
801 E. Portland Ave office: 253.596.2150 
Tacoma, WA 98421 www.westrock.com * WestRock 

February 28, 2020 

VIA MAIL AND EMAIL (christopher.hanlon-meyer@ecy.wa.gov) 

Mr. Chris Hanlon-Meyer 
Science and Engineering Section Manager 
Air Quality Program 
Washington Department of Ecology 
PO Box47600 
Olympia, WA 98504-7600 

Re: Regional Haze RACT/4-Factor Analysis - Request for Additional Information 

Dear Mr. Hanlon-Meyer: 

In your letter dated January 13, 2020 addressed to me, you included follow-up questions regarding our 
Regional Haze RACT/4-Factor Analysis provided to you on December 6, 2020: 

1. Please provide Ecology with copies of detailed vendor estimates for all considered control 
measures for verification. 

2. What is the basis for the capital cost estimates in your 4-factor analysis? 
3. Were current vendor estimates used? (EPA prefers multiple vendor estimates if possible). 
4. In the absence of vendor estimates, how is the information in your 4-factor analysis verified? 
5. Were site specific considerations included in the estimate? If capital costs were assumed in error, 

provide corrected cost estimates. 
6. According to sections 3.4. 3 and 3.4.4 of Section 6 "Particulate Matter Controls Chapter 3 

Electrostatic Precipitators" of the EPA cost manual: "for processes that can reuse the dust 
collected in the ESP ... , a credit should be taken ... , this credit (RC) appears as a negative cost." 
Be sure to subtract dust recovery credits from the cost estimate according [to] the EPA Cost 
Manual. 

7. In your total cost per ton estimate for WESPs, include estimated costs for: water usage, 
wastewater collection and treatment, and/or equipment modifications to handle wet exhaust. 

8. Please provide the capital costs, cost per ton of pollutant removed, and equipment specifications 
(including ppm NOx or lb/MMBtu) for the new low-NOx burners installed on Power Boiler No. 6 in 
December 2018. 

9. Please provide the capital costs, cost per ton of pollutant removed, and equipment specifications 
for the spray tower wet scrubber installed on Power Boiler No. 7 in 2016. 

Our answers to the above questions are provided below. 

1. Please provide Ecology with copies of detailed vendor estimates for all considered control 
measures for verification. 

Many of the control cost estimates were based on a 2003 National Economic Research Associates 
(NERA) report titled "Evaluation of Air Pollution Control Costs for the Pulp and Paper Industry." A copy of 



that report was included in Appendix C of our Four Factor Analysis. The capital cost of low-NOx burners 
(LNB) was based on a 2016 John Zink quote, a redacted version of which is attached (see Appendix C). 
Capital costs for selective catalytic reduction (SCR) and selective non-catalytic reduction (SNCR) were 
based on cost algorithms provided in the publicly available U.S. EPA control cost spreadsheets. 

2. What is the basis of the capital cost estimates for all controls considered? 

Capital costs for the following technologies were based on the 2003 NERA report "Evaluation of Air 
Pollution Control Costs for the Pulp and Paper Industry" Electrostatic precipitator (ESP) upgrade, wet 
ESP (WESP), and wet scrubber. For the WESP, the cost of a dry ESP was conservatively used based on 
available information and it is expected that the cost of a WESP would be higher than the cost of a dry 
ESP due to the added complexity of the associated water handling systems, as well as costs to manage 
any wastewater generated by the WESP. The cost of installing LNB on natural gas-fired boilers at the 
mills was estimated using cost information obtained from an August 26, 2016 John Zink Proposal for a 99 
MMBtu/hour natural gas-fired boiler. 

Capital costs were scaled from the size (i.e., heat input capacity or exhaust gas flow rate) of the emission 
unit in the original estimate to the size of each mill's emission unit evaluated by ratioing the mill unit size 
to the original unit's size and applying an exponent of 0.6 (e.g., original cost* [new unit size/original unit 
size]"0.6). 

The costs for installing and operating an SCR system on mill boilers was estimated using U.S. EPA's "Air 
Pollution Control Cost Estimation Spreadsheet for Selective Catalytic Reduction (SCR)" (June 2019) that 
uses algorithms presented in the U.S. EPA Air Pollution Control Cost Manual, Section 4, Chapter 2. The 
costs for installing and operating an SNCR system on mill boilers was estimated using U.S. EPA's "Air 
Pollution Control Cost Estimation Spreadsheet for Selective Non-Catalytic Reduction (SNCR)" (June 
2019) that uses algorithms presented in the U.S. EPA Air Pollution Control Cost Manual, Section 4, 
Chapter 1. 

3. Were current vendor estimates used? 

A 2016 vendor estimate was used to estimate the cost of retrofitting LNBs on natural gas-fired boilers. 
Ecology's requested timing for submittal of the analysis precluded evaluating options, performing 
engineering studies, and obtaining multiple site-specific vendor proposals for retrofitting existing 
equipment. The best available information was used in the preparation of other analyses, including cost 
manual estimation techniques developed by the U.S. EPA. 

4. In the absence of vendor cost estimates, how is the information in your 4-factor analysis 
verified? 

We utilized reliable technical resources and the best available information to develop the cost estimates. 
The NERA report was prepared for our industry association, the American Forest and Paper Association 
(AF&PA), by a reputable consulting firm. The methodologies in the U.S. EPA control cost manual are 
customarily used in estimating control costs for both industry permit applications and agency regulatory 
evaluations. The most recent chapters on NOx controls were subject to public review and comment prior 
to being published as final. 



5. Were site specific considerations included In the estimates? 

Yes, site specific conditions were considered in the estimates. As mentioned above, each capital cost 
estimate was scaled to the particular unit being evaluated. Operating costs were based on site-specific 
information, where available. The additional controls evaluated for each unit were based on site specific 
considerations. Site specific considerations for retrofits were mentioned in the report. Each cost 
effectiveness estimate was based on site specific emissions. 

However, as noted in the report, the analysis did not take into consideration all the site-specific factors 
that could impact either the feasibility or cost of installing additional controls on each unit (e.g., space 
constraints, need for utility upgrades, etc.). Retrofitting air pollution controls onto existing process 
equipment that may also be already equipped with controls can be a complicated endeavor as demolition 
and rearrangement of equipment add additional planning, coordination, logistics, and expense. As such, 
the technical feasibility and cost conclusions in the report represent a best-case potential for installing 
additional controls. 

6. Should ESP Dust Recovery Credits be added to the cost calculations? 

The OAQPS Cost Manual includes a statement in Section 6, Chapter 3, Paragraph 3.4.3 that for 
processes that can reuse the dust collected in the ESP or that can sell the dust in a local market a 
recovery credit should be taken. The ESP cost example under Paragraph 3.4.5.6 includes a waste 
disposal cost and a remark that finding a market for the ESP dust could reduce the total annual cost. The 
cost estimates for upgrading an ESP and for installing a WESP in the report include neither a waste 
disposal cost nor a recovery credit. Mills do typically recover material collected in ESPs for recovery 
furnaces and lime kilns for reuse within the process. However, the amount of sulfur in the process must 
be managed to prevent high liquor sulfidity from causing elevated SO2 emissions from the recovery 
furnace, and sometimes this is done by purging precipitator saltcake (sodium sulfate). Therefore, one 
cannot assume that any additional ash collected in the ESP would automatically be returned to the 
process. In fact, it would be more likely the case that additional ash collected from a recovery furnace 
would likely be purged through the wastewater treatment system. However, if one assumes that the 
reduction in PM emissions corresponds to a reduction in purchased saltcake, the recovery credit would 
not be significant because purchased saltcake is on the order of 11 cents per pound (e.g., a 30-ton 
reduction in emissions would be only a $6,600 credit). With respect to boiler ash, we did not include a 
disposal cost, but even if the disposal cost were $50/ton, adding this cost to the estimate would not 
appreciably increase the calculated cost per ton of PM10 removed. The amount of recovery credit for 
recovered lime or saltcake (and the waste disposal cost) is within the margin of error of the entire 
estimate. 

7. In your total cost per ton estimate for WESPs, include estimated costs for: water usage, 
wastewater collection and treatment, and/or equipment modification to handle wet 
exhaust. 

The same methodology described in section 3.3.2 Economic Impacts of the 4-Factor/Reasonably 
Available Control Technology (RACT} Analysis prepared by All4 was used to provide this information. 
Specifically, the cost effectiveness was calculated using the procedures in the U.S. EPA OAQPS Control 
Cost Manual, Section 6, Chapter 3. As requested, we added the water and wastewater costs to the 
WESP control technology cost analyses. We added the cost for stack modifications only to the cost 
analysis for the No. 4 Recovery Furnaces since the other units already operate a wet control device and 
are not expected to require additional modifications if this technology was required. Table 1 below 
summarizes the original and revised cost effectiveness for each unit for implementing this control 
technology at the Tacoma Mill. 



Table 1 -WestRock Tacoma Mill 

WESP - Cost Effectiveness Summary 

Operating Unit 
Original Cost 

Effectiveness Estimate 
($/ton) 

Revised Cost 
Effectiveness Estimate 

($/Ton) 

No. 7 Power Boiler $15,543 $16,438 

No. 4 Recovery Furnace $7,949 $10,151 

No. 1 Lime Kiln $7,099 $7,235 

No. 2 Lime Kiln $17,355 $17,522 

8. Please provide the capital costs, cost per ton of pollutant removed, and equipment 
specifications (including ppm NOx or lb/MMBTU) for the new low-NOx burners installed 
on Power Boiler No. 6 in December 2018. 

The same methodology described in section 3.3.2 Economic Impacts of the 4-Factor/Reasonably 
Available Control Technology (RACT) Analysis prepared by All4 was used to provide this information. 
Specifically, the cost effectiveness was calculated using the procedures in the U.S. EPA OAQPS Control 
Cost Manual. We used our actual capital costs in 2019 dollars and actual NOx emission levels from 
Power Boiler No. 6 in the calculations. For the direct and indirect annual costs, we used the same 
estimating methodology as in the ALL4 report (the EPA Control Cost Manual and an EPA Control 
Techniques Document for NOx-specific references are in the attachment). The capital cost, annual 
cost, and cost effectiveness of implementing this control technology at the Tacoma Mil is provided in the 
Low NOx Burner Retrofit cost estimation table in the attachment to this letter. 

Table 2 - WestRock Tacoma Mill 

Low NOx Burners - Power Boiler No. 6 

Capital Cost ($) Annual Cost* ($/yr) Cost Effectiveness of Controls ($/Ton) 

$2,865,734 $607,355 $8,743 

9. Please provide the capital costs, cost per ton of pollutant removed, and equipment 
specifications for the spray tower wet scrubber installed on Power Boiler No. 7 in 2016. 

The same methodology described in section 3.3.2 Economic Impacts of the 4-Factor/Reasonably 
Available Control Technology (RACT) Analysis prepared by All4 was used to provide this information. 
Specifically, the cost effectiveness was calculated using the procedures in the U.S. EPA OAQPS Control 
Cost Manual, Section 5, Chapter 1. For the calculations, we used our actual capital costs in 2019 dollars, 
scrubber design parameters and site-specific costs for the direct annual costs, and the Control Cost 
Manual default factors for the indirect annual costs. It is important to note that the scrubber was designed 
and is operated to control hydrochloric acid emissions. Due to the reactivity differences between 
hydrochloric acid and SO2, much less caustic addition is required to achieve HCI removal than would be 
required to remove SO2. The cost effectiveness information provided includes the actual caustic addition 
rate and an estimated SO2 removal efficiency of 20%. The capital cost, annual cost, and cost 
effectiveness of implementing this control technology at the Tacoma Mill is provided in the Wet Scrubber 
Retrofit cost estimation table in the attachment to this letter. 



Table 3-WestRock Tacoma Mill 

Wet Scrubber - Power Boiler No. 7 

Capital Cost ($) Annual Cost* ($/yr) Cost Effectiveness of Controls ($/Ton) 

$13,395,678 $2,608,517 $67,195 

If you have any questions concerning the enclosed information, please contact me at 
wayne.wooster@westrock.com or by telephone at (253) 596-0296. 

Sincerely, 

WT r. W~ 
Wayne Wooster 
Environmental Manager 

Enclosure 

cc: Gary Huitsing, Ecology 
Phillip Gent, Ecology 
Jean-Paul Huys, Ecology 
James DeMay, Ecology 



Appendix A Tables for WestRock Tacoma Mill 



Tabla � -12 
WestRock Tacoma MIi • Tacoma, WA 

lllevieed Capital and Annual Coats A�� ociated with Wl!SP for Recovery Furnace #4 

CAPITAL COSTS ANNUALIZED COSTS 

COST ITEM COST FACTOR RATE COST$ COST ITEM COST FACTOR COST$ 

Direct Annual Co.sts Direct Costs 

Purchff!d Equipment Costs o,,.,.t1na Labor 
(a) A WESP $1,307,644 (b) 0Derator"l 
(b) lnstrumentalion and controls 0.10 A $130,764 (b) Supervisor 

(b) Sales Tax 0.03 A $39,229 (b) Coordinator 
(b) Freight 0.05 A $65,382 M!/JJ!!!wJil 

S Total Pu~hased Equipment Cost $1,543,020 (b) Maintenance labor'c) hours/shift - o•rhout"1 
(b) Meinhtnancs materials � of purchased equipment costs 

lltill/iN•K.,_, DlffCCJAAtllla'IPa cem 
(d) Stack Modiftc.ation $1,000,000 Electricity per kWh"' $28,334 

-Water Usage perMGo<:fl $37,1TT (b) Foundations and Supports 0.04 B $61,721 
:lons/d 

Wastewater Usage gallons/d p,trMG01:11 $5,101 
(b) Electrical 0.08 B $123,442 
(b) Handling and Erecilon 0.50 B $TT1,510 

Total Direct Annual Costs $158,121 
(b) Piping o.o, B $15,430 

Indirect Annual Costs (b) Insulation for Ductwork 0.02 B $30,860 
(b) Painting 0.02 B =--- S.,3,.o,.ea.,o"l(b) Overhead 60% Labor and Material Costs 

(b} General and administrative 2% ofTCI Direct tnstallaUon Cost $2,033,824 
Total DJ,.ct Costs $3,576,844 (b) Property taxes 1% ofTCI 

Indirect Co5ts (b) Insurance 1% ofTCI 

(b) Capital recovery 0.079 x TC! {b) Engineering 0.20 B $308,604 

Life of the control: 20 years at 4.8% interest (b) Construction and Field Expenses 0.20 B $308,604 

{b) Contractor fees 0.10 B $154,302 

(b) Start-up 0.01 B $15,430 Total Indirect Annual Costs 

(b) Performance test 0.01 B $15,430 

(b) Model Study 0.02 B $30,860 Tot4/ Annual Costs 1741,411 
(b) Contingencies 0.03 B $46.291 

Total Indirect Costs $879,522 C....-(JNon) 
PM,. Control EfflciencY" 80.0% 

Total Capital Investment {TC/) $4,456,345 2017 PM10 Emissions'-; 91.3 tpy Tola! Amual Costs/Controlled PM,. Emission,: 
Controlled PU Emissions: 73.0 tca,s of PM - removed annueN $10.151 

'"'Wet electroglallc pracipltalor (WESP) capitel cost based on Tabl• 15 In d~ment tll,led "E'4iuation of Air Pollt.rtion Control C0'J\l5 for the Pulp a,d Pepe,- Industry' submitted to the Nalionel Er:Ol"ll'ffiC Rfll!earch Assoc!aw. (NERA), May 2003. The cost cl e dry ESP Me wood-fired btvl11rwas 
acaled band on exha.ist now rate. The cost of a dry ESP, rather 1han a wet ESP. wa, 1,1,ed for a COO'!il:lmllive annual coot per 1on of pollutanl removed due to Mlabla lnl'amallori. It Is axpected lhal the Co&t cit l!I wet ESP WCWJld be~ lhari the cosl of a dry ESP. 

*'1c011 Information Mtlmated based on lheU,S, EPA OAQPS Cantrel ColtM11n1,1el , Section 6, Chapter 3, September 1999. 

lCJ Bas:od on 2017 q:,eratlng hours. 

tdl Facilit)l-apeclflc cost. The estimated slack cost is based on h8'f th• eollcl?(lltd cwl for a slack replacement at ariothar WestRoc:k ioGetlor, . WIii.« UAIIQ• ntlmBII was ratloed from expected usage from WestRock Longview PB20. 
1•> The ellCtriclty requlremerit for new 8(!\lipmeot is bssed on lhe NERA document cilld In fooloole (a) md scaled based or, the i,xt,aust fl<M" tl!IIA. 
411 Assumes lnslaldJon d a WESP after the existing control equ]pmunl wiD a:hleve an addilional 80% reduction in PM, 0 emissions. 
11' Equlvlllent to 2017 emJr.stons from lhel"BCOWlf)'boilor. 

B-2 



Table B-18 

WestRock Tacoma MIii -Tacoma, WA 

Revised Capital and Annual Costs Associated with WESP for Lime KIin #1 

CA!'IT AL COSTS ANNUALIZED COSTS 

COST ITEM COST FACTOR COST !$ COST ITEM COST FACTOR RATE COST$ 

Direct Costs Direct Annual Costs 

Purchased Eauloment Costs Operating Labor 
(a) A WESP $347,334 (b) Operatar0> per hou~c1, $35.027 

(b) Instrumentation and controls 0.10 A $34,733 (b) Supervisor $5,254.10 

(b) Sales Tax 0.03 A $10,420 (b) Coordinator $11,559.02 

(b) Freight 0.05 A $17,367 

B Total Pu1Ghased Equipment Cost $469,854 lb) Maintenance labo~cJ hours/shift -perhouricl) $20,872 

lb) Maintenance materials of purchased equipment C()stt $4,099 

Dintct lpsfal/at;oa Costs UtllltJesfe){dJft) 

(b) Foundations and Supports 0.04 B $16,394 Electricity kW pnT kWh{d) $2,807 
-

(b) Handling and Erection 0.50 B $204,927 Water Usage gallons/d Qtlf MGD/dl $3,962 
(b) Electrical 0.08 B $32,788 Wastewater Usage gallons/d 96t MGD(Clj $544 

(b) Piping 0.01 B $4,099 Total Direct Annual Costs $84,123 
(b} Insulation for Ductwork 0.02 B $8,197 

(b) Painting 0.02 B ----"'ss.,,, 1;;;9,;,i7 Indirect Annual Costs 
Direct Installation Cost ___ _,$;:2:.;14:,,,6::02=, lb) Overhead 60% Labar and Material Costs $46,086.40 

Total Direct Costs $684-.455 (b) General and administrative 2% ofTCI $18,361 
(b) Property taxes 1% ofTCI $9,181 

Indirect Costs (b) Insurance 1% ofTCI $9,181 

(b) Engineering 0.20 B $81,971 lb) Capital recovery 0.079 X TCI $72,115 

(b) Construction and Field Expensss 0.20 B $81,971 Life of the control: 20 years at 4.8% interest 

(b) Contractor fees 0.10 B $40,985 

(b) Slart-up 0.01 B $4,099 Total Indirect Annual Costs $154,924 
(b) Performance lesl 0.01 B $4,099 

(b) Model Sludy 0.02 B $8, 197 Total Annual Costs $239,047 
(b) Contingencies 0.03 B $12,298 

Total Indirect Costs $233,617 Cost Elfottivan9" (SltonJ 
PM10 Conlrol EfficiOllcy<'l· 80.0% 

Total Capital Investment (TCI) $918,072 2017 PM10 Emiuionste). 41.3 lpy Total Annual Costs/Controlled PM,o Emissloms: 
Controlled PM Emissions: 33.0 tons of PM, removed ann&!I ..$1.,W 

'"'Wet eleclrostelic precipiletor (WESP) capital c051 bssed on Table 15 in document tiUed "Evaluation of Air Pollution Coolrol Costs for lhe Pulp and Paper Industry" submitted to the National Economic Reseach As11oclales (NERA), May 2003. The cost d a dry ESP oo a 'MlOd-flred bcwler W8! 

scaled based on kHn exhaust flaw rale. The cost of a dry ESP, ratherthari a wet ESP, was used for a C011servative annual cosl per tor, of pollutant removed due lo awilable Information. It Is expected that the cos! of II Wei ESP would be higher than the cost of a dry ESP 

ll)cost informelkin estimated based on the U.S. EPA OAOPS Control Casi Manual, Section 6, Chapter 3, September 1999. 

1<1 Based on 2017 operating hours. 

""F11c~lty-spoc:ific cosl Weter usage estimate was relioed fl"O'll axpected usege from WestRock LcnglllBW PB20. 

iel The electricity requirement for new equipment is based on Iha NERA document cited In foalncte (e) and scaled based on the kiln ~st flow rate. 
Ill Assumes installation cl a WESP after the existing contrd equipment wm achieve an Bddltlonal BO% reduction Ir, PM,D emissions. 

(gJ Equivalent to 2017 emisslOfl!S from the lime kiln. 
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Table B-19 
w-tRock Tacoma Mill .. Tacoma, WA 

Revised Capltal and Annual Costs Associated with WESP for Lime KIin #2 

ANNUALIZED COSTS CAPITAL COSTS 

COST ITEM COST FACTOR RATE COST$ COST ITEM COST FACTOR COST$ 

Direct Annual Costs 

Purchasod Equipment Costs 
Direct Costs 

QperaUnq Labor 
(b) Operat~c) (a) A WESP $179,669 
(b) Supervisor (b) Instrumentation and controls 0.10 A $17,967 

(b) Coordinator 

(b) Freight 0.05 A $8,983 
(b) Sales Tax 0.03 A $5,390 

Maintenance 
Total Purchased Equipment Cost $212,010 (b) Maintenance laborlcl hours/shift - pm hour"• $20,547 

(b) Maintenance materials of purchased equipment oosq $2,120 
!l1l!J1!M {c)(d)(e) Direct (nstallat;qq Costs 

Electricity kW perkWh(d) $921 (b) Foundations and Supports 0.04 B $8,480 
-

Water Usage gallons/d perMG�<dJ $1,300 

(b) Electrical 0.08 B $16,961 
(b) Handling and Erection 0.50 B $106,005 

Wastewater Usage gallons/d perMG�<<1J $178 

(b) Piping 0.01 B $2,120 Total Direct Annual Costs $76,099 

(b) Insulation for Ductwork 0.02 B $4,240 
(b) Painting _____ _._.. ., Indirect Annual Costs 0.02 B $4,2 40

Direct Installation Cost ---=""$"'14,a2,;,04~7'- (b) Overhead 60"Ai Labor and Malerial Costs $44,219.75 

Total Direct Costs $354,056 (b) General and administrative 2% of TCI $9,498 

(b) Property taxes 1% olTCI $4,749 

Indirect Costs (b) Insurance 1% afTCI $4,749 

(b) Engineering 0.20 B $42,402 (b) Capital recovery 0.079 x TCI $37,304 
Life of lhe control: 20 years at 4.8% interest (b) Construction and Field Expenses 0.20 B $42,402 

(b) Contractor fees 0.10 B $21,201 

(b) Start-up 0.01 B $2,120 Total lndlre,;t Annual Costs $100,520 

(b) Performance test 0.01 B $2,120 

(bl Model Study 0.02 B $4,240 Total Annual Costs $176,619 

{b) Contingencies 0.03 B $6,360 

Total Indirect Costs $120,846 Cost Elfect/venoss (Slton/ 
PM10 Control Efftciencr"· 80.0% 

2017 PM1c Emissions"'>: 12.6 tpy Total Annual Costs/Controlled PM10 Emissions: 
Controlled PM Emissions: 10.1 Ions of PM on removed annuall $17. W 

Total Capital Investment (TCI) $474,902 

$34,482 
$5,172.26 

$11,378.96 

!o� wet electroslallc preclpltator (WESP) capllal cost based on Table 15 In document tllled .Evaluallon of Air Pollution Control Costs for the Pulp and Paper l11dustry" submitted to the National Economic Research Associates jNERA), May 2003. The cost of a dry ESP on a wood.fired boiler was 
scaled based on kiln exhaust flow rate. The cost of a dry ESP, rather than a wet ESP, was used for a caiservaliw annual cost per ton of pollutant removed due lo available information. It is Ellq)EICled that the cost of a wet ESP would be higheJ than lhe cost or a dry ESP 

(Ill Cost infonnatlon estimated based on the U.S. EPA OAQPS Control Ccist Manual, Seclicn 6, Chapter 3, September 1999. 

(<! Based on 2017 cperating hours. 
(df Facility-specific cost Water usage e6~mal& was reUoed from expected usage, frcm WestRock Longview PB20. 

(,)The electricity require.merit for new &q~pment is based a, lhe NERA documentclled In footnote (a) and acalld based on the kiln e.d"laust flew rala. 

m Assumes instal:ation of a WESP after Iha existing conlral equlpmanl w:n achieve an additional BO% reduction In PM10 emissions. 

(o, Equivalenl to 2017 emissions from lhelime kiln. 
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Tallie •~o 
WeatRock Tacoma MUI • Tacoma, WA 

Revised Capital a,d Annual Costs Associated with Wl!SP for Power � oiler #7 

CAPIT Al. COSTS ANNUALIZED COSTS 

COST ITEM COST FACTOR COST$ COST ITEM COST FACTOR RATE COST$ 

Direct Annual Costs 

purchased EauJement Costs 
Direct Costs 

oomuao Laboe 
(a) A WESP $1,030,241 (b) Opereto,Cc) 
(b) Instrumentation and controls 0.10 A $103,024 (b) Supervisor 
(b) Sales Tax 0.03 A S30,907 (b) Coordinator 

(b) Freight 0.05 A $51,512 Mltotenance 
Tot.al Purcha.sed Equipment Co.st $1,215,685 (b) Maintenance labor'c) houra/shlft - po• hoor"1 $21,13 

(b) Maintenance materials of p11chased equipment colts $12,157 

Direct IM'al1•tion Costs QJ/llJ!n..t<JM< .. 
(b) Foundations and Supports 0.04 B $48,827 Electricity kW per kWh{cll $17,403 

-
(b) Handling and Erection 0.50 B $607,842 Water UsaQE! gallon/d per MGD(dl $24,169 
(b) Electrical 0.08 B $97,255 Wastewater Usage gallon/d p,o, MGDi,;1J $3 316 

(b) Piping 0.01 B $12,157 Tot.II Direct Annual Costs $130 675 
(b) Insulation for Ductwork 0.02 B $24,314 

(b) Painting 0.02 B $24,314 Indirect Annual Costs 

Direct Installation Cost ----,,"'s1"4"",5;,;09;,i (b) Overhead 60% Labor and Material Costs $51,472.54 
(b) General and administrative 2% of TCI $54,463 Total Direct Costs $2,030,193 
(b) Prcperty taxes 1% of TCI $27,231 

Indirect Costs (b} Insurance 1% of TCI $27,231 

(b) Engineering 0.20 B $243,137 (b) Capital recovery 0.079 x TCI $213,903 
Life of lhe control: 20 years at 4.8% inleresl (b) Construction and Field Expenses 0.20 B $243,137 

(b) Contractor fees 0.10 B $121,568 

(b) Start-up 0.01 B $12,157 Total Indirect Annual Costs $374,301 
(b) Peffonnance test 0.01 B $12,157 

Toflt/ Annuet Cosr. $504,916 
(b) Contingenclos 0.03 B $38,471 
(b) Model Study 0.02 B $24.314 

Total Indirect Costs $692,940 Cost -- ($lion) 
PM,o C-ol Efflcioncy"' 80.0% 

2017 PM,o Eml5'ionslll· 38.4 tpy Tolal Annual Costs/Controlled PM,. Emlnions: 
Controned PM Emissions. 30.7 lonsofPM1 removedannuan Ud,4..JI 

Total Capital Investment (TC/) $2,123, 1:U 

$35,470 
$5,320.48 

$11,705.0 

'°1W1t lklclnlellltlc preclpilalor (WESP) capllal cost based on Table 1! Ind~ titled "E....iualicn d AK Poll.Ilion Control Costs lor the Pulp and Paper Industry- submitted to th& National Ecawmlc Reseeteh As1oclalM (NERA), May 2003. The CCII d a dry ESP on a wood-flrlcl bell« W91 
acalld bated on rated capeelty. The costol 11dry ESP, ratli~then a wet ESP, ffl)!1 used foraconservai'le annaal c061 p«ton afpollulantram!Wllld du110 Mlable lnlomtation. 1111 expected INll thecostot11wet ESP woukl be higher than the eo1\ol a dry ESP 

•l¢015t Information estimated based on the U.S. EPA OAQPS Control Cost MSlual, SecUon 6, Chepter 3, September 1999. 

l<l Stt,udon2017q>erallnghours. 

I'll F8Cllit)'-ss»Clfjc co&t. Water usage eslimale was rallold from expected usege fn:m Wn\Rock Longview PB20. 

~l The llectrictty requlramant for naw eqlipment Is besad 011 the NERA document cited In foolntlle (•) and scaled besed on the sim d the boiler. 

lfl Aasum• lns1allallon d a WESP after lhe e>:lstlng comral oqulpmenl 'tlolll achllVI en eddilklnal 80""- red".iction In PM10 emissioos. 

Ill) Equi"'3anl 10 2017 emissions from tha racoverybo!ler. 



Table 1 
PB6 Low NOx Burner Retrofit • WestRock Tacoma MIii • Tacoma, WA 
Capital and Annual Costs Associated with LNBs for Po_, Boller #6 

CAPITAL COSTS - ACTUAL MILL DATA 
COST ITEM FACTOR COST !SI 

Costs to Purchase and Install Equipment 
(a) Low NOx Burner Capital Cost 
(a) Instrumentation 
(a) Sales Tax 
(a) Freight 

Total Purchased Equipment Cost, B = 

MIi/Data 
0.07 xA 
0.00 xA 
0.00 xA 

B 

$1,065,209 
$74,580 

$0 
$0 

$1,139,789 

Direct Installation Costs 
(a) Site Preparation 

(a) Mechanical 
(a) ElectricaVControls 
(a) Piping 
(a) Insulation 
(a) Painting 

0.00 x B 
0.67 x B 
0.32 x B 
0.00 x B 
0.06 x B 
0.00 x B 

$3,600 

$758,256 
$361,922 

$1,560 
$63,312 

$0 
$1,188,650 

Total Direct Cost: --- - ·- -- T~. $2,328,439 

Indirect Capital Costs 
(a) Engineering 

(a) Contingencies 
(a) General Facillties - Constructlon & Field Expenses 

(a) Testing 

0.33 x B 
0.00 x B 

0.14 x B 
0.00 x B 

$380,577 
$0 

$156,118 

$0 

m; Jfil,295 

Total Caoital Investment: TC/ ·$2,865734 

ANNUALIZED COSTS - PER COST MANUAL CALCULATIONS 
COST ITEM 

Annual Operating Costs - Direct Annual Costs 

(c) Maintenance Costs 

COST FACTOR 

2.75% ofTCI 

UNIT COST COST($) 

$78,808 

t9~~gi_rect ,!nn_ua(f~s: 

Annual Operating Costs - Indirect Annual Costs 

(b) Overhead 

(b) Administrative Charges 

(b) Property Taxes 
(b) Insurance -

!.9~_1 ln_r!f..~! Annual <=~~: 
"[o_talAnnua/ Ccosts: 

Cost Effectiveness 
(b) Expected lifetime of equipment, years 
(b) Interest rate, %/yr 
(b) Capital recovery factor 

(b) Total Capital Investment Cost 

Annualized Capital Investment Cost: 

To_ta!._ An'!l!'Jiized Cost: 

(d) NOx Reduction 

Pre-LNB retrofit NOx burning NG 

Post-LNB retrofit NOx burning NG 

NO,Removed 

-~~jr!!a]cefsi/fon &en,_ove~: 

60% of sum of operating & maintenance costs 
2% ofTCI 

1% ofTCI 
1% ofTCI 

10 
4.75% current prime rate 
0.128 

$2 ,865,734 

48% 
144.9 tons NOx/yr 

75.4 tons NO,Jyr 

69.5 tons NO,Jyr 

DAC 

IDAC 

.r~c:; 

$78,808 

$47,285 
$57,316 
$28,657 
$28,657 

$161,914 

_mo,]'~ 

$3~6,~ 

$607,355 

NO x Evaluation 

SB,7'3 

(a) Mill information on cost ofLNB project. 

(b) Cost information estimated using the U.S. EPA Air Pollution Control Cost Manual (6th edition) published in January 2002 by the OAQPS (Section 3.2, Chapter 2, 'Thermal and Catalytic 
Incinerators"). The website for the manual is available at http://www.epa.gov/ttn/catc/dirl/c_allchs.pdf. 

(c) Maintenance costs were estimated based on the U.S. EPA OAQPS Alternative Control Techniques Document -NOx Emissions from Process Heaters (Revised),Document No. EPA-453/R-

93--034 (September 1993). 
(d) Reference: August 10, 2018 PB6 LNB NOC Application 



Ta•1e2 
PB7 W.t Scns•Nr Retrofit • W.MRock Taco111a MIU • Tacoma, WA 

C� pital allCI Anna� I Costs Aasoclatecl with Wet Scrubber for Power Boller #7 

CAPITAL COSTS 

COST ITEM COST FACTOR 

DhctCosts 

fUG:lYHI Eg;ufm!ent Cosfs 
(a) A Scrubber, Stade, Ductwork, ID Fan, etc. 
(a) Instrumentation and controls 0.08 A 
(a) Sales Tax 0.00 A 
(a) Frdgt'I 0.00 A 

8 Total Purchased Equipment Cost 

COST IS> COST ITEM 

Direct Annual Costs 

Btmnt Costs 
$3,389,130 (b) Caustic 

$275,629 
$0 Q,m,:t{ag I M1farln1nce Costs 
$0 (b) Maintenance materfals & labor 

$3,684,780 

-

ANNUALIZED COSTS 

COST FACTOR 

d')' lb/hr -

2% of total eap.,at Investment 

RATE 

.,., d')'shortton 

COSTfSI 

$305,69.! 

$267,9U 

Qf!:K(!!iflllitlf2!! Cot!! 
lo) Fooodatkw'ls & SUpports. Demo & Grading 
(a) Mechanical - Handling and Erection 
l•l Eleclrica! 
(a) P~k,g 
(a) lns~tion for Ductwork 
(a) Painting 

Direct Installation Cost 
Total arr.ct Costs 

Indirect Costl 

I•) Engineering 
(a) ConstructionfProject MgmUControls, QA/QC 
(8) Contractor fees 
(8) Start-up 
(a) Perfom,anee test 
(o) Temporary Faelitl&s 
(8) Contingencies 

Total Indirect Coat& 

Total Caplta/ln"fflment (TCQ (2016 dollars) 
Total CaPIW /nv.stment rTCIJ ('2&19 dollartaJ 

utmtJesf!il(-l(dJ 

(b) Elcdnclty 11 $95,765 
.perkWh ' 

0.21 B $763,982 Fresh Weter perMGoldl $166,800 .... Vday Vday • = 
0.94 B $3,439,283 Wastewater Chcmlcal Treatment perMGD141 $23,529 
0.08 B $275,629 Total Dhct Annual Costs $859,705 
0.00 B $0 

lndhct Annual CO$& 

0.00 B $0 
0.00 B $0 

(o) Overhead 60% Labor and Material Costs $160,748.14 
$4,478,8 .. (•) General end administrative 2% ofTCI $267,914 

(e) Propertytaxeg 1% ofTCI $133,957 

l•l Insurance 1% ofTCI $133,957 

l•l Capital 111covery 0.079 xTCI $1,052,237 

0.54 B $1,962,182 

$8,143,653 

Life of the conlrol: 20 years al 4.8% interest 
0.20 B $734,883 

0.10 B $919,645 Tot.I Indirect Annual Costs $1,748,812 
0.01 B $152,920 

Total Annual Costa $2,008,517 0.00 B SO 
0.02 B $122,366 
0.00 B $0 

$3,891, ... c--.-($/IDn/ 
SO,~E~· 20.0ll, 

$12,035,650 Pnl 2016 Ptojoct SO, Em_,,.m 194.1 tpy Total Annual CostslControled S02 ~ 
1.113% !nffatlonfactor $13,395,678 Conlroled so Emaions: 38.8 ..,..,SO, removeda--"• Jf71H 

(a) Reference: 201fiTacor.'laBMAC'TCastReiat, 31..Julv:2Cl16 

(b) Reference: Rock Tenn Tacormi, W,_ FEP3 Boi ler MACT C(mplianco S1udy, AMEC,~ 2015. 

(c) Balled on 8,520operating hotlrs peryoerfrom 2015 RockTet1n BMACT Rtport, AMEC, April 2015. 

(dJ Fadrity-5JMICITicco,;I. 

(•l 20% praumed so~ removal erficienc:y. 

(f) E1tlmated 2013-2015 S02 pre-scrubber emission factor ol 0.077 lllfMMBtu calculated from thrM-yaar ennual avera'19 SO2 ol 194.1 lf!Y. 

B-2 
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EXHIBITC 
PB-6 Low NOx Burner Performance Guarantee and Acceptance Terms 

This PB-6 Low NOx Burner Performance Guarantee and Acceptance Tenns and Fees 
("SOW") is an exhibit to and a part of that certain Order under a Master Agreement for the Purchase 
of Capital Equipment (the "Order"), entered into by and between WestRock Shared Services, LLC, 
and WestRock MWV, LLC, on behalf of the affiliates of WestRock Company ("WestRock US") and 
Cleaver-Brooks, Inc. ("Company"), effective as of May 11, 201. This SOW may be amended only 
as provided for In the Order. The effective date of this SOW is 09/26/2017. 

The Company will provide a performance guarantee that addresses the following concerns: 

Natural Gas Firing Emissions Perfonnance Guarantees 

The following emissions guarantees will be demonstrated for the Power Boller No. 6 (PB-6) when 
PB-6 is firing 100% pipeline natural gas. The emission guarantees shall be met when PB-6 is 
operating at the following loads: 100% Load (60.3 MMBtu/hr. per burner for total of 241.2 
MMBtu/hr. of heat input), Normal Load (150 MMBtu/hr. total heat input), and Low Firing Load (60 
MMBtu/hr. total heat input). 

1. Nitrogen Oxide {NOx) Emissions 

The NOx emission rate, expressed as NO2, in the flue gas leaving the stack will not exceed 0.14 
lbs./106 Btu. The NOx emission rate shall be based on the average of three Independent test runs 
conducted in accordance with the test methods specified in Table 1; provided that, no Individual 
test run shall exceed 120% of the performance guarantee. 

2. Carbon Monoxide {CO} Emissions 

The CO emission rate In the flue gas leaving the stack will not exceed 0.0817 lbs./106 Btu. The 
CO emission rate shall be based on the average of three independent test runs conducted in 
accordance with the test methods specified in Table 1; provided that, no Individual test run shall 
exceed 120% of the performance guarantee. 

3. Volatile Organic Carbon N OC1 Emissions 

The VOC emission rate in the flue gas leaving the stack will not exceed 0.00535 lbs./106 Btu. The 
voe emission rate shall be based on the average of three independent test runs conducted In 
accordance with the test methods specified in Table 1; provided that, no individual test run shall 
exceed 120% of the performance guarantee. 

4. Filterable Particulate Matter (PM} Emissions 

The PM emission rate in the flue gas leaving the stack will not exceed 0.00185 lbs./106 Btu. The 
filterable PM emission rate shall be based on the average of three Independent test runs conducted 
in accordance with the test methods specified in Table 1; provided that, no individual test run shall 
exceed 120% of the performance guarantee. 

Fuel Oil Firing Emissions Performance Guarantees 

The following emissions guarantees will be demonstrated for PB-6 when PB-6 is firing recycled fuel 
oil. The emission guarantees shall be met when PB-6 is operating at the following loads: 100% 
Load (60.3 MMBtu/hr. per burner for total of 241.2 MMBtu/hr.), Normal Load (150 MMBtu/hr. total 
heat input), and Low Firing Load (60 MMBtu/hr. total heat input). In the event Company cannot 
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meet the stated emissions limits, the Company shall state the limits they can achieve with the 
proposed equipment without an increase in cost to WestRock US. 

1. Nitrogen Oxide (NOx) Emissions 

The NOx emission rate, expressed as NO2, in the flue gas leaving the stack wfll not exceed 0.22 
lb./106 Btu. The NOx emission rate shall be based on the average of three independent test runs 
conducted in accordance with the test methods specified in Table 1; provided that, no individual 
test run shall exceed 120% of the performance guarantee. 

2. Carbon Monoxide (CO.} Emissions 

The CO emission rate In the flue gas leaving the stack will not exceed 0.037 lb./106 Btu. The CO 
emission rate shall be based on the average of three independent test runs conducted in 
accordance with the test methods specified in Table 1; provided that, no individual test run shall 
exceed 120% of the performance guarantee. 

3. Volatile Organic Carbon {VOC ) Emissions 

The voe emission rate in the flue gas leaving the stack will not exceed 0.004 lb./106 Btu. The 
VOC emission rate shall be based on the average of three independent test runs conducted in 
accordance with the test methods specified in Table 1; provided that, no Individual test run shall 
exceed 120% of the performance guarantee. 

4. Filterable Particulate Matter { PM) Emissions 

The PM emission rate in the flue gas leaving the stack will not exceed 0.0145 lb./106 Btu. The 
filterable PM emission rate shall be based on the average of three independent test runs conducted 
in accordance with the test methods specified In Table 1; provided that, no individual test run shall 
exceed 120% of the performance guarantee. 
All flue gas emissions performance testing shall be demonstrated using the following U.S. EPA 
Reference Test Methods (as published at 40 CFR Part 60, Appendix A as of the date of this 
guarantee) II 

Flue Gas Parameter EPA Reference Test Method 
02'C02 Method 3A 

NOx Stack CEMS (Method 7E) 
co Method 10 

Filterable Particulate Matter Method 5 
Moisture Content in Stack Gas Method4 
Stack Gas Velocity/Flow Rate Method 2 
Stack Gas Sample Location Method 1 

Emission Rates (lbs./106 Btu) Method 19 

-

se t db e ow, as aI o.o r ,.ca bl e: 

5. Performance Test 
a. A perfonnance test shall be conducted to ensure satisfactory operation of 

SELLER'S equipment. The successful completion of the Performance Test 
shall be deemed "Acceptance•. 

b. The Performance Test shall not begin until commissioning Is complete. 
c. The emission rate performance testing will be conducted per AP-42, Compilation 

of Air Pollutant Emission Factors· (Chapter 1.4, Final Section, Supplement D, 
July 1998) demonstrated via 3@ 1-hour runs 

d. Guarantee boiler efficiency while meeting the guaranteed emission rates firing 
natural gas for 100% Load (60.3 MMBtu/hr. per burner for total of 241.2 
MMBtu/hr. of heat input), Normal Load (150 MMBtu/hr. total heat input), and Low 
Firing Load (60 MMBtufhr. total heat input}. 

e. FD fan motor horsepower. 
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f. Quantity of excess air required. 
g. Operating range tum down of 6:1 . 
h. Required down time for installation excluding time for shutdown. cool down, 

cleaning, lockout, unlocking, and warm up. 
i. Duration of commissioning prior to the initial emissions performance test. 
j. A statement that WestRock US Is responsible for all costs associated with the 

Initial emissions perfonnance test. The Company is responsible for all costs 
associated with subsequent tests excluding fuel cost and labor provided by 
WestRock US's personnel. 

k. Amount of tuning time required to achieve and sustain 110,000 lbs. per hour 
firing rate while maintaining the guaranteed emission rates and boiler efficiency. 

6. Term of the SOW - The term of this SOW shall begin on the Effective Date and 
terminates at completion and acceptance of the services. 

7. Understood and accepted subject to the terms and conditions of the Agreement 
referenced above, by: 

Company fl:::;__ 
S;jned; $ 
Printed: Roger Perl&tein 

Date: 10/912011 

Capital F.quipment Purchase Agreement- Single Facility 
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PROPOSAL #12736 Rev J NATCOM. September 20th, 2017 
Sim son Tacoma Kraft, Tacoma, WA 

1. INTRODUCTION 

Thank you for considering a NATCOM burner for your retrofit application. We truly believe that we have the best retrofit 
burner on the market. Burners are mixing devices. Their primary objective is to strategically distribute the fuel 
throughout the combustion air stream so the fuel is efficiently burned within the confines of a given furnace envelope 
without impinging on the relatively colder walls of the furnace. Using advanced numerical simulation; NATCOM has 
developed a specific modeling software that simulates, in a virtual environment, the effects of fuel and air distribution to 
achieve complete combustion within actual furnace geometries. We do not use "off the shelf' burners or •next size up• 
models that have been designed for generic furnaces. NATCOM burners are custom-designed for each specific 
application and furnace configuration. 

BURNER AIR ZONES 
Using the basic design principle of good uniform distribution of combustion air, NATCOM uses three specific air zones, 
each of which has its unique purpose to achieve stable flame shaping within the furnace. 

Center or Core Air Zone: 
This is a relatively low volume, low pressure, low velocity, low turbulence air zone which creates a recirculation area in 
which the root of the flame is attached. The stabilizer gas injector, igniter and flame scanner are located in this area. 
This is the ideal location to position these devices to Insure a positive repeatable and reliable light off and moni1oring of 
the flame and to maintain burner stability. 

Swirl Air Zone: 
Approximately 25% of the combustion air is directed through this area to impart a controlled rotational momentum and 
- provide fuel and air to the stabilizer zone, which keeps the flame lit and steady; 
- establish flame shape for a given furnace geometry. 

Axlal Air Zone: 
The majority of the combustion air volume is supplied through this area at a high velocity to increase the proper mixing 
of air and fuel. 

BURNER THROAT 
NATCOM's cylindrical burner throat, inexpensive and easy to install, maintains the momentum created at the inlet of 
the burner through to the throat of the burner. In a diverging throat design, the momentum created at the inlet to the 
throat is quickly lost by the effects of the rapidly expanding area of the divergence, reducing the potential mixing power 
available from the combustion air. 

GAS INJECTORS 
Proper distribution of the fuel into the air stream Is critical In achieving good combustion throughout the firing range. 
NATCOM designs Its burners with three specific types of injectors, each providing fuel to the three air zones described 
above. A total of up to sixteen main and staged injectors are used with a single stabilizer injector to obtain the desired 
results. 

Stabilizer Gas Injector 
The stabilizer gas injector Is located in the center or core air zone. It is the first area lit by the igniter, located adjacent 
to the stabilizer gas injector, and establishes the root flame used to sustain combustion of the other gas injection zones. 
Gas ls injected at a 60° conical angle to insure proper distribution. This Is a very laminar flow area so the flame is firmly 
rooted in this area, as opposed to having the flame front anchored in a turbulent zone, potentially leadfng to unstable 
flame attachment, resulting in rumbling or even flame detachment. 

Main Gas Injectors 
The main gas injectors are attached to the main gas ring external to the burner via unions, which allow the rotation of 
the lances for fine-tuning of flame shaping while the burner is firing. Furthermore, the axial and radial locations of these 
lances are adjustable to ensure a perfect flt of the flame within the furnace confines. These lances are typically beveled 
at a 45° angle and have various sized orifices to inject fuel at varying flame front locations into the air stream. 

545 Femand Poitras, Terrebonne, Quebec, Canada J6Y 1Y5 
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PROPOSAL #12736 Rev J NATCOM. September 20th, 2017 
Simpson Tacoma Kraft, Tacoma, WA 

Staged Gas Injectors 
The staged gas Injectors are also connected to the main gas ring in the same manner as the main gas lances to facilitate 
fine-tuning. These lances are beveled at a 15° angle to inject fuel at yet another area of the air stream to ensure a 
uniform distribution of fuel and help stage combustion to stabilize heat flux throughout the furnace volume reducing the 
production of thermal NOx. 

FUEL OIL FIRING 
The same basic principles for proper combustion of gaseous fuel apply to oil firing. The main difference lies in being 
able to atomize the liquid fuel in the nozzles so that the resulting fuel mist mixes easily with the three air zones. NATCOM 
has invested considerable time and money in developing atomizers for difficult fuels such as low-grade residual fuel oil 
and has retrofitted other vendors' atomizers at many sites with remarkable results. 

NATCOM uses internal mix-style nozzles with varying size and nozzle geometries for residual oil applications; an 
entrainment-style atomizer for distillate fuel oils facilitates proper atomization throughout the firing range of the bumer. 
Optimizing the use of the atomizing medium is critical in being able to utilize the mixing power of the atomizing steam 
to achieve desired NOx emissions of oil fired burners. 

545 Femand Poitras, Terrebonne, Quebec, Canada J6Y 1Y5 
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PROPOSAL #12736 Rev J 
September 20th, 2017 

Sim son Tacoma Kraft, Tacoma, WA 
NATCO 

2. BURNER DESIGN & TECHNICAL DATA 

· Boiler Conditions 
Boller model B&W Field Erected (1960) 
capacitv PPI-I 200 000 

Operating conditions pslg / Df 425 / 750 (SH) 

Furnace WxH ft 15 I 17 
dimension Ln,ta1 l leFF ft 19.5 I 19 
Location Indoors 
Altitude FASL 23 

Code 
compliance 
Enclosure 
NEMA 
rating 

Area 
classification 

Site Conditions 
Burner NFPA 85 
Piping B31.3 
Junction Box/Local 

4X oanel 
8MS/CCS Pao.el 12 
Wlrino 3R 
Burner/ Fuel Trains aass 1 Div 2 Gr. D 
B_MSLCCS Panel NQn Hazardou~ 

Ambient air temp. Of 25 - 85 'Instrument air oressure psla 80 
Combustion air temo. Of 440 Plant air pressure l:)S1Q 100 
Combustion air flow cfm 71000 Atomizinq steam pressure osii:i 180 
ExistinQ Windbox Dimensions Atomlzlnti steam temp Of 430 
Width ft 14' 4" Excess oxvoen % 3 
Depth ft 4'8" Flue oas temoerature Of 370 
Heioht ft 14' Control power 120VAC 

New Burner Conditions Model M4-66-G,;.24-1117 
Boller Identification Power Boller no. 6 
Number of burner oer boiler 4 
Burner arrangement 2 over 2 same boiler wall 
New Burner throat diameter in. 24 
Windbox in. Re-use existinCI 
FD Fan Resuse existing 
Firing mode Fully Metered -~ f~fuel Jr.ansf~ 

4-Burners oer NFPA 85 Chaoter 6 
Ignition fuel Natural Gas 
Fuel Natural Gas Recycled Oil 
Total Heat Input (HHV) Max. 100% MCR 

MMBTUH 241.2 236.4 
Min. 17% MCR 40.2 39.4 

Each Burner Heat input (HHV) Max. 100% MCR MMBTUH 60.3~ 59.1 
Min. 17% MCR 10.05 9.85 

Furnace pressure in. WC 9.3 
Burner pressure drop in. WC 4.9 4.4 
Combustion air temperature Of 440 
Excess air % 15 15 
Turndown ratio (per burner) 4 to 1* 
Required regulated fuel pressure at burner inlet psig 12 100 
Required regulated atomizing steam pressure at burner psig n/a 120 
inlet 

. Required atomizing steam. flow at each burner lb/hr n/a 632 
* See Note and Table on next page 

I 

I 

I 

~*- NOTE A!. ],iATCOM guarantees individuaTbumer ],~)nRut . . Boi/erSteam ~i,di:v is as~med.Mliftg_hg. 
'(;Q.fl[jgJJ~]&~_!;Qilm" l!JPJIJ,!{qqW[f;f~ 

fl<** NO-TE j,; Simultaneous tiring impiies allowing on-ifne fuel changeover o{a singie burner while the otheri 
'burners are in operation at their minimum loads. ~irou[taneous fi,rf,ng_ Qf ilBlllll2JJJ.@J Gas 9lJ!i. OIi 
t::i..l1 !l!m!' ~ .g,JolJ:.. f)umer.§/JfJJ/_D~t/2g_P.~ 
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September 20th, 2017 

Simpson Tacoma Kraft, Tacoma, WA 

BURNER 1 
First Fuel % MCR 6.25 

A Bumer Air% MCR 10.5 
Light Off Excess air% 68 

" 

Second Fuel % MCR 6.25 
B Burner Air % MCR 10.5 

Light Off Excess air % 68 

Two Fuel.% MCR 25 
C Burner Air, % MCR 27.75 

Full Load Excess air. % 10 

Four Fuel. % MCR 6.25 
D Burner Air% MCR 8 

Min. Fire Excess air, % 28 

Four Fuel % MCR 25 I 
E Burner Air .% MCR 27.75 

Full Load Excess air % 10 

BURNER2 
0 

10.5 
-

6.25 
10.5 
68 

25 
27.75 

10 

6.25 
8 

28 

25 
27.75 

10 

BURNER 3 BURNER4 TOTAL 
0 0 6.25 
2 2 25 
- - 300 

- - 12.5 
2 2 25 
- - 100 

- - 50 
5 5 65.5 
- - 31 

6.25 6.25 25 
8 8 32 
28 28 28 

25 25 100 
27.75 27.75 110 

10 10 10 -~ 

NOTES ON BU RNER TURNDOWN: 

a) As detailed in SECTION A of the table above, with a maximum burner turndown of 4:1, when firing a single 

burner at minimum fire, the minimum overall firing rate shall be 6.25% MCR which represents an overall 

maximum turndown of 16:1. 

b) If a specific turndown (such as 6:1) is required, the firing rate can be achieved by shutting off some of the 

burners. 

c) When firing all four burners, the minimum overall turndown shall be 4:1 and the 100% MCR firing rate shall 

be achieved when all four burners are run at full load. 

Guaranteed Emissions 
Corrected to 3 %02 on a drv bas;s. 

Natural Gas Recycled OiJA 
(Expected Only) 

OH#28 

(Expected Only) 

NOx lb / MMBTU 0.14 0.45 0.22 
co lb / MMBTU 0.08 0.08 0.08 
SOx lb /MMBTU negligible 1.09 0.205 
PM { Particulate) - FIiterabie lb /MMBTU 0.00185 n/a n/a 
PMwrAL lb / MMBTU 0.004 0.53 0.05 
voe lb / MMBTU 0.0054 0.008 0.0054 
Opacitv 5% 20% 20% 
Based on: From 17% to 100% MCR. Gas tight furnace construction. 
NATCOM technician is required for start-up and adjustments. 
PM is exdusive of any particulates in combustion air and fuel, or other sources of residual particulates from 
material. 
SOx emissions are not burner dependent, only fuel dependent. 
Opacity limit is an average of 20% for more than 6 consecutive minutes In any 60 minutes period. 

NOTE A: Recyded Oil Emissions are expected only and are based on the below assumed fuel composition. 
NJfflf '!.: Qi/If? ~~miss[ons ar~ exP.,ec,.ted O[IIY- and qre based. on the typical r(;fe~f)fe c~mp~sitipn listed, below. 
NOTE C: Emissions guarantees shall apply to continuous (steady-state or normal modulation) operation,_ c,mly,. 
~@rt":J!U._iJ.ng_ Shut down _Qfl.eratiQns of~ and~ fl.um~~§.MJlflQ~ s1.1bf~ to !Yl!~ comsUan.ce .. 
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Burner Heat input Calculations 

Units Natural Gas Oil 
Boiler steam flow lb/ hr 200000 200000 

425 Steam oressure g_sio 425 
Of 750 Steam temoerature (SH ) 750 

Enthalo.v Steam Btu/ lb 1388.2 1388.2 
Of 312 Feedwater Tenloerature 312 

Enthalov Liauid Btu/ lb 282.1 282.1 
Btu/ lb 1106.1 Enthalov Delta 1106.1 

Boiler efficiencv (HHV) % 0.81 0.85 
Total Heat inout Burners c.HHV) MMBtuh 273.11 260.26 
Number of Burners 4 4 
Heat inout oer Burner CHHV) MMBtuh 68.28 65.06 

60.3 Heat inout oer Burner listed In RFO MMBtuh None listed 

Fuel Gas Analysis 0/ov NG Oil Analysis 0/ow 
Recycled 

Oil 
(Assumed) 

Typical 
Oil #2 

( Reference l 
Methane CH4 90 Carbon C 77.99 87.27 
Ethane C2H6 5 Hvdroaen H 12.0 12.5 
Propane C3Ha 0 Sulfur s 1.0 0.2 
N & I- Butane CiH10 0 Oxyqen 0 7.9 0 
Carbon Dioxide CO2 0 Nitroqen N 0.2 0.02 
Hydrogen Sulfide H2S 0 Ash 0.91 0.01 
Nltroaen N2 5 Asohaltene 6.0 3.0 
HHV Btu/SCf 996 HHV Btu/lb 19 416 19 477 
Specific Qravlty 0.6 OIi viscosity @ 170oF Assumed <1005SU <4DSSU 

n/a Gas temoerature Of 60 OIi temoerature Of 170 
OIi Flow available lb/ hr 12500 n/ a 

Gas oressure available osia 21 Maximum Oil Heat inout MMBtuh 242.7 242.7 

Above information is preliminary only and will be confirmed on drawings issued for 
construction. 

Note1 

Do not use the above Burner model desiqnation for emission 0ermit ao.oUcation. Note2 
Note3 Emission and capacity guarantees are specific to the fuel analysis listed. Performance with any other 

Fuel composition that will result in more than l % Oxygen content variation In flue gas needs to be 
evaluated. 

Note4 This.2roeo~I impf[es a dual fuel f?.uming strategy consisting of firing both fuels simultaneously r'Qn 
~ow fire fu.ef transfer pµ.rricses anlJ.!,, 

Notes The required fuel oil viscosity at burner inlet shalf be <100 ssu (<20.5 est) firing recyde oil for 
atomization. Temoerature shall not exceed 250°F. -

545 Femand Poitras, Terrebonne. Quebec, Canada J6Y 1Y5 
Tel: (450) 765-1330 • Fax: (514) 326-9347 • www.natcom.com 
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RockTenn Tacoma, WA 
Boiler MACT Compliance FEP3 Study and Estimate 

4. DESIGN BASIS 

4.1. No.7 Power Boiler Design 

Design MCR Steam Flow (lb/hr) 342,000 

Steam Pressure (psig) 875 

Steam Temperature (0 F) 825 

Design Wood Waste Fuel Flow Rate (tons/hr) 75 

4.2. No.7 Power Boiler MDC Design 

Flue Gas Flow Rate (ACFM) 260,000 

Flue Gas Temperature ("F) 400 

Number of Cones 242 

Diameter of Cones 10" 

Pressure Drop (in w.c.) 4.17 

Collection Efficiency 86% 

Estimated Inlet Loading (gr/dscf) 4.5 

4.3. No.7 Power Boiler ID Fan Design 

Net Flow Rate (ACFM @ 440°F) 260,000 

Net Static Pressure (in w.c.) 19 

Test Block Flow Rate (ACFM @ 440°F) 312,000 

Test Block Static Pressure (in w.c.) 23.75 

Motor HP 1750 

Motor RPM 900 

4.4. No.7 Power Boller ESP Design 

260,000 Flue Gas Flow Rate (ACFM) 

400 Flue Gas Temperature (°F) 
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ESP Height Per Field (ft.) 36 

ESP Length Per Field (ft.) 14.6 

SCA (ft.2/1 ,000 ACFM) 412 

Number of Chambers 2 

Number of Mechanical Fields 6 

Flue Gas Velocity (ft.ls) 2.95 

Estimated Inlet Loading Range (gr/dscf) 0.6-1.0 

4.5. Electrical 

Motor Horsepower Voltage 

Less than 200 HP 480V 

More than 200HP 4.16 kV 

4.6. Specifications 

CS05130 Structural Steel and Miscellaneous Metal 

Fabrication and Erection 
-

CS03300 Cast In Place Concrete 

CS03311 Grout 

CS05140 Structural Steel and Miscellaneous Metal 

Fabrication and Erection - Hot Dip Galvanized 

CS09910 Painting, Structural and MisceDaneous Steel 

CS02220 Excavation and Backfllllng for Structures 

CS02320 Foundation Piling Auger Grouted 

CS02010 Geotechnical Investigations 

CS02012 Subsurface Utility Engineering (S.U.E.) 

CS02015 Surveying 

CS02110 Demolition 
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-
99-2038-2038-M-P020-6.0-51 Piping Group 51 

SS-030-022 General Piping Specifications - Fabrication and 

Installation of RTRP 

SS-030-100 Piping Material Specifications 
>- -

SS-030-112 Valve Specifications 

SS-031-001 Insulation Specifications 

SS-031-000 Insulation Material Specifications 

SP16010-001 Basic Electrical Requirements 

SP16020-001 Electrical Construction Checkout List 

SP16022-001 Test Report Forms 

SP16038-002 Sealing Wall and Floor Penetrations In Electrical 

Rooms 

SP16040-001 Electrical Enclosures 

SP16110-002 Electrical Raceways 

SP16123-001 Wire and Cable 

SP16126-001 600V Interlocked Armor Power and ContrOI Cable 

SP16127-001 Instrument Cable 
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5. DESCRIPTION OF PROPOSED NEW FACILITIES 

5.1 . Wet Caustic Scrubber 

The equipment scope for the Wet Acid Gas Scrubber includes: 

• Wet Acid Gas Scrubber 

• Two (2) Scrubber Recycle Pumps 

• Two (2) Quench Water Pumps 

• 5,000 gallon, 50% caustic Storage Tank 

• Two (2) Caustic Dosing Pumps 

• Flue Gas Stack 

• Flue Gas Ductwork 

• ID Fan including motor and VFD 

The Wet Acid Gas Scrubber is an open vessel, spray tower type. The Wet Acid Gas 

Scrubber will utlllze the high solubility of HCI into water to remove the HCI gas from the flue 

gas stream. As the concentration of acidic HCI increases in the scrubbing fluid, the 

scrubbing fluid pH lowers which requires the caustic dosing to maintain the pH of the 

scrubbing fluid to protect the materials of the equipment The scrubber Is a counter-flow 

design where the scrubber spray is downward, counter to the flow of flue gas moving 

upwards through the scrubber vessel. There are spray headers located at various 

predetermined locations inside the scrubber vessel that will spray the flue gas with the 

scrubbing solution. Also inside the scrubber vessel is a perforated plate just upstream of 

the flue gas entrance into the scrubber vessel to ensure even distribution of the flue gas 

through the spray sections. A mist eliminator is located at the outlet of the scrubber body 

to remove entrained water droplets in the flue gas exiting the scrubber. Fresh water spray 

headers are located at the mist eliminator to wash the internal components to aid in 

removing any particulate buildup. 

A quench section Is located in the scrubber Inlet ductwork just upstream of the scrubber 

vessel. The quench duct contains spray headers that will saturate the incoming flue gas 

lowering the flue gas temperature and volume before entering the scrubber vessel. The 

quench duct will use fresh water, instead of scrubber recycle, as the spray fluid to avoid 

potential Mspray drying" affect of the scrubber recycle fluid which can lead to re-entrainment 

of particulate into the flue gas. The fresh water spray at the quench duct section will begin 

to scrub HCI out of the flue gas. Because the flue gas stream Is not fully saturated at the 
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quench duct, a highly acidic environment with various wet and dry localized zones will 

develop. The acidic environment requires the quench duct to be fabricated from a material 

with high acidic corrosion resistance, In this case, hastelloy. Two (2) Quench Water 

Pumps (one operating, one installed spare) wiU be installed to pump mill water to the 

quench duct spray header. Any remaining quench water will gravity drain into the scrubber 

internal sump becoming part of the scrubbing recycle fluid. 

There are three (3) spray stages inside the scrubber vessel. The spray headers will have 

seven (7) high flow nozzles per spray stage. The remaining scrubber spray fluid that is not 

evaporated Into the flue gas stream will collect In an Internal sump at the bottom of the 

scrubber vessel. Two (2) Scrubber Recycle Pumps (one operating, one installed spare) 

will pump the scrubbing solution from the sump back up to the three (3) spray headers 

located in the scrubber vessel. The spray, collection in the sump and pumping of the 

scrubbing fluid back to the spray headers creates a recycle loop of the saubbing fluid. 

Slowdown will be taken from the discharge side of the scrubber recycle pumps and sent to 

the mill's water treatment area. 

The scrubbing fluid will be monitored for pH and conductivity, as it is recycled through the 

spray headers. If the conductivity of the scrubbing fluid Increases, the scrubber blowdown 

rate will Increase. The scrubbing fluid level In the scrubber sump Is controlled wtth fresh 

make-up water to maintain level. As the scrubbing fluid pH decreases, make-up caustic 

solution will be pumped from the caustic storage tank to the scrubber to maintain the pH 

level. 

The caustic dosing system, consisting of a 5,000 gallon, 50% caustic solution storage tank 

and two (2) Caustic Metering Pumps (one operating, one installed spare), will supply the 

scrubber with the caustic solution. Because of the relatively high freezing point of 50% 

caustic solution, a heater will be installed in the storage tank and electrical heat tracing will 

be applied to the caustic piping. 

The flue gas will exit the top of the scrubber fully saturated, into the new Flue Gas Stack. 

P&ID 178482-N-001, 178482-N-002 and 178482-N-003 in Appendix D shows the process 

and instrument details of the flue gas stream, quench and scrubber recycle, and the 

caustic system, respectively. 

There Is an ongoing mill project to redesign the existing mm caustic system including 

storage, unloading locations and mill distribution. The outcome of that mill project may 
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affect the caustic storage strategy for the scrubber (change the storage capacity, location 

of the tank, or we may utilize a larger general mill caustic use tank). The details of the mill 

project and it's affects on the Boiler MACT project will be investigated during detail design. 

5.2. Flue Gas stack 

A new duplex 2205 stainless steel Flue Gas Stack will be installed over the top of the Wet 

Acid Gas Scrubber. The bottom breeching of the stack will couple directly to the outlet of 

the scrubber by means of a flexible expansion Joint. The flue gas stack will be fully 

supported from the foundation by a structural tower, which will straddle the scrubber. 

The saturated flue gas exiting the scrubber will still contain some amount of HCI and S02 

gases, since the removal efficiency of the scrubber is not 100%. Because the flue gas is 

saturated, any amount of cooling inside the stack will cause condensation to occur, which 

will contain HCI and S02 acid condensates. The presence of the acidic condensates 

requires that the new flue gas stack be fabricated from duplex 2205 stainless steel. 

The new flue gas stack will extend to 213 ft, above ground elevation, or 236'-6" top of 

elevation. Six (6) test ports will be Installed In the new stack at eight (8) stack diameters 

above the stack/scrubber interface. The stack will include platforms at both the stack test 

port and FAA lighting locations. A spiral staircase will connect the scrubber operating 

platform to the stack test port platform. A caged ladder will then connect the stack test 

platform to the FAA lighting platform. The stack will include the FM lighting equipment, a 

monorail and hoist at the stack test platform and a tuned mass damper. 

5.3. ID Fan 

To accommodate the additional pressure drop, 4 to 5 in w.g., of the new scrubber and 

associated ductwork, a new ID Fan will be Installed. The new ID Fan will include a 

backward curve rotor and new split housing. The new ID Fan is sized for the following 

parameters: 
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Net Test Block 

Gas Flow (lb/hr) 680,000 742,000 

Gas Flow, ACFM at Inlet 260,000 300,000 

Temperature (°F) 440 490 

Total Pressure (In. w.g.) 25 31.25 

Fan Speed (rpm) 1200 max. J 1200 max. 

Flue Gas Density at 1 ATM and 68°F 0.073 
(lb/ft.3) 

Flue Gas Moisture(% vol.) 19 

The new ID Fan motor will be rated for 2000 HP @ 1200 RPM. A new VFD will also be 

installed for the new fan and motor. 

A few design issues arose when sizing the new ID Fan. The first issue was fan size 

restrictions, the second Issue was the high canyover of PB7 and the third issue was rotor 

blade design. 

The existing ID Fan is surrounded by the steel structure that supports the flue gas 

ductwork at the inlet and outlet of the ID Fan and eventually feeds the ESP. In order to 

maintain the current 900 RPM rated operating speed of the ID Fan and produce the 

additional static pressure required for the scrubber system, the fan must get larger. The 

larger ID Fan would require redesign of the flue gas ductwork support structure and 

redesign and construction of the fan foundation, adding cost to the project and extending 

mill outage durations. To develop the additional static pressure without increasing the 

physical size of the fan, the operating speed of the fan will be increased from 900 RPM to 

1200 RPM. The increased operating RPM of the fan will likely compound the second fan 

design Issue, high carryover from PB7. 

The existing ID Fan has severe erosion issues from the high carryover of PB7. The 

increased operating speed of the new fan will likely increase the erosion rate of the rotor, 

requiring more frequent maintenance periods. To investigate fan alternatives to deaease 

the erosion rate of the rotor blades and housing, two rotor blade designs were specified for 

the new ID Fan, backward curve and radial tip. 
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Some of the ID Fan firm proposals submitted described a backward cuive rotor as a 

successful replacement option to the radial tip rotor design to both decrease erosion and 

increase operating efficiency. However, some of the other ID Fan firm proposals submitted 

described the backward cuive rotor design as the incorrect application for this ID Fan with 

the recommendation to use a radial tip rotor. AMEC has no experience with designing or 

witnessing an installation of a backward curve rotor design for a biomass stoker ID Fan 

application. As such, for the FEP3 study and estimate, AMEC recommended installing a 

radial tip style rotor fan, the same as the existing fan rotor. However, after debates and 

discussion with the Tacoma mill personal, AMEC and the fan vendors, the mill decided to 

use the backward curve blade design with the new ID Fan, in the hopes that the backward 

curve fan may be less susceptible to the severe erosion the current radial tip ID Fan is 

experiencing. 

The existing ID Fan was tested for operating performance and efficiency in March 2015. 

The testing showed that generally the fan was operating on the original fan curve, 

producing 314,000 ACFM at 397°F, and 15.3" W.C. The ID fan motor was operating at 

998 HP and 734 RPM. The fan testing report is attached in Appendix L. 

5.4. Civil/Structural 

Site work will include demolition of existing asphalt and concrete pavement and site prep 

for the construction of the Wet Caustic Scrubber. The area being developed for the Boiler 

MACT upgrades will also be sloped to drain surface water away from the new containment 

and pad foundations. 

The scrubber and stack support steel structure will require a new foundation located at 

grade, north of the existing precipitator, between column lines "J" and "G". The foundation 

shall be pile supported and approximately 27'-4" x 30'-8" in plan. From existing 

geotechnical Information, it is assumed that piles will be 1 a• Dia. auger cast concrete piles 

with an estimated length of 60ft. and 76ft. (to be confirmed with new Geotechnlcal Report). 

The estimated pile capacities are 80 tons (compression), 40 tons (tension) for 60ft. long 

piles and 116 tons (compression), 64 tons (tension) for 76ft. long piles. The preliminary 

foundation is shown on drawing 178482-S-SK001. A new Geotechnical Report will be 

required to verify pHe type and capacities, and for foundation design. 

The new stainless steel Exhaust Stack will be 114• in diameter and have a discharge 

height of 213 ft. at EL 236'-6". The stack wlll be supported by an independent steel braced 
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frame at its base, approximately at EL 74'-0" and with lateral support at approximately EL 

122'-2". The stairs will tie into the stack support structure and will provide access from the 

ground level to the Scrubbers Quench manway platform, approximately 21'-0°x6'-6" in plan 

at EL 46'-3·, Mist Eliminator manway platform approximately 21'-0"x5'-6'" In plan at EL 60'-

3·, access to existing walkway at EL 57'-0" and to the bottom of Stack spiral staircase 

(approximately at EL 74'-0"). An access platform for the strainers, approximately 21'-0"x7'-

0" in plan, will be provided at EL. 38'-0". The existing 16" Dia. water pipe east from column 

line 1 will be relocated and two pipe supports will be modified if required. The preliminary 

stack support structure is shown on drawing 178482-S-SK002 &-SK003 in Appendix D. 

The Recycle pumps will require a new foundation located at grade, north of the scrubber. 

The foundation shall be soil supported and approximately 4ft. x 11ft. In plan. The Quench 

Booster pumps will be located on a new concrete pedestal doweled into the existing 

Preclpltator foundation at grade level. The new pedestal will be approximately 2 ft. x 5 ft. in 

plan and 1ft. In thickness. The scrubber strainers will be located on a new maintenance 

platform approximately 7 ft. x 21 ft. in plan at elevation 38'-0". The platform will be 

accessed from the existing HVLC Condenser Mist platform at EL 38' -0". 

The 5,000 gallon caustic storage tank (8 ft. Dia. x 13 ft. tall), and caustic dosing pumps will 

be located northwest of the scrubber. The tank and pumps will be supported on soil 

bearing foundations within a containment area (approximately 12 ft. x 18 fl.). The 

containment area will have 6" x 41-0• high wall and will be sloped to a sump with a drain 

pipe and lockable valve handle. Maximum soil bearing pressure under the caustic storage 

tank is expected to be less than 2000 psf. From existing geotechnical infonnation, it is 

assumed that the allowable soil bearing capacity Is 2000 psf. in this area (to be confirmed 

with new Geotechnical Report). 

New duct will be installed between the existing preclpltator and new scrubber. The new 

ductwork will be supported (knee-braced) from the stack support steel structure. The fixed 

duct support will be provided at EL 107'-0" and lateral duct support at EL 60'-3". It is 

assumed that no duct supports are required at the existing Precipitator. 

The new electrical equipment will be located In existing electrical rooms on existing pads or 

new concrete pads doweled into the foundation. Cable tray spanning from the electrical 

room shall be supported with existing steel structures. 
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The new scrubber system requires the removal and replacement of the existing ID Fan. 

The new ID Fan Motor (2000 HP) will be located on a new concrete pedestal doweled into 

the existing ID Fan pile cap foundation on the east side of existing ID Fan. The new 

pedestal will be approximately 6 ft. x 10 ft. in plan. The new fan bearing locations will 

match the existing one. No modification to existing fan bearing pedestals are required. The 

existing steel platforms will be removed. A new platform constructed of structural steel and 

1¼n grating will replace the demolished platform and wm be located around the new motor 

pier. No new ductwork supports will be required. A new 12 ton monorail is required for the 

installation/removal of the new ID Fan. The new monorail will be located south of the 

existing ID fan, on column line MC", starting 3 ft. south of the existing ID Fan centerline. The 

monorail will be supported (knee-braced) from the existing duct support steel structure at 

EL 50'-0". 

5.5. Electrical 

A new 2000 horsepower Induced Draft (ID) fan motor will be installed for the new ID fan. 

The ID fan motor will be powered from a new variable frequency drive (VFD) which will be 

installed in the same room as the existing ID fan motor VFD (the existing turbine generator 

(cogen) 2nd floor electrical room shown on drawing TQ-65011). Per the existing connected 

load on SWG-R1-MV, one-line diagram TQ-65001, the existing 4.16kV switchgear and 

transformer have capacity for the new VFD to replace the existing. 

The new 460V motors and 480V loads associated with the new scrubber will be powered 

from a new 800 amp motor control center (MCC). The new motor control center will be 

located in the existing turbine generator (cogen) 2nd floor electrical room and either 

installed to the rear or to the north of the existing R3E MCC. The new MCC will be 

powered from a spare 800A breaker in the existing Unit Substation R3 (one-line diagram 

TQ-65003). This substation is rated 3000 amperes, but is limited to 2000 amperes due to 

the existing substation transformer. 

The existing 1500/1725kVA transformer will be replaced with a new 2000/2500kVA, 

13.8kV - 480V transformer, located in the existing turbine generator (cogen) 1st floor 

electrical room (drawing TQ-65010). The additional 1000 amperes realized with this size 

increase will provide sufficient capacity to power the new 800 amp MCC as well as all 

existing loads. The assumption Is that the new transformer wlll have sufficient impedance 

to limit fault current to the existing switchgear (42kAIC) to avoid replacement of the 
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switchgear, and that the new transformer will physically flt in the same space as the 

existing. 

5.6. Controls 

All instruments for the new Wet Acid Gas Scrubber System will be installed new and wired 

to a new A-B ControlLogix PLC to be located in the existing No. 7 power boiler rack room. 

The new PLC will provide the control and monitoring of all new scrubber components. The 

PLC hardware including redundant processors, 10 modules, communication module and 

enclosure will be provided by the scrubber Vendor. Programming of new 10 and interface 

with existing control systems will be provided by a system integrator. The programming 

may include a few new points both to and from the existing BMS and DCS. The existing 

Bailey lnfi90 DCS contains both analog and discrete 10. New HMI screens will need to be 

added to the existing Rockwell HMI system by the system integrator. Most new 

instrumentation and automated valves are included in the scrubber Vendor's scope of 

supply. Those that are not identified on P & ID's as F.W.E will have to be specified and 

purchased 

The existing Continuous Emission Monitoring System (CEMS) Instruments on the existing 

stack will be relocated to the new stack located above the new scrubber. These existing 

NOx and CO analyzers will not be replaced. The sample line will be modified from the 

existing full extraction sample to a dilution style probe but the CEMS analyzers will remain. 

The mill ls in the early stages of funding a project to upgrade the mill-wide environmental 

reporting system (ERS) to Prism. It will be completed before or at the same time as the 

Boiler MACT scrubber project. This Prism system combined with hardware support from 

STI GEMS consists of new PLCs and upgraded logic to control the CEMS Instruments. It 

will not replace any CEMS analyzers as they are all current and not in need of 

replacement. 

The majority of DCS controls for the existing ID fan should be reused to control the new ID 

fan. 10 points that are required In addition to the existing controls will be added by the 

system integrator to the existing DCS and/or BMS, as required. The exact control 

requirements will be identified during detail design once the new ID Fan, motor and drive 

vendors/manufactures are chosen, but before purchase. 
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If new temperature and/or vibration points are required to monitor both the new fan and 

new motor these devices will be specified and purchased. Temperature 10 may be 

hardwired to a "Multilin" type device or to the existing DCS. 

Ethernet will need to be added from the new VFO to the existing Bailey infi90 DCS to make 

available the drive permissives, faults, warnings and other available information if not 

hardwired and desired by the mill. 
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1.0 Overview 

John Zink has completed an engineering study for the••••••••• that included a comprehensive 
evaluation of the existing combustion equipment in two gas-fired boilers (Boilers #3 and #4 ). The purpose of 
this study was to determine the best technical solution and provide recommended design changes and/or 
equipment replacements necessary to meet the new Pennsylvania Reasonably Available Control Technology 
(RACT 2) NOx emission requirements (25 PA Code Chapter 129) as detailed in the Engineering Study Report. 
The considerations for NOx reduction that were addressed for this study are as follows: 

1. Boiler #4 NOx Emission Reduction Analysis to include equipment inspection and identification of the 
leading causes of NOx variance between units. 

2. Equipment emissions tuning, data collection, and optimization 
3. Technical review for the addition of flue gas recirculation (FGR) to the existing equipment 
4. Technical review for a Low NOx burner retrofit/replacement 
5. Technical review of Low NOx burner replacement with FGR 

A final engineering study report, has been submitted separately detailing the findings of this study. John Zink 
Company, LLC is pleased to submit our proposal to ••••••••• for the equipment scope 
required, for options 3-5 as listed above, including equipment replacements and/or modifications, as needed, 
with related costs for each option to meet the desired specifications. Scope of work, scope of supply, 
comprehensive, cost estimate analysis and project scheduling for full turn-key service and installation 
support for the chosen corrective action plans will be submitted for review. 

2.0 Existing Burner Design Basis and Specifications 

2.1 Burner Design Basis 
2.1.1 Boiler Data 

Number of boilers .............................................................. Two (2) 
Number of burners per boiler ............................................. One (1) 
Manufacturer ................................................................... TBD 
Type ...................•.............................................................. Packaged, "O"-Type 
Original steam capacitY ..................................................... 90,000 pph 
De-rated steam capacitY ................................................... .70,000 pph 
Steam temperature ........................................................... .760°F 
Steam pressure ................................................................. 650 psig 
Feedwater temperature ..................................................... 240°F 
Stack temperature ............................................................. 350°F 
Combustion air temperature .............................................. 80°F (Ambient) 
Approximate furnace dimensions: 

Height ................................................................ 6' 1" 
Width .................................................................. ,8' 6" 
Depth .................................................................. 21' 10-1 /4" 

Max furnace operating pressure at MCR .......................... ..7.15 in w.c. 
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2.1.2 Fuel Data 
0 Z~, r~:2~~~ !'a~ :~rd:i~; J:hn Zink. Thes~a;u:f :!: :~: ~~;~~ ~~~~ ~~~~:i 

tools to calculate the specific gravity, High Heating Value, and Low Heating Value. Following 
this analysis, the fuel cases were filtered to find fuel cases that represent average, minimum, 
and maximum for key criteria. These cases are shown below and have been used as the 
b de. b . umer sign asIs: 

Fuel Gas Cases Average Minimum Maximum 
H2 

Maximum 
HHV 

Soecific Gravity 1.0748 1.0531 0.5528 1.9685 
HHVBTURb 22,189 18254 24,646 21,322 
LHVBTURb 20,321 16,715 22,275 19,676 
HHVBtu/ft3 1,823 1,469 1 041 3,208 
LHV Btu/ft3 1670 1,346 941 2,961 
Wobbe (HHV/SG".5) 1,758 1.432 1,401 2,287 

Composition [Vol. %1 
Hydrogen H2 27.7044 18.743 53.6883 3.3895 
Oxygen Oi 0.1126 0 0 0 
Nitrogen N2 0.8562 19.9418 0.257 0.1069 

Carbon Dioxide COi 0.03 0.0565 0.0135 0 
Methane CH4 15.7017 15.1391 19.3268 0.1776 
Ethane C2Hs 10.8699 10.6165 9.7986 1.1937 

Propane CJHe 13.7501 14.8604 9.5442 13.4287 
n-Butane C.Hm 19·.091 13.1178 3.4127 47.1578 

lso-Butane C4Hto 9.1264 5.3269 2.198 14.2252 
n-Pentane CsH12 0.4998 0.4046 0.4653 5.0092 

lso-Pentane CsH12 2.0004 1.583 0.8993 13.406 
Hexanes CsH14 0.2027 0.1767 0.3299 1.8592 
He0tanes C1H1s 0.0516 0.0304 0.0513 0.0422 
Octanes+ CaH1a 0.0034 0.0032 0.0149 0.004 

2.1.3 Miscellaneous Data 
Bu mer loc:ation ..................................................... _ •••••••.••• Outdoor 
Hazardous area classification ............................................ Class 1 Div. 2 
Plant etevation .............. 0 118 FASL (assumed) ................................................... 

Surface preparation and paintinQ ............................. ·-·······Manufacturer standard 
Quality control_ •• _ •• _ ..................... - ................ - ....... - ............... Manuf acturer standard 
Instrument Air Available ..................................................... 90 psig (minimum) 

2.2 Burner Specifications 
Manufacturer ••• - .. ·-···········-··-··-···· .................................................. _ ..... zurn 
Type·-·············· ....... _ ................................................................................... Register Style 
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3.0 Burner Performance 
3.1 The following performance guarantees will be extended from twenty-five (25) to one hundred 

(100) percent of boiler load, provided that the system is operated at steady state conditions, in 
accod withth B D. B. dS ifi ti . Scf 2 r ance e umer esign as1san ipec 1ca ons in e 10n . 

Option A: Low NOx Variflame Burner Retrofit (No FGR) 

Plant Gas NOx (lb/MMBtul Natural Gas NOx 

Average Minimum Maximum Maximum (lb/MM Btu] 
H2 HHV 

0.140 0.130 0.140 0.150 0.100 

Option B: Low NOx ECOiet Burner Retrofit (No FGR) 

Plant Gas NOx rtb/MMBtu1 
Natural Gas NOx 

Average Minimum 
Maximum Maximum [lb/MMBtu] 

H2 HHV 

0.100 0.095 0.105 0.110 0.070 

Low NOx Variflame Burner Retrofit with FGR 

FGR% 

Plant Gas NOx rlb/MMBtul Natural Gas 
NOx 

[lb/MMBtu) Average Minimum Maximum 
H2 

Maximum 
HHV 

2.5 0.109 0.101 0.110 0.119 0.077 

5.0 0.091 0.084 0.092 0.099 0.064 

8.0" 0.080 0.074 0.081 0.087 0.057 

12.0" 0.065 0.060 0.066 0.071 0.046 

Low NOx ECOiet Burner Retrofit with FGR 

FGR% 

Plant Gas NOx llblMMBtul Natural Gas 
NOx 

[lb/MMBtu] Average Minimum Maximum 
H2 

Maximum 
HHV 

2.5 0.080 0.074 0.081 0.087 0.057 

5.0* 0.068 0.063 0.069 0.074 0.048 

8.0" 0.059 0.054 0.059 0.064 0.042 

12.0* 0.048 0.045 0.049 0.053 0.034 

- • Indicates FGR rates that will require either a boiler de-rate, or a new F.D. fan 
- All emissions are referenced to 3% dry stack 02. 
- All emissions are relevant to the fuel(s) specified in this proposal only, based on HHV. 
- All information provided in the Burner Design Basis and Specifications is preliminary only and is subject to 

change after the detailed Engineering stage 011 the contract is completed. 
- Particulate matter includes unburnt compounds derived from the fuel and excludes any ash present in the fuel 

and any inorganic or non-eombustible material present in the ambient air used for combustion. 
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3.2 The burner(s) flame will have no deleterious impingement over the entire burner turndown range 
as per the American Boiler Manufacturers Association Definition: "Flame impingement is defined 
as the condition which exists when the flame resulting from the combustion of the fuel comes into 
contact with any interior surface of the furnace in such a way as to result in localized incomplete 
combustion of the fuel and such condition manifests itself in the formation of hard carbonaceous 
deposits at the contact location. Flame impingement is a condition of firing a fuel which may cause 
failure and/or excessive maintenance of combustion chamber wall surfaces." 

3.3 All performance specifications stated throughout this proposal are intended to show probable 
operating results only which cannot be guaranteed except as expressly stated in the guarantee 
clause 3.1 ). 

3.4 Testing for performance guarantees shall be run within thirty (30) days after the equipment has 
been installed and operated. Others shall furnish all operating personnel and equipment for such 
tests. A qualified service engineer familiar with the specific equipment shall fine tune the burner as 
required and observe the operation of auxiliary equipment to assure that performance guarantees 
will be met, prior to testing. John Zink's representative will have access to the records at all times 
and the tests will be conducted in a manner to ensure that the specified performance conditions 
are being maintained. John Zink will be supplied a complete copy of all test results and data. 

3.5 The equipment shall be considered accepted if tests show that the guarantees have been fulfilled, 
or if others fail to have the equipment tested within the specified period. In case of the failure to 
meet the guarantees, John Zink reserves the right to change or replace, on a straight time basis, 
the equipment furnished so that the guaranteed performance will be obtained. 

4.0 Equipment Description 

4.1 Engineering Services 
John Zink will provide complete engineering and design for all John Zink furnished equipment 
and materials based on the option chosen and specified in Section 4.4, including a 
comprehensive Instruction Manual complete with data sheets, John Zink drawings, vendor 
drawings, parts list and operating instructions. 

4.2 Project Services 
John Zink will provide a submittal consisting of "B"-Size Prints of packaged burner general 
arrangement drawings, mechanical drawings, and bill of materials to be sent to ARG for approval 
and three (3) copies of John Zink's Instruction Manual. 

4.3 Jobsite Services 
John Zink can provide field advisory services during installation, and technical assistance 
services during initial start-up including operator training, at the per diem rate in effect at time of 
request. 
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4.4 Optional Equipment and Materials 
The following is an itemization of all components supplied by John Zink, based on retrofit options: 

4.4.1 Boiler Flue Gas Recirculation (FGRl Retrofit 
The purpose of this option was to evaluate the effects of potential installation of FGR 
equipment for Boilers #3 and #4. John Zink conducted a full review of the layout of the 
existing ductwork and measurement devices for the existing combustion air control 
systems to determine the required equipment changes and/or additions required to 
facilitate the addition of FGR. 

It was determined that approximately 8% FGR will be required while burning natural gas 
and ~12% FGR will be required while burning Plant Gas in order to make a ~0.1 lb/MMBtu 
(83 ppm) NOx emission limit. However, adding FGR will cause a de-rate in maximum 
load. Also, there is risk in adding FGR to this burner as its performance with FGR is 
unknown and could cause potential reliability issues. For this reason, John Zink has only 
offered predicted emission limits for this option, which will not be guaranteed. 

The following equipment and services will be provided for this emission reduction option. 

4.4.1.1 Flue Gas Recirculation Equipment 
One (1) lot of flue gas recirculation system components (shipped loose), limited to: 
- One (1) air/flue gas recirculation mixing box 

One (1) differential pressure transmitter 
One (1) flue gas recirculation mixing box inlet damper with pneumatic actuator 
with I/P positioner, for controlling FGR rate below 100% load 
One (1) flue gas recirculation damper, to be mounted in the FGR duct supplied 
by others, manually set and locked during start-up, for setting FGR rate at 100% 
load (shipped loose). 
Necessary Ducting from the inlet of the flue gas to the inlet of the FD fan 

4.4.1.2 Flue Gas Recirculation Installation Services 
John Zink will offer services for installation of the equipment listed in Section 
4.4.1.1 including ducting that connects the flue gas leaving the stack and routes 
to the inlet of the F.D. fan as well as completion of the necessary wiring for control. 

4.4.1.3 On Site Support 
Included are two (2) trips comprising of four (4), eight (8) hour days each for on
site support and supervision from a qualified John Zink engineer. Start-up 
services are not included. Labor and travel expenses are applied as follows: 

4.4.1.3.1 Labor Expenses 
8 hours per day Monday through Friday (straight time) 
Time spent traveling from hotel to jobsite is considered normal 
working time 
Time spent traveling from home to the hotel and back from the 
hotel to home is to be counted as one travel day 

4.4.1.3.2 Travel Expenses 
Airfare, travel and living expenses. 
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4.4.2 F.D. Fan Equipment Retrofit 
In order to achieve higher FGR rates, John Zink has proposed the following equipment for 
an F.D. fan retrofit, shipped loose and limited to: 

One (1) Heavy duty, forced draft fan, complete with 100 HP TEFC, premium 
efficiency motor. The fan assembly will ship loose to avoid damage during transit. 
One (1) fan silencer to reduce the sound level to less than 85 dB at three (3) feet 
distance from the fan, excluding background sound. The fan silencer will be 
shipped loose and will be supported by structural steel. 
One (1) combustion air damper with pneumatic actuator, digital I/P positioner and 
position limit switches 

4.4.2.1 F.D. Fan Installation Services 
John Zink will offer services for installation of the equipment listed in Section 4.4.2 
including removal of the existing fan and installation of the new fan. 

4.4.3 Low NOx Burner Retrofit Options 
The purpose of this option was to evaluate the installation of a new low NOx burner for 
Boilers #3 and #4. John Zink considered two different, custom burner equipment design 
options (option A and option B) in order to offer a wider range of NOx emission targets. In 
order to install the low NOx burners, modifications and restructuring to the existing 
refractory throat will be required. Listed below are the equipment options for each burner 
replacement: 

4.4.3.1 Option A: Low NOx Variflame Burner 
The following is an itemization of all components supplied by John Zink in order 
to incorporate a new burner register and refractory throat: 

One (1) refractory throat, to be installed separately 
One (1) fixed air register 
One (1) main burner assembly consisting of one set of removable main gas 
injectors and center-fired gas (CFG) 
One (1) ignition assembly complete with gas-electric igniter, and Chentronics 
SmartSPARK exciter 
Manual tertiary air damper 

4.4.3.2 Option B: Low NOx ECOjet Burner 
One (1) ECOjet ultra low NOx burner, each fabricated using standard stainless and 
mild steel components, complete with the following sub-assemblies: 

One (1) fixed air register 
One (1) burner front plate assembly, uninsulated, complete with two (2) 
observation ports and two (2) flame scanner swivel mounts 
One (1) swirling diffuser assembly 
One (1) gas burner assembly consisting of main gas burner assembly, complete 
with removable outer fuel staging injectors and center fired gas (CFG) 
One (1) pneumatically operated flow control valve with position feedback for 
outer gas zone 
One (1) ignition assembly complete with gas-electric igniter, and Chentronics 
SmartSPARK exciter 
One (1) burner guide ring to be welded on the boiler front plate to align the burner 
to the burner opening (shipped loose) 
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4.4.4 Low NOx Burner Retrofit Equipment Scope 
The following sections list the mechanical scope and system design changes necessary 
to incorporate the burner option of choice, are as follows: 

4.4.4.1 Airflow CFD Modeling 
Recognizing that combustion air is 94% of the mass flow through the burner, with 
fuel only being 6%, as part of the "system" solution for supplying a burner for 
optimum performance, John Zink will provide air flow distribution studies of the 
existing windbox using our in-house CFD modeling facilities. These model studies 
determine the size and location of straightening devices to be provided, in order 
to assure balanced air flow to the burner, and will result in reduced system draft 
losses, reduced stack emissions at lower excess oxygen levels, and greater 
efficiency. 

John Zink will provide an air flow distribution study starting at the discharge of the 
forced draft fan and ending at the exit of the burner throat using our in-house CFD 
modeling facilities. These model studies determine the size and location of 
straightening devices to be provided. A drawing will be provided indicating the size 
and location of straightening devices to be supplied by John Zink. 

4.4.4.2 iScan 2 Flame Scanners 
Included are four (4) iScan2 flame scanners, with the following features. 

Two (2) UV/IR flame scanners per burner, each of the iScan2 brand 
designed for single burner applications in a hazardous environment. 
Included is a complete wiring and operating manual for the scanners and 
power supplies. 
Each scanner has adjustable sensitivity. The sensitivity can be reset on site 
by a qualified field service person. 

4.4.4.3 Installation Services 
John Zink will offer services including necessary windbox modifications, structural 
modifications, the removal of the existing burner equipment, installation of the 
new refractory throat assembly, and installation of the new burner. The amount 
of refractory modification will be dependent on the burner type chosen. 
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Figure 1 Sketch of New Refractory Throat Concept 

* Note: This sketch is intended to show the approach for the refractory throat 
installation only and does nat include any details for the burner. 
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4.4.4.4 On Site Support 
Included are three (3) trips comprising of four (4), eight (8) hour days each, for 
on-site support and supervision from a qualified John Zink engineer. Start-up 
services are not included. Labor and travel expenses are applied as follows: 

4.4.4.4.1 Labor Expenses 
8 hours per day Monday through Friday (straight time) 
Time spent traveling from hotel to jobsite is considered normal 
working time 
Time spent traveling from home to the hotel and back from the 
hotel to home is to be counted as one travel day 

4.4.4.4.2 Travel Expenses 
Airfare, travel and living expenses. 

4.4.5 Low NOx Burner coupled with FGR 
The purpose of this option is to offer the option for the installation of low NOx burner 
retrofit (Option A or Option B) coupled with FGR for Boilers #3 and #4. 

This option will include the scope of supply and installation services as detailed in Section 
4.4.1 (FGR), Section 4.4.3.1 (Burner Option A) or Section 4.4.3.2 (Burner Option B), and 
Section 4.4.4 (Burner Retrofit Equipment). The optional F.D. fan equipment can be 
purchased separately, as detailed in Section 4.4.2 as a price adder. 

4.4.5.1 On Site Support 
Included are four (4) trips comprising of four (4), eight (8) hour days each, for on
site support and supervision from a qualified John Zink engineer. Start-up 
services are not included. Labor and travel expenses are applied as follows: 

4.4.5.1.1 Labor Expenses 
8 hours per day Monday through Friday (straight time) 
Time spent traveling from hotel to jobsite is considered normal 
working time 
Time spent traveling from home to the hotel and back from the 
hotel to home is to be counted as one travel day 

4.4.5.1.2 Travel Expenses 
Airfare, travel and living expenses. 
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5.0 Notes and Clarifications 

This proposal is provided exclusively for the supply of equipment and services, limited to what is described 
in Section 4. Any additions to this scope requested by ARG are subject to review by John Zink and may 
impact the price and/or schedule of this project. 

Since the existing burners are not original John Zink burner equipment, it is unknown how the existing 
burner technology will operate with the addition of FGR. Therefore, emissions, burner performance, and 
reliable burner operation will not be guaranteed for the option to add FGR to the existing burners. 

Labor and travel expenses not included for on-site support: 
Overtime, consisting of hours worked over eight (8) hours per day, Monday through Friday, as well as 
any weekend hours and John Zink recognized holidays. 
Travel and living expenses, including labor for additional trips, if additional trips are requested. 
Additional on-site services may be requested (called "Extra Services") during the execution of the job 
that is not included in this proposal, such as start-up support. A separate purchase order or change 
order would be required for Extra Services beyond the amounts included in this proposal. 

Labor Notes for On-site support: 
Labor is applied to the amount of service in this proposal on a portal to portal basis. 
Portal to portal is defined as the time the Service Technician departs from and returns to his lodging 
location during the job. 
If overtime is required by the job from the very beginning of the trip, the overtime hours worked will be 
applied to the number of labor hours/days sold in this proposal at 1.5 times the straight time rate. 
If additional travel trips and/or extended lodging/living expenses are incurred or required beyond the 
amount included in this proposal, the additional costs related to additional travel, (including labor and 
travel/living expenses) will be applied against the value of service labor included in this proposal. 
All Extra Services will be based on John Zink current rates at the time of job execution, and will be 
applied after the value of all field services sold per this proposal have been used. 
The terms and conditions referred to in this proposal will apply to any Extra Services desired by 
customer. 
Stand-by time is chargeable and will be applied as normal work time. 

All the proposed equipment will be designed, manufactured and finished as per John Zink's Standards. 

John Zink reserves the right to modify this proposal technically and commercially if any specifications are 
revised, changed, added or modified during the project execution. 
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6.0 Budget Pricing 

John Zink has provided a budget price relative to the scope of supply and the stated prices are valid for 
estimating purposes only. Any firm offer or binding quotation will be the subject of a formal proposal at a 
future date. The following budgetary prices are for two (2) boiler units: 

Budget price for FGR retrofit equipment and installation services (Section 4.4.1) ......................... $290,000. 

Budget price adder to FGR option for F.D. fan equipment (Section 4.4.2) .................................... $50,000. 

Budget prices for Low NOx Burner retrofit with related equipment and services: 

Option A: Variflame Burner (Sections 4.4.3.1 and 4.4.4) ............................................................. $425,000. 

Option B: ECOjet Burner (Sections 4.4.3.2 and 4.4.4) ................................................................. $465,000. 

Budget price for Low NOx Variflame Burner retrofits with FGR and related equipment and services: 

Option A: Variflame Burner with FGR (Sections 4.4.5) ............................................................... $690,000. 

Option B: ECO jet Burner with FGR (Sections 4.4.5) .................................................................... $730,000. 

Budget price adder to Burner and FGR option for F.D. fan equipment (Section 4.4.2) ....... $50,000. 

Quoted prices are ex-works (EXW) (lncoterms 2010), exclusive of freight and any applicable sales, use or 
excise taxes. 

7.0 Service 

Excluding the onsite services for installation and support as detailed in Sections 4, additional field services 
have not been included in this quotation, but it is available at per diem rates. Field service, whether paid 
service or no-charge warranty service, is provided in accordance with our standard Technical Assistance 
Agreement in effect at the time the service is provided. Any pre-paid service is payable with final equipment 
invoice submitted at time of shipment. 
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8.0 Schedule 

8.1 FGR Retrofit 
Drawings will be submitted (8) weeks after receipt of purchase order and all engineering 
information. Shipment will begin (14) weeks from receipt of approved drawings. 

8.1.1 Drawings/Documents for Approval 
The following drawings/documents will be submitted for approval: 

10-1: Assembly General Arrangement Drawing 
10-700: Combustion Air P&ID 
EDS: Engineering Data Sheet (Mechanical Bill of Materials) 

8.2 Burner Retrofit 
Drawings will be submitted (10) weeks after receipt of purchase order and all engineering 
information. Shipment will begin (14) weeks from receipt of approved drawings. 

8.2.1 Drawings/Documents for Approval 
The following drawings/documents will be submitted for approval: 

10-1: Assembly General Arrangement Drawing 
10-2: Burner General Arrangement Drawing 
EDS: Engineering Data Sheet (Mechanical Bill of Materials) 

8.3 Low NOx Burner and FGR Retrofit 
Drawings will be submitted (10) weeks after receipt of purchase order and all engineering 
information. Shipment will begin (14) weeks from receipt of approved drawings. 

8.3.1 Drawings/Documents for Approval 
The following drawings/documents will be submitted for approval: 

10-1: Windbox General Arrangement Drawing 
10-2: Burner General Arrangement Drawing 
10-700: Combustion Air P&ID 
EDS: Engineering Data Sheet (Mechanical Bill of Materials) 
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9.0 Terms & Conditions of Sale 

Equipment and/or services quoted are subject to the attached John Zink Company, LLC. General Terms 
and Conditions of Sale (the "T&Cs"), and is an offer to sell the goods or services specifically contingent 
upon acceptance of the T&Cs. This proposal (including, without limitation, the T&Cs), if resulting in an 
order, shall be incorporated by reference into any resulting contract documents. In the case of a conflict 
among the contract documents, then the terms of the proposal (including, without limitation, the T&Cs) shall 
take precedence. 

This proposal document Is confidential and Intended solely for the use of the Individual or entity to 
which it is addressed. If you have received this proposal in error, please contact the sender and 
destroy all copies of the original message. 

Thank you for the opportunity to present this proposal and we look forward to working with you on this 
project. 

Sincerely, 

JOHN ZINK I I .HAMWDRTHY 
I ca COMBUSTiON 

Jamie Mouser I Application Engineer 
John Zink Company LLC 
11920 East Apache Street I Tulsa, OK 74116 
T: +1.918.234.4786 
C: +1.918.230.2613 
E: Jamie.Mouser@coen.com 

Mike Ghere I Project Manager 
John Zink Company LLC 
11920 East Apache Street I Tulsa, OK 7 4116 
T: +1.918.234.2846 
C: +1.918.384.8101 
E: Mike.Ghere@coen.com 

Matt Whelan I Technical Consultant 
John Zink Company LLC 
11920 East Apache Street I Tulsa, OK 7 4116 
T: +1.650.522.2189 
C: +1.918.625.4917 
E: Matt.Whelan@coen.com 

Enclosures: General Terms and Conditions of Sale 
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GENERAL TERMS AND CONDITIONS OF SALE 
(GOODS AND SERVICES) 

APPLICATION. These General Terms and Conditions of Sale ("Terms and Conditions") will 
apply to all quotations and sales for goods, material, equipment and services by John Zink Company, 
LLC ("Seller") and are hereby inc01porated into the purchase order, quotation, invoice or other 
document to which they are attached ("Order" and, together with the Terms and Conditions, the 
"Contract") All purchases by customer, owner or its agent ("Buyer") are expressly limited and 
conditioned upon acceptance of the Terms and Conditions Seller objects to and rejects any 
provision additional to or different from the Terms and Conditions that may appear in Buyer's 
purchase order, acknowledgement, confirmation, writing, or in any other prior or later 
communication from Buyer to Seller, unless such provision is expressly agreed to by Seller in a 
writing signed by Seller For the purposes of these Terms and Conditions, the term "Goods" shall 
refer to the goods, matetial and equipment listed on the Order as well as all equipment or other 
materials provided in connection with any Services, and the term "Services" shall rerer to the 
services listed on the Order Terms not defined herein shall have the meanings set forth in the Order 

2 PRICE AND OTHER CHARGES. Unless otherwise stated in the Order, the Contract price does 
not include any packaging, transportation, duties, taxes or other charges (collectively, "Additional 
Charges") Buyer shall be responsible for all applicable Additional Charges 

3 PAYMENT TERMS. (a) Unless otherwise stated in the Order, payment is due thirty (30) days 
after the invoice date (b) All payments shall be made in USD unless otherwise specified in the 
Order (c) Interest may be charged on all past due amounts owed by Buyer hereunder at an interest 
rate equal to the prevailing LIBOR rate of interest, expressed as an annua I percent, plus three percent 
(3%) from the payment due date until paid in full, or the highest interest rate allowed by applicable 
law, whichever is less Payments must be made via a financial institution that is not subject to the 
sanctions laws of the United States, the European Union, or other applicable jurisdictions 

4 CREDIT TERMS. If, in Seller's judgment, the creditworthiness or future performance of Buyer is 
or may become impaired or unsatisfactory, Seller may suspend performance hereunder and seek 
adequate assurances from Buyer Buyer shall pay (or otherwise reimburse) Seller for any costs 
associated with such suspension (including charges for reactivation) Without limiting the 
foregoing, Seller may, for any reason, (a) require prepayment by wire transfer at least two (2) 
business days prior to a scheduled shipment of Goods or provision of Services, and/or (b) require 
Buyer to issue letter(s) of credit in a form, and from an issuing bank, acceptable to Seller at least 
three (3) business days ptior to a scheduled shipment of Goods or provision of Services 

5 DELIVERY. (a) Unless otherwise stated in the Order, delivery of the Goods shall be EXW 
(lncoterms®2010 International Chamber of Commerce (ICC) publication) Seller's designated 
manufacturing facility (b) If Buyer has not issued inspection and shipping instructions by the time 
the Goods are available to Buyer, Seller may, at its sole discretion, (i) store the Goods at Buyer's 
risk of loss and cost, or (ii) select any reasonable method of shipment, without liability by reason of 
its selection, costs of shipment and risk ofloss to be the responsibility of Buyer (c) Shipments or 
Goods in storage may be insured at Buyer's expense 

6 TITLE/RISK OF LOSS. Unless otherwise stated in the Order, title in the Goods shall pass to 
Buyer upon payment in full The risk of loss or damage to the Goods shall pass to Buyer upon 
delivery in accordance with the Contract or as otherwise provided in the Delivery section 

7 INSPECTION/REJECTION OF GOODS. All Goods shall be received subject to Buyer's 
reasonable inspection and rejection Buyer may only reject Goods that do not conform in all material 
respects to the specifications contained in the Contract Rejected Goods will be held at Seller's risk 
for a reasonable time, to be returned or disposed of by Buyer at Seller's written instruction and at 
Seller's sole cost and expense A failure by Buyer to reject nonconforming Goods in writing within 
thirty (30) days after receipt shall constitute an unqualified acceptance of such Goods by Buyer and 
a waiver by Buyer of all claims with respect thereto Thereafter, nonconfonning Goods shall be 
subject to the Warranty section 

8 WARRANTY. (a) Seller warrants that (i) the Goods shall be new and good quality and shall 
conform to the specifications specifically set forth in the Order and title to the Goods shall be free 
from any security interest, lien or encumbrance upon Seller's receipt of full payment for the Goods, 
and (ii) Seller shall perform the Services in a workmanlike manner in accordance with the 
specifications specifically set forth in the Order (b) The foregoing warranties will last for the 
following period (the "Warranty Period"): (i) for Goods, eighteen (18) months after the date that the 
Goods are available for shipment or one (1) year after first start-up, whichever occurs first; and (ii) 
for Services, three (3) months after completion of the Services If during the Warranty Period any 
Goods or Services prove not to meet the warranties set forth above, Seller will repair the Goods or 
supply identical or substantially similar replacement Goods EXW Seller's manufacturing facility, at 
Seller's sole discretion, or re-perform the Services (as applicable) Any replacement Goods or re
performed Services will be warranted for the unexpired portion of the Warranty Period applicable 
to the particular Goods or Services (c) Seller will not be responsible for transportation costs or for 
the costs of removal, insta1lation, re-installation or making of access of any Goods or other items, 
where such transportation, removal, installation, re-installation or making of access is required to 
repair or replace any defective Goods or to re-perform Services Furthermore, Seller will not be 
responsible for and assumes no liability for materials or workmanship, labor costs or other related 
expenses for any work performed by Buyer or third parties (not authorized by Seller) in the repair 
or replacement of defective Goods or the re-performance of Services (d) Seller's warranties will 
be voided if (i) the Goods or the subject of the Services have not been stored, installed, maintained 
or operated in accordance with accepted industrial practice or any specific instructions provided by 
Seller; (ii) the Goods or the subject of the Services have been subjected to any accident, 
misapplication, environmental contaminant, corrosion, damage, debris, improper passivation, abuse 
or misuse; (iii) Buyer has modified the Goods or the subject of the Services without Seller's prior 
written consent; (iv) Buyer has used or repaired the Goods or the subject of the Services after 
discovery of the defect without Seller's prior written consent; (v) Buyer or any third party refuses to 
permit Seller to examine the Goods or the subject of the Services and operating data to determine 
the nature of the defect claimed; or (vi) Buyer fails to meet its financial obligations under the 
Contract (e) Goods not manufactured by Seller are subject only to warranties of Seller's vendors 
and Seller hereby assigns to Buyer all rights in such vendors' warranties, however, Seller shall 
furnish to Buyer reasonable assistance in enforcing such rights (f) Inexpensive items requiting 
repair or replacement and routine maintenance-related or consumable items shall be outside the 
scope of these limited warranties (g) Seller's performance guarantees, if any, shall be deemed to 
be met by a satisfactory demonstration of the guaranteed performance parameters during a 
performance test, which shall be the responsibility of Buyer and is to be based on test procedures as 
specified in the Order or, if not specified in the Order, to be based on test procedures mutually agreed 
upon by Seller and Buyer In the absence ofa performance test within sixty (60) days of delivery, 
unless otherwise specified in the Order, Seller's performance guarantees are deemed to have been 
met (h) ALL WARRANTIES OR REPRESENTATIONS NOT SPECIFICALLY INCLUDED IN 

THESE TERMS AND CONDITIONS, INCLUDING THOSE WITH RESPECT TO 
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE WHETHER 
EXPRESSED, IMPLIED, STATUTORY OR ARISING FROM A COURSE OF DEALING, 
USAGE OF THE TRADE OR OTHERWISE WITH RESPECT TO ANY GOODS OR SERVICES, 
ARE EXPRESSLY EXCLUDED NO EXPRESS OR IMPLIED WARRANTY IS GIVEN AS TO 
THE CAPACITY, EFFICIENCY OR PERFORMANCE OF ANY GOODS, EXCEPT AS MAY 
BE PROVIDED IN A SEPARATE WRITTEN AGREEMENT SIGNED BY SELLER (i) 
BUYER'S REMEDIES ARE SPECIFICALLY LIMITED TO THE REPAIR OR REPLACEMENT 
OF THE GOODS OR THE RE-PERFORMANCE OF THE SERVICES, AS APPLICABLE, 
DURING THE WARRANTY PERIOD, AND ARE EXCLUSIVE OF ALL OTHER REMEDIES 
SHOULD THESE REMEDIES BE FOUND INADEQUATE OR TO HA VE FAILED OF THEIR 
ESSENTIAL PURPOSE FOR ANY REASON WHATSOEVER, BUYER AGREES THAT 
RETURN OF THE AMOUNT PAID BY BUYER TO SELLER FOR THE GOODS INVOLVED 
SHALL PREVENT THE REMEDIES FROM FAILING OF THEIR ESSENTIAL PURPOSE AND 
SHALL BE CONSIDERED BY BUYER AS A FAIR AND ADEQUATE REMEDY 

9 BACKCHARGES No backcharges will be paid or allowed by Seller unless (i) Seller is notified 
in writing of Buyer's intent to incur costs and (ii) Seller provides prim written approval of such 
backcharges 

10 OBLIGATIONS OF BUYER. Buyer is solely responsible for identifying and defining all 
processes, mechanical considerations, and site requirements, which may affect the perfonnance, 
reliability or operation of the Goods or Seller's performance of Services Buyer represents that all 
information and data provided to Seller by or for Buyer is current, complete, and accurate Buyer 
represents and warrants to Seller that Buyer has all necessary rights and permissions to provide all 
information provided by or on behalf of Buyer to Seller and shall indemnify Seller from any third 
party with respect to Seller's use of such information in connection with the Contract 

11 INDEMNITY. In the event that Seller performs onsite services at Buyer's facility, (i) Seller shall 
defend, indemnify and hold harmless Buyer against all damages, losses, costs, claims, liabilities, and 
expenses (including reasonable attorneys' fees), resulting from bodily injury, including death, or 
damage to tangible property to a Third Party, to the extent caused by the negligent acts or omissions 
of Seller, its officers, directors, employees or agents ("Seller Group"); and (ii) Buyer shall defend, 
indemnify and hold harmless Sel1er against all damages, losses, costs, claims, liabi1ities and 
expenses (including reasonable attorneys' fees), resulting from bodily injury, including death, or 
damage to tangible property to a Third Party, to the extent caused by the negligent acts or omissions 
of Buyer, its officers, directors, employees or agents ("Buyer Group") All liability, losses, 
damages, costs or expenses resulting from bodily injury, including death, or damage to tangible 
property to a Third Party, caused by the joint or concurring acts of Buyer Group and Seller Group, 
shall be borne by Buyer and Seller to the extent each is determined negligent either by agreement of 
the parties or by a court of competent jurisdiction The term "Third Party" shall mean any person 
or entity that is not a member of Seller Group, Buyer Group, the end user of the Goods or subject of 
the Services, or any of its respective affiliates, parent(s), subsidiaries or any of their respective 
officers, directors, employees. agents, or subcontractors 

12 DEFAULT. Upon the occurrence of any of the following events: (i) Seller has not received a 
payment due from Buyer hereunder by the date such payment is due under the Contract, and such 
failure remains uncured for a period often (10) business days after Buyer's receipt of written notice 
from Seller of such non-payment; (ii) Seller is unable to meet its warranty obligations and fails to 
commence to cure within ten (10) business days after Seller's receipt of written notice from Buyer 
of such uncured obligation; or (iii) Seller or Buyer fail to perform other material obligations in the 
Contract and such failure remains uncured for a period of thirty (30) business days after receipt of 
written notice from the other party of such uncured obligation, or if cure is not possible within that 
period, the defaulting party fails to make continuous and diligent efforts to cure, then the non
defaulting party, in its sole discretion and without prior notice (other than as provided above) to the 
defaulting party, may do any one or more of the following: (a) suspend performance under the 
Contract; or (b) terminate the Contract, whereby any and all obligations of the defaulting party will, 
at the option of the non-defaulting party, become immediately due and payable or deliverable, as 
applicable In the event of default by Buyer, Seller shall have the right to withhold delivery and/or 
sell the Goods to a third party and deduct from proceeds of such sale the purchase price and all 
reasonable costs resulting from the default The prevailing party shall be entitled to recover all court 
costs, reasonable attorneys' fees and expenses incurred by the prevailing party in connection with 
the default, and interest on past due amounts as set forth in the payment terms of the Contract 

13 INTELLECTUAL PROPERTY. (a) Seller retains all intellectual property rights, whether 
registered or un-registered, including trademarks, patents, and copyright of all documents, drawing 
rights, design rights, developed programs, software, models and other data provided or developed in 
the course of the Contract ("Seller IP"), and hereby grants Buyer a non-exclusive, non-assignable 
royalty free license to use Seller IP delivered to Buyer or embodied in the Goods or related 
deliverables only for the purposes of Buyer's installation, operation and maintenance the Goods (b) 
Seller will defend and indemnify Buyer from any claim, suit or proceeding brought against Buyer 
based on a claim that the Goods as manufactured and furnished by Seller and used in the manner for 
which it was intended and sold to Buyer constitutes an infringement of any United States, Canadian 
or European Union-member patent, if Seller is notified promptly in writing and given authority, 
information and assistance for the defense of such claim, suit or proceeding All aspects of the 
defense and settlement of any such claim, suit or proceeding shall be within Seller's sole discretion 
Buyer remains solely responsible for its own costs, including all fees and expenses of its own 
counsel, if any, or its personnel, which are incurred in coajunction with the defense of such claim, 
suit or proceeding Should it be held that the Goods constitute an infringement and the use of the 
Goods is enjoined, Seller will, at its sole discretion and at its own expense, either procure for Buyer 
the right to continue using the Goods, replace the Goods with non-infringing goods, modify the 
Goods to become non-infringing or refund the purchase price for the infringing Goods Seller's 
obligations to defend, and indemnify Buyer shall not apply to any liability for infringement (i) of 
any method patent where the Goods arc used with other apparatus for carrying out a process resulting 
in a combination of steps which is deemed to infringe a method patent or patent directed to a 
combination of steps, (ii) where the Goods are modified by Buyer, (iii) where the Goods are used 
by Buyer in a manner different than the use communicated to and understood by Seller at the time 
the Goods were sold to Buyer and such use constitutes infringement, or (iv) with respect to claims 
of infringement where the Goods were designed and manufactured in accordance with the design or 
specifications furnished or required by Buyer (c) Buyer will indemnify and hold harmless Seller 
from any suit or proceeding brought against Seller by any third party based on claims resulting from 
exceptions (i), (ii), (iii) or (iv) as stated above 



14 DELIVERY DATE. If the Order specifies a delivery date, Seller shall use commercially reasonable 
efforts to meet the requested date 

15 CANCELLATION FEE. Buyer may not cancel any part ofthe Contract except upon written notice 
and payment to Seller for (a) aU Goods or Services completed prior to cancellation, (b) all costs 
incurred by Seller prior to cancellation, (c) all reasonable costs arising dne to the cancellation, (ii) 
unavoidable third party charges, and (iii) a cancellation fee in the amount of twenty percent (20%) 
of the total price of the Contract The parties agree that Seller's damages following a ternrination of 
any part of the Contract by Buyer are difficult to determine and that the cancellation fee provided 
by this provision is a genuine pre-estimate ofloss and not a penalty and is reasonable in light of the 
circwnstances Seller shall be entitled to the payments set forth above if Seller cancels or terminates 
the Contract pursuant to the Default and Suspension sections Title to all works in progress and all 
materials not delivered to Buyer prior to the date of cancellation will remain with Seller 

16 SUSPENSION. (a) Buyer may only suspend the Order upon written notice to Seller, subject to 
payment of Seller's costs (b) If Buyer or any of its agents delays Seller's performance due to failure 
to promptly approve drawings or procedures or due to any other action or non-action on part of 
Buyer or its agents: (i) Buyer shall reimburse Seller for all costs incurred up to the date of suspension 
and as a result of such delay (including costs of reactivation), (ii) the delivery time shall be adjusted, 
and (iii) milestone payments (ifapplicable) will be adjusted to keep Seller whole for costs incurred 
up to the date of delay or suspension (c) If, due to any action or non-action on the part of Buyer or 
its agents, Seller is delayed for more than forty-five (45) days, or such longer period of time as 
deemed reasonable by Seller in its sole discretion, Seller may elect to cancel the Order 

17 FORCE MAJEURE. Foree Majeure means any circumstances beyond the reasonable control of 
either party, including acts of God, fire, explosion, breakdown of machinery or equipment, third 
party supplier plant shutdown. strikes or other labor disputes of Seller's suppliers or subcontractors, 
acts of terrorism or war, riots or other civil disturbances or voluntary or involuntary compliance with 
any law, order, regulation, recommendation or request of any governmental authority, inability to 
obtain materials necessary for manufacture of the Goods, total or partial :railure of auy of Seller's 
usual means of transportation of the Goods, or for failure to obtain necessary governmental 
approvals, permits or licenses Neither party will have any liability, other than for the payment of 
monies owing, for their failure to perform any of their contractoal obligations arising out of or in 
connection with events of Force Majeure 

18 ASSIGNABILITY. The rights and duties under the Contract are not assignable or transferable by 
Buyer or Seller, in whole or in part, by operation of law or otherwise, without the prior written 
consent of the non-assigning party, which consent may not be unreasonably withheld, delayed, or 
conditioned Notwithstanding, upon written notice, Buyer or Seller may assign this Contract in 
whole or in part to any of its affiliates which are as equally creditworthy and provided such affiliate 
is compliant with all applicable laws Any assignment or attempted assignment in contravention of 
the foregoing shall be null and void Any assignee is subject to all of the obligations, liabilities, 
waivers and limitations of this Contract 

19 GOVERNING LAW, The Contract, and its execution, performance, interpretation, construction 
and enforcement, shall be governed by the law, both procedural and substantive, of the State of 
Texas, without regard to its conflicts of law rules; and all claims relating to or arising out of the 
Contract, including breach, and formation, whether sounding in contract, tort or otherwise, shall 
likewise be governed by the laws of the State of Texas, excluding choice-of-law principles Any 
action or proceeding between Buyer and Seller relating to the Contract shall be commenced and 
maintained exclusively in the State or federal courts in Harris County, Houston, Texas; and, Buyer 
waives all venue and inconvenience of forum challenges and irrevocably submits itself 
unconditionally and irrevocably to the personal jurisdiction of such courts BUYER AND SELLER 
EACH WAIVE, TO THE FULLEST EXTENT PERMITTED BY LAW, ANY RIGHT IT MAY 
HAVE TO A TRIAL BY JURY IN RESPECT TO ANY SUIT, ACTION, CLAIM OR 
PROCEEDING RELATING TO THE CONTRACT 

20 NOTICE. All official notices, made under this Agreement must be made via certified or registered 
mail with retom receipt, postage prepaid addressed to the party to whom such notice is given at the 
address of such party stated in the Contract All other communications or transmittals under the 
Contract shall be in writing and shall be deemed received on the day of delivery if personally hand 
delivered or sent by facsimile or electronic trausmission (with written confirmation of the completed 
transmitta I) 

21 ENTIRE AGREEMENT; AMENDMENT; WAIVERS. This Contract supersedes all prior 
negotiations, discussions, and dealings concerning the subject matter hereof, and shall constitute the 
entire agreement between Seller and Buyer concerning the subject matter hereof There are no 
undersrandings inducements commitments conditions representations or warranties of any kind 
whether direct indirect coJlateral express or implied oral or written from either party to the other 
other than as contained in this Contract No party sha11 claim any amendment, modification or 
release of any provisions hereof unless the same is in writing and signed by Buyer and Seller No 
waiver by Buyer or Seller of any breach of any terms, conditions or obligations under the Contract 
shall be deemed a waiver of any continuing or subsequent breach of the same or any other terms, 
conditions or obligations hereunder 

22 ELECTRONIC TRANSACTIONS. The Contract may be digitally copied and stored on electronic 
storage media or devices (the "Imaged Agreement") The Imaged Agreement (once digitally 
regenerated to paper form), and any facsimile, and all computer records of the foregoing, if 
introduced as evidence in any judicial, arbitration, mediation or administrative proceedings, will be 
admissible as between the parties to the same extent and under the same conditions as other business 
records originated and maintained in documentary form and neither party shall object on the basis 
that such business records were not originated or maintained in documentary form under any rule of 
evidence 

23 COMPLIANCE. Buyer and Seller shall: (i) comply fully with all applicable laws and regulations 
in their respective performances of the Contract; and, (ii) shall neither take nor refrain from taking 
any action that could result in liability for either party under applicable law, including the U S 
Foreign Corrupt Practices Act, the OECD Anti-Bribery Convention or any other applicable anti
bribery law or treaty, or those regulations maintained by the US Treasury Department's Office of 
Foreign Assets Control (31 C F R Chapter V) or the U S Commerce Department's Bureau of 
Industry and Security {15 CF R Parts 730 et Seq) Buyer shall comply as follows: (i) Buyer 
acknowledges that any distribution, sale, transfer or re-export of the Goods is governed by and 
subject lo the trade control laws of the United States; (ii) Buyer shall not distribute, sell, transfer or 
re-export the Goods, except in conformance with United States law; and, (iii) If Buyer knows or has 
reason to know that any of its customers intend to distribute, sell, transfer or re-export the Goods, 
either directly or through incorporation into other products, then Buyer shall inform its customer 
that the customer is responsible for obtaining any licenses or other approvals from the U S 

Government before such distnlmtion, sale, transfer or re-export, by including the following language 
in Buyer's purchase order acknowledgement or other appropriate documentation to its customer: 
NOTICE: The products, technical data, and/or software included in this Order were provided in 
compliance with the laws and regulations of the United States. Customer is responsible for 
obtaining all licenses, permits or other approvals that may be necessary under the laws of the United 
States before any distribution, sale, transfer or re-export of such items and for ensuring that the end
user and end use of these products are permitted under U.S. law. Re-export, diversion, 
transshipment, or use contra,y to U.S. law is prohibited and is cause for cancellation of this 
[purchase order]. " Nothing in this Contract shall require Buyer or Seller to take or refrain from taking 
any action irnpernrissible or penalized under Umted States or other applicable laws A Party's breach 
of this Section shall cons ti tote cause for immediate termination of the Contract 

24 INDEPENDENT CONTRACTORS. Seller and Buyer are independent contractors only and are 
not partners, master/servant, principaVagent or involved herein as parties to any other similar legal 
relationship with respect to the transactions contemplated under the Contract or otherwise, and no 
fiduciary, trust, or advisor relationship, nor any other relationship imposing vicarious liability shall 
exist between the panics under the Contract or otherwise at law 

25 NO THIRD PARTY BENEFICIARIES. The Contract is solely for the benefit of, and shall 
inure to the benefit of, Buyer and Seller, and shall not otherwise be deemed to confer upon or give 
to any third party any right, claim, cause of action or other interest herein 

26 SEVERABILITY. The invalidity or unenforeeability of any provision of the Contract shall not 
affect the validity or enforceability of its other provisions and the remaining provisions shall remain 
in full force and effect 

27 CONFIDENTIALITY. Except as provided in a separate written confidentiality agreement, all 
information that Buyer acquires from Seller hereunder, directly or indirectly, and all information 
that arises out of the sale of the Goods and/or Services hereunder, concerning such Goods, Services, 
and/or proprietary processes involved, including, but not limited to, information concerning Seller's 
current and future business plans, information relating to Seller's operations, know-how, and other 
Seller-furnished information shall be deemed Seller's "Proprietary Information" Buyer shall (a) 
hold Seller's Proprietary Information in strictest confidence, (b) not disclose it to others and (c) use 
it solely for purposes of the Contract 

28 INSURANCE In the event the Seller performs onsite services at Buyer's facility, Seller shall 
maintain the following insurance coverage during the term of the Contract and, at Buyer's request, 
shall provide Buyer with a certificate evidencing such coverage: (a) Statutory Workers' 
Compensation and Employer's Liability Insurance, with limits of Five Hundred Thousand USO 
($500,000 00) each accident, Five Hundred Thousand USO ($500,000 00) disease each employee, 
and Five Hundred Thousand USO ($500,000 00) disease policy limit; (b) Commercial General 
Liability Insurance, with a combined single limit for bodily injury and property damage of Oue 
Million USD ($1,000,000 00) per occurrence and in the aggregate; and (c) Automobile Liability 
Insurance, with a combined single limit for bodily injury and property damage of One Million USO 
($1,000,000 00) per accident 

29 SURVIVAL The provisions addressing indemnity, confidentiality, limitation of liability, and all 
other provisions which by their nature are intended to survive, shall survive expiration or termination 
of the Contract 

30 MISCELLANEOUS. The captions and section headings set forth in the Contract are used for 
convenience only and shall not be used in defining or construing any of the terms and conditions set 
forth in the Contract The term "days", as used herein, shall mean actual days occurring, including, 
Saturdays, Sundays and holidays where banks are authorized to be closed in the city where Seller's 
chief executive office is located The term "business days" shall mean days other than Saturdays, 
Sundays and holidays where banks are authorized to be closed in the city where Seller's chief 
executive office is located The term "including" or any variation thereof means "Including, 
without limitation" and shall not be construed to limit any general statement that it follows to the 
specific items immediately following it Unless the context indicates otherwise, words importing 
the singular number shall include the plural and vice versa, and words importing person shall include 
firms, association, partnerships and corporations, including public bodies and governmental entities, 
as well as natural persons, and words of masculine gender shall be deemed to include correlative 
words of the feminine gender and vice versa as the circumstances may require The United Nations 
Convention on Contracts for the International Sale of Goods shall not apply 

31 LIMITATION OF LIABILITY (A) NO PARTY SHALL BE LIABLE FOR INDIRECT, 
INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING LOSS OF PROFITS, 
REVENUES, OR OTHER ECONOMIC LOSSES WHETHER DEEMED DIRECT OR 
CONSEQUENTIAL, ARISING UNDER ANY CAUSE OR COMBINATION OF CAUSES, 
INCLUDING ANY THEORIES OF CONCURRENT OR JOINT LIABILITY (B) THE 
LIABILITY OF SELLER AND ITS AFFILIATES IS LIMITED TO THE PRICE ALLOCABLE 
TO THE GOODS OR SERVICES DETERMINED TO BE DEFECTIVE, AND IN NO EVENT 
WILL THE CUMULATIVE LIABILITY OF SELLER AND ITS AFFILIATES BE IN EXCESS 
OF THE TOTAL PAYMENTS RECEIVED FROM BUYER UNDER THE ORDER 
REGARDLESS OF CAUSE OR ANY COMBINATION OF CAUSES WHATSOEVER ALL 
INSURANCE, BOND AND BANK GUARANTEE OR LETTER OF CREDIT PROCEEDS 
WHICH MAY BE PAID BY THE INSURERS, SURETIES OR BANKS OF SELLER OR ITS 
AFFILIATES WILL BE CREDITED AGAINST THE LIMITATION STATED ABOVE AND 
SHALL REDUCE THE AMOUNT OF THE CUMULATIVE LIABILITY OF SELLER AND ITS 
AFFILIATES (C) BUYER'S REMEDIES ARE LIMITED 1D THOSE REMEDIES EXPRESSLY 
STATED IN THIS CONTRACT (D) THESE LIMITATIONS SHALL APPLY 
NOTWITHSTANDING ANY FUNDAMENTAL BREACH OR FAILURE OF ESSENTIAL 
PURPOSE OF ANY LIMITED REMEDY 

[End of General Terms and Conditions of Sale] 
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