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m— *North Carcrlma=€ ean Air Plan
_E—_
aka NCCAP

= Enacted 2002

57 ,OOO tons SO2 emitted 2003



Location Expected
Capacny Startuf
Each (MW)

Belmont, NC _T

Allen 3,4 &5




~ _ Multiple Base Load Stations Affected
E—h . . -
— Minimal EGD Experience N
— Regulatory Uncertainty ‘r‘
— Minimal Available Space o B =
— Fuel Uncertainty

— Rising Raw Material Costs

) e |
= Standardlze As Much As Reasonable !E-FE,; |

— Involve Primary Contractors Upfront
— Emphasis On Planning Prior To Execution
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BelewsiCreekiUniguesEeaiuies,—
 \Weassigyyeiiar freciifme

Ash Basin

Dilution Run-Cff

Water

Dizscharge

Physical-Chemical & Biological Dilution for Constructed
Treatmeant Systam Protection VWellands
of Wetlands

Se: 4,000 ppb 50
- Hg: 300 ppb . 0.5

Al values in ppb
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gthy Duct R+

requwes remote
location of absorbers

= Duct runs exceed 700

Impact on existing
plant operations



Scrubber Integration
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= What fuels will the plant burn?

= Do we Upgrade EXxisting Fans of Add
“booster fans”?

= Boiler/Duct Structural Evaluation ?
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4 Wizt do we do wiir) irle oyoroduci?

gz SO4 emissions- “blue plume”’?
= |s a Wet ESP needed for H2SO4 removal?

= What about future emission regulations? -

— Mercury?
— 503 ?
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Dry or Wet FGD-Critical Decision 7

= Dry Attributes
— Fewer moving parts
— Maintenance cost lower
— Lime typically more expensive- may use less
— Transportation cost and availability of Lime

ore difficultto retrofit inte,existing plant, é

Setier sulteaNertiow:s ations —

Also removes SO3 .




Dry FGD Block
Diagram




Ca(OH)2+ SO2 yields CaS03-1/2 H20+1/2H20
Ca(OH)2 +S03 + H20 yields CaS0O4 —2H20 _—
CaSO03 + 1/2H20 yields CaSO4 *
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= More complicated! process
= Viere equipment to maintain

= High Water Usage

= More reagent required- May be lower cost/ton
= Transportation cost of limestone/ availability

ofits.inte;existing unit- Easier to build with et

(0) 1) =
['suited for higher Sulfur Installations
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SO, + CaCO, + 1/2H,0 yields CaSO, - 1/2 H,0 +CO,
SO, + 1/20, +CACO, +2H,0 yields CaSO, - 2H,0
+CO, Il -
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Bailer

D Fans

WET FGD Block
Diagram




Declslorn?

= The addition of a scrubber will allow
ﬂ.-_—-___

expanding fuel supplies to higher SO2 fuel
If engineered to do So.

= Part of this decision making process is to
determine what the impacts of a fuel change

illseerenithe “balance ofi plant”.
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Paricllaie Corlirol

— e — e e——

= Is the ESP/BH srzed approprlately ;

i'_-—_

= The function of the Particulate Control
changes somewhat to include being a filter
for the scrubber.

= Typically, If sale quality gypsum is required
maximum partlculate Isiiequired,into,the, =
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- Low NOx burners increase unburned carbon In the

~ash, whichifinot properly regulated, cause
collection issues with particulate control
equipment. Also tends to be coal .

carryover downstream.

Typlcally dynamic or static classifies are required,

additienal mill calibration attentlouk_,—

se, LOIIstup tc veral units withr
oW NOx burners.
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“ Preheater/Selected Catalytic
Reduction Issues =

.

i
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a SCR.edJipmé-ﬁt adds the poteﬁal for foull

ey

ng the

~air preheater cold end baskets with not only
ammonium bisulfate (ABS) deposits but also SO, .

= ABS deposits form in a temperature range of
300°F (148 C) to 400°F (205 C).

= SO, deposition occurs from 275°F (135 C) and

ABS deposition zone to the upper temperature
limit, & it will increase SO; fouling rates at the cold
end.



Cliffside
Unit5

ABS & SO3 Deposition Zone, DU/DUe
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. Levels of Calcium Oxide and Arsenlc |n the ash

T —

i'_-—_

are the major concern.

= The SO2 to SO3 conversion rate of the catalyst Is
a major issue.- This increases the SO3 in the flue
gas stream- “blue plume”

= Unit does not have as much “turn-down” due to

Arsenic in coal.






CaO in 19% Ash ek
CaO in 15% Ash Cliffside 5

Ca0 in 10% Ash - Cormetech Catalyst FIELD Guide
| 16,000 Hours - Initial Catalyst Life
Applicable to Sulfur Range of larger than 0.7% to 1.2%

[CATALYST LIFE (Hours) = LSl 12,000 | < X > | 16,000 R3PS 20,000 JEEA




Cliffside 5

Cormetech Catalyst FIELD Guide
12,000 Hours - Initial Catalyst Life
Applicable to Sulfur Range of larger than 2.2% to 2.7%

[CATALYST LIFE (Hours) = [RESR 8,000 | < X > [ 12,000




AST) @moval Sysier)

— szléally the Termoval capablllty of the ash
system:is known. For example, the system
may be designed to remove 20% ash coals.

= However, certain coals do not cenvey well
with wet ash systems. Conversion to burn

ighscalcium;fuels may require. a Conyversion:
TR ——
%ﬂ “drmggm.é —




Boller arc Pulverizer =val|
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=t vvrﬂ be net‘é?ﬁsmﬁmevaluatlon the

#—*——
Follewing:

— Total Fuel Flow
— Ash Flow -

— Flue Gas Velocity
—BoilerSlagging- Furnace

— B urgulmr -




Boller P

~ _ NOx output from Furnace
-

e —

— Sox output from Furnace
— Unburned Carbon
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350 MWs - MCR
Controlled Circulation
Divided Furnace Design
Main Steam Flow = 2,400,000 Lbs/hr
SHO Steam Temp.= 1050 °F
RHO Steam Temp. = 1000 °F
SHO Pressure = 2450 psig
RHO Pressure = 502 psig

FW Temp. = 478 °F
(5) 763 RB Pulverizers/Boiler
NHI/PA = 1.70 MBtu/hr-ft?




Total Coal for Marshall Station 1 & 2

Fuel One Fuel Two Total Coal| Performance
Blend Type % Type % % Rating
Base Qriginal Design Coal Base
5 NA1 50 CAZ2-M3 50 6.11
11 NAZ 33 CAZ2-MS 67 6.45 BEST
2 NA1 33 CAZ2-MS 67 6.97 A
4 NA1 50 CA1-MS 50 8.99
B NA1 50 COL 50 10.13
10 NAZ 25 CA1-MS 75 11.45
9 NA1 67 CA3-MS 33 11.64
1 NA1 25 CA1-MS 75 11.88
12 NAZ 33 COL 67 1155
3 NA1 33 COL 67 12.52
Reference| CA1-MS 100 15.16
7 NA1 67 PRB1 33 17.30 \ 4
8 NAT 67 PRB2 33 18.80 WORST
13 NAZ 33 CA3-M3 67 20.61

- Less than 10% more than Original Design

- Between 10% and 20% above Original Design
- More than 20% above Original Design




Ash Flow at Marshall Station 1 & 2

Fuel One Fuel Two Ash Performance

Blend Type % Type %o %% Rating
Base Original Design Coal Base

[ NAT 67 PRB1 33 -17.77

§] NAT 50 COL 50 1577 BEST

3 NAT 33 COL 67 15 37 A

12 NAZ 33 COL 67 -11.82

8 NAT 67 PRB2 33 -4.79

4] NAT 20 CAZ-MS 50 16.83

4 NAT 50 CAT-MS 50 19.23

2 NAT 33 CAZ-MS 67 28 65

11 NAZ 33 CAZ-MS 67 31.82

1 NAT 25 CA1T-MS 5 38.71

10 NAZ 25 CA1T-MS 7h 4118

Reference| CAT1-MS 100 59.59 Y
a NAT 67 CA3-MS 33 fO.Ff WORST
13 NAZ 33 CA3-MS 67 179.19

- Less than 10% more than Original Design
- Between 10% and 20% above Original Design
- More than 20% above Original Design




Recommended Maximum Gas Velocity for Marshall 1 to 2

Fuel One Fuel Two Max Velocity Performance |Gas Wt. 1 & 2

Blend Type % Type % fi/sec % Rating %
Base Average Current Coal a7 Base Base
7 NA1 67 PRE1 33 67 17.5 0.72
§ NAT 50 COL 50 63 10.5 BEST 0.76
8 NA1 67 PRB2 33 6.3 10.5 A 2.06
3 NA1 33 COL 67 62 8.8 1.10
12 NAZ 33 COL 67 62 8.8 0.99
9 NA1 a0 CAZ-MS a0 61 70 -0.32
2 NAT 33 CAZ-MS 67 60 5.3 -0.39
11 NAZ 33 CAZ-MS 67 60 2.3 -0.48
4 NAT 50 CAT-MS 50 59 30 0.06
1 NA1 29 CAT-MS 75 08 1.8 0.18
10 NAZ 25 CAT-MS 75 a7 0.0 0.10
Reference] CA1 100 Ha ki 1.12
0 NAT 67 CA3-MS 33 54 e WORST -0.30
13 NAZ 33 CAI-MS 67 48 -15.8 -0.60

- Equal or greater than the Current Average Coal

- Less than the Current Average Coal but not by more than 10 %
- Less than the Current Average Coal, by more than 10 %




I Duke Power - Marshall Station I

NOx Ranking of Proposed Coal Blends

- Reduction
MS from Current
Blend #| NA Coal % Other % | NOx Performance NOX - %
7 NA1 67 PRB1 33 24-28%
8 NA1 67 PRB2 33 BEST 24-28%
12 NAZ 33 COL 67 A 20-24%
3 NA1 33 COL 67 20-24%
6 NA1 50 COL 50 19-23%
4 NA1 50 CA1 50 19-23%
10 NAZ 25 CA1 75 19-23%
1 NA1 25 CA1 75 19-23%
- 11 NAZ 33 CAZ2 67 18-22%
5 NA1 50 CAZ2 50 18-22%
9 NA1 67 CA3 33 A 4 18-22%
2 NA1 33 CAZ2 67 WORST 17-21%
13 NAZ 33 CA3 67 16-20%




- Duke Power - Marshall Station -

Proposed Coal Blend SOx Ranking

MS Predicted

Blend #| NA Coal % | Other % | SOx'-Ib/MBtu
NA1T 33| CA2 67 2.1
NA1 33| CcoL 67 2.2
NA1 25| CA1 75 2.4
NA1T 50| CA2 50 25
NA1 50[ COL 50 25
NA2 33| CA2 67 2.7
NA2 33 COL 67 238
NA1 67| PRB1 33 2.8
NA1 50] CA1 50 28
NA1 67| PRB2 33 2.9
NA2 33| CA3 67 2.9
NA2 25| CA1 75 2.9
NA1T 67| CA3 33 2.9

2
3
1
5
6
11
12
8
4
8
13
10
9

MNote 1 - Predicted SOx assumes 100 % conversion of Sulfur to 502




Coal ID

Criginal

Blend

NAT &
CAT-MS

NAT &
CAZ-MS

NAT &
CAT-MS

CAZ-MS

Yo

100

25 75

33 67

50 50

a0 - 50

ndeled Rank

EBIT

EEIT

EBIT

EBIT

EBIT

ndeled HGI

55

39

41

39

41

ndeled Moisture

5.0%

7. 2%

5.5%

5 5%

5.5%

10 Mesh Fineness

70

70

70

70

70

ximum Mill Capacity

106,000

83 443

86,263

83,443

86 263

equired Coal Flow - Ibs/hr

36,800

73,912

70,669

72,004

70,098

il in Service

5

&

&

B

5

Capacity @ MCR

82%

89%

82%

86%

81%

allable Primary Air Temp

594

594

594

594

554

‘Equired Frimary Air Temp

S

391

339

344

338

imary Air Mass Flow

159000

159000

159000

159000

159000

159000

el Line Velocity

91

90

91

89

o1

o1




= At Marshall Station- 2200 mW total

p— e
= An'additional 40 m\W of power will be used

for Auxillaries to power the Wet Scrubber




Reiniece e EXiing Combustion
Systern or Ooem 3/( ass-Criilcal

[)e | _ : N

‘vvfﬁm—da*tmawa or Dry oD T —

?Scrtrbben ans will need to be upgraded or
booster fans added to account for the additional
pressure drop in the duct and absorber vessel.
These fans will pull more vacuum/pressure on
the combustion system.

%&jﬂ upgrade will requwe a complete -
L Stem

Control Devices.



= This Structurall Evaluation should include
poth and conditions.

= Transcient Conditions Iinclude Master Fuel
Trips, Fan “run out” -
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~_ = Standard for the Prevention of Furnace
—_—21C

Implesions: in Multiple Burner Boller-Furnaces

— “The furnace shall be capable of withstanding a
transient design pressure without permanent -
deformation due to yield or buckling of any support
member.

—_Jhe transient design pressure shall be at least, but wiill
hall not ired to be gr 1, -35INH20
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Engineering Design.of Boiler

S"r]'f'f@n]ng

——— — = El = T i =
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— Based on the results of the englneermg

study, the decision was made to proceed
with the detailed engineering design based
on complete stiffening of the B&\W. 1,200
MW Boller.

Lhefinal result of the engineering reguired

‘ onatotalof 22,766
gleces — placed on a 15-story boiler, with a
total of 300,000 welds.










— Another optTGn to ( deaI Wlth the bOIIer/duct

Implesion design Is to leave the existing dry
stack open, and design the fans for
additional gas flow.

= The old dry stack acts as a “relief valve” for

ecombustion system. E

il

pertormed to

determine the effects.
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Where d e Put the

—— Wlth the installation of a Wet Scrubberthere

-:."____'h
will-be two new piles of substances on the
plant site

= For 2200 mW station, 1.6% sulfur'ceal, and
95% removal the gypsum production rate Is

pecteditobe 625,000 tons/year, which is.
%out 1@[11-@1‘@% comes out
e plant ( 12% ash in coal).



Possiplliiles for Gyosurm

e —————— e
= Sell or use to produce wallboard for

construction

= Agricultural Supplement - )




Sellmg GyosLr)

— There are a‘rTUTﬁtremf requwements 0 seII

f—

gypsum
= For example, emissions from the ESP or

Baghouse will be limited in order torkeep the

“Inerts” to 3-4% of the gypsum. This may

ﬂse aparticulate control upgrade? —~a

—_’-—’_' p—__




==—Heated or Unheated Stack?-




= 803 IS gengratﬁd dtmng the combustion

e
Process

= SO2 Is eliminated by the scrubber
= SO3 Is NOT eliminated by the Wel SCHUBIer
= When the flue gas temperature is reduced

ﬁw the acid dew point v(-suulfuﬂg‘
- M - -

iy
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SLUE PLUNMIE

— .

— H“ZSO4 parmfleg’gca{ter the Ilght more and

—=-——"'=
[ncrease opacity.

= This Is called “blue plume”

= 10 ppm of SO3 out of the scrubber stack
produces .03 #mmBTU of particulate

lons- = T —
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It'= a beautiful day in Mt. Carmel, IL.
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= With Wrth coaI with squur percentage greater
— then 1.5% a “blue plume” may occur

= All unheated stacks have steam plumes

= A “blue plume lingers”, sometimes:for
kilometers, while the steam plume usually
dissipates in a few hundred meters.

"= Stack hei an isstie= The closerthe
IS t0 the ground the more
likely a plume “touchdown” occurs.




N
~ = Gets rd of the visibility: | issue

m—
= Negative Impact on Heat rate

= Additional Cost
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~ = Removes H2S04 from the gas stream
p——

—

efficiently
= Will also remove other trace elements
= |[ntended to for “polishing” remoyval only
= [ncreased maintenance cost

e —

S













Peroratad plates

Turning vanas
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New: Plant Lini

Pollutzig Permii Avolicaiion) Progosed

~ (b/MMBW)  Approx-mgiSma
IN[@)'¢ DO —— 115
SO2 .20 288
TSP .015 21
PM10 .024 35 =

HCI .0083 12 -
Lead 10]0/0]0)24% .03
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