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Quotation

No: 24257DM22 

Date: 06/07/2022 

Validity: 30 days 

Page: 1 of  7 

A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 

To: Mario Jahn, Mechanical Engineer 

From: Darren Miller, Senior Sales Application Engineer

Project: Feasibility Study - Replacement of Clarage S0# 711053-3-1. 

Customer Reference:  University of Alaska Fairbanks (UAF), I.D. Fan System Upgrade 

Clarage Proposal: 24257DM22

We refer to our above and are pleased to offer the attached pricing and construction of the Clarage Fan. 
This proposal is good for 30 days from date above for placement of order. 

Pricing is based on fans being ordered within the above time frame. Shipping terms are. FCA - Point of 
Manufacture Pulaski TN for fans & supplier's works for buy outs per INCOTERMS 2010. No freight is included 
unless otherwise stated in this proposal. Export boxing if required is by others unless otherwise stated in this 
proposal. All products are subject to a weekly storage fee of $0.025/pound starting 5 business days after 
notification of readiness to ship. 

Price quoted is valid for 30 days from the date above for placement of order and is good for shipment of 
the product within 6 months of order.  Shipment after 6 months from order date is subject to pricing 
escalation.

General Arrangement Approval Drawings: 3 – 4 weeks after receipt of approved Purchase Order. Fan 
Manufacturing: 22 – 24 weeks after drawing approval and subject to motor lead time if supplied by Clarage. 
Add another two weeks for Mechanical Run and / or Performance Testing if required. Delivery dates above are 
subject to motor and other vendor lead times.  Delivery does not reflect customer approval time. 

Clarage proposes the following contract payment terms subject to Clarage’s Credit department’s approval: 

Clarage proposes the following progress payments for quotations over $75,000.00 subject to credit approval: 
10% Invoiced Upon Customer Receipt of Approval Drawings 
40% Invoiced Upon Customer Release to Production 
30% Invoiced Upon Notification of Clarage's Readiness to Ship 
20% Invoiced Upon Shipment 
- See Exceptions and clarifications for deviations.

Scope of fan supply and pricing is as listed in the following pages.

This quotation is per Clarage’s attached terms and conditions. 

We trust this information is complete. Should you require additional information, contact undersigned at 

Darren Miller
Senior Sales Application Engineer |  Clarage 
202 Commerce Way  | Pulaski, TN 38478 
Cell: 931.787.2921  |  Main: 931.424.2500  
Web: clarage.com |   Email: dmiller@clarage.com
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Quotation

No: 24257DM22 

Date: 06/07/2022 

Validity: 30 days 

Page: 2 of  7 

A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 

Clarage Fan Selection: 

Input Parameters: 

Static Pressure: 54 inches w.g. 
Volume:  120,000 cfm 
Density: 0.0536 lb/ft3 
Temperature:  170°F
Elevation: 450 ft above sea level 

Fan Model:  5123-AF 
Fan Size: 102.75” Airfoil 
Design Speed:  1200 RPM 
Design Temperature: 400°F

Features: 
- Fan housing constructed of: 0.5 in. ASTM A-36
- Fan housing discharge: 90 deg.  (Customer to determine at later date)
- Inlet piece of: ASTM A-36
- Inlet box constructed of: 0.5 in. ASTM A-36
- Inlet box inlet angle: 360 deg.  (Customer to determine at later date)
- Impeller material: ASTM A-514S or equal.
- Shaft material: SAE 1045 Forge or equal
- Hub material: SAE 1026 Forge or equal
- Impeller rotation: CW.  (Customer to determine at later date)
- Sandblast and Paint entire fan

- Surface Prep: SSPC-SP-2 – Hand Tool Cleaning
- Paint: One coat of Stabler 4559A heat resistant dark gray primer at 2.0 - 3.0 mils per coat DFT.

- Housing & inlet box split for wheel removal (split location to be determined after order)
- Access doors, drain w/plugs (1 per inlet box, and 1 per housing), inlet box and outlet flanges.
- Outlet area: 26.3 ft2
- Motor and Bearing support pedestal. Arrangement: 7
- Volume control: SPD  (Speed control by others)
- OSHA approved guards
- Sandblast and Paint entire fan
- Bearings: Dodge Sleevoil RTL.
- Coupling: Renold/Holset Series PM size 60 or equivalent.
- Shaft seal: single

Price for one (1) fan with above features: $425,808.00

Option features and pricing: 

Motor
- Motor: Frame: 500C, 1250hp, 1200rpm. Motor is designed for full voltage starting only unless
otherwise stated. To confirm reduced voltage starting capability, please consult factory.

Price for one (1) motor with above features: $142,071.00
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Quotation

No: 24257DM22 

Date: 06/07/2022 

Validity: 30 days 

Page: 3 of  7 

A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 

Project Reference:

1. Fan Details:
Quantity Price Each Extended Price 

1 $425,808.00 $425,808.00

Fan Type: 5123-AF SWSI Volume: 120000 cfm 
Blade Design: Airfoil Static Pressure 54 in.wg
Diameter: 102.75 in Density: 0.0536 lb/ft3
Width: 100 % Temperature: 170 F 
Speed: 1180 rpm Elevation: 450 ft 
Brake Horsepower: 1231 hp Outlet Area: 26.3 ft2 
Static Efficiency: 83 %

2. Fan Configuration:

Rotation: CW Inlet Angle: 360 deg.
Volume Control: SPD Discharge Angle: 90 deg.
Arrangement: 7

3. Construction Details:

Impeller Material: ASTM A-514S or equal. Liners: No blade liners 
Housing Material: 0.5 in. ASTM A-36 Shaft Material: SAE 1045 Forge or equal 
Bearings: Dodge Sleevoil RTL. Coupling: Renold Series PM size 60 

Optional Motor: Frame: 500C, 1250hp, 1200rpm 

4. Performance Ratings

Ratings Rating Point

Volume: 120000 cfm
Static Pressure: 54 in.wg
Density: 0.0536 lb/ft3
Temperature: 170 F
Speed: 1180 rpm
Brake Horsepower: 1231 hp 
Static Efficiency: 83 %
Noise Level: 111 dBA
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Quotation
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Date: 06/07/2022 

Validity: 30 days 
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A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 
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A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 
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Quotation

No: 24257DM22 

Date: 06/07/2022 

Validity: 30 days 

Page: 6 of  7 

A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 

7. Fan Noise Levels:

Fan sound power levels are certified by Clarage to have been tested and rated in accordance with AMCA 
Standard 300. Sound pressure levels are estimates based on the installation conditions and attenuations as 
shown with noise from all other sources such as fan drives, duct radiation, etc. considered to be more than 8 db 
lower, and that on-job sound measurements are made off-axis of any air system inlet or outlet. Exception is 
taken to specifications requiring guarantee of sound pressure level because on-site conditions beyond Clarage 
control may deviate from the conditions below.

Noise levels based on Free Field conditions. 
Directivity = 1, Measurement Distance = 3 ft

Point dBA Sound Type 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz 

Sound Pwr. (Lw dB) 125 123 125 116 114 111 104 99 

Rating 
Point 

111 Sound Pres. (Lp dB) 112 112 115 106 104 101 94 89 

P1 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P2 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P3 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P4 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P5 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P6 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P7 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P8 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P9 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0

P10 0 Sound Pres. (Lp dB) 0 0 0 0 0 0 0 0
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Quotation

No: 24257DM22 

Date: 06/07/2022 

Validity: 30 days 

Page: 7 of  7 

A Twin City Fan Company ~ 5959 Trenton Lane ~ Minneapolis ~ MN 55442 ~ Tel (763) 551-7600 ~ Fax (763) 551-7601 

A. Exceptions and Clarifications:

Clarage standard welding is to AWS standards including the allowances for weld splatter per AWS.  Any 
additional requirements not included unless expressly mentioned as an alternative in the proposal.  
Standard paint is a Stabler 4559A heat resistant dark gray primer. which provides good adhesion and 
toughness to ferrous metal surfaces.  This primer is weldable which renders it an ideal coating for field 
erected equipment. Alternative coatings must be expressly mentioned as an alternative in the proposal. 

B. Optional Extended Warranty:

Clarage offers to extend the Standard Parts Only warranty for up to 48 months from delivery at an 
additional cost of ¼ % of the contract price per month of requested extension period (3% per year). 

Additional warranty coverage for costs beyond the Clarage Standard Parts Only warranty is also available 
for purchase:

1. Site labor for the repair or replacement (excluding equipment rentals and access charges such as
a crane and any costs for plant or closures), - add 5% to the proposal price.

2. All costs of the warranty repair or replacement, - add 10% to the proposal price.

TERMS AND CONDITIONS OF SALE:

Twin City Clarage, LLC’s offer is expressly limited to the express terms of this offer, which are located at 
https://clarage.com/terms-conditions
and any purported acceptance that that modifies, omits, or alters the terms of this offer regardless of 
whether the change is material or immaterial shall be not be a valid acceptance. 
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò
  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Ý±²¬®±´ Í§­¬»³

 Ý±³°«¬»¼ ¾§ ßò Í¦¿´¿¶    Ü¿¬» ïðóÍ»°óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ
Control System

Ú·¾»® Ý±³³«²·½¿¬·±² Ô·²µ íððòð             »¿ ìíòçèü            ïíôïçíü             
×ñÑ °®±¹®¿³³·²¹ ëðòð               »¿ ïìðð éðôðððü             

Ú·»´¼ Ì·³» º±® ×²¬»¹®¿¬·±² ìð ¸®­ ìîîòë ïêôçððü             

ïððôðçíü           

Ô±½¿¬·±² Ú¿½¬±® ïìòíû ïîôìîéü             
Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû ïïôîëîü             

Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû ïèôëêêü             

Í«¾¬±¬¿´ ïìîôííèü           

TOTAL COST 142,338$           

PROBABLE CONSTRUCTION COST 142,000$           

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 
ïò Ð®·½·²¹ º±® Ú·¾»® Ý±³³«²·½¿¬·±² Ô·²µ ©¿­ ±¾¬¿·²»¼ º®±³ îðïé ËßÚ Û­¬·³¿¬»ò
îò Ú·¾»® Ô·²µ «²·¬ ½±­¬ ©¿­ »­½¿´¿¬»¼ ¾§ ÝÛÐÝ× ·²¼»¨ ¾»¬©»»² îðïé ¿²¼ îðîï øéðèñéêéòë÷
íò ×ñÑ °®±¹®¿³³·²¹ ¿²¼ Ú·»´¼ Ì·³» ½±­¬­ ©»®» ±¾¬¿·²»¼ º®±³ ¿ °®±¶»½¬ ¬¸¿¬ Í¬¿²´»§ ¸»´°»¼ ¼»­·¹² ·² îðïêò Ð´¿²¬ ©¿­ ´±½¿¬»¼ ·² ×±©¿ò

ëò Ô±½¿¬·±² º¿½¬±® ©¿­ ·²½´«¼»¼ º±® Ú¿·®¾¿²µ­ ß´¿­µ¿ ¿­ ¬¸» ®»º»®»²½» °´¿²¬ ©¿­ ¬¿µ»² º®±³ ¿ °®±¶»½¬ ·² ×±©¿ò Ô±½¿¬·±² º¿½¬±® ·­ ·² ¿½½±®¼¿²½»
©·¬¸ ÎÍ Ó»¿²­ Ý·¬§ Ý±­¬ ×²¼»¨ò Ô±½¿¬·±² Ú¿½¬±® ©¿­ ²±¬ ¿°°´·»¼ ¬± Ú·¾»® Ý±³³«²·½¿¬·±² Ô·²µ ´·²» ·¬»³ ¿­ ¬¸±­» ½±­¬­ ©»®» º®±³ ¬¸» ËßÚ
»­¬·³¿¬»ò

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

ìò ×ñÑ °®±¹®¿³³·²¹ ¿²¼ º·»´¼ ¬·³» ½±­¬­ ©»®» »­½¿´¿¬»¼ ¾§ íðû ¬± ½±·²½·¼» ©·¬¸ ÝÛÐÝ× ®¿¬·± ¾»¬©»»² îðîï ¿²¼ îðïê øéðèñëìïòé ã ïòí÷
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NSE Estimate No.: N1412075

Date: 01/22/2015

Customer: Stanley Consultants

Location: University of Alaska Fairbanks

Fairbanks, AK

ESTIMATE SUMMARY: Electrical

Revision: ____03/06/2017_

ÜÛÍÝÎ×ÐÌ×ÑÒ    ÏËßÒÌ×ÌÇ ÛÏË×ÐÓÛÒÌ ÓßÌÛÎ×ßÔ

ËÒ×Ì ÛÏË×Ð ÐÎ×ÝÛ ÓßÌÛÎ×ßÔ ØÎÍñ ÓËÔÌ ÌÑÌßÔ ÔßÞÑÎ ÔßÞÑÎ       ËÒ×Ì ÌÑÌßÔ

ÐÎ×ÝÛ ÝÑÍÌ  ÐÛÎ ËÒ×Ì ÝÑÍÌ ËÒ×Ì ÚßÝÌ ØÎÍò ÎßÌÛ ÝÑÍÌ ÝÑÍÌ ÝÑÍÌ

ÔßÞÑÎ

 Ò±ò ËÒ×ÌÍ

Ý±³³«²·½¿¬·±²­ ½¿¾´» îïôðíí º¬ óü            óü ïü  îïôðííü ðòï          ïòðð     îôïðí üèèòìí ïèëôçêèü çòèìü  îðéôððïü

Ù®±«²¼·²¹ Ý¿¾´» ó ßñÙ ïëí ½´º óü óü ìîëü êëôðîëü îòè          ïòðð ìîè          üèèòìí íéôèìèü êéîòíéü ïðîôèéíü

Ù®±«²¼·²¹ Ý¿¾´» ó ËñÙ ïïë ½´º óü óü ìîëü ìèôèéëü îòè          ïòðð íîî          üèèòìí îèôìéìü êéîòêðü ééôíìçü

Ù®±«²¼ Î±¼­ ó îðù ìê »¿ óü óü ééü íôëìîü ðòï          ïòðð ë üèèòìí ììîü  èêòêïü  íôçèìü  

Ý¿¾´» Ì®¿§ ð º¬ óü óü íêü óü ðòí          ïòðð ó           üèèòìí óü  ýÜ×Êñðÿ óü

 êþ Ý¿¾´» Ì®¿§ ïðê º¬ óü óü ìðü ìôîìðü ðòê          ïòðð êì            üèèòìí ëôêêðü çíòìðü  çôçððü  

 ïîþ Ý¿¾´» Ì®¿§ íôïîë º¬ óü óü ìðü ïîëôðððü ðòê          ïòðð     ïôèéë üèèòìí ïêëôèðêü çíòðêü  îçðôèðêü

 ïèþ Ý¿¾´» Ì®¿§ êî º¬ óü óü ìðü îôìèðü ðòê ïòðð íé            üèèòìí íôîéîü çîòééü  ëôéëîü  

 îìþ Ý¿¾´» Ì®¿§ îôîïê º¬ óü óü ìðü èèôêìðü ðòê          ïòðð     ïôííð üèèòìí ïïéôêïîü çíòðéü  îðêôîëîü

 íêþ Ý¿¾´» Ì®¿§ ïôìíë º¬ óü óü ëðü éïôéëðü ðòê          ïòðð èêï          üèèòìí éêôïíèü ïðíòðêü ïìéôèèèü

ß¾±ª»¹®±«²¼ Ý±²¼«·¬ ëðôððð º¬ óü óü çü  ìëðôðððü ðòí          ïòðð     ïëôððð üèèòìí ïôíîêôìëðü íëòëíü  ïôééêôìëðü

Þ»´±©¹®±«²¼ Ý±²¼«·¬ ïëôìçì º¬ óü óü íçü êðìôîêêü ðòì          ïòðð     êôïçè üèèòìí ëìèôðèçü éìòíéü  ïôïëîôíëëü

I&C and COMM Cables Termination

îêòðëòïí ïîñÝýïì 120 Ûß óü óü ðòîëü íðü ðòîð        ïòðð îì            üèèòìí îôïîîü ïéòçíü  îôïëîü  

îêòðëòïí ïÌÍÐýïê 4404 Ûß óü óü ðòîëü ïôïðïü ðòîð        ïòðð èèï          üèèòìí ééôçðéü ïéòçìü  éçôððèü

îêòðëòïí ïÌÍÐýïêÌÝÖ 456 Ûß óü óü ðòîëü ïïìü ðòîð        ïòðð çï            üèèòìí èôðìéü ïéòçðü  èôïêïü  

îêòðëòïí îñÝýïî 60 Ûß óü óü ðòîëü ïëü ðòîð        ïòðð ïî            üèèòìí ïôðêïü ïéòçíü  ïôðéêü  

îêòðëòïí îñÝýïì 116 Ûß óü óü ðòîëü îçü ðòîð        ïòðð îí            üèèòìí îôðíìü ïéòéèü  îôðêíü  

îêòðëòïí îñÝýïè 20 Ûß óü óü ðòîëü ëü ðòîð        ïòðð ì üèèòìí íëìü  ïéòçëü  íëçü

îêòðëòïí îÌÍÐýïê 3456 Ûß óü óü ðòîëü èêìü ðòîð        ïòðð êçï          üèèòìí êïôïðëü ïéòçíü  êïôçêçü

îêòðëòïí íñÝýïî 90 Ûß óü óü ðòîëü îíü ðòîð        ïòðð ïè            üèèòìí ïôëçîü ïéòçìü  ïôêïëü  

îêòðëòïí íñÝýïì 24 Ûß óü óü ðòîëü êü ðòîð        ïòðð ë üèèòìí ììîü  ïèòêéü  ììèü

ìñÝýïî 1392 Ûß óü óü ðòîëü íìèü ðòîð        ïòðð îéè          üèèòìí îìôëèìü ïéòçïü  îìôçíîü

ìñÝýïì 120 Ûß óü óü ðòîëü íðü ðòîð        ïòðð îì            üèèòìí îôïîîü ïéòçíü  îôïëîü  

ìÌÍÐýïì 3648 Ûß óü óü ðòîëü çïîü ðòîð        ïòðð éíð          üèèòìí êìôëëìü ïéòçëü  êëôìêêü

ëñÝýïì 90 Ûß óü óü ðòîëü îíü ðòîð        ïòðð ïè            üèèòìí ïôëçîü ïéòçìü  ïôêïëü  

éñÝýïî 14 Ûß óü óü ðòîëü ìü ðòîð        ïòðð í üèèòìí îêëü  ïçòîïü  îêçü

éñÝýïì 196 Ûß óü óü ðòîëü ìçü ðòîð        ïòðð íç            üèèòìí íôììçü ïéòèëü  íôìçèü  

èÌÍÐýïè 1872 Ûß óü óü ðòîëü ìêèü ðòîð        ïòðð íéì          üèèòìí ííôðéíü ïéòçîü  ííôëìïü

çñÝýïì 18 Ûß óü óü ðòîëü ëü ðòîð        ïòðð ì üèèòìí íëìü  ïçòçìü  íëçü

ï ÌÍÌýïê ïê            Ûß óü óü ðòîëü ìü ðòîð        ïòðð í üèèòìí îêëü  ïêòèïü  îêçü

î ÌÍÌýïê èð            Ûß óü óü ðòîëü îðü ðòîð        ïòðð ïê            üèèòìí ïôìïëü ïéòçìü  ïôìíëü  

ì ÌÍÌýïê êì            Ûß óü óü ðòîëü ïêü ðòîð        ïòðð ïí            üèèòìí ïôïëðü ïèòîîü  ïôïêêü  

ì Ðß×Î Ú×ÞÛÎñÓËÔÌ×óÓÑÜÛ îìè          Ûß óü óü ðòîëü êîü ðòìð        ïòðð çç            üèèòìí èôéëëü íëòëëü  èôèïéü  

ïî Ðß×Î Ú×ÞÛÎñÓËÔÌ×óÓÑÜÛ ìè            Ûß óü óü ðòîëü ïîü ðòìð        ïòðð ïç            üèèòìí ïôêèðü íëòîëü  ïôêçîü  

ìè Ðß×Î Ú×ÞÛÎñÓËÔÌ×óÓÑÜÛ íèì          Ûß óü óü ðòîëü çêü ðòìð        ïòðð ïëì          üèèòìí ïíôêïèü íëòéïü  ïíôéïìü

Ý¿¬ ê Û¬¸»®²»¬ ½¿¾´» îè Ûß óü óü ðòîëü éü èòðð        ïòðð îîì üèèòìí ïçôèðèü éðéòêèü ïçôèïëü

ÓÊ Ý¿¾´»­ Ì»®³·²¿¬·±²­

ïëµÊô íøïÝñéëð µÝÓ×Ô ÍØ×ÛÔÜ÷ ©ñÙÒÜô íð Ûß óü óü îëðü éôëððü îòðð        ïòðð êð            üèèòìí ëôíðêü ìîêòèéü ïîôèðêü

ïëµÊô íøïÝñëðð µÝÓ×Ô ÍØ×ÛÔÜ÷ ©ñÙÒÜ îë Ûß óü óü îëðü êôîëðü îòðð        ïòðð ëð            üèèòìí ìôìîîü ìîêòèèü ïðôêéîü

ËßÚ ÝÑÓÞ×ÒÛÜ ØÛßÌ ßÒÜ ÐÑÉÛÎ ÎÛÐÔßÝÛÓÛÒÌ ÐÎÑÖÛÝÌ

ËßÚ Ð®±¶»½¬ Ò«³¾»® Š îðïîðíï ÝÐØÎ Ü·ª îê Ð¿¹» î ±º ïð
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îòëð ·²

«²´±¿¼·²¹ ¾´±©»®­ò ½±³»­ ·² ¿² »²½´±­«®» ¾§
±¬¸»®­ò º±«²¼¿¬·±² ­·¦» ìðù¨ ïëùò

Û´»½¬®·½¿´ Ô±¿¼­ ·²½´«¼»æ
ï «²´±¿¼·²¹ ¾´±©»®ô ïîë ØÐ
ï ¿·® ½±±´»®ô ï ØÐ

ïðù ¼·¿ Í·´±ò ëëù ¬¿´´ò ïëù¨ ïëù
º±«²¼¿¬·±²ò

Û´»½¬®·½¿´ Ô±¿¼­ ·²½´«¼»æ
Þ·² ª»²¬ »¨¸¿«­¬ º¿² ø­·´±÷æ éòë ØÐ
Þ·² ¼·­½¸¿®¹»®æ í ØÐ
ß·®´±½µæ ï ØÐ
Ú»»¼»®æ ï ØÐ
×²¶»½¬·±² ¾´±©»®æ éë ØÐ
×²¶»½¬·±² ¾´±©»® ½±±´»®æî ØÐ

Ò»© ×Ü Ú¿²ñÓ±¬±®æ çëð ØÐ ©ñÊÚÜ

Ò»© Ð«³° ×²¶»½¬·±² Íµ·¼æ îð ØÐ

ÜÝÍ Î±±³ ´±½¿¬·±²

ëòìî ·²

Ú·¾»® ±°¬·½ ¬±¬¿´ ´»²¹¬¸ øòèë
õòëìõëòìî÷ ã êòèïþ

îòëþ ã ïðð º»»¬

îòé ö ïðð º»»¬ò ß¼¼ ïë º»»¬ º±®
»¿½¸ ´±½¿¬·±² ·² »´»ª¿¬·±²

Î±«²¼ ¬± íðð º»»¬ ¬±¬¿´ò
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

×Ü ÚßÒ ÍØ×ÐÐ×ÒÙ ÞßÝÕËÐ ÝÑÍÌÍ
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Jahn, Mario

From: Darren Miller <DMiller@clarage.com>

Sent: Friday, June 24, 2022 7:30 AM

To: Jahn, Mario

Subject: RE: QUOTE:  Upgrade Feasibility Study on Existing Clarage ID Fan - - Clarage Quote 24257DM22

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

Sorry for the delay. We will need at least 2 stepdecks for these pieces. They will cost around $56,000 per truck.
At least one escort will be required in the US and at least 2 escorts once they cross into Canada for the width.

This is just a budgetary estimate at this time.

Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
Web: clarage.com | Email: dmiller@clarage.com

All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.

From: Darren Miller
Sent: Thursday, June 16, 2022 3:32 PM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: RE: QUOTE: Upgrade Feasibility Study on Existing Clarage ID Fan Clarage Quote 24257DM22

Mario,

I have your request out for quote. I�ll quote once I have feedback.

Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
Web: clarage.com | Email: dmiller@clarage.com
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All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Tuesday, June 14, 2022 5:45 PM
To: Darren Miller <DMiller@clarage.com>
Subject: RE: QUOTE: Upgrade Feasibility Study on Existing Clarage ID Fan Clarage Quote 24257DM22

EXTERNAL EMAIL

Darren,

Any luck on shipping prices yet?

Thanks,
Mario

From: Darren Miller <DMiller@clarage.com>
Sent: Thursday, June 9, 2022 10:53 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: RE: QUOTE: Upgrade Feasibility Study on Existing Clarage ID Fan Clarage Quote 24257DM22

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

I was out a little and will get shipping pricing for you. Do you have an address or port you want shipping to?

Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
Web: clarage.com | Email: dmiller@clarage.com
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All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent:Wednesday, June 8, 2022 9:34 AM
To: Darren Miller <DMiller@clarage.com>
Subject: RE: QUOTE: Upgrade Feasibility Study on Existing Clarage ID Fan Clarage Quote 24257DM22

EXTERNAL EMAIL

Darren,

Thank you very much for putting this together. I�m assuming this does not include shipping to Fairbanks? Would you be
able to find a rough estimate number we can plug in for shipping?

Thanks,
Mario

From: Darren Miller <DMiller@clarage.com>
Sent: Tuesday, June 7, 2022 11:03 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: QUOTE: Upgrade Feasibility Study on Existing Clarage ID Fan Clarage Quote 24257DM22

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

Per our conversation, please see attached budgetary quote for you upgrade project. The drawing provided is for
proposal use only and not for construction.

If you have any questions or need additional information please let me know.

Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
Web: clarage.com | Email: dmiller@clarage.com

All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.
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From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Tuesday, June 7, 2022 10:30 AM
To: Darren Miller <DMiller@clarage.com>
Cc: Clarage Sales <sales@clarage.com>
Subject: RE: Existing Clarage ID Fan

EXTERNAL EMAIL

Darren,

This is just a feasibility study at the moment, and we don�t have a lot of hard numbers that I can share with you. We
definitely know that the fan would need to be able to handle another 30� W.C. Based on the drawing I sent you earlier I
don�t believe that the fan can do the dP given its current configuration. Are there options for a larger rotor that would
get us that dP?

As far as temperature is concerned, we do know that the flue gas temperature will be lower than the design for the
original fan. I would guess it would be closer to 170 degF. Same flows.

Would this be enough information to see if the existing fan can be retrofitted or would need to be replaced by a new
fan?

Thanks,
Mario

From: Darren Miller <DMiller@clarage.com>
Sent: Tuesday, June 7, 2022 7:58 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: Clarage Sales <sales@clarage.com>
Subject: RE: Existing Clarage ID Fan

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

I can�t answer that question until we know what the performance requirements will be. Depending on what is required,
we could determine what possible options we might have.

Do you know the new flow, pressure, operating temp etc�? I assume you are adding negative pressure resistance that
the fan needs to overcome. Need to determine as this impacts density.

You will also be limited by your existing 650 HP 1200 RPM motor potentially depending on your new requirements.

Anything you can provide will help.

Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
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Web: clarage.com | Email: dmiller@clarage.com

All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Tuesday, June 7, 2022 9:31 AM
To: Darren Miller <DMiller@clarage.com>
Cc: Clarage Sales <sales@clarage.com>
Subject: RE: Existing Clarage ID Fan

EXTERNAL EMAIL

Good Morning Darren,

I�ve attached the drawing that I have for the fan. The fan is installed at the University of Alaska Fairbanks (UAF). We are
in the process of evaluating additional backend emission controls for the power generation unit which means there
would be additional pressure drop that the fan would need to make up for new ducting and equipment. Can this fan
handle an increase in pressure drop with a impeller changeout?

Thanks,

Mario Jahnô Ó»½¸¿²·½¿´ Û²¹·²»»® 
STANLEYÝÑÒÍËÔÌßÒÌÍô èððð Í±«¬¸ Ý¸»­¬»® Í¬®»»¬ Í«·¬» ëððô Ý»²¬»²²·¿´ô ÝÑ èðïïî 
Ìæ íðíòêìçòéèçë ¤ Óæ íðíòéîëòïíêï ¤ ­¬¿²´»§½±²­«´¬¿²¬­ò½±³ 

From: Darren Miller <DMiller@clarage.com>
Sent: Tuesday, June 7, 2022 6:26 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: Clarage Sales <sales@clarage.com>
Subject: RE: Existing Clarage ID Fan

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

I have one reference for a fan in Fairbanks, AK. It is for an ID fan on our SO 711053 (713845). You can confirm this is the
correct SO by the information in the fan nameplate.

How can we assist?
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Regards,

Darren Miller
Senior Sales Application Engineer | Clarage
202 Commerce Way | Pulaski, TN 38478
Cell: 931.787.2921 | Main: 931.424.2500
Web: clarage.com | Email: dmiller@clarage.com

All quotes are valid for 30 days unless otherwise noted and Clarage�s offer is expressly limited to the express terms of this offer, which are located at
https://www.clarage.com/terms and conditions/ and any purported acceptance that modifies, omits, or alters the terms of this offer regardless of whether the
change is material or immaterial shall be not be a valid acceptance.

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent:Monday, June 6, 2022 4:45 PM
To: Clarage Sales <sales@clarage.com>
Subject: Existing Clarage ID Fan
Importance: High

EXTERNAL EMAIL

To whom it may concern,

I�m looking to get in touch with somebody with regards to an existing Clarage ID Fan installed in Fairbanks Alaska. Can
somebody please reach out to me as soon as they can?

Thank you in advance.

Regards,

Ó¿®·± Ö¿¸² 
Ó»½¸¿²·½¿´ Û²¹·²»»® 
Í¬¿²´»§ Ý±²­«´¬¿²¬­ô ×²½ò 
Ð¸±²»æ øíðí÷ êìçóéèçë 

CONFIDENTIALITY NOTICE: The contents of this email message and any attachments are intended solely for the
addressee(s) and may contain confidential and/or privileged information and may be legally protected from disclosure. If
you are not the intended recipient of this message or their agent, or if this message has been addressed to you in error,
please immediately alert the sender by reply email and then delete this message and any attachments. If you are not the
intended recipient, you are hereby notified that any use, dissemination, copying, or storage of this message or its
attachments is strictly prohibited. E mail cannot be guaranteed to be secure or error free as information could be
intercepted, corrupted, lost, destroyed, arrive late or incomplete, or contain viruses. Neither the sender nor Stanley
Consultants, Inc. accept liability for any errors or omissions in the contents of this message, which arise as a result of e
mail transmission.
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ÍÌÎËÝÌËÎßÔ ÞßÝÕËÐ ÝÑÍÌÍ 
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò

  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Í¬®«½¬«®¿´

 Ý±³°«¬»¼ ¾§ ÔòÙò Ö»²­»²    Ü¿¬» ïçóÖ«´óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ

Concrete
ÜÍ× Ë²´±¿¼·²¹ Þ«·´¼·²¹ Ú±«²¼¿¬·±² êé ÝÇ éððòððü ìêôçððü             
ÜÍ× Í·´± Ú±«²¼¿¬·±² îë ÝÇ éððòððü ïéôëððü             
×Ü Ú¿² Ú±«²¼¿¬·±² ïç ÝÇ éððòððü ïíôíððü             
Ð«³° Íµ·¼ Ú±«²¼¿¬·±² é ÝÇ éððòððü         ìôçððü  

êìôìððü             

Ô±½¿¬·±² Ú¿½¬±® ïìòíû çôîðçü  
×²º´¿¬·±² ó ëòìû íôçéëü  

Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû éôéëèü  
Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû ïîôèðïü             

Í«¾¬±¬¿´ çèôïììü             

TOTAL COST 98,144$             

PROBABLE CONSTRUCTION COST 98,000$             

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 
ïò Ó¿¬»®·¿´ ¯«¿²¬·¬·»­ ©»®» ½¿´½«´¿¬»¼ ¾¿­»¼ ±² ¿ °®»´·³·²¿®§ ´¿§±«¬ ±º »¯«·°³»²¬ò
îò Ó¿¬»®·¿´ ¿²¼ Ô¿¾±® ½±­¬­ ¿®» º®±³ îðîî ÎÍ Ó»¿²­
íò Ô±½¿¬·±² Ú¿½¬±® º±® Ú¿·®¾¿²µ­ ß´¿­µ¿ ©¿­ «­»¼ ·² ¿½½±®¼¿²½» ©·¬¸ îðîî ÎÍ Ó»¿² Ý·¬§ Ý±­¬ ×²¼»¨

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

ìò ×²º´¿¬·±² ©¿­ ½¿´½«´¿¬»¼ «­·²¹ ±²´·²» ÝÐ× ×²º´¿¬·±² Ý¿´½«´¿¬±® ¿­ °«¾´·­¸»¼ ¾§ ËòÍò Þ«®»¿« ±º Ô¿¾±® Í¬¿¬·­·¬·½­ò Ì¸» ·²º´¿¬·±² ¿½½±«²¬­ º±®
¬¸» ·²½®»¿­» ·² °®·½» ¾»¬©»»² îðîî ÎÍ Ó»¿²­ ½±­¬­ øÖ¿²«¿®§÷ ¿²¼ Ö«´§ ©¸»² ¬¸·­ »­¬·³¿¬» ©¿­ ¿­­»³¾´»¼ò
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò

  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Í¬®«½¬«®¿´

 Ý±³°«¬»¼ ¾§ ÔòÙò Ö»²­»²    Ü¿¬» ïçóÖ«´óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ
Steel

Í«°°´§ Ü«½¬ Í«°°±®¬­

Ó»¼·«³ øâîðó ìð´¾ñº¬÷ êòì ÌÑÒ êôðððòððü       íèôìððü             

Ô·¹¸¬ ø îð´¾ñº¬÷ îòì ÌÑÒ éôðððòððü       ïêôèððü             

ëëôîððü             

Ô±½¿¬·±² Ú¿½¬±® ïìòíû éôèçìü  
×²º´¿¬·±² ó ëòìû íôìðéü  

Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû êôêëðü  
Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû ïðôçéíü             

Í«¾¬±¬¿´ èìôïîíü             

TOTAL COST 84,123$             

PROBABLE CONSTRUCTION COST 84,000$             

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 

îò Ó¿¬»®·¿´ ¿²¼ Ô¿¾±® ½±­¬­ ¿®» º®±³ îðîî ÎÍ Ó»¿²­
íò Ô±½¿¬·±² Ú¿½¬±® º±® Ú¿·®¾¿²µ­ ß´¿­µ¿ ©¿­ «­»¼ ·² ¿½½±®¼¿²½» ©·¬¸ îðîî ÎÍ Ó»¿² Ý·¬§ Ý±­¬ ×²¼»¨

ìò ×²º´¿¬·±² ©¿­ ½¿´½«´¿¬»¼ «­·²¹ ±²´·²» ÝÐ× ×²º´¿¬·±² Ý¿´½«´¿¬±® ¿­ °«¾´·­¸»¼ ¾§ ËòÍò Þ«®»¿« ±º Ô¿¾±® Í¬¿¬·­·¬·½­ò Ì¸» ·²º´¿¬·±² ¿½½±«²¬­ ¬¸»
·²½®»¿­» ·² °®·½» ¾»¬©»»² îðîî ÎÍ Ó»¿²­ ½±­¬­ øÖ¿²«¿®§÷ ¿²¼ Ö«´§ ©¸»² ¬¸·­ »­¬·³¿¬» ©¿­ ¿­­»³¾´»¼ò

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

ïò Ó¿¬»®·¿´ ¯«¿²¬·¬·»­ ©»®» ½¿´½«´¿¬»¼ ¾¿­»¼ ±² °®»´·³·²¿®§ ´¿§±«¬ ±º »¯«·°³»²¬ò
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Ê·¾®± ½±³°¿½¬·±² ¬±¬¿´ ·² îðïë ¼±´´¿®­
ïôéíðôðððòððü

Ê·¾®± ½±³°¿½¬·±² ¬±¬¿´ ­¯«¿®» º±±¬¿¹»
éïôíððòðð         

Ì±¬¿´ Ê·¾®± Ý±³°¿½¬·±² ½±­¬­ñ ­¯«¿®» º±±¬ ·² îðïë ¼±´´¿®­
îìòîêíêéìêï

îðîï ÝÛÐÝ× ×²¼»¨
éðè

îðïë Þ¿­» Ý¿­» ÝÛÐÝ× ×²¼»¨
ëëêòè

ÝÛÐÝ× Ú¿½¬±® º®±³ îðïë ¬± îðîï
ïòîéïëëïéîì

Ë°¼¿¬»¼ îðîï Ê·¾®± Ý±³°¿½¬·±² üñ­¯º¬
íðòèëü              

Ò»© ÜÍ× ­¯«¿®» º±±¬¿¹»
ïôðððòðð           

Ò»© Ê·¾®± Ð®·½» º±® ÜÍ×
íðôèëîòëîü       

PROBABLE CONSTRUCTION COSTS

31,000$            

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 

ïò Ê·¾®± Ý±³°¿½¬·±² ½±­¬­ º®±³ îðïë ©»®» ±¾¬¿·²»¼ º®±³ ¬¸» ±®·¹·²¿´ ËßÚ ½±­¬ »­¬·³¿¬» ¿²¼
¾®±µ»² ¼±©² ·²¬± ¿ °®·½»ñ­¯«¿®» º±±¬ò

îò îðïë ª·¾®± ½±³°¿½¬·±² °®·½»ñ­¯«¿®» º±±¬ ©¿­ »­½¿´¿¬»¼ «­·²¹ ¬¸» ÝÛÐÝ× ½±­¬ ·²¼»¨ ®¿¬·±
²«³¾»® ¾»¬©»»² îðïë ¿²¼ îðîï §»¿® »²¼ò

íò Ì¸» îðïë ²«³¾»® ©¿­ ³«´·¬°´·»¼ ¾§ ¬¸» ÝÛÐÝ× ·²¼»¨ ®¿¬·± ¬± ±¾¬¿·² îðîï ª·¾®± ½±³°¿½¬·±²
½±­¬­ñ ­¯«¿®» º±±¬ò

ìò ß ¼®¿©·²¹ ±º ¬¸» ­·¬» ©¿­ ³¿®µ»¼ «° ¬± ±¾¬¿·² ¬¸» ­¯«¿®» º±±¬¿¹» ±º ¬¸» ÜÍ× ­§­¬»³ ¬¸¿¬
®»¯«·®»­ ª·¾®± ½±³°¿½¬·±²ò Ì¸» ¿®»¿ ·²½´«¼»­ ¬¸» ÜÍ× «²´±¿¼·²¹ ¾´±©»®­ ¿²¼ ­·´± ­¬±®¿¹» ¿®»¿ò

ëò Ì¸» ²»© ÜÍ× ­¯«¿®» º±±¬¿¹» ©¿­ ³«´¬·°´·»¼ ¾§ ¬¸» ÝÛÐÝ× ·²¼»¨ ®¿¬·± ¬± ±¾¬¿·² ¿ ª·¾®±
½±³°¿½¬·±² ½±­¬ º±® ¬¸» ÜÍ× ­§­¬»³ò
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êù ¨ êþ ¼«½¬ò Ì·»ó·²ù­ ¿®» ·²­·¼» ¾«·´¼·²¹ò Ü«½¬
»¨¬»²¼­ ¬± ¬±° ±º ®±±ºò Ò»»¼ ®±«¹¸´§ ïîð º»»¬
±º ²»© ¼«½¬ º±® ®»­·¼»²½» ¬·³» º±® ®»³±ª¿´
»ºº·½·»²½§ ±º èëûò

¢ìð º»»¬ ±º ¼«½¬ «° ¬± º´±±®ò ß­­«³» ìð º»»¬ ±º
¼«½¬ ±² ¬±° ±º ®±±ºò Ì¸»² ¿²±¬¸»® ìð º»»¬ ¾¿½µ
¬± ¬·»ó·² ´±½¿¬·±²ò
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1 View Name
1/8" = 1'-0"AA101

0

1

NAME

NUMBER

SHEET LOCATION

SCALE

TRUE NORTH

GRID LINE

PLAN NORTH

REVISION

SEE DISCIPLINES FOR SPECIFIC SYMBOLS

PROJECT
LOCATION

UNIVERSITY PARK
BUILDING

WEST VALLEY
HIGH SCHOOL

PACIFIC OCEAN

ARCTIC OCEAN

BERING SEA

KODIAK

SEWARD

SITKA

JUNEAU

HAINES

WHITEHORSE YT

DAWSON YT

HAINES JCT

HOMER

ANCHORAGE

EAGLE

CORDOVA

VALDEZ

GLENNALLEN

TOK

NORTH
POLE

FAIRBANKS

NENANA

TANANA
CIRCLE

NOME

KOTZEBUE

BARROW

PRUDHOE BAY

PROJECT
LOCATION

UNIVERSITY OF ALASKA FAIRBANKS COMBINED
HEAT AND POWER PLANT - WORK PACKAGE 1

FAIRBANKS, ALASKA; PROJECT NO.: 2012031 CPHR

IMC 2009 INTERNATIONAL MECHANICAL CODE
NEC 2011 NATIONAL ELECTRICAL CODE

AUTHORITY HAVING JURISDICTION (AHJ) :
UAF FIRE MARSHAL

OWNER REPRESENTATIVE
UNIVERSITY OF ALASKA FAIRBANKS
MIKE RUCKHAUS
907-474-5797
MORUCKHAUS@ALASKA.EDU

LEAD DESIGNER
STANLEY CONSULTANTS, INC.
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NECESSARY WITHIN 50

FEET OF UTILIDOOR TO

AVOID SETTLEMENT

MONITOR UTILIDOR H FOR

SETTLEMENT DURING
VIBROCOMPACTION WITHIN 100'
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POINT TABLE

POINT #
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1

CG400

EXCAVATION STAKING PLAN

SCALE: 1" = 40'

NOTE:
BOTTOM OF EXCAVATION VARIES AS DEPTH OF
UNSUITABLE SOILS TO BE REMOVED CHANGES
ACROSS SITE. SEE GEOTECHNICAL REPORT.

INFORMATION FOR BID PREPARERS
1. ASSUME  VIBROCOMPACTION WILL BE PREFORMED FROM A

UNIFORM WORKING PLATFORM AT AN ELEVATION 5' ABOVE
WATER TABLE TO THE SCHIST LAYER AS DESCRIBED IN THE
BORE LOGS PROVIDED IN THE GEO-TECHNICAL REPORT.
ACTUAL WORKING PLATFORM ELEVATION DEPENDS ON
GROUND WATER LEVEL AT THE TIME OF EXCAVATION.

2. ASSUME A 10' CENTER-TO-CENTER VIBROCOMPACTION HOLE
SPACING ACROSS ENTIRE BASE OF EXCAVATION.

3. REPORT ACTUAL DEPTH PER HOLE FOR BID RECONCILIATION
AT END OF JOB.

4. ASSUME COMPACTION GROUTING WILL BE REQUIRED WITHIN
50 OF UTILIDOR H

Nils J. Degerlund

No. CE8064
29-May-2015
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1

1

DESIGN WATER TABLE

EXISTING GRADE, TYP

ROLLER-COMPACTED

STRUCTURAL FILL TO BOTTOM

OF FOUNDATION ELEVATION

WATER TREATMENT BUILDING

FF = 440.54

VIBRO-COMPACTED STRUCTURAL FILL AT LEAST 5' ABOVE WATER TABLE5' MIN ABOVE WATER TABLE, TYP

1

1

1

1
1

1

1

1

1

1
ROLLER-COMPACTED STRUCTURAL FILL
TO BOTTOM OF FOUNDATION ELEVATION

COMMON FILL
COMMON FILL

EXCAVATE AS REQUIRED TO

REMOVE UNSUITABLE SOILS

FOUNDATION AREAS TO BE RE-EXCAVATED AS NEEDED FOR FOUNDATION
CONSTRUCTION AFTER VIBROCOMPACTION WORK HAS BEEN COMPLETED

FILL WITH STRUCTURAL FILL

TO UNIFORM WORKING

SURFACE AT LEAST 5' ABOVE
WATER TABLE FOR

VIBROCOMPACTION WORK

BOTTOM OF EXCAVATION VARIES AS

DEPTH OF UNSUITABLE SOILS TO BE
REMOVED CHANGES ACROSS SITE

VIBROCOMPACT (STONE COLUMN DENSIFICATION)

TO BEDROCK

2

CG501

EAST-WEST SITE PLAN

SCALE: 1" = 30'

1

CG501

EAST-WEST SITE PROFILE

SCALE: 1" = 20' HORIZONTAL, 1" = 10' VERTICAL

Nils J. Degerlund

No. CE8064
29-May-2015

GENERAL NOTE
1. DEPTH AND LIMITS OF COMPACTED STRUCTURAL FILL

UNDER FOUNDATION AREAS ARE SHOWN AS
APPROXIMATE.  ACTUAL DEPTHS AND LIMITS TO BE
DETERMINED BY FOUNDATION DESIGN AT A LATER DATE.
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DESIGN WATER TABLE

EXISTING GRADE, TYP
ALASKA RAILROAD

ALUMNI DRIVE

UTILIDOR 'H'

APPROXIMATE

FF = 427.25
FIELD VERIFY

1

1

1

1

1

1

1

1
1

1

5' MIN ABOVE WATER TABLE, TYP

VIBRO-COMPACTED STRUCTURAL FILL

AT LEAST 5' ABOVE WATER TABLE

10' FOUNDATION WALL SETBACK, TYP
COMMON FILL1

1

1

1

COMMON FILL

EXCAVATE AS REQUIRED TO REMOVE UNSUITABLE

SOILS FROM VIBROCOMPACTION AREA

FOUNDATION AREAS TO BE RE-EXCAVATED AS NEEDED FOR FOUNDATION
CONSTRUCTION AFTER VIBROCOMPACTION WORK HAS BEEN COMPLETED

FILL TO UNIFORM WORKING
SURFACE AT LEAST 5' ABOVE

WATER TABLE FOR

VIBROCOMPACTION WORK

BOTTOM OF EXCAVATION VARIES AS DEPTH OF
UNSUITABLE SOILS TO BE REMOVED CHANGES

ACROSS SITE. SEE GEOTECHNICAL REPORT.
VIBROCOMPACT TO BEDROCK

1

1

2

CG502

NORTH-SOUTH SITE PLAN

SCALE: 1" = 30'

1

CG502

NORTH-SOUTH SITE PROFILE

SCALE: 1" = 20' HORIZONTAL, 1" = 10' VERTICAL

Nils J. Degerlund

No. CE8064
29-May-2015

GENERAL NOTE
1. DEPTH AND LIMITS OF COMPACTED STRUCTURAL FILL

UNDER FOUNDATION AREAS ARE SHOWN AS
APPROXIMATE.  ACTUAL DEPTHS AND LIMITS TO BE
DETERMINED BY FOUNDATION DESIGN AT A LATER DATE.
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BUILDING  FFE = 440.54

EXISTING GROUND

BOTTOM OF EXCAVATION FOR VIBRO-COMPACTION

VARIES.  SEE NOTES ON CG501 AND CG502
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(E) UTILITY PIPES
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2
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SECTION A-A

1" = 40'

1

CG505

SITE PLAN

1" = 40'
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò
  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Û´»½¬®·½¿´

 Ý±³°«¬»¼ ¾§ Üò ßµ­»´®±¼    Ü¿¬» ïíóÍ»°óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ

Labor for Equipment Installation
ÓÊ ÊÚÜ ó çëð ¸°å ïîìéð ·²°«¬ñìïêð ±«¬°«¬ îðð ¸®­ ïïðòíîü          îîôðêëü             
ÓÊ ½¿¾´» îñðå ïëµÊå ÝËå ÓÊóïðë èð ¸®­ ïïðòíîü          èôèîêü  
ÓÊ ÊÚÜ ½¿¾´» îñðå ëµÊå ÝËå ÓÊóïðë êð ¸®­ ïïðòíîü          êôêïçü  
ìèð ÓÝÝô ÓÔÑô ì ª»®¬·½¿´ ­»½¬·±²­ îðð ¸®­ ïïðòíîü          îîôðêëü             
ÔÊ ½¿¾´» ëðð ÓÝÓå êððÊå ÝË ïðð ¸®­ ïïðòíîü          ïïôðíîü             
ÔÊ ½¿¾´» ìñð ßÉÙå êððÊå ÝË ïðð ¸®­ ïïðòíîü          ïïôðíîü             
Ó·­½ °±©»® ½¿¾´» ìëð ¸®­ ïïðòíîü          ìçôêìëü             
Þ¿®» ½±°°»® ¹®±«²¼ ½¿¾´» îñð ìð ¸®­ ïïðòíîü          ìôìïíü  
Ó·­½ò Ý±²²¼«·¬ íðð ¸®­ ïïðòíîü          ííôðçéü             
Ó·­½ò Ý¿¾´» ¬®¿§ îðð ¸®­ ïïðòíîü          îîôðêëü             
Ó·­½ò Ø¿®¼©¿®» ø¬®¿§ ¸¿²¹»®­ô º·¬¬·²¹­ô »¬½ò÷ ×²½´«¼»¼ ¿¾±ª» ¸®­ ïïðòíîü          óü  

ïçðôèëçü           

Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû ïçôðèêü             
Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû íïôìçîü             

Í«¾¬±¬¿´ îìïôìíéü           

TOTAL COST 241,437$           

PROBABLE CONSTRUCTION COST 241,000$           

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 
ïò Ø±«®­ º±® ´¿¾±® ©»®» »­¬·³¿¬»¼ ¾¿­»¼ ±² »¯«·°³»²¬ ¾»·²¹ ·²­¬¿´´»¼ ¿²¼ ¸·­¬±®·½¿´ ¼¿¬¿ò
îò Ô¿¾±® ½±­¬­ ©»®» »­½¿´¿¬»¼ º®±³ îðïé ËßÚ ½±­¬ »­¬·³¿¬» ¾§ îëû ¾¿­»¼ ±² ÝÛÐÝ× ®¿¬·± º±® îðîï ¿²¼ îðïé øéðèñëêéòë÷

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

H-
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò
  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Û´»½¬®·½¿´

 Ý±³°«¬»¼ ¾§ Üò ßµ­»´®±¼    Ü¿¬» ïîóÍ»°óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ

Equipment Costs
ÓÊ ÊÚÜ ó çëð ¸°å ïîìéð ·²°«¬ñìïêð ±«¬°«¬ ï »¿ îéëôðððòððü îéëôðððü           
ìèð ÓÝÝô ÓÔÑô ì ª»®¬·½¿´ ­»½¬·±²­ ï »¿ ìðôðððòððü     ìðôðððü             
ÓÊ ½¿¾´» îñðå ïëµÊå ÝËå ÓÊóïðë ïéë º»»¬ ëðòððü            èôéëðü  
ÓÊ ÊÚÜ ½¿¾´» îñðå ëµÊå ÝËå ÓÊóïðë ïîë º»»¬ ëëòððü            êôèéëü  
ÔÊ ½¿¾´» ëðð ÓÝÓå êððÊå ÝË êðð º»»¬ îçòððü            ïéôìððü             
ÔÊ ½¿¾´» ìñð ßÉÙå êððÊå ÝË ïîë º»»¬ îìòððü            íôðððü  
Ó·­½ °±©»® ½¿¾´» ìðð º»»¬ ïîòððü            ìôèððü  
Þ¿®» ½±°°»® ¹®±«²¼ ½¿¾´» îñð ïðð º»»¬ êòððü              êððü  
Ó·­½ò Ý±²²¼«·¬ ìðð º»»¬ îëòððü            ïðôðððü             
Ó·­½ò Ý¿¾´» ¬®¿§ ìðð º»»¬ îëòððü            ïðôðððü             
Ó·­½ò Ø¿®¼©¿®» ø¬®¿§ ¸¿²¹»®­ô º·¬¬·²¹­ô »¬½ò÷ ï ´±¬ ïëôðððòððü     ïëôðððü             
Ø»¿¬ Ì®¿½·²¹ ï ´±¬ îéôìððòððü     îéôìððü             

ìïèôèîëü           

Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû ìïôèèíü             
Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû êçôïðêü             

Í«¾¬±¬¿´ ëîçôèïìü           

TOTAL COST 529,814$           

PROBABLE CONSTRUCTION COST 530,000$           

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 
ïò ÊÚÜ ½±­¬­ ©»®» »­¬·³¿¬»¼ ¾¿­»¼ ±² ·²¬»®²»¬ ®»­»¿®½¸ ¿²¼ ´·²»¿® ·²¬»®°±´¿¬·±² ±º ¸·­¬±®·½¿´ °®±¶»½¬ ¼¿¬¿
îò Ï«¿²¬·¬·»­ ©»®» »­¬·³¿¬»¼ ¾¿­»¼ °®»´·³·²¿®§ ÜÍ× ´¿§±«¬ò
íò Û¯«·°³»²¬ ¿²¼ Ó¿¬»®·¿´ ½±­¬­ ©»®» »­½¿´¿¬»¼ º®±³ îðïé ËßÚ ½±­¬ »­¬·³¿¬» ¾§ îëû ¾¿­»¼ ±² ÝÛÐÝ× ®¿¬·± º±® îðîï ¿²¼ îðïé øéðèñëêéòë÷

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

H-
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Item Load (HP) Load (kW)

Capacity

factor Load (kW)

Unloading blower 125 93.2125 0.01 0.932125

Unloading blower cooler 1 0.7457 0.01 0.007457

Bin vent exhaust fan (silo) 7.5 5.59275 1 5.59275

Bin discharger 3 2.2371 1 2.2371

Airlock 1 0.7457 1 0.7457

Feeder 1 0.7457 1 0.7457

Injection blower 75 55.9275 1 55.9275

Injection blower cooler 2 1.4914 1 1.4914

Water injection pump* 20 14.914 1 14.914

Total: 82.59

*Did not exist in the example project.

Also ID Fan 950 HP

H
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

Ð×Ð×ÒÙ ÞßÝÕËÐ ÝÑÍÌÍ 
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  Ö±¾ Ò±ò íðìíïòðïòðð   Ð¿¹» Ò±ò
  Í«¾¶»½¬ ËßÚ ó ÞßÝÌ ß²¿´§­·­ Ó»½¸¿²·½¿´

 Ý±³°«¬»¼ ¾§ Óò Ö¿¸²    Ü¿¬» ïìóÍ»°óîî
 Ý¸»½µ»¼ ¾§    Ü¿¬»
 ß°°®±ª»¼ ¾§    Ü¿¬»   Í¸»»¬ Ò±ò ï ±º ï

Ò±ò ±º Ë²·¬ ËÑÓ

Mechanical Piping
Î»¿¹»²¬ Ø¿²¼´·²¹ Ð·°»ô êþô ÍÝØèð ÝÍ íïë º»»¬ ëéðòééü          ïéçôéçíü           
ß·® Ð·°» Í«°°±®¬­ ïë »¿ îôîìðòêëü       ííôêïðü             
É¿¬»® Ð·°»ô ïþô ÝÍ ïêð º»»¬ ïîéòèèü          îðôìêðü             
É¿¬»® Ð·°» Í«°°±®¬­ îë »¿ îôîìðòêëü       ëêôðïêü             

îèçôèéçü           

Ý±²¬®¿½¬±® Ñª»®¸»¿¼ ó ïðû îèôçèèü             
Ý±²¬®¿½¬±® Ð®±º·¬ ó ïëû ìéôèíðü             

Í«¾¬±¬¿´ íêêôêçéü           

TOTAL COST 366,697$           

PROBABLE CONSTRUCTION COST 367,000$           

Ý±­¬ Û­¬·³¿¬» Þ¿­·­æ 
ïò Ó¿¬»®·¿´ ¯«¿²¬·¬·»­ ©»®» ½¿´½«´¿¬»¼ ¾¿­»¼ ±² °®»´·³·²¿®§ ¹»²»®¿´ ¿®®¿²¹»³»²¬ ±º ÜÍ× ­§­¬»³ ¿²¼ ´±½¿¬·±² ¿¬ ËßÚ ­·¬»ò
îò Ý±­¬­ ©»®» ±¾¬¿·²»¼ º®±³ ±®·¹·²¿´ ËßÚ ½±­¬ »­¬·³¿¬» ¿²¼ »­½¿´¿¬»¼ º®±³ îðïé ½±­¬­ ©·¬¸ ÝÛÐÝ× ®¿¬·± ¬± îðîï ½±­¬­ò

×¬»³ Ü»­½®·°¬·±²
Ï«¿²¬·¬§

Ë²·¬ Ý±­¬ Ì±¬¿´ Ý±­¬

H-
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òìèõòéèõïòðê ã çð º»»¬ò ß¼¼ îð ª»®¬·½¿´ º»»¬
º±® ¼«½¬ ¬·»ó·² ´±½¿¬·±²ò ïïð º»»¬ ¬±¬¿´ò

Ì±¬¿´ ´·²»¿® º»»¬ ±º êþô ÍÝØ èð °·°»æ ìëõïêð
õïïð ã ¢íïë º»»¬ ¬±¬¿´ò

Ò«³¾»® ±º ­«°°±®¬­ º±® êþ ·­ »ª»®§ îïùò Ì±¬¿´
­«°°±®¬­ ·­æ ïë ¬±¬¿´

ïòîé ·²

ï ¨ êþ º±®©¿®¼·²¹ ´·²» º®±³
­¬±®¿¹» ­·´± ¬± ·²¶»½¬·±²
°±·²¬ ·²­·¼» ¾¿¹¸±«­»
¾«·´¼·²¹ò

É¿¬»®ô ïþô Ý¿®¾±² Í¬»»´

É¿¬»® °·°» ´»²¹¬¸­æ

òçîõîòíêã¢ïíð º»»¬ô ¿¼¼ íð º»»¬ º±® ª»®¬·½¿´
­»½¬·±²­ò

Ì±¬¿´ ©¿¬»® °·°» ´»²¹¬¸æ ïêð º»»¬ò

É¿¬»® °·°» ­«°°±®¬­æ Í«°°±®¬­ »ª»®§ é º»»¬
º±® ïþ ©¿¬»® ­»®ª·½»ò

Ì±¬¿´ ­«°°±®¬­ ·­ ¢îëîòíê ·²
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NSE Estimate No.: N1412075

Date: 01/22/2015

Customer: Stanley Consultants

Location: University of Alaska Fairbanks

Fairbanks, AK

ÝÛÐÝ× ×²¼»¨ îðîî éðèòð

ÝÛÐÝ× ×²¼»¨ îðïé ëêéòë

Í½¿´» Ú¿½¬±® ïòîìéëééðçí

ESTIMATE SUMMARY: Electrical Power Generation

Revision: ____03/06/2017_

ÜÛÍÝÎ×ÐÌ×ÑÒ    ÏËßÒÌ×ÌÇ ÛÏË×ÐÓÛÒÌ ÓßÌÛÎ×ßÔ Í½¿´»¼ Ë²·¬ ½±­¬­

ËÒ×Ì ÛÏË×Ð ÐÎ×ÝÛ ÓßÌÛÎ×ßÔ ØÎÍñ ÓËÔÌ ÌÑÌßÔ ÔßÞÑÎ ÔßÞÑÎ       ËÒ×Ì ÌÑÌßÔ

ÐÎ×ÝÛ ÝÑÍÌ  ÐÛÎ ËÒ×Ì ÝÑÍÌ ËÒ×Ì ÚßÝÌ ØÎÍò ÎßÌÛ ÝÑÍÌ ÝÑÍÌ ÝÑÍÌ

ìïòîîòïíòïí Þ®·¼¹» Ý®¿²»­ ïòð             Ûß óü    óü    ïêðôðððòððü ïêðôðððòððü ïòðð ó üèèòðð óü  ïêðôðððòððü ïêðôðððü

ìïòîîòïíòïí Þ®·¼¹» Ý®¿²»­ ïòð             Ûß óü    óü    óü ëððòð ïòðð        ëðð üèèòðð ììôðððü ììôðððòððü ììôðððü

Ó·­½ò Ø±·­¬ ú Ó±²±®¿·́ ­ èòð             Ûß óü ïëôðððòððü ïîðôðððòððü ìðòð ïòðð        íîð èèòððü îèôïêðü ïèôëîðòððü ïìèôïêðü

îîòïëòïç Í¬¿¬·±²ñ ×²­¬®«³»²¬ ¿·® ®»½»·ª»®­ ø«­·²¹ ÞúÉ­÷ ó Ûß óü    óü    îðôðððòððü        óü ìðòð ïòðð        ó èèòððü      óü  ýÜ×Êñðÿ óü îìôçëïòëìü           

ïîëÐÍ×ô  êîç ÝÚÓ ß·® Ý±³°®»­­±® îòð             ÔÍ óü    óü    ïíðôðððòððü îêðôðððòððü ïòðð ó èèòððü      óü  ïíðôðððòððü îêðôðððü

ïîëÐÍ×ô  êîç ÝÚÓ ß·® Ý±³°®»­­±® îòð             ÔÍ óü    óü    óü îðòð ïòðð        ìð èèòððü íôëîðü  ïôéêðòððü          íôëîðü

ïëðÐÍ×ô íðð ÝÚÓ ß·® Ý±³°®»­­±® ïòð             ÔÍ óü    óü    îëôðððòððü îëôðððòððü        ïòðð        ó èèòððü      óü  îëôðððòððü îëôðððü

ïëðÐÍ×ô íðð ÝÚÓ ß·® Ý±³°®»­­±® ïòð             ÔÍ óü    óü    óü îðòð ïòðð        îð èèòððü ïôéêðü  ïôéêðòððü          ïôéêðü

Í·́ »²½»® ·² Ì®¿²­·¬·±² Ü«½¬ øÐ®±ª·¼»¼ ¾§ ÞúÉ÷ ï Ûß óü    óü    óü óü íîð ïòðð        íîð èèòððü îèôïêðü             îèôïêðü             îèôïêðü

Ú«»´ Ù¿­ Ì·» ú ÐÎÊñÓ»¬»®·²¹ Í¬¿ ï Ûß óü    óü    ìðôðððü             ìðôðððü             ïîð ïòðð        ïîð èèòððü ïðôëêðü             ëðôëêðü             ëðôëêðü

îíòïîòïí Ú«»´ Ñ·  ́Ú±®©¿®¼·²¹ Íµ·¼ øÉ·¬¸ Ó·­½ Ð«³°­÷ ï Ûß óü    óü    îðôðððü             îðôðððü             ïòðð        ó èèòððü      óü îðôðððü             îðôðððü

îíòïîòïí Ú«»´ Ñ·  ́Ú±®©¿®¼·²¹ Íµ·¼ øÉ·¬¸ Ó·­½ Ð«³°­÷ ï Ûß óü    óü    óü êð ïòðð        êð èèòððü ëôîèðü  ëôîèðü  ëôîèðü

îíòîîòïê Ú»»¼©¿¬»® Ø»¿¬»®ïóÜß ï Ûß óü    óü    ïçðôðððü ïçðôðððü           ïòðð        ó èèòððü      óü ïçðôðððü ïçðôðððü

îíòîîòïê Ú»»¼©¿¬»® Ø»¿¬»®ïóÜß ï Ûß óü    óü    óü íîð ïòðð        íîð èèòððü îèôïêðü             îèôïêðü             îèôïêðü

îíòîîòïê Ú»»¼©¿¬»® Ø»¿¬»®î ï Ûß óü    óü    ïìðôðððü ïìðôðððü           ïòðð        ó èèòððü      óü ïìðôðððü ïìðôðððü

îíòîîòïê Ú»»¼©¿¬»® Ø»¿¬»®î ï Ûß óü    óü    óü íîð ïòðð        íîð èèòððü îèôïêðü             îèôïêðü             îèôïêðü

îíòîîòïê Ý±²¼»²­¿¬» Î»½»·ª»® ï Ûß óü    óü    èîôðððü             èîôðððü             ïòðð        ó èèòððü      óü èîôðððü             èîôðððü

îíòîîòïê Ý±²¼»²­¿¬» Î»½»·ª»® ï Ûß óü    óü    óü ìð ïòðð        ìð èèòððü íôëîðü  íôëîðü  íôëîðü

îíòîîòïê Ý±²¼»²­¿¬» Ð±´·­¸»®­ ï Ûß óü    óü    îððôðððü îððôðððü           ïòðð        ó èèòððü      óü îððôðððü îððôðððü

îíòîîòïê Ý±²¼»²­¿¬» Ð±´·­¸»®­ ï Ûß óü    óü    óü êð ïòðð        êð èèòððü ëôîèðü  ëôîèðü  ëôîèðü

îíòîîòîí Ø±¬©»´́  Ú±®©¿®¼·²¹ Ð«³°­ øÊ»®¬·½¿´÷ î Ûß óü    óü    êéôðððü ïíìôðððü           ïòðð        ó èèòððü      óü êéôðððü ïíìôðððü

îíòîîòîí Ø±¬©»´́  Ú±®©¿®¼·²¹ Ð«³°­ øÊ»®¬·½¿´÷ î Ûß óü    óü    óü ìð ïòðð        èð èèòððü éôðìðü  íôëîðü  éôðìðü

îíòîîòîí Ý±²¼»²­¿¬» Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    ëëôðððü ïïðôðððü           ïòðð        ó èèòððü      óü ëëôðððü ïïðôðððü

îíòîîòîí Ý±²¼»²­¿¬» Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    óü ìð ïòðð        èð èèòððü éôðìðü  íôëîðü  éôðìðü

îíòîîòîí ß«  ̈Ý±± ·́²¹ É¿¬»® Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    ïðôðððü             îðôðððü             ïòðð        ó èèòððü      óü ïðôðððü             îðôðððü

îíòîîòîí ß«  ̈Ý±± ·́²¹ É¿¬»® Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    óü êð ïòðð        ïîð èèòððü ïðôëêðü             ëôîèðü  ïðôëêðü

îíòîîòîí Í¬»¿³ Ü»­«°»®¸»¿¬·²¹ Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    ëðôðððü ïððôðððü           ïòðð        ó èèòððü      óü ëðôðððü ïððôðððü

îíòîîòîí Í¬»¿³ Ü»­«°»®¸»¿¬·²¹ Ð«³°­ øÉ·¬¸ Ó·­½ Ð«³°­÷ î Ûß óü    óü    óü êð ïòðð        ïîð èèòððü ïðôëêðü             ëôîèðü  ïðôëêðü

îíòîîòîí Ó·­½ Ð«³°­ ïî Ûß óü    óü    ïðôðððü ïîðôðððü           ïòðð        ó èèòððü      óü ïðôðððü ïîðôðððü

îíòîîòîí Ó·­½ Ð«³°­ ïî Ûß óü    óü    óü íð ïòðð        íêð èèòððü íïôêèðü             îôêìðü  íïôêèðü

îíòëíòïí Þ±·́ »® Ú»»¼ Ð«³°­ î Ûß óü    óü    ïçîôðððü íèìôðððü           ïòðð        ó èèòððü      óü ïçîôðððü íèìôðððü

îíòëíòïí Þ±·́ »® Ú»»¼ Ð«³°­ î Ûß óü    óü    óü ïðð ïòðð        îðð èèòððü ïéôêððü             èôèððü  ïéôêððü

îíòëéòïê ß«  ̈Ý±± ·́²¹ É¿¬»® Ø»¿¬ Û¨½¸¿²¹»® ï Ûß óü    óü    ïçëôðððü ïçëôðððü           ïòðð        ó èèòððü      óü ïçëôðððü ïçëôðððü

îíòëéòïê ß«  ̈Ý±± ·́²¹ É¿¬»® Ø»¿¬ Û¨½¸¿²¹»® ï Ûß óü    óü    óü ïðð ïòðð        ïðð èèòððü èôèððü  èôèððü  èôèððü

îíòëéòïê É»´́  É¿¬»® Ø»¿¬ Î»½±ª»®§ Ø»¿¬ Û¨ ï Ûß óü    óü    îëôðððü             îëôðððü             ïðð ïòðð        ïðð èèòððü èôèððü  ííôèððü             ííôèððü

îíòëéòïê ß·® ½±³° Ø»¿¬ Û¨½¸¿²¹»® ¿²¼ Ú·² º¿² ï ÔÍ óü    óü    çðôðððü             çðôðððü             ïòðð        ó èèòððü      óü çðôðððü             çðôðððü

îíòëéòïê ß·® ½±³° Ø»¿¬ Û¨½¸¿²¹»® ¿²¼ Ú·² º¿² ï ÔÍ óü    óü    óü îðð ïòðð        îðð èèòððü ïéôêððü             ïéôêððü             ïéôêððü

Í¿³°´» Ð¿²»´­ ï Ûß óü    óü    ïððôðððü ïððôðððü           ïòðð        ó èèòððü      óü ïððôðððü ïððôðððü

Í¿³°´» Ð¿²»´­ ï Ûß óü    óü    óü ìðð ïòðð        ìðð èèòððü íëôîððü             íëôîððü             íëôîððü

Ý¸»³·½¿´ Ú»»¼ ï Ûß óü    óü    ççôðððü             ççôðððü             ïòðð        ó èèòððü      óü ççôðððü             ççôðððü

Ý¸»³·½¿´ Ú»»¼ ï Ûß óü    óü    óü îðð ïòðð        îðð èèòððü ïéôêððü             ïéôêððü             ïéôêððü

Ñ·́ ñÉ¿¬»® Í»°¿®¿¬±® ï Ûß óü    óü    íîôðððü             íîôðððü             ïòðð        ó èèòððü      óü íîôðððü             íîôðððü

Ñ·́ ñÉ¿¬»® Í»°¿®¿¬±® ï Ûß óü    óü    óü èð ïòðð        èð èèòððü éôðìðü  éôðìðü  éôðìðü

Í¬»¿³ Ü®·ª»² Ú»»¼©¿¬»® Ð«³° ï ÔÍ óü    óü    îïëôðððü îïëôðððü           ïòðð        ó èèòððü      óü îïëôðððü îïëôðððü

Í¬»¿³ Ü®·ª»² Ú»»¼©¿¬»® Ð«³° ï ÔÍ óü    óü    óü ïðð ïòðð        ïðð èèòððü èôèððü  èôèððü  èôèððü

Ó¿¬»®·¿´ Ø¿²¼´·²¹ Û¯«·° Ó²óØ®­ óü ìôðîìôðððü ìôðîìôðððü        ïòðð          ó èèòððü      óü  ýÜ×Êñðÿ ìôðîìôðððü

Ó¿¬»®·¿´ Ø¿²¼´·²¹ Û¯«·° ø©¿­ íèÕ ³¿² ¸±«®­÷ ú áá Ì±²­ ±º Í¬»»´ îíôëðð Ó²óØ®­ óü óü ïòð ïòðð îíôëðð èèòððü îôðêèôðððü        èèü îôðêèôðððü

ß­¸ Ô·³»­¬±²» Ø¿²¼ ·́²¹ Ó²óØ®­ îôéëïôðððü îôéëïôðððü        ïòðð ó èèòððü      óü  ýÜ×Êñðÿ îôéëïôðððü

ß­¸ Ô·³»­¬±²» Ø¿²¼ ·́²¹ ø©¿­ íëÕ ³¿²ó¸±«®­÷ ú éðóçð Ì±²­ ±º Í¬»»´ îèôððð Ó²óØ®­ óü ïòð ïòðð îèôððð èèòððü îôìêìôðððü        èèü îôìêìôðððü

ìèòïïòïí Þ±·́ »® Û®»½¬·±² ïðëôêðð Ó²óØ®­ óü     óü     óü óü ï ïòðð          ïðëôêðð çíòëðü çôèéíôêððü          çíòëðü çôèéíôêððü

ìèòïïòïí Í»¿´ É»´¼ Ì«¾»­ ó »¿ óü     óü     óü óü ïòí ïòðð          ó èèòððü        óü  ýÜ×Êñðÿ óü

ìèòïïòïí ÐÖÚÚô Ü«½¬ô ×Ü Ú¿²ô ß­¸ Í·́ ±­ íðôððð Ó²óØ®­ óü     óü     óü óü ï ïòðð          íðôððð çíòëðü îôèðëôðððü          çíòëðü îôèðëôðððü

Î»º®¿½¬ ­«°°´§ ú ·²­¬¿´́ ï ´­ óü     óü ïôðððôðððü ïôðððôðððü          ó ïòðð ó éçòíïü        óü ïôðððôðððü ïôðððôðððü

Í½¿ºº±´¼·²¹ ï ´­ óü     óü éçîôðððü éçîôðððü îéôðððòð ïòðð îéôððð éçòíïü îôïìïôíéðü îôçííôíéðü îôçííôíéðü

ìèòïïòïê Í«®º¿½» É¿¬»® Ý±²¼»²­»® ó Ûß óü     óü     íððôðððòððü        óü ïîð ïòðð ó èèòððü        óü  ýÜ×Êñðÿ óü

ìèòïïòïê ß·® Ý±±´»¼ Ý±²¼»²­»® ï Ûß óü     óü     óü ïìôëðð ïòðð ïìôëðð èèòððü ïôîéêôðððü ïôîéêôðððü ïôîéêôðððü

ìèòïïòïç Í¬»¿³ Ì«®¾·²» îîÓ© Íµ·¼ ïôððð           Ó²óØ®­ óü     óü     óü ï ïòðð ïôððð èèòððü èèôðððü               èèòððü èèôðððü

ìèòïïòîê Ù»²»®¿¬±® Íµ·¼ ø·² ÍÌ÷ ïôððð           Ó²ó¸®­ óü     óü     óü óü ï ïòðð ïôððð èèòððü èèôðððü               èèòððü èèôðððü

ìïòêéòïí Ô«¾» Ñ·́  Ðµ¹ ©ñ³¿·²ô ¿« ô̈ °«³° ï Ûß óü     óü     óü óü ëðð ïòðð ëðð èèòððü ììôðððü ììôðððòððü ììôðððü

Í¬¿½µ Í«°°´§ ú ×²­¬¿´́ ï Ûß óü     óü çëèôïëðü çëèôïëðü             ó ïòðð ó èèòððü        óü çëèôïëðü çëèôïëðü

ÔßÞÑÎ

 Ò±ò ËÒ×ÌÍ

ËßÚ ÝÑÓÞ×ÒÛÜ ØÛßÌ ßÒÜ ÐÑÉÛÎ ÎÛÐÔßÝÛÓÛÒÌ ÐÎÑÖÛÝÌ
ËßÚ Ð®±¶»½¬ Ò«³¾»® Š îðïîðíï ÝÐØÎ Ü·ª ìè Ð¿¹» ï ±º ì

H
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NSE Estimate No.: N1412075

Date: 01/22/2015

Customer: Stanley Consultants

Location: University of Alaska Fairbanks

Fairbanks, AK

ÝÛÐÝ× ×²¼»¨ îðîî éðèòð

ÝÛÐÝ× ×²¼»¨ îðïé ëêéòë

Í½¿´» Ú¿½¬±® ïòîìéëééðçí

ESTIMATE SUMMARY: Electrical Power Generation

Revision: ____03/06/2017_

ÜÛÍÝÎ×ÐÌ×ÑÒ    ÏËßÒÌ×ÌÇ ÛÏË×ÐÓÛÒÌ ÓßÌÛÎ×ßÔ Í½¿´»¼ Ë²·¬ ½±­¬­

ËÒ×Ì ÛÏË×Ð ÐÎ×ÝÛ ÓßÌÛÎ×ßÔ ØÎÍñ ÓËÔÌ ÌÑÌßÔ ÔßÞÑÎ ÔßÞÑÎ       ËÒ×Ì ÌÑÌßÔ

ÐÎ×ÝÛ ÝÑÍÌ  ÐÛÎ ËÒ×Ì ÝÑÍÌ ËÒ×Ì ÚßÝÌ ØÎÍò ÎßÌÛ ÝÑÍÌ ÝÑÍÌ ÝÑÍÌ

ÔßÞÑÎ

 Ò±ò ËÒ×ÌÍ

Modeled Piping

ìðòïïòïí ßÝÝ Í§­¬»³ êþ Í½¸ ìð çð ÔÚ óü    óü    ëéòððü  ëôïíðü  íòîêèé ïòðð îçìòïè çíòëðü      îéôëðêü íêîòêîü             íîôêíêü

ìðòïïòïí ßÝÝ Í§­¬»³ ìþ Í½¸ ìð çé ÔÚ óü    óü    ííòððü  íôîðïü  íòïîðð ïòðð íðîòêì çíòëðü      îèôîçéü íîìòéîü             íïôìçèü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ ïðþ Í½¸ ìð îèç ÔÚ óü    óü    ïîíòððü             íëôëìéü ìòîéíð ïòðð        ïôîíìòçð çíòëðü      ïïëôìêíü ëîîòëíü ïëïôðïðü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ èþ Í½¸ ìð îëí ÔÚ óü    óü    èéòððü  îîôðïïü íòçððð ïòðð çèêòéð çíòëðü      çîôîëêü ìëïòêëü ïïìôîêéü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ êþ Í½¸ ìð ïèí ÔÚ óü    óü    ëéòððü  ïðôìíïü íòîêèé ïòðð ëçèòïé çíòëðü      ëëôçîçü íêîòêîü             êêôíêðü ìëîòìðü

ìðòïïòïí ß«¨ Ý±±´·²¹ É¿¬»® Í§­¬»³ ìþ Í½¸ ìð êè ÔÚ óü    óü    ííòððü  îôîììü  íòïîðð ïòðð îïîòïê çíòëðü      ïçôèíéü íîìòéîü             îîôðèïü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ íþ Í½¸ ìð ëêç ÔÚ óü    óü    îîòëðü  ïîôèðíü îòíïëè ïòðð        ïôíïéòêç çíòëðü      ïîíôîðìü îíçòðíü ïíêôððéü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ïðþ Í½¸ ìð ìé ÔÚ óü    óü    ïîíòððü             ëôéèïü  ìòîéíð ïòðð îððòèí çíòëðü      ïèôééèü ëîîòëíü             îìôëëçü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ èþ Í½¸ èð ð ÔÚ óü    óü    ïìïòððü             óü ìòçîèð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ èþ Í½¸ ìð îìë ÔÚ óü    óü    èéòððü  îïôíïëü íòçððð ïòðð çëëòëð çíòëðü      èçôííçü ìëïòêëü ïïðôêëìü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ êþ Í½¸ èð íðé ÔÚ óü    óü    çíòððü  îèôëëïü íòèçèð ïòðð        ïôïçêòêç çíòëðü      ïïïôèçïü ìëéòìéü ïìðôììîü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ìþ Í½¸ èð ë ÔÚ óü    óü    ìëòððü  îîëü  íòîèðð ïòðð ïêòìð çíòëðü      ïôëííü  íëïòêðü             ïôéëèü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ìþ Í½¸ ìð ëì ÔÚ óü    óü    ííòððü  ïôéèîü  íòïîðð ïòðð ïêèòìè çíòëðü      ïëôéëíü íîìòéîü             ïéôëíëü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ íþ Í½¸ èð ïè ÔÚ óü    óü    íðòððü  ëìðü  îòèìéî ïòðð ëïòîë çíòëðü      ìôéçîü  îçêòîîü             ëôííîü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ íþ Í½¸ ìð ííð ÔÚ óü    óü    îîòëðü  éôìîëü  îòíïëè ïòðð éêìòîï çíòëðü      éïôìëìü îíçòðíü             éèôèéçü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ îþ Í½¸ èð ð ÔÚ óü    óü    ïëòððü  óü îòêïïè ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ îþ Í½¸ ìð ð ÔÚ óü    óü    ïîòððü  óü ïòëïïê ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ïòëþ Í½¸ èð ð ÔÚ óü    óü    ïîòððü  óü ïòêéçì ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ïþ Í½¸ èð íí ÔÚ óü    óü    çòððü  îçéü  ïòðððð ïòðð ííòðð çíòëðü      íôðèêü  ïðîòëîü             íôíèíü

ìðòïïòïí Þ±·́ »® Ü®¿·²­ êþ Í½¸ èð ïî ÔÚ óü    óü    çíòððü  ïôïïêü  íòèçèð ïòðð ìêòéè çíòëðü      ìôíéìü  ìëéòëðü             ëôìçðü

ìðòïïòïí Þ±·́ »® Ü®¿·²­ ìþ Í½¸ èð êç ÔÚ óü    óü    ìëòððü  íôïðëü  íòîèðð ïòðð îîêòíî çíòëðü      îïôïêïü íëïòêèü             îìôîêêü

ìðòïïòïí Þ±·´»® Ü®¿·²­ îòëþ Í½¸ èð ïìí ÔÚ óü    óü    îîòëðü  íôîïèü  îòéïîð ïòðð íèéòèî çíòëðü      íêôîêïü îéêòðèü             íçôìéçü

ìðòïïòïí Þ±·́ »® Ü®¿·²­ îþ Í½¸ èð îê ÔÚ óü    óü    ïîòððü  íïîü  ïòëïïê ïòðð íçòíð çíòëðü      íôêéëü  ïëíòíëü             íôçèéü

ìðòïïòïí Þ±·́ »® Ü®¿·²­ ïòëþ Í½¸ èð î ÔÚ óü    óü    ïîòððü  îìü ïòîïïì ïòðð îòìî çíòëðü      îîêü  ïîëòððü             îëðü

ìðòïïòïí Þ±·́ »® Í§­¬»³ ïþ Í½¸ ìð îðî ÔÚ óü    óü    çòððü  ïôèïèü  ðòèçìê ïòðð ïèðòéï çíòëðü      ïêôèçêü             çîòêìü  ïèôéïìü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ ïèþ Í½¸ ìð ìí ÔÚ óü    óü    îðêòððü             èôèëèü  èòïðçç ïòðð íìèòéí çíòëðü      íîôêðêü çêìòîèü             ìïôìêìü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ èþ Í½¸ ìð ïðë ÔÚ óü    óü    èéòððü  çôïíëü  íòçððð ïòðð ìðçòëð çíòëðü      íèôîèèü ìëïòêëü             ìéôìîíü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ ìþ Í½¸ ìð êê ÔÚ óü    óü    ííòððü  îôïéèü  íòïîðð ïòðð îðëòçî çíòëðü      ïçôîëìü íîìòéíü             îïôìíîü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ îòëþ Í½¸ èð èé ÔÚ óü    óü    îîòëðü  ïôçëèü  îòéïîð ïòðð îíëòçì çíòëðü      îîôðêðü îéêòðéü             îìôðïèü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ ïòëþ Í½¸ ìð ð ÔÚ óü    óü    ïîòððü  óü ïòîïïì ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý¸·́ ´»¼ É¿¬»® Í§­¬»³ èþ Í½¸ ìð éìð ÔÚ óü    óü    èéòððü  êìôíèðü íòçððð ïòðð        îôèèêòðð çíòëðü      îêçôèìïü ìëïòêëü ííìôîîïü

ìðòïïòïí Ý¸·́ ´»¼ É¿¬»® Í§­¬»³ êþ Í½¸ ìð ïé ÔÚ óü    óü    ëéòððü  çêçü  íòîêèé ïòðð ëëòëé çíòëðü      ëôïçêü  íêîòêëü             êôïêëü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ ïðþ Í½¸ ìð ð ÔÚ óü    óü    ïîíòððü             óü ìòîéíð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ ïðþ Í½¸ èð ïëî ÔÚ óü    óü    ïëíòððü             îíôîëêü ëòìððð ïòðð èîðòèð çíòëðü      éêôéìëü êëéòçðü ïððôððïü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ èþ Í½¸ ìð ìî ÔÚ óü    óü    èéòððü  íôêëìü  íòçððð ïòðð ïêíòèð çíòëðü      ïëôíïëü ìëïòêìü             ïèôçêçü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ êþ Í½¸ ìð ð ÔÚ óü    óü    ëéòððü  óü íòîêèé ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ êþ Í½¸ èð îíè ÔÚ óü    óü    çíòððü  îîôïíìü íòèçèð ïòðð çîéòéî çíòëðü      èêôéìîü ìëéòìêü ïðèôèéêü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ ìþ Í½¸ ìð îïë ÔÚ óü    óü    ííòððü  éôðçëü  íòïîðð ïòðð êéðòèð çíòëðü      êîôéîðü íîìòéîü             êçôèïëü

ìðòïïòïí Ý±²¼»²­¿¬» Í§­¬»³ ìþ Í½¸ èð îëè ÔÚ óü    óü    ìëòððü  ïïôêïðü íòîèðð ïòðð èìêòîì çíòëðü      éçôïîíü íëïòêèü             çðôéííü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ íþ Í½¸ ìð îîí ÔÚ óü    óü    îîòëðü  ëôðïèü  îòíïëè ïòðð ëïêòìî çíòëðü      ìèôîèëü îíçòðíü             ëíôíðíü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ îòëþ Í½¸ ìð ð ÔÚ óü    óü    ïèòéëü  óü ïòçïíé ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ îþ Í½¸ ìð ð ÔÚ óü    óü    ïîòððü  óü ïòëïïê ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ îþ Í½¸ èð è ÔÚ óü    óü    ïëòððü  ïîðü  îòêïïè ïòðð îðòèç çíòëðü      ïôçëíü  îëçòïíü             îôðéíü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ ïòëþ Í½¸ ìð ð ÔÚ óü    óü    ïîòððü  óü ïòîïïì ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ ïþ Í½¸ ìð ïðð ÔÚ óü    óü    íòððü  íððü  ðòèçìê ïòðð èçòìê çíòëðü      èôíêëü  èêòêëü  èôêêëü èéü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ òëþ Í½¸ ìð ð ÔÚ óü    óü    íòððü  óü ðòèçìê ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ òëþ Í½¸ èð íç ÔÚ óü    óü    çòððü  íëïü  ïòðððð ïòðð íçòðð çíòëðü      íôêìéü  ïðîòëïü             íôççèü

ìðòïïòïí Ý±²¼»²­¿¬»  Í§­¬»³ òëþ ÍÍÌ ¬«¾·²¹ ð ÔÚ óü    óü    íòððü  óü ðòèçìê ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ú«»´ Ù¿­ Í§­¬»³ èþ Í½¸ ìð ð ÔÚ óü    óü    èéòððü  óü íòçððð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ú«»´ Ù¿­ Í§­¬»³ êþ Í½¸ ìð ïêë ÔÚ óü    óü    ëéòððü  çôìðëü  íòîêèé ïòðð ëíçòíì çíòëðü      ëðôìîèü íêîòêîü             ëçôèííü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïîþ Í½¸ èð ð ÔÚ óü    óü    ïçëòððü             óü êòïíðð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïîþ Í½¸ ìð îçè ÔÚ óü    óü    ïíëòððü             ìðôîíðü ìòèëìï ïòðð        ïôììêòëî çíòëðü      ïíëôîëðü ëèèòèêü ïéëôìèðü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïðþ Í½¸ èð ð ÔÚ óü    óü    ïëíòððü             óü ëòìððð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïðþ Í½¸ ìð îðð ÔÚ óü    óü    ïîíòððü             îìôêððü ìòîéíð ïòðð èëìòêð çíòëðü      éçôçðëü ëîîòëíü ïðìôëðëü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ èþ Í½¸ ìð çî ÔÚ óü    óü    ïìïòððü             ïîôçéîü ìòçîèð ïòðð ìëíòíè çíòëðü      ìîôíçïü êðïòééü             ëëôíêíü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ êþ Í½¸ èð î ÔÚ óü    óü    çíòððü  ïèêü  íòèçèð ïòðð éòèð çíòëðü      éîçü  ìëéòëðü             çïëü ëéðòééü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ êþ Í½¸ ìð êè ÔÚ óü    óü    ëéòððü  íôèéêü  íòîêèé ïòðð îîîòîé çíòëðü      îðôéèîü íêîòêîü             îìôêëèü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ìþ Í½¸ èð ð ÔÚ óü    óü    ìëòððü  óü íòîèðð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ íþ Í½¸ ìð î ÔÚ óü    óü    îîòëðü  ìëü îòíïëè ïòðð ìòêí çíòëðü      ìííü  îíçòððü             ìéèü
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NSE Estimate No.: N1412075

Date: 01/22/2015

Customer: Stanley Consultants

Location: University of Alaska Fairbanks

Fairbanks, AK

ÝÛÐÝ× ×²¼»¨ îðîî éðèòð

ÝÛÐÝ× ×²¼»¨ îðïé ëêéòë

Í½¿´» Ú¿½¬±® ïòîìéëééðçí

ESTIMATE SUMMARY: Electrical Power Generation

Revision: ____03/06/2017_

ÜÛÍÝÎ×ÐÌ×ÑÒ    ÏËßÒÌ×ÌÇ ÛÏË×ÐÓÛÒÌ ÓßÌÛÎ×ßÔ Í½¿´»¼ Ë²·¬ ½±­¬­

ËÒ×Ì ÛÏË×Ð ÐÎ×ÝÛ ÓßÌÛÎ×ßÔ ØÎÍñ ÓËÔÌ ÌÑÌßÔ ÔßÞÑÎ ÔßÞÑÎ       ËÒ×Ì ÌÑÌßÔ

ÐÎ×ÝÛ ÝÑÍÌ  ÐÛÎ ËÒ×Ì ÝÑÍÌ ËÒ×Ì ÚßÝÌ ØÎÍò ÎßÌÛ ÝÑÍÌ ÝÑÍÌ ÝÑÍÌ

ÔßÞÑÎ

 Ò±ò ËÒ×ÌÍ

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ îþ Í½¸ èð îïð ÔÚ óü    óü    ïëòððü  íôïëðü  îòêïïè ïòðð ëìèòìè çíòëðü      ëïôîèíü îëçòîðü             ëìôìííü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïòëþ Í½¸ èð ïéë ÔÚ óü    óü    ïîòððü  îôïððü  ïòêéçì ïòðð îçíòçð çíòëðü      îéôìèðü ïêçòðíü             îçôëèðü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ ïþ Í½¸ èð ïçë ÔÚ óü    óü    çòððü  ïôéëëü  ïòðððð ïòðð ïçëòðð çíòëðü      ïèôîííü ïðîòëðü             ïçôçèèü

ìðòïïòïí Ø·¹¸ Ð®»­­«®» Í¬»¿³ íñìþ Í½¸ èð îêï ÔÚ óü    óü    çòððü  îôíìçü  ïòðððð ïòðð îêïòðð çíòëðü      îìôìðìü ïðîòëðü             îêôéëíü

ìðòïïòïí ØÊßÝ  Í§­¬»³ íþ Í½¸ ìð ïçë ÔÚ óü    óü    îîòëðü  ìôíèèü  îòíïëè ïòðð ìëïòëè çíòëðü      ìîôîîíü îíçòðíü             ìêôêïïü

ìðòïïòïí ×ßÍ  Í§­¬»³ íþ ÍÍÌ Í½¸ ïð ïîî ÔÚ óü    óü    îîòëðü  îôéìëü  îòíïëè ïòðð îèîòëí çíòëðü      îêôìïéü îíçòðíü             îçôïêîü

ìðòïïòïí ×²»®¬ Þ»¼ Ó¿¬»®·¿´ ìþ Í½¸ ìð îîê ÔÚ óü    óü    ííòððü  éôìëèü  íòïîðð ïòðð éðëòïî çíòëðü      êëôçîçü íîìòéîü             éíôíèéü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ îìþ Í½¸ ìð îïë ÔÚ óü    óü    íðìòððü             êëôíêðü ïðòéèðð ïòðð        îôíïéòéð çíòëðü      îïêôéðëü ïôíïïòçíü îèîôðêëü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ îðþ Í½¸ ìð ïêé ÔÚ óü    óü    îððòððü             ííôìððü èòðððð ïòðð        ïôííêòðð çíòëðü      ïîìôçïêü çìèòððü ïëèôíïêü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ ïîþ Í½¸ ìð ïï ÔÚ óü    óü    ïíëòððü             ïôìèëü  ìòèëìï ïòðð ëíòìð çíòëðü      ìôççíü  ëèèòçïü             êôìéèü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ ïðþ Í½¸ ìð ìç ÔÚ óü    óü    ïîíòððü             êôðîéü  ìòîéíð ïòðð îðçòíè çíòëðü      ïçôëééü ëîîòëíü             îëôêðìü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ èþ Í½¸ ìð çí ÔÚ óü    óü    èéòððü  èôðçïü  íòçððð ïòðð íêîòéð çíòëðü      ííôçïîü ìëïòêëü             ìîôððíü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ êþ Í½¸ ìð îíî ÔÚ óü    óü    ëéòððü  ïíôîîìü íòîêèé ïòðð éëèòíì çíòëðü      éðôçðëü íêîòêíü             èìôïîçü

ìðòïïòïí Ô±© Ð®»­­«®» Í¬»¿³ ìþ Í½¸ ìð ð ÔÚ óü    óü    ííòððü  óü íòïîðð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ ïîþ Í½¸ èð ð ÔÚ óü    óü    ïçëòððü             óü êòïíðð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ èþ Í½¸ èð ð ÔÚ óü    óü    ïìïòððü             óü ìòçîèð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ èþ Í½¸ ìð ïî ÔÚ óü    óü    èéòððü  ïôðììü  íòçððð ïòðð ìêòèð çíòëðü      ìôíéêü  ìëïòêéü             ëôìîðü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ êþ Í½¸ èð ð ÔÚ óü    óü    çíòððü  óü íòèçèð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ êþ Í½¸ ìð ïéí ÔÚ óü    óü    ëéòððü  çôèêïü  íòîêèé ïòðð ëêëòìç çíòëðü      ëîôèéíü íêîòêîü             êîôéíìü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ ìþ Í½¸ èð ð ÔÚ óü    óü    ìëòððü  óü íòîèðð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ íþ Í½¸ èð ð ÔÚ óü    óü    íðòððü  óü îòèìéî ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ íþ Í½¸ ìð î ÔÚ óü    óü    îîòëðü  ìëü îòíïëè ïòðð ìòêí çíòëðü      ìííü  îíçòððü             ìéèü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ ïòëþ Í½¸ èð ïîí ÔÚ óü    óü    ïîòððü  ïôìéêü  ïòêéçì ïòðð îðêòëé çíòëðü      ïçôíïìü ïêçòðîü             îðôéçðü

ìðòïïòïí Ó»¼·«³ Ð®»­­«®» Í¬»¿³ íñìþ Í½¸ ìð ëì ÔÚ óü    óü    çòððü  ìèêü  ðòèçìê ïòðð ìèòíï çíòëðü      ìôëïéü  çîòêëü  ëôððíü

ìðòïïòïí ÍßÍ  Í§­¬»³ ìþ Í½¸ ìð ïïç ÔÚ óü    óü    ííòððü  íôçîéü  íòïîðð ïòðð íéïòîè çíòëðü      íìôéïëü íîìòéîü             íèôêìîü

ìðòïïòïí ÍßÍ  Í§­¬»³ íþ Í½¸ ìð éè ÔÚ óü    óü    îîòëðü  ïôéëëü  îòíïëè ïòðð ïèðòêí çíòëðü      ïêôèèçü îíçòðíü             ïèôêììü

ìðòïïòïí ÍßÍ  Í§­¬»³ îòëþ Í½¸ ìð ë ÔÚ óü    óü    ïèòéëü  çìü ïòçïíé ïòðð çòëé çíòëðü      èçëü  ïçéòèðü             çèçü

ìðòïïòïí ÍÌÙ Í§­¬»³­ îìþ Í½¸ ìð îê ÔÚ óü    óü    íðìòððü             éôçðìü  ïðòéèðð ïòðð îèðòîè çíòëðü      îêôîðêü ïôíïïòçîü          íìôïïðü

ìðòïïòïí ÍÌÙ Í§­¬»³­ ïèþ Í½¸ ìð ìì ÔÚ óü    óü    îðêòððü             çôðêìü  èòïðçç ïòðð íëêòèì çíòëðü      ííôíêëü çêìòíðü             ìîôìîçü

ìðòïïòïí ÍÌÙ Í§­¬»³­ ïîþ Í½¸ ìð ë ÔÚ óü    óü    ïíëòððü             êéëü  ìòèëìï ïòðð îìòîé çíòëðü      îôîêçü  ëèèòèðü             îôçììü

ìðòïïòïí ÍÌÙ Í§­¬»³­ èþ Í½¸ èð ð ÔÚ óü    óü    ïìïòððü             óü ìòçîèð ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí ÍÌÙ Í§­¬»³­ èþ Í½¸ ìð êì ÔÚ óü    óü    ïìïòððü             çôðîìü  ìòçîèð ïòðð íïëòíç çíòëðü îçôìèçü êðïòééü             íèôëïíü

ìðòïïòïí ÍÌÙ Í§­¬»³­ êþ Í½¸ ìð è ÔÚ óü    óü    ëéòððü  ìëêü  íòîêèé ïòðð îêòïë çíòëðü      îôììëü  íêîòêíü             îôçðïü

ìðòïïòïí ÍÌÙ Í§­¬»³­ íþ Í½¸ èð ð ÔÚ óü    óü    íðòððü  óü îòèìéî ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí ÍÌÙ Í§­¬»³­ íþ Í½¸ ìð ëí ÔÚ óü    óü    îîòëðü  ïôïçíü  îòíïëè ïòðð ïîîòéì çíòëðü      ïïôìéêü îíçòðìü             ïîôêêçü

ìðòïïòïí ÍÌÙ Í§­¬»³ îþ Í½¸ èð ë ÔÚ óü    óü    ïëòððü  éëü îòêïïè ïòðð ïíòðê çíòëðü      ïôîîïü  îëçòîðü             ïôîçêü

ìðòïïòïí ÍÌÙ Í§­¬»³ îþ Í½¸ ìð ð ÔÚ óü    óü    ïîòððü  óü ïòëïïê ïòðð ðòðð çíòëðü      óü  ýÜ×Êñðÿ óü

ìðòïïòïí ÍÌÙ Í§­¬»³ ïòþ Í½¸ èð ïéð ÔÚ óü    óü    çòððü  ïôëíðü  ïòðððð ïòðð ïéðòðð çíòëðü      ïëôèçëü ïðîòëðü             ïéôìîëü ïîéòèèü

ìðòïïòïí Í»®ª·½» É¿¬»® Í§­¬»³ ìþ Í½¸ ìð íîè ÔÚ óü    óü    ííòððü  ïðôèîìü íòïîðð ïòðð        ïôðîíòíê çíòëðü      çëôêèìü íîìòéîü ïðêôëðèü

ìðòïïòïí Í»®ª·½» É¿¬»® Í§­¬»³ íþ Í½¸ ìð ïè ÔÚ óü    óü    îîòëðü  ìðëü  îòíïëè ïòðð ìïòêè çíòëðü      íôèçéü  îíçòððü             ìôíðîü

ìðòïïòïí Í»®ª·½» É¿¬»® Í§­¬»³ îòëþ Í½¸ ìð íé ÔÚ óü    óü    ïèòéëü  êçìü  ïòçïíé ïòðð éðòèï çíòëðü      êôêîïü  ïçéòéðü             éôíïëü

Piping estimated outside the model óü

ìðòïïòïí ßÝÝ Í§­¬»³ ïþ Í½¸ ìð ìëð ÔÚ óü    óü    çòððü  ìôðëðü  ðòèçìê ïòðð ìðîòëé çíòëðü      íéôêìðü             çîòêìü  ìïôêçðü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ îþ Í½¸ ìð èë ÔÚ óü    óü    ïîòððü  ïôðîðü  ïòëïïê ïòðð ïîèòìç çíòëðü      ïîôðïìü ïëíòíìü             ïíôðíìü

ìðòïïòïí ß«¨ Ý±± ·́²¹ É¿¬»® Í§­¬»³ ïþ ú ïòîë Í½¸ ìð íîð ÔÚ óü    óü    çòððü  îôèèðü  ðòèçìê ïòðð îèêòîé çíòëðü      îêôéêêü             çîòêìü  îçôêìêü

ß¼¼·¬·±²¿´ ÍÞ Ð·°·²¹ó  ß«¨ Ý±±´·²¹ É¿¬»® Í§­¬»³ ìçë ÔÚ óü    óü    ïîòððü  ëôçìðü  ïòëð ïòðð éìîòëð çíòëðü      êçôìîìü ïëîòîëü             éëôíêìü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ îþ Í½¸ ìð èé ÔÚ óü    óü    ïîòððü  ïôðììü  ïòëïïê ïòðð ïíïòëï çíòëðü ïîôîçêü ïëíòííü             ïíôíìðü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ïþ Í½¸ ìð ïéë ÔÚ óü    óü    çòððü  ïôëéëü  ðòèçìê ïòðð ïëêòëê çíòëðü      ïìôêíèü             çîòêëü  ïêôîïíü

ß¼¼·¬·±²¿´ ÍÞ Ð·°·²¹ó  Þ±·́ »® Ú»»¼ Í§­¬»³ ïðí ´º óü    óü    ïîòððü  ïôîíêü  ïòëð ïòðð ïëìòëð çíòëðü      ïìôììêü ïëîòîëü             ïëôêèîü

ìðòïïòïí Þ±·́ »® Ú»»¼ Í§­¬»³ ÍÍÌ ¬«¾·²¹ ïëð ÔÚ óü    óü    ïèòððü  îôéððü  ðòè ïòðð ïîðòðð çíòëðü      ïïôîîðü             çîòèðü  ïíôçîðü

ß¼¼·¬·±²¿´ ÍÞ Ð·°·²¹ó  Þ±·́ »® Í§­¬»³ êðð ÔÚ óü    óü    ïîòððü  éôîððü  ïòëð ïòðð çððòðð çíòëðü      èìôïëðü ïëîòîëü             çïôíëðü

ìðòïïòïí Þ±·́ »® Í§­¬»³ íñìþÍÍÌ ¬«¾·²¹ íçí ÔÚ óü    óü    ïèòððü  éôðéìü  ðòè ïòðð íïìòìð çíòëðü      îçôíçêü             çîòèðü  íêôìéðü

ìðòïïòïí Þ´±©¼±©² Í§­¬»³ îþ Í½¸ ìð êð ÔÚ óü    óü    ïîòððü  éîðü  ïòëïïê ïòðð çðòéð çíòëðü      èôìèðü  ïëíòííü             çôîððü

ìðòïïòïí Ý¸»³ Ú»»¼ òëþ ÍÍÌ ¬«¾·²¹ ïèðð ÔÚ óü    óü    ïèòððü  íîôìððü             ðòè ïòðð        ïôììðòðð çíòëðü      ïíìôêìðü           çîòèðü  ïêéôðìðü

ß¼¼·¬·±²¿´ ÍÞ Ð·°·²¹ó  Ý¸·́ ´»¼ É¿¬»® Í§­¬»³ êð ÔÚ óü    óü    ïîòððü  éîðü  ïòëð ïòðð çðòðð çíòëðü      èôìïëü  ïëîòîëü             çôïíëü

ß¼¼·¬·±²¿´ ÍÞ Ð·°·²¹ó  Ý±²¼»²­¿¬» Í§­¬»³ èìð ÔÚ óü    óü    ïîòððü  ïðôðèðü             ïòëð ïòðð        ïôîêðòðð çíòëðü      ïïéôèïðü ïëîòîëü ïîéôèçðü

ìðòïïòïí Ü»³·² É¿¬»® Í§­¬»³ îþ Í½¸ ìð íðìÔ ëðð ÔÚ óü    óü    ïîòððü  êôðððü  ïòëïïê ïòðð éëëòèð çíòëðü      éðôêêéü ïëíòííü             éêôêêéü ïçïòîçü

ìðòïïòïí Ü»³·² É¿¬»® Í§­¬»³ ïþ Í½¸ ìð íðìÔ ïðð ÔÚ óü    óü    çòððü  çððü  ðòèçìê ïòðð èçòìê çíòëðü      èôíêëü  çîòêëü  çôîêëü

ìðòïïòïí Ú«»´ Ù¿­ Í§­¬»³ îþ Í½¸ ìð îðð ÔÚ óü    óü    ïîòððü  îôìððü  ïòëïïê ïòðð íðîòíî çíòëðü      îèôîêéü ïëíòíìü             íðôêêéü

ìðòïïòïí Ú«»´ Ù¿­ Í§­¬»³ ïþ Í½¸ ìð ïðð ÔÚ óü    óü    çòððü  çððü  ðòèçìê ïòðð èçòìê çíòëðü      èôíêëü  çîòêëü  çôîêëü

ËßÚ ÝÑÓÞ×ÒÛÜ ØÛßÌ ßÒÜ ÐÑÉÛÎ ÎÛÐÔßÝÛÓÛÒÌ ÐÎÑÖÛÝÌ
ËßÚ Ð®±¶»½¬ Ò«³¾»® Š îðïîðíï ÝÐØÎ Ü·ª ìè Ð¿¹» í ±º ì

Ý±­¬­ «­»¼ º±® ïþ
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ÝÛÐÝ× ×ÒÜÛÈ ÞßÝÕËÐ 

H-

Public Review Draft August 19, 2024

Appendix III.D.7.7-2170



H-

Public Review Draft August 19, 2024

Appendix III.D.7.7-2171



ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

×ÒÚÔßÌ×ÑÒ ÝßÔÝËÔßÌÑÎ ÞßÝÕËÐ 
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

Ý×ÌÇ ÝÑÍÌ ×ÒÜÛÈ ÞßÝÕËÐ 
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ËßÚ ÚßÝ×Ô×ÌÇ ÝÑÍÌÍ 
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ØÇÜÎßÌÛÜ Ô×ÓÛ ÝÑÍÌ
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Jahn, Mario

From: DILLON Marty <Marty.Dillon@lhoist.com>

Sent: Tuesday, May 31, 2022 9:12 PM

To: Jahn, Mario

Cc: PEETOOM Brad; DILLON Marty

Subject: Budgetary Bulk Pebble Lime and Hydrated Lime Pricing into Anchorage, AK from Langley, BC

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

Am also including Lhoist colleague and Canada Sales Manager, Mr. Brad Petoom, on this reply. Pricing for bulk quick
lime and bulk hydrated lime are as presented in the tables below. Pricing is based on a 0.79 CAD per ($1) US$. The rates
shown below do not include: (1.) truck fuel surcharge (FSC) (currently @ 44% of freight rate for May �22 and fluctuates
monthly in accordance with the US Department of Energy policy), (2.) Energy Surcharge (FSC) (currently at $9.20/ST for
May �22 and fluctuates monthly with the cost of kiln fuel) or (3.) Canadian carbon offset tax which is currently at
$20.35/ST. Quick lime deliveries are ~40MT / 44ST whereas hydrated lime deliveries are 35MT / 39ST. Based on the
cost of freight, highly recommend sizing storage vessels to be able to accommodate at least 1.5 deliveries.

For example with the applicable surcharges, for May 2022, quick lime would have a landed / delivered cost $1,201.45/ST
whereas hydrated lime would have a landed / delivered cost of $1376.98/ST

Please feel free to reach out with any questions or comments and sincerely appreciate your patience and pricing inquiry!

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Tuesday, May 31, 2022 8:04 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: Re: Pebble Lime and Hydrated Lime Pricing

Mario,

H-
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Apologize a few of our folks in Canada have been on vacation and just hit them up again on getting this wrapped up.

Best,

Marty

Sent from my iPhone

On May 31, 2022, at 7:05 AM, Jahn, Mario <JahnMario@stanleygroup.com> wrote:

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Good Morning Marty,

I hope you had a good holiday weekend. Have you gotten pricing yet? Let me know.

Regards,
Mario

From: Jahn, Mario
Sent: Friday, May 20, 2022 8:05 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

No worries. It happens all the time.

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 20, 2022 8:03 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mario,

Apologize for calling you John, I misread your name in Outlook.

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Friday, May 20, 2022 8:01 AM
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To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Yes,

USD and ST�s would be great. Thank you.

Mario

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 20, 2022 8:00 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

John,

Sorry should have typed it out. ST = short tons (2000 lbs) vs. MT = metric tons (1000 kg/ 1104 lbs)

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Friday, May 20, 2022 7:55 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Can you remind me what ST�s are?

Mario

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 20, 2022 7:53 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***
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John,

Many thanks and that helps. We try to track projects like these to ensure we have resources lined up in
advance. Just pinged our logistics folks on the freight quote. Given this is for AK, and unless you direct
otherwise, will quote in $USD and ST�s.

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Friday, May 20, 2022 7:50 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

It�s budgetary. Construction would probably be at least a year, plus the tie in. First order of lime would
be closer to Q1, 2024 would be my guess.

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 20, 2022 7:47 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

John,

Understand. Is there an anticipated project timing or is just a study and/or budgetary?

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Friday, May 20, 2022 7:44 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing
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Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Marty,

Today�s prices will work for us.

Regards,
Mario

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 20, 2022 7:41 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: Knapper, Kelly <KnapperKelly@stanleygroup.com>; DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

John,

Apologize and thanks for the heads up n Mark�s retirement. Let me check on the status of the freight
component. Would you happen to know the anticipated startup timing if the project moves forward.

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Jahn, Mario <JahnMario@stanleygroup.com>
Sent: Friday, May 20, 2022 7:03 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>; Knapper, Kelly <KnapperKelly@stanleygroup.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Marty,

Have you had a chance to get some pricing both lime types yet? Let us know how it�s going.

Just an FYI, Mark Fritz retired last week and I will be taking over his duties. We appreciate your
continued support on this project. Let me know if you have any questions or concerns.

Regards,

H-
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Mario Jahnô Ó»½¸¿²·½¿´ Û²¹·²»»®
STANLEYÝÑÒÍËÔÌßÒÌÍô èððð Í±«¬¸ Ý¸»­¬»® Í¬®»»¬ Í«·¬» ëððô Ý»²¬»²²·¿´ô ÝÑ èðïïî
Ìæ íðíòêìçòéèçë ¤ Óæ íðíòéîëòïíêï ¤ ­¬¿²´»§½±²­«´¬¿²¬­ò½±³

From: Fritz, Mark <FritzMark@stanleygroup.com>
Sent: Friday, May 13, 2022 10:57 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>; Knapper, Kelly <KnapperKelly@stanleygroup.com>
Cc: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Bulk pneumatic.

Mark

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent: Friday, May 13, 2022 11:03 AM
To: Knapper, Kelly <KnapperKelly@stanleygroup.com>
Cc: Jahn, Mario <JahnMario@stanleygroup.com>; Fritz, Mark <FritzMark@stanleygroup.com>; DILLON
Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Kelly,

Is this for bulk pneumatic quantities or super sacks?

Best,

Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Knapper, Kelly <KnapperKelly@stanleygroup.com>
Sent: Friday, May 13, 2022 10:33 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Cc: Jahn, Mario <JahnMario@stanleygroup.com>; Fritz, Mark <FritzMark@stanleygroup.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Marty,

The attached data sheet contains information for free moisture and % availability of hydrated lime,
could we get a delivery price for 400 tons/year of hydrated lime and quick lime to Fairbanks, Alaska?

H-
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Thank You,
Kelly Knapper

From: Fritz, Mark <FritzMark@stanleygroup.com>
Sent: Friday, May 13, 2022 10:28 AM
To: Knapper, Kelly <KnapperKelly@stanleygroup.com>
Cc: Jahn, Mario <JahnMario@stanleygroup.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

Kelly,

Please send the data sheet to Marty from Lhoist as ask him for a delivered price for quicklime and
hydrated lime to Fairbanks. Include the information that we will use about 400 tons a year.

Mark

From: Knapper, Kelly <KnapperKelly@stanleygroup.com>
Sent: Friday, May 13, 2022 10:11 AM
To: Jahn, Mario <JahnMario@stanleygroup.com>
Cc: Fritz, Mark <FritzMark@stanleygroup.com>
Subject: FW: Pebble Lime and Hydrated Lime Pricing

Mario,

Here is the hydrated lime info, would you also be able to determine the quick lime info from this sheet?

Thanks!
Kelly

From: Fritz, Mark <FritzMark@stanleygroup.com>
Sent: Friday, May 13, 2022 10:01 AM
To: Knapper, Kelly <KnapperKelly@stanleygroup.com>
Subject: FW: Pebble Lime and Hydrated Lime Pricing

From: DILLON Marty <Marty.Dillon@lhoist.com>
Sent:Wednesday, February 16, 2022 9:04 AM
To: Fritz, Mark <FritzMark@stanleygroup.com>
Cc: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: RE: Pebble Lime and Hydrated Lime Pricing

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Mark,

Hope this email finds you well. Wanted to check in on getting information on product type (e.g.
quicklime, LS, or hydrated lime) and sizing (for QL and LS) for the project in Fairbanks.

Best,
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Marty

Ó¿®¬·² Ü·´´±²ô ÐòÛò

Lhoist North America
Ó¿²¿¹»®ô Ú´«» Ù¿­ Ì®»¿¬³»²¬ ß°°´·½¿¬·±²­
øéîð÷ ëðçóçìèì

From: Fritz, Mark <FritzMark@stanleygroup.com>
Sent: Thursday, January 20, 2022 8:28 AM
To: DILLON Marty <Marty.Dillon@lhoist.com>
Subject: Pebble Lime and Hydrated Lime Pricing

Caution! External email. Do not open any links or attachments unless you trust the sender and know the content is 
safe. If unsure, please report the message with the PhishAlarm button in Outlook.

Marty,

Stanley Consultants has worked with you before to get lime pricing for use in desulfurization pollution
control equipment associated with coal boilers. We are looking for pebble and hydrated lime pricing for
a project located in Fairbanks, AK. Are you still the contact to get some pricing? Please call to discuss
the details.

Mark

Mark Fritz, Principal Mechanical Engineer
STANLEYÝÑÒÍËÔÌßÒÌÍô îîë ×±©¿ ßª»²«»ô Ó«­½¿¬·²»ô ×±©¿ ëîêëé
Ìæ ëêíòîêìòêìéí ¤ Óæ ëêíóêðéóïìíð ¤ ­¬¿²´»§½±²­«´¬¿²¬­ò½±³

CONFIDENTIALITY NOTICE: The contents of this email message and any attachments are intended solely
for the addressee(s) and may contain confidential and/or privileged information and may be legally
protected from disclosure. If you are not the intended recipient of this message or their agent, or if this
message has been addressed to you in error, please immediately alert the sender by reply email and then
delete this message and any attachments. If you are not the intended recipient, you are hereby notified
that any use, dissemination, copying, or storage of this message or its attachments is strictly prohibited.
E mail cannot be guaranteed to be secure or error free as information could be intercepted, corrupted,
lost, destroyed, arrive late or incomplete, or contain viruses. Neither the sender nor Stanley Consultants,
Inc. accept liability for any errors or omissions in the contents of this message, which arise as a result of
e mail transmission.
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ÜÎÇ ÍÑÎÞÛÒÌ ×ÒÖÛÝÌ×ÑÒ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ÐÎÛÔ×Ó×ÒßÎÇ Í×ÌÛ ßÎÎßÒÙÓÛÒÌ
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ÛÒÛÎÙÇ ¤ ÛÒÊ×ÎÑÒÓÛÒÌßÔ

Ë²·ª»®­·¬§ ±º ß´¿­µ¿ Ú¿·®¾¿²µ­ 
Ý±³¾·²»¼ Ø»¿¬ ¿²¼ Ð±©»® Ð´¿²¬ 

½±²¬·²«»¼   
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Û­¬¿¾´·­¸»¼ ·² ïèêéô Þ¿¾½±½µ ú É·´½±¨ ·­ ¿ ¹´±¾¿´ ´»¿¼»® 
·² ¿¼ª¿²½»¼ »²»®¹§ ¿²¼ »²ª·®±²³»²¬¿´ ¬»½¸²±´±¹·»­ ¿²¼ 

­»®ª·½»­ º±® ¬¸» °±©»®ô ·²¼«­¬®·¿´ ¿²¼ ®»²»©¿¾´» ³¿®µ»¬­ò

Ú±® ³±®» ·²º±®³¿¬·±² ±® ¬± ½±²¬¿½¬ «­ô ª·­·¬ ±«® ©»¾­·¬» 

¿¬ ©©©ò¾¿¾½±½µò½±³ò

Ì¸» Þ¿¾½±½µ ú É·´½±¨ Ý±³°¿²§
ïîðð Û Ó¿®µ»¬ Í¬®»»¬ô Í«·¬» êëð
ßµ®±²ô Ñ¸·±ô ËòÍòßò ììíðë
Ð¸±²»æ õï ííðòéëíòìëïï

©©©ò¾¿¾½±½µò½±³

Ì¸» ·²º±®³¿¬·±² ½±²¬¿·²»¼ ¸»®»·² ·­ °®±ª·¼»¼ º±® ¹»²»®¿´ ·²º±®³¿¬·±² °«®°±­»­ 
±²´§ ¿²¼ ·­ ²±¬ ·²¬»²¼»¼ ²±® ¬± ¾» ½±²­¬®«»¼ ¿­ ¿ ©¿®®¿²¬§ô ¿² ±ºº»®ô ±® ¿²§  
®»°®»­»²¬¿¬·±² ±º ½±²¬®¿½¬«¿´ ±® ±¬¸»® ´»¹¿´ ®»­°±²­·¾·´·¬§ò

Ó«´¬·½´±²» ¿²¼ ß´´»²óÍ¸»®³¿²óØ±ºº  ¿®» ¬®¿¼»³¿®µ­ ±º Ì¸» Þ¿¾½±½µ 
ú É·´½±¨ Ý±³°¿²§ò

w îðîð Ì¸» Þ¿¾½±½µ ú É·´½±¨ Ý±³°¿²§ò ß´´ ®·¹¸¬­ ®»­»®ª»¼ò ÐÝØóêîð       ÜîðÜ

ÛÒÛÎÙÇ ¤ ÛÒÊ×ÎÑÒÓÛÒÌßÔ
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Ý×ÎÝËÔßÌ×ÒÙ ÜÎÇ ÍÝÎËÞÞÛÎ 

ÝÑÍÌ ÛÍÌ×ÓßÌÛ 

ËßÚ ÑÐÛÎßÌ×ÒÙ ßÒÜ Óß×ÒÌÛÒßÒÝÛ ÔßÞÑÎ ÝÑÍÌÍ 
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Jahn, Mario

From: Payne, Mark

Sent: Friday, July 8, 2022 10:35 AM

To: Solan, John; Jahn, Mario

Subject: FW: Labor rate

Is this what you were expecting? Will it work?

Mark

Mark Payne, PE, PMPô Í»²·±® Ð®±¶»½¬ Ó¿²¿¹»® 
STANLEYÝÑÒÍËÔÌßÒÌÍô èððð Í±«¬¸ Ý¸»­¬»® Í¬ô Í«·¬» ëððô Ý»²¬»²²·¿´ôÝÑ èðïïî 
Ìæ íðíòçîëòèíéë ¤ Óæ éîðòîìðòíîéï ¤ ­¬¿²´»§½±²­«´¬¿²¬­ò½±³ 

From: Frances Isgrigg <fisgrigg@alaska.edu>
Sent: Friday, July 8, 2022 10:28 AM
To: Courtney Kimball <ckimball@boreal services.com>; Payne, Mark <PayneMark@stanleygroup.com>
Subject: Labor rate

*** EXTERNAL EMAIL Use caution and verify authenticity before trusting any contents. ***

Please see below from our accounting department.

Ú±® »¿½¸ ÝÌíô Í¬»° ïæ ­¿´¿®§ øüêçôíðð÷ õ ­¬¿ºº ¾»²»º·¬­ øüíîôèðð÷ ·­ ¿¾±«¬ üïðîôïððò Ì¸·­ ·²½´«¼»­ ¬¸» ²»© 
­¿´¿®§ ¹®·¼ ·² »ºº»½¬ º±® ÚÇîí ©·¬¸ ¬¸» ÝÞß »¨¬»²­·±² ¿¹®»»³»²¬ò ×¬ ¿´­± ·²½´«¼»­ ¬¸» ïîû Ë¬·´·¬·»­ ­¸·º¬ 
°®»³·«³ò Ì¸·­ ¼±»­ ²±¬ ·²½´«¼» »¨½»°¬·±²¿´ °´¿½»³»²¬ ø·º ©» ¸·®»¼ ¿¬ ¿²§¬¸·²¹ ¸·¹¸»® ¬¸¿² Í¬»° ï÷ ±® ¿²§ 
±ª»®¬·³»ò

Ú®¿²½»­

Frances M. Isgrigg, PE
Division of Design and Construction
907 590 5809

CONFIDENTIALITY NOTICE: The contents of this email message and any attachments are intended solely for the
addressee(s) and may contain confidential and/or privileged information and may be legally protected from disclosure. If
you are not the intended recipient of this message or their agent, or if this message has been addressed to you in error,
please immediately alert the sender by reply email and then delete this message and any attachments. If you are not the
intended recipient, you are hereby notified that any use, dissemination, copying, or storage of this message or its
attachments is strictly prohibited. E mail cannot be guaranteed to be secure or error free as information could be
intercepted, corrupted, lost, destroyed, arrive late or incomplete, or contain viruses. Neither the sender nor Stanley
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Screenshot from 2022 RS Means Contingency options.
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Cost per Day Notes/Assumptions Reference

Costs

Electricity 8,002$ Purchase of Electricity Table A

Fuel 54,066$ Purchase of Diesel Table B

Natural Gas 1,794$
Boilers go down, we need to light them for a longer duration. In

prior year, no natural gas was used during these months
Table C

Avoided Costs

Coal Delivery (2,459)$ Table D

Coal (10,255)$ Table E

Ash Haul (1,712)$ Table F

Limestone (1,408)$ Table G

Grand Total 48,028$

This spreadsheet does not include the lost revenue from electricity sales to Golden Valley Electric.

These costs/savings are associated with a turbine outage that began on Dec 28, 2021 and ended on June 3, 2022. Support invoicing

can be provided if requested.

Actual & Estimated Costs

UAF Calculations Daily Plant Outage Costs
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Vendor: GVEA Utility Usage Cost Break Down Total

01/01/2022 02/01/2022 ELECTRIC

Fuel & Purchased 4,690,000 kwh @ $0.1045 490,105.00$

Utility Charge 4,690,000 kwh @ $0.01257 58,953.30$

Demand Charge 7207.2 KW@30.06 216,648.43$

RCC 4,690,000 kwh @ $0.001016 4,765.04$

Customer Charge 220.00$

Total: 770,691.77$ 31

(About $24,861.02 per day) 1/28 1/31 (4 days) $99,444.08

02/01/2022 03/01/2022 Electric Fuel & Purchased 4,424,000 kwh @ $0.12969 $573,748.56

Utility Charge 4,424,000 kwh @ $0.01257 $55,609.68

Demand Charge 7737.80 KW@30.06 $232,598.27

RCC 4424000 kwh@ $0.001016 $4,494.78

Customer Charge $220.00

Total: $866,671.29 28

(About $30,952.55 per day)

03/01/2022 04/01/2022 Electric Fuel & Purchased 4,564,000 kwh @0.12969 $591,905.16

Utility Charge 4,564,000 kwh @0.01257 $57,369.48

Demand Charge 6941.20 KW@30.06 $208,652.47

RCC 4,564,000 kwh @0.001016 $4,637.02

Customer Charge $220.00

Total: $862,784.13 31

(About $27,831.75 per day)

04/01/2022 05/01/2022 Electric Fuel & Purchased 4,368,000 kwh @0.12969 $566,485.92

Utility Charge 4,368,000 kwh @0.01257 $54,905.76

Demand Charge 6,844.6 KW@30.06 $205,748.68

RCC 4,368,000 kwh @0.001016 $4,437.89

Customer Charge $220.00

Total: $831,798.25 30

(About $27,726.61 per day)

05/01/2022 06/01/2022 Electric Fuel & Purchased 3,906,000 kwh @0.14036 $548,246.16

Utility Charge 3,906,000 kwh @0.01257 $49,098.42

Demand Charge 7,267.4 KW@30.06 $218,458.04

RCC 3,906,000 kwh @0.001016 $3,968.50

Customer Charge $220.00

Total: $819,991.12 31

(About $26,637.69 per day)

06/01/2022 07/01/2022 Electric Fuel & Purchased 42,000 kwh @0.14036 $5,895.12

Utility Charge 42,000 kwh @0.01257 $527.94

Demand Charge 7,827.4 KW@30.06 $235,291.64

RCC 42,000 kwh @0.000893 $37.51

Customer Charge $220.00

Total: $241,972.21 30

(About $146,282.96 per day)

181 total Days

Grand Electric Total (1/28 6/3/22): 3,722,661.08$

Remove "Customer Charge" (1,320.00)$ Paid monthly regardless of usage

3,721,341.08$

12/01/2021 01/01/2022 ELECTRIC

Fuel & Purchased 1,694,000 kwh @ $0.1045 177,023.00$

Utility Charge 1,694,000 kwh @ $0.01257 21,293.58$

Demand Charge 6,804 KW@30.06 204,528.24$

RCC 1,694,000 kwh @ $0.001016 1,721.10$

Customer Charge 220.00$

Total: 404,785.92$ 4 Days

Electric Costs (1/28 6/3/22)

Days per Month

Table A.

UAF Plant Outage Costs Electricity
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Table A.

UAF Plant Outage Costs Electricity (continued)

01/01/2022 02/01/2022 ELECTRIC

Fuel & Purchased 4,690,000 kwh @ $0.1045 490,105.00$

Utility Charge 4,690,000 kwh @ $0.01257 58,953.30$

Demand Charge 7207.2 KW@30.06 216,648.43$

RCC 4,690,000 kwh@ $0.001016 4,765.04$

Customer Charge 220.00$

Total: 770,691.77$

(About $24,861.02 per day) 1/1 1/27 (27 days) $671,247.54

Grand Electric Total (12/19/21 1/27/22): 1,076,033.46$

Remove "Customer Charge" (440.00)$ Paid monthly regardless of usage

Electric Costs (12/19/21 1/27/22) 1,075,593.46$

1,480,379.38$

Total Days 185.00$

Cost Per Day 8,002.05$

Total Electric costs (12/19/2021 6/3/2022)
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Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

Alaska Petroleum Gallons per gal & SOA Fee

21 Dec 651087 8,904 $2.87 25,936.35$

21 Dec 651088 8,900 $2.87 25,924.70$

24 Dec 677512 8,206 $3.02 25,180.01$

24 Dec 677513 8,204 $3.02 25,173.87$

24 Dec 677514 8,204 $3.02 25,173.87$

26 Dec 677518 6,801 $3.02 20,868.78$

26 Dec 677517 7,120 $3.02 21,847.63$

28 Dec 681603 9,598 $3.02 29,451.34$

28 Dec 681602 9,599 $3.02 29,454.41$

29 Dec 677526 3,802 $3.08 11,897.93$

29 Dec 677527 3,802 $3.08 11,897.93$

29 Dec 677528 3,802 $3.08 11,897.93$

29 Dec 677636 11,067 $3.08 34,632.93$

30 Dec 677633 10,622 $3.10 33,383.74$

30 Dec 677635 9,801 $3.10 30,803.43$

30 Dec 672948 9,703 $3.10 30,495.43$

30 Dec 672949 9,602 $3.10 30,178.00$

31 Dec 616240 9,602 $3.12 30,372.92$ 10

1 Jan 677544 8,705 $3.09 27,284.61$

1 Jan 672918 9,603 $3.09 30,099.26$

1 Jan 616239 9,602 $3.09 30,096.13$

1 Jan 616241 9,602 $3.09 30,096.13$

2 Jan 672919 9,603 $3.09 30,099.26$

2 Jan 672499 9,603 $3.09 30,099.26$

3 Jan 672920 9,607 $3.09 30,111.80$

3 Jan 672925 9,603 $3.09 30,099.26$

3 Jan 672926 9,608 $3.09 30,114.94$

3 Jan 677553 8,705 $3.09 27,284.61$

4 Jan 672910 9,606 $3.22 31,347.90$

4 Jan 672908 9,605 $3.22 31,344.64$

5 Jan 672922 9,602 $3.30 32,130.13$

5 Jan 672497 9,602 $3.30 32,130.13$

6 Jan 672911 9,605 $3.34 32,545.73$

6 Jan 672921 9,604 $3.34 32,542.34$

7 Jan 672913 9,603 $3.34 32,578.91$

7 Jan 672914 9,605 $3.34 32,585.70$

8 Jan 672887 9,703 $3.34 32,918.17$

8 Jan 672923 9,703 $3.34 32,918.17$

8 Jan 672888 9,703 $3.34 32,918.17$

11 Jan 676832 9,703 $3.40 33,526.81$

11 Jan 676833 9,703 $3.40 33,526.81$

11 Jan 676834 9,705 $3.40 33,533.72$

12 Jan 676835 9,704 $3.43 33,782.41$

12 Jan 676836 9,703 $3.43 33,778.93$

Table B.

UAF Plant Outage Costs Diesel Fuel
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Table B.

UAF Plant Outage Costs Diesel Fuel (continued)

Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

12 Jan 676837 9,704 $3.43 33,782.41$

13 Jan 676838 9,703 $3.40 33,476.58$

13 Jan 676839 9,700 $3.40 33,466.23$

13 Jan 676840 9,699 $3.40 33,462.78$

14 Jan 676841 9,698 $3.44 33,811.73$

14 Jan 676842 9,700 $3.44 33,818.70$

14 Jan 676843 9,700 $3.44 33,818.70$

15 Jan 676844 9,602 $3.43 33,477.03$

15 Jan 676845 9,603 $3.43 33,480.51$

15 Jan 676846 9,451 $3.43 32,950.57$

15 Jan 676847 9,450 $3.43 32,947.09$

15 Jan 677560 9,396 $3.43 32,758.82$

16 Jan 676848 9,792 $3.43 34,139.46$

16 Jan 676849 9,790 $3.43 34,132.48$

16 Jan 676850 9,802 $3.43 34,174.32$

16 Jan 676851 9,958 $3.43 34,718.21$

17 Jan 677565 8,300 $3.43 28,937.65$

19 Jan 677574 8,200 $3.45 28,738.82$

19 Jan 677575 8,200 $3.45 28,738.82$

19 Jan 677576 8,205 $3.45 28,756.34$

20 Jan 677577 8,200 $3.43 28,568.20$

20 Jan 677578 8,200 $3.43 28,567.20$

20 Jan 677579 8,200 $3.43 28,568.20$

21 Jan 676852 9,453 $3.45 33,119.70$

21 Jan 676853 9,453 $3.45 33,119.70$

21 Jan 676854 9,453 $3.45 33,119.70$

22 Jan 676855 8,802 $3.45 30,838.84$

22 Jan 676856 8,803 $3.45 30,842.35$

24 Jan 676857 8,971 $3.34 30,394.74$

24 Jan 670007 9,053 $3.34 30,672.57$

24 Jan 670008 9,058 $3.34 30,689.51$

25 Jan 670009 9,275 $3.38 31,817.29$

25 Jan 670010 9,285 $3.38 31,851.60$

25 Jan 670011 9,286 $3.38 31,855.03$

26 Jan 670012 9,309 $3.45 32,641.63$

26 Jan 670013 9,302 $3.45 32,617.09$

26 Jan 670014 9,294 $3.45 32,589.04$

27 Jan 670017 9,294 $3.50 33,018.26$

27 Jan 670018 9,307 $3.50 33,064.44$

28 Jan 670019 9,307 $3.49 32,979.42$

28 Jan 670020 9,308 $3.49 32,982.96$

28 Jan 670021 9,315 $3.49 33,007.77$

29 Jan 670022 9,309 $3.49 32,986.51$

31 Jan 670028 9,324 $3.46 32,790.76$ 31

31 Jan 670027 9,338 $3.46 32,840.00$

3 Feb 670050 9,342 $3.45 32,667.27$

3 Feb 670051 9,335 $3.45 32,642.79$

3 Feb 675818 4,509 $3.45 15,767.15$
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Table B.

UAF Plant Outage Costs Diesel Fuel (continued)

Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

4 Feb 670055 9,328 $3.48 32,955.37$

7 Feb 670060 8,929 $3.41 30,914.03$

16 Feb 686694 8,901 $3.31 29,932.61$

23 Feb 686728 9,512 $3.28 31,714.08$

25 Feb 686734 9,092 $3.36 31,008.65$

25 Feb 686735 9,094 $3.36 31,015.47$

25 Feb 686736 9,084 $3.36 30,981.36$

28 Feb 686548 9,506 $3.52 34,005.88$ 28

1 Mar 680982 9,705 $3.74 36,882.92$

1 Mar 680983 4,500 $3.74 17,101.82$

1 Mar 680984 5,214 $3.74 19,815.30$

1 Mar 680985 5,526 $3.74 21,001.03$

1 Mar 671050 8,584 $3.74 32,622.66$

1 Mar 671051 8,481 $3.74 32,231.22$

1 Mar 680553 9,812 $3.74 37,289.56$

5 Mar 686765 8,373 $4.45 37,792.74$

5 Mar 686766 8,364 $4.45 37,752.12$

5 Mar 686767 8,355 $4.45 37,711.50$

7 Mar 687520 8,352 $4.62 39,183.17$

7 Mar 676634 8,172 $4.62 38,338.71$

7 Mar 671017 8,159 $4.62 38,277.72$

8 Mar 687522 8,350 $5.15 43,630.08$

8 Mar 687523 8,346 $5.15 43,609.18$

9 Mar 687835 9,310 $4.17 39,451.72$

9 Mar 660744 8,953 $4.17 37,938.91$

9 Mar 660745 8,951 $4.17 37,930.44$

10 Mar 687537 9,069 $4.02 36,975.15$

10 Mar 687538 9,068 $4.02 36,971.08$

10 Mar 687539 9,067 $4.02 36,967.00$

12 Mar 687544 9,083 $4.15 38,243.64$

12 Mar 687545 9,086 $4.15 38,256.27$

12 Mar 687546 9,080 $4.15 38,231.01$

13 Mar 687856 9,093 $4.15 38,285.75$

13 Mar 687857 9,067 $4.15 38,176.27$

14 Mar 687549 9,089 $3.97 36,642.48$

14 Mar 687550 9,083 $3.97 36,618.29$

14 Mar 688722 8,624 $3.97 34,767.82$

14 Mar 688723 8,619 $3.97 34,747.66$

14 Mar 687859 9,335 $3.97 37,634.23$

16 Mar 688291 9,381 $3.80 36,141.95$

16 Mar 688292 9,370 $3.80 36,099.58$

17 Mar 687551 9,090 $4.30 38,640.32$

17 Mar 687552 9,073 $4.30 38,568.06$

18 Mar 687554 9,082 $4.30 39,626.77$

18 Mar 687555 9,073 $4.30 39,587.51$

19 Mar 687556 9,097 $4.30 39,692.22$

19 Mar 687557 9,088 $4.30 39,652.95$

19 Mar 687558 9,079 $4.30 39,613.68$
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Table B.

UAF Plant Outage Costs Diesel Fuel (continued)

Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

20 Mar 671021 9,382 $4.30 40,935.74$

20 Mar 671022 9,390 $4.30 40,970.65$

21 Mar 687928 9,081 $4.50 41,491.66$

22 Mar 671026 8,682 $4.56 40,226.42$

22 Mar 671027 8,682 $4.56 40,226.42$

22 Mar 671028 8,688 $4.56 40,254.22$

22 Mar 688435 8,377 $4.56 38,813.26$

22 Mar 687933 9,359 $4.56 43,363.17$

24 Mar 687936 9,085 $4.81 44,345.48$

24 Mar 687937 9,076 $4.81 44,301.55$

24 Mar 687938 9,067 $4.81 44,257.62$

24 Mar 670083 8,375 $4.81 40,879.85$

24 Mar 670084 8,359 $4.81 40,801.75$

27 Mar 687943 9,046 $4.77 43,798.86$

27 Mar 687944 9,038 $4.77 43,760.13$

28 Mar 687566 9,047 $4.44 40,762.39$

28 Mar 687567 9,042 $4.44 40,739.87$

28 Mar 687568 9,032 $4.44 40,694.81$

29 Mar 687570 8,846 $4.37 39,252.50$

29 Mar 687571 8,834 $4.37 39,199.25$

29 Mar 687572 8,824 $4.37 39,154.88$

29 Mar 669595 8,333 $4.37 36,976.16$

30 Mar 687573 9,050 $4.14 38,007.33$

30 Mar 687574 9,047 $4.14 37,994.73$ 31

2 Apr 671033 8,502 $4.13 35,680.00$

5 Apr 687963 9,060 $4.18 38,428.19$

5 Apr 687964 9,051 $4.18 38,390.02$

6 Apr 687576 9,049 $4.06 37,251.82$

6 Apr 671036 8,848 $4.06 36,424.36$

6 Apr 671037 8,829 $4.06 36,346.15$

6 Apr 671038 8,834 $4.06 36,366.73$

7 Apr 687970 8,540 $3.98 34,485.52$

7 Apr 688837 9,063 $3.98 36,597.45$

7 Apr 688838 9,046 $3.98 36,528.80$

7 Apr 688839 9,051 $3.98 36,548.99$

8 Apr 672486 9,877 $4.03 40,383.73$

8 Apr 672487 9,882 $4.03 40,404.17$

9 Apr 672485 9,919 $4.03 40,555.45$

9 Apr 474187 9,874 $4.03 40,371.46$

10 Apr 687972 9,067 $4.03 37,071.91$

11 Apr 671042 9,141 $3.93 36,424.39$

13 Apr 671046 8,630 $4.37 38,314.18$

13 Apr 671047 8,614 $4.37 38,243.15$

13 Apr 688847 9,034 $4.37 40,107.80$

13 Apr 688848 9,043 $4.37 40,147.76$

14 Apr 688849 9,046 $4.51 41,413.46$

14 Apr 688850 9,032 $4.51 41,349.37$

14 Apr 688851 9,018 $4.51 41,285.28$
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Table B.

UAF Plant Outage Costs Diesel Fuel (continued)

Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

15 Apr 688852 9,048 $4.51 41,422.62$

15 Apr 688853 9,039 $4.51 41,381.42$

15 Apr 688854 9,028 $4.51 41,331.06$

17 Apr 663673 9,026 $4.51 41,321.90$

18 Apr 663607 8,607 $4.51 39,062.97$

18 Apr 671049 8,624 $4.51 39,140.12$

19 Apr 688866 9,019 $4.42 40,485.19$

19 Apr 688867 9,002 $4.42 40,408.88$

20 Apr 688869 9,023 $4.53 41,521.56$

20 Apr 688870 9,006 $4.53 41,443.33$

21 Apr 688871 9,040 $4.46 40,936.39$

21 Apr 688872 9,024 $4.46 40,863.94$

21 Apr 688873 8,999 $4.46 40,750.73$

22 Apr 688878 3,828 $4.50 17,481.44$

25 Apr 669938 8,798 $4.65 41,538.11$

26 Apr 688887 8,992 $4.62 42,193.02$

26 Apr 688888 3,816 $4.62 17,905.76$

27 Apr 651134 8,484 $4.65 40,040.12$

27 Apr 688891 8,993 $4.65 42,442.34$

27 Apr 688892 8,995 $4.65 42,451.78$

28 Apr 651137 4,037 $4.71 19,316.04$

28 Apr 688893 9,008 $4.71 43,101.03$

28 Apr 688894 8,997 $4.71 43,048.40$

28 Apr 688895 8,969 $4.71 42,914.43$

29 Apr 688899 3,836 $4.72 18,388.57$

30 Apr 688900 9,009 $4.72 43,186.29$

30 Apr 688901 8,975 $4.72 43,023.30$ 30

3 May 688904 8,966 $4.79 43,621.74$

3 May 688905 8,960 $4.79 43,592.55$

5 May 688906 8,993 $4.75 43,329.57$

5 May 688907 8,970 $4.75 43,218.75$

5 May 688908 8,976 $4.75 43,247.66$

9 May 688922 8,992 $4.54 41,440.96$

11 May 672428 9,831 $4.66 46,468.11$

11 May 672429 9,805 $4.66 46,345.22$

12 May 672837 9,832 $4.60 45,873.07$

12 May 672837 9,821 $4.60 45,821.75$

13 May 672839 9,837 $4.71 47,045.63$

13 May 672840 9,823 $4.71 46,978.67$

17 May 662097 8,955 $4.56 41,355.88$

17 May 662098 8,974 $4.56 41,443.63$

18 May 662101 8,960 $4.42 40,185.79$

18 May 662102 8,953 $4.42 40,154.39$

19 May 662105 8,948 $4.62 41,983.83$

19 May 662106 8,932 $4.62 41,908.76$

21 May 676350 9,664 $4.60 45,167.71$

21 May 676351 9,647 $4.60 45,088.26$

21 May 676352 9,649 $4.60 45,097.60$
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Table B.

UAF Plant Outage Costs Diesel Fuel (continued)

Vendor & Delivery Date Invoice # Delivery Cost Break Down Total

# Days/

Month

23 May 662118 8,922 $4.69 42,466.77$

24 May 662275 8,411 $4.70 40,145.51$

26 May 662125 8,936 $4.89 44,340.16$

26 May 662126 8,917 $4.89 44,245.88$

26 May 662127 8,906 $4.89 44,191.30$

29 May 662136 8,681 $4.98 43,888.13$

31 May 662245 8,704 $5.03 44,399.32$

31 May 662139 3,792 $5.03 19,343.09$

31 May 662140 3,787 $5.03 19,317.58$ 31

Totals 2,170,984

Fuel Delivered (12/21/22 5/31/22):

Total Fuel Expenses 8,704,637

Total Days 161

Cost Per Day 54,066$

NET EXPENSE
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Vendor Utility Usage (CCF) Cost (per CCF) Total

Days in a

month
Interior Gas Utilty Natural Gas

2022 01 5,855 19.50$ 114,172.50$ 31

2022 01 500.00$

2022 02 4,360 19.50$ 85,020.00$ 28

2022 02 500.00$

2022 03 992 19.50$ 19,344.00$ 31

2022 03 500.00$

2022 04 0 500.00$

2022 05 1,397 19.50$ 27,241.50$ 31

2022 05 500.00$

Total Natural Gas Charges (1/28 6/03/22) 219,536.50$

Remove "Service Charge" (2,500.00)$ Paid monthly regardless of usage

NG Expense 217,036.50$

Total Days 121

Cost per Day $ 1,793.69

NET EXPENSE

Table C.

UAF Plant Outage Costs Natural Gas
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Vendor Utility Usage AKRR Invoices Invoice # Tons Cost (per ton) Total

Usibelli Coal 1/31/2022 226005543 442.2 14.39 6,363.26

1/28 1/31/21 931.00 2/1/2022 226005646 265.8 3,824.86

Feb 2021 9,117.80 2/3/2022 226005655 271.4 3,905.45

Mar 2021 8,887.50 2/7/2022 226005662 262 3,770.19

April 2021 6,848.20 2/8/2022 226005669 730.55 10,512.62

May 2021 1,718.40 2/9/2022 226005786 258 3,712.62

6/1 6/3/21 1,216.30 2/11/2022 226005794 459 6,605.01

2/14/2022 226005809 262.8 3,781.69

2/15/2022 226005813 357.3 5,141.54

2/16/2022 226005825 261.5 3,763.00

2/17/2022 226005844 351.85 5,063.12

2/18/2022 226005854 341.8 4,918.50

2/22/2022 226005858 425.95 6,129.42

2/23/2022 226005881 339.85 4,890.44

2/24/2022 226005883 364.55 5,245.87

2/25/2022 226005887 454.7 6,543.13

2/28/2022 226005907 357.5 5,144.43

5/16/2022 226006619 582.7 8,385.06

5/25/2022 226006728 178.9 2,574.37

5/26/2022 226006737 183.05 2,634.09

5/31/2022 226006768 540.2 7,773.48

6/1/2022 226006878 551.5 7,936.09

6/2/2022 226006881 452.45 6,510.76

6/3/2022 226006896 526.8 7,580.65

Actual Spent 1/28 6/3 132,709.65

Average Daily Burn: 226.14

Average Daily Burn: 226.14 Transport Cost per ton (ARR): 14.39

Days coal would be burned (1/28/22 6/3/22): 127

Would be consumed Coal (tons): 28,719.20

Cost for Transport (ARR): 413,269.29

Net Savings (1/28 6/3/22): 280,559.64

Days coal would be burned (12/19/21 1/27/22): 40

Would be consumed Coal (tons): 9,045.42

Cost for Transport (ARR): 130,163.56

Net Savings (12/19/21 1/27/22): 130,163.56

410,723.19$

167

2,459.42$

NET SAVINGS

Coal Delivery Cost

Total Days

Savings per Day

Table D.

UAF Plant Outage Costs Coal Transport (Avoided Cost Calculation)

H-
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Vendor Utility Usage Invoices Invoice # Tons Invoice Amount

Usibelli Coal

1/28 1/31/21 931.00 1/31/2022 70775 442.20 26,532.00

Feb 2021 9,117.80 2/1/2022 70779 265.80 15,948.00

Mar 2021 8,887.50 2/3/2022 70789 271.40 16,284.00

April 2021 6,848.20 2/7/2022 70793 262.00 15,720.00

May 2021 1,718.40 2/8/2022 70797 730.55 43,833.00

6/1 6/3/21 1,216.30 2/9/2022 70801 258.00 15,480.00

Average Daily Burn: 226.14 2/11/2022 70808 459.00 27,540.00

2/14/2022 70812 262.80 15,768.00

2/15/2022 70816 357.30 21,438.00

Average Daily Burn: 226.14 2/16/2022 70820 261.50 15,690.00

Cost per ton (UCM): 60.00$ 2/17/2022 70824 351.85 21,111.00

Days coal would be burned (1/28/22 6/3/22): 127 2/18/2022 70828 341.80 20,508.00

Would be consumed Coal (tons): 28,719.20 2/22/2022 70832 425.95 25,557.00

Cost (UCM): 1,723,152.00 2/23/2022 70836 339.85 20,391.00

Net Savings (1/28 6/3/22): 1,169,811.00 2/24/2022 70840 364.55 21,873.00

2/25/2022 70844 454.70 27,282.00

2/28/2022 70848 357.50 21,450.00

5/16/2022 70995 582.70 34,962.00

Days coal would be burned (12/19/21 1/27/22): 40 5/25/2022 71007 178.90 10,734.00

Would be consumed Coal (tons): 9,045.42 5/26/2022 71011 183.05 10,983.00

Cost (UCM): 542,725.04 5/31/2002 71015 540.20 32,412.00

Net Savings (12/19/21 1/27/22): 542,725.04 6/1/2022 71021 551.50 33,090.00

6/2/2022 71025 452.45 27,147.00

6/3/2022 71031 526.80 31,608.00

Total Spent 1/28 6/3/22 553,341.00

Total Coal Expenses 1,712,536$

Total Days 167

Total Net Savings per Day 10,255$

Net Savings

Table E.

UAF Plant Outage Costs Coal (Avoided Cost Calculation)

H-
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Vendor Utility Usage (truckful) Cost (per truckful) Total Days/Month
Aurora Energy Ash Haul

2nd half December 2020 22.00 $880.00 $19,360.00 15.5

January 2021 48.00 $880.00 $42,240.00 31

February 2021 58.00 $880.00 $51,040.00 28

March 2021 60.00 $880.00 $52,800.00 31

April 2021 56.00 $880.00 $49,280.00 30

May 2021 12.00 $880.00 $10,560.00 31

June 2021 50.00 $880.00 $44,000.00 30

July 2021 59.00 $880.00 $51,920.00 31

Aug 2021 81.00 $880.00 $71,280.00 31

Sept 2021 74.00 $880.00 $65,120.00 30

Oct 2021 66.00 $880.00 $58,080.00 31

Nov 2021 69.00 $880.00 $60,720.00 30

1st half Dec 2021 55.00 $880.00 $48,400.00 15.5

Ash Haul Expenses $624,800

Total Days $365

Savings per Day 1,712$

NET SAVINGS

Table F.

UAF Plant Outage Costs Ash Hauling (Avoided Cost Calculation)

H-
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Vendor Utility Cost (per ton) Total

Days in

Month
Globe Creek Limestone

July 2021 206.79 tons $290.86 $60,146.94 31

July 2021 13.25 hours $182.85 $2,422.76

Aug 2021 194.92 tons $287.63 $56,064.84 31

Aug 2021 12.25 hours $180.42 $2,210.15

Sept 2021 114.10 tons $287.63 $32,818.58 30

Sept 2021 7.25 hours $180.42 $1,308.05

Oct 2021 171.28 tons $287.63 $49,265.27 31

Oct 2021 10.75 hours $180.42 $1,939.52

Nov 2021 214.27 tons $287.63 $61,630.48 30

Nov 2021 14.75 hours $180.42 $2,661.20

1st half Dec 2021 84.22 tons $287.63 $24,224.20 15.5

1st half Dec 2021 3.75 hours $180.42 $676.58

Total Spent 7/1 12/14 $270,467.77

Average monthly tons: 180.27

Average monthly hours: 11.65

Cost per ton: $287.63

Cost per hour: $180.42

4.23

Expected tons: 763

Expected hours: 49

Total Cost (1/28/22 06/03/22): 228,223.42

228,223.42

Vendor Utility U/M Usage Rate Total Invoice #
Globe Creek Limestone

2/4/2022 hours 27 $175.00 $4,725.00 21102

2/8/2022 tons 30 $287.63 $8,628.90 21105

2/8/2022 hours 2 $180.42 $360.84 21105

2/16/2022 tons 50.04 $287.63 $14,393.01 21106

2/16/2022 hours 3 $180.42 $541.26 21106

2/22/2022 tons 27.52 $287.63 $7,915.58 21108

2/22/2022 hours 1.75 $180.42 $315.74 21108

Total Spent 1/28 6/3 27 $36,880.32

Net Savings (1/28 6/3/22): 191,343.11

Vendor Utility U/M Usage Cost (per ton) Total Invoice #
Globe Creek Limestone

12/21/2021 Dec 21 tons 28.02 $287.63 $8,059.39 21098

12/21/2021 Dec 21 hours 1.75 $180.42 $315.74 21098

Total Spent 1/28 6/3 198.08 $8,375.13

Months of usage (12/19/21 01/2 1.33

Expected tons: 240

Expected hours: 16

Total Cost (12/19/21 01/27/22): 71,938.04

63,562.91

254,906$

Total Days 181

Totals Net Saving per Day 1,408$

Table G.

UAF Plant Outage Costs Limestone (Avoided Cost Calculation)

Total Net Saving (112/19/21 6/3/22)

Net Savings (12/19/21 1/27/22):

Months of usage (1/28/22 06/03/22):

Total cost for Limestone (Savings Projection):

Usage (tons or hours)

H-
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(1)   
(2)   
(3)   

This spreadsheet can be used to estimate capital and annualized costs for three types of acid gas scrubbers: 

Wet flue gas desulfurization (WFGD) systems used to control SO2 emissions from coal-fired utility boilers over 100 MW.
Spray dryer absorber (SDA) used to control SO2 emissions from coal-fired utility boilers of equal to or greater than 50 MW.
Wet packed-bed scrubbers used to control acid gases from industrial emission sources of any size.

Packed-Bed Scrubbers
The cost methodology for wet packed-bed scrubbers can be used for estimating costs for any size of packed tower absorber used to control flue gas containing any 
acidic pollutants (e.g., HCl and HF). The capital and operating costs are based on the waste gas composition and properties of the pollutant and sorbent.  The waste gas 
is assumed to comprise a two-component waste gas mixture (pollutant/air), where the pollutant consists of a single compound present in dilute quantities. The waste 
gas is assumed to behave as an ideal gas and the solvent is assumed to behave as an ideal solution. Heat effects associated with absorption are considered to be 
minimal due to the low pollutant concentration. The procedures also assume that, in chemical absorption, the process is not reaction rate limited, i.e., the reaction of 
the pollutant with the solvent is considered fast compared to the rate of absorption of the pollutant into the solvent. 

Users should complete the PB Scrubber Data Inputs tab to estimate costs for packed-bed scrubbers.

The calculations provide study-level estimates (±30%) of capital and annual costs. Default values included in the spreadsheet are taken from the Control Cost Manual 
and other sources, such as the U.S. Energy Information Administration (EIA), and are included only as an example of how to complete the data inputs sheets. The 
actual costs may vary from those calculated here due to site-specific conditions. Selection of the most cost-effective control option should be based on a detailed 
engineering study and cost quotations from control system suppliers. 

Step 2: Complete the cells highlighted in yellow. The highlighted cells are pre-populated with example or default values. Users should replace the pre-populated values 
with current values for each parameter that are specific to the facility. All data entry fields in the PB Scrubber Data Inputs  tab should be completed. While most fields 
in the FGD Data Inputs  tab apply to both WFGD and SDA systems, a few data entry fields are specific to the type of control system and may be left blank if the user 
does not wish to estimate costs for both systems. References documenting the source of each value should be documented in the Data Sources for Default Values 
Used in Calculations located on the FGD Data Inputs and PB Scrubber Data Inputs tabs.

Step 3: Once all of the data fields are complete, select the SDA Design Parameters, WFGD Design Parameters, or PB Scrubber Design Parameters tab (as applicable) 
to see the calculated design parameters. Select the SDA Cost Estimate, WFGD Cost Estimate,  or PB Scrubber Cost Estimate  tabs to view the calculated cost data for 
the installation and operation of the scrubber. 

Air Pollution Control Cost Estimation Spreadsheet
For Wet and Dry Scrubbers for Acid Gas Control

This spreadsheet allows users to estimate the capital and annualized costs for installing and operating scrubbers for reducing sulfur dioxide and acidic gas emissions 
from fossil fuel-fired combustion units and other industrial sources of acid gases.  

The calculation methodologies used in this spreadsheet are those presented in the U.S. EPA's Air Pollution Control Cost Manual.  This spreadsheet is intended to be 
used in combination with the acid gas absorber chapter and cost estimation methodology in the Control Cost Manual. For a detailed description of acid gas absorbers 
and the cost methodologies, see Section 5, Chapter 1 (Wet and Dry Scrubbers for Acid Gas Control) of the Air Pollution Control Cost Manual (as updated in 2021).  A 
copy of the Control Cost Manual is available on the U.S. EPA's "Technology Transfer Network" website at: https://www.epa.gov/economic-and-cost-analysis-air-
pollution-regulations/cost-reports-and-guidance-air-pollution.

Step 1: Please select the FGD Data Inputs or PB Scrubber Data Inputs tab. Click he Reset Form  button at the top of the sheet to reset all parameters to default values. 

U.S. Environmental Protection Agency 
Air Economics Group

Health and Environmental Impacts Division
Office of Air Quality Planning and Standards

(May 2021)

Instructions 

WFGD and SDA Control Systems
The methodologies for WFGD and SDA systems are based on those from the U.S. EPA Clean Air Markets Division (CAMD)'s Integrated Planning Model (IPM version 6). 
The size and costs of a WFGD and SDA are based primarily on the size of the combustion unit and the sulfur content of the coal burned. The WFGD methodology 
include cost algorithms for capital and operating cost for wastewater treatment consisting of chemical pretreatment, low hydraulic residence time biological reduction 
and ultrafiltration to treat wastewater generated by the WFGD system. The IPM equations estimate the purchased equipment cost and the direct and indirect 
installation costs based on cost data for multiple lump-sum contracts. Turnkey contracts where the price is fixed at the time the contract is signed and the contractor 
undertakes responsibility for the completion of the project, are generally 10 to 15% higher than the multiple lump-sum contracts. For additional information regarding 
the IPM, see the EPA Clean Air Markets webpage at http://www.epa.gov/airmarkets/power-sector-modeling. 

Users should complete the Wet & Dry FGD Data Inputs tab to estimate costs for WFGD and SDA systems. 
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Is the FGD for a new boiler or retrofit of an existing boiler?

1

Directions: Enter data in highlighted data fields.

What is the gross MW rating at full load capacity (A)? 29.50 MW

   

Select type of coal burned:
  

Enter the sulfur content (%S) percent by weight OR 0.20 lb/MMBtu

 
Oulet SO2 Emissions (SO2out) 0.01 lb/MMBtu

 

What is the higher heating value of the fuel (HHV)? Btu/lb

What is the estimated actual annual MWh output? 258,463 MWh

Waste from a WFDG system disposed in an onsite or offsite 
landfill?

Gross heat input rate (GHR) 10.02                     MMBtu/MWh
 
 

Enter the following design parameters for the proposed FGD System:

Number of hours the scrubber operates (tABS) 8760 Hours 446

Number of hours the boiler operates (tplant) 8760 Hours

Number of Full Time Operators (FT): 

                                SDA System

                                WFGD system 6

Estimated equipment life:

                                SDA System Years

                                Wet FGD System 30 Years

Estimated equipment life for mercury monitor for wastewater 
treatment system for Wet FGD Systems 6 Years

Enter the cost data for the proposed FGD System:

Desired dollar-year for Capital Costs 2022

CEPCI for 2022 708 Enter the CEPCI value for 2022 541.7 2016 CEPCI*

Annual Interest Rate (i) 7.5 Percent

Sorbent Cost:

Lime (for SDA) $/ton of Lime

Limestone (for Wet FGD) 288.00 $/ton of Limestone

Water (Costwater) 0.0122 $/gallon 

 SO2 Emissions (SO2in)

 

*HHV is the weighted average value calculated using the values entered in the coal blend composition table.

*Note: You do not need to enter a value for the 
HHV since you entered SO2 emissions in 
lb/MMBtu above

 

Feet above sea level

Data Inputs for Spray Dryer Absorber and Wet FGD

Enter the following data for your combustion unit:

 

 

Provide the following information for the coal burned:

 

Please enter a retrofit factor. Enter 1 for projects of average difficulty. Enter values >1 for more difficult retrofits and enter 
<1 for less difficult retrofits.

Plant Elevation
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Electricity (Costelect) 0.2050 $/kWh 

Waste Disposal cost (Costwaste) 257.00 $/ton

Labor Rate 49.00 $/hour

Purchase Equipment Cost for Mercury Monitor for wastewater 
treatment System (MMCost) -                         $/monitor

 

 

Data Sources for Default Values Used in Calculations:  

 

Data Element Default Value Recommended data sources for site-specific information
Lime ($/ton) 125 N/A

Limestone ($/ton) 30 Check with reagent vendors for current prices. 

Water Cost ($/gallon) 0.00420 Plant's utility bill or  Black & Veatch's "50 Largest Cities 
Water/Wastewater Rate Survey." Available at 
http://www.saws.org/who_we_are/community/RAC/docs/20
14/50-largest-cities-brochure-water-wastewater-rate-
survey.pdf. .

Electricity Cost ($/kWh) 0.0361 Plant's utility bill or use U.S. Energy Information 
Administration (EIA) data for most recent year. Available at 
http://www.eia.gov/electricity/data.cfm#sales. 

Waste Disposal Cost ($/ton) 30 Check with reagent vendors for current prices. 

Higher Heating Value (HHV) (Btu/lb) 8,826 Fuel supplier or use  U.S. Energy Information Administration 
(EIA) data for most recent year. Available at 
http://www.eia.gov/electricity/data/eia923/.

Average Sulfur Content (%) 0.41 Fuel supplier or use  U.S. Energy Information Administration 
(EIA) data for most recent year. Available at 
http://www.eia.gov/electricity/data/eia923/.

$288/ton was used. This information was provided by UAF personnel for the limestone 
currently delivered to site and being burned in the boiler. Additional refinement needs to 
be accounted for as the current limestone particle sizes are too big for the a WFGD slurry 
feed stream. It is assumed that any particle refinement is being accounted for in the 
Reagent Preparation Equipment Costs that are calculated in the "WFGD Cost Estimate" tab. 
It is not fully understood what equipment is included in the EPA provided costs. If 
additional milling is not part of the Reagent Preparation Equipment Costs, then additional 
pricing of a mill should be included. For this scenario, additional pricing for a mill was not 
included.

Sulfur content is not being used because inlet SO2 emissions are provided instead. The 
inlet SO2 emission rate is 0.20 lb/MMBtu per Condition 13.1 of Permit AQ0316MSS06 
Revision 2. That emission rate is the basis of the SO2 PTE for EU 113 (258.9 tpy per 
Condition 13 of Permit AQ0316MSS06 Revision 

Average sulfur content based on U.S. coal data for 2016 compiled by the U.S. Energy Information 
Administration (EIA) from data reported on EIA Form EIA-923, Power Plant Operations Report. Available 
at http://www.eia.gov/electricity/data/eia923/.

*Note:  CEPCI = Chemical Engineering Plant Cost Index. The use of CEPCI in this spreadsheet is not an endorsement of the index, but is there merely to allow for availability of 
a well-known cost index to spreadsheet users. Use of other well-known cost indexes (e.g., M&S) is acceptable.

Not applicable

$0.0122/gallon of water pricing was provided by UAF Facility Services Utility Rates for 2022

N/A. Value was not needed as SO2 content was specified as lb/MMBtu.

$0.2050/kWh electricity pricing was provided by UAF Facility Services Utility Rates for 2022

$257/ton.
Ash hauling rates provided by UAF personnel ranged from $220-$293/ton. The variance is 
mostly attributed to the moisture content in the ash as well as the water added prior to 
load out to mitigate dust during transportation. $257 was used as it was an average of the 
low and high value. Email dated 7/8/22 from Frances Isgrigg (UAF) to Mark Payne (SCI) and 
Courtney Kimball (Boreal). It should be noted that the ash disposal does not include any 
additional costs for regulated or hazardous waste pollutants that may be captured during 
the WFGD process. The ash hauling rates being used in the spreadsheet may or may not 
increase due to additional pollutants in the ash. We believe that using the current average 
ash hauling rate will provide a conservatively low effective cost for SO2 removal per year.

U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector Modeling Platform 
v6 Using the Integrated Planning Model. Office of Air and Radiation. January 2017. Available at:  
https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6.

U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector Modeling Platform 
v6 Using the Integrated Planning Model. Office of Air and Radiation. January 2017. Available at:  
https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6.

Average HHV based 2016 coal data compiled by the Office of Oil, Gas, and Coal Supply Statistics, U.S. 
Energy Information Administration (EIA) from data reported on EIA Form EIA-923, Power Plant 
Operations Report. Available at http://www.eia.gov/electricity/data/eia923/.

Sources for Default Value

U.S. Energy Information Administration. Electric Power Annual 2016, Table 8.4, Published December 
2017. Available at: https://www.eia.gov/electricity/annual/pdf/epa.pdf 

Average water rates for industrial facilities (compiled by Black & Veatch. See '50 Largest Cities 
Water/Wastewater Rate Survey - 2018-2019.'Available at www.bv.com/sites/default/files/2019-
10/50_Largest_Cities_Rate_Survey_2018_2019_Report.pdf.

U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector Modeling Platform 
v6 Using the Integrated Planning Model. Office of Air and Radiation. January 2017. Available at:  
https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6.

If you used your own site-specific values, please enter the  value used and the reference  
source . . . 
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Interest Rate 3.25 Use current bank prime rate available at 
https://www.federalreserve.gov/releases/h15/.

Hourly Labor Rate ($/hour) 60 Plant data.

Data Element Default Value Recommended data sources for site-specific information

Cell C10

Gross MW rating at full load capacity N/A

C17

Oulet SO2 Emissions (SO2out) (lb/mmbtu) N/A

Cell C34

Annual MWH output N/A

Cell C38

Gross heat input rate N/A

Cell C44

Number of hours of Scrubber Operation N/A

Cell C45

Number of hours of Boiler Operation N/A

Cell C47

SDA System Full Time Operators 8

Cell C48

WFDG System Full Time Operators 12 EPA recommended default value of 12 operators for WFGD system (<500MW plant size) Value used: 6
The EPA default value is 12 for a plant that is between 100 MW and 500 MW. The 
theoretical electrical capacity of the UAF CHPP is 29.5 MW. Based on the size of the 
equipment and the EPA recommendation, the value was set at 6 operators. The plant 
operates and staff's the plants operation for Monday thru Sunday, 24 hours per day. The 
plant has a total of 4 shifts available during the week (2 weekly sections, with each weekly 
section staffed during the day and separately at night).  WFGD's are material handling 
intensive and require support during material offloading, material transfer, material 
batching and during operational hours. 6 Full time operators averages to 1.25 fulltime 
equivalents during each shift. It should be noted that the sensitivity of operators on a 
WFGD cost effectiveness result is some what small. The difference in effectiveness 
between the currently used 6 operators and using no new additional operators is roughly 
$2,500/ton of SO2 removed ($28,500 to $26,000).

Value set at total hours that Scrubber can operate per year, but no more than Boiler operation. 8,760 hours in one year.

Value set at total hours that Boiler can operate per year. 8,760 hours in one year.

EPA recommended default value of 8 operators for SDA system. Not applicable

This calculates the total amount of heat input into the boiler by the coal per MW electrical capacity. 
Values of the equation include: Permitted Maximum Heat Input into the Boiler (MMBtu/hr) / MW 
capacity

10.02 MMBTU/MWh

Gross Heat Input Rate (GHIR) = Max Heat Input / MW capacity
GHIR = 295.6 MMBtu/hr / 29.5 MW
GHIR = 10.02 MMBTU/MWh

The facility at UAF was designed and constructed as a Combined Heat Power facility which serves the 
University in two ways; providing distribution steam for campus heating and other processes, and 
electricity for electrical demand on the campus. The Boiler and Steam Turbine at UAF were design as a 
bottoming cycle facility which means that the boiler is ramped as needed to meet the amount of steam 
heating that is required on campus. The left over steam is sent to the steam turbine to convert the 
remaining energy to electricity. This differs to a traditional power plant that uses all of it's generated 
steam to generate electricity with little to no distribution of steam for processes or users. In order to 
utilize the EPA spreadsheet, a theoretical MW value needed to be calculated for the CHP facility. To 
calculate an electrical generation power plant equivalency, we used the BTU input of the Boiler (total 
coal flow into the boiler), then using the Boiler efficiency which equates the amount of BTU's that the 
boiler captures in the steam cycle. These BTU's were then divided by the Steam Turbine efficiency, also 
know has Heat Rate (BTU/kW) which yields a theoretical MW value based on how the steam turbine can 
convert BTU's to kW. The resultant was used as a electrical "equivalent" in the spreadsheet. It should be 
noted that the facility has no way of generating the calculated theoretical MW value as the existing 
Steam Turbine cannot operate beyond it's 17MW nameplate.

Value used: 29.5 MW
"CHPP MW Equivalent" = Boiler BTU Input x Boiler Efficiency / Steam Turbine Heat Rate.
Boiler input: 295,600,000 lb/hr (Provided by B&W)
Boiler efficiency: 85.73% (Provided by B&W)
Steam Turbine efficiency: 8,589 Btu/kWh (Provided by Shin Nippon)

U.S. Environmental Protection Agency (EPA). Documentation for EPA's Power Sector Modeling Platform 
v6 Using the Integrated Planning Model. Office of Air and Radiation. January 2017. Available at:  
https://www.epa.gov/airmarkets/documentation-epas-power-sector-modeling-platform-v6.

$49/hour. Value provided by Frances Isgrigg (UAF). This is a burdened rate of an individual 
who would be working on this equipment at the plant.

Sources for Default Value
If you used your own site-specific values, please enter the  value used and the reference  

source . . . 

SO2 output emissions 0.01 lb/mmbtu was entered to show the WFGD efficiency at 95%

This calculates the total MWh produced by the boiler. This was calculated using electrical capacity 
equivalent MW (rating) and multiplying by 8,760 hours per year for an annual MWh output

258,463 MWh

Annual MWh output = Capacity x hours of operation/year
Annual MWh output = 29.50MW x 8,760 hours/year

7.50%. Updated prime rate as of December 27, 2022.Default bank prime rate March 2, 2021 (available as the rates listed under 'bank prime loan' at 
https://www.federalreserve.gov/releases/h15/).
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Cell C57

CEPCI for 2022 N/A Provide latest Chemical Engineering Plant Cost Index (CEPCI) Value used: 708
Value was taken from Chemical Engineering magazine, August 2022 Issue. Value was 
provided as a final 2021 index number.
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Parameter Equation Calculated Value Units

Maximum Annual Heat Input Rate (QB) = A x GHR = 296 MMBtu/hour

Maximum Annual MWh Output  (BMW) = A x 8760 = 258,463 MWh

Estimated Actual Annual MWh Output (Boutput) = Value entered by user 258,463 MWh

Heat Rate Factor (HRF) = Gross Plant Heat Rate/10 = 1.00

Total System Capacity Factor (CFtotal) = (Boutput/Bmw)*(tABS/tplant) =
1.000 fraction

Total effective operating time for the scrubber (top) = CFtotal x 8760 = 8,760                            hours

SO2 Removal Efficiency (EF) = (SO2in - SO2out)/SO2in =
95 percent

SO2 removed per hour = SO2in x EF x QB  = 56                                 lb/hour

Total SO2 removed per year = (SO2in x EF x QB x top)/2000 = 246.00 tons/year

Coal Factor (CoalF) =
1 for bituminous; 1.05 for sub-bituminous; 1.07 for lignite (weighted average is 
used for coal blends)

1.05

Inlet SO2 Emissions (SO2in) = Value entered by user 0.20 lb/MMBtu

Elevation Factor (ELEVF)  = 14.7 psia/P =  

Atmospheric pressure at 446 feet above sea level (P) = 2116 x [(59-(0.00356xh)+459.7)/518.6]5.256 x (1/144)* = 14.5 psia

Retrofit Factor (RF) = Retrofit to existing boiler 1.00

Capital Recovery Factor:

Parameter Equation Calculated Value

Capital Recovery Factor (CRF) = i (1+ i)n/(1+ i)n - 1 = 0.0847
Where n = Equipment Life and i= Interest Rate

0.2130

Parameter Equation Calculated Value Units
Electricity Usage:
Electricity Consumption (P) = 0.0112e0.155xS x CoalF x HRF x A x 1,000 = 359                               kW

* Equation is from the National Aeronautics and Space Administration (NASA), Earth Atmosphere Model. Available at 
https://spaceflightsystems.grc.nasa.gov/education/rocket/atmos.html. 

Wet FGD System

Mercury Monitor 
for Wastewater 

Treatment System

Wet FGD Design Parameters

The following design parameters for the wet FGD system were calculated based on the values entered on the FGD  Data Inputs tab. These values were used to prepare the costs shown on the Wet FGD 

Not applicable; 
elevation factor does 
not apply to plants 
located at elevations 
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Water Usage:
Water consumption (qwater) =                                                                          [(1.674 x S + 74.68) x A x CoalF x HRF]/1,000 2.3 kgallons/hour

Limestone Usage:
Limestone consumption rate (QLimestone) = [17.52 x A x S x HRF]/2,000] x (EF/0.98) = 0.05 tons/hour

Waste Generation:
Waste generation rate (qwaste) = [1.811 x QLimestone x (EF/0.98) = 0.1 tons/hour

Wastewater Flow Rate:
Wastewater flow rate (F) = A x (0.4 gallons/min/MW) = 12 gallons/minute
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Capital costs for the absorber (ABScost) = $8,478,739
Reagent Preparation Equipment Costs (RPEcost) = $1,839,172
Waste Handling Equipment (WHECost) = $758,320
Balance of Plant Costs (BOPcost) = $16,102,837
Wastewater Treatment Facility Costs (WWTcost) = $13,565,812
Total Capital Investment (TCI) = $52,968,345

Wet FGD Capital Costs (ABScost) = $8,478,739

Reagent Preparation (RPEcost) = $1,839,172

Waste Recycling/Handling (WHEcost) = $758,320

Balance of Plant Costs (BOPcost) = $16,102,837

Waste Handling Equipment (WHECost)

 WHEcost = 106,000 x A0.716 x (S x HRF)0.45 x RF

in 2022 dollars

in 2022 dollars

BOPcost = 1,070,000 x (A)0.716 x (CoalF x HRF)0.4 x ELEVF x RF

Reagent Preparation Costs (RPEcost)

 RPEcost = 202,000 x A0.716 x (S x HRF)0.3 x RF

in 2022 dollars

Balance of Plant Costs (BOPcost)

in 2022 dollars

in 2022 dollars with disposal at offsite landfill

Wet FGD Capital Costs (ABScost)

ABScost = 584,000 x (A)0.716 x (CoalF x HRF)0.6  x (S/2)0.02 x ELEVF x RF

Wet FGD Cost Estimate

Total Capital Investment (TCI)

TCI = 1.3 x (ABScost + RPEcost + WHECost + BOPcost) + WWTCost
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Wastewater Treatment Facility Costs (WWTcost) = $13,565,812

Direct Annual Costs (DAC) = $3,075,590
Indirect Annual Costs (IDAC) = $4,514,299
Total annual costs (TAC) = DAC + IDAC $7,589,888

Annual Maintenance Cost = 0.015 x TCI = $794,525
Annual Operator Cost = FT × 2,080 × Hourly Labor Rate $611,520
Annual Reagent Cost = Qlimestone x CostLimestone x top = $126,658
Annual Electricity Cost = P x Costelect x top = $643,921
Annual Make-up Water Cost = qwater x Costwater x top = $248,219
Annual Waste Disposal Cost  = qwaste x Costfuel x top = $198,422
Annual Wastewater Treatment Cost = (6.3225F + 472,080) x 0.958 x CFtotal x ESC = $452,324 (with disposal at offsite landfill)
Replacement Cost for Mercury Monitor  = CFmm x MMCost = $0 (replaced once every 6 years.)
Direct Annual Cost = $3,075,590 in 2022 dollars

Administrative Charges (AC) = 0.03 x (Annual Operator Cost + 0.4(Annual Maintenance Cost)) = $27,880
Capital Recovery Costs (CR)= CRF x TCI = $4,486,419
Indirect Annual Cost (IDAC) = AC + CR = $4,514,299 in 2022 dollars

Total Annual Cost (TAC) = $7,589,888
SO2 Removed = 246 tons/year
Cost Effectiveness = $30,853 per ton of SO2 removed in 2022 dollars

Cost Effectiveness = Total Annual Cost/ SO2 Removed/year
per year in 2022 dollars

Wastewater Treatment Facility Costs (WWTcost)

in 2022 dollars

Direct Annual Costs (DAC)
DAC = Annual Maintenance Cost + Annual Operator Cost + Annual Reagent Cost + Annual Make-up Water Cost + Annual Waste Disposal Cost + Annual Auxiliary Power Cost + Annual Wastewater Treatment 

Indirect Annual Cost (IDAC)
IDAC = Administrative Charges + Capital Recovery Costs

Cost Effectiveness

Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

Wastewater Treatment Facility Costs with Onsite Landfill
WWTcost = (41.36 F + 11,157,588) x RF x 0.898

Wastewater Treatement Facility Costs with Offsite Landfill
WWTcost = (41.16 F + 11,557,843) x RF x 0.898

in 2022 dollars with disposal at offsite landfill
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Typical Costs for Random Packing Materials (1991$) Physical Properties of Common Pollutants

<100 ft3 >100 ft3

1 304 stainless steel Pall rings, Raschig rings, 
Ballast rings 70-109 65-99 Ammonia 17 0.236 1.76

1 Ceramic Raschig rings, Berl saddles 33-44 26-36 Methanol 32 0.159 1.28

1 Polypropylene Tri-Pak, Pall rings, Ballast 
rings, Flexisaddles 14-37 Dec-34 Ethyl Alcohol 46 0.119 1

2 Ceramic Berl saddles, Raschig rings 13-32 30-Oct Propyl Alcohol 60 0.1 0.87

2 Polypropylene Tri-Pac, Lanpac, Flexiring, 
Flexisaddle Tellerette 

20-Mar 19-May Butyl Alcohol 74 0.09 0.77

3.5 304 stainless steel Ballast rings 30 27 Acetic Acid 60 0.133 0.88

3.5 Polypropylene Tri-pack, Lanpac, Ballast 
rings 14-Jun 12-Jun Hydrogen Chloride 36 0.187 2.64

Hydrogen Bromide 36 0.129 1.93
Typical Packing Factors for Various Packing Materials for Wet Packed Tower Absorbers Hydrogen Fluoride 20 0.753 3.33

Packing Type Construction Level Nominal Diameter (inches) Fp a

Raschig rings Ceramic 0.5 640 111
0.625 380 100
0.75 255 80
1.0 160 58
1.5 95 38
2.0 65 28
3.0 37

Raschig rings Metal 0.5 410 118
0.625 290
0.75 230 72
1.0 137 57
1.5 83 41
2.0 57 31
3.0 32 21

Pall rings Metal 0.625 70 131
1.0 48 66
1.5 28 48
2.0 20 36
3.5 16

Pall rings Polypropylene 0.625 97 110
1.0 52 63
1.5 32 39
2.0 25 31

Berl saddles Ceramic 0.5 240 142
0.75 170 82
1.0 110 76
1.5 65 44
2.0 45 32

Intalox saddles Ceramic 0.5 200 190
0.75 145 102
1.0 98 78
1.5 52 60
2.0 40 36
3.0 22

Tri-Packs® Plastic 2.0 16 48
3.5 12 38

Packing Constants Used to Estimate HG For Wet Packed Tower Absorbers

α Β γ Gsfr Lsfr

Raschig Rings 0.625 2.32 0.45 0.47 200-500 500-1,500
1.0 7 0.39 0.58 200-800 400-500
1.0 6.41 0.32 0.51 200-600 500-4,500
1.5 1.73 0.38 0.66 200-700 500-1,500
1.5 2.58 0.38 0.4 200-700 1,500-4,500
2.0 3.82 0.41 0.45 200-800 500-4,500

Berl Saddles 0.5 32.4 0.3 0.74 200-700 500-1,500
0.5 0.81 0.3 0.24 200-700 1,500-4,500
1.0 1.97 0.36 0.4 200-800 400-4,500
1.5 5.05 0.32 0.45 200-1,000 400-4,500

Partition Rings 3.0 640 0.58 1.06 150-900 3,000-10,000
LanPac® 2.3 7.6 0.33 -0.48 400-3,000 500-8,000
Tri-Packs® 2.0 1.4 0.33 0.4 100-900 500-10,000

3.5 1.7 0.33 0.45 100-2,000 500-10,000
a Units of lb/hr-ft2

Packing Constants Used to Estimate HL For Wet Packed Tower Absorbers
Applicable 

Rangea

φ b La
sfr

Raschig Rings 0.375 0.00182 0.46 400-15,000
1.0 0.00357 0.35 400-15,000
1.5 0.01 0.22 400-15,000
2.5 0.0111 0.22 400-15,000
2.0 0.0125 0.22 400-15,000

Berl Saddles 0.5 0.00666 0.28 400-15,000
1.0 0.00588 0.28 400-15,000
1.5 0.00625 0.28 400-15,000

Partition Rings 3.0 0.0625 0.09 3,000-14,000
LanPac® 2.3 0.0039 0.33 500-8,000

3.5 0.0042 0.33 500-8,000
Tri-Packs® 2.0 0.0031 0.33 500-10,000

3.5 0.004 0.33 500-10,000
a Units of lb/hr-ft2

Packing Constants Used to Estimate Pressure Drop For Wet Packed Tower Absorbers
Packing Type Construction Material Nominal Diameter (inches) c j

Raschig rings ceramic 0.5 3.1 0.41
0.75 1.34 0.26

1 0.97 0.25

Molecular 
Weight

Diffusivity in Air at 
25°C (cm2/sec)

Diffusivity in Water at 
20°C (cm2/sec x 105)

Nominal Diameter 
(inches) Construction Material Packing Type

Packing cost ($/ft3)

Applicable Rangea

Packing Type Size (inches)
Packing Constants

Pollutant

Packing Type Size (inches)
Packing Constants
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1.25 0.57 0.23
1.5 0.39 0.23
2 0.24 0.17

Raschig rings metal 0.625 1.2 0.28
1 0.42 0.21

1.5 0.29 0.2
2 0.23 0.135

Pall rings metal 0.625 0.43 0.17
1 0.15 0.16

1.5 0.08 0.15
2 0.06 0.12

Berl saddles ceramic 0.5 1.2 0.21
0.75 0.62 0.17

1 0.39 0.17
1.5 0.21 0.13

Intalox saddles ceramic 0.5 0.82 0.2
0.75 0.28 0.16

1 0.31 0.16
1.5 0.14 0.14

a Units of lb/hr-ft2
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Total Capital Investment - CDS (Circulating Dry Scrubber) Date: 12/28/2022
Project: UAF - BACT Analysis Prepared By: M. Jahn
Vendor: Andritz Updated By: C. Kimball

Rev: B

DIRECT COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST

(1) Purchased equipment and material costs
(a) Basic equipment

CDS System 1 EA 16,950,000.00$       
ID Fan 1 EA 567,879.00$            
Fire System 1 EA 134,000.00$            
HVAC 1 EA 445,000.00$            
Demo of existing Water Treatment Building 1 EA 500,000.00$            
Total CDS System TOTAL = 18,596,879$             

(b) Instrumentation
Total Instrumentation 1 EA 760,000.00$            

TOTAL = 760,000$                  
(c) Freight

ID Fan System Freight 1 LOT 112,000.00              
TOTAL = 112,000$                  

(d) Extended Outage Costs
Additional days beyond a typical 3 week outage 21 days 48,028.00$              

TOTAL = 1,008,588$               
(e) Vendor representatives fees

Onsite Vendor Representatives fees (enter no. of days and daily rate) 7 Days 2000 14,000$                    
TOTAL = 14,000$                    

Purchased Equipment and Material Cost (PEMC)  PEMC   = 20,491,467$             

(2) Direct Installation Costs
(a) Concrete (CDS Building, Duct Supports) 1 LOT 800,000.00$            800,000$                  
(b) Site Vibro Compaction (CDS Building, Supports) 1 LOT 423,000.00$            423,000$                  
(c) Structural Steel (CDS Building, Supports, Duct) 1 LOT 3,064,000.00$         3,064,000$               
(d) Electrical 1 LOT 883,000.00$            883,000$                  
(e) Insulation 1 LOT 66,000.00$              66,000$                    
(f) Abovegrade piping 1 LOT 442,000.00$            442,000$                  
(g) Golden Heart Utility Relocation 1 LOT 856,212.16$            856,212$                  

Direct Installation Costs (DIC) - Estimate for new building, foundation, piping, electrical, etc.  DIC   = 6,534,212$               

Total Direct Costs (TDC) TDC = (PEMC) + (DIC)  = 27,025,679$             

INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services 10% % TDC 2,702,568$                      
(4) Performance tests 1 EA 75,000$                   75,000$                           
Total Indirect Costs (TIC) TIC   = 2,777,568$               

MANAGEMENT AND CONTINGENCY COSTS
(5) Contingency 10% % TDC 2,702,568$                      
Total Management and Contingency Costs (TM&CC) TM & CC   =   2,702,568$               

TOTAL CAPITAL INVESTMENT (TCI) TCI  =  (TDC)+(TIC)+(TM&CC)  = 32,505,815$    

Line Number/Description

Line Number 1a

Line Number 1a

Line Number 1a

Line Number 1a

Line Number 1a

Line Number 1b

Line Number 1c

Line Number 1d

Line Number 1e

Line Number 2a thru 2g

Line Number 3

Line Number 4

Line Number 5

Capital Costs

Shaded cells indicate user inputs.

Title

Total CDS System
CDS price provided by OEM Vendor. Cost includes equipment supply and installation costs. 
Andritz provided a rough installation factor based on material supply. Assumed installation 
costs were the same as equipment supply.

Comment

ID Fan

Fire System

HVAC

Pricing provided by Clarage for new ID Fan. Fan shipping is provided in line number 1c.

Fire System costs for the new CDS Building. Costs were derived from the original UAF estimate 
and scaled based on a cost/square foot and escalated using CEPCI.

HVAC costs for the new CDS Building. Costs were derived from the original UAF estimate and 
scaled based on a cost/square foot and escalated using CEPCI.

Water Treatment Building 
Demolition

Total Instrumentation

ID Fan Shipping Costs

Water Treatment Building Demolition costs to demolish the existing water treatment building. 
The new CDS building will be built in it's place. Estimated costs were derived on a level of effort 
basis

Total costs for new cabinets and integrating CDS I/O into existing UAF DCS.

Costs to ship ID fan to site.

Costs for Preliminary Engineering costs to assist the University in soliciting bidders with 
specifications, preliminary drawings and procurement support for the AQCS system. Additional 
services include home office support for shop drawing review and occasional site support 
during construction for potential issues. Engineering is a percentage of the Total Direct Costs of 
the Project.

Costs for a 3rd party performance testing company to validate emissions and performance 
guarantees by CDS vendor during operation

Construction Contingency is an allottment for additonal or unexpected costs during the project. 
RS Means defines contingency allowances and ranges between 3-20% depending on what 
design stage the project is in. A 10% contingency is a project that is in Design Development, 
wheras a Conceptual Design phase allows for a 20% contingency. A 10% contingency for this 
cost estimate is considered low as the project is still in a Development phase.

Construction Contingency

Direct Install Costs

Engineering Services

Performance Test

Extended Outage Costs

UAF typically schedules for a 3 week outage on Boiler #5. A CDS outage will take 6 weeks and 
University will incur 3 additional weeks of outage costs that include purchasing electric power 
and running additional boilers for steam generation. Costs per day were provided by UAF 
personnel. The daily outage cost calculations are presented in the last section of Appendix G 
beginning on page G-73.

Vendor Representative Costs
Costs incurred for OEM to send a Field Technician to the field to confirm installation and 
provide technical guidance if needed. Cost per day includes hourly burdened rate for employee 
daily allowances and travel expenses. Based on general engineering and project experience.

Costs broken down into individual disciplines for balance of plant equipment, materials and 
labor for the CDS System. Cost estimate basis for each discipline are provided as attachments.
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Total Annualized Costs - CDS (Circulating Dry Scrubber) Date: 12/28/2022
Project:  UAF - BACT Analysis Prepared By: M. Jahn
Vendor: Andritz Updated By: C. Kimball

Rev: B

DIRECT ANNUAL COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor 8,864                MH 49.09                     Excluded 435,134$                      435,134$          
(2) Supervisory Labor MH Excluded Excluded Excluded
(3) Maintenance Labor 520                   MH 49.09                     Excluded 25,527$                        25,527$            
(4) Maintenance Materials 1                        LOT 25,527                   25,527$                                    Excluded 25,527$            
(5) Utilities

(a) Reagent: TON -                         N/A N/A N/A
(b) Electricity: 5,452,399         kWh 0.205                     1,117,742$                              Excluded 1,117,742$      
(c) Water: 8,935                (K) Gallons 11.30                     100,968$                                  Excluded 100,968$          

Total Direct Annual Costs (TDAC)  TDAC   = 1,704,897$      

INDIRECT ANNUAL COSTS
(6) Overhead 1% % 325,058$                      325,058$          
(7a) Administrative Charges, Insurance 3% % total capital 975,174$                      975,174$          
(7b) Capital Recovery Factor [see inputs below] 0.0847
(8) Capital Recovery CRF * TCI  = 2,752,308$      

Total Indirect Annual Costs (TIAC)  TIAC   = 4,052,540$      

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC)  = 5,757,437$      

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)  7.50 %
Project Life (EPA OAQPS Control Cost Manual) 30 years

Shaded cells indicate user inputs

Title CommentLine Number/Description

Operating/Maintenance Labor

Maintenance Material

Provided by UAF. Rate is burdoned rate for level of personnel operating and performing maintenance 
on this type of equipment. Additional FT operations person is assumed per shift. Four total shifts per 
week. Quarter FT maintenance persons is assumed for the new CDS system.

Allotment for maintenance materials. Item is equal to the maintenance labor allotment in line 3.

Annualized Costs

Line Number 1 and 3

Line Number 4

Overhead
Admin Charges, etc

Pricing provided by UAF for published utility rates on campus. Electical consumption rate provided by 
CDS vendor. Additional consumption by larger ID Fan was also included.

Calculated as percent of Total Capital Investment
Calculated as percent of Total Capital Investment

Water
Pricing provided by UAF for published utility rates on campus. Water consumption rate provided by 
CDS vendor.

Annual Interest Rate
Project Life

Capital Recovery Factor
Capital Recovery

EPA calculated factor using Interest Rate and Project Life Span
Capital Recovery Factor times Total Capital Investment.
Latest federal prime rate. https://www.federalreserve.gov/releases/h15/
Project Life expectancy in years.

Line Number 6

Project Life (EPA OAQPS Control Cost Manual) 

Line Number 7a
Line Number 7b
Line Number 8

Annual Interest Rate (EPA OAQPS Control Cost Manual)  

Line Number 5a Reagent CDS vendor will not require injection of reagent for SO2 reduction.

Line Number 5b

Line Number 5c

Electricity

University of Alaska Fairbanks
BACT Analysis December 2022
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Total Capital Investment - DSI (Dry Sorbent Injection) Date: 12/28/2022
Project: UAF - BACT Analysis Prepared By: M. Jahn
Vendor: BACT Process Systems, Inc. Updated By: C. Kimball

Rev: B

DIRECT COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST

(1) Purchased equipment and material costs
(a) Basic equipment

DSI System 1 EA 5,875,000
ID Fan 1 EA 431,588
Total DSI System TOTAL = 6,306,588$               

(b) Instrumentation
Total Instrumentation 1 EA 142,000                 

TOTAL = 142,000$                  
(c) Freight

ID Fan Freight 1 EA 85,120$                 
TOTAL = 85,120$                    

(d) Extended Outage Costs
Additional days beyond a typical 3 week outage 35 Days 48,028.00$            

TOTAL = 1,680,980$               
(e) Vendor representatives Costs

Onsite Vendor Representatives Costs (enter no. of days and daily rate) 5 Days 2000
TOTAL = 10,000$                    

Purchased Equipment and Material Cost (PEMC) All above costs included in vendor scope.  PEMC   = 8,224,688$               

(2) Direct Installation Costs
(a) Concrete 1 LOT 98,000$                 98,000$                    
(b) Site Vibro Compaction (DSI Unloading Building/Storage Silo) 1 LOT 31,000$                 31,000$                    
(c) Structural steel 1 LOT 84,000$                 84,000$                    
(d) Electrical 1 LOT 771,000$               771,000$                  
(e) Abovegrade piping 1 LOT 367,000$               367,000$                  

Direct Installation Costs (DIC) - Guess at new building, foundation, piping, electrical, etc.  DIC   = 1,351,000$               

Total Direct Costs (TDC) TDC = (PEMC) + (DIC)  = 9,575,688$               

INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services 10% % TDC 957,569$                         
(4) Performance tests 1 EA 75,000$                 75,000$                           
Total Indirect Costs (TIC) TIC   = 1,032,569$               

MANAGEMENT AND CONTINGENCY COSTS
(5) Contingency 10% % TDC 957,569$                         
Total Management and Contingency Costs (TM&CC) TM & CC   =   957,569$                  

TOTAL CAPITAL INVESTMENT (TCI) TCI  =  (TDC)+(TIC)+(TM&CC)  = 11,565,826$     

Line Number/Description

Line Number 1a

Line Number 1a

Line Number 1b

Line Number 1c

Line Number 1d

Line Number 1e

Line Number 2a thru 2e

Line Number 3

Line Number 4

Line Number 5

Costs to ship ID fan to site. CDS pricing was used and scaled from 1250 HP to 950 HP.

Costs broken down into individual disciplines for balance of plant equipment, materials and 
labor for the DSI System. Cost estimate basis for each discipline are provided as attachments.

Costs for Preliminary Engineering costs to assist the University in soliciting bidders with 
specifications, preliminary drawings and procurement support for the AQCS system. 
Additional services include home office support for shop drawing review and occasional site 
support during construction for potential issues. Engineering is a percentage of the Total 
Direct Costs of the Project.

Costs for a 3rd party performance testing company to validate emissions and performance 
guarantees by DSI vendor during operation

Construction Contingency is an allottment for additonal or unexpected costs during the 
project. RS Means defines contingency allowances and ranges between 3-20% depending on 
what design stage the project is in. A 10% contingency is a project that is in Design 
Development, wheras a Conceptual Design phase allows for a 20% contingency. A 10% 
contingency for this cost estimate is considered low as the project is still in a Development 
phase.

UAF typically schedules for a 3 week outage on Boiler #5. A DSI outage will take 8 weeks and 
the University will incur 5 additional weeks of outage costs that inlcude purchasing electric 
power and running additional boilers for steam generation. Costs per day were provided by 
UAF personnel. The daily outage cost calculations are presented in the last section of 
Appendix H beginning on page H-74.

Costs incurred for OEM to send a Field Technician to the field to confirm installation and 
provide technical guidance if needed. Cost per day includes hourly burdened rate for 
employee daily allowances and travel expenses.

Pricing provided by Clarage for new ID Fan for CDS system. Fan pricing was scaled from 1250 
HP to 950 HP. Fan shipping is provided in line number 1c.

Total costs for new communication links and I/O integration into existing DCS room.

ID Fan

Capital Costs

Total Instrumentation

Shaded cells indicate user inputs.

Title

Total DSI System

Comment

DSI price provided by OEM Vendor. Cost includes equipment supply and installation costs. 
Installation costs of vendor supplied equipment was assumed to be 25% of equipment cost.

Construction Contingency

Engineering Services

Performance Test

ID Fan Shipping Costs

Direct Install Costs

Extended Outage Costs

Vendor Representative Costs

University of Alaska Fairbanks
BACT Analysis
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Total Annualized Costs - DSI (Dry Sorbent Injection) Date: 12/28/2022
Project:  UAF - BACT Analysis Prepared By: M. Jahn
Vendor: BACT Process Systems, Inc. Updated By: C. Kimball

Rev: B

DIRECT ANNUAL COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor 8,864                MH 49.09                     Excluded 435,134$                      435,134$          
(2) Supervisory Labor MH Excluded Excluded Excluded
(3) Maintenance Labor 520                   MH 49.09                     Excluded 25,527$                        25,527$            
(4) Maintenance Materials 1                        LOT 25,527                   25,527$                                    Excluded 25,527$            
(5) Utilities

(a) Hydrated Lime: 394                   TON 1,377                     542,813$                                  Excluded 542,813$          
(b) Electricity: 2,683,276         kWh 0.205                     550,071$                                  Excluded 550,071$          
(c) Water: 8,935                (k)Gallons 11.30                     100,968$                                  Excluded 100,968$          

Total Direct Annual Costs (TDAC)  TDAC   = 1,680,040$      

INDIRECT ANNUAL COSTS
(6) Overhead 1% % 115,658$                      115,658$          
(7a) Administrative Charges, Insurance 3% % total capital 346,975$                      346,975$          
(7b) Capital Recovery Factor [see inputs below] 0.0847
(8) Capital Recovery CRF * TCI  = 979,293$          

Total Indirect Annual Costs (TIAC)  TIAC   = 1,441,926$      

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC)  = 3,121,966$      
Cost per ton of SO2 removed ($/ton) 14,184.31$      

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)  7.50 %
Project Life (EPA OAQPS Control Cost Manual) 30 years

Calculated as percent of Total Capital Investment

EPA calculated factor using Interest Rate and Project Life Span

Line Number 6

Line Number 7a

Line Number 7b

Admin Charges, etc

Capital Recovery Factor

Line Number 5c

Calculated as percent of Total Capital Investment

Line Number 5a Hydrated Lime Hydrated Lime consumption rates provided by DSI vendor. Hydrated Lime costs provided by L'hoist.

Pricing provided by UAF for published utility rates on campus. Electical consumption rate provided by 
DSI vendor. Additional consumption by larger ID Fan was also included.

Pricing provided by UAF for published utility rates on campus. Water consumption rate provided by 
DSI vendor.

Water

Overhead

Capital Recovery Factor times Total Capital Investment.

Annual Interest Rate (EPA OAQPS Control Cost Manual)  
Project Life (EPA OAQPS Control Cost Manual) 

Latest federal prime rate. https://www.federalreserve.gov/releases/h15/
Project Life expectancy in years.

Annual Interest Rate
Project Life

Capital RecoveryLine Number 8

Electricity

Annualized Costs

Shaded cells indicate user inputs

Title CommentLine Number/Description

Line Number 1 and 3

Line Number 4

Line Number 5b

Provided by UAF. Rate is burdoned rate for level of personnel operating and performing maintenance 
on this type of equipment. Additional FT operations person is assumed per shift. Four total shifts per 
week. Quarter FT maintenance persons is assumed for the new DSI system.

Allotment for maintenance materials. Item is equal to the maintenance labor allotment in line 3.

Operating/Maintenance Labor

Maintenance Material

University of Alaska Fairbanks
BACT Analysis December 2022

Public Review Draft August 19, 2024
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Total Capital Investment - DSI (Dry Sorbent Injection) Date: 12/28/2022
Project: UAF - BACT Analysis Prepared By: M. Jahn
Vendor: Tri-Mer Updated By: C. Kimball

Rev: B

DIRECT COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST

(1) Purchased equipment and material costs
(a) Basic equipment

DSI System 1 EA 978,475
ID Fan 1 EA 431,588
Total DSI System TOTAL = 1,410,063$               

(b) Instrumentation
Total Instrumentation 1 EA 142,000                  

TOTAL = 142,000$                  
(c) Freight

ID Fan Freight 1 EA 85,120$                  
TOTAL = 85,120$                     

(d) Extended Outage Costs
Additional days beyond a typical 3 week outage 35 MH 48,028.00$             

TOTAL = 1,680,980$               
(e) Vendor representatives fees

Onsite Vendor Representatives fees (enter no. of days and daily rate) 5 Days 2000 10,000$                            
TOTAL = 10,000$                     

Purchased Equipment and Material Cost (PEMC) All above costs included in vendor scope.  PEMC   = 3,328,163$               

(2) Direct Installation Costs
(a) Concrete 1 LOT 196,000$                196,000$                                  196,000$                   
(b) Site Vibro Compaction (DSI Unloading Building/Storage Silo) 1 LOT 62,000$                  62,000$                                    62,000$                     
(c) Structural steel 1 LOT 42,000$                  42,000$                                    42,000$                     
(d) Electrical 1 LOT 771,000$                771,000$                                  771,000$                   
(e) Abovegrade piping 1 LOT 367,000$                367,000$                                  367,000$                   

Direct Installation Costs (DIC) - Guess at new building, foundation, piping, electrical, etc.  DIC   = 1,438,000$               

Total Direct Costs (TDC) TDC = (PEMC) + (DIC)  = 4,766,163$               

INDIRECT COSTS
(3) Engineering, Procurement & Construction Support Services 10% % TDC 476,616$                          
(4) Performance tests 1 EA 75,000$                  75,000$                            
Total Indirect Costs (TIC) TIC   = 551,616$                  

MANAGEMENT AND CONTINGENCY COSTS
(5) Contingency 10% % TDC 476,616$                          
Total Management and Contingency Costs (TM&CC) TM & CC   =   476,616$                  

TOTAL CAPITAL INVESTMENT (TCI) TCI  =  (TDC)+(TIC)+(TM&CC)  = 5,794,396$       

Line Number/Description

Line Number 1a

Line Number 1a

Line Number 1b

Line Number 1c

Line Number 1d

Line Number 1e

Line Number 2a thru 2e

Line Number 3

Line Number 4

Line Number 5

Costs to ship ID fan to site. CDS pricing was used and scaled from 1250 HP to 950 HP.

Costs broken down into individual disciplines for balance of plant equipment, materials and 
labor for the DSI System. Cost estimate basis for each discipline are provided as attachments.

Costs for Preliminary Engineering costs to assist the University in soliciting bidders with 
specifications, preliminary drawings and procurement support for the AQCS system. 
Additional services include home office support for shop drawing review and occasional site 
support during construction for potential issues. Engineering is a percentage of the Total 
Direct Costs of the Project.

Costs for a 3rd party performance testing company to validate emissions and performance 
guarantees by DSI vendor during operation

Construction Contingency is an allottment for additonal or unexpected costs during the 
project. RS Means defines contingency allowances and ranges between 3-20% depending on 
what design stage the project is in. A 10% contingency is a project that is in Design 
Development, wheras a Conceptual Design phase allows for a 20% contingency. A 10% 
contingency for this cost estimate is considered low as the project is still in a Development 
phase.

UAF typically schedules for a 3 week outage on Boiler #5. A DSI outage will take 8 weeks and 
the University will incur 5 additional weeks of outage costs that inlcude purchasing electric 
power and running additional boilers for steam generation. Costs per day were provided by 
UAF personnel. The daily outage cost calculations are presented in the last section of 
Appendix H beginning on page H-74.

Costs incurred for OEM to send a Field Technician to the field to confirm installation and 
provide technical guidance if needed. Cost per day includes hourly burdened rate for 
employee daily allowances and travel expenses.

Pricing provided by Clarage for new ID Fan for CDS system. Fan pricing was scaled from 1250 
HP to 950 HP. Fan shipping is provided in line number 1c.

Total costs for new communication links and I/O integration into existing DCS room.

ID Fan

Capital Costs

Total Instrumentation

Shaded cells indicate user inputs.

Title

Total DSI System

Comment

DSI price provided by OEM Vendor. Cost includes equipment supply and installation costs. 
Installation costs of vendor supplied equipment was assumed to be 25% of equipment cost.

Construction Contingency

Engineering Services

Performance Test

ID Fan Shipping Costs

Direct Install Costs

Extended Outage Costs

Vendor Representative Costs

University of Alaska Fairbanks
BACT Analysis

  
December 2022  

Public Review Draft August 19, 2024

Appendix III.D.7.7-2227



Total Annualized Costs - DSI (Dry Sorbent Injection) Date: 12/28/2022
Project:  UAF - BACT Analysis Prepared By: M. Jahn
Vendor: Tri-Mer Checked By: C. Kimball

Rev: B

DIRECT ANNUAL COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor 8,864                MH 49.09                     Excluded 435,134$                      435,134$          
(2) Supervisory Labor MH Excluded Excluded Excluded
(3) Maintenance Labor 520                   MH 49.09                     Excluded 25,527$                        25,527$            
(4) Maintenance Materials 1                        LOT 25,527                   25,527$                                    Excluded 25,527$            
(5) Utilities

(a) Hydrated Lime: 2,466                TON 1,377                     3,395,599$                              Excluded 3,395,599$      
(b) Electricity: 2,380,180         kWh 0.205                     487,937$                                  Excluded 487,937$          
(c) Water: 8,935                (k)Gallons 11.30                     100,968$                                  Excluded 100,968$          

Total Direct Annual Costs (TDAC)  TDAC   = 4,470,691$      

INDIRECT ANNUAL COSTS
(6) Overhead 1% % 57,944$                        57,944$            
(7a) Administrative Charges, Insurance 3% % total capital 173,832$                      173,832$          
(7b) Capital Recovery Factor [see inputs below] 0.0847
(8) Capital Recovery CRF * TCI  = 490,619$          

Total Indirect Annual Costs (TIAC)  TIAC   = 722,394$          

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC)  = 5,193,086$      

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (EPA OAQPS Control Cost Manual)  7.50 %
Project Life (EPA OAQPS Control Cost Manual) 30 years

Line Number 1 and 3

Line Number 4

Line Number 5b

Line Number 5c

Capital Recovery Factor times Total Capital Investment.

Line Number 5a Hydrated Lime Hydrated Lime consumption rates provided by DSI vendor. Hydrated Lime costs provided by L'hoist.

Pricing provided by UAF for published utility rates on campus. Electical consumption rate provided by 
DSI vendor. Additional consumption by larger ID Fan was also included.

Pricing provided by UAF for published utility rates on campus. Water consumption rate provided by 
DSI vendor.

Calculated as percent of Total Capital Investment

Calculated as percent of Total Capital Investment

EPA calculated factor using Interest Rate and Project Life Span

Line Number 6

Line Number 7a

Line Number 7b

Line Number 8

Annual Interest Rate (EPA OAQPS Control Cost Manual)  
Project Life (EPA OAQPS Control Cost Manual) 

Latest federal prime rate. https://www.federalreserve.gov/releases/h15/
Project Life expectancy in years.

Provided by UAF. Rate is burdoned rate for level of personnel operating and performing maintenance 
on this type of equipment. Additional FT operations person is assumed per shift. Four total shifts per 
week. Quarter FT maintenance persons is assumed for the new DSI system.

Allotment for maintenance materials. Item is equal to the maintenance labor allotment in line 3.

Operating/Maintenance Labor

Water

Overhead

Maintenance Material

Electricity

Annual Interest Rate
Project Life

Admin Charges, etc

Capital Recovery

Capital Recovery Factor

Annualized Costs

Shaded cells indicate user inputs

Title CommentLine Number/Description

University of Alaska Fairbanks
BACT Analysis December 2022
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EU ID Description Make/Model

113 Circulating Bed Boiler1 Babcock and Wilcox 0.20 lb/MMBtu2 295.6 MMBtu/hr 8,760 hr/yr 258.9 tpy

Notes:

THIS TABLE APPEARS IN APPENDIX A OF REPORT, NOT MAIN BODY OF REPORT

1 EU 113 is permitted to combust coal and up to 20 percent woody biomass (see Item 15 of Section 2.2 in Technical Analysis Report to Permit AQ0316MSS06 Revision 2). EU 113 is 
currently configured for coal firing only, and combusts subbituminous coal from Usibelli Coal Mine in Healy, AK. 
2 SO2 emission factor per 40 CFR 60.42b(k)(1) and Conditions 36.1 and 61.2 of Permit AQ0316TVP03.

Table A-1. Potential to Emit Calculations - SO2 Emissions

SO2 Emission Factor Potential SO2 EmissionsMaximum Rating Allowable Annual 
Operation
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EU ID Description Make/Model

113 Circulating Bed Boiler Babcock and Wilcox 12.3 tpy1 8.5 tpy2 10.4 tpy3

Notes:

THIS TABLE APPEARS IN APPENDIX A OF REPORT, NOT MAIN BODY OF REPORT

1 CY 2020 SO2 emissions per totalized CEMS data for CY 2020 in Table 1 of University of Alaska Fairbanks Assessable Emissions Estimate for 
FY 2022, submitted to ADEC March 12, 2021. 
2 CY 2021 SO2 emissions per totalized CEMS data for CY 2021 provided by University of Alaska Fairbanks.
3 SO2 emissions from 2022 are not included. EU 113 operated minimally between January and June 2022 as a result of an unplanned 
outage.

Table A-2. Actual SO2 Emissions

CY2020 CY2021
Average Annual  SO2 

Emissions
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TABLE 2
Available SO2 Emission Control Technologies

Available SO2 Emission Control Technologies
WFGD

SDA
CDS
DSI

FBLI - Base Case

Public Review Draft August 19, 2024

Appendix III.D.7.7-2231



TABLE 3
Summary of Vendor Responses

Vendor WFGD SDA CDS DSI

B&W
Declined to quote 

without funded study.
Declined to quote 

without funded study.
Declined to quote 

without funded study.
Declined to quote 

without funded study.

Andritz

Declined to quote - 
Andritz deemed this 
technology to be not 

economical.

Declined to quote - 
Andritz stated cost would 

be similar to CDS with 
lower SO2 removal rate.

Provided quote. Declined to quote.

BPE
Declined to quote 

without funded study, 
uncertain of feasibility.

Quote not requested. Provided quote. Quote not requested.

Tri-Mer

Provided quote for a 
caustic soda wet 

scrubber. SCI determined 
this technology was not 

technically feasible.

Quote not requested.
Provided quotes for two 

types of CDS.
Provided quote. 

GE
Unable to quote within 

timeframe for this report.
Quote not requested. Quote not requested. Quote not requested.

Wood Group Declined to quote. Declined to quote. Quote not requested. Quote not requested.
BACT Inc Quote not requested. Quote not requested. Quote not requested. Provided quote. 

GEA Declined to quote. Declined to quote. Quote not requested. Quote not requested.

SO2 Control Technology
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TABLE 4
Technically Feasible SO2 Emission Control Technologies

Technically Feasible SO2 Emission Control Technologies
WFGD

CDS
DSI

FBLI - Base Case
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TABLE 5
Ranking of Technically Feasible SO2 Emission Control Technologies

Control Technology Control Efficiency (pct.) Emission Rate (lb/MMBtu) SO2 Emissions (tpy) Emissions Reduction (tpy)
WFGD 95 0.01 12.9 246.0

CDS 90 0.02 25.9 233.0
DSI - Tri-Mer system 90 0.02 25.9 233.0

DSI - BACT, Inc system 85 0.03 38.8 220.1
FBLI - Base Case 0 0.20 258.9 0
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TABLE 6
SO2 Cost-Effectiveness Summary

Control Technology Total Capital Investment ($) Total Annual Cost ($/year) Emissions Reduction (tpy)1
Cost-Effectiveness ($/ton 

SO2 avoided)

Incremental Cost-
Effectiveness ($/ton SO2 

avoided)2,3

WFGD $52,968,345 $7,589,888 246.0 $30,859 $141,557
CDS $32,505,815 $5,757,437 233.0 $24,709 $203,590

DSI - Tri-Mer system $5,794,396 $5,193,086 233.0 $22,287 $159,994
DSI - BACT, Inc system $11,565,826 $3,121,966 220.1 $14,187 ~

FBLI - Base Case ~ ~ 0.0 ~ ~

Notes:
1Emissions reductions are calculated in Table 5.
2Calculation of incremental cost-effectiveness: [TAC of technology - TAC of next lowest removal technology]                                                             
                                                                                                 [Emission reduction of technology - emission reduction of next lowest removal technology]
3 The incremental cost-effectiveness values for CDS and the Tri-Mer DSI system are each calculated in comparison to the DSI system proposed by BACT.

Public Review Draft August 19, 2024

Appendix III.D.7.7-2235



TABLE 7
Cost-Effectiveness Analysis Based on Actual Emissions

Control Technology Control Efficiency (pct.) SO2 Emissions (tpy)1 Emissions Reduction (tpy)
Total Annual Cost 

($/year)
Cost-Effectiveness 

($/ton SO2 avoided)
WFGD 95 0.5 9.9 $7,589,888 $768,207

CDS 90 1.0 9.4 $5,757,437 $615,111
DSI - Tri-Mer system 90 1.0 9.4 $5,193,086 $554,817

DSI - BACT, Inc system 85 1.6 8.8 $3,121,966 $353,164
FBLI - Base Case 0 10.4 0 ~ ~

Notes:
1The FBLI base case actual emission rate is the 12-month average of CY2020 and CY2021 SO2 emissions as calculated from the totalized CEMS data.
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Cost per Day Notes/Assumptions Reference

Costs
Electricity 8,002$                          Purchase of Electricity Table A

Fuel 54,066$                        Purchase of Diesel Table B

Natural Gas 1,794$                          
Boilers go down, we need to light them for a longer duration.  In 
prior year, no natural gas was used during these months

Table C

Avoided Costs
Coal Delivery (2,459)$                         Table D

Coal (10,255)$                       Table E
Ash Haul (1,712)$                         Table F

Limestone (1,408)$                         Table G
Grand Total 48,028$                        

This spreadsheet does not include the lost revenue from electricity sales to Golden Valley Electric.

These costs/savings are associated with a turbine outage that began on Dec 28, 2021 and ended on June 3, 2022.  Support invoicing 
can be provided if requested.

UAF Calculations - Daily Plant Outage Costs

Actual & Estimated Costs
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Vendor: GVEA Utility Usage Cost Break Down Total
01/01/2022- 02/01/2022 ELECTRIC

Fuel & Purchased 4,690,000 kwh @ $0.1045 490,105.00$         
Utility Charge 4,690,000 kwh @ $0.01257 58,953.30$           
Demand Charge 7207.2 KW @30.06 216,648.43$         
RCC 4,690,000 kwh @ $0.001016 4,765.04$             
Customer Charge 220.00$                 
Total: 770,691.77$        31
(About $24,861.02 per day) 1/28-1/31 (4 days) $99,444.08

02/01/2022- 03/01/2022 Electric Fuel & Purchased 4,424,000 kwh @ $0.12969 $573,748.56
Utility Charge 4,424,000 kwh @ $0.01257 $55,609.68
Demand Charge 7737.80 KW @30.06 $232,598.27
RCC 4424000 kwh @ $0.001016 $4,494.78
Customer Charge $220.00
Total: $866,671.29 28
(About $30,952.55 per day)

03/01/2022- 04/01/2022 Electric Fuel & Purchased 4,564,000 kwh @0.12969 $591,905.16
Utility Charge 4,564,000 kwh @0.01257 $57,369.48
Demand Charge 6941.20 KW @30.06 $208,652.47
RCC 4,564,000 kwh @0.001016 $4,637.02
Customer Charge $220.00
Total: $862,784.13 31
(About $27,831.75 per day)

04/01/2022- 05/01/2022 Electric Fuel & Purchased 4,368,000 kwh @0.12969 $566,485.92
Utility Charge 4,368,000 kwh @0.01257 $54,905.76
Demand Charge 6,844.6 KW @30.06 $205,748.68
RCC 4,368,000 kwh @0.001016 $4,437.89
Customer Charge $220.00
Total: $831,798.25 30
(About $27,726.61 per day)

05/01/2022- 06/01/2022 Electric Fuel & Purchased 3,906,000 kwh @0.14036 $548,246.16
Utility Charge 3,906,000 kwh @0.01257 $49,098.42
Demand Charge 7,267.4 KW @30.06 $218,458.04
RCC 3,906,000 kwh @0.001016 $3,968.50
Customer Charge $220.00
Total: $819,991.12 31
(About $26,637.69 per day)

06/01/2022- 07/01/2022 Electric Fuel & Purchased 42,000 kwh @0.14036 $5,895.12
Utility Charge 42,000 kwh @0.01257 $527.94
Demand Charge 7,827.4 KW @30.06 $235,291.64
RCC 42,000 kwh @0.000893 $37.51
Customer Charge $220.00
Total: $241,972.21 30
(About $146,282.96 per day)

181 total Days
Grand Electric Total (1/28-6/3/22): 3,722,661.08$     

Remove "Customer Charge" (1,320.00)$            Paid monthly regardless of usage
3,721,341.08$     

12/01/2021- 01/01/2022 ELECTRIC
Fuel & Purchased 1,694,000 kwh @ $0.1045 177,023.00$         
Utility Charge 1,694,000 kwh @ $0.01257 21,293.58$           
Demand Charge 6,804 KW @30.06 204,528.24$         
RCC 1,694,000 kwh @ $0.001016 1,721.10$             
Customer Charge 220.00$                 

 Electric Costs (1/28-6/3/22)

Days per Month

Table A.
UAF Plant Outage Costs - Electricity
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Total: 404,785.92$        4 Days

01/01/2022- 02/01/2022 ELECTRIC
Fuel & Purchased 4,690,000 kwh @ $0.1045 490,105.00$         
Utility Charge 4,690,000 kwh @ $0.01257 58,953.30$           
Demand Charge 7207.2 KW @30.06 216,648.43$         
RCC 4,690,000 kwh @ $0.001016 4,765.04$             
Customer Charge 220.00$                 
Total: 770,691.77$        
(About $24,861.02 per day) 1/1-1/27 (27 days) $671,247.54

Grand Electric Total (12/19/21-1/27/22): 1,076,033.46$     
Remove "Customer Charge" (440.00)$               Paid monthly regardless of usage

 Electric Costs (12/19/21-1/27/22) 1,075,593.46$     

1,480,379.38$     
Total Days 185.00$                 

Cost Per Day 8,002.05$             

Total Electric costs (12/19/2021 - 6/3/2022)
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Vendor & Delivery Date Invoice # Delivery Cost Break Down Total
# Days/
Month

Alaska Petroleum Gallons per gal & SOA Fee
21-Dec 651087 8,904            $2.87 25,936.35$   
21-Dec 651088 8,900            $2.87 25,924.70$   
24-Dec 677512 8,206            $3.02 25,180.01$   
24-Dec 677513 8,204            $3.02 25,173.87$   
24-Dec 677514 8,204            $3.02 25,173.87$   
26-Dec 677518 6,801            $3.02 20,868.78$   
26-Dec 677517 7,120            $3.02 21,847.63$   
28-Dec 681603 9,598            $3.02 29,451.34$   
28-Dec 681602 9,599            $3.02 29,454.41$   
29-Dec 677526 3,802            $3.08 11,897.93$   
29-Dec 677527 3,802            $3.08 11,897.93$   
29-Dec 677528 3,802            $3.08 11,897.93$   
29-Dec 677636 11,067         $3.08 34,632.93$   
30-Dec 677633 10,622         $3.10 33,383.74$   
30-Dec 677635 9,801            $3.10 30,803.43$   
30-Dec 672948 9,703            $3.10 30,495.43$   
30-Dec 672949 9,602            $3.10 30,178.00$   
31-Dec 616240 9,602            $3.12 30,372.92$   10

1-Jan 677544 8,705            $3.09 27,284.61$   
1-Jan 672918 9,603            $3.09 30,099.26$   
1-Jan 616239 9,602            $3.09 30,096.13$   
1-Jan 616241 9,602            $3.09 30,096.13$   
2-Jan 672919 9,603            $3.09 30,099.26$   
2-Jan 672499 9,603            $3.09 30,099.26$   
3-Jan 672920 9,607            $3.09 30,111.80$   
3-Jan 672925 9,603            $3.09 30,099.26$   
3-Jan 672926 9,608            $3.09 30,114.94$   
3-Jan 677553 8,705            $3.09 27,284.61$   
4-Jan 672910 9,606            $3.22 31,347.90$   
4-Jan 672908 9,605            $3.22 31,344.64$   
5-Jan 672922 9,602            $3.30 32,130.13$   
5-Jan 672497 9,602            $3.30 32,130.13$   
6-Jan 672911 9,605            $3.34 32,545.73$   
6-Jan 672921 9,604            $3.34 32,542.34$   
7-Jan 672913 9,603            $3.34 32,578.91$   
7-Jan 672914 9,605            $3.34 32,585.70$   
8-Jan 672887 9,703            $3.34 32,918.17$   
8-Jan 672923 9,703            $3.34 32,918.17$   
8-Jan 672888 9,703            $3.34 32,918.17$   

11-Jan 676832 9,703            $3.40 33,526.81$   
11-Jan 676833 9,703            $3.40 33,526.81$   
11-Jan 676834 9,705            $3.40 33,533.72$   
12-Jan 676835 9,704            $3.43 33,782.41$   
12-Jan 676836 9,703            $3.43 33,778.93$   
12-Jan 676837 9,704            $3.43 33,782.41$   
13-Jan 676838 9,703            $3.40 33,476.58$   
13-Jan 676839 9,700            $3.40 33,466.23$   
13-Jan 676840 9,699            $3.40 33,462.78$   
14-Jan 676841 9,698            $3.44 33,811.73$   
14-Jan 676842 9,700            $3.44 33,818.70$   
14-Jan 676843 9,700            $3.44 33,818.70$   

Table B.
UAF Plant Outage Costs - Diesel Fuel
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15-Jan 676844 9,602            $3.43 33,477.03$   
15-Jan 676845 9,603            $3.43 33,480.51$   
15-Jan 676846 9,451            $3.43 32,950.57$   
15-Jan 676847 9,450            $3.43 32,947.09$   
15-Jan 677560 9,396            $3.43 32,758.82$   
16-Jan 676848 9,792            $3.43 34,139.46$   
16-Jan 676849 9,790            $3.43 34,132.48$   
16-Jan 676850 9,802            $3.43 34,174.32$   
16-Jan 676851 9,958            $3.43 34,718.21$   
17-Jan 677565 8,300            $3.43 28,937.65$   
19-Jan 677574 8,200            $3.45 28,738.82$   
19-Jan 677575 8,200            $3.45 28,738.82$   
19-Jan 677576 8,205            $3.45 28,756.34$   
20-Jan 677577 8,200            $3.43 28,568.20$   
20-Jan 677578 8,200            $3.43 28,567.20$   
20-Jan 677579 8,200            $3.43 28,568.20$   
21-Jan 676852 9,453            $3.45 33,119.70$   
21-Jan 676853 9,453            $3.45 33,119.70$   
21-Jan 676854 9,453            $3.45 33,119.70$   
22-Jan 676855 8,802            $3.45 30,838.84$   
22-Jan 676856 8,803            $3.45 30,842.35$   
24-Jan 676857 8,971            $3.34 30,394.74$   
24-Jan 670007 9,053            $3.34 30,672.57$   
24-Jan 670008 9,058            $3.34 30,689.51$   
25-Jan 670009 9,275            $3.38 31,817.29$   
25-Jan 670010 9,285            $3.38 31,851.60$   
25-Jan 670011 9,286            $3.38 31,855.03$   
26-Jan 670012 9,309            $3.45 32,641.63$   
26-Jan 670013 9,302            $3.45 32,617.09$   
26-Jan 670014 9,294            $3.45 32,589.04$   
27-Jan 670017 9,294            $3.50 33,018.26$   
27-Jan 670018 9,307            $3.50 33,064.44$   
28-Jan 670019 9,307            $3.49 32,979.42$   
28-Jan 670020 9,308            $3.49 32,982.96$   
28-Jan 670021 9,315            $3.49 33,007.77$   
29-Jan 670022 9,309            $3.49 32,986.51$   
31-Jan 670028 9,324            $3.46 32,790.76$   31
31-Jan 670027 9,338            $3.46 32,840.00$   
3-Feb 670050 9,342            $3.45 32,667.27$   
3-Feb 670051 9,335            $3.45 32,642.79$   
3-Feb 675818 4,509            $3.45 15,767.15$   
4-Feb 670055 9,328            $3.48 32,955.37$   
7-Feb 670060 8,929            $3.41 30,914.03$   

16-Feb 686694 8,901            $3.31 29,932.61$   
23-Feb 686728 9,512            $3.28 31,714.08$   
25-Feb 686734 9,092            $3.36 31,008.65$   
25-Feb 686735 9,094            $3.36 31,015.47$   
25-Feb 686736 9,084            $3.36 30,981.36$   
28-Feb 686548 9,506            $3.52 34,005.88$   28
1-Mar 680982 9,705            $3.74 36,882.92$   
1-Mar 680983 4,500            $3.74 17,101.82$   
1-Mar 680984 5,214            $3.74 19,815.30$   
1-Mar 680985 5,526            $3.74 21,001.03$   
1-Mar 671050 8,584            $3.74 32,622.66$   
1-Mar 671051 8,481            $3.74 32,231.22$   
1-Mar 680553 9,812            $3.74 37,289.56$   
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5-Mar 686765 8,373            $4.45 37,792.74$   
5-Mar 686766 8,364            $4.45 37,752.12$   
5-Mar 686767 8,355            $4.45 37,711.50$   
7-Mar 687520 8,352            $4.62 39,183.17$   
7-Mar 676634 8,172            $4.62 38,338.71$   
7-Mar 671017 8,159            $4.62 38,277.72$   
8-Mar 687522 8,350            $5.15 43,630.08$   
8-Mar 687523 8,346            $5.15 43,609.18$   
9-Mar 687835 9,310            $4.17 39,451.72$   
9-Mar 660744 8,953            $4.17 37,938.91$   
9-Mar 660745 8,951            $4.17 37,930.44$   

10-Mar 687537 9,069            $4.02 36,975.15$   
10-Mar 687538 9,068            $4.02 36,971.08$   
10-Mar 687539 9,067            $4.02 36,967.00$   
12-Mar 687544 9,083            $4.15 38,243.64$   
12-Mar 687545 9,086            $4.15 38,256.27$   
12-Mar 687546 9,080            $4.15 38,231.01$   
13-Mar 687856 9,093            $4.15 38,285.75$   
13-Mar 687857 9,067            $4.15 38,176.27$   
14-Mar 687549 9,089            $3.97 36,642.48$   
14-Mar 687550 9,083            $3.97 36,618.29$   
14-Mar 688722 8,624            $3.97 34,767.82$   
14-Mar 688723 8,619            $3.97 34,747.66$   
14-Mar 687859 9,335            $3.97 37,634.23$   
16-Mar 688291 9,381            $3.80 36,141.95$   
16-Mar 688292 9,370            $3.80 36,099.58$   
17-Mar 687551 9,090            $4.30 38,640.32$   
17-Mar 687552 9,073            $4.30 38,568.06$   
18-Mar 687554 9,082            $4.30 39,626.77$   
18-Mar 687555 9,073            $4.30 39,587.51$   
19-Mar 687556 9,097            $4.30 39,692.22$   
19-Mar 687557 9,088            $4.30 39,652.95$   
19-Mar 687558 9,079            $4.30 39,613.68$   
20-Mar 671021 9,382            $4.30 40,935.74$   
20-Mar 671022 9,390            $4.30 40,970.65$   
21-Mar 687928 9,081            $4.50 41,491.66$   
22-Mar 671026 8,682            $4.56 40,226.42$   
22-Mar 671027 8,682            $4.56 40,226.42$   
22-Mar 671028 8,688            $4.56 40,254.22$   
22-Mar 688435 8,377            $4.56 38,813.26$   
22-Mar 687933 9,359            $4.56 43,363.17$   
24-Mar 687936 9,085            $4.81 44,345.48$   
24-Mar 687937 9,076            $4.81 44,301.55$   
24-Mar 687938 9,067            $4.81 44,257.62$   
24-Mar 670083 8,375            $4.81 40,879.85$   
24-Mar 670084 8,359            $4.81 40,801.75$   
27-Mar 687943 9,046            $4.77 43,798.86$   
27-Mar 687944 9,038            $4.77 43,760.13$   
28-Mar 687566 9,047            $4.44 40,762.39$   
28-Mar 687567 9,042            $4.44 40,739.87$   
28-Mar 687568 9,032            $4.44 40,694.81$   
29-Mar 687570 8,846            $4.37 39,252.50$   
29-Mar 687571 8,834            $4.37 39,199.25$   
29-Mar 687572 8,824            $4.37 39,154.88$   
29-Mar 669595 8,333            $4.37 36,976.16$   
30-Mar 687573 9,050            $4.14 38,007.33$   
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30-Mar 687574 9,047            $4.14 37,994.73$   31
2-Apr 671033 8,502            $4.13 35,680.00$   
5-Apr 687963 9,060            $4.18 38,428.19$   
5-Apr 687964 9,051            $4.18 38,390.02$   
6-Apr 687576 9,049            $4.06 37,251.82$   
6-Apr 671036 8,848            $4.06 36,424.36$   
6-Apr 671037 8,829            $4.06 36,346.15$   
6-Apr 671038 8,834            $4.06 36,366.73$   
7-Apr 687970 8,540            $3.98 34,485.52$   
7-Apr 688837 9,063            $3.98 36,597.45$   
7-Apr 688838 9,046            $3.98 36,528.80$   
7-Apr 688839 9,051            $3.98 36,548.99$   
8-Apr 672486 9,877            $4.03 40,383.73$   
8-Apr 672487 9,882            $4.03 40,404.17$   
9-Apr 672485 9,919            $4.03 40,555.45$   
9-Apr 474187 9,874            $4.03 40,371.46$   

10-Apr 687972 9,067            $4.03 37,071.91$   
11-Apr 671042 9,141            $3.93 36,424.39$   
13-Apr 671046 8,630            $4.37 38,314.18$   
13-Apr 671047 8,614            $4.37 38,243.15$   
13-Apr 688847 9,034            $4.37 40,107.80$   
13-Apr 688848 9,043            $4.37 40,147.76$   
14-Apr 688849 9,046            $4.51 41,413.46$   
14-Apr 688850 9,032            $4.51 41,349.37$   
14-Apr 688851 9,018            $4.51 41,285.28$   
15-Apr 688852 9,048            $4.51 41,422.62$   
15-Apr 688853 9,039            $4.51 41,381.42$   
15-Apr 688854 9,028            $4.51 41,331.06$   
17-Apr 663673 9,026            $4.51 41,321.90$   
18-Apr 663607 8,607            $4.51 39,062.97$   
18-Apr 671049 8,624            $4.51 39,140.12$   
19-Apr 688866 9,019            $4.42 40,485.19$   
19-Apr 688867 9,002            $4.42 40,408.88$   
20-Apr 688869 9,023            $4.53 41,521.56$   
20-Apr 688870 9,006            $4.53 41,443.33$   
21-Apr 688871 9,040            $4.46 40,936.39$   
21-Apr 688872 9,024            $4.46 40,863.94$   
21-Apr 688873 8,999            $4.46 40,750.73$   
22-Apr 688878 3,828            $4.50 17,481.44$   
25-Apr 669938 8,798            $4.65 41,538.11$   
26-Apr 688887 8,992            $4.62 42,193.02$   
26-Apr 688888 3,816            $4.62 17,905.76$   
27-Apr 651134 8,484            $4.65 40,040.12$   
27-Apr 688891 8,993            $4.65 42,442.34$   
27-Apr 688892 8,995            $4.65 42,451.78$   
28-Apr 651137 4,037            $4.71 19,316.04$   
28-Apr 688893 9,008            $4.71 43,101.03$   
28-Apr 688894 8,997            $4.71 43,048.40$   
28-Apr 688895 8,969            $4.71 42,914.43$   
29-Apr 688899 3,836            $4.72 18,388.57$   
30-Apr 688900 9,009            $4.72 43,186.29$   
30-Apr 688901 8,975            $4.72 43,023.30$   30
3-May 688904 8,966            $4.79 43,621.74$   
3-May 688905 8,960            $4.79 43,592.55$   
5-May 688906 8,993            $4.75 43,329.57$   
5-May 688907 8,970            $4.75 43,218.75$   
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5-May 688908 8,976            $4.75 43,247.66$   
9-May 688922 8,992            $4.54 41,440.96$   

11-May 672428 9,831            $4.66 46,468.11$   
11-May 672429 9,805            $4.66 46,345.22$   
12-May 672837 9,832            $4.60 45,873.07$   
12-May 672837 9,821            $4.60 45,821.75$   
13-May 672839 9,837            $4.71 47,045.63$   
13-May 672840 9,823            $4.71 46,978.67$   
17-May 662097 8,955            $4.56 41,355.88$   
17-May 662098 8,974            $4.56 41,443.63$   
18-May 662101 8,960            $4.42 40,185.79$   
18-May 662102 8,953            $4.42 40,154.39$   
19-May 662105 8,948            $4.62 41,983.83$   
19-May 662106 8,932            $4.62 41,908.76$   
21-May 676350 9,664            $4.60 45,167.71$   
21-May 676351 9,647            $4.60 45,088.26$   
21-May 676352 9,649            $4.60 45,097.60$   
23-May 662118 8,922            $4.69 42,466.77$   
24-May 662275 8,411            $4.70 40,145.51$   
26-May 662125 8,936            $4.89 44,340.16$   
26-May 662126 8,917            $4.89 44,245.88$   
26-May 662127 8,906            $4.89 44,191.30$   
29-May 662136 8,681            $4.98 43,888.13$   
31-May 662245 8,704            $5.03 44,399.32$   
31-May 662139 3,792            $5.03 19,343.09$   
31-May 662140 3,787            $5.03 19,317.58$   31

Totals 2,170,984    
Fuel Delivered (12/21/22-5/31/22):

Total Fuel  Expenses 8,704,637     
Total Days 161                

Cost Per Day 54,066$        

NET EXPENSE
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Vendor Utility Usage (CCF) Cost (per CCF) Total
Days in a 
month

Interior Gas Utilty Natural Gas
2022-01 5,855 19.50$                        114,172.50$    31
2022-01 500.00$            
2022-02 4,360 19.50$                        85,020.00$      28
2022-02 500.00$            
2022-03 992 19.50$                        19,344.00$      31
2022-03 500.00$            
2022-04 0 500.00$            
2022-05 1,397 19.50$                        27,241.50$      31
2022-05 500.00$            

Total Natural Gas Charges (1/28-6/03/22) 219,536.50$    
Remove "Service Charge" (2,500.00)$       Paid monthly regardless of usage

 NG Expense 217,036.50$    
Total Days 121

Cost per Day  $        1,793.69 

NET EXPENSE

Table C.
UAF Plant Outage Costs - Natural Gas
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Vendor Utility Usage AKRR Invoices Invoice # Tons Cost (per ton) Total
Usibelli Coal 1/31/2022 226005543 442.2 14.39 6,363.26           

1/28-1/31/21 931.00 2/1/2022 226005646 265.8 3,824.86           
Feb 2021 9,117.80 2/3/2022 226005655 271.4 3,905.45           
Mar 2021 8,887.50 2/7/2022 226005662 262 3,770.19           
April 2021 6,848.20 2/8/2022 226005669 730.55 10,512.62        
May 2021 1,718.40 2/9/2022 226005786 258 3,712.62           

6/1-6/3/21 1,216.30 2/11/2022 226005794 459 6,605.01           
2/14/2022 226005809 262.8 3,781.69           
2/15/2022 226005813 357.3 5,141.54           
2/16/2022 226005825 261.5 3,763.00           
2/17/2022 226005844 351.85 5,063.12           
2/18/2022 226005854 341.8 4,918.50           
2/22/2022 226005858 425.95 6,129.42           
2/23/2022 226005881 339.85 4,890.44           
2/24/2022 226005883 364.55 5,245.87           
2/25/2022 226005887 454.7 6,543.13           
2/28/2022 226005907 357.5 5,144.43           
5/16/2022 226006619 582.7 8,385.06           
5/25/2022 226006728 178.9 2,574.37           
5/26/2022 226006737 183.05 2,634.09           
5/31/2022 226006768 540.2 7,773.48           

6/1/2022 226006878 551.5 7,936.09           
6/2/2022 226006881 452.45 6,510.76           
6/3/2022 226006896 526.8 7,580.65           

Actual Spent 1/28-6/3 132,709.65      

Average Daily Burn: 226.14              
Average Daily Burn: 226.14       Transport Cost per ton (ARR): 14.39

Days coal would be burned (1/28/22-6/3/22): 127 127
Would be consumed Coal (tons): 28,719.20

Cost for Transport (ARR): 413,269.29
Net Savings (1/28-6/3/22): 280,559.64

Days coal would be burned (12/19/21-1/27/22): 40 40
Would be consumed Coal (tons): 9,045.42

Cost for Transport (ARR): 130,163.56
Net Savings (12/19/21-1/27/22): 130,163.56

410,723.19$    
167

2,459.42$        

NET SAVINGS
Coal Delivery Cost

Total Days

Savings per Day

Table D. 
UAF Plant Outage Costs - Coal Transport (Avoided Cost Calculation)
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Vendor Utility Usage Invoices Invoice # Tons Invoice Amount
Usibelli Coal

1/28-1/31/21 931.00 1/31/2022 70775 442.20           26,532.00                    
Feb 2021 9,117.80 2/1/2022 70779 265.80           15,948.00                    
Mar 2021 8,887.50 2/3/2022 70789 271.40           16,284.00                    

April 2021 6,848.20 2/7/2022 70793 262.00           15,720.00                    
May 2021 1,718.40 2/8/2022 70797 730.55           43,833.00                    

6/1-6/3/21 1,216.30 2/9/2022 70801 258.00           15,480.00                    
Average Daily Burn: 226.14                                2/11/2022 70808 459.00           27,540.00                    

2/14/2022 70812 262.80           15,768.00                    
2/15/2022 70816 357.30           21,438.00                    

Average Daily Burn: 226.14                                2/16/2022 70820 261.50           15,690.00                    
Cost per ton (UCM): 60.00$                                2/17/2022 70824 351.85           21,111.00                    

Days coal would be burned (1/28/22-6/3/22): 127 2/18/2022 70828 341.80           20,508.00                    
Would be consumed Coal (tons): 28,719.20 2/22/2022 70832 425.95           25,557.00                    

Cost (UCM): 1,723,152.00 2/23/2022 70836 339.85           20,391.00                    
Net Savings (1/28-6/3/22): 1,169,811.00 2/24/2022 70840 364.55           21,873.00                    

2/25/2022 70844 454.70           27,282.00                    
2/28/2022 70848 357.50           21,450.00                    
5/16/2022 70995 582.70           34,962.00                    

Days coal would be burned (12/19/21-1/27/22): 40 5/25/2022 71007 178.90           10,734.00                    
Would be consumed Coal (tons): 9,045.42 5/26/2022 71011 183.05           10,983.00                    

Cost (UCM): 542,725.04 5/31/2002 71015 540.20           32,412.00                    
Net Savings (12/19/21-1/27/22): 542,725.04 6/1/2022 71021 551.50           33,090.00                    

6/2/2022 71025 452.45           27,147.00                    
6/3/2022 71031 526.80           31,608.00                    

Total Spent 1/28-6/3/22 553,341.00                 
Total Coal Expenses 1,712,536$                        

Total Days 167

Total Net Savings per Day 10,255$                             

Net Savings

Table E.
UAF Plant Outage Costs - Coal (Avoided Cost Calculation)
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Vendor Utility Usage (truckful) Cost (per truckful) Total Days/Month
Aurora Energy Ash Haul

2nd half December 2020 22.00 $880.00 $19,360.00 15.5
January 2021 48.00 $880.00 $42,240.00 31

February 2021 58.00 $880.00 $51,040.00 28
March 2021 60.00 $880.00 $52,800.00 31

April 2021 56.00 $880.00 $49,280.00 30
May 2021 12.00 $880.00 $10,560.00 31
June 2021 50.00 $880.00 $44,000.00 30
July 2021 59.00 $880.00 $51,920.00 31
Aug 2021 81.00 $880.00 $71,280.00 31

Sept 2021 74.00 $880.00 $65,120.00 30
Oct 2021 66.00 $880.00 $58,080.00 31
Nov 2021 69.00 $880.00 $60,720.00 30

1st half Dec 2021 55.00 $880.00 $48,400.00 15.5

Ash Haul Expenses $624,800
Total Days $365

Savings per Day 1,712$                

NET SAVINGS

Table F.
UAF Plant Outage Costs - Ash Hauling (Avoided Cost Calculation)
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Vendor Utility Cost (per ton) Total
Days in 
Month

Globe Creek Limestone
July 2021 206.79 tons $290.86 $60,146.94 31
July 2021 13.25 hours $182.85 $2,422.76 Column C:  please identify if  the first line in the 
Aug 2021 194.92 tons $287.63 $56,064.84 31
Aug 2021 12.25 hours $180.42 $2,210.15

Sept 2021 114.10 tons $287.63 $32,818.58 30
Sept 2021 7.25 hours $180.42 $1,308.05
Oct 2021 171.28 tons $287.63 $49,265.27 31
Oct 2021 10.75 hours $180.42 $1,939.52
Nov 2021 214.27 tons $287.63 $61,630.48 30
Nov 2021 14.75 hours $180.42 $2,661.20

1st half Dec 2021 84.22 tons $287.63 $24,224.20 15.5
1st half Dec 2021 3.75 hours $180.42 $676.58

Total Spent 7/1-12/14 $270,467.77

Average monthly tons: 180.27
Average monthly hours: 11.65
Cost per ton: $287.63 
Cost per hour: $180.42 

4.23 181 Total Days
Expected tons: 763
Expected hours: 49
Total Cost (1/28/22-06/03/22): 228,223.42

228,223.42

Vendor Utility U/M Usage Rate Total Invoice #
Globe Creek Limestone

2/4/2022 hours 27 $175.00 $4,725.00 21102
2/8/2022 tons 30 $287.63 $8,628.90 21105
2/8/2022 hours 2 $180.42 $360.84 21105

2/16/2022 tons 50.04 $287.63 $14,393.01 21106
2/16/2022 hours 3 $180.42 $541.26 21106
2/22/2022 tons 27.52 $287.63 $7,915.58 21108
2/22/2022 hours 1.75 $180.42 $315.74 21108

Total Spent 1/28-6/3 27 $36,880.32 

Net Savings (1/28-6/3/22): 191,343.11

Vendor Utility U/M Usage Cost (per ton) Total Invoice #
Globe Creek Limestone

12/21/2021 Dec-21 tons 28.02 $287.63 $8,059.39 21098
12/21/2021 Dec-21 hours 1.75 $180.42 $315.74 21098

Total Spent 1/28-6/3 198.08 $8,375.13 

Months of usage (12/19/21-01/2 1.33
Expected tons: 240
Expected hours: 16
Total Cost (12/19/21-01/27/22): 71,938.04

63,562.91

254,906$           
Total Days 181

Totals Net Saving per Day 1,408$                

Table G.
UAF Plant Outage Costs - Limestone (Avoided Cost Calculation)

Total Net Saving (112/19/21 - 6/3/22)

Net Savings (12/19/21-1/27/22):

Months of usage (1/28/22-06/03/22):

Total cost for Limestone (Savings Projection):

Usage (tons or hours)
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Office of the Associate Vice Chancellor 

University of Alaska Fairbanks, P.O. Box 757380, Fairbanks, Alaska 99775-7380 

 

 

 

Kellie Fritze, Associate Vice Chancellor 

907-474-6005 

907-474-5656 fax 

kfritze@alaska.edu 

www.uaf.edu/fs 

 

 

 

UAF is an AA/EO employer and educational institution. 

 

March 22, 2023 

 

 

Matthew Jentgen 

U.S. Environmental Protection Agency Region 10 

1200 Sixth Avenue, Suite 155 

Seattle, WA 98101 

 

Subject:  Comments on Proposed Rule – Air Plan Partial Approval and Partial Disapproval; AK, 

Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, Docket ID 

No. EPA-R10-OAR-2022-0115 

 

Mr. Jentgen, 

 

The University of Alaska Fairbanks (UAF) submits the enclosed comments addressing the Proposed Air 

Plan Partial Approval and Partial Disapproval; AK, Fairbanks North Star Borough; 2006 24-Hour PM2.5 

Serious Area and 189(d) Plan (Alaska Serious SIP). The proposed rule addresses Best Available Control 

Technology (BACT) determinations for the UAF Campus stationary source in the Alaska Serious SIP 

 

UAF owns and operates emissions units at the UAF Campus under Title V Permit AQ0316TVP03. 

On May 5, 2021, the Alaska Department of Environmental Conservation (ADEC) issued Minor 

Permit AQ0316MSS08 which incorporates several of the Alaska Serious SIP requirements. The 

terms and conditions of this minor permit have been incorporated into Title V Permit 

AQ0316TVP03.  

The U.S. Environmental Protection Agency (EPA) has proposed to disapprove several of the BACT 

determinations because the Alaska Serious SIP did not include the monitoring, recordkeeping, and 

reporting (MRR) requirements necessary to make the BACT requirements enforceable as a practical 

matter. Many of the enclosed comments explain that existing MRR requirements in the Title V 

permit can be incorporated into an implementation plan to address these SIP deficiencies. 

UAF has addressed sulfur dioxide (SO2) BACT requirements for Emissions Unit (EU) 113 in a separate 

comment submittal on Feb 20, 2023 under this proposed rulemaking action.   The conclusion of the  

BACT analysis, which included wet flue gas flue gas desulfurization (WFGD), circulation dry scrubber 

(CDS), and dry sorbent injection (DSI), demonstrated that the cost effectiveness in dollars tons per ton of 

sulfur dioxide avoided was not economically feasible. 

 

UAF appreciates the opportunity to submit comments on this proposed rulemaking action. Please 

contact Frances Isgrigg, P.E. at 907-590-5809 or fisgrigg@alaska.edu if you have any questions or 

concerns.  

DocuSign Envelope ID: D3EA79EA-5565-49BA-B0EC-947983EB2E4D
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Sincerely, 

 

 

Kellie Fritze 

Associate Vice Chancellor of Facilities Services 

 

Encl:  Comments: Proposed Rule – Air Plan Partial Approval and Partial Disapproval; AK, Fairbanks North 

Star Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, Docket ID No. EPA-R10-OAR-2022-0115 

cc: 

Zach Hedgpeth, EPA 

Larry Sorrels, EPA 

Jason Brune, Commissioner, Alaska Department of Environment Conservation (ADEC)  

Jason Olds, Acting Director, Air Quality Division ADEC  

James Plosay, ADEC Permits Program 

Julie Queen, UAF Vice-Chancellor for Administrative Services 

Cameron Wohlford, Director, UAF Design and Construction 

Frances Isgrigg, UAF Design and Construction 

Tracey Martinson, Director, UAF Environmental, Health, Safety and Risk Management 

Russ Steiger, UAF Environmental, Health, Safety and Risk Management 

Courtney Kimball, Boreal Services 
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Office of the Associate Vice Chancellor 

 

 

 

 

 

May 26, 2023 

 

Matthew Jentgen 

U.S. Environmental Protection Agency Region 10 

1200 Sixth Avenue, Suite 155 

Seattle, WA 98101 

 

Subject:  Supplemental Comments on Proposed Rule – Air Plan Partial Approval and Partial 

Disapproval; AK, Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 

189(d) Plan, Docket ID No. EPA-R10-OAR-2022-0115 

 

Mr. Jentgen, 

 

On March 22, 2023, the University of Alaska Fairbanks (UAF) submitted comments addressing 

the Proposed Air Plan Partial Approval and Partial Disapproval; AK, Fairbanks North Star 

Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan (Alaska Serious SIP). The proposed 

rule addresses Best Available Control Technology (BACT) determinations for the UAF Campus 

stationary source in the Alaska Serious SIP. 

 

UAF has since noted that the comments submitted on March 22, 2023 contained 

discrepancies. UAF is submitting this supplemental comment to correct the discrepancies.  

Below are locations of the discrepancies in the original document.  The updates are 
attached to this letter in Attachments (Attach) 1 and 2. 
 

1. Emission Unit (EU) ID 24 (Section E, pages 9-10) presented comment language for EU 29 

rather than EU 24. The correct information has been provided in Attach. 1, pg. 1 and 2, 

Section A.  

2. EU ID 27 PM2.5 (Section E, Pages 10-11): Additional information on the cost of DPF was 

provided to UAF. The updated information is provided in Attach. 1, pg. 2-3, Section B 

and Attach. 2.  

3. EU ID 27 (Section E, page 12): SO2 BACT requirement on good combustion practices was 

omitted.  The updates are provided in Attach. 1, pg. 3-4, Section C. 

4. EU ID 114 (Section G, Page 15):  The header 114 is incorrect; it should be EU ID 111. This 

is noted in Attach. 1, page 4 of the supplemental comments, Section D. 

   

In addition to the above, UAF wants to clarify information provided to EPA in our original 

comments.  UAF provided permit conditions from its Title V Air Quality Permit 

(AQ0316TVP03) to address EPA’s comments in the January 10, 2023 Federal Register.  The 

majority of the provided permit conditions are specific to the EU ID discussed in the comment.  
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However, for some of EU IDs, the permit condition provided is a proposed condition for the EU 

ID listed and would require a minor permit from the Alaska Department of Environmental 

Conservation. 

 

We hope EPA will accept this supplement to our original comments.  UAF understands that the 

EPA has no obligation to review these updates, however we believe this information will support 

EPA’s efforts in its rule-making process regarding the State of Alaska PM2.5 Serious SIP. Please 

contact Frances Isgrigg, P.E. at 907-590-5809 or fisgrigg@alaska.edu if you have any questions 

or concerns.  

 

Sincerely, 

 

 

Kellie Fritze 

Associate Vice Chancellor of Facilities Services 

 

 

 

Attachments: 
1. Supplemental Comments: Proposed Rule – Air Plan Partial Approval and Partial Disapproval; AK, 

Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, Docket ID No. 

EPA-R10-OAR-2022-0115 

2. University of Alaska Fairbanks Supplemental Cost Information on the Adjusted Cost 

Effectiveness for EU ID 27;  Proposed Rule – Air Plan Partial Approval and Partial Disapproval; 

AK, Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, Docket ID 

No. EPA-R10-OAR-2022-0115 

 

 

cc: 

Zach Hedgpeth, EPA 

Larry Sorrels, EPA 

Jason Brune, Commissioner, Alaska Department of Environment Conservation (ADEC)  

Jason Olds, Acting Director, Air Quality Division ADEC  

James Plosay, ADEC Permits Program 

Julie Queen, UAF Vice-Chancellor for Administrative Services 

Cameron Wohlford, Director, UAF Design and Construction 

Frances Isgrigg, UAF Design and Construction 

Tracey Martinson, Director, UAF Environmental, Health, Safety and Risk Management 

Russ Steiger, UAF Environmental, Health, Safety and Risk Management 

Courtney Kimball, Boreal Environmental Services 
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University of Alaska Fairbanks Comment on Proposed Rule Docket ID No. EPA-R10-OAR-2022-115 
Supplement May 26, 2023   Page 1 of 4 

ATTACHMENT 1 

University of Alaska Fairbanks Supplemental Comments on Proposed Rule – Air Plan Partial Approval 

and Partial Disapproval; AK, Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 

189(d) Plan, Docket ID No. EPA-R10-OAR-2022-0115 

 

A. In the March 22, 2023 UAF submittal, the comment addressing proposed monitoring, 

recordkeeping, and reporting (MRR) requirements for Emissions Unit (EU) 24 on pages 9 and 10 

inadvertently presented language addressing EU 29. Please disregard the original comment. The 

correct comment addressing proposed MRR for EU 24 is provided below. 

 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 and 

SO2 BACT determinations for EU 24 are appropriate but EPA is proposing to disapprove 

those determinations because the Alaska Serious SIP does not include the MRR 

requirements necessary to make the BACT requirements enforceable as a practical matter. 

UAF believes this deficiency can be addressed by incorporating existing federally 

enforceable MRR requirements, or by incorporating proposed MRR requirements as 

proposed below for each BACT requirement for EU 24.  

 

a. PM2.5 and SO2 BACT Requirement: Limit non-emergency operation to no more than 100 

hours per year. Compliance with the operating hours limit will be demonstrated by 

monitoring and recording the number of hours operated on a monthly basis. 

i. Condition 88.2 of Permit AQ0316TVP03 limits non-emergency operation to 100 

hours per year. The MRR requirements are given in Conditions 88.4 and 88.5 of 

Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Conditions 88.4 and 

88.5 of the Title V permit. 

b. PM2.5 and SO2 BACT Requirement: Maintain good combustion practices by 

following the manufacturer’s maintenance procedures at all times of 

operation.  

i. UAF proposes the following MRR requirements to demonstrate 

compliance with this BACT requirement: 

1. Keep records of manufacturer required maintenance conducted on 

EU  24.  

2. Provide maintenance records to ADEC upon request in accordance 

with Condition 141 of Permit AQ0316TVP03. 

3. Certify compliance annually in the Annual Compliance Certification in 

accordance with Condition 144 of Permit AQ0316TVP03. 

c. PM2.5 BACT Requirement: Demonstrate compliance with the numerical BACT 

emission limit of 1.0 g/hp-hr (3-hour average) by maintaining records of 

maintenance procedures conducted in accordance with the emissions unit 

operating manual.  
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University of Alaska Fairbanks Comment on Proposed Rule Docket ID No. EPA-R10-OAR-2022-115 
Supplement May 26, 2023   Page 2 of 4 

i. UAF proposes the following MRR requirements to demonstrate compliance 

with this BACT requirement: 

1. Keep records of manufacturer required maintenance conducted on 

EU  24.  

2. Provide maintenance records to ADEC upon request in accordance 

with Condition 141 of Permit AQ0316TVP03. 

3. Certify compliance annually in the Annual Compliance Certification in 

accordance with Condition 144 of Permit AQ0316TVP03. 

ii. UAF notes that the Alaska Serious SIP addresses several engine emissions 

units jointly, requiring demonstrating compliance “by maintaining records 

of maintenance procedures conducted in accordance with 40 CFR 

Subparts 60 and 63, [sic] and the EU operating manuals.” Because EU 24 is 

not subject to maintenance requirements in either 40 CFR 60 Subpart IIII 

or 40 CFR 63 Subpart ZZZZ, the operating manual is the only applicable 

source of maintenance procedures. 

 

B. In the March 22, 2023 UAF submittal, UAF presented an updated cost analysis for a diesel 

particulate filter (DPF) for EU 27 on pages 10 and 11. This analysis was based on a proposed 

operating limit of 2,500 hours per rolling 12-month period to avoid a PM2.5 BACT requirement to 

install DPF. UAF had been working to obtain a current vendor quote for a DPF, but was unable to 

obtain one prior to the close of the public comment period for this proposed rulemaking that 

ended on March 22, 2023.  Please disregard the proposed operating limit in the March 22, 2023 

UAF submittal and instead consider the DPF cost analysis below which is bold and underlined. 

 

Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 

BACT determinations in the Alaska Serious SIP are not sufficient for EU 27 because an 

emission control device is cost effective. Section 9.1 of the EPA technical support 

memorandumi states that a diesel particulate filter (DPF) is recommended as a cost-

effective control technology. 

UAF believes that the Alaska Serious SIP PM2.5 BACT determinations for EU 27 are 

appropriate. EU 27 is a Tier 3 certified engine, combusts only ULSD, and per vendor-

provided data, has potential PM2.5 emissions of 0.26 tpy. (UAF agrees that the correct basis 

for the cost-effectiveness calculation in the BACT analysis is the numerical BACT emission 

limit of 0.15 g/hp-hr in the Alaska Serious SIP.) Installation of a DPF on EU 27 is likely to 

result in only a nominal reduction in PM2.5 emissions. 

 

On April 17, 2023, UAF received a vendor quote1,2 for a DPF system for EU 27 from NC 

Power Systems which provides cost for the equipment, material cost, freight to Fairbanks, 

and installation2.  UAF believes that the proposed operating limit of 2,500 hours per year 

is no longer necessary. 

                                                           
1 Attached 
2 EU 27 is a Caterpillar C-15 engine. NC Power Systems carries Caterpillar engines and power system products and 
is the best source to advise on retrofitting a Tier 3 certified Caterpillar engine with additional emission controls. 
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University of Alaska Fairbanks Comment on Proposed Rule Docket ID No. EPA-R10-OAR-2022-115 
Supplement May 26, 2023   Page 3 of 4 

 

The following table presents updated information regarding the cost-effectiveness 

calculation for implementing DPF emission control technology on EU 27, based on the 

existing operating limit of 4,380 hours per year.   

 

  

Values presented 
in March 2023 UAF 
comments to EPA 

Values based on 
April 2023 NC 
Power quote 

Total Capital Investment (TCI) $30,751 $78,210 

Capital Recovery Factor (CRF) 0.1000 0.1000 

CRF Basis - Annual Interest Rate (%) 7.75 7.75 

CRF Basis - Project life (years) 20 20 

Total Annualized Cost = CRF x TCI $3,074 $7,818 

    
EU 27 operating hour limit (hr/yr) 2,500 4,380 

EU 27 PM2.5 PTE (ton/yr) 0.21 0.36 

DPF Control Efficiency 85% 85% 

DPF - Tons PM2.5 avoided per year (ton/yr) 0.18 0.31 

DPF Cost Effectiveness ($ per ton avoided) $17,498 $25,401 

 

The Alaska Serious SIP PM2.5 BACT determination for EU 27 relies on a preliminary vendor 

quote from 2015. Because UAF has obtained a current vendor quote for DPF, UAF believes 

that a more restrictive operating limit is no longer necessary to demonstrate that DPF is 

not cost-effective. The April 2023 NC Power Systems quote and resulting cost-

effectiveness calculation demonstrate that DPF is not an economically feasible PM2.5 

emission control technology for EU 27. 

 

 

C. In the March 22, 2023 UAF submittal, the comment addressing the MRR requirements for the 

sulfur dioxide (SO2) BACT determinations for EU 27 on page 12 omitted the good combustion 

practices requirement.  The comment is presented below in its entirety, with the previously 

omitted text shown in bold and underlined. 

 
1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the SO2 BACT 

determinations for EU 27 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes 

this deficiency can be addressed by incorporating existing federally enforceable MRR 

requirements for each BACT requirement for EU 27.  

a. SO2 BACT Requirement: Limit operation of EU 27 to no more than 4,380 hours per year. 

i. Condition 28.1 of Permit AQ0316TVP03 limits EU 27 to 4,380 hours of operation in 

a rolling 12-month period. The MRR requirements are given in Condition 28.2 of 
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University of Alaska Fairbanks Comment on Proposed Rule Docket ID No. EPA-R10-OAR-2022-115 
Supplement May 26, 2023   Page 4 of 4 

Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Condition 28.2 of the 

Title V permit. 

b. SO2 BACT Requirement: Combust only ULSD beginning no later than June 9, 2021. 

Compliance with the proposed SO2 emission limit will be demonstrated through fuel 

shipment receipts and/or fuel testing for sulfur content. 

i. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 

compliance with this BACT requirement is ensured by the federally enforceable 

MRR requirements in Condition 30.1 of the Title V permit.  

c. SO2 BACT Requirement: Maintain good combustion practices by following the 

manufacturer’s maintenance procedures at all times of operation.  

i. Condition 79 of Permit AQ0316TVP03 requires operating according to 

Manufacturer’s written instructions. The MRR requirements are given in 

Condition 82.3 of Permit AQ0316TVP03. Demonstrating compliance with this 

BACT requirement is ensured by the federally enforceable MRR requirements in 

Condition 82.3 of the Title V permit. 

 

D. In the March 22, 2023 UAF submittal, the comment in Section G addressing PM2.5 BACT 

requirements for EU 111 on page 15 has an incorrect header (EU 114). The correct header is “EU 

111.” 

 

i Hedgpeth, Z. (August 24, 2022). Review of Best Available Control Technology analyses submitted for the 
University of Alaska, Fairbanks as part of the Fairbanks PM2.5 Nonattainment SIP. U.S. Environmental Protection 
Agency, Region 10 Laboratory Services and Applied Science Division. Docket Document ID EPA-R10-OAR-2022-

0115-0215, 000008_EPA Technical Support Document - UAF BACT TSD v20220824. 
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ATTACHMENT 2 

University of Alaska Fairbanks Supplemental Cost Information on the Adjusted Cost Effectiveness for 

EU ID 27;   Proposed Rule – Air Plan Partial Approval and Partial Disapproval; AK, Fairbanks North Star 

Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, Docket ID No. EPA-R10-OAR-2022-0115 

 

Pages 1 - 4: DPF Quote 

Pages 5 - 8: Installation Drawings 

Pages 9 - 20: Cat Retrofit DPF 
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From: Erick Pomrenke
To: Ryan Coursey-Willis
Cc: Courtney Kimball
Subject: RE: DPF Quote
Date: Friday, April 14, 2023 14:16:48
Attachments: image002.png

Datasheet - DPF.pdf
A & I Guide for DPF installation.pdf
6275669DWF.ZIP

Ryan,
 
Sorry for the delay.
 
Here’s what we can provide.
 

·         Critical grade DPF assembly.
·         Monitor with 25 foot harness included.
·         Insulated blanket included.

 
Attached is the spec sheet, drawing and installation guide.
 
Lead time is 20-24 weeks.
 
Sale price FOB Fairbanks Alaska – offloaded by others. $78,210.00
 
Let me know if you need anything else.
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
1-907-786-7567 FAX

 
 
 
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Tuesday, March 28, 2023 2:33 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>

mNC POWER SYSTEMS
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Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Yes, this will be FOB Fairbanks.
 

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com> 
Sent: Tuesday, March 28, 2023 2:29 PM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Sure.
 
I’ll work on the different freight quotes.
 
Is this FOB Fairbanks?
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Tuesday, March 28, 2023 2:27 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Can we quote both options?
 
Thanks
 

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com> 
Sent: Tuesday, March 28, 2023 11:15 AM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Ryan,
 
I’ve got movement. Do you want silenced or non silenced?
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
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1-907-786-7567 FAX

 
 
 
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Thursday, March 23, 2023 5:36 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: Re: DPF Quote
 
Hi Erick,
 
Appreciate the heads up on this. That's good to know supply chain issues are a factor that
needs to be taken into account on our end. Any major delays in procurement of equipment
would be good to know about in the final quote as well. 
 
Thank you for your time on this,
Ryan

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Sent: Thursday, March 23, 2023 2:38:20 PM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Subject: RE: DPF Quote
 
Ryan,
 
I spoke with the folks at CAT earlier today.
 
They are working on it. They have some supply chain issues.
 
Just wanted to give you a heads up.
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
1-907-786-7567 FAX

CAThi C POWER SYSTEMS
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From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Thursday, March 16, 2023 9:58 AM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Subject: DPF Quote
 
Hello Erick,
 
I wanted to touch base and see where you were at with the DPF quote for the C15 engine at UAF.
Would we be able to get this today or tomorrow?
 
Thanks!
Ryan
 

Ryan Coursey-Willis
Project Engineer
Mobile: (907) 687-8446
Email: rcwillis@boreal-services.com
Address: 4300 B Street, Suite 510, Anchorage, AK 99503
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CATERPILLAR ENGINE DIVISION  
TECHNICAL COMMUNICATIONS GROUP 
 
Installation Drawing Index  
AutoCAD 2015 Format

Installation Drawing No. 6275669 chg 00

DPF-BOX DESIGN

6275669A.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6168788 CHG 00 Shown (sheet1)

Detail pf Exhaust Inlet/Outlet Flange

6168788 chg 00

Attachments found on this sheet:

6275669B.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6168789 CHG 00 Shown (sheet2)

Detail of Exhaust Inlet/Outlet Flange

6168789 chg 00

Attachments found on this sheet:

6275669C.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6233344 CHG 00 Shown (sheet3)

Detail of Exhaust Inlet/Outlet Flange

6233344 chg 00

Attachments found on this sheet:

Attachment pricing arrangements found on drawing:

6168788 chg 00 6168789 chg 00 6233344 chg 00
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Serviceability
• Cat® DPFs feature serviceable, fully removable catalysts 

with clamped catalyst fi lter modules for ease of service 
during maintenance checks.

• Large box design models feature access hatches that 
can be lifted by one technician without the need for 
cranes or other lifting devices.

• For models equipped with hatches, nut strips provide 
ease in securing of hatches after service.

Performance
• Optimized housing design maximizes emissions reduction 

while minimizing backpressure for increased effi ciency.
• Integral silencer design provides high levels of sound 

reduction (most models).
• Insulation blanket increases heat retention for increased 

emissions reductions in demanding applications 
(optional).

Flexibility
• Slip-fi t connectors on small models and fl ange 

connectors on medium to large models provide fl exible 
and convenient connection options with existing exhaust 
piping.

Support
• Worldwide Cat dealer coverage – one source for you to 

trust.

Durability
• Housing is constructed of stainless steel for superior life 

in indoor and outdoor installations.
• Ceramic catalyzed substrate is resistant to high heat 

conditions.
• Specialized mounting feet allow natural thermal 

expansion during operation, reducing the potential for 
stress cracking (large box design models).

Ease of Installation
• Cat DPFs require minimal installation time and expertise 

to place into service.
• Medium and large models feature integral lifting eyes for 

easy lifting and placement.
• Cat Datalogging and Alarm System (DLAS) is pre-

confi gured and easy to install for complete system 
monitoring (optional).

Safety
• Optional insulation blanket reduces surface temperature 

for additional safety.

CAT® RETROFIT 
DIESEL PARTICULATE 
FILTER (DPF)
For New and Existing Installations

DocuSign Envelope ID: D5FE4876-3569-4B17-ACD2-A7418AA8D875

Public Review Draft August 19, 2024

Appendix III.D.7.7-2267



PEHJ0489-00

©2015 Caterpillar

All rights reserved.

CAT, CATERPILLAR, BUILT FOR IT, their respective logos, 
“Caterpillar Yellow”, the “Power Edge” trade dress as well as 
corporate and product identity used herein, are trademarks of 
Caterpillar and may not be used without permission.

Housing
Construction Stainless Steel

Catalyst
Construction Catalyzed Ceramic Substrate
Sulfur Tolerance (Diesel) ULSD (<15 PPM)
Biodiesel Up to B20

Emissions Reduction Capability
Carbon Monoxide (CO) Up to 95%
Hydrocarbons (HC) Up to 90%
Particulate Matter (PM) Over 85%

Engine Applications
Non-silenced 55-560 kW 80-750 hp
Industrial Grade Silencing 55-225 kW 80-300 hp
Critical Grade Silencing 225-4325 kW 300-5800 hp

Datalogging and Alarm System (DLAS) (Optional)
Monitoring Functions Exhaust Temperature

Exhaust Backpressure
Date and Time

Cable Length 7.6 m / 25 ft.
Cable Length (Optional) 15.2 m / 50 ft.
Data Download Ethernet Port

CAT® RETROFIT DIESEL PARTICULATE FILTER (DPF)
For New and Existing Installations

Housing Types
Non-silenced,  55 kW / 80 hp to 225 kW / 300 hp Non-silenced, 225 kW / 300 hp to 560 kW / 750 hp

Industrial Grade Silencing, 55 kW / 80 hp to 225 kW / 300 hp Critical Grade Silencing, 225 kW / 300 hp to 1045 kW / 1400 hp

Critical Grade Silencing, 930 kW / 1250 hp to 4325 kW / 5800 hp
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 Retrofit
Diesel Particulate 

Filter (DPF) Reactor

CARB Verified Level 3+

 
application & 

installation guide

ES5 1-Up

LEBE0039-00
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Introduction

1.0 Introduction
Purpose
This document is intended as a reference and guide for the correct installation of the retrofit Diesel Particulate 
Filter (DPF) reactor. The primary purpose is to assist engineers and designers specializing in engine installations. 
The Engine Application and Installation Guide and Engine Data Sheets complement this booklet.

Note: �The information in this document is subject to change as engine exhaust aftertreatments are revised, 
improved, and required for emission reduction standards.

Cat engines are designed and built to provide superior value; however, achieving the end user’s value 
expectations depends greatly on the performance of the complete installation to assure proper function over 
the design life of the installation. This detail will allow the engine to produce its published rated power and fuel 
consumption and meet applicable emission standards. 

Caterpillar exercises all reasonable effort to assure engine and Cat DPF perform properly. However, it is the 
responsibility of the OEM/installer to properly install the engine and Cat DPF reactor. Caterpillar assumes no 
responsibility for deficiencies in the installation. It is the responsibility of the OEM/installer to meet all Caterpillar 
requirements as provided in this Application and Installation Guide.

Caterpillar does not guarantee or approve the validity or correctness of any installation. Caterpillar’s sole 
obligation with respect to any product is as set forth in the applicable Caterpillar warranty statement. 

It is the installer’s responsibility to consider and avoid possible hazardous conditions which could develop 
from the systems involved in the specific engine installation. The suggestions provided in this guide should be 
considered general examples only and are in no way intended to cover every possible hazard in every installation.

The information in this document is the property of Caterpillar Inc. and/or its subsidiaries. Without written 
permission, any copying, transmission to others, and any use except that for which it is loaned is prohibited.

Contact the appropriate application support group for the latest information on Cat DPF reactor guidelines  
and requirements.

Safety
Most accidents that involve product operation, maintenance, and repair are caused by failure to observe basic 
safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous situations 
before an accident occurs. An OEM installer must be alert to potential hazards. An OEM installer should also have 
the necessary training, skills, and tools to perform these functions properly.

The information in this publication was based upon current information at the time of publication. Check for the 
most current information before you start any job. Cat dealers will have the most current information.

Warning: �Improper operation, maintenance, or repair of this product may be dangerous. Improper operation, 
maintenance, or repair of this product may result in injury or death. Do not operate or perform 
any maintenance or repair on this product until you have read and understood the operation, 
maintenance, and repair information. Burn and fire hazards are possible. Failure to properly connect the 
aftertreatment/regeneration device, if equipped, manage the regeneration gas temperature, or properly 
route the exhaust gases away from the module may result in personal injury or death. 
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Notice: �Failure to properly connect the aftertreatment/regeneration device or manage the regeneration gas 
temperature may result in poor aftertreatment performance. 

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard. The warnings in 
this publication and on the product are not all inclusive. If a tool, a procedure, a work method, or an operating 
technique that is not specifically recommended by Caterpillar is used, you must be certain that it is safe for you 
and for other people. You must also be certain that the product will not be damaged. You must also be certain that 
the product will not be made unsafe by the procedures that are used.

Pressurized Air and Water
Pressurized air and/or water can cause debris and/or hot water to be blown out. This could result in personal 
injury. Always wear a protective face shield, protective clothing, and protective shoes when cleaning 
components. The maximum air pressure for cleaning purposes must be reduced to 205 kPa (30 psi) when the air 
nozzle is deadheaded and used with effective chip guarding (if applicable) and personal protective equipment. 
The maximum water pressure for cleaning purposes must be below 275 kPa (40 psi).

High Pressure Wash
Notice: �High pressure wash systems, including high pressure spray washers and water cannons, are now in 

frequent use by maintenance people. Connector seals will fail when hit directly with high pressure spray. 
Where direct exposure to high pressure wash systems cannot be avoided, protective shields will need to 
be designed and installed. 

Welding
Warning Notice: Welding on DPF silencer frame/reactor body is prohibited.
Do not use electrical components (electronic controller or sensors) or electronic component grounding points for 
grounding a welder.

Painting
Painting of the Cat DPF is NOT recommended and strongly discouraged. Some components’ skin temperatures on 
the DPF can get to as high as 650°F during operation and will cause charring or burning of the paint.

Replacement Parts

When replacement parts are required for this product, Caterpillar 
recommends using Cat replacement parts or parts with equivalent 
specifications including, but not limited to, physical dimensions, 
type, strength, and material.

Failure to heed this warning can lead to premature failures, 
product damage, personal injury, or death.

READ THROUGH THE ENTIRE MANUAL BEFORE PROCEEDING WITH ACTUAL INSTALLATION.

WARNING
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Emissions Requirements
This Installation Guide is intended for use for engines that must meet applicable emission standards. Proper fluids 
must be used to meet these requirements. Refer to the specific Operation and Maintenance Manual (OMM) for 
the engine model being installed for the proper fuel, lubricants, and coolants that are to be used. The proper 
fuels, lubricants, and coolants must be used to enable the engine to produce its published rated power and fuel 
consumption and meet applicable emission standards. JP8 fuel is not compatible with Cat DPF reactors. 

Notice: �Oils that have more than 1% total sulfated ash should not be used in aftertreatment device equipped 
engines. In order to achieve expected ash service intervals, performance, and life, aftertreatment device 
equipped diesel engines require the use of Cat DEO-ULS™ or oils meeting the Cat ECF-3 specification and 
the API CJ-4 oil category. Oils that meet the Cat ECF-2 specification and that have a maximum sulfated ash 
level of 1% are also acceptable for use in most aftertreatment equipped engines. Use of oils with more 
than 1% total sulfated ash in aftertreatment device equipped engines will cause the need for more frequent 
ash service intervals, and/or cause loss of performance. Refer to your engine specific Operation and 
Maintenance Manual, and refer to your aftertreatment device documentation for additional guidance.

Warning: �Use of Oil Renewal System (ORS) is strictly forbidden. Any ORS that extends the oil life through the 
combustion process and topping off the oil reservoir with new oil will damage the aftertreatment 
device. Failures that result from the use of any oil are not Caterpillar factory defects. Therefore, the cost 
of repair would NOT be considered by the Caterpillar warranty for materials and/or the warranty for 
workmanship.

It is recommended that the Cat DPF operate in conjunction with ultra-low sulfur diesel fuel (ULSD-S15), less than 
15 ppm sulfur by weight. ULSD fuel must meet the S-15 fuels designation in the latest edition of ASTM D975 and/
or conform to Caterpillar Fuel Specification. Using ULSD, regeneration for engines meeting U.S. EPA Tier 2 and 
lower equivalent emission standards will occur when the duty cycle is above 300°C (572°F) for at least 30% of 
the operating time. For engines meeting Tier 3 equivalent emission standards and higher, consult Caterpillar for 
operating requirements.

Operating the Cat DPF on diesel engines using fuel with sulfur content greater than 50 ppm will increase the 
regeneration temperature requirements, typically 50-75°C (90-135°F). If the exhaust temperature meets these 
requirements, continuous regeneration still can take place. The regeneration temperature requirements will 
increase with high sulfur fuel. With added sulfur, the normal duty cycle of the engine will cause the filter to plug 
with PM, causing the backpressure to increase beyond the engine manufacturers’ limits. Damage to the filter 
and/or the engine may occur.

When the fuel sulfur level is once again below 50 ppm, ULSD operating conditions will return. High sulfur fuel  
will not damage the catalyst coating or the ceramic filter. It does change the regeneration requirements as  
stated above. 

Biodiesel fuel may be used up to the B20 blend level (20% biodiesel and 80% appropriate ULSD fuel) if the final 
B20 blend conforms to ASTM D7467 and API gravity 30-45. The neat biodiesel blend stock should conform to 
ASTM 6751. Refer to SEBU 6250 – Caterpillar Machine Fluids Recommendations for diesel engines and SEBU 6400 
for natural gas engines.

Cat Diesel Engine Oils (Cat DEO) have been developed and tested to provide the full performance and service 
life that has been designed and built into Cat engines. Cat oils are currently used to fill Cat diesel engines at the 
factory. These oils are offered by Cat dealers for continued use when the engine oil is changed. Consult your Cat 
dealer for more information on these oils. 
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Cat DEO-ULS (Ultra Low Sulfur) oil exceeds the performance requirements of API category CJ-4 oil and is 
recommended due to a low ash specification. Engine oil that meets or exceeds the specifications in the Cat ECF-3 
or API CJ4 categories may be used in these applications. Oil burned during the combustion process accounts for 
almost all of the DPF ash accumulation (because of oil additives). The use of recommended low ash oil results in 
lower ash accumulation in the filter. Failure to use the recommended grade of oil may results in more frequent 
ash removal service intervals.

Due to significant variations in the quality and in the performance of commercially available oils, Caterpillar 
makes the following recommendations:

Cat Lubricants Viscosity Grade

Diesel Engine Oil – Ultra 
Low Sulfur

Cat DEO – ULS
SAE 15W-40
SAE 10W-30

Cat DEO – ULS SYN SAE 5W-40
Cat Cold Weather DEO – ULS SAE 0W-40

Diesel Engine Oil
Cat DEO

SAE 15W-40
SAE 10W-30

Cat DEO SYN SAE 5W-40

Note: Cat DEO and Cat DEO-ULS multi-grade oils are the preferred oils for use in this Cat diesel engine.

Note: Commercial oils that are not Cat oils are second choice oils for your engine. 

Notice: Caterpillar does not warrant the quality or performance of fluids that are not Cat fluids. For more 
information, refer to Special Publication, SEBU6251, Cat Commercial Engine Fluids Recommendations.
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Diesel Particulate Filter (DPF) Operation

2.0 �Diesel Particulate Filter (DPF) Operation
Introduction of the Cat Diesel Particulate Filter
The Cat DPF is a catalyzed diesel particulate filter that is designed to reduce emissions of particulate (smoke), 
carbon monoxide (CO) and hydrocarbons (HC), from diesel engines. Carbon monoxide and hydrocarbon 
reductions are achieved when the exhaust gases interact with the catalyst on the ceramic filter. The catalyst is 
impregnated on the walls of the ceramic substrate. As the exhaust gases come in contact with the catalyst, a 
chemical reaction takes place that oxidizes the gases. The oxidation process turns carbon monoxide into carbon 
dioxide (CO2) and hydrocarbons into water and carbon dioxide.

Figure 2.1

Reduction of Emissions
The Cat DPF is a complete product for reducing carbon monoxide, hydrocarbons and PM. The filter is catalyzed 
with a precious-metal catalyst. For CO and HC, the catalyst reduces the activation temperature needed in order to 
react with both types of compounds with oxygen (O2). A simple version of the reactions is given below:

CO  +  O2   =    CO2  (carbon dioxide)

HC  +  O2   =    CO2  +   H2O (water)

Figure 2.2
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Diesel Particulate Filter (DPF) Operation

For the Cat DPF, these reactions can start to take place at temperatures as low as 180°C (356°F). By 230°C, the 
reductions are >90%.

Particulate matter, PM, is a more complex emission to reduce. PM is comprised of three basic fractions: carbon, 
volatile organics, and inorganics. These fractions change with engine combustion and are functions of ambient 
temperature, fuel composition, barometric pressure, lubrication oil, and exhaust composition.

Solid carbon and liquid volatile organics can be oxidized over the precious metal catalyst much the same as 
gaseous CO and HC are oxidized. Inorganics, such as calcium and magnesium compounds of lubricating oil, 
cannot be eliminated through oxidation. They are, however, trapped by the filter and comprise what is referred to 
as “ash.” Cleaning ash out of the filter is addressed in more detail in the “Maintenance” section.

 

Figure 2.3
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Diesel Particulate Filter (DPF) Operation

The DPF is used to reduce greater than 85 percent of the emissions of particulate matter. These emissions are 
reduced by filtration as the exhaust passes through the DPF wall. Carbon monoxide (CO), and Hydrocarbons 
(HC) are also reduced as the engine exhaust passes through the catalytic oxidation and filtration units. The 
DPF filter substrate uses a series of alternately blocked channels which forces exhaust gasses to flow through 
the channel walls. Particulates are physically captured and chemical reactions take place (see Illustration 5). 
Carbon monoxide and hydrocarbons are converted into carbon dioxide and water vapor. These filters are self-
regenerating. Self-regenerating filters are not disposable, but, instead, will “burn off” the accumulated soot 
continuously if the proper exhaust temperature profile is met.

Regeneration

The process of particulate collection begins as soon as the engine is started and continues while the engine is 
operating. At low loads and low exhaust temperatures, PM accumulates in the filter, and pressure drop across the filter 
increases. When exhaust conditions are optimal, the catalyst promotes oxidation between the particulate matter and 
either oxygen or nitrogen dioxide in the exhaust. This process is called regeneration, whereby PM is burned off of the 
substrate walls, resulting in a cleaner filter. The regeneration process is dependent upon exhaust temperature, engine 
load, exhaust composition, and fuel sulfur content. At a certain exhaust condition, the rate of oxidation eclipses the rate 
at which PM is being trapped by the filter. The temperature at this exhaust condition is commonly referred to as the 
regeneration temperature. While the exhaust temperature does not have to be above its regeneration temperature all of 
the time, the more time above this temperature the cleaner the filter will be and the lower the backpressure. Operating 
above the regeneration temperature means that the filter will continuously regenerate and clean itself out.

Proper DPF regeneration REQUIRES the following conditions:

• �Ultra Low Sulfur Diesel (ULSD) fuel must be used. ULSD fuel must have an average sulfur conent of 15 parts per 
million (ppm) or less.

• �The sulfur content in the diesel fuel is not to exceed 0.0015 percent by weight. ULSD fuel must meet the S-15 
fuels designation in the latest edition of ASTM D975 and/or conform to Caterpillar fuel specification.

• �Biodiesel fuel may be used up to the B20 blend level (20 percent biodiesel and 80 percent appropriate ULSD 
fuel). If the final B20 blend conforms to ASTM D7467 and API gravity 30-45. The neat biodiesel blend stock 
should conform to ASTM 6751.

• �The engine exhaust temperature at the DPF inlet must be 300°C (572°F) or greater for at least 30 percent of the 
time or 2 hours whichever is longer. 

• �The ratio of nitrogen oxides (NOx) to particulate matter (PM) must be a minimum of 25:1. This ratio is the NOx 
level, in grams/brake horsepower hour, divided by the PM level). This technology is currently applicable to 1996 or 
newer Tier 1 or Tier 2 equivalent engines. Current Caterpillar retrofit passive DPF product is not applicable to Tier 3 
equivalent engines.
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• �Consult with State and Federal agencies for verification requirements.

• �The engine should be maintained and must not consume oil at a rate greater than the rate specified by the 
engine manufacturer.

• �Caterpillar DEO-ULS (Ultra Low Sulfur) 319-2260 oil exceeds the performance requirements of API category CJ-4 
oil and is recommended due to a low ash specification. Engine oil that meets or exceeds the specifications in 
the Caterpillar ECF-3 or API CJ4 categories may be used in these applications. Oil burned during the combustion 
process accounts for almost all of the DPF ash accumulation (because of oil additives). The use of the 
recommended low ash oil results in lower ash accumulation in the filter. Failure to use the recommended grade 
of oil may result in more frequent ash removal service intervals.
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Illustration of the Cat Retrofit DPF Reactor 

3.0 Illustration of the Cat Retrofit DPF Reactor  

Applications of the Cat DPF reactor are extremely diverse. Some examples of Cat DPF reactor are shown in the 
pictures below:

Figure 3.1 – Stationary Installation of a Cat DPF Reactor on a Generator Set

	 Filter/muffler design	 4-filter combination with	 6-filter silencer with critical 
	 for stationary	 industrial grade silencing	 grade sound attenuation 
		  for stationary	 for stationary

Throughout the remainder of this document, the terms filter, filter/muffler, and filter/silencer will be used. A Cat DPF 
is a single or multiple filter element reactor with inlet and outlet connections to attach to exhaust piping. These 
systems can be manufactured in industrial, critical, and super-critical grade silencing packages.

If lifting eyes are attached to the unit, use all eyes provided when lifting the unit. Always use all mounting feet and 
beams. Mounts are designed to distribute load evenly throughout the frame; each mount should be in contact with 
the support structure.
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Illustration of the Cat Retrofit DPF Reactor 

Figure 3.2

The Cat DPF reactor requires a Cat Data Logging and Alarm System (DLAS). The Cat DLAS measures and records 
exhaust temperature and backpressure. These parameters are essential in determining whether or not the 
application’s duty cycle is acceptable for the filter. 

Refer to DLAS Special Instructions UENR4923 for installation and maintenance guidelines. 

General Comments
Installation of the Cat DPF reactor requires that the user ensure the entire exhaust system is properly designed 
before installing parts. Exhaust components such as expansion joints, rain caps, elbows, supports, etc. are critical 
installation pieces which, if they fail, may compromise emissions reductions as well as damage other components 
and even the engine. Refer to Application and Installation Guide, LEBW4970 “Exhaust Systems.”

READ THROUGH THE ENTIRE MANUAL BEFORE PROCEEDING WITH ACTUAL INSTALLATION.

General Guidelines for Installation:
• If supplied, use all lifting eyes when lifting the filter/muffler or filter/silencer into place.

• If supplied, use all mounting feet when securing the Cat DPF into its operating position.

• Make sure all ports, openings and connections are clear from obstruction.

• �Mount unit as close to the engine as possible. Make sure the unit is isolated from engine vibration using an 
expansion joint or flex connector.

• Use anti-seize on all threaded parts on the exhaust system.

• Use an expansion joint on the outlet of the Cat DPF reactor if piping is constrained downstream of the unit.

• �Locate the Cat DLAS controller within 20 feet of the reactor if possible. Extra lengths for control wires can be 
supplied but are not standard and part of the originally supplied system.

• Ground the Cat DLAS control box. See Cat DLAS manual for complete instructions.

• �When tightening fittings, torque to specifications listed in Cat 1E0279 or Caterpillar publication SENR3130 
available on SISWEB https://sis.cat.com/sisweb/sisweb/homepage. Note: applying more than specified torque to 
the Cat DPF reactor may damage the filter assembly and affect the warranty.
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4.0 Stationary Installation

Lifting of a Filter/Silencer Using Lifting Eyes

Figure 4.1

All Cat DPF silencers come with lifting eyes. Use all eyes when lifting unit into place.

The DPF silencer comes mounted on temporary shipping brackets and is equipped with lifting eyes. The lifting 
eyes can be used to remove the unit from the bed of the shipping truck and to install on the support system. When 
using the lifting eyes to lift the system, use all the provided eyes. The lifting eyes are arranged around the center 
of gravity and all must be used to lift the unit squarely. Failure to do so could result in accidents, potential injury, 
and equipment damage. Spreader bars are recommended where applicable.

Figure 4.2

Lift using 
all available 
lifting eyes.
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Lifting of a Filter/Silencer Using Forklift

Figure 4.3

All Cat DPF reactors >75 lbs. will be palletized. Make sure lifting forks are positioned correctly underneath the 
designed lifting beams in the skids. For long units, side loading may be required. Check with your local Cat dealer 
for the weight of the DPF silencer. Smaller Cat DPF reactors (<75 lbs.) may be boxed instead of palletized.

Mounting of Filter/Silencers for Stationary Applications
Mounting the DPF Reactor Instructions
The mounting feet on the DPF reactor unit are slotted with a 7/8" slot running parallel to the short axis of the unit. 
The mounting that the unit rests on should have (2) drilled (round) holes on the DPF exhaust inlet end only (see 
below). All other holes on the mounting (frame, posts, etc.) shall be slotted with 7/8" slots running parallel to the 
long axis of the unit. When the mounting feet are set on the mounting frame, the slots will form a cross. Use of 
torque collars allows the unit to thermally expand length and width ways. 

It is mandatory that all feet are contacting the mounting surface to distribute the load over their entire surface.

Figure 4.4 – DPF Reactor Mounting Technique

Torque collars must be
used to provide thermal
expansion.
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Bolting the DPF to the pedestal using the mounting feet provided, include 7/8" slotted holes running parallel to the 
short axis of the unit. The customer-installed mounting platform that the unit rests on should have pre-fabricated 
7/8" slotted holes running parallel to the long axis of the unit. When the mounting feet are set on the mounting 
frame the slots will form a cross. This allows the unit to thermally expand sideways and long ways. Flat washers 
should be used on both the bottom and top when tightening down the unit. A torque collar or spacer installed 
between the two flat plains enables the unit to move thermally back and forth or left and right discouraging 
structural impact on the housing of the SCR system. Both top and bottom must be secured. Secure the top once 
the bottom has been bolted in place. 

For units with 7/8" slots an SAE grade five (5) 5/8" bolt is recommended and torque to 115 ± 20 N•m.

Figure 4.5 – Torque Collar Design

Thermal Expansion 
From its cold state, 304L stainless steel will expand 0.3 mm (.0119 in) per 305 mm (1 ft) of DPF reactor length per 
50°C (122°F) temperature rise. If not accounted for, the thermal growth can exert undue stress on the engine and 
SCR connections, as well as the pipe supports. 

Note: �If DPF is mounted rigid without thermal expansion allowance, weld failures and metal fatigue in the 
mounting feet and outer shell of the DPF could result in damage to the DPF structure. 

	 Do not weld the DPF mounting brackets to the supporting frame.
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Figure 4.6 – Temperature Rise

Linear Thermal Expansion = for every 50°C temperature rise multiply  
SCR system dimension by expansion percentage.

The following table lists the various fasteners required to install and/or service a DPF silencer. The exhaust 
flanges vary per engine bore size so the required size will depend on the flange used. It is a requirement that high 
temperature (>600°C) anti-seize compound be used on all exhaust bolts.

DPF Fastener Guide

Mounting Point Description Fastener type/size

A Lifting Eyes NA

B Elongated Base Mounting Brackets 5/8" bolt torque 115 ± 20 N•m

C Exhaust In Flange As required by flange bolt size

D Exhaust Out Flange As required by flange bolt size

E Inspection Cover 3/8 x 16 bolt torque 25 N•m ± 4 N•m

Connections to the Exhaust System
The Cat DPF reactor must be isolated from engine vibration. 
The Cat DPF reactor exhaust inlet and outlet flanges are not 
designed to handle the significant loads that can come from 
thermal expansion of piping. Consequently, bellows are required 
on the inlet connection and are recommended on the outlet 
connection, especially if a long run of stack piping is required 
to convey the exhaust out of the building. Install bellows within 
two stack diameters of the DPF reactor outlet and in the same 
direction of flow from the outlet. If stack plenum has multiple 
directional changes, use bellows along each straight section to 
accommodate thermal expansion.

	 Figure 4.7 –
	 Exhaust Bellows Connection
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Exhaust Stack Out Requirements 
Not to exceed 300 lbs axial load on top of the exhaust flange. If more weight than this is placed on the top of the 
reactor, a support must be used on the stack with a bellows installed after the outlet flange. If made of 16 gauge 
metal, a 24" diameter 19' stack alone will weigh 300 lbs.

For Top-mounted Stacks
Wires must not be used to secure the stack to eliminate a moment on the exhaust flange. Stacks should be 
supported by a sleeve or roller supports, which will allow the stack to grow under thermal expansion but still 
prevent any moment being placed on the exhaust flange and outlet wall.

For Side- and End-mounted Stacks
The stack should be supported by a sleeve or roller supports which will allow the stack to grow under thermal 
expansion while still preventing any moment being generated on the exhaust flange and outlet wall.

Thickness for stacks should be 16 gauge or greater. Height limitation would only be necessary for a backpressure 
measurement if the stack is supported.

Water Ingress Prevention
The presence of water in the DPF can cause failures such as cracking of the catalyst from freeze/thaw cycles, 
cracking of catalyst by water causing thermal gradients across the catalyst substrate, and potential for loss of 
mat retention. Exhaust system outlets must be provided with an appropriate means of preventing snow, rainwater, 
or sea spray from entering the DPF through the exhaust piping. This can be accomplished by several methods, but 
must be given careful consideration. The selected method can impose significant restrictions that must be taken 
into account when calculating system backpressure. One simple method, used primarily with horizontal exhaust 
pipes, is to angle cut the end of the exhaust pipe with the point at the top.

A common method used with vertical exhaust pipes is to angle the pipe at 45° or 90° from vertical using an 
appropriate elbow, then angle cutting the pipe end as previously described.

For applications where none of the previous methods are possible, it may be necessary to fit some form of rain 
cap to the end of the vertical pipe section. This method can provide a positive means of water ingress prevention, 
but not without imposing a significant backpressure restriction. 

Additional information related to exhaust system installation can be found in the Caterpillar publication LEBW4970.

General Requirements Summary
Attention should be given to exhaust gas flow restriction with the following recommendations:

• �The exhaust backpressure must not exceed the limits given for each engine family and the Cat DPF installation. 
Reference TMI System Data or Engine Sales Manual for commercial applications and engine technical 
specifications.

• �The exhaust piping must allow for movement and thermal expansion so that undue stresses are not imposed on 
the turbocharger structure or exhaust manifold.

• �Never allow the turbocharger to support more than allowable loads. Reference TMI System Data or Engine 
Sales Manual for commercial applications and engine technical specifications.
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Backpressure Verification
Excessive backpressure drop in the exhaust system will adversely affect the performance of the engine and the 
Cat DPF reactor. It is required that the systems meet these criteria for optimal performance. Excessive pressure 
drops can yield higher than expected exhaust temperatures, lower fuel economy, reduced altitude capability, and 
less than rated power. 

For retrofit DPF reactors it is recommended that exhaust backpressure be measured and recorded prior to 
installation. Once installed the exhaust backpressure should be measured and recorded for future comparison as 
an indicator of catalyst performance.

Measuring Backpressure
Exhaust backpressure is measured as the engine is operating under full rated load and speed conditions  
(high idle for naturally aspirated engines). Either a water manometer or a gauge measuring inches of water  
may be used. 

It is a requirement that high temperature (>600°C) anti-seize compound be used on all exhaust bolts.

Insulation Requirements
It is very important to retain as much heat in the DPF reactor exhaust as possible. The regeneration process of 
the DPF is more efficient at high exhaust temperatures. Insulate all piping prior to the Cat DPF reactor, as shown 
below. Check with your local Cat dealer regarding insulation practices related to exhaust system components. 

Figure 4.8 – Exhaust Piping Insulation

The DPF reactor skin temperature and/or exhaust gas temperatures are difficult to measure or simulate and are 
dependent upon many factors including the following: the design and packaging of the DPF reactor, the engine 
speed/load conditions, the condition of the DPF reactor, and the ambient conditions. Therefore, the potential 
temperatures are provided as a guideline for safe design of the installation.
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Insulation results in an approximate surface temperature of 94°C (200°F) and a non-insulated unit has an 
approximate skin temperature of 120°C (280°F). The potential temperatures are provided as a guideline for safe 
design of the installation and proper precautions should be taken to ensure the aftertreatment device is properly 
shielded and not mounted in close proximity to surrounding components that may be damaged by heat. 

Figure 4.9 – Custom Thermal Blanket

If requirements of the installation require a lower surface temperature, optional blankets can be designed that 
conform to the shape of the DPF reactor and any piping connecting to the reactor. See the example of a custom 
made insulation blanket.

Mounting of Filters and Filter/Mufflers for Stationary Applications
Filters and filter/mufflers have substantial weight and need to be properly supported. Illustrations of some 
installations are shown below:

Dual filter/muffler on a generator 
set system is properly supported 
by the mounting feet.

Cat DLAS condensing can is 
properly mounted above the 
sampling port.

Mounting beams
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Weight information for Cat DPF reactors is supplied with the units. Design support brackets to handle the weight 
and vibration loads of the application.

When connecting to the current exhaust system, locate the filter as close to the engine exhaust manifold as 
possible to retain heat from the engine. In addition, isolate the unit with a flex connector or expansion joint. 
CAUTION – DO NOT OVER TIGHTEN SUPPORT BANDS. DEFORMING THE METAL AROUND THE CENTER OF THE 
FILTER WILL VOID THE WARRANTY.

For installations where sections of exhaust piping are to be removed to accommodate a Cat DPF reactor, remove 
the necessary length of pipe accounting for your chosen flex joint on the inlet and outlet. If an existing muffler is 
going to be kept in the exhaust, then you MUST mount the Cat DPF upstream of the muffler. Consult Caterpillar 
with regard to the designed pressure drop across the filter as you may exceed the engine manufacturer’s 
specification for maximum backpressure. Caterpillar is NOT responsible for backpressure resulting from all other 
components in the exhaust system.

For installations using slip-on connectors, slip the filter inlet over the exhaust pipe until about 2 inches are inside 
the inlet cone. Secure the filter to your mounting brackets. Insert the exhaust pipe approximately 2 inches into the 
outlet cone. Once the Cat DPF is in position, tighten all clamps. Check the V-band clamps on the filter for tightness.

Warning: �If you are installing the filter vertically, you must contact Caterpillar first to confirm that a vertical 
installation is acceptable. Take extra care to prevent the filter from slipping down on the exhaust pipe 
causing contact before the exhaust and the ceramic substrate. Contact will damage the ceramic and 
void the warranty.

Single filter on a generator set 
system is properly supported 
by brackets and secured with 
support bands.

Support bands

Mounting bracket
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5.0 Appendices

Appendix A
General Operation Guidelines

For Generator Set Installations of the DPF Reactors 
  1. �Ensure the engine operation will adhere to the following guidelines:
	 • �At least 30% of the operating time the exhaust temperature is above 300°C and the engine load is above 40% 

or an exhaust gas heater is required.
	 • �Fuel sulfur content <15 ppm, ULSD
	 • �Engine PM output of < 0.2 g/bhp-hr

  2. �Insulate all exhaust components between the turbocharger and DPF inlet. This includes piping, expansion 
joints, and bellows.

  3. �Install the monitor/alarm system as it is the key component to ensuring the DPF unit is working as intended 
and that the filter media is not plugging with particulate matter. This unit records date, time, temperature, 
and backpressure data, allowing the user a comprehensive understanding of engine duty cycle and DPF 
performance. Follow the installation instructions carefully. Check the integrity of all plumbing and wiring 
connections. Once installed, download data, using the optional software, and check that the temperature and 
backpressure data correspond to engine load output.

  4. �Heed all warnings that the DLAS kit generates. Solid yellow or red alarms indicate an increase in 
backpressure and must be investigated. Blinking yellow or red lights indicate a problem with temperature or 
pressure measurements and require physical checks of the sensors and connections. Data must be collected 
when an error is generated.

  5. �The optional software package is required to see real-time data and to retrieve stored data, which can then 
be transferred into spreadsheet for viewing and graphing. The data includes a history of all errors generated 
plus 26,000 lines of temperature, backpressure, time, and date values, which equates to approximately  
100 hours of operation when the logging interval is set at 15 seconds.

  6. �Create a schedule for downloading DLAS data and graphing the performance. Backpressure may go up and 
down but over time should be flat, meaning that particulate is not accumulating on the DPF. If particulates are 
not accumulating, the DPF is regenerating, or cleaning itself. This is the intended operating state.

  7. �DO NOT operate the generator after a red alarm is triggered. If the generator must be operated, limit the 
operating time to as short a duration as possible. Monitor the backpressure during operation using the DLAS 
software or a pressure gauge. If the backpressure continues to increase, stop the engine as soon as possible, 
allow the exhaust to cool, and then remove the DPF for cleaning. If the backpressure decreases the engine 
may continue operation until the backpressure has stabilized. 

DocuSign Envelope ID: D5FE4876-3569-4B17-ACD2-A7418AA8D875

Public Review Draft August 19, 2024

Appendix III.D.7.7-2289



A P P L I C A T I O N  A N D  I N S T A L L A T I O N   G U I D E 23

Appendices

  8. �If you must operate at low loads, limit continuous operation at <40% load for under two hours. After two hours 
but less than four hours, and if no alarms have been triggered, you can regenerate the DPF by operating the 
engine at 80% to 100% load for 45 minutes or you can remove the DPF and have it cleaned.

  9. �If you have exceeded fours hours of continuous operation at low load, <40% load, the DPF must be removed 
and cleaned.

10. �You may perform a forced regeneration by operating the engine at high load. Make sure that you monitor the 
Cat data logging system and use the software or use a pressure gauge to keep track of the backpressure. 
It is possible that once high load is applied to the system, a yellow or even red alarm may trigger. If a red 
light triggers during a forced regeneration, do not stop the regeneration cycle (this is an exception to #7. 
We need to set a max allowable pressure, if it is too high, it damages the housing.) Allow the cycle to 
complete, meaning that backpressure drops to 15 to 20 inches of water and levels off. If after 20 minutes the 
backpressure does not decrease but instead continually increases even though temperature has leveled, then 
cease the forced regeneration, allow the exhaust to cool, remove and clean the DPF.

11. �If cold starts are required, perform up to twelve 10-minute cold starts. After 12 and up to 24 cold starts with 
no alarms triggered, you can force regeneration by operating the engine at 80% to 100% load for 45 minutes 
or you can remove the DPFs and have them cleaned. If choosing to perform a forced regeneration, follow 
guideline 10.

12. �If DPFs accumulate too much particulate and are not cleaned either on-line or off-line, an uncontrolled 
regeneration may occur, which can melt the filter media. If this occurs, there will be no structural damage to 
the filter package or to the silencer. However, the DPFs will become compromised and PM will now be visible 
in the exhaust. If this occurs, the DPFs must be replaced.

13. �Non-regeneration does not constitute failure of the DPF. Regeneration is based upon engine operating 
conditions. Non-regeneration is not a warranty issue.

14. �If a DPF should fail and the DLAS kit shows operation during an alarm or error condition, the warranty may  
be void.

15. If a DPF should fail and the DLAS kit shows no data, the warranty is void.

16. �Over time, non-combustible ash may accumulate in the DPF media. Ash is composed mainly of minerals such 
as calcium, magnesium, and iron that occur in small amounts in lubrication oil. When lube oil is consumed 
in the combustion process, ash particles are airborne and then trapped in the DPF. Ash will manifest as 
increased backpressure and cannot be burned off. The DPF must be removed and cleaned. Depending upon 
the amount of lube oil consumed and the ash content of the oil, ash cleaning will need to be performed 
between 2500 and 5000 hours of operation. Use historical data to determine, at a 50% load condition, if ash 
accumulation has added five or more inches of water to clean DPF backpressure. If so, ash has accumulated 
and the DPF needs to be removed and cleaned.

 

DocuSign Envelope ID: D5FE4876-3569-4B17-ACD2-A7418AA8D875

Public Review Draft August 19, 2024

Appendix III.D.7.7-2290



R E T R O F I T  D I E S E L  P A R T I C U L A T E  F I L T E R  ( D P F )  S Y S T E M24

Appendices

Appendix B
Standard Caterpillar Inch Torque Specifications
For all torque specifications in this manual consult Caterpillar publication SENR3130 available on SIS Web at: 
https://sis.cat.com/sisweb/sisweb/homepage

Torque table excerpts from 1E0279 follow:

Note: All torque values should be the standard values except for specialty applications.

Design and Expected Minimum Clamp Loads For Inch Fasteners 

DocuSign Envelope ID: D5FE4876-3569-4B17-ACD2-A7418AA8D875

Public Review Draft August 19, 2024

Appendix III.D.7.7-2291



A P P L I C A T I O N  A N D  I N S T A L L A T I O N   G U I D E 25

Appendices

Standard Caterpillar Metric Torque Specifications

Design and Expected Minimum Clamp Loads For Metric Fasteners 
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Appendix C
DPF Cleaning Records Form
Note: This information must be maintained for warranty purpose. 

Cleaning the DPF
Because the sections of the DPF are replaceable, a small stock of filter sections can be maintained. Filter 
sections from a small on-hand stock can be used to replace filters in service at the next scheduled cleaning. The 
removed filters can be cleaned and returned for installation in the next vehicle. This process of maintaining a 
stock of filter sections can significantly reduce the amount of downtime that will occur.

Note: �Check state and local air pollution regulations pertaining to record keeping of serviced filters. Some 
governmental entities may require filter tracking. 

Wear goggles, gloves, protective clothing, and a National Institute for Occupational Safety and Health (NIOSH) 
approved P95 or N95 half-face respirator when handling a used DPF or catalytic converter muffler. Failure to do 
so could result in personal injury.

Note: �Perform a backpressure test prior to cleaning the DPF and record the results. After cleaning the DPF, run 
the engine at high idle for 5 to 15 minutes to bring the engine and exhaust system to operating temperature. 
Perform another backpressure test and record the results on the DPF cleaning records form. 
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Recommended Cleaning Procedure

• Weigh and record the filter unit prior to baking

• Controlled baking of the filter unit (see following “Baking Procedure” section)

• Ash cleaning the filter unit using the 319-2189 Filter Cleaning Group

• Weigh and record the filter unit after controlled baking and pulsed air cleaning

• Reference the DPF cleaning records form for proper record keeping

Note: �Cleaning DPF units without baking shortens the life of the HEPA filters within the cleaner. The result is a 
shortened ash service interval because of incomplete soot removal.

Baking Procedure
This procedure will burn off the remaining soot on the DPF leaving a smaller quantity of ash by baking the filter 
under controlled circumstances. Failure to observe this procedure can result in damage or cracking to the DPF 
substrate. A commercial programmable oven is required for this procedure. Careful adherence to this procedure 
is imperative. Deviation from this procedure may lead to thermal shock and cracking of the DPF substrate or 
melting at high temperatures.

1. �Place filter into a programmable commercial oven designed for this purpose. Center the filter as much as 
possible on a rack with 2 inches of spacing below and above for best results.

2. Program the oven as follows:

	 a. Ramp oven temperature to 200°C (392°F) over 20 minutes.

	 b. Hold oven temperature at 200°C (392°F) for 120 minutes (2 hours).

	 c. Ramp oven temperature to 450°C (842°F) over 30 minutes (.5 hours).

	 d. Hold oven temperature at 450°C (842°F) for 120 minutes (2 hours).

	 e. �Cool down to ambient temperature at natural rate within the oven with the doors closed. Do not use fans.

	 f. Place filter in cleaning machine and clean as per machine instructions.

	 g. Replace the filter in oven. Ramp temp to 650°C (1202°F) for 60 minutes (1 hour).

	 h. Hold oven temperature at 650°C (1202° F) for 240 minutes (4 hours).

	 i. Cool to ambient temperature at a natural rate. Do not use fans.

Note: Allow the filter to cool in the oven with the door closed until the filter can be handled with bare hands.

Cleaning Procedure
Ash and soot should be removed from the DPF using the Cat 319-2189 Diesel Particulate Filter Cleaner Gp. Using 
the cleaner without following baking procedure results in lower efficiency cleaning and will reduce the life of 
the HEPA filters in the machine. This tool uses pulsed air to flush the ash from the DPF and contains the filter ash 
through a HEPA filter and bag system. Other methods can release significant quantities of airborne ash and soot 
which may be considered a hazardous substance by some states. Adapters must be used to mount the DPF units 
in the machine. The 10.5-inch filter uses the 319-1839 adapter and the 319-1835 cone (medium). The 12-inch DPF 
uses the 319-1838 adapter with the 319-1836 cone (large).

Note: �Other cleaning methods can release significant quantities of airborne ash and soot. Airborne ash and soot 
should not be inhaled and may be regulated as a hazardous substance by some states.
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Cleaned Filter Specification
Note: The following steps determine a properly cleaned Cat filter.

Note: �This specification applies to filters that were cleaned of ash only. This specification is only valid subsequent 
to the “Recommended Cleaning Procedure.” This specification should not be used to determine if soot-
filled filters are properly cleaned. All filters must be baked appropriately using the “Recommended Cleaning 
Procedure” prior to application of this specification.

HEALTH AND SAFETY

Wear goggles, gloves, protective clothing, and a National Institute 
for Occupational Safety and Health (NIOSH) approved P95 or 
N95 half-face respirator when handling a used DPF or catalytic 
converter muffler. Failure to do so could result in personal injury.

Adhere to all local health and safety rules and regulations. Use all the personal protective equipment listed below:

• Respirator

• Safety shoes

• Safety glasses

• Latex gloves

• Lab coat

RESOURCES
Necessary equipment:

• 38 cm (15 inch) long by 0.9 mm (0.04 inch) thick stainless steel probe for “200 cpsi” (cells/square inch) filters

• Tape measure

METHOD
Evaluation of a cleaned filter:

Note: A filter MUST meet all criteria in the section below to be considered clean.

1. �Inspect both inlet and outlet surfaces for oil/fuel contamination, gouges and/or cracks. No cracks may be 
visible. Gouges may not exceed 4.0 mm (0.15 inch) deep.

2. �There must be no filter movement within the filter’s banding. This movement is defined as the substrate moving 
past the bent-over flange. The filter must be even or below the bent-over flange.

3. �There must not be any signs of the steel fiber ring coming loose or any mat material (cottony gauze) slipping 
past the filter. 

4. The flanges are not damaged beyond repair.

5. �There are no dents deeper than 6.4 mm (0.25 inch) in the outer can of the filter and the outer can is not cracked, 
torn or otherwise breached.

Appendices

WARNING

DocuSign Envelope ID: D5FE4876-3569-4B17-ACD2-A7418AA8D875

Public Review Draft August 19, 2024

Appendix III.D.7.7-2295



A P P L I C A T I O N  A N D  I N S T A L L A T I O N   G U I D E 29

Appendices

6. No more than 20 cells are allowed to be damaged (showing soot) on the outlet face of the filter.

7. Inspect the ash depth in the cells using the “Check Cell Depth” instructions below.

Check Cell Depth
1. �Check cell depth by dropping the stainless steel probe into 

a cell location noted by a dot in the Illustration to the right.

2. �Lightly tap the probe with a finger until the probe does not 
travel into the cell any further. Mark the probe to record  
the depth.

3. �Measure the distance from the tip of the probe which 
entered the cell to the mark made on the probe. This 
distance is the cell depth. Repeat this step 17 times per  
the illustration to the right.

4. �If the probe travels a minimum of 28.6 cm (11.25 inch) in  
all cells, the filter is considered clean.

5. �If the probe encounters heavy resistance in one or two 
cells, proceed to Step 6. 

Evaluation of a Filter with Hardened Ash
6. �Identify the one or two cells (1) where heavy resistance 

was noted during the cell depth check.  
Refer to illustration.

7. �Draw a 50.8 mm (2 inch) square (2) around cell (1).  
Refer to illustration.

8. �Check cell depth at the eight dot locations (3).  
Refer to illustration.

9. �If the probe encounters heavy resistance in three or more 
cells, THE FILTER IS NOT CONSIDERED CLEAN. THE  
FILTER MUST NOT RETURN TO SERVICE UNTIL THE  
FILTER IS PROPERLY CLEANED.

(1)  Cell
(2)  50.8 mm (2.0 inch) square
(3)  Dot locations
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	 Acceptable filter with less than 20 damaged cells	 Unacceptable filter with too many damaged cells 

	 	
Filter Evaluation Form
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Appendix D
DLAS Installation

The Cat DLAS is a microprocessor based data logger and alarm system. The DLAS will record and monitor 
exhaust backpressure and temperature. Monitoring the engine exhaust provides information about engine 
performance as well as the performance of a Cat emissions control device. The Cat DLAS unit will warn the 
operator of a control device plugging and causing excessive backpressure on the engine. It will track the duty 
cycle of the engine and allow analysis of operation time, exhaust temperature, and backpressure profiles. Data 
collected by the Cat DLAS is downloadable.

Cat DLAS can be installed on SCR systems that have DPFs installed and where data logging and alarm  
are required.

Cat DLAS comes complete with the following components:

1. �Control box with mounting bracket, 1/8" pressure nipple, reset button, 2-wire female thermocouple (TC) lead 
wire plug, Ethernet and USB ports and a 12-pin male harness plug.

2. K-type TC with a 1/4" NPT stainless steel nipple.

3. 20’ TC lead wire (standard, longer leads available). 12-pin female wiring harness.

4. LED kit with one (1) yellow LED, one (1) red LED, one (1) green LED and six (6) push-on connectors.

5. Stainless steel flexible hose fitted to low temp PVC hose.

6. 20' long dual 1/8" ID low temperature PVC tubing.

7. Installation and Operation Manual UENR4924.

Read the Cat DLAS Installation and Operation Manual UENR4924 and the Cat DLAS Software Manual before 
installation. It is an important requirement to install the condensing can above the pressure port on the inlet of  
the filter.
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DPF Installation References – Stationary Engines

• �REHS9213 (fka PEXQ1001) – Caterpillar Pre-Installation 
Compatibility Assessment for Stationary Engines

• �REHS9214 (fka PEXQ1002) – Caterpillar Post-Installation 
Compatibility Assessment for NEW Stationary Engines.

• �REHS5606 DPF Special Instructions 

• �LEWB4970 – Exhaust System Application Design Guide

• �UENR4923 DLAS Special Instructions

• �UENR4924 DLAS Installation and Operation Manual

Criteria to Authorize a Person or Company to Install Cat DPF Reactor

1. Only specially trained personnel or your Cat dealer is authorized to install Cat DPF reactor.

2. �Authorized person or company will have to be familiar with federal, state, and local regulations related to DPF 
reactor requirements, used DPF, and ash waste disposal.

3. �Authorized person or company will have to follow the installation procedure described in this manual (lifting, 
mounting, flex joint connection, insulating blankets, torque specifications, etc.).

4. �Authorized person or company will have to check that engine emissions (PM, HC, CO, NOx) meet engine 
manufacture specifications before installing Cat DPF reactor. Consult on-line TMI data for Cat engines.

5. �Authorized person or company will have to check that engine fuel and oil meet Cat specifications referenced in 
this manual.

6. Authorized person or company will have to create a commissioning report.

7. �Authorized person or company will have to create and maintain a record keeping system for DPF evaluation  
and cleaning.

8. �Authorized person or company will have to adhere to using and retaining information gathered using the Pre/
Post Installation Compliance Assessment Inspection checklists.

List of Authorized Installers

Cat dealers are the only authorized installers for the Cat DPF. This global network has the training, expertise, and 
materials to properly install and support owner’s needs. 

To locate the nearest dealer, please visit cat.com.
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University of Alaska Fairbanks Comments on Proposed Rule – Air Plan Partial Approval and Partial 

Disapproval; AK, Fairbanks North Star Borough; 2006 24-Hour PM2.5 Serious Area and 189(d) Plan, 

Docket ID No. EPA-R10-OAR-2022-0115 

 

A.  DUAL FUEL-FIRED BOILER – EU ID 113 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for Emissions Unit (EU) 113 are appropriate but EPA is proposing to disapprove 

those determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating proposed MRR requirements as proposed below for each PM2.5 BACT 

requirement for EU 113.  

 

a. PM2.5 BACT Requirement: Operate and maintain fabric filters at all times the unit is in 

operation.  

i. Condition 34.1 of Permit AQ0316TVP03 requires operation and maintenance of the 

baghouses. The MRR requirements are given in Conditions 34.2 through 34.6 and 35 

of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Conditions 34.2 through 

34.6 and 35 of the Title V permit. 

 

b. PM2.5 BACT Requirement: PM2.5 emissions from EU 113 shall not exceed 0.012 pounds per 

million British thermal unit (lb/MMBtu) over a 3-hour averaging period. Conduct an initial 

performance test to obtain an emission rate. 

i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement: 

1. No later than six months after approval of an Implementation Plan, conduct an 

initial source test on EU 113 to demonstrate compliance with the PM2.5 BACT 

emission limit of 0.012 lb/MMBtu over a 3-hour averaging period in accordance 

with procedures specified in 40 CFR 60, Appendix A-3, Method 5 and 40 CFR 51, 

Appendix M, Methods 201 or 201A and 202. 

2. Conduct annual source tests on EU 113 no more than 13 months after the previous 

source test.  

3. If two consecutive annual source tests demonstrate that PM2.5 emissions are less 

than the BACT emission limit, UAF may choose to conduct the PM2.5 source test 

every third year. Each source test must be conducted no more than 37 months 

after the previous source test. If a source test shows emissions exceeded the PM2.5 

BACT emission limit, annual PM2.5 source testing must be resumed. 

4. For each source test, conduct the tests in accordance with the General Source 

Testing and Monitoring Requirements section, including the submittal of a test plan 

and test report, in the applicable operating permit issued for the stationary source 

under Alaska Statute (AS) 46.14.130(b) and 18 Alaska Administrative Code (AAC) 

50. 
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5. Source tests shall be conducted downstream of all emission control devices.  

c. PM2.5 BACT Requirement: Maintain good combustion practices at all times of operation by 

following the manufacturer’s operating and maintenance procedures. 

i. Condition 95 of Permit AQ0316TVP03 requires good air pollution control practices for 

minimizing emissions. The MRR requirements are given in Conditions 105.2, 105.3a, b, 

e, f, and 105.4 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 

requirement is ensured by the federally enforceable MRR requirements in Conditions 

105.2, 105.3a, b, e, f, and 105.4 of the Title V permit. 

 

SO2:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

1.  UAF has addressed sulfur dioxide (SO2) BACT requirements for Emissions Unit (EU) 113 in a 

separate comment submittal on Feb 20, 2023 under this proposed rulemaking action.   The 

conclusion of the BACT analysis, which included wet flue gas flue gas desulfurization (WFGD), 

circulation dry scrubber (CDS), and dry sorbent injection (DSI), demonstrated that the cost 

effectiveness in dollars tons per ton of sulfur dioxide avoided was not economically feasible.  

      

Control 
Technology 

Total Capital 
Investment 

($) 

Total 
Annual Cost 

($/year) 

Emissions 
Reduction 

(tpy)1 

Cost-
Effectiveness 

($/ton SO2 
avoided) 

WFGD $52,968,345 $7,589,888 246.0 $30,859 

CDS $32,505,815 $5,757,437 233.0 $24,709 

DSI - Tri-Mer 
system 

$5,794,396 $5,193,086 233.0 $22,287 

DSI - BACT, Inc 
system 

$11,565,826 $3,121,966 220.1 $14,187 

FBLI - Base Case ~ ~ 0.0 ~ 

 

UAF specifically eliminated as BACT DSI control technology as several items were not included in 
the cost estimate which would increase as the estimate does not address all of the capital costs 
needed to install DSI on EU 113 at UAF. The following items are not captured in the cost estimate:  

  
▪ Soil improvement and compaction;  
▪ Site preparation and grading;  
▪ Remediation of any soil contamination;  
▪ Increases in capacity for existing auxiliary plant systems such as compressed air, 

electrical power, water, and ash handling; and  
▪ Full extent of impacts due to the current economic environment including steadily 

increasing inflation and supply chain constraints and delays.  
 
UAF also calculated the cost effectiveness numbers based on actual emissions for EU ID 113 which 
further increases the cost per ton of SO2 removed/avoided.  See the table below. 

      

Public Review Draft August 19, 2024

Appendix III.D.7.7-2302



University of Alaska Fairbanks Comment on Proposed Rule Docket ID No. EPA-R10-OAR-2022-115 
March 23, 2023   Page 3 of 16 

Control 
Technology 

Control 
Efficiency 

(pct.) 

SO2 
Emissions 

(tpy)1 

Emissions 
Reduction 

(tpy) 
Total Annual 
Cost ($/year) 

Cost-
Effectiveness 

($/ton SO2 
avoided) 

WFGD 95 0.5 9.9 $7,589,888  $768,207  

CDS 90 1.0 9.4 $5,757,437  $615,111  

DSI - Tri-Mer 
system 90 1.0 9.4 $5,193,086  $554,817  

DSI - BACT, Inc 
system 85 1.6 8.8 $3,121,966  $353,164  

FBLI - Base Case 0 10.4 0 ~ ~ 

 

B. MID-SIZED DIESEL-FIRED OIL BOILERS – EU IDS 3 AND 4 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

EU ID 3 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for EU 3 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating MRR requirements as proposed below for each PM2.5 BACT requirement for 

EU 3. Some of the PM2.5 BACT requirements are also SO2 BACT requirements, as noted. 

 

a. PM2.5 BACT Requirement: PM2.5 emissions shall not exceed 0.012 lb/MMBtu averaged over a 
3-hour period. 
i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement:  
1. Combust only ULSD in EU 3 in accordance with Condition 44.1 of Permit 

AQ0316TVP03. UAF has permanently switched to the use of ULSD in EU 3, so this 
requirement could be modified so that the limit applies at all times. Comply with 
the federally enforceable MRR requirements in Condition 30.1 of Permit 
AQ0316TVP03. 

2. Comply with the federally enforceable visible emissions standard in Condition 1 of 
Permit AQ0316TVP03 and the federally enforceable MRR requirements in either 
Condition 1.2 or Condition 1.3 of Permit AQ0316TVP03. 

b. PM2.5 and SO2 BACT Requirement: Maintain good combustion practices at all times of 
operation by following the manufacturer’s operating and maintenance procedures. 

ii.  Condition 95 of Permit AQ0316TVP03 requires good air pollution control practices for 

minimizing emissions. The MRR requirements are given in Conditions 105.2 through 

105.4 of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement 

is ensured by the federally enforceable MRR requirements in Conditions 105.2 through 

105.4 of the Title V permit. 
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EU ID 4 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for EU 4 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating MRR requirements as proposed below for each PM2.5 BACT requirement for 

EU 4. Some of the PM2.5 BACT requirements are also SO2 BACT requirements, as noted. 

 

a. PM2.5 BACT Requirement: PM2.5 emissions shall not exceed 0.012 lb/MMBtu averaged over a 
3-hour period while firing diesel fuel. 
i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement:  
1. When firing diesel fuel, combust only ULSD in EU 4 in accordance with Condition 

44.1 of Permit AQ0316TVP03. UAF has permanently switched to the use of ULSD in 
EU 4, so this requirement could be modified so that the limit applies at all times. 
Comply with the federally enforceable MRR requirements in Condition 30.1 of 
Permit AQ0316TVP03. 

2. Comply with the federally enforceable visible emissions standard in Condition 1 of 
Permit AQ0316TVP03 and the federally enforceable MRR requirements in 
Condition 1.2 of Permit AQ0316TVP03. 

b. PM2.5 BACT Requirement: PM2.5 emissions shall not exceed 0.0075 lb/MMBtu averaged over 
a 3-hour period while firing natural gas. 
i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement: 
1. When firing natural gas, combust only pipeline-quality natural gas.  
2. Keep records that document that only pipeline-quality natural gas was combusted.  
3. Certify compliance with this requirement under Condition 144 of Permit 

AQ0316TVP03. 
c. PM2.5 and SO2 BACT Requirement: Maintain good combustion practices at all times of 

operation by following the manufacturer’s operating and maintenance procedures. 
i. Condition 95 of Permit AQ0316TVP03 requires good air pollution control practices 

for minimizing emissions. The MRR requirements are given in Conditions 105.2 
through 105.4 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 
requirement is ensured by the federally enforceable MRR requirements in 
Conditions 105.2 through 105.4 of the Title V permit. 

d. PM2.5 BACT Requirement: Limit NOX emissions from EUs 4 and 8 to no more than 40 tons per 
year, combined.  
iii. Condition 32 of Permit AQ0316TVP03 limits combined NOX emissions from EUs 4 and 

8 to no more than 40 tons per year, combined. The MRR requirements are given in 

Condition 32.1 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 

requirement is ensured by the federally enforceable MRR requirements in Condition 

32.1 of the Title V permit. 
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SO2:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

EU ID 3 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the SO2 BACT 

determination for EU 3 requiring the use of ultra-low sulfur diesel (ULSD) fuel is appropriate but 

the delayed implementation and interim requirement are not supported as BACT. UAF has 

permanently switched to ULSD fuel for EU 3 and believes this deficiency can be addressed by 

incorporating a requirement to combust only ULSD in EU 3.  

 

a. Demonstrating compliance with the requirement to combust only ULSD in EU 3 can be 

ensured by the federally enforceable MRR requirements in Conditions 44.1 and 30.1 of 

Permit AQ0316TVP03.  

EU ID 4 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the SO2 BACT 

determination for EU 4 requiring the use of ultra-low sulfur diesel (ULSD) fuel is appropriate but 

the delayed implementation and interim requirement are not supported as BACT. UAF has 

permanently switched to ULSD fuel when firing diesel fuel in EU 4 and believes this deficiency 

can be addressed by incorporating a requirement to combust only ULSD when firing diesel fuel 

in EU 4.  

 

a. Demonstrating compliance with the requirement to combust only ULSD when firing diesel 

fuel in EU 4 can be ensured by the federally enforceable MRR requirements in Conditions 

44.1 and 30.1 of Permit AQ0316TVP03.  

b. SO2 BACT Requirement: SO2 emissions from EU 4 will be limited by complying with the 
combined annual SO2 emission limit of 40 tons per 12 month rolling period for EUs 4 and 8. 
i. Condition 31 of Permit AQ0316TVP03 limits combined SO2 emissions from EUs 4 and 8 

to less than 40 tons per year. The MRR requirements are given in Condition 31.1 of 
Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 
ensured by the federally enforceable MRR requirements in Condition 31.1 of the Title V 
permit. 

c. SO2 BACT Requirement: SO2 emissions from EU 4 while firing natural gas shall not exceed 
0.60 pounds per million standard cubic feet (lb/MMscf). 
i. Condition 42.2 of Permit AQ0316TVP03 limits SO2 emissions to 0.60 lb/MMscf between 

October 1 and March 31 and provides an equivalent hydrogen sulfide (H2S) content of 
natural gas fuel. Because EU 4 combusts only pipeline-quality natural gas when firing 
natural gas, this requirement could be modified so that the limit applies at all times. 
The MRR requirements are given in Condition 46 of Permit AQ0316TVP03. 
Demonstrating compliance with this BACT requirement is ensured by the federally 
enforceable MRR requirements in Condition 46 of the Title V permit. 

 
C. SMALL- SIZED DIESEL-FIRED BOILERS – EU IDS 19-21 
 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for EUs 19 through 21 are appropriate but EPA is proposing to disapprove those 
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determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating MRR requirements as proposed below for each PM2.5 BACT requirement for 

EUs 19 through 21. Some of the PM2.5 BACT requirements are also SO2 BACT requirements, as 

noted. 

 

a. PM2.5 and SO2 BACT Requirement: Combined operating limit of no more than 19,650 hours 
per year. 
i. EUs 19 through 22 are subject to a more stringent federally enforceable operating hour 

limit of 18,739 hours per rolling 12-month period in Condition 41.1 of Permit 
AQ0316TVP03. This operating hour limit will inherently result in compliance with the 
BACT operating limit of 19,650 hours per year. The MRR requirements are given in 
Condition 41.2 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 
requirement is ensured by the federally enforceable MRR requirements in Condition 
41.2 of the Title V permit. 

b. PM2.5 BACT Requirement: PM2.5 emissions shall not exceed 0.012 lb/MMBtu averaged over 
a 3-hour period while firing diesel fuel. 
i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement:  
1. Combust only ULSD in EUs 19 through 21 in accordance with Condition 30 of 

Permit AQ0316TVP03. Comply with the federally enforceable MRR requirements 
in Condition 30.1 of Permit AQ0316TVP03. 

2. Comply with the federally enforceable visible emissions standard in Condition 1 of 
Permit AQ0316TVP03 and the federally enforceable MRR requirements in 
Condition 1.3 of Permit AQ0316TVP03. 

c.   PM2.5 and SO2 BACT Requirement: Maintain good combustion practices at all times of 
operation by following the manufacturer’s operating and maintenance procedures. 
i. Condition 95 of Permit AQ0316TVP03 requires good air pollution control practices for 

minimizing emissions. The MRR requirements are given in Conditions 105.2 through 
105.4 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 
requirement is ensured by the federally enforceable MRR requirements in Conditions 
105.2 through 105.4 of the Title V permit. 

 

SO2:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the SO2 BACT 

determination for EUs 19 through 21 requiring the use of ultra-low sulfur diesel (ULSD) fuel is 

appropriate but the delayed implementation and interim requirement are not supported as 

BACT. Because EUs 19 through 21 are already subject to a federally enforceable requirement to 

combust only ULSD, UAF believes this deficiency can be addressed by incorporating existing 

federally enforceable MRR requirements for the SO2 BACT requirement to use ULSD for EUs 19 

through 21.  

a. EUs 19 through 21 are subject to a federally enforceable requirement to combust only ULSD 

in Condition 30 of Permit AQ0316TVP03. The MRR requirements are given in Condition 30.1 

of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is ensured 

by the federally enforceable MRR requirements in Condition 30.1 of the Title V permit. 
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D. LARGE DIESEL-FIRED ENGINES – EU ID 8 
 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 and SO2 

BACT determinations for EU 8 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating proposed MRR requirements as proposed below for each BACT requirement 

for EU 8.  

 

a. PM2.5 BACT Requirement: PM2.5 emissions from EU 8 shall be controlled by operating 

positive crankcase ventilation and combusting only low ash diesel at all times of operation. 

i. Positive crankcase ventilation is inherent to the design of this engine. The engine 

cannot be operated without positive crankcase ventilation. This information is provided 

in the UAF January 2017 Voluntary BACT Analysis report (page Appendix III.D.7.7-1126 

in the Alaska Serious SIP).  

ii. EU 8 is required to combust only ULSD. This federally enforceable requirement is in 

Condition 43.2 of Permit AQ0316TVP03. Demonstrating compliance with the 

requirement to combust only ULSD in EU 8 can be ensured by the federally enforceable 

MRR requirements in Condition 30.1 of Permit AQ0316TVP03.   

b. PM2.5 BACT Requirement: Limit NOX emissions from EUs 4 and 8 to no more than 40 tons 

per year, combined.  

i. Condition 32 of Permit AQ0316TVP03 limits combined NOX emissions from EUs 4 and 

8 to no more than 40 tons per year. The MRR requirements are given in Condition 

32.1 of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement 

is ensured by the federally enforceable MRR requirements in Condition 32.1 of the 

Title V permit. 

c. PM2.5 and SO2 BACT Requirement: Limit non-emergency operation of EU 8 to no more than 

100 hours per year. 

i. Condition 88.2 of Permit AQ0316TVP03 limits non-emergency operation to no more 

than 100 hours per year. The MRR requirements are given in Conditions 88.4 and 88.5 

of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Conditions 88.4 and 88.5 

of the Title V permit. 

d. PM2.5 BACT Requirement: PM2.5 emissions from EU 8 shall not exceed 0.32 g/hp-hr 

averaged over a 3-hour period. 

i. UAF proposes the following MRR requirements to demonstrate compliance with this 

BACT requirement: 

1. After the closure of Compliance Order by Consent (COBC) No. 12-1016-50-0002, 

conduct an initial source test on EU 8 no later than either six months after 

approval of an Implementation Plan or within 180 days after the next planned 

operation, whichever comes first, conduct an initial source test on EU 8 to 

demonstrate compliance with the PM2.5 BACT emission limit of 0.32 g/hp-hr 
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averaged over a 3-hour period in accordance with procedures specified in 40 CFR 

60, Appendix A-3, Method 5 and 40 CFR 51, Appendix M, Methods 201 or 201A 

and 202. 

2. If EU 8 operates 400 hours or more in a 12-month period, conduct annual source 

tests no more than 13 months after the previous source test.  

3. For EU 8, if two consecutive annual source tests demonstrate that PM2.5 emissions 

are less than the BACT emission limit or the unit operates less than 400 hours per 

12-month period, UAF may choose to conduct the PM2.5 source test every fifth 

year. Each source test must be conducted no more than 61 months after the 

previous source test. If a source test shows emissions exceeded the PM2.5 BACT 

emission limit, annual PM2.5 source testing must be resumed. 

4. For each source test, conduct the tests in accordance with the General Source 

Testing and Monitoring Requirements section, including the submittal of a test 

plan and test report, in the applicable operating permit issued for the stationary 

source under AS 46.14.130(b) and 18 AAC 50. 

5. Source tests shall be conducted downstream of all emission control devices.  

6. Report in accordance with the Excess Emissions and Permit Deviation condition in 

the applicable operating permit issued for the stationary source under AS 

46.14.130(b) and 18 AAC 50 if the PM2.5 emission rate exceeds the PM2.5 BACT 

emission limit. 

SO2:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

1. Combust only ULSD beginning no later than June 9, 2021. Compliance with the proposed SO2 

emission limit will be demonstrated through fuel shipment receipts and/or fuel testing for sulfur 

content. 

a. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 

compliance with this BACT requirement is ensured by the federally enforceable MRR 

requirements in Condition 30.1 of the Title V permit. 

2. Limit SO2 emissions from EUs 4 and 8 to no more than 40 tons per year, combined. 

b. Condition 31 of Permit AQ0316TVP03 limits combined SO2 emissions from EUs 4 and 8 to 

less than 40 tons per year. The MRR requirements are given in Condition 31.1 of Permit 

AQ0316TVP03. Demonstrating compliance with this BACT requirement is ensured by the 

federally enforceable MRR requirements in Condition 31.1 of the Title V permit. 

3. SO2 BACT Requirement: Maintain good combustion practices by following the manufacturer’s 

maintenance procedures at all times of operation.  

c. UAF proposes the following MRR requirements to demonstrate compliance with this BACT 

requirement: 

i. Keep records of manufacturer required maintenance conducted on EU  8.  

ii. Provide maintenance records to ADEC upon request in accordance with Condition 141 

of Permit AQ0316TVP03. 

iii. Certify compliance annually in the Annual Compliance Certification in accordance with 

Condition 144 of Permit AQ0316TVP03. 
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E. SMALL- SIZED DIESEL-FIRED ENGINES – EU IDs  23, 24, 26, 27, 28, 29  
 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

 
EU ID 23, 26, and 28 

 
1. Section 7.7.8.6 of the Alaska State Air Quality Control Plan, Vol II, Chapter III.D.7.7 (herein 

referred to as the Alaska Serious SIP) includes BACT requirements for Emissions Units (EUs) 23 

and 26. These units are no longer permitted EUs at the UAF Campus Stationary Source, as shown 

in Section 2, Table A of Permit AQ0316TVP03. EUs 23 and 26 have been permanently removed 

from service. Section 9.1 of the EPA technical support memorandumi stated that these engines 

may either need operating hour limits or more stringent BACT requirements, and Table 14 of the 

proposed rulemaking action (88 FR No. 6, pg 1484) states that the BACT determination for these 

engines is not sufficient in part, and otherwise appropriate but monitoring, recordkeeping, and 

reporting (MRR) requirements are not provided. Because EUs 23 and 26 have been permanently 

removed from service, BACT requirements for these emissions units are not needed and should 

be removed from the SIP. 

 

2. The Alaska Serious SIP includes BACT requirements for EU 28, which has been converted from a 

stationary engine to a nonroad engine. This engine is brought from a storage area to be used as 

needed as a nonroad engine. This engine is no longer a permitted EU at the UAF Campus 

Stationary source, as shown in Section 2, Table A of Permit AQ0316TVP03. Table 14 of the 

proposed rulemaking action (88 FR No. 6, pg 1484) states that the BACT determination for this 

engine is appropriate but monitoring, recordkeeping, and reporting (MRR) requirements are not 

provided.  As agreed between UAF, ADEC, and EPA, BACT analyses (and ultimately, BACT 

determinations) are only required for permitted emissions units.ii The Alaska Serious SIP should 

no longer include BACT requirements for EU 28. 

 

EU ID 24 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 and SO2 

BACT determinations for EU 29 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements 

for each BACT requirement for EU 29.  

 

a. PM2.5 and SO2 BACT Requirement: Limit non-emergency operation to no more than 100 

hours per year. Compliance with the operating hours limit will be demonstrated by 

monitoring and recording the number of hours operated on a monthly basis. 

i. Condition 82.4b of Permit AQ0316TVP03 limits non-emergency operation to 100 hours 

per year. The MRR requirements are given in Condition 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Condition 83 of the Title V permit. 
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b. PM2.5 and SO2 BACT Requirement: Maintain good combustion practices by following the 

manufacturer’s maintenance procedures at all times of operation.  

i. Condition 79 of Permit AQ0316TVP03 requires operating and maintaining EU 29 in 

accordance with manufacturer instructions over the life of the engine. The MRR 

requirements are given in Conditions 82.2, 82.3, and 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 82.2, 82.3 and 83 of the Title V permit. 

c. PM2.5 BACT Requirement: Demonstrate compliance with the numerical BACT emission limit 

of 0.015 g/hp-hr (3-hour average) by maintaining records of maintenance procedures 

conducted in accordance with the emissions unit operating manual. 

i. This emission limit does not include the “not-to-exceed” (NTE) multiplier of 1.25 per 

40 CFR 60.4212(c), 40 CFR 1039.102(g)(1), 40 CFR 1039.101(e) and ADEC policy. 

Exhaust emissions from stationary CI ICE subject to Tier 4 interim emission standards 

must not exceed the NTE numerical requirements.  The PM2.5 BACT emission limit of 

0.015 g/hp-hr is incorrect. The PM2.5 BACT emission limit for EU 29 should be 0.019 

g/hp-hr. 

ii. Condition 79 of Permit AQ0316TVP03 requires operating and maintaining EU 29 in 

accordance with manufacturer instructions over the life of the engine. The MRR 

requirements are given in Conditions 82.2, 82.3, and 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 82.2, 82.3 and 83 of the Title V permit. 

EU ID 27 

Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations in the Alaska Serious SIP are not sufficient for EU 27 because an emission control 

device is cost effective. Section 9.1 of the EPA technical support memorandumiii states that a diesel 

particulate filter (DPF) is recommended as a cost-effective control technology. 

UAF believes that the Alaska Serious SIP PM2.5 BACT determinations for EU 27 are appropriate. EU 

27 is a Tier 3 certified engine, combusts only ULSD, and per vendor-provided data, has potential 

PM2.5 emissions of 0.26 tpy. (UAF agrees that the correct basis for the cost-effectiveness calculation 

in the BACT analysis is the numerical BACT emission limit of 0.15 g/hp-hr in the Alaska Serious SIP.) 

Installation of a DPF on EU 27 is likely to result in only a nominal reduction in PM2.5 emissions.  

Instead of a BACT requirement to install DPF, UAF will accept an operating limit of 2,500 hours per 

rolling 12-month period for EU 27. UAF will submit an air quality permit application to ADEC to 

obtain this owner-requested limit (ORL). An operating limit of 2,500 hours per rolling 12-month 

period will result in the following cost-effectiveness calculation for DPF.  
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Total Capital Investment (TCI) $30,751 

Capital Recovery Factor (CRF) 0.1000 

CRF Basis - Annual Interest Rateiv (%) 7.75 

CRF Basis - Project life (years) 20 

Total Annualized Cost = CRF x TCI $3,074 

  
EU 27 operating hour limit (hr/yr) 2,500 

EU 27 PM2.5 PTE (ton/yr) 0.21 

DPF - Tons PM2.5 avoided per year (ton/yr) 0.18 

DPF Cost-Effectiveness ($ per ton avoided) $17,498 

 

These calculations update the EPA cost analysisv and demonstrate that a 2,500 hr/yr ORL would alter 

the analysis such that a DPF would not be an economically feasible PM2.5 emission control 

technology.  

EU ID 29 

 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 and SO2 

BACT determinations for EU 29 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements 

for each BACT requirement for EU 29.  

 

a. PM2.5 BACT Requirement: Limit non-emergency operation to no more than 100 hours per 

year. Compliance with the operating hours limit will be demonstrated by monitoring and 

recording the number of hours operated on a monthly basis. 

i. Condition 82.4b of Permit AQ0316TVP03 limits non-emergency operation to 100 hours 

per year. The MRR requirements are given in Condition 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Condition 83 of the Title V permit. 

b. PM2.5 BACT Requirement: Maintain good combustion practices by following the 

manufacturer’s maintenance procedures at all times of operation.  

i. Condition 79 of Permit AQ0316TVP03 requires operating and maintaining EU 29 in 

accordance with manufacturer instructions over the life of the engine. The MRR 

requirements are given in Conditions 82.2, 82.3, and 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 82.2, 82.3 and 83 of the Title V permit. 

c. PM2.5 BACT Requirement: Demonstrate compliance with the numerical BACT emission limit 

of 0.015 g/hp-hr (3-hour average) by maintaining records of maintenance procedures 

conducted in accordance with the emissions unit operating manual. 

i. This emission limit does not include the “not-to-exceed” (NTE) multiplier of 1.25 per 40 

CFR 60.4212(c), 40 CFR 1039.102(g)(1), 40 CFR 1039.101(e) and ADEC policy. Exhaust 

emissions from stationary CI ICE subject to Tier 4 interim emission standards must not 

exceed the NTE numerical requirements.  The PM2.5 BACT emission limit of 0.015 g/hp-

hr is incorrect. The PM2.5 BACT emission limit for EU 29 should be 0.019 g/hp-hr. 
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ii. Condition 79 of Permit AQ0316TVP03 requires operating and maintaining EU 29 in 

accordance with manufacturer instructions over the life of the engine. The MRR 

requirements are given in Conditions 82.2, 82.3, and 83 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 82.2, 82.3 and 83 of the Title V permit.  

SO2:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

EU ID 24 
 
1.  SO2 BACT Requirement: Combust only ULSD beginning no later than June 9, 2021. Compliance 

with the proposed SO2 emission limit will be demonstrated through fuel shipment receipts 

and/or fuel testing for sulfur content. 

a. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 

compliance with this BACT requirement is ensured by the federally enforceable MRR 

requirements in Condition 30.1 of the Title V permit. 

EU ID 27 
 
1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the SO2 BACT 

determinations for EU 27 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements 

for each BACT requirement for EU 27.  

a. SO2 BACT Requirement: Limit operation of EU 27 to no more than 4,380 hours per year. 

i. Condition 28.1 of Permit AQ0316TVP03 limits EU 27 to 4,380 hours of operation in a 

rolling 12-month period. The MRR requirements are given in Condition 28.2 of Permit 

AQ0316TVP03. Demonstrating compliance with this BACT requirement is ensured by 

the federally enforceable MRR requirements in Condition 28.2 of the Title V permit. 

b. SO2 BACT Requirement: Combust only ULSD beginning no later than June 9, 2021. 

Compliance with the proposed SO2 emission limit will be demonstrated through fuel 

shipment receipts and/or fuel testing for sulfur content. 

i. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 

compliance with this BACT requirement is ensured by the federally enforceable MRR 

requirements in Condition 30.1 of the Title V permit.  

EU ID 29 
 
1. SO2 BACT Requirement: Combust only ULSD beginning no later than June 9, 2021. Compliance 

with the proposed SO2 emission limit will be demonstrated through fuel shipment receipts 

and/or fuel testing for sulfur content. 

 

a. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 
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compliance with this BACT requirement is ensured by the federally enforceable MRR 

requirements in Condition 30.1 of the Title V permit.  

 
F. PATHOGENIC WASTE INCINERATOR – EU ID  9A 
 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 and SO2 

BACT determinations for EU 9A are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating proposed MRR requirements as proposed below for each BACT requirement 

for EU 9A.  

 

a. PM2.5 BACT Requirement: PM2.5 emissions shall be controlled with a multiple chamber 

design. 

i. Condition 48.1 of Permit AQ0316TVP03 requires the use of a multiple chamber 

designed incinerator. The MRR requirements are given in Conditions 48.3b and 48.3c of 

Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Conditions 48.3 b and 48.3c 

of the Title V permit. 

b. Limit the operation to no more than 109 tons of waste combusted per year. Compliance 

with the proposed operational limit will be demonstrated by recording pounds of waste 

combusted for the pathogenic waste incinerator. 

i. Condition 48 of Permit AQ0316TVP03 limits the amount of waste combusted to 109 

tons per rolling 12-month period. The MRR requirements are given in Conditions 29.1 

and 48.3 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 

requirement is ensured by the federally enforceable MRR requirements in Conditions 

29.1 and 48.3 of the Title V permit. 

c. PM2.5 BACT Requirement: PM2.5 emissions from EU 9A shall not exceed 4.67 lb/ton of waste 

combusted. 

i. The EPA technical memorandum recommends emission testing to demonstrate 

compliance with this emission limit. Because this emissions unit is small in size and has 

potential PM2.5 emissions of 0.25 tons per year, UAF proposes that the compliance 

demonstration requirements be periodic Method 9 observations and associated MRR 

requirements in accordance with Conditions 2 through 5 in Permit AQ0316TVP03. If the 

18-minute average opacity result of any Method 9 observation conducted under 

Condition 3.3 of Permit AQ0316TVP03 is greater than 20 percent, UAF proposes a 

requirement to conduct a PM2.5 source test.  

1. Conduct Method 9 Visible Emission Observations as required by Condition 2.1 of 

Permit AQ0316TVP03, a federally enforceable requirement. Condition 2.1 requires 

complying with MRR requirements in Conditions 3 through 5 of Permit 

AQ0316TVP03. 

2. If the result of any Method 9 observation conducted under Condition 1 for EU 9A 

results in an 18-minute average opacity of greater than 20 percent, conduct a source 
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test on EU 9A within six months after that Method 9 observation to demonstrate 

compliance with the PM2.5 emission limit of 0.25 tons per year in accordance with 

procedures specified in 40 CFR 60, Appendix A-3, Method 5 and 40 CFR 51, Appendix 

M, Methods 201 or 201A and 202. 

3. For each PM2.5 source test, conduct the tests in accordance with the General Source 

Testing and Monitoring Requirements section, including the submittal of a test plan 

and test report, in the applicable operating permit issued for the stationary source 

under AS 46.14.130(b) and 18 AAC 50. 

4. PM2.5 source tests shall be conducted downstream of all emission control devices.  

5. Report in accordance with the Excess Emissions and Permit Deviation condition in the 

applicable operating permit issued for the stationary source under AS 46.14.130(b) 

and 18 AAC 50 if the PM2.5 emission rate exceeds the PM2.5 BACT emission limit.  

d. Maintain good combustion practices at all times of operation by following the 

manufacturer’s operating and maintenance procedures.  

i. Condition 48.2 of Permit AQ0316TVP03 requires maintaining good combustion 

practices. The MRR requirements are given in Condition 48.3 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Condition 48.3 of the Title V permit.  

SO2.5:  Alaska’s BACT determination is not sufficient to meet BACT requirements 

1. SO2 BACT Requirement: SO2 emissions from the operation of EU 9A shall be controlled by 

combusting ULSD at all times of operation. Compliance shall be demonstrated by obtaining fuel 

shipment receipts and/or fuel tests for sulfur content. 

i. Condition 43.2 of Permit AQ0316TVP03 requires the combustion of ULSD. The MRR 

requirements are given in Condition 30.1 of Permit AQ0316TVP03. Demonstrating 

compliance with this BACT requirement is ensured by the federally enforceable MRR 

requirements in Condition 30.1 of the Title V permit. 

 
G. MATERIAL HANDLING SOURCES – EU ID’S  105, 107, 109 – 111, 114, 128-130 
 

PM2.5: Alaska’s BACT Determination is appropriate but MMR requirements are not provided 

EU ID’s 105, 107, 109, 110, 114, and 128 - 130 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for EUs 105, 107, 109, 110, 114, and 128 through 130 are appropriate but EPA is 

proposing to disapprove those determinations because the Alaska Serious SIP does not include 

the MRR requirements necessary to make the BACT requirements enforceable as a practical 

matter. UAF believes this deficiency can be addressed by incorporating existing federally 

enforceable MRR requirements for each PM2.5 BACT requirement for EUs 105, 107, 109, 110, 

114, and 128 through 130.  

 

a. PM2.5 BACT Requirement: PM2.5 emissions from EUs 105, 107, 109, 110, 114, and 128 

through 130 will be controlled by enclosing each EU. 

i. Condition 49.3b of Permit AQ0316TVP03 requires operation in an enclosure. The MRR 

requirements are given in Conditions 49.3c and 49.5 of Permit AQ0316TVP03. 
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Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 49.3c and 49.5 of the Title V permit. 

b. PM2.5 emissions from the operation of the material handling units will be controlled by 

installing, operating, and maintaining fabric filters and vents. 

i. Condition 49.3a of Permit AQ0316TVP03 requires installing, operating, and maintaining 

fabric filters and vents. The MRR requirements are given in Conditions 49.3c and 49.5 

of Permit AQ0316TVP03. Demonstrating compliance with this BACT requirement is 

ensured by the federally enforceable MRR requirements in Conditions 49.3c and 49.5 

of the Title V permit. 

c. Comply with the numerical emission limits of 0.003 grains per dry standard cubic foot 

(gr/dscf) for EUs 105, 107, 109, 110, and 128 through 130 and 0.050 gr/dscf for EU 114. 

(These emission limits are given in State Air Quality Control Plan, Vol II, Chapter III.D.7.7, 

Table 7.7–18 on page III.D.7.7-92. Note that a table on page III.D.7.7-90 is also identified as 

Table 7.7-18.) Initial compliance with the emission rates for the material handling units will 

be demonstrated with a performance test to obtain an emission rate. 

i. Condition 49.3d (which allows for either performance testing or providing vendor data 

documenting that an EU meets the emission limit) and Condition 49.3e (which 

requires PM2.5 testing on certain occasions) are requirements of Permit 

AQ0316TVP03. The associated MRR requirements are given in Conditions 49.3f, 49.4, 

and 49.5 of Permit AQ0316TVP03. Demonstrating compliance with this BACT 

requirement is ensured by the federally enforceable MRR requirements in Conditions 

49.3d through 49.3f, 49.4, and 49.5 of the Title V permit. 

 

EU ID 114 

 

1. Table 14 of the proposed rulemaking action (88 FR No. 6, pg 1484) states that the PM2.5 BACT 

determinations for EU 111 are appropriate but EPA is proposing to disapprove those 

determinations because the Alaska Serious SIP does not include the MRR requirements 

necessary to make the BACT requirements enforceable as a practical matter. UAF believes this 

deficiency can be addressed by incorporating existing federally enforceable MRR requirements, 

or by incorporating proposed MRR requirements as proposed below for each PM2.5 BACT 

requirement for EU 111.  

a. PM2.5 BACT Requirement: PM2.5 emissions from EU 111 will be controlled by enclosing the 

EU. 

i. Condition 50.1 of Permit AQ0316TVP03 requires operations in an enclosure. The MRR 

requirements are given in Conditions 50.2 and 50.3 of Permit AQ0316TVP03. 

Demonstrating compliance with this BACT requirement is ensured by the federally 

enforceable MRR requirements in Conditions 50.2 and 50.3 of the Title V permit. 

b. PM2.5 BACT Requirement: Comply with the numerical emission limit of 5.50E-05 pounds per 

ton (lb/ton). (This emission limit is given in State Air Quality Control Plan, Vol II, Chapter 

III.D.7.7, Table 7.7–18 on page III.D.7.7-92. Note that a table on page III.D.7.7-90 is also 

identified as Table 7.7-18.)  

i. The EPA technical memo section 9.4 states that EU 111 should be subject to an 

operational requirement that the building doors remain closed at all times that ash 

loading is occurring. UAF proposes that the requirement in Condition 50.1 of Permit 

AQ0316TVP03 be expanded to include a sentence stating, “Building doors must remain 
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closed at all times that ash loading is occurring.” Demonstrating compliance with the 

requirement to keep the doors closed can be ensured by the federally enforceable 

MRR requirements in Conditions 50.2 and 50.3 of Permit AQ0316TVP03.   

ii. The EPA technical memo section 9.4 states that appropriate MRR conditions should be 

included to ensure no visible emissions escape the building. UAF proposes the 

following MRR requirements: 

1. No later than six months after approval of an Implementation Plan, conduct a 

Method 22 Fugitive Emissions Observation on EU 111 during an ash loading event 

in accordance with procedures specified in 40 CFR 60, Appendix A-7, Method 22. 

The duration of the Fugitive Emissions Observation shall be for the duration of the 

ash loading event.  

2. Conduct a Method 22 Fugitive Emissions Observation on EU 111 during an ash 

loading event once each calendar year. 

3. Keep records as specified in Section 11 of 40 CFR 60, Appendix A-7, Method 22. 

4. Report in accordance with the Excess Emissions and Permit Deviation condition in 

the applicable operating permit issued for the stationary source under AS 

46.14.130(b) and 18 AAC 50 if visible emissions are observed during the VE 

observation. 

 
H. GENERAL COMMENTS 
 

1. Section III.C.3.c.iii of the proposed rulemaking action (88 FR No. 6, pg 1483) states that “Alaska 
did not submit as part of the Fairbanks Serious Plan the emission limits corresponding to 
Alaska’s SO2 or PM2.5 BACT findings for some emissions units.” The statement references 
footnote 168, which reads “Fuel oil-fired simple cycle gas turbine (EUs 1 and 2); Fuel oil-fired 
combined cycle gas turbine (EUs 5 and 6).” The UAF Campus stationary source does not have 
any fuel oil-fired simple cycle or combined cycle gas turbines. EUs 1, 2, 5, and 6 are not included 
in the UAF Campus emissions unit inventory, per the Emissions Unit Inventory in Section 2, Table 
A of Permit AQ0316TVP03.  Please remove reference to any reference to fuel oil-fired simple 
cycle or combined cycle gas turbines from the UAF BACT determination discussion.   

 

i Hedgpeth, Z. (August 24, 2022). Review of Best Available Control Technology analyses submitted for the 
University of Alaska, Fairbanks as part of the Fairbanks PM2.5 Nonattainment SIP. U.S. Environmental Protection 
Agency, Region 10 Laboratory Services and Applied Science Division. Docket Document ID EPA-R10-OAR-2022-

0115-0215, 000008_EPA Technical Support Document - UAF BACT TSD v20220824. 
ii “UAF PM2.5 Serious Nonattainment BACT Protocol Response” Letter from Denise Koch, Director, ADEC Division of 
Air Quality to Frances Isgrigg, Director, UAF Environmental Health, Safety & Risk Management, August 14, 2015. 
Alaska State Air Quality Control Plan, Vol II, Appendix III.D.7.7 at pages Appendix III.D.7.7-1038 through Appendix 
III.D.7.7-1040.  
iii Hedgpeth, Z. (August 24, 2022). Review of Best Available Control Technology analyses submitted for the 
University of Alaska, Fairbanks as part of the Fairbanks PM2.5 Nonattainment SIP. U.S. Environmental Protection 
Agency, Region 10 Laboratory Services and Applied Science Division. Docket Document ID EPA-R10-OAR-2022-

0115-0215, 000008_EPA Technical Support Document - UAF BACT TSD v20220824. 
iv Current bank prime rate. https://www.federalreserve.gov/releases/h15/ accessed on March 20, 2023. 
v “EU 27 DPF CE EPA Edits” tab. Docket Document ID EPA-R10-OAR-2022-0115-0216, 000008a_UAF calcs EPA-TSD. 
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CAUTION: This email originated from outside the State of Alaska mail system.
Do not click links or open attachments unless you recognize the sender and know
the content is safe.

You don't often get email from fisgrigg@alaska.edu. Learn why this is important

From: Germain, Grace (DEC)
To: Jones, Dave F (DEC)
Subject: FW: 2023 BACT Analysis
Date: Monday, June 12, 2023 10:28:44 AM

FYI
 
Grace M. Germain
Air Permits Program, Juneau Supervisor
ADEC, Air Quality Division
Office:  907.269.3065  Mobile: 907.355.6347
Email:  grace.germain@alaska.gov
 

From: Frances Isgrigg <fisgrigg@alaska.edu> 
Sent: Monday, June 12, 2023 9:10 AM
To: Czarnecki, Nick P (DEC) <nick.czarnecki@alaska.gov>
Cc: Plosay, James R (DEC) <jim.plosay@alaska.gov>; Germain, Grace (DEC)
<grace.germain@alaska.gov>
Subject: 2023 BACT Analysis
 

Nick,
 
Please use the link in this email to download a copy of UAF's most recent
BACT.  UAF_SO2_BACT_EU113-Jan2023.pdf
 
We are also updating the BACT analysis for EU ID 27, ACEP engine.  Below is a table that we have
provided to EPA on EU 27.
 

 

Values presented
in March 2023

UAF comments to
EPA

Values based on
April 2023 NC
Power quote

Total Capital Investment (TCI) $30,751 $78,210
Capital Recovery Factor (CRF) 0.1000 0.1000
CRF Basis - Annual Interest Rate (%) 7.75 7.75
CRF Basis - Project life (years) 20 20
Total Annualized Cost = CRF x TCI $3,074 $7,818
 
EU 27 operating hour limit (hr/yr) 2,500 4,380
EU 27 PM2.5 PTE (ton/yr) 0.21 0.36

DPF Control Efficiency 85% 85%
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DPF - Tons PM2.5 avoided per year

(ton/yr) 0.18 0.31

DPF Cost Effectiveness ($ per ton avoided) $17,498 $25,401
 
Please let me know if you need anything else or the link does not work,  
 
Frances
 
 
--
Frances M. Isgrigg, PE
Division of Design and Construction
907-590-5809
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Office of the Associate Vice Chancellor 
 

University of Alaska Fairbanks, P.O. Box 757380, Fairbanks, Alaska 99775-7380 

 

Kellie Fritze, Associate Vice Chancellor 
907-474-6005 

907-474-5656 fax 

kfritze@alaska.edu 

www.uaf.edu/fs 

 

 
 
 

 
UAF is an AA/EO employer and educational institution. 

August 16, 2023 

DELIVERY: Electronically 

Nick Czarnecki, Air Non-Point and Mobile Sources Program Manager 
Alaska Department of Environmental Conservation 
Division of Air Quality 
610 University Avenue 
Fairbanks, AK 99709 
 
Subject: University of Alaska Fairbanks Supplemental Best Available Control Technology 

Analysis for Emissions Unit 27 
 
Mr. Czarnecki, 
 
The University of Alaska Fairbanks (UAF) submits the enclosed supplemental Best Available 
Control Technology (BACT) analysis report for Emissions Unit (EU) 27. The BACT analysis 
addresses fine particulate matter (PM2.5) emissions from EU 27, a 500-horsepower diesel-fired 
generator engine located on UAF campus at the UAF Alaska Center for Energy and Power 
(ACEP). 

On January 10, 2023, the U.S. Environmental Protection Agency (EPA) published a proposed 
rulemaking action to partially approve and partially disapprove the Alaska Department of 
Environmental Conservation (ADEC) Serious PM2.5 Nonattainment State Implementation Plan 
(SIP). In this proposed rulemaking action, EPA states that the Alaska Serious SIP PM2.5 BACT 
determinations for EU 27 are not correct1 because installing a PM2.5 emission control device 
would be cost effective and recommends a diesel particulate filter (DPF) as such a technology. 

UAF believes that the Alaska Serious SIP PM2.5 BACT determinations for EU 27 are appropriate. 
The enclosed report is a supplemental BACT analysis to formalize the DPF cost analysis and 
provide ADEC with updated information to support the existing PM2.5 BACT determination for 
EU 27 in the Serious PM2.5 SIP. The BACT analysis follows the five-step “top-down” methodology 
in accordance with EPA guidance. The analysis focuses on the economic impact of the DPF 
emission control technology. The cost-effectiveness of the technically feasible control options is 
presented in Section 6.3 of the report. The analysis concludes that the federal standard, limited 
operation, and good combustion practices, the base case PM2.5 emission control technology in 
operation on EU 27, is BACT with a PM2.5 emission rate of 0.20 grams per kilowatt-hour (g/kW-
hr). 

1 ADEC’s BACT determination for EU 27: Federal Limit (NSPS Subpart IIII, Tier 3) + Limited Operation 

DocuSign Envelope ID: C7D3988E-E13A-437D-A715-F0A56A299626
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Please contact Frances Isgrigg at (907)-590-5809 or at fisgrigg@alaska.edu if you have any 
questions or concerns 

Sincerely, 

 
Kellie Fritze 
Associate Vice Chancellor for Facilities Services 
 
Enclosure: Supplemental Fine Particulate Matter Best Available Control Technology Analysis for 
Emissions Unit 27 
 
cc: 
Matthew Jentgen, EPA 
Zach Hedgpeth, EPA 
Larry Sorrels, EPA 
Jason Brune, Commissioner, ADEC 
Jason Olds, Acting Director, Air Quality Division, ADEC 
James Plosay, Air Permit Program Manager, ADEC 
Julie Queen, UAF Vice Chancellor for Administrative Services 
Cameron Wohlford, Director, UAF Design and Construction 
Frances Isgrigg, UAF Design and Construction 
Tracey Martinson, Director, UAF Environmental, Health, Safety, and Risk Management 
Russ Steiger, UAF Environmental, Health, Safety, and Risk Management 
Courtney Kimball, Boreal Environmental Services 

DocuSign Envelope ID: C7D3988E-E13A-437D-A715-F0A56A299626
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University of Alaska Fairbanks       Page 1 of 5      July 2023 
EU 27 Supplemental PM2.5 BACT 

1.0 INTRODUCTION 

A porƟon of the Fairbanks North Star Borough (FNSB) that includes the University of Alaska Fairbanks 
(UAF) Campus staƟonary source has been classified as a Serious NonaƩainment Area for fine parƟculate 
maƩer (PM2.5). The Alaska Department of Environmental ConservaƟon (ADEC) prepared a Serious PM2.5 
NonaƩainment State ImplementaƟon Plan (SIP). ADEC adopted the Serious PM2.5 SIP on November 19, 
2019. Amendments to the SIP were adopted on November 18, 2020. The Serious PM2.5 SIP addresses 
direct PM2.5 emissions and precursor emissions of oxides of nitrogen (NOX) and sulfur dioxide (SO2). The 
Serious PM2.5 SIP includes Best Available Control Technology (BACT) determinaƟons for the UAF Campus 
emissions units. ADEC submiƩed the Serious PM2.5 SIP and the amendments to the U.S. Environmental 
ProtecƟon Agency (EPA).  

On January 10, 2023, the EPA published a proposed rulemaking acƟon1 to parƟally approve and parƟally 
disapprove the Serious PM2.5 SIP. In Table 14 of the proposed rulemaking acƟon, EPA states that the 
PM2.5 BACT determinaƟons in the Alaska Serious SIP are not sufficient for EU 27 because installing a PM2.5 
emission control device would be cost effecƟve. SecƟon 9.1 of the EPA technical support memorandum2 

states that a diesel parƟculate filter (DPF) is recommended as a cost-effecƟve emission control 
technology.  

EU 27 is a Caterpillar (CAT) model C-15, Tier 3 cerƟfied engine. EU 27 combusts only ultra-low sulfur 
diesel (ULSD) and has potenƟal PM2.5 emissions of 0.36 tons per year (tpy). Detailed emissions 
calculaƟons are provided in Appendix A.  The PM2.5 potenƟal emissions are based on the Tier 3 
parƟculate maƩer (PM) emission standard of 0.2 grams per kilowaƩ-hour (g/kW-hr) located in Appendix 
I to 40 Code of Federal RegulaƟons (CFR) 1039 – Control of Emissions from New and In-Use Nonroad 
Compression-IgniƟon Engines. EU 27 is subject to a federally enforceable owner-requested limit not to 
exceed 4,380 operaƟng hours in a rolling 12-month period, per CondiƟon 28.1 of Air Quality OperaƟng 
Permit AQ0316TVP03. 

UAF believes that the Alaska Serious SIP PM2.5 BACT determinaƟons for EU 27 are appropriate. UAF 
submiƩed comments to EPA during the comment period for the proposed rulemaking acƟon1. UAF 
received an updated vendor quote for installing DPF on EU 27 following the closure of the public 
comment period and submiƩed supplemental comments to EPA on May 26, 2023, to provide the current 
cost data and cost-effecƟveness value for implemenƟng DPF on EU 27.   

This report is a supplemental BACT analysis to formalize the DPF cost analysis and provide ADEC with 
updated informaƟon to support the exisƟng PM2.5 BACT determinaƟon for EU 27 in the Serious PM2.5 SIP.   

 
1 Federal Register Vol. 88, No. 6, January 10, 2023. 
2 Hedgpeth, Z. (August 24, 2022). Review of Best Available Control Technology analyses submiƩed for the University 
of Alaska, Fairbanks as part of the Fairbanks PM2.5 NonaƩainment SIP. U.S. Environmental ProtecƟon Agency, Region 
10 Laboratory Services and Applied Science Division. Docket Document ID EPA-R10-OAR-2022-0115-0215, 
000008_EPA Technical Support Document - UAF BACT TSD v20220824.   
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2.0 BACT METHODOLOGY 

This supplemental BACT analysis for EU 27 was prepared consistent with the five-step “top-down” 
methodology provided in the EPA New Source Review (NSR) Rule Revisions (proposed)3, which 
references the 1990 DraŌ NSR Workshop Manual. The five steps of the BACT analysis process are: 

1. IdenƟfy all available control opƟons. 
2. Eliminate technically infeasible opƟons. 
3. Rank the remaining opƟons by control effecƟveness. 
4. Evaluate the most effecƟve controls. 
5. Select BACT. 

3.0 STEP 1 – AVAILABLE PM2.5 CONTROL TECHNOLOGIES 

In January 2017, UAF submiƩed a BACT Analysis to ADEC which addressed emissions units at the UAF 
Campus staƟonary source. The analysis was prepared in anƟcipaƟon of the Serious NonaƩainment Area 
classificaƟon for the Fairbanks area. In that analysis, UAF idenƟfied the available PM2.5 control 
technologies for EU 27 as presented in Table 1. UAF is not idenƟfying any changes to this list of available 
control technologies in this supplemental analysis. 

Table 1. Available PM2.5 Emission Control Technologies for EU 27 

Available PM2.5 Emission Control 
Technologies 

DPF 
Federal Standard 

Limited Operation 
Good Combustion Practices 

 

4.0 STEP 2 – TECHNICAL FEASIBILITY OF AVAILABLE PM2.5 CONTROL TECHNOLOGIES 

The 2017 UAF Campus BACT Analysis idenƟfied the technically feasible PM2.5 control technologies for EU 
27 as presented in Table 2.  

Table 2. Technically Feasible PM2.5 Emission Control Technologies for EU 27 

Technically Feasible PM2.5 Emission Control 
Technologies 

DPF 
Federal Standard 

Limited Operation 
Good Combustion Practices 

 
3 Federal Register Vol. 61, No. 142, July 23, 1996. 
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EU 27 is subject to the Tier 3 federal emission standards and is a cerƟfied Tier 3 engine. EU 27 is subject 
to an annual operaƟng limit per CondiƟon 28.1 of Permit AQ0316TVP03. The original UAF BACT analysis 
did not carry good combusƟon pracƟces forward in the analysis because that opƟon would not reduce 
PM2.5 emissions below the exisƟng levels based on the federal standard and operaƟng limit. The use of 
good combusƟon pracƟces for EU 27 is a BACT requirement in the Serious PM2.5 SIP. UAF is not 
idenƟfying any changes to this list of technically feasible control technologies in this supplemental 
analysis. 

5.0 STEP 3 – RANK TECHNICALLY FEASIBLE PM2.5 CONTROL TECHNOLOGIES 

The technically feasible control technologies are DPF, federal standard, limited operaƟon, and good 
combusƟon pracƟces. The federal standard, limited operaƟon, and good combusƟon pracƟces are 
included in the base case for these rankings. The base case PM2.5 potenƟal to emit (PTE) of EU 27 is 0.36 
tpy. The DPF vendor-provided PM emission reducƟon capability is 85 percent, which results in a 
controlled PTE of 0.05 tpy. Table 3 presents the removal efficiency, potenƟal PM2.5 emissions, and the 
amount of PM2.5 emission reducƟon for each control opƟon. 

Table 3. Ranking of Technically Feasible PM2.5 Emission Control Technologies 

Control Technology Control 
Efficiency (pct.) 

PM2.5 Emission 
Rate (g/hp-hr) 

PM2.5 Emissions 
(tpy) 

PM2.5 
Emissions 
Reduction 

(tpy) 

DPF 85 0.02 0.05 0.31 

Base Case: Federal 
Standard, Limited 

Operation, and Good 
Combustion Practices 

0 0.15 0.36 0.00 

 

6.0 STEP 4 – EVALUATE MOST EFFECTIVE CONTROL OPTIONS 

This secƟon presents an evaluaƟon of the economic impacts of the technically feasible PM2.5 control 
opƟons – DPF and the base case. 

6.1 Highest PM2.5 Removal Efficiency – DPF 

The DPF emission control system is 85 percent efficient in reducing PM2.5 emissions. This secƟon 
evaluates the economic impacts that would result from installing DPF on EU 27. Vendor-provided 
informaƟon on the DPF system is presented in Appendix B. To evaluate the economic impact, UAF 
prepared a cost esƟmate to retrofit EU 27 with a DPF. The cost esƟmate incorporates the vendor quote, 
EPA guidance, and other informaƟon, as appropriate. The DPF cost esƟmate is presented in Appendix C. 

NC Power Systems, a cerƟfied Caterpillar (CAT) dealership, provided a quotaƟon for the DPF assembly, 
system monitor, and insulaƟon blanket. The quote is $78,210, including freight on board (FOB) Fairbanks. 
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EU 27 is a CAT Tier 3 engine. NC Power is the cerƟfied CAT dealer in Alaska. SecƟon 2 of the CAT DPF 
ApplicaƟon and InstallaƟon Guide (included in Appendix B) provides a detailed descripƟon of 
methodology the CAT DPF uses to reduce emissions of parƟculate maƩer, as well as carbon monoxide 
and hydrocarbons. Page 10 of the ApplicaƟon and InstallaƟon Guide indicates that several condiƟons are 
required for proper DPF regeneraƟon, including use of ULSD, a minimum engine exhaust temperature for 
certain Ɵme periods, a minimum raƟo of NOX to PM, specific engine oil use, and a maximum engine oil 
consumpƟon rate. The ApplicaƟon and InstallaƟon Guide states that the DPF regeneraƟon technology is 
applicable to Tier 1 and Tier 2 engines. As noted in an email dated March 9, 2023, from Thomas LaMont 
at NC Power Systems, ensuring that the DPF was technically feasible for EU 27, a Tier 3 engine, required 
addiƟonal invesƟgaƟon and coordinaƟon with CAT technical advisors. UAF believes that the quote from 
NC Power is an accurate reflecƟon of equipment costs.   

As indicated on pages 19 and 20 of the CAT DPF ApplicaƟon and InstallaƟon Guide, heat retenƟon in the 
DPF reactor is very important. Because EU 27 is located in Fairbanks, Alaska, NC Power included the 
insulaƟng blanket for the DPF in the quote.  

The DPF cost esƟmate includes the basic scope for the emissions control equipment. Examples of costs 
that were not evaluated and are not included are: 

 Freight offloading and transport to UAF project site; 
 Direct installaƟon costs; 
 Engineering and construcƟon support services; 
 Performance tesƟng; 
 Management and conƟngency costs; 
 InsulaƟon installaƟon on addiƟonal piping or other components, if needed; 

In addiƟon to the costs not included as described above, the cost esƟmate does not consider project 
delays or increased costs due to supply chain issues or delivery delays, both issues common in today’s 
business environment. NC Power noted in an email dated March 23, 2023, that supply chain issues are 
currently affecƟng CAT. Direct annual costs, including operaƟng labor, maintenance labor, and 
maintenance materials, were not esƟmated for the purposes of this analysis. Indirect annual costs 
including overhead, administraƟve charges, and insurance were not esƟmated for the purposes of this 
analysis. As a result, the cost esƟmate is conservaƟvely low.   

As shown in Table C-1 of Appendix C, the Total Capital Investment (TCI) for retrofiƫng EU 27 with DPF 
is esƟmated at $78,210. The Total Annual Cost (TAC) is esƟmated at $8,115. 

Energy and environmental impacts beyond any addressed as part of the cost esƟmate process have not 
been idenƟfied for the DPF system during this analysis.  

6.2 Second-Highest PM2.5 Removal Efficiency OpƟon – Base Case 

The base case includes the federal NSPS standard, limited operaƟon, and good combusƟon pracƟces, 
which are already in use on EU 27. 
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6.3 Cost-EffecƟveness EvaluaƟon 

In this analysis, evaluaƟng the impact of the PM2.5 emission control opƟon hinges on the economic 
feasibility of the DPF system. For any given emission control technology, the cost-effecƟveness value is 
expressed in terms of the cost in dollars per ton of pollutant reducƟon. Cost-effecƟveness is calculated as 
the annualized cost of the control technology divided by the annual reducƟon in emissions compared to 
the baseline emission rate. The annualized cost of the DPF system is calculated using the Equivalent 
Uniform Annual Cost (EUAC) approach consistent with EPA methodology. Table 4 presents the cost-
effecƟveness for DPF as evaluated in Step 4 of this BACT analysis. 

Table 4. PM2.5 Cost-EffecƟveness Summary 

Control 
Technology 

Total Capital 
Investment ($)1 

Total Annual 
Cost ($/year)2 

Emissions 
Reduction 

(tpy)3 

Cost-Effectiveness 
($/ton PM2.5 

Emissions Avoided) 

DPF $78,210 $8,115 0.31 $26,539 

Base Case: Federal 
Standard, Limited 

Operation, and 
Good Combustion 

Practices 

~ ~ 0.00 ~ 

Notes:     
1Total Capital Investment is calculated in Table C-1 of Appendix C. 
2Total Annual Cost is calculated in Table C-2 of Appendix C. 
3Emissions reductions are calculated in Table 3 above. 
 

The cost-effecƟveness of DPF, with a PM2.5 removal efficiency of 85 percent, is $26,539 per ton of PM2.5 
emission reducƟons.  

7.0 STEP 5 – SELECT BACT 

The final step in the top-down BACT analysis approach is to select the most effecƟve control opƟon that 
is not eliminated in Step 4. As shown in Table 4, the add-on PM2.5 emission control opƟon DPF is not 
cost-effecƟve. The cost-effecƟveness value of DPF is greater than $25,000 per ton of PM2.5 removed. 
Consistent with past EPA and ADEC BACT determinaƟons, this cost-effecƟveness value is not 
economically feasible. Control opƟons which are not economically feasible are by definiƟon eliminated 
from consideraƟon as BACT. 

The exisƟng, base case PM2.5 emission control technology, including the federal NSPS standard, limited 
operaƟon, and good combusƟon pracƟces, is the best available control technology for EU 27. As a 
result, the BACT emission limit is 0.20 g/kW-hr. UAF is currently in compliance with this emission limit 
as required in CondiƟon 81.1 of Permit AQ0316TVP03. 
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EU 27 PM2.5 Emission Calculations 
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ID Description Reference

27

Alaska Center for Energy and 
Power Generator Engine, 
Caterpillar C‐15

ULSD
Table 3 to Appendix I, 40 
CFR 1039

0.2 g/kW‐hr 500 hp 4,380 hr/yr Tier 3 0.15 g/hp‐hr 0.36 tpy

Notes:
1 Conversion factors:

Power Conversion 1.341 hp/kW

Mass Conversion 454.0 g/lb

Mass Conversion 2,000 lb/ton      
2 EU ID 27 limited to operating no more than 4,380 hr/yr per Condition 28.1 of Permit No. AQ0316TVP03.

Table A‐1. Potential to Emit Calculations for EU 27 Supplemental BACT Analysis ‐ PM2.5 Emissions

University of Alaska Fairbanks Campus

Fuel Type
Maximum 

Rating/Capacity

Control 

Technology

Allowable Annual 

Operation

Short Term PM2.5 

Emissions

Potential PM2.5 

Emissions

Emissions Unit PM2.5 Emission Factor

Factor
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Appendix B                                                             
Diesel Particulate Filter Vendor Data  

 

 

B-1 NC Power Systems DPF Quote Email and Correspondence 

B-2 CAT DPF Datasheet 

B-3 CAT DPF Application and Installation Guide 

B-4 CAT DPF Drawings 

  

Public Review Draft August 19, 2024

Appendix III.D.7.7-2330



 

 

University of Alaska Fairbanks             July 2023 
EU 27 Supplemental Fine ParƟculate MaƩer BACT 

 

 

 

 

 

B-1 NC Power Systems DPF Quote Email and Correspondence 
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From: Erick Pomrenke
To: Ryan Coursey-Willis
Cc: Courtney Kimball
Subject: RE: DPF Quote
Date: Friday, April 14, 2023 14:16:48
Attachments: image002.png

Datasheet - DPF.pdf
A & I Guide for DPF installation.pdf
6275669DWF.ZIP

Ryan,
 
Sorry for the delay.
 
Here’s what we can provide.
 

·         Critical grade DPF assembly.
·         Monitor with 25 foot harness included.
·         Insulated blanket included.

 
Attached is the spec sheet, drawing and installation guide.
 
Lead time is 20-24 weeks.
 
Sale price FOB Fairbanks Alaska – offloaded by others. $78,210.00
 
Let me know if you need anything else.
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
1-907-786-7567 FAX

 
 
 
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Tuesday, March 28, 2023 2:33 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
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Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Yes, this will be FOB Fairbanks.
 

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com> 
Sent: Tuesday, March 28, 2023 2:29 PM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Sure.
 
I’ll work on the different freight quotes.
 
Is this FOB Fairbanks?
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Tuesday, March 28, 2023 2:27 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Can we quote both options?
 
Thanks
 

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com> 
Sent: Tuesday, March 28, 2023 11:15 AM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: RE: DPF Quote
 
Ryan,
 
I’ve got movement. Do you want silenced or non silenced?
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
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1-907-786-7567 FAX

 
 
 
 

From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Thursday, March 23, 2023 5:36 PM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Cc: Courtney Kimball <ckimball@boreal-services.com>
Subject: Re: DPF Quote
 
Hi Erick,
 
Appreciate the heads up on this. That's good to know supply chain issues are a factor that
needs to be taken into account on our end. Any major delays in procurement of equipment
would be good to know about in the final quote as well. 
 
Thank you for your time on this,
Ryan

From: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Sent: Thursday, March 23, 2023 2:38:20 PM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Subject: RE: DPF Quote
 
Ryan,
 
I spoke with the folks at CAT earlier today.
 
They are working on it. They have some supply chain issues.
 
Just wanted to give you a heads up.
 
Thank you
 

Erick Pomrenke
NC POWER SYSTEMS
GENERATOR / COMPRESSOR
RENTALS AND SALES
1-907-786-7565 OFFICE
1-907-632-6700 CELL
1-907-786-7567 FAX
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From: Ryan Coursey-Willis <rcwillis@boreal-services.com> 
Sent: Thursday, March 16, 2023 9:58 AM
To: Erick Pomrenke <EPomrenke@NCPowerSystems.com>
Subject: DPF Quote
 
Hello Erick,
 
I wanted to touch base and see where you were at with the DPF quote for the C15 engine at UAF.
Would we be able to get this today or tomorrow?
 
Thanks!
Ryan
 

Ryan Coursey-Willis
Project Engineer
Mobile: (907) 687-8446
Email: rcwillis@boreal-services.com
Address: 4300 B Street, Suite 510, Anchorage, AK 99503
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From: Ryan Coursey-Willis
To: Courtney Kimball
Subject: FW: Diesel Particulate filter for C15 Engine
Date: Thursday, March 9, 2023 09:19:02
Attachments: REHS3672.docx

DPF installation.docx

NC is slowly working on this. Some interesting info came in this morning. It appears that adding a
DPF is going to turn into a major overhaul.
 

From: Brian Swierk <BSwierk@NCMachinery.com> 
Sent: Thursday, March 9, 2023 8:41 AM
To: Ryan Coursey-Willis <rcwillis@boreal-services.com>
Subject: FW: Diesel Particulate filter for C15 Engine
 
Ryan,
 
See below and the attached
 

From: Thomas LaMont <TLaMont@ncpowersystems.com> 
Sent: Thursday, March 9, 2023 8:38 AM
To: Brian Swierk <BSwierk@NCMachinery.com>
Subject: RE: Diesel Particulate filter for C15 Engine
 
Brian,
I will need to do some more investigating and probably need to pull in information from Steve our TC
but before I do wanted to make sure we were all on the same page. The installing a DPF is not just
adding it to the system. This being a tier 3 engine already it is going to take major changes, see
attached to be honest not 100% sure the extent of those changes but will work on that, just want to
make sure they understand it first.
 
Thomas LaMont
NC Power Systems
AD07 Cert:AD LAMONTE864RH
Wa. State CEU Instructor ID: 1657
Service Supervisor/ Electric Power Generation
Cell: 206 510-0535
Office: 425 251-5866
Toll free: 800-562-4735
TLaMont@ncpowersystems.com
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Serviceability
• Cat® DPFs feature serviceable, fully removable catalysts 

with clamped catalyst fi lter modules for ease of service 
during maintenance checks.

• Large box design models feature access hatches that 
can be lifted by one technician without the need for 
cranes or other lifting devices.

• For models equipped with hatches, nut strips provide 
ease in securing of hatches after service.

Performance
• Optimized housing design maximizes emissions reduction 

while minimizing backpressure for increased effi ciency.
• Integral silencer design provides high levels of sound 

reduction (most models).
• Insulation blanket increases heat retention for increased 

emissions reductions in demanding applications 
(optional).

Flexibility
• Slip-fi t connectors on small models and fl ange 

connectors on medium to large models provide fl exible 
and convenient connection options with existing exhaust 
piping.

Support
• Worldwide Cat dealer coverage – one source for you to 

trust.

Durability
• Housing is constructed of stainless steel for superior life 

in indoor and outdoor installations.
• Ceramic catalyzed substrate is resistant to high heat 

conditions.
• Specialized mounting feet allow natural thermal 

expansion during operation, reducing the potential for 
stress cracking (large box design models).

Ease of Installation
• Cat DPFs require minimal installation time and expertise 

to place into service.
• Medium and large models feature integral lifting eyes for 

easy lifting and placement.
• Cat Datalogging and Alarm System (DLAS) is pre-

confi gured and easy to install for complete system 
monitoring (optional).

Safety
• Optional insulation blanket reduces surface temperature 

for additional safety.

CAT® RETROFIT 
DIESEL PARTICULATE 
FILTER (DPF)
For New and Existing Installations
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PEHJ0489-00

©2015 Caterpillar

All rights reserved.

CAT, CATERPILLAR, BUILT FOR IT, their respective logos, 
“Caterpillar Yellow”, the “Power Edge” trade dress as well as 
corporate and product identity used herein, are trademarks of 
Caterpillar and may not be used without permission.

Housing
Construction Stainless Steel

Catalyst
Construction Catalyzed Ceramic Substrate
Sulfur Tolerance (Diesel) ULSD (<15 PPM)
Biodiesel Up to B20

Emissions Reduction Capability
Carbon Monoxide (CO) Up to 95%
Hydrocarbons (HC) Up to 90%
Particulate Matter (PM) Over 85%

Engine Applications
Non-silenced 55-560 kW 80-750 hp
Industrial Grade Silencing 55-225 kW 80-300 hp
Critical Grade Silencing 225-4325 kW 300-5800 hp

Datalogging and Alarm System (DLAS) (Optional)
Monitoring Functions Exhaust Temperature

Exhaust Backpressure
Date and Time

Cable Length 7.6 m / 25 ft.
Cable Length (Optional) 15.2 m / 50 ft.
Data Download Ethernet Port

CAT® RETROFIT DIESEL PARTICULATE FILTER (DPF)
For New and Existing Installations

Housing Types
Non-silenced,  55 kW / 80 hp to 225 kW / 300 hp Non-silenced, 225 kW / 300 hp to 560 kW / 750 hp

Industrial Grade Silencing, 55 kW / 80 hp to 225 kW / 300 hp Critical Grade Silencing, 225 kW / 300 hp to 1045 kW / 1400 hp

Critical Grade Silencing, 930 kW / 1250 hp to 4325 kW / 5800 hp
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Introduction

1.0 Introduction
Purpose
This document is intended as a reference and guide for the correct installation of the retrofit Diesel Particulate 
Filter (DPF) reactor. The primary purpose is to assist engineers and designers specializing in engine installations. 
The Engine Application and Installation Guide and Engine Data Sheets complement this booklet.

Note: �The information in this document is subject to change as engine exhaust aftertreatments are revised, 
improved, and required for emission reduction standards.

Cat engines are designed and built to provide superior value; however, achieving the end user’s value 
expectations depends greatly on the performance of the complete installation to assure proper function over 
the design life of the installation. This detail will allow the engine to produce its published rated power and fuel 
consumption and meet applicable emission standards. 

Caterpillar exercises all reasonable effort to assure engine and Cat DPF perform properly. However, it is the 
responsibility of the OEM/installer to properly install the engine and Cat DPF reactor. Caterpillar assumes no 
responsibility for deficiencies in the installation. It is the responsibility of the OEM/installer to meet all Caterpillar 
requirements as provided in this Application and Installation Guide.

Caterpillar does not guarantee or approve the validity or correctness of any installation. Caterpillar’s sole 
obligation with respect to any product is as set forth in the applicable Caterpillar warranty statement. 

It is the installer’s responsibility to consider and avoid possible hazardous conditions which could develop 
from the systems involved in the specific engine installation. The suggestions provided in this guide should be 
considered general examples only and are in no way intended to cover every possible hazard in every installation.

The information in this document is the property of Caterpillar Inc. and/or its subsidiaries. Without written 
permission, any copying, transmission to others, and any use except that for which it is loaned is prohibited.

Contact the appropriate application support group for the latest information on Cat DPF reactor guidelines  
and requirements.

Safety
Most accidents that involve product operation, maintenance, and repair are caused by failure to observe basic 
safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous situations 
before an accident occurs. An OEM installer must be alert to potential hazards. An OEM installer should also have 
the necessary training, skills, and tools to perform these functions properly.

The information in this publication was based upon current information at the time of publication. Check for the 
most current information before you start any job. Cat dealers will have the most current information.

Warning: �Improper operation, maintenance, or repair of this product may be dangerous. Improper operation, 
maintenance, or repair of this product may result in injury or death. Do not operate or perform 
any maintenance or repair on this product until you have read and understood the operation, 
maintenance, and repair information. Burn and fire hazards are possible. Failure to properly connect the 
aftertreatment/regeneration device, if equipped, manage the regeneration gas temperature, or properly 
route the exhaust gases away from the module may result in personal injury or death. 
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Notice: �Failure to properly connect the aftertreatment/regeneration device or manage the regeneration gas 
temperature may result in poor aftertreatment performance. 

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard. The warnings in 
this publication and on the product are not all inclusive. If a tool, a procedure, a work method, or an operating 
technique that is not specifically recommended by Caterpillar is used, you must be certain that it is safe for you 
and for other people. You must also be certain that the product will not be damaged. You must also be certain that 
the product will not be made unsafe by the procedures that are used.

Pressurized Air and Water
Pressurized air and/or water can cause debris and/or hot water to be blown out. This could result in personal 
injury. Always wear a protective face shield, protective clothing, and protective shoes when cleaning 
components. The maximum air pressure for cleaning purposes must be reduced to 205 kPa (30 psi) when the air 
nozzle is deadheaded and used with effective chip guarding (if applicable) and personal protective equipment. 
The maximum water pressure for cleaning purposes must be below 275 kPa (40 psi).

High Pressure Wash
Notice: �High pressure wash systems, including high pressure spray washers and water cannons, are now in 

frequent use by maintenance people. Connector seals will fail when hit directly with high pressure spray. 
Where direct exposure to high pressure wash systems cannot be avoided, protective shields will need to 
be designed and installed. 

Welding
Warning Notice: Welding on DPF silencer frame/reactor body is prohibited.
Do not use electrical components (electronic controller or sensors) or electronic component grounding points for 
grounding a welder.

Painting
Painting of the Cat DPF is NOT recommended and strongly discouraged. Some components’ skin temperatures on 
the DPF can get to as high as 650°F during operation and will cause charring or burning of the paint.

Replacement Parts

When replacement parts are required for this product, Caterpillar 
recommends using Cat replacement parts or parts with equivalent 
specifications including, but not limited to, physical dimensions, 
type, strength, and material.

Failure to heed this warning can lead to premature failures, 
product damage, personal injury, or death.

READ THROUGH THE ENTIRE MANUAL BEFORE PROCEEDING WITH ACTUAL INSTALLATION.

WARNING
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Emissions Requirements
This Installation Guide is intended for use for engines that must meet applicable emission standards. Proper fluids 
must be used to meet these requirements. Refer to the specific Operation and Maintenance Manual (OMM) for 
the engine model being installed for the proper fuel, lubricants, and coolants that are to be used. The proper 
fuels, lubricants, and coolants must be used to enable the engine to produce its published rated power and fuel 
consumption and meet applicable emission standards. JP8 fuel is not compatible with Cat DPF reactors. 

Notice: �Oils that have more than 1% total sulfated ash should not be used in aftertreatment device equipped 
engines. In order to achieve expected ash service intervals, performance, and life, aftertreatment device 
equipped diesel engines require the use of Cat DEO-ULS™ or oils meeting the Cat ECF-3 specification and 
the API CJ-4 oil category. Oils that meet the Cat ECF-2 specification and that have a maximum sulfated ash 
level of 1% are also acceptable for use in most aftertreatment equipped engines. Use of oils with more 
than 1% total sulfated ash in aftertreatment device equipped engines will cause the need for more frequent 
ash service intervals, and/or cause loss of performance. Refer to your engine specific Operation and 
Maintenance Manual, and refer to your aftertreatment device documentation for additional guidance.

Warning: �Use of Oil Renewal System (ORS) is strictly forbidden. Any ORS that extends the oil life through the 
combustion process and topping off the oil reservoir with new oil will damage the aftertreatment 
device. Failures that result from the use of any oil are not Caterpillar factory defects. Therefore, the cost 
of repair would NOT be considered by the Caterpillar warranty for materials and/or the warranty for 
workmanship.

It is recommended that the Cat DPF operate in conjunction with ultra-low sulfur diesel fuel (ULSD-S15), less than 
15 ppm sulfur by weight. ULSD fuel must meet the S-15 fuels designation in the latest edition of ASTM D975 and/
or conform to Caterpillar Fuel Specification. Using ULSD, regeneration for engines meeting U.S. EPA Tier 2 and 
lower equivalent emission standards will occur when the duty cycle is above 300°C (572°F) for at least 30% of 
the operating time. For engines meeting Tier 3 equivalent emission standards and higher, consult Caterpillar for 
operating requirements.

Operating the Cat DPF on diesel engines using fuel with sulfur content greater than 50 ppm will increase the 
regeneration temperature requirements, typically 50-75°C (90-135°F). If the exhaust temperature meets these 
requirements, continuous regeneration still can take place. The regeneration temperature requirements will 
increase with high sulfur fuel. With added sulfur, the normal duty cycle of the engine will cause the filter to plug 
with PM, causing the backpressure to increase beyond the engine manufacturers’ limits. Damage to the filter 
and/or the engine may occur.

When the fuel sulfur level is once again below 50 ppm, ULSD operating conditions will return. High sulfur fuel  
will not damage the catalyst coating or the ceramic filter. It does change the regeneration requirements as  
stated above. 

Biodiesel fuel may be used up to the B20 blend level (20% biodiesel and 80% appropriate ULSD fuel) if the final 
B20 blend conforms to ASTM D7467 and API gravity 30-45. The neat biodiesel blend stock should conform to 
ASTM 6751. Refer to SEBU 6250 – Caterpillar Machine Fluids Recommendations for diesel engines and SEBU 6400 
for natural gas engines.

Cat Diesel Engine Oils (Cat DEO) have been developed and tested to provide the full performance and service 
life that has been designed and built into Cat engines. Cat oils are currently used to fill Cat diesel engines at the 
factory. These oils are offered by Cat dealers for continued use when the engine oil is changed. Consult your Cat 
dealer for more information on these oils. 
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Cat DEO-ULS (Ultra Low Sulfur) oil exceeds the performance requirements of API category CJ-4 oil and is 
recommended due to a low ash specification. Engine oil that meets or exceeds the specifications in the Cat ECF-3 
or API CJ4 categories may be used in these applications. Oil burned during the combustion process accounts for 
almost all of the DPF ash accumulation (because of oil additives). The use of recommended low ash oil results in 
lower ash accumulation in the filter. Failure to use the recommended grade of oil may results in more frequent 
ash removal service intervals.

Due to significant variations in the quality and in the performance of commercially available oils, Caterpillar 
makes the following recommendations:

Cat Lubricants Viscosity Grade

Diesel Engine Oil – Ultra 
Low Sulfur

Cat DEO – ULS
SAE 15W-40
SAE 10W-30

Cat DEO – ULS SYN SAE 5W-40
Cat Cold Weather DEO – ULS SAE 0W-40

Diesel Engine Oil
Cat DEO

SAE 15W-40
SAE 10W-30

Cat DEO SYN SAE 5W-40

Note: Cat DEO and Cat DEO-ULS multi-grade oils are the preferred oils for use in this Cat diesel engine.

Note: Commercial oils that are not Cat oils are second choice oils for your engine. 

Notice: Caterpillar does not warrant the quality or performance of fluids that are not Cat fluids. For more 
information, refer to Special Publication, SEBU6251, Cat Commercial Engine Fluids Recommendations.

 

Public Review Draft August 19, 2024

Appendix III.D.7.7-2347



R E T R O F I T  D I E S E L  P A R T I C U L A T E  F I L T E R  ( D P F )  S Y S T E M8

Diesel Particulate Filter (DPF) Operation

2.0 �Diesel Particulate Filter (DPF) Operation
Introduction of the Cat Diesel Particulate Filter
The Cat DPF is a catalyzed diesel particulate filter that is designed to reduce emissions of particulate (smoke), 
carbon monoxide (CO) and hydrocarbons (HC), from diesel engines. Carbon monoxide and hydrocarbon 
reductions are achieved when the exhaust gases interact with the catalyst on the ceramic filter. The catalyst is 
impregnated on the walls of the ceramic substrate. As the exhaust gases come in contact with the catalyst, a 
chemical reaction takes place that oxidizes the gases. The oxidation process turns carbon monoxide into carbon 
dioxide (CO2) and hydrocarbons into water and carbon dioxide.

Figure 2.1

Reduction of Emissions
The Cat DPF is a complete product for reducing carbon monoxide, hydrocarbons and PM. The filter is catalyzed 
with a precious-metal catalyst. For CO and HC, the catalyst reduces the activation temperature needed in order to 
react with both types of compounds with oxygen (O2). A simple version of the reactions is given below:

CO  +  O2   =    CO2  (carbon dioxide)

HC  +  O2   =    CO2  +   H2O (water)

Figure 2.2
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For the Cat DPF, these reactions can start to take place at temperatures as low as 180°C (356°F). By 230°C, the 
reductions are >90%.

Particulate matter, PM, is a more complex emission to reduce. PM is comprised of three basic fractions: carbon, 
volatile organics, and inorganics. These fractions change with engine combustion and are functions of ambient 
temperature, fuel composition, barometric pressure, lubrication oil, and exhaust composition.

Solid carbon and liquid volatile organics can be oxidized over the precious metal catalyst much the same as 
gaseous CO and HC are oxidized. Inorganics, such as calcium and magnesium compounds of lubricating oil, 
cannot be eliminated through oxidation. They are, however, trapped by the filter and comprise what is referred to 
as “ash.” Cleaning ash out of the filter is addressed in more detail in the “Maintenance” section.

 

Figure 2.3
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The DPF is used to reduce greater than 85 percent of the emissions of particulate matter. These emissions are 
reduced by filtration as the exhaust passes through the DPF wall. Carbon monoxide (CO), and Hydrocarbons 
(HC) are also reduced as the engine exhaust passes through the catalytic oxidation and filtration units. The 
DPF filter substrate uses a series of alternately blocked channels which forces exhaust gasses to flow through 
the channel walls. Particulates are physically captured and chemical reactions take place (see Illustration 5). 
Carbon monoxide and hydrocarbons are converted into carbon dioxide and water vapor. These filters are self-
regenerating. Self-regenerating filters are not disposable, but, instead, will “burn off” the accumulated soot 
continuously if the proper exhaust temperature profile is met.

Regeneration

The process of particulate collection begins as soon as the engine is started and continues while the engine is 
operating. At low loads and low exhaust temperatures, PM accumulates in the filter, and pressure drop across the filter 
increases. When exhaust conditions are optimal, the catalyst promotes oxidation between the particulate matter and 
either oxygen or nitrogen dioxide in the exhaust. This process is called regeneration, whereby PM is burned off of the 
substrate walls, resulting in a cleaner filter. The regeneration process is dependent upon exhaust temperature, engine 
load, exhaust composition, and fuel sulfur content. At a certain exhaust condition, the rate of oxidation eclipses the rate 
at which PM is being trapped by the filter. The temperature at this exhaust condition is commonly referred to as the 
regeneration temperature. While the exhaust temperature does not have to be above its regeneration temperature all of 
the time, the more time above this temperature the cleaner the filter will be and the lower the backpressure. Operating 
above the regeneration temperature means that the filter will continuously regenerate and clean itself out.

Proper DPF regeneration REQUIRES the following conditions:

• �Ultra Low Sulfur Diesel (ULSD) fuel must be used. ULSD fuel must have an average sulfur conent of 15 parts per 
million (ppm) or less.

• �The sulfur content in the diesel fuel is not to exceed 0.0015 percent by weight. ULSD fuel must meet the S-15 
fuels designation in the latest edition of ASTM D975 and/or conform to Caterpillar fuel specification.

• �Biodiesel fuel may be used up to the B20 blend level (20 percent biodiesel and 80 percent appropriate ULSD 
fuel). If the final B20 blend conforms to ASTM D7467 and API gravity 30-45. The neat biodiesel blend stock 
should conform to ASTM 6751.

• �The engine exhaust temperature at the DPF inlet must be 300°C (572°F) or greater for at least 30 percent of the 
time or 2 hours whichever is longer. 

• �The ratio of nitrogen oxides (NOx) to particulate matter (PM) must be a minimum of 25:1. This ratio is the NOx 
level, in grams/brake horsepower hour, divided by the PM level). This technology is currently applicable to 1996 or 
newer Tier 1 or Tier 2 equivalent engines. Current Caterpillar retrofit passive DPF product is not applicable to Tier 3 
equivalent engines.
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• �Consult with State and Federal agencies for verification requirements.

• �The engine should be maintained and must not consume oil at a rate greater than the rate specified by the 
engine manufacturer.

• �Caterpillar DEO-ULS (Ultra Low Sulfur) 319-2260 oil exceeds the performance requirements of API category CJ-4 
oil and is recommended due to a low ash specification. Engine oil that meets or exceeds the specifications in 
the Caterpillar ECF-3 or API CJ4 categories may be used in these applications. Oil burned during the combustion 
process accounts for almost all of the DPF ash accumulation (because of oil additives). The use of the 
recommended low ash oil results in lower ash accumulation in the filter. Failure to use the recommended grade 
of oil may result in more frequent ash removal service intervals.
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3.0 Illustration of the Cat Retrofit DPF Reactor  

Applications of the Cat DPF reactor are extremely diverse. Some examples of Cat DPF reactor are shown in the 
pictures below:

Figure 3.1 – Stationary Installation of a Cat DPF Reactor on a Generator Set

	 Filter/muffler design	 4-filter combination with	 6-filter silencer with critical 
	 for stationary	 industrial grade silencing	 grade sound attenuation 
		  for stationary	 for stationary

Throughout the remainder of this document, the terms filter, filter/muffler, and filter/silencer will be used. A Cat DPF 
is a single or multiple filter element reactor with inlet and outlet connections to attach to exhaust piping. These 
systems can be manufactured in industrial, critical, and super-critical grade silencing packages.

If lifting eyes are attached to the unit, use all eyes provided when lifting the unit. Always use all mounting feet and 
beams. Mounts are designed to distribute load evenly throughout the frame; each mount should be in contact with 
the support structure.
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Illustration of the Cat Retrofit DPF Reactor 

Figure 3.2

The Cat DPF reactor requires a Cat Data Logging and Alarm System (DLAS). The Cat DLAS measures and records 
exhaust temperature and backpressure. These parameters are essential in determining whether or not the 
application’s duty cycle is acceptable for the filter. 

Refer to DLAS Special Instructions UENR4923 for installation and maintenance guidelines. 

General Comments
Installation of the Cat DPF reactor requires that the user ensure the entire exhaust system is properly designed 
before installing parts. Exhaust components such as expansion joints, rain caps, elbows, supports, etc. are critical 
installation pieces which, if they fail, may compromise emissions reductions as well as damage other components 
and even the engine. Refer to Application and Installation Guide, LEBW4970 “Exhaust Systems.”

READ THROUGH THE ENTIRE MANUAL BEFORE PROCEEDING WITH ACTUAL INSTALLATION.

General Guidelines for Installation:
• If supplied, use all lifting eyes when lifting the filter/muffler or filter/silencer into place.

• If supplied, use all mounting feet when securing the Cat DPF into its operating position.

• Make sure all ports, openings and connections are clear from obstruction.

• �Mount unit as close to the engine as possible. Make sure the unit is isolated from engine vibration using an 
expansion joint or flex connector.

• Use anti-seize on all threaded parts on the exhaust system.

• Use an expansion joint on the outlet of the Cat DPF reactor if piping is constrained downstream of the unit.

• �Locate the Cat DLAS controller within 20 feet of the reactor if possible. Extra lengths for control wires can be 
supplied but are not standard and part of the originally supplied system.

• Ground the Cat DLAS control box. See Cat DLAS manual for complete instructions.

• �When tightening fittings, torque to specifications listed in Cat 1E0279 or Caterpillar publication SENR3130 
available on SISWEB https://sis.cat.com/sisweb/sisweb/homepage. Note: applying more than specified torque to 
the Cat DPF reactor may damage the filter assembly and affect the warranty.
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4.0 Stationary Installation

Lifting of a Filter/Silencer Using Lifting Eyes

Figure 4.1

All Cat DPF silencers come with lifting eyes. Use all eyes when lifting unit into place.

The DPF silencer comes mounted on temporary shipping brackets and is equipped with lifting eyes. The lifting 
eyes can be used to remove the unit from the bed of the shipping truck and to install on the support system. When 
using the lifting eyes to lift the system, use all the provided eyes. The lifting eyes are arranged around the center 
of gravity and all must be used to lift the unit squarely. Failure to do so could result in accidents, potential injury, 
and equipment damage. Spreader bars are recommended where applicable.

Figure 4.2

Lift using 
all available 
lifting eyes.
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Lifting of a Filter/Silencer Using Forklift

Figure 4.3

All Cat DPF reactors >75 lbs. will be palletized. Make sure lifting forks are positioned correctly underneath the 
designed lifting beams in the skids. For long units, side loading may be required. Check with your local Cat dealer 
for the weight of the DPF silencer. Smaller Cat DPF reactors (<75 lbs.) may be boxed instead of palletized.

Mounting of Filter/Silencers for Stationary Applications
Mounting the DPF Reactor Instructions
The mounting feet on the DPF reactor unit are slotted with a 7/8" slot running parallel to the short axis of the unit. 
The mounting that the unit rests on should have (2) drilled (round) holes on the DPF exhaust inlet end only (see 
below). All other holes on the mounting (frame, posts, etc.) shall be slotted with 7/8" slots running parallel to the 
long axis of the unit. When the mounting feet are set on the mounting frame, the slots will form a cross. Use of 
torque collars allows the unit to thermally expand length and width ways. 

It is mandatory that all feet are contacting the mounting surface to distribute the load over their entire surface.

Figure 4.4 – DPF Reactor Mounting Technique

Torque collars must be
used to provide thermal
expansion.
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Stationary Installation 

Bolting the DPF to the pedestal using the mounting feet provided, include 7/8" slotted holes running parallel to the 
short axis of the unit. The customer-installed mounting platform that the unit rests on should have pre-fabricated 
7/8" slotted holes running parallel to the long axis of the unit. When the mounting feet are set on the mounting 
frame the slots will form a cross. This allows the unit to thermally expand sideways and long ways. Flat washers 
should be used on both the bottom and top when tightening down the unit. A torque collar or spacer installed 
between the two flat plains enables the unit to move thermally back and forth or left and right discouraging 
structural impact on the housing of the SCR system. Both top and bottom must be secured. Secure the top once 
the bottom has been bolted in place. 

For units with 7/8" slots an SAE grade five (5) 5/8" bolt is recommended and torque to 115 ± 20 N•m.

Figure 4.5 – Torque Collar Design

Thermal Expansion 
From its cold state, 304L stainless steel will expand 0.3 mm (.0119 in) per 305 mm (1 ft) of DPF reactor length per 
50°C (122°F) temperature rise. If not accounted for, the thermal growth can exert undue stress on the engine and 
SCR connections, as well as the pipe supports. 

Note: �If DPF is mounted rigid without thermal expansion allowance, weld failures and metal fatigue in the 
mounting feet and outer shell of the DPF could result in damage to the DPF structure. 

	 Do not weld the DPF mounting brackets to the supporting frame.
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Figure 4.6 – Temperature Rise

Linear Thermal Expansion = for every 50°C temperature rise multiply  
SCR system dimension by expansion percentage.

The following table lists the various fasteners required to install and/or service a DPF silencer. The exhaust 
flanges vary per engine bore size so the required size will depend on the flange used. It is a requirement that high 
temperature (>600°C) anti-seize compound be used on all exhaust bolts.

DPF Fastener Guide

Mounting Point Description Fastener type/size

A Lifting Eyes NA

B Elongated Base Mounting Brackets 5/8" bolt torque 115 ± 20 N•m

C Exhaust In Flange As required by flange bolt size

D Exhaust Out Flange As required by flange bolt size

E Inspection Cover 3/8 x 16 bolt torque 25 N•m ± 4 N•m

Connections to the Exhaust System
The Cat DPF reactor must be isolated from engine vibration. 
The Cat DPF reactor exhaust inlet and outlet flanges are not 
designed to handle the significant loads that can come from 
thermal expansion of piping. Consequently, bellows are required 
on the inlet connection and are recommended on the outlet 
connection, especially if a long run of stack piping is required 
to convey the exhaust out of the building. Install bellows within 
two stack diameters of the DPF reactor outlet and in the same 
direction of flow from the outlet. If stack plenum has multiple 
directional changes, use bellows along each straight section to 
accommodate thermal expansion.

	 Figure 4.7 –
	 Exhaust Bellows Connection
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Exhaust Stack Out Requirements 
Not to exceed 300 lbs axial load on top of the exhaust flange. If more weight than this is placed on the top of the 
reactor, a support must be used on the stack with a bellows installed after the outlet flange. If made of 16 gauge 
metal, a 24" diameter 19' stack alone will weigh 300 lbs.

For Top-mounted Stacks
Wires must not be used to secure the stack to eliminate a moment on the exhaust flange. Stacks should be 
supported by a sleeve or roller supports, which will allow the stack to grow under thermal expansion but still 
prevent any moment being placed on the exhaust flange and outlet wall.

For Side- and End-mounted Stacks
The stack should be supported by a sleeve or roller supports which will allow the stack to grow under thermal 
expansion while still preventing any moment being generated on the exhaust flange and outlet wall.

Thickness for stacks should be 16 gauge or greater. Height limitation would only be necessary for a backpressure 
measurement if the stack is supported.

Water Ingress Prevention
The presence of water in the DPF can cause failures such as cracking of the catalyst from freeze/thaw cycles, 
cracking of catalyst by water causing thermal gradients across the catalyst substrate, and potential for loss of 
mat retention. Exhaust system outlets must be provided with an appropriate means of preventing snow, rainwater, 
or sea spray from entering the DPF through the exhaust piping. This can be accomplished by several methods, but 
must be given careful consideration. The selected method can impose significant restrictions that must be taken 
into account when calculating system backpressure. One simple method, used primarily with horizontal exhaust 
pipes, is to angle cut the end of the exhaust pipe with the point at the top.

A common method used with vertical exhaust pipes is to angle the pipe at 45° or 90° from vertical using an 
appropriate elbow, then angle cutting the pipe end as previously described.

For applications where none of the previous methods are possible, it may be necessary to fit some form of rain 
cap to the end of the vertical pipe section. This method can provide a positive means of water ingress prevention, 
but not without imposing a significant backpressure restriction. 

Additional information related to exhaust system installation can be found in the Caterpillar publication LEBW4970.

General Requirements Summary
Attention should be given to exhaust gas flow restriction with the following recommendations:

• �The exhaust backpressure must not exceed the limits given for each engine family and the Cat DPF installation. 
Reference TMI System Data or Engine Sales Manual for commercial applications and engine technical 
specifications.

• �The exhaust piping must allow for movement and thermal expansion so that undue stresses are not imposed on 
the turbocharger structure or exhaust manifold.

• �Never allow the turbocharger to support more than allowable loads. Reference TMI System Data or Engine 
Sales Manual for commercial applications and engine technical specifications.
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Backpressure Verification
Excessive backpressure drop in the exhaust system will adversely affect the performance of the engine and the 
Cat DPF reactor. It is required that the systems meet these criteria for optimal performance. Excessive pressure 
drops can yield higher than expected exhaust temperatures, lower fuel economy, reduced altitude capability, and 
less than rated power. 

For retrofit DPF reactors it is recommended that exhaust backpressure be measured and recorded prior to 
installation. Once installed the exhaust backpressure should be measured and recorded for future comparison as 
an indicator of catalyst performance.

Measuring Backpressure
Exhaust backpressure is measured as the engine is operating under full rated load and speed conditions  
(high idle for naturally aspirated engines). Either a water manometer or a gauge measuring inches of water  
may be used. 

It is a requirement that high temperature (>600°C) anti-seize compound be used on all exhaust bolts.

Insulation Requirements
It is very important to retain as much heat in the DPF reactor exhaust as possible. The regeneration process of 
the DPF is more efficient at high exhaust temperatures. Insulate all piping prior to the Cat DPF reactor, as shown 
below. Check with your local Cat dealer regarding insulation practices related to exhaust system components. 

Figure 4.8 – Exhaust Piping Insulation

The DPF reactor skin temperature and/or exhaust gas temperatures are difficult to measure or simulate and are 
dependent upon many factors including the following: the design and packaging of the DPF reactor, the engine 
speed/load conditions, the condition of the DPF reactor, and the ambient conditions. Therefore, the potential 
temperatures are provided as a guideline for safe design of the installation.
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Insulation results in an approximate surface temperature of 94°C (200°F) and a non-insulated unit has an 
approximate skin temperature of 120°C (280°F). The potential temperatures are provided as a guideline for safe 
design of the installation and proper precautions should be taken to ensure the aftertreatment device is properly 
shielded and not mounted in close proximity to surrounding components that may be damaged by heat. 

Figure 4.9 – Custom Thermal Blanket

If requirements of the installation require a lower surface temperature, optional blankets can be designed that 
conform to the shape of the DPF reactor and any piping connecting to the reactor. See the example of a custom 
made insulation blanket.

Mounting of Filters and Filter/Mufflers for Stationary Applications
Filters and filter/mufflers have substantial weight and need to be properly supported. Illustrations of some 
installations are shown below:

Dual filter/muffler on a generator 
set system is properly supported 
by the mounting feet.

Cat DLAS condensing can is 
properly mounted above the 
sampling port.

Mounting beams
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Weight information for Cat DPF reactors is supplied with the units. Design support brackets to handle the weight 
and vibration loads of the application.

When connecting to the current exhaust system, locate the filter as close to the engine exhaust manifold as 
possible to retain heat from the engine. In addition, isolate the unit with a flex connector or expansion joint. 
CAUTION – DO NOT OVER TIGHTEN SUPPORT BANDS. DEFORMING THE METAL AROUND THE CENTER OF THE 
FILTER WILL VOID THE WARRANTY.

For installations where sections of exhaust piping are to be removed to accommodate a Cat DPF reactor, remove 
the necessary length of pipe accounting for your chosen flex joint on the inlet and outlet. If an existing muffler is 
going to be kept in the exhaust, then you MUST mount the Cat DPF upstream of the muffler. Consult Caterpillar 
with regard to the designed pressure drop across the filter as you may exceed the engine manufacturer’s 
specification for maximum backpressure. Caterpillar is NOT responsible for backpressure resulting from all other 
components in the exhaust system.

For installations using slip-on connectors, slip the filter inlet over the exhaust pipe until about 2 inches are inside 
the inlet cone. Secure the filter to your mounting brackets. Insert the exhaust pipe approximately 2 inches into the 
outlet cone. Once the Cat DPF is in position, tighten all clamps. Check the V-band clamps on the filter for tightness.

Warning: �If you are installing the filter vertically, you must contact Caterpillar first to confirm that a vertical 
installation is acceptable. Take extra care to prevent the filter from slipping down on the exhaust pipe 
causing contact before the exhaust and the ceramic substrate. Contact will damage the ceramic and 
void the warranty.

Single filter on a generator set 
system is properly supported 
by brackets and secured with 
support bands.

Support bands

Mounting bracket

Public Review Draft August 19, 2024

Appendix III.D.7.7-2361



R E T R O F I T  D I E S E L  P A R T I C U L A T E  F I L T E R  ( D P F )  S Y S T E M22

Appendices

5.0 Appendices

Appendix A
General Operation Guidelines

For Generator Set Installations of the DPF Reactors 
  1. �Ensure the engine operation will adhere to the following guidelines:
	 • �At least 30% of the operating time the exhaust temperature is above 300°C and the engine load is above 40% 

or an exhaust gas heater is required.
	 • �Fuel sulfur content <15 ppm, ULSD
	 • �Engine PM output of < 0.2 g/bhp-hr

  2. �Insulate all exhaust components between the turbocharger and DPF inlet. This includes piping, expansion 
joints, and bellows.

  3. �Install the monitor/alarm system as it is the key component to ensuring the DPF unit is working as intended 
and that the filter media is not plugging with particulate matter. This unit records date, time, temperature, 
and backpressure data, allowing the user a comprehensive understanding of engine duty cycle and DPF 
performance. Follow the installation instructions carefully. Check the integrity of all plumbing and wiring 
connections. Once installed, download data, using the optional software, and check that the temperature and 
backpressure data correspond to engine load output.

  4. �Heed all warnings that the DLAS kit generates. Solid yellow or red alarms indicate an increase in 
backpressure and must be investigated. Blinking yellow or red lights indicate a problem with temperature or 
pressure measurements and require physical checks of the sensors and connections. Data must be collected 
when an error is generated.

  5. �The optional software package is required to see real-time data and to retrieve stored data, which can then 
be transferred into spreadsheet for viewing and graphing. The data includes a history of all errors generated 
plus 26,000 lines of temperature, backpressure, time, and date values, which equates to approximately  
100 hours of operation when the logging interval is set at 15 seconds.

  6. �Create a schedule for downloading DLAS data and graphing the performance. Backpressure may go up and 
down but over time should be flat, meaning that particulate is not accumulating on the DPF. If particulates are 
not accumulating, the DPF is regenerating, or cleaning itself. This is the intended operating state.

  7. �DO NOT operate the generator after a red alarm is triggered. If the generator must be operated, limit the 
operating time to as short a duration as possible. Monitor the backpressure during operation using the DLAS 
software or a pressure gauge. If the backpressure continues to increase, stop the engine as soon as possible, 
allow the exhaust to cool, and then remove the DPF for cleaning. If the backpressure decreases the engine 
may continue operation until the backpressure has stabilized. 
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  8. �If you must operate at low loads, limit continuous operation at <40% load for under two hours. After two hours 
but less than four hours, and if no alarms have been triggered, you can regenerate the DPF by operating the 
engine at 80% to 100% load for 45 minutes or you can remove the DPF and have it cleaned.

  9. �If you have exceeded fours hours of continuous operation at low load, <40% load, the DPF must be removed 
and cleaned.

10. �You may perform a forced regeneration by operating the engine at high load. Make sure that you monitor the 
Cat data logging system and use the software or use a pressure gauge to keep track of the backpressure. 
It is possible that once high load is applied to the system, a yellow or even red alarm may trigger. If a red 
light triggers during a forced regeneration, do not stop the regeneration cycle (this is an exception to #7. 
We need to set a max allowable pressure, if it is too high, it damages the housing.) Allow the cycle to 
complete, meaning that backpressure drops to 15 to 20 inches of water and levels off. If after 20 minutes the 
backpressure does not decrease but instead continually increases even though temperature has leveled, then 
cease the forced regeneration, allow the exhaust to cool, remove and clean the DPF.

11. �If cold starts are required, perform up to twelve 10-minute cold starts. After 12 and up to 24 cold starts with 
no alarms triggered, you can force regeneration by operating the engine at 80% to 100% load for 45 minutes 
or you can remove the DPFs and have them cleaned. If choosing to perform a forced regeneration, follow 
guideline 10.

12. �If DPFs accumulate too much particulate and are not cleaned either on-line or off-line, an uncontrolled 
regeneration may occur, which can melt the filter media. If this occurs, there will be no structural damage to 
the filter package or to the silencer. However, the DPFs will become compromised and PM will now be visible 
in the exhaust. If this occurs, the DPFs must be replaced.

13. �Non-regeneration does not constitute failure of the DPF. Regeneration is based upon engine operating 
conditions. Non-regeneration is not a warranty issue.

14. �If a DPF should fail and the DLAS kit shows operation during an alarm or error condition, the warranty may  
be void.

15. If a DPF should fail and the DLAS kit shows no data, the warranty is void.

16. �Over time, non-combustible ash may accumulate in the DPF media. Ash is composed mainly of minerals such 
as calcium, magnesium, and iron that occur in small amounts in lubrication oil. When lube oil is consumed 
in the combustion process, ash particles are airborne and then trapped in the DPF. Ash will manifest as 
increased backpressure and cannot be burned off. The DPF must be removed and cleaned. Depending upon 
the amount of lube oil consumed and the ash content of the oil, ash cleaning will need to be performed 
between 2500 and 5000 hours of operation. Use historical data to determine, at a 50% load condition, if ash 
accumulation has added five or more inches of water to clean DPF backpressure. If so, ash has accumulated 
and the DPF needs to be removed and cleaned.
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Appendix B
Standard Caterpillar Inch Torque Specifications
For all torque specifications in this manual consult Caterpillar publication SENR3130 available on SIS Web at: 
https://sis.cat.com/sisweb/sisweb/homepage

Torque table excerpts from 1E0279 follow:

Note: All torque values should be the standard values except for specialty applications.

Design and Expected Minimum Clamp Loads For Inch Fasteners 
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Standard Caterpillar Metric Torque Specifications

Design and Expected Minimum Clamp Loads For Metric Fasteners 
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Appendix C
DPF Cleaning Records Form
Note: This information must be maintained for warranty purpose. 

Cleaning the DPF
Because the sections of the DPF are replaceable, a small stock of filter sections can be maintained. Filter 
sections from a small on-hand stock can be used to replace filters in service at the next scheduled cleaning. The 
removed filters can be cleaned and returned for installation in the next vehicle. This process of maintaining a 
stock of filter sections can significantly reduce the amount of downtime that will occur.

Note: �Check state and local air pollution regulations pertaining to record keeping of serviced filters. Some 
governmental entities may require filter tracking. 

Wear goggles, gloves, protective clothing, and a National Institute for Occupational Safety and Health (NIOSH) 
approved P95 or N95 half-face respirator when handling a used DPF or catalytic converter muffler. Failure to do 
so could result in personal injury.

Note: �Perform a backpressure test prior to cleaning the DPF and record the results. After cleaning the DPF, run 
the engine at high idle for 5 to 15 minutes to bring the engine and exhaust system to operating temperature. 
Perform another backpressure test and record the results on the DPF cleaning records form. 
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Recommended Cleaning Procedure

• Weigh and record the filter unit prior to baking

• Controlled baking of the filter unit (see following “Baking Procedure” section)

• Ash cleaning the filter unit using the 319-2189 Filter Cleaning Group

• Weigh and record the filter unit after controlled baking and pulsed air cleaning

• Reference the DPF cleaning records form for proper record keeping

Note: �Cleaning DPF units without baking shortens the life of the HEPA filters within the cleaner. The result is a 
shortened ash service interval because of incomplete soot removal.

Baking Procedure
This procedure will burn off the remaining soot on the DPF leaving a smaller quantity of ash by baking the filter 
under controlled circumstances. Failure to observe this procedure can result in damage or cracking to the DPF 
substrate. A commercial programmable oven is required for this procedure. Careful adherence to this procedure 
is imperative. Deviation from this procedure may lead to thermal shock and cracking of the DPF substrate or 
melting at high temperatures.

1. �Place filter into a programmable commercial oven designed for this purpose. Center the filter as much as 
possible on a rack with 2 inches of spacing below and above for best results.

2. Program the oven as follows:

	 a. Ramp oven temperature to 200°C (392°F) over 20 minutes.

	 b. Hold oven temperature at 200°C (392°F) for 120 minutes (2 hours).

	 c. Ramp oven temperature to 450°C (842°F) over 30 minutes (.5 hours).

	 d. Hold oven temperature at 450°C (842°F) for 120 minutes (2 hours).

	 e. �Cool down to ambient temperature at natural rate within the oven with the doors closed. Do not use fans.

	 f. Place filter in cleaning machine and clean as per machine instructions.

	 g. Replace the filter in oven. Ramp temp to 650°C (1202°F) for 60 minutes (1 hour).

	 h. Hold oven temperature at 650°C (1202° F) for 240 minutes (4 hours).

	 i. Cool to ambient temperature at a natural rate. Do not use fans.

Note: Allow the filter to cool in the oven with the door closed until the filter can be handled with bare hands.

Cleaning Procedure
Ash and soot should be removed from the DPF using the Cat 319-2189 Diesel Particulate Filter Cleaner Gp. Using 
the cleaner without following baking procedure results in lower efficiency cleaning and will reduce the life of 
the HEPA filters in the machine. This tool uses pulsed air to flush the ash from the DPF and contains the filter ash 
through a HEPA filter and bag system. Other methods can release significant quantities of airborne ash and soot 
which may be considered a hazardous substance by some states. Adapters must be used to mount the DPF units 
in the machine. The 10.5-inch filter uses the 319-1839 adapter and the 319-1835 cone (medium). The 12-inch DPF 
uses the 319-1838 adapter with the 319-1836 cone (large).

Note: �Other cleaning methods can release significant quantities of airborne ash and soot. Airborne ash and soot 
should not be inhaled and may be regulated as a hazardous substance by some states.
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Cleaned Filter Specification
Note: The following steps determine a properly cleaned Cat filter.

Note: �This specification applies to filters that were cleaned of ash only. This specification is only valid subsequent 
to the “Recommended Cleaning Procedure.” This specification should not be used to determine if soot-
filled filters are properly cleaned. All filters must be baked appropriately using the “Recommended Cleaning 
Procedure” prior to application of this specification.

HEALTH AND SAFETY

Wear goggles, gloves, protective clothing, and a National Institute 
for Occupational Safety and Health (NIOSH) approved P95 or 
N95 half-face respirator when handling a used DPF or catalytic 
converter muffler. Failure to do so could result in personal injury.

Adhere to all local health and safety rules and regulations. Use all the personal protective equipment listed below:

• Respirator

• Safety shoes

• Safety glasses

• Latex gloves

• Lab coat

RESOURCES
Necessary equipment:

• 38 cm (15 inch) long by 0.9 mm (0.04 inch) thick stainless steel probe for “200 cpsi” (cells/square inch) filters

• Tape measure

METHOD
Evaluation of a cleaned filter:

Note: A filter MUST meet all criteria in the section below to be considered clean.

1. �Inspect both inlet and outlet surfaces for oil/fuel contamination, gouges and/or cracks. No cracks may be 
visible. Gouges may not exceed 4.0 mm (0.15 inch) deep.

2. �There must be no filter movement within the filter’s banding. This movement is defined as the substrate moving 
past the bent-over flange. The filter must be even or below the bent-over flange.

3. �There must not be any signs of the steel fiber ring coming loose or any mat material (cottony gauze) slipping 
past the filter. 

4. The flanges are not damaged beyond repair.

5. �There are no dents deeper than 6.4 mm (0.25 inch) in the outer can of the filter and the outer can is not cracked, 
torn or otherwise breached.

Appendices

WARNING
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6. No more than 20 cells are allowed to be damaged (showing soot) on the outlet face of the filter.

7. Inspect the ash depth in the cells using the “Check Cell Depth” instructions below.

Check Cell Depth
1. �Check cell depth by dropping the stainless steel probe into 

a cell location noted by a dot in the Illustration to the right.

2. �Lightly tap the probe with a finger until the probe does not 
travel into the cell any further. Mark the probe to record  
the depth.

3. �Measure the distance from the tip of the probe which 
entered the cell to the mark made on the probe. This 
distance is the cell depth. Repeat this step 17 times per  
the illustration to the right.

4. �If the probe travels a minimum of 28.6 cm (11.25 inch) in  
all cells, the filter is considered clean.

5. �If the probe encounters heavy resistance in one or two 
cells, proceed to Step 6. 

Evaluation of a Filter with Hardened Ash
6. �Identify the one or two cells (1) where heavy resistance 

was noted during the cell depth check.  
Refer to illustration.

7. �Draw a 50.8 mm (2 inch) square (2) around cell (1).  
Refer to illustration.

8. �Check cell depth at the eight dot locations (3).  
Refer to illustration.

9. �If the probe encounters heavy resistance in three or more 
cells, THE FILTER IS NOT CONSIDERED CLEAN. THE  
FILTER MUST NOT RETURN TO SERVICE UNTIL THE  
FILTER IS PROPERLY CLEANED.

(1)  Cell
(2)  50.8 mm (2.0 inch) square
(3)  Dot locations
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	 Acceptable filter with less than 20 damaged cells	 Unacceptable filter with too many damaged cells 

	 	
Filter Evaluation Form
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Appendix D
DLAS Installation

The Cat DLAS is a microprocessor based data logger and alarm system. The DLAS will record and monitor 
exhaust backpressure and temperature. Monitoring the engine exhaust provides information about engine 
performance as well as the performance of a Cat emissions control device. The Cat DLAS unit will warn the 
operator of a control device plugging and causing excessive backpressure on the engine. It will track the duty 
cycle of the engine and allow analysis of operation time, exhaust temperature, and backpressure profiles. Data 
collected by the Cat DLAS is downloadable.

Cat DLAS can be installed on SCR systems that have DPFs installed and where data logging and alarm  
are required.

Cat DLAS comes complete with the following components:

1. �Control box with mounting bracket, 1/8" pressure nipple, reset button, 2-wire female thermocouple (TC) lead 
wire plug, Ethernet and USB ports and a 12-pin male harness plug.

2. K-type TC with a 1/4" NPT stainless steel nipple.

3. 20’ TC lead wire (standard, longer leads available). 12-pin female wiring harness.

4. LED kit with one (1) yellow LED, one (1) red LED, one (1) green LED and six (6) push-on connectors.

5. Stainless steel flexible hose fitted to low temp PVC hose.

6. 20' long dual 1/8" ID low temperature PVC tubing.

7. Installation and Operation Manual UENR4924.

Read the Cat DLAS Installation and Operation Manual UENR4924 and the Cat DLAS Software Manual before 
installation. It is an important requirement to install the condensing can above the pressure port on the inlet of  
the filter.
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DPF Installation References – Stationary Engines

• �REHS9213 (fka PEXQ1001) – Caterpillar Pre-Installation 
Compatibility Assessment for Stationary Engines

• �REHS9214 (fka PEXQ1002) – Caterpillar Post-Installation 
Compatibility Assessment for NEW Stationary Engines.

• �REHS5606 DPF Special Instructions 

• �LEWB4970 – Exhaust System Application Design Guide

• �UENR4923 DLAS Special Instructions

• �UENR4924 DLAS Installation and Operation Manual

Criteria to Authorize a Person or Company to Install Cat DPF Reactor

1. Only specially trained personnel or your Cat dealer is authorized to install Cat DPF reactor.

2. �Authorized person or company will have to be familiar with federal, state, and local regulations related to DPF 
reactor requirements, used DPF, and ash waste disposal.

3. �Authorized person or company will have to follow the installation procedure described in this manual (lifting, 
mounting, flex joint connection, insulating blankets, torque specifications, etc.).

4. �Authorized person or company will have to check that engine emissions (PM, HC, CO, NOx) meet engine 
manufacture specifications before installing Cat DPF reactor. Consult on-line TMI data for Cat engines.

5. �Authorized person or company will have to check that engine fuel and oil meet Cat specifications referenced in 
this manual.

6. Authorized person or company will have to create a commissioning report.

7. �Authorized person or company will have to create and maintain a record keeping system for DPF evaluation  
and cleaning.

8. �Authorized person or company will have to adhere to using and retaining information gathered using the Pre/
Post Installation Compliance Assessment Inspection checklists.

List of Authorized Installers

Cat dealers are the only authorized installers for the Cat DPF. This global network has the training, expertise, and 
materials to properly install and support owner’s needs. 

To locate the nearest dealer, please visit cat.com.
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CATERPILLAR ENGINE DIVISION  
TECHNICAL COMMUNICATIONS GROUP 
 
Installation Drawing Index  
AutoCAD 2015 Format

Installation Drawing No. 6275669 chg 00

DPF-BOX DESIGN

6275669A.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6168788 CHG 00 Shown (sheet1)

Detail pf Exhaust Inlet/Outlet Flange

6168788 chg 00

Attachments found on this sheet:

6275669B.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6168789 CHG 00 Shown (sheet2)

Detail of Exhaust Inlet/Outlet Flange

6168789 chg 00

Attachments found on this sheet:

6275669C.dwf = Top View, Left Side View, Front View, Right Side View, Bottom View of 
6233344 CHG 00 Shown (sheet3)

Detail of Exhaust Inlet/Outlet Flange

6233344 chg 00

Attachments found on this sheet:

Attachment pricing arrangements found on drawing:

6168788 chg 00 6168789 chg 00 6233344 chg 00
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Total Capital Investment Determination - DPF Date: 6/12/2023
Project: UAF PM2.5 BACT Analysis - ACEP Engine (EU 27) Prepared By: C. Kimball

DIRECT COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST

(1) Purchased equipment and material costs
(a) Basic equipment

Total DPF System 1 EA 78,210 78,210$                               
(per NC Power Systems) TOTAL = 78,210$                  

(b) Instrumentation
Total Instrumentation EA -$                                        Included in above price

TOTAL = -$                           
(c) Freight

DPF Freight % MATL COST FOB Fairbanks included in above price
TOTAL = -$                           

(d) Labor
Labor - offsite fab 0 MH None required -$                                 
Labor - onsite 0 MH Excluded from estimate -$                                 

TOTAL = -$                           
(e) Vendor representatives fees

Onsite Vendor Representatives fees (enter no. of days and daily rate 0 Days Excluded from estimate -$                                 
TOTAL = -$                           

Purchased Equipment and Material Cost (PEMC)  PEMC   = 78,210$                  

Direct Installation Costs (DIC)  DIC   = -$                           
Excluded from estimate

Total Direct Costs (TDC) TDC = (PEMC) + (DIC)  = 78,210$                  

INDIRECT COSTS
(2) Engineering, Procurement & Construction Support Services % TDC -$                                 Excluded from estimate
(3) Performance tests EA -$                                 Excluded from estimate
Total Indirect Costs (TIC) TIC   = -$                           

MANAGEMENT AND CONTINGENCY COSTS
(4) Unit Operator Costs % TDC Excluded from estimate
(5) Contingency % TDC -$                                 Excluded from estimate
Total Management and Contingency Costs (TM&CC) TM & CC   =   -$                           

Excluded from estimate

TOTAL CAPITAL INVESTMENT (TCI) TCI  =  (TDC)+(TIC)+(TM&CC)  = 78,210$                  

Table C-1.  Total Capital Investment for DPF on EU 27
University of Alaska Fairbanks Campus

Shaded cells indicate user inputs

Capital Costs
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Cost Effectiveness Determination - DPF Date: 6/26/2023
Project:  UAF PM2.5 BACT Analysis - ACEP Engine (EU 27) Prepared By: C. Kimball

DIRECT ANNUAL COSTS QTY UNIT UNIT COST  TOTAL MATERIALS COST  TOTAL LABOR COST TOTAL
(1) Operating Labor MH -$                               -$                   
(2) Supervisory Labor MH -$                               -$                   
(3) Maintenance Labor MH -$                               -$                   
(4) Maintenance Materials LOT -$                                        -$                   

Total Direct Annual Costs (TDAC) Excluded in this estimate  TDAC   = -$                   

INDIRECT ANNUAL COSTS
(5) Overhead MH Excluded from estimate -$                               -$                   
(6) Administrative Charges MH Excluded from estimate -$                               -$                   
(7) Property tax Not Applicable
(8) Insurance Excluded from estimate

Capital Recovery Factor [see inputs below] 0.1038
(9) Capital Recovery CRF * TCI  = 8,115$            

Total Indirect Annual Costs (TIAC)  TIAC   = 8,115$            

TOTAL ANNUALIZED COSTS (TAC) TAC = (TDAC) + (TIAC)  = 8,115$            

Data Inputs for Capital Recovery Factor:
Annual Interest Rate (22 June 2023 bank prime rate)  8.25 %
Project Life (EPA OAQPS Control Cost Manual) 20 years
Catalyst Life N/A years
Asset Utilization N/A %

Table C-2. Total Annualized Cost for DPF on EU 27
University of Alaska Fairbanks Campus

Shaded cells indicate user inputs

Annualized Costs
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Office of the Associate Vice Chancellor 
 

University of Alaska Fairbanks, P.O. Box 757380, Fairbanks, Alaska 99775-7380 

 

 

 

Kellie Fritze, Associate Vice Chancellor 

907-474-6005 

907-474-5656 fax 

kfritze@alaska.edu 

www.uaf.edu/fs 

    

 
 

 
 
 
December 22, 2023 

 

Transmitted Electronically 

Mr. Dave Jones 

Alaska Department of Environmental Conservation 

P.O. Box 111800 

Juneau, Alaska 99811 

RE: SO2 Limit Proposal for EU ID 113, Circulating Fluidized Bed Boiler 

Mr. Jones: 

The University of Alaska Fairbanks (UAF) has reviewed the state’s requested to provide an SO2 limit for 

EU ID 113 and is submitting a limit of 0.125 lb/MMBTUs.  This limit will change the cost effectiveness 

calculation ($/ton SO2 avoided) of the January 2023 BACT analysis.  The new calculations are shown in the 

table below. 

Control Technology   
0.125 lb/MMBTUs -
Emission Rate 

Total Capital 
Investment ($) 

Total 
Annual Cost 
($/year) 

Emissions 
Reduction 
(tpy)1 

Cost-Effectiveness 
($/ton SO2 
avoided) 

WFGD $52,968,345  $7,589,888  153.7 $49,365  

CDS $32,505,815  $5,757,437  142.4 $40,426  

DSI - Tri-Mer system $5,794,396  $5,193,086  142.4 $36,463  

DSI - BACT, Inc system $11,565,826  $3,121,966  132.7 $23,525  

FBLI - Base Case ~ ~ 97.1 ~ 

 

EPA recently released Document EPA-R10-OAR-2022-0115-03801, Section 3, page 56, last paragraph 

which indicates that “EPA’s position is that costs per ton in excess of $14,000 per ton (in 2018 dollars) are 

feasible and appropriate for Serious nonattainment areas.”  Although UAF does not agree with EPA’s 

analysis, we are willing to take the above SO2 limit which almost doubles the cost effectiveness of the DSI 

– BACT, Inc system.  The 0.125 limit will place the cost well beyond the $14K for all other control 

technology and UAF believes costs are well above the threshold for implementation of BACT. 

                                                           
1 https://www.regulations.gov/document/EPA-R10-OAR-2022-0115-0380  
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Proposed SO2 Limit for CFB Boiler 12/22/2023 Page 2 

Operationally, the CFB boiler was designed for campus growth over 25 years (2018 to 2043) which will 

increase the need for additional heat and power distribution.  UAF can safely maintain 0.125 lb/MMBTUs 

with the current limestone injection system without causing agglomeration problems in the combustor 

bed.  Lower SO2 emissions would increase limestone injection rates beyond 35 – 40 percent which can 

cause significant ash agglomeration in the bed and disrupt bed temperature control, and ash removal 

problems, as well as other potential issues.  

UAF, along with the other heat and power facilities use Usibelli coal. Usibelli Coal Mine (UCM) provides, 

on their website, a data sheet for their coal.  The online sulfur average is 0.20 percent with a range of 

0.08 - 0.28 percent.   UCM also provides analysis for the coal delivered to UAF.   Since January 2020, using 

the analytical reporting from UCM for each shipment of coal, the average sulfur content is 0.129 percent, 

with the highest SO2 percent being 0.24 percent and the lowest at 0.07 percent. The average SO2 

emission since 2021 is 0.019 lb/MMBTUs.  UAF has exceeded the 0.2 lb/MMBTU emission rate (on a daily 

average basis), with the highest daily average at 0.564 lb/MMBTUs. These numbers are part of the 30-day 

average for reporting and did not cause any reportable exceedances.  Please note that UAF can accept a 

new limit of 0.125 lb/MMBTU but only on the basis of the current TVP03 permit requirement of a rolling 

30-day average basis. 

UAF is willing to accept a 0.125 lb/MMBTUs, but only if the Environmental Protection Agency does not 

approve the ADEC’s SO2 precursor demonstration.  UAF understands that the precursor demonstration is 

expected to show that the major sources in the non-attainment area are not contributing to the SO2 

exceedances.  If this demonstration shows that the major sources are not contributing, then there is no 

logical reason for UAF to take an SO2 limit. 

If you have questions regarding this letter, please contact Frances Isgrigg (fisgrigg@alaska.edu, 907-590-

5809) or Cameron Wohlford (cmwohlford@alaska.edu, 907-474-2627).  UAF will be closed from 

December 25, 2023 to January 3, 2024. 

Sincerely, 

 

Kellie Fritze 

Associate Vice Chancellor for Facilities 

 

cc: 

Moses Coss, ADEC, Supervisor, Permitting Support 

Julie Queen, UAF Vice Chancellor Administrative Services 

Cameron Wohlford, UAF, Director of Design and Construction 

Frances Isgrigg, UAF, Project Manager, Design and Construction 

Russ Steiger, UAF, Environmental Compliance Officer, Environmental, Health, Safety & Risk Management 

Kurt Knitter, UAF, Director of Utilities 
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