From: Blakley, Robert

Sent: Tuesday, January 06, 2009 1:31 PM

To: '‘Robert Johnson'; Volker Rummenhohl
Cc: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimate

Volker & Bob —

We have been asked by one of our northern Midwest clients to perform a BACT cost-effectiveness analysis assuming
that a custom tail-end SCR system could be retrofit on each of two coal-fired boilers.

We need help in developing capital cost and O&M cost estimates for retrofitting TESCR to existing units that use dry
ESPs with lime-based wet FGD systems upstream. The normal operating and maintenance costs will be based on less
than maximum design boiler heat input and flue gas flow conditions upon which the TESCRs would be designed for.

We will need advice as to what assumptions would be included in the process design for flue gas reheat, amount of
catalyst, unit catalyst cost, frequency of catalyst replacement or washing, length of time periodic catalyst changeout, flue
gas pressure drop from scrubber outlet to chimney inlet, and NOx reduction and ammonia consumption performance
targets.

We will need the above estimates in a very short time period — before the end of January, with preliminary numbers by
mid-January.

We would also like to get some idea as to the amount of calendar months required for implementation: scoping, vendor
identification, investigation, design, procurement, construction, startup and commissioning, and outage time required for
the initial installation tie-ins.

We can provide data for fuel, boiler heat input, NOx emissions and excess air/flue gas volume from the boiler outlet,
sulfur dioxide removal by the wet FGD scrubber, and particulate loading.

If you have a spreadsheet, | can fill-in, or we can give you what we have as mentioned above.
We will work out the contractual agreement as we proceed, if that is okay.
Let me know how we can get this going.

Bob Blakley



Blakley, Robert

From: Robert Johnson [RJohnson@ftek com]
Sent: Wednesday, January 07, 2009 8:50 AM
To: Blakley, Robert; Volker Rummenhohl
Ce: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimate

Bob,
“Yolker and | can support you on this. We can quickly run a mass balance once we get the process data.

| will be at Burns & McDonnell tomorrow; perhaps we can get together briefly to discuss.
Thanks, Bob

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]
Sent: Tuesday, January 06, 2009 1:31 PM

To: Robert Johnson; Volker Rummenhohl

Cc: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimate

Volker & Bobh -

We have been asked by one of our northern Midwest clients to perform a BACT cost-effectiveness analysis assuming that a
custom tail-end SCR system could be retrofit on each of two coal-fired boilers.

We need help in developing capital cost and O&M cost estimates for retrofitting TESCR to existing units that use dry ESPs with
lime-based wet FGD systems upstream. The normal operating and maintenance costs will be based on less than maximum
design boiler heat input and flue gas flow conditions upon which the TESCRs would be designed for.

We will need advice as to what assumptions would be included in the process design for flue gas reheat, amount of catalyst, unit
catalyst cost, frequency of catalyst replacement or washing, length of time periodic catalyst changeout, flue gas pressure drop
from scrubber outlet to chimney inlet, and NOx reduction and ammaonia consumption performance targets.

We will need the above estimates in a very short time period — before the end of January, with preliminary numbers by mid-
January.

We would also like to get some idea as to the amount of calendar manths required for implementation: scoping, vendor
identification, investigation, design, procurement, construction, startup and commissioning, and outage time required for the initial
installation tie-ins.

We can provide data for fuel, boiler heat input, NOx emissions and excess air/flue gas volume from the boiler cutlet, sulfur
dioxide removal by the wet FGD scrubber, and particulate loading.

If you have a spreadsheet, | can fill-in, or we can give you what we have as mentioned abave.
We will work out the contractual agreement as we proceed, if that is okay.
Let me know how we can get this going.

Bob Blakley



Blakley, Robert

From: Robert Johnson [RJohnson@ftek.com]
Sent: Monday, January 12, 2009 12:03 FM
To: Blakley, Robert; Volker Rummenhohl
Ce: Weilert, Carl; Voss, Steve

Subjeet: RE: Hypothetical TE-SCR Cost Estimate

Bob,

In order to run the mass balance for the TE SCR, we need the following process data:
Flue gas volumetric flow rate

Flue gas mass flow rate

Flue gas composition downstream of the FGD system

Flue gas temperature

NOx reduction requirements

Maximum 502 oxidation rate

Cnce we get started, we'll let you know if we need anything else.
From this, we can estimate reheat requirements, catalyst volume, pressure drop, NH2 consumption.

Best Regards, Bob

From: Blakley, Robert [mailto:rblakley@burnsmecd.com]
Sent: Tuesday, January 06, 2009 1:31 PM

To: Robert Johnson; Volker Rummenhohl

Cc: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimate

Vaolker & Bob —

We have been asked by one of our northern Midwest clients to perform a BACT cost-effectiveness analysis assuming that a
custom tail-end SCR system could be retrofit on each of two coal-fired boilers.

We need help in developing capital cost and O&M cost estimates for retrofitting TESCR to existing units that use dry ESPs with
lime-based wet FGD systems upstream. The normal operating and maintenance costs will be based on less than maximum
design bailer heat input and flue gas flow conditions upon which the TESCRs would be designed for.

We will need advice as to what assumptions would be included in the process design for flue gas reheat, amount of catalyst, unit
catalyst cost, frequency of catalyst replacement or washing, length of time periodic catalyst changeout, flue gas pressure drop
from scrubber outlet to chimney inlet, and NOx reduction and ammonia consumption performance targets.

We will need the above estimates in a very short time period — before the end of January, with preliminary numbers by mid-
January.

We would also like to get some idea as to the amount of calendar months required for implementation: scoping, vendor
identification, investigation, design, procurement, construction, startup and commissioning, and outage time required for the initial
installation tie-ins.

We can provide data for fuel, boiler heat input, NOx emissions and excess air/flue gas velume from the boiler outlet, sulfur
dioxide removal by the wet FGD scrubber, and particulate loading.

If you have a spreadsheet, | can fill-in, or we can give you what we have as mentioned above.
We will work out the contractual agreement as we proceed, if that is okay.
Let me know how we can get this going.

Bob Blakley



From: Blakley, Robert

Sent: Tuesday, January 13, 2009 11:17 AM

To: 'Robert Johnson'; "Volker Rummenhehl’

Cc: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimates

Volker & Bob —

One process parameter | did not mention that should be considered in the TESCR system design basis is the outlet gas
temperature going to the stack, after the GGH on the back-end of the TESCR.

The new chimney that is being constructed for Unit 2 will have a fiberglass-reinforced plastic liner for the flue gas, and we have
advised the chimney vendor that the design temperature range is 130 to 200 degrees F (continuous), with a maximum excursion
to 350 degrees F for 15 consecutive minutes (transient condition due to FGD system malfunction).

The existing chimney being retrofit for Unit 1 currently has a metal liner that may receive added corrosion protection using alloy
metal “wallpaper” lining or borosilicate glass block that is capable of sustained operation up to 200 degrees F, with higher
excursions for short durations, similar to Unit 2°s case.

Please advise a time-frame when you think that you will have a preliminary design basis and cost numbers.

Bob Blakley

From: Robert Johnson [RJohnson@ftek.com]
Sent: Friday, January 16, 2009 1:54 PM

To: Blakley, Robert

Subject: RE: Hypothetical TE-SCR Cost Estimates

Bob,

Yolker and | have run our initial mass balance, but we need some maore time over the weekend to review it.
I will send you comments on Monday.

Thanks, Bob

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]
Sent: Thursday, January 15, 2009 9:47 AM

To: Robert Johnson; Volker Rummenhahl

Cc: Weilert, Carl; Voss, Steve

Subject: RE: Hypothetical TE-SCR Cost Estimates

Bob & Volker —

We need review of our assumed TESCR catalyst replacement plan, saved as an Excel spreadsheet <MRYS TESCR Catalyst
Mgt (BMcD draft 1-15-09) xls> at the new ft site:

As part of the BACT cost effectiveness analysis, we also need to know what to assume for catalyst volume per layer, and unit
cost (labor & materials) assumed to be required per replacement layer.

Thanks,

Bob Blakley



MRYS TESCR Catalyst Mgt (BMcD draft 1-15-09).xls

Unit 1

2/10/2010

Assumed TESCR Catalyst Replacement Schedule
(assuming wet ESP / low frequency)

Assumed TE SCR catalyst (85% removal) without wet ESP upstream

replacement schedule every 8000 hours (1 year)

starting Jan. Year|Layer # of layers|# of layers  |Layer
2015 0 0 1|add bottom
2016 1 0 1|replace top
2017 2|add bottom 1 1|replace mid-upper
2018 3 0 2|replace top, mid-lower
2019 4 0 1|replace bottom
2020 5(replace top 1 2|replace top, mid-upper
2021 6 0 Ofclean only
2022 7 0 2|replace top, mid-lower
2023 8(|replace mid 1 2|replace bottom, mid-upper
2024 9 0 1|replace top
2025 10 0 Ofclean only
2026 11|replace bottom 1 3|replace top, mid-upper, mid lower
2027 12 0 1|replace bottom
2028 13 0 1|replace top
2029 14|replace top 1 1|replace mid-upper
2030 15 0 2|replace top, mid-lower
2031 16 0 1|replace bottom
2032 17|replace mid 1 2|replace top, mid-upper
2033 18 0 Ofclean only
2034 19 0 3|replace top, mid-upper, mid lower
2035 20(replace bottom 1 1|replace bottom
total 7 28
avg per yr 0.35 1.40

3 new layers from initial onset, Fall 2014 major outage
new, add after 1 year in Fall 2015 outage

after 2 yrs, add new layer in Fall 2016 outage

after 3 yrs, add new layer in Fall 2017 outage

after 2 yrs & 4 yrs, add new layers in Fall 2018 outage
after 4 yrs, add new layer in Fall 2019 outage

after 2 yrs & 3 yrs, add new layers in Fall 2020 outage

after 2 yrs & 4 yrs, add new layers in Fall 2022 outage
after 4 yrs & 3 yrs, add new layers in Fall 2023 outage
after 2 yrs, add new layer in Fall 2024 outage

after 2 yrs, 3 yrs & 4 yrs, add new layers in Fall 2026 outage
after 4 yrs, add new layer in Fall 2027 outage

after 2 yrs, add new layer in Fall 2028 outage

after 3 yrs, add new layer in Fall 2029 outage

after 2 yrs & 4 yrs, add new layers in Fall 2030 outage

after 4 yrs, add new layer in Fall 2031 outage

after 2 yrs & 3 yrs, add new layers in Fall 2032 outage

after 2 yrs, 3 yrs & 4 yrs, add new layers in Fall 2034 outage
after 4 yrs, add new layer in Fall 2035 outage




MRYS TESCR Catalyst Mgt (BMcD draft 1-15-09).xls

Unit 2

2/10/2010

Assumed TESCR catalyst Replacement Schedule
(assuming wet ESP / low frequency)

Assumed TE SCR catalyst (85% removal) without wet ESP upstream
replacement schedule every 8000 hours (1 year)

starting Jan. Year|Layer # of layers] # of layers|Layer 3 new layers from initial onset, Fall 2013 major outage
2014 0 0 1|add bottom new, add after 1 year in Fall 2014 outage
2015 1|add bottom 0 1|replace top after 2 yrs, add new layer in Fall 2015 outage
2016 2 1 1|replace mid-upper after 3 yrs, add new layer in Fall 2016 outage
2017 3|replace top 0 2|replace top, mid-lower after 2 yrs & 4 yrs, add new layers in Fall 2017 outage
2018 4 0 1|replace bottom after 4 yrs, add new layer in Fall 2018 outage
2019 5(replace mid 1 2|replace top, mid-upper after 2 yrs & 3 yrs, add new layers in Fall 2019 outage
2020 6 0 Ofclean only
2021 7 0 2|replace top, mid-lower after 2 yrs & 4 yrs, add new layers in Fall 2021 outage
2022 8 1 2|replace bottom, mid-upper after 4 yrs & 3 yrs, add new layers in Fall 2022 outage
2023 9 0 1|replace top after 2 yrs, add new layer in Fall 2023 outage
2024 10 0 Ofclean only
2025 11|replace bottom 1 3|replace top, mid-upper, mid lower [|after 2 yrs, 3 yrs & 4 yrs, add new layers in Fall 2025 outage
2026 12 0 1|replace bottom after 4 yrs, add new layer in Fall 2026 outage
2027 13 0 1|replace top after 2 yrs, add new layer in Fall 2027 outage
2028 14(replace top 1 1|replace mid-upper after 3 yrs, add new layer in Fall 2028 outage
2029 15 0 2|replace top, mid-lower after 2 yrs & 4 yrs, add new layers in Fall 2029 outage
2030 16 0 1|replace bottom after 4 yrs, add new layer in Fall 2030 outage
2031 17|replace mid 1 2|replace top, mid-upper after 2 yrs & 3 yrs, add new layers in Fall 2031 outage
2032 18 0 Ofclean only
2033 19 0 3|replace top, mid-upper, mid lower [|after 2 yrs, 3 yrs & 4 yrs, add new layers in Fall 2033 outage
2034 20|replace bottom 1 1|replace bottom after 4 yrs, add new layer in Fall 2034 outage

7 8
5
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avg per yr
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From: Blakley, Robert [mailto:rblakley@burnsmcd.com]
Sent: Friday, January 23, 2009 9:58 AM

To: Robert Johnson; Volker Rummenhohl

Cc: Weilert, Carl; Blackwood, Dave; Voss, Steve

Subject: RE: Mass Balance for Hypothetical SCR Installation


r_blakle
Text Box
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Mass Balance for Hypothetical SCR Installation Page 2 of 2

Bob & Volker —
Several items to discuss and consider:

1. The U2 FGD absorber vessels (two in parallel configuration) are not designed for 14.5 in. w.g. internal pressure; | believe
they have a much lower limit; operationally it is around 4 in. w.g., but | do not know the exact design value. We are looking
into hiring a company that can perform a finite element analysis of the absorber vessels, but that will not be started for
several months from now. | assume this means that a booster fan will be needed after the FGD GGH, upstream of the SCR
GGH, to overcome the pressure drops across the GGHs.

2.  We have assumed (and Minnkota is directing us to do so) that the source of heat for the final reheating of the flue gas
downstream of the SCR GGH and upstream of the reactors should be fired natural gas or propane, not steam. So the
effluent of the direct-fired burner(s) and the associated NOx emissions also must be accounted for in the reactor design and
NOx removal. Conservatively, burners should be assumed to be supplied with ambient air for combustion and emit 0.1
Ib/mmBtu (per million BTU), unless this is not feasible or there are other reasons to change this assumption.

3. I don't know if this makes a difference, but Minnkota is expecting to store liquid urea concentrate (40-50% solution) on-site
as the NOx removal reagent, and so some sort of conversion process will be needed to supply ammonia to the reactors.
The plant site does not have direct rail access, so all consumable materials have to be transported by tanker trailer to be
offloaded near the U2 boiler building.

We will need a similar preliminary mass balance for a low-dust SCR configuration for Unit 2, as well as both low-dust and tail-
end SCRs for Unit 1.

We can arrange a phone conference for Monday to discuss. Carl will be back late tonight. We also need the numbers on
catalyst volume and changeout frequency and costs.

Dave Blackwood is leading the scope definition and cost estimating effort from our Development Engineering department here in
our Energy group.

We appreciate the information and will continue to work on this in a parallel-path effort. We can discuss this on Monday. Please
let us know your availability for a phone conference or visit.

Bob Blakley

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Friday, January 23, 2009 8:10 AM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Mass Balance for Hypothetical SCR Installation

Bob,
Attached are a Mass Balance and PFD for a Hypothetical Tail End SCR for your review.
Please note:

1. 2 SCR reactors will be required for the installation;
2. The PFD denotes flue gas mass flow in kg/hr and temperature in degrees C. You can identify the specific process stream
(noted in blue) and see this information converted into Ib/hr and degrees F on the Mass Balance sheet.

We are still evaluating this and will provide more information later today.
Thanks, Bob

Robert E. Johnson
Fuel Tech, Inc

(913) 897 0727
<<22Jan09_TailEnd_PFDRevl.pdf>> <<22Jan09_TailEnd_MBRevl.pdf>>



Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

1/23/2009

Kkg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

Input Data

3

FGD Outlet FGD Outlet

143

1,873,285
492,954
167,370
396,920

450

1,261

70
2,932,310

1,180,582
744,304
820,913

1,466,155

3,229,416

143
62
14.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

35
1,466,155

2,063,089
542,901
184,328
437,137

496
0

1,389

0

0

7
3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

4
GGH inlet
1,180,582
744,304
820,913
1,466,155
3,229,416

150
66
13.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

35
1,466,155

2,063,089
542,901
184,328
437,137

496
0

0
1,389
0

0
7
3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

5 6 7 8 9 10 1"
GGH outlet Steam HE out Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out
1,226,360 1,226,360 1,231,634 1,231,766 1,146,942 1,186,234 1,186,234
773,165 773,165 776,490 776,573 723,096 747,868 747,868
1,394,069 1,469,126 1,474,667 1,485,560 1,384,940 917,742 917,742
1,523,007 1,523,007 1,529,666 1,529,666 1,424,220 1,472,815 1,472,815
3,354,640 3,354,640 3,369,309 3,369,309 3,137,049 3,244,085 3,244,085
515 565 562 562 562 188 188
268 296 294 294 294 87 87
10 9 8 5 4.5 0 0
0.6346 0.6346 0.6351 0.6354 0.6354 0.6352 0.6352
0.1063 0.1063 0.1058 0.1058 0.1058 0.1058 0.1058
0.0497 0.0497 0.0503 0.0502 0.0502 0.0501 0.0501
0.2091 0.2091 0.2082 0.2085 0.2085 0.2088 0.2088
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0002 0.0002 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
778,316 778,316 782,218 782,610 728,717 753,514 753,514
130,345 130,345 130,347 130,347 121,371 125,508 125,508
60,904 60,904 61,951 61,820 57,563 59,391 59,391
256,419 256,419 256,419 256,811 239,126 247,646 247,646
82 82 82 81 75 78 78
0 0 0 1 1 1 1
0 0 0 0 0 0 0
306 306 306 45 4 46 46
2 2 49 49 45 46 46
0 0 263 3 3 3 3
1,226,374 1,226,374 1,231,634 1,231,766 1,146,942 1,186,234 1,186,234
973,016 973,016 977,894 978,385 911,010 942,010 942,010
255,979 255,979 255,982 255,982 238,354 246,480 246,480
86,967 86,967 88,461 88,275 82,196 84,807 84,807
206,142 206,142 206,142 206,457 192,240 199,090 199,090
234 234 234 231 215 223 223
0 0 0 3 3 3 3
0 0 0 0 0 0 0
628 628 628 91 85 95 95
4 4 87 87 81 83 83
0 0 201 2 2 2 2
36 36 36 36 34 35 35
1,523,007 1,523,007 1,529,666 1,529,550 1,424,220 1,472,827 1,472,827
2,143,208 2,143,208 2,153,953 2,155,033 2,006,630 2,074,912 2,074,912
563,831 563,831 563,837 563,837 525,009 542,907 542,907
191,556 191,556 194,849 194,438 181,048 186,800 186,800
454,057 454,057 454,057 454,752 423,436 438,523 438,523
514 514 514 510 474 491 491
0 0 0 6 6 6 6
0 0 0 0 0 0 0
1,384 1,384 1,384 202 188 208 208
9 9 191 191 178 182 182
0 0 442 5 5 5 5
80 80 80 80 7 7
3,354,640 3,354,640 3,369,309 3,369,054 3,136,975 3,244,113 3,244,113
0.639 0.639 0.639 0.640 0.640 0.640 0.640
0.168 0.168 0.167 0.167 0.167 0.167 0.167
0.057 0.057 0.058 0.058 0.058 0.058 0.058
0.135 0.135 0.135 0.135 0.135 0.135 0.135
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000

14 15 17
Ammonia Dilution Air Purge+Scavange
263 4,997 84,927
166 3,150 53,543
201 6,459 105,446
442 14,227 232,260
0.7809
0.0003
0.2095
0.0093
1.0000
3,902 53,947
1 8,986
1,047 4,252
0 17,730
0 6
0 0
0 0
0 3
46 3
0 0
4,997 84,927
4,878 67,442
3 17,647
1,495 6,072
0 14,254
0 16
0 0
0 0
0 7
83 6
201 0 0
0 3
201 6,459 105,446
0 10,745 148,552
0 6 38,869
0 3,293 13,374
0 0 31,396
0 0 35
0 0
0 0
0 0 15
182 13
0 0
0 6
0 14,227 232,260
0.755 0.640
0.000 0.167
0.231 0.058
0.000 0.135
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.013 0.000
0.000 0.000
0.000 0.000
0.000 0.987 1.000

14 Reacted

201 kgh
442 Ib/hour

Degree F
Degree C

0.2999 Vol-parts
Vol-parts
Vol-parts

0.7001 Vol-parts
Vol-parts

Vol-parts

1.0000

64 Nm’h
Nm®h
Nm®h

150 Nm*h
Nm®h

Nm®h

214 Nm’h

80 kg/h

201 kgh

177 Ib/h
0 Ib/h
0 Ib/h
265 Ib/h
0 Ib/h

0 Ib/h

442 Ib/h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

Mass-parts

0.000 Mass-parts

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Composition
Nitrogen
Carbon di oxide
Oxygen

Moisture
Sulfur di oxide

Nitrogen di oxide

Total

22Jan09_MRY2TailEnd_Rev1



Density kg/Nm®

Cp KJIkgK

Heat Content Mw
MMBTU/hr

NO, Ibs/hour

NO, Kkg/h

NO, Nm® / hour

NO +NO,@actual O,  PPM
NO +NO,@3% O, PPM

Eta NOx

Eta NOx reactor

S02/S03 Conversion Rate %
Ammonia slip PPM

Temperature Diff. Hot Side F

1/23/2009

Input Data

3

FGD Outlet FGD Outlet

0.850

1.00%

1.242

1.118792829

28.098
95.899

1388.7665
630.5000
307.2
260.2
292.0

0.8500
0.8544

5 6

4 7 8 9
GGHinlet GGH outlet Steam HE out Reactor inlet Reactor outlet GGH treated inlet

1.242 1.242 1.242

1.242

1.1197279 1.1779222 1.186904869  1.1863618

29.895 133.689 148.655
102.032 456.280 507.360

1388.7665 1384.0485 1384.0485 13

148.397
506.478

84.0485

630.5000 628.3580 628.3580 628.3580

307.2 306.1 306.1
260.2 249.6 249.6
292.0 280.2 280.2

NO2 Balance Check
kg/h Ibs/hr
-0.9

Diff. heat hot side
MW
14.966

306.1
248.5
280.1

1.242

1.186361804

148.397
506.478

201.5056
91.4835
44.6
36.2
408

Diff. heat cold side
MW
11.736

1.242

1.186361804

138.167
471.565

187.6292
85.1837
415
36.2
40.8

10 1"
Booster fanin  Booster fan out
1.242 1.242
1.12492337 1.12492337
39.834 39.834
135.953 135.953
208.3150 208.3150
94.5750 94.5750
46.1 46.1
38.8 38.8
43.7 43.7

0.663477551

14 15 17
Ammonia Dilution Air Purge+Scavange

14 Reacted

kJ/kgK

MW

Ibs/hour
kg/h

Cp

Heat Content

NO,

22Jan09_MRY2TailEnd_Rev1



MRY 2 Tail End SCR Process Flow Diagram

6,459
Dilution Air
1,529,666 7
Ammonia 294
201
Steam Catalyst
Differential 15.0 MW
Heat 51.1 MMBTU/h
Condensate 1,529,666 8
294
1,523,007 1,424,220 9 i 105,446
Mass Flow Location 268 — 294
Temperature JV Seal Air Fan
kg/h Stream
°C
R
From FGD
To Stack
BN p > 1472,815
1,466,155 3 1,466,155 4 87
62 66

Heat Source



From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Saturday, February 07, 2009 5:25 PM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Hypothetical Case_Tail End SCR

Bob,
Attached are the latest Mass Balances and PFDs for the Steam and Nat Gas reheat cases. We revised the Steam case from the
version previously sent.

We will be working on the Low Dust case as soon as we thoroughly review the revised spreadsheet you sent. We were both out
of town last week.

Let us know if you have any questions.
Thanks, Bob

Robert E. Johnson

Fuel Tech, Inc

(913) 897 0727

<<6Feb09_PFD_natgas_downstream_FGD.pdf>> <<6Feb09_MassBalance_MRY2TailEnd_Rev0.pdf>>
<<6Feb09 MRY2TailEnd_Rev0 natgas_downstrm_FGD.pdf>> <<6Feb09 PFD_MRY2TailEnd_Rev0.pdf>>


r_blakle
Text Box


MRY 2 Tail End SCR Process Flow Diagram

6,459
Dilution Air
1,529,666 7
Ammonia 294
201
Steam Catalyst
Differential 1.7 MW
Heat 40.1 MMBTU/h
Condensate 1,529,666 8
294
1,523,007 1,424,220 9 i 105,446
Mass Flow Location 274 — 294
Temperature JV Seal Air Fan
kg/h Stream
°C
R
From FGD
To Stack
BN p > 1472,815
1,466,155 3 1,466,155 4 87
62 66

Heat Source



Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon

Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon

Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon

Ammonia
Particulate

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon

Ammonia
Particulate

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon

Ammonia
Particulate

Total

Density
Cp

Heat Content

NO,

2/6/2009

Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nn?
kJ/kgK

MW
MMBTU/hr

Ibs/hour

Input Data

3

FGD Outlet FGD Outlet

143

1,873,285
492,954
167,370
396,920

450

1,261

70
2,932,310

1,180,582
744,304
820,913

1,466,155

3,229,416

143
62
14.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

0

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

1,466,155

2,063,089
542,901
184,328
437,137

496
0

0
1,389
0

0
7
3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

1.242
1.118792829

28.098
95.899

1388.7665

4 5 6
GGH inlet GGH outlet Burner out

1,180,582
744,304
820,913

1,466,155

3,229,416

150
66
13.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

1,466,155

2,063,089
542,901
184,328
437,137

496

3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

1.242
1.1197279

29.895
102.032

1388.7665

1,226,360

773,165
1,401,624
1,523,007
3,354,640

520
27
10

0.6346
0.1063
0.0497
0.2091
0.0001
0.0000
0.0000
0.0002
0.0000
0.0000
1.0000

778,316
130,345
60,904
256,419
82

0

0

306

2

0
1,226,374

1,523,007

2,143,208
563,831
191,556
454,057

514
0

0
1,384
9

0
80
3,354,640

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

1.242
1.1788636

135.259
461.638

1384.0485

1,243,637

784,057
1,485,058
1,544,383
3,401,724

0.6365
0.1058
0.0492
0.2082
0.0001
0.0000
0.0000
0.0002
0.0000
0.0000
1.0000

791,614
131,559
61,158
258,913
82

0

0

310

2

0
1,243,637

989,641
258,363
87,329
208,147
234

0

0

636

4

0

1,544,390

2,179,826
569,082
192,355
458,473

514
0

0
1,400
9
0

3,401,740

0.641
0.167
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

1.242
1.186311771

149.740
511.062

1399.8458

7 10 1
Reactor inlet Reactor outlet GGH treated inlet Booster fan in Booster fan out
1,248,807 1,249,034 1,164,200 1,186,234 1,186,234
787,374 787,460 733,976 747,868 747,868
1494932 1,505,978 1,405,398 920,352 920,352
1,551,042 1,551,042 1445597 1,494,191 1,494,191
3416393 3416393 3,184,133 3,201,169 3,291,169
562 562 562 196 196

204 204 204 91 91

8 5 45 0 [}

0.6370 0.6372 0.6372 0.6352 0.6352
0.1053 0.1053 0.1053 0.1058 0.1058
0.0498 0.0497 0.0497 0.0501 0.0501
0.2073 0.2076 0.2076 0.2088 0.2088
0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
795,516 795,913 741,855 753,514 753,514
131,561 131,561 122,625 125,508 125,508
62,205 62,072 57,856 59,391 59,391
258,913 259,309 241,697 247,646 247,646
82 81 75 78 78

0 1 1 1 1

0 0 0 0 0

310 45 42 47 46

49 49 45 46 46

263 3 3 3 3
1,248,807 1,249,034 1,164,200 1,186,235 1,186,234
994,519 995,015 927,435 942,010 942,010
258,366 258,366 240,818 246,480 246,480
88,824 88,635 82,615 84,807 84,807
208,147 208,466 194,307 199,090 199,090
234 231 216 223 223

0 3 3 3 3

0 0 0 0 0

636 93 86 % 95

87 87 81 83 83

201 2 2 2 2

36 34 35 35

1,551,050 1,550,935 1445597 1,472,828 1,472,827
2190571 2,191,664 2,042,808 2,074,912 2,074,912
569,088 569,088 530,436 542,907 542,907
195,648 195,232 181,972 186,800 186,800
458,473 459,175 427,989 438,523 438,523
514 510 475 491 491

0 6 6 6 6

0 0 0 0 0

1,400 204 190 211 208

191 191 178 182 182

442 5 5 5 5

80 77 77

3416409  3416,156 3,184,059 3,244,115 3,244,113
0.641 0.642 0.642 0.640 0.640
0.167 0.167 0.167 0.167 0.167
0.057 0.057 0.057 0.058 0.058
0.134 0.134 0.134 0.135 0.135
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000
1.242 1.242 1.242 1.242 1.242
118631177 1.186311771  1.186311771 1.126080331  1.126080331
150.386 150.386 140.162 42.580 42.580
513.266 513.266 478.372 145.324 145.324
1399.8458  203.8055 189.9632  210.6149 208.3150

12
Natural Gas
1,240
781

966
2,129

14.009
47.813

13
Combustion Air
16,030
10,106

20,410
44,956

0.7900

0.2100

1.0000

12,664

3,366

16,030

15,832

4,807

20,639
34,872

10,588

45,460

0.767
0.000
0.233
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

14 15 17 12+13
Ammonia Dilution Air Purge+Scavange Burner Flue Gas
263 4,997 84,927 17,270
166 3,150 53,543 10,888
201 6,459 105,446 21,376
442 14,227 232,260 47,084
0.7809 0.7705
0.0003 0.0703
0.2095 0.0147
0.1445
0.0000
0.0000
0.0000
0.0000
0.0093 0.0000
0.0000
1.0000 1.0000
3,902 53,947 13,306
1 8,986 1,214
1,047 4,252 254
0 17,730 2,496
0 6 0
0 0 0
0 0 0
0 3 0
46 3 0
0 0 0
4,997 84,927 17,270
4,878 67,442 16,625
3 17,647 2,384
1,495 6,072 363
0 14,254 2,005
0 16
0 0
0 0
0 7 7
83 6
201 0 0
0 3
201 6,459 105,446 21,383
0 10,745 148,552 36,619
0 6 38,869 5,251
0 3,293 13,374 799
0 0 31,396 4,416
0 0 35
0 0
0 0
0 0 15 16
182 13
0 0
0 6
0 14,227 232,260 47,100
0.755 0.640 0.777
0.000 0.167 0.111
0.231 0.058 0.017
0.000 0.135 0.094
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.013 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.987 1.000 1.000
14.9

14 Reacted

201 kgh
442 Ib/hour

Degree F
Degree C

0.2999 Vol-parts
Vol-parts
Vol-parts

0.7001 Vol-parts
Vol-parts

Vol-parts

1.0000

64 Nmi/h
Nm’/h
Nn/h

150 Nmi/h
Nnt/h

Nn/h

214 Nnt/h

80 kg/h
kgl
kgl

120 kgh
kg/h

kgl

201 kgh
177 Ibh
0 Ibh
0 Ibh
265 Ib/h
0 Ib/h

0 Ib/h

442 Ib/h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

Mass-parts

0.000 Mass-parts

kJ/kgK

MW

Ibs/hour

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure
Composition
Nitrogen
Carbon di oxide
Oxygen

Moisture
Sulfur di oxide

Nitrogen di oxide

Total
Volumetric Flow
Nitrogen
Carbon di oxide
Oxygen

Moisture
Sulfur di oxide

Nitrogen di oxide

Total
Mass Flow
Nitrogen
Carbon di oxide
Oxygen

Moisture
Sulfur di oxide

Nitrogen di oxide

Total
Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total

Cp

Heat Content

NO,

Caleb's Copy of 14Jan09_MRY2TailEnd_Rev0_natgas_downstrm_FGD



L mRy2

NO, kg/h

NO, Nn?’ / hour
NO+NQ@actual O, PPM
NO+NO@3% 0. PPM

Eta NOx
Eta NOx reactor

$02/S03 Conversion Rate%
Ammonia slip PPM

Temperature Diff. Hot SideF

2/6/12009

Input Data
FGD Outlet FGD Outlet
630.5000
3072
260.2
292.0
0.850 0.8500
0.8544
1.00%
2
50

4 5 6
GGH inlet GGH outlet Burner out

7 8 10 "

Reactor inlet Reactor outlet GGH treated inlet Booster fan in Booster fan out

635.5300 635.5300 92.5277 86.2433 95.6192 94.5750

309.6 309.6 451 42.0 46.6 46.1

249.0 2479 36.1 36.1 39.3 38.8

278.6 278.6 40.5 40.5 44.2 437
NO2 Balance Check
kg/h Ibs/hr

0.1 0
Diff. heat hot side Diff. heat cold side 0.663477551

MW MW
14.481 14.481

12
Natural Gas

13
Combustion Air

14 15 17 12+13
Ammonia Dilution Air Purge+Scavange Burner Flue Gas
6.8
33
38.8

14 Reacted

kg/h

NO,

Caleb's Copy of 14Jan09_MRY2TailEnd_Rev0_natgas_downstrm_FGD



Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Total

2/7/2009

Kkg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h
Nm®h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

Input Data

3

FGD Outlet FGD Outlet

143

1,873,285
492,954
167,370
396,920

450

1,261

70
2,932,310

1,180,582
744,304
820,913

1,466,155

3,229,416

143
62
14.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

35
1,466,155

2,063,089
542,901
184,328
437,137

496
0

1,389

0

0

7
3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

4
GGH inlet
1,180,582
744,304
820,913
1,466,155
3,229,416

150
66
13.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

0

0

631

0

0

35
1,466,155

2,063,089
542,901
184,328
437,137

496
0

0
1,389
0

0
7
3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000
1.000

5 6 7 8 9 10 1"
GGH outlet Steam HE out Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out
1,226,360 1,226,360 1,231,634 1,231,766 1,146,942 1,186,234 1,186,234
773,165 773,165 776,490 776,573 723,096 747,868 747,868
1,409,601 1,469,126 1,474,667 1,485,560 1,384,940 917,742 917,742
1,523,007 1,523,007 1,529,666 1,529,666 1,424,220 1,472,815 1,472,815
3,354,640 3,354,640 3,369,309 3,369,309 3,137,049 3,244,085 3,244,085
526 565 562 562 562 188 188
274 296 294 294 294 87 87
10 9 8 5 4.5 0 0
0.6346 0.6346 0.6351 0.6354 0.6354 0.6352 0.6352
0.1063 0.1063 0.1058 0.1058 0.1058 0.1058 0.1058
0.0497 0.0497 0.0503 0.0502 0.0502 0.0501 0.0501
0.2091 0.2091 0.2082 0.2085 0.2085 0.2088 0.2088
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0002 0.0002 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
778,316 778,316 782,218 782,610 728,717 753,514 753,514
130,345 130,345 130,347 130,347 121,371 125,508 125,508
60,904 60,904 61,951 61,820 57,563 59,391 59,391
256,419 256,419 256,419 256,811 239,126 247,646 247,646
82 82 82 81 75 78 78
0 0 0 1 1 1 1
0 0 0 0 0 0 0
306 306 306 45 41 46 46
2 2 49 49 45 46 46
0 0 263 3 3 3 3
1,226,374 1,226,374 1,231,634 1,231,766 1,146,942 1,186,234 1,186,234
973,016 973,016 977,894 978,385 911,010 942,010 942,010
255,979 255,979 255,982 255,982 238,354 246,480 246,480
86,967 86,967 88,461 88,275 82,196 84,807 84,807
206,142 206,142 206,142 206,457 192,240 199,090 199,090
234 234 234 231 215 223 223
0 0 0 3 3 3 3
0 0 0 0 0 0 0
628 628 628 91 85 95 95
4 4 87 87 81 83 83
0 0 201 2 2 2 2
36 36 36 36 34 35 35
1,523,007 1,523,007 1,529,666 1,529,550 1,424,220 1,472,827 1,472,827
2,143,208 2,143,208 2,153,953 2,155,033 2,006,630 2,074,912 2,074,912
563,831 563,831 563,837 563,837 525,009 542,907 542,907
191,556 191,556 194,849 194,438 181,048 186,800 186,800
454,057 454,057 454,057 454,752 423,436 438,523 438,523
514 514 514 510 474 491 491
0 0 0 6 6 6 6
0 0 0 0 0 0 0
1,384 1,384 1,384 202 188 208 208
9 9 191 191 178 182 182
0 0 442 5 5 5 5
80 80 80 80 7 7
3,354,640 3,354,640 3,369,309 3,369,054 3,136,975 3,244,113 3,244,113
0.639 0.639 0.639 0.640 0.640 0.640 0.640
0.168 0.168 0.167 0.167 0.167 0.167 0.167
0.057 0.057 0.058 0.058 0.058 0.058 0.058
0.135 0.135 0.135 0.135 0.135 0.135 0.135
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000 1.000 1.000

14 15 17
Ammonia Dilution Air Purge+Scavange
263 4,997 84,927
166 3,150 53,543
201 6,459 105,446
442 14,227 232,260
0.7809
0.0003
0.2095
0.0093
1.0000
3,902 53,947
1 8,986
1,047 4,252
0 17,730
0 6
0 0
0 0
0 3
46 3
0 0
4,997 84,927
4,878 67,442
3 17,647
1,495 6,072
0 14,254
0 16
0 0
0 0
0 7
83 6
201 0 0
0 3
201 6,459 105,446
0 10,745 148,552
0 6 38,869
0 3,293 13,374
0 0 31,396
0 0 35
0 0
0 0
0 0 15
182 13
0 0
0 6
0 14,227 232,260
0.755 0.640
0.000 0.167
0.231 0.058
0.000 0.135
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.013 0.000
0.000 0.000
0.000 0.000
0.000 0.987 1.000

14 Reacted

201 kgh
442 Ib/hour

Degree F
Degree C

0.2999 Vol-parts
Vol-parts
Vol-parts

0.7001 Vol-parts
Vol-parts

Vol-parts

1.0000

64 Nm*h
Nm®h
Nm®h

150 Nm’h
Nm®h

Nm®h

214 Nm’h

80 kg/h

201 kgh

177 Ib/h
0 Ib/h
0 Ib/h
265 Ib/h
0 Ib/h

0 Ib/h

442 Ib/h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

Mass-parts

0.000 Mass-parts

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide

Nitrogen di oxide

Total
Composition
Nitrogen
Carbon di oxide
Oxygen

Moisture
Sulfur di oxide

Nitrogen di oxide

Total

Copy of 14Jan09_MRY2TailEnd_Rev0



. MRY2 Input Data 3 4 5 6 7 8 9 10 1 14 15 17 14 Reacted
FGD OQutlet FGD Outlet GGH inlet GGH outlet Steam HE out Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out li Ammonia Dilution Air Purge+Scavange
Density kgINm3 1.242 1.242 1.242 1.242 1.242 1.242 1.242 1.242 1.242
Cp kJ/kgK 1.118792829 1.1197279 1.1798596 1.186904869  1.1863618 1.186361804 1.186361804  1.12492337 1.12492337 kJ/kgK Cp
Heat Content MW 28.098 29.895 136.919 148.655 148.397 148.397 138.167 39.834 39.834 MW Heat Content
MMBTU/hr 95.899 102.032 467.305 507.360 506.478 506.478 471.565 135.953 135.953
NO, Ibs/hour 1388.7665 1388.7665 1384.0485 1384.0485  1384.0485 201.5056 187.6292 208.3150 208.3150 14.9 Ibs/hour NO,
NO, kg/h 630.5000  630.5000 628.3580 628.3580 628.3580 91.4835 85.1837 94.5750 94.5750 6.8 kg/h NO,
NO, Nm* / hour 307.2 307.2 306.1 306.1 306.1 44.6 415 46.1 46.1 3.3
NO + NO, @ actual O, PPM 260.2 260.2 249.6 249.6 248.5 36.2 36.2 38.8 38.8 38.8
NO +NO,@3% O, PPM 292.0 292.0 280.2 280.2 280.1 40.8 40.8 43.7 43.7
NO2 Balance Check
Eta NOx 0.850 0.8500 kg/h Ibs/hr
Eta NOx reactor 0.8544 -0.9 -2
S02/S03 Conversion Rate % 1.00%
Diff. heat hot side Diff. heat cold side 0.663477551
Ammonia slip PPM 2 MwW Mw
11.736 11.736
Temperature Diff. Hot Side F 50
-2

2/7/2009 Copy of 14Jan09_MRY2TailEnd_Rev0



MRY 2 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat

6,459
Dilution Air
1,551,042 7
Ammonia 294
201
NAT GAS Catalyst
Differential 14.5 MW »
Heat 49.4 MMBTU/h ] »
Comb. Air 1,551,042 8
294
1,523,007 1,445,597 9 i 105,446
Mass Flow Location 271 — 294
Temperature JV Seal Air Fan
kg/h Stream
°C
S
From FGD
To Stack
— / > 1,494,191
1,466,155 3 1,466,155 4 91
62 66

Heat Source
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Blakley, Robert

From: Blakley, Robert

Sent: Monday, February 09, 2009 5:30 PM

To: 'Robert Johnson'

Cc: ‘Volker Rummenhohl'; Weilert, Carl; Voss, Steve; Bryant, Ronald; Blackwood, Dave
Subject: RE: Hypothetical Case_Tail End SCR

Bob & Volker —
We will review your recent mass balances for Unit 2.

Do you expect there to be a FGD GGH and booster fan downstream of the existing U2 wet lime FGD absorbers, upstream of the
TESCR GGH? We expect the existing ID fans, or their replacements, will control boiler draft, so the TESCR will need a booster
fan to overcome the GGH, reactor, and GGH treated side pressure drops.

As mentioned previously, | believe the typical FGD outlet pressure on U2’s existing scrubbers is around 3-3.5 in. w.c., with 330-
340 degF inlet gas entering the towers, at full load conditions (approx. 4800 mmBtu/hr boiler heat input). The absorber vessels
are not rated to operate beyond around 4 in. w.c., which we are attempting to confirm.

The 5,158 mmBtu/hr heat input rate in the design basis is for short term, maximum output operation, for the plant’s reserve
capacity rating.

| also need to know the equation for converting ACFM or SCFM to normal cubic meters (Nm3). We're trying to calculate
particulate and sodium loading expected to enter the LDSCR and TESCR reactors, in terms of milligrams or micrograms per
Nm3.

Bob Blakley

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Saturday, February 07, 2009 5:25 PM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Hypothetical Case_Tail End SCR

Bob,
Attached are the latest Mass Balances and PFDs for the Steam and Nat Gas reheat cases. We revised the Steam case from the
version previously sent.

We will be working on the Low Dust case as soon as we thoroughly review the revised spreadsheet you sent. We were both out
of town last week.

Let us know if you have any questions.
Thanks, Bob

Robert E. Johnson
Fuel Tech, Inc
(913) 897 0727

<<6Feb09 PFD_natgas_downstream_ FGD.pdf>> <<6Feb09 MassBalance_ MRY2TailEnd_Rev0.pdf>>
<<6Feb09_MRY2TailEnd_Rev0_natgas_downstrm_FGD.pdf>> <<6Feb09_PFD_MRY2TailEnd_Rev0.pdf>>
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Blakley, Robert

From: Blakley, Robert

Sent: Tuesday, March 03, 2009 12:26 PM

To: 'Robert Johnson'

Cc: ‘Volker Rummenhohl'; Bryant, Ronald; Blackwood, Dave
Subject: RE: Hypothetical Case_Tail End SCR

Bob & Volker -

One of the decisions from the SCR cost estimate study kickoff meeting with Minnkota last Thursday, February 26 was to assume
natural gas firing for supplemental flue gas heating for both LD and TESCR cases for MRYS Unit 1 and Unit 2. Minnkota has
established this as their reheat source they prefer.

In addition, Minnkota directed BMcD to assume urea for the ammonia source. Our understanding is that this may slightly affect
the SCR mass balances when the urea is converted to ammonia before being injected into the flue gas stream because of the
CO2 and water that will be driven off. The urea solution will be stored at 50% concentration on-site prior to feeding.

Please consider these decisions so that you can revise the preliminary mass balances for the LD and TESCR cases for MRYS
Unit 1 and Unit 2 and provide estimated reactor sizing.

We would like to get the revised mass balances within 1 week and the preliminary reactor sizing by mid-March if possible. | don’t
know what the latter entails, so advise an alternate time table if this is more complicated than | realize.

Please advise if question arise.

Thanks,

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Saturday, February 07, 2009 5:25 PM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Hypothetical Case_Tail End SCR

Bob,
Attached are the latest Mass Balances and PFDs for the Steam and Nat Gas reheat cases. We revised the Steam case from the
version previously sent.

We will be working on the Low Dust case as soon as we thoroughly review the revised spreadsheet you sent. We were both out
of town last week.

Let us know if you have any questions.
Thanks, Bob

Robert E. Johnson
Fuel Tech, Inc
(913) 897 0727

<<6Feb09 PFD_natgas downstream_FGD.pdf>> <<6Feb09_MassBalance_ MRY2TailEnd_Rev0.pdf>>
<<6Feb09_MRY2TailEnd_Rev0_natgas_downstrm_FGD.pdf>> <<6Feb09_PFD_MRY2TailEnd_Rev0.pdf>>
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Blakley, Robert

From: Blakley, Robert

Sent: Friday, March 06, 2009 12:10 PM

To: 'Robert Johnson'

Cc: ‘Volker Rummenhohl'; Bryant, Ronald; Blackwood, Dave; Voss, Steve

Subject: RE: Hypothetical Case_Tail End SCR
Bob -
I don’t envision Minnkota having ammonia storage tanks in addition to the concentrated urea storage tanks, if the urea-to-
ammonia conversion isn’t “on demand”.
| assume either a FT “Ultra” system or the hydrolyzer approach would satisfy that requirement.
My guess is since Minnkota has chosen natural gas-fired final reheat for the flue gas ahead of the SCR reactor for either LD or
TE SCR cases as the energy source, rather than steam, they would probably go with the Fuel Tech version that uses fuel to

decompose the urea rather than a hydrolyzer that uses steam.

| suppose it may depend on how much heat is required and what steam conditions are involved for the hydrolyzer. | am not
familiar with that process but I'm sure we could check into that from another SCR project is needed.

Bob Blakley

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Friday, March 06, 2009 11:59 AM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: RE: Hypothetical Case_Tail End SCR

Bob,

Thanks. We will revise the mass balances, but it will probably take until next Friday.

Has Minnkota determined the type of urea system? one requires steam for the hydrolysis and Fuel Tech's requires a combustion
fuel. in this case, we would use the natural gas. Our system will affect the mass balance due to additional NOx, and byproducts
such as H20 and CO2. We wouldn't account for trace byproducts.

The reactor size is easier, but mid-March is fine as a deadline.
Just to confirm, you need 4 mass balances: LD and TE for both MRYS 1 and 2.

Best Regards,
Bob

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]
Sent: Tuesday, March 03, 2009 12:26 PM

To: Robert Johnson

Cc: Volker Rummenhohl; Bryant, Ronald; Blackwood, Dave
Subject: RE: Hypothetical Case_Tail End SCR

Bob & Volker -

One of the decisions from the SCR cost estimate study kickoff meeting with Minnkota last Thursday, February 26 was to assume
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natural gas firing for supplemental flue gas heating for both LD and TESCR cases for MRYS Unit 1 and Unit 2. Minnkota has
established this as their reheat source they prefer.

In addition, Minnkota directed BMcD to assume urea for the ammonia source. Our understanding is that this may slightly affect
the SCR mass balances when the urea is converted to ammonia before being injected into the flue gas stream because of the
CO2 and water that will be driven off. The urea solution will be stored at 50% concentration on-site prior to feeding.

Please consider these decisions so that you can revise the preliminary mass balances for the LD and TESCR cases for MRYS
Unit 1 and Unit 2 and provide estimated reactor sizing.

We would like to get the revised mass balances within 1 week and the preliminary reactor sizing by mid-March if possible. | don'’t
know what the latter entails, so advise an alternate time table if this is more complicated than | realize.

Please advise if question arise.

Thanks,

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Saturday, February 07, 2009 5:25 PM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Hypothetical Case_Tail End SCR

Bob,
Attached are the latest Mass Balances and PFDs for the Steam and Nat Gas reheat cases. We revised the Steam case from the
version previously sent.

We will be working on the Low Dust case as soon as we thoroughly review the revised spreadsheet you sent. We were both out
of town last week.

Let us know if you have any questions.
Thanks, Bob

Robert E. Johnson
Fuel Tech, Inc
(913) 897 0727

<<6Feb09_PFD_natgas_downstream_FGD.pdf>> <<6Feb09_ MassBalance_MRY2TailEnd_Rev0.pdf>>
<<6Feb09_MRY2TailEnd_Rev0 natgas_downstrm_FGD.pdf>> <<6Feb09_PFD_MRY2TailEnd_Rev0.pdf>>
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Blakley, Robert

From: Blakley, Robert

Sent: Friday, March 06, 2009 12:25 PM

To: 'Robert Johnson'

Cc: ‘Volker Rummenhohl'; Bryant, Ronald; Blackwood, Dave; Voss, Steve
Subject: RE: Hypothetical Case_Tail End SCR

Bob —

| checked on the Seminole SCR project — it appears to use 125 psig saturated steam for the heat source in the urea-to-ammonia
conversion process, and electric resistance heat tracing on the urea and ammonia lines.

Oh, and | am confirming that we need information on four cases:
U1l LD and TESCR; and
U2 LD and TESCR.

Bob Blakley

From: Robert Johnson [mailto:RJohnson@ftek.com]

Sent: Friday, March 06, 2009 12:13 PM

To: Blakley, Robert

Cc: Volker Rummenhohl; Bryant, Ronald; Blackwood, Dave; Voss, Steve
Subject: RE: Hypothetical Case_Tail End SCR

Bob,

Thanks.

FYI: the Wahlco hydrolyzer system is being used on the Seminole and Crystal River SCR projects.
Regards, Bob

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]

Sent: Friday, March 06, 2009 12:10 PM

To: Robert Johnson

Cc: Volker Rummenhohl; Bryant, Ronald; Blackwood, Dave; Voss, Steve
Subject: RE: Hypothetical Case_Tail End SCR

Bob —

I don’t envision Minnkota having ammonia storage tanks in addition to the concentrated urea storage tanks, if the urea-to-
ammonia conversion isn’t “on demand”.
| assume either a FT “Ultra” system or the hydrolyzer approach would satisfy that requirement.

My guess is since Minnkota has chosen natural gas-fired final reheat for the flue gas ahead of the SCR reactor for either LD or
TE SCR cases as the energy source, rather than steam, they would probably go with the Fuel Tech version that uses fuel to
decompose the urea rather than a hydrolyzer that uses steam.

| suppose it may depend on how much heat is required and what steam conditions are involved for the hydrolyzer. | am not
familiar with that process but I'm sure we could check into that from another SCR project is needed.

Bob Blakley
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From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Friday, March 06, 2009 11:59 AM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: RE: Hypothetical Case_Tail End SCR

Bob,

Thanks. We will revise the mass balances, but it will probably take until next Friday.

Has Minnkota determined the type of urea system? one requires steam for the hydrolysis and Fuel Tech's requires a combustion
fuel. in this case, we would use the natural gas. Our system will affect the mass balance due to additional NOx, and byproducts
such as H20 and CO2. We wouldn't account for trace byproducts.

The reactor size is easier, but mid-March is fine as a deadline.
Just to confirm, you need 4 mass balances: LD and TE for both MRYS 1 and 2.

Best Regards,
Bob

From: Blakley, Robert [mailto:rblakley@burnsmcd.com]
Sent: Tuesday, March 03, 2009 12:26 PM

To: Robert Johnson

Cc: Volker Rummenhohl; Bryant, Ronald; Blackwood, Dave
Subject: RE: Hypothetical Case_Tail End SCR

Bob & Volker -

One of the decisions from the SCR cost estimate study kickoff meeting with Minnkota last Thursday, February 26 was to assume
natural gas firing for supplemental flue gas heating for both LD and TESCR cases for MRYS Unit 1 and Unit 2. Minnkota has
established this as their reheat source they prefer.

In addition, Minnkota directed BMcD to assume urea for the ammonia source. Our understanding is that this may slightly affect
the SCR mass balances when the urea is converted to ammonia before being injected into the flue gas stream because of the
CO2 and water that will be driven off. The urea solution will be stored at 50% concentration on-site prior to feeding.

Please consider these decisions so that you can revise the preliminary mass balances for the LD and TESCR cases for MRYS
Unit 1 and Unit 2 and provide estimated reactor sizing.

We would like to get the revised mass balances within 1 week and the preliminary reactor sizing by mid-March if possible. | don’t
know what the latter entails, so advise an alternate time table if this is more complicated than | realize.

Please advise if question arise.

Thanks,

From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Saturday, February 07, 2009 5:25 PM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: Hypothetical Case_Tail End SCR
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Bob,
Attached are the latest Mass Balances and PFDs for the Steam and Nat Gas reheat cases. We revised the Steam case from the
version previously sent.

We will be working on the Low Dust case as soon as we thoroughly review the revised spreadsheet you sent. We were both out
of town last week.

Let us know if you have any questions.
Thanks, Bob

Robert E. Johnson
Fuel Tech, Inc

(913) 897 0727
<<6Feb09_ PFD_natgas_downstream_FGD.pdf>> <<6Feb09 MassBalance_ MRY2TailEnd_Rev0.pdf>>
<<6Feb09_MRY2TailEnd_Rev0 natgas_downstrm_FGD.pdf>> <<6Feb09_PFD_MRY2TailEnd_Rev0.pdf>>



From: Robert Johnson [mailto:RJohnson@ftek.com]
Sent: Thu 3/12/2009 8:59 AM

To: Blakley, Robert

Cc: Volker Rummenhohl

Subject: 12Mar09_Preliminary Information

Bob,

Attached are preliminary mass balances and PFDs for the LD and TE hypothetical cases. We have updated these to reflect
natural gas firing to control temperatures to the SCR inlet. We have also based these on the use of Fuel Tech's ULTRA system
for decomposing urea to ammonia. You will see the various inputs on the PFDs.

Also, we have prepared a table with preliminary reactor sizes. For all 4 cases, we have assumed 2 reactors per unit.
But, for Unit 1, 1 large reactor would also be possible for both cases. This is possible since the mass flow rate of the flue gas is
less than 2,000,000 kg/hr.

Please let us know if we can clarify anything.
Best Regards, Bob

Robert E. Johnson
Fuel Tech, Inc
(913) 897 0727

This message contains information that may be privileged, confidential or otherwise protected from disclosure. Unless you are
the intended addressee (or authorized recipient for the addressee) you may not use, copy or disclose this message or
information contained in this message to anyone. If you received this message in error, please notify the sender by replying to
this message and then delete it from your system without copying or disclosing it. Thank you.

<<10Mar09_MRY2LowDust PFD_Rev0_natgas.pdf>> <<9Mar09_MRY2TailEnd_Mass Balance_Rev0_natgas.pdf>>
<<9Mar09_MRY2TailEnd_PFD_Rev0_natgas.pdf>> <<10Mar09_Hypothetical SCR_Reactor Arrangement_Summary.pdf>>
<<10Mar09_MRY1lLowDust MassBalance Rev0 natgas.pdf>> <<10Mar09_MRY1lLowDust PFD_Rev0_natgas.pdf>>
<<10Mar09_MRY1TailEnd_MassBalance_Rev0_natgas.pdf>> <<10Mar09 MRY1TailEnd PFD_Rev0_natgas.pdf>>
<<10Mar09_MRY2LowDust_Mass BalanceRev0_natgas.pdf>>
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MRY 2

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Density

Cp

Heat Content
NO,

NO,

NO,

NO + NO, @ actual O,
NO +NO,@3 % O,

Eta NOx

3/11/2009

Nm’/h
scfm
acfm
kg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nm®
kJ/kgK

MW
MMBTU/hr

Ibs/hour
kath

Nm® / hour
PPM

PPM

Input Data 3
ESP Outlet ESP Outlet
1,072,689
676,283
978,672
1,374,291
3,027,072

331 331
166
14.5

0.6879
0.1156
0.0525
0.1422
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

737,868
124,008
56,358
152,571
1,578

0

0

307

0

0
1,072,689

1,844,900
487,068
160,950
245,312

9,020

922,450
243,534
80,475
122,656
4,510

1,261 631

70 35

2,748,581 1,374,291
2,031,828
536,419
177,258
270,167
9,934

3,027,072

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.104243094

70.023
238.988

1388.7665
630.5000
307.2
286.3
327.3

0.850 0.8500

4
GGH inlet
1,072,689
676,283
978,672
1,374,291
3,027,072

331
166
13.5

0.6879
0.1156
0.0525
0.1422
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

737,868
124,008
56,358
152,571
1,578

0

0

307

0

0
1,072,689

922,450
243,534
80,475
122,656
4,510

1,374,291

2,031,828
536,419
177,258
270,167

9,934
0

0
1,389
0

0

7

3,027,072

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.1042431

70.023
238.988

1388.7665
630.5000
307.2
286.3
327.3

5
GGH outlet
1,114,284
702,506
1,273,631
1,427,580
3,144,449

520
271
10

0.6879
0.1156
0.0525
0.1423
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

766,494
128,799
58,552
158,521
1,638

1

0

306

2

0
1,114,312

958,237
252,943
83,609
127,439
4,682

3

0

628

4

0

36

1,427,580

2,110,654
557,143
184,160
280,703

10,312
6

0
1,384
8

0
80

3,144,449

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.1351465

122.082
416.667

1384.0464
628.3571
306.1
274.7
314.1

6
Burner out
1,129,869
712,332
1,351,693
1,446,843
3,186,879

564
295
9

0.6890
0.1150
0.0520
0.1423
0.0014
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

778,477
129,893
58,781
160,768
1,638

1

0

309

2

0
1,129,869

973,218
255,091
83,935
129,246
4,682

3

0

635

4

0

36

1,446,850

2,143,653
561,875
184,880
284,682

10,312

3,186,893

0.673
0.176
0.058
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000

1.281

1.142572233

135.591
462.771

1398.2822
634.8201
309.3
273.7
311.9

7 8 9 10 1"
Reactor inlet Reactor outlet GGH treated inlet Booster fan in  Booster fan out
1,135,150 1,135,286 1,058,149 1,078,363 1,078,363
715,661 715,747 667,116 679,859 679,859
1,361,282 1,371,355 1,279,731 1,082,007 1,082,007
1,453,355 1,453,355 1,354,516 1,400,066 1,400,066
3,201,223 3,201,223 2,983,516 3,083,845 3,083,845
564 564 564 380 380
295 295 295 193 193
8 5 45 0 0
0.6888 0.6891 0.6891 0.6878 0.6878
0.1146 0.1146 0.1146 0.1152 0.1152
0.0524 0.0523 0.0523 0.0527 0.0527
0.1422 0.1425 0.1425 0.1428 0.1428
0.0014 0.0014 0.0014 0.0014 0.0014
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0003 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
781,884 782,281 729,129 741,666 741,666
130,127 130,127 121,286 124,243 124,243
59,495 59,363 55,329 56,810 56,810
161,390 161,787 150,794 153,977 153,977
1,638 1,622 1,512 1,562 1,562
1 17 15 16 16
0 0 0 0 0
309 45 42 47 46
42 42 40 40 40
263 3 3 3 3
1,135,150 1,135,286 1,058,149 1,078,363 1,078,363
977,478 977,973 911,625 927,199 927,199
255,551 255,551 238,188 243,994 243,994
84,955 84,766 79,007 81,121 81,121
129,746 130,065 121,227 123,786 123,786
4,682 4,636 4,321 4,465 4,465
3 59 55 56 56
0 0 0 0 0
635 92 86 96 95
76 76 7 72 72
201 2 2 2 2
36 36 34 35 35
1,453,362 1,453,257 1,354,516 1,380,827 1,380,826
2,153,035 2,154,126 2,007,764 2,042,288 2,042,288
562,889 562,889 524,643 537,433 537,433
187,125 186,709 174,023 178,682 178,682
285,784 286,486 267,021 272,656 272,656
10,312 10,213 9,519 9,835 9,835
6 130 121 124 124
0 0 0 0 0
1,398 204 190 210 208
167 167 156 159 159
442 5 4 5 5
80 80 7 7
3,201,237 3,201,008 2,983,441 3,041,469 3,041,467
0.673 0.673 0.673 0.671 0.671
0.176 0.176 0.176 0.177 0.177
0.058 0.058 0.058 0.059 0.059
0.089 0.089 0.089 0.090 0.090
0.003 0.003 0.003 0.003 0.003
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000
1.280 1.280 1.280 1.280 1.280
1.14257223 1.142572233 1.142572233 1.111950928 1.111950928
136.201 136.201 126.938 83.598 83.598
464.854 464.854 433.241 285.319 285.319
1398.2822 203.5779 189.7458 210.3873 208.3150
634.8201 92.4244 86.1446 95.5158 94.5750
309.3 45.0 42.0 46.5 46.1
2724 39.7 39.7 43.2 427
311.2 453 453 49.4 48.9

NO2 Balance Check

kg/h

Ibs/hr

12 13 14 15 17 12+13
Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas
1,117 14,446 263 5,018 77,189 15,563
704 9,107 166 3,164 48,664 9,812
871 18,392 201 6,312 98,839 19,263
1,918 40,512 442 13,902 217,707 42,430
0.7900 0.6790 0.7705
0.0467 0.0703
0.2100 0.1422 0.0147
0.1240 0.1445
0.0000
0.0000
0.0000
0.0000
0.0081 0.0000
0.0000
1.0000 1.0000 1.0000
11,412 3,407 53,088 11,991
234 8,893 1,094
3,034 714 4,066 229
622 11,022 2,249
0 112 0
0 1 0
0 0 0
0 3 0
40 3 0
0 0 0
14,446 5,018 77,189 15,563
14,267 4,259 66,369 14,982
460 17,465 2,148
4,332 1,019 5,807 327
500 8,861 1,807
0 320
0 4
0 0
0 7 6
72 5
201 0 0
0 3
18,599 201 6,312 98,839 19,270
31,425 0 9,382 146,186 32,999
0 1,014 38,469 4,732
9,541 0 2,245 12,790 720
0 1,102 19,517 3,979
0 0 704
0 9
0 0
0 0 15 14
159 1
0 0
0 6
40,967 0 13,902 217,707 42,444
0.767 0.675 0.671 0.777
0.000 0.073 0.177 0.111
0.233 0.161 0.059 0.017
0.000 0.079 0.090 0.094
0.000 0.000 0.003 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.011 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
1.000 0.000 0.989 1.000 1.000
12.624
43.087
14.9
6.8
33
427

14 Reacted 18 19 20
ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry
86 4,135
54 2,607
201 67 5,324 744
442 148 11,726 1,638
0.2999 0.7900
0.2100
0.7001
1.0000 1.0000
64 3,267
868
150
214 4,135
80 4,084
1,240
120 372
372
201 5,324 744
177 8,995
0
0 2,731
265 819
0
0
819
442 11,726 1,638
0.767
0.233
0.5
0.5
0.000 1.000 1.000
0.976
3.331

21
ULTRA Injection Air
293 Nmih
185 scfm
acfm
378 kg/h
832 Ib/hour

Degree F
Degree C

0.7900 Vol-parts
Vol-parts
0.2100 Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
1.0000 Vol-parts

232 Nm*h
Nm’h

62 Nm’h
Nm’h
Nm’h
Nm3/h
Nm3/h
Nm’h
Nm3/h
Nm3/h
293 Nm*h

290 kg/h

378 kg/h

638 Ib/h
Ib/h
194 Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
832 Ib/h

0.767 Mass-parts
Mass-parts
0.233 Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
1.000 Mass-parts

kJ/kgK

MW

Ibs/hour
kg/h

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Cp

Heat Content

NO,
NO,

10Mar09_MRY2LowDust_Rev0_natgas



~ MRY2 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
ESP Outlet ESP Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.0 0

3/11/2009 10Mar09_MRY2LowDust_Rev0_natgas



MRY 1 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat

rea Slurry 448
41 Inj. Air 285
NAT GAS
EE— Ammonia 121
B B
Comb. Air > 899,921 7 A 4
3245 Off'GaS 295
3897 ————»>
NAT GAS Catalyst
Differential 8.6 MW >
Heat 29.2 MMBTU/h >
Comb. Air 899,921 8
295
883,419 838,758 9 i 61,164
Mass Flow Location 271 — 295
Temperature .
Jv Seal Air Fan
kg/h Stream
°C
\:_/
From FGD
To Stack
— b > 866,945
850,442 3 850,442 4 91
62 66

Heat Source



MRY 1

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Density

Cp

Heat Content
NO,

NO,

NO,

NO + NO, @ actual O,
NO +NO,@3 % O,

Eta NOx

3/11/2009

Nm’/h
scfm
acfm
kg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nm®
kJ/kgK

MW
MMBTU/hr

Ibs/hour
kath

Nm® / hour
PPM

PPM

Input Data 3
FGD Outlet FGD Outlet
688,272
433,924
478,587
850,442
1,873,220

143 143
62
14.5

0.6258
0.1045
0.0493
0.2201
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

430,691
71,902
33,964

151,484

45

0

0

185

0

0
688,272

1,076,862
282,412

538,431
141,206
96,998 48,499
243,564 121,782
258 129
0
0
379
0
0
32 16

758

1,700,884 850,442
1,185,971
311,026
106,826
268,242
284

0

0

835

0

0

35

1,873,220

0.633
0.166
0.057
0.143
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.236
1.125693116

16.399
55.969

834.8018
379.0000
184.6
268.3
300.6

0.850 0.8500

4
GGH inlet
688,272
433,924
478,587
850,442
1,873,220

150
66
13.5

0.6258
0.1045
0.0493
0.2201
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

430,691
71,902
33,964

151,484

45

0

0

185

0

0
688,272

538,431
141,206
48,499
121,782
129

0

0

379

0

0

16

850,442

1,185,971
311,026
106,826
268,242

284
0

0
835
0

0
35

1,873,220

0.633
0.166
0.057
0.143
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.236
1.1266306

17.448
59.548

834.8018
379.0000
184.6
268.3
300.6

5 6
GGH outlet  Burner out

714,960 725,054
450,750 457,114
817,138 866,311
883,419 895,904
1,945,856 1,973,356
520 562
271 295
10 9
0.6258 0.6278
0.1045 0.1040
0.0494 0.0489
0.2201 0.2190
0.0001 0.0001
0.0000 0.0000
0.0000 0.0000
0.0003 0.0003
0.0000 0.0000
0.0000 0.0000
1.0000 1.0000
447,407 455,173
74,681 75,390
35,288 35,436
157,364 158,821
47 47
0 0
0 0
184 186
1 1
0 0
714,971 725,054
559,328 569,038
146,662 148,055
50,388 50,600
126,509 127,680
134 134
0 0
0 0
378 382
2 2
0 0
17 17
883,419 895,908
1,232,000 1,253,388
323,044 326,111
110,988 111,454
278,655 281,234
295 295
0 0
0 0
832 841
5 5
0 0
37 37
1,945,856 1,973,365
0.633 0.635
0.166 0.165
0.057 0.056
0.143 0.143
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
1.000 1.000
1.236 1.236
1.1861124  1.193726213
78.939 87.506
269.419 298.659
831.9646 841.1912
377.7119 381.9008
184.0 186.1
257.4 256.6
288.4 286.7

7 8 9 10 1"
Reactor inlet Reactor outlet GGH treated inlet Booster fan in  Booster fan out
728,310 728,392 678,935 691,763 691,763
459,167 459,218 428,038 436,126 436,126
872,297 878,746 820,075 541,960 541,960
899,921 899,921 838,758 866,945 866,945
1,982,206 1,982,206 1,847,484 1,909,570 1,909,570
562 562 562 196 196
295 295 295 91 91
8 5 45 0 0
0.6279 0.6281 0.6281 0.6260 0.6260
0.1037 0.1037 0.1037 0.1041 0.1041
0.0493 0.0491 0.0491 0.0495 0.0495
0.2186 0.2189 0.2189 0.2202 0.2202
0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0003 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
457,283 457,521 426,456 433,036 433,036
75,532 75,532 70,403 72,044 72,044
35,880 35,800 33,369 34,251 34,251
159,199 159,437 148,612 152,332 152,332
47 46 43 45 45
0 0 0 0 0
0 0 0 0 0
186 27 25 28 28
26 26 24 25 25
158 2 2 2 2
728,310 728,392 678,935 691,763 691,763
571,675 571,973 533,137 541,362 541,362
148,333 148,333 138,262 141,485 141,485
51,234 51,120 47,649 48,908 48,908
127,984 128,176 119,473 122,464 122,464
134 133 124 128 128
0 2 2 2 2
0 0 0 0 0
382 56 52 57 57
47 47 44 44 44
121 1 1 1 1
17 17 15 16 16
899,926 899,857 838,758 854,468 854,467
1,259,196 1,259,852 1,174,310 1,192,428 1,192,428
326,725 326,725 304,541 311,640 311,640
112,849 112,599 104,954 107,727 107,727
281,903 282,325 263,156 269,745 269,745
295 292 272 281 281
0 4 3 4 4
0 0 0 0 0
841 122 114 127 125
103 103 96 98 98
266 3 3 3 3
37 37 35 35
1,982,215 1,982,063 1,847,450 1,882,088 1,882,087
0.635 0.636 0.636 0.634 0.634
0.165 0.165 0.165 0.166 0.166
0.057 0.057 0.057 0.057 0.057
0.142 0.142 0.142 0.143 0.143
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000
1.236 1.235 1.235 1.235 1.235
1.19372621  1.193726213 1.193726213  1.133004044 1.133004044
87.899 87.899 81.925 24.857 24.857
299.998 299.998 279.608 84.837 84.837
841.1912 122.4702 114.1547 126.5634 125.2203
381.9008 55.6015 51.8262 57.4598 56.8500
186.1 271 252 28.0 277
255.5 37.2 37.2 40.5 40.0
286.1 416 416 454 449

NO2 Balance Check

kg/h

Ibs/hr

12 13 14 15 17 12+13
Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas
724 9,363 158 3,097 49,517 10,087
456 5,903 100 1,953 31,218 6,359
564 11,921 121 3,897 61,164 12,485
1,243 26,257 266 8,584 134,722 27,500
0.7900 0.6810 0.7705
0.0458 0.0703
0.2100 0.1432 0.0147
0.1220 0.1445
0.0000
0.0000
0.0000
0.0000
0.0081 0.0000
0.0000
1.0000 1.0000 1.0000
7,397 2,109 30,997 7,771
142 5,157 709
1,966 444 2,452 148
378 10,904 1,458
0 3 0
0 0 0
0 0 0
0 2 0
25 2 0
0 0 0
9,363 3,097 49,517 10,087
9,247 2,637 38,751 9,710
279 10,128 1,392
2,808 633 3,501 212
304 8,766 1,171
0 9
0 0
0 0
0 4 4
44 3
121 0 0
0 1
12,054 121 3,897 61,164 12,489
20,367 0 5,808 85,355 21,387
0 614 22,308 3,067
6,184 0 1,395 7,711 467
0 669 19,309 2,579
0 0 20
0 0
0 0
0 0 9 9
98 7
0 0
0 3
26,552 0 8,584 134,722 27,509
0.767 0.677 0.634 0.777
0.000 0.072 0.166 0.111
0.233 0.163 0.057 0.017
0.000 0.078 0.143 0.094
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.011 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
1.000 0.000 0.989 1.000 1.000
8.182
27.926
9.0
41
20
40.0

14 Reacted

121
266

0.2999

0.7001

1.0000

39

90

129

48

72

121

106

159

266

0.000

18

19

ULTRA Natural Gas ULTRA Combustion Air

52
33

41
90

0.592
2.022

2,521
1,589

3,245
7,148

0.7900

0.2100

1.0000

1,991

529

2,521

2,489

756

3,245

5,483

1,665

7,148

0.767

0.233

1.000

20
ULTRA Urea Slurry

448
986

224

224
448

493

493
986

0.5

0.5
1.000

21
ULTRA Injection Air
221 Nm’h
140 scfm
acfm
285 kg/h
628 Ib/hour

Degree F
Degree C

0.7900 Vol-parts
Vol-parts
0.2100 Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
1.0000 Vol-parts

175 Nm'h
Nm’h

47 Nm*h
Nm’h
Nm’h
Nm3/h
Nm3/h
Nm’h
Nm3/h
Nm3/h
221 Nm*h

219 kgl

285 kg/h

482 Ib/h
Ib/h
146 Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
628 Ib/h

0.767 Mass-parts
Mass-parts
0.233 Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
1.000 Mass-parts

kJ/kgK

MW

Ibs/hour
kg/h

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Cp

Heat Content

NO,
NO,

10Mar09_MRY1TailEnd_Rev0_natgas



~ MRY1 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
FGD Outlet FGD Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.0 0

3/11/2009 10Mar09_MRY1TailEnd_Rev0_natgas



rea S
Inj.

41
NAT GAS
_—>
_—>

Comb. Air
3245

Differential
Heat

Mass Flow
Temperature

kg/h
°C

From ESP

789,759
168

MRY 1 Low Dust SCR Process Flow Diagram Natural Gas Fired Reheat

lurry 448
Air 285

Ammonia 121

B

B

835,513 7 A4
Off-Gas 296
3897 >
NAT GAS Catalyst
7.9 MW ’
27.0 MMBTU/h ’
Comb. Air 835,513 8
296
820,382 778,714 9 l 56,799
Location 271 — 296
Jv Seal Air Fan
Stream
\:_/
To Stack
— b > 804,890
3 789,759 4 196
168

Heat Source



MRY 1 Input Data 3 4 5 6 7 8 9 10 1" 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
ESP Outlet ESP Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Volumetric flow rate vol. ~ Nm%h 616,442 616,442 640,345 649,337 652,592 652,674 608,347 619,933 619,933 644 8,334 158 3,097 44,359 8,979 52 2,521 221 Nm*h Volumetric flow rate vol.
Volumetric flow rate vol. ~ scfm 388,639 388,639 403,709 409,378 411,430 411,482 383,536 390,840 390,840 406 5,254 100 1,953 27,966 5,661 33 1,589 140 scfm Volumetric flow rate vol.
Volumetric flow rate vol.  acfm 565,259 565,259 731,859 777,489 783,269 789,069 736,373 624,992 624,992 acfm Volumetric flow rate vol.
Mass Flow kg/h 789,759 789,759 820,382 831,496 835,513 835,513 778,714 804,890 804,890 502 10,611 121 3,897 56,799 11,114 121 41 3,245 448 285 kg/h Mass Flow
Mass Flow Ib/hour 1,739,656 1,739,556 1,807,009 1,831,488 1,840,338 1,840,338 1,715,229 1,772,885 1,772,885 1,107 23,373 265 8,584 125,109 24,479 265 20 7,148 986 628 Ib/hour Mass Flow
Temperature Degree F 335 335 335 520 564 564 564 564 384 384 Degree F Temperature
Temperature Degree C 168 168 271 296 296 296 296 196 196 Degree C  Temperature
Pressure iwg 145 135 10 9 8 5 4.5 0 0 Pressure
Composition Composition
Nitrogen Vol-parts 0.6881 0.6881 0.6881 0.6893 0.6890 0.6893 0.6893 0.6880 0.6880 0.7900 0.6810 0.7705 0.2999 0.7900 0.7900 Vol-parts  Nitrogen
Carbon di oxide Vol-parts 0.1152 0.1152 0.1152 0.1146 0.1143 0.1142 0.1142 0.1148 0.1148 0.0458 0.0703 Vol-parts ~ Carbon di oxide
Oxygen Vol-parts 0.0530 0.0530 0.0530 0.0525 0.0529 0.0528 0.0528 0.0532 0.0532 0.2100 0.1432 0.0147 0.2100 0.2100 Vol-parts ~ Oxygen
Moisture Vol-parts 0.1419 0.1419 0.1419 0.1419 0.1418 0.1421 0.1421 0.1424 0.1424 0.1220 0.1445 0.7001 Vol-parts  Moisture
Sulfur di oxide Vol-parts 0.0015 0.0015 0.0015 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0000 Vol-parts  Sulfur di oxide
Sulfur tri oxide Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Sulfur trioxide
Nitrogen oxide Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Nitrogen oxide
Nitrogen di oxide Vol-parts 0.0003 0.0003 0.0003 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Nitrogen di oxide
Argon Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0081 0.0000 Vol-parts  Argon
Ammonia Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts ~ Ammonia
Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Vol-parts  Total
Volumetric Flow 0 Volumetric Flow
Nitrogen Nm’h 424,187 424,187 440,644 447,558 449,667 449,905 419,350 426,532 426,532 6,584 2,109 30,520 6,918 39 1,991 175 Nm'h Nitrogen
Carbon di oxide Nm’h 71,044 71,044 73,788 74,419 74,561 74,561 69,497 71,186 71,186 142 5,094 631 Nm’h Carbon di oxide
Oxygen Nm’h 32,677 32,677 33,950 34,082 34,525 34,446 32,106 32,963 32,963 1,750 444 2,359 132 529 47 Nm*h Oxygen
Moisture Nm’h 87,446 87,446 90,856 92,153 92,531 92,769 86,468 88,294 88,294 378 6,318 1,298 20 Nm’h Moisture
Sulfur di oxide Nm’h 904 904 938 938 938 929 866 895 895 0 64 0 Nm’h Sulfur di oxide
Sulfur tri oxide Nm’h 0 0 0 0 0 9 9 9 9 0 1 0 Nm3/h Sulfur trioxide
Nitrogen oxide Nm’h 0 0 0 0 0 0 0 0 0 0 0 0 Nm3/h Nitrogen oxide
Nitrogen dioxide Nm’h 185 185 184 186 186 27 25 28 28 0 2 0 Nm’h Nitrogen di oxide
Argon Nm’h 0 0 1 1 26 26 24 25 25 25 2 0 Nm3/h Argon
Ammonia Nmi'/h 0 0 0 0 158 2 2 2 2 0 0 0 Nm3/h Ammonia
Total Nm’h 616,442 616,442 640,362 649,337 652,592 652,674 608,347 619,933 619,933 8,334 3,097 44,359 8,979 129 2,521 221 Nm*h Total
Mass Flow Mass Flow
Nitrogen kg/h 1,060,600 530,300 530,300 550,874 559,517 562,154 562,452 524,253 533,231 533,231 8,231 2,637 38,155 8,643 48 2,489 219 kg/h Nitrogen
Carbon di oxide kg/h 279,040 139,520 139,520 144,909 146,148 146,427 146,427 136,482 139,799 139,799 279 10,003 1,239 kg/h Carbon di oxide
Oxygen kg/h 93,320 46,660 46,660 48,478 48,666 49,300 49,186 45,846 47,069 47,069 2,499 633 3,368 189 756 66 kg/h Oxygen
Moisture kg/h 140,600 70,300 70,300 73,042 74,084 74,388 74,579 69,514 70,982 70,982 304 5,079 1,042 72 224 kg/h Moisture
Sulfur di oxide kg/h 5,167 2,584 2,584 2,682 2,682 2,682 2,656 2,476 2,558 2,558 0 183 kg/h Sulfur di oxide
Sulfur tri oxide kg/h 0 0 2 2 2 34 32 32 32 0 2 kg/h Sulfur trioxide
Nitrogen oxide kg/h 0 0 0 0 0 0 0 0 0 0 0 kg/h Nitrogen oxide
Nitrogen di oxide kg/h 758 379 379 378 381 381 56 52 57 57 0 4 4 kg/h Nitrogen di oxide
Argon kg/h 0 0 2 2 47 47 44 44 44 44 3 kg/h Argon
Ammonia kg/h 0 0 0 0 121 1 1 1 1 121 0 0 kg/h Ammonia
Particulate kg/h 32 16 16 17 17 17 17 15 16 16 0 1 kg/h Particulate
Urea kg/h 224 kg/h Urea
Total kg/h 1,579,517 789,759 789,759 820,382 831,499 835,517 835,454 778,714 793,790 793,790 10,730 121 3,897 56,799 11,117 121 3,245 448 285 kg/h Total
Nitrogen Ib/h 1,168,062 1,168,062 1,213,379 1,232,417 1,238,225 1,238,880 1,154,742 1,174,518 1,174,518 18,130 0 5,808 84,042 19,038 106 5,483 482 Ib/h Nitrogen
Carbon di oxide Ib/h 307,313 307,313 319,182 321,912 322,526 322,526 300,622 307,927 307,927 0 614 22,034 2,730 0 Ib/h Carbon di oxide
Oxygen Ib/h 102,775 102,775 106,779 107,195 108,590 108,340 100,982 103,677 103,677 5,505 0 1,395 7,419 415 0 1,665 146 Ib/h Oxygen
Moisture Ib/h 154,846 154,846 160,885 163,181 163,850 164,272 153,115 156,348 156,348 0 669 11,187 2,296 159 493 Ib/h Moisture
Sulfur di oxide Ib/h 5,691 5,691 5,907 5,907 5,907 5,850 5,453 5,634 5,634 0 0 403 0 Ib/h Sulfur di oxide
Sulfur tri oxide Ib/h 0 0 4 4 4 75 70 7 7 0 5 Ib/h Sulfur trioxide
Nitrogen oxide Ib/h 0 0 0 0 0 0 0 0 0 0 0 Ib/h Nitrogen oxide
Nitrogen di oxide Ib/h 835 835 832 840 840 122 114 126 125 0 0 9 8 0 Ib/h Nitrogen di oxide
Argon Ib/h 0 0 5 5 103 103 96 98 98 98 7 Ib/h Argon
Ammonia Ib/h 0 0 0 0 266 3 3 3 3 0 0 Ib/h Ammonia
Particulate Ib/h 35 35 37 37 37 37 35 35 0 3 Ib/h Particulate
Urea Ib/h 493 Ib/h Urea
Total Ib/h 1,739,556 1,739,556 1,807,009 1,831,497 1,840,346 1,840,207 1,715,195 1,748,437 1,748,436 23,635 0 8,584 125,109 24,487 265 7,148 986 628 Ib/h Total
Composition Composition
Nitrogen Mass-parts 0.671 0.671 0.671 0.673 0.673 0.673 0.673 0.672 0.672 0.767 0.677 0.672 0.777 0.767 0.767 Mass-parts Nitrogen
Carbon di oxide Mass-parts 0.177 0.177 0.177 0.176 0.175 0.175 0.175 0.176 0.176 0.000 0.072 0.176 0.111 Mass-parts Carbon di oxide
Oxygen Mass-parts 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.233 0.163 0.059 0.017 0.233 0.233 Mass-parts Oxygen
Moisture Mass-parts 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.000 0.078 0.089 0.094 0.5 Mass-parts Moisture
Sulfur di oxide Mass-parts 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.000 0.000 0.003 0.000 Mass-parts  Sulfur di oxide
Sulfur tri oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts  Sulfur trioxide
Nitrogen oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Nitrogen oxide
Nitrogen di oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Nitrogen di oxide
Argon Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 Mass-parts Argon
Ammonia Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Ammonia
Particulate Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Particulate
Urea Mass-parts 0.5 Mass-parts Urea
Total Mass-parts 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000 0.989 1.000 1.000 0.000 1.000 1.000 1.000 Mass-parts Total
Density kg/Nm® 1.281 1.281 1.281 1.281 1.280 1.280 1.280 1.280 1.280
Cp kJ/kgK 1.104654151 1.1046542 1.1349059 1.142477377 1.14247738 1.142477377 1.142477377 111237214 1.11237214 kJ/kgK Cp
Heat Content Mw 40.793 40.793 70.142 78.046 78.423 78.423 73.092 48.631 48.631 7.283 0.592 Mw Heat Content
MMBTU/hr 139.227 139.227 239.394 266.372 267.659 267.659 249.463 165.977 165.977 24.858 2.022
NO, Ibs/hour 834.8018  834.8018 831.9623 840.1753 840.1753 122.3223 114.0148 126.4155 125.2203 9.0 Ibs/hour NO,
NO, kg/h 379.0000 379.0000 377.7109 381.4396 381.4396 55.5343 51.7627 57.3926 56.8500 41 kg/h NO,
NO, Nm’/ hour 184.6 184.6 184.0 185.8 185.8 271 252 28.0 277 20
NO + NO, @ actual O, PPM 299.5 299.5 287.4 286.2 284.8 415 415 45.1 447 447
NO+NO,@3% O, PPM 343.4 343.4 329.5 327.0 326.3 475 475 518 513
NO2 Balance Check
Eta NOx 0.850 0.8500 kg/h Ibs/hr
3/11/2009 10Mar09_MRY1LowDust_Rev0_natgas



~ MRY1 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
ESP Outlet ESP Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.0 0

3/11/2009 10Mar09_MRY 1LowDust_Rev0_natgas



FU@ ECH

Technology for a renewed environment”

Burns & McDonnell

Client: Confidential
Subject: Hypothetical SCR Reactor Arrangements
Unit 1 Unit 1 Unit 2 Unit 2
SCR Low Dust Tail End Low Dust Tail End
Flue Gas Flow 1,815,800 1,993,400 3,159,000 3,369,300

(Ib/hr) Per reactor Per reactor Per reactor Per reactor
Nm>/hr 643,500 731,800 1,119,560 1,231,630
Flue Gas 630F 600F 630 600
Temperature
# Reactors 2 2 2 2
Reactor
# modules 45 45 84 77
(5*9) (5*9) (7*12) (7*11)
Dimensions 10,085 mm * 10,085 mm * 14,025 mm * 14,025 mm *
per reactor 9,210 mm 9,210 mm 12,200 mm 11,200 mm
(approx)
33 * 30° 33 * 30° 46’ * 40° 46’ * 37
Module 2+1 2+1 2+1 2+ 1
Layers
Initial Volume 132 160 249 249
(m°)

Burns & McDonnell

Hypothetical SCR Arrangements

10 March 2009




MRY 2 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat

Urea Slurry 744

67 Inj. Air 378
NAT GAS
—> Ammonia 201
— —>
Comb. Air UTRA | > 1,550,889 | 7
5324 Off-Gas 294
6312 >
NAT GAS Catalyst
Differential 14.5 MW
Heat 494 MMBTUh — *
Comb. Air 1,550,889 8
294
1,523,007 1,445,443 9 i 105,446
Mass Flow Location 271 — 294
Temperature .
JV Seal Air Fan
kg/h Stream
°C
R
From FGD
To Stack
— 7 > 1,494,037
1,466,155 3 1,466,155 4 91
62 66

Heat Source



MRY 2

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Density

Cp

Heat Content
NO,

NO,

NO,

NO + NO, @ actual O,
NO +NO,@3 % O,

Eta NOx

3/11/2009

Nm’/h
scfm
acfm
kg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nm®
kJ/kgK

MW
MMBTU/hr

Ibs/hour
kath

Nm® / hour
PPM

PPM

Input Data 3
FGD Outlet FGD Outlet
1,180,582
744,304
820,913
1,466,155
3,229,416

143 143
62
14.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

1,873,285
492,954
167,370
396,920

450

936,643
246,477
83,685
198,460
225

1,261 631

70 35

2,932,310 1,466,155
2,063,089
542,901
184,328
437,137
496

3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.242
1.118792829

28.098
95.899

1388.7665
630.5000
307.2
260.2
292.0

0.850 0.8500

4
GGH inlet
1,180,582

744,304

820,913
1,466,155
3,229,416

150
66
13.5

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

749,220
125,507
58,606
246,863
79

0

0

307

0

0
1,180,582

936,643
246,477
83,685
198,460
225

1,466,155

2,063,089
542,901
184,328
437,137

496
0

0
1,389
0

0

7

3,229,416

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.242
1.1197279

29.895
102.032

1388.7665
630.5000
307.2
260.2
292.0

5
GGH outlet
1,226,360
773,165
1,401,624
1,523,007
3,354,640

520
271
10

0.6346
0.1063
0.0496
0.2091
0.0001
0.0000
0.0000
0.0002
0.0000
0.0000
1.0000

778,295
130,357
60,888
256,451
82

0

0

306

2

0
1,226,381

972,990
256,003
86,943
206,168
234

0

0

628

4

0

36

1,523,007

2,143,151
563,883
191,505
454,114

514

0

0
1,384
8

0
80

3,354,640

0.639
0.168
0.057
0.135
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.242
1.1788636

135.259
461.638

1384.0495
628.3585
306.1
249.6
280.2

6 7 8 9 10 1"
Burnerout  Reactor inlet Reactor outlet GGH treated inlet Booster fan in  Booster fan out
1,243,639 1,248,920 1,249,057 1,164,213 1,186,256 1,186,256
784,058 787,388 787,474 733,984 747,881 747,881
1,485,060 1,494,958 1,506,005 1,405,413 929,368 929,368
1,544,376 1,550,889 1,550,889 1,445,443 1,494,037 1,494,037
3,401,710 3,416,054 3,416,054 3,183,794 3,290,830 3,290,830
562 562 562 562 196 196
294 294 294 294 91 91
9 8 5 45 0 0
0.6365 0.6365 0.6368 0.6368 0.6348 0.6348
0.1058 0.1055 0.1055 0.1055 0.1060 0.1060
0.0492 0.0495 0.0494 0.0494 0.0498 0.0498
0.2082 0.2078 0.2081 0.2081 0.2093 0.2093
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0002 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
791,589 794,996 795,393 741,365 753,019 753,019
131,571 131,805 131,805 122,852 125,741 125,741
61,142 61,855 61,723 57,530 59,058 59,058
258,944 259,566 259,963 242,305 248,269 248,269
82 82 81 75 78 78
0 0 1 1 1 1
0 0 0 0 0 0
310 310 45 42 47 46
2 42 42 40 40 40
0 263 3 3 3 3
1,243,639 1,248,920 1,249,057 1,164,213 1,186,256 1,186,256
989,610 993,870 994,366 926,822 941,391 941,391
258,386 258,847 258,847 241,264 246,937 246,937
87,306 88,325 88,136 82,150 84,331 84,331
208,172 208,672 208,991 194,795 199,590 199,590
234 234 231 216 223 223
0 0 3 3 3 3
0 0 0 0 0 0
636 636 93 86 96 95
4 76 76 7 72 72
0 201 2 2 2 2
36 36 36 34 35 35
1,544,383 1,550,896 1,550,781 1,445,443 1,472,681 1,472,680
2,179,758 2,189,140 2,190,232 2,041,459 2,073,549 2,073,549
569,133 570,147 570,147 531,419 543,915 543,915
192,304 194,549 194,133 180,947 185,752 185,752
458,528 459,630 460,333 429,064 439,625 439,625
514 514 510 475 491 491
0 0 6 6 6 6
0 0 0 0 0 0
1,400 1,400 204 190 211 208
8 167 167 156 159 159
0 442 5 5 5 5
80 80 80 7 7
3,401,726 3,416,070 3,415,817 3,183,720 3,243,791 3,243,788
0.641 0.641 0.641 0.641 0.639 0.639
0.167 0.167 0.167 0.167 0.168 0.168
0.057 0.057 0.057 0.057 0.057 0.057
0.135 0.135 0.135 0.135 0.136 0.136
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000 1.000
1.242 1.242 1.242 1.242 1.241 1.241
1.186311705 1.18631171 1.186311705 1.186311705 1.126080331 1.126080331
149.739 150.371 150.371 140.147 42.575 42.575
511.060 513.215 513.215 478.321 145.309 145.309
1399.8420  1399.8420 203.8050 189.9613 210.6144 208.3150
635.5283 635.5283 92.5275 86.2425 95.6189 94.5750
309.6 309.6 45.1 42.0 46.6 46.1
249.0 2479 36.1 36.1 39.3 38.8
278.6 2781 40.5 40.5 441 43.6

NO2 Balance Check
kg/h Ibs/hr

12
Natural Gas
1,239
781

966
2,128

14.005
47.799

13
Combustion Air
16,026
10,103

20,404
44,942

0.7900

0.2100

1.0000

12,660

3,365

16,026

15,827

4,806

20,633

34,862

10,585

45,446

0.767
0.000
0.233
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000

14 15 17 12+13
Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas
263 5,018 84,937 17,265
166 3,164 53,549 10,885
201 6,312 105,446 21,370
442 13,902 232,260 47,070
0.6790 0.7705
0.0467 0.0703
0.1422 0.0147
0.1240 0.1445
0.0000
0.0000
0.0000
0.0000
0.0081 0.0000
0.0000
1.0000 1.0000
3,407 53,917 13,302
234 9,003 1,214
714 4,229 254
622 17,776 2,495
0 6 0
0 0 0
0 0 0
0 3 0
40 3 0
0 0 0
5,018 84,937 17,265
4,259 67,405 16,620
460 17,681 2,383
1,019 6,038 363
500 14,291 2,004
0 16
0 0
0 0
0 7 7
72 5
201 0 0
0 3
201 6,312 105,446 21,377
0 9,382 148,469 36,607
0 1,014 38,945 5,249
0 2,245 13,300 799
0 1,102 31,478 4,414
0 0 35
0 0
0 0
0 0 15 16
159 1
0 0
0 6
0 13,902 232,260 47,086
0.675 0.639 0.777
0.073 0.168 0.111
0.161 0.057 0.017
0.079 0.136 0.094
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.011 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.989 1.000 1.000
14.9
6.8
33
38.8

14 Reacted 18 19 20
ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry
86 4,135
54 2,607
201 67 5,324 744
442 148 11,726 1,638
0.2999 0.7900
0.2100
0.7001
1.0000 1.0000
64 3,267
868
150
214 4,135
80 4,084
1,240
120 372
372
201 5,324 744
177 8,995
0
0 2,731
265 819
0
0
819
442 11,726 1,638
0.767
0.233
0.5
0.5
0.000 1.000 1.000
0.976
3.331

21
ULTRA Injection Air
293 Nmih
185 scfm
acfm
378 kg/h
832 Ib/hour

Degree F
Degree C

0.7900 Vol-parts
Vol-parts
0.2100 Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
1.0000 Vol-parts

232 Nm*h
Nm’h

62 Nm’h
Nm’h
Nm’h
Nm3/h
Nm3/h
Nm’h
Nm3/h
Nm3/h
293 Nm*h

290 kg/h

378 kg/h

638 Ib/h
Ib/h
194 Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
832 Ib/h

0.767 Mass-parts
Mass-parts
0.233 Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
1.000 Mass-parts

kJ/kgK

MW

Ibs/hour
kg/h

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
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~ MRY2 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
FGD Outlet FGD Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.1 0

3/11/2009 9Mar09_MRY2TailEnd_Rev0_natgas



MRY 2 Low Dust SCR Process Flow Diagram Natural Gas Fired Reheat

Urea Slurry 744

67 Inj. Air 378
NAT GAS
E—— Ammonia 201
e = e
Comb. Air UTRA | > 1,453,355 | 7
5324 Off-Gas 295
6312 >
NAT GAS Catalyst
Differential 13.5 MW
Heat 461 MMBTUh — *
Comb. Air 1,453,355 8
295
1,427,580 1,354,516 9 i 98,839
Mass Flow Location 271 — 295
Temperature .
JV Seal Air Fan
kg/h Stream
°C
S R
From ESP
To Stack
N p > 1,400,066
1,374,291 3 1,374,291 4 193
166 166

Heat Source



Bowman, Chris

From: Bowman, Chris
Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com

Cc:

'bbasile@babcockpower.com’

Subject: FW: Low Dust/Tail End SCR
Attachments: Lignite fuel analysis (1-09).pdf; MRY - Flue Gas Conditions.pdf

Page 1 of 2

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY
would be negotiated with vendors to determine the soonest COD date possible.

Have a great weekend,

Christopher Bowman

Development Engineer

Burns & McDonnell Engineering
(816) 333-9400 x5693
cbowman@burnsmcd.com

Proud to be one of FORTUNE'’s 100 Best Companies To Work For

From: Bowman, Chris

Sent:

Thursday, March 19, 2009 9:06 AM

To: MGialanella@babcockpower.com
Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R.
Young Power Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment
guotes of a Low Dust and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located
downstream of each units ESP and the Tail End SCR will be located downstream of each units WFGD. The
estimated flue gas for each associated option and coal analysis is attached.

General Information:

Unit 1, 257 MWg, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:

O

O
O
O
O
O
O
O
O

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices

Ammonia injection grid

Hoists and monorails for SCR internal maintenance

Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger
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o Associated interconnecting piping
o Freight to Center, North Dakota

Provided by others:
o Ductwork to and from SCR
o Structural support steel
o Foundations
o Electrical equipment and controls
o Air compressors
o ID Fans and/or booster fans
o Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

o Unit 1: 2,995/ 2,744 MMBtu/hr
o Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):
o Equipment dimensions and layout requirements
o Heat exchanger weights
o Pressure loss for each piece of equipment
o Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 15 in present day dollars with breakout of the
catalyst pricing. Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.

Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

cbowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any
technical papers written and/or published until Burns & McDonnell and Minnkota give written permission.



Burns & McDonnell Confidential 3/18/2009
PROXIMATE ANALYSIS (ASTM, as rec'd)
Moisture - Enter below in Ultimate Analysis
Volatile Matter wit% 26.07
Fixed Carbon wit% 27.00
Ash - Enter below in Ultimate Analysis
100.00
COAL ULTIMATE ANALYSIS (ASTM, as rec'd)
Moisture wit% 37.75
Carbon wit% 38.56
Hydrogen wit% 2.69
Nitrogen wit% 0.58
Chlorine wit% 0.00
Sulfur wit% 1.30
Ash wt% 9.18
Oxygen wt% 9.94
TOTAL wit% 100.00
Modified Mott Spooner HHV (Btu/Ib) - calc Btu/lb
Ibs SO2/mmBtu 3.847
COAL ASH ANALYSIS (ASTM, as rec'd)
Si02 wt% 27.89
Al203 wit% 9.78
TiO2 wt% 0.40
Fe203 wit% 9.61
CaO wit% 16.48
MgO wit% 4.70
Na20 wit% 5.50
K20 wit% 0.95
P205 wit% 0.19
SO3 wt% 22.25
Other Unaccounted for wit% 2.25
TOTAL wit% 100.00
Hg concentration in Coal ppm, dry 0.11
Ibs Hg/TBtu 10.119

modified Ul FGD design spec

Page 1

Coal 7, Lignite: 6,767 Btu, 1.3% S, 9.18% ash

Lignite fuel analysis (1-09).xls



Flue Gas Condition Low Dust SCR Tail End SCR
Unit 1 Unit 2 Unit 1 Unit 2
Location ESP Outlet ESP Outlet FGD Outlet FGD Outlet
Volumetric flow rate vol. scfm 388,639 676,283 433,924 744,304
Volumetric flow rate vol. acfm 565,259 978,672 478,587 820,913
Mass Flow Ib/h 1,739,556 3,027,072 1,873,220 3,229,416
Temperature Degree F 335 331 143 143
Mass Flow
Nitrogen Ib/h 1,168,062 2,031,828 1,185,971 2,063,089
Carbon dioxide Ib/h 307,313 536,419 311,026 542,901
Oxygen Ib/h 102,775 177,258 106,826 184,328
Moisture Ib/h 154,846 270,167 268,242 437,137
Sulfur dioxide Ib/h 5,691 9,934 284 496
Sulfur trioxide Ib/h 0 0 0 0
Nitrogen oxide Ib/h 0 0 0 0
Nitrogen dioxide Ib/h 835 1,389 835 1,389
Argon Ib/h 0 0 0 0
Ammonia Ib/h 0 0 0 0
Particulate Ib/h 35 77 35 77
Urea Ib/h
Total Ib/h 1,739,556 3,027,072 1,873,220 3,229,416

Confidential
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Bowman, Chris

From: Bowman, Chris

Sent: Monday, March 30, 2009 3:43 PM

To: ‘MGialanella@babcockpower.com’

Cc: 'bbasile@babcockpower.com'; Blackwood, Dave
Subject: RE: Low Dust/Tail End SCR

Mario,

To clarify our conversation about gas to gas heat exchangers (GGH), it is our understanding that for the tail end
SCR arrangements a GGH is needed to heat the WFGD outlet air above the saturation temp to avoid acid mist
condensation in the SCR GGH.

Due to SO2 emission limits required, the GGH at the WFGD cannot exceed more than a 2% leakage. If this is
cannot be achieved then we would require a “no-leak” type GGH at the FGD, possibly one using a heat transfer
fluid in a closed-loop or a direct-fired NG burner. Based on your experience with these projects we will default to
your assumption as to which type of GGH would be most economically prudent

The use of steam as a heating source, such as a steam coil, is not an option for this site. Thanks,

Christopher Bowman

Development Engineer

Burns & McDonnell

Direct: 816-333-9400 x5693

Main: 816-333-9400

Fax: 816-333-3690

www.burnsmcd.com

Proud to be one of FORTUNE's 100 Best Companies To Work For

From: Bowman, Chris

Sent: Monday, March 30, 2009 9:40 AM
To: 'MGialanella@babcockpower.com'
Cc: 'bbasile@babcockpower.com'
Subject: RE: Low Dust/Tail End SCR

Mario,

As mentioned in the phone call today, if you could please provide the information in the following time frame it
would be appreciated:

April 10th
Equipment dimensions and layout requirements

Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

cbowman@burnsmcd.com

Proud to be one of FORTUNE's 100 Best Companies To Work For

2/8/2010



From: Bowman, Chris

Sent:

Friday, March 20, 2009 2:55 PM

To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com'
Subject: FW: Low Dust/Tail End SCR

Page 2 of 3

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY
would be negotiated with vendors to determine the soonest COD date possible.

Have a great weekend,

Christopher Bowman

Development Engineer

Burns & McDonnell Engineering
(816) 333-9400 x5693
cbowman@burnsmcd.com

Proud to be one of FORTUNE'’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com

Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R.
Young Power Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment
guotes of a Low Dust and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located
downstream of each units ESP and the Tail End SCR will be located downstream of each units WFGD. The
estimated flue gas for each associated option and coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:

O

O
O
O
O
O
O
O
O
O
O

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices
Ammonia injection grid

Hoists and monorails for SCR internal maintenance
Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger

Associated interconnecting piping

Freight to Center, North Dakota

Provided by others:

2/8/2010
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o Ductwork to and from SCR

o Structural support steel

o Foundations

o Electrical equipment and controls
o Air compressors

o ID Fans and/or booster fans

o Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

o Unit 1: 2,995/ 2,744 MMBtu/hr
o Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):
o Equipment dimensions and layout requirements
o Heat exchanger weights
o Pressure loss for each piece of equipment
o Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 15! in present day dollars with breakout of the
catalyst pricing. Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.

Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

cbowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any
technical papers written and/or published until Burns & McDonnell and Minnkota give written permission.

2/8/2010
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Bowman, Chris

From: JWaller@babcockpower.com
Sent:  Wednesday, April 01, 2009 2:26 PM
To: Bowman, Chris

Cc: MGialanella@babcockpower.com; mjasinski@babcockpower.com; cerickson@babcockpower.com
Subject: Fw: Low Dust/Tail End SCR

Chris,
We can meet the following dates for the information you requested:

April 17th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
We will try to improve the April 17th date.
Regards,

Jack Waller
Babcock Power Environmental Inc.

(508) 854-3850

Jack:

Please review the requested dates and advise if we can meet them.
Thanks,

Mario

IMAGE

Mario Gialanella

Business Development Manager
Babcock Power Environmental Inc.
172 Highgrove Drive

Suwanee, GA 30024

T: 678 965 5805 F:
M: 678 761 4395
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mgialanella@babcockpower.com
http://www.babcockpower.com

""Bowman, Chris" <cbowman@burnsmcd.com> To <MGialanella@babcockpower.com>

ce <bbasile@babcockpower.com>

03/30/2009 10:40 AM Subject RE: Low Dust/Tail End SCR

Mario,

As mentioned in the phone call today, if you could please provide the information in the following time frame it would be
appreciated:

April 10th
Equipment dimensions and layout requirements

Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com’
Subject: FW: Low Dust/Tail End SCR

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY would be
negotiated with vendors to determine the soonest COD date possible.

Have a great weekend,

Christopher Bowman
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Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com
Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R. Young Power
Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment quotes of a Low Dust
and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located downstream of each units ESP and
the Tail End SCR will be located downstream of each units WFGD. The estimated flue gas for each associated option and

coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices
Ammonia injection grid

Hoists and monorails for SCR internal maintenance
Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger

Associated interconnecting piping

Freight to Center, North Dakota

Provided by others:

e Ductwork to and from SCR
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Structural support steel
Foundations

Electrical equipment and controls
Air compressors

ID Fans and/or booster fans

Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

e Unit1:2,995/ 2,744 MMBtu/hr
e Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):

Equipment dimensions and layout requirements

Heat exchanger weights

Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 1%t in present day dollars with breakout of the catalyst pricing.
Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any technical
papers written and/or published until Burns & McDonnell and Minnkota give written permission.

This e-mail and any attachments are intended only for the named recipient(s) and may contain information that is legally
privileged, confidential and/or exempt from disclosure under applicable law. If you have received this message in error and
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are not the intended recipient(s), you may not retain, copy or use this e-mail or any attachment for any purpose or disclose all
or any part of the contents to any other person or entity. Any such dissemination, distribution or copying of this e-mail or its
attachments is strictly prohibited. If you are not the intended recipient(s), please immediately notify the sender and
permanently delete this e-mail and any attachments from your computer.

[IMAGE] Think before you print.

http://www.babcockpower.com

&= BabcockPower
ENVIRONMENTAL
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Bowman, Chris

From: JWaller@babcockpower.com

Sent: Thursday, April 02, 2009 11:15 AM

To: Bowman, Chris

Cc: cerickson@babcockpower.com; MGialanella@babcockpower.com;
mjasinski@babcockpower.com

Subject: RE: Low Dust/Tail End SCR

Attachments: MRY - Flue Gas Conditions Comparison.pdf

Chris,

I've included a summary table below that compares the flue gas conditions we get form our combustion program
vs. the table in the RFQ below giving the heat input for U2 and the coal HHV. As you can see they don't match up
well, so we'll need some clarification.

Regards,

Jack Waller
Babcock Power Environmental Inc.
(508) 854-3850

"Bowman, Chris" <cbowman@burnsmcd.com> To _jwall @babcock
<JWaller@babcockpower.com>

cc <MGialanella@babcockpower.com>, <mjasinski@babcockpower.com>,
04/01/2009 03:33 PM

<cerickson@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

April 17™ will be fine. Thank you for the update.

Christopher Bowman
Development Engineer
Burns & McDonnell

Direct: 816-333-9400 x5693
Main: 816-333-9400

Fax: 816-333-3690
www.burnsmed.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For
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From: JWaller@babcockpower.com [mailto:JWaller@babcockpower.com]

Sent: Wednesday, April 01, 2009 2:26 PM

To: Bowman, Chris

Cc: MGialanella@babcockpower.com; mjasinski@babcockpower.com; cerickson@babcockpower.com
Subject: Fw: Low Dust/Tail End SCR

Chris,
We can meet the following dates for the information you requested:

April 17th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
We will try to improve the April 17th date.
Regards,

Jack Waller
Babcock Power Environmental Inc.

(508) 854-3850

Jack:
Please review the requested dates and advise if we can meet them.
Thanks,

Mario

IMAGE

Mario Gialanella

Business Development Manager
Babcock Power Environmental Inc.
172 Highgrove Drive

Suwanee, GA 30024

T: 678 965 5805 F:
M: 678 761 4395

mgialanella@babcockpower.com
http://www.babcockpower.com




""Bowman, Chris" <cbowman@burnsmcd.com>

03/30/2009 10:40 AM

Mario,

Page 3 of 6

To <MGialanella@babcockpower.com>

ce <bbasile@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

As mentioned in the phone call today, if you could please provide the information in the following time frame it would be

appreciated:

April 10th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com’
Subject: FW: Low Dust/Tail End SCR

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY would be

negotiated with vendors to determine the soonest COD date possible.
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Have a great weekend,
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmecd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com
Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R. Young Power
Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment quotes of a Low Dust
and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located downstream of each units ESP and
the Tail End SCR will be located downstream of each units WFGD. The estimated flue gas for each associated option and

coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices
Ammonia injection grid

Hoists and monorails for SCR internal maintenance
Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger

Associated interconnecting piping

Freight to Center, North Dakota
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Provided by others:

Ductwork to and from SCR
Structural support steel
Foundations

Electrical equipment and controls
Air compressors

ID Fans and/or booster fans

Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

e Unit 1: 2,995/ 2,744 MMBtu/hr
e Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):

Equipment dimensions and layout requirements

Heat exchanger weights

Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 1%t in present day dollars with breakout of the catalyst pricing.
Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any technical
papers written and/or published until Burns & McDonnell and Minnkota give written permission.
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This e-mail and any attachments are intended only for the named recipient(s) and may contain information that is legally
privileged, confidential and/or exempt from disclosure under applicable law. If you have received this message in error and
are not the intended recipient(s), you may not retain, copy or use this e-mail or any attachment for any purpose or disclose all
or any part of the contents to any other person or entity. Any such dissemination, distribution or copying of this e-mail or its
attachments is strictly prohibited. If you are not the intended recipient(s), please immediately notify the sender and

permanently delete this e-mail and any attachments from your computer.

[IMAGE] Think before you print.

http://www.babcockpower.com

& BabcockPower
ENVIRONMENTAL




Minnkota Power MRY Station Unit 2
Flue gas provided vs calculated

Compound CombustiotMRY Percent .
U 1./ SO L./ S Difference
A 33452928 .......2081828; 39.26307461
02 .. 126407.22; .. 178724; 41.38749807
CO2..kin 1076954 ... 536419 ...50.1910947
H2O .. 51547852 . 270167: 47.58908637
S02 i 19466.024; ......9934; 4896749297
S63 41652491 0 100
TOTAL __ 5084015.1 3027072 -67.95157493
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Bowman, Chris

From: Bowman, Chris

Sent: Tuesday, April 07, 2009 10:03 AM

To: ‘JWaller@babcockpower.com’

Cc: cerickson@babcockpower.com; MGialanella@babcockpower.com;
mjasinski@babcockpower.com; Blackwood, Dave

Subject: RE: Low Dust/Tail End SCR

Attachments: MRY - Flue Gas Conditions (r2).pdf

To clarify the discrepancy in the flue gas numbers, our numbers were based on the flow to each SCR reactor
assuming 2 SCR reactors per unit. Therefore it showed half of the total estimated flow per unit. Attached is an
updated flue gas analysis with the total numbers for each unit. Thank you for requesting clarification.

To further explain our numbers we assumed the following in calculations:

Heat Input (MMBtu/hr): Unit 1: 2,955, Unit 2: 5,158

Net Plant Heat Rate (Btu/kWhr): Unit 1: 11,498, Unit 2: 10,813
Percent Excess Air in Boiler: Unit 1: 119%, Unit 2: 128%

Air Heater Leakage: Unit 1: 16%, Unit 2: 8.5%

Please contact me with any questions.

Christopher Bowman

Development Engineer

chowman@burnsmcd.com

Proud to be one of FORTUNE's 100 Best Companies To Work For

From: JWaller@babcockpower.com [mailto:JWaller@babcockpower.com]

Sent: Thursday, April 02, 2009 11:15 AM

To: Bowman, Chris

Cc: cerickson@babcockpower.com; MGialanella@babcockpower.com; mjasinski@babcockpower.com
Subject: RE: Low Dust/Tail End SCR

Chris,

I've included a summary table below that compares the flue gas conditions we get form our combustion program
vs. the table in the RFQ below giving the heat input for U2 and the coal HHV. As you can see they don't match up
well, so we'll need some clarification.

Regards,

Jack Waller
Babcock Power Environmental Inc.

(508) 854-3850

"Bowman, Chris" <cbowman@burnsmcd.com> T jwall @babcock
<JWaller@babcockpower.com>

cc <MGialanella@babcockpower.com>, <mjasinski@babcockpower.com>,



04/01/2009 03:33 PM <cerickson@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

April 17t will be fine. Thank you for the update.

Christopher Bowman

Development Engineer

Burns & McDonnell

Direct: 816-333-9400 x5693

Main: 816-333-9400

Fax: 816-333-3690

www.burnsmed.com

Proud to be one of FORTUNE'’s 100 Best Companies To Work For

From: JWaller@babcockpower.com [mailto:JWaller@babcockpower.com]

Sent: Wednesday, April 01, 2009 2:26 PM

To: Bowman, Chris

Cc: MGialanella@babcockpower.com; mjasinski@babcockpower.com; cerickson@babcockpower.com
Subject: Fw: Low Dust/Tail End SCR

Chris,
We can meet the following dates for the information you requested:

April 17th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
We will try to improve the April 17th date.

Regards,

Jack Waller

Babcock Power Environmental Inc.
(508) 854-3850

Jack:
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Please review the requested dates and advise if we can meet them.

Thanks,

Mario

IMAGE

Mario Gialanella

Business Development Manager
Babcock Power Environmental Inc.
172 Highgrove Drive

Suwanee, GA 30024

T: 678 965 5805 F:
M: 678 761 4395

magialanella@babcockpower.com
http://www.babcockpower.com

""Bowman, Chris" <cbowman@burnsmcd.com>

03/30/2009 10:40 AM

Mario,

To <MGialanella@babcockpower.com>

ce <bbasile@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

Page 3 of 6

As mentioned in the phone call today, if you could please provide the information in the following time frame it would be

appreciated:

April 10th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment



Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com'
Subject: FW: Low Dust/Tail End SCR

Page 4 of 6

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY would be

negotiated with vendors to determine the soonest COD date possible.
Have a great weekend,
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com
Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R. Young Power
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Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment quotes of a Low Dust
and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located downstream of each units ESP and
the Tail End SCR will be located downstream of each units WFGD. The estimated flue gas for each associated option and

coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices
Ammonia injection grid

Hoists and monorails for SCR internal maintenance
Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger

Associated interconnecting piping

Freight to Center, North Dakota

Provided by others:

Ductwork to and from SCR
Structural support steel
Foundations

Electrical equipment and controls
Air compressors

ID Fans and/or booster fans

Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

e Unit1:2,995/ 2,744 MMBtu/hr
e Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):

e Equipment dimensions and layout requirements
e Heat exchanger weights
e Pressure loss for each piece of equipment
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e Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 1%t in present day dollars with breakout of the catalyst pricing.
Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any technical
papers written and/or published until Burns & McDonnell and Minnkota give written permission.

This e-mail and any attachments are intended only for the named recipient(s) and may contain information that is legally
privileged, confidential and/or exempt from disclosure under applicable law. If you have received this message in error and
are not the intended recipient(s), you may not retain, copy or use this e-mail or any attachment for any purpose or disclose all
or any part of the contents to any other person or entity. Any such dissemination, distribution or copying of this e-mail or its
attachments is strictly prohibited. If you are not the intended recipient(s), please immediately notify the sender and

permanently delete this e-mail and any attachments from your computer.

IMAGE] Think before you print.

http://www.babcockpower.com
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Estimated Total Gas Flow Per Unit

Flue Gas Condition Low Dust SCR Tail End SCR
Unit 1 Unit 2 Unit 1 Unit 2
Location ESP Outlet ESP Outlet | FGD Outlet | FGD Outlet
Volumetric flow rate vol. scfm 777,278 1,352,566 867,848 1,488,608
Volumetric flow rate vol. acfm 1,130,518 1,957,344 957,174 1,641,826
Mass Flow Ib/h 3,479,114 6,054,144 3,746,438 6,458,834
Temperature Degree F 335 331 143 143
Mass Flow
Nitrogen Ib/h 2,336,124 4,063,656 2,371,942 4,126,178
Carbon dioxide Ib/h 614,626 1,072,838 622,052 1,085,802
Oxygen Ib/h 205,550 354,516 213,652 368,656
Moisture Ib/h 309,692 540,334 536,484 874,274
Sulfur dioxide Ib/h 11,382 19,868 568 992
Sulfur trioxide Ib/h 0 0 0 0
Nitrogen oxide Ib/h 0 0 0 0
Nitrogen dioxide Ib/h 1,670 2,778 1,670 2,778
Argon Ib/h 0 0 0 0
Ammonia Ib/h 0 0 0 0
Particulate Ib/h 70 154 70 154
Urea Ib/h
Total [b/h 3,479,114 6,054,144 3,746,438 6,458,834
Confidential

4/7/2009



Page 1 of 7

Bowman, Chris

From: JWaller@babcockpower.com

Sent: Thursday, April 09, 2009 12:23 PM

To: Bowman, Chris

Cc: cerickson@babcockpower.com; Blackwood, Dave; MGialanella@babcockpower.com;
mjasinski@babcockpower.com

Subject: RE: Low Dust/Tail End SCR

Attachments: MRY - Flue Gas Conditions (r2).pdf

Chris,

RE: Tail-end SCR

How much leakage can the unit(s) accept across the FGD heat recovery GGH? This would ultimately affect the
S0O2 removal efficiency of the absorber(s). The leakage specification greatly affects the overall cost.

Jack Waller
Babcock Power Environmental Inc.

(508) 854-3850

"Bowman, Chris" <cbowman@burnsmcd.com> To JWaller@babcock
<JWaller@babcockpower.com>

cc <cerickson@babcockpower.com>, <MGialanella@babcockpower.com>,
04/07/2009 11:03 AM <mjasinski@babcockpower.com>, "Blackwood, Dave"

<dblackwood@burnsmcd.com>
Subject RE: Low Dust/Tail End SCR

To clarify the discrepancy in the flue gas numbers, our numbers were based on the flow to each SCR reactor
assuming 2 SCR reactors per unit. Therefore it showed half of the total estimated flow per unit. Attached is an
updated flue gas analysis with the total numbers for each unit. Thank you for requesting clarification.

To further explain our numbers we assumed the following in calculations:

Heat Input (MMBtu/hr): Unit 1: 2,955, Unit 2: 5,158
Net Plant Heat Rate (Btu/kWhr): Unit 1: 11,498, Unit 2: 10,813

Percent Excess Air in Boiler: Unit 1: 119%, Unit 2: 128%
Air Heater Leakage: Unit 1: 16%, Unit 2: 8.5%

Please contact me with any questions.

Christopher Bowman
Development Engineer
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cbowman@burnsmcd.com
Proud to be one of FORTUNE's 100 Best Companies To Work For

From: JWaller@babcockpower.com [mailto:JWaller@babcockpower.com]

Sent: Thursday, April 02, 2009 11:15 AM

To: Bowman, Chris

Cc: cerickson@babcockpower.com; MGialanella@babcockpower.com; mjasinski@babcockpower.com
Subject: RE: Low Dust/Tail End SCR

Chris,

I've included a summary table below that compares the flue gas conditions we get form our combustion program
vs. the table in the RFQ below giving the heat input for U2 and the coal HHV. As you can see they don't match up

well, so we'll need some clarification.

Regards,

Jack Waller
Babcock Power Environmental Inc.
(508) 854-3850

"Bowman, Chris"

<cbowman@burnsmcd.com>

To <JWaller@babcockpower.com>

04/01/2009 03:33 PM cc <MGialanella@babcockpower.com>, <mjasinski@babcockpower.com>,
<cerickson@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

April 17t will be fine. Thank you for the update.

Christopher Bowman

Development Engineer
Burns & McDonnell

Direct: 816-333-9400 x5693

Main: 816-333-9400

Fax: 816-333-3690

www.burnsmed.com

Proud to be one of FORTUNE's 100 Best Companies To Work For
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From: JWaller@babcockpower.com [mailto:JWaller@babcockpower.com]

Sent: Wednesday, April 01, 2009 2:26 PM

To: Bowman, Chris

Cc: MGialanella@babcockpower.com; mjasinski@babcockpower.com; cerickson@babcockpower.com
Subject: Fw: Low Dust/Tail End SCR

Chris,
We can meet the following dates for the information you requested:

April 17th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
We will try to improve the April 17th date.

Regards,

Jack Waller

Babcock Power Environmental Inc.
(508) 854-3850

Jack:
Please review the requested dates and advise if we can meet them.
Thanks,

Mario

IMAGE

Mario Gialanella

Business Development Manager
Babcock Power Environmental Inc.
172 Highgrove Drive

Suwanee, GA 30024

T: 678 965 5805 F:
M: 678 761 4395
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mgialanella@babcockpower.com
http://www.babcockpower.com

"Bowman, Chris" <cbowman@burnsmcd.com>

03/30/2009 10:40 AM

To <MGialanella@babcockpower.com>

ce <bbasile@babcockpower.com>
Subject RE: Low Dust/Tail End SCR

Mario,

As mentioned in the phone call today, if you could please provide the information in the following time frame it would be
appreciated:

April 10th
Equipment dimensions and layout requirements
Heat exchanger weights

May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For
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From: Bowman, Chris

Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com'’
Subject: FW: Low Dust/Tail End SCR

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY would be
negotiated with vendors to determine the soonest COD date possible.

Have a great weekend,
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com
Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R. Young Power
Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment quotes of a Low Dust
and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located downstream of each units ESP and
the Tail End SCR will be located downstream of each units WFGD. The estimated flue gas for each associated option and

coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station
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Each system should be based upon the following components and specifications:

SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
Reactor housing

Catalyst

Associated flues and internal flow distribution devices
Ammonia injection grid

Hoists and monorails for SCR internal maintenance
Sonic horns

Natural gas reheater

Regenerative gas to gas heat exchanger

Associated interconnecting piping

Freight to Center, North Dakota

Provided by others:

Ductwork to and from SCR
Structural support steel
Foundations

Electrical equipment and controls
Air compressors

ID Fans and/or booster fans

Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

e Unit1:2,995/ 2,744 MMBtu/hr
e Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):

Equipment dimensions and layout requirements

Heat exchanger weights

Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 1%t in present day dollars with breakout of the catalyst pricing.
Please let us know if you will be able to meet this deadline.
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Thank you for your continued assistance and please call if you have any questions.
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

chowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any technical
papers written and/or published until Burns & McDonnell and Minnkota give written permission.

This e-mail and any attachments are intended only for the named recipient(s) and may contain information that is legally
privileged, confidential and/or exempt from disclosure under applicable law. If you have received this message in error and
are not the intended recipient(s), you may not retain, copy or use this e-mail or any attachment for any purpose or disclose all
or any part of the contents to any other person or entity. Any such dissemination, distribution or copying of this e-mail or its
attachments is strictly prohibited. If you are not the intended recipient(s), please immediately notify the sender and

permanently delete this e-mail and any attachments from your computer.

[IMAGE] Think before you print.
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Estimated Total Gas Flow Per Unit

Flue Gas Condition Low Dust SCR Tail End SCR
Unit 1 Unit 2 Unit 1 Unit 2
Location ESP Outlet ESP Outlet | FGD Outlet | FGD Outlet
Volumetric flow rate vol. scfm 777,278 1,352,566 867,848 1,488,608
Volumetric flow rate vol. acfm 1,130,518 1,957,344 957,174 1,641,826
Mass Flow Ib/h 3,479,114 6,054,144 3,746,438 6,458,834
Temperature Degree F 335 331 143 143
Mass Flow
Nitrogen Ib/h 2,336,124 4,063,656 2,371,942 4,126,178
Carbon dioxide Ib/h 614,626 1,072,838 622,052 1,085,802
Oxygen Ib/h 205,550 354,516 213,652 368,656
Moisture Ib/h 309,692 540,334 536,484 874,274
Sulfur dioxide Ib/h 11,382 19,868 568 992
Sulfur trioxide Ib/h 0 0 0 0
Nitrogen oxide Ib/h 0 0 0 0
Nitrogen dioxide Ib/h 1,670 2,778 1,670 2,778
Argon Ib/h 0 0 0 0
Ammonia Ib/h 0 0 0 0
Particulate Ib/h 70 154 70 154
Urea Ib/h
Total [b/h 3,479,114 6,054,144 3,746,438 6,458,834
Confidential

4/7/2009
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Bowman, Chris

From: Bowman, Chris
Sent: Thursday, April 09, 2009 1:15 PM

To: ‘JWaller@babcockpower.com’; cerickson@babcockpower.com; MGialanella@babcockpower.com;
mjasinski@babcockpower.com

Cc: Blackwood, Dave
Subject: FW: Low Dust/Tail End SCR

In regards to FGD GGH leakage, see below:

From: Bowman, Chris

Sent: Monday, March 30, 2009 3:43 PM

To: 'MGialanella@babcockpower.com'

Cc: 'bbasile@babcockpower.com'; Blackwood, Dave
Subject: RE: Low Dust/Tail End SCR

Mario,

To clarify our conversation about gas to gas heat exchangers (GGH), it is our understanding that for the tail end
SCR arrangements a GGH is needed to heat the WFGD outlet air above the saturation temp to avoid acid mist
condensation in the SCR GGH.

Due to SO2 emission limits required, the GGH at the WFGD cannot exceed more than a 2% leakage. If this is
cannot be achieved then we would require a “no-leak” type GGH at the FGD, possibly one using a heat transfer
fluid in a closed-loop or a direct-fired NG burner. Based on your experience with these projects we will default to
your assumption as to which type of GGH would be most economically prudent

The use of steam as a heating source, such as a steam coil, is not an option for this site. Thanks,

Christopher Bowman

Development Engineer

Burns & McDonnell

Direct: 816-333-9400 x5693

Main: 816-333-9400

Fax: 816-333-3690

www.burnsmed.com

Proud to be one of FORTUNE's 100 Best Companies To Work For

From: Bowman, Chris

Sent: Monday, March 30, 2009 9:40 AM
To: 'MGialanella@babcockpower.com’
Cc: 'bbasile@babcockpower.com'
Subject: RE: Low Dust/Tail End SCR

Mario,

As mentioned in the phone call today, if you could please provide the information in the following time frame it
would be appreciated:

April 10th
Equipment dimensions and layout requirements

Heat exchanger weights
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May 1st
Pressure loss for each piece of equipment

Ammonia consumption, slip rates, and natural gas consumption
Thanks,

Christopher Bowman

Development Engineer

cbowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

From: Bowman, Chris

Sent: Friday, March 20, 2009 2:55 PM
To: MGialanella@babcockpower.com
Cc: 'bbasile@babcockpower.com'
Subject: FW: Low Dust/Tail End SCR

The listed SCR COD dates for each unit were incorrect. COD schedule of the low dust or tail end SCR at MRY
would be negotiated with vendors to determine the soonest COD date possible.

Have a great weekend,
Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

cbowman@burnsmcd.com

Proud to be one of FORTUNE's 100 Best Companies To Work For

From: Bowman, Chris

Sent: Thursday, March 19, 2009 9:06 AM
To: MGialanella@babcockpower.com

Cc: barry.basile@babcockpower.com
Subject: RFQ: Low Dust/Tail End SCR

Mario,

As discussed on the phone, Minnkota Power is looking to add an SCR to each existing unit at their Milton R.
Young Power Station (MRY). Due to the high sodium content of the coal, we are requesting budgetary equipment
qguotes of a Low Dust and Tail End SCR arrangement for each unit at MRY. The Low Dust SCR will be located
downstream of each units ESP and the Tail End SCR will be located downstream of each units WFGD. The
estimated flue gas for each associated option and coal analysis is attached.

General Information:

Unit 1, 257 MW(g, cyclone-fired, subcritical, SCR COD December 2010
Unit 2, 477 MW(g, cyclone-fired, subcritical, SCR COD December 2011
Fuel: Each unit burns 100% North Dakota Lignite.

Ammonia Reagent: 50% Urea solution

Location: Center, North Dakota — Milton R. Young Station

Each system should be based upon the following components and specifications:
o SCR system w/ gas bypass for maintenance (approx. 12.5% of total gas volume)
o Reactor housing
o Catalyst
o Associated flues and internal flow distribution devices
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o Ammonia injection grid
o Hoists and monorails for SCR internal maintenance
o Sonic horns

o Natural gas reheater

o Regenerative gas to gas heat exchanger

o Associated interconnecting piping

o Freight to Center, North Dakota

Provided by others:
o Ductwork to and from SCR
o Structural support steel
o Foundations
o Electrical equipment and controls
o Air compressors
o ID Fans and/or booster fans
o Urea to Ammonia supply system

Please base each systems design assuming guarantees to be provided for NOx reduction as follows:
SCR Inlet NOx: 0.50 Ib/MMBtu

Stack Outlet NOx: 0.075 Ib/MMBtu

Heat Input (Max / Min):

o Unit 1: 2,995/ 2,744 MMBtu/hr
o Unit 2: 5,158 / 4,885 MMBtu/hr

Information required as soon as possible (estimated):
o Equipment dimensions and layout requirements
o Heat exchanger weights
o Pressure loss for each piece of equipment
o Ammonia consumption, slip rates, and natural gas consumption

We are requesting budgetary pricing of each system by June 15! in present day dollars with breakout of the
catalyst pricing. Please let us know if you will be able to meet this deadline.

Thank you for your continued assistance and please call if you have any questions.

Christopher Bowman

Development Engineer

Burns & McDonnell Engineering

(816) 333-9400 x5693

cbowman@burnsmcd.com

Proud to be one of FORTUNE’s 100 Best Companies To Work For

Please note this effort is currently confidential and should be treated accordingly. Additionally, we do not want any
technical papers written and/or published until Burns & McDonnell and Minnkota give written permission.
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Bowman, Chris

From: JWaller@babcockpower.com

Sent: Tuesday, April 28, 2009 3:36 PM

To: Bowman, Chris

Cc: Blackwood, Dave; MGialanella@babcockpower.com; mjasinski@babcockpower.com
Subject: RE: Low Dust/Tail End SCR

Attachments: Design Info 4-28-09.xls

Chris,

Attached is the additional information you requested.
Regards,
Jack Waller

Babcock Power Environmental Inc.
(508) 854-3850



RILEYPower

A Babcock Power Inc. Company

Minnkota Power - Milton R. Young Power Station

Differential
Pressure  Ammonia Natural Gas
(iwc) (Ibs/hr)  Slip (ppm)  (Ibs/hr)
Unit 1 Low Dust
SCR 2.0 500 2.0 1050
GGH (Untreated Gas) 2.3
GGH (Treated Gas) 2.3
Unit 2 Low Dust
SCR 2.0 860 2.0 1780
GGH (Untreated Gas) 1.74
GGH (Treated Gas) 1.74
Unit 1 Tail End
FGD - GGH (Untreated Gas) 2.7
FGD - GGH (Treated Gas) 2.7
SCR 2.0 500 2.0 1150
SCR - GGH (Untreated Gas) 2.67
SCR - GGH (Treated Gas) 2.67
Unit 2 Tail End
FGD - GGH (Untreated Gas) 1.87
FGD - GGH (Treated Gas) 1.87
SCR 2.0 860 2.0 2120
SCR - GGH (Untreated Gas) 1.98

SCR - GGH (Treated Gas) 1.98



From: Wayne Jones [mailto:WSJ@topsoe.com]

Sent: Monday, August 03, 2009 8:24 AM

To: Blakley, Robert

Cc: TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Bob,

It was nice talking with you this morning. We will plan on meeting with you and the folks from Minnkota and the University of
North Dakota on Monday afternoon August 10th in our office's in Houston, Texas. Our address is: 17629 El Camino Real,

Houston, TX 77058, Suite 300. Please let me know what time we should expect you as you are able to firm thing up.

Regards,
Wayne

Wayne S. Jones

Sales Manager, Power Generation
Haldor Topsoe, Inc.

281-228-5136 (office)
281-228-5129 (fax)

281-684-8811 (cell)
wsj@topsoe.com

www.HaldorTopsoe.com




From: Blakley, Robert

Sent: Monday, August 03, 2009 5:18 PM

To: Wayne Jones

Cc: TNW@topsoe.com; Bryant, Ronald; 51684

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Wayne -

Thank you for your willingness to meet with Minnkota, Burns & McDonnell, and University of North Dakota on Monday afternoon,
August 10th.

The purpose of this visit is to introduce the members of the project team, and to discuss Haldor Topsoe's experience with SCR
catalyst and how it may relate to this application. One of our objectives for this project is to establish expected catalyst volumes
and deactivation rates for exposure to flue gases produced by cyclone boilers firing North Dakota lignite at Milton R. Young
Station as part of a cost study for low dust and tail end SCR technologies.

The current plans for the trip and visit are as follows:

We will fly on Minnkota's turboprop aircraft departing from near Kansas City, Missouri in the morning, arriving around noon at the
Hobby airport (alternate: Ellington field, which is closer to HT's office).

We expect to arrive at Haldor Topsoe's office shortly after 1 pm, allowing for travel from the airport and a quick lunch on the way.
We will confirm the estimated arrival time prior to departure.

The meeting is anticipated to take approximately 2 hours, so we expect to depart between 3:00 and 3:30 pm to return to the
airport. We will fly back to Kansas City late Monday afternoon.

We currently expect 7 people to visit and participate in this discussion:

> Ron Bryant, Burns & McDonnell project manager for Minnkota air pollution control projects

> Carl Weilert, Burns & McDonnell principal engineer for powerplant air pollution control projects

> Robert Blakley, Burns & McDonnell project engineer for Minnkota's NOx reduction program

> Luther Kvernen, Minnkota Vice President of Generation, Grand Forks, North Dakota headquarters

> John Graves, Minnkota Environmental Manager, Grand Forks, North Dakota headquarters

> Andy Freidt, Minnkota Permit and Compliance Engineer, Milton R. Young Station, Center, North Dakota

> Steven Benson, PhD, Professor, Department of Chemical Engineering at University of North Dakota, Grand Forks, ND, and
President, Microbeam Technologies, Inc.

You advised this morning (Monday, 8/3) that you will be out of the office until mid-day Thursday, 8/6. We will confirm any
updates in schedules and arrangements Thursday afternoon or Friday morning.

If you have any questions, please advise.
Thanks,

Bob Blakley
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From: Wayne Jones [mailto:WSJ@topsoe.com]

Sent: Monday, August 03, 2009 8:24 AM

To: Blakley, Robert

Cc: TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Bob,

It was nice talking with you this morning. We will plan on meeting with you and the folks from Minnkota and the University of
North Dakota on Monday afternoon August 10th in our office's in Houston, Texas. Our address is: 17629 El Camino Real,

Houston, TX 77058, Suite 300. Please let me know what time we should expect you as you are able to firm thing up.

Regards,
Wayne

Wayne S. Jones

Sales Manager, Power Generation
Haldor Topsoe, Inc.

281-228-5136 (office)
281-228-5129 (fax)

281-684-8811 (cell)
wsj@topsoe.com
www.HaldorTopsoe.com



From: Bryant, Ronald

Sent: Wednesday, August 05, 2009 1:11 PM
To: 'Wayne Jones'

Cc: 51684; "'TNW@topsoe.com'; Blakley, Robert
Subject: Agenda

Wayne
Attached is a draft agenda from Minnkota Power for our meeting next Monday. Let us know if you have any comments.

Thanks
Ron Bryant

From: Blakley, Robert

Sent: Wednesday, August 05, 2009 1:05 PM

To: Wayne Jones

Cc: 51684; Bryant, Ronald; TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Wayne -

Does Haldor Topsoe have a digital projector that Minnkota can hook up to a laptop PC to use during the discussion?

If not, we can bring one.

Bob Blakley

From: Blakley, Robert

Sent: Wednesday, August 05, 2009 6:53 AM

To: 'Wayne Jones'

Cc: 51684; Bryant, Ronald; TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Thanks, Wayne. We'll check on the rental car availability. Minnkota's pilot is pretty good at finding out those details.

Bob Blakley

From: Wayne Jones [mailto:WSJ@topsoe.com]

Sent: Tuesday, August 04, 2009 6:18 PM

To: Blakley, Robert

Cc: 51684; Bryant, Ronald; TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2
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Bob,

Sounds good. Please confirm that rental cars are easily available at Ellington (Southwest Svs.). | will let you know in a day or
two on a restaurant where we can meet. Several good locations are within 10 minutes of Ellington Field.

Thanks,
Wayne

Wayne S. Jones

Sales Manager, Power Generation
Haldor Topsoe, Inc.

281-228-5136 (office)
281-228-5129 (fax)

281-684-8811 (cell)
wsj@topsoe.com

www.HaldorTopsoe.com

"Blakley, Robert" TO "
<rblakley@burnsmcd.com> Wayne Jones" <WSJ@topsoe.com>

ce <TNW@topsoe.com>, "51684" <51684@burnsmcd.com>, "Bryant, Ronald" <rbryant@burnsmcd.com>
08/04/2009 04:40 PM

Subject RE: FW: Comments to SCR Technology at MRYS Units 1&2

Wayne -
Minnkota, BMcD, and UND accept your lunch invitation and suggestion for the local airport.

Minnkota's pilot will plan on flying and landing at Ellington field, Southwest Airport Services. Minnkota will arrange for local
transportation at Ellington field.

Just let me know where you'll be meeting us for lunch, and we will plan on arriving there shortly after noon on Monday, August
10th.

We will advise on the agenda in the next day or two.

Bob Blakley

From: Wayne Jones [mailto:WSJ@topsoe.com]

Sent: Monday, August 03, 2009 10:12 PM

To: Blakley, Robert

Cc: TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Bob,

Ellington Field is closer, about 10-15 minutes away. Since you are flying a private plane you can probably use Southwest



Services who is the main flying service at Ellington.

Also Nate and | would like to take y'all to lunch if possible. We can talk later in the week and work out the details.

Thanks,
Wayne

Wayne S. Jones

Sales Manager, Power Generation
Haldor Topsoe, Inc.

281-228-5136 (office)
281-228-5129 (fax)

281-684-8811 (cell)
wsj@topsoe.com

www.HaldorTopsoe.com

"Blakley, Robert" <rblakley@burnsmcd.com>

To "Wayne Jones" <WSJ@topsoe.com>

08/03/2009 05:18 PM
cc <TNW@topsoe.com>, "Bryant, Ronald" <rbryant@burnsmcd.com>, "51684"

<51684@burnsmcd.com>

Subject RE: FW: Comments to SCR Technology at MRYS Units 1&2

Wayne -
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Thank you for your willingness to meet with Minnkota, Burns & McDonnell, and University of North Dakota on Monday afternoon,

August 10th.

The purpose of this visit is to introduce the members of the project team, and to discuss Haldor Topsoe's experience with SCR
catalyst and how it may relate to this application. One of our objectives for this project is to establish expected catalyst volumes
and deactivation rates for exposure to flue gases produced by cyclone boilers firing North Dakota lignite at Milton R. Young

Station as part of a cost study for low dust and tail end SCR technologies.

The current plans for the trip and visit are as follows:

We will fly on Minnkota's turboprop aircraft departing from near Kansas City, Missouri in the morning, arriving around noon at the

Hobby airport (alternate: Ellington field, which is closer to HT's office).

We expect to arrive at Haldor Topsoe's office shortly after 1 pm, allowing for travel from the airport and a quick lunch on the way.

We will confirm the estimated arrival time prior to departure.

The meeting is anticipated to take approximately 2 hours, so we expect to depart between 3:00 and 3:30 pm to return to the

airport. We will fly back to Kansas City late Monday afternoon.

We currently expect 7 people to visit and participate in this discussion:
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> Ron Bryant, Burns & McDonnell project manager for Minnkota air pollution control projects

> Carl Weilert, Burns & McDonnell principal engineer for powerplant air pollution control projects

> Robert Blakley, Burns & McDonnell project engineer for Minnkota's NOx reduction program

> Luther Kvernen, Minnkota Vice President of Generation, Grand Forks, North Dakota headquarters

> John Graves, Minnkota Environmental Manager, Grand Forks, North Dakota headquarters

> Andy Freidt, Minnkota Permit and Compliance Engineer, Milton R. Young Station, Center, North Dakota

> Steven Benson, PhD, Professor, Department of Chemical Engineering at University of North Dakota, Grand Forks, ND, and
President, Microbeam Technologies, Inc.

You advised this morning (Monday, 8/3) that you will be out of the office until mid-day Thursday, 8/6. We will confirm any
updates in schedules and arrangements Thursday afternoon or Friday morning.

If you have any questions, please advise.
Thanks,

Bob Blakley

From: Wayne Jones [mailto:WSJ@topsoe.com]

Sent: Monday, August 03, 2009 8:24 AM

To: Blakley, Robert

Cc: TNW@topsoe.com

Subject: RE: FW: Comments to SCR Technology at MRYS Units 1&2

Bob,

It was nice talking with you this morning. We will plan on meeting with you and the folks from Minnkota and the University of
North Dakota on Monday afternoon August 10th in our office's in Houston, Texas. Our address is: 17629 El Camino Real,

Houston, TX 77058, Suite 300. Please let me know what time we should expect you as you are able to firm thing up.

Regards,
Wayne

Wayne S. Jones

Sales Manager, Power Generation
Haldor Topsoe, Inc.

281-228-5136 (office)
281-228-5129 (fax)

281-684-8811 (cell)
wsj@topsoe.com
www.HaldorTopsoe.com




DRAFT #2 — HALDOR TOPSOE

MINNKOTA — MRY STATION SCR COST STUDY MEETING
Monday, August 10, 2009
1:00 PM
Meeting Location: Haldor Topsoe, Inc., Houston, Texas

Meeting Participants:
Haldor Topsoe, Inc.
e Wayne Jones, Sales Manager, Power Generation (Houston)
¢ Nathan White, Senior Account Executive (Houston)
[}
Minnkota Power Cooperative, Inc.
e Luther Kvernen, Vice President - Generation (Grand Forks Headquarters)
e John Graves, Environmental Manager (Grand Forks Headquarters)
e Andy Freidt, Permit and Compliance Engineer (MRY Station)
University of North Dakota and Microbeam Technologies
e Steven Benson, PhD, Professor, Department of Chemical Engineering at University of
North Dakota and President, Microbeam Technologies, Inc
Burns & McDonnell
e Ron Bryant, Burns & McDonnell project manager for Minnkota air pollution control
projects
e Carl Weilert, Burns & McDonnell principal engineer for powerplant air pollution control
projects
e Robert Blakley, Burns & McDonnell project engineer for Minnkota's NOXx reduction
program

Meeting Purpose:
1. To develop a common understanding of the purpose, unique challenges and status of Minnkota’s
cost study for low dust and tail end SCR technologies.
2. Discuss Haldor Topsoe’s experience with SCR catalyst and how it may relate to the application
of high sodium and potassium aerosols associated with the combustion of ND lignite in cyclone

fired boilers.
AGENDA
1. Introductions
2. Review Meeting Purpose and Agenda

3. Minnkota/MRY Station Background — Luther Kvernen (10 minutes)
e Organization
e SCR cost study

4, ND Lignite (Center Mine) Characteristics — Steve Benson (10 minutes)



10.

SCR cost study — Burns & McDonnell (designate) (10 minutes)
e Impact of catalyst volumes and deactivation rates
> Input requirements to provide reasonable cost estimates
Haldor Topsoe Background - (20 minutes)
e Organization
e Experience with SCR catalyst for this type of application
Identify specific questions/concerns -- All
Exploration of opportunities — All

Action items

Other



From: Nate White [mailto: TNW@topsoe.com]
Sent: Wednesday, August 05, 2009 8:38 PM
To: Bryant, Ronald

Cc: 51684; Blakley, Robert; Wayne Jones
Subject: Re: Agenda

Hello Ron,

One change to your agenda. | am no longer a Senior Account Executive. | am Director, Business Development. We re-
organized the SCR/DeNOx Catalyst & Technology side of HTI back in February, 2009. We will explain our new organization and

responsibilities to you when we see you Monday.

Best regards,

Nathan White

Director, Business Development
SCR/DeNOx Catalyst & Technology
Fort Mill, SC Office - (803) 835-0571
Houston, TX Office - (281) 228-5127
Cell - (281) 684-8809

tnw@topsoe.com

"Bryant, Ronald" To . "
<rbryant@burnsmcd.com> Wayne Jones" <WSJ@topsoe.com>

CC w51684" <51684@burnsmcd.com>, <TNW@topsoe.com>, "Blakley, Robert" <rblakley@burnsmcd.com>
08/05/2009 01:11 PM Subject Agenda

Wayne
Attached is a draft agenda from Minnkota Power for our meeting next Monday. Let us know if you have any comments.

Thanks
Ron Bryant



DRAFT #2 — HALDOR TOPSOE

MINNKOTA — MRY STATION SCR COST STUDY MEETING
Monday, August 10, 2009
1:00 PM
Meeting Location: Haldor Topsoe, Inc., Houston, Texas
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cost study for low dust and tail end SCR technologies.
2. Discuss Haldor Topsoe’s experience with SCR catalyst and how it may relate to the application
of high sodium and potassium aerosols associated with the combustion of ND lignite in cyclone

fired boilers.
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e SCR cost study
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10.

SCR cost study — Burns & McDonnell (designate) (10 minutes)
e Impact of catalyst volumes and deactivation rates
> Input requirements to provide reasonable cost estimates
Haldor Topsoe Background - (20 minutes)
e Organization
e Experience with SCR catalyst for this type of application
Identify specific questions/concerns -- All
Exploration of opportunities — All

Action items

Other
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Bryant, Ronald

From: Bryant, Ronald

Sent: Friday, August 07, 2009 2:56 PM

To: ‘Noel Rosha'

Cc: ‘James Ferrigan'; Blakley, Robert; 'Greg Holscher'; 51684
Subject: Minnkota PFDs and Mass Balances

Attachments: 10Mar09_MRY2LowDust_PFD_Rev0_natgas.pdf, 9Mar09_MRY2TailEnd_Mass
Balance_Rev0_natgas.pdf; 9Mar09 MRY2TailEnd_PFD_Rev0 natgas.pdf;
10Mar09_Hypothetical SCR_Reactor Arrangement_Summary.pdf;
10Mar09_MRY1LowDust MassBalance Rev0_natgas.pdf;
10Mar09_MRY1lLowDust PFD_Rev0_natgas.pdf;
10Mar09_MRY1TailEnd_MassBalance_Rev0_natgas.pdf;
10Mar09_MRY1TailEnd_PFD_Rev0_natgas.pdf, 10Mar09_MRY2LowDust_Mass
BalanceRev0_natgas.pdf

Attachments this time.

From: Bryant, Ronald

Sent: Friday, August 07, 2009 2:55 PM

To: Noel Rosha

Cc: James Ferrigan; Blakley, Robert; Greg Holscher; 51684
Subject:

Noel

Attached are preliminary PFDs and mass balances requested for the low dust and tail end SCRs at the Milton R
Young Station.

Ron



FU@ ECH

Technology for a renewed environment”

Burns & McDonnell

Client: Confidential
Subject: Hypothetical SCR Reactor Arrangements
Unit 1 Unit 1 Unit 2 Unit 2
SCR Low Dust Tail End Low Dust Tail End
Flue Gas Flow 1,815,800 1,993,400 3,159,000 3,369,300

(Ib/hr) Per reactor Per reactor Per reactor Per reactor
Nm>/hr 643,500 731,800 1,119,560 1,231,630
Flue Gas 630F 600F 630 600
Temperature
# Reactors 2 2 2 2
Reactor
# modules 45 45 84 77
(5*9) (5*9) (7*12) (7*11)
Dimensions 10,085 mm * 10,085 mm * 14,025 mm * 14,025 mm *
per reactor 9,210 mm 9,210 mm 12,200 mm 11,200 mm
(approx)
33 * 30° 33 * 30° 46’ * 40° 46’ * 37
Module 2+1 2+1 2+1 2+ 1
Layers
Initial Volume 132 160 249 249
(m°)

Burns & McDonnell

Hypothetical SCR Arrangements

10 March 2009




MRY 1 Input Data 3 4 5 6 7 8 9 10 1" 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
ESP Outlet ESP Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Volumetric flow rate vol. ~ Nm%h 616,442 616,442 640,345 649,337 652,592 652,674 608,347 619,933 619,933 644 8,334 158 3,097 44,359 8,979 52 2,521 221 Nm*h Volumetric flow rate vol.
Volumetric flow rate vol. ~ scfm 388,639 388,639 403,709 409,378 411,430 411,482 383,536 390,840 390,840 406 5,254 100 1,953 27,966 5,661 33 1,589 140 scfm Volumetric flow rate vol.
Volumetric flow rate vol.  acfm 565,259 565,259 731,859 777,489 783,269 789,069 736,373 624,992 624,992 acfm Volumetric flow rate vol.
Mass Flow kg/h 789,759 789,759 820,382 831,496 835,513 835,513 778,714 804,890 804,890 502 10,611 121 3,897 56,799 11,114 121 41 3,245 448 285 kg/h Mass Flow
Mass Flow Ib/hour 1,739,656 1,739,556 1,807,009 1,831,488 1,840,338 1,840,338 1,715,229 1,772,885 1,772,885 1,107 23,373 265 8,584 125,109 24,479 265 20 7,148 986 628 Ib/hour Mass Flow
Temperature Degree F 335 335 335 520 564 564 564 564 384 384 Degree F Temperature
Temperature Degree C 168 168 271 296 296 296 296 196 196 Degree C  Temperature
Pressure iwg 145 135 10 9 8 5 4.5 0 0 Pressure
Composition Composition
Nitrogen Vol-parts 0.6881 0.6881 0.6881 0.6893 0.6890 0.6893 0.6893 0.6880 0.6880 0.7900 0.6810 0.7705 0.2999 0.7900 0.7900 Vol-parts  Nitrogen
Carbon di oxide Vol-parts 0.1152 0.1152 0.1152 0.1146 0.1143 0.1142 0.1142 0.1148 0.1148 0.0458 0.0703 Vol-parts ~ Carbon di oxide
Oxygen Vol-parts 0.0530 0.0530 0.0530 0.0525 0.0529 0.0528 0.0528 0.0532 0.0532 0.2100 0.1432 0.0147 0.2100 0.2100 Vol-parts ~ Oxygen
Moisture Vol-parts 0.1419 0.1419 0.1419 0.1419 0.1418 0.1421 0.1421 0.1424 0.1424 0.1220 0.1445 0.7001 Vol-parts  Moisture
Sulfur di oxide Vol-parts 0.0015 0.0015 0.0015 0.0014 0.0014 0.0014 0.0014 0.0014 0.0014 0.0000 Vol-parts  Sulfur di oxide
Sulfur tri oxide Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Sulfur trioxide
Nitrogen oxide Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Nitrogen oxide
Nitrogen di oxide Vol-parts 0.0003 0.0003 0.0003 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts  Nitrogen di oxide
Argon Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0081 0.0000 Vol-parts  Argon
Ammonia Vol-parts 0.0000 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 Vol-parts ~ Ammonia
Total 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Vol-parts  Total
Volumetric Flow 0 Volumetric Flow
Nitrogen Nm’h 424,187 424,187 440,644 447,558 449,667 449,905 419,350 426,532 426,532 6,584 2,109 30,520 6,918 39 1,991 175 Nm'h Nitrogen
Carbon di oxide Nm’h 71,044 71,044 73,788 74,419 74,561 74,561 69,497 71,186 71,186 142 5,094 631 Nm’h Carbon di oxide
Oxygen Nm’h 32,677 32,677 33,950 34,082 34,525 34,446 32,106 32,963 32,963 1,750 444 2,359 132 529 47 Nm*h Oxygen
Moisture Nm’h 87,446 87,446 90,856 92,153 92,531 92,769 86,468 88,294 88,294 378 6,318 1,298 20 Nm’h Moisture
Sulfur di oxide Nm’h 904 904 938 938 938 929 866 895 895 0 64 0 Nm’h Sulfur di oxide
Sulfur tri oxide Nm’h 0 0 0 0 0 9 9 9 9 0 1 0 Nm3/h Sulfur trioxide
Nitrogen oxide Nm’h 0 0 0 0 0 0 0 0 0 0 0 0 Nm3/h Nitrogen oxide
Nitrogen dioxide Nm’h 185 185 184 186 186 27 25 28 28 0 2 0 Nm’h Nitrogen di oxide
Argon Nm’h 0 0 1 1 26 26 24 25 25 25 2 0 Nm3/h Argon
Ammonia Nmi'/h 0 0 0 0 158 2 2 2 2 0 0 0 Nm3/h Ammonia
Total Nm’h 616,442 616,442 640,362 649,337 652,592 652,674 608,347 619,933 619,933 8,334 3,097 44,359 8,979 129 2,521 221 Nm*h Total
Mass Flow Mass Flow
Nitrogen kg/h 1,060,600 530,300 530,300 550,874 559,517 562,154 562,452 524,253 533,231 533,231 8,231 2,637 38,155 8,643 48 2,489 219 kg/h Nitrogen
Carbon di oxide kg/h 279,040 139,520 139,520 144,909 146,148 146,427 146,427 136,482 139,799 139,799 279 10,003 1,239 kg/h Carbon di oxide
Oxygen kg/h 93,320 46,660 46,660 48,478 48,666 49,300 49,186 45,846 47,069 47,069 2,499 633 3,368 189 756 66 kg/h Oxygen
Moisture kg/h 140,600 70,300 70,300 73,042 74,084 74,388 74,579 69,514 70,982 70,982 304 5,079 1,042 72 224 kg/h Moisture
Sulfur di oxide kg/h 5,167 2,584 2,584 2,682 2,682 2,682 2,656 2,476 2,558 2,558 0 183 kg/h Sulfur di oxide
Sulfur tri oxide kg/h 0 0 2 2 2 34 32 32 32 0 2 kg/h Sulfur trioxide
Nitrogen oxide kg/h 0 0 0 0 0 0 0 0 0 0 0 kg/h Nitrogen oxide
Nitrogen di oxide kg/h 758 379 379 378 381 381 56 52 57 57 0 4 4 kg/h Nitrogen di oxide
Argon kg/h 0 0 2 2 47 47 44 44 44 44 3 kg/h Argon
Ammonia kg/h 0 0 0 0 121 1 1 1 1 121 0 0 kg/h Ammonia
Particulate kg/h 32 16 16 17 17 17 17 15 16 16 0 1 kg/h Particulate
Urea kg/h 224 kg/h Urea
Total kg/h 1,579,517 789,759 789,759 820,382 831,499 835,517 835,454 778,714 793,790 793,790 10,730 121 3,897 56,799 11,117 121 3,245 448 285 kg/h Total
Nitrogen Ib/h 1,168,062 1,168,062 1,213,379 1,232,417 1,238,225 1,238,880 1,154,742 1,174,518 1,174,518 18,130 0 5,808 84,042 19,038 106 5,483 482 Ib/h Nitrogen
Carbon di oxide Ib/h 307,313 307,313 319,182 321,912 322,526 322,526 300,622 307,927 307,927 0 614 22,034 2,730 0 Ib/h Carbon di oxide
Oxygen Ib/h 102,775 102,775 106,779 107,195 108,590 108,340 100,982 103,677 103,677 5,505 0 1,395 7,419 415 0 1,665 146 Ib/h Oxygen
Moisture Ib/h 154,846 154,846 160,885 163,181 163,850 164,272 153,115 156,348 156,348 0 669 11,187 2,296 159 493 Ib/h Moisture
Sulfur di oxide Ib/h 5,691 5,691 5,907 5,907 5,907 5,850 5,453 5,634 5,634 0 0 403 0 Ib/h Sulfur di oxide
Sulfur tri oxide Ib/h 0 0 4 4 4 75 70 7 7 0 5 Ib/h Sulfur trioxide
Nitrogen oxide Ib/h 0 0 0 0 0 0 0 0 0 0 0 Ib/h Nitrogen oxide
Nitrogen di oxide Ib/h 835 835 832 840 840 122 114 126 125 0 0 9 8 0 Ib/h Nitrogen di oxide
Argon Ib/h 0 0 5 5 103 103 96 98 98 98 7 Ib/h Argon
Ammonia Ib/h 0 0 0 0 266 3 3 3 3 0 0 Ib/h Ammonia
Particulate Ib/h 35 35 37 37 37 37 35 35 0 3 Ib/h Particulate
Urea Ib/h 493 Ib/h Urea
Total Ib/h 1,739,556 1,739,556 1,807,009 1,831,497 1,840,346 1,840,207 1,715,195 1,748,437 1,748,436 23,635 0 8,584 125,109 24,487 265 7,148 986 628 Ib/h Total
Composition Composition
Nitrogen Mass-parts 0.671 0.671 0.671 0.673 0.673 0.673 0.673 0.672 0.672 0.767 0.677 0.672 0.777 0.767 0.767 Mass-parts Nitrogen
Carbon di oxide Mass-parts 0.177 0.177 0.177 0.176 0.175 0.175 0.175 0.176 0.176 0.000 0.072 0.176 0.111 Mass-parts Carbon di oxide
Oxygen Mass-parts 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.233 0.163 0.059 0.017 0.233 0.233 Mass-parts Oxygen
Moisture Mass-parts 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.000 0.078 0.089 0.094 0.5 Mass-parts Moisture
Sulfur di oxide Mass-parts 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.000 0.000 0.003 0.000 Mass-parts  Sulfur di oxide
Sulfur tri oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts  Sulfur trioxide
Nitrogen oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Nitrogen oxide
Nitrogen di oxide Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Nitrogen di oxide
Argon Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000 0.000 Mass-parts Argon
Ammonia Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Ammonia
Particulate Mass-parts 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mass-parts Particulate
Urea Mass-parts 0.5 Mass-parts Urea
Total Mass-parts 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000 0.989 1.000 1.000 0.000 1.000 1.000 1.000 Mass-parts Total
Density kg/Nm® 1.281 1.281 1.281 1.281 1.280 1.280 1.280 1.280 1.280
Cp kJ/kgK 1.104654151 1.1046542 1.1349059 1.142477377 1.14247738 1.142477377 1.142477377 111237214 1.11237214 kJ/kgK Cp
Heat Content Mw 40.793 40.793 70.142 78.046 78.423 78.423 73.092 48.631 48.631 7.283 0.592 Mw Heat Content
MMBTU/hr 139.227 139.227 239.394 266.372 267.659 267.659 249.463 165.977 165.977 24.858 2.022
NO, Ibs/hour 834.8018  834.8018 831.9623 840.1753 840.1753 122.3223 114.0148 126.4155 125.2203 9.0 Ibs/hour NO,
NO, kg/h 379.0000 379.0000 377.7109 381.4396 381.4396 55.5343 51.7627 57.3926 56.8500 41 kg/h NO,
NO, Nm’/ hour 184.6 184.6 184.0 185.8 185.8 271 252 28.0 277 20
NO + NO, @ actual O, PPM 299.5 299.5 287.4 286.2 284.8 415 415 45.1 447 447
NO+NO,@3% O, PPM 343.4 343.4 329.5 327.0 326.3 475 475 518 513
NO2 Balance Check
Eta NOx 0.850 0.8500 kg/h Ibs/hr
3/11/2009 10Mar09_MRY1LowDust_Rev0_natgas



~ MRY1 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
ESP Outlet ESP Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.0 0

3/11/2009 10Mar09_MRY 1LowDust_Rev0_natgas



rea S
Inj.

41
NAT GAS
_—>
_—>

Comb. Air
3245

Differential
Heat

Mass Flow
Temperature

kg/h
°C

From ESP

789,759
168

MRY 1 Low Dust SCR Process Flow Diagram Natural Gas Fired Reheat

lurry 448
Air 285

Ammonia 121

B

B

835,513 7 A4
Off-Gas 296
3897 >
NAT GAS Catalyst
7.9 MW ’
27.0 MMBTU/h ’
Comb. Air 835,513 8
296
820,382 778,714 9 l 56,799
Location 271 — 296
Jv Seal Air Fan
Stream
\:_/
To Stack
— b > 804,890
3 789,759 4 196
168

Heat Source



MRY 1

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Density

Cp

Heat Content
NO,

NO,

NO,

NO + NO, @ actual O,
NO +NO,@3 % O,

Eta NOx

3/11/2009

Nm’/h
scfm
acfm
kg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nm®
kJ/kgK

MW
MMBTU/hr

Ibs/hour
kath

Nm® / hour
PPM

PPM

Input Data 3
FGD Outlet FGD Outlet
688,272
433,924
478,587
850,442
1,873,220

143 143
62
14.5

0.6258
0.1045
0.0493
0.2201
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

430,691
71,902
33,964

151,484

45

0

0

185

0

0
688,272

1,076,862
282,412

538,431
141,206
96,998 48,499
243,564 121,782
258 129
0
0
379
0
0
32 16

758

1,700,884 850,442
1,185,971
311,026
106,826
268,242
284

0

0

835

0

0

35

1,873,220

0.633
0.166
0.057
0.143
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.236
1.125693116

16.399
55.969

834.8018
379.0000
184.6
268.3
300.6

0.850 0.8500

4
GGH inlet
688,272
433,924
478,587
850,442
1,873,220

150
66
13.5

0.6258
0.1045
0.0493
0.2201
0.0001
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

430,691
71,902
33,964

151,484

45

0

0

185

0

0
688,272

538,431
141,206
48,499
121,782
129

0

0

379

0

0

16

850,442

1,185,971
311,026
106,826
268,242

284
0

0
835
0

0
35

1,873,220

0.633
0.166
0.057
0.143
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.236
1.1266306

17.448
59.548

834.8018
379.0000
184.6
268.3
300.6

5 6
GGH outlet  Burner out

714,960 725,054
450,750 457,114
817,138 866,311
883,419 895,904
1,945,856 1,973,356
520 562
271 295
10 9
0.6258 0.6278
0.1045 0.1040
0.0494 0.0489
0.2201 0.2190
0.0001 0.0001
0.0000 0.0000
0.0000 0.0000
0.0003 0.0003
0.0000 0.0000
0.0000 0.0000
1.0000 1.0000
447,407 455,173
74,681 75,390
35,288 35,436
157,364 158,821
47 47
0 0
0 0
184 186
1 1
0 0
714,971 725,054
559,328 569,038
146,662 148,055
50,388 50,600
126,509 127,680
134 134
0 0
0 0
378 382
2 2
0 0
17 17
883,419 895,908
1,232,000 1,253,388
323,044 326,111
110,988 111,454
278,655 281,234
295 295
0 0
0 0
832 841
5 5
0 0
37 37
1,945,856 1,973,365
0.633 0.635
0.166 0.165
0.057 0.056
0.143 0.143
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
1.000 1.000
1.236 1.236
1.1861124  1.193726213
78.939 87.506
269.419 298.659
831.9646 841.1912
377.7119 381.9008
184.0 186.1
257.4 256.6
288.4 286.7

7 8 9 10 1"
Reactor inlet Reactor outlet GGH treated inlet Booster fan in  Booster fan out
728,310 728,392 678,935 691,763 691,763
459,167 459,218 428,038 436,126 436,126
872,297 878,746 820,075 541,960 541,960
899,921 899,921 838,758 866,945 866,945
1,982,206 1,982,206 1,847,484 1,909,570 1,909,570
562 562 562 196 196
295 295 295 91 91
8 5 45 0 0
0.6279 0.6281 0.6281 0.6260 0.6260
0.1037 0.1037 0.1037 0.1041 0.1041
0.0493 0.0491 0.0491 0.0495 0.0495
0.2186 0.2189 0.2189 0.2202 0.2202
0.0001 0.0001 0.0001 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0003 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
457,283 457,521 426,456 433,036 433,036
75,532 75,532 70,403 72,044 72,044
35,880 35,800 33,369 34,251 34,251
159,199 159,437 148,612 152,332 152,332
47 46 43 45 45
0 0 0 0 0
0 0 0 0 0
186 27 25 28 28
26 26 24 25 25
158 2 2 2 2
728,310 728,392 678,935 691,763 691,763
571,675 571,973 533,137 541,362 541,362
148,333 148,333 138,262 141,485 141,485
51,234 51,120 47,649 48,908 48,908
127,984 128,176 119,473 122,464 122,464
134 133 124 128 128
0 2 2 2 2
0 0 0 0 0
382 56 52 57 57
47 47 44 44 44
121 1 1 1 1
17 17 15 16 16
899,926 899,857 838,758 854,468 854,467
1,259,196 1,259,852 1,174,310 1,192,428 1,192,428
326,725 326,725 304,541 311,640 311,640
112,849 112,599 104,954 107,727 107,727
281,903 282,325 263,156 269,745 269,745
295 292 272 281 281
0 4 3 4 4
0 0 0 0 0
841 122 114 127 125
103 103 96 98 98
266 3 3 3 3
37 37 35 35
1,982,215 1,982,063 1,847,450 1,882,088 1,882,087
0.635 0.636 0.636 0.634 0.634
0.165 0.165 0.165 0.166 0.166
0.057 0.057 0.057 0.057 0.057
0.142 0.142 0.142 0.143 0.143
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000
1.236 1.235 1.235 1.235 1.235
1.19372621  1.193726213 1.193726213  1.133004044 1.133004044
87.899 87.899 81.925 24.857 24.857
299.998 299.998 279.608 84.837 84.837
841.1912 122.4702 114.1547 126.5634 125.2203
381.9008 55.6015 51.8262 57.4598 56.8500
186.1 271 252 28.0 277
255.5 37.2 37.2 40.5 40.0
286.1 416 416 454 449

NO2 Balance Check

kg/h

Ibs/hr

12 13 14 15 17 12+13
Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas
724 9,363 158 3,097 49,517 10,087
456 5,903 100 1,953 31,218 6,359
564 11,921 121 3,897 61,164 12,485
1,243 26,257 266 8,584 134,722 27,500
0.7900 0.6810 0.7705
0.0458 0.0703
0.2100 0.1432 0.0147
0.1220 0.1445
0.0000
0.0000
0.0000
0.0000
0.0081 0.0000
0.0000
1.0000 1.0000 1.0000
7,397 2,109 30,997 7,771
142 5,157 709
1,966 444 2,452 148
378 10,904 1,458
0 3 0
0 0 0
0 0 0
0 2 0
25 2 0
0 0 0
9,363 3,097 49,517 10,087
9,247 2,637 38,751 9,710
279 10,128 1,392
2,808 633 3,501 212
304 8,766 1,171
0 9
0 0
0 0
0 4 4
44 3
121 0 0
0 1
12,054 121 3,897 61,164 12,489
20,367 0 5,808 85,355 21,387
0 614 22,308 3,067
6,184 0 1,395 7,711 467
0 669 19,309 2,579
0 0 20
0 0
0 0
0 0 9 9
98 7
0 0
0 3
26,552 0 8,584 134,722 27,509
0.767 0.677 0.634 0.777
0.000 0.072 0.166 0.111
0.233 0.163 0.057 0.017
0.000 0.078 0.143 0.094
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.011 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
1.000 0.000 0.989 1.000 1.000
8.182
27.926
9.0
41
20
40.0

14 Reacted

121
266

0.2999

0.7001

1.0000

39

90

129

48

72

121

106

159

266

0.000

18

19

ULTRA Natural Gas ULTRA Combustion Air

52
33

41
90

0.592
2.022

2,521
1,589

3,245
7,148

0.7900

0.2100

1.0000

1,991

529

2,521

2,489

756

3,245

5,483

1,665

7,148

0.767

0.233

1.000

20
ULTRA Urea Slurry

448
986

224

224
448

493

493
986

0.5

0.5
1.000

21
ULTRA Injection Air
221 Nm’h
140 scfm
acfm
285 kg/h
628 Ib/hour

Degree F
Degree C

0.7900 Vol-parts
Vol-parts
0.2100 Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
1.0000 Vol-parts

175 Nm'h
Nm’h

47 Nm*h
Nm’h
Nm’h
Nm3/h
Nm3/h
Nm’h
Nm3/h
Nm3/h
221 Nm*h

219 kgl

285 kg/h

482 Ib/h
Ib/h
146 Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
Ib/h
628 Ib/h

0.767 Mass-parts
Mass-parts
0.233 Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
1.000 Mass-parts

kJ/kgK

MW

Ibs/hour
kg/h

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.
Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur trioxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Cp

Heat Content

NO,
NO,

10Mar09_MRY1TailEnd_Rev0_natgas



~ MRY1 Input Data 3 4 5 6 7 8 9 10 1 12 13 14 15 17 12+13 14 Reacted 18 19 20 21
FGD Outlet FGD Outlet GGH inlet GGH outlet Burnerout Reactor inlet Reactor outlet GGH treated inlet Booster fanin Booster fan out  Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry ULTRA Injection Air
Eta NOx reactor 0.8544 0.0 0

3/11/2009 10Mar09_MRY1TailEnd_Rev0_natgas



MRY 1 Tail End SCR Process Flow Diagram Natural Gas Fired Reheat

rea Slurry 448
41 Inj. Air 285
NAT GAS
EE— Ammonia 121
B B
Comb. Air > 899,921 7 A 4
3245 Off'GaS 295
3897 ————»>
NAT GAS Catalyst
Differential 8.6 MW >
Heat 29.2 MMBTU/h >
Comb. Air 899,921 8
295
883,419 838,758 9 i 61,164
Mass Flow Location 271 — 295
Temperature .
Jv Seal Air Fan
kg/h Stream
°C
\:_/
From FGD
To Stack
— b > 866,945
850,442 3 850,442 4 91
62 66

Heat Source



MRY 2

Volumetric flow rate vol.
Volumetric flow rate vol.
Volumetric flow rate vol.

Mass Flow
Mass Flow

Temperature
Temperature
Pressure

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia

Total

Volumetric Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen dioxide
Argon
Ammonia

Total

Mass Flow

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Composition

Nitrogen
Carbon di oxide
Oxygen
Moisture

Sulfur di oxide
Sulfur tri oxide
Nitrogen oxide
Nitrogen di oxide
Argon
Ammonia
Particulate
Urea

Total

Density

Cp

Heat Content
NO,

NO,

NO,

NO + NO, @ actual O,
NO +NO,@3 % O,

Eta NOx

3/11/2009

Nm’/h
scfm
acfm
kg/h
Ib/hour

Degree F
Degree C
iwg

Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts
Vol-parts

Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h
Nm’h

Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts
Mass-parts

kg/Nm®
kJ/kgK

MW
MMBTU/hr

Ibs/hour
kath

Nm® / hour
PPM

PPM

Input Data 3
ESP Outlet ESP Outlet
1,072,689
676,283
978,672
1,374,291
3,027,072

331 331
166
14.5

0.6879
0.1156
0.0525
0.1422
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

737,868
124,008
56,358
152,571
1,578

0

0

307

0

0
1,072,689

1,844,900
487,068
160,950
245,312

9,020

922,450
243,534
80,475
122,656
4,510

1,261 631

70 35

2,748,581 1,374,291
2,031,828
536,419
177,258
270,167
9,934

3,027,072

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.104243094

70.023
238.988

1388.7665
630.5000
307.2
286.3
327.3

0.850 0.8500

4
GGH inlet
1,072,689
676,283
978,672
1,374,291
3,027,072

331
166
13.5

0.6879
0.1156
0.0525
0.1422
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

737,868
124,008
56,358
152,571
1,578

0

0

307

0

0
1,072,689

922,450
243,534
80,475
122,656
4,510

1,374,291

2,031,828
536,419
177,258
270,167

9,934
0

0
1,389
0

0

7

3,027,072

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.1042431

70.023
238.988

1388.7665
630.5000
307.2
286.3
327.3

5
GGH outlet
1,114,284
702,506
1,273,631
1,427,580
3,144,449

520
271
10

0.6879
0.1156
0.0525
0.1423
0.0015
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

766,494
128,799
58,552
158,521
1,638

1

0

306

2

0
1,114,312

958,237
252,943
83,609
127,439
4,682

3

0

628

4

0

36

1,427,580

2,110,654
557,143
184,160
280,703

10,312
6

0
1,384
8

0
80

3,144,449

0.671
0.177
0.059
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000
1.281
1.1351465

122.082
416.667

1384.0464
628.3571
306.1
274.7
314.1

6
Burner out
1,129,869
712,332
1,351,693
1,446,843
3,186,879

564
295
9

0.6890
0.1150
0.0520
0.1423
0.0014
0.0000
0.0000
0.0003
0.0000
0.0000
1.0000

778,477
129,893
58,781
160,768
1,638

1

0

309

2

0
1,129,869

973,218
255,091
83,935
129,246
4,682

3

0

635

4

0

36

1,446,850

2,143,653
561,875
184,880
284,682

10,312

3,186,893

0.673
0.176
0.058
0.089
0.003
0.000
0.000
0.000
0.000
0.000
0.000

1.000

1.281

1.142572233

135.591
462.771

1398.2822
634.8201
309.3
273.7
311.9

7 8 9 10 1"
Reactor inlet Reactor outlet GGH treated inlet Booster fan in  Booster fan out
1,135,150 1,135,286 1,058,149 1,078,363 1,078,363
715,661 715,747 667,116 679,859 679,859
1,361,282 1,371,355 1,279,731 1,082,007 1,082,007
1,453,355 1,453,355 1,354,516 1,400,066 1,400,066
3,201,223 3,201,223 2,983,516 3,083,845 3,083,845
564 564 564 380 380
295 295 295 193 193
8 5 45 0 0
0.6888 0.6891 0.6891 0.6878 0.6878
0.1146 0.1146 0.1146 0.1152 0.1152
0.0524 0.0523 0.0523 0.0527 0.0527
0.1422 0.1425 0.1425 0.1428 0.1428
0.0014 0.0014 0.0014 0.0014 0.0014
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0003 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0002 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000
781,884 782,281 729,129 741,666 741,666
130,127 130,127 121,286 124,243 124,243
59,495 59,363 55,329 56,810 56,810
161,390 161,787 150,794 153,977 153,977
1,638 1,622 1,512 1,562 1,562
1 17 15 16 16
0 0 0 0 0
309 45 42 47 46
42 42 40 40 40
263 3 3 3 3
1,135,150 1,135,286 1,058,149 1,078,363 1,078,363
977,478 977,973 911,625 927,199 927,199
255,551 255,551 238,188 243,994 243,994
84,955 84,766 79,007 81,121 81,121
129,746 130,065 121,227 123,786 123,786
4,682 4,636 4,321 4,465 4,465
3 59 55 56 56
0 0 0 0 0
635 92 86 96 95
76 76 7 72 72
201 2 2 2 2
36 36 34 35 35
1,453,362 1,453,257 1,354,516 1,380,827 1,380,826
2,153,035 2,154,126 2,007,764 2,042,288 2,042,288
562,889 562,889 524,643 537,433 537,433
187,125 186,709 174,023 178,682 178,682
285,784 286,486 267,021 272,656 272,656
10,312 10,213 9,519 9,835 9,835
6 130 121 124 124
0 0 0 0 0
1,398 204 190 210 208
167 167 156 159 159
442 5 4 5 5
80 80 7 7
3,201,237 3,201,008 2,983,441 3,041,469 3,041,467
0.673 0.673 0.673 0.671 0.671
0.176 0.176 0.176 0.177 0.177
0.058 0.058 0.058 0.059 0.059
0.089 0.089 0.089 0.090 0.090
0.003 0.003 0.003 0.003 0.003
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
1.000 1.000 1.000 1.000 1.000
1.280 1.280 1.280 1.280 1.280
1.14257223 1.142572233 1.142572233 1.111950928 1.111950928
136.201 136.201 126.938 83.598 83.598
464.854 464.854 433.241 285.319 285.319
1398.2822 203.5779 189.7458 210.3873 208.3150
634.8201 92.4244 86.1446 95.5158 94.5750
309.3 45.0 42.0 46.5 46.1
2724 39.7 39.7 43.2 427
311.2 453 453 49.4 48.9

NO2 Balance Check

kg/h

Ibs/hr

12 13 14 15 17 12+13
Natural Gas Combustion Air  Ammonia ULTRA Off-Gas Purge+Scavange Burner Flue Gas
1,117 14,446 263 5,018 77,189 15,563
704 9,107 166 3,164 48,664 9,812
871 18,392 201 6,312 98,839 19,263
1,918 40,512 442 13,902 217,707 42,430
0.7900 0.6790 0.7705
0.0467 0.0703
0.2100 0.1422 0.0147
0.1240 0.1445
0.0000
0.0000
0.0000
0.0000
0.0081 0.0000
0.0000
1.0000 1.0000 1.0000
11,412 3,407 53,088 11,991
234 8,893 1,094
3,034 714 4,066 229
622 11,022 2,249
0 112 0
0 1 0
0 0 0
0 3 0
40 3 0
0 0 0
14,446 5,018 77,189 15,563
14,267 4,259 66,369 14,982
460 17,465 2,148
4,332 1,019 5,807 327
500 8,861 1,807
0 320
0 4
0 0
0 7 6
72 5
201 0 0
0 3
18,599 201 6,312 98,839 19,270
31,425 0 9,382 146,186 32,999
0 1,014 38,469 4,732
9,541 0 2,245 12,790 720
0 1,102 19,517 3,979
0 0 704
0 9
0 0
0 0 15 14
159 1
0 0
0 6
40,967 0 13,902 217,707 42,444
0.767 0.675 0.671 0.777
0.000 0.073 0.177 0.111
0.233 0.161 0.059 0.017
0.000 0.079 0.090 0.094
0.000 0.000 0.003 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.011 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
1.000 0.000 0.989 1.000 1.000
12.624
43.087
14.9
6.8
33
427

14 Reacted 18 19 20
ULTRA Natural Gas ULTRA Combustion Air ~ ULTRA Urea Slurry
86 4,135
54 2,607
201 67 5,324 744
442 148 11,726 1,638
0.2999 0.7900
0.2100
0.7001
1.0000 1.0000
64 3,267
868
150
214 4,135
80 4,084
1,240
120 372
372
201 5,324 744
177 8,995
0
0 2,731
265 819
0
0
819
442 11,726 1,638
0.767
0.233
0.5
0.5
0.000 1.000 1.000
0.976
3.331

21
ULTRA 