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®»­°±²­·¾´» ¬»½¸²·½¿´ ½±³³·¬¬»»ô ©¸·½¸ §±« ³¿§ ¿¬¬»²¼ò ×º §±« º»»´ ¬¸¿¬ §±«® ½±³³»²¬­ ¸¿ª» ²±¬ ®»½»·ª»¼ ¿ º¿·® ¸»¿®·²¹ §±« ­¸±«´¼

³¿µ» §±«® ª·»©­ µ²±©² ¬± ¬¸» ßÍÌÓ Ý±³³·¬¬»» ±² Í¬¿²¼¿®¼­ô ¿¬ ¬¸» ¿¼¼®»­­ ­¸±©² ¾»´±©ò

Ì¸·­ ­¬¿²¼¿®¼ ·­ ½±°§®·¹¸¬»¼ ¾§ ßÍÌÓ ×²¬»®²¿¬·±²¿´ô ïðð Þ¿®® Ø¿®¾±® Ü®·ª»ô ÐÑ Þ±¨ Ýéððô É»­¬ Ý±²­¸±¸±½µ»²ô Ðß ïçìîèóîçëçô

Ë²·¬»¼ Í¬¿¬»­ò ×²¼·ª·¼«¿´ ®»°®·²¬­ ø­·²¹´» ±® ³«´¬·°´» ½±°·»­÷ ±º ¬¸·­ ­¬¿²¼¿®¼ ³¿§ ¾» ±¾¬¿·²»¼ ¾§ ½±²¬¿½¬·²¹ ßÍÌÓ ¿¬ ¬¸» ¿¾±ª»

¿¼¼®»­­ ±® ¿¬ êïðóèíîóçëèë ø°¸±²»÷ô êïðóèíîóçëëë øº¿¨÷ô ±® ­»®ª·½»à¿­¬³ò±®¹ ø»ó³¿·´÷å ±® ¬¸®±«¹¸ ¬¸» ßÍÌÓ ©»¾­·¬»

ø©©©ò¿­¬³ò±®¹÷ò Ð»®³·­­·±² ®·¹¸¬­ ¬± °¸±¬±½±°§ ¬¸» ­¬¿²¼¿®¼ ³¿§ ¿´­± ¾» ­»½«®»¼ º®±³ ¬¸» ßÍÌÓ ©»¾­·¬» ø©©©ò¿­¬³ò±®¹ñ

ÝÑÐÇÎ×ÙØÌñ÷ò

ïíÝ±°§®·¹¸¬ ¾§ ßÍÌÓ ×²¬ù´ ø¿´´ ®·¹¸¬­ ®»­»®ª»¼÷å É»¼ Í»° ïð ïëæëðæìè ÛÜÌ îðïì
Ü±©²´±¿¼»¼ñ°®·²¬»¼ ¾§

Ö Ú·¬¦­·³±²­ øÛÝÎ ×²½ò÷ °«®­«¿²¬ ¬± Ô·½»²­» ß¹®»»³»²¬ò Ò± º«®¬¸»® ®»°®±¼«½¬·±²­ ¿«¬¸±®·¦»¼ò RX 02 Page 13 of 13
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While we have taken steps to ensure the accuracy of this Internet version of the document, it is 
not the official version. To see a complete version including any recent edits, visit:
https://www.ecfr.gov/cgi-bin/ECFR?page=browse and search under Title 40, Protection of 
Environment.

METHOD 28 - CERTIFICATION AND AUDITING OF WOOD HEATERS

Ò±¬»æ Ì¸·­ ³»¬¸±¼ ¼±»­ ²±¬ ·²½´«¼» ¿´´ ±º ¬¸» ­°»½·º·½¿¬·±²­ øe.g., »¯«·°³»²¬ ¿²¼ ­«°°´·»­÷ ¿²¼ °®±½»¼«®»­ 
øe.g., ­¿³°´·²¹ ¿²¼ ¿²¿´§¬·½¿´÷ »­­»²¬·¿´ ¬± ·¬­ °»®º±®³¿²½»ò Í±³» ³¿¬»®·¿´ ·­ ·²½±®°±®¿¬»¼ ¾§ ®»º»®»²½» 
º®±³ ±¬¸»® ³»¬¸±¼­ ·² ¬¸·­ °¿®¬ò Ì¸»®»º±®»ô ¬± ±¾¬¿·² ®»´·¿¾´» ®»­«´¬­ô °»®­±²­ «­·²¹ ¬¸·­ ³»¬¸±¼ ­¸±«´¼ 
¸¿ª» ¿ ¬¸±®±«¹¸ µ²±©´»¼¹» ±º ¿¬ ´»¿­¬ ¬¸» º±´´±©·²¹ ¿¼¼·¬·±²¿´ ¬»­¬ ³»¬¸±¼­æ Ó»¬¸±¼ ïô Ó»¬¸±¼ îô 
Ó»¬¸±¼ íô Ó»¬¸±¼ ìô Ó»¬¸±¼ ëô Ó»¬¸±¼ ëÙô Ó»¬¸±¼ ëØô Ó»¬¸±¼ êô Ó»¬¸±¼ êÝô ¿²¼ Ó»¬¸±¼ ïêßò

1.0 Scope and Application

ïòï ß²¿´§¬»ò Ð¿®¬·½«´¿¬» ³¿¬¬»® øÐÓ÷ò Ò± ÝßÍ ²«³¾»® ¿­­·¹²»¼ò

ïòî ß°°´·½¿¾·´·¬§ò Ì¸·­ ³»¬¸±¼ ·­ ¿°°´·½¿¾´» º±® ¬¸» ½»®¬·º·½¿¬·±² ¿²¼ ¿«¼·¬·²¹ ±º ©±±¼ ¸»¿¬»®­ô ·²½´«¼·²¹ 
°»´´»¬ ¾«®²·²¹ ©±±¼ ¸»¿¬»®­ò

ïòí Ü¿¬¿ Ï«¿´·¬§ Ñ¾¶»½¬·ª»­ò ß¼¸»®»²½» ¬± ¬¸» ®»¯«·®»³»²¬­ ±º ¬¸·­ ³»¬¸±¼ ©·´´ »²¸¿²½» ¬¸» ¯«¿´·¬§ ±º 
¬¸» ¼¿¬¿ ±¾¬¿·²»¼ º®±³ ¿·® °±´´«¬¿²¬ ­¿³°´·²¹ ³»¬¸±¼­ò

2.0 Summary of Method

îòï Ð¿®¬·½«´¿¬» ³¿¬¬»® »³·­­·±²­ ¿®» ³»¿­«®»¼ º®±³ ¿ ©±±¼ ¸»¿¬»® ¾«®²·²¹ ¿ °®»°¿®»¼ ¬»­¬ º«»´ ½®·¾ ·² ¿ 
¬»­¬ º¿½·´·¬§ ³¿·²¬¿·²»¼ ¿¬ ¿ ­»¬ ±º °®»­½®·¾»¼ ½±²¼·¬·±²­ò Ð®±½»¼«®»­ º±® ¼»¬»®³·²·²¹ ¾«®² ®¿¬»­ ¿²¼ 
°¿®¬·½«´¿¬» »³·­­·±² ®¿¬»­ ¿²¼ º±® ®»¼«½·²¹ ¼¿¬¿ ¿®» °®±ª·¼»¼ò

3.0 Definitions

íòï 2 × 4 or 4 × 4 ³»¿²­ ¬©± ·²½¸»­ ¾§ º±«® ·²½¸»­ ±® º±«® ·²½¸»­ ¾§ º±«® ·²½¸»­ øëð ³³ ¾§ ïðð ³³ ±® 
ïðð ³³ ¾§ ïðð ³³÷ô ¿­ ²±³·²¿´ ¼·³»²­·±²­ º±® ´«³¾»®ò

íòî Burn rate ³»¿²­ ¬¸» ®¿¬» ¿¬ ©¸·½¸ ¬»­¬ º«»´ ·­ ½±²­«³»¼ ·² ¿ ©±±¼ ¸»¿¬»®ò Ó»¿­«®»¼ ·² µ·´±¹®¿³­ ±® 
´¾­ ±º ©±±¼ ø¼®§ ¾¿­·­÷ °»® ¸±«® øµ¹ñ¸® ±® ´¾ñ¸®÷ò

íòí Certification or audit test ³»¿²­ ¿ ­»®·»­ ±º ¿¬ ´»¿­¬ º±«® ¬»­¬ ®«²­ ½±²¼«½¬»¼ º±® ½»®¬·º·½¿¬·±² ±® ¿«¼·¬ 
°«®°±­»­ ¬¸¿¬ ³»»¬­ ¬¸» ¾«®² ®¿¬» ­°»½·º·½¿¬·±²­ ·² Í»½¬·±² èòìò

íòì Firebox ³»¿²­ ¬¸» ½¸¿³¾»® ·² ¬¸» ©±±¼ ¸»¿¬»® ·² ©¸·½¸ ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ·­ °´¿½»¼ ¿²¼ 
½±³¾«­¬»¼ò

íòë Height ³»¿²­ ¬¸» ª»®¬·½¿´ ¼·­¬¿²½» »¨¬»²¼·²¹ ¿¾±ª» ¬¸» ´±¿¼·²¹ ¼±±®ô ·º º«»´ ½±«´¼ ®»¿­±²¿¾´§ ±½½«°§ 
¬¸¿¬ ­°¿½»ô ¾«¬ ²±¬ ³±®» ¬¸¿² î ·²½¸»­ ¿¾±ª» ¬¸» ¬±° ø°»¿µ ¸»·¹¸¬÷ ±º ¬¸» ´±¿¼·²¹ ¼±±®ô ¬± ¬¸» º´±±® ±º ¬¸» 
º·®»¾±¨ øi.e., ¾»´±© ¿ °»®³¿²»²¬ ¹®¿¬»÷ ·º ¬¸» ¹®¿¬» ¿´´±©­ ¿ ïó·²½¸ ¼·¿³»¬»® °·»½» ±º ©±±¼ ¬± °¿­­ ¬¸®±«¹¸ 
¬¸» ¹®¿¬»ô ±®ô ·º ²±¬ô ¬± ¬¸» ¬±° ±º ¬¸» ¹®¿¬»ò Ú·®»¾±¨ ¸»·¹¸¬ ·­ ²±¬ ²»½»­­¿®·´§ «²·º±®³ ¾«¬ ³«­¬ ¿½½±«²¬ º±® 
ª¿®·¿¬·±²­ ½¿«­»¼ ¾§ ·²¬»®²¿´ ¾¿ºº´»­ô ¿·® ½¸¿²²»´­ô ±® ±¬¸»® °»®³¿²»²¬ ±¾­¬®«½¬·±²­ò
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íòê Length ³»¿²­ ¬¸» ´±²¹»­¬ ¸±®·¦±²¬¿´ º·®» ½¸¿³¾»® ¼·³»²­·±² ¬¸¿¬ ·­ °¿®¿´´»´ ¬± ¿ ©¿´´ ±º ¬¸» ½¸¿³¾»®ò

íòé Pellet burning wood heater ³»¿²­ ¿ ©±±¼ ¸»¿¬»® ©¸·½¸ ³»»¬­ ¬¸» º±´´±©·²¹ ½®·¬»®·¿æ øï÷ Ì¸» 
³¿²«º¿½¬«®»® ³¿µ»­ ²± ®»º»®»²½» ¬± ¾«®²·²¹ ½±®¼ ©±±¼ ·² ¿¼ª»®¬·­·²¹ ±® ±¬¸»® ´·¬»®¿¬«®»ô øî÷ ¬¸» «²·¬ ·­ 
­¿º»¬§ ´·­¬»¼ º±® °»´´»¬ º«»´ ±²´§ô øí÷ ¬¸» «²·¬ ±°»®¿¬·²¹ ¿²¼ ·²­¬®«½¬·±² ³¿²«¿´ ³«­¬ ­¬¿¬» ¬¸¿¬ ¬¸» «­» ±º 
½±®¼©±±¼ ·­ °®±¸·¾·¬»¼ ¾§ ´¿©ô ¿²¼ øì÷ ¬¸» «²·¬ ³«­¬ ¾» ³¿²«º¿½¬«®»¼ ¿²¼ ­±´¼ ·²½´«¼·²¹ ¬¸» ¸±°°»® ¿²¼ 
¿«¹»® ½±³¾·²¿¬·±² ¿­ ·²¬»¹®¿´ °¿®¬­ò

íòè Secondary air supply ³»¿²­ ¿² ¿·® ­«°°´§ ¬¸¿¬ ·²¬®±¼«½»­ ¿·® ¬± ¬¸» ©±±¼ ¸»¿¬»® ­«½¸ ¬¸¿¬ ¬¸» ¾«®² 
®¿¬» ·­ ²±¬ ¿´¬»®»¼ ¾§ ³±®» ¬¸¿² îë °»®½»²¬ ©¸»² ¬¸» ­»½±²¼¿®§ ¿·® ­«°°´§ ·­ ¿¼¶«­¬»¼ ¼«®·²¹ ¬¸» ¬»­¬ ®«²ò 
Ì¸» ©±±¼ ¸»¿¬»® ³¿²«º¿½¬«®»® ½¿² ¼±½«³»²¬ ¬¸·­ ¬¸®±«¹¸ ¼»­·¹² ¼®¿©·²¹­ ¬¸¿¬ ­¸±© ¬¸» ­»½±²¼¿®§ ¿·® ·­ 
·²¬®±¼«½»¼ ±²´§ ·²¬± ¿ ³·¨·²¹ ½¸¿³¾»® ±® ­»½±²¼¿®§ ½¸¿³¾»® ±«¬­·¼» ¬¸» º·®»¾±¨ò

íòç Test facility ³»¿²­ ¬¸» ¿®»¿ ·² ©¸·½¸ ¬¸» ©±±¼ ¸»¿¬»® ·­ ·²­¬¿´´»¼ô ±°»®¿¬»¼ô ¿²¼ ­¿³°´»¼ º±® 
»³·­­·±²­ò

íòïð Test fuel charge ³»¿²­ ¬¸» ½±´´»½¬·±² ±º ¬»­¬ º«»´ °·»½»­ °´¿½»¼ ·² ¬¸» ©±±¼ ¸»¿¬»® ¿¬ ¬¸» ­¬¿®¬ ±º ¬¸» 
»³·­­·±² ¬»­¬ ®«²ò

íòïï Test fuel crib ³»¿²­ ¬¸» ¿®®¿²¹»³»²¬ ±º ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ©·¬¸ ¬¸» °®±°»® ­°¿½·²¹ ®»¯«·®»³»²¬­ 
¾»¬©»»² ¿¼¶¿½»²¬ º«»´ °·»½»­ò

íòïî Test fuel loading density ³»¿²­ ¬¸» ©»·¹¸¬ ±º ¬¸» ¿­óº·®»¼ ¬»­¬ º«»´ ½¸¿®¹» °»® «²·¬ ª±´«³» ±º «­¿¾´» 
º·®»¾±¨ò

íòïí Test fuel piece ³»¿²­ ¬¸» î I ì ±® ì I ì ©±±¼ °·»½» ½«¬ ¬± ¬¸» ´»²¹¬¸ ®»¯«·®»¼ º±® ¬¸» ¬»­¬ º«»´ 
½¸¿®¹» ¿²¼ «­»¼ ¬± ½±²­¬®«½¬ ¬¸» ¬»­¬ º«»´ ½®·¾ò

íòïì Test run ³»¿²­ ¿² ·²¼·ª·¼«¿´ »³·­­·±² ¬»­¬ ©¸·½¸ »²½±³°¿­­»­ ¬¸» ¬·³» ®»¯«·®»¼ ¬± ½±²­«³» ¬¸» 
³¿­­ ±º ¬¸» ¬»­¬ º«»´ ½¸¿®¹»ò

íòïë Usable firebox volume ³»¿²­ ¬¸» ª±´«³» ±º ¬¸» º·®»¾±¨ ¼»¬»®³·²»¼ «­·²¹ ·¬­ ¸»·¹¸¬ô ´»²¹¬¸ô ¿²¼ 
©·¼¬¸ ¿­ ¼»º·²»¼ ·² ¬¸·­ ­»½¬·±²ò

íòïê Width ³»¿²­ ¬¸» ­¸±®¬»­¬ ¸±®·¦±²¬¿´ º·®» ½¸¿³¾»® ¼·³»²­·±² ¬¸¿¬ ·­ °¿®¿´´»´ ¬± ¿ ©¿´´ ±º ¬¸» 
½¸¿³¾»®ò

íòïé Wood heater ³»¿²­ ¿² »²½´±­»¼ô ©±±¼ ¾«®²·²¹ ¿°°´·¿²½» ½¿°¿¾´» ±º ¿²¼ ·²¬»²¼»¼ º±® ­°¿½» ¸»¿¬·²¹ 
±® ¼±³»­¬·½ ©¿¬»® ¸»¿¬·²¹ô ¿­ ¼»º·²»¼ ·² ¬¸» ¿°°´·½¿¾´» ®»¹«´¿¬·±²ò

4.0 Interferences[Reserved]

5.0 Safety

ëòï Ü·­½´¿·³»®ò Ì¸·­ ³»¬¸±¼ ³¿§ ·²ª±´ª» ¸¿¦¿®¼±«­ ³¿¬»®·¿´­ô ±°»®¿¬·±²­ô ¿²¼ »¯«·°³»²¬ò Ì¸·­ ¬»­¬ 
³»¬¸±¼ ³¿§ ²±¬ ¿¼¼®»­­ ¿´´ ±º ¬¸» ­¿º»¬§ °®±¾´»³­ ¿­­±½·¿¬»¼ ©·¬¸ ·¬­ «­»ò ×¬ ·­ ¬¸» ®»­°±²­·¾·´·¬§ ±º ¬¸» 
«­»® ±º ¬¸·­ ¬»­¬ ³»¬¸±¼ ¬± »­¬¿¾´·­¸ ¿°°®±°®·¿¬» ­¿º»¬§ ¿²¼ ¸»¿´¬¸ °®¿½¬·½»­ ¿²¼ ¬± ¼»¬»®³·²» ¬¸» 
¿°°´·½¿¾·´·¬§ ±º ®»¹«´¿¬±®§ ´·³·¬¿¬·±²­ °®·±® ¬± °»®º±®³·²¹ ¬¸·­ ¬»­¬ ³»¬¸±¼ò
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6.0 Equipment and Supplies

Í¿³» ¿­ Í»½¬·±² êòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØô ©·¬¸ ¬¸» ¿¼¼·¬·±² ±º ¬¸» º±´´±©·²¹æ

êòï ×²­«´¿¬»¼ Í±´·¼ Ð¿½µ Ý¸·³²»§ò Ú±® ·²­¬¿´´¿¬·±² ±º ©±±¼ ¸»¿¬»®­ò Í±´·¼ °¿½µ ·²­«´¿¬»¼ ½¸·³²»§­ ­¸¿´´ 
¸¿ª» ¿ ³·²·³«³ ±º îòë ½³ øï ·²ò÷ ­±´·¼ °¿½µ ·²­«´¿¬·²¹ ³¿¬»®·¿´ ­«®®±«²¼·²¹ ¬¸» »²¬·®» º´«» ¿²¼ °±­­»­­ ¿ 
´¿¾»´ ¼»³±²­¬®¿¬·²¹ ½±²º±®³¿²½» ¬± ËòÔò ïðí ø·²½±®°±®¿¬»¼ ¾§ ®»º»®»²½» ­»» yêðòïé÷ò

êòî Ð´¿¬º±®³ Í½¿´» ¿²¼ Ó±²·¬±®ò Ú±® ³±²·¬±®·²¹ ±º º«»´ ´±¿¼ ©»·¹¸¬ ½¸¿²¹»ò Ì¸» ­½¿´» ­¸¿´´ ¾» ½¿°¿¾´» ±º 
³»¿­«®·²¹ ©»·¹¸¬ ¬± ©·¬¸·² ðòðë µ¹ øðòï ´¾÷ ±® ï °»®½»²¬ ±º ¬¸» ·²·¬·¿´ ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ô ©¸·½¸»ª»® ·­ 
¹®»¿¬»®ò

êòí É±±¼ Ø»¿¬»® Ì»³°»®¿¬«®» Ó±²·¬±®­ò Í»ª»²ô »¿½¸ ½¿°¿¾´» ±º ³»¿­«®·²¹ ¬»³°»®¿¬«®» ¬± ©·¬¸·² ïòë 
°»®½»²¬ ±º »¨°»½¬»¼ ¿¾­±´«¬» ¬»³°»®¿¬«®»­ò

êòì Ì»­¬ Ú¿½·´·¬§ Ì»³°»®¿¬«®» Ó±²·¬±®ò ß ¬¸»®³±½±«°´» ´±½¿¬»¼ ½»²¬®¿´´§ ·² ¿ ª»®¬·½¿´´§ ±®·»²¬»¼ ïëð ³³ 
øê ·²ò÷ ´±²¹ô ëð ³³ øî ·²ò÷ ¼·¿³»¬»® °·°» ­¸·»´¼ ¬¸¿¬ ·­ ±°»² ¿¬ ¾±¬¸ »²¼­ô ½¿°¿¾´» ±º ³»¿­«®·²¹ 
¬»³°»®¿¬«®» ¬± ©·¬¸·² ïòë °»®½»²¬ ±º »¨°»½¬»¼ ¬»³°»®¿¬«®»­ò

êòë Þ¿´¿²½» ø±°¬·±²¿´÷ò Þ¿´¿²½» ½¿°¿¾´» ±º ©»·¹¸·²¹ ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ¬± ©·¬¸·² ðòðë µ¹ øðòï ´¾÷ò

êòê Ó±·­¬«®» Ó»¬»®ò Ý¿´·¾®¿¬»¼ »´»½¬®·½¿´ ®»­·­¬¿²½» ³»¬»® º±® ³»¿­«®·²¹ ¬»­¬ º«»´ ³±·­¬«®» ¬± ©·¬¸·² ï 
°»®½»²¬ ³±·­¬«®» ½±²¬»²¬ò

êòé ß²»³±³»¬»®ò Ü»ª·½» ½¿°¿¾´» ±º ¼»¬»½¬·²¹ ¿·® ª»´±½·¬·»­ ´»­­ ¬¸¿² ðòïð ³ñ­»½ øîð º¬ñ³·²÷ô º±® 
³»¿­«®·²¹ ¿·® ª»´±½·¬·»­ ²»¿® ¬¸» ¬»­¬ ¿°°´·¿²½»ò

êòè Þ¿®±³»¬»®ò Ó»®½«®§ô ¿²»®±·¼ ±® ±¬¸»® ¾¿®±³»¬»® ½¿°¿¾´» ±º ³»¿­«®·²¹ ¿¬³±­°¸»®·½ °®»­­«®» ¬± ©·¬¸·² 
îòë ³³ Ø¹ øðòï ·²ò Ø¹÷ò

êòç Ü®¿º¬ Ù¿«¹»ò Û´»½¬®±³¿²±³»¬»® ±® ±¬¸»® ¼»ª·½» º±® ¬¸» ¼»¬»®³·²¿¬·±² ±º º´«» ¼®¿º¬ ±® ­¬¿¬·½ °®»­­«®» 
®»¿¼¿¾´» ¬± ©·¬¸·² ðòëð Ð¿ øðòððî ·²ò ØîÑ÷ò

êòïð Ø«³·¼·¬§ Ù¿«¹»ò Ð­§½¸®±³»¬»® ±® ¸§¹®±³»¬»® º±® ³»¿­«®·²¹ ®±±³ ¸«³·¼·¬§ò

êòïï É±±¼ Ø»¿¬»® Ú´«»ò

êòïïòï Í¬»»´ º´«» °·°» »¨¬»²¼·²¹ ¬± îòê oðòïë ³ øèòë oðòë º¬÷ ¿¾±ª» ¬¸» ¬±° ±º ¬¸» °´¿¬º±®³ ­½¿´»ô ¿²¼ 
¿¾±ª» ¬¸·­ ´»ª»´ô ·²­«´¿¬»¼ ­±´·¼ °¿½µ ¬§°» ½¸·³²»§ »¨¬»²¼·²¹ ¬± ìòê oðòí ³ øïë oï º¬÷ ¿¾±ª» ¬¸» °´¿¬º±®³ 
­½¿´»ô ¿²¼ ±º ¬¸» ­·¦» ­°»½·º·»¼ ¾§ ¬¸» ©±±¼ ¸»¿¬»® ³¿²«º¿½¬«®»®ò Ì¸·­ ¿°°´·»­ ¬± ¾±¬¸ º®»»­¬¿²¼·²¹ ¿²¼ 
·²­»®¬ ¬§°» ©±±¼ ¸»¿¬»®­ò

êòïïòî Ñ¬¸»® ½¸·³²»§ ¬§°»­ øe.g., ­±´·¼ °¿½µ ·²­«´¿¬»¼ °·°»÷ ³¿§ ¾» «­»¼ ·² °´¿½» ±º ¬¸» ­¬»»´ º´«» °·°» ·º 
¬¸» ©±±¼ ¸»¿¬»® ³¿²«º¿½¬«®»®ù­ ©®·¬¬»² ¿°°´·¿²½» ­°»½·º·½¿¬·±²­ ®»¯«·®» ­«½¸ ½¸·³²»§ º±® ¸±³» 
·²­¬¿´´¿¬·±² øe.g., ¦»®± ½´»¿®¿²½» ©±±¼ ¸»¿¬»® ·²­»®¬­÷ò Í«½¸ ¿´¬»®²¿¬·ª» ½¸·³²»§ ±® º´«» °·°» ³«­¬ ®»³¿·² 
¿²¼ ¾» ­»¿´»¼ ©·¬¸ ¬¸» ©±±¼ ¸»¿¬»® º±´´±©·²¹ ¬¸» ½»®¬·º·½¿¬·±² ¬»­¬ò

êòïî Ì»­¬ Ú¿½·´·¬§ò Ì¸» ¬»­¬ º¿½·´·¬§ ­¸¿´´ ³»»¬ ¬¸» º±´´±©·²¹ ®»¯«·®»³»²¬­ ¼«®·²¹ ¬»­¬·²¹æ
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êòïîòï Ì¸» ¬»­¬ º¿½·´·¬§ ¬»³°»®¿¬«®» ­¸¿´´ ¾» ³¿·²¬¿·²»¼ ¾»¬©»»² ïè ¿²¼ íîpÝ øêë ¿²¼ çðpÚ÷ ¼«®·²¹ »¿½¸ 
¬»­¬ ®«²ò

êòïîòî ß·® ª»´±½·¬·»­ ©·¬¸·² ðòê ³ øî º¬÷ ±º ¬¸» ¬»­¬ ¿°°´·¿²½» ¿²¼ »¨¸¿«­¬ ­§­¬»³ ­¸¿´´ ¾» ´»­­ ¬¸¿² ðòîë 
³ñ­»½ øëð º¬ñ³·²÷ ©·¬¸±«¬ º·®» ·² ¬¸» «²·¬ò

êòïîòí Ì¸» º´«» ­¸¿´´ ¼·­½¸¿®¹» ·²¬± ¬¸» ­¿³» ­°¿½» ±® ·²¬± ¿ ­°¿½» º®»»´§ ½±³³«²·½¿¬·²¹ ©·¬¸ ¬¸» ¬»­¬ 
º¿½·´·¬§ò ß²§ ¸±±¼ ±® ­·³·´¿® ¼»ª·½» «­»¼ ¬± ª»²¬ ½±³¾«­¬·±² °®±¼«½¬­ ­¸¿´´ ²±¬ ·²¼«½» ¿ ¼®¿º¬ ¹®»¿¬»® ¬¸¿² 
ïòîë Ð¿ øðòððë ·²ò ØîÑ÷ ±² ¬¸» ©±±¼ ¸»¿¬»® ³»¿­«®»¼ ©¸»² ¬¸» ©±±¼ ¸»¿¬»® ·­ ²±¬ ±°»®¿¬·²¹ò

êòïîòì Ú±® ¬»­¬ º¿½·´·¬·»­ ©·¬¸ ¿®¬·º·½·¿´´§ ·²¼«½»¼ ¾¿®±³»¬®·½ °®»­­«®»­ øe.g., °®»­­«®·¦»¼ ½¸¿³¾»®­÷ô ¬¸» 
¾¿®±³»¬®·½ °®»­­«®» ·² ¬¸» ¬»­¬ º¿½·´·¬§ ­¸¿´´ ²±¬ »¨½»»¼ ééë ³³ Ø¹ øíðòë ·²ò Ø¹÷ ¼«®·²¹ ¿²§ ¬»­¬ ®«²ò

7.0 Reagents and Standards

Í¿³» ¿­ Í»½¬·±² êòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØô ©·¬¸ ¬¸» ¿¼¼·¬·±² ±º ¬¸» º±´´±©·²¹æ

éòï Ì»­¬ Ú«»´ò Ì¸» ¬»­¬ º«»´ ­¸¿´´ ½±²º±®³ ¬± ¬¸» º±´´±©·²¹ ®»¯«·®»³»²¬­æ

éòïòï Ú«»´ Í°»½·»­ò Ë²¬®»¿¬»¼ô ¿·®ó¼®·»¼ô Ü±«¹´¿­ º·® ´«³¾»®ò Õ·´²ó¼®·»¼ ´«³¾»® ·­ ²±¬ °»®³·¬¬»¼ò Ì¸» 
´«³¾»® ­¸¿´´ ¾» ½»®¬·º·»¼ Ý ¹®¿¼» ø­¬¿²¼¿®¼÷ ±® ¾»¬¬»® Ü±«¹´¿­ º·® ¾§ ¿ ´«³¾»® ¹®¿¼»® ¿¬ ¬¸» ³·´´ ±º ±®·¹·² 
¿­ ­°»½·º·»¼ ·² ¬¸» É»­¬ Ý±¿­¬ Ô«³¾»® ×²­°»½¬·±² Þ«®»¿« Í¬¿²¼¿®¼ Ò±ò ïê ø·²½±®°±®¿¬»¼ ¾§ ®»º»®»²½»
­»» yêðòïé÷ò

éòïòî Ú«»´ Ó±·­¬«®»ò Ì¸» ¬»­¬ º«»´ ­¸¿´´ ¸¿ª» ¿ ³±·­¬«®» ½±²¬»²¬ ®¿²¹» ¾»¬©»»² ïê ¬± îð °»®½»²¬ ±² ¿ ©»¬ 
¾¿­·­ øïç ¬± îë °»®½»²¬ ¼®§ ¾¿­·­÷ò ß¼¼·¬·±² ±º ³±·­¬«®» ¬± °®»ª·±«­´§ ¼®·»¼ ©±±¼ ·­ ²±¬ ¿´´±©»¼ò ×¬ ·­ 
®»½±³³»²¼»¼ ¬¸¿¬ ¬¸» ¬»­¬ º«»´ ¾» ­¬±®»¼ ·² ¿ ¬»³°»®¿¬«®» ¿²¼ ¸«³·¼·¬§ó½±²¬®±´´»¼ ®±±³ò

éòïòí Ú«»´ Ì»³°»®¿¬«®»ò Ì¸» ¬»­¬ º«»´ ­¸¿´´ ¾» ¿¬ ¬¸» ¬»­¬ º¿½·´·¬§ ¬»³°»®¿¬«®» ±º ïè ¬± íîpÝ øêë ¬± çðpÚ÷ò

éòïòì Ú«»´ Ü·³»²­·±²­ò Ì¸» ¼·³»²­·±²­ ±º »¿½¸ ¬»­¬ º«»´ °·»½» ­¸¿´´ ½±²º±®³ ¬± ¬¸» ²±³·²¿´ 
³»¿­«®»³»²¬­ ±º îIì ¿²¼ ìIì ´«³¾»®ò Û¿½¸ °·»½» ±º ¬»­¬ º«»´ ø²±¬ ·²½´«¼·²¹ ­°¿½»®­÷ ­¸¿´´ ¾» ±º »¯«¿´ 
´»²¹¬¸ô »¨½»°¬ ¿­ ²»½»­­¿®§ ¬± ³»»¬ ®»¯«·®»³»²¬­ ·² Í»½¬·±² èòèô ¿²¼ ­¸¿´´ ½´±­»´§ ¿°°®±¨·³¿¬» ëñê ¬¸» 
¼·³»²­·±²­ ±º ¬¸» ´»²¹¬¸ ±º ¬¸» «­¿¾´» º·®»¾±¨ò Ì¸» º«»´ °·»½» ¼·³»²­·±²­ ­¸¿´´ ¾» ¼»¬»®³·²»¼ ·² ®»´¿¬·±² 
¬± ¬¸» ¿°°´·¿²½»ù­ º·®»¾±¨ ª±´«³» ¿½½±®¼·²¹ ¬± ¹«·¼»´·²»­ ´·­¬»¼ ¾»´±©æ

éòïòìòï ×º ¬¸» «­¿¾´» º·®»¾±¨ ª±´«³» ·­ ´»­­ ¬¸¿² ±® »¯«¿´ ¬± ðòðìí ³í øïòë º¬í÷ô «­» îIì ´«³¾»®ò

éòïòìòî ×º ¬¸» «­¿¾´» º·®»¾±¨ ª±´«³» ·­ ¹®»¿¬»® ¬¸¿² ðòðìí ³í øïòë º¬í÷ ¿²¼ ´»­­ ¬¸¿² ±® »¯«¿´ ¬± ðòðèë ³í

øíòð º¬í÷ô «­» îIì ¿²¼ ìIì ´«³¾»®ò ß¾±«¬ ¸¿´º ¬¸» ©»·¹¸¬ ±º ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ­¸¿´´ ¾» îIì ´«³¾»®ô ¿²¼ 
¬¸» ®»³¿·²¼»® ­¸¿´´ ¾» ìIì ´«³¾»®ò

éòïòìòí ×º ¬¸» «­¿¾´» º·®»¾±¨ ª±´«³» ·­ ¹®»¿¬»® ¬¸¿² ðòðèë ³í øíòð º¬í÷ô «­» ìIì ´«³¾»®ò

éòî Ì»­¬ Ú«»´ Í°¿½»®­ò ß·®ó¼®·»¼ô Ü±«¹´¿­ º·® ´«³¾»® ³»»¬·²¹ ¬¸» ®»¯«·®»³»²¬­ ±«¬´·²»¼ ·² Í»½¬·±²­ éòïòï 
¬¸®±«¹¸ éòïòíò Ì¸» ­°¿½»®­ ­¸¿´´ ¾» ïíðIìðIîð ³³ øëIïòëIðòéë ·²ò÷ò

8.0 Sample Collection, Preservation, Storage, and Transport
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Method 28 8/4/2017

5 

èòï Ì»­¬ Î«² Î»¯«·®»³»²¬­ò

èòïòï Þ«®² Î¿¬» Ý¿¬»¹±®·»­ò Ñ²» »³·­­·±² ¬»­¬ ®«² ·­ ®»¯«·®»¼ ·² »¿½¸ ±º ¬¸» º±´´±©·²¹ ¾«®² ®¿¬» 
½¿¬»¹±®·»­æ

Burn Rate Categories

Åßª»®¿¹» µ¹ñ¸® ø´¾ñ¸®÷ô ¼®§ ¾¿­·­Ã

Category 1 Category 2 Category 3 Category 4

äðòèð ðòèð ¬± ïòîë ïòîë ¬± ïòçð Ó¿¨·³«³ò

øäïòéê÷ øïòéê ¬± îòéê÷ øîòéê ¬± ìòïç÷ ¾«®² ®¿¬»ò

èòïòïòï Ó¿¨·³«³ Þ«®² Î¿¬»ò Ú±® Ý¿¬»¹±®§ ìô ¬¸» ©±±¼ ¸»¿¬»® ­¸¿´´ ¾» ±°»®¿¬»¼ ©·¬¸ ¬¸» °®·³¿®§ ¿·® 
­«°°´§ ·²´»¬ ½±²¬®±´­ º«´´§ ±°»² ø±®ô ·º ¬¸»®³±­¬¿¬·½¿´´§ ½±²¬®±´´»¼ô ¬¸» ¬¸»®³±­¬¿¬ ­¸¿´´ ¾» ­»¬ ¿¬ ³¿¨·³«³ 
¸»¿¬ ±«¬°«¬÷ ¼«®·²¹ ¬¸» »²¬·®» ¬»­¬ ®«²ô ±® ¬¸» ³¿¨·³«³ ¾«®² ®¿¬» ­»¬¬·²¹ ­°»½·º·»¼ ¾§ ¬¸» ³¿²«º¿½¬«®»®ù­ 
©®·¬¬»² ·²­¬®«½¬·±²­ò

èòïòïòî Ñ¬¸»® Þ«®² Î¿¬» Ý¿¬»¹±®·»­ò Ú±® ¾«®² ®¿¬»­ ·² Ý¿¬»¹±®·»­ ï ¬¸®±«¹¸ íô ¬¸» ©±±¼ ¸»¿¬»® ­¸¿´´ ¾» 
±°»®¿¬»¼ ©·¬¸ ¬¸» °®·³¿®§ ¿·® ­«°°´§ ·²´»¬ ½±²¬®±´ô ±® ±¬¸»® ³»½¸¿²·½¿´ ½±²¬®±´ ¼»ª·½»ô ­»¬ ¿¬ ¿ 
°®»¼»¬»®³·²»¼ °±­·¬·±² ²»½»­­¿®§ ¬± ±¾¬¿·² ¬¸» ¿ª»®¿¹» ¾«®² ®¿¬» ®»¯«·®»¼ º±® ¬¸» ½¿¬»¹±®§ò

èòïòïòí ß´¬»®²¿¬·ª» Þ«®² Î¿¬»­ º±® Þ«®² Î¿¬» Ý¿¬»¹±®·»­ ï ¿²¼ îò

èòïòïòíòï ×º ¿ ©±±¼ ¸»¿¬»® ½¿²²±¬ ¾» ±°»®¿¬»¼ ¿¬ ¿ ¾«®² ®¿¬» ¾»´±© ðòèð µ¹ñ¸® øïòéê ´¾ñ¸®÷ô ¬©± ¬»­¬ ®«²­
­¸¿´´ ¾» ½±²¼«½¬»¼ ©·¬¸ ¾«®² ®¿¬»­ ©·¬¸·² Ý¿¬»¹±®§ îò ×º ¿ ©±±¼ ¸»¿¬»® ½¿²²±¬ ¾» ±°»®¿¬»¼ ¿¬ ¿ ¾«®² ®¿¬» 
¾»´±© ïòîë µ¹ñ¸® øîòéê ´¾ñ¸®÷ô ¬¸» º´«» ­¸¿´´ ¾» ¼¿³°»®»¼ ±® ¬¸» ¿·® ­«°°´§ ±¬¸»®©·­» ½±²¬®±´´»¼ ·² ±®¼»® ¬± 
¿½¸·»ª» ¬©± ¬»­¬ ®«²­ ©·¬¸·² Ý¿¬»¹±®§ îò

èòïòïòíòî Ûª·¼»²½» ¬¸¿¬ ¿ ©±±¼ ¸»¿¬»® ½¿²²±¬ ¾» ±°»®¿¬»¼ ¿¬ ¿ ¾«®² ®¿¬» ´»­­ ¬¸¿² ðòèð µ¹ñ¸® ­¸¿´´ ·²½´«¼» 
¼±½«³»²¬¿¬·±² ±º ¬©± ±® ³±®» ¿¬¬»³°¬­ ¬± ±°»®¿¬» ¬¸» ©±±¼ ¸»¿¬»® ·² ¾«®² ®¿¬» Ý¿¬»¹±®§ ï ¿²¼ º«»´ 
½±³¾«­¬·±² ¸¿­ ­¬±°°»¼ô ±® ®»­«´¬­ ±º ¬©± ±® ³±®» ¬»­¬ ®«²­ ¼»³±²­¬®¿¬·²¹ ¬¸¿¬ ¬¸» ¾«®² ®¿¬»­ ©»®» ¹®»¿¬»® 
¬¸¿² ðòèð µ¹ñ¸® ©¸»² ¬¸» ¿·® ­«°°´§ ½±²¬®±´­ ©»®» ¿¼¶«­¬»¼ ¬± ¬¸» ´±©»­¬ °±­­·¾´» °±­·¬·±² ±® ­»¬¬·²¹­ò 
Í¬±°°»¼ º«»´ ½±³¾«­¬·±² ·­ »ª·¼»²½»¼ ©¸»² ¿² »´¿°­»¼ ¬·³» ±º íð ³·²«¬»­ ±® ³±®» ¸¿­ ±½½«®®»¼ ©·¬¸±«¬ 
¿ ³»¿­«®¿¾´» øä ðòðë µ¹ øðòï ´¾÷ ±® ïòð °»®½»²¬ô ©¸·½¸»ª»® ·­ ¹®»¿¬»®÷ ©»·¹¸¬ ½¸¿²¹» ·² ¬¸» ¬»­¬ º«»´ 
½¸¿®¹»ò Í»» ¿´­± Í»½¬·±² èòèòíò Î»°±®¬ ¬¸» »ª·¼»²½» ¿²¼ ¬¸» ®»¿­±²·²¹ «­»¼ ¬± ¼»¬»®³·²» ¬¸¿¬ ¿ ¬»­¬ ·² ¾«®² 
®¿¬» Ý¿¬»¹±®§ ï ½¿²²±¬ ¾» ¿½¸·»ª»¼å º±® »¨¿³°´»ô ¬©± «²­«½½»­­º«´ ¿¬¬»³°¬­ ¬± ±°»®¿¬» ¿¬ ¿ ¾«®² ®¿¬» ±º 
ðòì µ¹ñ¸® ¿®» ²±¬ ­«ºº·½·»²¬ »ª·¼»²½» ¬¸¿¬ ¾«®² ®¿¬» Ý¿¬»¹±®§ ï ½¿²²±¬ ¾» ¿½¸·»ª»¼ò

Ò±¬»æ ßº¬»® Ö«´§ ïô ïççðô ·º ¿ ©±±¼ ¸»¿¬»® ½¿²²±¬ ¾» ±°»®¿¬»¼ ¿¬ ¿ ¾«®² ®¿¬» ´»­­ ¬¸¿² ðòèð µ¹ñ¸®ô ¿¬ ´»¿­¬
±²» ¬»­¬ ®«² ©·¬¸ ¿² ¿ª»®¿¹» ¾«®² ®¿¬» ±º ïòðð µ¹ñ¸® ±® ´»­­ ­¸¿´´ ¾» ½±²¼«½¬»¼ò ß¼¼·¬·±²¿´´§ô ·º º´«» 
¼¿³°»®·²¹ ³«­¬ ¾» «­»¼ ¬± ¿½¸·»ª» ¾«®² ®¿¬»­ ¾»´±© ïòîë µ¹ñ¸® ø±® ïòð µ¹ñ¸®÷ô ®»­«´¬­ º®±³ ¿ ¬»­¬ ®«² 
½±²¼«½¬»¼ ¿¬ ¾«®² ®¿¬»­ ¾»´±© ðòçð µ¹ñ¸® ²»»¼ ²±¬ ¾» ®»°±®¬»¼ ±® ·²½´«¼»¼ ·² ¬¸» ¬»­¬ ®«² ¿ª»®¿¹» °®±ª·¼»¼ 
¬¸¿¬ ­«½¸ ®»­«´¬­ ¿®» ®»°´¿½»¼ ©·¬¸ ®»­«´¬­ º®±³ ¿ ¬»­¬ ®«² ³»»¬·²¹ ¬¸» ½®·¬»®·¿ ¿¾±ª»ò

èòî Ý¿¬¿´§¬·½ Ý±³¾«­¬±® ¿²¼ É±±¼ Ø»¿¬»® ß¹·²¹ò Ì¸» ½¿¬¿´§­¬ó»¯«·°°»¼ ©±±¼ ¸»¿¬»® ±® ¿ ©±±¼ ¸»¿¬»® 
±º ¿²§ ¬§°» ­¸¿´´ ¾» ¿¹»¼ ¾»º±®» ¬¸» ½»®¬·º·½¿¬·±² ¬»­¬ ¾»¹·²­ò Ì¸» ¿¹·²¹ °®±½»¼«®» ­¸¿´´ ¾» ½±²¼«½¬»¼ ¿²¼ 
¼±½«³»²¬»¼ ¾§ ¿ ¬»­¬·²¹ ´¿¾±®¿¬±®§ ¿½½®»¼·¬»¼ ¿½½±®¼·²¹ ¬± °®±½»¼«®»­ ·² yêðòëíë ±º ìð ÝÚÎ °¿®¬ êðò
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Method 28 8/4/2017

6 

èòîòï Ý¿¬¿´§­¬ó»¯«·°°»¼ É±±¼ Ø»¿¬»®ò Ñ°»®¿¬» ¬¸» ½¿¬¿´§­¬ó»¯«·°°»¼ ©±±¼ ¸»¿¬»® «­·²¹ º«»´ ³»»¬·²¹ ¬¸» 
­°»½·º·½¿¬·±²­ ±«¬´·²»¼ ·² Í»½¬·±²­ éòïòï ¬¸®±«¹¸ éòïòíô ±® ½±®¼©±±¼ ©·¬¸ ¿ ³±·­¬«®» ½±²¬»²¬ ¾»¬©»»² ïë 
¿²¼ îë °»®½»²¬ ±² ¿ ©»¬ ¾¿­·­ò Ñ°»®¿¬» ¬¸» ©±±¼ ¸»¿¬»® ¿¬ ¿ ³»¼·«³ ¾«®² ®¿¬» øÝ¿¬»¹±®§ î ±® í÷ ©·¬¸ ¿ 
²»© ½¿¬¿´§¬·½ ½±³¾«­¬±® ·² °´¿½» ¿²¼ ·² ±°»®¿¬·±² º±® ¿¬ ´»¿­¬ ëð ¸±«®­ò Î»½±®¼ ¿²¼ ®»°±®¬ ¸±«®´§ ½¿¬¿´§­¬ 
»¨·¬ ¬»³°»®¿¬«®» ¼¿¬¿ øÍ»½¬·±² èòêòî÷ ¿²¼ ¬¸» ¸±«®­ ±º ±°»®¿¬·±²ò

èòîòî Ò±²óÝ¿¬¿´§­¬ É±±¼ Ø»¿¬»®ò Ñ°»®¿¬» ¬¸» ©±±¼ ¸»¿¬»® «­·²¹ ¬¸» º«»´ ¼»­½®·¾»¼ ·² Í»½¬·±² èòìòï ¿¬ ¿ 
³»¼·«³ ¾«®² ®¿¬» º±® ¿¬ ´»¿­¬ ïð ¸±«®­ò Î»½±®¼ ¿²¼ ®»°±®¬ ¬¸» ¸±«®­ ±º ±°»®¿¬·±²ò

èòí Ð®»¬»­¬ Î»½±®¼µ»»°·²¹ò Î»½±®¼ ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ¼·³»²­·±²­ ¿²¼ ©»·¹¸¬­ô ¿²¼ ©±±¼ ¸»¿¬»® ¿²¼ 
½¿¬¿´§­¬ ¼»­½®·°¬·±²­ ¿­ ­¸±©² ·² ¬¸» »¨¿³°´» ·² Ú·¹«®» îè ïò

èòì É±±¼ Ø»¿¬»® ×²­¬¿´´¿¬·±²ò ß­­»³¾´» ¬¸» ©±±¼ ¸»¿¬»® ¿°°´·¿²½» ¿²¼ °¿®¬­ ·² ½±²º±®³¿²½» ©·¬¸ ¬¸» 
³¿²«º¿½¬«®»®ù­ ©®·¬¬»² ·²­¬¿´´¿¬·±² ·²­¬®«½¬·±²­ò Ð´¿½» ¬¸» ©±±¼ ¸»¿¬»® ½»²¬®¿´´§ ±² ¬¸» °´¿¬º±®³ ­½¿´» ¿²¼ 
½±²²»½¬ ¬¸» ©±±¼ ¸»¿¬»® ¬± ¬¸» º´«» ¼»­½®·¾»¼ ·² Í»½¬·±² êòïïò Ý´»¿² ¬¸» º´«» ©·¬¸ ¿² ¿°°®±°®·¿¬»´§ ­·¦»¼ô 
©·®» ½¸·³²»§ ¾®«­¸ ¾»º±®» »¿½¸ ½»®¬·º·½¿¬·±² ¬»­¬ò

èòë É±±¼ Ø»¿¬»® Ì»³°»®¿¬«®» Ó±²·¬±®­ò

èòëòï Ú±® ½¿¬¿´§­¬ó»¯«·°°»¼ ©±±¼ ¸»¿¬»®­ô ´±½¿¬» ¿ ¬»³°»®¿¬«®» ³±²·¬±® ø±°¬·±²¿´÷ ¿¾±«¬ îë ³³ øï ·²ò÷ 
«°­¬®»¿³ ±º ¬¸» ½¿¬¿´§­¬ ¿¬ ¬¸» ½»²¬®±·¼ ±º ¬¸» ½¿¬¿´§­¬ º¿½» ¿®»¿ô ¿²¼ ´±½¿¬» ¿ ¬»³°»®¿¬«®» ³±²·¬±® 
ø³¿²¼¿¬±®§÷ ¬¸¿¬ ©·´´ ·²¼·½¿¬» ¬¸» ½¿¬¿´§­¬ »¨¸¿«­¬ ¬»³°»®¿¬«®»ò Ì¸·­ ¬»³°»®¿¬«®» ³±²·¬±® ·­ ½»²¬®¿´´§ 
´±½¿¬»¼ ©·¬¸·² îë ³³ øï ·²ò÷ ¼±©²­¬®»¿³ ¿¬ ¬¸» ½»²¬®±·¼ ±º ½¿¬¿´§­¬ º¿½» ¿®»¿ò Î»½±®¼ ¬¸»­» ´±½¿¬·±²­ò

èòëòî Ô±½¿¬» ©±±¼ ¸»¿¬»® ­«®º¿½» ¬»³°»®¿¬«®» ³±²·¬±®­ ¿¬ º·ª» ´±½¿¬·±²­ ±² ¬¸» ©±±¼ ¸»¿¬»® º·®»¾±¨ 
»¨¬»®·±® ­«®º¿½»ò Ð±­·¬·±² ¬¸» ¬»³°»®¿¬«®» ³±²·¬±®­ ½»²¬®¿´´§ ±² ¬¸» ¬±° ­«®º¿½»ô ±² ¬©± ­·¼»©¿´´ ­«®º¿½»­ô
¿²¼ ±² ¬¸» ¾±¬¬±³ ¿²¼ ¾¿½µ ­«®º¿½»­ò Ð±­·¬·±² ¬¸» ³±²·¬±® ­»²­·²¹ ¬·° ±² ¬¸» º·®»¾±¨ »¨¬»®·±® ­«®º¿½» 
·²­·¼» ±º ¿²§ ¸»¿¬ ­¸·»´¼ô ¿·® ½·®½«´¿¬·±² ©¿´´­ô ±® ±¬¸»® ©¿´´ ±® ­¸·»´¼ ­»°¿®¿¬»¼ º®±³ ¬¸» º·®»¾±¨ »¨¬»®·±® 
­«®º¿½»ò Í«®º¿½» ¬»³°»®¿¬«®» ´±½¿¬·±²­ º±® «²«­«¿´ ¼»­·¹² ­¸¿°»­ øe.g., ­°¸»®·½¿´ô »¬½ò÷ ­¸¿´´ ¾» °±­·¬·±²»¼ 
­± ¬¸¿¬ ¬¸»®» ¿®» º±«® ­«®º¿½» ¬»³°»®¿¬«®» ³±²·¬±®­ ·² ¾±¬¸ ¬¸» ª»®¬·½¿´ ¿²¼ ¸±®·¦±²¬¿´ °´¿²»­ °¿­­·²¹ ¿¬ 
®·¹¸¬ ¿²¹´»­ ¬¸®±«¹¸ ¬¸» ½»²¬®±·¼ ±º ¬¸» º·®»¾±¨ô ²±¬ ·²½´«¼·²¹ ¬¸» º«»´ ´±¿¼·²¹ ¼±±® ø¬±¬¿´ ±º º·ª» 
¬»³°»®¿¬«®» ³±²·¬±®­÷ò

èòê Ì»­¬ Ú¿½·´·¬§ Ý±²¼·¬·±²­ò

èòêòï Ô±½¿¬» ¬¸» ¬»­¬ º¿½·´·¬§ ¬»³°»®¿¬«®» ³±²·¬±® ±² ¬¸» ¸±®·¦±²¬¿´ °´¿²» ¬¸¿¬ ·²½´«¼»­ ¬¸» °®·³¿®§ ¿·® 
·²¬¿µ» ±°»²·²¹ º±® ¬¸» ©±±¼ ¸»¿¬»®ò Ô±½¿¬» ¬¸» ¬»³°»®¿¬«®» ³±²·¬±® ï ¬± î ³ øí ¬± ê º¬÷ º®±³ ¬¸» º®±²¬ ±º 
¬¸» ©±±¼ ¸»¿¬»® ·² ¬¸» çðp ­»½¬±® ·² º®±²¬ ±º ¬¸» ©±±¼ ¸»¿¬»®ò

èòêòî Ë­» ¿² ¿²»³±³»¬»® ¬± ³»¿­«®» ¬¸» ¿·® ª»´±½·¬§ò Ó»¿­«®» ¿²¼ ®»½±®¼ ¬¸» ®±±³ ¿·® ª»´±½·¬§ ¾»º±®» 
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¾»·²¹ ¾®·¬¬´» »²±«¹¸ ¬± ¾» ¾®±µ»² ·²¬± ­³¿´´»® ½¸¿®½±¿´ °·»½»­ ©·¬¸ ¿ ³»¬¿´ °±µ»®ò Ó¿²·°«´¿¬·±²­ ¬± ¬¸» 
º«»´ ¾»¼ °®·±® ¬± ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«² ­¸±«´¼ ¾» ¼±²» ¬± ¿½¸·»ª» «²·º±®³ ½¸¿®½±¿´·¦¿¬·±² ©¸·´» 
³¿·²¬¿·²·²¹ ¬¸» ¼»­·®»¼ ¾«®² ®¿¬»ò ×² ¿¼¼·¬·±²ô ­±³» ©±±¼ ¸»¿¬»®­ øe.g., ¸·¹¸ ³¿­­ «²·¬­÷ ³¿§ ®»¯«·®» 
»¨¬»²¼»¼ °®»¬»­¬ ¾«®² ¬·³» ¿²¼ º«»´ ¿¼¼·¬·±²­ ¬± ®»¿½¸ ¿² ·²·¬·¿´ ¿ª»®¿¹» ­«®º¿½» ¬»³°»®¿¬«®» ­«ºº·½·»²¬ ¬± 
³»»¬ ¬¸» ¬¸»®³¿´ »¯«·´·¾®·«³ ½®·¬»®·¿ ·² Í»½¬·±² èòíò

èòïïòí Ì¸» ©»·¹¸¬ ±º °®»¬»­¬ º«»´ ®»³¿·²·²¹ ¿¬ ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«² ·­ ¼»¬»®³·²»¼ ¿­ ¬¸» ¼·ºº»®»²½» 
¾»¬©»»² ¬¸» ©»·¹¸¬ ±º ¬¸» ©±±¼ ¸»¿¬»® ©·¬¸ ¬¸» ®»³¿·²·²¹ °®»¬»­¬ º«»´ ¿²¼ ¬¸» ¬¿®» ©»·¹¸¬ ±º ¬¸» ½´»¿²»¼ô 
¼®§ ©±±¼ ¸»¿¬»® ©·¬¸ ±® ©·¬¸±«¬ ¼®§ ¿­¸ ±® ­¿²¼ ¿¼¼»¼ ½±²­·­¬»²¬ ©·¬¸ ¬¸» ³¿²«º¿½¬«®»®ù­ ·²­¬®«½¬·±²­ ¿²¼ 
¬¸» ±©²»®ù­ ³¿²«¿´ò Ì¸» ¬¿®» ©»·¹¸¬ ±º ¬¸» ©±±¼ ¸»¿¬»® ³«­¬ ¾» ¼»¬»®³·²»¼ ©·¬¸ ¬¸» ©±±¼ ¸»¿¬»® ø¿²¼ 
¿­¸ô ·º ¿¼¼»¼÷ ·² ¿ ¼®§ ½±²¼·¬·±²ò

èòïî Ì»­¬ Î«²ò Ý±³°´»¬» ¿ ¬»­¬ ®«² ·² »¿½¸ ¾«®² ®¿¬» ½¿¬»¹±®§ô ¿­ º±´´±©­æ

èòïîòï Ì»­¬ Î«² Í¬¿®¬ò

èòïîòïòï É¸»² ¬¸» µ·²¼´·²¹ ¿²¼ °®»¬»­¬ º«»´ ¸¿ª» ¾»»² ½±²­«³»¼ ¬± ´»¿ª» ¿ º«»´ ©»·¹¸¬ ¾»¬©»»² îð ¿²¼ 
îë °»®½»²¬ ±º ¬¸» ©»·¹¸¬ ±º ¬¸» ¬»­¬ º«»´ ½¸¿®¹»ô ®»½±®¼ ¬¸» ©»·¹¸¬ ±º ¬¸» º«»´ ®»³¿·²·²¹ ¿²¼ ­¬¿®¬ ¬¸» ¬»­¬ 
®«²ò Î»½±®¼ ¿²¼ ®»°±®¬ ¿²§ ±¬¸»® ½®·¬»®·¿ô ·² ¿¼¼·¬·±² ¬± ¬¸±­» ­°»½·º·»¼ ·² ¬¸·­ ­»½¬·±²ô «­»¼ ¬± ¼»¬»®³·²» 
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Method 28 8/4/2017

10 

¬¸» ³±³»²¬ ±º ¬¸» ¬»­¬ ®«² ­¬¿®¬ øe.g., º·®»¾±¨ ±® ½¿¬¿´§­¬ ¬»³°»®¿¬«®»÷ô ©¸»¬¸»® ­«½¸ ½®·¬»®·¿ ¿®» ­°»½·º·»¼ 
¾§ ¬¸» ©±±¼ ¸»¿¬»® ³¿²«º¿½¬«®»® ±® ¬¸» ¬»­¬·²¹ ´¿¾±®¿¬±®§ò Î»½±®¼ ¿´´ ©±±¼ ¸»¿¬»® ·²¼·ª·¼«¿´ ­«®º¿½» 
¬»³°»®¿¬«®»­ô ½¿¬¿´§­¬ ¬»³°»®¿¬«®»­ô ¿²§ ·²·¬·¿´ ­¿³°´·²¹ ³»¬¸±¼ ³»¿­«®»³»²¬ ª¿´«»­ô ¿²¼ ¾»¹·² ¬¸» 
°¿®¬·½«´¿¬» »³·­­·±² ­¿³°´·²¹ò É·¬¸·² ï ³·²«¬» º±´´±©·²¹ ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«²ô ±°»² ¬¸» ©±±¼ ¸»¿¬»® 
¼±±®ô ´±¿¼ ¬¸» ¬»­¬ º«»´ ½¸¿®¹»ô ¿²¼ ®»½±®¼ ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ò Î»½±®¼·²¹ ±º ¿ª»®¿¹»ô ®¿¬¸»® ¬¸¿² 
·²¼·ª·¼«¿´ô ­«®º¿½» ¬»³°»®¿¬«®»­ ·­ ¿½½»°¬¿¾´» º±® ¬»­¬­ ½±²¼«½¬»¼ ·² ¿½½±®¼¿²½» ©·¬¸ yêðòëííø±÷øí÷ø·÷ ±º 
ìð ÝÚÎ °¿®¬ êðò

èòïîòïòî Ð±­·¬·±² ¬¸» º«»´ ½¸¿®¹» ­± ¬¸¿¬ ¬¸» ­°¿½»®­ ¿®» °¿®¿´´»´ ¬± ¬¸» º´±±® ±º ¬¸» º·®»¾±¨ô ©·¬¸ ¬¸» ­°¿½»® 
»¼¹»­ ¿¾«¬¬·²¹ »¿½¸ ±¬¸»®ò ×º ´±¿¼·²¹ ¼·ºº·½«´¬·»­ ®»­«´¬ô ­±³» º«»´ °·»½»­ ³¿§ ¾» °´¿½»¼ ±² »¼¹»ò ×º ¬¸» 
«­¿¾´» º·®»¾±¨ ª±´«³» ·­ ¾»¬©»»² ðòðìí ¿²¼ ðòðèë ³í øïòë ¿²¼ íòð º¬í÷ô ¿´¬»®²¿¬» ¬¸» °·»½» ­·¦»­ ·² ª»®¬·½¿´ 
­¬¿½µ·²¹ ´¿§»®­ ¬± ¬¸» »¨¬»²¬ °±­­·¾´»ò Ú±® »¨¿³°´»ô °´¿½» î I ìù­ ±² ¬¸» ¾±¬¬±³ ´¿§»® ·² ¼·®»½¬ ½±²¬¿½¬ ©·¬¸ 
¬¸» ½±¿´ ¾»¼ ¿²¼ ì I ìù­ ±² ¬¸» ²»¨¬ ´¿§»®ô »¬½ò øÍ»» Ú·¹«®» îè í÷ò Ð±­·¬·±² ¬¸» º«»´ °·»½»­ °¿®¿´´»´ ¬± »¿½¸ 
±¬¸»® ¿²¼ °¿®¿´´»´ ¬± ¬¸» ´±²¹»­¬ ©¿´´ ±º ¬¸» º·®»¾±¨ ¬± ¬¸» »¨¬»²¬ °±­­·¾´» ©·¬¸·² ¬¸» ­°»½·º·½¿¬·±²­ ·² 
Í»½¬·±² èòèò

èòïîòïòí Ô±¿¼ ¬¸» ¬»­¬ º«»´ ·² ¿°°´·¿²½»­ ¸¿ª·²¹ «²«­«¿´ ±® «²½±²ª»²¬·±²¿´ º·®»¾±¨ ¼»­·¹² ³¿·²¬¿·²·²¹ ¿·® 
­°¿½» ·²¬»®ª¿´­ ¾»¬©»»² ¬¸» ¬»­¬ º«»´ °·»½»­ ¿²¼ ·² ½±²º±®³¿²½» ©·¬¸ ¬¸» ³¿²«º¿½¬«®»®ù­ ©®·¬¬»² 
·²­¬®«½¬·±²­ò Ú±® ¿²§ ¿°°´·¿²½» ¬¸¿¬ ©·´´ ²±¬ ¿½½±³³±¼¿¬» ¬¸» ´±¿¼·²¹ ¿®®¿²¹»³»²¬ ­°»½·º·»¼ ·² ¬¸» 
°¿®¿¹®¿°¸ ¿¾±ª»ô ¬¸» ¬»­¬ º¿½·´·¬§ °»®­±²²»´ ­¸¿´´ ½±²¬¿½¬ ¬¸» ß¼³·²·­¬®¿¬±® º±® ¿² ¿´¬»®²¿¬·ª» ´±¿¼·²¹ 
¿®®¿²¹»³»²¬ò

èòïîòïòì Ì¸» ©±±¼ ¸»¿¬»® ¼±±® ³¿§ ®»³¿·² ±°»² ¿²¼ ¬¸» ¿·® ­«°°´§ ½±²¬®±´­ ¿¼¶«­¬»¼ «° ¬± º·ª» ³·²«¬»­ 
¿º¬»® ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«² ·² ±®¼»® ¬± ³¿µ» ¿¼¶«­¬³»²¬­ ¬± ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ¿²¼ ¬± »²­«®» ·¹²·¬·±² ±º
¬¸» ¬»­¬ º«»´ ½¸¿®¹» ¸¿­ ±½½«®®»¼ò É·¬¸·² ¬¸» º·ª» ³·²«¬»­ ¿º¬»® ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«²ô ½´±­» ¬¸» ©±±¼ 
¸»¿¬»® ¼±±® ¿²¼ ¿¼¶«­¬ ¬¸» ¿·® ­«°°´§ ½±²¬®±´­ ¬± ¬¸» °±­·¬·±² ¼»¬»®³·²»¼ ¬± °®±¼«½» ¬¸» ¼»­·®»¼ ¾«®² ®¿¬»ò 
Ò± ±¬¸»® ¿¼¶«­¬³»²¬­ ¬± ¬¸» ¿·® ­«°°´§ ½±²¬®±´­ ±® ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ¿®» ¿´´±©»¼ ø»¨½»°¬ ¿­ ­°»½·º·»¼ ·² 
Í»½¬·±²­ èòïîòí ¿²¼ èòïîòì÷ ¿º¬»® ¬¸» º·®­¬ º·ª» ³·²«¬»­ ±º ¬¸» ¬»­¬ ®«²ò Î»½±®¼ ¬¸» ´»²¹¬¸ ±º ¬·³» ¬¸» ©±±¼ 
¸»¿¬»® ¼±±® ®»³¿·²­ ±°»²ô ¬¸» ¿¼¶«­¬³»²¬­ ¬± ¬¸» ¿·® ­«°°´§ ½±²¬®±´­ô ¿²¼ ¿²§ ±¬¸»® ±°»®¿¬·±²¿´ 
¿¼¶«­¬³»²¬­ò

èòïîòî Ü¿¬¿ Î»½±®¼·²¹ò Î»½±®¼ ±² ¿ ¼¿¬¿ ­¸»»¬ ­·³·´¿® ¬± ¬¸¿¬ ­¸±©² ·² Ú·¹«®» îè ìô ¿¬ ·²¬»®ª¿´­ ²± 
¹®»¿¬»® ¬¸¿² ïð ³·²«¬»­ô º«»´ ©»·¹¸¬ ¼¿¬¿ô ©±±¼ ¸»¿¬»® ·²¼·ª·¼«¿´ ­«®º¿½» ¿²¼ ½¿¬¿´§­¬ ¬»³°»®¿¬«®» 
³»¿­«®»³»²¬­ô ±¬¸»® ©±±¼ ¸»¿¬»® ±°»®¿¬·±²¿´ ¼¿¬¿ øe.g., ¼®¿º¬÷ô ¬»­¬ º¿½·´·¬§ ¬»³°»®¿¬«®» ¿²¼ ­¿³°´·²¹ 
³»¬¸±¼ ¼¿¬¿ò

èòïîòí Ì»­¬ Ú«»´ Ý¸¿®¹» ß¼¶«­¬³»²¬ò Ì¸» ¬»­¬ º«»´ ½¸¿®¹» ³¿§ ¾» ¿¼¶«­¬»¼ øi.e., ®»°±­·¬·±²»¼÷ ±²½» ¼«®·²¹ 
¿ ¬»­¬ ®«² ·º ³±®» ¬¸¿² êð °»®½»²¬ ±º ¬¸» ·²·¬·¿´ ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ ¸¿­ ¾»»² ½±²­«³»¼ ¿²¼ ³±®» ¬¸¿² 
ïð ³·²«¬»­ ¸¿ª» »´¿°­»¼ ©·¬¸±«¬ ¿ ³»¿­«®¿¾´» øäðòðë µ¹ øðòï ´¾÷ ±® ïòð °»®½»²¬ô ©¸·½¸»ª»® ·­ ¹®»¿¬»®÷ 
©»·¹¸¬ ½¸¿²¹»ò Ì¸» ¬·³» «­»¼ ¬± ³¿µ» ¬¸·­ ¿¼¶«­¬³»²¬ ­¸¿´´ ¾» ´»­­ ¬¸¿² ïë ­»½±²¼­ò

èòïîòì ß·® Í«°°´§ ß¼¶«­¬³»²¬ò Í»½±²¼¿®§ ¿·® ­«°°´§ ½±²¬®±´­ ³¿§ ¾» ¿¼¶«­¬»¼ ±²½» ¼«®·²¹ ¬¸» ¬»­¬ ®«² 
º±´´±©·²¹ ¬¸» ³¿²«º¿½¬«®»®ù­ ©®·¬¬»² ·²­¬®«½¬·±²­ ø­»» Í»½¬·±² èòïð÷ò Ò± ±¬¸»® ¿·® ­«°°´§ ¿¼¶«­¬³»²¬­ ¿®» 
¿´´±©»¼ ¼«®·²¹ ¬¸» ¬»­¬ ®«²ò Î»½±®¼·²¹ ±º ©±±¼ ¸»¿¬»® º´«» ¼®¿º¬ ¼«®·²¹ ¬¸» ¬»­¬ ®«² ·­ ±°¬·±²¿´ º±® ¬»­¬­ 
½±²¼«½¬»¼ ·² ¿½½±®¼¿²½» ©·¬¸ yêðòëííø±÷øí÷ø·÷ ±º ìð ÝÚÎ °¿®¬ êðò

èòïîòë ß«¨·´·¿®§ É±±¼ Ø»¿¬»® Û¯«·°³»²¬ Ñ°»®¿¬·±²ò Ø»¿¬ »¨½¸¿²¹» ¾´±©»®­ ­±´¼ ©·¬¸ ¬¸» ©±±¼ ¸»¿¬»® 
­¸¿´´ ¾» ±°»®¿¬»¼ ¼«®·²¹ ¬¸» ¬»­¬ ®«² º±´´±©·²¹ ¬¸» ³¿²«º¿½¬«®»®ù­ ©®·¬¬»² ·²­¬®«½¬·±²­ò ×º ²± 

øß«¬±³¿¬·½¿´´§ ±°»®¿¬»¼ ¾´±©»®­ ­¸¿´´ ¾» ±°»®¿¬»¼ ¿­ ¼»­·¹²»¼ò÷ Í¸¿µ»® ¹®¿¬»­ô ¾§ó°¿­­ ½±²¬®±´­ô ±® ±¬¸»® 
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Method 28 8/4/2017

11 

¿«¨·´·¿®§ »¯«·°³»²¬ ³¿§ ¾» ¿¼¶«­¬»¼ ±²´§ ±²» ¬·³» ¼«®·²¹ ¬¸» ¬»­¬ ®«² º±´´±©·²¹ ¬¸» ³¿²«º¿½¬«®»®ù­ 
©®·¬¬»² ·²­¬®«½¬·±²­ò

Î»½±®¼ ¿´´ ¿¼¶«­¬³»²¬­ ±² ¿ ©±±¼ ¸»¿¬»® ±°»®¿¬·±²¿´ ©®·¬¬»² ®»½±®¼ò

Ò±¬»æ ×º ¬¸» ©±±¼ ¸»¿¬»® ·­ ­±´¼ ©·¬¸ ¿ ¸»¿¬ »¨½¸¿²¹» ¾´±©»® ¿­ ¿² ±°¬·±²ô ¬»­¬ ¬¸» ©±±¼ ¸»¿¬»® ©·¬¸ ¬¸» 
¸»¿¬ »¨½¸¿²¹» ¾´±©»® ±°»®¿¬·²¹ ¿­ ¼»­½®·¾»¼ ·² Í»½¬·±²­ èòï ¬¸®±«¹¸ èòïî ¿²¼ ®»°±®¬ ¬¸» ®»­«´¬­ò ß­ ¿² 
¿´¬»®²¿¬·ª» ¬± ®»°»¿¬·²¹ ¿´´ ¬»­¬ ®«²­ ©·¬¸±«¬ ¬¸» ¸»¿¬ »¨½¸¿²¹» ¾´±©»® ±°»®¿¬·²¹ô ±²» ¿¼¼·¬·±²¿´ ¬»­¬ ®«² 
³¿§ ¾» ©·¬¸±«¬ ¬¸» ¾´±©»® ±°»®¿¬·²¹ ¿­ ¼»­½®·¾»¼ ·² Í»½¬·±² èòïîòë ¿¬ ¿ ¾«®² ®¿¬» ·² Ý¿¬»¹±®§ î øÍ»½¬·±² 
èòïòï÷ò ×º ¬¸» »³·­­·±² ®¿¬» ®»­«´¬·²¹ º®±³ ¬¸·­ ¬»­¬ ®«² ©·¬¸±«¬ ¬¸» ¾´±©»® ±°»®¿¬·²¹ ·­ »¯«¿´ ¬± ±® ´»­­ ¬¸¿² 
¬¸» »³·­­·±² ®¿¬» °´«­ ïòð ¹ñ¸® øðòððîî ´¾ñ¸®÷ º±® ¬¸» ¬»­¬ ®«² ·² ¾«®² ®¿¬» Ý¿¬»¹±®§ î ©·¬¸ ¬¸» ¾´±©»® 
±°»®¿¬·²¹ô ¬¸» ©±±¼ ¸»¿¬»® ³¿§ ¾» ½±²­·¼»®»¼ ¬± ¸¿ª» ¬¸» ­¿³» ¿ª»®¿¹» »³·­­·±² ®¿¬» ©·¬¸ ±® ©·¬¸±«¬ ¬¸» 
¾´±©»® ±°»®¿¬·²¹ò ß¼¼·¬·±²¿´ ¬»­¬ ®«²­ ©·¬¸±«¬ ¬¸» ¾´±©»® ±°»®¿¬·²¹ ¿®» «²²»½»­­¿®§ò

èòïí Ì»­¬ Î«² Ý±³°´»¬·±²ò Ý±²¬·²«» »³·­­·±² ­¿³°´·²¹ ¿²¼ ©±±¼ ¸»¿¬»® ±°»®¿¬·±² º±® î ¸±«®­ò Ì¸» ¬»­¬ 
®«² ·­ ½±³°´»¬»¼ ©¸»² ¬¸» ®»³¿·²·²¹ ©»·¹¸¬ ±º ¬¸» ¬»­¬ º«»´ ½¸¿®¹» ·­ ðòðð µ¹ øðòð ´¾÷ò Û²¼ ¬¸» ¬»­¬ ®«² 
©¸»² ¬¸» ­½¿´» ¸¿­ ·²¼·½¿¬»¼ ¿ ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ ±º ðòðð µ¹ øðòð ´¾÷ ±® ´»­­ º±® íð ­»½±²¼­ò ß¬ ¬¸» »²¼ 
±º ¬¸» ¬»­¬ ®«²ô ­¬±° ¬¸» °¿®¬·½«´¿¬» ­¿³°´·²¹ô ¿²¼ ®»½±®¼ ¬¸» º·²¿´ º«»´ ©»·¹¸¬ô ¬¸» ®«² ¬·³»ô ¿²¼ ¿´´ º·²¿´ 
³»¿­«®»³»²¬ ª¿´«»­ò

èòïì É±±¼ Ø»¿¬»® Ì¸»®³¿´ Û¯«·´·¾®·«³ò Ì¸» ¿ª»®¿¹» ±º ¬¸» ©±±¼ ¸»¿¬»® ­«®º¿½» ¬»³°»®¿¬«®»­ ¿¬ ¬¸» »²¼ 
±º ¬¸» ¬»­¬ ®«² ­¸¿´´ ¿¹®»» ©·¬¸ ¬¸» ¿ª»®¿¹» ­«®º¿½» ¬»³°»®¿¬«®» ¿¬ ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«² ¬± ©·¬¸·² éð Ý 
øïîê pÚ÷ò

èòïë Ý±²­»½«¬·ª» Ì»­¬ Î«²­ò Ì»­¬ ®«²­ ±² ¿ ©±±¼ ¸»¿¬»® ³¿§ ¾» ½±²¼«½¬»¼ ½±²­»½«¬·ª»´§ °®±ª·¼»¼ ¬¸¿¬ ¿ 
³·²·³«³ ±²»ó¸±«® ·²¬»®ª¿´ ±½½«®­ ¾»¬©»»² ¬»­¬ ®«²­ò

èòïê ß¼¼·¬·±²¿´ Ì»­¬ Î«²­ò Ì¸» ¬»­¬·²¹ ´¿¾±®¿¬±®§ ³¿§ ½±²¼«½¬ ³±®» ¬¸¿² ±²» ¬»­¬ ®«² ·² »¿½¸ ±º ¬¸» ¾«®² 
®¿¬» ½¿¬»¹±®·»­ ­°»½·º·»¼ ·² Í»½¬·±² èòïòïò ×º ³±®» ¬¸¿² ±²» ¬»­¬ ®«² ·­ ½±²¼«½¬»¼ ¿¬ ¿ ­°»½·º·»¼ ¾«®² ®¿¬»ô
¬¸» ®»­«´¬­ º®±³ ¿¬ ´»¿­¬ ¬©±ó¬¸·®¼­ ±º ¬¸» ¬»­¬ ®«²­ ·² ¬¸¿¬ ¾«®² ®¿¬» ½¿¬»¹±®§ ­¸¿´´ ¾» «­»¼ ·² ½¿´½«´¿¬·²¹ 
¬¸» ©»·¹¸¬»¼ ¿ª»®¿¹» »³·­­·±² ®¿¬» ø­»» Í»½¬·±² ïîòî÷ò Ì¸» ³»¿­«®»³»²¬ ¼¿¬¿ ¿²¼ ®»­«´¬­ ±º ¿´´ ¬»­¬ ®«²­ 
­¸¿´´ ¾» ®»°±®¬»¼ ®»¹¿®¼´»­­ ±º ©¸·½¸ ª¿´«»­ ¿®» «­»¼ ·² ½¿´½«´¿¬·²¹ ¬¸» ©»·¹¸¬»¼ ¿ª»®¿¹» »³·­­·±² ®¿¬» 
ø­»» Ò±¬» ·² Í»½¬·±² èòï÷ò

9.0 Quality Control

Í¿³» ¿­ Í»½¬·±² çòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØò

10.0 Calibration and Standardizations

Í¿³» ¿­ Í»½¬·±² ïðòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØô ©·¬¸ ¬¸» ¿¼¼·¬·±² ±º ¬¸» º±´´±©·²¹æ

ïðòï Ð´¿¬º±®³ Í½¿´»ò Ð»®º±®³ ¿ ³«´¬·ó°±·²¬ ½¿´·¾®¿¬·±² ø¿¬ ´»¿­¬ º·ª» °±·²¬­ ­°¿²²·²¹ ¬¸» ±°»®¿¬·±²¿´ 
®¿²¹»÷ ±º ¬¸» °´¿¬º±®³ ­½¿´» ¾»º±®» ·¬­ ·²·¬·¿´ «­»ò Ì¸» ­½¿´» ³¿²«º¿½¬«®»®ù­ ½¿´·¾®¿¬·±² ®»­«´¬­ ¿®» 
­«ºº·½·»²¬ º±® ¬¸·­ °«®°±­»ò Þ»º±®» »¿½¸ ½»®¬·º·½¿¬·±² ¬»­¬ô ¿«¼·¬ ¬¸» ­½¿´» ©·¬¸ ¬¸» ©±±¼ ¸»¿¬»® ·² °´¿½» ¾§ 
©»·¹¸·²¹ ¿¬ ´»¿­¬ ±²» ½¿´·¾®¿¬·±² ©»·¹¸¬ øÝ´¿­­ Ú÷ ¬¸¿¬ ½±®®»­°±²¼­ ¬± ¾»¬©»»² îð °»®½»²¬ ¿²¼ èð °»®½»²¬ 
±º ¬¸» »¨°»½¬»¼ ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ò ×º ¬¸» ­½¿´» ½¿²²±¬ ®»°®±¼«½» ¬¸» ª¿´«» ±º ¬¸» ½¿´·¾®¿¬·±² ©»·¹¸¬ 
©·¬¸·² ðòðë µ¹ øðòï ´¾÷ ±® ï °»®½»²¬ ±º ¬¸» »¨°»½¬»¼ ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬ô ©¸·½¸»ª»® ·­ ¹®»¿¬»®ô 
®»½¿´·¾®¿¬» ¬¸» ­½¿´» ¾»º±®» «­» ©·¬¸ ¿¬ ´»¿­¬ º·ª» ½¿´·¾®¿¬·±² ©»·¹¸¬­ ­°¿²²·²¹ ¬¸» ±°»®¿¬·±²¿´ ®¿²¹» ±º ¬¸» 
­½¿´»ò
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Method 28 8/4/2017

12 

ïðòî Þ¿´¿²½» ø±°¬·±²¿´÷ò Ý¿´·¾®¿¬» ¿­ ¼»­½®·¾»¼ ·² Í»½¬·±² ïðòïò

ïðòí Ì»³°»®¿¬«®» Ó±²·¬±®ò Ý¿´·¾®¿¬» ¿­ ·² Ó»¬¸±¼ îô Í»½¬·±² ìòíô ¾»º±®» ¬¸» º·®­¬ ½»®¬·º·½¿¬·±² ¬»­¬ ¿²¼ 
­»³·¿²²«¿´´§ ¬¸»®»¿º¬»®ò

ïðòì Ó±·­¬«®» Ó»¬»®ò Ý¿´·¾®¿¬» ¿­ °»® ¬¸» ³¿²«º¿½¬«®»®ù­ ·²­¬®«½¬·±²­ ¾»º±®» »¿½¸ ½»®¬·º·½¿¬·±² ¬»­¬ò

ïðòë ß²»³±³»¬»®ò Ý¿´·¾®¿¬» ¬¸» ¿²»³±³»¬»® ¿­ ­°»½·º·»¼ ¾§ ¬¸» ³¿²«º¿½¬«®»®ù­ ·²­¬®«½¬·±²­ ¾»º±®» ¬¸» 
º·®­¬ ½»®¬·º·½¿¬·±² ¬»­¬ ¿²¼ ­»³·¿²²«¿´´§ ¬¸»®»¿º¬»®ò

ïðòê Þ¿®±³»¬»®ò Ý¿´·¾®¿¬» ¿¹¿·²­¬ ¿ ³»®½«®§ ¾¿®±³»¬»® ¾»º±®» ¬¸» º·®­¬ ½»®¬·º·½¿¬·±² ¬»­¬ ¿²¼ ­»³·¿²²«¿´´§ 
¬¸»®»¿º¬»®ò

ïðòé Ü®¿º¬ Ù¿«¹»ò Ý¿´·¾®¿¬» ¿­ °»® ¬¸» ³¿²«º¿½¬«®»®ù­ ·²­¬®«½¬·±²­å ¿ ´·¯«·¼ ³¿²±³»¬»® ¼±»­ ²±¬ ®»¯«·®» 
½¿´·¾®¿¬·±²ò

ïðòè Ø«³·¼·¬§ Ù¿«¹»ò Ý¿´·¾®¿¬» ¿­ °»® ¬¸» ³¿²«º¿½¬«®»®ù­ ·²­¬®«½¬·±²­ ¾»º±®» ¬¸» º·®­¬ ½»®¬·º·½¿¬·±² ¬»­¬ 
¿²¼ ­»³·¿²²«¿´´§ ¬¸»®»¿º¬»®ò

11.0 Analytical Procedures

Í¿³» ¿­ Í»½¬·±² ïïòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØò

12.0 Data Analysis and Calculations

Í¿³» ¿­ Í»½¬·±² ïîòð ±º »·¬¸»® Ó»¬¸±¼ ëÙ ±® Ó»¬¸±¼ ëØô ©·¬¸ ¬¸» ¿¼¼·¬·±² ±º ¬¸» º±´´±©·²¹æ

ïîòï Ò±³»²½´¿¬«®»ò

ÞÎ ã Ü®§ ©±±¼ ¾«®² ®¿¬»ô µ¹ñ¸® ø´¾ñ¸®÷

Û· ã Û³·­­·±² ®¿¬» º±® ¬»­¬ ®«²ô ·ô º®±³ Ó»¬¸±¼ ëÙ ±® ëØô ¹ñ¸® ø´¾ñ¸®÷

Û© ã É»·¹¸¬»¼ ¿ª»®¿¹» »³·­­·±² ®¿¬»ô ¹ñ¸® ø´¾ñ¸®÷

µ· ã Ð

ûÓ¼ ã Ú«»´ ³±·­¬«®» ½±²¬»²¬ô ¼®§ ¾¿­·­ô °»®½»²¬ò

ûÓ© ã ßª»®¿¹» ³±·­¬«®» ·² ¬»­¬ º«»´ ½¸¿®¹»ô ©»¬ ¾¿­·­ô °»®½»²¬ò

Ò ã Ì±¬¿´ ²«³¾»® ±º ¬»­¬ ®«²­ò

Ð· ã Ð®±¾¿¾·´·¬§ º±® ¾«®² ®¿¬» ¼«®·²¹ ¬»­¬ ®«²ô ·ô ±¾¬¿·²»¼ º®±³ Ì¿¾´» îè ïò Ë­» ´·²»¿® ·²¬»®°±´¿¬·±² ¬± 
¼»¬»®³·²» °®±¾¿¾·´·¬§ ª¿´«»­ º±® ¾«®² ®¿¬»­ ¾»¬©»»² ¬¸±­» ´·­¬»¼ ±² ¬¸» ¬¿¾´»ò

É©¼ ã Ì±¬¿´ ³¿­­ ±º ©±±¼ ¾«®²»¼ ¼«®·²¹ ¬¸» ¬»­¬ ®«²ô µ¹ ø´¾÷ò
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Method 28 8/4/2017

13 

ïîòî É»¬ Þ¿­·­ Ú«»´ Ó±·­¬«®» Ý±²¬»²¬ò

ïîòí É»·¹¸¬»¼ ßª»®¿¹» Û³·­­·±² Î¿¬»ò Ý¿´½«´¿¬» ¬¸» ©»·¹¸¬»¼ ¿ª»®¿¹» »³·­­·±² ®¿¬» øÛ©÷ «­·²¹ 
Û¯«¿¬·±² îè ïæ

Ò±¬»æ Ð± ¿´©¿§­ »¯«¿´­ ðô Ðø²õï÷¿´©¿§­ »¯«¿´­ ïô Ðï½±®®»­°±²¼­ ¬± ¬¸» °®±¾¿¾·´·¬§ ±º ¬¸» ´±©»­¬ ®»½±®¼»¼ 
¾«®² ®¿¬»ô Ðî½±®®»­°±²¼­ ¬± ¬¸» °®±¾¿¾·´·¬§ ±º ¬¸» ²»¨¬ ´±©»­¬ ¾«®² ®¿¬»ô »¬½ò ß² »¨¿³°´» ½¿´½«´¿¬·±² ·­ ·² 
Í»½¬·±² ïîòíòïò

ïîòíòï Û¨¿³°´» Ý¿´½«´¿¬·±² ±º É»·¹¸¬»¼ ßª»®¿¹» Û³·­­·±² Î¿¬»ò

Burn rate category
Test
No.

Burn rate
(Dry-kg/hr)

Emissions
(g/hr)

ï ï ðòêë ëòð

îï î ðòèë êòé

î í ðòçð ìòé

î ì ïòðð ëòí

í ë ïòìë íòè

ì ê îòðð ëòï
ïß­ °»®³·¬¬»¼ ·² Í»½¬·±² êòêô ¬¸·­ ¬»­¬ ®«² ³¿§ ¾» ±³·¬¬»¼ º®±³ ¬¸» ½¿´½«´¿¬·±² ±º ¬¸» ©»·¹¸¬»¼ ¿ª»®¿¹» 
»³·­­·±² ®¿¬» ¾»½¿«­» ¬¸®»» ®«²­ ©»®» ½±²¼«½¬»¼ º±® ¬¸·­ ¾«®² ®¿¬» ½¿¬»¹±®§ò

Test No. Burn rate Pi Ei Ki

ð ðòððð

ï ðòêë ðòïîï ëòð ðòíðð

î ðòçð ðòíðð ìòé ðòîëç

í ïòðð ðòíèð ëòí ðòìîî

ì ïòìë ðòéîî íòè ðòëíî

ë îòðð ðòçïî ëòï ðòîéè

ê ïòððð
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Method 28 8/4/2017

14 

ÕïãÐî ð

ÕîãÐí ï

ÕíãÐì î

ÕìãÐë í

ÕëãÐê ì

É»·¹¸¬»¼ ßª»®¿¹» Û³·­­·±² Î¿¬»ô Û©ô Ý¿´½«´¿¬·±²

ïîòì ßª»®¿¹» É±±¼ Ø»¿¬»® Í«®º¿½» Ì»³°»®¿¬«®»­ò Ý¿´½«´¿¬» ¬¸» ¿ª»®¿¹» ±º ¬¸» ©±±¼ ¸»¿¬»® ­«®º¿½» 
¬»³°»®¿¬«®»­ º±® ¬¸» ­¬¿®¬ ±º ¬¸» ¬»­¬ ®«² øÍ»½¬·±² èòïîòï÷ ¿²¼ º±® ¬¸» ¬»­¬ ®«² ½±³°´»¬·±² øÍ»½¬·±² èòïí÷ò ×º 
¬¸» ¬©± ¿ª»®¿¹» ¬»³°»®¿¬«®»­ ¼± ²±¬ ¿¹®»» ©·¬¸·² éðpÝ øïîëpÚ÷ô ®»°±®¬ ¬¸» ¬»­¬ ®«² ®»­«´¬­ô ¾«¬ ¼± ²±¬ 
·²½´«¼» ¬¸» ¬»­¬ ®«² ®»­«´¬­ ·² ¬¸» ¬»­¬ ¿ª»®¿¹»ò Î»°´¿½» ­«½¸ ¬»­¬ ®«² ®»­«´¬­ ©·¬¸ ®»­«´¬­ º®±³ ¿²±¬¸»® ¬»­¬ 
®«² ·² ¬¸» ­¿³» ¾«®² ®¿¬» ½¿¬»¹±®§ò

ïîòë Þ«®² Î¿¬»ò Ý¿´½«´¿¬» ¬¸» ¾«®² ®¿¬» øÞÎ÷ «­·²¹ Û¯«¿¬·±² îè íæ

ïîòê Î»°±®¬·²¹ Ý®·¬»®·¿ò Í«¾³·¬ ¾±¬¸ ®¿© ¿²¼ ®»¼«½»¼ ¬»­¬ ¼¿¬¿ º±® ©±±¼ ¸»¿¬»® ¬»­¬­ò

ïîòêòï Í«¹¹»­¬»¼ Ì»­¬ Î»°±®¬ Ú±®³¿¬ò

ïîòêòïòï ×²¬®±¼«½¬·±²ò

ïîòêòïòïòï Ð«®°±­» ±º ¬»­¬ó½»®¬·º·½¿¬·±²ô ¿«¼·¬ô »ºº·½·»²½§ô ®»­»¿®½¸ ¿²¼ ¼»ª»´±°³»²¬ò

ïîòêòïòïòî É±±¼ ¸»¿¬»® ·¼»²¬·º·½¿¬·±²ó³¿²«º¿½¬«®»®ô ³±¼»´ ²«³¾»®ô ½¿¬¿´§¬·½ñ²±²½¿¬¿´§¬·½ô ±°¬·±²­ò

ïîòêòïòïòí Ô¿¾±®¿¬±®§ó²¿³»ô ´±½¿¬·±² ø¿´¬·¬«¼»÷ô °¿®¬·½·°¿²¬­ò

ïîòêòïòïòì Ì»­¬ ·²º±®³¿¬·±²ó¼¿¬» ©±±¼ ¸»¿¬»® ®»½»·ª»¼ô ¼¿¬» ±º ¬»­¬­ô ­¿³°´·²¹ ³»¬¸±¼­ «­»¼ô ²«³¾»® ±º 
¬»­¬ ®«²­ò

ïîòêòïòî Í«³³¿®§ ¿²¼ Ü·­½«­­·±² ±º Î»­«´¬­
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Method 28 8/4/2017

15 

ïîòêòïòîòï Ì¿¾´» ±º ®»­«´¬­ ø·² ±®¼»® ±º ·²½®»¿­·²¹ ¾«®² ®¿¬»÷ó¬»­¬ ®«² ²«³¾»®ô ¾«®² ®¿¬»ô °¿®¬·½«´¿¬» 
»³·­­·±² ®¿¬»ô »ºº·½·»²½§ ø·º ¼»¬»®³·²»¼÷ô ¿ª»®¿¹»­ ø·²¼·½¿¬» ©¸·½¸ ¬»­¬ ®«²­ ¿®» «­»¼÷ò

ïîòêòïòîòî Í«³³¿®§ ±º ±¬¸»® ¼¿¬¿ó¬»­¬ º¿½·´·¬§ ½±²¼·¬·±²­ô ­«®º¿½» ¬»³°»®¿¬«®» ¿ª»®¿¹»­ô ½¿¬¿´§­¬ 
¬»³°»®¿¬«®» ¿ª»®¿¹»­ô °®»¬»­¬ º«»´ ©»·¹¸¬­ô ¬»­¬ º«»´ ½¸¿®¹» ©»·¹¸¬­ô ®«² ¬·³»­ò

ïîòêòïòîòí Ü·­½«­­·±²óÞ«®² ®¿¬» ½¿¬»¹±®·»­ ¿½¸·»ª»¼ô ¬»­¬ ®«² ®»­«´¬ ­»´»½¬·±²ô ­°»½·º·½ ¬»­¬ ®«² °®±¾´»³­ 
¿²¼ ­±´«¬·±²­ò

ïîòêòïòí Ð®±½»­­ Ü»­½®·°¬·±²ò

ïîòêòïòíòï É±±¼ ¸»¿¬»® ¼·³»²­·±²­óª±´«³»ô ¸»·¹¸¬ô ©·¼¬¸ô ´»²¹¬¸­ ø±® ±¬¸»® ´·²»¿® ¼·³»²­·±²­÷ô ©»·¹¸¬ô 
ª±´«³» ¿¼¶«­¬³»²¬­ò

ïîòêòïòíòî Ú·®»¾±¨ ½±²º·¹«®¿¬·±²ó¿·® ­«°°´§ ´±½¿¬·±²­ ¿²¼ ±°»®¿¬·±²ô ¿·® ­«°°´§ ·²¬®±¼«½¬·±² ´±½¿¬·±²ô 
®»º®¿½¬±®§ ´±½¿¬·±² ¿²¼ ¼·³»²­·±²­ô ½¿¬¿´§­¬ ´±½¿¬·±²ô ¾¿ºº´» ¿²¼ ¾§ó°¿­­ ´±½¿¬·±² ¿²¼ ±°»®¿¬·±² ø·²½´«¼» 
´·²» ¼®¿©·²¹­ ±® °¸±¬±¹®¿°¸­÷ò

ïîòêòïòíòí Ð®±½»­­ ±°»®¿¬·±² ¼«®·²¹ ¬»­¬ó¿·® ­«°°´§ ­»¬¬·²¹­ ¿²¼ ¿¼¶«­¬³»²¬­ô º«»´ ¾»¼ ¿¼¶«­¬³»²¬­ô ¼®¿º¬ò

ïîòêòïòíòì Ì»­¬ º«»´ó¬»­¬ º«»´ °®±°»®¬·»­ ø³±·­¬«®» ¿²¼ ¬»³°»®¿¬«®»÷ô ¬»­¬ º«»´ ½®·¾ ¼»­½®·°¬·±² ø·²½´«¼» ´·²» 
¼®¿©·²¹ ±® °¸±¬±¹®¿°¸÷ô ¬»­¬ º«»´ ´±¿¼·²¹ ¼»²­·¬§ò

ïîòêòïòì Í¿³°´·²¹ Ô±½¿¬·±²­ò

ïîòêòïòìòï Ü»­½®·¾» ­¿³°´·²¹ ´±½¿¬·±² ®»´¿¬·ª» ¬± ©±±¼ ¸»¿¬»®ò ×²½´«¼» ¼®¿©·²¹ ±® °¸±¬±¹®¿°¸ò

ïîòêòïòë Í¿³°´·²¹ ¿²¼ ß²¿´§¬·½¿´ Ð®±½»¼«®»­

ïîòêòïòëòï Í¿³°´·²¹ ³»¬¸±¼­ó¾®·»º ®»º»®»²½» ¬± ±°»®¿¬·±²¿´ ¿²¼ ­¿³°´·²¹ °®±½»¼«®»­ ¿²¼ ±°¬·±²¿´ ¿²¼ 
¿´¬»®²¿¬·ª» °®±½»¼«®»­ «­»¼ò

ïîòêòïòëòî ß²¿´§¬·½¿´ ³»¬¸±¼­ó¾®·»º ¼»­½®·°¬·±² ±º ­¿³°´» ®»½±ª»®§ ¿²¼ ¿²¿´§­·­ °®±½»¼«®»­ò

ïîòêòïòê Ï«¿´·¬§ Ý±²¬®±´ ¿²¼ ß­­«®¿²½» Ð®±½»¼«®»­ ¿²¼ Î»­«´¬­

ïîòêòïòêòï Ý¿´·¾®¿¬·±² °®±½»¼«®»­ ¿²¼ ®»­«´¬­ó½»®¬·º·½¿¬·±² °®±½»¼«®»­ô ­¿³°´·²¹ ¿²¼ ¿²¿´§­·­ °®±½»¼«®»­ò

ïîòêòïòêòî Ì»­¬ ³»¬¸±¼ ¯«¿´·¬§ ½±²¬®±´ °®±½»¼«®»­ó´»¿µó½¸»½µ­ô ª±´«³» ³»¬»® ½¸»½µ­ô ­¬®¿¬·º·½¿¬·±² 
øª»´±½·¬§÷ ½¸»½µ­ô °®±°±®¬·±²¿´·¬§ ®»­«´¬­ò

ïîòêòïòé ß°°»²¼·½»­

ïîòêòïòéòï Î»­«´¬­ ¿²¼ Û¨¿³°´» Ý¿´½«´¿¬·±²­ò Ý±³°´»¬» ­«³³¿®§ ¬¿¾´»­ ¿²¼ ¿½½±³°¿²§·²¹ »¨¿³°´»­ ±º 
¿´´ ½¿´½«´¿¬·±²­ò

ïîòêòïòéòî Î¿© Ü¿¬¿ò Ý±°·»­ ±º ¿´´ «²½±®®»½¬»¼ ¼¿¬¿ ­¸»»¬­ º±® ­¿³°´·²¹ ³»¿­«®»³»²¬­ô ¬»³°»®¿¬«®» 
®»½±®¼­ ¿²¼ ­¿³°´» ®»½±ª»®§ ¼¿¬¿ò Ý±°·»­ ±º ¿´´ °®»¬»­¬ ¾«®² ®¿¬» ¿²¼ ©±±¼ ¸»¿¬»® ¬»³°»®¿¬«®» ¼¿¬¿ò
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Method 28 8/4/2017

16 

ïîòêòïòéòí Í¿³°´·²¹ ¿²¼ ß²¿´§¬·½¿´ Ð®±½»¼«®»­ò Ü»¬¿·´»¼ ¼»­½®·°¬·±² ±º °®±½»¼«®»­ º±´´±©»¼ ¾§ 
´¿¾±®¿¬±®§ °»®­±²²»´ ·² ½±²¼«½¬·²¹ ¬¸» ½»®¬·º·½¿¬·±² ¬»­¬ô »³°¸¿­·¦·²¹ °¿®¬·½«´¿® °¿®¬­ ±º ¬¸» °®±½»¼«®»­ 
¼·ºº»®·²¹ º®±³ ¬¸» ³»¬¸±¼­ øe.g., ¿°°®±ª»¼ ¿´¬»®²¿¬·ª»­÷ò

ïîòêòïòéòì Ý¿´·¾®¿¬·±² Î»­«´¬­ò Í«³³¿®§ ±º ¿´´ ½¿´·¾®¿¬·±²­ô ½¸»½µ­ô ¿²¼ ¿«¼·¬­ °»®¬·²»²¬ ¬± ½»®¬·º·½¿¬·±² 
¬»­¬ ®»­«´¬­ ©·¬¸ ¼¿¬»­ò

ïîòêòïòéòë Ð¿®¬·½·°¿²¬­ò Ì»­¬ °»®­±²²»´ô ³¿²«º¿½¬«®»® ®»°®»­»²¬¿¬·ª»­ô ¿²¼ ®»¹«´¿¬±®§ ±¾­»®ª»®­ò

ïîòêòïòéòê Í¿³°´·²¹ ¿²¼ Ñ°»®¿¬·±² Î»½±®¼­ò Ý±°·»­ ±º «²½±®®»½¬»¼ ®»½±®¼­ ±º ¿½¬·ª·¬·»­ ²±¬ ·²½´«¼»¼ ±² 
®¿© ¼¿¬¿ ­¸»»¬­ øe.g., ©±±¼ ¸»¿¬»® ¼±±® ±°»² ¬·³»­ ¿²¼ ¼«®¿¬·±²­÷ò

ïîòêòïòéòé ß¼¼·¬·±²¿´ ×²º±®³¿¬·±²ò É±±¼ ¸»¿¬»® ³¿²«º¿½¬«®»®ù­ ©®·¬¬»² ·²­¬®«½¬·±²­ º±® ±°»®¿¬·±² ¼«®·²¹ 
¬¸» ½»®¬·º·½¿¬·±² ¬»­¬ò

ïîòêòîòï É±±¼ Ø»¿¬»® ×¼»²¬·º·½¿¬·±²ò Î»°±®¬ ©±±¼ ¸»¿¬»® ·¼»²¬·º·½¿¬·±² ·²º±®³¿¬·±²ò ß² »¨¿³°´» ¼¿¬¿ 
º±®³ ·­ ­¸±©² ·² Ú·¹«®» îè ìò

ïîòêòîòî Ì»­¬ Ú¿½·´·¬§ ×²º±®³¿¬·±²ò Î»°±®¬ ¬»­¬ º¿½·´·¬§ ¬»³°»®¿¬«®»ô ¿·® ª»´±½·¬§ô ¿²¼ ¸«³·¼·¬§ 
·²º±®³¿¬·±²ò ß² »¨¿³°´» ¼¿¬¿ º±®³ ·­ ­¸±©² ±² Ú·¹«®» îè ìò

ïîòêòîòí Ì»­¬ Û¯«·°³»²¬ Ý¿´·¾®¿¬·±² ¿²¼ ß«¼·¬ ×²º±®³¿¬·±²ò Î»°±®¬ ½¿´·¾®¿¬·±² ¿²¼ ¿«¼·¬ ®»­«´¬­ º±® ¬¸» 
°´¿¬º±®³ ­½¿´»ô ¬»­¬ º«»´ ¾¿´¿²½»ô ¬»­¬ º«»´ ³±·­¬«®» ³»¬»®ô ¿²¼ ­¿³°´·²¹ »¯«·°³»²¬ ·²½´«¼·²¹ ª±´«³» 
³»¬»®·²¹ ­§­¬»³­ ¿²¼ ¹¿­»±«­ ¿²¿´§¦»®­ò

ïîòêòîòì Ð®»¬»­¬ Ð®±½»¼«®» Ü»­½®·°¬·±²ò Î»°±®¬ ¿´´ °®»¬»­¬ °®±½»¼«®»­ ·²½´«¼·²¹ °®»¬»­¬ º«»´ ©»·¹¸¬ô ¾«®² 
®¿¬»­ô ©±±¼ ¸»¿¬»® ¬»³°»®¿¬«®»­ô ¿²¼ ¿·® ­«°°´§ ­»¬¬·²¹­ò ß² »¨¿³°´» ¼¿¬¿ º±®³ ·­ ­¸±©² ±² Ú·¹«®» îè ìò

ïîòêòîòë Ð¿®¬·½«´¿¬» Û³·­­·±² Ü¿¬¿ò Î»°±®¬ ¿ ­«³³¿®§ ±º ¬»­¬ ®»­«´¬­ º±® ¿´´ ¬»­¬ ®«²­ ¿²¼ ¬¸» ©»·¹¸¬»¼ 
¿ª»®¿¹» »³·­­·±² ®¿¬»ò Í«¾³·¬ ½±°·»­ ±º ¿´´ ¼¿¬¿ ­¸»»¬­ ¿²¼ ±¬¸»® ®»½±®¼­ ½±´´»½¬»¼ ¼«®·²¹ ¬¸» ¬»­¬·²¹ò 
Í«¾³·¬ »¨¿³°´»­ ±º ¿´´ ½¿´½«´¿¬·±²­ò

13.0 Method Performance[Reserved]

14.0 Pollution Prevention[Reserved]

15.0 Waste Management[Reserved]

16.0 Alternative Procedures

ïêòï Ð»´´»¬ Þ«®²·²¹ Ø»¿¬»®­ò Ý»®¬·º·½¿¬·±² ¬»­¬·²¹ ®»¯«·®»³»²¬­ ¿²¼ °®±½»¼«®»­ º±® °»´´»¬ ¾«®²·²¹ ©±±¼ 
¸»¿¬»®­ ¿®» ·¼»²¬·½¿´ ¬± ¬¸±­» º±® ±¬¸»® ©±±¼ ¸»¿¬»®­ô ©·¬¸ ¬¸» º±´´±©·²¹ »¨½»°¬·±²­æ

ïêòïòï Ì»­¬ Ú«»´ Ð®±°»®¬·»­ò Ì¸» ¬»­¬ º«»´ ­¸¿´´ ¾» ¿´´ ©±±¼ °»´´»¬­ ©·¬¸ ¿ ³±·­¬«®» ½±²¬»²¬ ²± ¹®»¿¬»® ¬¸¿² 
îð °»®½»²¬ ±² ¿ ©»¬ ¾¿­·­ øîë °»®½»²¬ ±² ¿ ¼®§ ¾¿­·­÷ò Ü»¬»®³·²» ¬¸» ©±±¼ ³±·­¬«®» ½±²¬»²¬ ©·¬¸ »·¬¸»® 
ßÍÌÓ Ü îðïê éì ±® èíô øÓ»¬¸±¼ ß÷ô ßÍÌÓ Ü ìììì çîô ±® ßÍÌÓ Ü ìììî èì ±® çî ø¿´´ ²±¬»¼ ßÍÌÓ 
­¬¿²¼¿®¼­ ¿®» ·²½±®°±®¿¬»¼ ¾§ ®»º»®»²½» ­»» yêðòïé÷ò
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Method 28 8/4/2017

17 
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Table 28 1 Burn Rate Weighted Probabilities for Calculating Weighted Average Emission Rates

Burn rate
(kg/hr-dry)

Cumulative
probability (P)

Burn rate
(kg/hr-dry)

Cumulative
probability (P)

Burn rate
(kg/hr-dry)

Cumulative
probability (P)

ðòðð ðòððð ïòéð ðòèìð íòìð ðòçèç

ðòðë ðòððî ïòéë ðòèëé íòìë ðòçèç

ðòïð ðòððé ïòèð ðòèéë íòëð ðòççð

ðòïë ðòðïî ïòèë ðòèèî íòëë ðòççï

ðòîð ðòðïê ïòçð ðòèçë íòêð ðòççï

ðòîë ðòðîï ïòçë ðòçðê íòêë ðòççî

ðòíð ðòðîè îòðð ðòçïî íòéð ðòççî

ðòíë ðòðíí îòðë ðòçîð íòéë ðòççî

ðòìð ðòðìï îòïð ðòçîë íòèð ðòççí

ðòìë ðòðëì îòïë ðòçíî íòèë ðòççì

ðòëð ðòðêë îòîð ðòçíê íòçð ðòççì

ðòëë ðòðèê îòîë ðòçìð íòçë ðòççì

ðòêð ðòïðð îòíð ðòçìë ìòðð ðòççì

ðòêë ðòïîï îòíë ðòçëï ìòðë ðòççë

ðòéð ðòïëð îòìð ðòçëê ìòïð ðòççë

ðòéë ðòïèë îòìë ðòçëç ìòïë ðòççë

ðòèð ðòîîð îòëð ðòçêì ìòîð ðòççë

ðòèë ðòîëì îòëë ðòçêè ìòîë ðòççë

ðòçð ðòíðð îòêð ðòçéî ìòíð ðòççê

ðòçë ðòíîè îòêë ðòçéë ìòíë ðòççê

ïòðð ðòíèð îòéð ðòçéé ìòìð ðòççê

ïòðë ðòìðé îòéë ðòçéç ìòìë ðòççê

ïòïð ðòìêð îòèð ðòçèð ìòëð ðòççê

ïòïë ðòìçð îòèë ðòçèï ìòëë ðòççê

ïòîð ðòëëð îòçð ðòçèî ìòêð ðòççê

ïòîë ðòëéî îòçë ðòçèì ìòêë ðòççê

ïòíð ðòêîð íòðð ðòçèì ìòéð ðòççê

ïòíë ðòêëì íòðë ðòçèë ìòéë ðòççé

ïòìð ðòêçë íòïð ðòçèê ìòèð ðòççé

ïòìë ðòéîî íòïë ðòçèé ìòèë ðòççé

ïòëð ðòéëð íòîð ðòçèé ìòçð ðòççé

ïòëë ðòééç íòîë ðòçèè ìòçë ðòççé

ïòêð ðòèðð íòíð ðòçèè ïòððð

ïòêë ðòèîë íòíë ðòçèç
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While we have taken steps to ensure the accuracy of this Internet version of the document, it is not the 
official version. To see a complete version including any recent edits, visit:
https://www.ecfr.gov/cgi-bin/ECFR?page=browse and search under Title 40, Protection of 
Environment.

Test Method 28R for Certification and Auditing of Wood Heaters

1.0 Scope and Application

ïòï Ì¸·­ ¬»­¬ ³»¬¸±¼ ¿°°´·»­ ¬± ½»®¬·º·½¿¬·±² ¿²¼ ¿«¼·¬·²¹ ±º ©±±¼óº·®»¼ ®±±³ ¸»¿¬»®­ ¿²¼ 
º·®»°´¿½» ·²­»®¬­ò

ïòî Ì¸» ¬»­¬ ³»¬¸±¼ ½±ª»®­ ¬¸» º«»´·²¹ ¿²¼ ±°»®¿¬·²¹ °®±¬±½±´ º±® ³»¿­«®·²¹ °¿®¬·½«´¿¬» 
»³·­­·±²­ô ¿­ ©»´´ ¿­ ¼»¬»®³·²·²¹ ¾«®² ®¿¬»­ô ¸»¿¬ ±«¬°«¬ ¿²¼ »ºº·½·»²½§ò
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Ûîëïëóïï Standard Test Method for Determination of Particulate Matter Emissions Collected in 
a Dilution Tunnelò ø×ÞÎô ­»» § êðòïé÷ Ë°±² ®»¯«»­¬ô º±«®ó·²½¸ º·´¬»®­ ³¿§ ¾» «­»¼ò Ë°±² ®»¯«»­¬ô 
Ì»º´±²ó½±¿¬»¼ ¹´¿­­ º·¾»® º·´¬»®­ ³¿§ ¾» «­»¼ò 

2.0 Procedures
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¬¸» ½±²¼·¬·±²·²¹ ·­ ¿¬ ¬¸» ½»®¬·º·½¿¬·±² ¬»­¬ ´¿¾±®¿¬±®§ô ¬¸» °®»ó¾«®² º±® ¬¸» º·®­¬ ¬»­¬ ½¿² ¾» 
·²½´«¼»¼ ¿­ °¿®¬ ±º ¬¸» ½±²¼·¬·±²·²¹ ®»¯«·®»³»²¬ò

îòî Ó¿²«º¿½¬«®»®­ ³¿§ «­» ßÍÌÓ Ûèéïóèî ø®»¿°°®±ª»¼ îðïí÷ ø×ÞÎô ­»» § êðòïé÷ ¿­ ¿² 
¿´¬»®²¿¬·ª» ¬± ¬¸» °®±½»¼«®»­ ·² Ó»¬¸±¼ ëØ ±® Ó»¬¸±¼ îè º±® ¼»¬»®³·²·²¹ ¬±¬¿´ ©»·¹¸¬ ¾¿­·­ 
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���)����������B��&#���'*(	�&��.+6G5,.H.I.,J<--<13-��/K3L. +,-+.76+,. GK/3./6+,-.MNOPQRSM7RTS.06/+<=K56+,.,J<--<13./6+,.MOPQRS. HUV.W1K/.,J<--<13-..MOS. =1.,J<--<13-.MOPXYZS. W,6+<34.,22<=<,3=[.M\WW8S.�� ��(�#(�#� �&��$� �&���� ��&��� �&��� $�&#��� ��(��(�#��������&���� �&���� $&��$� �&#$� $�&���� ��(��(�#��������&���� �&���� �&���� �&��� $�&��#� ��(��(�#��������&#��� �&���� #&#��� �&�#� $�&��.+6G5,.].I.9,<4W+,7.68,/64,.=65=K56+<13./K3L. GK/3./6+,. M,S.68,/64,.,J<--<13./6+,.OPQR. M=1S.68,/64,.,J<--<13./6+,.OPQR. M1W,S. W,6+.1K+0K+.MGV̂PQRS.0/1G6G<5<+[. M:S.9,<4W+<34.26=+1/. M:_,S. M:_1W,S.#� �&#��� �&���� �#&��� $�&��� ����#&$�� �&���#� �&��$�� �&��$�� ��&����� �&��$� �����&���� #$&��� $�&#�� ���$�&��� �&��$�� �&����� �&#���� ��&#���� �&���� �����&���� #�&��� $�&��� �$�$$&��� �&$���� �&��$#� �&��$�� ��&����� �&���� �����&���� ���&��� $�&��� ����#&��� �&#���� �&��#�� �&��#�� �#&�$������!� �&������ �&����� ���&������*	����F
���*��̀"�!!���!�a*(	�b� �&#�����*	����F
���*��D
������̀BB� ��� 
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�����Ad�U������BCIQPB�CHO�PBE�PO�J�GIMQPB�E�HMBHM����BCEF��QBK��GBEB�\QIB�MFPBB�IGOBI]��
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HH�M��J�EF�BNA�NGDEJEBY�LNIDZAC�EK���G�HIK��EC�IFJ�KN�GHJ�ZA�MEBNEF�CIF�A�����FBILB�HIZ�CIB�CY�DIFI�AC�E��Y�G�LIFF�B��EFJ�KGEBIZHA��EALAK���� ����FEB��BICBS����� Q��	EBN�IHH�J��CK�IFJ�IEC�L�FBC�HK�LH�KAJX�[AC��JCI�B��I�FANAHEL�GKEF��KLCAM�H�LIBAJ�IB�Z�BB�D����DABAC��� T���A��CA�HE�NBEF��I��ECA�BGCF��F�JEHGBE�F�BGFFAH�IFJ�KAB��H�M�CIBA�B��Q\]�KL�D�PI��C�̂EDIBAHY�_QU���DW�E��ZGCF�CIBA�EK�B��ZA�HAKK�BNIF�̀�a��NC�����C�NE�NAC�ZGCF�CIBAK�KAB��H�M���C�I�QU]bQ�IEC��GAH�CIBE��PKAA�LNICB���C�I��C�̂EDIBA�cIHGAKW��� �̀��NALa�JCI�B�ED��KAJ��F�L�HJ�KB�cA���
HH�EFHABK�DGKB�ZA�LH�KAJ�IFJ�I�JCI�B��IG�A�EF�BNA�LNEDFAY������JCI�B�EK��CAIBAC�BNIF�]�]]U�EFLNAK�MIBAC�L�HGDFX�IJdGKB�BGFFAH�B��KBILa��I��GFBEH�JCI�B�EK�HAKK�BNIF�]�]]U�EFLNAK�MIBAC�L�HGDF��� \��	EBN�N�B�MECA�IFAD�DABAC�LNALa���C�IDZEAFB�IEC�H�M�IC�GFJ�GFEB�PDGKB�ZA�HAKK�BNIF�U]��B�DEFW��� U��eAC��KLIHA�IFJ�KBICB��ECA�MEBN�FAMK�I�AC�IFJ���G�HIK��EC�aEFJHEF����P�IaA�KGCA�KBILa�KID�HA��C�ZA�EK��F�BNA�GFEB�W�����FLA�aEFJHEF��EK�ZGCFEF��MAHHX�IJJ��CAH�IJ��GAH�����ACIBA�IB�NE�N��ECA���C�KG��ELEAFB�BEDA�B���AB��GAH�H�IJ�ZGCFEF��MAHH����NAF�IJdGKB�KABBEF�K�B��EFBAFJAJ�BAKB�CGF�HAcAHK��� _���AC��CD�BNA�JEHGBE�F�BGFFAH�BCIcACKA�IK��CAKLCEZAJ�EF�
�����TUQUX��ALBE�F�R�̀�T���P�EB�B�BGZA�KN�GHJ�ZA�LICA�GHHY�LHAIFAJ��CE�C�B��AILN�BAKB�W�� ����CABAKB�H�IJ�DGKB�ZGCF���C�I�DEFEDGD����Q�N�GC����AL�CJ�KB�cA�KGC�ILAX�LIBIHYKBX�C��DX�IFJ��HGA�BAD�ACIBGCAK��� R���BEC��ECA���BAF�JGCEF���CAZGCF�PI�BAC�I�CAIJEF�W�B���AB�I����J�L�IH�ZAJ����ECA�LIF��FHY�ZA�CIaAJ��FLA�PJ��C���AF�Q�DEFGBA��C�HAKKW�JGCEF��BNA�QU�DEFGBAK��CE�C�B��BNA�KBICB����BNA�BAKB��� ����AKB��GF��� Q���BILa��IK�IFIHY[ACK�KN�GHJ�ZA��F�IFJ�EF�BNA�KID�HA�D�JA��� T��	NAF�BNA��GAH�ZAJ�EK�ZABMAAF�T]STUV����BNA�BAKB�H�IJ�MAE�NB�BNA�BAKB�EK�B��ZA�KBICBAJ��� I���FKACB�BNA�KID�HA��C�ZAK�EFB��BNA�BGFFAH�ZAEF��LICA�GH�F�B�B��NEB�KEJAK����BGFFAH�MEBN��C�ZA�BE���� Z���NALa�BGFFAH��EB�B�BGZA���C��C��AC���KEBE�F��� L���AL�CJ�EFEBEIH�CAIJEF�K��� J���GCF��F��C�ZA�KID�HA�KYKBADK�IFJ�KBICB�BEDEF��BAKB��� A���ICA��HIB��CD�KLIHA��� �����AF�KB�cA�J��CK�IFJ�H�IJ�KB�cA����H�KA�J��C��C���HH�M�DIFG�ILBGCACfK�KBICBSG���C�LAJGCAK����EcA�DEFGBAK�EK�BNA�DÎEDGD�BEDA�ZA��CA�IHH�J��CK�IFJ�L�FBC�HK�DGKB�ZA�KAB�B���EFIH���KEBE�FK���C�JGCIBE�F����BAKB��
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EE�GHACJ�B�P�EA�GAJ�ACKGPCAN��ZW�� �PFFAE��IG�G�GPLA�CAKDIF���[W� �CK�G�CAKDIF���\W� ��G�JAGAC�CAKDIF�N��� I���IEGAC�GAJ�ACKGPCAN�NHKEE�F�G�A]BAAD�̂T_��KFMGIJA�DPCIF��GHA�GANG������GHA��IEGACN�KCA�K��C�KBHIF��̂T_��GPCF��F�B��EIF���PJ�����IEGACN�JPNG�LA�À�G�KL�RA�GHA�DIEPGI�F�GPFFAE�UAG�LPEL�GAJ�ACKGPCA�IF��CDAC�G���CARAFG�B�FDAFNKGI�F��� Q���A�PEKCEM�BHAB̀�IJ�IF�AC�GCKIF���C�IBA�EARAE�DPCIF��GANG���̀�
�GAC�YT�NAB�FDN����T�TT�ELN��UAI�HGO�KFD��F�GHA�JIFPGAO�NHPG�����NKJ�EA�GCKIFN�KFD�CAB�CD�EKNG�CAKDIF�����E���AB�CD��IFKE�DCM��KN�JAGAC�RKEPAN����a������������������������ �� 
���AK̀��HAB̀N�� S���IEPGI�F��PFFAE�� K���AJ�RA�L�GH�NKJ�EA��C�LAN��C�J�GPFFAE�KFD��EP��UIGH�CPLLAC�NG���AC��L���PCF��F�NKJ�EA�NMNGAJ�KFD�NAG�RKBPPJ�G��STb�JACBPCM��C�G��GHA�HI�HANG�RKEPA�CAKBHAD�DPCIF��GHA�GANG��B��
G�K�B�FRAFIAFG�RKEPA�NGKCG�NG��UKGBH�KFD�CAB�CD�GHA�����NGKCGIF��RKEPA��D��
�GAC�S�JIFPGA�NG���NKJ�EA�NMNGAJ�KFD�CAB�CD�AFDIF������RKEPA��A���KEBPEKGA�EAK̀K�A�CKGA��AC��CAcGANG�DANBCI�GI�F�dNAA������X�B�W��� X���KN�
FKEMeACN�� � K���AG�NGKB̀�NKJ�EA��E�U�G��KL�PG��[�JJ��F�GHA�C�G�JAGAC��� L���EP��UIGH�CPLLAC�NG���AC��� B��
DQPNG�RKBPPJ�G��STb�JACBPCM��� D���AG�NMNGAJ�NGKLIEIeA�GHAF�CAB�CD�C�G�JAGAC�CAKDIF�N��� A�����GHA�C�G�JAGAC�CAKDIF�N�D��F�G�AfPKE�eAC�O�BHAB̀�UIGH�GHA�EKL�CKG�CM�JKFK�AC��� ������	���PF�EP���C�LA�KFD�DABCAKNA��E�U�CKGA�G��eAC���� ����PCF�����NGKB̀�NKJ�EIF��NMNGAJ��� H��gAC�O�N�KF�KFD�BKEILCKGA�GHA�KFKEMeACN�dNAA��KN�
FKEMNINW���������������GHANA�JAGAC�RKEPAN�����
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̀L�UZ�����@AB�XZ��B@PO@AOL�����GA��AH@PDG���A��GR��B@BC�P@AJ���EADGLa��GR��GLCOGPBC@F�	��O�
G@BGALb��PBGABGQ��GLBCP���GAICDGL�LG@FL�DGABC�CGO�R��O�NG@BGAL�MJT��K_�� 
��FJCP��B@H�GAYCPOCD@BCP��B@�G�B��BNG��CAGM�c�O��Ab�@LN��@P�O��Ab�@PO�BNG�@CA�D�PBA�FL��S_� ��B@FFJ�D�IGACP��BNG�EPCB�RCBN�LBAGBDN�RA@��@PO�LB@H�CP��BNG�LBAGBDN�RA@��RCBN��EA�	
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��F�����[_�� �NG�EPCB�CL��F@DGO��P�@��@FFGB�@PO�LBA@��GO�O�RP�RCBN�@OOCBC�P@F�LBA@��CP��B��QGG��CB��P�BNG��@FFGB����B�CL�BNGP�LNC��GO�M@DQ�B��BNG�H@PE�@DBEAGA��
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Test Burn Emission Output Weighting

No. Rate Rate g/hr (OHE) (BTU/HR) Prob. Factor (KxE) KxOHE

9 0.923 2.166 73.60 11129.72 0.3129 0.5575 1.2075 41.03

4 1.217 2.228 73.90 14674.83 0.5575 0.4181 0.9315 30.90

8 1.466 0.858 74.40 17677.32 0.7310 0.3579 0.3071 26.63

6 2.021 2.562 73.10 24369.62 0.9154 0.2690 0.6893 19.67

0.00 1.0000 0.0000 0.0000 0.00

0.00 1.0000 0.0000 0.0000 0.00

0.00 1.0000 0.0000 0.0000 0.00

0.00 1.0000 0.0000 0.0000 0.00

0.00 1.0000 0.0000 0.0000 0.00

0.0000 0.0000 0.00

0.00

1.60248 3.1353 118.22

Weighted average emissions rate: 1.9565

Weighted Average OHE 73.77
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Manufacturer: England Stoves Technicians:

Model: 15SSW01

Date: 01/24/19

Run: 1

Control #: G103758222

  Test Duration: 292

Output Category: 3

HHV Basis LHV Basis

Overall Efficiency 74.0% 80.0%

Combustion Efficiency 94.4% 94.4%

Heat Transfer Efficiency 78% 84.8%

Output Rate (kJ/h) 18,559 17,605 (Btu/h)

Burn Rate (kg/h) 1.27 2.79 (lb/h)

Input (kJ/h) 25,063 23,775 (Btu/h)

Test Load Weight (dry kg) 6.16 13.57 dry lb

MC wet (%) 16.88

MC dry (%) 20.31

Particulate (g ) 7.71

CO (g) 488

Test Duration (h) 4.87

Emissions Particulate CO

g/MJ Output 0.09 5.41

g/kg Dry Fuel 1.25 79.29

g/h 1.58 100.31 1.671886

lb/MM Btu Output 0.20 12.56

Air/Fuel Ratio (A/F) 13.87

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

England Stove Works

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

70 0 28.76 28.82 20.0 19.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

292 18.74 200.68 547.40 68.76 68.71 9.30 8.20

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

852.14 852.84 7.92 6.99 6.24%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

1.283 0.000 0.024 292.000 0.026

Run Date Burn Rate Emission

1 1/24/2019 1.283 1.533
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Manufacturer:England Stoves Technicians:

Model: 15SSW01

Date: 01/25/19

Run: 2

Control #: G103758222

  Test Duration: 167

Output Category: 4

HHV Basis LHV Basis

Overall Efficiency 75.2% 81.3%

Combustion Efficiency 96.8% 96.8%

Heat Transfer Efficiency 78% 84.0%

Output Rate (kJ/h) 32,988 31,292 (Btu/h)

Burn Rate (kg/h) 2.21 4.88 (lb/h)

Input (kJ/h) 43,870 41,615 (Btu/h)

Test Load Weight (dry kg) 6.16 13.58 dry lb

MC wet (%) 16.26

MC dry (%) 19.42

Particulate (g ) 8.96

CO (g) 281

Test Duration (h) 2.78

Emissions Particulate CO

g/MJ Output 0.10 3.06

g/kg Dry Fuel 1.45 45.61

g/h 3.22 101.01 1.683532

lb/MM Btu Output 0.23 7.12

Air/Fuel Ratio (A/F) 12.43

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

England Stove Works

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

69 0 29.10 29.10 16.0 15.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

167 18.82 197.55 564.52 39.05 39.04 8.40 7.80

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

844.75 845.12 7.10 6.59 3.68%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

2.208 0.000 0.029 167.000 0.036

Run Date Burn Rate Emission

2 1/25/2019 2.208 2.459
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Manufacturer:England Stoves Technicians:

Model: 15SSW01

Date: 01/21/19

Run: 1

Control #: G103758222

  Test Duration: 252

Output Category: 4

HHV Basis LHV Basis

Overall Efficiency 73.5% 79.4%

Combustion Efficiency 97.4% 97.4%

Heat Transfer Efficiency 75% 81.6%

Output Rate (kJ/h) 20,058 19,027 (Btu/h)

Burn Rate (kg/h) 1.38 3.04 (lb/h)

Input (kJ/h) 27,297 25,894 (Btu/h)

Test Load Weight (dry kg) 5.79 12.76 dry lb

MC wet (%) 17.33

MC dry (%) 20.96

Particulate (g ) 4.33

CO (g) 250

Test Duration (h) 4.20

Emissions Particulate CO

g/MJ Output 0.05 2.96

g/kg Dry Fuel 0.75 43.14

g/h 1.03 59.45 0.990799

lb/MM Btu Output 0.12 6.89

Air/Fuel Ratio (A/F) 18.77

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

ABC Laboratories, Inc.

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

71 0 28.50 28.66 18.0 16.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

340 18.67 199.07 545.68 76.66 76.58 20.30 17.50

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

882.92 883.85 17.92 15.47 7.35%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

1.155 0.000 0.036 340.000 0.024

Run Date Burn Rate Emission

3 1/28/2019 1.155 2.946
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Manufacturer:England Stoves Technicians:

Model: 15SSW01

Date: 01/29/19

Run: 4

Control #: G103758222

  Test Duration: 312

Output Category: 2

HHV Basis LHV Basis

Overall Efficiency 73.9% 79.9%

Combustion Efficiency 94.3% 94.3%

Heat Transfer Efficiency 78% 84.7%

Output Rate (kJ/h) 17,522 16,622 (Btu/h)

Burn Rate (kg/h) 1.20 2.64 (lb/h)

Input (kJ/h) 23,700 22,482 (Btu/h)

Test Load Weight (dry kg) 6.22 13.71 dry lb

MC wet (%) 16.48

MC dry (%) 19.73

Particulate (g ) 11.59

CO (g) 505

Test Duration (h) 5.20

Emissions Particulate CO

g/MJ Output 0.13 5.54

g/kg Dry Fuel 1.86 81.21

g/h 2.23 97.16 1.619259

lb/MM Btu Output 0.30 12.89

Air/Fuel Ratio (A/F) 13.97

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

ABC Laboratories, Inc.

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

69 70 28.82 28.83 14.0 13.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

312 18.77 201.70 546.31 73.93 73.82 14.30 12.90

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

851.22 852.54 12.17 11.00 5.07%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

1.217 0.000 0.033 312.000 0.026

Run Date Burn Rate Emission

4 1/29/2019 1.217 2.228
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

69 0 29.29 28.83 12.0 13.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

70 17.91 180.03 588.53 6.97 7.33 16.00 15.60

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

1808.74 1719.09 28.94 26.82 3.81%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

5.650 0.000 0.042 70.000 0.046

Run Date Burn Rate Emission

5 1/31/2019 5.650 23.896
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Manufacturer:England Stoves Technicians:

Model: 15SSW01

Date: 01/31/19

Run: 6

Control #: G103758222

  Test Duration: 182

Output Category: 4

HHV Basis LHV Basis

Overall Efficiency 73.1% 79.0%

Combustion Efficiency 95.8% 95.8%

Heat Transfer Efficiency 76% 82.5%

Output Rate (kJ/h) 29,039 27,546 (Btu/h)

Burn Rate (kg/h) 2.01 4.42 (lb/h)

Input (kJ/h) 39,719 37,678 (Btu/h)

Test Load Weight (dry kg) 6.08 13.40 dry lb

MC wet (%) 17.33

MC dry (%) 20.96

Particulate (g ) 7.77

CO (g) 359

Test Duration (h) 3.03

Emissions Particulate CO

g/MJ Output 0.09 4.08

g/kg Dry Fuel 1.28 59.03

g/h 2.56 118.36 1.972696

lb/MM Btu Output 0.21 9.47

Air/Fuel Ratio (A/F) 12.94

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

ABC Laboratories, Inc.

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

68 72 29.29 29.26 11.0 11.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

182 17.68 186.44 565.30 43.94 43.84 10.50 9.60

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

772.32 774.01 8.11 7.43 4.37%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

2.021 0.000 0.028 182.000 0.035

Run Date Burn Rate Emission

6 1/31/2019 2.021 2.562
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

66 71 29.23 29.26 13.0 15.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

187 17.61 187.30 559.88 44.58 44.53 5.40 3.90

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

785.58 786.48 4.24 3.07 16.07%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

2.005 0.000 0.042 187.000 0.036

Run Date Burn Rate Emission

7 2/1/2019 2.005 1.173
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Manufacturer: England Stoves Technicians:

Model: 15SSW01

Date: 02/04/19

Run: 8

Control #: G103758222

  Test Duration: 260

Output Category: 3

HHV Basis LHV Basis

Overall Efficiency 74.4% 80.4%

Combustion Efficiency 95.4% 95.4%

Heat Transfer Efficiency 78% 84.3%

Output Rate (kJ/h) 21,254 20,162 (Btu/h)

Burn Rate (kg/h) 1.44 3.18 (lb/h)

Input (kJ/h) 28,556 27,088 (Btu/h)

Test Load Weight (dry kg) 6.25 13.77 dry lb

MC wet (%) 16.66

MC dry (%) 19.99

Particulate (g ) 7.44

CO (g) 405

Test Duration (h) 4.33

Emissions Particulate CO

g/MJ Output 0.08 4.40

g/kg Dry Fuel 1.19 64.89

g/h 1.72 93.54 1.55905

lb/MM Btu Output 0.19 10.23

Air/Fuel Ratio (A/F) 12.81

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

ABC Laboratories, Inc.

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

72 71 28.57 28.69 31.0 28.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

260 19.60 207.01 551.99 59.37 59.30 4.60 3.60

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

906.62 907.67 4.17 3.27 12.14%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

1.466 0.000 0.046 260.000 0.029

Run Date Burn Rate Emission

8 2/4/2019 1.466 0.858
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Manufacturer: England Stoves Technicians:

Model: 15SSW01

Date: 02/05/19

Run: 9

Control #: G103758222

  Test Duration: 387

Output Category: 1

HHV Basis LHV Basis

Overall Efficiency 73.6% 79.5%

Combustion Efficiency 93.0% 93.0%

Heat Transfer Efficiency 79% 85.5%

Output Rate (kJ/h) 13,300 12,617 (Btu/h)

Burn Rate (kg/h) 0.91 2.01 (lb/h)

Input (kJ/h) 18,071 17,142 (Btu/h)

Test Load Weight (dry kg) 5.88 12.97 dry lb

MC wet (%) 15.94

MC dry (%) 18.96

Particulate (g ) 13.97

CO (g) 576

Test Duration (h) 6.45

Emissions Particulate CO

g/MJ Output 0.16 6.71

g/kg Dry Fuel 2.37 97.85

g/h 2.17 89.26 1.487728

lb/MM Btu Output 0.38 15.60

Air/Fuel Ratio (A/F) 13.62

VERSION: 2.2 12/14/2009

Test Results in Accordance with CSA B415.1-09

ABC Laboratories, Inc.

Ken Slater
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     Room Temp    Bar Pressure Relative Humidity    Air Velocity

Before After Before After Before After Before After

70 68 29.10 29.03 24.0 19.0 0 0

Average Dilution Tunnel Measurements Sample Data

Burn Velocity Flow Rate Temp     Total Sample Particulate Catch

Time (Ft/sec) (dscf/min)     (R) 1 2 1 2

387 22.72 248.89 540.19 90.71 90.58 14.10 12.20

 Dilution Tunnel Dual Train Precision

  Sample Ratios   Total Emissions (g)

Train 1 Train 2 Train 1 Train 2 Deviation (%)

1061.85 1063.42 14.97 12.97 7.15%

 

Burn Initial Run Average

Rate Surface Draft Time Draft

0.923 0.000 0.036 387.000 0.021

Run Date Burn Rate Emission

9 2/5/2019 0.923 2.166
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RX 05 Page 104 of 158



��� �� ���������	
��
������
�����������
�����������
����������������������������� ����� ��������������������������������������������������������������������������������������������������!"#$!%&#'()�*+,��"-.!")/0��&12(��1'30���"%4����*15�6�7��1"'1(��8��69�:9���;;;4<(!&'()($="()4%1>�?@��A�69��79@B�� �������������������������������������������������������������������������������������������������������������(24�9C6�
B�� D�E��
���.(!0(�'(!)�&<=0�("&='(�>!"#!.�F($1'(�="0&!..!&=1"�!")�#0(�1$�&<=0�;11)�$#(.��F#'"="-�!GG.=!"%(4�H((G�%<=.)'("��$#'"=&#'(��$=5&#'(0�!")�!..�%1>F#0&=F.(0�!;!+�$'1>�!"+�<(!&="-�!GG.=!"%(4��� 	�I�����	����	�JED��
�	��	�K��L��
��D��M!=.#'(�&1�$1..1;�&<(0(�="0&'#%&=1"0�%!"�'(0#.&�="�G'1G('&+�)!>!-(��F1)=.+�="N#'+�1'�(2("�)(!&<4�M1'�+1#'�0!$(&+�!")�G'1&(%&=1"��$1..1;�&<(�="0&!..!&=1"�="0&'#%&=1"0�1#&.="()�="�&<=0�>!"#!.4�O1"&!%&�+1#'�.1%!.�F#=.)="-�1'�$='(�1$$=%=!.0�!F1#&�'(0&'=%&=1"0�!")�="0&!..!&=1"�="0G(%&=1"�'(P#='(>("&0�?="%.#)="-�G('>=&0A�="�+1#'�!'(!4�
RX 05 Page 105 of 158



���������� ��	
��
��������
���
���
�	�
����������������������
��
�������������
�������
������
��
����������
����		
����� !"##!$%&!'%"(���� �)*+,-��).-��/-�0
112)3-4�5)2���
�)6,78����9+/�52--/:;64+6<�=))4�>6+:�+/�;112)3-4�5)2�.)*+,-�9).-�)2�4)>*,-=+4-�+6/:;,,;:+)6�=+:9�:9-�)>:/+4-�?).*>/:+)6�;+2�9))@!�>1���--�:9-�A�6/:;,,;:+)6B�/-?:+)6�)5�:9+/�.;6>;,�5)2�4-:;+,/�1-2:;+6+6<�:)�.)*+,-�9).-�+6/:;,,;:+)6/���)*+,-�9).-�+6/:;,,;:+)6�.>/:�*-�+6�;??)24;6?-�=+:9�:9-��;6>5;?:>2-4��).-�;64��;5-:7��:;64;24�0���8������C$"#��	;2:�$%���� DEFGHIJKLMJNLOMJKHPEQ��� �)4-,��>.*-2�� ��;:-�)5�	>2?9;/-�� ���;:-�)5��;6>5;?:>2-�� ���-2+;,��>.*-2�� ���� R��9+/�+65)2.;:+)6�?;6�*-�5)>64�)6�:9-�/;5-:7�:;<�;::;?9-4�:)�:9-�2-;2�)5�:9-�>6+:���;3-�:9+/�+65)2.;:+)6�)6�9;64�+5�7)>�19)6-�:9-�5;?:)27�)2�7)>2�4-;,-2�2-<;24+6<�:9+/�12)4>?:������ S�T--1�?9+,42-6�;=;7�� UVWXYZ[�S��>1-23+/-�?9+,42-6�+6�:9-�/;.-�2)).�;/�:9+/�;11,+;6?-��S�
,-2:�?9+,42-6�;64�;4>,:/�:)�:9-�9;\;24/�)5�9+<9�:-.1-2;:>2-/��S��)��
��)1-2;:-�=+:9�12):-?:+3-�*;22+-2/�)1-6�)2�2-.)3-4��S��):�=9+,-�+6�)1-2;:+)6]��T--1�?,):9+6<��5>26+:>2-��42;1-2+-/�;64�):9-2�?).*>/:+*,-/�;=;7���)6:;?:�.;7�?;>/-�/@+6�*>26/]�S��6/:;,,;:+)6������?).1,7�=+:9�,)?;,��2-<+)6;,��/:;:-�;64�6;:+)6;,�?)4-/�;64�2-<>,;:+)6/��S��)6/>,:�,)?;,�*>+,4+6<��5+2-�)55+?+;,/�)2�;>:9)2+:+-/�9;3+6<�̂>2+/4+?:+)6�;*)>:�2-/:2+?:+)6/��+6/:;,,;:+)6�+6/1-?:+)6��;64�1-2.+:/��
RX 05 Page 106 of 158



���������� ��	
���
�������������������������������                               �!��"#$��%�������&���'$����(�"#$��%�������&                  �)���*�+$�&���&                                   �)���,-.�/�+#0����$�                           �)����&��00����������&��00������12$�2�$3�                   �4���/0$�����$&����/�+5�&��50$&         �6���7$����(�������������                    �8���7$����(�9���$0��$&�                       �8���.��������0�7$����(���%��+������   �:���;�00�-�&&<�����(�&�                    �=>���.##��2$��7$����(�?$����&�@A�����(����$�;�00�           �==�@A�����(����$�/$�0��(�        �=B�@A?�&���C�/��+�$C�           �=D�@A?�&���C�E��$#0��$�          �=!���?�5�0$�'�+$���&��00������           �=)���1��&��$�.���'���<F#�                   �=)���E0����-���$������                         �=4��1#$���������G�$��<���E��$&�                             �=6���/��������&�1#$������           �=6<=8���"�%$�C�H��$&�                               �=:��?����$����$���"��2$�?����$����$�                    �B>� ����&#$����(�9�&�$�&�                      �B=���E���&��                                          �B=��I$#0����(�/�+#��$��&���90�&&�                                           �BB���G���$����5$&�                              �BD���/$��+���E�5$�5����&                   �BD���*����'��($&�                                �BD���'$���"��$0��J�G����-��$0�           �BD���1��$��/�+#��$��&�                     �B!��1#�����0�.��$&&���$&���./<=4K./<D>�G0�3$��                  �B!���"��$�'$���"��$0����                   �B!������50$&������(�9���$�������50$&������(�                         �B)���00�&����$��-���&�*$���0���-���&�L�&��                                     �B4���,M#0��$��-���&�*��(��+             �B6���G�����L�C����                                �B8��;������C���"�+#0$���(                                  �B:���;������C�*$���0&�                        �D>����+#�������H����$�                        �D=���;������C��$(�&��������E��+�       �DB�NOPQRQSSTUSVWRXYZZY[\R] _̂_̂ÙaRbTc̀dYUR��e�f�gh
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����	������������������������������������������ !"�"#$%&�'()*+,(-./+,-0(),10-1/-(2*+,(-31-3*-4),5(-(2/+50-1/-)66(71-10(-+2318--9231-:+*1-0);(-)-<=>-64(),)26(-?,/:-10(-1/7-/?-10(-*1/;(-1/-)-:)21(4-32-)66/,@)26(-A310-BCDE-FGG--C/,-10(-9HEI-J(),10-:+*1-(K1(2@-)1-4()*1-G=-328-?,/:-10(-?,/21-/?-10(-?+(4-/7(23258--C/,-L)2)@)I-J(),10-:+*1-(K1(2@-)1-4()*1--GM-32-NOPQ8Q-::R-?,/:-10(-?,/21-/?-10(-?+(4-/7(23258--S  !�$&�T$&U�#V"#�#V$W�#X! �%Y�"�$&W#"ZZ"#$%&�[$ZZ�T"\ �$#�U$YY$]̂Z#�#%�]V"&_ �W!  UW�%&�#V �Z̀%[ ��Y� â &#ZXb�c �� ]%TT &U�!$]\$&_�"�̀Z%[ ��W!  U�"&U�W#$]\$&_�[$#V�$#d�W$&] �"UêW#$&_�#V �̀Z%[ ��[$ZZ�̀ �U$YY$]̂Z#�̀ ]"̂W �%Y�#V �#$_V#�$&W#"ZZ"#$%&b��-fEgBhBiI--jk-Bkl-Ellm'Dl-lk-Ejn9Hl-opkfmg-j9ghBi-kDmgElhkB8--HqhB-o9gBH-'Er-kLL9g-fJmB-'EqhBi-LkBlELl-fhlJ-lJm-9Bhl8-fEhl-Ckg-9Bhl-lk-Lk'Dpmlmpr-Lkkp-omCkgm-Ellm'DlhBi-lk-Ejn9Hl-opkfmg8---h2*7(61-./+,-0(),10-1/-s(-*+,(-31-3*-6/2*1,+61(@-/?-)-2/26/:s+*13s4(-:)1(,3)4-*+60-)*-s,36t-/,-*1/2(8-j/-&%#�32*1)44-103*-*1/;(-/2-)-0(),10-10)1-3*-6/2*1,+61(@-/?-A//@-?,):(A/,t-10)1-3*-6/;(,(@-s.-s,36t-/,-*1/2(-)2@-@/-&%#�32*1)44-103*-+231-32-)-u(,/-NQR-64(),)26(-?3,(74)6(8-l0(-:)2+?)61+,(,-A344-2/1-s(-0(4@-,(*7/2*3s4(-?/,-)2-)663@(21-,(*+41325-?,/:-103*-*1/;(-s(325-32*1)44(@-/2-)-0(),10-6/2*1,+61(@-/?-)-6/:s+*13s4(-:)1(,3)48--h2*7(61-./+,-?3,(74)6(-1/-(2*+,(-31-3*-32-7,/7(,-A/,t325-/,@(,-)2@-?,((-/?-)2.-/s*1,+613/2*8--D,3/,-1/-32*1)44)13/2v-,(:/;(-10(-(K3*1325-@):7(,-/,-A3,(-31-1/-?)*1(2-31-/7(28-�w &#$&_��%̂���#%x �y�z$� ]#��%&& ]#�f0(2-103*-+231-3*-@3,(61-6/22(61(@-31-A344-,({+3,(-*3K-3260-N=>R-@3):(1(,-FO-5)+5(-737(-?,/:-10(-*1/;(-10,/+50-10(-@):7(,-/7(23258-N����|��V �]V$T& X�]%&& ]#%��T Ŵ#�̀ �"##"]V U�#%�#V �"!!Z$"&] -[$#V�"�T$&$T T̂�%Y�#V�  �}~��W]� [Wd�"&U�~�W]� [W�WV%̂ZU�̀ �̂W U�#%�"##"]V� "]V�"Ue%$&$&_�W ]#$%&b���f(-03504.-,(6/::(2@-0);325-10(-603:2(.-?+44.-432(@-A310-)-=-3260-432(,-1/-(2*+,(-7,/7(,-@,)?18--l03*-A344-:)t(-31-2(6(**),.-1/-s4/6t-/??-10(-/7(2-),()-/2-s/10-*3@(*-/?-10(-737(-10)1-7)**(*-10,/+50-10(-@):7(,-/7(2325v-A0360-6)2-s(-@/2(-A310-*0((1-:(1)4-/,-s.-7)6t325-?4):(-,(1),@)21-?3s(,54)**-32*+4)13/2-32-10(-/7(2-),()*-N2/-7)7(,-/,-6/:s+*13s4(*R8-r/+-:+*1-s(-*+,(-10(-@,)?1-?,/:-10(-603:2(.-3*-s(325-7+44(@-10,/+50-10(-*1/;(v-)2@-2/1-),/+2@-10(-6/22(61/,-737(8-8--f(-03504.-,(6/::(2@-./+-0);(-103*-@/2(-s.-)-7,/?(**3/2)48-r/+-*0/+4@-)4*/-6/21)61-./+,-4/6)4-)+10/,313(*-1/-s(-*+,(-./+-),(-?/44/A325-)44-6/@(*8-
RX 05 Page 118 of 158



����������� ���	
��

����	�� ���	�	����������������������������������� �� !�"���	�� �#�����$%�$������������&��'��#�����$'�%�$����#����'����(�)��������%������*���'��$���+������������ � � !,-./01�	232�45678�9:;<=5>�?9@A:<;=9B�7=6�C69@D�)7EE(�CE996�96�?>=E=BF�?7G=;H�96�>B?E9<>5�<I7?>�<:?J�7<�7B�7;;=?(�F767F>�96�?678E�<I7?> ��9A=E>�#9@>��B<;7EE7;=9B�K"
�4�	
LM4	��4�NN��32O4P��4!�	�O��	4Q�R�
24S�Q24�	
��

����	T4�U��J>�8995�<;9G>�Q"
�4A>�<>?:6>5�;9�;J>�CE996�9C�;J>�@9A=E>�J9@>�:<=BF�E7F�A9E;<�7B5�;J>�J9E><�I69G=5>5�=B�;J>�A9;;9@�9C�;J>�:B=;�C96�;J=<�I:6I9<> �$<>�7�VW�?9II>6�8=6>�;9�F69:B5�<;9G>�;9�C67@>�9C�@9A=E>�J9@> ��U��J>�8995�<;9G>�@:<;�A>�?9BB>?;>5�;9�;J>�?J=@B>H�<H<;>@�8=;J�59:AE>�87EE�?J=@B>H�?9BB>?;96�8J=?J�=<�$��E=<;>5�C96�:<>�=B�@9A=E>�7B5�@7B:C7?;:6>5�J9@>< ��U�%76>C:EEH�C9EE98�7EE�?E>767B?><�E=<;>5�=B�;J>�7II69I6=7;>�<>?;=9B�9C�;J=<�@7B:7E�����C9EE98�;J>�G>B;=BF�@7B:C7?;:6>6X<�@=B=@:@�?E>767B?>�6>Y:=6>@>B;< ��=@=E76EH(�A>�?>6;7=B�;J>�G>B;=BF�<H<;>@�:<>5�=<�7II69G>5�C96�@9A=E>�J9@>�:<> ��U��B<;7EE7;=9B�@:<;�A>�=B�7??9657B?>�8=;J��7B:C7?;:6>6<�#9@>�Z��7C>;H��;7B5765� �%J=@B>H�%7I*�I76[��66><;96���%E7<<���%J=@B>H��H<;>@����99C�'E7<J=BF�7B5��;96@�%9EE76���\9=<;��J=>E5*'=6><;9I����9A=E>�#9@>��II69G>5��9:AE>�)7EE�%J=@B>H�%9BB>?;96��$<>�<=E=?9B>�;9�?6>7;>�7�G7I96�A766=>6�8J>6>�;J>�?J=@B>H�I7<<><�;J69:FJ�;9�>];>6=96 �#̂$�_�%'��̀aWb(��76;�ac�7<�8>EE�7<�7BH�7IIE=?7AE>�E9?7E�?95>< ��:;<=5>�%9@A:<;=9B��=6�U��J>�:<>�9C�9:;<=5>�?9@A:<;=9B�7=6�=<�d,1e,.0fg48J>B�=B<;7EE=BF�;J=<�8995�<;9G>�=B�7�@9A=E>�96�@7B:C7?;:6>5�J9@> ��U��J>�9:;<=5>�7=6�?9BB>?;=9B�I=I>�I69;6:5><�C69@�;J>�A9;;9@�?>B;>6�9C�;J>�<;9G>h�7�[=;�=<�7G7=E7AE>�C69@��BFE7B5X<��;9G>�)96[<(��B? �5><=FB>5�C96�?9BB>?;=BF�;J=<�:B=;�;9�9:;<=5>�?9@A:<;=9B�7=6 �i�76;��9 ��%j��k̀l��U��C�=;�=<�B9;�C>7<=AE>�;9�:<>�;J>��%j��k̀�9:;<=5>�7=6�J99[:I�[=;�=B�H9:6�<;9G>�=B<;7EE7;=9B(�9;J>6�@7;>6=7E<�@7H�A>�:<>5(�I69G=5>5�;J>�C9EE98=BF�6:E><�76>�C9EE98>5D�� mn�J>�I=I>�:<>5�C96�9:;<=5>�7=6�J99[:I�@:<;�A>�@>;7E(�8=;J�7�@=B=@:@�;J=?[B><<�9C� babo=B �âp�F7:F>�@=E5�<;>>E_�96�F6>7;>6�7B5�7B�=B<=5>�5=7@>;>6�9C�7II69]=@7;>EH�a qp�=B �� mnk>>I�I=I>�6:B<�<J96;�7B5�:<>�7�@>?J7B=?7E�C7<;>B>6�7;�>7?J�I=I>�r9=B; �� mn��<?6>>B�96�9;J>6�I69;>?;=9B�5>G=?>�@:<;�A>�C=;;>5�9G>6�;J>�9:;<=5>�7=6�;>6@=B7;=9B�I9=B;�;9�I6>G>B;�67=B(�5>A6=<�7B5�B:=<7B?>�7B=@7E<�C69@�>B;>6=BF�;J>�I=I=BF�<H<;>@ ��B<I>?;�;J>�9:;<=5>�?9@A:<;=9B�7=6�=BE>;�C96�AE9?[�7B5�5>A6=<�@9B;JEH �
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��������������������������������� !"#$%&'( )*�� �����+ ���� �� �*� ���,�- �*� .��/�0 1��� .� ��0��� 2334 5�6*� ������������ �� �1�7� ����8��0� �� *�+*�� 0�8�11����� /*�� ���������+ �*�� �0 ��� ��*�0 ����� ���� .�0���+ �99����8�4 �1�7� ����8��0� �*���� .� ��8���� ���0 �0 �� �,�0� 0��1 �� �*� *�1�- 9�0��8���0�� ����9��+ 0��1�4  5�� �1�7� ����8��0 8�� .� ��������� �� �*� ��1� 0��1 �� �*�� 8�0�/��� .�0���+ ����: ���������+ �*� �1�7� ����8��0 ��� 8���� �� �*� ���� 8�� ���� �� ������8� ���01� ��� �� ���+*� /��9� �� �1�7� �1����� ��0��+ �*� ��0� ���0���+ �0 0�������+ 90�8���4 ;�� �� �*��- �*� �1�7� ����8��0 �� �*� ��1� 0��1 �� �*� ���� /��� .� 1��� ������ �� �� �� ��8���� �� ��0 �0�1 �*� ���� �� �*� 0��1 /��� 9�01��4 5�6*�� ���,� �� 1���� ��0 .�0���+ 8�0�/��� ����: ��,�0 .�0� 90����0� �0����� /���- 7��� �0��� /���- 80������ �0����� /��� <0���0��� ����=- �8� 8�,�0�� �0 /�� /���- +0��� /���- �0��� /���- 8*�08���- 8���- 8�7� �0 �>? ��*�0 ����4 5�@�0���+ ����� ��*�0 �*�� 8�0�/���- 9�0��8���0�� 8��� ��� 8*�08���- 8�� 0����� �� *�A�0���� 8��8���0������ �� 8�0.�� 1���B��� .���+ �1����� ���� �*� �/�����+4 3�0 �*��� 0������- >CDCE .�0� 8��� �0 8*�08��� �� �*�� 8�0�/��� ���,�4 F��������+ � 8�0.�� 1���B��� ����8��0 ��� .���+ �/�0� �� �*� ��19��1� �� 8�0.�� 1���B��� 9�������+ 8�� *��9 0���8� �*� 0��7 �� 8�0.�� 1���B��� 0������ ������4    !GHIJKLM$NJOMHLJIMJOMPQGLIMIKMKRQSGIQMKLTUMVJINMINQMPGJLMWJQVJLXMYKKSMZTKOQY[MM\PK]QMORJTTGXQMGLYMGLMJLQ̂̂JZJQLI_MTG̀UMaHSLMVJTTMSQOHTIM̂SKPMGIIQPRIJLXMIKMKRQSGIQMINQMOIKWQMVJINMINQMYKKSMKRQL[MM%LMGYYJIJKL_MHOJLXM̂HQTMKINQSMINGLMVKKYMRQTTQIOMZGLMZSQGIQMGLMHLOĜQMOJIHGIJKLMGLYMZGLMGTOKMXQLQSGIQMQbZQOOMZGSaKLMPKLKbJYQ[MM!GSaKLMPKLKbJYQMJOMGLMKYKSTQOO_MZKTKSTQOOMXGOMVNJZNMZGLMaQMYQGYTU[MMcHSLM&'deMVKKYMRQTTQIO[M!GSaKLMfKLKbJYQMgQIQZIKS C�+����h� ���,� )�07�- F�84 *�+*�� 0�8�11���� �*� ��� �� � 8�0.�� 1���B��� ����8��0 �� �*� 90�B�1��� �� �*� ���,� ��� ��� 9�0 ����0 �� �*� *�1�4  � 8�0���� �1���� �� 8�0.�� 1���B��� �� 90���8�� /��*�� �*� ���,� �� � .�i90���8� �� 8�1.������4  ��� �B*���� ,��� 8����8����� 1��� .� ������ /��* E6D ����8��� �� ����0� � ��+*� ����4  ��� ���7� ���� � 8������� �0�� 8����� .� ������ ������������ �0 �190�9�0 �9�0����� �� �*� ���,� 8���� 90���8� ��AA�����- ������ ��� �� �B�0�1� 8����- ����*4  6*� j2 8��8���0����� ��0��+ ������+ /�� ����� �� .� k4lmn +o1��4M�5�6*�� ���� /�� ����+��� ��0 �9�0����� ���� /��* �*� ������+ ���0 8����� ��� ��+*��� ���8*��4 29�0����+ �*�� ���� /��* �*� ������+ ���0 ���8*�� ������� �0 �9�� /��� ����/ �B8����,� 8�1.������ ��0 �� 0��8* �*� ��0� ��� /��� 0����� �� ���+�0����� *�+* ���� ��19�0���0��4 p�+* ���� ��19�0���0�� 8�� ��1�+� �*� ����- ,��� �*� /�00���� �0 �+���� 80������ ��9������ �� �*� 8*�1��� �����1 .� 90�,����- ���/ .�0���+ ��0��4 5�6*� ����0�� �0��� �*�� 9���� ��0 �*0��+* �*�� ���� ��� ����/� �*� ��0� �� .�0� ���� �*� �����0 ��0 �� �*� �/�����+ ��0 8�1.������- ������ �*� ���� �� 8����8��� �� �� ������� 8�1.������ ��0 ���08�4 q��8*�� 0��+� ,��� *����- ��0��8�� ��� ��*�0 ��0 1�,�1��� �99����8�� �� �*� *�1� �0� ����� ���� 0�1�,��+ ��0 �0�1 �*� �/�����+: �� �*� �1���� �� ��0 ����0����� �0 ���7�+� .�87 ���� �*� *�1� �� �B8����� .� �*� ��0 .���+ 0�1�,��- ��+���,� 90����0� 1�� .� 80����� �� �*� *�1�4 5����8� �*�� �� � ����0�� �0��� �99����8�- �� /��� ����� .� �*� ��0�� �99����8� �� *�,� 90�.��1� 0������ �� ��+���,� 90����0�4 F� �1�7� �� ��08�� ��� �*� 8*�1��� 8����8��0 r����� �0 ��� �� �*� ��0 ����8���� �����1 �� �*� ����- �*� ���� �� ��7��� ��+*���+ ��+���,� 90����0� �� �*� �/�����+4 j0�87��+ � /����/ �0 ���0 ���0 �*� �99����8� 8�� *��9 �s����A� �*� ��+���,� 90����0�: ����1�����- �� ��0���0�8��� ���08� �� ������� 8�1.������ 1�� .� ��8����0� ��0 90�9�0 ���� ���8����4 5�F� �*� ���� �� 8����8��� �� ������� ��0- .� 8�0���� �� 1�����0 �*� �B��0��0 ����� �� �*� 8�1.������ �����1 ��0 �8��+ �0 ���/ �88�1�������4 ����/��+ �*� ������� ��0 8����8���� �� .�8�1� 0���0�8��� /��� 0����� �� ��0 ���0,����� �� �*� ����4 g&M'&$M\$&tuMv#udM!d&\utM$w"'M\xu!%v%ugM!du"t"'!u\M$&M!&fc#\$%cdu\M&tMy%$w%'M$wuM\x"!uM'uugugMv&tMd&"g%'zM$wuM\$&{uM"'gMv&tM"\wMtuf&{"d[ 
RX 05 Page 123 of 158



��������������	
��
��
�����
���� ���������������������������� �!"#��" �
���
��$%$�
��"�&� �%"'���#�����
���
�(��"��")����� $���"���!��")� �*
 (��*�(���"�
�+��,�����"$�(��"��!��
��")�(��"�
��$%$�
������������"'���"������"������
������"'� ������("*�!"#��"��+���"����
��
�����
������-���.�����!�")� ��" �($���
��$%$�
��"��/�������
���(0&�����.�����("" ��
�(����" �� "�� �"�� 
��"��
�(��"�!���� �
���
��
� ��*�����
�����������!���*�%
(��!
�����("" +������������������%��
��
���%�
�(����%��
��"�����" �
�(��)�������������
 
+�,���"$*�����
���*�%

�!�� �1$� �(��������
��%"����
2�,34,56�������������'�����*��
���%�%"����
��"�(�� �
���������
����"��
����%��
��� �+���7��$
��
��������������� 
%�����!� ����$�
���*�!"
 (����������� �!"#��" �� 
�.��
�(8" �! �
.
*�+�6��*����$ �
���� 
�.��)�����"��
������������ �" %
����"������!"
 (�2�!$��� 
�.�(�" �� $%!���*�!"
 (����"$�(�!�� ���
��(��%%�(�
���
+���7��$
��
����������������"�(
 
��"%!$���"���$!����" �� 
�.�2�)
 ���*�
�(��"  "��"�+�,���"$*���������$!���
 ���"��� $���(�� "%���
������������2����
�"�� 
���
��'� 
���*����%�� 
�$ ���
�(��
���'���$
��
�)�
 �"$��� "%��" %
��$��+��5�
 �
��
�����
������-���.�
���*
�.����/)��(")�
�(�("" 0��" �)�
 �
�(��"�!���� �
������
�������%
���
���
��
� ��*�����
�+�6��������"��")��*��
*���" ����� $���"��+���9�" "$*��
����
���������%��
��
���%�
�(��������%��
��"�����" ��
���%+�6������������%��
��"�����" ����*��� 
��
��#�"��(��"���*���#�
$�����%�� 
�$ ��2�������������
 ��$��
��" ���
.��
�(�)�
.���"��&� ���
���
�
�1$����"�
!���������+�:��������
���"���� 
�*����� "$*������ ""�����%��
��
���%2�!���� �
����"� �%"'�������� 
%�����!� �!
������;<=>?<@�$����*��������%��
��)�����*�! $���(")�����"������� �!"#+�A" ���$��
�������*������"��"������!
�����)����
����
���*�! $���" � "(��
��(
%
*��" �(��� "
�����!
����+B���C�%"'��
���
���� "%�������"'�2�����$(��*�����
���)�����
��$%$�
����"�������"��"�������� �!"#�!
�����+�3�
'������
� ��"�� "��"����($ ��*������"�D��
���*�%"������"�
��")��"%��
� ��"���")��� "$*��������"'���"������� �'�����"  "��"�+��,��%
���"�����"��
��� �"���
������� ����������"'���
�������� �'�����"  "��"��($ ��*������$%�(��$%%� �%"����&�!���� �
����"� �%"'�����!��" ��!$��(��*�
��� ����������
��+�� ��EFGE�F@H�IJ��@�����������K@���LMN��H@O��LMF�@�G@F�EL���@H�IJ��IK@���@��MI�@��F@L��JI@F�IML���H@��@��@M��G��FGLL�PL�@O�F�@��@�Q�@M���R���� NSTU>TVW@>=@�TX<T@Y�,�������"$�(�!����
��(����
�%��
���"��
��� �)����
���*���������*���(+�9�����"��(��"��
��� �"��
�������"$�(�!����
��(�"��
��"��"%!$���!�����"" �" �"������* "$�(2�)����
)

�� "%�
����"%!$���!���%
�� �
��2����(��*����
��(���"�
�+��������
�����
 ��(���"��(�"��!
�!$ �
������"���" �"��� )�����"�
��
�(���� ��(2����
���"$�(�!�� ��
���(����������"��(��"��
��� �$�����
������(� ���
'��!������" "$*��
��""��(+�
RX 05 Page 124 of 158



�������������	
��
���
������
��� �������������
�����������
��������
� !!��!�

�
�������"������!���!�
����!#
��
�$!�%�
�
&��
'������
����
�����������
����
���"�
��
�!#
�($��
����"���!
��
 ������
�
$!�
����
��!"����$
�'����
��&�)
��"�
�!$�����*�����
�����!"� ���+�'��,
�%��
���

 ��
��!! ��!
 ���!
&�����
�������

�����
�,
���
��
 �"��
����
�- !����(,���.�%
��! /�� 0�1���
��� !�����,����,
�+


���
�����
���
 ���
���!#
�,! '�2�����
��!����!
�+�
�
���
�����
��%

�����
���!#
3&�0�4�!�
��
 ������

���
� !!����

����
%����!��"�����
� !�����,����!"�&�	$���
� !�����,������� 
���
��
 �!"��
����'*���
�����
��


 ���!�,
��
����
 &�5�����
�����!"� �,
��
�
��
 ���!"
 ���
�

���
�����
���
��%
�
�*��������
���+�����!%
��%
���
���������'�!
�!

��� 
*�,"��+����,
�+!�
��
 ��
����!!��'�!
��
!��
���� 
&�0�1
�$!�%�������
�����!"
 ���
�

���
��
��%
�
��!$���
� !!�*��
 �#��"���'��
��
�����
�+�
 !+�����
��$!���
'��
���&�6
�����
���
�+�
 !+�����
����
��


����'�,
��!���
 �,'�$!��!+�
����
���
#����
���!!����������
$��!
���
�+�
 !+��$�
��,"�
�
����
�"
��&�0��	$��
'���
��$�������
��
��*���
�

���
�����
����!"� �,
��
����
 &�5�
������
"%,
������!�����
��!���
�����
��,
�
���
����
 ���
�,
�$!"
 ��
���
�-	��"�����
 �1����.��
���!
�!$������%�
"��&�0�����
�����!"� �!
�'�,
��
����
 �+����
7"�#��

��$�,
�����������
����"�����
 �$�!%�8
���
 9��:�!#
�;!����<���
��$�����'�$!�������"
��&������
����=���>!!��(�5����"
����!%
��+������?-��!�
�����
����!"
 ���
� !!���������!"� �,
��
����
 �����
����
#
�'�'
��&�5!��
����
���
� !!������
��21����@��4(>�AB>3*���
�!� �����
��%"���$�����,
��
%!#
 �

���
�'�C����!���!��  �
����
�

+�� �
��#
*�'!"�%�'���#
��!������
���
�!� ��
%

��$�!%���
� !!�����


�&�D
�
���
��
%

���
 �����
����#
�,


��  
 *���
� !!����!"� �,
���!�
 ��
 ������
 �$!���+

�'($!"���!"����!����!+���
��
%

���!���� 

&�� �=���;�
 !+�(�	$�'!"���
��
�����
����
�+�
 !+�����
��21����@��4(��A3*���
�

+�����
��+�������
� '���#
�� �
��#
�!
�!

��� 
&�E����*��
%!#
���
�!� �����
�&�F
G�*��
%!#
���
����
��!
���
�� �
��#
��� 
��
 �����
���
�����
����!"
 ���
�!"��� 
�
 �
�!$���
������*��

�
�
 �!#
����
�
 �
&�E!� ���
�����
��
 �
��!#
��!
���
������*�$!�%�
����-H.�����
&��E�
�������5����

+�"
�������,


����
�
 �+����B���(5
%�
���"�
�1��
���������!"� ��
���
�����!����
����!!��$!��'
���&�	$���
�"
�����!"� ��
��+
���
 ��"�����!������
��*���
���!�����
�,
���
 
 �+����$�

���

��+!!���
 ��
���
�
 &�	�������"����������!
�'�B���(5
%�
���"�
�:���'�1��
�����"�
 �21����@��4(I):13*����!��
���%�'�
!��� �
�
��!���
��"�$��
�!��+������
 ���
�������
%�
���"�
�&�:�%�����'*��!%
�,��
 ��!$����
��+����
!��� �
�
��!� �$$
�

��,��
 ��!$����
�*��!�+
������'��
�!%%

 �"��
��!"����!���
���'�B���(5
%�
���"�
�:���'�1��
�&�
RX 05 Page 125 of 158



���������������	
��� �
��������������
����� �����������
��
� !"
#� �$	
���%
�!	�&'
"��()*�+,-�./0������!�1�!2��$�3))"4��!	5�
3�!��1!�2��3)2�$
�6!������� 	�3!3�2����"!%	
 !#!���2��3)2��%�" �
�!3�3�"! �	7�5")#�8�$	
�39��:�)1!�;)"6�*�(!1!"�"!%	
 !� !"
#� �$	
���2�����!#%!"!3�)"�
�7�)��!"��7%!�)5�$	
���
�3��!1!"�)%!"
�!�����������2���� "
 6!3�)"�<")6!��$	
��*�� =��	
���:�>!?�@A*B.���*�&CAC*D.�##0�E�@F*B.���*�&GA.*G.�##0�=��	
����7%!?�.##�,!"
#� ��	
���&H!"
	��!�'7") !"
#0�=��	
���I
��5
 ��"!"?�8�")6!"
���	
���'"! 
���)���� @*���(!1!"�"!%	
 !� !"
#� �$	
���2�����!#%!"!3�)"�
�7�)��!"��7%!�)5�$	
��*�� A*���(!1!"�)%!"
�!�����������2���� "
 6!3�)"�<")6!��$	
��*�� C*���J)��)���	
#���!�3))"�)"���"�6!���!�$	
���2����
�7�)<K! ��*�� G*���J)��)��<��	3���!�5�"!�3�"! �	7�
$
�������!�$	
��*��	
���,	!
���$�@*���L!� !"�
�����!���)1!�MNO���!�$	
���
"!� )#%	!�!	7� ))	*�� A*�����!�<��	3-�%�)����!�$	
���2�		�$!�!"
		7�<!�	�$���
�3�2
�!"�����)"#
		7���55� �!����)�"!#)1!���!�3!%)����*��P5����<<)"���))��%!"�����Q���!�
� 	!
�!"�#
3!��%! �5� 
		7�5)"������%�"%)�!*�J)��)��� "
%!���!�$	
���)"���!�
<"
��1!� 	!
�!"�*�� C*���R���!���!�$	
���2���� 	!
��2
�!"�
�3�3"7���!�$	
���<!5)"!�"!��#��$��)"#
	�)%!"
��)�*��	
���R!%	
 !#!���@*���R!#)1!���!�3))"�5")#���!���)1!�
�3�"!������5
 !�3)2��)��
�5�"#�2)"6���"5
 !*�� A*���S���$�
�.T@FU�2"!� �Q�"!#)1!���!�5)�"�2��3)2�<"
 6!��"!�
����$�� "!2�*�� C*���R!#)1!���!�5)�"�2��3)2��
<��5")#���!�3))"*��
6!�!E�"
� 
"!��)�
1)�3���
"3��)5�$	
����5���!�$	
���2��3)2��
��<!!��<")6!�*�� G*���V�5����!�)	3�$	
���%
�!	�)���)5���!�3))"�
�3�3�� 
"3*�� .*�����!�$	
���%
�!	�#����<!�2"
%%!3�2����
��!	5-
3�!��1!�5�<!"$	
����
%!�$
�6!��&+,-��H0*�P5�7)��%�" �
�!3�
��!2�$	
��Q����2�		� )#!�
	"!
37�2"
%%!3*�P5�"!����$���!��
#!�%�! !�)5�$	
��Q�"!#)1!�)	3�$
�6!�Q�� "
%!�)55�)	3�
3�!��1!�
�3�2"
%%!3�2������!�+,-��H*������$
�6!���!"1!���)� ����)����!�$	
���5")#���!� 
����")��3))"*�� F*���R!����
		���!�2��3)2�"!�
����$��
<������$���!�5)�"�� "!2��%"!1�)��	7�"!#)1!3*�J)��)��)1!"-��$��!����!�� "!2�*�
RX 05 Page 126 of 158



����������� ����	
��
���
�
��
����
�
��������������� �����!"�#$
�
���
��$�

�%&''
�
����
��
���
�
(�&���$
��)��)'��$
�(�)*
+�#)��
����
����
�
,�'&�(���
�(
�
��$���-)
�)�%
���$
��)��
����
�
�-)
��

%��)��
����
+�#$
��
(&�.���/0123�()�4
��)��)�
��
�%�5�
��$,��
�)*
��$
�(��
5��)���
%�)���$
��
'��(&%
�)'��$
��
�
+�	
�(
�
��)�4

���$
�(��
5+�6
($��$
��
�
��)��$
��&.$���$
���
�)*
��$
��
�
�7�
��&�.��$
��
�
����4��)��$
��
'���'�
���$���(&%
�$�(��

���
�)*
%�'�)���$
�$)�
8+�#)��
����
,��
*
�(
��$
���)*
���)�
%
�
+++��4
�(
�
��)�&�(������$
��
�
(�&���$
��)��
���)�%
�+�79�)����)�	��48���:
���&��'&�
��)��%��
����
�
���#)��
����
�������4
%�)����)4
���)��%,�'&�(���
�)*
��$
�'�)����
��
���
�
+�#$
���
�)*
��$
��)��%�-)
��

%��)��
����
+�;�(������$
��
5��)��%�7�$
��5)��)��%(�($)
�%�(&��'�
($�)���$
��
�
(�(&%
��-�(&%
8+�<
����
��$
��
�
���
*&)
(�-��
�)*
%+���=))��$&�.
(�#$
�$&�.
(�)���$&(�
�&��5
�
�%
(&.�
%��)��
��%>
(����
+�#$
�����
(���
�(
�
�
%�
(&�.���?3��)�����%��
�+�#)��%>
(���$
�$&�.
�����
(�&��)��)
��'&�(���
�)*
��$
�%))�,��$
��
(
���?3�()�4
����%�?3�)�
��
�%
%�5�
��$�7)�
�)���$
��
����%�)�
�)���$
��)���$
�%8���%��))(
���$
��)��0�
�+�@�&%
��$
�����
�&�0)
���(�%
(&�
%���%��$
��
(
��$
�()�4
����%�5�
��$��)��&.$�
���$
��)��0�
�+�A�B(
����
�5$
���%>
(�&�.�$&�.
(+�;'�
�)
.$��))��&(��)���
'��')���$
�%))���)���
����$
�(&%
�)'��$
�
�&�,��$
�$&�.
��)
�%���
�4+�A��C
���($&
�%���%����4����
���
�)*���7�)����
((�)�$
���)��)�
��(8�#$
�
���
��5)�/0123�(��
5(��$�����
�)���$
��
���)'��$
�$
���($&
�%+�#)��
�)*
��$
�$
���($&
�%,�
(&�.���/0123�()�4
��)��)�
��
�%
%�5�
��$,��
�)*
��$
��5)�(��
5(+�#$
���
����$
�$
���($&
�%�
����%����4�)''��$
����4����
�+�D
E���)��
�)*
��$
����4����
�,��$
�
���
��$�

�/0123�(��
5(�)���$
��
���)'��$
����
�+�B(&�.���/0123�()�4
��)��)�
��
�%
%�5�
��$,��
�)*
��$
��$�

�(��
5(+�;����-��
��
�
((��-��)���-��$
��)��)'��$
����
��5&�$���'����$
�%�(��
5%�&*
��7����$
��)��)'��$
�(�)*
8+�F&'���$
����
��
����%�)''��$
�(�)*
+� �
RX 05 Page 127 of 158



����������� �� �	
��
���������
�����
��������������� !�"��#!$�%&"�&%%'�����'� (�)&(#�&�(�%!"�(!*�+&) '(�&��'),*#-���'()!��&��%�&%�$&�!(�&��'),*#�&"+���'�+&) '(�('*'&�'�*'.'(/��*��!$0����'�'���!$*+"1��"''+��!�,'�(' *&%'+-���'#�%&"�,'�'&��*#/�2�'� (�)&(#�&�(�%!"�(!*�+&) '(�&��'),*#�%&"�,'�(' *&%'+�,#�(')!.�"0���'��)&**�� (�"0��&"+*'�3(!)���'�3(!"��!3���'�$"��-���'"��*�+�"0���'�&��'),*#�!$�/�4' *&%'�,#��*�+�"0���'�"'5�&��'),*#���(!$0����'��&)'��!*'�&"+���'�(!+���(!$0����'�3(!"��!3���'���!.'/�4' *&%'���'�� (�"0��&"+*'/�2�'���'()!��&��%�&%�$&�!(�&��'),*#�%&"�,'�(' *&%'+�,#�$��"0�&�6789:��!%;'���!�(')!.'���'��5!��%('5����&���!*+���'�&��'),*#/�<"��&**���'�"'5�&��'),*#�$��"0���'��&)'��5!��%('5�/�2�'�+&) '(�('*'&�'�*'.'(�%&"�,'�(' *&%'+�,#�(')!.�"0���'�=:�,!*�/�>�'"�('�"��&**�"0���'�+&) '(�,'��$('��������"��&**'+���'��&)'�&��5�'"�(')!.'+/�� ?@AB?CDEFDGGHII?JBHI�KLMNOPQ��2�'�5!!+���!.'�5&��&*�!�+'��0"'+�3!(�$�'�5����&�%!".'%��!"�,*!5'(�3!(�&++���!"&*��'&��%�(%$*&��!"/�2�'���!.'����%!"��($%�'+�5������+'�%!".'%��!"�%�&""'*��5��%��&**!5���'�(!!)�&�(�,*!5'(��!� �%;�$ ��'&��3(!)���'��!��'���('0�!"��!3���'���!.'�&"+��(&"�3'(�����"�!���'��!)'/�2�'�)!$"��"0��%('5��3!(���'�,*!5'(�&('��"��&**'+��"�!���'�('&(�%!".'%��!"�%�&""'*�&����'�3&%�!(#R�)!$"��"0���'�,*!5'(�!"*#�('S$�('��&�6789:�! '"�'"+�!(��!%;'��5('"%���!�(')!.'���'�'��%('5��&"+��"��&**���'�,*!5'(/�>�'"�(!$��"0���'� !5'(�%!(+-��&;'�%&('��!�;'' �&5&#�3(!)��!��&('&��!3���'�$"���&"+�(')'),'(���&�������,*!5'(����3!(�$�'�!"*#�5������'���!.'/�T*'&�'��''���'�+�&0(&)�,'*!5�3!(�%*&(�3�%&��!"�!"���'�(!!)�&�(�,*!5'(��"��&**&��!"/�2����$"���%&"�$�'���'��UV89�W5��%��%!)'����&"+&(+�5������'�$"��X�!(���'��UVYZ�$ 0(&+'�,*!5'(/�[!���&('��"��&**'+�$��"0���'�3!$(�3&%�!(#��"��&**'+�6789:��%('5�/�2�'�! ��!"&*��'&��%�(%$*&��!"�,*!5'(�!"��������!.'�('S$�('�� '(�!+�%�*$,(�%&��!"R������*$,(�%&��!"���!$*+�,'� '(3!()'+�"!�*'�����&"�'.'(#���(''�)!"����!3�"!()&*�! '(&��!"/�2!� (! '(*#�*$,(�%&�'���'�,*!5'(-�$�'�&"�'#'�+(!  '(�!(���)�*&(�+�� '"��"0�+'.�%'��!�+(� �6V\�+(! *'���!3�]�̂�_Z�!�*��"�!���'�!�*� !(��!"���'���+'�!3���'�,*!5'(�)!�!(�������������ÌaOFbOcdFIèOLaFf@cPdFDGghijIbIklF<"��&**���'���+'��'&�����'*+�,'��"+���'���+'�3*&"0'�!3���'�('&(� &"'*/���*�0"���'��5!�)!$"��"0��!*'��&"+��'%$('�5������'��5!��%('5��� >&("�"0Q�m��%!""'%�� !5'(�3(!)�3&"�,'3!('��"��&**&��!"/�WnX�6789:��'&+-��'*3V�&  �"0��%('5��W ('V�"��&**'+��"�$"��X/� �
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TDS-G-AMER-Insp-2931 Version 08/10/17 Page 1 of 4

US EPA Minimum Requirements for QA/QC Auditing 

This format is used for Inspections at manufacturing facilities on new Residential Wood Heaters, 
Residential Hydronic Heaters and Forced-Air Furnaces. 

Inspector Instructions 
 Attach this Inspection Supplement to the standard Intertek WH Periodic Inspection Report. 

 One audit form for each Model. 

 Client can be asked to disassemble components in order to check dimensions. 

 Minimum annual Inspection of each model certified for EPA. 

IMPORTANT: Any linear dimension cannot exceed ±1/4 inch (±0.64 cm).  Any cross-sectional area for air 
introduction or catalyst bypass gaps cannot exceed 5%.   

Applicant England’s Stove Works

Manufacturer England’s Stove Works

Model 15-SSW01, 50-SHSSW01, 50-TRSSW01

Report No. 103758222MID-001

Firebox Dimensions 
Dwg #W01FB Depth Width Height

Specified 17.750” 18.000” 13.75”-12.50”

Actual

Compliant Non-Compliant

Fuel Door Opening Size  
Dwg #1522 M Width Height

Specified 18.000” 13.500”

Actual

Air Introduction Systems 
Dwg #W01Air (Primary) & 

1514 M Dogbox Primary
Dwg #1530 (Secondary)

Air Inlet Dimensions - 
Primary 

Air Inlet Dimensions - Secondary 

Length Width Length Width Hole (dia)

Specified .75” 3” OD 
Tubing with 
2.87” ID #1 
in drawing 

18.500-in 0.875-in dia 0.250-in x25

Dogbox Air #2 on 
W01Air Dwg

.219” hole

Actual

Primary Air Inlet in Firebox 
(See Drawing # W01Air)  
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Secondary Air Inlets in Firebox 
(See Drawing #)   

Method of Control

Compliant Non-Compliant

Baffles

Dwg #AC-
W01CFB 

Length Width Thickness

Specified 15.750-in 8.875-in 0.50-in

Actual

Location Above secondary air tubes x2

Compliant Non-Compliant

Refractory/Insulation

Dwg # Brick 
Layout Pg 28 

Manual 

Length Width Thickness

Specified 3” - 9.00-in 4.00-in 1.250-in

Actual

Location See manual page 28

Compliant Non-Compliant

Catalyst - NA 

Dwg # Length Width Thickness

Specified

Actual

Location

Catalyst Bypass - NA

Gap Tolerance when closed

Compliant Non-Compliant
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Dwg # Length Width Area

Specified

Actual

Location

Compliant Non-Compliant

Flue Gas Exit

Dwg # 7135-M Size

Specified 6.25-in OD

Actual

Location Top back

Compliant Non-Compliant

Door and Catalyst Bypass Gaskets 

Dwg #??? Fuel Door

Size Length

Specified ¾” 65.25”

Actual

Fitment

Fitment

Outer Thermal Shielding and Thermal Coverings 

Dwg #1506-15 Side Shields

Length Width

Specified 18.359-in 13.937-in

Actual

Dwg #1506-16 
M  

Rear Shields

Height Width

Specified 23.203-in 24.762-in

Actual

Dwg # Bypass Size - NA

Size Length

Specified

Actual

RX 06 Page 03 of 04



TDS-G-AMER-Insp-2931 Version 08/10/17 Page 4 of 4

Compliant Non-Compliant

Fuel Feed System (Pellet or Wood Chip Models) - Check Motor Details - NA

Dwg # Specified Actual

Feed Rate

Auger Motor 
Design 

Power Ratings

Auger Angle

Compliant Non-Compliant

Forced-Air Combustion System - Combustion Fan - NA 

Dwg # Specified Actual

Location

Horsepower

Fan Blade Size

Compliant Non-Compliant

Factory 

Representative 

Signature ___________________ 

Intertek 

Representative 

Signature ___________________ 

Name __Michael Speight____ Name ___________________ 

Date ____04/04/19_________ Date ___________________ 

RX 06 Page 04 of 04



  P.O. Box 206       Monroe, VA   24574       www.heatredefined.com       Phone:  (800) 516-3636       Fax:  (434) 929-4810 

Pellet Stoves 
      Wood Stoves 
         Multi-Fuel Stoves 

Pellet Grills

April 5, 2019 

Dr. Rafael Sanchez 
United States Environmental Protection Agency 
1200 Pennsylvania Ave. NW 
Room 7149-D 
MS:2227A 
Washington, DC 20460 

Dr. Sanchez, 

This letter is to notify you of our request for a certificate of Compliance for our wood stove model 15-
SSW01, 50-SHSSW01, 50-TRSSW01.   

The CD ROM containing all the engineering drawings and specifications of the components along with 
the test reports from our testing Agency Intertek will follow via UPS.  This stove tested at 1.956 g/hr. 

The firebox and firebox components will all be consistently built as per the drawings and test model 
without changes and therefore should cause no change in emissions or efficiency. 

At this time we are not listing anything as Confidential Business Information on this project. 

Included in the CD-Rom that you previously received is the documentation for the test reports from 
Intertek showing the complete test data, calculations and results. 

I am including a copy of the manual, as well. 

England’s Stove Works Inc, conducts a QA program in accordance with section 60.533M.  For that 
program we routinely check 1 out of every 150 stoves being produced with a comprehensive checklist 
that measures key dimensions in the firebox as well as overall inspection of the product including 
gaskets to make sure they are being produced consistently on our line.  The QA program will be run 
according to the 3rd party QA standard. In addition, we have contracted Intertek to do random 
inspections of our facilities and this product to make sure that we are producing this stove to the 
specifications on file. 

I am including a copy of the certificate of conformity for this line of wood heaters. 

The tested unit was placed in a sealed wooden crate by Intertek and returned to England’s Stove Works 
Inc, South plant facility located at 100 West Progress Lane, Madison Heights, VA 24572. The unit will 
be kept in a locked steel cage for 5 years after the certification test. 

RX 07 Page 01 of 02



2 

The wood heater complies and is labeled accordingly to 60.536 and 60.531. The owner’s manual is also 
in compliance with the requirements 60.536. A copy of the owner’s manual is included on the CD-Rom 
sent previously. The public may also view the owner’s manual on our website www.heatredefined.com.  

England’s Stove Works Inc, has entered into a contract with Intertek. They will be the third-party 
certifier for this unit.  

Intertek is allowed to submit any information on behalf of England’s Stove Works Inc, regarding this 
unit. This includes any data that is claimed to be CBI. 

England’s Stove Works Inc will have a copy of the certification test report and summary on their 
website and will be available to the public within 30 days after the Administrator issues a certificate of 
compliance. The report will be available at www.heatredefined.com.  

England’s Stove Works Inc, is aware that the certificate of compliance cannot be transferred to another 
manufacturer or model line without written approval by the Administrator. 

England’s Stove Works Inc, is aware that it is unlawful to sell, distribute or offer to sell or distribute an 
affected wood heater without a valid certificate of compliance.  

Sincerely, 

John Wray 
R&D Technician 
England’s Stove Works Inc, 
589 South Five Forks Road 
Monroe, VA 24574 
800-516-3636 
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8431 Murphy Drive 
Middleton, Wisconsin 53562 

 
Telephone:    608-836-4400 

Facsimile:    608-831-9279 
www.intertek.com/building 

PRODUCT EVALUATION FOR ENGLAND’S STOVE WORKS, INC. 
Report No.: 104151937MID-004 
Date: 01/23/20 
 

Version: 12/15/17 Page 2 of 5 SFT-BC-OP-19h 

 
PRODUCT EVALUATION RENDERED TO: 

Company Name:  England’s Stove Works, Inc. 
Address: 589 South Five Forks Road 
 Monroe, VA 24574 
  
Contact Person: Chris Terrell 
Tel: 434-929-0120  
Email: cterrell@englanderstoves.com 
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This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. Intertek's 
responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no liability to any party, other than to the 
Client in accordance with the agreement, for any loss, expense or damage occasioned by the use of this report. Only the Client is authorized to 
permit copying or distribution of this report and then only in its entirety. Any use of the Intertek name or one of its marks for the sale or 
advertisement of the tested material, product or service must first be approved in writing by Intertek. The observations and test results in this 
report are relevant only to the sample(s) tested. This report by itself does not imply that the material, product, or service is or has ever been 
under an Intertek certification program.  
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1 Introduction 
 
Intertek Testing Services NA Inc. (Intertek) is conducting a product evaluation for England’s Stove Works, Inc., on 
models 15-W03, 50-SHW03 and 50-TRW03 Solid Fuel Room Heaters, to evaluate the addition of new similar models.  
The evaluation is being conducted to determine if the additional models will maintain compliance with UL 1482-
2011 Solid-Fuel Type Room Heaters, ULC S627-2000 Space Heaters for Use with Solid Fuels ASTM E2780-2010 
Standard Test Method for Determining Particulate Matter Emissions from Wood Heaters and ASTM E2515-2011 
Standard Test Method for Determination of Particulate Matter Emissions Collected by a Dilution Tunnel. 
 

2 Product and Assembly Description 
 

2.1. Product Description:  
The models 15-W03, 50-SHW03 and 50-TRW03 Solid Fuel Room Heaters are constructed of sheet steel.  The outer 
dimensions are 27-inches deep, 30-inches high, and 22-inches wide.  The unit has a door located on the front with a 
viewing glass.  A 6-in flue is located on the top rear of the unit. 
 

3 Reference Documents 
 
As part of this evaluation, Intertek has directly or indirectly used the following referenced documents: 
 

• UL 1482-2011 Solid-Fuel Type Room Heaters  
• ULC S627-2000 Space Heaters for Use with Solid Fuels 
• ASTM E2780-2010 Standard Test Method for Determining Particulate Matter Emissions from Wood 

Heaters 
• ASTM E2515-2011 Standard Test Method for Determination of Particulate Matter Emissions Collected by 

a Dilution Tunnel 
• Spec ID No. 48399 
• Spec ID No. 48400 
• Test report #104151937MID-001 

 
 

4 Evaluation Method 
 
England’s Stove Works, Inc. requested additional similar models to be included in the listing for the model 15-SSW01. 
 
Additional models 15-W03, 50-SHW03 and 50-TRW03 are to be added to the existing listing reports for models 15-
SSW01, 50-SHSSW01 and 50-TRSSW01.  The only difference between models 15-W03, 50-SHW03 and 50-TRW03 
and models 15-SSW01, 50-SHSSW01 and 50-TRSSW01 is cosmetic and is generally the trim around the glass and for 
the door handle.  Models 15-W03, 50-SHW03 and 50-TRW03 have a shorter pedestal below the firebox.  Additional 
testing was performed on model 15-W03 to determine if the shorter pedestal would affect temperatures on the 
floor below the unit.    
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5 Conclusion 
 
Intertek Testing Services NA Inc. (Intertek) has conducted this product evaluation for England’s Stove Works, Inc., 
on models 15-W03, 50-SHW03 and 50-TRW03 Solid Fuel Room Heaters, to evaluate the addition of new similar 
models.  The evaluation was conducted to determine if the additional models will maintain compliance with UL 1482-
2011 Solid-Fuel Type Room Heaters, ULC S627-2000 Space Heaters for Use with Solid Fuels ASTM E2780-2010 
Standard Test Method for Determining Particulate Matter Emissions from Wood Heaters and ASTM E2515-2011 
Standard Test Method for Determination of Particulate Matter Emissions Collected by a Dilution Tunnel. 
 
Based on the information contained and referenced herein, it is Intertek’s professional judgment based on sound 
engineering principles that the following is true: 
 

• The addition of models 15-W03, 50-SHW03 and 50-TRW03 have been deemed to be in compliance with the 
referenced standards.  There are only cosmetic differences between all models.  All physical dimensions of 
the firebox and components are the same for all models.   

• The reduced height of the pedestal for the models 15-W03, 50-SHW03 and 50-TRW03 did not affect the 
clearance for floor protection requirements as noted in the original listing report #48399. 

 
 
INTERTEK TESTING SERVICES NA LTD. 
 
 

Reported by:    
 Brian Ziegler 
 Technical Team Leader - Hearth 
 
 
Reviewed by: _____________________ 
 Ken Slater 
 Associate Engineer - Hearth 
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6 LAST PAGE & REVISION SUMMARY 
 

DATE SUMMARY REPORTER REVIEWER 
January 23, 2020 Original Brian Ziegler Ken Slater 

July 15, 2020 

Report was showing three new models, 
15-W03, 50-SHW03 and 50-SHW03.  
There was a misprint, so the third model 
was corrected as 50-TRW03. 

Brian Ziegler Ken Slater 
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 Company Name 

  
 Address 

  
 Contact 

Test 
Lab  
Y/N 

Third 
Party
Y/N 

EPA 
Approval 
Expires 

on: 

OMNI-Test Laboratories, Inc. 
http://www.omni-test.com/ 
 

13327 NE Airport Way 
Portland, Oregon 
97230 

Alex Tiegs  
atiegs@omni-test.com 
(503) 643-3788 

Yes Yes 10/09/2025 

Intertek Testing Services NA,  LTD. 

http://www.intertek.com/ 
 

8431 Murphy Drive 
Middleton, Wisconsin  
53562 

Brian Brunson 
brian.brunson@intertek.com 
608-824-7444 

Yes Yes 10/30/2025 

 1829 32nd Avenue 
Lachine, Quebec  
H8T-3J1 

Claude Pelland 
claude.pelland@intertek.com 
(514) 631-3100 

Yes Yes 10/30/2025 

PFS-TECO 
http://www.pfsteco.com/testing 
 

11785 SW Highway 
212-Suite 305 
Clackamas, Oregon 
97015-9050 

John Steinert 
john.steinert@pfsteco.com 
(503)-650-0088 

Yes Yes 02/05/2023 

 1507 Matt Pass 
Cottage Grove WI 
53527 

Wayne Terpstra 
WTerpstra@PFSCorporation.com 

(319) 217-0969 

No Yes 02/05/2023 

Polytest Services, Inc. 
http://www.polytests.com/ 
 

695 B Rue Gaudette St-
Jean-sur-Richelieu 
Quebec, Canada  
J3B 7S7 

Danick Powers 
dpower@polytests.com 
(450)-741-3636 

Yes No 10/30/2025 

CSA Group  
www.csagroup.org 
 

178 Rexdale Blvd, 
Toronto, ON M9W 1R3, 
Canada 

Benjamin Barker 
Benjamin.Barker@csagroup.org 
(416) 747-4013 

No Yes 11/03/2025 

UL, LLC www.ul.com 12 Laboratory Drive 
RTP, NC 27709 

Travis F. Hardin 
919.549.1670 
Travis.F.Hardin@UL.com 
 

No Yes 11/12/2025 

Research Institutes of Sweden 
(RISE)  
https://www.ri.se/en 
 

Box 857, SE-501 15 
Borås, Sweden 

Lennart Aronsson 
lennart.aronsson@ri.se 
+46 (0)10 516 52 41 

Yes Yes 11/14/2022 

ClearStak, LLC 
www.clearstak.com 

99 Canal Street PO Box 
109 Putnam, CT 06260 

Kelly O’Brien 
Kelli@clearstack.com 
(860) 237-8245 

Yes No 11/07/2021 

SZU  
http://www.szutest.cz/en 
 
 

Engineering Test 
Institute Hudcova 
424/56b, CZ-621 00 
Brno Czech Republic 

Dr. Michal Dvoracek 
dvoracek@szutest.cz 
+420 541 120 510 

Yes Yes 04/17/2022 

Danish Technological Institute 
http://www.dti.dk/ 

Gregersensvej 1 2630 
Taastrup Denmark 

Mr. David Tveit  
dt@teknologisk.dk 
45 72 20 20 00 

Yes No 11/22/2022 

Guardian Fire Testing 
Laboratories, Inc. 
Https://www.firetesting.com 
 

114 Lincoln Avenue 
Cobleskill, NY 12043 

Ms. Laura Hinton 
lhinton@guardiantestlabs.com 
888.680.7974 

No Yes 04/25/2024 
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Measurement Technology Group

Test Report Review Template – ASTM E3053 & ASTM E2515 

Date___4/7/2021__________ 

Appliance Model ___England Stoves 15 SSW01_________________________ 

Test Lab___Intertek Labs_________________________ 

Date of Compliance Test___01/23/2020_________________ 

Test Report ID___ 103758222MID-001R1_____________________ 

Findings: (highlight one)  Acceptable Deficient Invalid 

List of major issues found: 

Issue Applicable Method/Rule Section Note 
No conditioning information 
found in the report.  

Just states that 50 hours were 
completed by manufacturer. 

M28R (2.1.4)     
ASTM E2780 (9.1.3), (9.1.4), (9.1.5), 
(9.1.6) 

40 CFR 60.533(b)(5)

No data found in report.

Missing PM Test Data, Runs 1, 
2, 3, 5 and 7

40 CFR 60.533(b)(5)
40 CFR 60.534(a)(1)

No PM or run data found for 
these test

Runs 5 not proportional 
sampling (filter plugging) 

ASTM E2515 (9.8.1) In order to maintain 
proportional sampling, the 
test lab must change the filter 
and continue testing without 
aborting the test. 

Usable Firebox dimensions 
and calculations missing. 

ASTM E2780 (9.3)
40 CFR 60.533(b)(3) 
40 CFR 60.533(b)(5)

Calculations missing from 
report.  No dimension criteria 
to support volume 
determination.  

Test fuel density not reported ASTM E2780 Section (9.4.1.3) This information is missing 
from the report.

Test fuel moisture content too 
low

ASTM E2780 Section (9.4.1.2(1)) Several fuel pieces fell below 
the allowable range of 19-25% 
moisture.
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Report doesn’t demonstrate 
that the low burn rate was 
achieved. 

M28 (8.1.1) via M28R (2.1.1)
40 CFR 60.537(a)(2) 

The report does not 
demonstrate that the test 
with the 0.923 kg/hr was the 
lowest achievable by the unit, 
nor does the report state why 
a category 1 test could not be 
conducted. 

Documentation of a failed test 
effort to achieve a category 1 
test is needed, or clear 
evidence that the two 
category 2 tests were 
conducted at the lowest
achievable heat output rate.

Data missing for determining 
dual train comparison. 

Discussion on run 7 and 8 
which had greater than 7.5% 
deviation is missing in the 
summary section.

ASTM E2515 (11.7)
40 CFR 60.533(b)(5)

This discussion should be 
included in the report.   
calculations demonstrating 
that the 0.5 g/kg criteria were 
met must also be included in 
the test report. 

Should have averaged 
multiple category tests per the 
method requirement. 

ASTM E2780 (9.5.13) Where multiple tests were 
done in a category you must 
average at least 2 of the tests. 
If only two were done they 
must both be included in the 
average.  
If 3 were done you can 
exclude 1 test run.

Manufacturer’s instructions to 
lab missing. 

40 CFR 60.534(h) 
40 CFR 60.536(g)(1)

Must be provided in the 
report. 

Additional Notes: 

The report does not include data for a category 1 test. The report does not clarify why a category 1 

could not be met. 

The report does include two category 2 tests, however, the data presented does not demonstrate on 

their own that the lowest burn rate was done.  The report needs a discussion on why a category 1 test 

could not be conducted and the report must clearly demonstrate that the lowest output test is the 

lowest that could be achieved in normal home use. 
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September 30, 2021

Mr. John Wray
Lab Technician
England’s Stove Works, Inc.
589 South Five Forks Road
Monroe, Virginia 24574

Re: Notice of Proposed Determination to Revoke Certificate of Compliance Number 193-19 for 
the 15-SSW01, 50-SHSSW01, 50-TRSSW01, 15-W03, 50-SHW03, and 50-TRW03 Wood 
Heater Models

Dear Mr. Wray:

The United States Environmental Protection Agency (EPA or Agency) is providing England’s Stove 
Works, Inc. (England’s) notice of our proposed determination to revoke the above-referenced Certificate 
of Compliance. Pursuant to the 2015 Wood Heater Rule, the revocation will not take place until 
England’s has an opportunity to request a hearing. To request a hearing, you must submit a written
request within 30 calendar days following receipt of this notice, as required under 40 CFR 
60.539(a)(1)(iii). Revocation of the above-referenced Certificate of Compliance will become effective if 
England’s does not request a hearing within 30 calendar days. The basis for the proposed determination 
to revoke certification is discussed below. 

In a letter dated August 2, 2021, EPA notified England’s that a post-certification review found the 
certification test submitted for the above-referenced models was not conducted in accordance with the 
2015 Wood Heater Rule and the applicable test method. Specifically, the Agency found the following 
problems/irregularities in the certification test report:

Primary Identified Problem or Irregularity
The certification test did not use test fuel pieces within the allowable moisture range. The 
American Society for Testing and Materials (ASTM) Test Method E2780, Section 9.4.1.2(1), 
states that the average fuel moisture content for each test fuel piece used to construct the test fuel 
cribs (excluding test fuel spacers) must be between 19 and 25 percent dry basis. However, the 
certification test was conducted using five test fuel pieces with moisture contents between 18.07 
and 18.47 percent (Runs 4, 6, and 9).

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

           OFFICE OF
                                   ENFORCEMENT AND
                            COMPLIANCE ASSURANCE
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Page 2 
England’s Stove Works, Inc., Notice of Proposed Determination to Revoke Certificate of Compliance 

Number 193-19 for the 15-SSW01, 50-SHSSW01, 50-TRSSW01, 15-W03, 50-SHW03, and 50-TRW03 
Wood Heater Models 

 

Additional Problems or Irregularities 
 Missing Information – Conditioning Data.  
 Missing Information in the Non-Confidential Business Information (Non-CBI) Test Report – Usable 

Firebox Dimensions and Volume Calculation Data.  
 Missing Information – Particulate Matter (PM) Test Data.  
 Missing Information – Test Fuel Density.  
 Missing Information – Dual Train Comparison.  
 Missing Information –Instructions from the Manufacturer to the Laboratory on the Operation of the 

Device.  
 Failure to Demonstrate and Document Lowest Achievable Burn Rate.  
 Failure to Average Additional Test Runs.  
 Sampling Train Operation - Not Proportional Sampling (Filter Plugging).  

 
As a result of the above-identified problems/irregularities, EPA found both the certification test and the 
Certification of Conformity to be invalid. This finding is the basis for the proposed determination to 
revoke the Certificate of Compliance. In our August 2, 2021 letter, we had provided you with the 
opportunity to conduct a valid certification test in accordance with the applicable test method. In 
addition, our August 2 letter provided you with an opportunity to confer with the Agency. As a result, 
subsequent conference calls were held with my staff on August 6 and August 25. During this period of 
conferring with EPA, we paused the 10-day timeframe by when you needed to provide notice of your 
intent to retest and stop the advertisement and sales of the above-referenced wood heater models. 
Therefore, as we have not received notification of your intention to retest and stop sales since the August 
25 call and the time by which you were required to provide such notice has passed, we are now formally 
notifying England’s of our proposed determination and initiating the revocation of the above-referenced 
Certificate of Compliance. See 2015 Wood Heater Rule at 40 C.F.R. § 60.533(l)(1)(ii) and (vii). 
 
As stated above, you may request a hearing within 30 calendar days of receipt of this letter notifying 
England’s of EPA’s proposed determination to revoke the Certificate of Compliance. The hearing 
request must be in writing, must be signed by an authorized representative of England’s, and must 
include a statement setting forth with particularity your objection to the proposed determination. 40 
C.F.R. § 60.539(b). The hearing request should be sent to WoodHeaterReports@epa.gov. The subject 
line of your email should contain “Wood Heater Hearing Request” and the model names. If a hearing is 
not requested within the required timeframe, revocation of the Certificate of Compliance will become 
effective 30 calendar days following receipt of this letter. 
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Number 193-19 for the 15-SSW01, 50-SHSSW01, 50-TRSSW01, 15-W03, 50-SHW03, and 50-TRW03 
Wood Heater Models 

 

This response has been coordinated with the Office of Air Quality Planning and Standards and the 
Office of General Counsel. If you have any questions regarding this letter, please contact Rafael 
Sanchez of my staff at 202-564-7028 or via email at WoodHeaterReports@epa.gov.   

 
Sincerely, 

 
 
 

For Anthony J. Miller 
Acting Director 
Monitoring, Assistance, and Media Programs Division 
Office of Compliance 
Office of Enforcement and Compliance Assurance 

cc:        
Richard A. Wayland, OAQPS/AQAD 
Steffan M. Johnson, OAQPS/MTG 
Jacqueline Robles Werner, OC  
Robert Scinta, OC/MAMPD 
Scott Jordan, OGC 

 

ELIZABETH 
VIZARD

Digitally signed by 
ELIZABETH VIZARD 
Date: 2021.09.30 13:35:53 
-04'00'
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  P.O. Box 206       Monroe, VA   24574       www.heatredefined.com       Phone:  (800) 516-3636       Fax:  (434) 929-4810 

 

Pellet Stoves 
      Wood Stoves 
           Lifestyle Products 
 

 

October 28, 2021 
 
 
Rafael Sanchez, Ph.D. 
Wood Heater Program Lead 
Air Branch 
Monitoring, Assistance, and Media Programs Division 
Office of Compliance 
U.S. Environmental Protection Agency (EPA) 
Room 7149-D 
1200 Pennsylvania Ave., NW 
MS:2227A 
Washington, DC  20460 
Ph. 202-564-7028 
 
 
RE: Notice of Proposed Determination to Revoke Certificate of Compliance Number 193-19 for the 15-SSW01, 50-
SHSSW01, 50-TRSSW01, 15-W03, 50-SHW03 and 50-TRW03 Wood Heater Model 
 
Dear Dr. Sanchez, 
 
This letter is in response to the notice that England’s Stove Works received from EPA on or about September 30, 2021. In the 
letter, EPA states its intention to revoke the Certificate of Compliance Number 193-19 for the 15-SSW01, 50-SHSSW01, 50-
TRSSW01, 15-W03, 50-SHW03 and 50-TRW03 Wood Heater Model.  
 
The primary identified problem or irregularity is that the certification test did not use fuel pieces within the allowable 
moisture range. During EPA’s post-certification review, it was determined that five pieces of test fuel fell outside that 
allowable range.  
 
England’s Stove Works objects to the Administrator’s proposed determination. We contend that the certification test was 
performed by a EPA-certified laboratory, was then reviewed by a EPA-certified third party, and finally was reviewed and 
approved by EPA itself, as a compliant unit. By revoking the Certificate of Compliance, EPA is unfairly harming England’s 
Stove Works’ ability to continue to operate as a small business.  
 
Under 40 CFR 60.539(a)(2), England’s Stove Works may request a hearing on this proposed determination. As required by 
40 CFR 60.539(b), England’s Stove Works is formally submitting in writing a request for a hearing. This is being submitted 
within the allowable 30-day notice time period.  
 
 
Sincerely, 
 

Chris Terrell 
 
Chris Terrell, 
 COO 
England’s Stove Works, Inc.  
434-929-2517 
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Burn Wise

CONTACT US <https://epa.gov/burnwise/forms/contact-us-about-burn-wise-program>

EPA-Approved Test Labs and Third-
Party Certifiers for Residential Wood
Heaters
EPA is committed to ensuring that new wood stoves and other wood burning devices
comply with Clean Air Act standards to reduce health-harming pollution.

In light of information from states and other stakeholders provided in late 2020
and early 2021, the agency is taking a number of actions to address concerns about the
methods and manner in which new wood stoves are being tested for compliance with
the 2015 New Source Performance Standards under the Clean Air Act.  

Since the 2015 rule, EPA has relied on the Third-Party certification review and
assurances that the test reports coming from test laboratories are accurate and
represent all required documentation collected in a manner consistent with regulatory
requirements and specific test method criteria. Findings identified recently by
stakeholders indicate that there may be serious and systematic problems to be
addressed in the Third-Party Certification process. 

In February 2021, EPA sent letters <https://epa.gov/burnwise/residential-wood-heaters-new-source-

performance-standards-communication-laboratories-and> to the laboratories and the third-party
verifiers notifying them that EPA was taking actions to ensure that the testing and
certification of wood burning appliances is being conducted appropriately. 

An official website of the United States government
Here’s how you know

MENU

Search EPA.gov
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These actions will take time and continued engagement with stakeholders.  Please
check back to this website for additional information.

Improving Testing and Certification 

After discussion with the State of Alaska, EPA sent letters
<https://epa.gov/burnwise/residential-wood-heaters-new-source-performance-standards-

communication-laboratories-and> to each EPA-Approved Test Laboratory and EPA-
Approved Third-Party Certifier putting them on notice that EPA is reviewing all of
the test reports identified by Alaska and others and that we expect that the labs and
certifiers will work to provide their clientele with updated and appropriate reports.

We also expect that they will adjust their standard operating procedures to ensure
that such deficiencies are not found in future test reports.

Also in February 2021, EPA approved a new, broadly applicable test method for
wood stoves, known as the Integrated Duty Cycle (IDC) test method
<https://epa.gov/sites/production/files/2021-04/documents/atm_140_rev4_april_9_2021_signed.pdf>, in
response to a request filed by the State of Alaska.  Any manufacturer may use this
test method to demonstrate compliance with the New Source Performance
Standards.

Reviewing Certification Submissions

EPA is reviewing the more than 240 currently certified wood heater test reports
identified in the March 2021 NESCAUM (Northeast States for Coordinated Air Use
Management) report and will take actions, as appropriate, to make sure that only
compliant devices are available on the market for the public.

In addition, EPA is increasing the integrity of its review of all test reports for new
woodstove certification applications to ensure that they are compliant before they
go on the market.

Improving the Test Method

EPA is undertaking a multi-year project to develop improved compliance
measurement methods for testing new woodstoves which better reflect real-world
conditions. 
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The agency is working with states and other stakeholders across industry and
laboratories to collect and review data and solicit feedback on the testing prior to
proposal of the new test method. 

Documents

List of Wood Fired Appliance Test Report Deficiency Items - Subpart AAA - Wood
Heaters and Pellet Heaters April 16, 2021 (PDF) <https://epa.gov/sites/production/files/2021-

04/documents/epa_wood_heat_test_report_corrective_action_list_v1_rev1_apr_15_2021.pdf>

February 3 and February 25, 2021 letters from US EPA to EPA-Approved Third Party
Certifiers for Residential Wood Heaters and Residential Wood Burning Appliance
Laboratories. <https://epa.gov/burnwise/residential-wood-heaters-new-source-performance-

standards-communication-laboratories-and>

EPA Approved Test Labs and Third Party Certifiers April 07,2021 (pdf)
<https://epa.gov/sites/default/files/2021-

04/documents/epa_approved_test_labs_and_third_party_certifiers_april_2021.pdf>
(04/07/2021)

Burn Wise Home <https://epa.gov/burnwise>

What You Can Do <https://epa.gov/burnwise/learn-you-burn-wood-what-you-can-do>

Wood Smoke Resources in Your State <https://epa.gov/burnwise/wood-smoke-resources-your-

state>

Wood Smoke and Your Health <https://epa.gov/burnwise/wood-smoke-and-your-health>

Consumers <https://epa.gov/burnwise/wood-burning-resources-consumers>

Air Agencies <https://epa.gov/burnwise/wood-burning-resources-air-programs>

Businesses <https://epa.gov/burnwise/wood-burning-resources-businesses>

Education and Outreach <https://epa.gov/burnwise/learn-how-burn-wood-right-way-and-share-

message>
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Contact Us <https://epa.gov/burnwise/forms/contact-us-about-burn-wise-program> to ask a question,
provide feedback, or report a problem.

Discover.
Accessibility <https://epa.gov/accessibility>

Budget & Performance <https://epa.gov/planandbudget>

Contracting <https://epa.gov/contracts>

EPA www Web Snapshot <https://epa.gov/home/wwwepagov-snapshots>

Grants <https://epa.gov/grants>

No FEAR Act Data <https://epa.gov/ocr/whistleblower-protections-epa-and-how-they-relate-non-
disclosure-agreements-signed-epa-employees>

Plain Writing <https://epa.gov/web-policies-and-procedures/plain-writing>

Privacy <https://epa.gov/privacy>

Privacy and Security Notice <https://epa.gov/privacy/privacy-and-security-notice>

Connect.
Data.gov <https://www.data.gov/>

Inspector General <https://epa.gov/office-inspector-general/about-epas-office-inspector-general>

Jobs <https://epa.gov/careers>

Newsroom <https://epa.gov/newsroom>

Open Government h // /d
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Open Government <https://epa.gov/data>

Regulations.gov <https://www.regulations.gov/>

Subscribe <https://epa.gov/newsroom/email-subscriptions-epa-news-releases>

USA.gov <https://www.usa.gov/>

White House <https://www.whitehouse.gov/>

Ask.
Contact EPA <https://epa.gov/home/forms/contact-epa>

EPA Disclaimers <https://epa.gov/web-policies-and-procedures/epa-disclaimers>

Hotlines <https://epa.gov/aboutepa/epa-hotlines>

FOIA Requests <https://epa.gov/foia>

Frequent Questions <https://epa.gov/home/frequent-questions-specific-epa-programstopics>

Follow.

LAST UPDATED ON APRIL 16, 2021
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From: Almase, Jennifer

To: Barnwell, Matt

Subject: FW: England"s Stove Works, Inc.

Date: Thursday, November 18, 2021 4:59:53 PM

_______________________________________________
Jennifer Almase
Attorney-Advisor | Office of Administrative Law Judges
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W. | Mail Code 1900R
Washington, D.C. 20460
Telephone: 202-564-1170
Email: almase.jennifer@epa.gov
Pronouns: she/her/hers

From: Scinta, Robert <scinta.robert@epa.gov> 

Sent: Monday, November 15, 2021 8:24 PM

To: Wright, MichaelB <Wright.MichaelB@epa.gov>; Miller, Anthony <Miller.Anthony@epa.gov>;

Angeles, Mary <Angeles.Mary@epa.gov>; Sanchez, Rafael <Sanchez.Rafael@epa.gov>

Cc: Almase, Jennifer <Almase.Jennifer@epa.gov>; Lischinsky, Robert <Lischinsky.Robert@epa.gov>

Subject: RE: England's Stove Works, Inc.

Hello Mike,

The company began testing today, so I believe it will take several days (this week) to complete the

test.  Rafael can correct me if I�m wrong but, after that, it typically takes at least a couple of weeks

for the lab to complete the report and for the company to send the data to us.  We would then need

some time, probably a week, to review the data.  Assuming they passed the test, we would issue a

letter revoking the old certificate and issuing the company a new certificate.  All things considered, it

would probably take a month total to get to the point where we can issue the new certificate.  That

would be around mid-December.

Bob

Robert Scinta, P.E.

Chief, Air Branch

Monitoring, Assistance, and Media Programs Division

Office of Compliance, Office of Enforcement and Compliance Assurance

U.S. Environmental Protection Agency

Tel: 202-564-7171
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From: Wright, MichaelB <Wright.MichaelB@epa.gov> 

Sent: Monday, November 15, 2021 11:06 AM

To: Miller, Anthony <Miller.Anthony@epa.gov>; Angeles, Mary <Angeles.Mary@epa.gov>; Sanchez,

Rafael <Sanchez.Rafael@epa.gov>; Scinta, Robert <scinta.robert@epa.gov>

Cc: Almase, Jennifer <Almase.Jennifer@epa.gov>; Lischinsky, Robert <Lischinsky.Robert@epa.gov>

Subject: RE: England's Stove Works, Inc.

Hi Anthony,

If the company submits new test results today, what�s the timeline for EPA�s review and decision

regarding that testing?  If it is acceptable to EPA, what would be the next steps?

Kind regards,

Mike

Michael B. Wright

Supervisory Attorney-Advisor

Office of Administrative Law Judges

202-564-3247

wright.michaelb@epa.gov

From: Miller, Anthony <Miller.Anthony@epa.gov> 

Sent: Monday, November 15, 2021 10:57 AM

To: Angeles, Mary <Angeles.Mary@epa.gov>; Sanchez, Rafael <Sanchez.Rafael@epa.gov>; Scinta,

Robert <scinta.robert@epa.gov>

Cc: Wright, MichaelB <Wright.MichaelB@epa.gov>; Almase, Jennifer <Almase.Jennifer@epa.gov>;

Lischinsky, Robert <Lischinsky.Robert@epa.gov>

Subject: RE: England's Stove Works, Inc.

Good morning Mary,

Yes, the team has drafted a letter. We are going through it this morning and hope to have it to you

by end of the day or early tomorrow.

One question for you:

1. Is there a list of folks we should cc on the transmittal letter? In other words, should we

include the manufacturer and any representation they have or just keep it to EPA internal?

Thank you,

Tony

Tony Miller, P.E.

Pronouns: he/him/his

Director (Acting), Monitoring, Assistance, and Media Programs Division

Office of Compliance, Office of Enforcement and Compliance Assurance
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U.S. Environmental Protection Agency

Tel: 303-312-7161

Do you miss our interactions? Me too! Let's take the scheduling difficulties out of the equation - Sign

up for us to have virtual coffee! https://calendly.com/tmill/virtual-coffee

From: Angeles, Mary <Angeles.Mary@epa.gov> 

Sent: Monday, November 15, 2021 8:47 AM

To: Sanchez, Rafael <Sanchez.Rafael@epa.gov>; Miller, Anthony <Miller.Anthony@epa.gov>; Scinta,

Robert <scinta.robert@epa.gov>

Cc: Wright, MichaelB <Wright.MichaelB@epa.gov>; Almase, Jennifer <Almase.Jennifer@epa.gov>

Subject: England's Stove Works, Inc.

Hi Rafael, Anthony: Any new developments re the transmittal of this case to the OALJ?  As
you indicated in our meeting Wed., the manufacturer will be re-testing emissions from its

product today, November 15th, and submitting the results to EPA for consideration as soon as
possible. Will that still proceed?  At any rate, I think it�s best the case be transmitted to us as
soon as possible since the expedited 60-day turnaround would have started from the date of
receipt of the request for hearing.  I have copied Michael Wright, supervisory attorney, if he
has any comments.  Thank you all.     

Standard USPS Mail:

Office of Administrative Law Judges

U.S. Environmental Protection Agency

1200 Pennsylvania Ave., N.W.

Mail Code 1900R

Washington, DC 20460

Direct: 202.564.6281

Gen: 202.564.6255

Cell: 202-809-6807

Email: angeles.mary@epa.gov

Electronic Filing: https://yosemite.epa.gov/oa/eab/eab-alj_upload.nsf

Overnight USPS/FedEx/UPS:

Office of Administrative Law Judges

U.S. Environmental Protection Agency

Ronald Reagan Building

1300 Pennsylvania Ave, NW

Suite M1200

Washington, DC 20004
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