4.4.3 Disposal of Scrubber Wastes

The total quantities of scrubber waste that would be produced
annually are 327, 800 tons and 44, 500 tons for the eight utility and four in-
dustrial sites considered in this study (Tables 32 and 37), respectively. In
addition, approximately 9, 700 tons of purge water would be produced and
would likely require disposal if the three industrial sites indicated were to
use the double alkali process. The estimated characteristics of the filtered
waste containing approximately 70 percent solids are shown in Table 33.

| Current regulations do not address the disposal of scrubber
wastes in landfills. Since it is not clear whether the disposal of these wastes
would be allowed in Class II sites, which are located throughout the Los Angeles
area, disposal in Class I sites was considered. This was done for purposes
of this feasibility study for several reasons: (1) Without question, Class I
landfills can accept the solids and purge liquids produced and (2) they provide
a basis for estimating disposal costs. In addition to the disposal costs re-
ported in Section 4, 5. 3, the impact, which was considered relatively minimal,
of disposing the anticipated quantities of wastes on the lifetimes of the two

Los Angeles area landfills is presented.
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4.5 SCRUBBER SYSTEM COSTS

Scrubber system capital and annualized costs applicable to late
1977 were developed. The results as well as the sources of information

and computational methods are described in the following paragraphs.

4.5.1 Capital Costs

4.5.1.1 Electrical Utility Installations

Capital cost estimates (in late 1977 dollars) for new-plant
(grass roots) scrubber installations were received from various scrubber
suppliers for utility and industrial units. These costs are summarized in
Table 63. They were of a budgetary nature and differed somewhat in the
depth of detail that was included in identifying equipment and estimating its
cost. These estimates were corrected to a common base (as shown in sub-
sequent paragraphs) to reflect total capital investment prior to considering
retrofit and redundancy factors.

The major items that were included, as well as excluded, in
the estimate are indicated in Table 63. In order to adjust them to a common
base and also to reflect total capital investment, i.e., owner costs, appli-
cable factors based on the data presented in Table 64, which was derived
from Ref. 11, were applied. Application of these factors is reflected in
Table 63 and identified as ''grass-roots installation, owner's total capital
investment'. Further, to reflect the effect of retrofitting and redundancy,
additional factors were applied to the owner's costs for the grass-roots
installations. The basis for retrofit complexity and redundancy factors was
from 10 to 40 percent greater than for a new installation (Ref. 12). Three
discrete increments were computed: 10, 25, and 40 percent (Table 65). Be-
cause the retrofit complexity was considered to affect the cost of the entire
installation, the increments were applied to the entire amount of the grass-
roots capital investment, whereas the redundancy increments were applied
to the FGD capital equipment only. The increment was then added to the

grass-roots values in Table 63 and presented in Table 66.
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TABLE 64, TOTAL CAPITAL INVESTMENT
From Ref, 11

Percent of total
Percent of capital investment
Construction items direct Flectrical
investment ectrica Industrial
utility
Direct investment

FGD equipment 42.0% 25.6 27.6
Concrete 7.0 4.3 4.6
Civil/structural/

architectural 14.0 8.5 9.2
Piping 8.0 4.9 5.2
Control instrumentation 3.5 2.1 2.3
Flectrical equipment 8.5 5.2 5.6
Field distributables® 17.0 10.4 11.2
Subtotal direct investment 100.0 61.0 65.7

Additional items

Fee 10.0 6.1 6.6
Contingency 20.0 12.2 13.1
Sales ta.xb 2.0 1.2 1.3
AFDCEC 9.0 5.5 2.2
Other owner's costs 7.0 4.3 4.6
Escalation during .

construction 9.64 5.8 2.3
Waste holding pond® 0.1 0.061 . 0.065
Waste conveyor® 0.4 0.24 0.26
New stack or stack

linerf 6.0 3.6 3.9
Total capital investment 164.1 100.0 100.0

®Includes lime storage facility - chemical treatment of waste (5 percent
included in EPRI Report AF -342 was deducted)

bCalifornia sales tax on material, 6 percent; estimated as 2 percent of
equipment
€ Allowance for funds during construction, 33 months for electrical utility

and 12 months for industrial 3.3 percent;(prorated from 16 percent for
58 months for power plant construction, EPRI Report AF-342)

dBa.sed on 7 percent per year. Substitute 3.5 percent for industrial
e
Ref. 10

fRef. 12

€Includes temporary facilities, tools, and equipment required during
construction
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TABLE 65. RETROFIT AND EQUIPMENT REDUNDANCY
COST INCREMENTS

Redundancy
Retrofit, @ . Total .
percent Percent of Percent of 1ncreaset,
FGDP total® percen
Electrical utility installations
10 10 2.6 12.6
25 25 6.4 31.4
40 40 10.1 50.4
Industrial installations
10 10 2.8 12.8
25 25 ‘ 6.9 31.9
40 40 11.0 51.0

®Percent of total capital investment (see Table 54).

Percent of FGD equipment capital cost (see
Table 64).

CPercentage increment to be added to grass roots in-
stallation, owner's total capital investment (see
Table 63).
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Since the scope of the study was limited, feasibility factors
relating to retrofit complexity were not uniguely identified but were included
in the complexity factor discussed above and included items such as reloca-
tion of existing equipment to accommodate the scrubbers, rerouting under-
ground facilities, complex ducting and damper installations leading into the
scrubber and to the chimney, stacking equipment vertically, long pipe runs
between scrubber and absorbent preparation site and scrubber and dewater-
ing location, and rerouting existing roads.

For redundancy considerations, specific equipment items for
standby purposes were not uniquely identified. The range of 10 to 40 percent
for redundancy is expected to cover items such as spare pumps, filters,
absorbent handling, and processing equipment, as well as additional compo-
nents and features built within the scrubber to achieve a significant improve-
ment in reliability without the use of redundant scrubber towers.

Spares of scrubber modules and thickeners, in particular,
were not specifically included because of the low average daily capacity
factor of the electrical generating units. Improvements in equipment design
methods by the scrubber suppliers and availability of the modules for peri-
odic inspection and maintenance would be expected to reduce the need for
spare scrubber modules. In addition, the multiple thickener installations
~at all sites and the multiple scrubber installation for certain units are also
expected to provide a measure of redundancy at a reduced level of operation.
Strategies to define equipment redundancy for various modes of operation
were outside the scope of this study.

The range of costs, based on a 10 to 40 percent retrofit-
redundancy factor, is shown in Table 66. This results in an average of
$135 per kilowatt for the utility installations. Midrange average values (for
a 25 percent, each, retrofit-redundancy factor) were used for all utility
installations except El Segundo and Redondo Beach. Because of the limited
space available for scrubber installations and the resultant complexity, a

40 percent factor was applied to compute total capital investment on these
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two sites. The $135 per kilowatt represents a total capital cost of $1363 mil-
lion for the eight utilities. Thirty-three months were estimated for installa-

tion and startup.

4.5.1.2 Industrial Installations

Factors similar to the utility installations were applied to
industrial process grass-roots capital costs. Industrial capital costs differed
only in cost items related to construction, viz., allowance for funds during
construction (AFDC) and escalation during construction (Tables 64 and 65).
Approximately 12 months were estimated as required for installation and
startup.

Capital costs supplied by scrubber suppliers, total capital
investment,and the effect of retrofit-redundancy factors are summarized in
Table 67. These totaled $82.6 million for the four facilities and were based
on average complexity except for the Great Lakes installation, where the
maximum complexity-redundancy factors were used because of space
constraints.

Capital costs for the double alkali scrubber process were used
for all the industrial sites except for the Stauffer sulfuric acid installation
as they tended to be somewhat lower than the lime scrubbers. Costs of non-
regenerable lime scrubbers were used for the Stauffer units because a single
small scrubber was applicable and its size was below the double alkali sup-
plier's product line. Itis believed that the higher lime system costs for the
three larger installations were due to the modular design approach associated
with the specific supplier, which generally resulted in multiple units to handle
the gas flows. It is expected that the multiple unit concept could provide a
measure of redundancy for the supplier-quoted costs and would not require
the same 10 to 40 percent factor applied to the single-unit installation and
that the total capital investment for the two systems would be comparable.
Although the scope of this study did not include the economic evaluation of
alternative systems, it is believed that the capital costs (as adjusted in this
study) would be typical of either process when compared on an equivalent

retrofit- redundancy basis.
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4.5.2 Scrubbing Costs and Annualized Costs

Costs of operation and maintenance, as well as annualized
charges, were computed for each of the installations. Unit costs are shown
in Table 68, Waste disposal costs, which were also included, are discussed
in greater detail in Section 4. 5. 3. The annual capital charges for a 20-year
life were computed as 19 percent of capital costs (Table 69), based on a
9 percent interest rate. The 19 percent includes taxes and insurance, which
were estimated as approximately 5 percent of investment costs annually.

The operating and annualized costs for each of the facilities are detailed in
Appendix C. A summary of the annualized charges totalling $339.3 million
and $21.1 million are provided in Tables 70 and 71 for the utility and indus-
trial processes, respectively.

For the midrange average capital investment of $135 per kilo-
watt, an average annualized cost of 8.8 mills /kWh was determined for
the utility scrubber system operation. Since fuel oil with 0.5 percent was
considered as being burned (in contrast to 0.25 percent currently in use),

a credit of 1.0 mill/kWh ($0. 70 per barrel) was applied, resulting in

7.8 mills /kWh net increase in utility annualized costs. The 7.8 mills/kWh
is equivalent to approximately $3600 per ton of SO, removed, $5.59 per
barrel of oil or $06.91 per million Btu heat input.

For those utility sites where the age of the generating facilities
made it questionable that a 20-year life remained and which had a low capac-
ity factor (i.e., Redondo Units 1 through 4 and the Valley station), a 10-year
life was estimated. Because of the 10-year life, the annual charge for those
units was 24 percent. Coupled with a capacity factor of about 15 percent,
the resultant annualized cost for these units was computed as 32 mills/
kWh, or approximately $13, 500 per ton SO, .

Currently, Redondo Units 1 through 4 and the Valley station
generate 2.9 percent of the SO2 emissions of the eight sites studied. If these

units were left uncontrolled and continue to burn 0.25-percent sulfur, and the



TABLE 68.

ESTIMATED UNIT COSTS

Late 1977 dollars

Item Unit Cost
t. Makeup water $0.50/1000 gal
2. Electrical power $0.025/kWh, Utilities
‘ $0.035/kWh, Industrial
3. Reheat (low pressure steam) $1. 70/million Btua
4. Operating labor $15/hr
5. Maintenance, labor, and 3 percent of capital or
materials supplier estimates (if
provided)
6. Lime $42/1:0n]D
Soda ash $80/ton
Disposal Approximately $7.14/ton®
. Annuval charges, 9 percent 19 percentd
on capital 20 yr
9. Taxes, insurance, Approximately 6. 5 percent of
interim replacement capital cost (included in
item 8)
®Ref. 10

(Appendix D)

bBa,sed on verbal estimates for Los Angeles area

“Fach site computed on a site specific basis (Table 74)

d

Based on 20-yr life, 9 percent interest rate, except for DWP

Valley and SCE Redondo Units 1 through 4, for 10 yr, 9 percent
interest = 24 percent annual charge on capital (Table 69)
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TABLF 69. AVERAGE CAPITAL CHARGE RATES

Suggested methodology for cost analysis. State of California Air
Resources Board, Request for Proposals, ""Assessment of Control
Technology for Stationary Sources,’ January 1978

Percent of total capital investment®, b

Interest

rate, percent Life of equipment (yr)

5 10 15 20 25 30

6 31 21 18 16 15 14
8 33 23 20 18 17 16
10 35 25 22 20 19 18

aStraightline is assumed with no salvage value

Taxes estimated 5 percent of investment cost annually
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TABLE 70.

Liate 1977 dollars

See Table 66 for total capital investment

AVERAGE SULFUR DIOXIDE SCRUBBER ANNUALIZED
COSTS--ELECTRICAL UTILITIES

Annualized c:ostsb

. Average
Generating capacity
: - a
Installation capi,/;:;vty, factor, Average, Average, ©
1976 mills /kWh $(000, 000)
Southern California
Edison
. Alamitos 1,950 0.442 .6 57.7
FEl Segundo 1, 020 0.444 10.1 39.5
Etiwanda 904 0.498 .1 32.0
Huntington Beach 870 0.434 .1 30.1
Ormond Beach 1, 600 0.454 .5 47.9
Redondo Beach 1,310 0.4519 | 9.2 47.5
292 0.15 --  31.9 12.2
Los Angeles Department
of Water and Power
Haynes 1, 633 0.667 5.2 49.5
Valley 526 0.158 -- 31.4 22.9
Weighted average -- 0.424° 8.8°31.6 e

®Total generating capital 10, 105 MW

bSee Tables 68 and 71 (20 yr life,9 percent interest rate, 50°F reheat.
Without application of credit of 1.0 mill/kWh ($0. 70 /barrel) for use
of higher (0.5 percent) sulfur fuel oil instead or current 0.25 percent.
Scrubber waste disposal costs are included,

CTotal $339. 3 million

dO'. 451 applies to Units 5 through 8; 0.15 applies to Units 1 through 4
eExcluding Redondo Beach Units 1 through 4 and Valley
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other units from the seven sites removed 90 percent SO2 from the burning of
0.5 percent oil, the uncontrolled emissions from these two sites would be
approximately 15 percent of the controlled SO2 levels (Table 72). The reten-
tion of uncontrolled Redondo 1 through 4 and Valley units, with 90 percent
cleanup on the others, would represent an 88. 7 percent cleanup overall for
the eight utility sites,

Comparable scrubbing costs for the industrial processes
range from $1140 to $5444 per ton of SO2 removed,

In cases where the selling cost of a product could be identi-
fied, i.e., electricity, petroleum coke, and sulfuric acid, the annualized
charges for SO2 control are in the range of 13 to 20 percent of the product
selling cost,

The effect of paying for scrubber equipment at a faster rate
than the 20-year lifetime generally considered in this study is defined in
Appendix E, If emission source annual capacity factors remain unchanged
relative to those in the 20-year cost computation, amortizing the scrubber
equipment in five years increases the annualized charges shown in Table 71
by a factor of 1.59. For instance, on a 20-year basis the annualized cost
of scrubbing the flue gas from the Chevron carbon monoxide boiler is
$3,440/ton of SO2 removed. Paying the scrubber equipment in five years
(as though there were 5 years life remaining) increases the annual cost to
$5,470/ton of SO2 removed. The effect of shorter (10 year) useful life for
utility scrubbers was discussed earlier in this section,

| The operating costs include an estimate for the cost of energy
required to heat the flue gases above the adiabatic saturation temperature
of the gases leaving the scrubber to increase the buoyancy and the dew point
margin relative to the surrounding atmosphere. An increase of 50°F, which
is customary for U.S. installations, was included. If reheating of 125°F is
required, which is the temperature increase needed to bring utility exhaust
gases to the level currently being exhausted which is approximately 255°F,
then a further increase in scrubbing costs of approximately 4-1/4 percent is

estimated. The actual amount of reheat is site-specific depending on local
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TABLE 72. EFFECT OF NONCONTROL OF LOW-CAPACITY

FACTOR UTILITY PLANTS ON SULFUR

DIOXIDE EMISSIONS

Sulfur dioxide | Percent
Conditicns emissions, of
tons/year total

Current emissions® 50, 597 --

Current emissions by low capacity 1,497 2.9
factor plants

Emissions from controlled high 9,935 --
capacity sites in this study®

Emissions from uncontrolled low 1,497 13.1
capacity plants

Total emissions from all eight plants 101, 194 --
burning 0.5 percent sulfur fuel oil

Overall equivalent removal if footnote -- 88.7

b plants were uncontrolled and foot-
note c plants were subjected to 90
percent cleanup

2Eight utility sites in this study, 1975-1976 capacity factors,

0. 25 percent sulfur fuel oil

bRec’londo Beach Units 1 through 4 and Valley generating

stations

CAlaznitos,. El Segundo, Etiwanda, Huntington Beach,
Redondo Beach Units 5 through 8, Ormond Beach, and Haynes,
0.5 percent sulfur fuel oil, 90 percent sulfur dioxide removal
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climatological conditions and is not within the scope of this feasibility study.
However, such a study would be expected to define temperatures within the
50 to 125°F reheat range, the cost impact of which is defined herein.

All the annualized costs include the costs of trucking and
disposing the scrubber wastes in a Class I landfill site. Two such sites are
located in Los Angeles County. The disposal costs for each scrubber site
and other details are discussed in Section 4.5.3. An average of $7. 14 per

ton of scrubber waste equates to 0.062 mills/kWh.

4.5.3 Scrubber Waste Disposal

On the basis of the assessment discussed in Section 4.4, 3,
Class I landfills were considered for disposal of the scrubber wastes.

The map shown in Figure 60 identifies the location of each of the
‘scrubber waste-producing facilities and the location of both Class I landfills
in Los Angeles County. The effect of disposing 361,500 tons per year of
wastes containing 72. 5% solids (Tables 32 and 37) for 30 years at the Calabasas
and BKK Company landfills is shown in Table 73. Projections of the landfill
lifetimes remaining prior to considering scrubber waste disposal were 52 and
187 years for Calabasas and BKK, respectively. With the distribution of
waste disposal shown in Table 73, i.e., the waste being routed to the nearest
landfill from the various sites, 38 percent of the total generated for 30 years
would be disposed at Calabasas and the remaining at BKK. The closure dates
of each landfill would then be advanced 5 years.

Both landfill operators were contacted and indicated that the
estimated solid waste quantities could be accommodated for disposal. In
order to estimate the cost of disposal, current charges were obtained from
each landfill operator as well as rental for 25-ton capacity trucks with
drivers. '

The Calabasas disposal charge is a constant $3.50 per ton,
which includes the California Department of Health Hazardous Waste fee.

The BKK charge for single loads is $8 per ton plus $1 per ton State Depart-

ment of Health fee. For disposal in the quantities and constant rates for this
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study, the BKK disposal fee would be negotiated and might be expected to be
about $4 per ton. The California Department of Health Hazardous Waste
fee is $1 per ton, up to a maximum of $2500 per month for each waste-
producing facility. A negotiated contract rate for a 25-ton payload semi-
trailer, tractor, and driver is expected to be about $24 per hour. No prob-
lems with secondary road limits were identified for this type of truck.

Using the above data and the amount of waste produced by each
facility, the disposal costs were then computed. The results are shown in
Table 74. The round-trip road miles between each producing facility and
the closest disposal site were scaled from appropriate Los Angeles area
maps. An average truck speed of 40 mph was assumed. A 45-minute loading
time and a 45-minute unloading time, including time waiting to unload, were
also assumed. Based on these premises, the estimated disposal cost for
each site was calculated. Since there might be a potential impact from the
additional truck traffic density to each disposal facility, the number of truck
loads per day were computed on the basis of a 5-day week, with approximately
8 hours per day. These totaled 55.6 per day, or 14,456 trips per year.

The disposal cost ranged between $5.90 and $8.29 per ton,
with a weighted average of $7.14 per ton ($0.112 per ton-mile for an average
round trip distance of 64 miles). The average disposal cost corresponds to
about 0.062 mills /kWh for the electric utilities, or approximately 0.9 percent
of the annualized scrubbing cost. For the facilities involved in this study, it
represents a total disposal cost of $2.58 million annually for disposal of

361,500 tons of scrubber waste.



TABLE 74. ESTIMATED SCRUBBER WASTE DISPOSAIL COSTS

. a Average
Scrubber Was:g til/scllnosed, Truck- Round| disposal cost
Installation waste, n ay loads, trip, <1 $/yr
tons/yr Calabasas| BKK daily® mi $/ton (0036)
Southern California Edison
Alamitos 60, 700 - 233 9.3 54 7.28 441
El Segundo 33,100 127 - 5.1 72 6.60 218
Etiwanda 33,500 -- 129 5.2 80 8.29 278
Huntington Beach 26,200 -- 101 4.0 58 7.75 204
Ormond Beach 49, 700 191 - 7.6 80 6.45 320
Redondo Beach 44,700 172 -- 6.9 76 6.46 289
Los Angeles Department of
Water and Power
Haynes 73,400 - 282 11.3 56 7.21 528
Valley 6,500 25 -- 1.0 40 5.90 38
Carbon monoxide boiler-- 3,400 13 . 0.5 70 6. 65 22
Chevron
Petroleum coke calcining
kilns
Great Lakes Carbon 17,500 -- 67 2.7 72 8.19 143
Martin Marietta Carbon 11, 000 - 42 1. 58 7.80 85
Sulfuric acid units--
Stauffer Chemical 1,800 - 7 0.3 56 8.08 15
Total 361,500 528 861 55.6 64¢© 7. 14f 2,581
1, 389
®Based on 5-day week
bTruck capacity 25 tons
€72 percent solids (multiply by 1,39 to convert to dry basis)
d

Basis: Calabasas: $3.50/ton disposal fee including State of California Department of Health

$1/ton hazardous waste fee ($2500 maximum per month per disposing
facility)

BKK: $4.00/ton disposal, plus State of California Department of Health $1/ton
hazardous waste fee ($2500 maximum per month per disposing facility)

Truck rate: $24/hr

Travel time: Average 40 mph; 45 min, each, loading and unloading time

eAvera.ge round trip distance

fW'eighted average, all sites
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APPENDIX A

- STATIONARY SOURCE CHARACTERISTICS

The various organizations operating the sulfur dioxide (SOZ)
emission sources provided operating data and other information basic to the
conduct of this study. This was in the form of responses to questionnaires
prepared by The Aerospace Corporation and are included as Tables A -1
through A-8 for Alamitos, El Segundo, Etiwanda, Huntington Beach, Redondo
Beach, Ormond Beach, Haynes, and Valley electrical generating plants,
respectively. The information from the industrial sources, namely, Chevron,
Collier Carbon, Great Lakes Carbon, Martin Marietta Carbon, and Stauffer
Chemical are provided in Tables A-9 through A-13. Copies of the responses
that were received are reproduced herein. For purposes of clarity, blank

-copies of the questionnaires are included as Tables A-14 and A-15.
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20.

21,

22.

23,
24.
25,

26.
217.

28.
29.
30.

31.
32.

33.

34,

TABLE A-1
UTILITY PLANT AND BOILER DATA (continucd)

Fuel Oil
Grade
% Sulfur
Y% Ash
GHV, Btu/bbl
Consumption, bbl/day

Emission Controls in Use
Particulates

SOZ

Unique Characteristics

Relative to SO2

Emissions

Fresh Water Consumption, GPD

Source

Any Limitations of Availability
of Scrubber System Makeup

Water

Water Treatment Facilities

Max. Water Treatment Capacity

Gal/day
Type of Soil
Decpth to Water Table

Plant Location (city and
county)

Total Site Areca, Acres

Additionai Construction
Planned?

If Construction Planned,
Land Arca Needed

Limitations, if any, on
Acquisition of Additional
Land
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35.
36.

37.
38.

39.

40,

41].

TABLE A-1
UTILITY PLANT AND BOILER DATA (continucd)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading

Facilities (railroad sidings,

docks, etc.

Other

&
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TABLE A-2
UTILITY PLANT AND RBOILER DATA (continued)

Fucl Oil Now in Use Anticipated 0.5% S
Grade 54:/’///%4/ /m/ fé/w/fe/ /@f//
% Sulfur 2 25 .5
% Ash 2.0/ o 07
GHV, Btu/bbl 5.0 2% &/ 2%

Consumption, bbl/day

oL S o A e o

21.

22.

23.
24.
25.

26.
27.

- 28.
29.
30.

31.
32.

33.

34.

Emission Controls in Use
Particulates
SO2 _

Unique Characteristics

Relative to SO2

Emissions

Fresh Water Consumption, GPD

Source

Any Limitations of Availability
of Scrubber System Makeup
Water

Water Treatment Facilities

Max. Water Treatment Capacity
Gal/day

Type of Soil
Depth to Water Table

Plant Location (city and
county)

Total Site Area, Acres

Additional Construction
Planned ?

If Construction Planned,
Land Arca Needed

Limitations, if any, on
Acquisition of Additional
Land
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35,
36.

37.
38.

39,

40.

41.

TABLE A-2
UTILITY PLANT AND BOILER DATA (continued)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

‘Transportation & Unloédi‘ng

Facilities (railroad sidings,

- docks, etc.

Other

A
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20.

21.
22.

23,
24,
25.

26.
27.

28.
29.
30.

31.
32.

33.

34,

TABLE A-3
UTILITY PILANT AND BOILER DATA (continued)

Fuel Qil
Gradece
% Sulfur
% Ash
GHV, Btu/bbl
Consumption, bbl/day

Emission Controls in Use
Particulates
SO2
Unique Characteristics
Relative to SO

2
Emissions

- Fresh Water Consumption, GPD

Source

Any Limitations of Availability
of Scrubber System Makeup
Water

Water Trecatment Facilities

Max. Water Treatment Capacity
Gal/day

Type of Soil
Depth to Water Table

Plant Location (city and
county)

Total Site¢ Area, Acres

Additional Construction
Planned ?

If Construction Planned,
Land Arca Nceded

Limitations, if any, on
Acquisition of Additional
Land
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35.
36.

37.
38.

39.

40.

41.

TABLE A-3
UTILITY PLANT AND BOILER DATA (continued)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading
Facilities (railroad sidings,
docks, étc.

Other
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21.

22.

23.
24.
25.

26.

27.

28.
29.
30.

31.
32.

33.

34.

. TABLE A-4
UTILITY PLANT AND BCILER DATA (continued)

Fuel Oil Now in Use Anticipated 0.5%, S
Grade fén/e/ éeg/ /{4/?(4/ /{/é_{//
% Sulfur 245 a5
% Ash 2/ a0/

GHV, Btu/bbl & 0ric® WSS A

COI}suxﬁptiOn, bbl/day & 72/._//,44 ﬁmx ﬂé/‘;,//pj/%/

Emission Controls in Use

Particulates /l/p/;ve,

SOZ ﬁemu/m Z:DW ﬁ/ar d//

Unique Characteristics —

Relative to SO

2

Emissions T
Fresh Water Consamption, GPD 65,000
Source Coty
Any Limitations of Availability

of Scrubber System Makeup

Water Nene
Water Trecatment Facilities O/W 405%547/0//1({ (= PLarT prpivs
Max. Water Treatment Capacity -

Gal/day VAR/eS 4ReqTLY
Type of Soil Clay, silt, & sand
Depth to Water Table 8-9 £t

Plant Location (cily and

county) A, ,{‘94747 67?&¢/// &/—a/}qe
257

Total Site Arca, Acres

Additional C tructi :
Pl;riigj? oRstruenon gjf//z éé}(?é/’ 4 Jﬂw/ﬂr/(/-cé

If Construction Planned,
Land Arca Needcd 4/7//) Lo’ 7

Limitations, if any, on
Acquisition of Additional
Land
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35.
36.

37.
38.

39.

40,

41,

TABLE A-4
UTILITY PLANT AND BOILER DATA (continucd)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any
Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading
Facilities (railroad sidings,
docks, etc.

Other
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20.

21,

22,

23,
24.

25.

26.
217.

28.
29.
30.

31.
32.

33.

34.

TABLE A-5
UTILITY PLANT AND BOILER DATA (continued)

Fuel Oil Now in Use Anticipated 0.5% S
Grade Blerdd fosid 57/5/754/ Sesitoa!,
% Sulfur O 25 .5
% Ash 2.0/ 2.0/
GHV, Btu/bbl WA/RZAE £/ rwf

Consumption, bbl/day Ja Qé r/ Lo // //zz//né/

Emission Controls in Use

Particulates ' Nfone

50, FPremivm Low So/der 2/

Unique Characteristics

———m:

Rélative to SO

2
Emissions -
Fresh Water Consumption, GPD 207, 50O
Source City

Any Limitations of Availability
of Scrubber System Makeup

Water Nene
Water Treatment Facilities 940 SEI Thors of tpr- PLAMT pRAINS
Max. Water Treatment Capacity-’ -

Gal/day Vﬂf[EI CREATLY
Type of Soil well qra&ed Sands
Depth to Water Table 7 — 1 2. 4.
Piz(x)r;tntl;(c;catlon (city and pxnafp// %?,774”?
Total Site Area, Acrcs Z 50

Additional Construction

Planned ? f?,m//Z A Lo Comn et gfc/ﬁ%/l/év

If Construction Planned,
Land Area Needed —

Limitations, if any, on
Acquisition of Additional
Land
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35.
36.

37.
38.

39.

40.

41.

 TABLE A-5
UTILITY PLANT AND BOLLER DATA (continued)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading
Facilities (railroad sidings,
docks, etc.

Other

Z
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TABLE A-6
UTILITY PLANT AND BOQILER DATA (continued)

21.

22.

23.
24.
25,

26.

27.

28.
29.
30.

31.
32.

33.

34.

Fucl Oil Now in Use Anticipated 0.5% S
Grade (7/-:‘%4,4@_’ /\g:‘f// féﬂ/c/o// ////(7"_,’“('/
% Sulfur 0,25 5
% Ash 2.0/ | 2.0/
GHV, Btu/bbl sl LS 25

Consumption, bbl/day

Emission Contrels in Use
Particulates
SO2
Unigue Characteristics
Relative to SO2
Emissions
Fresh Water Consumption, GPD

Source

Any Limitations of Availability
of Scrubber System Makeup
Water

Water Treatment Facilities

Max. Water Treatment Capacity
Gal/day

Type of Scil
Depth to Water Table

Plant Location {city and
county)

Total Site Arca, Acres

Additional Construction
Planned ?

If Construction Planned,
Land Area Needed

Limitations, if any, on
Acquisition of Additional
Land

n/7 w € 74»« 474 J%a;//ééf/

Mose

/[chf ﬂj/:/lrn ﬁ//)é\f‘ ﬂ//
174,000
City
Nene

?/w faﬂmmmy/ (=AM DRAIS

Vlzrey GrES7LY

Sands_= some trash &l

et

Lot Bed L M
4/ /

Mane

/Vd' J/%/;M/Ar/ m/m//g




35.
36.

37.
38.

39.

40,

41,

TABLE A-6

UTILITY PLANT AND BOILER DATA {continued)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading
Facilities (railroad sidings,
docks, etc.

Other

£
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20.

21.

22.

24,
25.

26...

- 27.

28.
29.
390.

31.
32.

33.

34.

NOT APPROVED

TABLE A-8
UTILITY PLANT AND BOILER DATA (continued)

Fuel 0il

Grade

% Sulfur

"% Ash

GHV, Btu/bbl

Consumption, bbl/day
Emission Contrcls in Use

Particulates

S0»
Unique Characteristics
Relative'to S0
Emissions

Fresh Water Consumption,
GPD

Source

Any Limitations of
Availability of
Scrubber System.
Makeup Water i

Water Treatment Facilities

Max. Watér Treatment
Capacity gal/day

Type of Soil
Depth of Water Table

Plant Location (city and
~county)

Total Site Area, Acres

Additional Construction
Planned?

If Construction Planned,
Land Area Needed

Limitations, if any, on
Acquisition of
Additional Land

Now in Use

Anticipated 0.5% S

a /,\)g Tt ey
O.2S 00 Do IS InaR VAN
4 .,
OO0S rray i o -‘;«/ >
sS.9Q v ‘l;']l”

20,000,

3 WA

MOLTIPLE  CVCLOWNES

hY - - P -
D = RS A R S A

<y

= J

WO NE

1,990,599,

R SN R

NAATE R OAMRET AT

kN

.

Soo Fr O0f Dans 7 S EAVEL Wite Lave S

A

LS ET Teoi' DTu@fnouutam= GIANE: 1.

Les RNugmyew

Von

Ca =0

<
— e

=2

Yes
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NOT APPROVED

UTILITY PLANT AND BOILER DATE (continued)

'35. Number of Stacks . ‘ Tour

36. Stack Heights Above
Grade, ft. e

37. Height Restrictions, if Any ‘ FAA

3 i pmen M- Goood ™ - &o0\q

8. Plizgaggggg) t Layout ::t::ﬁ+ - aveo]

39. Maintenance Shutdown Owey N R s
Schedule \wazeal NEME  \QR1, . 1983 978 AR

40. Other

EGM:ep

11-30-77
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10.

11,

12

13,

14,

15,

16.

TABLE A-9. CHEVRON CARBON MONOZIDE BOILER
PLANT PEOCESS DATA

Q

/

a0, 3 0ILLER
Plant Name ELe1 CATAL 371 ¢ CRACKIDG dwi7

Installation Location (4= URCA) (IS A RF I E LY Ll SCGoR0C
324 . SCSEconI0 GVl D Séc T CAC. cA.

Source Characteristics _C M BOST /o) ﬂ,Qo Q0TS |

(i. e., Contact acid, etc. )

Process Flow Diagram @WACI‘HZG -

(Schematic or Reference,
etc, )

Scurce Rating (Tons/Day

Product) 2.< Yo SO, 6O lb/ﬂﬂq PRRT)C i

Total Exhaust Discharge,

(Volume) L7C oo ACFmM (s§07 /A%Q)ACFM
7 SCFM

0

Exhaust Gas Temperature oo -~ SK0O F

SOZ Concentration in
Exhaust Gas (ppm or (mew) (TY‘/“"\

Volume %) chQS/ gOm Z/C}U‘EJ 5’O -~ Ho0

Oxygen Concentration in g
Exhaust Gas (%) / A

Number of Units

(If greater than

1, please indicate

rates (item 6) for

each unit) l

Number of Stacks _Z

Annual Operation (Hrs) g 3 (} Sd )‘Lrg /‘{E/MQ C&Uf ]
Annual Average Operation gS— _ 902

(% of Maximum Capacity)

Hours per year at Maximum , JES
Capacity CEZOOO / /9/ .

Age of Installation 33 4~ AES .

Projected Installation

Lifetime (Years) ~ A0 moee YA RS
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17.

18,

19,

20,

21,

22,

23,

24,

25,

26.

27,

28.

29.

30.

TABLE A-9
PLANT PROCESS DATA Continued Page 2

Any Projected Change in
Operating Mode During
Remainder of Projected

Lifetime /UO

Source of Steam and

Electrical Power gm # S7 AN oc R00 708
sLizcTRicAl  Powiclk HEADICT AuAid .,

Emission Controls in o - - _
Use; Particulates and CHCLONES  CLECTROSTATIC
SO, PRIZC1TATOR
Emission Control

Characteristics; i.e.,%

Removal SO, etc, P/W, mieulsd TS 99 *.Z

Fresh Water Consumption, . .

GPD 2-2 X)0>  GP iy

Source DiEmind.  WATLCR. cOn) DENSATIE

Al

Any Limitations of
Availability of Scrubber
System Makeup Water A)O

Max, Waste Water
Treatment Capacity

Gal/day JOC GPM AL ARLE.

Water Treatment

Facilities, Type A TIWATEE 0. SLu 0 G L.

Plant Location
(city and county

Jurisdiction) CL SE GU./\)OO Z—‘»A . CO(_)/UTj-

Total Site Area,

Acres PloT  PLAR  ATAcHEY.

Additional Construction

Planned? /\) O .

If Construction Planned,
Land Area Needed

Limitations, if any, on VO A00 1 T1oNAL LAY AYAILABLE

Acquisition of Additional ,- - R EAR Lot g0
Land o AQUisiTion W
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31.

32.

33,

34,

35,

36.

37.

TABLE A-9
PLANT PROCESS DATA Continued Page 3

Restrictions/Limitations
on On-Site Disposal of
Scrubber Solids

Height Restrictions,
if Any

Other Considerations
Limiting Installation
of SO» Scrubbers

Plant Equipment Layout
(Plot Plan)

Maintenance Shutdown
Schedule

Transportation Facilities
(Railroad sidings,
barge, etc)

Other

A0 Socil iSPoSAL  PERmilred

10 ﬁfF’ﬂJEEf’j

BELow 2¢0 (/ESszﬂ—Eé‘)

oA T2 DiSPSAL PRo GL5mS.
CLECTRICAC BOWER  0is1RIRIT 101

PRoG(LEMS

AT AcHED.

OpRCT  SVELY TWO  YEARS.

CRILROIAD, TRUCKS
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10.

11,

12

13,

14,

15,

16.

TABLE A-10. GREAT LAKES CARBON: COKE CALCINING KILNS

PLANT PROCESS DATA

Plant Name

Great Lakes Carbon Corporation

Installation Location 1420 Coil Avenue, Wilmington, California

Scurce Characteristics

Flue gas stream

(i. e., Contact acid, etc. )

Process Flow Diagram

See figure 1 attached

(Schematic or Reference,
etc. )

-Source Rating (Tons/Day
Product)

3 kilns @ 600 toms/day

Total Exhaust Discharge,
{(Volume)

3 kilns @ 196,725

Exhaust Gas Temperature

SO, Concentration in
Exhaust Gas (ppm or
Volume %)

Oxygen Concentration in
Exhaust Gas (%)

Number of Units
(If greater than

1, please indicate
rates (item 6) for
each unit)

Number of Stacks

Annual Operation (Hrs)

500°F

380 PPM

9%=-10%

As noted - 3 units - like sizes

7920

SCEM

Annual Average Operation
(% of Maximum Capacity)

Hours per year at Maximum

Capacity

907,

7920

Age of Installation

Installation dates
#2 - 1952, #3 - 1969, #4 - 1971

Projected Installation
Lifetime (Years)

Unknown
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17.

18,

19,

20.

21,

22,

23,

24,

25,

26.

217,

28.

29,

30,

TABLE A-10

PLANT PROCESS DATA Continued Page 2

Any Projected Change in
Operating Mode During
Remainder of Projected
Lifetime

Source of Steam and
Electrical Power

Emission Controls in
Use; Particulates and
SOZ

Emission Control
Characteristics; i.e.,%
Removal SO3, etc.

Not at this time

No steam - electric Dept. of Water & Power

Particulates - baghouse; SO, - None

Fresh Water Consumption,

GPD

Source

Any Limitations of
Availability of Scrubber
System Makeup Water

Max. Waste Water
Treatment Capacity
Gal/day

Water Treatment
Facilities, Type

Plant I.ocation
(city and county
Jurisdiction)

Each unit - 424,800

Dept. of Water & Power

Unknown

None

None

City of Los Angeles

Total Site Area,
Acres

Approx 11 acres

Additional Construction
Planned?

Possible waste heat boiler installation
on each unit by Dept. of Water and Power
for electrical generation.

If Construction Planned
Land Area Needed

4

Not finalized

Limitations, if any, on

Acquisition of Additional

Land

Additional acquisition doubtful
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3L

32.

33.

34,

35.

36.

37.

TABLE A-10
PLANT PROCESS DATA Continued Page 3

Restrictions /Limitations
on On-Site Disposal of
Scrubber Solids

Height Restrictions,
if Any

Other Considerations
Limiting Installation
of SO Scrubbers

Plant Equipment Layout
(Plot Plan)

Maintenance Shutdown
Schedule

Trinsportation Facilities

No on site disposal available

Unknown

Cost of installation and annual operating
cost would make this facility non-competitive
in the international market place.

See photo attached - #93602

As needed - no regular schedule

Rail siding

(Railroad sidings,
barge, etc)

Other
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7.

10,

11,

14

13,

14,

15,

16.

TABLE A-11. MARTIN MARIETTA CARBON: COKE CALCINING KILN

PLANT PROCESS DATA

Plant Name Martin Marietta Carbon Inc.

Installation Location 2021 East Sepulveda Blvd., Carson, Calif. 90745

Source Characteristics Not applicable.

(i.e., Contact acid, etc. )

Process Flow Diagram _ Refer to Drawing 22-56121-A attached.

(Schematic or Reference,
etc, )

Source Rating (Tons/Day
Product) ‘

750 Tons/Day

Total Exhaust Discharge,
(Volume)

190,000 - 230,000

ACFM

Exhaust Gas Temperature

155,000 - 185,000

SCFM

185 °r

SO, Concentration in
Exhaust Gas (ppm or
Volume %)

700 - 1100 ppm

Oxygen Concentration in
Exhaust Gas (%)

7 - 12%

Number of Units
(If greater than
1, please indicate
rates (item 6) for
each unit)

1l Kiln

Number of Stacks

1

Annual Operation (Hrs)

8,040

Annual Average Operation

90%

(% of Maximum Capacity)

Hours per year at Maximum
Capacity

Variable

Age of Installation

10 Years

Projected Installation
Lifetime (Years)

Approximately 40 Years
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17.

18.

19.

20,

21

22,

23,

24,

25,

26.

27.

28.

29,

30,

TABLE A-11

PLANT

Any Projected Change in
Operating Mode During
Remainder of Projected
Lifetime

PROCESS DATA Continued Page 2

Tertiary Air System being installed
Waste Heat Boiler being studied

Source of Steam and
Electrical Power

Emission Controls in
Use; Particulates and

Southern California Edison

Particulate Removal System (Rule 404 & 405)

(Quench Tower, Ionizing Wet Scrubbers)

SO,

Emission Control
Characteristics; i.e.,%
Removal 502, etc.

Particulate removal - Approximately 52%
to meet current regulations. No SO»
removal data available at this time.

Fresh Water Consumption
GPD

'864,000 GPD

Source

Dominguez Water Corporation

Any Limitations of
Availability of Scrubber
System Makeup Water

No present limitations.

Max, Waste Water
Treatment Capacity
Gal/day

144,000 GPD

Water Treatment
Facilities, Type

Settling, Filtering, Chemical Treating

Plant Location
(city and county
Jurisdiction)

Carson, Los Angeles County

Total Site Area,
Acres

Approximately 8% Acres.

Additional Construction
Planned?

Feasibility study in procéss on Waste
Heat Recovery System.

If Construction Planned,

Land area available for Waste Heat
Boiler Installation.

IL.and Area Needed

Limitations, if any, on
Acquisition of Additional
T.and ‘ ‘

Yes, surrounded on three sides by other

facilities and Dominguez Channel on 4th side
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31

32,

33.

34.

35,

36.

37.

TABLE A-11
PLANT PROCESS DATA Continued Page 3

Restrictions/Limitations
on On-Site Disposal of
Scrubber Solids

Height Restrictions,
if Any

Other Considerations
Limiting Installation
of SO2 Scrubbers

Plant Equipment Layout
(Plot Plan)

Maintenance Shutdown
Schedule

Transportation Facilities
(Railroad sidings,
barge, etc)

Other

On site disposal is impractical.

None

High costs. Crowded space near particulate
removal system.

See Drawing No. 22-56121-A1 (attached).

Total of about 30 days per year.

Railroad siding.
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10,

11.

12

13,

C 14,

15,

16.

PLANT PROTESS DATA

Plant Name Stauffer Chemical Co. -~ Dominguez Plant

Installation Loocation 20720 S. Wilmington Ave., Carsom, Calif.

Source Characteristics 3
(i. e., Contact acid, etc. )

Process Flow Diagram  Attached

cid ant

(Schematic or Reference,
etc, )

Source Rating (Tons/Day
Product)

Total Exhaust Discharge,
(Volume)

Exhaust Gas Temperature

SO, Concentration in
Exhaust Gas (ppm or
Volume %)

Oxygen Concentration in
Exhaust Gas (%)

Number of Units
(If greater than

1, please indicate
rates (item 6) for
each unit)

Number of Stacks

Annual Operation (Hrs)

Annual Average Opcration

(% of Maximum Capacity)

Hours per year at Maximum

Capacity

Age of Installation

Projected Installation

Lifetime (Years) Indefinite

212

800 T/D
#1 Plant - 14,000
#2 Plant - 14,000
#3 Plant - 20,000 y:¢.9.9: .4
#1 Plant - 80OF SCFM
#2 Plant - 80°F o
#3 Plant - 140°F F
Normally 300 to 500 ppm
#1 Plant - 8%
#2 Plant - 8%
#3 Plant - 15%
Three
Three
Continuous
93%
7884
Most processing equipment: 20-35 years



17,

18,

19.

20,

FA N

22.
23,
24,

25,

26,

27,
28,
29,

30.

PLANT PRCUESS DATA Continued l'age & TABLE A-12

"Any Projected Change in

Operating Mode During
Remainder of Projected

Lifetime None at this time
*
Source of Stearn and *Own byproduct
Electrical Power %% *%407 Utility, 50¢ own generation
#1 Plant - Double Absorption, Stack Gas Prec

Emission Controls in #2 Plant - Double Absorption, Stack Gas Filt
Use; Particulates and #3 Plant - Stack Gas Filter
SO

2

Emission Control

‘Characteristics; i, e., %

Removal SOz, etc. 99.5% S0535 99.9% SO3/particulate

Fresh Water Consumption,
GPD 590,000

Source Dominguez Water Corp, Own plant well

Any Limitations of
Availability of Scrubber

System Makeup Water Yes - utility has imposed 10% curtailment.

Max, Waste Water
Treatment Capacity

Gal/day 500,000

Water Treatment
Facilities, Type Lime neutralization

Plant Location
(city and county

Jurisdiction) Carson:; Los Angeles County

Total Site Area,
Acres 33

Additional Construction
Planned? Yes

If Construction Planned,
Land Area Needed None (replacement)

Limitations, if any, on
Acquisition of Additional
Land » Yes
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31,

32,

33.

34,

36.

37.

PLAanwh PROGELS DAL Continued . 1age 3 TABLE A-12

Restrictions/Limitations
on On-Site Disposal of

Scrubber Solids None known

Height Restrictions,

if Any 250 ft.

Other Considerations

Limiting Installation Yes - Please consult with Mr. Jack Reynolds,

of SO, Scrubbers Stauffer Western Engineering Center,Richmond.
Calif,

Plaant Equipment Layout

(Plot Plan) Given

Maintenance Shutdown

Schedule Each plant: one 2 week turnaround each year

Transportation Facilities 3 rgil spurs

(Railroad sidings,

barge, etc)

Other
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TABLE A-13. COLLIER CARBON: SULFURIC ACID UNIT

PLANT PROCESS DATA

1, Plant Name

Collier Carbon and Chemical Corporation

2. Installation l.ocation

1480 W. Anaheim St., Wilmington, Calif.

90744

3. Source Characteristics

Contact Sulfuric Acid Unit

(i. e., Contact acid, etc, )

4, Process Flow Diagré.m

Attached Flow Diagram

(Schematic or Reference,
etc. )

5. Source Rating (Tons/Day
Product)

ksQ

6. Total Exhaust Dis charge,
(Volume)

20,430

7. Exhaust Gas Temperature

8. SOZ Concentration in
Exhaust Gas (ppm or
Volume %)

150 °F

350 ppm

9. Oxygen Concentration in
Exhaust Gas (%)

O
(&)

10. Number of Units
(If greater than
1, please indicate
rates (item 6) for
each unit)

One (1)

11, Number of Stacks

One (1)

12 Annual Operation (Hrs)

8,580

13, Annual Average Operation

‘O
N
(23

ACFM
SCFM

(% of Maximum Capacity)

14, Hours per year at Maximum
Capacity

7’500

15, Age of Installation

17 Years

16. Projected Installation
Lifetime (Years)

30 Years
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31

32.

33.

34,

35,

36.

TABLE A-13
PLANT PROCESS DATA Continued Page 3

Restrictions /Limitations
on On-Site Disposal of
Scrubber Solids

Height Restrictions,
if Any

Other Considerations
Limiting Installation
of SO, Scrubbers

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Other

No on-site disposal available

Currently have S02 scrubbers

Maintenance turnaround every 18-24 months
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17,

18.

19,

20,

2.

22,

23,

24,

25.

26.

27.

28.

29.

30,

TABLE A-13
PLANT PROCESS DATA Continued Page 2

Any Projected Change in
Operating Mode During
Remainder of Projected
Lifetime

None

Source of Steam and
Electrical Power

Los Angeles
Steam - self contained power DW&P

Emission Controls in
Use; Particulates and

Ammsox ammonia scrubbing

SO,

Emission Control
Characteristics; i.e., %
Removal SO3, etc.

90

Fresh Water Consumption,
GPD

Total Plant Consumption - 125,000 GPD
Ammsox Unit - 11,520 GPD

Source

Los Angeles Dept. Water & Power

Any Limitations of
Availability of Scrubber
System Makeup Water

None

Max, Waste Water
Treatment Capacity
Gal/day

36,000

Water Treatment
Facilities, Type

Neutralizer Pit - Liar

Plant Location
(city and county
Jurisdiction)

Wilmington — Los Angeles County

Total Site Area,
Acres

13.5

Additional Construction
Planned?

None

If Construction Planned,
Land Area Needed

Limitations, if any, on
Acquisition of Additional
Land

No additional land available
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20.

21.

22.

23.
24.
25.

26.

217.

28.
29.
30.

31.
32.

33.

34.

TABLE A-14
UTILITY PLANT AND BOILER DATA (continued)

Fuel 0Oil
Grade
% Sulfur
% Ash
GHV, Btu/bbl
Consumption, bbl/day

Emission Controls in Use
Particulates
SO2
Unique Characteristics
Relative to 802

Emissions

Fresh Water Consumption, GPD

Source

Now in Use

Anticipated 0.5% S

Any Limitations of Availability

of Scrubber System Makeup
Water

Water Treatment Facilities

Max. Water Treatment Capacity

Gal/day
Type of Soil
Depth to Water Table

Plant Location (city and
county)

Total Site Area, Acres

Additional Construction
Planned?

If Construction Planned,
Land Area Needed

Limitations, if any, on
Acquisition of Additional
Land
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35.
36.

37.
38.

39,

40.

41.

| TABLE A-14
UTILITY PLANT AND BOILER DATA (continued)

Number of Stacks

Stack Heights Above
Grade, ft.

Height Restrictions, if Any

Plant Equipment Layout
(drawings)

Maintenance Shutdown
Schedule

Transportation & Unloading
Facilities (railroad sidings,
docks, etc.

Other
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100

11,

12

13,

14.

15,

16.

PLANT PROCESS DATA

Plant Name

TABLE A-15

Preliminary

Installation Location

Source Characteristics

(i. e., Contact acid, etc, )

Process Flow Diagram

(Schematic or Reference,
etc, )

Source Rating (Tons/Day
Product)

Total Exhaust Discharge,
(Volume)

Exhaust Gas Temperature

SO, Concentration in
Exhaust Gas (ppm or
Volume %)

Oxygen Concentration in
Exhaust Gas (%)

Number of Units
(If greater than

1, please indicate
rates (item 6) for
each unit)

Number of Stacks

Annual Operation (Hrs)

ACFM
SCFM

Annual Average Operation
(% of Maximum Capacity)

Hours per year at Maximum

Capacity

Age of Installation

Projected Installation
Lifetime (Years)

221



17.

18,

19.

20.

2L

22,

23.

24.

25.

26.

27.

28,

29.

30.

TABLE A-15
PILLANT PROCESS DATA

Any Projected Change in
Operating Mode During
Remainder of Projected
Lifetime

Continued Page 2

Source of Steam and
Electrical Power

Emission Controls in
Use; Particulates and

SO,

Emission Control
Characteristics; i.e., %
Removal SO, etc.

Fresh Water Consumption,
GPD

Source

Any Limitations of
Availability of Scrubber
System Makeup Water

Max, Waste Watexr
Treatment Capacity
Gal/day

Water Treatment
Facilities, Type

Plant Location
(city and county
Jurisdiction)

Total Site Area,
Acres

Additional Constr{uction
Planned?

If Construction Planned,
Land Area Needed

Limitations, if any, on
Acquisition of Additional
Land
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31,

32,

33.

34,

35.

36.

37.

TABLE A-15
PLANT PROCESS DATA Continued

Restrictions /Limitations
on On-Site Disposal of
Scrubber Solids

Page 3

Height Restrictions,
if Any

Other Considerations
Limiting Installation
of SO2 Scrubbers

Plant Equipment Layout
(Plot Plan)

Maintenance Shutdown
Schedule

Transportation Facilities

(Railroad sidings,
barge, etc)

Other

223







APPENDIX B

STATIONARY SOURCE PLOT PLANS

Plot plans which may be used in conjunction with the illustrations
presented in Sections 4.4.1 and4.4.2 in locating the scrubber system equip-
ment are shown in Figures B-1 through B-11 for the utility and industrial sites.
A plot plan for the Great Lakes Carbon facility was not available in the course

of the study; a sketch based on on-site visits and aerial photographs is pre-
sented in Section 4.4.2

225






sopwely :uzid jo1g ‘7-g sandig

L-9E6bss.

i
3

LR L s

Py ]

|

SO -4
_..3.1-
\SG

N¥7d ANIMIONYNNY  ALIS
(IOE)
SoiNIs __was_fo vy weavsfoes[ix

.....
UG ¢ -
NOMYWO4¥AI 1I1HITE

23] 31312

37906 JIHdva9

—

—_ e i
140001 006 008 Q0L 007 005 0Oy 0% Q0L OO < 05 ool

|
« » i3 z
3 H iy °
5 i$ I
o o :
o
o o E3
H
H
4
H
H
o % e o
¥
3
] .
—_——— —
w
s - TJINNYHD SOLIaZID SO
- 4 e ===~ T  POua, T
Tvor 3iave 2anis 4o o
3
77 e aeva Gor g0
0 =3t
. , A T—— —
| i &
\\) ' ) g
H ~
o 4 :
SNTL i / 4
SET ‘ =
= . a
. 0 n
- - I ] J g
i t
m i i |
TN r?
sy o 4
: i 50513
%
202 v
o

reEsss oma
275 ¥aw Srol |
LAY I LIPS

FLEOX YOILYITY %

Z =N
33A13 1339Y9 KYS 3G T

prarvILxF FO5







622

opundag 1 :ueid joid ‘z-g oandig

..
1R LR SN
x4 000 M

HOUYATTS MTES EEmaacs e

WLvaG €9 ¥ OF [y A |

i







Iez epuemnd :uerd joid ‘¢-g 2indi g

oaan

Py — oo
3x1 Foa HE-~S-r -
Be s
=3

v\ iﬂmugl.lu- o .w—uﬂ”nwmm

i Toie - Ziiead Tavis| €13255[ 'y ANYER1Ng
Vauv SRV S0 Jas 59155 -

009 9 ooy oof 00T o;r o o7 ool

| 31V3S JIHAvaY

i
i

: i
T Aevaeoue H - T
/ \ B o { Lo et 3t9s
. e \ Vi TR ! §  ss @ =iviza
o~ B {1 \) \ L . ) .
, gL _ -
wolvnis - !
v
ITT darel £48 Yer 1§15 WG 236 Lorpw
[T weavs S2raxt TR ~ R R T
e a e ETer ATLviieTee 2is SRR oy waAra cow ~ 4. QLD S VTAIIIGE_ ATIT NGO
A B s AN e G IS MO I o - ﬂ SANAR DY BT i -
. : v an3o37 -
. - 4 g s 52 “Rowsic
H
i

e
. ——
Pt
Tazvpsns emrarzsd

R T L

= (N 1INA | 2% LINDY .
Fosre [ et Sttt it " : : - 0 . : )

HOD. H y i ] : H . ] : . - - !

4~ © 0 :
©0

SRR

BIORESTSE | |f

b 2 o A B ) : R oy = uoLrn %S00
L - “lr LS YT P AN - f PR i i
By v e | SPITIw, 2/ 7 wa Z7 R o= - v A R : e pownsw 2cwerse, 1 ri:-tlﬁ%.ﬂ‘
T e AL i H PP et Yok e et T
> Y % : H T LeR T ey TR ] B
: BT, Sy e e
3t : T7cy #CM 51 Y2 INZETIS NMOFD ¥IIdAL -
B 2 i S 2 H . b
~ : ! - : D3 i 2vszess cxoverd
- ; | g ! vd uRIIIEEY T
i < ! i s o e
| : " ens goeiis
% H i = € e iz z PR - i
re ' . ; " ! fipptin e -
N g i b ¢ 3 i H e % ey
E '8 H §- 8 i d







£ez

[ofmm] acea To 1 r] cumge 7w |
pce SRR NIV TR ¥, T

T 2L Mt U T 0 M -0 (TS i/ &7
CIEAZE M TR -

£ M M N A (P T L DT WL
i I AN L — ]

yoeeqg uorfununy :uerd 101 ‘p-g oanfig

Y]
o ey,

¥y ok 4 am T

Bl Wi ViR oleaen o | o] v | bor [0 AN SRR TV

Feconsirn
) seoxs

(

Pz

e

v







CEe, s yoeag puowrryy :ueld 1014 ‘g-g Iandi g
ez e 1 2B gt ,

i v | € z : i
! : . { e
— 2 EMET ] == o
A s e it LT ) M A LS —== ry .
ERTRS T P T
7[5 Soonim | e | vwuwr
W Lo == o} . e wrame
- I ST Swinaies 3. e
TR T KL T s KA ME b= NOI1Ya04103 THIIY
T ¥ suma

VEW K0T ATH = MTTW 000 ATH WALV vz 2 20

=T
——

) e Loz 3 ire woes wiisy

EZZ oy =g

FONTa s T niErD <D1 B

e w1 vou &







ez yoesg opuopay :ueld jo1g ‘g-g 2andrg

-6 €66LG.  SpTE . ®

T ) T I M o] T Y A e ol L0 S W) [ s1ws| rim
[ =L - = FEITE) " . 2
= IR T e LW gy o=
olees] QLR W5 AT Y st AT A ? S s et
NVId 1074 — T 3 ot wor soa avi | 2] pot] ao O] rs MO Wity
el T e s et av E RV e :
NOILVIS SHTIVWINIS OQROOIN ~=ifwinlnm| —| — 134251 Ureerilvoe1 vanm Fwm At iem [ 7] 1171 | 1
n ) ) Q
& 3 N 'S
- < 2 <
Q S
H kil ¢
s e T T o seese
H z H FAIZTD oI vH
i e e o . .. S A N it I
g
T AL To s #,05,00.5 -

=TT e i
: R &5

DRt a7 T
pen1Sndis Fardwe 3= =2

g sere
C e

Ty

B YT

ocro
7 B wtn §

307

wrrL O s

1
Trarre coo'ogk

—
" Hr ™ e

B8

4.} _ e D BT

pfoz | owrisis

ERY ]

o A TR

A ey M~

- R

/\

"_“'%NT . ,

s L,

Crvansps

A o LS

: =

LD >
~ BT e

S / 2 2 L) — S
N YIRS \0‘\\ - 3 2 3 ° G oo
e by T 3 - o
- ~ 3 g § H







sauley :uerd joid ‘L-g 2andig

?00~ d -3, OPOLLY W

v
3 I M I ) T I [ " ] 3 T [ T [ T kT T 1 ] T ) T 3 T 4 T 3 ] 3 T ¥ T 1 T X T
00INd—35 o ey
| QOINd—3S | rUSAS VAMOL f _ i
- -
NOILWAS SHILYWINID $Iniv)| —— 7o TP —
NLYIINIG-SPRLSAS ATAIDG HILWN TUSINOGD ONY 2NV RONY Vaty) 4 e e— £5000my Gm Cory bprg V10 3 vorsmsySreroy. bty opests ooy | |
T T VOV by STy ot Bisy B YOI IO L.

|

.

 vo . - se=TE
g a wrep Furisk _
tzociut el 1
2 wsoozes (@goz o ==l
7 — s vy, ey i

sy ] | /

1
M »

LosoraIg spounymy
U 300 pod 32 awjsh Vag A1v0 paeys
A 1128 wsRry orjbmcds i v g2y Dy wmpe

. - saim o [z
s : SA i ] :
= A » L] _ b & AT pomt (118 Ay ST
" 957 oy ‘ o1 Ay 3 Wssrani wegirg jemsemw »
= & ey ge BOGOD 81T 931 Sy
= = = ‘\m -4 L O
g L3 ||\ 3 {0-6t) | vawy (lomas
e o L gy Atd < HAVINImIC < ey Feis o A ¥ G paye0s 35 S
- breel o

——— e,
2t e d vea I

di
ﬂ NQN\I 0b§~ B F
m 0 -
W H

S o __
FEN ) el

- " )
- —— it o sy ..l\.u._s.!.!(lei\\'/nu

e e e e et - TI — L3 337
SUIINIG ~ BIIN S ANCG [} - T REE s ar ew o
. = " - n oWl | e | mijoN]  rmwow | 097

o . il L i Pl (=] -7

. I aN ELd i LR oor =

‘ by R Tl mett @ = N 1L ] sor |99
1 4 | e K WA R >y
worprade dung g
"7, & 127

g
. 3 < & d . ¥ ¥
.. B N T Tyvag " ot
[ A——— h.\ El idan I 66 Argi ] W Sqasply 209 T
” 3 [roiciyeki > : sapon
4334008 Bg oL yosslylony o dm RIS T I T why i oy 0z L

" 1 .

7 1 CY 1 [ 1 w T i ] T * T 3 T v 1 [ I . 1 T ] ¥ semoe U







Aatrep uerd j01d  cg-g sanSig

T n H 2 I £ T I3 I I3 i i 1 T
+
ANVIG RYILS AZTTVg
ANINGO12AIG LI LS sl
< et Lot Ma K I}
53 3 - —
8 _ 5 3 & z z 3 T, 3
S -8 i i
; 2 s £ 3 2 I U §
E ! 13791 G - - H -
i T — , e IR - H
i [a L H
i H " —
arss ot s _ Pt 1 i A : i :
et | | ' | I ' i
! ! ! 1 ' ! :
| _ | . ! i E : J mn-.. i
i i [ -]
T - ! 4 h i ! M > B B — g i el
G925 ; |— - | - t — - e g hi
i | “ ' i i N . T M EZE
H | i | 1 i 1
; | [ it D e ! : D P S
L[ Pa e Pole €0, Halrata iy tutinn a By L 3 3 ° :
“ & . : : ; : C /-
3 1 2= !
i N DLy |
i NG iy 2 H
'] §| . | H
<15
¢S i
o ovEE il L
_ L T 55
R 2 5 4“ e
e T 2 %
L i : NERES
» E | o HIEY R
2 N HE B
o HEE R
2 Al
,ﬂ». “
r g B
[ZLE :
] 2
" : b
W w B
! i
. ! .
; | H
| .
i Ny
: : el N
— i C onar I g,
| i T e Tt / ;
m P T m b X
o n. P
) B P
r 2 s ﬁ.w H
n 7 |y i
: AR
H ¢ i i
i ] 3 5 N
i s 1% P ! 2
‘ ". M-\ EM W ﬁd.
p R s 19
G090 % H ; -4
B 7057
) -
5
H . = ;«W :
i - L .
H 2 2
H 2 =) ‘
1 ] & K
p s % H .
5 y*as e il
|3
d 1
ooio T — T 3 = ;
] _ ; A TR RS : - T Lz
: N . i i :
A | : iy
K i R
: ; ! Lo
' g, “ i I
b i 9 ! i ! b
i ! :
A B < " | i _ | e i
s H 5 iz 2 2 i ‘e o e
] = 3 3 3 2 & 2 s
i} g ; g 5 3 § g : i M-GOOK
T L4 T L T ™ T w7 T T T ) T T ¥ T T T T







£¥e opunfag 14 ‘uoxaayd :ueld j10]d ‘6-g 2infig

l.llul. ] )
_Hu. [| 1 e ] |
N_ IO mOan<w Lq [eiieviae) = | ¥ SAEpgriASeIa NEIL e s ey _un3 n.-:a
— T TR e A
Lozn | oo IR
~ R4 @3 IO X (O A wdv D - e 30
e ——— Ry 1 momminarmn v e O TR A PR ———
(=S L TRENT) P i) ) pap— SHOISIAZT

pSr MeY2enfy )

- rrtrory
L
#
g
S y
—ah i AL WO
- ﬁ ' =
o et 12 o
S |

|._wnr!mm.ii.m“
M
' 3
£ Hm...
cB szlBEciomgee
o
: i H 8 H







uoqie) eyetrely unzely :uerd jo1d ‘Qr-g @andig

S HAY TRl = B
FN » A7 \I«Scrh«‘ \Nhn \E E YUY 2PN OITIRINVEL § YSTI T[S WOEY EBYI R Omerims I LY ‘P BEEBL BRC O X M4 Ll B TIREIOB . il(‘}‘k}-e
\ L3 44 un-ﬁuk Crores TP OB Ao d
Elec s 2 Q\his
s SIVD LB AOIO D RIPIA, WD LI Sx B-.\“.&N - h\. hu.v(.u vLRL
- o ) ) N i AWDeWL - CIXVINY TP TLAL
2y A CTATE WOSA - B .szv_\uv
du %OQVU v\hhx.vg\(kh\\‘ . Py s pOsZ 4 Poen pfowms s g oty ., -ni:ﬁ!ﬂ:ﬁ
- Avon lv.-cq\l.y! s veravie sove L) 2O Y cwrn = g ¢ HOREE. 5 POTH VPN WS
1 . B SO PR eV E\é.ﬂuﬁy\\w& -
T : . Q.!ﬁ!l“@ .1\0«&. DI NS T ILITT Y O
LSSt - X TH jtls 3“\%!.}5\.*!}&! ST A
\ SBLITAS A B, P RL k 2t iod -
Py Neeg—————— - | o8] S
o : ] T Jnim
A o lzz-lv .
r N i3 m W08 cHP E Z7 8 OOy l....:..runﬂll...e“H “ “ 7 & “Xrew oddl-
T\ [t Ill%ﬂ ey 24 b DLW TN BN
FrF P IR PrMETAT | TR AT ey .Wm ‘ﬂlﬂé
. -
..4 ,/ M : - e AP S Mty vy seavid e, o558 e —F
nvm TV P MR T
“ronk (g Nl l.-\. . L At XA .
. | BT M weS g3
\ i} T
.”. : i : %ﬂ*lg; . /n )
) . A ) i EEREEN
. i © H ‘o
|

s ss k?.!\\uté

<o AT

LsOs O%S
FOAr POXLICTS WALRIAE D o

i
g
N
i |
} { TS
iy e ‘
, )

.
!

1

T ANV LAVRS
g
§P
\







Ly jueid zenfuruoq ‘Auedwos [estway) iaymeis :uzid jolg

‘§1-9 2andrg
& R /-1 =
™ Tﬂ’ — . -

24 | E R )

WOty Inbriwog jo udlg i01g

“#T) TGN SN LYW Z3een0d

'0D TYIINZHD ¥3d4nViS

SMOISIAIN
voSEin - I am ey - ayasry oy

g senras “ocks dawar ree
-0 O At Y 51 g e 40 Srap g i
Y360 11 e Lt 0 ¥ o ey P

Sagammmiey 4 —

NIt ey

T L T e
Mo yaqepoes il SICVHD TS :

Mesmigaprang jensiog

e e fayengy

=

4







APPENDIX C

SCRUBBING COST DATA

For the utility and industrial plants studied, unit costs are
provided in Table C-1, and the basis for operating labor requirements used
in computations are shown in Table C-2.

Data sheets outlining the operating and annualized costs for the
scrubber processes at each of the eight utility and four industrial sites are
provided in Tables C-3 through C-16. Generally, a 20-year lifetime was con-
sidered. Because of the age differences of Redondo Units 1 through 4, rela-
tive to the other Redondo and the Southern California Edison (SCE) generating
facilities. they were computed separately, with a 10-year life assumed.

These costs are summarized and discussed in Section 4. 5. 2.
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TABLE C-1.

ESTIMATED UNIT COSTS

Late 1977 dollars

Item Unit Cost
1. Makeup water $0.50/1000 gal
2. Electrical power $0.025/kWh, Utilities
$0.035/kWh, Industrial
3. Reheat (low pressure steam) $1. 70/ million Btu®
4. Operating labor $15/hr
5. Maintenance, labor, and 3 percent of capital or
materials supplier estimates (if
provided)
6. Lime $42/tonb
Scda ash $80/ton
7. Disposal Approximately $7.14/ton®
8. Annual charges, 9 percent 19 percentd
on capital 20 yr
9. Taxes, insurance, Approximately 6. 5 percent of
interim replacement capital cost (included in
item 8)
®Ref. 10
b

Based on verbal estimates for Loos Angeles area
(Appendix D)

Each site computed on a site specific basis (Table 74)

9Based on 20-yr life, 9 percenf interest rate, except for DWP
Valley and SCE Redondo Units 1 through 4, for 10 yr, 9 percent
interest = 24 percent annual charge on capital (Table 69)
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TABLE C-2., OPERATING LABOR ESTIMATE

Extracted from T. C. Ponder, Jr., et al.,
Simplified Procedures for Estimating Flue
Gas Desulfurization System Costs,
EPA-600/2-76-150 (June 1976)

Generating capacity, .
MW Men/Shift
100 to 699 3.16
700 to 1200 3.33
1201 to 2500 4.50
2501 and above 5.33
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TABLE C-3.

SCRUBBING COSTS: ALAMITOS

All costs in late 1977 dollars

MW = 1,950 Capacity factor = 0.442 hr/yr = 3,872%
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 1,310 gpm (maximum) 153 153
(0. 67 gpm/MW) 3.06 x 10% gpy
2. Electrical power 24,375 kW 2,360 2,360
(1. 25 percent of 94. 4 x 106 kWh
generated)
3. Steam {reheat) 1.022 X 101’; Btu 1,737 --
2.554 x 107" Btu -- 4,340
4., Operating labor 39,420 hr/yr 591 591
4.5 men/shift
5. Maintenance $235,2 % 106 7,056 7,056
3 percent of
capital
6. Lime at $42/ton 16,500 tons/yr 693 693
7. Disposal at 61,000 tons/yr 444 444
$7.28/ton
8. Annual charges, $235,2 X flO6 44,688 44,688
19 percent
9. Total -- 57,722 60, 325
. $ /ton of sulfur Fuel oil, ¢
Reheat mills/kWh dioxide removed % /bbl $/MMBtu
50°F 7.6 3,421 5,21 0.85
125°F 8.0 3,575 5.45 0.89

aEquivalent hours annually at maximum capacity

b16, 873 tons of sulfur dioxide removed annually

€11 ,070,000 barrels burned annually
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TABLE C-4. SCRUBBING COSTS: EL SEGUNDO

All costs in late 1977 dollars

MW = 1,020 Capacity factor = 0.444 hr/yr = 3,889%
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 683 gpm (maximum) 80 80
(0. 67 gpm/MW) 1.59 x 108 gpy
2. Electrical power 12,750 kW 1,240 1,240
(1. 25 percent of 49.6 x 10% kWh
generated)
3. Steam (reheat) 5.583 % 101; Btu 949 --
1.396 X 10"~ Btu -- 2,373
4. Operating labor 29,170 hr/yr 438 438
3. 33 men/shift
5. Maintenance $164. 7 % 106 4,941 4,941
3 percent of
capital
6. Lime at $42/ton 9,000 tons/yr 378 378
7. Disposal at 33,100 tons/yr 218 218
$6.60/ton
8. Annual charges, 164, 7 % 106 31,293 31,293
19 percent
9. Total -- 39,537 40,961
c
. $ /ton of sulfur Fuel oil,
Reheat mills /kWh dioxide removed 4 /bl $/MMBtu
50°F 10.1 4,295 6.96 1.14
125°F 10.3 4, 449 7. 21 1.18

a'Equ.ivalerﬁ: hours annually at maximum capacity

9,206 tons of sulfur dioxide removed annually

C5, 680, 000 barrels burned annually
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TABLE C-5.

SCRUBBING COSTS: ETIWANDA

All costs in late 1977 dollars

MW = 904 Capacity factor = 0, 498 hr/yr = 4, 3622
Average annual
Item Quantity operating costs, $(000)
| Reheat = 50°F | 125°F
1. Makeup water 605 gpm (maximum) 79 79
(0. 67 gpm/MW) 1.58 x 108 gpy
2. Electrical power 11,300 kW 1,232 1,232
(1. 25 percent of 49,3 x 100 kWh
generated)
3. Steam {reheat) 5.623 X 101; Btu 956 --
1.406 x 10 Btu -- 2,390
4., Operating labor 29,170 hr/yr 438 438
3.33 men/shift
5. Maintenance $130.1 x 106 3,903 3,903
3 percent of
capital
6. Lime at $42/ton 9, 000 tons/yr 378 378
7. Disposal at 33,500 tons/yr 278 278
$8.29/ton
8. Annual charges, 130.1 x 106 24,719 24,719
19 percent
9. Total -~ 31,983 33,417
. $ /ton of sulfur Fuel oil, ©
Reheat mills /kWh dioside removedb $ /bbl $ /MMBtu
50°F 8.1 3,437 5.51 0. 90
125°F 8.5 3,591 5. 76 0.94

aJE,quivalent hours annually at maximum capacity

9, 305 tons of sulfur dioxide removed annually

C5, 800, 000 barrels burned annually
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TABLE C-6.

All costs in late 1977 dollars

SCRUBBING COSTS: HUNTINGTON BEACH

MW =870 Capacity factor = 0,434 hr/yr = 3,802%
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 585 gpm (maximum) 66 66
(0. 67 gpm/MW) 1.33 x 108 gpy
2. Electrical power 10,875 kW 1,032 1,032
(1. 25 percent of 41.3 x 10° KkWh
generated)
3. Steam (reheat) 4,405 x 1011 Btu 749 --
1.101 x 10"~ Btu -- 1,872
4. Operating labor 29,170 hr/yr 438 438
3. 33 men/shift
5. Maintenance $124.2 % 106 3,726 3,726
3 percent of
capital
6. Lime at $42/ton 7,100 tons/yr 298 298
7. Disposal at 26,200 tons/yr 203 203
$7.75/ton
8. Annual charges, $124.2 x 106 23,598 23,598
19 percent
9. Total - 30,110 31,233
$ /ton of sulfu Fuel oil, ©
. n su r »
Reheat mills /kWh dioxide removed $ /bbl $/MMBtu
50°F 9.1 4,129 6. 41 1,05
125°F 9.4 4,283 6. 64 1.09

aEquivalent hours annually at maximum capacity

7,292 tons of sulfur dioxide removed annually

C4, 700, 000 barrels burned annually
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TABLE C-T.

SCRUBBING COSTS: REDONDO BEACH

(UNITS 1 THROUGH 4)

All costs in late 1977 dollars

MW =292 Capacity factor = 0.15 hr/yr =1, 314
Average aunnual
Item Quantity operating costs $(000)
Reheat = 50°F | 125°F
1. Makeup water 196 gpm (maximum) 8 8
(0. 67 gpm/MW) 1.54 x 107 gpy
2. Electrical power 3,650 kW 120 120
(1. 25 percent of 4.80 X 10° kWh
generated)
3. Steam (reheat) 5. 742 % 1010 Btu 98 --
1.435 x 10 Btu -- 244
4. Operating labor 7,008 hr/yr 105 105
0. 8 men/shift
5. Maintenance $43.9 x 106 1,317 1,317
3 percent of
capital
6. Lime at $42/ton 900 tons/yr 38 38
7. Disposal at 3,100 tons/yr 20 20
$6.46/ton
8. Annual charges, $43.9 x 106 10,536 10,536
24 percent
9. Total - 12,242 12, 388
] $ /ton of sulfur Fuel oil, ¢
Reheat mills/kWh dioxide removed $ /bbl $/MMBtu
50°F 31.9 14, 300 118.8 19. 48
125°F 32.3 . 14,470 120.3 19, 72

aEquiva.lent hours annually at maximum capacity

b856 tons of sulfur dioxide removed annually

C103, 000 barrels burned annually
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TABLE C-8.

(UNITS 5 THROUGH 8)

All costs in late 1977 dollars

SCRUBBING COSTS: REDONDO BEACH

MW =1,310 Capacity factor = 0. 451 hr/yr = 3,951%
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 878 gpm (maximum) 104 104
(0. 67 gpm/MW) 2.08 x 108 gpy
2. Electrical power 16,375 kW 1,617 1,617
(1. 25 percent of 6.47%x 10 kWh
generated)
3. Steam (reheat) 6.978 x 101; Btu 1,186 --
1.744 x 107~ Btu -- 2,965
4. Operating labor 32,412 hr/yr 486 486
3. 7 men/shift
5. Maintenance $197.0 x 10° 5,910 5,910
3 percent of
capital
6. Lime at $42/ton 11,200 tons/yr 470 470
7. Disposal at 41,600 tons/yr 268 268
$6.46/ton
8. Annual charges, $197.0 x 106 37,430 37,430
19 percent
9. Total -- 47,471 49, 250
c
. $ /ton of sulfur Fuel oil,
Reheat mills/kWh dioxide removed % /bbl $/MMBtu
50°F 4,111 6.13 1.00
125°F 9.5 4,265 6.36 1.04

aEquiva.leni: hours annually at maximum capacity

11, 548 tons of sulfur dioxide removed annually
€7, 740, 000 barrels burned annually
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TABLE C-9.

SCRUBBING COSTS: ORMOND BEACH

All costs in late 1977 dollars

MW = 1,600 Capacity factor = 0. 454 hr/yr = 3,977
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 1,072 gpm (maximum) 128 128
(0. 67 gpm/MW) 2.56 x 108 gpy
2. Electrical power 20,000 kw 1,988 1,988
(1. 25 percent of 7.95 X 10 kWh
generated)
3. Steam (reheat) 8.555 X 1011; Btu 1,454 --
2.139 x 10 Btu -- 3,636
4. Operating labor 39,420 hr/yr 591 591
4.5 men/shift
5. Maintenance $194.9 x 106 5,847 5,847
3 percent of
capital
6. Lime at $42/ton 14, 000 tons/yr 588 588
7. Disposal at 50, 000 tons/yr 322 322
$6.45/ton
8. Anunnual charges, $194. 9 x 106 37,031 37,031
19 percent
9. Total -- 47,949 50,131
. $ /ton of sulfur Fuel oil, ©
Reheat mills/kWh dioxide removedb % /bbl $ /MMBtu
50°F 7.5 3,474 5. 48 0.90
125°F 7.9 3,632 5.73 0.94

13, 802 tons of sulfur dioxide removed annually

aEquivalent hours annually at maximum capacity

C8, 750, 000 barrels burned annually
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TABLE C-10.

SCRUBBING COSTS: HAYNES

All costs in late 1977 dollars

MW = 1,633 Capacity factor = 0,667 hr/yr = 5, 843%
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 1,049 gpm (maximum) 192 192
(0. 67 gpm/MW) 3.84 x 108 gpy
2. Electrical power 20,142 kw 2,975 2,975
(1. 25 percent of 1.19 x 108 kWh
generated)
3. Steam (reheat) 1.237 x 1012 Btu 2,103 --
3.092 X 10~ Btu -- 5,256
4. Operating labor 39,420 hr/yr 591 591
4. 5 men/shift
5. Maintenance $191.9 x 106 5,757 5,757
3 percent of
capital
6. Lime at $42/ton 20,000 tons/yr 840 840
7. Disposal at 74,000 tons/yr 534 534
$7.21/ton
8. Annual charges, 191.9 x 106 36, 461 36, 461
19 percent
9. Total -- 49, 453 52,606
. $ /ton of sulfur Fuel oil, € ;
Reheat mills /kWh dioxide removed $ /bbl $/MMBtu
50°F 2,426 3.43 0.56
125°F 2,580 3.65 0. 60

aEquiva.len‘c hours annually at maximum capacity

20, 387 tons of sulfur dioxide removed annually

€14, 400, 000 barrels burned annually

259




TABLE C-1i. SCRUBBING COSTS: VALLEY

All costs in late 1977 dollars

MW = 526 Capacity factor = 0.158 hr/vyr =1, 384>
Average annual
Item Quantity operating costs, $(000)
Reheat = 50°F | 125°F
1. Makeup water 352 gpm (maximum) 15 15
(0.67 gpm/MW) 2.92 x 10¢ gpy
2. Electrical power 6,575 kW 228 228
(1. 25 percent of 9.1 X 106 kWh
generated)
3. Steam (reheat) 1.104 X 1011 Btu 188 --
2.760 x 10 Btu -~ 469
4. Operating labor 27,682 hr/yr 415 415
3,16 men/shift
5. Maintenance $81.2 x 106 2,436 2,436
3 percent of
capital
6. Lime at $42/ton 1,800 tons/yr 76 76
7. Disposal at 6,500 tons/yr 38 38
$5.90/ton
8. Annual charges, $81.2 x 106 19,488 19, 488
24 percent
9. Total -- 22,884 23,165
Reheat | mills/kwh | P/ton of sulfur Fuel oil, | ¢/ ryBig
dioxide removed $ /bbl
50°F 31.4 12,671 117.0 19.18
125°F 31.8 12,827 118.5 19. 43

a_‘qu:tivalent hours annually at maximum capacity

bi, 806 tons of sulfur dioxide removed annually

€195, 500 barrels burned annually
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TABLE C-12, SCRUBBING COSTS: CHEVRON, EL SEGUNDO
(CARBON MONOXIDE BOILER)

All costs in late 1977 dollars

MW = 80 (equi.v:-.v.lent‘.)a Operating factor = apprgximately hr/yr = 8, 395°
0. 85

. Average annual
Quantit .
Item 1 boile};) operating costs, $(000)

Reheat = 50°F 125°F

1. Makeup water 140 gpm (maximum) 32 32
6.35 x 107 gpy
2. Electrical power 4.96 x 106 kWh 174 174
(1. 25 X supplier
estimate)
3. Steam (reheat) 4.98 X 101? Btu 85 -
1.24x 10 Btu -- 211
4. Operating labor 4,200 hr/yr 63 63
0. 5 men/shift
5. Maintenance $12.4 % 106 372 372
3 percent of
capital
6. Lime at $42/ton 1,360 tons/yr 57 57
Soda ash at 640 tons/yr 51 51
$80/ton
7. Disposal at 5,666 tons/yr filter 38 38
$6.65/ton solids d
2,835 tons/yr liquid 19 19
8. Annual charges, $12.4 % 106 2,356 2,356
19 percent
9. Total -- 3,247 3,373
Reheat mills/kWh® $ /ton of sulfur dioxide removedf
50°F 5.7 3, 440
125°F 5.9 3,573

®Based on flue gas flow of 1,950 scfm/MW

b1*"1'action of the total hours operated annually (see footnote c) at normal
capacity
c

dSulfa,te solution purge (liguid)

*Based on 80 MW (equivalent)

Total hours operated annually

944 tons of sulfur dioxide removed annually

261




TABLES C-13. SCRUBBING COSTS: GREAT LAKES CARBON
(PETROLEUM COKE CALCINING KILNS)

All costs in late 1977 dollars
MW = 300 (equ:i.valent)a Operating factor = 1. 0b hr/yr = 7, 920°

Quantity Average annual
frem (3 kilus) operating costs, $(000)

Reheat = 50°F | 125°F

1. Makeup water 270 gpm g 64 64
1.28 x 10~ gpy
2. Electrical power 19.5 x 106 kWh 682 682
(1. 25 X supplier
estimate)
3. Steam (reheat) 6.21 % 1019 Btu 106 --
1.55 % 10 Btu -- 264
4. Operating labor 11,880 hr/yr 178 178
1.5 men/shift
5. Maintenance $45. 7 % 106 1,371 1,371
6. Lime at $42/ton 5,340 tons/yr 224 224
Soda ash at 2,250 tons/yr 180 180
$80/ton
7. Disposal at 22,770 tous/yr filter 186 186
$8.19/ton solids d ‘
4, 750 tons/yr liquid 39 39
8. Annual charges, $45. 7 % 106 8,683 8, 683
19 percent
9. Total - 11,713 11,871
Reheat 1’nills/l<Whe $ /ton of sulfur dioxide rernovedf
50°F 4.93 2,415
125°F 5.00 2,447

@ hree kilns, 1,950 scfm/MW

bFraction of the total hours operated annually (see footnote c¢) at normal
capacity

c

d . L.
Sulfate solution purge (liquid)

®Based on 300 MW equivalent

£

Total hours operated annually each kiln

4, 851 tons of sulfur dioxide removed annually
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TABLE C-14, SCRUBBING COSTS: MARTIN MARIETTA CARBON

(PETROLEUM COKE CALCINING KILN)

All costs in late 1977 dollars

MW = 95 (equivalent)® Operating factor = 1. oP hr/yr = 8, 040°

Quantity Average annual
Item {1 kiln) operating costs, $(000)
‘ Reheat = 50°F | 125°F
1. Makeup water 90 gpm 22 22
43.4 x 107 gpy
2. Electrical power 6.5 % 106 kWh 228 228
(1. 25 x supplier
estimate)
3. Steam (reheat) 2.10 % 1018 Btu 36 --
5.25 x 10 Btu -- 89
4, Operating labor 4,020 hr/yr 60 60
0. 5 men/shift
5. Maintenance $13.3 % 106 399 399
3 percent of
capital
6. Lime at $42/ton 1,810 tons/yr 76 76
Soda ash at 765 tons/yr 61 61
$80/ton
7. Disposal at 7, 705 tons/yr filter 60 60
$7.80/ton solids d
1,610 tons/yr liquid i3 13
8. Annual charges $13.3 x 106 2,527 2,527
19 percent
9. Total -- 3,482 3,482
Reheat mills/kWh® $ /ton of sulfur dioxidé removedf
50°F 4.6 1,140
125°F 4.7 1,157
%One kiln, 1,950 scfm/MW
Fraction of the total hours operated annually (see footnote c) at normal
capacity
“Total hours operated annually
dSulfat:e solution purge (liquid)
®Based on 95 MW (equivalent)
f3, 055 tons of sulfur dioxide removed annually
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TABLE C-15.

MW = 75 (equivalent

)a

All costs in late 1977 dollars

Capacity factor

0. 94b

SCRUBBING COSTS: STAUFFER CHEMICAL
(SULFURIC ACID UNITS)

hr/vyr = 8, 424

Average annual

Quantit .
Item (3 Unitsy) operating costs $(000§
Reheat = 50°F | 125°F
1. Makeup water 5 gpm iz --
2.4 x 10" gpy
2. Electrical power 1.28 x 106 kWh 45 -
(1, 25 X supplier
estimate)
3. Steam (reheat) 3.2 % 1010 Btu 54 --
4, Operating labor 6,000 hr 90 -
(supplier
estimate)
5. Maintenance $11.2 % 106 336 --
3 percent of
capital
6. Lime at $42/ton 500 tons/yr 21 --
7. Disposal at i, 760 tons/yr 14 -
$8.08/ton
8. Annual charges, $11.2 % 106 2,128 --
19 percent
9. Total - 2, 700 -
Reheat mills /kWh® $ /ton of sulfur dioxide removedf
50°F 4.5 5, 544
125°F -- --

@Three units, 1950 scfm/MW

b]?ra.ction of the total hours operated annually (see footnote ¢) at normal
capacity

®Total hours operated annually each unit

dReheat of 125°F not considered. Currently exhaust exits at approximately

80°F
®Based on 75 MW (equivalent)

487 tons of sulfur dioxide removed annually -
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APPENDIX D

AVAILABILITY OF LIME AND LIMESTONE

A number of local suppliers were contacted by telephone to
determine the availability, costs, and purity of lime and limestone, The
total quantities required for the installations studied are approximately
244 tons per day of lime or 490 tons per day of limestone (89. 0 X 103 or
178 X 9 X 103 tons per year, respectively).

Either lime or limestone is available in the Los Angeles area
in the bulk from at least one supplier in the requisite amounts. The purity
of the product is in excess of 90 percent and may be as high as 99 percent
for limestone. The price quoted for limestone delivered to Los Angeles is
approxindately $25 per ton. The price range of lime varied within a range
of $34 to $51 per ton. Price varies with the mesh size, the fine mesh
costing more than the coarser material. Table D-1 summarizes the

information.
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TABLE D-1.

LIME AND LIMESTONE AVAITABILITY AND COSTS

Supplier

Price,? $/ton
delivered

Purity, percent

Lime Limestone

Lime

Limestone

Remarks

b $22.90

$34.00

$51. 00 $22.00

$26.50

b

95

90 to 97.5

98

98.5

98 to 99

Bulk limestone
only - lime not
available in
bulk

Adequate supply
of bulk lime

Both bulk lime
and limestone
available in any
mesh

Bulk limestone
available in any
mesh

®Based on No. 6 mesh (pebble)

Not available
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APPENDIX E

EFFECT OF INCREASING RATE OF PAYMENT
OF SCRUBBER EQUIPMENT

The lifetimes of the industrial and utility plants were estimated
to be 20 years on the basis of re'sponses to questionnaires, except for SCE
Redondo Units 1 through 4 and DWP Valley Units 1 through 4. These were esti-
mated as 10 years (the scrubber design lifetimes in all cases were considered
to be 20 years). In the event capital equipment were paid off at a rate faster
than the 20 years considered in this study, factors were developed to adjust
the 20-year values to shorter periods. The factors to be applied to capital
charges and annualized costs (Tables 70 and 71, respectively) for industrial
scrubber lifetimes less than 20 years at 9 percent interest are presented in
Figure E-1. Special cases for Redondo Units 1 through 4 and Valley stations
are discussed in Section 4. 5.2 and summarized here,

The application of these factors to costs initially calculated
on a 20-year lifetime assumes that there is no change in plant capacity
factor relative to the 20-year value. Therefore, it should be emphasized
that these factors will not apply to utilities directly if shorter lifetimes
were defined because, as the anticipated lifetimes are shortened, the capacity
factor is also reduced; i.e., with a 10-year projected lifetime for SCE
Redondo Units 1 through 4 and DWP Valley Units 1 through 4, the average
capacity factor is about 15 versus 42. 4 percent for the remaining utilities
in the study. Therefore, the annualized costs, in mills/kWh, for 10 years
relative to 20 years increase not only due to the effects of increased capital
charges but also to decreased outputs. Average annualized costs are
8.8 mills/kWh for 20 years and average capacity factor of 42.4, and 31.6
mills /kWh for 10 years and 15 percent.
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Figure E-1. Cost factors for early payoff of stationary

source SO, scrubber system relative to
20-year equipment lifetime
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An example of the use of Figure E-1 to determine scrubber
annualized charges for industrial sources (or any source without a change in
capacity factor) as a result of accelerated capital payment is as follows:

a. For 20 years, the annual capital charge rate is 19 percent

using a 9 percent interest (Table 69).

b. For a 5-year payoff on scrubber equipment, the annual
capital charge rate is 1.79 x 19% = 34% (Figure E-1).

c. For Chevron, considering a 20-year SO, source life-
time, the annualized cost for scrubbing’is $3440/ton
SOz removed (Table 71),

d. For Chevron and a 5-year life, the annual cost becomes
1.59 x 3400 = $5470/ton SO2 removed (Figure E-1).
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AAF
AC-FT
ACFM
AFDC
B&W
CE
CaO
CaCO
CcO
DWP
FGD
gpm
HZSO
IWC
kW
kWh
L/G
MW

MWe

Na,Z‘SO3

O&M

GLOSSARY

American Air Filter

acre feet

actual cubic feet per minute

allowance for funds during construction
Babcock and Wilcox

Combustion Engineering

lime

limestone - calcium carbonate

carbon monoxide

Los Angeles Department of Water and Power
flue gas desulfurization

gallons per minute

sulfuric acid

inch water column

kilowatt

kilowatt -hour

liquid-to-gas ratio (GPM/1000 ACFM)
megawatt

megawatt equivalent: The term MWe relates industrial
scrubber capacity (based on flue gas flow rates) to an equiva-
lent electrical utility installation. For the industrial SO)
sources in this study the factor was 1950 actual cubic feet
per minute per megawatt (ACFM/MW).

sodium sulfite

operation and maintenance
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ppm
R-C
SCE
SCFM
SO
TCA
TPY

TVA

parts per million (by volume)
Research-Cottrell

Southern California Edison Company
standard cubic feet per minute
sulfur dioxide

turbulent contact absorber

tons per year

Tennessee Valley Authority
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