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1.0 ENGINEERING ANALYSIS METHODOLOGY

Georgia Environmental Protection Division (EPD) has requested an analysis using four factors to determine
potential emission reductions that are reasonable for selected emission units at the Cedar Springs Mill. The
fourth factor, “remaining useful life”, indicates that a detailed engineering analysis is required if the

expected remaining useful life is beyond the year 2018. The Mill believes that the emission units of interest

will continue operating beyond 2018. Thus, GP has prepared this engineering analysis.

The engineering analysis in this application follows the “top-down” approach. The “top-down” approach
starts with the most stringent control technology alternative that has been applied to same or similar sources
and provides a basis for rejecting this alternative in favor of the next most stringent technology or proposing

it as a reasonable measure. Following are the basic steps of a “top-down”analysis:

1) Identify all control technologies
a) All typically in use
b) Determined as BACT and listed in USEPA RACT/BACT/LAER Clearinghouse
¢) Inuse at Georgia-Pacific Corporation facilities

2) Eliminate technically or economically infeasible options

3) Rank remaining control technologies by control effectiveness

4) Evaluate most effective controls and document results

5) Select Control Technology
Georgia EPD has determined that the only relevant pollutant is sulfur dioxide (SO,) and the only

emissions units of interest are Recovery Boiler No. 3 and Power Boiler Nos. | and 2. The following

sections present a description of each process unit and a feasibility analysis for SO,.
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2.0 ENGINEERING ANALYSIS FOR NO. 3 RECOVERY BOILER

2.1 SOURCE DESCRIPTION

The recovery boiler is at the heart of the Kraft chemical recovery process. It fulfills the following essential
functions:

(1) Evaporates residual moisture from the black liquor solids.

(2) Burns the organic constituents.

(3) Supplies heat for steam generation.

(4) Reduces oxidized sulfur compounds to sulfide.

(5) Recovers inorganic chemicals in molten form.

(6) Conditions the products of combustion to minimize chemical carryover.

Heavy black liquor from the pulping process is sprayed directly into the recovery boiler. The liquor droplets
dry and partially pyrolyze before falling onto the char bed. Incomplete combustion in the porous char bed
causes carbon and carbon monoxide to act as reducing agents, thus converting sulfate and thiosulfate to
sulfide. The heat is sufficient to melt the sodium salts, which filter through the char bed to the floor of the
recovery boiler. The “smelt” then flows by gravity through water-cooled spouts to the associated smelt

dissolving tanks.

The Recovery Boiler No. 3 is a low odor, non-direct contact evaporator design. The Recovery Boiler No. 3
was previously reviewed for Best Available Control Technology (BACT) for SO, in November 2001
(application TV-13439). The EPD determined that Good Combustion Practices is BACT.

The Mill is currently preparing a PSD permit application to install an additional crystallizer/concentrator
system to remove additional water from the black liquor solids. This high-solids system is comparable to

the system in place on the Mill’s other two recovery boilers.

2.2 ANALYSIS FOR SULFUR DIOXIDE
Step la-Identification of Control Technologies-Typical Technologies in Use in the United States

Emission control equipment that might be considered to control SO, emissions from a recovery boiler would
include any one of a number of absorption (i.e., scrubbing) processes, a flue gas desulfurization (FGD)

system, and combustion controls.
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Gas Absorption

Gas absorption systems are designed to maximize contact between the gas and liquid solvent in order to
permit interphase diffusion of the SO,. Absorbers found to adequately disperse the liquid include packed
towers, plate or tray towers, and spray chambers. When water is the liquid solvent, absorbers are analogous
to wet scrubbers used for the reduction of particulate matter emissions (see discussion above). Thus, this
type of equipment can be used to reduce both types of contaminants. Under high inlet loading rates, SO,
emission reductions of 90-98% can be expected using gas absorption systems. Packed tower absorbers may
achieve efficiencies as high as 99.9%. However, if the pollutant concentration entering the absorber is

relatively low, then the SO, removal efficiency will be much lower.

The absorbent may be limestone, dual alkali, sodium solutions, ammonia-based solutions, citrate process or
magnesium oxide process. These technologies are utilized to control SO, emissions in the chemical
industry and for some types of combustion-related equipment. Absorption is the process whereby one or
more gaseous contaminants are selectively dissolved into a relatively nonvolatile liquid. The liquid contains
the equilibrium concentrations of the gaseous component. The effluent from an absorber would be

discharged to a wastewater treatment plant and not reused in the Mill.

Gas absorption systems usually have significant pressure drops, in the range of 6-8 inches w.c. This may
require additional expenditures for a new fan that is designed to handle the added pressure drop. These

systems also require routine maintenance to clean out or replace the packing material.

Flue Gas Desulfurization

This technology has been used on coal-fired boilers and works in one of two ways. The first method works
by injecting fine particles of dry limestone into the combustion chamber of the boiler. The limestone
(calcium carbonate) reacts with the sulfur dioxide gases to form calcium sulfate. The calcium sulfate must
then be removed from the boiler exhaust gas stream as particulate matter. The second method works by
adding wet slurry of limestone into a wet scrubber that is controlling the flue gases from the boiler. The wet
limestone also reacts to form calcium sulfate, but as a wet slurry, and not a dry particulate, as is the case
with the first method. This second method results in the generation of a sludge (usually as calcium sulfate
or gypsum) that must be sent to an off-site landfill (in some cases, there may be a way to reuse the sludge, if
impurities are not present such as for making gypsum wall board). Both of these methods provide relatively

high removal efficiencies, generally 90% and higher, depending upon the specific application.

Combustion Control and High Black Liguor Solids Content
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Proper combustion control is an effective means to control SO, emissions from recovery boilers. SO,
emissions are formed by the oxidation of reduced sulfur compounds in recovery boilers. These emissions
vary depending upon the sulfur content of the black liquor being burned, the quantity of oxygen available in
the combustion chamber, and the black liquor dry solids content. A separate permit application is under
preparation for the No. 3 Recovery Boiler to increase the high black liquor solids content and therefore emit
lower quantities of SO, than traditional direct contact evaporator (DCE) recovery boilers. In fact, the RBLC

lists “high solids firing” as a BACT control technology for recovery boilers.

Combustion control to reduce SO, emissions is inherent in the design of a recovery boiler due to the
chemical reactions that take place inside of the combustion chamber when black liquor is combusted. Black
liquor normally contains a number of sulfur-bearing compounds when it is generated from the Kraft pulping
process. When black liquor is oxidized, most of the oxidized sulfur compounds are converted to sulfides.
These inorganic compounds, primarily sodium sulfide and sodium sulfate, recovered in molten form at the
bottom of the boiler bed, are referred to as “smelt”. The smelt is drained through the bottom of the recovery
boiler into a smelt dissolving tank. The majority of remaining sulfur compounds that leave the smelt bed as
a sodium fume from the reduction process is tied up with the boiler bottom ash as sodium sulfate, thereby
reducing SO, emissions discharged from the boiler. Likewise, when black liquor is co-fired with oil and its

sulfur, the sulfur is bound with the sodium fume.

The capture of SO, is primarily dependent upon the boiler bed temperature. Typically, a hot char bed will
promote more rapid adsorption of SO, into the smelt and generate sufficient amounts of sodium fume to tie
up the majority of the remaining SO, as sodium sulfate. A properly operated recovery boiler will result in
an SO, capture efficiency of 99% or better. This is why SO, emissions from well-operated recovery boilers

usually have an average SO, concentration in the exhaust gas well under 100 ppmv.

Step 1b-Identification of Control Technologies-Review of RACT/BACT/LAER Clearinghouse

Searches of the RBLC were conducted to identify control technologies for the control of SO, emissions

from recovery boilers.

The specific categories searched are listed below:

e External Combustion-Other-11.999
e Kraft Pulp Mills-30.002
e Pulp & Paper Production Other than Kraft-30.004
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e  Other Wood Products Industry Sources-30.999
The results of the searches are summarized below:

Boiler design and good engineering practices
No controls

High solids firing

Limit of 30% sulfidity in black liquor
Combustion control

Low odor design boiler

Combustion control

Good process controls

Step Ic-Identification of Control Technologies-Review of Technologies in Use at Georgia-Pacific

Corporation Facilities

With the exception of the Camas, Washington Mill, all of the Georgia-Pacific recovery boilers utilize
combustion control techniques to minimize the generation of SO, emissions. The Camas recovery boiler is
equipped with wet scrubbers to recover heat to generate process water for the Mill, and not to reduce SO,
emissions. The Camas Mill has not tested inlet and outlet concentrations of SO, to determine the SO,

removal effectiveness of a wet scrubber.

Step 2-Technical Feasibility Analysis-Eliminate Technically Infeasible Options

Systems that inject chemicals into the combustion chamber as a means to control SO, emissions will
interfere with the recovery process that is taking place inside of a recovery boiler. For this reason, flue gas
desulfurization using the “dry limestone” method is not considered technically feasible or a demonstrated
technology to reduce SO, emissions from recovery boilers. Additionally, there are no known recovery

boilers in the U.S utilizing this particular type of SO, control.

The use of a flue gas desulfurization system that employs the wet limestone slurry method (outside of the
boiler) would be technically feasible, as would the use of a gas absorption system with a caustic solution

(e.g., sodium hydroxide).
However, the inherent design of a recovery boiler and the use of combustion control techniques result in low

SO, emissions. Because of this fact, the use of additional downstream SO, controls, such as a wet

adsorption tower, cannot be economically justified since the average inlet SO, concentration directed to the

\BART\Cedar Springs 4F Engineering.doc 6



G-P Cedar Springs LLC
Four Factor Control Technology Analysis
June 2007

control device is usually well under 100 ppmv. With low typical inlet concentrations, the scrubber design

for gas residence time for contact with a scrubbant would become excessively large.

Annual SO, concentrations for the No. 3 Recovery Boiler during 2006 averaged less than 51 ppmv, based
on stack testing results and from the use of an uncertified SO, emissions monitor (excluding start-up and
malfunction emissions). While it is technically feasible to use a scrubber to control SO, emissions from a
recovery boiler, it would not be economically feasible to install SO, controls on a source that has such a low

exhaust gas stream concentration during normal operations.

Combustion control and gas absorption system with a caustic solution are technically feasible for use in

reducing SO, emissions in recovery boilers.

Step 3-Ranking The Technically Feasible Control Alternatives to Establish a Control Hierarchy

Dry flue gas desulfurization systems were eliminated due to technical infeasibility. The only remaining
control technologies are the use of an SO, adsorption device (scrubber) and the inherent design of a

recovery boiler and combustion control techniques.

A conventional SO, scrubber can reduce SO, emissions from 90-98%, depending upon the degree of control
required. Higher control efficiencies (99+%) require larger and more expensive scrubbers. As discussed

above, the inherent design of recovery boilers already results in SO, removal efficiencies of 99+%.

Step 4-Control Effectiveness Evaluation

The No. 3 Recovery Boiler at the Cedar Springs Mill utilizes a non-direct contact evaporator (NDCE), low
odor design, and staged combustion control techniques. Furthermore, as discussed above, SO, emissions,
based on stack tests conducted during 1999 through 2003 and the use of an emissions monitor, averaged less

than 20 ppm when burning only black liquor.

When a recovery boiler is only burning black liquor, the inherent design of the unit results in a control
efficiency that is roughly equivalent to the control efficiency achieved through the use of an SO, scrubber.
Further, SO, scrubber can not remove additional SO, emissions in applications with a loading at

approximately 10 to 20 ppm.
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The remaining technology, combustion control, is therefore considered to be the most effective control
technology for reducing sulfur dioxide emissions from recovery boilers. Combustion control is part of the

inherent design of the No. 3 Recovery Boiler.

Step 5-Select Control Technology

EPD has previously determined that Good Combustion Practices is BACT for Cedar Springs’ Recovery
Boiler No. 3. There is no NSPS limit for SO, emissions from recovery boilers. GP continues to believe that

no additional control technologies are reasonable.
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3.0 ENGINEERING ANALYSIS FOR NO. 1 AND NO. 2 POWER BOILERS

3.1 SOURCE DESCRIPTION
The Mill’s two power boilers are used to provide steam to produce electrical energy using two turbine

generators. The power boilers also act as “swing” boilers, providing supplemental steam for facility
operations based on Mill production loads and steam header pressure. Each boiler is designed for steam
production at a maximum continuous rating (MCR) of 500,000 pounds per hour (Ibs/hr), with a two-
hour peak rating of 600,000 Ibs/hr. The maximum heat input rating based on each boiler operating at
500,000 Ibs/hr of steam is 784 million British Thermal Units per hour (MM Btu/hr) based on 100% coal

firing. Each boiler is currently equipped with a venturi scrubber for particulate matter control.

The primary fuels for these boilers are a combination of pulverized coal and wood waste (primarily
bark). Natural gas or propane is burned as an igniter fuel for the pulverized coal-fired burners, while
No. 2 or No. 6 fuel oil is also used as a start-up fuel and as a supplemental fuel if there is not a sufficient
amount of coal to burn with the wood waste. Tire derived fuel (TDF), peanut/pecan hulls, OCC rejects,
used oil, and primary clarifier wastewater treatment sludge can be combusted as alternate fuels in

limited amounts.

The Nos. | and 2 Power Boilers were placed in service in 1963 and 1967, respectfully. Both boilers are
designed to fire pulverized coal (with nine specialized burners) at the boilers” MCR, or bark and the
other solid fuels on a traveling grate. No. 2 or No. 6 fuel oil is combusted through the use of spread-type

oil burners.
Since 2006, the Mill has undergone a number of modifications to its two power boilers in order to meet

compliance with the Boiler MACT PM standard before the compliance date of September 13, 2007.

The following paragraphs summarize the permitted modifications currently underway on both boilers:

1. Combustion Controls/Over-Fire Air System (OFA)

Each power boiler will have its over-fire air system upgraded, by replacing its existing over-fire air fan
with a new forced draft fan and over-fire air headers. The upgraded combustion controls will maintain
better fuel/air ratios, over-fire air to under fire air ratios, and proper combustion staging. Increased

combustion efficiency will result from longer residence time of gases in the furnaces, keeping the hot air
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at a controlled velocity, which will minimize entrained fines to the scrubbers (decreased load), and

increase furnace stability. The OFA system includes:

e Replacement of existing coal burners with high efficiency, secondary air control
burners

e Addition of a new forced draft fan and drive for combustion air system

e Addition of a new steam coil air heater (to preheat combustion air)

e Addition of an OFA air fan and drive

e Upgrade and modify the distribution and control of combustion air introduced into the
boiler

2. Mechanical Multicyclone

The existing nine-inch (9””) diameter mechanical multicyclones will be replaced with twenty-four inch
(24”) diameter multicyclones. The decrease in pressure drop across the multicyclone will result in
lower PM emissions from the boilers. The collection system will include:
e New rotary ash valves
e New inlet and outlet duct sections and expansion joints
e Each mechanical multicyclone will be equipped with 72 tube assemblies and will be
designed to treat 400,000 actual cubic feet per minute of gas. It is anticipated that this
will result in a pressure drop for enhanced particulate collection.

3. Bark Bin Modifications

Modifications to the bark bins will enhance fuel feed consistency and decrease air leakage to the boilers.
The bark feed system will include:

e Sloping of the front wall

e New screws with variable feed drives
The design bark feed rate to the boilers will remain the same, which is a maximum feed rate of 37.5 tons

per hour each.
As these are significant changes to the boilers, the baseline conditions for this analysis cannot reflect the

equipment in place during 2001-2003 alone. The following analysis reflects the boilers after the

modifications required by MACT are installed this year.

\BART\Cedar Springs 4F Engineering.doc 10



G-P Cedar Springs LLC
Four Factor Control Technology Analysis
June 2007

The two power boilers are very similar to each other. The following analysis determined installation
and operating costs for one power boiler. The cost effectiveness calculations are presented for each

boiler, reflecting the unit-specific baseline emissions.

3.2 ANALYSIS FOR SULFUR DIOXIDE

Step la-Identification of Control Technologies-Typical Technologies in Use in the United States
Emission control equipment that may be considered to control sulfur dioxide emissions from boilers
includes wet and dry scrubbers and flue gas desulfurization techniques such as lime injection. The use

of clean fuels can also be considered as an additional alternative to add-on controls.

Step 1b-Identification of Control Technologies-Review of RACT/BACT/LAER Clearinghouse
(RBLC)
Searches of the RBLC were conducted to identify control technologies for the control of SO, emissions
from combination boilers. The specific category searched was

e External Combustion- -11
The clearinghouse listed the use of clean fuels, wet and dry scrubbers and flue gas desulfurization

techniques such as lime injection as the control technologies.

Step 1c-Identification of Control Technologies-Review of Technologies in Use at Georgia-Pacific
Corporation Facilities

Georgia-Pacific operates numerous combination boilers and bark boilers within the US. SO, control
technologies include wet scrubbing, dry scrubbing, lime injection on fluidized bed boilers, and the use

of clean fuels.

Step 2-Technical Feasibility Analysis-Eliminate Technically Infeasible Options

All of the technology options are technically feasible.

Step 3 — Ranking the Technically Feasible Alternatives to Establish a Control Hierarchy
The ranking of the technologies are:

1. Wet scrubbing with caustic wet and dry scrubbing at greater than 90%

2. Limestone injection at 60-70% reduction

3. Wet Scrubbing with water alone at approximately 30%.

4. Coal washing at <10-15%
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Step 4-Cost Effectiveness Evaluation
Wet Scrubbers
When first considering only wet scrubbing with caustic or dry scrubbing, the analysis only needs to consider
the lower cost of the two. The power boilers each have a dedicated wet scrubber presently, thus the wet
scrubber option will be much lower cost as control scenarios may take advantage of existing equipment,
maintenance procedures and work practices. GP has worked closely with one scrubber supplier,
Turbosonic, to determine novel options to increase the number of high SO, removal options for use with wet
scrubbers. These options in descending level of control are:
1. Remove all existing scrubber equipment and install new scrubbers with new stacks to provide an
SO, removal rate of 95%+ (Note that dry scrubbers cannot typically achieve this high level)
2. Modify existing venturi scrubbers with additional spray tower vessels and use sodium hydroxide to
achieve over 90% SO, removal
3. Modify existing venturi scrubbers to accept sodium hydroxide without additional spray tower

vessels to achieve over 85% SO, removal

Wastewater treatment options are a significant variable for the Mill. The total wastewater flow rate for each
of the three options is approximately 410 gallons per minute (equal to approximately 0.6 million gallons per
day). Until more complete engineering costs are developed, the estimated annual direct operating cost is

$0.3MM/yr for using the existing wastewater treatment system at the mill with additional lift stations.

The following table presents the equipment costs, preliminary annualized costs and cost effectiveness values

for these options.

Table 1. Summary of Cost Effectiveness for Sulfur Dioxide Removal from Power Boilers, Cedar Springs

Control Option 1 2 g
Estimated Removal Efficiency 95% 90% 85%

PB | PB 2 PB | PB 2 PB | PB 2
Baseline SO, Emissions (tpy) (2005) 1,199 1,333 1,199 1,333 1,199 1,333
SO, Removed (tpy) 1,177 1,292 1,122 1,233 937 1,037
Total Capital Costs ($M) 18,716 18,716 19,612 19,612 4,859 4,859
Direct Operating Costs ($M/yr) 871 946 811 881 653 710
Indirect Operating Cost ($M/yr) 3,045 3,045 3173 3,173 1,072 1,072
Total Annual Cost ($M/yr) 3916 3,991 3,983 4,053 1,725 1,782
Cost Effectiveness $/ton 3,327 3,089 3,550 3,287 1,841 1,718

PB | = Power Boiler |, PB 2 = Power Boiler 2
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GP believes that the top 2 levels of control are economically infeasible. Further, the incremental cost
effectiveness values are extremely high. The following example calculations indicate incremental cost

effectiveness is greater than $8,500/ton.

Total Costs (annualized) of Control Option — Total Costs (annualized) of Next Control Option

Next Control Option Emission Rate — Control Option Emission Rate

From Option 3 to Option 2 for Power Boiler 1:
[3,983 $/yr —1,725%/yr | / [1,122 tons- 937 tons] = $12,200 /ton

From Option 3 to Option | for Power Boiler 2:
[3,991 $/yr—1,7812%/yr |/ [1,292 tons- 1,037 tons] = $8,700 /ton

GP provided detailed calculations for the installation and operating costs in our February 2007 BART

analysis. Those calculations are presented again in the appendix to this report.

During our discussions with our scrubber supplier, GP reviewed the CEMs data and requested additional
engineering calculations from Turbosonic to determine the existing level of control - Turbosonic has
estimated that the scrubbers (after MACT modifications are completed as well as in their present state) can

remove up to 30% of the SO, emissions without the addition of caustic.

In addition, GP has reviewed NCASI technical documents and EPA AP-42 to determine how the alkaline
bark when co-fired with coal can act as a reducing agent to capture sulfur in the bottom ash. GP believes
that approximately 10% of the SO, fed into the boiler in captured by wood when co-fired and not exhausted

to the wet scrubbers.

Since 2006, GP has operated a continuous SO, emissions monitor on Power Boiler No. 1. In 2007, GP will
install an SO, CEMs on Power Boiler No. 2. With the additional emissions data from the CEMs, GP
believes its actual emissions are at least 30% below previously reported levels. The emission factors are
more conservative than actual measured emissions which excluding any SO, removal by the scrubber and
possible absorption into alkaline ash when co-fired with wood. The 30% reduction in emissions will require
no additional cost and is the most cost-effective option. GP has not claimed these lower actual emission

rates in the past, as the CEMs data was not available.
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Dry Sorbent Injection

Though technically feasible, Cedar Springs does have some concern with this option. First, the use of these
systems is very limited. We found one facility in Colorado actively using a trona based DSI system. Second, the
available suppliers of trona are very limited. In fact, we only learned of only one US based location for mining
trona in Sweetwater County, Wyoming. Use of trona would be more attractive in a water-scarce region and
located much closer to the trona supply. It would place the Mill’s operations at risk to select a technology with
just one supply location so far away and dependent on rail transportation. Third, the literature reports that trona-
based DSI has the potential to cause a brownish or orange plume due to a conversion of nitrogen oxide to nitrogen
dioxide in the flue gas. When we asked the vendors of DSI technology about this phenomenon, they could not
guarantee that under all conditions we would not experience the brownish plume. Given the applicable opacity

limits, this would be a major factor against selection of this technology.

DSl is a post-process SO, control system. O’Brien and Gere furnish a DSI system using Trona, as a dry powder,
pneumatically injected into the Boiler’s outlet ductwork. The Trona is injected into the hot ductwork region where
the flue gas temperature is approximately 700°F. O’Brien & Gere’s experience shows that this flue gas
temperature presents the best environment for SO, control for this type of Power Boiler. Trona is a naturally
occurring mineral that is chemically known as sodium sesquicarbonate or hydrated sodium bicarbonate
(Na;HCO3CO5-2H,0). Trona in-duct injection systems may also enhance the capture of mercury (Hg), nitrogen
oxides (NOy) and hydrogen chlorides (HCI) in the flue gas stream. The exact amount of Hg and HCI capture is
not quantified by O’Brien and Gere. O’Brien & Gere stated the following in their budgetary quote for a similar

GP Boilers at another facility:

“Application specific variables including, but not limited to: fuel blend, flue gas temperature, contaminant
loading, duct configuration, Trona residence time, and back-end control device performance all influence Trona

duct injection performance.”

O’Brien & Gere highly recommends performance of a site-specific duct injection demonstration prior to
implementation of a full-scale system design / installation.” The cost of this test and study are included in the

capital estimate.

Installation of this system includes the addition of a new Trona Storage Silo that has a capacity to store seven (7)
days of sorbent. Normally, thirty (30) - to — forty (40) micron sized Trona is stored in the silo, as delivered. A Bin
Vent Filter (pulsed jet baghouse type) is installed on the roof of the Silo to capture dust during truck unloading
into the Silo. An access and platform system is installed to maintain this installed equipment. The required
isolation gate(s), hopper(s), and feeder(s) are furnished along with an installed in-line Mill to re-size the Trona to
fifteen (15) microns for injection purposes. A blower system pneumatically conveys the Trona in a dry form

directly to the Boiler’s outlet duct by way of a pneumatic piping system. Installation of the Silo and associated
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auxiliary equipment will be in the area of the powerhouse. An injection nozzle is installed in the hot area of the

flue gas ductwork to receive and distribute the powdered Trona into the gas stream.

O’Brien and Gere states that approximately two-thirds of the Trona that is injected into the ductwork system will
be captured by the particulate matter control system. The remaining one-third passes through the ductwork and
out of the stack in a gaseous state. O’Brien and Gere have not determined if the existing wet scrubbers can handle
the increased solids loading with no change in performance. No money was included in this capital estimate to

modify the existing scrubber to accept the Trona injection into either Power Boiler.

(213000 actm for Power Boiler (1 or 2) /386,000 acfm for base estimate)*0.6 x Total Installed Cost of
$12,520,000 for base estimate = 0.7 x $12,520,000 = $8,765,400

The operating costs are Trona usage, operating labor and maintenance. For Power Boiler I, the uncontrolled

baseline emission rate is 1199 tpy. The removal efficiency of 70% would remove 840 tpy.

The estimated Trona usage is 5.7 pound of Trona per pound of SO,. The estimated cost for Trona delivered is
$150 per ton. Thus the Trona usage annual cost is approximately $150/ton Trona x 5.7 ton Trona/ton SO, x 1199
ton SO, = $1.03MM.

The operating labor cost is estimated to be 2 man-hours per shift x 3 shifts per day x 365 days per year and a rate

of $16/ hour. This operating cost is =2 x 3 x 365 x 16 = $35,000.

The annual maintenance cost is estimated. at 1.5% of TIC.

Thus the total direct operating cost is: $1.03MM + $35,000 + 1.5% x $8,765,400 = $1.2 MM/yr.

The other indirect annual operating costs are capital recovery cost (0.0944 x TIC), administrative, property tax and
insurance (2.5% x TIC), or equal to 0.1194 x TIC. The annual indirect cost is thus:

Annual Indirect costs = 0.1194 x $8,765,400 = $1.1 MM/yr.

Total Annual costs = $1.2 MM + .1 MM = $2.3 MM/yr
The cost effectiveness is thus $2.3 MM/yr / (840 tpy) = $2,740/ ton SO, removed.

GP believes that this is not economically feasible.
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Coal Washing

Coal washing is performed to reduce the pyritic sulfur and excess ash from raw coal. EPA estimates that
pyritic sulfur may be as high as 10% of the total sulfur in the coal. Although GP believes its actual pyritic

content to be much lower, the following cost effectiveness calculations assume 15%.

Applying the AP-42 emission factor of 38S Ib SO,/ton coal and a sulfur content of 1.0% (average 2002 —

20006) yields an emission factor of 0.019 ton uncontrolled SO,/ton coal.

Considering 15% of the sulfur may be removed from the coal, the equivalent factor is 0.019 x 15 % =

0.00285 ton SO, removed/ton coal.

The estimated marginal cost for washing coal prior to delivery to the Cedar Springs Mill is $15/ton coal.

Thus the cost effectiveness for coal washing is at least:

$15 /ton coal x ton coal/0.00285 ton SO, = $5,263 /ton removed.

GP believes that this is not economically feasible.

Step 5-Select Control Technology

GP believes that both coal washing and sorbent injection options are not reasonably economically feasible.
Though the sorbent injection option is lower cost, concerns about opacity, scrubber capacity to remove
additional solids and sole-source of sorbent supply elim‘inate as a reasonable option. GP believes the
existing wet scrubbers are a reasonable measure. As they exist presently, the scrubbers can remove 30% of
the uncontrolled SO2 with no additional cost. Higher levels of removal are achieved with adding caustic
and scrubber modifications. The most reasonable option is the existing use of water without caustic as a

scrubbant.
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4.0 ENGINEERING ANALYSIS SUMMARY

G-P Cedar Springs LLC
Four Factor Control Technology Analysis

June 2007

The following table summary presents the summary of the technically feasible options for the No. 3 Recovery

Boiler and Power Boiler Nos. | and 2.

Summary of Engineering Analysis, GP Cedar Springs LLC

Emission Unit

Existing Controls

Evaluated Technology

$/ton

No. 3 Recovery Boiler

No. | and 2 Power Boiler
No. | and 2 Power Boiler
No. 1 and 2 Power Boiler

No. 1 and 2 Power Boiler
No. | and 2 Power Boiler
No. | and 2 Power Boiler

Combustion Control

Wet Scrubber
Wet Scrubber
Wet Scrubber

Wet Scrubber
Wet Scrubber
Wet Scrubber

Combustion Control

Caustic Scrubber (95%)
Caustic Scrubber (90%)
Caustic Scrubber (85%)
Caustic Scrubber (30%)
Duct Sorbent Injection
Coal Washing

3,300
3,500
1,800
0 (a)
2,740
5,263
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G-P Cedar Springs LL.C
Four Factor Control Technology Analysis
June 2007

APPENDIX

Capital Cost Calculations for Wet Scrubber Options by Jacobs Engineering Group (2007)
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Appendix C:
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Georgia Pacific Jacobs Job #16DC9000
Cedar Springs, GA

Cedar Springs Combination Boilers No. 1 and No. 2 - Boiler MACT Modifications

Description Equipment Cost Direct Labor Cost Comments
50% Caustic Metering Pump No. 1 $ 6,850.00 $ 1,775.00 1.2 gpm @ 230 ft
Motor Included $ 222.00 1.2 hp @ 1800 rpm
VFD $ 4,000.00 $ 444.00 5 hp rating
50% Caustic Metering Pump No. 2 $ 6,850.00 $ 1,775.00 1.2 gpm @ 230 ft
Motor Included $ 222.00 1.2 hp @ 1800 rpm
VFD $ 4,000.00 $ 444.00 5 hp rating
Wastewater Pump No. 1 $ 27,000.00 $ 2,200.00 400 gpm @ 600 ft
Motor Included $ 350.00 150 hp @ 1800 rpm
Wastewater Pump No. 2 $ 27,000.00 $ 2,200.00 400 gpm @ 600 ft
Motor Included $ 350.00 150 hp @ 1800 rpm
50% Caustic Day Tank $ 50,000.00 $ 11,094.00 13' Diameter x 16' Straight Side - Carbon Steel

Description Baseline ltem Cost Baseline Equip. Cost Ratio Factored Cost
Demolition (Equip List & MACT Work) Cost is Estimated Rather Than Factored $ 150,000.00
Site Improvements $ 140,041.00 $ 2,800,811.00 5.00% $ 7,338.82
Piling, Cassions $ 196,057.00 $ 2,800,811.00 7.00% $ 10,274.33
Concrete $ 84,024.00 $ 2,800,811.00 3.00% $ 4,403.26
Structural Steel $ 915,016.00 $ 2,800,811.00 32.67% $ 47,951.25
Piping Cost is Estimated Rather Than Factored $ 579,000.00
Insulation Cost is Estimated Rather Than Factored $ 5,000.00
Instrumentation $ 210,061.00 $ 2,800,811.00 7.50% $ 11,008.21
Electrical Cost is Estimated Rather Than Factored $ 17,500.00
Painting $ 28,008.00 $ 2,800,811.00 1.00% $ 1,467.75 |
Total Direct Costs $ 980,719.63

Construction Indirect Costs
Description Baseline ltem Cost Baseline Equip. Cost Ratio Factored Cost

Construction Support Labor $ 234,041.00 $ 8,976,479.00 2.61% $ 25,570.00
Premium Time $ 181,996.00 $ 8,976,479.00 2.03% $ 19,883.86
Craft Per Diem $ 249,795.00 $ 8,976,479.00 2.78% $ 27,291.20
Non-Payroll Tax, Insurance & Permits ~ § 363,572.00 $ 8,976,479.00 4.05% $ 39,721.83
Craft Start-Up Assistance $ 31,500.00 $ 8,976,479.00 0.35% $ 3,441.51
Contractors Construction Fee $ 913,357.00 § 8,976,479.00 10.18% $ 99,788.25

Total Construction Indirect Costs $ 215,696.66

Total Construction Costs

Direct Costs $ 980,719.63

Construction Indirect Costs $ 215,696.66

Boiler MACT Phase 2 Fan and Venturi Mods (TCC Price Provided By GP) $ 3,200,000.00

Total Construction Costs $ 4,396,416.29

Construction Management 4.50% TIC $ 20,932.14
Engineering Professional Services 15% TIC $ 69,773.81
Study Cost 0.30% TIC $ 1,395.48
Outside Consultant Services $100,000 $100,000
Owner's Cost 3% TIC $ 13,954.76
Spare Parts 3% Equip. Cost $ 42,803.28
Non-Craft Start-Up Assistance 1.09% TCC $ 47,920.94
Allowance for Unforeseen 10.20% TIC $ 47,446.19
Escalation 4.50% TIC $ 20,932.14
Air Infiltration Allowance $100,000 $ 100,000.00
Total Project Indirect Costs $ 465,158.75

Total Construction Costs $ 4,396,416.29

Project Indirect Costs $ . 465,158.75

Total Project Costs $ 4,861,575.04

RLS
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