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APPENDIX A
EVOLUTION OF THE REVIEW DOCUMENT

This study to review the existing standard of performance for
primary copper smelters began in 1980, with Pacific Environmental
Services, Inc. (PES). In September 1980, responsibility for the
project was assigned to the Research Triangle Institute (RTI). Major
events since RTI was assigned responsibility are shown in Table A-1.

Initial RTI activities include a review of the PES draft work
plan and the preparation of the Phases Il and III work ptan. Discuss-
jons were held with PES and IERL/Cincinnati to identify and explicate
the issues and to gather information documents for detailed study at
RTI. In conjunction with EPA's Emission Monitoring Branch, a source
test plan was prepared in June 1981. However, due to funding problems,
source testing did not start until November 1981 with completion in
January 1982. Radian Corporation performed the tests with RTI personnel
observing.

Numerous plant visits were made during 1981 for familiarization
and data collection purposes. Domestic smelters responded to 114
tetters adding to the data base.

From September 1980 to date, numerous telephone and written
contacts were made with foreign and domestic smelters, equipment
suppliers, and domestic electric utilities to obtain information on
primary copper smelter processes and emission control systems.

The technical background chapters describing the industry, emission
control techniques, reconstruction and modification considerations,
model plants, and regulatory alternatives were completed in March

1982, and mailed to industry for review and comment. The preliminary
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economic analysis was completed in September 1982 and the final economic
analysis in October.

Industry comments on the draft BID were analyzed and incorporated
into a revised version that was sent to working groups October 1982.
Revised Chapters 6-9 were distributed to litigants and intervenors for
review and comment in November 1982.

NAPCTAC review was accomplished in April 1983 and the notification
package submitted for Steering Committee review and AA concurrence in
September 1983.



TABLE A-1.

MAJOR EVENTS AND ACCOMPLISHMENTS IN THE EVOLUTION
OF THE BACKGROUND INFORMATION DOCUMENT

Month

Event

September 1980

October 1980

October 1980

October 1980

December 1980

February 1981

March 1981

April 1981

May 1981

May 1981

May 1981
June 1981

July 1981

September 1981

Work begun by Pacific Environmental Services (PES).
PES Work Plan submitted to EPA.

Work begun by the Research Triangle Institute (RTI).

Draft work plan discussed with I. J. Weisenberg,
formerly project leader for PES effort.

Draft Phases II and III Work Plan completed.

Discussions with IERL/Cincinnati to identify issues and
to obtain background documents.

Phases II and III Work Plan completed.
Familiarization visits made to five U.S. smelters--
ASARCO/E1 Paso, Phelps Dodge/Hidalgo, Phelps
Dodge/Morenci, Inspiration, and ASARCO/Hayden.

Outokumpu Oy contacted and information obtained on the
Outokumpu flash smelting system.

Visits made to INCO Metals Company corporate headquar-
ters and the Copper Cl1iff Smelter at Sudbury, Ontario,
to assess capabilities of the INCO flash furnace.

Familiarization visit made to Kennecott/Garfield
smelter.

Secondary air curtain for ASARCO/Tacoma converter
discussed with ASARCO Engineering at Salt Lake City.

Draft Source Test Plan completed.
Source Test Plan completed.

Pretest survey visits made to Phelps Dodge/Hidalgo and
Phelps Dodge/Morenci.

Visible emission tests conducted on converter secondary
hoods at ASARCO/Tacoma.

(continued)
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TABLE A-1 (continued)

Month

Event

November 1981

December 1981

January 1982

January 1982
March 1982
April 1982
September 1982
October 1982
October 1982
October 1982

November 1982

February 1983
April 1983
September 1983

October 1983

Tests conducted at Phelps Dodge/Hidalgo and Phelps
Dodge/Morenci.

Tests conducted on electric slag cleaning furnace
scrubber and slag skim at Phelps Dodge/Hidalgo.

Additional tests conducted on electric slag cleaning
furnace at Phelps Dodge/Hidalga.

Preliminary model plants defined.

Technical background distributed for external review.
Tabular cost data developed.

Preliminary economic analyses completed.

Cost study completed.

Final economic analysis completed.

Working group package distributed.

Draft Chapters 6-9 distributed to 1itigants and inter-

venors for review and comment.

NAPCTAC package distributed

Review document reviewed by NAPCTAC
Steering Committee package distributed

Review document reviewed by NAPCTAC
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APPENDIX B

INDEX TO ENVIRONMENTAL IMPACT CONSIDERATIONS

Table B-1 lists the locations in this document of certain informa-
tion pertaining to environmental impact, as outlined in Agency Guide-
lines (39 FR 37419, October 21, 1974).
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TABLE B-1. LOCATIONS OF INFORMATION CONCERNING ENVIRONMENTAL
IMPACT WITHIN THE REVIEW DOCUMENT

Agency guidelines for preparing

regulatory action environmental

impact statements (39 FR 37419,
October 21, 1974)

Location within the Review
Document

Background and summary of emission
control alternative

Statutory basis for review of the
existing standard

Relationships to other regulatory
agency actions

Industry affected by the regulatory
alternative

Specific processes affected by the
regulatory alternative

.
Chapter 6, Sections 6.2, 6.3, and
6.4

Chapter 2, Section 2.1
Chapters 3, 7, 9
Chapter 3, Section 3.1, and

Chapter 9, Section 9.1

Chapter 3, Sections 3.2 and 3.6
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APPENDIX C
EMISSION SOURCE TEST DATA

C.1 SUMMARY OF TEST DATA

EPA has undertaken several test programs in the past to assess
the significance of and control techniques available for both process
and fugitive SO, and particulate matter emissions from primary copper
smelters. Portions of these data were used in this study and are
summarized in Tables C-1 and C-2. For detailed discussions of these
data, as well as discussions of the smelters involved in the previous
testing programs, one may refer to either (1) the actual test reports
from the U.S. Environmental Protection Agency's (EPA) Emission Measure-
ment Branch (EMB), as presented in Tables C-1 and C-2, or (2) previously
published EPA documents that have used the data--e.g., Arsenic Emissions
from Primary Copper Smelters--Background Information for Proposed
Standards, November 1980.

An additional test program was undertaken as a part of the current

study to characterize smelter offgas streams for which data were
scarce or nonexistent. Particulate matter and SO, mass emission rates
were determined for several scenarios with combined EPA Reference
Methods 5 and 6. Visible emissions data were also obtained for these
sources with EPA Reference Method 9 and 22.

Brief discussions of each smelter and source tested during this
study are presented in Sections C.2 and C.3, along with the test
results.

A great deal of visible emissions data obtained during previous
studies was used as reference material for this study. Therefore, for
the reader's convenience, this data are presented in tabular form in
Section C.4.
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C.2 SUMMARY OF TESTING PERFORMED AT THE PHELPS DODGE-MORENCI SMELTER

At the time of testing, the Phelps Dodge-Morenci smelter had two
reverberatory furnaces in operation, Nos. 3 and 5. Both furnaces were
processing a green charge. The furnaces are fired with fuel oil.

Emissions tests were conducted to characterize matte tapping and
slag skimming emissions from the Nos. 5 and 3 furnaces, respectively.
Visual emissions data were also obtained to assess the effectiveness
of the local hooding used to capture these emissions. The emissions
test data are summarized in Table C-3, while the visual emissions data
are summarized in Tables C-4 through C-6.

C.3 SUMMARY OF TESTING PERFORMED AT THE PHELPS DODGE-PLAYAS SMELTER

Several sources were tested at the Phelps Dodge-Playas smelter to
characterize offgases associated with the operation of an Outokumpu
flash smelter. Emissions tests were conducted to characterize offgases
from flash furnace matte tapping and slag skimming, as well as offgases
from electric slag cleaning furnace (ESGF) slag tapping. The primary
offgas stream from the ESCF was also tested before and after particulate
control by a wet venturi scrubber. These data are presented in Tables
C-7 through C-9. Visual emissions data were also obtained for the
tapping and skimming operations noted above. These data are presented
in Tables C-10 and C-12.
C.4 SUMMARY OF VISIBLE EMISSIONS DATA OBTAINED PRIOR TO THE CURRENT

REVISION

Many emissions data obtained by EPA were used in the current
study. The data used are summarized in Table C-2 and detailed results

are given in Tables C-13 through C-27.
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TABLE C-1. SUMMARY OF EMISSION TEST RESULTS USED IN THE PRIMARY COPPER SMELTER NSPS REVIEW

Average Average
particulate mass 50, mass
t
Control Sampling rate, kg/br rate, kg/hr EMB
Plant Uffgas source equipment tocation(s) Sample type Inlet Outlet Intet OQutlet  report no
Anaconda® Fluid-bed roaster Spray chamber/ Inlet and outlet Particutate matter 3,876 13.1 NA NA 77-CUS-5
Anaconda, Montana electric smelting baghouse
furnace converter
AsARCO® Multihearth roasters Spray chamber/ Inlet and outiet Particulate matter 1,129 37.2 NA NA 78-CUs-7
E1 Paso, Texas and reverberatory cold ESP
furnace
Reverberatory furnace Baghouse Inlet Particulate matter 1.2 NA 14.4 NA 78-CUS-7
matte tapping 50,
Converter building Baghouse Inlet and outlet Particulate matter 50.7 2.0 - 139 78-CUS-7
evacuation system S0,
Multihearth roaster -b Primary offgas Particulate matter 1.0 NA 2.4 NA 78-CUS-7
discharge flue 50,
Phelps Dodgea Multihearth roaster Baghouse Inlet and outlet Particulate matter 285 1.2 NA NA 78-CUS-8
Douglas, Arizona discharge
Phelps Dodgea Reverberatory furnace -b Fugitive gas Particulate matter 2.2 NA 115 NA 78-CUS-9
Ajo, Arizona matte tapping flue S0,
Converter blow cycle -b Fugitive gas Particulate matter 27.7 NA 1,192 NA 78-CUS-9
flue SU,
Phelps Dodge Reverberatory furnace b Fugitive gas Particulate matter 7.7 NA 136 NA -
Morency, Arizona matte tapping flue 50,
Reverberatory furnace -b Fugitive gas Particulate matter 0.9 NA 7.7 NA -
slag skimming flue S0,
Phelps Dodge Flash furgace matte -b Fugitive gas Particulate matter 20.4 NA 143.8 NA 81-CUs-8
Playas, New Mexico tapping flue 50,
Flash furHace matte b Fugitive gas Particulate matter 2.9 NA 13.2 NA 81-CUs-8
tapping flue 50,
Flash furgace matte b fugitive gas Particulate matter 3.9 NA 10.9 NA 81-CuUs-8
tapping flue 50,
Flash furnace slag -b Fugitive gas Particulate matter 5.0 NA 59.0 NA -
skimming flue S0,
Electric slag cleaning Particulate Inlet and outlet Particulate matter 45.4 2.2 81.6 44 9 -
furnace scrubber 502

Test data obtalned prior to this study.

No control device used.
At the flash furnace launder (without lancing emissions included).
At the flash furnace doghouse enclosure (without lancing emissions included).

At the flash furnace doghouse enclosure {with tancing emissions included).



TABLE C-2.

PRIMARY COPPER SMELTER NSPS REVISION

SUMMARY OF VISIBLE EMISSIONS DATA USED IN THE

Methodology
Plant Type of source employed

ASARCO® . Calcine discharge EPA Method 22
Tacoma, Washington Matte tap port and launder EPA Method 22
Matte discharge into ladle EPA Method 22

Stag skim port and launder EPA Method 9

EPA Method 22

Slag discharge into pots EPA Method 9
EPA Method 22

Converter siag return EPA Method 9
EPA Method 22

Phelps Dodge Matte tapping EPA Method 9
Morenci, Arizona EPA Method 22
Slag skimming EPA Method 9
EPA Method 22

Phelps Dodge Flash furnace matte tapping EPA Method 9
Playas, New Mexico EPA Method 22
Slag skimming--electric slag EPA Method 9

cleaning furnace (ESCF) EPA Method 22

Matte tapping--electric slag EPA Method 9
cleaning furnace (ESCF) EPA Method 22

ESCF off-gas particulate scrubber EPA Method 9

Tamano® Converter charging EPA Method 9
Japan Converter copper blowing EPA Method 9
Converter slag blowing EPA Method 9

Converter slag pouring EPA Method 9

3These data obtained prior to this study.
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TABLE C-3. SUMMARY OF EMISSION RATES CALCULATED FROM PARTICULATE
AND SULFUR DIOXIDE TESTING AT THE PHELPS DODGE-MORENCI SMELTER

Estimated
production Particulate Sulfur dioxide
Source/test Tons Taps 1b/h® ]b/tonb 1b/h® ]b/tonb
Matte tapping
(Reberb No. 5)
EMB-004 MMT 185 8 19 0.1 290 1.6
EMB-006 MMT 250 10 18 0.072 290 1.2
EMB-008~MMT 275 11 15 0.054 310 1.1
Average 17 0.076 300 1.3
Slag skimming
(Reverb. No. 3)
EMB-003 MSS 80 2 2.0 0.025 15 0.19
EMB-005 MSS 90 3 2.5 0.038 30 0.33
EMB-007 MSS 60 2 1.2 0.020 7.6 0.13
Average 1.9 0.024 17 0.21

Np of pollutant/h of sampling.

b]b of pollutant/ton of matte or slag produced during sampling.
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TABLE C-4.

VISIBLE EMISSION OBSERVATION DATA FOR REVERBERATORY
FURNACE MATTE TAPPING OPERATIONS Ag THE PHELPS DODGE-

MORENCI SMELTER

Average opacity

Duration of observation for observation Range of
period, min period, percent individual readings

8.75 8.57 5 to 25
8.50 2.06 0 to 25
6.50 8.85 5 to 20
8.50 8.09 5 to 30
5.00 7.25 5 to 10
6.50 7.31 5 to 20
9.00 11.39 5 to 20
11.00 15.68 5 to 30
9.50 16.71 10 to 20
4.00 10.00 5 to 10
9.50 14.20 5 to 30
6.50 18.46 10 to 30
9.50 47.06 10 to 60
8.00 17.34 10 to 40
5.00 6.88 5 to 25
7.75 18.23 10 to 30
5.00 17.75 10 to 30
7.50 14.50 5 to 35
5.00 7.00 0 to 30
9.25 24.86 10 to 70
6.50 7.50 0 to 30
3.75 6.67 0 to 30
8Based on visual observations made in accordance with EPA Method 9.
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TABLE C-5. VISIBLE EMISSION DATA FOR REVERBERATORY FURNACE MATTE
TAPPING OPERATIONS AT THE gHELPS DODGE-
MORENCI SMELTER

Duration of observation Percent of time
period, min emissions observed Light reading, lux
6.0 100 350
7.0 100 175
5.0 82 350
5.0 100 88"

aBased on visual observations made in accordance with EPA Method 22.

bNot a valid observation since the light was less than 100 Tux.
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TABLE C-6. VISIBLE EMISSION OBSERVATION DATA FOR REVERBERATORY
FURNACE SLAG SKIMMING OPERATIONS AT THE PHELPS DODGE-
MORENCTI SMELTER

Reference Method 9 results

Average opacity

Duration of observation for observation Range of
period, min period, min individual readings
30.00 0.00 -4
30.00 0.00 -4
33.00 2.72 0 tob
6.25 11.00 5 to 30
27.00 0.00 -b
30.00 0.79 5 to 10
Reference Method 22 results
Duration of observation Percent of time
period, min emissions observed Light reading, lux
30.00 3 175

Mo opacity readings above 0.0 were observed.



TABLE C-7. SUMMARY OF EMISSION TEST RESULTS--MATTE TAPPING OF THE
OUTOKUMPU FLASH FURNACE AT THE PHELPS DODGE-PLAYAS SMELTER

Source/test

Estimated
production Particulate Sulfur dioxide

Tons Taps  1b/h®  b/ton®  1b/h®  1b/ton?

Matte tapping at the
flash furnace launder
EMB-009 HMT
EMB-011 HMT
EMB-013 HMT

Average

Matte tapping at the

flash furpace dog-

house hooding
EMB-010 HDH
EMB-012 HDH
EMB-015 HDH

Average

Matte tapping at the

flash furnaceddog-

house hooding
EMB-023 HDHL

200 9 51 0.25 320 1.6
208 9 48 0.23 360 1.7
183 8 35 0.18 270 1.5
197 45 0.22 317 1.6
200 9 6.2 0.031 16 0.081
208 3 9.9 0.048 37 0.18
183 8 3.1 0.017 33 0.18
197 6.4 0.032 29 0.15
144 7 8.6 0.060 24 0.16

b of pollutant/h of sampling.

b]b of pollutant/ton of matte tapped.

“Without lancing.
dw1th lancing.
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TABLE C-8.

SUMMARY OF EMISSIONS TESTS RESULTS--SLAG SKIMMING OF THE
ELECTRIC SLAG CLEANING FURNACE AT THE PHELPS DODGE-PLAYAS SMELTER

Estimated

production Particulate Sulfur dioxide
Source/test Tons  Taps 1b/h® 1b/tonb 1b/h® 1b/tonb
Slag skimming
EMB-054 HSS 142 3 11 0.075 120 0.86
EMB-055 HSS 140 4 10 0.073 150 1.10
EMB-056 HSS 180 6 12 0.069 120 0.68
Average 154 11 0.072 130 0.88

b of pollutant/h sampling.

b

1b of pollutant/ton of slag skimmed.

C-12



TABLE C-9. SUMMARY OF EMISSION TEST RESULTS--ELECTRIC SLAG CLEANING
FURNACE SCRUBBER AT THE PHELPS DODGE-PLAYAS SMELTER

Sulfuric acid Particulate Sulfur dioxide
Source/test 1b/h3 1b/hd 1b/h
Inlet b ,
EMB-016 HSI b 100 200
EMB-020 HSI b 110 150
EMB-022 HSI c - 120 280
EMB-050 HSIBC 0.06 100 170
EMB-052 HSI8 0.00 83 110
Average 0.03 100 180
Outlet b
EMB-017 HSO “b 1.3 160
EMB-019 HSO b 0.98 63
EMB-021 HSO - 1.4 17
EMB-051 HS08 0.10 19.0 70
EMB-053 HS08 0.04 1.9 31
Average 0.07 4.9 99

b of pollutant/h of sampling.

bResu]ts are to be considered only approximately representative of the
scrubber conditions due to abnormal operation of the ESCF during the
sampling period.

“Did not sample for sulfuric acid mist.
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TABLE C-10. SUMMARY OF VISIBLE EMISSIONS DATA--MATTE TAPPING OF THE

OUTOKUMPU FLASH FURNACE AT THE PHELPS DODGE-PLAYAS SMELTER

Number of taps Average opacity,

Total observation

observeda’b percent time, min:sec
3 20 32:00
8 20 55:00
1 20 21:00
6 40 30:00
1 30 4:00
Number of Eaps Percent of time Total observation
observed emissions observed time, min:sec
1 100 9:36
1 100 7:27
1 100 11:15
2 100 12:08

Number of taps Average opacity,

Total observation

observedb’d percent time, min:sec
1 30 13:00
1 35 10:00
1 45 9:00
2 40 23:00
Number of Eaps Percent of time Total observation
observed emissions observed time, min:sec
1 100 7:42
1 100 10: 20
1 100 11:05

a . .. .
Lancing emissions not included.

bBased on visual observations made in accordance with EPA Method 9.

CBased on visual observations made in accordance with EPA Method 22.

d . .. .
Lancing emissions included.
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TABLE C-11. SUMMARY OF VISIBLE EMISSIONS DATA--SLAG SKIMMING AND
MATTE TAPPING OF THE ELECTRIC SLAG CLEANING FURNACE AT THE
PHELPS DODGE-PLAYAS SMELTER

Operation Summary

Slag skimminga Method 9. Approximately 1.5 hours of opacity
observations were made for two launders. The average
opacity of fugitive emissions escaping one launder
was 40 percent, while the average opacity of
emissions from the other launder was less than 35
percent.

Method 22. Two slag skimming launders were observed
for a total of 108 minutes. Emissions escaped from
one launder 99 percent of the time and from the
other 81 percent of the time.

Matte tappinga Method 9. Based upon 24 minutes of observation at
a single launder, the fugitive emissions escaping
capture had an average opacity of 45 percent.

Method 22. One launder was observed for approxi-
mately 11 minutes. During this period, fugitive
emissions were escaping 82 percent of the time.

a . . .
Lancing emissions included.
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TABLE C-12. SUMMARY OF VISIBLE EMISSIONS DATA--ESCF
OFFGAS PARTICULATE SCRUBBER

The scrubber is not a fugitive source; therefore, no Method 22

observations were performed.

Method 9. Based on a total of approximately 8.5 hours of observations,

the average scrubber opacity was less than 5 percent.
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TABLE C-13. VISIBLE EMISSION OBSERVATION DATA FOR ROASTER CALCINE
DISCHARGE INTO LARRY CARS (EPA METHOD 22)
AT ASARCO-TACOMA
Observer 1 Observer 2
Mean
Duration Duration duration Mean
of % time of % time of % time

Run operation, emissions operation, emissions operation, emissions
no. Date min:sec observed min: sec observed min:sec observed
1 6/24 1:20 0 1:15 0 1:18 0
2 6/24 2:40 0 2:40 0 2:40 0
3 6/24 1:20 0 1:20 0 1:20 0
4 6/25 1:23 0 1:23 0 1:23 0
5 6/25 1:58 0 1:52 0 1:55 0
6 6/25 1:42 0 1:42 0 1:42 0
7 6/25 1:12 0 1:13 0 1:13 0
8 6/25 1:20 0 1:20 0 1:20 0
9 6/26 2:50 0 2:49 0 2:50 0
10 6/26 1:48 0 1:48 0 1:48 0
11  6/26 2:30 0 2:30 0
12 6/26 1:42 0 1:42 0
13  6/26 3:04 0 3:04 0

Average 1:54 0
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TABLE C-14. VISIBLE EMISSION OBSERVATION DATA FOR MATTE TAP PORT
AND MATTE LAUNDER (EPA METHOD 22) AT ASARCO-TACOMA

Observer 1 Observer 2 Mean
Duration Duration duration . Mean
of % time of % time of % time
Runa opgration, emissions opgration, emissions opgration, emissions
no.  Date min:sec observed min:sec observed min: sec observed
1 6/24 6:24 0 6:36 1 6:30 0.5
2 6/24 6:00 0 6:00 0 6:00 0
3 6/24 4:51 0 4:55 3 4:53 1.5
4 6/24 6:05 0 6:10 0 6:08 0
50 6/24
6 6/25 2:58 0 2:58 0
7 6/25 5:22 0 5:22 0 5:22 0
8 6/25 5:36 0 5:36 0 5:36 0
9 6/25 5:08 0 5:10 0 5:09 0
10 6/25 6:02 0 5:33 0 5:48 0
11 6/25 5:12 0 5:13 0 5:13 0
12 6/25 6:37 0 6:37 0
13 6/25 4:50 0 4:53 0 4:52 0
14 6/25 5:23 0 5:22 0 5:23 0
15 6/25 5:17 0 5:18 0 5:18 0
16 6/25
17  6/25 5:13 0 5:13 0
18 6/25 5:58 0 5:58 0
Average 5:26 0.13

Method 22 data for corresponding runs at the matte discharge into the ladle
are presented in Table C-15.

bObservations were made only at the matte discharge into ladle; see Table C-15.
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TABLE C-15. VISIBLE EMISSION OBSERVATION DATA FOR MATTE DISCHARGE
INTO LADLE (EPA METHOD 22) AT ASARCO-TACOMA
Observer 1 Observer 2 Mean
Duration Duration duration Mean
of % time of % time of % time
Run operation, emissions operation, emissions operation, emissions
no.  Date min:sec observed min:sec observed min:sec observed
1 6/24 6:30 0 6:30 0
2 6/24 5:49 0 5:40 0 5:45 0
3 6/24 4:53 0 5:01 0 4:57 0
4 6/24 6:12 0 6:10 0 6:11 0
5 6/24 6:31 0 6:31 0
60 6/25
7 6/25 5:09 0 5:02 0 5:06 0
8 6/25 5:21 0 5:28 0 5:25 0
9 6/25 5:02 0 5:03 0 5:03 0
10 6/25 4:29 0 4:32 0 4:31 0
11  6/25 5:12 0 5:13 0 5:13 0
12 6/25 6:16 0 6:16 0
13 6/25 4:43 0 4:45 0 4:44 0
14  6/25 5:13 0 5:15 0 5:14 0
15 6/25 5:15 0 5:09 0 5:12 0
16 6/25 5:41 0 5:50 0 5:46 0
17° /25
18 6/25
Average 5:30 0

Method 22 data for corresponding runs

presented in Table C-14.

at the matte tap and Taunder are

bObser‘vations were made only at the matte tape and launder; see Table C-14.
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TABLE C-16.

VISIBLE EMISSION OBSERVATION DATA FOR SLAG TAPPING AT
SLAG TAP PORT AND SLAG LAUNDER (EPA METHOD 22)
AT ASARCO-TACOMA

Observer 1 Observer 2 Mean
Duration Duration duration Mean
of % time of % time of % time
Run operation, emissions operation, emissions operation, emissions
no. Date min:sec observed min: sec observed min: sec observed
1 6/24  12:25° 98P 12: 260 99° 12:26
2 6/24 22:00 15 21:36 0 21:43 8
3 6/24 14:07 35b 13:52b 97b 14:07
4 6/24  14:10 13 14:10 13
5 6/25 16:44 11 16:44 11
6° 6/25  17:26 2 17:26 2
7 6/26 16:14 1 16:41 1
8 6/26 13:45 0.3 13:45 0
9 6/26 15:45 0 15:45 0
10 6/26 14: 29 0 14:29 0
119
Average 15:40 4
Std. dev. 11

Method 22 data for corresponding runs at the slag skim discharge point
appear in Table C-18.

bObservations were made at the entire slag tap process line including the
stag tap port, slag launder, and slag discharge into ladle, and therefore

are not included in computing the mean of observations.

“Method 9 data for corresponding runs appear in Table C-17.
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TABLE C-17. VISIBLE EMISSION OBSERVATION DATA FOR SLAG TAPPING
AT SLAG TAP PORT AND SLAG LAUNDEg (EPA METHOD 9)
AT ASARCO-TACOMA

Duration Mean Mean
of operation, opacity, opacity,
Run no. Date min. A %
1 6/25 14.75 1.3 10
2 6/25 18 10.3 30
Average 16. 38 6
Maximum 30

E
Emission data

C-21
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TABLE C-18. VISIBLE EMISSION OBSERVATION DATA FOR SLAG TAPPING--
SLAG DISCHARGE INTO POTS (EPA METHOD 22) AT ASARCO-TACOMA

Observer 1 Observer 2

Mean
Duration Duration duration Mean
of % time of % time of % time
Runa operation, emissions operation, emissions operation, emissions
no. ’ Date min:sec observed min:sec observed min: sec observed
1 6/24 12:46 97 12:26 73 12:36 85
2 6/24 21:09 93 21:43 99 21:26 96
3 6/24 14:06 97 13:52 95 13:59 96
4 6/24 14:05 82 14:05 82
5 6/25 16:34 91 16: 34 91
6 6/25 17:29 94 17:29 94
7 6/26 15:54 90 15:54 30
8 6/26  13:48 86 13:48 86
9 6/26 15:48 77 15:48 77
10 6/26 14:11 72 14:11 72
11 6/26 14:45 82 14:45 82
Average 15:31 86
Std. dev. 8

dyisible emission observation data by EPA Method 9 for corresponding runs
are presented in Table C-19.

bVisib1e emission observation data for corresponding runs for the slag tap

port and launder are presented in Table C-16.
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TABLE C-19. VISIBLE EMISSION OBSERVATION DATA FOR SLAG TAPPING
AT SLAG DISCHARGE INTO POTS (EPA METHOD 9)
AT ASARCO-TACOMA

Duration Mean Mean
b of opgration, opacity, opacity,
Run no. Date min % %
1 6/24 ¢
2 6/24 ¢
3 6/24 ¢
4 6/25 13.75 22.7 50
5 6/25 16.75 11.3 30
6 6/25 11.75¢ 16 35
7 6/26 15 14.8 40
8 6/26 15 10.3 20
9 6/26 13 5.5 10
10 6/26 15 3.7 10
11 6/26
Average 14.32 12
Maximum 50

qmission data were taken during entire slag tapping operation.
bMethod 22 data for corresponding runs appear in Table C-18.
“No data were obtained by Method 9.

dReading started after filling of first slag pot.
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TABLE C-21. VISIBLE EMISSION OBSERVATION DATA FOR CONVERTER
SLAG RETURN TO REVERBERATORY FURNACE (EPA METHOD 9)
AT ASARCO-TACOMA

Observer 1 ' Observer 2
Duration Duration
of Average Maximum of Average Maximum

Run operation, opacity, opacity, operation, opacity, opacity,
no. Date min:sec % min:sec % %

1 6/24 @

2 e6/24

3 6/24 °

4 6/25 1.00 17.5 30 1.00 16 25

5 6/25 1.25 20 40

6 6/25 1.00 23 35

7 6/25 0.75 23 35 0.75 23 30

8 6/26 1.25 5 10

9 6/26 1.25 11 20

10 6/26 1.50 12 20

11  6/26 1.25 13 20
12 6/26 0.75 5 10

Average opacity for all readings--15%
Maximum opacity during all readings--40%

9pata were not obtained by Method 9 on 6/24/80.
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TABLE C-23. SUMMARY OF AVERAGE OPACITY FOR
BLISTER POURING AT THEaTAMANO SMELTER

IN JAPAN
Set no.b Average opacity,c %
1 6
2 8
3 11
4 10
5 9

aBased onh same observation data used for Table C-22.
b0bservat1’on time for each set is 6 minutes.
CAverage of all sets is 9 percent.
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TABLE C-25. SUMMARY OF VISIBLE EMISSION
OBSERVATION DATA FOR COPPER BLgW AT THE
TAMANO SMELTER IN JAPAN

b

Set no. Average opacity, %
1 0
2 0
3 0
4 0

40bservation point: converter secondary hood system.
bEach set is based on 6-minute observation.
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TABLE C-26. SUMMARY OF VISIBLE EMISSION
OBSERVATION DATA FOR SLAG BLOW AT THE
TAMANO SMELTER IN JAPAN

Set no.b Average opacity, %
1 0
2 0
3 0
4 0
5 0

a
b

Observation point: converter secondary hood system.

Each set is made up of 6-minute observation; first two
sets of data are based on observations during lst slag
blow and the remaining three sets of data are based on
observations during 2nd slag blow of the total three

slag blows in a converter cycle at the Tamano smelter.
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TABLE C-27. SUMMARY OF VISIBLE EMISSION
OBSERVATION DATA FOR CONVERTER SLAG gOURING
AT THE TAMANO SMELTER IN JAPAN

Set no.b Average opacity, %
1 0
2 0

q0bservation point: converter secondary hood system.

Each of two consecutive sets of 6-minute observations
are made during one slag discharge.
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APPENDIX E
USE OF COAL IN THE OUTOKUMPU FLASH FURNACE AT THE TOYO SMELTER

At the Toyo smelter in Japan,! additional heat 1is supplied to the
flash furnace by preheated air, coal, and oil. This smelter is in the
process of converting from oil to coal because of the lower price of
the latter. The use of coal at the Toyo smelter began in April 1981
and has continued for over 9 months. Initially, pulverized coal was
substituted for half of the oil requirement of the furnace. The coal
is fed to each of the concentrate burners. The rate of coal addition
is controlled carefully in order to control the matte grade of the
furnace--the coal being combusted preferentially to the concentrate
feed. Personnel at the Toyo smelter have reported that no problems
have been encountered related to operation of the flash furnace, waste
heat boiler, electrostatic precipitator, or acid plant since coal has
been used.! Because of the successful operations, the conversion from
071 to coal has proceeded at a greater rate than expected.

REFERENCE

1. Moriyama, K., T. Terayama, T. Hayashi, and T. Kimura. The
Application of Pulverized Coal to the Flash Furnace at Toyo
Smelter. In: Copper Smelting--An Update, George, D. B. and
J. C. Taylor (eds.). Warrendale, PA, The Metallurgical Society
of AIME. 1981. p. 201-212.
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APPENDIX F

COST ANALYSIS TO ESTIMATE THE INCREMENTAL INCREASE IN
CAPITAL COST INCURRED BY INCREASING SULFURIC ACID
PLANT GAS-TO-GAS HEAT EXCHANGER CAPACITY

Case I:  Incorporate additional heat exchanger capacity in the plant
design to lower the autothermal operating requirement for a
double contact/double absorption (DC/DA) plant from 4.0-
percent SO, to 3.5-percent SO,.

Based on an overall heat transfer coefficient, U, of 4.0 Btu/hr + ft2 .
OF;*

Heat exchanger surface area required with a 4.0-percent SO, gas
stream entering the acid plant converter = 4.15 ft2/scfm.

!

Heat exchanger surface area required with a 3.5-percent SO, gas
stream entering the acid plant converter = 5.70 ft2/scfm.

Heat exchanger cost (mid-1980 dollars) = $25.22/ft2.
Indexing to mid-1981 doHar‘s,T we have

.~ $25.22  717.9 _ 2
Heat exchanger cost 2 *==5= X 55— = $27.77/ft%.

Thus, at 4-percent SO,, the total heat exchanger cost for a DC/DA
plant is estimated as:

4.15 ft2  $27.77 _ $115.25
scfm ft= scfm

Similarly, at 3.5-percent SO,, the total heat exchanger cost can
be estimated to be $158.29 per scfm.

*Weisenberg, I. J., and T. Archer. "Feasibility of Primary Copper
Smelter Weak SO, Stream Control Relative to Reverberatory Furnace
NSPS Exemption," Draft Final Report, July 1978.

TMar‘shaH and Swift Equipment Cost Indices, Chemical Engineering,
February 8, 1982.
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Thus, the incremental cost, A$, is estimated as:
A$ = $158.29 - $115.25 = $43.04 per scfm.

The total installed capital cost for a DC/DA plant designed to
operate autothermally at 4.0-percent SO, is presented in Figure 8-1.
At 50,000 scfm, this cost is estimated to be $26.21 MM. The increase
in the installed capital cost (due to the increased heat exchanger
capacity) required to lower the autothermal operating requirement to
3.5-percent S0, is estimated as follows:

$43.04

scfm > 50,000 scfm = $2,152,000.00 .

Thus, the increase in the installed capital cost incurred as a
result of lTowering the autothermal operating requirement from 4.0- to
3.5-percent SO, is calculated as follows:

$28,362,000.00 = (1 + f) x $26,210,000.00 ,
where f = the fractional increase in the installed capital cost.
Solving for f yields
f =0.082 .

Thus, as a result of lowering the autothermal requirement from
4.0- to 3.5-percent SO, the installed capital cost of the plant
increases about 8.2 percent at the 50,000 scfm level.

Similarly, at the 200,000 scfm level, the installed capital cost
would be expected to increase about 12.8 percent. Thus, over the
50,000 to 200,000 scfm range, reducing the autothermal operating
requirement for a DC/DA plant from 4.0- to 3.5-percent SO, would be
expected to increase the installed capital cost by 8.2 to 12.8 percent.

Case II: Incorporate additional heat exchanger capacity in the plant
design to lower the autothermal operating requirement for an
single contact/single absorption (SC/SA) plant from 3.5-
percent S0, to 3.0-percent SO,.
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Baseg on an overall heat transfer coefficient, U, of 4.0 Btu/hr
- ft2 - °F,

Heat exchanger surface area required with a 3.5-percent SO, gas
stream entering the acid plant converter = 1.80 ft2/scfm.

Heat exchanger surface area required with a 3.0-percent S0, gas
stream entering the acid plant converter = 2.45 ft2/scfm.

Heat exchanger cost (mid-1980 dollars) = $25.22/ft2.

Indexing up to mid-1981 dollars yields a heat exchanger cost of
$27.77 per square foot.

Thus, at 3.5-percent SO,, the total heat exchanger cost for an
SC/SA plant is estimated as follows:

1.8 ft2 « $27.77 _ $50.00
scfm fte scfm

Similarly, at 3.0-percent SO,, the total heat exchanger cost can be
estimated to be $68.00 per scfm.

Thus, the incremental cost, A$, is estimated as follows:

A$ = $68.00 - $50.00 = $18.00 per scfm .

The total installed capital cost for an SC/SA plant designed to
operate autothermally at 3.5-percent SO, is presented in Figure 8-5.
At 50,000 scfm, this cost is estimated to be $22.68 MM. The increase
in the installed capital cost (due to the increased heat exchanger
capacity) required to lTower the autothermal operating requirement to
3.0-percent SO, is estimated as follows:

$18.00
scfm

x 50,000 scfm = $900,000 .

Thus, the increase in the installed capital cost incurred as a
result of lowering the autothermal operating requirement from 3.5- to
3.0-percent SO, is calculated as:

$23,580,000.00 = (1 + f) x $22,680,000.00 ,

where f = the fractional increase in the installed capital cost.
Solving for f yields
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f = 0.0397.

Thus, as a result of Towering the autothermal requirement from
3.5- to 3.0-percent SO,, the installed capital cost of the plant
increases about 4.0 percent at the 50,000 scfm level. Similarly, at
the 200,000 scfm level the installed capital cost would be expected to
increase about 6.4 percent. This, over the 50,000 to 200,000 scfm
range, reducing the autothermal operating requirement for an SC/SA
piant from 3.5- to 3.0-percent SO, would be expected to increase the
installed capital cost by 4.0 to 6.4 percent.
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APPENDIX G

ANALYSIS OF CONTINUOUS SO, MONITOR DATA AND DETERMINATION OF AN UPPER
LIMIT FOR THE INCREASE IN SO, EMISSIONS DUE TO SULFURIC ACID PLANT

Please note:

CATALYST DETERIORATION

To provide the most comprehensive study possible, this
appendix is reprinted, with minor editorial changes, from
Volume I, Proposal Standards, of Background Information
for New Source Performance Standards: Primary Copper,

Lead, and Zinc Smelters, publication number EPA 450/2-74-

002a.



APPENDIX G

ANALYSIS OF CONTINUOUS SO, MONITOR DATA AND DETERMINATION OF AN UPPER
LIMIT FOR THE INCREASE IN SO, EMISSIONS DUE TO SULFURIC ACID PLANT
CATALYST DETERIORATION

G.1 EMISSION VARIATION

S0, emissions from the No. 7 sulfuric acid plant, which is the
newest of five single-stage absorption plants operating on the offgases
from the nine Kennecott copper converters at Garfield, Utah, were
analyzed. The emissions were recorded by a Du Pont 460 continuous S0,
analyzer from September 15, 1972, to November 15, 1972. This instrument
is capable of measuring SO, concentrations within 150 ppm (2 percent
of full scale) and automatically zeroes itself every 8% minutes. The
zero calibration procedure requires 1% minutes; thus the instrument is
"on-1ine" 85 percent of the time.

A general review of the data generated revealed that several
periods of data were missing due to problems with the recorder. Other
segments contained long periods of plant shutdowns for maintenance or
included concentrations that were obviously greater than the upper
limit of the monitor. (A shorter absorption tube could have been
installed to increase the upper limit of the monitor, if this situation
had been noticed sooner.) Consequently, on the basis of data legibility
and continuity, the periods of October 11-27, 1972, and November 8-15,
1972, were selected as representative of the 2-month monitoring period.

Periods of emissions during which the average concentration
appeared to be greater than 3,000 ppm or less than 1,000 ppm were then
noted. Eighteen periods during which emissions exceeded 3,000 ppm,
including two periods during which emissions exceeded the recording
capacity of the Du Pont analyzer (7,500 ppm), were identified. Fourteen
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periods during which emissions were less than 1,000 ppm were also
identified. Acid plant operating logs and inlet S0, volume and concen-
tration continuous monitor data were analyzed to ascertain if upsets,
malfunctions, or startups and shutdowns occurred during these periods.

One major upset/malfunction was discerned. It occurred during
one of the two periods during which the emissions exceeded the recording
capacity of the analyzer. The upset/malfunction resulted from prolonged
Tow inlet SO, concentrations, which caused a decrease in the normal
temperature increase across the first catalyst bed. Consequently,
this period of excessive emissions was deleted from the data. Six
shutdowns and startups were noted. The six periods of low emissions
following these shutdowns were deleted from the data because the acid
plant was not in operation. Two periods of high emissions were identi-
fied following two of the six startups. These two periods of high
emissions were also deleted from the data. Due to the time constraints
placed on the analysis of these data, no investigation of why four of
these six startups had no associated periods of high emissions was
conducted. A brief investigation of the eight remaining periods
during which emissions were less than 1,000 ppm, however, did reveal
that these low emissions appeared to be the result of almost ideal
operating conditions within the acid plant, with somewhat Tow inlet
gas volumes and SO, concentrations and a minimum of fluctuations in
either of these variables.

Following this review of acid plant operating data, fifteen
periods during which emissions were higher than 3,000 ppm remained.
This included one of the two periods previously identified as periods
during which emissions exceeded the capacity of the Du Pont analyzer.
This period was then deleted from the data for the following reasons.
First, and most important, because no knowledge concerning numerical
values of emissions was available, this time period could not be
mathematically accounted for in the analysis. Second, because emis-
sions were apparently so great, this period of operation would repre-
sent a violation of any reasonable standard developed and thus would
add nothing to the analysis of "normal" operating emissions data to
provide a basis for such standards.
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The long-term SO, emissions concentration average was then calcu-
lated for all the data generated during the "normal operating" portions
of the October 11-27 and November 8-15 periods. Fifteen-minute instan-
taneous S0, concentration values were used for this calculation, and
the long-term emission average was determined to be 1,700 ppm. It is
significant to note that this value is considerably less than the
emission concentration corresponding to Monsanto's guaranteed conver-
sion efficiency of 95 percent conversion of S0, to S0; at 5 percent
S0, inlet, 1.e., approximately 2,700 ppm.

The 14 periods of high emissions that were not deleted from the
data were then examined by averaging these periods over various time
intervals using the 15-minute instantaneous SO, concentration values
identified during the above analysis. The time-averaged concentrations
were then compared to various outlet SO, concentration levels to
determine the extent to which such averaging periods mask variations
in outlet concentration. The results are tabulated in Tables G-1 and
G-2.

Seven of the fourteen high-emission periods exceeded 2,700 ppm
(equivalent to the manufacturer's guarantee) when averaged for a
6-hour duration. Increasing the averaging time to 7 hours decreased
the number of periods exceeding 2,700 ppm to five. Further increases
in the averaging period resulted in only minor decreases in the number
of periods exceeding 2,700 ppm. Increasing the level of average S0,
emission concentration from 2,700 ppm to 3,000 ppm (approximately
10 percent) caused a significant reduction of the number of high-
emission periods that exceeded this level as compared with 2,700 ppm.
For each time-averaging interval, the number of periods for which the
averages exceed 3,000 ppm is about half the number of periods corres-
ponding to 2,700 ppm. Increasing the level of average S0, emission
concentration from 2,700 to 3,250 ppm (approximately 20 percent)
resulted in only a slight decrease in the number of periods exceeding
this level compared to the number of perieds exceeding 3,000 ppm. 1In
general, therefore, increasing either the averaging time to periods
greater than 6 hours, or increasing the average S0, emission concentra-
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TABLE G-1. SUMMARY OF PERIODS EXCEEDING THE REFERENCE LEVEL SO,
CONCENTRATION AS A FUNCTION OF AVERAGING TIME

Concentra- 4-h 6-h 7-h 8-h 12-h
tion (ppm) average average average average average
2,700 13 7 5 5 3
3,000 8 4 3 3 1
3,250 5 3 3 2 0

TABLE G-2. SUMMARY OF TOTAL TIME EXCEEDING THE REFERENCE LEVEL SO,
CONCENTRATION AS A FUNCTION OF AVERAGING TIME

Concentra- 4-h 6-h 7-h 8-h 12-h
tion (ppm) average average average average average
2,700 112 (21) 76 (14) 62 (11) 62 (11) 42 (8)
3,000 61 (11) 40 (7) 33 (6) 33 (6) 13 (2)
3,250 40 (7) 30 (6) 30 (6) 22 (4) 0 (0)

NOTE: Numbers in parentheses indicate percentage of time for which
the emissions would exceed the reference concentration. The
total "normal" operating time of 542 hours equals 100 percent.



tion selected for comparison by more than 10 percent above the manufac-
turer's guarantee, does not significantly decrease the number of
high-emission periods that exceed the level of SO, emission concentra-
tion selected for comparison.

Another approach is to examine the actual time during which SO,
emissions exceeded various selected concentration levels, such as
2,700, 3,000, and 3,250 ppm. These data are tabulated in Table G-2.

An examination of these data leads to the same conclusions presented
above. Thus, based on this analysis and not considering catalyst
deterioration, it appears that an averaging time of 6 hours is suitable
for determining SO, emission concentrations and that emissions levels
established somewhat above commonly accepted vendor/contractor guar-
antees by 10 to 20 percent could be viewed as acceptable for purposes
of allowing normal, short-term fluctuations.

G.2 CATALYST DETERIORATION

Due to the lack of substantial numerical qualification of the
effect of catalyst deterioration on SO, emissions from sulfuric acid
plants, SO, emission data gathered by simultaneous U.S. Environmental
Protection Agency (EPA) source testing of the No. 6 and No. 7 plants
at the Kennecott Garfield smelter during the period of June 13-16,
1972, were analyzed. The No. 6 (Parsons) plant began operating in
February 1967 and was in the second month of its 12-month catalyst
cleaning cycle during the source test. The No. 7 (Monsanto) plant
began operation in September 1970 and was in the twelfth and last
month of its catalyst cleaning cycle. The SO, emission data are
tabulated in Table G-3.

A statistical analysis of these data leads to the conclusion that
the 30-percent greater average emissions of the No. 7 plant, compared
to the average emissions of the No. 6 plant, are statistically signif-
icant at the 90-percent probability level. It should be noted, however,
that this difference in emissions reflects not only catalyst deterior-
ation but other factors as well, such as a difference in emissions due
to design or construction variations between Parsons 1967 acid plant
technology and Monsanto 1970 acid plant technology. 0On the other
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TABLE G-3. SUMMARY OF OUTLET SO,
CONCENTRATIONS (ppm)

Run No. 6 Plant No. 7 Plant
2 389 296
3 753 855
4 1,036 2,277
5 1,745 1,207
6 938 1,131
7 1,608 2,553
8 794 1,104
9 1,128 1,355
10 930 1,433

Average 1,036 1,357

G-8



hand, it is probably safe to assume that the major portion of this
difference in emissions is due to catalyst deterioration. Thus, the
results of this analysis can be reviewed as indicating first, that
catalyst deterioration does not have a significant effect on SO,
emissions and second, that with a 12-month catalyst cleaning cycle,
this difference in emissions due to deterioration appears to be of the
order of magnitude of 30 percent.

G.3 ADDITIVE EFFECT OF EMISSION VARIATIONS AND CATALYST DETERIORATION
As discussed above, not considering catalyst deterioration,

sulfuric acid plant performance standards based on 6-hour S0, emission

levels 10 to 20 percent greater than commonly accepted vendor/contractor

guarantees appear to be appropriate to allow short-term fluctuations

in SO, emissions. As also discussed above, the increase in S0, emis-

sions during the 12-month catalyst cleaning cycle can be estimated to

be 30 percent. Based on the conservative assumption that catalyst

deterioration is an increasing exponential function of time, almost

all of the effect of catalyst deterioration will accur during the

second half of the cleaning cycle. Because the emission variation

data were based on the fifth month of the catalyst cleaning cycle, the

data do not include significant catalyst deterioration and the increase

in SO, emissions due to catalyst deterioration should be added to the

allowance for new catalyst emission variation. Thus, considering

short-term fluctuations of S0, emissions and using conservative assump-

tions regarding catalyst deterioration, new source performance standards

(NSPS) can possibly be based upon 6-hour emission levels established

40 to 50 percent greater than commonly accepted vendor/contractor

guarantees.
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APPENDIX H

SULFUR DIOXIDE EMISSION TEST RESULTS FOR SINGLE-STAGE
ABSORPTION SULFURIC ACID PLANTS PROCESSING
METALLURGICAL OFFGAS STREAMS FROM
PRIMARY COPPER SMELTERS

H.1 BACKGROUND

Before emissions testing began in May 1972, the U.S. Environmental
Protection Agency (EPA) surveyed all sulfur dioxide (S0,) control
systems at domestic primary copper smelters to determine which were
most effective. Using the survey results, EPA selected for emission
testing the facilities exhibiting the most advanced system design or
highest degree of SO, emission reduction. The facilities selected
consist of three single-stage absorption acid plants that treat off-
gasses from two different copper converting operations. A1l facilities
were tested for SO, emissions using Reference Method 8 contained in
Title 40 of the Code of Federa] Regulations, Part 60 (40 CFR 60),
Appendix A, first published in the Federal Register on December 23,
1971. Later, after one had been installed at a domestic copper smelter,
a double-absorption acid plant was also tested. The analysis of this

test is included in Appendix I.

During the initial portion of the testing program, the best
domestic SO, control technology was considered to be single-stage
absorption sulfuric acid plants (see Section 4.2). Thus, acid plants
handling converter offgases had to be tested to determine the effects
on acid plant performance of highly variable inlet SO, concentrations
and flow rates.

A1l single-stage absorption acid plant tests were initally con-
ducted using Method 8 of 40 CFR 60. However, to gain long-term
operational data, an 8-week continuous monitoring test program was
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also conducted at one installation to monitor the frequently unsteady
nature of converter offgas streams. The converter operation is a
batch operation and, depending upon the number of converters in opera-
tion and their scheduling, will produce S0, concentrations and flow
rates ranging from 0O percent to approximately 9 percent and flow rates
ranging from 0 to the maximum blowing capacity of the converters.

Plant operating logs, acid plant inlet volumetric flow rate
charts, absorber and converter temperature charts, and inlet concentra-
tion charts were reviewed to determine the operating condition of acid
plants during the continuous monitoring program. Periods of startup
and shutdown were eliminated from the data analysis, and the long-term
S0, emission concentration averages were determined from the remaining
valid data points. Finally, various averaging techniques were used to
determine the most appropriate averaging interval, thereby masking the
effect of massive short-term fluctuations.

H.2 SUMMARY OF TEST RESULTS
H.2.1 ASARCO--Hayden, Arizona
The copper converter single-absorption acid plant at the ASARCO

smelter in Hayden, Arizona was tested during the week of June 19,
1972. The test consisted of eight separate runs using Reference
Method 8 of 40 CFR 60. Two of the test runs were aborted because
either the test equipment or the acid plant malfunctioned. Test 1
consisted of two samples, one for each orthogonal axis, whose results
were combined to determine an overall emissions rate. In addition to
the manual tests, continuous S0, monitoring was performed at the site
for 2 days to provide comparative data experience for future tests.
No statistical analysis of the continuous monitoring data was performed.
The ASARCO smelter has five copper converters, each requiring
approximately 8 hours to process a batch of copper matte. The gas
flow to the acid plant from the converters is as high as 2,830 Nm3/min
(100,000 scfm), depending upon the number of converters in operation.
The gas stream to the acid plant has an SO, concentration of 4 to
9 percent.
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The converter emissions are controlled by a 750-ton-per-day (tpd)
single-absorption sulfuric acid plant designed by Chemiebau of West
Germany and built in 1972 by Rust Engineering, U.S. Chemiebau's licensee.
This acid plant was designed to process an inlet gas flow up to 2,830
Nm3/min (100,000 scfm) at an S0, concentration of 4 percent. The acid
plant has a four-stage capability, but only three catalytic stages
were active during the test.

Table H-1 summarizes the results of the Hayden emission tests.

H.2.2 KENNECOTT--Garfield, Utah

The metallurgical, single-stage absorption sulfuric acid plants
at the Kennecott smeiter in Garfield, Utah, were tested during the
week of June 19, 1972. A total of 20 acid mist and SO, emissions tests
were conducted on two of the five acid plants. Specifically, Plants 6
and 7 were tested using Method 8 of 40 CFR 60, with 10 tests performed
on each. Tables H-2 and H-3 summarize the manual emissions test
results from the Kennecott-Garfield acid plants. In addition, a
continuous SO, monitor was used to record long-term emissions from

plant 7.

At the time of testing, 9 converters were in place at the Garfield
facility. A1l offgases from these converters were ducted to six
single-stage absorption sulfuric acid plants. Converter operations
were scheduled to maintain a relatively constant S0, concentration in
the acid plant feed streams. Each acid plant was designed to process
a gas stream with an SO, concentration between 2 and 8 percent. The
flow rate to each acid plant varied from 850 to 1,980 Nm3/min (30,000
to 70,000 scfm), depending upon the number of converters in operation.

Acid plants 6 and 7 were chosen for the tests because they were
then the newest installations at the facility. Plant 6, designed by
Parsons Co., began operations in February 1967, was in the second
month of its catalyst cleaning cycle during the test program, and is
capable of processing up to 2,830 Nm3/min (100,000 scfm) of gas at a
concentration of 2 to 8 percent. Plant 7, designed by Monsanto
Enviro-Chem and constructed by Leonard Construction Company, commenced
operation in September 1970, was designed to handle the flow rate
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fluctuations and SO, concentration associated with converter operations,
and is capable of handling SO, concentrations ranging between 2 and
8 percent. Plant 7 was in the last month of its catalyst cleaning
cycle when the manual tests were performed.

As noted earlier, a continuous monitoring test program was also
conducted at the Kennecott-Garfield facility between September 15,
1972, and November 15, 1972, on Acid Plant 7 to gather long-term
emissions data. The data being sought would be used to determine an
averaging time that would effectively mask fluctuations in acid plant
outlet concentrations and to evaluate the long-term performance capabil-
ities of single-absorption acid plants. These emissions data were
recorded by a Dupont 460 Continuous SO, Analyzer. Because Section 4.2
of this document discusses the results of that test, they are not
discussed here.
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APPENDIX I

ANALYSIS OF DUAL-ABSORPTION ACID PLANT CONTINUOUS SO,
MONITORING DATA

I.1 INTRODUCTION

The dual-absorption sulfuric acid plant at the ASARCO copper
smelter at E] Paso, Texas, was the first system of its type to be used
in the domestic nonferrous smelting industry. The SO, emissions from
this unit were measured by the U.S. Evironmental Protection Agency
(EPA) beginning May 17, 1973, and continuing through December 14,

1973.

The objective of the test was to characterize the S0, emissions
from a primary copper smelter using a control system of this type.

The data were analyzed to determine the control system efficiency and
any conditions which would cause high emissions. Finally, the emis-
sions data were used to examine realistic and achievable S0, emission
limitations for nonferrous smelting operations which produce strong
S0, streams.

The ASARCO smelter at E1 Paso, Texas, is a custom copper smelter
that produces 236 Mg/day (260 tons/day) of blister copper. Approxi-
mately 365 Mg/day (400 tons/day) S0, are also produced during the
smelting process. The smelter operates three converters, with two
converters operating at essentially all times while the third converter
is in the pouring portion of its smelting cycle. This type of converter
scheduling typically produces a relatively steady stream containing 3
to 7 percent S0,.

The converter gases are controlled by the dual-absorption acid
plant that produces approximately 450 Mg/day (500 tons/day) of sulfuric
acid. The acid plant is designed to process a gas stream with an
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average inlet concentration of 4 percent, with an inlet concentration
ranging between 2 percent to 10 percent S0,, and an inlet flow rate of
up to 2,830 Nm3/min (100,000 cfm). The system is equipped with an
automatic heater that permits efficient operation of the acid plant

down to an inlet 50, concentration of approximately 2 percent. The
catalyst renewal cycle of the acid plant is designed to be approximately
once every 2 years.

The monitoring instrumentation included a Dupont 460 S0, analyzer
for monitoring the outlet SO0, concentration; a Beckman inlet S0,
concentration analyzer; and a Westinghouse E2B 4-channel tape recorder,
which permitted simultaneous recording of time, inlet SO, concentra-
tion, outlet SO, concentration, and inlet volumetric flow rate. The
Beckman inlet SO, monitor was an integral part of the ASARCO SO,
control system that required modification to permit recording of its
output signal by the EPA recorders.

The accuracy of the outiet SO, monitoring instrumentation was
verified as outlined in the proposed EPA Method 12 of 40 CFR 60. A
total of nine manual Method 8 SO, tests, defined in 40 CFR 60, were
performed between July 9 and 12, 1973. Table I-1 shows the results
of the manual S0, measurements as determined by Method 8 and the
corresponding S0, readings as determined by the Dupont 460 SO, monitor-
ing instrument.

The entire monitoring program covered a period of 5,088 hours, or
212 days. During this time span, the acid plant was in operation for
a total of 190 days, or 90 percent of the monitoring period. During
the same time span, the monitoring instrumentation was in operation
for 90 percent of the monitoring period. Including periods when both
acid plant and monitoring instrumentation were inoperative, data were
collected during 86 percent of the duration of the monitoring program.
The monitoring instrumentation recorded one reading for each parameter
monitored every 3 minutes. At the end of each 15-minute interval, an
average of the previous five readings was computed. The 15-minute
averages were used as the base data points for all subsequent computa-
tions and analyses.
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TABLE I-1. COMPARISON OF SO, MEASUREMENTS USING EPA METHOD 8
AND THE DUPONT 460 SO, ANALYZER

Test results (ppm S0,)

Date and time started EPA Method 8 Dupont analyzer
7/09/73 (1617) 12.5 19.9
7/10/73 (1011) 122.0 121.2
7/10/73 (1418) 21.0 22.1
7/10/73 (1602) 117.5 116.3
7/10/73 (1745) 53.0 48.5
7/10/73 (0816) 19.5 22.2
7/10/73 (1000) 49.5 51.4
7/10/73 (1627) 239.0 224.3
7/10/73 (1805) 22.5 23.1
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1.2 VALIDATION OF DATA

To ensure that the recorded data were representative of "normal
operating conditions, data validation criteria were established. The
acid plant operations log, the acid plant engineer's log, the catalyst
temperature charts, and the copper converter operating logs were
reviewed to determine the operating state of the converter operations
and the acid plant. Periods during which the acid plant was not
operating and periods of excess emissions during startup were removed
from the compiled data. For purposes of analysis of the compiled
data, all other operating situations were considered normal.

During the the test program, the acid plant experienced a number
of shutdown and startup situations. The periods of acid plant downtime
lasted for as 1ittle as 30 minutes to as long as 5 days. A general
review of the data showed that the shorter durations of downtime
produced shorter periods of high emissions after startup than did the
downtimes of longer duration. Therefore, each period of downtime and
startup was evaluated to derive a quantitative relationship between
the duration of the downtime and the duration of excess emissions
after startup.

In developing an approximate relationship between the duration of
‘abnormal emissions and the duration of downtime, a family of curves
was prepared to show average emission vs. time after startup based on
the data monitored. Figure I-1 shows the relationship between the
downtime duration and the emissions rate immediately after startup.
There were 25 startups during the monitoring period. These were
categorizied into five groups depending upon downtime duration. The
curves represent the following downtime periods: 1.99 hours or Tless,
2 to 5.99 hours, 6 to 9.99 hours, 10 to 13.99 hours, and greater than
or equal to 14 hours. Each curve represents the following total
number of downtimes: 7 downtimes of 1.99 hours or less, 3 downtimes
of from 2 to 5.99 hours duration, 3 downtimes of from 6 to 9.99 hours
duration, 4 downtimes of from 10 to 13.99 hours duration, and 7 down-
times of 14 hours or greater duration. Normal operation was considered
attained when the average emissions decreased to 500 ppm.
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Figure 1-1. Average emissions after startup versus time after startup,
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The analysis of the curves indicates that downtimes of up to
1.99 hours did not cause excess emissions. Downtimes of greater than
14.99 hours, however, typically resulted in excess emissions for up to
approximately 5 hours after startup. Other shutdown intervals resulted
in normal operation after a period of time ranging between the two
previous extremes.

The exact duration of excess emissions during startup will vary
because the time required to attain normal operation depends to a
major degree upon the skill of the acid plant operator, his/her percep-
tion of the system's imbalance and his/her response with corrective
measures. Also, the time required to attain normal operation is
dependent upon the response time of the acid plant process control
system to any corrective actions initiated by the operator. The
curves of Figure I-1 indicate that there may be considerable elapsed
time after startup before the acid plant regains equilibrium conditions.
Based on the curves, data validation criteria were developed for
startup periods. Data points during the initial portions of an acid
plant startup were excluded from the analysis based on the following
criteria, to the nearest hours:

For shutdowns of less than 2 hours, the first valid datum
point occurs immediately after startup.

For shutdowns of 2 to 5.99 hours, the first valid datum
point occurs 3 hours after startup.

For shutdowns of 6 to 9.99 hours, the first valid datum
point occurs 4 hours after startup.

For shutdowns of 10 to 13.99 hours, the first valid datum
point occurs 4 hours after startup.

For shutdowns of greater than 14 hours, the first valid
datum point occurs 5 hours after startup.
1.3 DISCUSSION OF THE DATA
With periods of acid plant downtime and the initial portion of
acid plant startup eliminated from the recorded data, the remaining
data constitute emissions from normal smelting and acid plant opera-
tions. This includes periods of abnormally Tow inlet concentration
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when all converters were out of the hoods for short periods. These
situations are common occurrences in copper converter operations.

As previously discussed, the inlet SO, concentration to the acid
plant was measured at 3-minute intervals. The readings were then
averaged every 15 minutes to determine the 15-minute average base data
points. The inlet gas stream averaged 3.80 percent S0, for the entire
test period, with a standard deviation of 1.64 percent S0,. The
highest recorded 15-minute average inlet for the total monitoring
period was 9.19 percent S0,.

An analysis of the distribution of the 15-minute inlet SO, readings
indicated that the acid plant processed gases of greater than 3.5 per-
cent for only approximately 55 percent of the time. Figures I-2 and
I-3 show the concentration distribution and the cumulative frequency
distribution of the inlet gas stream SO, concentrations recorded
during the monitoring period.

I.3.1 Catalyst Deterioration

The efficient operation of any acid plant is governed to a major
degree by the condition of the catalyst that aids the conversion
reaction of SO, to SO3. As the catalyst is used, its condition can
deteriorate and thus decrease the control efficiency of the system.
This naturally results in increased emissions from the acid plant. To

ascertain any change in conversion efficiency attributable to catalyst
use, the change in efficiency was determined for various time intervals
over the total test period. The implied assumption in this procedure
was that any decrease in control efficiency would be basically due to
the decreased reactivity of the catalyst.

The acid plant conversion efficiency was calculated using the
following definition:

Mass S0, converted
Mass S0, available -

Efficiency, E =

Adopting the ideal gas law for SO,, the previous definition can be
represented by the equation:

Cout

= - C. 2 n
E (1 Cin ) (1 + Cout +C out BRI out)
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where

Cin = S0, concentration entering the acid plant

Cout = S0, concentration leaving the acid plant.

The acid plant commenced operation in December 1972. Between
May 1973 and December 1973, the acid plant was monitored while operating
for approximately 171 days, or approximately 86 percent of the time.

At the end of the monitoring program, the acid plant has been in
operation a total of 335 days.

The normal cleaning cycle for the acid plant catalyst, based on
the manufacturer's design, is 2 years. Thus, the system was monitored
during the second quarter of its normal catalyst cleaning cycle. Due
to the failure of parts of the gas precleaning system to operate
properly, however, the catalyst deterioration rate was accelerated,
and the acid plant catalyst was screened during March 1974. Based on
this information, the catalyst renewal cycle therefore covered a
period of 1.2 years, and the acid plant was considered to have been
monitored during the second and third quarters of its catalyst cleaning
cycle.

One least-squares regression analysis of the change in efficiency
with usage covers the total test period from May 17, 1973, through
December 14, 1973. Similarly, second and third analyses of the change
in efficiency with time were also made and included the last 2 months
and the last month of the monitoring period, respectively. A review
of the three results indicates that the acid plant's efficiency remained
essentially constant at an average of greater than 99.70 percent
during the total test program. The respective changes in efficiency
within the observed periods indicated by the three analyses were
-0.20 x 1077, -5.6 x 107, and -8.7 x 107/
minimum efficiencies from these changes in efficiency were 99.750

percent per day. The

percent, 99.643 percent and 99.688 percent, respectively. Thus,

neither within a given interval nor between one reporting interval and
other did the analysis show sufficient changes in efficiency to indicate
a significant change in the condition of the catalyst.

I-12



I.3.2 Effect of Inlet S0, Concentration on Emissions

The most important aspect of the inlet SO, concentration is its
effect on acid plant operating efficiency and the resulting outlet SO,
concentration. To ascertain the effects of varying inlet SO, con-
Centrations on the resulting outlet SO, concentrations, all of the
simultaneous 15-minute inlet and outlet concentration data were used
to develop a least-squares straight 1ine. The results of this analysis
indicated there is a direct linear relationship between inlet S0,
concentration and the resulting outlet SO, concentration. The correla-
tion coefficient of the analysis was calculated to be 0.413 and was
determined to be significant enought to warrant a conclusion of
Tinearity. Figure I-4 shows the graph of the least-squares line and

its standard error.

The inlet SO, concentrations experienced during this test were
somewhat Tower than the concentrations of 5 to 6 percent achievable
from typical copper converter operations. With an average of 3.8 per-
cent S0, and a standard deviation of 1.64 percent S0,, approximately
68 percent of the readings were between 2.2 and 5.4 percent SO,,
indicating that the inlet concentrations are biased low and thus
result in lower outlet concentrations. The fact that the acid plant
inlet concentration was typically low indicates that the typical
outlet concentration was lower than that expected from other similar
acid plants operating at a higher average inlet concentration. This
factor must be taken into account when determining emissions Timits
for other smelting operations, based on data from this test.

An inlet concentration of 9 percent is approximately the maximum
inlet SO, concentration that can be processed by most modern dual-stage
acid plants. Figure I-4 is significant, therefore, when predicting
the expected emissions from a smelter generating an inlet gas stream
within the observed range of this test (0.02 to 9.16 percent S0,). It
shows that the average outlet concentration increases approximately
50 ppm per 1 percent increase in inlet concentration above 3.8 percent.
For instance, when the average inlet concentration to the acid plant
was 9 percent SO,, the average emission rate indicated from the test
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was approximately three times the emission rate obtained at 3.8 percent
inlet SO;. This increase is basically due to increased inilet concentra-

tion at a constant conversion efficiency.

[.4 RESULTS OF THE TEST PROGRAM

The results of the test program indicated that during normal
operations the average emissions, based on 15-minute readings, ranged
between 10 and 2,920 ppm. Approximately 90 percent of these values,
however, were below 250 ppm and well below the typical manufacturer's
guaranteed emission rate of 500 ppm.

There were, however, periods of relatively high emissions, even
when averaged over 6-hour periods, which could not be attributed to
malfunctions, startups, or shutdowns. It was thought that these
periods might be caused by relatively high inlet concentrations,
resulting in a corresponding increase in outlet concentrations. To
examine this possibility, 6-hour averages of 400 ppm or greater were
located in the data base, and the 24 15-minute inlet concentration
readings that made up the 6-hour averages were recorded. The concen-
tration frequency distributions of these inlet readings were then
compared with the inlet concentration frequency distribution for the
entire monitoring period. 1In general, the individual distributions
did not vary significantly enough from the composite for the entire
monitoring period to indicate that the excursions occurred during
periods of unusually high or during abnormal inlet concentration
conditions. The catalyst converter temperatures and inlet gas flow
rates were also reviewed, but no abnormalities were noted in these
parameters.

Because the periods of relatively high emissions were not caused
by abnormal inlet gas conditions or by abnormal operation of the acid
plant system, the compiled data were averaged over various time inter-
vals ranging from 1 to 10 hours to examine the effect of averaging
time on damping of normal excursions. As a result, the effects of
normal short-term excursions were spread over successively longer
periods of time. Table I-2 shows a matrix, to the nearest 0.05
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91-1

TABLE I-2. THE EFFECT OF REFERENCE CONCENTRATION LEVEL AND AVERAGING TIME ON THE PERCENTAGE OF EXCURSIONS

Averag-  Number Reference concentration level, ppm

ing of Maximum concen-
time readings 150 200 250 300 350 400 450 500 550 600 650 700 750 tration, ppm
15 min 14,612 20.00 15.00 10.00 7.50 5.00 4.00 3.00 2.30 1.60 1.35 1.15 1.05 1.05 2,920

1 hr 3,628 20.00 15.00 10.00 7.10 4,10 ' 3.15 2.65 2.10 1.75 1.40 1.00 0.90 0.80 1,982

2 hr 3,702 20.00 15.00 10.00 5.00 3.00 2.50 2.00 1.75 1.50 1.25 1.00 0.90 0.70 1,261

3 hr 3,758 20.00 15.00 10.00 5.00 2.20 2.00 1.60 1.25 0.85 0.80 0.55 0.50 0.50 1,238

4 hr 3,803 20.00 8.15 6.10 3.00 2.20 1.40 1.05 0.80 0.75 0.50 0.45 0.30 0.25 935

5 hr 3,841 20.00 10.00 5.00 2.75 1.75 1.25 1.00 0.75 0.55 0.40 0.30 0.25 0.15 935

6 hr 3,876 20.00 10.00 5.00 2.45 1.75 1.20 0.90 0.45 0.35 0.30 0.15 0.05 0.05 752

7 hr 3,907 20.00 10.00 5.00 2.15 1.40 1.00 0.55 0.30 0.20 0.10 0.05 0.00 0.00 662

8 hr 3,935 15.00 10.00 5.00 2.15 1.40 0.80 0.50 0.25 0.10 0.05 0.00 0.00 0.00 662

10 hr 3,988 15.00 10.00 5.00 2.05 1.20 0.55 0.25 0.10 0.05 0.00 0.00 0.00 0.00 576




percent, of the percentages of the total readings that exceeded given
concentrations for various averaging intervals.

It can be seen from Table I-2 that, as the averaging time for a
given concentration Tevel increases, the percentage of excursions
above that concentration level tends to converge to zero. For example,
Table I-2 indicates that from 20 te 15 percent of the recorded values
exceeded 150 ppm, depending on the averaging intervals between 1 and
10 hours.

Similarly, in Table I-2, an increase in the concentration level
for a given averaging time will also cause the matrix to converge
rapidly to a small value. For example, observing the 6-hour averaging
interval, there is a 20 percent excursion rate at the 150 ppm level.
Increasing the concentration Tevel to 300 ppm decreases the excursion
rate to 2.45 percent; increasing the concentration level to 750 ppm
decreases the excursion rate to 0.05 percent.

Based on the results of Table I-2, as either the averaging time
increases, the concentration level increases, or both increase, the
percentage of excursions tends to converge toward a small value in the

matrix,

I.5 CONCLUSIONS

As previously indicated, the typical manufacturer's guarantee for
a dual-stage acid plant is 500 ppm, based on a 5 to 6 percent average
inlet SO, concentration. The results of the test, however, indicated
that the test was carried out at a 3.8 percent average inlet concentra-
tion, somewhat lower than the average inlet concentration from typical
copper converting operations. The test results also indicate that
there is a direct linear relationship between inlet gas-stream SO,
concentration and outlet gas-stream S0, concentration; the inlet
concentration increases in proportion to the outlet concentrations.
Therefore, because the inlet concentration was somewhat lower than
normal, the resulting outlet concentration was considered lower than
that from typical copper smelters.

Because the manufacturer's guarantee of 500 ppm s based on a
5 to 6 percent inlet S0, concentration into a typical smelter converter
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acid plant, the equivalent SO, concentration for the ASARCO acid plant
during the test period was 400 ppm. This is due to the typically
lower iniet concentrations.

As discussed in Appendix H, an appropriate averaging time for
masking outlet concentration fluctuations from single-stage absorption
acid plants was determined to be 6 hours. The test of the ASARCO
plant indicates that a 6-hour averaging time is also sufficient to
mask fluctuations from a dual-absorption acid plant. The results show
that an emission rate of 400 ppm for a 6-hour averaging time would
result in 1.20 percent excursions.

Although the results of this test program indicate that a reason-
able emissions 1imit equivalent to the vendor's guarantee (400 ppm)
would result in only 1.20 percent violation rate, the effects of
higher inlet SO, concentrations at other smelting operations and acid
plant catalyst deterioration must be taken into account. To account
for situations of increased emissions due to higher inlet concentrations
of up to 9 percent, the results of Table I-3 require prorating upward
a maximum of 200 ppm.

The results of this test were not conclusive as to the character-
jstics of increased emissions due to catalyst deterioration because no
deterioration was observed during this test. Discussions with the
designers of the ASARCO acid plant indicated that up to a 10-percent
increase in emissions was expected before renewal of the catalyst.
This factor, therefore, has to be taken into account when predicting
the expected emissions from a system of this type. Based on the
previous factors, the results of Table I-3 were prorated upward to
take higher inlet concentrations and catalyst deterioration into
account.

Table I-3 shows an acid plant operating at an inlet of as high as
9 percent and taking catalyst deterioration into account. From
Table I-3 it can be seen that an acid plant processing the maximum
expected inlet concentration could be expected to maintain an emission
rate of 650 ppm with only a 1.20 percent excursion rate.
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In general, however, a new source performance standard (NSPS) set
at the 650-ppm level and a 6-hour averaging time would result in a
probable excursion rate of less than 1.20 percent. The general NSPS
provisions (39 FR 9308) specify that each performance test for the
purpose of compliance shall consist of the arithmetic mean of the
results from three separate runs. To determine the number of times
that the ASARCO acid plant exceeded the 400-ppm Tevel (equivalent to
650 ppm in Table I-2), the recorded data from the test program were
reviewed. Each 6-hour average of 400 ppm or greater was considered an
excursion. Readings for 24 hours both before and after the violation
were reviewed to determine whether the average of any two readings
together with the excursion would exceed 400 ppm. The three 6-hour
averaging periods were chosen so that none of the periods overlapped.
The results indicate that, of 48 recorded readings greater than 400 ppm
during the entire monitoring period, only 6 result in averages of 3
runs greater than 400 ppm. From this evaluation, the probable percent-
age of 6-hour averages in excess of 650 ppm, based on a 9 percent S0,
inlet stream, would be approximately 0.15 percent.
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APPENDIX J

EXAMPLE CALCULATIONS
MODEL PLANT OPERATING PARAMETERS

This appendix contains examples of calculations used in the
development of the Background Information Document for the review of
the primary copper smelter NSPS. Calculations are for Control Alterna-
tive I-G, new greenfield smelter processing high-impurity materials
(oxyfuel burners and 100 percent blending of the reverberatory furnace
offgas stream). Where procedures for the expansion scenarios differ,
example calculations are included for selected expansion scenarios.

The following input data obtained from Chapter 6 are reproduced

for the reader's convenience.

INPUT DATA
New greenfield Expansion
smelter Scenario 9

Feed:

Mg/day 1,364 2,045

Copper (%) 22.9 22.4

Sulfur (%) 27.0 28.4

Iron (%) 19.6 24.8
Sulfur removal (%)

Roaster 19.3 -

Reverberatory furnace 28.4 41.2

Converter 52.3 59.8
Matte grade (%) 40.0 39.0

The assumptions used in these calculations are those listed on
pages 6-6 and 6-9. Additional assumptions are indicated in the example

caliculations.
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J.2 NEW GREENFIELD SMELTER PROCESSING HIGH-IMPURITY MATERIALS

J.2.1 Material balance:

Copper in feed:
Matte fall:

Inert in matte:
S as C0,S:

COzs:
FeS:

S as FeS:

S in matte:
S in feed:

S removed in MHR and RV:

S removed in MHR:

S removed in RV:

J.2.2 Multihearth Roaster

Volumetric flow:

1,364 x 0.229

312.4 + 0.40

781.0 x 0.10
32
312.4 x 157 1

312.4 + 78.7

781.

32
311. 878

113.6 + 78.7

1,364

X

0.270

368.3 - 192.3

176.0

X

78.1 - 391.1

0.193

0.193 + 0.284

0.284

176.0

X

0.193 + 0.284

71.2 Mg S removed ., 1 day . Mg-mol  22.4 x 103 Nm?
day 1,440 min = 32 Mg Mg-mol
« __Nm® offgas 530 _
0.045 Nm® S0, ~ 492

Fraction Oj:
Theoretical air: 828'8 310'045 =
Dilution air: 828.5 - 177.5 =
Fraction Os: 651é88X50'21 =

J-4

312.4 Mg/day

781.0 Mg/day

78.1 Mg/day

78.7 Mg/day
391.1 Mg/day
311.8 Mg/day

113.6 Mg/day

192.3 Mg/day

368.3 Mg/day

176.0 Mg/day

71.2 Mg/day

104.8 Mg/day

828.5 Nm3/min
[at

828.5
0.165
177.5 Nm3/min
651.0 Nm3/min

0.165

70° F, 1 atm]



J.2.3 Reverberatory Furnace

Natural gas equivalent required:a’b

(1,364.0 - 71.2) Mg calcine , 1 day 1.1 tons

day 1,440 min Mg

. (0.6 x 4.5 x 10°%) BTO  ft® natural gas
Ton feed 1,000 Btu

(2832 x 1072 w3) 530

X e

fts 492

Combustion products (CH, + 20, » C0, + 2H,0):

C02:
HQOZ

. 0.79
No: 162.6 x 071
S0, formed:

104.8 Mg S removed . 1 day Mg-mol

day 1,440 min © 32 Mg

w (22.4 x 103 Nm3) . 530

Mg-mol 492
. . ) 0.79
No in air to form S05: 54.9 x 071

Air Tleakage:

0, requirements: 162.6 + 54.9
0.65
N, at 65/35 Hy/05: 217.5 x 03k

81.3 Nm3/min
[70° F, 1 atm]

81.3

81.3 Nm3/min
162.6 Nm3/min

611.7 Nm3/min

54.9 Nm3/min
[79° F, 1 atm]

54.9

206.5 Nm3/min

511.3 Nm3/min
217.5 Nm3/min

403.9 Nm3/min

dNatural gas equivalents are used in reverberatory furnace calculations
for convenience. It is assumed that combustion products per Btu of
input from natural gas are essentially the same as combustion products

per Btu of input from other fossil fuels.

bThe literature indicates a 40-percent reduction in heat requirements

when using oxyfuel burners.
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Air leakage: 403.9 + 0.79

Moisture in air
(70° F 40% RH):

511.3 x 0.00757

Theoretical RV offgas:

Component Nm3/min
co, 81.3
H,0 166.5
Combustion (162.6)
In air (3.9)
No 403.9
50, 54.9

Dry 65/35 air to result in
1 percent 0, at offtake:

0.35 volume air
Volume air + 706.6

No in makeup air: 20.8 x 0.65
02 in makeup air: 20.8 x 0.35
H,0 in makeup air: 20.8 x 0.00757

RV offgas at offtake:

Dry basis Wet basis

Component Nm2/min % Nm2/min %

€0, 81.3 14.5 8l1.3 11.2

H,0 - 166.7 22.9
(combustion) (162.6)
(leakage air) (3.9)
(makeup air) (0.2)

2 417.4 74.4 417.4 57.4
(leakage air)  (403.9) (403.9)
(makeup air) (13.5) (13.5)

S0, 54.9 9.8 54.9 7.5

05 7.3 1.3 7.3 1.0
Total 560.9 727.6

J-6

511.3 Nm3/min

3.9
3.9 Nm3/min
706.6 Nm3/min

20.8 Nm3/min
0.01

13.5 Nm3/min
7.3 Nm3/min
0.2 Nm3/min



Leakage through waste
heat boiler and ESP:

727.6 Nm3/min

RV gas to acid plant
(dry basis):

1,284.4 Nm3/min

Component Nm3/min %

€O, 81.3 6.3

No 992.2 77.0
(at offtake) (417.4)
(Teakage) (574.8)

5 160.1 12.4
(at offtake) (7.3)
(Teakage) (152.8)

S0, 54.9 4.3
1,288.5

J.2.4 Converters

J.2.4.1 General. The availability of a strong SO, stream can
significantly enhance the attractiveness of weak-stream blending as a
means by which to control weak SO, streams. Consequently, a converter
scheduling scheme that will maximize the converter offgas S0, concen-
tration over time is highly desirable.

A typical converter cycle can take between 11 and 12 hours per
charge. In converting a 40-percent matte, a slag blow will last
approximately 6 hours, while a copper blow Tasts about 3 hours. Time
taken up by charging, pouring, and skimming will generally be about
2 hours per cycle. Figure J-1 presents the converter schedule used in
this study to determine the time profile of the total converter offgas
flow for a 40-percent matte. Copper and slag blowing fumes will
change when other matte grades constitute the converter charge. A
three-converter operation performing five converter cycles per 24-hour
period was chosen as representative of domestic practice. An intercycle
time of 3-2/3 hours was determined to be typical. QOffgas profile of
the converter aisle is determined in the following paragraphs.

J.2.4.2 Slag Blow. [FeS + 1.5 0, = Fe0 + S05]

FeS: 311.8 Mg/day

FeS/cycle: 311.8 + 5 62.4 Mg/cycle

J-7
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5022

47.6 Nm3/min
[70° F, 1 atm]

62.4 Mg FeS 1 cycle ~__ Mg-mo] (22.4 x 10% Nm®) 530 _ ,5 ¢
cycle 360 min = 87.8 Mg FeS Mg-mol 462 '
Theoretical 0s: 47.6 x 1.5 = 71.4 Nm®/min
Actual Oy: 71.4 + 0.75 = 95.2 Nm3/min
Actual Ny: 95.2 x 973 = 358.1 Nm3/min

Offgas before dilution:

Offgas after dilution:
Fraction SO,:

Fraction 0O,:

J.2.4.3 Copper Blow

47.6 + 95.2 - 71.4 + 358.1

2 x 429.5
47.6 + 859.0

95.2 - 71.4 + 0.21 x 429.5

859.0

[CupS + 0y, > 2 Cu + S0,1.

CU2SI
*CuyS/cycle:
502:

Actual 0s:
Actual Nj:

O0ffgas before dilution:
Offgas after dilution:
Fraction S0,:

Fraction Qy:

391.1 + 5

78.2 x 22.4 x 103 x 530

180 x 159.1 x 492
65.9 + 0.75

0.79

87.9 X 557

330.7 + 87.9
2 ~ 418.6
65.9 + 837.2

87.9 - 65.9 + 0.21 x 418.6

837.2

J-9

429.5 Nm3/min
429.5
859.0 Nm3/min
0.0554
0.133

0.133

391.1 Mg/day
78.2 Mg/cycle
65.9 Nm3/min

65.9
87.9 Nm3/min
330.7 Nm3/min

418.6 Nm3/min
837.2 Nm3/min
0.0787

0.131

0.131



J.2.4.4 (0ffgas Profile. Using the converter aisle station

presented in Figure 6.2 and the slag and copper blow flows determined
above the following converter aisle offgas profile can be developed.

Converter aisle status

Number of converters

Slag Copper 0ff- Hr/ y

blow blow stack day Nm°/min S0, (%) 0, (%)

2 1 0 3.0° 2,555.2 6.30 13.2
2 0 1 5.2 1,718.0 5.54 13.3
1 1 1 9.5 1,696.2 6.69 13.2
1 0 2 2.3 859.0 5.54 13.3
0 1 2 1.7 837.2 7.57 13.1
0 0 3 1.3 0 - -

Average flow 1,611.1 6.31 13.2
aExamp]e calculation:

Flow: 2 x 859.0 + 837.2 = 2,555.2 Nm3/min
Fraction SO,: 2 X 859.0 x 0.0554 + 837.2 x 0.0787 _ 0.063

2,555.2

- 3 .
Average flow: 2 hr pend12§ x Nm3/min

J.2.5 Acid Plant Flows
J.2.5.1 Feed. Blended MHR, RV, and CV streams are fed to the acid
plant. Profile of this blended stream is determined as shown below:

Stream Hr/day Nm3/min S0, (%) 0, (%)
Muitihearth roaster 24 828 4.50 16.5
Reverberatory furnace 24 1,284 4.30 12.4
Converter aisle 4.0 2,555 6.30 13.2

5.2 1,718 5.54 13.3
9.5 1,696 6.69 13.2
2.3 859 5.54 13.3
1.7 837 7.87 13.1
1.3 0 - -
To acid plant 4.08 4,667 5.43 13.6
5.2 3,830 4.90 13.7
9.5 3,808 5.41 13.7
2.3 2,971 4.71 13.8
1.7 2,949 5.37 13.8
1.3 2,112 4,36 14.0
Average 3,723 5.21 13.7

aExamp]e calculation (see next page):
J-10



Flow: 828 + 1,284 + 2,555 4,667 Nm3/min
Fraction S0,:
828 x 0.045 + 1,284 x 0.043 + 2,555 x 0.063
4,667

0.0543

J.2.5.2 Effluent. Acid plant effluent is based on average
flows, 98.3 percent conversion efficiency, and on the assumption that
only SOy is removed from the dry gas in the acid plant. The following
model was developed for this purpose.

V: Volume of dry gas to the
acid plant

S: Fraction of SO, in dry
inlet gas

0: Fraction 0o in dry inlet
gas.

SO0, converted: 0.983 VS

0, used: 0.983 VS

S0, + %02 + HoO = H,yS0,4

Effluent: v - 0.983vs - 2383 V8

V - 1.4745 VS

I}

3,723 - 1.4745 x 3,273 x 0.0521

i

3,437 Nm3/min
Fraction S05: 0. 00096
(1 - 0.983) (3,723) (0.0521) + 3,437

J.2.6 Air Pollution Impact
J.2.6.1 Table 7.4--S0, Control Alternative.

Baseline

Emissions/yr (total): 76,495 Mg/yr

J-11



MHR:

71.2 Mg S removed . 350 days .

day

RV:

CV:

Control Alternative I-G

Emission/yr (total):
MHR:
Cv:

RV:

Emission reduction:

Blister copper/yr:

Reduction per unit of
blister:

J.2.6.2 Table 7-5--Fugitive Particulate Control.

64 Mg S0,
year g

o 0.017 Mg emitted
Mg to acid plant

64
104.8 x 350 x 37

192.3 x 350 x g% x 0.017

104.8 x 350 x %% x 0.017

76,495 - 4,382
1,364 x 0.229 x 350

(99% recovery, 99% purity,
350 days/yr)

72,113 x 1,000 + 109,324

Baseline, MHR:
109,324 Mg blister

X

5.2 Kg fugitive . 1 Mg

year
Reduction, MHR:

568 Mg uncontrolled .

Mg blister 1,000 Kg

0.90 Mg captured

year

X

Controlled, MHR:

Mg uncontrolled
0.99 Mg collected

Mg captured
568 - 506

J-12

847 Mg/yr

847

73,360 Mg/yr

2,288

4,382 Mg/yr
847 Mg/yr
2,288 Mg/yr

1,247

72,113
109,324 Mg/yr

659

568 Mg/yr
568

506 Mg/yr

506

62 Mg/yr



Control %: 506 + 568 89 percent

Reduction: 4.6 kg/Mg blister

506 Mg particulate . 1,000 Kg year
Year Mg 109,324 Mg blister

J.2.6.3 Table 7-7--Solid and Liquid Effluents from Gas Cleaning
and Conditioning. Use factors from Appendix L.

Volume to acid plant: 3,725 Nm3/min
273 o
or 3,725 x 35.31 X 594 122,100 scfm (°C)
CaS0,: 122,100 x 2.8 x 1072 = 3.4 Mg/yr
Liquid: 122,100 x 1.8 x 10”* = 22.0 Mg/yr

J.2.6.4 Table 7-9--Solid and Liquid Wastes from FGDs. Use
factors from Appendix L.

Volume to scrubber = 3,315 Nm3/min
(Table 6-3): at 12% S0,

or

273

3,315 x 35,31 x 794

= 108,700 scfm

108,700 x 1.7 x 0.034 6,282 Mg/yr

solid waste

108,700 x 1.7 x 1.8 = 332,622 Mg/yr
Tiquid waste

J.2.6.2.5 Table 7-12--energy impact. Energy requirements in

Table 7-12 were estimated using relationships developed for the cost
analysis (Chapter 8).

J.3 EXPANSION SCENARIOS

With the exception of converter analysis and distribution of acid
plant flows to the existing single acid piant and a new double acid
plant for scenarios requiring a new acid plant, the procedures for
determining expansion scenarioc parameters are the same as those used
for new greenfield smelters. Examples of each of these exceptions
follow.
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J.3.1 Converter Analysis

Using the same procedures used in Section J.2, the following converter
profile, before dilution, is determined for Baseline II.

Converter aisle status

Converters on:

Flow S05
Slag blow Copper blow Offstack Hr/day (Nm3/min) (%)
2 1 0 4.0 1,550.8 12.3
2 0 1 5.2 1,142.2 11.1
1 1 1 9.5 979.6 13.0
1 0 2 2.3 553.6 11.1
0 1 2 1.7 408.5 15.8
0 0 3 1.3 0 -
Average 992.3 12.3
Dilution to attain
4.3 percent S05: 1%4% = 2.860
Converter profile after dilution:
Converter aisle status
Converters on:
Slag Copper 0ff- Hr/
blow b1ow stack day Nm3/min S0, (%) 0, (%)
2 1 0 4.08 4,435 4.30 15.5
2 0 1 5.2 3,267 3.88 15.5
1 1 1 9.5 2,793 4.55 15.5
1 0 2 2.3 1,583 3.88 15.5
0 1 2 1.7 1,168 5.52 15.5
0 0 3 1.3 -
Average 2,838 4.3 15.5
aExamp]e:
Flow: 1,550.8 x 2.860 = 4,435 Nm3/min
S04: 12.3 =+ 2.860 = 4.3 percent
0s: Same procedure used in

Section J.2.4

J.3.2 Acid Plant Flows
The procedures described herein apply to Expansion Scenarios 11

through 14. The example covers Scenario 11.
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Using the procedures described in Section J.2, the following
parameters are developed:

Flow S0, 02

(Nm3/min) (%) (%)
RV, to acid plant 1,440 3.0 15.6
01d cv 2,770 4.3 15.4
New CV 970 6.2 13.3

In this scenario, the flows from both the old and new converter
are blended to smooth out variations encountered in individual converter
operations. The new double acid plant is preferentially driven by send-
ing a constant volume of the combined CV stream along with the RV stream
to be controlled to the plant. The remainder of the combined CV stream is
treated in the existing single acid plant.

Combined CV stream:

Flow SO

. 2 P
Nm3/min (%) (%)
0ld Ccv 2,770 4.3 15.4
New CV 970 6.2 13.3
Combined 3,740 4.8 14.9
. 2,770 x 4.3 + 970 x 6.2
502: 3,780 = 4.8
Equivalent new CV flow: ngzfgﬁ;g = 1,253 Nm3/min
Double acid plant input:
Flow S0, P
Nm3/min (%) (%)
cv 1,253 4.8 14.9
RV 1,440 3.0 15.6
Combined 2,693 3.8 15.3
Single acid plant input: 3,740 - 1,253 = 2,487 Nm3/min
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APPENDIX K

MATHEMATICAL MODEL FOR ESTIMATING POST EXPANSION REVZRBERATORY GAS
FLOW AND SO, CONCENTRATION FOR OXYGEN ENRICHMENT
AND OXY-FUEL EXPANSION OPTIONS

Assumptions:
1. Ten percent excess 0O,.

2. Fifty percent of base case off-gases is dilution air. Amount of
dilution air does not vary with expansion.

3.  Fuel is equivalent to CH; for determining volume of combustion
products.
Notation:
V = volume rate of off-gas
S = wvolume fraction of S0,
C = volume of combustion products, excluding nitrogen,

at theoretical 0O,

0 = volume rate of excess O,
N = volume rate of nitrogen
P = volume fraction of oxygen in combustion air
E = Ratio of expansion capacity to base case capacity
H = vratio of expansion fuel to base case fuel

subscript b = base case

subscript e = expansion

Procedure:
1. Vb = dilution air + SO, + Cb + 0b + Nb
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|'<
Nl

Dilution air =

502 rate = VbSb

<
o

Cb + 0b + Nb =" VbSb (from 1, 2, & 3)

) Vb(l-ZSb)
2

CH4 + 202 - C02 + 2H20

Three volumes of combustion products require, at 10 percent excess
02, 2.2 volumes of 0, and 2.2 x %% or 8.3 volumes of nitrogen.
This represents 0.2 volumes of excess 0,.

Using ratios of Cb , Ob’ Nb determined in 4, the following rela-

tionships with Vb + Sb are determined:

Vp (1725,) 0.2
Op = — Xgz+3+83 - 0.0087V, (1-25)
V. (1-25.)
Y b) 8.3 _ )
N = 2y x 855 = 0.3609 V, (1-25,)
V. (1-25,.)
Y b 3 i
¢, = 2 x 15 = 0.1304 V, (1-25.)
Vb
Ve = 3 + 502 + Ce + Oe + Ne
S0, = EV,S,
e
C, = HC,
= 0.1304 HY, (1-25,) (from 6)



10. 0e = H 0b

0.0087 H Vb (1-25b) (from 6)

11. From 5, 3 volumes of combustion products require, at 10 percent
excess 0; (0.2 volumes), 2.2 volumes of oxygen and 2.2 LE%EQ

volumes of nitrogen.

Each volume of combustion products is therefore associated with
2.2 a-p) volumes of N,.

3P
N, = 0.1304 HVb (1-25b) 2.2 il%gl (from 9)
= 0.0956 HV, (1-25b) il%BQ
12. Combining 7, 8, 9, 10, 11
Yy
Vo = 5+ EVbSb + 0.1304 H Vb (l-ZSb) + 0.0087 HVb (I-ZSb)

+0.0956 HY, (1-25,) il%fl

Vv =V

- (1-P)
o p 0.5+ ESb + H(1 ZSb) 0.1391 + 0.0956 ~—-<

P

V. 0.5+ ES_+ H(1-25.) ]0.1391 + 0.0956 illfi]
b |05+ ESy ) |0 : p

13. S =
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APPENDIX L

METHODOLOGY FOR ESTIMATING SOLID AND LIQUID WASTE
DISPOSAL REQUIREMENTS*

L.1 GAS CLEANING AND CONDITIONING SYSTEMS
Scrubbing water purged from gas cleaning and conditioning equipment
must be neutralized since this effluent is in fact a weak sulfuric

acid solution. The effluent is neutralized via the following reaction:
H,S04 + CaC05 > CaS04 + CO, + H,0.

Thus, as indicated, limestone (CaC05) is used as the neutralizing
agent, producing calcium sulfate (CaS0,), carbon dioxide gas, and
water. Matthews et al.! report the following limestone usage rates,

based upon 0.03 percent S05 in the inlet gas stream:

0.09 1b CaC03/10% scf (regenerative systems)
0.07 1b CaC03/10% scf (nonregenerative systems).

Thus, by noting the stoichiometry of the neutralization reaction, an
expression that relates the amount of calcium sulfate produced and

the volume of gas cleaned can be developed as follows:

Let V = the inlet gas stream volumetric flow rate in scfm (0° C)

V x 0.09 (or 0.07) 10 acoa

CaS0, production rate

b - mol CaCOy . 1 1b - mol CaS0, produced
100 1b CaCOj4 1b « mol CaCO; consumed

X

136 1bs CaS0, 60 min 8,400 hrs of operation

“ 7b - mol CasG, ~  hr yr

*Because sources from which data were obtained used scfm at 0° C,
the factors are calculated on this basis. Flows shown in this BID
must be converted to this basis before using the factors.
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1,000 g CaS0, . Mg .
X 37 16 Cas0, < 105 g @ ‘M Mg per year
- "5
2.8 x 10_ V (regenerative)’ or
2.2 x 1075

V (nonregenerative).

Similar expressions can be derived for the water production rate:

Water production rate = 3.7 x 0:6 V (regenerative), or
2.9 x 10 ¢

V (nonregenerative).

Once the CaS0, production rate is determined, stoichiometry can be
envoked once again to determine the amount of acid neutralized:

- Mg CaS0 106 g _ g * mol HpSO4 neutralized
5 4 2904
2.8 x 10 % ¥ yr X Mg o) g *+ mol CaSO, formed

X

98 g H,S04 M g - mole CaSOy4 .
g - mol * 055 X 136 g Caco, > " M per year

2.0 x 10_5 V (regenerative), or

1.6 x 10 3 V (nonregenerative).

Then, once the amount of acid neutralized is determined, the total
amount of liquid (calculated as water) requiring disposal can be

estimated as follows:

Noting that the purge is normally about 10 percent H;S04 by weight,

(1-0.10)

Total liquid effluent rate = 2.0 x 10 5 V x 550

+3.7%x106V=(18x 105+ 3.7x 10 )V, in Mg per year

-4
1.8 x 10_ V (regenerative), or
1.5 x 10 ¢ V (nonregenerative).

L.2 LIME/LIMESTONE SLURRY SCRUBBING PROCESS
Matthews et al.! report that sludge consisting primarily of
calcium sulfite (CaSO3) is produced at the rate of 6 to 7 lbs per 1b
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of SO, absorbed. Thus, the rate of sludge generation can be estimated

as follows:
. C (% S0,) 1b - mol SO,
Slud t =V fm) x X
udge generation rate (scfm) 100 359 i3 S0,
. 64 1b S0, . n 60 min N 8,400 hr 6 1b sludge
b + mol SO, = 100 hr yr 1b - S0, absorbed
x 1,000 g, Mg in Mg per year, where n = the FGD SO, removal

2.2 b~ T10° g °

efficiency (90 percent).
Condensing terms yields a sludge generation rate (Mg/yr) of 2.2 VC.

Typically, a mixture of 15 weight percent sludge! and 85 weight percent
water is ponded; therefore, the amount of Tiquid that must be pumped

to the pond can be estimated as follows:

(1-0.15)
2.2 VC x 0%

Liquid effluent rate

13 VC, in Mg/yr.

L.3 MAGOX SLURRY SCRUBBING PROCESS

A scrubber costs program developed by PEDCo? was used to estimate
the amount of absorbent purge taken from the MAGOX system. This was
done by assuming that the amount of solid material purged (assumed to
be MgS0;) is stoichiometrically equivalent to the amount of Mg0 fed as
makeup. The subroutine SMTMG1 from the PEDCo program calculates the

Mg0 makeup feed rate as follows:

~ C(% S0y) . 60 x 64
a. S0, feed rate (1b/hr) =V (scfm) X =355~ X 3¢5

b. SO, absorbed (1b/hr) = a. x 222 removigoeff1Cie”°y

C. Mg0 actually consumed (1b/hr) = b. x 0.625

100
S0, removal efficiency

d. Mg0 required (Ib/hr) = c. x 1.1 %

e. Makeup Mg0 (1b/hr) = d. x 0.05
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As indicated by expression "e'" above, the Mg0 makeup rate is expressed
as 5 percent of the Mg0 actually required. Assuming an SO, removal
efficiency of 90 percent, Equations (a) through (e) can be condensed
to yield the following expression:

Mg0 makeup rate = 0.0034 VC, in 1b Mg0 per hr.

Converting to Mg per year yields a Mg0 makeup rate (Mg/yr) = 0.013 VC.
As mentioned previously, it has been assumed that the amount of solid

material purged (assumed to be MgSO3) is stoichiometrically equivalent
to the amount of Mg0 fed as makeup. The following reaction was chosen
to be representative of the stoichiometry involved:

Mg0 + SO, + 3H,0 - MgSOs - 6H,0.

As indicated, the MgSOs is in the form of a hydrated crystal. Since
one mol of Mg0 is consumed in the formation of one mole of MgSO3
6H,0, an expression for the MgSO; - 6H,0 purge rate can be developed
as follows:

1b Mg0 _ 1b - mol Mg0 . 1 1b - mol MgSO,

104 1b Mgs0s . _ 1,000 g . Mg
b - mol MgSO; = 2.2 1b MgSO3 = 10° g

X §iﬂ§%—h£ = 0.034 VC , in Mg per year.

Next, assuming that the mixture to be ponded is 2 weight percent
solids,3 an expression for the liquid effluent rate can be developed
as follows:

0.02
1-0.02

Liguid effluent rate (Mg/yr) = 0.034 VC X

1.7 VC.
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L.4 PARTICULATE MATTER CONTROL ON REVERBERATORY SMELTING FURNACES

To assess the impact of the evaporative cooling procedure on the
gas stream volumetric flow rate, an energy balance is used to estimate
the amount of water that is evaporated in reducing the gas stream
temperature from 400° C to 100° C. The energy balance has the following

form:
“ b Co AT. = iy AH,, (L-1)
G PG G W Vw
where
ﬁG = the molar flow rate of the gas stream
CP = the specific heat capacity of the gas stream
G
ATG = the temperature change associated with cooling the gas
stream
hw = the mols of water evaporated per unit time
AHV = the latent heat of vaporization of water at 100° C.
W
Since hw is the quantity of interest, Eg. (L-1) can be rearranged to
yield:
. - me CPG ATG
my = . (L-2)
AH,,
W

An average specific heat capacity for the reverberatory furnace offgas

stream can be estimated using the following gas-stream composition:

OO

Component Vol

o O

1
0, 11.

The average heat capacity can then be calculated as follows:
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G ! i
y; = the gas stream volume fraction of species i
CP = the specific heat capacity of species 1.

The following pure component specific heat capacities are used:

Now,
L.5
1.

2.

3.

Component Specific heat capacity @ 25° C
S0, 39.8 J/g - mol °K
0, 29.4 J/g - mol °K
N, 29.1 J/g + mol °K
H30 33.6 J/g + mol °K
Co, 37.1 J/g - mol °K
CP = (0.012) (39.8) + (0.099) (29.4)
G
+ (0.083) (29.1) + (0.096) (33.6)
+ (0.044) (37.1) = 32.4 J/g + mol °K.
—_ - o]}
ATG = -300° C
AHV = 40.7 kJ/g » mol @ 100° C
W

ﬁw can be estimated using Equation (L-2).
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Copper Smelter Costs

Plant tvpe ! MHR-RV-CV Date } 09/14/32
Expansion Ootion ¢ Not Applicable Time ! 12117
Control Option ¢ Base Case

Flant Seenario ? New

Process costs indude new hardware assodated with copper production, -
field smelter, the process cast is the Baseline Case Cost (F‘]S’rJnel’ier plus Fguif;.(\)/; tct.;e ;_!l’eta)n
For the expansion scenarios. process casts include anv new roaster or con;erter praven
Control costs include all equipment assodated with emission reduction, Oxvoen ’Em’ich-
ment and oxvfuel casts are considered as control costs alono with acid plant and FGD ts
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as exios ]

pansion costs for existing plants,

Capital Cost 1

Armalized Costs

Raw materials
Frocess water
Cooling water
Electricitw
Supp. teat (Nat.
EBunker C Fuel 0il
Svulids disposal
Labor: Direct Operating
Supervision
lLabor & Matl.
Supervision
Overhead
TaMese 1rs..

Q3s)

Mairmt.:

admire
Total Operating Cost
Capital Recovery (Cost

Armmtalizea Cost

Negative values indicate savings over base case costs.

Frocess
&2.000,000,

688.625.
105,555,
0.
349,860,
0.
?.538.830.
0.
1,538.450.
307.690,
6.480.000,
272,000,
4,649,070,
65.480,000.

- —— o - ———— —r

Control
46.278.400.

19.922,
134.899.
93,926,
6.471,880.
0.

0.

0.
309.812.,
61.962,
1,851,140,
277 4670,
1,250.290.,
1.851,140.

- o oy

19.854.000.



Copper Smelter Costs

MHR-RV-CV

Not Applicable

45X Blending + DC/DA (I-A)

New c

Plant type :
Expansion Option :
Control Option :
Plant Scenario :

Date : 02723783
Time 2 10:18

~ <

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction. Oxygen enrich-

ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-
pansion costs for existing plants.

Frocess Comtrol
Capital Cost Q. 1,187, 12@,
Arimualized Costs
Raw materials @. &, 667,
Frocess water Q. 164,999,
Coaling water @a. 124, 550,
Electricity 2, 9,31@, 392,
Supp. heat (Nat. gas) 2. &, 7.
Burnker C Fuel 0il . @a.
Solids disposal 2. .
Labor: Direct Operating 2. 303,812,
Supervision 2. &1, 98,
Mairnt.: Labor & Matl. 2. =, 447, 480,
Supervision 78 367, 128,
Overhead a. 1,833, 194,
Taxes, irns., admirn. @a. =, 447, 482,
Total Operating Cost . 16, 87z, 520,
Lapital Recovery Cost @. 9, 358, 138,
Armualized Cost 2. 26, 83Q, 749

Negative values indicate savings over base case costs.
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Plant type MHR-RV-CV Date : 09/14/32

Expansion Option ! Not applicable Time { 121158
Control Cotion MgQ FGL + DC/DA (I-B)
Plant Scenario : New

Process costs include new hardware associated with copper production. For the areen—
field smeltar, the process cast is the Baseline Case Cost (Smelter plus fugitive cap{ure).
For the expansion scenarios. process costs include any new roaster or converter,

Control costs include all equipment assodated with emission reduction. Oxyaen enrich-
ment and oxvfuel costs are considered as contral costs alang with add plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel casts are considered as ex~
pansion costs for existing plants.

Frocess Control

Capitzl Cost 0. 73.996.,900.,
grimualizea Costs
Raw materials 0. 598,641,
Frocess water 0. 220,938,
Cooling water 0. 107 .538.
Electricity 0. Z4221,550.
Supp, hest (Nat. qas) 0. 0.
EBEurnker  Fuel 0il 0. 3.,733.570.
Solids disposal 0. 0.
Labor?! Direct Operating 0. 957 .562 .,

Supervision 0. 111.532,
Maint.: Labor & Matl., g. 2.9959.880.,

Supervision 0. 443,982,
Overtieard 0. 2:.036.530.,
Tames, 1ns., admin. 0. 2,959,880,
Total Opersting Cost 0. 20,951,700,
Capmpital Recovery Cost 0. 12.042.000.,
Armuwualized Cost 0. B2.994.700,

Neoative values indicate savings over base case costs.
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MHR-RV-CV

Expansion Option ! Not Applicable

Control Qotion ¢ NH2 FGD + DC/DA (I-C)
Plant Scenario ! New

Plant tvpe ¢ Date { 09/14/82

Time { 12112

Pracess costs include new hardware assodated with copper praduction. For the green—
field smelter, the pracess cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarias. process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxyoen enrich~
ment and oxvFuel costs are considered as contral costs alona with add plant and FGD costs
for the gree-nField smelter, Oxygen enrichment and oxyfuel costs are considered as ex-
pansion costs for existing plants.

Frocess Control

Capital Cost 0. 62,839,200,
adrnnualized Costs
Raw materials 0. 4,864,440,
Frocess water 0. 147 .141,
Cooling water 0. S544.955,.
Electricity 0. 8.7992.440.
Supp. nNeat (Nat. qas) 0. 0.
Bunker C Fuel 0il 0. 0.
Solids disposal 0. 0.
lLabhort! Direct Operating 0. 743,349,

Supervision 0. 148,710,
Maint.! Labor & Matl. 0. 2:913,570,

Supervision 0. 377.035.
Overhead 0. 1,891.430.,
Tarves, 1iMmS.s S0Mine. 0. 2.513,570.
Totasl Oeerating Cost 0. 22,343,800,
Carital Recovery Cost 0. 10,227,100,
Anrmualired Cost 0. 32.370.900.,

Negative values indicate savings over bace case costs.,
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“melter Costs

Flant type ! MHR-RV-CV Date : 09/14/32
Expansion Option ! Not Applicable Time | 12117
Control Cption 3 LL FGD + LC/DA (I-D)

Plant Scenario New

Process costs include new hardware assodated with copoer production. For the green—
field smelter. the process cost is the Baseline Case Cost (Ginelter plus fugitive capEure).
For the expansion scenarios. process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxyaen enrich~
ment and oxvfuel costs are cansidared as control costs along with acid plant and FGD costs
for the greenfield smelter, O . gen enrichment and oxyfuel costs are considered as ex—
pansion casts for existing plants,

Frocess Comtrol

Capital Cost 0. 69.742,000.,
Anrwalized Costs
Raw materisls 0. 1.2493.260.,
Frocess water 0. 217313,
Cooling waster N, P3.526.
Electricity 0. H.,792.510.
Supp. heat (Nat. qas) 0. 0.
Bunker € Fuel 0il 0. 0.
Soliads dispossal 0. 820.821.,
Labor?! Direct Operating 0. B57 1662

Supervision 0. 111.532.,
Maint;? l.abor & Matl., 0. 207899(580 .

Supervision 0. 418.452.,
Overhead 0. 1.938,4600.
Tares, LnS.s 3AMILN. 0. 2.789.,4840.
Total Operating Cost 0. 17,733,100,
Capital Recoverwy Cost 0. 11.330.500.,
Armval ized Cost 0. 24,083,600,

Negative values indicate savings over base case costs,
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Copper Smelter Costs

Plant type ¢ MHR-RV-CV

Expansion Option ! Not Applicable

Control Option $ 100% Blending + DC/DA (I-E)
Plant Scenario !} New

Date { 02/02/83
Time ! 13131

Process costs include new hardware associated with copper production. For the green—
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants.

Frocess: Control

Capital Cost 0. 74,231,100,
Armualized Costs
Raw materials 0. 39,322,
Frocess water 0., 226,381,
Cooling water 0. 184,605,
Electricity 0., 11,527,700,
S'JPPo heat (Nat. gas) 0. 72,600,
wnker C Fuel 0il 0. 0.
Solids disposal 0. 0.
Labor! Direct Operating 0. 278,831.

Supervision 0. 55,766
Maint.! Labor & Matl. 0. 2’96992400

Supervision 0. 445,387 .
Overhead 0. 1,8749610¢
Tares, ins., admir. 0., 2,969,240,
Total Operating Cost 0. 20,643,700,
Capital Recovery Cost 0. 12,081,100,
Anrmwalized Cost 0. 32,724,800.

Negative values indicate savings over base case costs.
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Copper Smelter Costs

Plant type :

Expansion Optlon : Not Applicable
Control Option : Oxygen enrichment + DC/DA (I-F)
Plant Scenario : New

MHR-RV-CV

Proceaa coats include new hardware associated with copper production.

Date : 02/07/83
Time : D9:4%

For the green-

field smelter, the proceass cost is the Baseline Csse Cost (Smelter plus fugitive capture).
For the expansion scenarica, process costa include any new roastar or converter,

Control coats include all equipment associated with emizaaion reduction.

Oxygen enrich-

ment and oxyfuel costa are conaidered as control coste along with acid plant and RGD coata

for the greenfield amelter.
pansion costs for existing plants.

Frocess

Capital Cost @.

Rriviualized Costs )
Raw materials a.
Frocess water Q.
Cozling water Q.
Electricity @a.
Supp. heat (Nat. gas) a.
Bunker C Fuel 0il -1,71¢, 330.
Solids disposal @,
Labicr: Direct Dperating 2.
Supervision @.
Maint.: Labor & Matl. 2.
Supervision 2.
Overhead .
Taxes, 1vs., admir. Q.
Total Operating Cost -1, 71€&, 992.
Capital Recovery Cost @a.

Armualized Cost -1,716, 990,

Oxygen enrichment and oxyfuel coste are conaidered as ex-

Cortyiol
&7,815, 0@,

1,941, BED,
183, 775,
158, 016.

9, 867, 310,

5, 700,
@.

78, 831.
55, 76E.
2, 668, 610,
423, 292,
1,713, 50,
2, 668, &1,

Negative values indicate savings over base case costs.
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Copper Smelter Costs

Plant tvpe ¢ MHR-RV-CV Date { 10/15/82
Expansion Option ¢ Not Applicable Time { 14:10
Control Option ¢ Oxy-fuel burners + DC/DA (I-G)

Plant Scenario | New

. Process caosts incdude new hardware associated with copper production. For the areen—~
field smelter, the process cast is the Baseline Case Cost (Smelter plus funitive capture),
For the expansicn scenarios, process costs include any new roaster or converter,

Control costs include all equipment assodated with emission reduction, Oxvaen enrich—
ment and oxyfuel costs are considered as control costs along with acid plan{' and FGD costs

for tpe greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex—
pansion costs for existing plants,

Frocess Control

Capital Cost 0., 59.216.,600.
Annuaslized Costs
Raw materials 0. 3.630,020.
Frocess water 0. 186.034.
Coolina water 0., 128.978.
Electricitw 0, 8.054.090.,
Supp. heat (Nat. qas) 0. 0.
Burnker C Fuel 0il ~-3.815.530, 0.
Solids disposal 0. 0.
Labort Direct Operatine 0., 278.831.

Supervision 0. 55.766,
Mainmt.! Labor & Matl. 0. 2,208,660,

Supervision 0. 331.299.
Overhead 0. 1.437.280.
Tares. inS.. 3dMin. 0. 2.208,6460.,
Total Opersating Cost ~-3.815.530, i8.519.600.
Capital Recovery Cost 0. 8.986.490.
Arnualized Cost ~3.815,330, 27.506.100,

Negative values indicate savings over base case costs.

M-10



APPENDIX N
FUGITIVE EMISSION CONTROL COSTS



Plant
Greenfield Plants

MHR-RV-CV
MHR
Ry
cv

FF-CV
Fr
cv

Expansion Base Cases

i MER-RV-CV
MHR
RV
(Y]

II RV-CV
RV
cv

III FBR-RV-CV
FER
RV
cv

IV EF-CV
EF
cv

Vv FF-CV
FF
ESCF
cV
Expansion Qptians

=13
cv

- All labor costs are assigned to the collection
- Electrical usage rate 1s calculated as 2.5 # 10 kwh/yr-1000 scfm

Capture System

w/BE

39
103
1,713

78
1,713

39
103
1.713

163
1,713

103
1,713

103
1,713

78
66
1,713

Fugitive Control Costs

Annualized Costs (3 1000‘s, June 1981)

W/AC

39
103
2,237

103
2,237

746

Collection System
w/AC

w/BE

234
533
4,185

358
4,185

234
533
4,185

533
4,185
4,185

491
4,185

358
491
4,189

N-3

1,

1,

1,

1,

1,

1,

<34
533
401

358
401

234
533
401

533
401

533
401

491
401

358
491
461

~
<

;ystam(baghouse)

Capture + Callaction

w/BE  w/AC
273 273
636 636
5,898 3,638
436 436
5,898 3,638
273 273
636 636
5,898 3.638
636 636
5,398 3,638
, 0 0
£36 436
5,898 3,638
594 594

b

5.898 2,638

434 434
387 35
5,898 3,638
42 1,325
0 0
42 1,328



Fugitive Control Costs

Capital Costs (3 1000‘s, June 1921)

Plant Flow Canture System Collection Svstem
(1000’s 5CFM) Hoods and ducting A Curtain {Baghousa)
w/BE  W/AQ w/BE  w/AT w/BE w/AC

Greenfield Plants

MHR-RV-CV

MHK 20 2 116 116 0 371 371
RY 65 45 298 298 0 1,939 1,339
cv 750 200 S.300 1,723 $54170 12,213 4,135
FF-CV
FF 45 45 224 224 0 1,130 1.138
cv 758 200 5,300 1,723 64170 12,213 4,133
Expansion Ease Cases
I MER-RV-CV
MHR 2 2 itle 116 C 571 S71
RV S &S 298 298 0 1,539 1,339
cy 750 200 5.3006 1,722 6,170 2,213 4,133
IT RV-CV
RV 49 65 298 298 0 1,339 1.5329
cv 75 200 5,300 1,723 4.1790 12,212 4.133
IIT FBR-RV-CV
FER 0 9 0 ] 0 0 0
RV 45 65 298 298 0 1,539 1,539
cv 750 200 $.2300 1,723 6,170 12,213 4,133
IV EF-CV
£ 69 -3 298 298 O 1,539 1,339
cv 750 200 5.300 1,723 6,170 12,213 4,13C
vV FF-CV
Fr 45 ] 22 22 l 1,130 1.13¢
ESCF 65 65 239 23¢9 0 1,839 1,839
cv 750 200 $.300 1,723 ©s170 12,213 133
Expansion Cpticns
7-13
cv 1 &7 0 575 2,057 0 1,647
13
FER 0 0 0 0 i} J 0
cv 0 &7 0 S57% 2+057 0 1,047

1.\[0 fugitive controls are required on a rlud ved roaster. (S2e Section 4.7.4)

-
“It 15 assumed that a new converter would be adaed 1n an existing building. Since the huilding evacuation cost 1s
a function oanly of building s1ze, no new <ost wculd be 1ncurred for fugitive control with Building Evacuation,

2
“This 15 1/3 of the ASARCO-Tacoma air curtain design flow rate,

N-4



APPENDIX 0
DETAILED COSTS FOR EXPANSION SCENARIOS



Copper Smelter Costs

Plant type ¢ MHR-RV-CV

Expansion Option ¢ Oxygen enrichment

Control Option $ PB - §C/5A
Plant Scenario ¢ 1

Date ! 02/04/83
Time ! 01506

Process costs include new hardware assodated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction, Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants,

Capital Cost

Arnmuazlized Costs

Kaw materials

Frocess water

Cooling water

Electricity

Supp. heat (Nat, qas)

Bunker C Fuel 0il

Solids disposgal

lLabor! Direct Operating
Supervision

Mainmt.?! Labor & Matl.,

Supervision
Overhead
Taxes, ins., admin,.

Total Operatimg Cost
Capital Recovery Cost

Annualized Cost

Negative values indicate savings over base case costs,

Frocess
510,000,

2,63%,430.
0.

0.
?,534.
0.
341,201,
0.

0.

0.
20,400,
3,060,
11,730,
20,400,

3,041,750,
83,002,

S et sees sese ot e saee et sne 2o

3,124,750,

0-3

Conmtrol

10,907,600,

7,529,
17,322,
44,737,

1,641,510,

60,000,
0.

0.

0.

0.
436,303,
63,445,
250,874,
436,303,

4,737,230,



Copper Smelter Costs

Flant type ! MHR-RV-CV Date :02/04/83
Expansion Option ¢ Oxygen enrichment Time { 0001
Control Option ¢ LL - SC/5A

Plant Scenario ¢ 2

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction, Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-
pansion costs for existing plants.

Frocess Control
Capital Cost 516,000, 15,559,600.
Annualized Costs
Raw materials 2,635,430, 230,270,
Frocess water 0. 24,504.
Cooling water 0. 20,258,
Electricity 9,534, 1,041,000,
Supp. heat (Nat. gas) 0. 0.
wnker C Fuel 0il 341,201, 0.
Solids disposal 0. 151,409,
Labort! Direct Operating 0. 278,831.
Supervision 0. 55,766,
Maint.! Labor & Matl. 20,400, 622,384,
Supervision 3,040, 23,358,
Overhead 11,730, 525,170,
Taxes, ins., admin. 20,400, 622,384,
Total Opersting Cost 3,041,750, 3,665,530,
Capital Recovery Cost 83,002, 2,532,330,
Annualized Cost 3,124,750, 6,197 ,860.

Negative values indicate savings over base case costs.

0-4



Copper Smelter Costs

PFlant type ! MHR-RV-CV

Expansion Option ! Oxygen enrichment

Control Option ¢ MgO - SC/SA
Plant Scenario ¢ 3

Process costs include new hardware associated with copper production,

Date ¢ 02/04/83
Time $ 00102

For the green-

field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction, Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants,

Capital Cost

Annualized Costs

Raw materials

Frocess water

Cooling water

Electricity

Supp. heat (Nat. qas)

Bunker C Fuel 0Qil

Solids disposal

Labor! Direct Operating
Supervision

Maint.: Labor & Matl.
Supervision

Overhead

Tares, ins., admMmir.

Total Operating Cost
Capital Recovery Cost

aAnmualized Cost

Negative values indicate savings over base case costs.

Frocess
S10,000.

2,635,430,
0.

0.
?,534.
0.
341,201,
0.

0.

0.
20,400,
3,060,
11,730.
20,400,

3,041,750,

83,002,

0-5

Control
17,589,600,

118,932,
23,371,
23,635,

1,056,680,
0.
725,197,
0.

278,831,
95,766,

703,583,

105,537,

a71,8%8,

703,583,

4,366,970,

2,862,700,

73229,670.



Coppear

Plant type : MHR-RV-CV
Expansion Option : Oxygen enrichment
Control Option : NH3 - SC/SA

Plant Scenario : 4

Proceaa coste include new hardware acssociated with copper production.

Shelter

Costs

Date
Time

: 02/08/83
: 09:01

For the green-

field amelter, the process cosat ls the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter.

Control costa include all equipment associated with emlasion reduction.

Oxygen enrich-

ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs

for the greenfield amelter.

pansion costs for existing plants.

Caonital Cost

Frirmptalised Costs

Suruo. aEa {lam, o)
Ewrmver € Fuel 311
Solics oisonsal

Latvogrs Doorooi dosval ion

Siuca-viaior

baint. : Lonaor & Metl.
<

i

Ovarhes
Tawes,

acmir.,

Total Opevating Cost

bt

Canm:tal Reoovery Lozt

Gnryealired o

=t

W

Negative values

Fronenss
i, 2R,

2, 635, 450,

USRS

X1
.

1]
g

L.
o

(LA

[

3,124, 750,

indicate savings

0-6

Oxygen enrichment and owyfue! coata are considered as ex-

Comtrol
130402, TR,

alin,
, 4.
bie, #37.
140,

Z.

2.

1, 428,

£ 4,

L, T4,

S
-t M

over base case costs.



Copper Smelter Costs

Plant type ¢ RV-CV

Expansion Option { Oxygen enrichment

Control Option § FPB - 5C/54A
Plant Scenario } 7

Process costs include new hardware associated with copper production,

Date { 02/04/83
Time ! 16148

For the green-

field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarias, process costs include any new roaster or converter,
Control costs include all equipment associated with emission reduction, Oxygen enrich-

ment and oxyfuel costs are considered as control costs alon

g with acid plant and FGD costs

for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants.

Capital Cost

Arnnualized Costs

KRaw materiasls

Frocess water

Coolirng water

Electricity

Supp. heat (Nat, gas)

Eunker C Fuel 0il

Solids disposal

Labor? Direct Operating
Supervision

Maint.! Labor & Matl.
Supervision

Overhead

Taxes, ins., admin.

Total Operating Cost
Capital Recovery Cost

Annualized Cost

Negative values indicate savings over base case costs,

Frocess
510,000,

2,690,980,
0.

0.

4,662,

0.
""15897600
0.

0.

0.
20,400,
3,060,
11,730,
20,400,

e et aetn besn Beme o ase wess ot dan

29675,470,

0-7

Control
11,360,900,

10,608,
12,473,
49,802,
1,631,450,
14,300.
0.

0.

0.

0.
454,436,
68,165,
261,301 .
454,436,

2,956,980,

1,848,990,

4,805,960,



Copper Smelter Costs

Plant type ¢ RV-CV

Expansion Option ¢ Oxygen enrichment
Control Option ¢ LL - SC/5A

Plant Scenario ¢ 8

Date {02/04/83
Time t 1544

Process costs include new hardware associated with ecopper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants.

Capital Cost

Arnnualized Costs

Frocesas
510,000,

Comtrol

17,507,900,

RKaw materials 2,690,980, 414,896,
Frocess water 0. 35,402,
Cooling water 0. 25,323,
Electricity 4,662, 1,135,700,
Supp. heat (Nat. qas) 0. 0,
Eurker C Fuel 0il ~-158,76460. 0.
Solids disposal 0. 274,763,
Labor! Direct Operating 0. 278,831,
Supervision 0. 859,766,
Maint.: Labor & Matl. 20,400, 700,317.
Supervision 3,060. 105,047,
Overhead 11,730, 569,981,
Tares, ins., admin. 20,400, 700,317,
Totzal Operatimg Cost 2,592,470, 4,296,340,
Capital Recovery Cost 83,002, 2,849,410,
anrvsalized Cost 2,675,470, 7:145,760,

Negative values indicate savings over base case costs,

0-8



Copper Smelter Costs

Date : 02/04/83
Time { 16123

Plant type !} RV-CV

Expansion Option ¢ Oxygen enrichment
Control Option ¢ MgO - SC/SA
Plant Scenario § 9

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants.

Capital Cost

Arnrualized Costs

Frocess
510,000,

Control

20,204,900,

Raw materials 2,690,980, 207,963,
Frocess water 0. 31,984.
Cooling water 0. 29,544,
Electricity 4,662, 1,164,310,
Supp. heat (Nat. qas) 0. 0.
Eunker C Fuel 0il ~-158,760. 1,314,500,
Solids disposal 0. 0,
Labori Direct Operating 0. 278,831,
Supervision 0. 55,766
Maint.! Labor & Matl. 20,400, 808,195,
Supervision 3,060, 121,229,
Overhead 11,730, 632,011,
Tarxes, ins., admin. 20,400, 808,195,
Total Operating Cost 2,592,470, 5,452,520,
Capital Recovery Cost 83,002, 3,288,350,

Arnnualized Cost

Negative values indicate savings over base case costs.

2,675,470,

0-9

8,740,870,



Plant type

Expans=ion Option :
Control Option :
Plant Scenario :

Process costs include new hardware associated with copper production.

Copper

: RV-CV

Oxygen enrichment
NH3 - SC/SA

10

Smelter Costs

Date
Time

field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction.

Oxygen enrich-

02/08/83
09:03

For the green-

ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs

for the greenfield smelter.

pansion costs for existing plants.

Cenrtal Cost

Arrmualiszea Costs

mebegmralg
water
wWirter

Electramcity
c

Raw
Dyvmnezas

Cowxlivig

Sump. heat (hvat. pag)

Burmbker £ Fusl O]

Solide dianosal

Labors Direct Ooevatino
Sunsrvi g ian

L.abior
Sunervician
Overthead

TEHED,

Waivnt. :

ins., AGmin.
Torcal Ooercating Cost
Canrtal

Ruoovery Coont

Pyovdal berd Ot

Negative valuea

indicate

Drncees
S, ua,

i
5]
W
> e
m Wl
o ©
VB I~ ]

i

&
a

i
—
it
o
~}
i
B

.
2.
a.
4R,
e,
11, 730,
Zih, 480,

- o
w R e,

47,

0-10

savings

Oxygen enrichment and oxyfuel costs are considered as ex-

Cormtrol
Ty D76, DD,

1, £39, 520,
D, T3,
18%, 386,
D4z, nia,
a.

&,

u,

GE4, 7T1E.
SE, Tan.
L A,

A4505.

fory
-

'y
57,079,
3, O4G,

., ST, 520,

M

=, =34, 900,

, 744, 000,

~

)

over base case costs.



Copper Smelter Costs

Plant type ! RV-CV Date ¢ 02/04/83
Expansion Option ¢ Oxy-fuel burners Time ! 15:47
Control Option ¢ FB- DC/DA

Plant Scenario ¢ 11

Process costs include new hardware associated with copper production, For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel caosts are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex-
pansion costs for existing plants,

Frocess Control

Capital Cost 32,800,000, 40,013,200,
Arirualized Costs
Raw materials 7,031,740, 146,002,
Frocess water 0. 92,126,
Coolirmg water 0. 73,125,
Electricity 11,634, 4,691,190,
Supp. heat (Nat. gas) 0. 0.
Bunker C Fuel 0il ~-@92,250, 0.
Solids disposal 0. 0.
Labor! Direct Operating 2,944, 278,831,

Supervision 18,589, 54766,
Naint.: Labor R Matl. 1’31290000 1,60095800

Supervision 194,800, 240,079,
Overhead 810,166, 1,087,600.
Taxes, ins., admin. 1,312,000, 1,600,530,
Total Operating Cost 9,793,650, 9,737,780,
Capital Recovery Cost S$,338,200. 6,912,150,
Anrualized Cost 15,131,800, 146,249,900,

Negative values indicate savings over base case costs,

0-11



Copper Smelter Costs

Flant type ! RV-CV Date ! 02/04/83
Expansion Option ¢! Oxy-fuel burners Time { 15148
Control Option ¢ LL - DC/DA

Plant Scenario ! 12

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs alang with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex—

pansion costs for existing plants,

Capital Cost

Annualized Costs

Raw materials
Frocess water
Cooling water
Electricity
Supp. heat (Nat.
EBurker C Fuel Dil
Solids disposal
LLabor! Direct Operating
Supervision
l.abor & Matl.
Supervisiorn
Overhead
Taxes, ins.,

Q3s)

Maint.:

admin.
Total Opersting Cost
Capital Recovery Cost

Anmnualized Cost

Negative values indicate savings over base case costs,

Frocess

32,800,000,

7,031,760,
0.

0.

11,634,

0.
-992,250,
g.

92,944.
18,589.
1,312,000,
196,800,
810,166,
1,312,000,

9,793,650,

5,338,200,

15,131,800,

Control

41,321,200,

1,021,190,
110,739,
34,4608,
2,589,510,
0.

0.
680,238,
G857 ,662.
111,532,
1,652,850,
287,927,
1,284,980.
1,652,850,

2,944,080,

16,669,100,



Copper Smelter Costs

Date :02/04/83
Time ! 15:48

Plant type ! RV-CV
Expansion Option ! Oxy-fuel burners
Control Option ¢ MgO - DC/DA
Plant Scenario § 13

Process costs include new hardware associated with copper production, For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction, Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex—
pansion costs for existing plants,

Frocess

Capital Cost 32,800,000,

Arnualized Costs

Raw materials 7,031,760,

Frocess water 0.
Cooling water 0.
Electricity 11,634,
Supp. heat (Nat. Qas) 0.
EBunker C Fuel 0il 992,250,
Solids disposal 0.
Labor! Direct Operating 2,944,
Supervision 18,589,
Maint.! Labor & Matl. 1,312,000,
Supervision 196,800,
Overhead 810,166,
TBNES, if'lSo, admin. 1’312’0000

oeen oot reee ets seon mmts e sase sute some

Total Operating Cost 9,793,650,

5,338,200,

15,131,800,

Capital Recovery Cost

Annualized Cost

Negative values indicate savings over base case costs,

0-13

Control
47 , 461,100,

494,012,
128,387,
47 4270,
3,196,520,
0.
3,185,120,
0.

957 4662,
111,532,
1,898,440,
284,767 .
1,426,200,
1,898,440,

13,228,400,

7,724,290,

20,952,600,



Copper
Plant type 1 RV-CV
Expanaion Option : Oxy-fuel burnera
Control Option : NH3 - DC/DA
Plant Scenario : 14

Proceas cosata {nclude new hardware assoclated with copper production.
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter,
Control costs include all equipment associated with emission reduction.

Smelter Costa

Date
Time

Oxygen enrich-

02/08/83
09:04

For the green-

ment and oxyfuel costa are conasldered as control coatsa along with acid plant and FGD costs

for the greenfield smelter.
pansion costs for existing plants.

Canital Cmzt

Armue lized Costs

materials
wat e
Comling water
Electricity

Paw

Drocscg

Suwp. neat (Nat. gas)
Curnker C Fuel 11
Solide disnosal

Labor: Divect Cperetbtirg
Srnervision
Labory & Matbtl,
Sugervision
Crerhiead

Taxes, irs.,

pawnt. :

ACM1ri.

Ciet

Toxtal Ooerating
Capital Recovery Cost
+

-~ o
LT

Arvirius L1 oed

Negative values

o}

indicate savings over base case costs.

&, 802, QTR

15,131, S2Q.

Covitryol
37,415, 204,

frocess

7,021, 762, S, B, 403,
2. .9, =28,

2. HET, MED.

11,634, 4, 6408, 4110,

iz, 7.

=50, a.

Q. &,

Iz, 944, 743, 543,
18,589, 148,718,

1, 317, @0, 1, 456, CO9,
L9958, 004, S, LT,
Sr@, EL. 1, 2UE. 28,
1, 21i&. @20, 1, «TE, £07,

9, 793, 5.

i, E3E, 1A,

0-14

Oxygen enrichment and oxyfuel costs are considered as ex-



Copper Smelter Costs

Flant type ¢ RV-CV
Expansion Option ! Calcine charge
Control Option ¢ DC/DA

Flant Scenario § 15

Process costs include new hardware associated with copper production.

Date ! 02/02/83
Time § 09102

For the green-

field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants,

Capital Cost

Arnualized Costs

Kaw materials
Frocess water
Cooling water
Electricity

Supp. heat (Nat.
Bunker C Fuel 0il
Solids disposal
Labor? Direct Operating
Supervision
l.abor & Matl.
Supervision

Qa3s)

Maint.!?

Overhead
Taxes, ins.,

admin.,
Total Opersting Cost
Capital Recovery Cost

Arnnualized Cost

Negative values indicate savings over base case costs,

Frocess

44,000,000,

0.
3,828,080,
0.
464,718,
92,944,
1,760,000,
264,000,
1,290,830,
1,760,000,

18,524,000,

7,161,000,

17,685,000,

0-15

Control
26,841,300,

10,428,
81,002,
48,958,
3,057,180,
0.

0.

0.
278,831,
994766,
1,073,650,
161,048,
784,648,
1,073,650,

10,993,400,



Copper Smelter Costs

Flant type ! FBR-RV-CV ‘Date 102/04/83
Expansion Option { Oxygen enrichment Time ¢ 15149
Control Option ¢ PB - SC/SA

Plant Scenario ¢ 18

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich~
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex—
pansion costs for existing plants.

Frocess Control
Capital Cost 510,000, 2,938,390,
Armualized Costs
Raw materials 2,000,080, 5,974,
Frocess water 0. 31,376,
Cooling water 0 26,167,
Electricity 89,040, 1,049,770,
Supp.s heat (Nat. qgas) 0. 0.
Eunker C Fuel 0il -1,525,680. 0.
Solids disposal 0. 0.
Labort: Direct Operating 0. 0.
Supervision 0. 0.
Maint.: Labor & Matl. 20,400, 117,536,
Supervision 3,060, 17,630,
Overhead . 11,730, 679583c
Tares, ins., adminr. 20,4000 117,5360
Tatal Operating Cost 619,021, 1,433,170,
Capital Recovery Cost 83,002, 478,223,
Annualized Cost 702,024. 1,911,390,

Negative values indicate savings over base case costs.

0-16



Copper Smelter Costs

Flant type ! FBR-RV-CV
Expansion Option ! Oxygen enrichment
Control Option § LL - 8C/84A

Flant Scenario ! 19

Process costs include new hardware asso

Date $ 02/04/83
Time } 15!49

ciated with copper production. For the green-

field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs

for the greenfield smelter.
pansion costs for existing plants,

Frocess

Capital Cost

Anrualized Costs

Raw materiasls

u1l0,000.

2,000,080,

Oxygen enrichment and oxyfuel costs are considered as ex—

Control
S+700,670,

138,555,

Frocess water 0. 41,495,
Cooling water 0. 5,909,
Electricity 89,040. 463,602,
Supp. heat (Nat. qazs) 0. 0.
EBurker C Fuel 0il -1,525,680. a.
Solids disposal 0. P2,121.
Labor?! Direct Operating 0. 278,831.

Supervision 0. 59,7686,
Maint.! Labor & Matl. 20,400, 228,027,

Supervision 3,060, 34,204.
Overhead 11,730, 298,414,
Ta;«es, irl'50’ 33dMirie 20,4000 228,0270
Total Operating Cost 619,021, 1,864,950,
Capital Recovery Cost 83,002, 927,783,

Annualized Cost

702,024.

2,792,730,

Negative values indicate savings over base case costs,



Copper Smelter Costs

Plant type ¢ FBR-RV-CV
Expansion Option ! Oxygen enrichment
Control Option ¢ MgO - SC/SA
Flant Scenario ! 20

Date $02/04/83
Time } 1550

Process costs include new hardware associated with copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction. Oxygen enrich—
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex-—
pansion costs for existing plants.

Frocess Control

Capital Cost 510,000, 6,970,250,
Arnrmualized Costs
Raw materials 2,000,080, 72,145,
Frocess water 0. 40,177+
Cooling water 0. 6,753,
Electricity 89,040, 408,034,
Supp. heat (Nast. gas) 0. 0.
Bunker C Fuel 0il -1,52%,680., 441,670,
Solids disposal 0. 0.
l.abor! Direct Operating 0. 278,831,

Supervision 0. 55,7866
Maint.! Labor & Matl. 20,400, 278,810,

Supervision 3,060, 41,822,
Overhead 11,730, 327,614,
Taves, ins., admin. 2094000 278’8100
Total QOperating Cost 619,021 . 2,230,430,
Capital Recovery Cost 83,002, 1,134,410.
Anrmualized Cost 702,024. 3,364,840,

Negative values indicate savings over base case costs,

0-18



Copper Smelter Costs
Plant type FBR-RV-CV Date
Expanaton Option : nyqgen enrichmrent Time :
Control Option : NH3 - SC/SA
Plant Scenario : 21

Proceas costs include new hardware associated with copper production.
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),

For the expansion scenari{os, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction.

Oxygen enrich-

02/08/83
09:05

For the green-

nent and oxyfuel costs are considered as control costa along with acid plant and FGD costs

for the greenflield smelter.
pansion costs for existing plants.

FROCBRES

Caprtal Coot S51@, 8,
Arovualirzed Costs
Faw matarlals =y P, pB,
Frocens water 2
Comling wabter 7.
Filectricity 83, a4%,
Sugn, heat (Nat, peas) &,
Eirvery © Foal 011 -1, BEE, €87,
Solias o =01 Q2.
Cabor: Dyeeoct Ooeratiro 2.

Sunmrvinion &,

ARl

2, Doa.

Fairt.: Leaebor & Yatbl,

e _ -
LDV L S 0

Overhead 11, Y34,
Taves, irns., admirn. I3, HEA,

Total Oozvating Cuost 12,61,
B3, DT,

TEE, VE4.

Capital Recovery Cost

Prmval 1w Dot

Negative values indicate savings

0-19

Oxygen enrichment and oxyfuel costs are considered as ex-

Cortral
=, PG, LA,

=3

Y]

-
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-
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CLo
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-
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over base case costs.



Copper Smelter Costs

Plant type ¢ EF-CV Date : 02/02/83
Expansion Option ! Calcine charge Time { 09104
Control Option ¢ DC/DA

Plant Scenario ! 23

Process costs include new hardware associated wjth copper production. For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture).
For the expansion scenarios, process costs include any new roaster or converter,

Control costs include all equipment associated with emission reduction. Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter. Oxygen enrichment and oxyfuel costs are considered as ex—
pansion costs for existing plants.,

Frocess Control

Capital Cost 44,600,000, 37,504,900.
Arnnueal ized Costs
Raw materials 467,850, 14,564.
Frocess water 0. 83,845,
Cooling water 0. 68,372.
EleCtT‘lClt‘j 583’8000 4’269’5100
Supp. heat (Nst. qas) 0, 0.
Eunker C Fuel 0il 3,666,090, 0.
Solids disposal 0. 0.
Labori: Direct Opersting 371,774. 278,831.

Supervision 74,355, 55,766,
Maint.! Labor & Matl. 1,864,000, 1,500,190,

Supervision 279,600, 225,029,
Overhead 1,294,860, 1,029,910,
Tares, il"lSo’ admin. 19864’0000 1,500,120,
Total Opersating Cost 10,466,300, 9,026,220,
Capital Recovery Cost 7,584,150, 6,103,920,
Arrnualized Cost 18,050,500. 15,130,100,

Negative values indicate savings over base case costs,

0-20



Copper Smelter Costs

Date ! 02/04/83
Time ! 16120

Flant type ! FF-CV

Expansion Option ! Oxygen enrichment
Control Option ¢ DC/DA

Flant Scenario ¢ 26

Process costs include new hardware associated with copper production, For the green-
field smelter, the process cost is the Baseline Case Cost (Smelter plus fugitive capture),
For the expansion scenarios, process costs include any new roaster or converter.

Control costs include all equipment associated with emission reduction, Oxygen enrich-
ment and oxyfuel costs are considered as control costs along with acid plant and FGD costs
for the greenfield smelter, Oxygen enrichment and oxyfuel costs are considered as ex-

pansion costs for existing plants,

Capital Cost

Arnmualized Costs

Frocess
510,000,

Control
5,088,630,

Raw materials 1,457,230, 3,956,
Frocess water 0. 30,725,
Cooling water 0. 18,570,
EleCtT‘iCit‘j 5,8170 1’159,6200
Supp. heat (Nat. Qas) 0. e.
Bunker C Fuel 0il -158,740, 0.
Solids disposal 0. 0.
Labor! Direct Cperating 0. 278,831,

Supervision 0. 855,766,
Maint.:? l.abor & Matl. 20,4000 203,5450

Supervision 3,060, 30,532,
Overhead 11,730. 284,337,
Taxes, ins., admir. 21,930,

Total Opersting Cost
Capital Recovery Cost

Arnnualized Cost

Negative values indicate savings over base case costs,

1,361,400,
83,002,

1,444,400.

0-21

e o ot it tram sone soww

3,112,870,
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APPENDIX P

METHODOLOGY UTILIZED TO DETERMINE THE COSTS ASSOCIATED

WITH SULFURIC ACID PLANT PREHEATER OPERATION

P.1 DETERMINATION OF THE STANDARD HEAT OF REACTION
(@ 298 K) for the conversion reaction.

502 + 1/2 02 > 503

AHD

R
= 2 v. AH - 2 v. AH ,
Pl R T
where
v: = the stoichiometric coefficient of species i

the standard heat of reaction at 1 atmosphere and 298 K

H2 = the standard heat of formation (1 atm, 298 K) of species i

P = reaction products

R = reactants

AH? = -296.06 kJ/g * mol*
$0,
AH? = 0.0%
fo,
AH = -395.18 kd/g - mole.*
S04

Thus, AHE = -395.18 - [-296.06] = -99.12 kJ/g - mol.

*Barrow, G. M., Physical Chemistry, 3rd Ed. New York.
1973,

P-3

McGraw Hill,



P.2 DETERMINATION OF THE HEAT OF REACTION AT THE TEMPERATURE OF THE
CATALYST BEDS

Optimum conversion temperature ~438° C = 711 K

AH711 = heat of reaction at 711 K
_ .uo 711 K
AHypq = AHR + Sogg k AC, dT
where

AC =3 v, C -2 v, C
R

Pop TPy TP

Cp = the specific heat capacity of species i
1‘
Vi = the stoichiometric coefficient of species i

C = 50.63 J/g - mol °K*

Pso,
C = 39.79 J/g + mol °K*

Pso,

c = 29.36 J/g - mol °K.*

Po

2

Thus, ACp = 50.63 - [(0.5)(29.36) + 39.79] = -3.84 J/g - mol °K

711 K . i _ . )
Syap K AC,dT = -3.84 [711 - 298] = -1,586 J/g * mo) .
Thus,
. kJ 103 J _ J
AHypp = 79912 ot X g T 1988 T

= -100,706 J/g - mol .

it

X{etter and attachments from Arzabe, H. A., Monsanto Enviro-Chenm,
to Wood, J. P., Research Triangle Institute. August 3, 1982. Response
to request to review Draft Chapter 4 of BID and acid plant preheater
operating cost estimation procedure.

P-4



P.3 CALCULATION OF THE HEAT DEFICIENCY THAT RESULTS WHEN THE GAS
STREAM SO, CONCENTRATION FALLS BELOW THE AUTOTHERMAL REQUIREMENT

' J = 251,140 '2 Tivi (CA - Ci)
1=1
where,
J = the heat deficiency during a 24-hour cycle (kilojoules)
n = the number of time periods during a 24-hour cycle during

which the gas stream S0, concentration is below that
required for autothermal operation.

Ti = the duration of time period i (hours)

Vi = the gas stream volumetric flow rate in evidence during
time period i (Nm3/min)

CA = the gas stream SO, concentration required to sustain

autothermal operation (volume portion)

C. = the gas stream SO, concentration in evidence dur-ng time
period i (volume portion)

P.4 ILLUSTRATION OF THE COST ESTIMATION PROCEDURE

Consider the following 24-hour gas stream profile:

Gas stream
No. of hours volumetric flow rate
per day (Nm3/min) C

3¢

6,690
5,860
5,830
5,000
4,980
4,146

NS
wW~NwoNnO
N W W ww
wmrhoooN
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A single contact/single absorption acid plant is specified. From the
information presented above, it can be determined that n = 4. Thus,
n

1.2 =

2 TV; (€4 - €5) BHyqy

3
=1.2 [ 5.2 hrs x §L§%%ﬁﬂm_ x (0.035 - 0.032) + 2.3 x 5,000

x (0.035 - 0.028) + 1.7 x 4,980 x (0.035 - 0.032) + 1.3 x 4,140

60 min 101 kJ g - mol
hr g - mol = 0.02413 m® (21° C)

x (0.035 - 0.023] x = 78.9

x 108 kJ per 24 hours .

Assuming that the heating value of natural gas is 37,228 kJ/m3, that
the cost of natural gas is $97.82 per 103m3, and that the facility
operates at 8,400 hr/yr, the annual cost attributable to preheating

requirements can be estimated as follows:

78.9 x 108 kJ m3 . 397.82 8,400 hr

74 hours < 37,228 kJ * 10%m® yr - $72,586 per year .

P-6
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