets for Direct-—- since blast-furnace-steel 

Iron Pellets Reduction-Steel unattractive since most. pellets require less pro- 
(pgs. 19-67) regional capacity is Blast-Furnace-Steel. cessing and have a large 

: regional market. 
* Exxon'sCrandon facility would be ideally Market assessment valid, 

located for this market, and output small but very informal economic 
| enough to be easily absorbed, but prices assessment by CRU, with no 

dropping and Exxon's small capacity will other information than the 
"probably" result in an economically un- "feeling" of their industr; 

: attractive process. contacts. | 
| i a ee 

nN 
No



___ MATERIAL | 2 RU_ SALTENT COMMENTS AND CONCLUSTONS COMMENTS 

* Main use is production of H250, 

* World use is growing mainly due to phosphate 
fertilizers | 

- Regional shortages exist, including the U.S. 

Sulfur - Prices maintained or increasing 

* By-product S from refining and gas operations 

is increasing, but imports still necessary | 

- Diminishing H2S50, market due to power-plant 
S902 recovery andsmelter by-product not ex- 

pected to affect demand in near future. 

Deficits in supply expected to continue 

through year 2000. 

* Regional markets would easily handle Exxon's 
output. Optionally, Exxon Corp. is already 

| a major recoverer and marketer of sulfur. 

- Main uses are NagHSO, production, paper industry 
| and sugarbeet refining 

| ° By-product SO2 plentiful, but recovery/purifi- 
cation units must be installed 

: - U.S. Market only 200,000T in 1978 (Table 4, pg. 124) 
Sulfur Dioxide 
(pgs. 121-125) ° Regional consumption 16,000 T/A but Stauffer supplies 

10,000 T/A (pg. 124) | . 

¢ Market too small for Exxon's output 

4 

N 
J



| __ MATERIAL GRU SALIENT COMMENTS AND CONCLUSIONS COMMENTS . 

| - 60% goes to fertilizers, other uses spreaded 
: among wide range of industries (pg. 132) 

| ¢ Growth spurred by phosphoric fertilizer in- 

dustry ) 

| * Substantial price discounts due to presence 
: of by-product ("fatal") and producers 

H2504 | 
| (pgs. 127-193) ° Capacity adequate 

= © Exxon will have difficulty entering North Supporting argument for 
Central market, very competitive due to effect of "fatal" and on 
interest of Western States, regional and price not very solid (only 
Canadian smelter acid producers ("fatal" 4 such producers in the 

: acid, thus probable price punishment will region, only 10% of U.S. 
bring net back to only $10-15/T vs. list supply is "fatal" acid) 
price of $58/T in Midwest) (pg. 167) 

° Sales through wholesaler (CIL Chemicals, 
| Inc.) recommended since Exxon has no es- } 

tablished channels for HgS0,. This implies 
acceptance of low net back ¢$15/7). 

* World demand is growing, reached 28 million 
T of P205 in 1978. Trade is important, 
around 4 million T of P205 in the same year - | 
(Tables 4,5 pg. 200,201) | 

- Price trend up | 

* U.S. is net exporter (3 million T of P205 in 3 | 
- Phosphate Fertilizers 1978) 

(pes. 195-215, 227-241) * 75% of U.S. DAP market is absorbed by corn 
belt (2.2 million T). Regional growth not 

. expected (Table 22, pg. 229) 

+ Existing regional supply is limited (Mobil i 
218,000 T/A, Beker 380,000 T/A in Illinois 
and First Mississippi Chem. 380,000 T/A in - 
Towa). Demand met by Gulf Coast producers 

e (pgs 232 e e



__ MATERIAL GRU SALIENT COMMENTS AND CONCLUSIONS SG OMMENTS 

* Exxon should sell to cooperative groups 

Phosphate Fertilizers - Exxon's plant ideally located to serve CRU's "feeling" is that 
(continued) this market (Green Bay or Evansville), the venture would be un- 

but unlikely to be able to meet the economic for Exxon, but 
price. this is not sustantiated 

by the report. 

- 93% goes to fertilizers (pg. 220) 

°* Market improving. Export markets sus- 

tained at 600-750,000 T/A. 

H-PO * Gapacity utilization has been high and 

gre A expected to continue through year 2000 
(pgs. 216-226) (Table 19, pg. 224) 

*- Prices firm and expected to continue so. 

* Most producers are integrated to ferti- After all positive indica- 
lizers, thus Exxon should not seek entry tions this is a sudden change 

| in this market in perspective. Lack of 
merchant market not suffi- 
ciently supported in the 

| report. 

Phosphate Rock - Phosphoric acid is main use | | 

(pgs. 243-267) * There will be ample supply for Exxon's 

project (Table 10, pg. 267) | | 

- Sufficient capacity exists 

. * Imports are used if their price is low 
: Ammonia 

(pgs. 269-288) - Prices have been declining N 

* Convenient Terminals available at Garner 
| for Green Bay and Terre Haute for Evansville



| ___MATERIAL CRU SALIENT COMMENTS AND CONCLUSIONS _________ COMMENTS 

| ' Most important uses are plasters (754%) and - | 

| cement retarder (19%). (Table 1, pg. 291) 

* Total demand 19.4 million T in 1978 (Table 
| Gvyos 1, pg. 291), imports accounted for 7.2 mil- 

ypsum lion T (5.4 from Canada, 1.4 from Mexico, 
: (pgs. 289-300) pg. 295) 

| ° 30 million T/A of by-product gypsum are | 
dumped, except for 500-600,000 T/A used 
in agriculture. (pg. 299) 

e Prospects to market Exxon's gypsum very poor 

7 Main uses are cement and heavy media coal washing 
and pigments. 

Iron Ore . Cement users require lower grade ore, thus pay lower | | 

(pg. 63) prices. _ 

| - Coal washing requires magnetite (Fe.0,) . | 

» Pigments market small (65,000 T in 1973) and cheap 

scrap iron preferred raw material. 

| Source: Market Report 

| 

| to 
OV
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ii) Sulfuric Acid. A limited but existing market was detected. 
© CRU, however assumes that the competition from smelter. . 

7 acid producers will force Exxon to sell its sulfuric acid 
at a very low price ($15/T). According to their own data, 
the effect of this competition on the shipment unit value 
for the midwest zone might not be as severe as in the 
examples that they analyze (there are 4 smelter: acid pro- 

- ducers in the area, and only 10% of US acid is "fatal"). 
Assuming a reasonable sales price of $30/T, however, still 
results in a net annual loss for the sulfuric-acid-only 

; alternative as shown in Table 4.2. 

1ii) Diammonium Phosphate A market opportunity is established, 
but CRU speculates that Exxon's cost will be higher than 
the market price, thus making the venture uneconomic. 
This unsupported judgement is again beyond the scope of 
CRU's study. Since Davy McKee assessed the economic 
viability of manufacturing DAP CRU's comment has no further 
effect. 

iv) Phosphoric Acid. The report builds up to establish what 
seems a reasonable market ovportunity, then turns 
around indicating that this market is mostly captive 
and therefore Exxon would not gain access to it. The 
importance of the captive market is not sufficiently 
supported. Based on CRU's recommendation the alternative 
to manufacture and sell phosphoric acid without further 

@ processing was not assessed. 

v) Non-ferrous Metals. No market analysis is provided. 
Davy McKee's economic assessment assumed that all of 
Exxon's production could be sold if they were recovered. 

| Since also the case where they are not recovered was 
assessed, the lack of this market analysis is not important. 

Effect of Current Conditions on the Conclusions (Contract III.A.3.d) 

1979 was a peak year for most industries. Since, the US experienced 

a recession that lasted until the second half of 1983. Demand 

dipped while additional capacity was postponed. The demand is 

just returning to 1979 levels and capacity rationalization 

. eliminated some of the overcapacity, thus changes in supply/demand 

conditions are minor and do not have a strong impact on the 

market size estimated in CRU's report. Both raw materials
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TABLE 4.2 | 

EFFECT OF HIGHER H5SO “ 

SALES PRICE ON PROJECT © FLOW | 

($ Millions) * | 

ooo ee ened 

. Only Slimes I!All Tailings !|Only Slimes |All Tailings 
| 

Revenue @ $15/T 6.0 (a) | 25.4 (a) 6.0 (a) 25.4 (a) | 
i oO 

Revenue @ $30/T | 12.0 (b) | 50.8 (b) | 12.0 (b) | 50.8 (b) 
| | | | | 

Operating Cost | 16.0 52.8 | | 20.1 | 70.5 | 
! | | l 

(Loss) @ $15/t ‘9? | (10.0) | (28.4) I (14.1) E (4541) » 
{ | | { | 

(Loss) @ $30/7°9? | (4.0) | (2.0) | (8.1) | (19.7) | 
1 

(a) Phase II report, p. 5-4 
(b) 400,000T x $30/T = $12,000,000 

(c) 1,694,000T x $30/T = $50,800,000 

(d) Loss = Revenue - Operating Cost 
* 1980 dollars
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@ and product prices have undergone changes in the past 5 years. 

Inflation, energy costs, tend to increase the cost indexes, | 

but recession forces manufacturers to hold prices down. The 

net effect has been known as "experience" and tends to decrease 

the profit margin. CRU's conclusions on price changes are ir- 

. ' Yelevant to the economic analysis since the assessment is worked 

On constant terms. The price and cost structure, that is, the 

relative prices of products, raw materials, and the investment 

costs have a marked influence on the economic assessment, but 

Since all of them were subjected to the same changes the | | 

final assessment is not expected to vary substantially. 

Study Area, Distribution Network, Transportation Mode’ and 

} Product Handleability (Contract ITI.A.3.e) 

} The preparing company was apparently handed-down the two selected | 

processing centers. Then their task was to define the potential 

; markets for each of these. Their market analysis includes 

commercial distribution networks when they exist. This infor- 

mation was apparently derived from industrial contacts through 

interviews. 

The transportation modes are clearly determined in the Trans- 

vortation Rate Estimates Report. The handleability of the 

. products was not pertinent to the Market Studies Report. The 

technical compliance of the products with required specifications 

) was established through published data and interviews. This 

is sufficient at this stage. 

®
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Effect on Marketability caused by Mine Production Variations 
and Decisions to Utilize Total Production of Mill Tailings ©} 

_ (Contract III.A.3.f) | 

The alternate potential products are presented in Table 4.3. 

For a given plant capacity, operating at levels below maximum . 

utilization results in increased costs, and, therefore, decreased 

profitability (Revenue - Costs). The profitability of all the - 

manufacturing options being considered is increased by building 

a bigger facility. This is evident from Table 4,7 where the 

option where additional 320,000 T/A of H5S0,4 are available is 

always more profitable (shows higher gain or lower loss). 

However, if the plant is too big it could be more difficult to 

sell the entire production, thus forcing the plant to operate 

below capacity and thus decreasing the profitability. The 

net change in profitability depends on each individual case © 

and in how far below maximum capacity the unit has to operate. 

In Table 4.3, Sulfur, iron pellets and DAP have good market 

opportunities since the project production is only a fraction 

of the potential regional market. Should a bigger facility 

be built (Max. Prod. column), sulfur and DAP would face 

potential market saturation, thus creating a lower-than-maximum 

utilization case. Failure to sell 35% of the 1,572,000 T/A 

of DAP under the max. production case would totally offset 

the gain reported in Table 4.7 (555,000 T @ $220/T = $122 million). 

The case for sulfur is more drastic, since a mere 4.6% reduction - 

in the expected sales of 547,000 under maximum production would 

offset the corresponding gain reported in Table 4.7 (25,200 T @ 

$75/T = $1.9 Million). ©



TABLE 4.3 31 
Project Production vs. Potential Market 

(1000 T/A) 

| i Project Production Size of | 

— ‘Min. Prod. Max. Prod Potential Market | 
| (a) (db). 

Pyrite | 267 1094 500 (c) 

" | 
Sulfur | 134% 547 1500 (d) | 

| 

_ Iron Pellets 180* 718 60,000 (e) 

| 

Sulfur Dioxide | 267 1094. 6 (f) 
| 

Sulfuric Acid | 400 1694 a 2600 (g) | 

| 

Phosphoric Acid ! 264 1343 1300 (h) | 

(54% P05) | 
{ . 

Gypsum 1330 6713 600 (i) | 

{ | 

Diammoniun | 313* 1572 2200 (j) 

Phosphate 
| 

Non ferrous metals - — n.d. . 

© (a) Table 3.1 Column 
(b) Table3.1 Column4 
n.a. Not Available 
* Products with attractive market.
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TABLE 4.3 (Cont.) @ 

: (c) 1977 estimated U.S. production was 420,000T (CRU Report, 
Chapter 1, Table 1, pg. 15, Table 1, Phase I Report, pg. 2-3, 
Table 1, Summary Report pg. 3-3). Assume current U.S. con-: 
Sumption grew to 500,000T. 

(d) Assume Canada's and Mexico's exports to U.S. can be substi- 
_ tuted by Exxon's sulfur. (CRU Report, Chapter III, Fig. 3, 

| pg- 90, pg. 106, Mineral Industry Surveys, U.S. Dept. of the 
Interior, Bureau of Mines, Sulfur, Monthly; March 1982) ” 

(e) U.S. pellet demand approximately 82,000,000T. Great Lakes 
area capacity to process pellets is approximately 75% of U.S. 
Assume demand keeps same ratio. (CRU Chapter II Report, 

a pg. 58) 

(f) Regional consumption 16,000 T/A, but Stauffer controls 
10,000 T/A (CRU Report Chapter III, Appendix A, pg. 126) 

(gz) North Central States Market (CRU Report Chapter IV, Table 19, 

pg. 156) 

(h) Merchant market (CRU Report Chapter V, pg. 221) 

(i) By-product gypsum market (CRU Report Chapter VII, Table 4, 
pg. 295) © 

(j) Cornbelt market (75% of U.S.) (CRU Report Chapter V, Table 22, 
pg. 229)
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@ For the sulfuric acid case, failure to allocate all the output 

. would force the pyrite processing train to halt while the pyrites 

impounded until sales of the acid resume. 

The marketability of each product depends mostly on its price 

. and potential market. These are not affected by the level of 

utilization of the plants, but are affected by the plant size. 

As mentioned above, a bigger plant would result in lower costs, 

thus providing room for price cuts.to make the product more 

"marketable." On the other hand, a big plant might saturate 

the potential market and thus make the products less marketable. 

Sections III.A.3.b. and g of the Contract do not apply to 

e this report. 

|



| , | 34 

4.2 Transportation Rate Estimates, Sept. 1979 _ @ 

Data Sources and Calculations (Contract III.A.3.a) 

The public sources of information referenced in the report are “ 

reliable organizations, e.g. U.S. Dept. of Transportation, 

Bureau of Mines, Bureau of Census, Corps. of Engineers, : 

Dept. of Agriculture, etc. Private data was acquired mainly 

from the preparing company's files and from the Consulting 

Center, U.S.A. No direct rate quotations were obtained for 

the proposed movements. Instead, the following sources were used: 

- published commodity cost and rate data by mode, 
- published commodity point-to-point rates, 
- class and annual volume trainload rates 
- interviews with barge carriers, rail equipment 

suppliers and inland waterway experts. 

These are adequate data sources for this stage of project ©} 

planning. The information was further processed as follows: 

- Using transportation maps, distance tables and 
: commodity statistics a hypothetical mode or 

combination of modes to be employed was established. 
- Transport rates per ton-mile for each mode were 

developed. 
- Each mode's transfer and terminal points and charges 

for each movement were determined, and converted to 

rate per ton-mile. 
-~ For each mode for each movement, the transport turn- 

around times and the required equipment and facility 
costs were computed and converted to cost per ton-mile. 

- The optimal mode or combination of modes for each 
commodity movement was determined. 

- The effect of external problems (e.g. weather), logistical ° 
attributes, equipment limitations and other special 
factors was evaluated. 

Rail, inland waterways, private truck and ocean and Great 

Lakes modes are studied. The consolidation steps provide
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@ adequate costing information needed to compute individual trans- 

. portation costs for eachdesired route. Calculations are thence 

very detailed, including proforma trip cost-sheets for ship and 

_ truck modes. 

. The level of detail of the resulting cost estimates is adequate, 

in fact, it exceeds the requirements of the project at this 

Stage. The results are summarized in page 4 of JBC's report. 

Table 4.4 presents a summary of the estimated transportation 

costs and mode for the raw materials. The main flaw of JBC's 

Report is the failure to present the cost of transporting 

ammonia to Green Bay from the nearby terminals located in 

Iowa: Garner, Algoma, Marshalltown or Washington, relying 

e instead in far away terminals as St. Louis, and Terre Haute. 

These two terminals are closer to Evansville, but farther from 

Green Bay (see Figures 1 and 2 and Table 11 in Chapter VII of 

CRU's Market Report, pp. 285-287). The distance from the 

Garner terminal to Green Bay is roughly equivalent to that 

between Terre Haute and Evansville. The economic assessment 

Study by McKee, however, used the same delivered ammonia price 

for both Green Bay and Evansville. This implicitly recognizes 

that both processing centers have access to a corresponding 

nearby terminal. 

” Adequacy of Conclusions (Contract III.A.3.c) 

Conclusions concentrate on the choice of modes of transportation. 

©
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TRANSPORTATION LOWEST ESTIMATED COSTS AND @ 
a PREFERRED MODES FOR RAW MATERIALS 

Rate U.S.$/T 
Commodity Origin Destination Mid'!79 Mode . 

Pyrite Crandon Green Bay 11.44 Rail 

Evansville 24.43 Rail . 

Phosphate Rock Tampa Green Bay 15.08 Ocean/Lake 

Evansville 42216 Ocean/River 

Ammonia Terre Haute Green Bay 23.65 Rail 

Evansville 13.05 Rail 

Sources: Transportation Rate Estimates Report, pg. 4
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© The selection is based on the most economic alternative, but 

' alternative choices are also assessed. The analysis is 

very complete including a conservative factor calling for 

: rail transportation in the event that the Great Lakes traffic 

is constrained by freezing. 

To account for future potential cost changes due to external 

factors, an analysis of capacity constraints and expected 

regulatory changes, as applied to transportation is provided. 

The conclusions on expected changes due to regulation are 

presented in Appendix A (p 73) of the Transportation Report. 

: The anticipated changes for motor carriers do not affect 

© the project since the selected modes are rail and inland water- 

waysS. For rail transport, higher fares are predicted. For 

inland waterways, the effect of tax changes are not expected 

to be out of line with taxes imposed on other modes of trans- 

portation. 

JBC's comments on the precarious financial condition of 

several rail carriers are more operational in nature and 

would only be of relevance if there were a risk for the rail 

mode option to disappear. | 

The report's conclusions establish the transportation factors 

and costs adequately. 

©
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Effect of Current Conditions on Conclusions (Contract III.A.3.d) e 

~ The main factors affecting the transportation costs and con- 

clusions are inflation and regulatory changes. The cost varia- 

tions brought about by these factors are too minor to justify . 

an updated analysis. JBC's report conclusions can be safely 

considered valid under current conditions. - 

Study Area, Distribution Network, Transportation Modes and 
Product Handleability (Contract III.A.3.e) | 

The preparing company was obviously handed-down the required 

origins (processing centers) and destinations (markets). There 

is no account in any of the reviewed documents on how the 

processing centers were selected. The markets, however, are 

clearly defined in the market study and are chosen as to be 

close to each of the processing centers. @ 

The transportation modes are carefully selected using the 

methodology outlined in III.A.3.a above. Temporary changes 

in the selected mode are clearly specified for the winter. 

The handleability of the products is not addressed in this 

report. However, all but the pyrite concentrates are currently 

being moved by existing transportation facilities and therefore 

no new problems are expected. The pyrite concentrates are to 

be partially dried before shipping to the processing centers and . 

their transport is not expected to pose unsurmountable problems. 

©



39 

@ Experts consulted by Davy McKee concur in this expectation. | 

. The distribution networks are established satisfactorily in 

the market study. 

Sections III.A.3.b, f: and g of the Contract are not applicable 

. to this report.
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4.3 Crandon Project Pyrite Processing Studv-Summary, June, 1981 @ 

Data Sources and Calculations (Contract TII.A.3.a) 

The only sources for the Summary Report are the following reports: . 

* Pyrite Processing Market Studies Final Report, 
Nov. 1979, by Commodities Research Unit (CRU). 

° Transportation Rate Estimates, Sept. 1979, - 

by Jones, Bardelmeier and Co. -(JBC). 

- Crandon Project Pyrite Processing Study - 
Phase I, Nov. 1979, by Davy McKee. i 

¢ Crandon Project Pyrite Processing Study - 

Phase II, June 1981, by Davy McKee. 

° Crandon Project Pyrite Processing Study - 

Appendix, March 1980, by Davy McKee. 

The preparing companies are specialists in their field and 

conducted professional adequate studies. Each report is 

discussed in further detail in its appropriate section. 

Adequacy of Technology Survey (Contract IIIT.A.3.b). 

Their technology summary (Chapter 5) is extracted from Davy McKee's 

Phase I Report. Table 4.5 presents a summary of the technology 

alternatives studied by Davy McKee. The survey is complete and 

adequate for all processing alternatives, but included old 

documentation (up to 1969) for pyrite roasting, iron pelletization 

and extraction of non-ferrous metals. An extensive computer search 

for further technical activity in these processes and sulfuric . 

acid, phosphoric acid, DAP and sulfur from sulfur dioxide was 

conducted. The detailed results are presented in Section 5_ " 

below. The search did not find any other alternative technologies 

up to 1983.
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Table 4.5 

TECHNOLOGY ALTERNATIVES 

Handling of Roasting Pyrite to Roasting Pyrite to 

Concentrate (Phase I, Ch. 4, p 4-3, 4-4) Elemental Sulfur (Phase I, Ch. 4, p 4-4/4-12) Syl fyr Dioxidg {Phase I, 

1. Total Slurry: Minimizes risk of 1. Thermal Processes 1. Rotary Kiln 
oxidation but has higher freight 
and may freeze in winter. a) Orkla: Plant based on blast 2. Multiple Hearth Furnace 

furnace closed down in 1962 ‘ 

map 2. Reduced Moisture: Lower freight Causes were low &° prices, high 3. Turbulent Bed Reactor: 
cost than (1) but must use coke prices and wasted iron slag. Newest 
covered storage. b) Outukumpu (kokkola): Flash 

smelter operating in Finland. 

3. Dry: Lowest freight cost, => c) Electric Furnace (Pryor): Pilot : 
but high investment and energy plant in Norway. Highest 5 
cost. recovery. Electrolytic iron 

. hard to sell. 

ad) Fluidized Bed (Dorr-Oliver, 
Rosenauist): no pilot plant 

; or commercial application. 

2. Hydrometallurgical Oxidation Processes 

a) Sheritt-Gordon: operating on Ni-Co 
b) Anaconda: operating on Cu | 

c) Amax: Operating on Cu-Ni-Co 
No commercial experience with pyrite 

Legend: 3. Chlorine Processes 
| A pilot plant had difficulty recovering 

non-ferrous metals (fitterberg Kupferber- 

gbar of Australia). Others investigated 
the process in the 1950's: Comstock & 

Selected Westcott, Texasgulf in U.S., Outokumpuin ; 
a> by McKee Finland, A/S Norsk Berqverk/ 

Kisforedlingen in Norway. 

4. Halvorsen Process 

DK built pilot plant, but abandoned it 
later. It uses sulfur dioxide to 
oxidize pyrrhotite to iron oxide. 

' . 

> 
}- 
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! TABLE 4.5 (Continued) 

Separate Iron and Pelletize "| |Separate Nonferrous | TT 
: | Products 0 Phosphoric Acid 
| | It. Goncentration Processes 7 

| 1. Magnetic. Does not remove Only one full separation => 1. Dihydrate (Davy © 

' nonferrous components. train suggested. A par- McKee) 
: 2. Direct Mild Leach: Low yield. | tial separation alterna-| | 
- | tive is shown in Fig. 18 2. Hemihydrate-Di- 

| II. Chlorination Processes but is not relevant. hydrate (Mitsu- 
| re bishi Chem.,Ind.): 

1. Chlorination-Leaching hiquity SO2 | Yields cleaner 
| | DK (Henderson or Ramen): aoe vanhodenna gypsum 

| Effluent contains NaCl and 1. ASARCO (anhydrous a 
| CaCly. Recovery non economic dimethylamiline) | 
| ? thus disposal problem orient- 
: | ed towards nonferrous metal Re (Sodien Suifit 3 

| recovery. odium ou oe an 
2. Chlorination-Volatilization bisulfite) Snr 

| | a) with CaClo a DAP 
: - Vuoksenniska: A 90T/D —_——— er 
| shaft furnace plant [Elemental Sulfur | MP |... ndard DAP . 

operates. Residual S§ jfrom Sulfur Dioxide | ‘WPertilizer Plant 
: | in pellets, higher than a 

| requirements. — 
| aly - Kowa~Seiko: Uses rotary 1. Claus on 
| kiln. Overcame Vuoksenn- 
| | iska's problems. Three |2. Pyror | . 

plants operating in Japan. to 

| Cities Service (U.S. used ee _ 
! it until May 79, closed ~ | | 
: | due to high costs). poulfuric Acid 
: 3 b) with Clo> | : Legend: 

| | | - LDK: Uses shaft furnace oS —_—___——. 

: ? operates pilot plant I Contact-Double 
| -~ Fluo-Chlior: untested, | Absorption ay Selected 

. | studied by Sintef in Nor- | by McKee 

| way, Outokumpu in Finland Ie. Chamber: Obsolete 
| and Montecatini-Edison in L_ Be | 

| : Italy. rn N
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Alternate uses for gypsum and sulfur were also searched for. 

e - Commercial uses of sulfur in sulfur extended asphalt, road | 

patching and sulfur concreate already exist [8] Molded sulfur 

blocks are moving into commercialization. These uses are briefly 

. dealt with in McKee's Summary Report. New byproduct gypsum 

. uses in Japan are also mentioned in their market summary. 

Adequacy of the Conclusions’ (Contract III.A.3.c) 

Conclusions and recommendations for the whole study are summarized 

in p. 1-2 through 1-7 of McKee's Summary Report. Table 4.6 

presents theirfinal conclusions and recommendations. | 

The lack of markets detected for sulfur dioxide, gypsum and 

pyrites (Alternatives 1,2 and 4 in Table 4.6) are adequately 

Supported by the information contained in CRU's Market Report. 

@ The market for miscellaneous iron products ( Alternative 3 in 

Table 4.6) is only briefly addressed by CRU. Their conclusion, 

however is justified at this level of analysis. The need to 

Sell sulfuric acid at "fatal acid" discounted price of $15/T is 

not fully established (Alternative 5 in Table 4.6). My sensitivity 

calculations in Table 4.2 show that even at a reasonable price of 

$30/T the sufuric acid production would not be profitable. McKee's 

| recommendation, therefore, is not affected by the weakness of the 

° analysis in CRU's report. The addition of an iron pellet and 

nonferrous metals recovery train (Alternative 6 in Table 4.6) is 

only discussed as an option in the sulfuric acid production case. 

Their assessment studies show that the addition of the iron 

rs pellets/nonferrous metals facility improves the economics of
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TABLE 4.6 | 

McKEE'S CRANDON PROJECT FINAL CONCLUSIONS AND RECOMMENDATIONS 
: Alternative _ __ __ __.._ Conclusion _ _ __Recommendation 

: 1 Sulfur Dioxide Market too small, does not justify | —_—___ 

| cost analysis | 

2 Gypsum | - Cannot be sold. Impurities costly - - 
to remove. Does not justify cost analysis | —_—- 

7 Miscellaneous Iron Pro- | Lack of markets or production considera- | oO 
3 ducts (pigments, iron tions. Does not justify cost-.analysis | 

powder, etc.) | 

~~ OO | Market does not exist ~ | Use coarse portion as 
| mine fill and fines to 

4 Pvrit | settle in ponds'for 
yrites | later reclaimation of 

Minerals, if and when 
- 7 economics are favorable 

Sulfuric Acid with : Pyrite acid more costly than available | Production. uneconomical . 
5 Pyrite Cinders to. acid. Must sell at "fatal" acid price | | , 

Discard | level (less than half the listed price) 

Sulfuric Acid, Recover | The quantity of pellets do not warrant | Production uneconomical 
Iron Pellets and Nonfer- the capital intensive installation 

6 rous Metals from Pyrite costs. Recovery of non-ferrous and pre- 

Cinders cious metals insufficient to make alter— | 

native viable i | 

7 DAP, Recover Iron Pellets | A market exists but disposal of by-product | Marginally attractive, 
and Nonferrous Metals gypsum greater environmental problem than but gypsum disposal 

7 from Pyrite Cinders original fine tailings problem important. Must 
| | | subject to close scrutiny 

7 before considering it 

viable | 

"Sulfur, Recover Iron | Production costs higher than other sulfur | Not recommended due to 
! Pellets and Nonferrous sources high energy consumption 

8 Metals from Pyrite and production costs 
Cinders i | 

ener 
>
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@ all the processing alternatives for pyrites, that is, it increases | 

| the annual gain or decreases the annual loss(see Table 4.7 below). 

Their conclusion stating that the quantity of pellets do not 

: warrant the investment is thus not supported by the results in 

their report. The added revenues due to the recovery of iron 

pellets and nonferrous metals, however. fail to increase the ROI 

of any of the processing alternatives to acceptable levels as 

shown in Table 4.9, and this part of McKee's conclusion is 

supported by their results. Their final recommendation is then 

adequate. The market for DAP was found attractive (Alternative 

| 7 in Table-4.6) and a marginal profitability reported. The 

calculated ROI is 5.3%, well under acceptable levels (industry 

typically requires ROI values bétter than the interest paid by 

o banks). Also. gypsum disposal is a problem. Potential contaminants 

include fluorides and radioactive materials (Florida phosphoric 

| rock contains 0.5 Kg of U0, per T of PoO., [5,26]) The estimated 

production of gypsum over the life of tne project would require 

@ minimum of 44 million m? (36,000 acre-ft) of impoundment 

facilities (222 million m> if all tailings are processed and 

additional 320,000 T/A of external sulfuric acid are available). 

These impoundment requirements are much larger than the estimated 

. 6-7 million m> (5340 acre-ft) required for the pyrite slimes. 

In fact, they are larger than the whole mill's impoundment 

" facility of 23 million m> (19,000 acre-ft).. McKee's conclusion 

and recommendation on this alternative seem then justified. 

o The study's conclusion on sulfur production (Alternative 8 in
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; Table 4.6) is consistent with the report's results (see Tables ® 

4.7 and 4.9 below). High energy consumption is not a strong 

enough reason to declare a process uneconomical, but the actual 

economic assessment does turn out the same conclusion. : 

The overall study conclusion is that it is uneconomical to process 

pyrite at the time the report was finished. The impoundment of 

the fine. tailings is therefore recommended, while the coarse 

fraction is used as mine fill. These conclusions and recommendations 

are adequate. | | 

Effect of Current Conditions on the Conclusions (Contract III.A.3.d) 

Markets : 

1979 was a peak year for the chemical industry. A subsequent 

recession dropped the industry's output and last year's recovery 

was barely able to bring it back to 1979 levels. No new market 

opportunities were detected in the literature survey. The 

market conditions, therefore, do not merit update. 

Assessment. : . 

The prices of products and raw materials have been subjected to 

substantial increases since 1980. Also investment and 

transportation costs have been incremented. McKee's study was Ps 

using a constant basis for prices and costs. This approach
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q@> minimizes the impact of normal price and cost fluctuations. , 

~ Their results would only be invalidated by substantial relative 

changes in prices and costs. Since no such changes were detected 

. in the industrial information sources it is not considered 

necessary to update the assessment studies at this time. 

Product Handleability (Contract III.A.3.e) —_ 

The preparing company was apparently handed-down the two selected 

processing centers. Then their task was to define the potential 

markets for each of these. Their market analysis includes 

commercial distrihution networks when they exist. This infor- 

mation was apparently derived from industrial contacts through 

oO interviews. 

The transportation modes are clearly determined in the Trans- 

portation Rate Estimates Report. The handleahility of the 

products was not pertinent to the Market Studies Report. The 

technical compliance of the products with required specifications 

was estahlished through published data and interviews. This 

is sufficient at this stage. 

0
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- Effect on Marketability Caused by Mine Production Variations 
and Decisions to Utilize Total Production of Mill Tailings 
(Contract III.A.3.f£) | 

Reviewed in the Market Report (Section 4.1 above). 

Range of Capital Costs (Contract IiT-A-3.q) 

Reviewed in the Phase II Report (Section 4.5 below). :
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4.4 Crandon Project Pyrite Processing Study-Phase I, Nov. 1979 

“ This report comprises three main sections: | 

i) Marketing (Chapter 2) 
ii) Transportation (Chapter 3) 

- 1ii) Process Technology (Chapter 4) 

The Marketing chapter is an abstracted version of the Market Study 

Report (III.A.2.a) and it is reviewed in Section 4.1. The 

Transportation chapter is a summary of the Transportation Rate 

Estimates Report and is dealt with in Section 4.2. 

The Process Technology analysis is reviewed below. 

Data Sources and Calculations (Contract III.A.3.a) 

This report concentrates on the qualitative identification of 

@ available technologies to accomplish each of the downstream 

processing steps for pyrite. The information sources include 

technical publications like the Journal of Metals, specialized 

symposia proceedinas, technology licensors private and public 

information, U.S. and foreign patents and technical encyclopedias. 

These technical sources are adequate to determine available process 

technology. 

° Davy McKee is a large worldwide engineering firm with vast experience 

in process design. They act as licensors for phosphoric acid 

: processes (Pryon process). They designed and have built many 

plants around the world, including phosphoric acid, sulfuric
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acid, diammonium phosphate plants among others. This experience 

. has been accumulated in their engineering departments and was @ 

‘utilized as an additional source for technology an process 

economics information. This is adequate for the Crandon project. | 

It is likely that Exxon selected Davy McKee as consulting firm : 

based on McKee's in-house experience in the fertilizer industry. ; 

This report presents technology alternatives for the following 

processes: | 

* Pyrite handling facility (3 alternatives) | 

* Pyrite roasting to elemental sulfur (9 alternatives) 

° Pyrite roasting to sulfur dioxide (3 alternatives) 

°* Cinder Reclamation of ferrous products (7 alternatives) 

° Reclamation of non-ferrous products (1 alternative) e 

° Sulfur recovery from sulfur dioxide (2 alternatives) 

* Sulfur dioxide liquefaction (1 alternative) 

° Sulfuric acid from sulfur dioxide (2 alternatives) 

° Phosphoric acid (2 alternatives) 

* Diammonium Phosphate (1 alternative) 

Table 4.5 presents a summary of the technology alternatives 

Studied by McKee. The survey is complete and adequate for all ° 

the processes listed above. McKee included copies of a few 

relevant technical publications in the Appendix Report (See 

Section 4.6 below). Pyrite roasting, iron pelletization and 

©
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Extraction of non-ferrous metals technologies are covered in 

© these papers. These references, however, are old, dating at least 

from 1969. An extensive computer search was conducted to detect 

further technical publications on the processes listed above, 

° except for the pyrite handling facility and the liquefaction 

of sulfur dioxide. These two processes are physical operations 

in which no important technological breakt hrough is expected. 

A detailed analysis of the results of this search is presented 

in Section 5 below. The search did not find any additional 

important development for the studied processes up to 1983. 

Alternate uses for gypsum, namely as a source of sulfur or as 

feedstock for sulfuric acid and cement are not dealt with at any 

length. © | 

© Adequacy of Conclusions (Contract III.A.3.c) 

McKee's conclusions on process selection are presented in Sections 

4.2 and 5.3 of the Phase I Report ( pg. 4-33 through 5-3). The 

selected technologies are clearly identified in Table 4.5 above. 

Figure 4.1 displays how these technologies are connected to form 

processing alternatives. In the case of phosphoric acid and 

Sulfuric acid, McKee selected those processes in which it has 

in-house experience. This is adequate since the processing cost 

from different licensors would not make a measurable impact in 

the project assessment (at this level, investment costs are 

typically estimated with 25-30% tolerance). Also, by using 

its in-house experience, McKee was able to reduce the error in 

© processing cost estimates for these technologies.
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@ For DAP, a standard technology (TVA, see £5] p 255) was 

| . preferred to the yet untested Pircon-Peck process developed | 

by Arthur McKee and Co. to manufacture fertilizers from low- 

concentration sulfur dioxide streams. This decision again 

takes advantage of Davy McKee's in-house experience. The 

. Pircon-Peck process was designed to upgrade sulfur dioxide 

present in waste gases, and producing a low-grade, 9-30-90 

DAP fertilizer (Appendix Report pg. 170, TVA's process yields 

18-46-0 DAP). A low arade DAP would be more difficult to 

sell and would have to be upgraded using the standard 

granulation process anyway (Appendix Report, pag. 166). Also, 

the Pircon-Peck process has only been tested at a pilot plant 

level. McKee's decision is thus adequate. 

o The selected electric furnace process to roast pyrite to elemental 

sulfur has not been commercialized, but it is the only route that 

can achieve almost full recovery of the sulfur when combined 

with a Claus unit. A less energy-intensive process would result 

in a lower yield, but also lower operating cost. This is not 

clearly demonstrated in the report. The selection, however 

should not considerably affect the project assessment results 

at the level of the current analysis. 

Reclaiming and pelletizing the cinder resulting from roasting 

pyrite can be done by 7 technologies. The selected process 

(Kowa Seiko) is in commercial operation in Japan. The selection 

@
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of either of the other 3 chlorination-volatilization routes would 

not, in all likelihood, affect the outcome of the assessment. @ 

The chlorination-leaching and the concentrate routes appear to 

have substantial cost disadvantages, thus the Kowa Seiko technology 

is a reasonable and adequate choice. " 

The selection of a reduced-moisture facility for handling the 

pyrite is an adequate decision at this level of assessment. 

Effect of Current Conditions on the Conclusions (contract III.A.3.d) 

An extensive computer and physical search was conducted to 

identify new technological developments. The results indicated 

engineering and scientific interest in improving the technologies 

reviewed by McKee, but no actual change in commercialization. 

The results of the search are presented in Section 5 below. @ 

Study Area, Distribution Network, Transportation Modes’ and 

Product Handleability (Contract III.A.3.e) | 

Only the handling of the pyrite concentrates is of interest here. 

The behavior of the fine tailings in the roasting furnace is not 

known, but the processes selected for roasting to either elemental 

sulfur or sulfur dioxide can handle fine concentrates according 

to McKee's in-house expertise and their contact in Spain 

Tecnicas Reunidas, S.A. (Spain mines pyrites for their sulfur, : 

see Appendix Report, pg. 1,2). Also, Denver Equipment ; 

Co. [6] offers a process to produce pyrite concentrate suitable 

for roasting from fine tailings. . 

®
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The final location of the pyrite processing center should be 

e _ taken into account when selecting a technology. The specific | 

factors to consider are availability of raw materials, utilities, 

labor, access to markets, weather conditions, waste disposal | 

" regulations, etc. Exxon selected two industrially developed 

areas that can provide the required production and transportation | 

infrastructure to support the pyrite processing center: Evansville, 

IN and Green Bay, WI. Although the site selection rationale, 

including the dismissal of the Crandon Area is not explained 

anywhere in the Crandon project reports, it is evident that 

both areas do offer the necessary industrial infrastructure. 

In fact, at this stage of analysis both areas offer equivalent 

infrastructure, and no adjustments are required to McKee's 

@ technology selection. 

TIT.A.3.£ of Contract is discussed in the Marketing Report 

Peview (Section 4.1 above). 

ITII.A.3.g of Contract is discussed in the Phase II Report Review 

(Section 4.5 below). 

e |
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4.5 Crandon Project Pyrite Processing Study-Phase IT, June, 1981 _ @ 

Data Sources and Calculations (Contract III.A.3.a) 

This report includes the process diagrams, description, investment . 

estimates, operating costs and revenues for the processing 

alternatives. ; . 

The process diagrams were obtained from published and private 

sources, including McKee's in-house experience. For those | 

processes with no available diagram, the engineering group 

at McKee designed one based on published specifications. The 

description is then adjusted to follow the process path and the 

material balances. Investment costs for the sulfuric acid, 

phosphoric acid and DAP plants was based on McKee's in-house © 

data for recently built similar processes. For the remaining 

processes, the main pieces of equipment are identified and quotes 

are solicited. The investment is then calculated by adding 

all the units of equipment with provisions for installation and 

other indirect costs. All these procedures are standard in 

engineering practice and are within McKee's expertise. Table 3.2 

presents the investment for each alternative. | 

The processing and investment costs for the iron pelletizing 

process and subsequent nonferrous metals recovery train were - 

based on published information of companies operating in Europe 

®
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e and are likely to have less accuracy than the stated + 25%. This 

_ would suggest the need to carry out sensitivity studies on the / 

investment to realize its effect on process profitability. The 

. size of the required investment, however is small compared 

with the rest of the plant, thus eliminating this need. No 

. detailed cost and investment information is provided for the 

roasting plant to elemental sulfur, although it appears that 

McKee assumed it equivalent to the roasting plant to sulfur 

dioxide. My figures for their estimated investment cost are very 

close to McKee's. 

Sources for estimating revenues and operating costs include the 

raw material prices determined in the Market study, the trans- 

e portation costs determined in the Transportation Rate study, 

prevailing costs for utilities and an estimate of investment 

related fixed costs. The engineering material balance provides 

the required production and consumption volumes to be multiplied 

by prices. These procedures are also standard in engineering 

practice. 

The operating costs depend on the location of the processing 

center. Thus, different labor costs, utilities and investment- 

: related costs change the economics of a process in addition to 

the expected variations caused by freight costs for raw materials 

and products. The freight costs differences between Green Bay 

and Evansville are adequately dealt with in McKee's report. 

@
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Labor, utilities and investment-related costs are assumed to be 

equal at both sites. The actual variations between both locations @ | 

are indeed negligible at this stage of analysis and McKee's 

assumption is based in common project assessment practices. 

Crandon's mill location was ruled out as a potential site for " 

the pyrite processing center. The rationale behind this | 

decision is not contained in any of the Crandon Project reports, 

and must be explained. The selection of Green Bay is not, 

however, arbitrary, considering that markets for iron pellets 

are best accessed via Lake Michigan. Evansville makes sense 

mainly when the production of phosphoric acid or DAP are 

included as alternatives. In this case, phosphoric rock must 

be hauled from Tampa, FL, while the markets for DAP and iron 

pellets remain in the corn belt and Great Lakes areas respectively. 

Evansville is a middle point with ready access to ammonia raw © 

material and additional DAP markets. 

A few errors/omissions were detected in the Phase II Report: 

1. Despite the fact that the text of the report claims that 
pyrite is charged at $O/T over the freight cost, it is 
actually charged at $2.02/T over freight cost ($4.31/T 
for Evansville) (p. 4-1 and 4-6 to 4-9). 

2. The suggested price for DAP in the Marketing Report is 
$280 - 300/T f.o.b. Midwest (Market Report, p. 240), 
however, the price of $220/T f.o0.b. Tampa was used instead 
(Phase II Report, p 5-2). This lowers the profitability ~ 
of the project. 

3. The suggested price for ammonia is $138/T delivered (Phase ; 
ITI Report, p 4-1). This assumes some base price $111-- 
114/T plus an estimated freight of $24 - 27/T, as estimated 
by the Transportation Rates Report (p 4). However, the
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Marketing Report estimates the 1977 price of ammonia 

© in $98.21/T (Market Report, p 277), and there is an 
ammonia terminal in Garner, Iowa very close to Green | 

oO Bay (Market Report, p 285 - 287). The freight from 
this terminal would be similar to the Terre Haute - 
Evansville (i.e. $13/T). 

: 4. Sulfuric Acid does not seem to be charged at the 
production cost price in the DAP process, but at a 
price $1.5 - 2.7/T lower (Phase II Report, p 4-10 to 
4-17). 

5. By an error in transferring the estimated investment 
for the nonferrous recovery section, a cost of $1.6 
million was entered instead of the estimated $3.6 
million (Appendix Report p 266). 

6. There are no computer output results for all the cases. 
| The four DAP cases are supposed to include the recovery 

of nonferrous metals, but the revenue does not show them. 

I also do not have clear whether the depreciation. cost 
was left in the fixed costs, thus resulting in a partial 
Gouble counting. 

7. Even though a cost of $2.50/MMBTU was assumed for fuel, 
the roasting unit that produces elemental sulfur shows 
a natural gas cost of $3.00/MSCF or approximately $3.00/ 

© MMBTU (Phase II Report, p 4-20 to 4-23). 

8. No diagram for the pyrite to sulfur plant is provided. 

These errors do not affect the assessment conclusions. 

Each of the processing alternatives was evaluated uSing a 

Discounted Cash Flow (DCF) program apparently in McKee's 

computer. The DCF program is very standard in project assess- 

ment and a simplified version can perform the necessary cal- 

culations for this study. Companies usually require that the 

- Return on Investment (ROI) of a potential project be above 

the interest paid by banks on long-term deposits to consider 

the project attractive. Depending on the economic assumptions, 

the ROI value can vary. An optimistic set of assumptions 

including high sales revenues (either from high projected 

© sales price or sales volume or both), low investment costs
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and low raw material costs results in a high ROI value, say 

- above 25%. A pessimistic counterpart, with correspondingly | @ 

low estimates can arop the ROI value to 10%. Since it is 

impossible to predict the future, it is common practice to | 

either establish worst-case and best-case situations, or . 

a most=-probable case situation. In our fictitious example 

above, the ROI value for such most-probable case would be around " 

18-20%. Although I prefer to see a worst-case/best-case analysis, 

McKee's most-probable case approach is also adequate and used 

in industrial practice. 

| Adequacy of the Conclusions (Contract III.A.3.c) . | 

The possible processing combinations yield 40 processing 

alternatives for Crandon's pyrites. Since two sites are 

assessed (Green Bay and Evansville) a total of 80 project © 

alternatives must be assessed. Table 4.7 presents the estimated 

annual gain, in terms of total annual sales revenues minus total 

annual operating costs, for the assessed alternatives. 32 

alternatives, involving the production of liquid sulfur dioxide 

and of phosphoric acid for direct sales were dismissed on the 

basis of unexistant markets. Of the remaining 48, only 18 

show a poSitive annual gain. The roasting of all pyrites (slimes 

and coarse) to elemental sulfur shows-a marginal gain of $1.9 

million if the facility is located in Green Bay and iron pellets 

and non-ferrous metals are recovered from the cinders. This - 

gain is small considering the investment outlay of $170 million 

| @



Table 4.7 : . . 

PROJECT ALTERNATIVES | 
ANNUAL GAIN ™ REVENUES - OP COST $ MILLION 

GREEN BAY po EVANSVILLE, 
No H2SO4 from 2n Ref. \320,000 T/A H2SO,4 from Zn Reff No H2S0,q from Zn Ref. 20,000 T/A H2SO,4 from Zn Ref 

Final Product Only Slimes| All Tailings Only Slimes| All Tailinas Only Slimes}All Tailings \Only Slimes,;All Tailings : 

Recover “ @ (8) ®@ @® | 
Zlemental Iron Pellet 

| 

Sulfur & Nonferrous (6.6) 1.9 (6.6) 1.9 (10.8) (14.8) (10.8) (14.8) 4 | 

Metals a: ° . : | 

Waste 

Cinders (9.6) (24.2) (9.6) (24.2) (13.7) (40.9 (13.7) (40.9) 

Recover | - 

Pellets & NOT ASSESSED 
Metals - | ae a | 

Liquid |row-------- = Sem em mmm en fen enn nnn nnn women en enn= weer reset °° . 
S05 Waste NOT :-ASSESSED 

Cinders : 
» 

] 

Recover (2) © ©) @© . ° 
Pellets & . . 

6. 2.4 6.3 2.4 19.4 19.0 10.4 (19.0) ° Sulfuric Metals ( 3) ( ) ( ) ( ) ( ) ( ) ( ) 

Dio AcLd  Paomn nnn nnn nn pene nn nnn npn nnn nnn nnn nnn Pan nnn nnn nnn np nnn nen nn nn nnn fone nn nn nnn nnn fone nnn nn nn nn bane en ne nnn n denne anne ne oo 
i Waste ® © D @ 
a Cinders (10.0) (28.5) (10.0) (28.5) (14.1) (45.1) (14.1) (45.1) | 
a . 

-] Recover — 
“ | Pellets & NOT ASSESSED |** 
&|Phosphoric Metals . 
o| Acid me me mm re me me a em ae a mm meme ey ee ere ey me a a 
wv Waste ’ ° | 

2 | Cinders NOT AS SES SED ! «xe 
» : 

s Recover @) ao @) @D | 
&1 DAP Pellets & | 
Ss Metals 15.3 98.6 34.5 121.8 12.8 89.3 33.6 113.9 

> eee tt 

Waste | : ! 
Cinders 11.6 72.5 30.8 95.7 9.1 62.5 29.9 87.8 

( ) = loss © Process No. on p. 1-6 of Summary Report * Eliminated in Preliminary Screening 
because of small market. 

Source: Chapter 5 in Phase II Peport. ** Eliminated in Preliminary Screening 
(pgs. 5-2 to 5-6, Figures 27 to because of captive market. 
34 and 37 to 46). “Waste Cinders" 
cases not explicitly reported, but 
calculated from Ch.4 and 5 of Phase II 
Report. 

ON 
-
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required to set-up the roasting facilities (see Table 4.8), @ 

- and further considering that administrative, financial and 

other operating costs are not included in the gain. All 

the DAP manufacturing alternatives yield a positive gain, with ; 

the recovery of iron pellets and non-ferrous metals always 

increasing the profitability and the Green Bay site always . 

more attractive than the Evansville site. 

From all the 48 assessed alternatives, however, only three 

exhibit a positive ROI (see Table 4.9). All three include 

the production of DAP in the Green Bay site with recovery of 

iron pellets and non-ferrous metals. The highest ROI (5.3%) 

corresponds to the case when all the pyrites are processed (fines 

and coarse) and additional 320,000 T/A of H2SO4 are available @ 

from external suppliers, (either from the Zn refinery or 

any other smelter and producer). The second highest ROI (2.8%) 

corresponds to the case where all the pyrites are processed, 

but no additional H9S04 is brought in from external suppliers. | 

A ROI of 2.5% is obtained for the case when only fine pyrites 

are processed, but 320,000 T/A of H2SO4 are bought from external 

suppliers. All of these ROI values are well below bank interest 

payments. Also, for the highest ROI case, the required invest- 

ment is $400 million (see Table 4.8), which would constitute : 

a substantial increase in Exxon's proposed investment of _ 

$900 million in the mill facilities. McKee's conclusions are 

thus justified. | 

©
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| Table 4.8 ; 

PROJECT ALTERNATIVES ; 

INVESTMENY 3 -ILLION, 1980 Pls. 

GREEN BAY (a) __ EVANSVILLE (b 
No H2S50,4 from Zn Ref. 20,000 T/A H2S504 from Zn Reff No H2S0,4 from Zn Ref. 20,000 T/A H2SO,4 from 2n Ref 

Final Product Only Slimes| All Tailings Only Slimes| All Tailinas Only Slimes|All Tailings }) Only Slimes}All Tailings 

Recover 7 (4) (8) ( (8) 

Elemental Iron Pellets 

Sulfur & Nonferrous 58 170 58 179 58 170 58 170 ‘ 
Metals : 

Waste 
Cinders 39 131 39 131 39 131 39. 131 | 

Recover | | ‘ 
Pellets & NorT ASS ESSE D* 
Metals | 

Liquid [rere er en nr nt rr rn fe rn et en er ne ba re nn ee enn eb nn ee ee ene fame ence °° 
SO4 Waste NOT ASSESS ED\* | 

N | Cinders 

| | Recover (D 6) (2) @) ." 

| | Pellets & 84 250 ga 250 84 250 BA 250 
w! Sulfuric Metals . 

UT. Acid a me mn ne nme wae me em a me me SO eT er em em me em me mm me Fan ee RRO RL MRR Re ema Ra a er eT eR mE pom ee ene eres am ence acme 

% | Waste @ © @ | © : 
a inders 6 211 65 211 65 211 65 211 a S 

| | 
4. Recover 

bel ‘i Pellets & NOT ASSESSED ** 
ji Phosphoric Metals | , 
alacia | wraennonn con ptncn none apan cnn nn ne fonnn ncn c nan acrnnnn anne pecan ane nm nae pan een ae Pa RRA R GARR ROAR © mm 
“ | Waste | . | | | 
e | Cinders NOT ASSESSED ** 

ot | 
Bs | Recover CO) Gp | G) | (7) | ‘ 

Asi | Pellets & 
133 392 145 400 133 392 145 400 

i DAP | Metals | 

> nee ween eee he een ee eee eb eee eee ee donee ee 
. Waste | 

Cinders 114 353 126 361 114 (353 ; 126 361 

O Process No. on p. 1-6 of Summary Peport * Eliminated in Preliminary Screening 
** Eliminated in Preliminary Screenina 

because of captive market. 

(a) The Recover-Pellets-and-Metals case corresponds to 
. Table 3.2 in this review. The Waste-Cinders cases 

are not provided by McKee. From their data, to 

obtain the Waste-Cinders investment subtract $18.5 (b) Evansville's investment is assumed 

million from Recover-Pellets-~and-Metals case in the identical to Green Bay's by McKee. , 
"Only Slimes" columns and $39.2 million in the "All 
Tailings" columns. 
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Table 4.9 ; 

PROJECT ALTERNATIVES 
ROI % 

q - treet i TTA Se NO ER SAA I nscaaittcaesecacacases ES 

GREEN BAY EVANSVILLE 

| No H9SO4 from Zn Ref. 320,000 T/A HySO4 from Zn Reff{ No H2S0,4 from Zn Ref. \320,000 T/A H2594 from Zn Ref 

Final Product Only Slimes! All Tailinas | Only Slimes! All Tailings Only Slimes'All Tailings \ Only Slimes!All Tailings 
f 2 “ i] i . 

| Recover | (@ | @ | | 
Elemental | Iron Pellets ; : i | 

Hetals | 

Waste 1 oN | N N N , ON N / ON iN . 
__| Cinders : | | 

' 

| Recover , | | 
Pellets & i NOT ASSESSEDj|* | i | ; | [Metals | 3 ! 3 | 4 | ) 

Liquid pow n rrr rrr rn rn en rr nn en nnn gee renee a- Torta nn annanannancccncncaanccaeacnananaaanacanaamammwa recon cece cmc 7° 

SO Waste | NOT ASSESSED! *, | 
. | Cinders | . 

| : t ° « 

| ! { | ' 
Recover , (2) | 6) | (2) | 6) . : po 
Pellets & | ‘ 

N N : N N N 
g| Sulfuric) Metals N . | N : N | , | 

0} Acid TS em wae me mn am em om aoe me ae me nen ee ch mem cae em ee a am Dy MD Ce eR ED mcm me mS ae amy wt ee mm ae os ome Sn a rn nn ee nn re en ew enn eee nemo ene cne “oe 
“4 ‘ : i i ' i 

x) Waste G) Cs) D GS) 
SI Cinders / ON N | ON N 1 oN | oN ‘oN oN 
aPY s : - ° " t 

14 | | | | | 4 | | 3 Recover «| |! | | 4 
“4 |Pellets & | | NOT ASSESSED |** ! 
gi |Phosphoric| Metals | | | : | | | | 

rs A Waste : | | 

ot | Cinders NOT ASSESSED :** | 
oot | | i | | i : { : * ! | | , ! ! i | 
>| Recover 3 | 

; Pellets & | ; ; | : | \ 

& Metals i N 2.8 2.5 ' §.3 N ; XN N N | 
> | | | : | | ! | nee eee oe Hd 

Waste | | | | 
| Cinders N N N N N | oN N N 

© Process No. on p. 1-6 of Summary Peport * Eliminated in Preliminary Screening 
. . . . because of small market. 

N = Negative. All negative gains in Table 4.7 ** Pliminated in Preliminary Screening 
yield a negative ROI. Several of the values because of captive market. 

! do not appear in McKee's reports, but by comparing 

the gains in Table 4.7 with the reported ROI values 
it is evident that they are negative or negligible. S 

er rr ee: FRY Trae ga LTE IELTS ET en et Pe EEG EE OE Ee ee beh eto SAT DE Pa tht et ee ee a arts Tae pee a TNE a ‘4, Racin  eeerra tierra he” 
SRR Ore RCRE RM tear SPENT ROIS AY THOR eae ET EE DN OM PRED NET oD Se EN Te Ey CoM EMO Tu eT MRI HORS COMORES UNA R: SN HOE END UT E BER KEM RTI CoA CLR USAR TOE Bn ean a MMM TOV



65 

- Effect of Current’ Conditions on the Conclusions (Contract III.A.3.d) 

. Markets 

- 1979 was a peak year for the chemical industry. A subsequent 

recession dropped the industry's output and last year's recovery 

was barely able to bring it back to 1979 levels. No new market 

opportunities were detected in the literature survey. The 

market conditions, therefore, do not merit update. : 

Assessment. 

© The prices of products and raw materials have been subjected to 

substantial increases since 1980. Also investment and 

transportation costs have been incremented. McKee's study was 

uSing a constant basis for prices and costs. This aprroach 

‘minimizes the impact of normal price and cost fluctuations. 

Their results would only be invalidated by substantial relative 

changes in prices and costs. Since no such cnanges were detected 

in the industrial information sources it is not considered 

necessary to update the assessment studies at this time.
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TIT.A.3.b, e and £ of Contract not applicable 

- Range of Capital Costs (Contract III.A.3.g) © 

McKee's investment costs were estimated using in-house information, 

equipment manufacturers' quotes and engineering estimates. - 

The accepted tolerance for project assessment at this level : 

is around 30%. McKee claims a margin of error of +25% in ° 

their investment costs. The actual error in the phosphoric 

acid, sulfuric acid and DAP plants investment estimates 

is likely to be less due to McKee's in-house experience with 

these processes. The investment estimates for the pyrite 

roasting, iron-pelletization and non-ferrous metals recovery 

units are likely to include an error closer to 30%. The | 

resulting estimates are within industrial practices. Further 

improvement of the investment figures would only be undertaken © 

for those alternatives that showed positive economics. None 

of the alternatives evaluated seem attractive enough to 

justify further engineering work. 

e
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4.6 Crandon Project Pyrite Processing Study - Appendix, 
© March, 1980 

This report can be divided into two parts: | 

I. 14 technical references 

- 3 on pyrite roasting (pg. 1, 3 and 5), 

; - 5 on recovery of non-ferrous metals from pyrite 
Cinders (pg. 8, 15, 21, 31 and 57), 

| - 5 on roasting of pyrites to elemental sulfur, 

~ lon the Pir-on-Peck Process for DAP from flue 
gas desulfurization. 

Il. Davy McKee communications, equipment cost estimates and 
manufacturer quotes. | 

The equipment cost estimates are repeated after page 291 
(i.e. 291-381). 

The technical references present a good review of the pyrite 

© roasting and subsequent recovery of non-ferrous metals. The 

most recent publication, however, is dated in 1969. An 

extensive computer and library search was conducted to update 

the technical references. The results are presented in 

Section 5 below. 

The supporting data for equipment cost-estimates is pertinent, 

although the bases for the following processes are not provided: 

° Pyrite Roasting to Elemental Sulfur (no diagram is 
° provided, nor equipment cost details). 

* Sulfuric Acid Plant (a diagram is provided, but no 
. equipment cost details). 7
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¢ Phosphoric Acid Plant (a diagram is provided, but no 

equipment cost details). | 

° DAP Plant (a diagram is provided, but no equipment cost 
details).
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© - 5. TECHNOLOGY UPDATE | | 

As documentation for the process technology survey, McKee provided a series 

| of articles describing alternate processing routes for pyrite roasting and 

. Cinder treatment for iron and nonferrous metals recovery. 

An extensive survey of technology publications was conducted to update. 

Mckee's own survey. The update is aimed at detecting technological 

developments that might affect Mckee's technology choice, and, ultimately, 

the project's conclusions. The survey included a physical search at the 

University of Wisconsin library system and a comprehensive computer search 

with access to world-wide data bases. The following processes were surveyed: 

© a. Pyrite roasting 
b. Sulfur from other sources (SO,, flue gas, gypsum) 

c. Iron recovery from pyrite cinders (including pelletization) 
d. Nonferrous metals recovery from pyrite cinders. 
e. Sulfuric acid 
£. Phosphoric acid 
g. Diammonium Phosphate (DAP) 

The computer search output 1S included in Appendix B. In excess of 700 

references were initially found by the computer. Many were not related 

to the processing aspects of the technology, while others dealt only with 

, theoretical aspects such as kinetics, thermodynamics, chemical analysis, 

. computer models, control, etc. A few reported results on pilot plant tests 

and a good number were patents. Since only commercial manufacturing 

applications were of interest all these references were eliminated. Further, 

© those references written in a language other than English were not
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investigated. The following regional interests were detected in this last . © 

- group of references: _ 

Pyrite processing | | . 

Spain, South Africa, India, Russia, France, West Germany and the Scandinavian 

countries all report some degree of commerical applications of pyrite . 

roasting to either sulfur or sulfuric acid. a 

Recovery of metals from pyrite cinders - | 

South Africa and Russia show great interest in this technology, especially 

on the recovery of gold. Japan, the Scandinavian countries, ‘India and 

Spain all report work on iron, copper and other nonferrous metals. West 

Germany's interest is on zinc, nickel and cobalt. 

Phosphoric acid | 

Japan holds the highest number of publications on the hemihydrate process. ®@ 

Their lack of indigenous reserves for gypsum account for this interest. 

Finally, those references dated before 1975 were dropped leaving a total 

of 47 to be analyzed. These are listed in the Bibliography ([43-79] and 

[94-103]). 

The technology alternatives presented by McKee for each processing step 

are shown in Table 4.5, with the final selection clearly highlighted. 

The results of the updated survey are summarized below. 

®
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©@ 5.1 Pyrite Roasting [8,11,18,47,49,50,51,57,58,59,60,61]. 

Includes roasting to sulfur and sulfur dioxide. For roasting to sulfur, McKee 

- selected the electric furnace process because of its high sulfur recovery. 

No new developments were reported in the update for the Thermal-, Chlorine- 

" or Halvorsen-type processes. Production by a hydrometallurgical technology 

was reported but the recovered sulfur was too impure to be marketed. The 

only alternative market for the impure sulfur would be as asphalt aid. For 

roasting to S05, the turbulent bed reactor is the latest technological 

development reported in the literature. | 

Competing sources of sulfur such as recovery from natural gas, oil refineries, 

utility plants, etc., are discussed in several additional references [5 p137, 

@ 13, 77, 78, 79]. | 

5.2 Sulfur from Sulfur Dioxide [98,101,102,103] 

This process is needed to convert hydrogen sulfide and sulfur dioxide 

generated in the pyrite roasting process to elemental sulfur. Although 

design improvements have been reported, the Claus process selected by 

McKee is the preferred route to recover this sulfur. 

5.3 Metals recovery from Cinders [43-46,48,49,51,53-56,95-97] . 

Several commercial routes to recover iron from pyrite cinders were 

reported in the literature. They differ mainly in the type of furnace
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utilized to oxidize the iron. The reported cases are all competitive © 

- technologies and no change in the conclus ions is expected by modifying 

McKee's selection (Kowa-Seiko). The separation of nonferrous metals is 

now an integral part of most pyrite roasting plants. The main reported - 

development 1s Duisburger Kupferhuette's electrowinning process to 

enhance the purification (refining) of copper already recovered from ” 

pyrite cinders. McKee's selection of a separation train for nonferrous 

metals does not include the final refining step, and is thus not 

affected by this type of development. 

5.4 Sulfuric Acid [5 pl34, 10 p301, 12,13,94,8]. 

New developments in the manufacture of sulfuric acid concentrate on the 

design of more energy efficient plants and improving pollution control. 6 

The preferred process is McKee's selection : Contact- Double Absorption. 

5.5 Phosphoric Acid [5 p242, 10 p252,12,26,62,68-76] . 

The wet-process selected -by McKee is still the preferred route to 

phosphoric acid in the US. In the updating survey several reports deal | 

with the hemthydrate process. Occidental started a plant in Florida. 

This technology reduces the impurities in the resulting byproduct gypsum, ; 

but it is still manufactured in great amounts. The adoption of this 

process in Crandon's case would not result in a significant improvement . 

over the wet-process selected by McKee. . 

| e
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© 5.6 DAP [5 p255,63-67]. 

The development efforts in DAP manufacturing technology have been towards 

~ improvement of operating efficiency. The standard process was developed 

by TVA and they remain the main contributors to its development. 

5.7 Strasma Report Review. —— 

The report by J. Strasma et al. was reviewed as part of the | 

technology update [107]. The report presents an analysis of 

potential uses of mine tailings to manufacture marketable 

products. The report's main finding is the attractiveness 

of the Pircon-Peck process to manufacture DAP fertilizer from 

@ flue gas. Flue gas contains very small amounts of SO.- The 

Pircon-Peck process is not attractive under the conditions at 

Crandon because: 

(a) SO. is readily available in high concentrations from the 

pyrite roasting unit, and 

(b) the resulting DAP fertilizer is low-grade (9-30-0 vs. 

18-46-0 obtained in the TVA process). It is unlikely that 

the farmers in the corn belt would accept low-grade DAP. 

: Upgrading this fertilizer requires- a conventional TVA 

unit, thus defeating the purpose of utilizing the Pircon- 

° Peck process in the first place. 

In general the report provides very basic information and very vague | 

© support for its analyses. It gives the impression of being an initial study 

to establish the issues at stake, that is a proposal to justify further work.
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| 6. ENVIRONMENTAL EMISSIONS OF THE PYRITE PROCESSING CENTER @ 

The concept behind the pyrite processing center is the avoidance 

of the environmental damage incurred by the impoundment of Exxon's ” 

mill tailings. The impoundment area required to hold the 

estimated 33 million T of tailings produced over the 30 years of 

mill operations is 22.1 million m= (MWDF Feasibility Report). 

The processing alternative involves the separation of these 

tailings into 8 million T of pyrite concentrate (slimes) and 25 

million T of coarse fraction. By processing the slimes, the 

impoundment area and containment specifications can be reduced. 

If all the tailings are processed the need for impoundment is 

eliminated. The pyrite processing train, however, is not 

pollution-free. Figure 6.1 shows the main emissions present © 

in the pyrite processing alternatives. This Section presents 

a general overview of these emissions. The approach is qualitative 

for the most part, but quantitative estimates are provided when 

sufficient information is available. 

6.1 Pyrite Handling. 

Includes pyrite separation from gangue. This operation: involves . 

little chemical processing. The emissions form this step are 

better studied as part of the mill operations or the roasting . 

facility. 

| @



® SO ® SO @ 
. . ; . . . a : m. . - . 

Figure 6.1 | 

PYRITE PROCESSING MAIN _ EMISSIONS 

. dust, S0,, metal oxides | , LEGEND 

. Emissions 
” Roast to Sulfur a 

dust , , Elemental 

’ Sulfur ‘ 

. . ? waste gas, contaminated contaminated 
Cinder water vapor water vapor 

| | Handling | Iron Pellets 
Fines Only of Separate Iron Separate ~ Cu 

: or 7| Concentrate and ‘« | non-ferrous Pb 
All Tailings | Pelletize Solution Metals 7.5 zn . 

Au 

| ' [einders” . CaCl, “Solution AS 
. Cinders , dust 

‘. Acid Mist Gypstin contaminated with gaseous tail gas with NH, 
N, dust, SO 59, fluorides and fluorides 
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| Roast Sulfuric | Phosphoric -" " 
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, Rock . 

. | | ' | dust eo 
- 7 Gypsum contaminated waste water with . 
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uranium phdsphates 
, ‘ . 

| Source: Figure 2, Chapter 4, Phase I Report, Section 4.2, Phase I Report, | 

Chapters 1 and 2, Phase II Report. c 
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. . 4 | 

Solid waste if not further processed to recover iron pellets. de | a 

. . 

“Liquid waste if not further processed to recover nonferrous metals, |
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The physical handling of the pyrite concentrate will result in @ 

minor particulate fugitive emissions. 

6.2 Pyrite Roasting. - 

The main contaminants emerging from this process are the cinders 

if they are not further processed to recover iron pellets. An 

estimated 180,000 T/A of cinders are produced by the roasting 

unit. These cinders yield an acid leachate and a protected 

pond must be provided for their impoundment. The resulting 

environmental impact is only slightly less than that of impounding 

the pyrite tailings. 

Gaseous emissions include sulfur and metal oxides (iron, Zinc, © 

lead, etc.) An emission limit of 2 Kg of SO, /T of sulfuric acid 

was referenced by McKee (Phase II, p2-1, also [9]). If a limit 

of 2 Kg of SO,/T of sulfur is imposed on the roasting facility 

the annual emissions of sulfur oxides will amount to 268 T/A. 

For the pyrite to sulfur dioxide facility, a similar limit will 

result in emissions of 534 T/A. These figures increase fourfold 

if all the tailings are roasted (slimes and coarse fraction). 

As in any solids-handling unit, fugitive dust emissions are 

to be expected in the roasting facilities. .
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© 6.3 Sulfuric Acid Plant. | . 

The most important emissions in the sulfuric acid plant are 

- sulfur oxides and acid mist. For sulfur oxides the existing 

limit is 650 ppmV (Phase II, p2-2). This limit is readily | 

” achieved with current technology. For a typical emission 

of 2 Kg/T of sulfuric acid (Phase II, p2-l, also [9]), the 

proposed 400,000 T/A facility would discharge 800 T/A of 

sulfur dioxides. This emission increases to 3388 T/A if the 

1,694,000 T/A plant is built to accomodate the coarse tailings 

also. 

The emission limit for acid mist is 0.075 Kg/T of sulfuric acid 

© (Phase II, p2-2). This limit results in emissions of 30 T/A 

and 127 T/A for the 400,000 T/A and 1,694,000 T/A plants 

respectively. 

6.4 Phosphoric Acid Plant. | 

The main waste emission in this unit is solid gypsum contaminated 

with fluorides and uranium. There are no markets for this 

_ gypsum. The smallest processing alternative produces 1.3 million 

T of byproduct gypsum requiring some 44 million m= of 

. impoundment facilities. The largest processing alternative 

manufactures 6.7 million T of gypsum requiring a 222 million m> 

pond. This is ten times the requirements for the mill's tailings. 

@ a
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Contaminating fluorides appear as sodium fluosilicates in the eo 

- waste gypsum. These are not very soluble but preclude the use 

of the gypsum in construction.. Silicon tetrafluoride and 

hydrogen fluoride are present in tail gas. The fluorides , 

originate in the phosphoric rock required to manufacture 

phosphoric acid. Phosphoric rock contains as much as 3-4% , 

fluorine [9]. This represents 13,500 T/A of fluorine for the 

small processing alternative and 68-90,000 T/A for the large 

“one. These amounts are not expected to appear as emissions in 

Crandon's unit. Fluoride emissions are likely to be limited by 

EPA's standard of 0.01 Kg/T of P60, fed (Phase II, p2-3). The 

emissions under this standard are only 1.44 T/A for the small 

processing alternative and 7.26 T/A for the large one. The rest 

of the fluorides, however, must be removed and disposed off. © 

Florida phosphoric rock contains typically 0.033% of U30, [9]. 

Some of this uranium oxide remains in the gypsum, but most 

appears with the phosphoric acid. The smallest processing 

alternative generates 135 T/A of uranium oxide, while the 

largest one generates 680 T/A. 

Particulate fugitive emissions are present in the physical . 

handling of the phosphoric rock. These are not a major 

problem in the phosphoric acid plant. | * 

6.5 Diammonium Phosphate Plant. e
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©® _ Ammonia and fluorides are present in tail gas and waste water | 

streams of the fertilizer plant. Waste water contains also 

phosphate contaminants. The DAP product may contain fluorides 

and uranium from the phosphoric acid plant. EPA's standards 

. limit fluorine emissions in DAP plants to 0.03 Kg/T of DAP 

(Phase II,p2-5). Crandon's emissions would then be limited 

to 9 T/A in the small processing alternative and 47 T/A in 

the largest case. 

6.6 Iron Pelletization. | : 

The main emission in the iron pelletization unit is the calcine 

dust containing nonferrous metals if these are not recovered 

® downstream. Some 6,800 T/A of calcine dust are produced in 

the small processing alternative (only pyrite slimes). The 

calcine dust is cooled and washed with water yielding 53,460 m>/A 

of solution containing all the iionferrous metals plus 3,200 T/A 

of hydrochloric acid and 1,337 T/A of sulfuric acid. 

Water vapor contaminated with metals (Cu, Pb, Zn, Cl and SO.) 

is emitted when the hot pyrite cinders are cooled down by the 

‘ direct use of recycle streams from the iron removal and zinc 

recovery operations (See Appendix C). 6-8,000 T/A of contaminated 

" water are generated in the small procesing alternative. 

All the figures in this section increase fourfold if all the 

e tailings are processed. |



* . 

| | 80 

6.7 Nonferrous Metals Recovery. @ 

Some 3,000 T/A of solid gypsum contaminated with lead and other 

metal sulfates are manufactured in this unit under the only-slimes . 

processing alternative (see Appendix C). This is the main 

emission. The waste increases to 12,000 T/A for the all-tailings * 

processing alternative. - 

50,100 T/A of a 10% solution of Cacl., in water are obtained in | 

the zinc recovery unit. This stream is recycled to the iron 

pelletization unit to take advantage of the CaCl. as chlorination 

agent. Also, 6-8,000 T/A of a slurry containing some 820 T/A 

of Fe,0,*H,0 are recycled to the iron pelletization facility 

to recover the iron (see Appendix C). These figures increase ©} 

fourfold for the alternative of processing all the tailings. 

6.8 Conclusion. . 

The most attractive alternative in Mckee's study includes 

processing all tailings to DAP with total recovery of iron 

pellets and nonferrous metals adn using 320,000 T/A of external 

sulfuric acid. Table 6.1 summarizes the estimated quantifiable 

emissions for this alternative. It is evident that the 7 

environmental problem created by the pyrite processing train . 

is far more complex than the original impoundment of mill 

tailings. | |
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Table 6.1 

Estimated Emissions for Most Attractive 

- Processing Alternative 

. Emissions 
Processing Unit T/A : Type 

Pyrite Roasting 2190 SO,. - 

Sulfuric Acid 3388 SO... 

127 Acid mist. 

Phosphoric Acid 6.7 million Gypsum (222 million m°> pond). 

7 Fluoride. 

680 Uranium oxide in Phosphoric acid. 

DAP | 47 Fluoride. 

Iron Pellet. 200-210,000 Contaminated water vapor. 

6
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| 7. REVIEW CONCLUSIONS AND RECOMMENDATIONS. @ 

Conclusions | 

The reports issued by Exxon's consultants are professional and 

conform to accepted project assessment practice. Their overall , 

conclusion is that further processing of the pyrite tailings is 

uneconomic. Their final recommendation is to impound the pyrite 

Fines and use the coarse fraction as mine fill. The conclusions 

and recommendations are supported by the results obtained in 

the reports. Current economic conditions have not changed enough 

to modify the conclusions. The comprehensive literature search 

did not uncover any technology development that could invalidate 

the process selection presented in the reports. ®@ 

The reports address the potential environmental impact of the 

pyrite processing center in a rather sketchy manner. The case 

is that all processing alternatives will generate some degree 

of emissions. The specific case of gypsum obtained as a 

byproduct of the phosphoric acid/DAP processing alternatives 

is illustrative. This byproduct gypsum contains fluoride and 

uranium. contaminants. Also, the required impoundment area to 2 

dispose off it is 44-220 million m* (36,000-180,000 acre-ft) 

in addition to Exxon's current planned facility of 23 million . 

m> (19,000 acre-ft). The potential environmental damage of 

this pond seems larger than the pyrite fines impoundment. The 

| ®
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© least environmentally damaging alternative appears to be the | 

| roasting of the pyrites to sulfur, including the recovery of 

iron pellets and nonferrous metals from the cinders. This 

" alternative proved uneconomical under current conditions but 

should be kept in mind for future assessments. 

The reports present the assessment of the "most. probable" case 

for each alternative. Sensitivity studies including investment 

costs and product prices for the most economically attractive 

alternatives would contribute to strenghten the final conclusions. 

Apparently, Exxon's consultants had to work under tight time 

constraints. The resulting rush is probably the cause for the 

errors and omissions detected in the individual reports. The 

@ study's main flaw is the absence of a justification for the 

elimination of Crandon as a potential processing center. 

. My rough calculations show improved economics for such case, 

although still unacceptable ROI. This is demonstrated with a 

Simplified version of the ROI, namely the gain/investment ratio 

GIR. Table 7.1 shows the GIR for the project alternatives. 

Notice that a GIR of 30.5% corresponds to the most attractive 

alternative of manufacturing DAP from all the tailings and 

e including 320,000 T/A of additional external sulfuric acid, 

plus recovering iron pellets and nonferrous metals. This best 

° case has a ROI of 5.3% in Table 4.9. Roughly there is a maximum 

equivalency of 0.17 percentage points of ROI per percentage point 

of GIR. Application of this equivalence factor to GIRs lower 

©



TABLE 7.1 . 

| PROJECT ALTERNATIVES 
| 

. GAIN/INVESTMENT RATIO 7 
NEA, ee Yee 

(3%) , | 
| GREEN BAY - EVANSVILLE 

No H2S0,4 from Zn Ref. 20,000 T/A H2S0q4 from 2@n Ref /No H2S0,4 from 2n Ref. 20,000 T/A H2S04 from Zn Ref 
Final Product Only Slimes! All Tailings Only Slimes: All Tailinas Y Only Slimes'All Tailings\ Only Slimes'All Tailings ' 

i ! | : ‘| Recover SO (8) . @ 1 ©) | 
lemental | Iron Pellets 

Bulfur { & Nonferrou N | Lel N 1.1 N N N iN 

| Metals 1 

| waste | N | N | N | oN N N ; N N . 
| Cinders | . 

7 ] 
. Recover 

Pellets & | NOT ASSESSED|* . 
| Metals | } | 

$04 | Waste | | not agSESSED/*, 
| Cinders | { i . 

° { ° 
‘5% : { ; . . d- i . ! Recover — @ | © @ @ . : | 

| N N N N y Sulfuric] Metals N ! N | N N | 
cv. Acid —— ee ee me en ow me ae Pa mae OP a a ER RN ER ORR OD mE OD a en A ae OD Onn Oem ee Sew com 9 Se Se Om Om Oe we ee oe eae oe Oe OD See ee EO OD ED BD OF Oe ED OD OD OED a SD UY OOS Om aD a ae wD Oe Om oD ee ee Te mmm mes 0 we ew 20 0 ao an On on On on om ae om oe ee oe a me er ee ema OO 

¥ Waste | @ ! G) D ) 1 7 | 
3 | Cinders N \ N N N | N N , N | | : N 

} | 
3 Recover | | | | | HY 

4 lPellets & | NOT ASISESSED /|** | ? 
3G| Phosphoric} Metals — | | | 

» Waste | | | | , | 3 

; ® Cinders NOT ASISESSED//|** ae : 
rf? | i | . . ; " 

> Recover | (3) | G> | ®D to . i | 
: Pellets & | ! | | ! ) | 23.2 28.5 | Ss Metals | 11.5 : 25.2 23.8 | 30.5 i 9.6 i 22.8 | l: 

' Waste | | 
oe | Cinders : ae . ae 

; 10.2 20.5 24.4 26.5 , 8.0 17.7 | 23.7 24.3 

© Process No. on p. 1-6 of Summary Peport * Eliminated in Preliminary Screening 
, hecause of small market. 

N = Negative. ** Fliminated in Preliminary Screening 
' a | | | because of captive market. 

- 5 a ©O
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© . 

than 30% will result in optimistic estimates for ROI. Table 7.2 | 

summarizes the GIR values for the most attractive alternatives 

° when the processing center is located at Crandon. These values 

are slightly optimistic because they do not take into account 

" a marginal increase in the cost of hauling phosphoric rock and 

ammonia to Crandon instead of Green Bay. Multiplying the GIR 

values in Table 7.2 by 0.17 yields optimistic ROI values. It 

is clear that none of the alternatives has a ROI above 6%, which 

is well below bank interest levels. | 

RECOMMENDATIONS 

© The alternatives to process Exxon's mill tailings fail to 

achieve sufficient economic attractiveness. Furthermore, 

the environmental impact of the most favorable alternatives 

is far more complex than that of impounding the mill's tailings. 

Although more work is needed to strengthen McKee's reports I 

do not believe that the such work would Substantially modify | 

the reports' final conclusions. 

| 

© |
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ESTIMATED GAIN/INVESTMENT RATIO WHEN PROCESSING | 

CENTER IS LOCATED AT CRANDON 

(3) | 

320,000 T/A of H.SO, 

| No H.SO 4 from Zn Refinery from Zn Refinery 

{Alternative , Slimes JAll Tailings | Only Slimes | All Tailings 

Sulfur N 8.8 N 8.8 

Sulfuric Acid | 

(sell price $15/T) N 4.6 N 4.6 
* * 

(sell price $30/T) 3.2 14.8 3.2 14.8 

DAP 13.8 28.5 25.9 33.7 ® 

" Revenue increment for these cases estimated in Table 4.2. 

Source: Own estimates. Pyrite freight cost savings vs. Green Bay are 

estimated at $3 million (267,000 T @ 11.44 $/T) for the slimes 
and $13 million (1,094,000 T @ 11.44 $/T) for all the tailings. 
The actual savings will be lower since freight of phosphoric 
rock and ammonia higher than to Green Bay. 

e



8. SALT CAKE DISPOSAL 
87 

© . 8.1 Background. | 

Exxon's milling operation in Crandon will reuse most of its 

mo process water. The proposed water treatment unit frees the 

water from carbonates precipitating them with lime to form 

calcium carbonate. The remaining liquid is further treated 

in vapor compression evaporators/reverse osmosis units. As 

a result, a sludge containing essentially sodium sulfate and 

thiosulfate is obtained. As the sludge cools down, some of 

the sodium sulfate absorbs water to form Glauber's salt 

(NagSOq4 * 10 H90). Exxon, in several communications (MWDF feasibility 

study ) has indicated the intention to sell a purified 

sodium sulfate cake to kraft paper manufacturers in the area 

@ or, if no clients are found, to dispose of the cake in an 

environmentally safe manner. In this section the (a) avail- 

ability of markets for salt cake, (b) suitability of Exxon's | 

salt cake for kraft pulping, and (c) environmental effects 

of salt cake disposal are reviewed. 

8.2 Sodium Sulfate Markets 

8.2.1 Demand Factors. 

: - Sodium sulfate production in the U.S. has declined from about 

. 1.1 million T in 1978 (£21] p 252) to 0.8 million T in 1984 _ 

(34, 36]. Table 8.1 presents the supply/demand situation | 

for sodium sulfate from 1981 to 1984. Market reports up to 

© 1979 showed that two thirds of the sodium sulfate was used 

in the Kraft pulping process, while some 26% went to detergents
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Table 8.1 

- U.S. Supply/Demand for Sodium Sulfate J . e 
: (1000T) 

1981 1982 1983 19846) 

Production | 
| Natural 553 373 364 355 

Synthetic 457 413 414 455 
TOTAL PROD. 1010 786 778 810 - 

Imports 265 356 312‘°) 273'°) 

Exports 113 101 . 82 77 

Consumption | 

Pulp 543 515 453 450 
Detergents L41 419 395 445 

TOTAL CONS. .- 1132 10°73 964 1012 

(a) Apparent Consumption = Production + Imports - Exports + Inv- 
entory Change: 

(b) Estimated using annualized data up to July. 

(¢) Canada accounted for 247 in 1983 and is expected to ship 

220 in 1984 [37]. 

Source: [36] | | 

oS
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e ~  (€213 p 254). For a consumption level of 1.16 million T 

reported in [21], this means some 780,000 T going to pulp 

. and 300,000 T going to detergents. The current figures indicate 

that the pulp uses have dropved to 450,000 T, or 44% of the 

” consumption and detergent uses have increased to 445,000 T, 

also 44% of the consumption. The major factor affecting the 

kraft pulping use of sodium sulfate is the adoption of 

stricter environmental regulations. These have forced all 

industries with sodium sulfate emissions to recover the 

Salt cake. Thus, the wood pulp companies using the kraft : 

process have reduced their net (make-up) requirements of 

sodium sulfate £37, 40, 32]. Consumption is down to 25 kg/T 

} of pulp for some processes [33]. Cheaper chemical replacements 

sporadically affect the consumption of salt cake in the pulp 

industry but are not considered a long range threat to sodium 

sulfate, Sodium and sulfur values are present in the effluent from chlorine 

dioxide and could permanently replace purchased salt cake, 

reducing the need for this chemical in the future [37,40]. All 

these indicators point to a diminishing market for sodium sulfate 

in the pulping industry. How fast will this market shrink will 

depend on the demand for pulp and on the technical ability (and 

" economic attractiveness) to recover sulfur and sodium values 

e from pulping effluent streams. At the present time the demand 

for pulp is experiencing a strong recovery [38,39]. The US pulp - 

demand grew 6.53 per annum over the last two years, from 44.8 

®



| 
million T in 1982 [39] to 50.8 million T in 1984 [35]. This @ 

: growth was not enough to offset a drop in sodium sulfate pulping | 

use from 515,000 T in 1982 to 453,000 T in 1983 (see Table 7.1). | : 

The fall seems to have subsided and the estimated use for 1984 | 

is around 450,000 T. The environmental and economic attractiveness | 

of recovering more sulfur and sodium values from pulping effluents . 

seems to have achieved equilibrium. The use of sodium sulfate 

for kraft pulping is expected thus to diminish at a slow rate. 

The use of sodium sulfate as a component of household laundry 

detergents, on the other hand, has grown moderately in the last 

four years (see Table 8.1). Anhydrous sodium sulfate is a 

preferred inert ingredient because of its whiteness and particle 

size. As much as 75 wt% of household laundry detergents can be @ 

sodium sulfate. Detergent use is expected to increase in 

the future [21 p254, 36]. 

8.2.2 Potential Market for Exxon's Salt Cake, . 

There are 195 wood pulp mills in the US [39]. From these, 120 

use the sulfate (kraft) process, accounting for some 70% of the 

pulping capacity of 51 million T. Exxon identified three kraft 

pulp mills in Wisconsin with a total requirement of some 9,600 . 

T/A of sodium sulfate (Thilmany 7,300 T/A, Nekoosa 1,300 T/A 
e 

and Mosinee 1,000 T/A). Exxon's maximum production of 4,620 T/A 

could then be absorbed by these three mills if they would agree 

to purchase its product. To gain their acceptance Exxon will @
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©} have to offer competitive price and adequate purity. The current 

' sguppliers include Saskatchewan Minerals, from Canada and Green 

Bay Packaging Co. from Green Bay. Saskatchewan's salt cake is 

. very pure (98.93% according with their specifications), mined 

from Glauber's salt deposits. Thanks to the strong US dollar, 

i. they are able to offer their sodium sulfate substantially cheaper 

than the US price. For the northern US, the current listed price 

for sodium sulfate is US $90/T, while Canada'a export sulfate is 

listed at Can $75/T [36]. At an exchange rate of 1.3176 Can$/US$ 

(Barron's, Nov 26 1984, pl38) their export price is equivalent to 

US $60/T. Green Bay Packaging, on the other hand, offers a 

byproduct consisting of a mixture of 80% sodium sulfate and 20% 

sodium carbonate. Since sodium carbonate is more expensive than 

© the sulfate this mixture should command a higher price than the 

sodium sulfate alone. Green Bay Packaging, however, needs to 

get rid of this byproduct and is willing to sell at substantial 

discounts. 

In conclusion, according to the market information reviewed in 

section 8.2.1, and the prices and local markets for sodium 

sulfate reviewed in this section, Exxon could sell its salt 

cake if willing to offer substantial discounts. It is likely 

° that some amounts will have to be allocated to detergent 

e manufacturers. 

@



8.3 Suitability of Exxon's Salt Cake for Kraft Pulping. i 

Exxon's claim that the actual specifications of the salt cake F 
| E 

are secondary to price for the kraft pulp manufacturers seems : 

to be supported by technical writings on the subject [21 p2543%399, 4 

41,42]. The processing requirements call for make up sources of i 

sodium and sulfur. The technical specifications are measured 

in terms of the sulfidity, with an acceptable range for this P 

variable of 15-35% in the cooking chemical [42 pl137]. This can ; 

be fulfilled by many combinations of inorganic chemicals 

containing the required sulfur and sodium elements. | 

The only problem that has been mentioned by consulted experts 

is the ability of the pulping industry to accept potential ; 

chlorine contamination in Exxon's salt cake. This chlorine 

originates in sodium chloride obtained with the sodium sulfate. 

Although no chemical analysis of the salt cake is provided, an 

estimated composition is 95% sodium sulfate and 5% sodium chloride ’ 

and sodium thiosulfate (MWDF Feasibility). If the resulting : 

cake is unacceptable to the kraft pulp manufacturers Exxon : 

will be forced to seek the detergent market, or to impound the 

salt cake. F 

a 
8.4 Environmental Effects of Salt Cake Disposal. ; 

Sodium sulfate is not considered a: particularly noxious chemical 

[21 p254]. Its main environmental threat is its high solubility, 

which results in sulfate seepage to the groundwater. A high :
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© concentration of sulfates in the drinking water has laxative : 

effects. To help establish the magnitude of the problem I | 

include several rough calculations. | 

. Exxon's water treatment unit is expected to generate a maximum 

of 4,620 T/A of salt cake consisting mainly of sodium sulfate. 

Over 30 years of mining this represents 138,600 T of salt cake, 

requiring 69,300 m* of impoundment facilities (Exxon's estimate 

is 68,040 m°, MWDF Feasibility Study). According to 

sodium sulfate solubility charts [30,31] water can dissolve up 

to 30-33% of this salt at temperatures above 33 °C (90 °F). The 

ground temperature at Crandon is not expected to exceed 16 °C 

(55 °F), in which case part of the rain water will be permanently 

trapped in the sodium sulfate to form Glauber's salt 

© (Na,SO,° 10 H.0) . The remaining solution can contain up to | 

11-12% of sodium sulfate. Glauber's salt retains about 1.3 

T of water per T of sodium sulfate, thus one year's production 

of salt cake could trap as much as 5860 T of water to form the 

stable Glauber's salt. Table 8.2 shows that sodium sulfate 

impounded in a 5 acre pond with an average depth of 11.4 ft 

would disappear completely in 75 years. A 4 acre pond would 

extend the life of the sulfate to 95 years. Reducing the 

w surface area of the pond reduces the seepage losses. 

* The conclusion that emerges from this rough, oversimplified 

calculation is that sodium sulfate will seep through to the 

ground water sooner or later, unless it can be kept from rain 

® water. |



| 94 

Table 8.2 ©@ 

Sodium Sulfate Dissolution Estimates 

Water . Salt Cake '©) Years to wash-off 
Surface Avg. Collected Annual All the Salt Cake . 
Area Depth per Year (b) Seepage (T) (d) 

(acres) (ft) (a) (T/A) S308 years) 

2 28.6 6050 31 825 197 . 

4 14.3 12100 1023 1650 95 | 

5 11.4 15125 1520 2063 75 

| ) 

, | 
| 

(a) Total volume is 69,300 m> (57.2 acre-ft), : 
(bo) For annual precipitation of 30". 
(c) Total cake = 138,600 T. A different disappearance rate | 

is applied to the first 30 years of operation (<30) and | 
the non operative years after the mine is closed (>30). 

(ad) 5860 T/A of water trapped to form Glauber's salt. The 
remaining solution contains 12% sodium sulfate. 

. " 

a



95 

© Exxon's salt cake will be recovered in solid form [106]. As the | 

- effluent sludge solidifies 1t will acquire the shape of the 

| container. There 1S no evidence of any sodium sulfate disposal 

~ facility in the US in the literature. A comprhensive search 

using computer data bases was conducted and fourteen references 

: mention the generation of salt cake but not the manner of disposal 

[80-93]. Interviews with experts corroborated the absence of 

industrial experience with this disposal problem, although no 

unsurmountable technical problems are forseen to solve it [23,24, 

106]. An appropiate design would provide an impermeable liner 

to protect the sulfate from water. 

@ | 

° | 

® 

e |
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