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To the best of our knowledge, the test plan and any state and federal regulations presented in this protocol have
met all pre-determined program requirements. Modifications to the test plan or methodology presented in this
original protocol will be performed only at the discretion of CleanAir and in accordance with all applicable
parties involved. CleanAir operates in conformance with the requirements of ASTM D7036-04 Standard Practice
for Competence of Air Emission Testing Bodies.

/ ¢
W\ October 4, 2019
[7

Kenny Sullivan Date
Project Manager

ksullivan@cleanair.com

(800) 627-0033 ext. 4527

fl
!

i
j{f’/{ll [l ";ﬂb‘r\«
!

October 4, 2019

Scott A. Brown, QSTI Date
Senior Project Manager / Quality Director

sbrown@cleanair.com

(800) 627-0033 ext. 4544



CleanAir

Sterigenics US, LLC
Willowbrook | Facility - Willowbrook, IL
Protocol for Ethylene Oxide Testing

PROTOCOL REVISION HISTORY

CleanAir Project No. 13990-1
Revision 0, Final Protocol

Page iii

Version Revision Date Pages Comments

Draft DOa 10/03/19 All Draft version of original document.

Final 0 10/04/19 All Final version of original document.
PROJECT PERSONNEL

Primary Client Contact
Kevin Wagner

Sterigenics US, LLC

2015 Spring Road, Suite 650
Oak Brook, IL 60523

(630) 928-1771

kwagner@sterigenics.com

On-Site Client Contact
Paul Krett

Sterigenics US, LLC
7775 Quincy Street
Willowbrook, IL 60527
(630) 654-5151

pkrett@sterigenics.com

CleanAir Project Manager / Field Test Leader
Kenny Sullivan

Clean Air Engineering

500 W. Wood St.

Palatine, IL 60067

(847) 654-4527

ksullivan@cleanair.com




CleanAir

Sterigenics US, LLC CleanAir Project No. 13990-1
Willowbrook | Facility - Willowbrook, IL Revision 0, Final Protocol
Protocol for Ethylene Oxide Testing Page iv

TABLE OF CONTENTS

L. PrOJECE OVEIVIEW .o e e e e e e e e e e e e e e s e e e e e e e e e e e s e e e s e e e eeseeeeeseseeesasasaeesaeeeesanenns 1
TOST PrOZIam SUMMIAIY oo eeeiiiiiieieeee e e e e e e e e e e e e e e e e e e e e e s e e e s e s eeesaeaeesesasesesasesesesesesesasnsesesaeens 1
B A o= =T 0 T 1= = 11 USSR 1

e 1= 10 011 = PP 1
Yol =T [ L= T PO TS UPT PP TOTOTSTO 2
D11 ol U 11 o IO PPR PPN 3

2. RESUIES ettt h e bt sa e s b e e bt b e e bt e h e e e he e e R et e et et e e beenheenheesaresare e be e reenee 5

T B 1T ol e o1 (o] gl L 13 =1 = f o o TP SR 8
Process Description and Data CollECTION........ceii i e e rre e e e e e e e st r e e e e e e e e eennbraaeeeeeeenans 8

DS I ION oo 8
D) = I 6 o] | [=Tot o7 H OSSP U RSSO POPPTOPPTRPRRT 9
=] A Y=L (o LT PP 10

I V=1 d g Yoo o] oY =V U RUURRNE 12

Procedures and REGUIGLIONS .........eii ittt e e e e e s r e e e e e e e e s s anrraeeeaaeeessnsntaaaeesesesaansnranaeaaanans 12
Title 40 CFR Part 60, APPENAIX A .....oviiiiiiiiieiecieee ettt e ettt e e et e e e e tte e e e s ateeeesataeeeesaaeeseassaeeesssaeeesnssseeesnnsaneenn 12
Title 40 CFR Part 63, APPENAIX A .....oviiiiiiiee ettt ettt e e et e e e e rtte e e e e ata e e e sataeeesstaeeeeastaeeesssseeeennsseeesnssaneann 12

VT aToTo [o] o] -V B 1 1Yol U 1Y e o NP U SERRP 12
EPA Method 320 — EtO and HaO TeSTING ....uviiiiiiiiieiiiiee ettt s e s e s s e s s nabe e e s esabeee s enanes 12
EPA Methods 1 and 2 — Gas VelOCity TESTING ..uueiiiii ittt e eecrrre e e e e e e e et re e e e e e s e e e nnbreeeeeeaeeenannes 13
EPA Method 3A — 02/C02 TESTING....eecveeiteeiieeceeere et esteeeteestteetveereeeveesbeesteesteesaseeaseebeenbeenseesssesasesaseenseenseessenns 13
EPA Method 4 — EtO and HaO TeSTING ..eeeeicuiiieiiiiiee e ciieeeettee ettt e e et e e e s ta e e e e aba e e s eabaeeseabeeeesabeeeeennseeeeennsens 13

L Yoo 1T o T [ RS 14
Appendix A: Test Method SPeCifiCatioNS........cic i e e e et re e e e e e e e s nrraeeeeeeeeeeannes A
Appendix B: SAMPIE CalCUIRTIONS .....oiiiiiiee e e et e e e et e e et e e e e s aere e e s s aseeesssseeesensraeeesnsraees B
ApPPeNndix C: FIEld Data SHEETS.......vvieiiciiiee ettt et e e et e e et e e e e ataeee s aaaeeesaasbeeeesasseeeesnssaeeeansreees C

Appendix D: CleanAir Resumes and CertifiCations........c..uiiiiiiiii it e e e e are e e e aaeee s D



CleanAir

Sterigenics US, LLC CleanAir Project No. 13990-1
Willowbrook | Facility - Willowbrook, IL Revision 0, Final Protocol
Protocol for Ethylene Oxide Testing Page v

LIST OF TABLES

Table 1-1: Summary of Permit / REBUIGTOIY LIMILS ...cveiiiiieecee ettt ettt eete et et eareeveeeteesteesasesaneeaneenreenreas 1
Table 1-2: TEST SCREAUIE...cc ettt ettt e b e she e st e sab e e bt e b e e beesmeeemeeenteeneees 2
Table 2-1: EtO Control System — EtO Emission and Removal Efficiency Results...........ccoveeiiiiieiiiciieei e 5
Table 2-2: DEOXX Inlet — EtO EMISSION RESUILS .......eeiiiiiiiieiie ettt s 6
Table 2-3: AAT Inlet — EtO EMISSION RESUIES....cc.eiiiiiiieieeriiesie ettt s st 6
Table 2-4: DBA Inlet — EtO EMiSSION RESUIES ...c.eiiuiiiiieiieiieriee ettt ettt st s sme e s 7
Table 2-5: Stack — EtO EMISSION RESUILS .....coveiiiiiiiiiiieieeseee ettt st st s 7
Table 3-1: SamMpPliNg INFOrMAtioN ......eiii e e e e et e e e s tb e e e esaaa e e e e ssaeeesnsaeeesnnsaneean 11

LIST OF FIGURES

T U ol o I o o Tl T Yol a [T 0 o - o U USUPRNE 9



CleanAir

Sterigenics US, LLC
Willowbrook | Facility - Willowbrook, IL
Protocol for Ethylene Oxide Testing

ACRONYMS &
ABBREVIATIONS

AAS (atomic absorption spectrometry)
acfm (actual cubic feet per minute)

ACI (activated carbon injection)

ADL (above detection limit)

AIG (ammonia injection grid)

APC (air pollution control)

AQCS (air quality control system(s))
ASME (American Society of Mechanical
Engineers)

ASTM (American Society for Testing and
Materials)

BDL (below detection limit)

Btu (British thermal units)

CAM (compliance assurance monitoring)
CARB (California Air Resources Board)
CCM (Controlled Condensation Method)
CE (capture efficiency)

°C (degrees Celsius)

CEMS (continuous emissions monitoring
system(s))

CFB (circulating fluidized bed)

CFR (Code of Federal Regulations)

cm (centimeter(s))

COMS (continuous opacity monitoring
system(s))

CT (combustion turbine)

CTI (Cooling Technology Institute)

CTM (Conditional Test Method)

CVAAS (cold vapor atomic absorption
spectroscopy)

CVAFS (cold vapor atomic fluorescence
spectrometry)

DI H,0 (de-ionized water)

%dv (percent, dry volume)

DLL (detection level limited)

DE (destruction efficiency)

DCI (dry carbon injection)

DGM (dry gas meter)

dscf (dry standard cubic feet)

dscfm (dry standard cubic feet per minute)
dscm (dry standard cubic meter)

ESP (electrostatic precipitator)

FAMS (flue gas adsorbent mercury speciation)
°F (degrees Fahrenheit)

FB (field blank)

FCC (fluidized catalytic cracking)

FCCU (fluidized catalytic cracking unit)
FEGT (furnace exit gas temperatures)

FF (fabric filter)

FGD (flue gas desulfurization)

FIA (flame ionization analyzer)

FID (flame ionization detector)

FPD (flame photometric detection)

FRB (field reagent blank)

FSTM (flue gas sorbent total mercury)

ft (feet or foot)

ft? (square feet)

ft3 (cubic feet)

ft/sec (feet per second)

FTIR (Fourier Transform Infrared
Spectroscopy)

FTRB (field train reagent blank)

g (gram(s))

GC (gas chromatography)

GFAAS (graphite furnace atomic absorption
spectroscopy)

GFC (gas filter correlation)

gr/dscf (grains per dry standard cubic feet)
> (greater than)/ > (greater than or equal to)
g/s (grams per second)

H,0 (water)

HAP(s) (hazardous air pollutant(s))

HI (heat input)

hr (hour(s))

HR GC/MS (high-resolution gas
chromatography and mass spectrometry)
HRVOC (highly reactive volatile organic
compounds)

HSRG(s) (heat recovery steam generator(s))
HVT (high velocity thermocouple)

IC (ion chromatography)

IC/PCR (ion chromatography with post column
reactor)

ICP/MS (inductively coupled argon plasma
mass spectroscopy)

ID (induced draft)

in. (inch(es))

in. H,0 (inches water)

in. Hg (inches mercury)

IPA (isopropyl alcohol)

ISE (ion-specific electrode)

kg (kilogram(s))

kg/hr (kilogram(s) per hour)

< (less than)/ < (less than or equal to)

L (liter(s))

Ib (pound(s))

Ib/hr (pound per hour)

Ib/MMBtu (pound per million British thermal
units)

Ib/TBtu (pound per trillion British thermal
units)

Ib/Ib-mole (pound per pound mole)

LR GC/MS (low-resolution gas chromatography
and mass spectrometry)

m (meter)

m?3 (cubic meter)

MACT (maximum achievable control
technology)

MASS® (Multi-Point Automated Sampling
System)

MATS (Mercury and Air Toxics Standards)
MDL (method detection limit)

ug (microgram(s))

min. (minute(s))

mg (milligram(s))
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ml (milliliter(s))

MMBtu (million British thermal units)
MW (megawatt(s))

NCASI (National Council for Air and Stream
Improvement)

ND (non-detect)

NDIR (non-dispersive infrared)

NDO (natural draft opening)

NESHAP (National Emission Standards for
Hazardous Air Pollutants)

ng (nanogram(s))

Nm?3 (Normal cubic meter)

% (percent)

PEMS (predictive emissions monitoring
systems)

PFGC (pneumatic focusing gas
chromatography)

pg (picogram(s))

PJFF (pulse jet fabric filter)

ppb (parts per billion)

PPE (personal protective equipment)
ppm (parts per million)

ppmdv (parts per million, dry volume)
ppmwyv (parts per million, wet volume)
PSD (particle size distribution)

psi (pound(s) per square inch)

PTE (permanent total enclosure)

PTFE (polytetrafluoroethylene)

QA/QC (quality assurance/quality control)
Ql (qualified individual)

QSTI (qualified source testing individual)
QSTO (qualified source testing observer)
RA (relative accuracy)

RATA (relative accuracy test audit)

RB (reagent blank)

RE (removal or reduction efficiency)

RM (reference method)

scf (standard cubic feet)

scfm (standard cubic feet per minute)
SCR (selective catalytic reduction)

SDA (spray dryer absorber)

SNCR (selective non-catalytic reduction)
STD (standard)

STMS (sorbent trap monitoring system)
TBtu (trillion British thermal units)
TEOM (Tapered Element Oscillating
Microbalance)

TEQ (toxic equivalency quotient)

ton/hr (ton per hour)

ton/yr (ton per year)

TSS (third stage separator)

USEPA or EPA (United States Environmental
Protection Agency)

UVA (ultraviolet absorption)

WEFGD (wet flue gas desulfurization)
%wv (percent, wet volume)
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1. PROJECT OVERVIEW

Test Program Summary

Sterigenics US, LLC contracted CleanAir Engineering (CleanAir) to complete testing on the ethylene oxide (EtO)
control system at the Willowbrook | facility, located in Willowbrook, lllinois. The purpose of this test program is
to perform testing to demonstrate compliance with:

e The lllinois Clean Air Act Permit Program (CAAPP) Construction Permit Application No. 19060030
(Facility I.D. No. 043110AAC);

e The SB 1852/Public Act 101-0022, also Environmental Protection Act 415 ILCS 5/9.16;
e A Consent Order signed on September 6, 2019.

A summary of the permit limits is shown below.

Table 1-1:
Summary of Permit / Regulatory Limits
Source Sampling
Constituent Method Permit Limit'

EtO Control System

EtO Emission Output (ppm) EPA 320 0.2
EtO Removal Efficiency (%) EPA 320, 99.9
EPA1-4

' Permit standards applicable to IL CAAPP Permit |.D. No. 043110AAC.
2 Removal efficiency mass emission-based calculated from pounds per hour (Ib/hr) measurements.

Test Program Details

PARAMETERS

The test program will include the following measurements:

e EtO in parts per million (ppm)
e EtO in pounds per hour (lb/hr)

e EtO removal efficiency (RE%), measure as the total EtO output mass emission, in lb/hr as a
percentage (%) of total EtO input mass emission, in Ib/hr

o flue gas composition (e.g., 0,, CO,, H,0) in volume-based percentage (%v)
o flue gas temperature in degrees Fahrenheit (°F)
o flue gas flow rate in dry standard cubic feet per minute (dscfm)
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The above measurements will be collected from the following sample locations:
e DEOXX™ Acid Scrubber Inlet Duct (DEOXX Inlet); to determine input emission from outlet gas
stream created by the evacuation of the sterilization chambers;

e Advanced Air Technologies (AAT) Acid Scrubber / Dry Bed Adsorption Device Inlet (AAT Inlet)?; to
determine input emission from outlet gas streams exhausting from backvents on the sterilization
chambers and the aeration rooms;

e Permanent total enclosure (PTE) Dry Scrubber Adsorption (DBA) Inlet (DBA Inlet); to determine
input emission from outlet gas stream collected from the facility fugitive emission capture system;

e EtO Control System Stack (Stack); to determine output emission from outlet gas stream of the
control system.

1 The AAT Acid Scrubber is followed by a dry bed adsorption device.

SCHEDULE

The test program will be conducted after construction is complete and operation begins. It is necessary for
Sterigenics to begin operation prior to testing to represent maximum operating conditions for the test. The
proposed timetable for the test is outlined in Table 1-2.

Table 1-2:
Test Schedule
RUN ACTIVITY LOCATION etnons  REPLicATEs SANELE

Pre  Mobilization / Set-up DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 1 1 Varies
1 EtO Testing DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 3201 1 TBD?
Moisture, Molecular Weight Testing2 DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 4,3A 1 TBD?
Continuous Flow Testing* DEOXX Inlet 2 1 TBD?
Flow Traverse Testing AAT Inlet, DBA Inlet, Stack 2 TBD> Varies
2 EtO Testing DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 320! 1 TBD?
Moisture, Molecular Weight Testingz DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 4,3A 1 TBD?
Continuous Flow Testing* DEOXX Inlet 2 1 TBD?
Flow Traverse Testing AAT Inlet, DBA Inlet, Stack 2 TBD> Varies
3 EtO Testing DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 320! 1 TBD?
Moisture, Molecular Weight Testing2  DEOXX Inlet, AAT Inlet, DBA Inlet, Stack 4, 3A 1 TBD?
Continuous Flow Testing* DEOXX Inlet 2 1 TBD?
Flow Traverse Testing AAT Inlet, DBA Inlet, Stack 2 TBD> Varies

Post Demobilization

1Stack FTIR Spectrometer will utilize MAX-Starboost technology.

2Run duration defined by the timespan that begins with the initial evacuation of EtO-laden air from a chamber and ends 60 minutes after
the sterilized material from that chamber is transferred to an aeration room. Duration of this timespan varies based on product and
process conditions.

3Moisture, O,, and CO, will be measured concurrently with EtO utilizing the same sampling system.

4Velocity and temperature will be measured continuously on a minute-by-minute basis utilizing a pressure/temperature transducer.

5 A velocity and temperature traverse will be conducted once per clock hour for the duration of the test run.
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DISCUSSION

Determination of Ethylene Oxide Emissions

EtO concentrations will be determined in accordance with procedures outlined in EPA Method 320. Three (3)
Method 320 runs, with variable run durations, will be conducted. EtO concentrations will be sampled
concurrently at the DEOXX Inlet, AAT Inlet, DBA Inlet, and Stack sample locations.

EtO concentrations at the inlet locations will be measured by a typical MKS MultiGas 2030 Fourier transform
infrared (FTIR) spectrometer. EtO at the Stack location will be measured by an MKS MultiGas 2030 FTIR with
MAX-StarBoost enhancement technology. The MAX-StarBoost algorithm narrows the spectral bands utilized to
quantify EtO, creating increased sensitivity, linearity, and dynamic range. The technology specializes in readily
quantifying parts per billion volume-based (ppbdv) concentration levels in source testing applications. The MAX-
StarBoost technology is equipped with MAX-Analytics and MAX-Acquisition software. Refer to Appendix A of this
protocol for further details and specifications.

EtO concentrations will be measured on a wet volumetric basis. EtO concentrations measured from each
location, in conjunction with effluent gas volumetric flow, will be utilized to convert wet volumetric
concentrations to mass emission rates in Ib/hr.

Determination of Volumetric Flow

EPA Methods 1, 2, 3A, and 4 will be conducted, in conjunction with EPA Method 320, to determine volumetric
flow rate that will be utilized to convert the concentrations of EtO to mass emission rates in Ib/hr.

Velocity and temperature traverse points at each location will be determined from analyses performed on-site,
in accordance with procedures outlined in EPA Method 1. A verification of absence of cyclonic flow check per
EPA Method 1 will be conducted at each location prior to the performance testing.

Velocity and temperature measurements, in conjunction with effluent gas molecular weight, will be utilized to
determine effluent gas velocity. EPA Method 2 measurements will be collected concurrently with EPA Methods
3A and 320 measurements. Velocity and temperature traverses will be conducted every clock hour for the
duration of a test run at the AAT Inlet, DBA Inlet, and Stack locations in accordance with procedures outlined in
EPA Method 2. Velocity and temperature will be continuously monitored at the DEOXX Inlet at a single point
during the entirety of a test run. The velocity and temperature at the DEOXX Inlet will be measured at the
average velocity point determined by a pre-run traverse.

Concentrations of oxygen (0) and carbon dioxide (CO;) will be determined in accordance with procedures
outlined in EPA Method 3A. O, and CO; concentrations will be measured on a wet volume-based percentage. O,
and CO; concentrations will be utilized to determine molecular weight of the effluent gas and will be determined
concurrently with EPA Method 320 sampling utilizing the same sample train. CO; concentration will be
measured by an FTIR spectrometer. O, concentration will be measured by a wet Ametek analyzer, or similar in
series, with and subsequent to the FTIR.

Moisture content (%H-0) will be determined in accordance with EPA Method 4, Section 16.3, with reference to
EPA Method 320. Moisture content will be determined by the FTIR. Moisture content will be utilized to convert
wet-based concentrations to dry-based concentrations and to determine molecular weight of the effluent gas.
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Determination of Final Results

EtO results will be reported in units of Ib/hr. For the DEOXX Inlet location, the final result will be the arithmetic
average based on point-by-point lb/hr emissions. For the AAT Inlet, DBA Inlet, and Stack locations, the final
results will be presented as a composite emission rate based on an arithmetic average EtO concentration and
arithmetic average of volumetric flows from each EPA Method 2 traverse. Mass emission rates in units of Ib/hr
will be determined from EtO concentrations and volumetric flow rates. Removal efficiency (RE%) will be
determined from the Ib/hr difference in total input emission (sum of mass emission measured at the DEOXX
Inlet, AAT Inlet, and DBA Inlet) and output emission as a percent of the total input emission. Sample calculations
for concentrations, volumetric flow rates, and emission rates are presented in Appendix B of this protocol.

Test Plan Execution and Results

CleanAir will execute the test plan and present results as discussed above. The test report will mimic the format
and structure of this protocol. The results section will include tables consisting of start/stop times, flue gas
conditions, emission concentrations, and emission rates similar to the tables presented in Section 2 of this
protocol. CleanAir will also include appendices presenting all sample parameters, field data, laboratory analyses,
FTIR raw data, and all relevant process data.

End of Section
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2. RESULTS

The example tables summarize how test program data will be presented in the test report.

Table 2-1:

EtO Control System — EtO Emission and Removal Efficiency Results

Run No. 1 2 3 Average
Date (2019) XK XX XX XX XX XX

Start Time (approx.) XXX XXXX XXXX

Stop Time (approx.) XK XX XK XX XX XX

EtO Control System Emission Input

DEOXX Inlet
Csw Concentration (ppbwv) XX.X XX.X XX.X XX.X
Cs¢ Concentration (ppbdv) XXX XXX XXX XX.X
Ewne Emission Rate (Ib/hr) XXX XXX X.XX X.XX
AAT Inlet
Csw Concentration (ppbwv) XX.X XX.X XX.X XX.X
Csqs Concentration (ppbdv) XXX XX.X XX.X XX.X
Ewn Emission Rate (Ib/hr) X.XX X.XX X.XX X.XX
DBA Inlet
Csw Concentration (ppbwv) XK.X XK.X XK.X XX.X
Css Concentration (ppbdv) XX.X XX.X XX.X XX.X
Ewn Emission Rate (Ib/hr) X.XX X.XX X.XX X.XX

Total Emission Input
Ewn Emission Rate (Ib/hr) X.XX X.XX X.XX X.XX

EtO Control System Emission Input

Stack
Csw Concentration (ppbwv) XX.X XX.X XX.X XX.X
Csq Concentration (ppbdv) XXX XXX XX.X XX.X
Ewn Emission Rate (Ib/hr) XXX XXX XXX X.XX

EtO Control System
RE% EtO Removal Efficiency (%) XXX XXX XX.X XX.X




CleanAir

Sterigenics US, LLC CleanAir Project No. 13990-1
Willowbrook | Facility - Willowbrook, IL Revision 0, Final Protocol
Protocol for Ethylene Oxide Testing Page 6
Table 2-2:
DEOXX Inlet — EtO Emission Results
Run No. 1 2 3 Average
Date (2019) 00K XX 00K XX 00K XX
Start Time (approx.) XXX XXX XXX
Stop Time (approx.) XXX XXX XXX
DEOXX Inlet
Gas Conditions
0, Oxygen (dry volume %) XX XX XX X.X
CO, Carbon Dioxide (dry volume %) XX XX XX X.X
Ts Sample Temperature (°F) XX.X XX.X XXX XX.X
By Actual water vapor in gas (% by volume) XXX XXX XXX X.XX
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) XX, XXX XX, XXX XX, XXX XX, XXX
Qs Volumetric flow rate, standard (scfm) XX, XXX XK, XK XK, X0 XX, XXX
Qsq Volumetric flow rate, dry standard (dscfm) XX, XXX XK, XXX XK, XXX XX, XXX
EtO Results
Csw  Concentration (ppbwv) XX.X XX.X XX.X XX.X
Csy  Concentration (ppbdv) XXX XXX XXX XX.X
Epne Emission Rate (Ib/hr) X.XX X.XX X.XX X.XX
Table 2-3:
AAT Inlet — EtO Emission Results
Run No. 1 2 3 Average
Date (2019) XK XX XK XX XK XX
Start Time (approx.) XXX XXX XXXX
Stop Time (approx.) XXX XKXX XXX
AAT Inlet
Gas Conditions
O, Oxygen (dry volume %) XX XX XX X.X
CO, Carbon Dioxide (dry volume %) XX XX XX X.X
Ts Sample Temperature (°F) XXX XX.X XXX XX.X
B Actual water vapor in gas (% by volume) XXX XXX XXX X.XX
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) XX, XXX XK, XXX XX, XXX XX, XXX
Qs Volumetric flow rate, standard (scfm) XK, XK XK, XXX XK, XXX XX, XXX
Qsg  Volumetric flow rate, dry standard (dscfm) XK, XXX XX, XXX XX, XXX XX, XXX
EtO Results
Csw  Concentration (ppbwv) XXX XXX XXX XX.X
Csy  Concentration (ppbdv) XXX XXX XX XX.X

Epne Emission Rate (Ib/hr) X.XX X.XX X.XX X.XX
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Table 2-4:
DBA Inlet — EtO Emission Results
Run No. 1 2 3 Average
Date (2019) XK XX XK XX XK XX
Start Time (approx.) XXX XXX XXX
Stop Time (approx.) XXX XXX XXX
DBA Inlet
Gas Conditions
O, Oxygen (dry volume %) XX XX XX X.X
CO, Carbon Dioxide (dry volume %) XX XX XX X.X
Ts Sample Temperature (°F) XXX XXX XX.X XX.X
By Actual water vapor in gas (% by volume) XXX XXX XXX X.XX
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) XX, XXX XXX XXX XX, XXX
Qs Volumetric flow rate, standard (scfm) XK, XXX XK, XXX XX, XXX XX, XXX
Qsg Volumetric flow rate, dry standard (dscfm) XX, XXX XX, XXX XK, XXX XX, XXX
EtO Results
Csw Concentration (ppbwv) XXX XXX XX.X XX.X
Csy  Concentration (ppbdv) XX XXX XXX XX.X
Ewn Emission Rate (Ib/hr) XXX X.XX X.XX X.XX
Table 2-5:
Stack — EtO Emission Results
Run No. 1 2 3 Average
Date (2019) XK XX XK XX XK XX
Start Time (approx.) XXX XXX XXX
Stop Time (approx.) XXX XXX XXX
Stack
Gas Conditions
O,  Oxygen (dryvolume %) XX XX XX X.X
CO, Carbon Dioxide (dry volume %) XX XX XX X.X
Ts Sample Temperature (°F) XXX XXX XXX XX.X
By Actual water vapor in gas (% by volume) XXX XXX XXX X.XX
Gas Flow Rate
Q, Volumetric flow rate, actual (acfm) XK, XK XK, XXX XK, XXX XX, XXX
Qs Volumetric flow rate, standard (scfm) XX, XKX XX, XXX XX, XXX XX, XXX
Qsg Volumetric flow rate, dry standard (dscfm) XK, XXX XX, XXX XX, XXX XX, XXX
EtO Results
Csw  Concentration (ppbwv) XXX XXX XXX XX.X
Csy  Concentration (ppbdv) XXX XXX XX.X XX.X
Ene Emission Rate (Ib/hr) XXX X.XX X.XX X.XX

End of Section
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3. DESCRIPTION OF INSTALLATION

Process Description and Data Collection

DESCRIPTION

Sterigenics US LLC operates a commercial contract sterilization facility in Willowbrook, Illinois. Sterigenics’
Willowbrook | facility utilizes EtO to sterilize its customers’ product. It also has the ability to use propylene oxide
to treat spices and nutmeats.

When EtO is used for medical device sterilization, the medical devices must have a specifically defined
sterilization process, which is validated for a specific sterilization chamber or chambers. The Willowbrook |
facility uses 14 sterilization chambers ranging in size from 1 pallet to up to 13 pallets. While all 14 sterilization
chambers are similar in design, each chamber may only process products approved for that chamber and cannot
process other products that have not been validated and approved by the appropriate regulatory agency for
that specific chamber.

The sterilization process begins with evacuating the air from the chamber and introducing nitrogen (N). While
under negative pressure inside the chamber, EtO is introduced into the sterilization chamber to sterilize the
product. Once EtO is introduced, the dwell stage can last from 30 minutes to up to several hours, according to
the validated cycle for the product. Once complete, the sterilization chamber vacuum pumps remove most of
the EtO from the chamber by exhausting and purging with N, multiple times. Vacuum pump emissions are
routed to the DEOXX™ wet acid scrubber, which will be routed to the existing AAT wet acid scrubber with dry
bed reactor (WB1-Scrubber #2), then to additional polishing beds, and then to a common stack.

Once the sterilization chamber process is complete and the chamber door is partially opened, the backvent fan
activates to extract residual amounts of EtO from the chamber. This fan remains on while the chamber door is
open. After 15 minutes, the pallets of product are removed from the sterilization chamber and placed into
aeration rooms to further off-gas residual EtO. Both the backvents and aeration rooms are ducted to the
WB1-Scrubber #2 and treated with 16 dry bed reactors, which will be additional polishing beds, and then to a
common stack.

In addition, a PTE system will be installed to capture air internally from chamber rooms, dispensing stations,
work aisles, processed product storage, and shipping areas. This captured air will be ducted to a new dry bed
control system consisting of 18 dry beds and then to a common stack.

Sterigenics will conduct each test beginning with the initial evacuation of EtO from one sterilization test
chamber and ending 60 minutes after the sterilized product is moved from this chamber into aeration. This
sterilization test chamber will be identified by chamber number in the process data collection. Operations will
include running additional product through the sterilization process in other chambers to create conditions
representative of maximum emissions.

The testing reported in this document will be performed at the DEOXX Inlet, AAT Inlet, DBA Inlet, and Stack
sample locations. A schematic of the process, indicating proposed sampling locations, is shown in Figure 3-1 on
the following page.
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DATA COLLECTION

Sterigenics will provide information initially and during each test run to identify the test sterilization chamber.
Process data will be recorded and provided to CleanAir for inclusion in the test report. Summarized data,
including raw supporting data and electronically-recorded chamber-phase data, will be presented in an appendix

of the test report.

Sterilization Process Data

For each test run, Sterigenics will provide the following process data:
e Sterilization test chamber number used
e Initial evacuation time

e End cycle time

e Backvent opening time
e Ending chamber EtO concentration

e |Initial transfer time
e Ending transfer time
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Emission Control Data

The emission control operating data collected during the test and the manufacturer design specifications will be
evaluated prior to setting new operating parameters. At the start and end of each test run, Sterigenics will
provide the following emission control data:
e For the DEOXX™ wet acid scrubber:
o scrubber flow
o pH
o temperature

e For the AAT wet acid scrubber with dry bed reactor (WB1-Scrubber #2):
o scrubber flow
o pH

o temperature

o dry bed temperature differential

e For the polishing beds:
o temperature differential

e Forthe PTE dry beds:
o temperature differential

Test Locations

The sample point placement will be determined by EPA Methods 1 and 320 specifications. Sample ports to be
installed will meet EPA Method 1 requirements. Test location layouts will be presented in the final test report.

An EPA Method 1 sample location analysis will be conducted at each sample location on-site prior to testing. An
absence of cyclonic flow will be verified per EPA Method 1 specifications at each location prior to testing. At the
AAT Inlet, DBA Inlet, and Stack, velocity and temperature will be measured at points determined by the EPA
Method 1 analyses. At the DEOXX Inlet, a velocity and temperature traverse will be conducted prior to testing.
Velocity and temperature during the test run at the DEOXX Inlet will be measured at the average velocity
traverse point determined by the traverse conducted prior to testing.

Stratification checks at each sample location will be conducted prior to testing per procedures obtained from
EPA Method 7E. The point closest to the average EtO will be chosen as the EtO sample point.

The EPA Method 1 analysis, absence of cyclonic flow verification, and stratification check data will be presented
in Appendix D of the test report. Table 3-1, on the following page, presents the sampling information for the test
location.



CleanAir

Sterigenics US, LLC CleanAir Project No. 13990-1
Willowbrook | Facility - Willowbrook, IL Revision 0, Final Protocol
Protocol for Ethylene Oxide Testing Page 11
Table 3-1:
Sampling Information
Source Run Points per Hours per Total
Constituent Method (USEPA) No. Ports Port Point Hours
DEOXXInlet
EtO, O,, CO,, H,0 Strat. Check' 3 1 3 2xRT? 6xRT
EtO, O,, CO,, H,0 320,4,3A 3 1 1 TBD TBD
Velocity & Temperature (Continuous)3 2 3 1 1 TBD TBD
AAT Inlet
EtO, O,, CO,, H,0 Strat. Check' 3 1 3 2x RT? 6xRT
EtO, O,, CO,, H,0 320,4,3A 3 1 1 TBD TBD
Velocity & Temperature (traverse) 2 TBD* 2 TBD Varies Varies
DBA Inlet
EtO, O,, CO,, H,0 Strat. Check' 3 1 3 2xRT? 6xRT
EtO, O,, CO,, H,0 320,4,3A 3 1 1 TBD TBD
Velocity & Temperature (traverse) 2 T8D* 2 TBD Varies Varies
Stack
EtO, O,, CO,, H,0 Strat. Check' 3 1 3 2xRT? 6xRT
EtO, O,, CO,, H,0 320,4,3A 3 1 1 TBD TBD
Velocity & Temperature (traverse) 2 TBD* 2 TBD Varies Varies

' Strat. Check = stratification check, conducted per procedures outlined in EPA Method 7E.

2 RT = sample system response time.

3 Measurement point determined from EPA Method 2 traverse conducted prior to test run.

* Velocity & temperature traverse conducted once per clock hour for the duration of the test run.

End of Section
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4. METHODOLOGY

Procedures and Regulations

The test program sampling measurements will follow procedures and regulations outlined by the United States
Environmental Protection Agency (USEPA) and the lllinois Environmental Protection Agency (IEPA). These
methods appear in detail in Title 40 of the CFR and at https://www.epa.gov/emc. Appendix A includes diagrams
of the sampling apparatus, as well as specifications for sampling, recovery and analytical procedures.

CleanAir will follow specific QA/QC procedures outlined in the individual methods and in USEPA “Quality
Assurance Handbook for Air Pollution Measurement Systems: Volume Il Stationary Source-Specific Methods,”
EPA/600/R-94/038C. Additional QA/QC measures are outlined in CleanAir’s internal Quality Manual.

TITLE 40 CFR PART 60, APPENDIX A

Method 1 “Sample and Velocity Traverses for Stationary Sources”

Method 2 “Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot Tube)”
Method 3 “Gas Analysis for the Determination of Dry Molecular Weight”

Method 3A “Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from Stationary

Sources (Instrumental Analyzer Procedure)”
Method 4 “Determination of Moisture Content in Stack Gases”

TITLE 40 CFR PART 63, APPENDIX A

Method 320  “Measurement of Vapor Phase Organic and Inorganic Emissions by Extractive Fourier Transform
Infrared (FTIR) Spectroscopy”

Methodology Discussion

EPA METHOD 320 — ETO AND H>O TESTING

EtO emissions will be determined using an FTIR per EPA Method 320. EtO testing will adhere to all specifications
and procedures outlined in EPA Method 320.

A calibration transfer standard (CTS) will be used to demonstrate suitable agreement between sample spectra
and reference spectra. During the test program, a dynamic spike will be conducted for each sampling system. A
spike/tracer gas at a constant flow rate at or below 10% of the total sample flow, when possible, will be
introduced into the sampled exhaust gas stream prior to the external filter. The system will “pass” the QA spikes
if the average spiked concentration is within 0.7 to 1.3 times the expected concentration. All QA spike checks
will be included in the QA/QC section of the final test report. Following each test run, another CTS spectrum will
be recorded. The pre- and post-test CTS spectra will then be compared. The peak absorbance in pre- and
post-test CTS will be compared to the required £5% of the mean value for the run to be valid.
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In accordance with the method, for each sampling system, the flue gas will be continuously extracted through a
heated stainless-steel probe, filter, and Teflon sample lines, and then directly interfaced with the
instrumentation. The sampling system will be assembled and leak-checked (<200 ml/min) and will be allowed to
reach and stabilize at the operating temperature of approximately 150°C to 175°C. Sample gas will be extracted
at a constant rate and delivered hot and wet to the FTIR.

On-site minimum detection limit (MDL) studies will be performed for each sampling system using procedures
outlined in ASTM D 6348 A2.3. The MDL is calculated as three times the standard deviation of the
concentrations from 10 representative spectra taken during the MDL study. Results calculated from sample
concentrations less than the calculated MDL will be reported as ‘less than’ the MDL.

Minute data points for EtO (wet basis) will be collected over the duration of the test run. Each sample spectrum
will be documented with the sampling conditions, the sampling time (period when the cell is being filled), the
time the spectrum was recorded, the instrumental conditions (path length, temperature, pressure, resolution,
and signal integration time), and a spectral filename.

EPA METHODS 1 AND 2 — GAS VELOCITY TESTING

EPA Methods 1 and 2 of 40 CFR 60, Appendix A, will be used to measure the average flow rate. These methods
will determine the velocity of the effluent gas stream. The effluent gas velocity will be measured by a calibrated
Type-S pitot probe and pressure transducer meeting all specifications of EPA Method 2. The temperature will be
measured by a Type K thermocouple attached to the pitot probe. A determination of sampling points and
verification of absence of cyclonic flow will be performed for each sample location prior to testing.

EPA METHOD 3A —0,/CO, TESTING

CO; concentrations will be measured using the FTIR. O, concentrations will be measured using a wet Ametek O,
analyzer, or similar in series, subsequent to the FTIR. O,/CO, testing will adhere to all specifications and QA/QC
procedures outlined in EPA Method 3A.

Calibration error checks will be performed daily by introducing zero N,, high range and mid-range calibration
gases to the inlet of the FTIR during calibration error checks. Bias checks will be performed before and after each
test run by introducing calibration gas to the inlet of the sampling system’s heated filter. Data points for 0,/CO,
(wet basis) will be collected over the duration of the test run. Per EPA Method 3A, the average results for the
run will be drift-corrected.

EPA METHOD 4 — ETO AND H,0 TESTING

Moisture content will be determined using an FTIR per EPA Method 4, which references EPA Method 320. Per
Section 16.3 of EPA Method 4, “Method 320 is an acceptable alternative to Method 4 for determining
moisture.” Moisture testing will adhere to all specifications and procedures outlined in EPA Method 320.

Refer to the section “EPA Method 320 — EtO Testing” above for specific methodology.

End of Section
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Specification Sheet for EPA Method 2

Source Location Name(s) AAT Iniet, DBA Inlet, Stack
Pollutant(s) {o be Determined None
Other Parameters to be Determined from Train Flow Rate

Standard Method Specification Actual Specification Used
Pollutant Sampling Information
Duration of Run N/A Varied
No. of Sample Traverse Points N/A TBD
Sample Time per Point NIA Varied
Sampling Rate N/A N/A
Sampling Probe
Nozzle Material N/A N/A
Nozzle Design NfA N/A
Probe Liner Material N/A NIA
Effective Probe Length Sufficient to Traverse Paints TBD
Probe Temperature Set-Foint N/A NIA
Velocity Measuring Equipment
Pitot Tube Design Type S Type S
Pitot Tube Coefficient NFA TBD
Pitot Tube Calibration by Geometric or Wind Tunnel Wind-Tunnel
Pitot Tube Attachment Attached to Probe Attached to Probe
Metering Systemn Console
Meter Type Dry Gas Meter NIA
Meter Accuracy N/A NFA
Meter Resolution N/A NIA
Meter Size N/A N/A
Meter Calibrated Against NIA NIA
Pump Type NIA N/A
Temperaiure Measurements NIA Type K Thermocouple/Pyrometer
Temperature Resolution 54'F 1.0°F
AP Differential Pressure Gauge Inglined Mancmeter or Equivalent Inclined Manometer/Digital Manometer
AH Differential Pressure Gauge Inclined Manometer or Equivalent NIA
Barometer Mercury or Aneroid Digital Barometer calibrated w/Mercury Aneraid
Filter Description
Filter Location NIA NfA
Filter Holder Material NIA N/A
Filter Support Material NIA N/A
Cyclone Material NIA N/A
Filter Heater Set-Point NIA N/A
Filter Material NIA NfA
Other Components
Dascription NIA NfA
Location NIA N/A
Operating Temperature N/A N/A
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Specification Sheet for

Source Location Name(s)
Pallutant(s) to be Defermined

Other Parameters to be Determined from Train

Pollutant Sampling Information

Duration of Run

No. of Sample Traverse Points
Sample Time per Point
Sampling Rate

Sampling Probe

Nozzle Material

Nozzle Design

Probe Liner Materiat
Effective Probe Length
Probe Temperature Set-Point

Velocity Measuring Equipment

Pitot Tube Design

Pitot Tube Coefficient
Pitot Tube Calibration by
Pitot Tube Attachment

Metering System Console
Meter Type

Meter Accuracy

Meter Resolution

Meter Size

Meter Calibrated Against
Pump Type

Temperature Measurements
Temperature Resoluticn

AP Differential Pressure Gauge
AH Differential Pressure Gauge
Barometer

Filter Description
Filter Location

Filter Holder Material
Filter Support Material
Cyclone Material
Filter Heater Set-Point
Filter Material

Other Components
Description

Location

Operating Temperature

EPA Method 2

DEOXX fnlet
None
Flow Rate

Standard Method Specification

Actual Specification Used

N/A
N/A
N/A
N/A

NfA
Nf&
N/A
Sufficient to Traverse Points
N/A

Type S

N/A

Geaometric or Wind Tunnel
Attached to Probe

Dry Gas Meter

N/A

N/A

NIA

N/A

N/A

N/A

5.4°F

Inclined Manometer or Equivaient
Inclined Manometer or Equivalent
Mercury or Aneroid

NIA
N/A
N/A
NiA
N/A
N/A

N/A
NIA
N/A

TBD
1
TBD
N/A

N/A
N/A
N/A
TEBD
N/A

Type S

TBD

Wind-Tunnel
Attached to Probe

NIA

NIA

NIA

NIA

NIA

NIA

Type K Thermocouple/Pyrometer/Transducer
1.0'F

Inclined Manometer/Digital Manometer

NIA

Digital Barometer calibrated w/Mercury Aneroid

N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
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Specification Sheet for

Saource Location Name(s)
Pollutant{s) to be Determined
Also Measures

Pollutant Sampling Information
Duration of Run

No. of Sample Traverse Points

Sample Time per Paint

Sampling Rate

Sampling Probe

Nozzle Material

Nozzle Design

Probe Liner Material
Effective Probe Length
Probe Temperature Set-Point

Particulate Filter
In-Stack Filter

In-Stack Filter Material
External Filter

External Filter Material
External Filter Set-Point

Sample Delivery System
Heated Sample Line Material
Heated Sample Line Set-Point
Heated Sample Line Connections
Moisture Removal System
Sample Pump Type

Sample Pump Material

Sample Flow Control

Non-Heated Sample Line Material
Non-Heated Sample Line Connections
Additionat Filters

Additionat Filter Type

Additionat Filter Location

Filter Material

Analyzer Description
Ethylene Oxide (C;H,0)
Propylene Oxide (C;H;0)
Hydrogen Chloride (HC!)
Carbon Dioxide (CO;)
Oxygen (Oy)

Nitragen Dioxides (NO,}
Nitrogen Manoxides (NO)
Carbon Monoxide (CO)

EPA Method 320 & 3A

DEOXX Inlet, AAT Iniet, DBA Inlet, Stack

Ethylene Oxide (EtO)
Moisture, O,, and CO,

Standard Method Specification

Actual Specification Used

N/A
N/A
N/A
Constant Rate

N/A

N/A

Stainless Steel or Equivalent
Sufficient to Traverse Paints
Prevent Condensation (Min. 250°F)

Optional

NIA

Yes

Glass Fiber Mat

Prevent Condensation (Min. 250°F}

Stainless Steel or Teflon
Prevent Condensation {(Min. 250°F)
Probe Exit to Pump to FTIR
N/A

N/A

Non-reactive to sample gases
Constant Rate

N/A

NIA

Qptional

NIA

NIA

N/A

EPA Method 320 {FTIR)
EPA Method 320 {FTIR)
EPA Method 320 {FTIR)
EPA Method 320 {FTIR)
EPA Method 320 {FTIR)
EPA Method 320 (FTIR)
EPA Method 320 {FTIR)
EPA Method 320 (FTIR)

T8O

1

TBD

Constant Rate

None

NIA

Stainless Steel
3 feet
375°F+10°F

NIA

NIA

Yes

Borosilicate Glass Fiber Mat
375°F+10'F

Teflon
375°F10°F
Probe to Pump to FTIR
N/A
Diaphragm
Teflon
Constant Rate
N/A

N/A

N/A

NIA

N/A

N/A

EPA Method 320 (FTIR)

N/A

NfA

EPA Method 320 (FTIR)

EPA Method 3A {Paramagnetic)
NIA

NA

N/A



Calibration Gas Span
Ethylene Oxide {C,H40)
Propylene Oxide (C3HgO)
Hydrogen Chioride (HCH)
Carbon Dioxide (CO,)
Suifur Dioxide {(SOs)
Nitrogen Dioxides (NO;)
Nitrogen Monoxides (NQO)
Carbon Menoxide {CO)

Data Acquisition
Data Recorder

Scan Rate

Data Sterage

Calibration Gas Specifications

Ethylene Oxide (C,H,O)
Methane {CH,)

Hydrogen Chloride (HCI)
Carbon Dioxide (COs3)
Oxygen (O3}

Nitrogen Dioxides (NOy)
Nitrogen Monoxides (NO)
Carbon Monoxide (CO)

EPA Method 320 & 3A

Standard Method Specification

Actual Specification Used

N/A
N/A

N/A
N/A

N/A
N/A
N/A
N/A

Camputer with Software for Automated Collection
No Requirernent (64 Scans ~ 1 minute)}
Automatic

Best Commercially Available Accuracy (£5%)
Best Commercially Available Accuracy (5%)
Best Commercially Available Accuracy (£5%)
N/A
N/A
N/A
N/A
NIA

* Note: M320 only requires that the gases used come with a cerlificate of accuracy

0-2,000 ppm, 0-10 ppm
NIA

N/A
NIA
NIA
NIA

NIA
N/A

Analog Computer
64 Scans
Automatic

Best Commercial Accuracy (£5%)
Best Commercial Accuracy (+5%)
NIA

EPA Protocol 1

EPA Protocol 1

N/A

N/A

MN/A



EPA Method 320 & 3A
Sampling Train Configuration
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00St” MAX-StarBoost™ Technology
oy FTIR Reinvented

MAX StarBoost™ is a breakthrough commercial FTIR gas analyzer enhancement technology that
dramatically increases sensitivity, linearity and dynamic range over narrow spectral bands of
interest. Proven in demanding applications such as ethylene oxide and formaldehyde
measurement, MAX StarBoost™ enables source testing, industrial process monitoring and IH
Professionals a new level of real-time, in-process analytical capability. Supplied as a turnkey add-
on to the widely used and accepted MKS MultiGas™ 2030 FTIR, MAX StarBoost™ is compliant
with existing methods and is easy to deploy with a quick learning curve for testing professionals!

e Single digit ppb detection limits
e Quick learning curve for existing 2030 users
e Specificity over GC-FID

e EPA Method 320 & ASTM D6348 compliant MAX ‘

e Max-Acquisition™/ MAX-Analytics™ Software I == ."** I f

e Spectral Regions: d Tl
> Aldehyde filter — formaldehyde, acrolein, " e @ 2

acetaldehyde, HCI
» Aromatic filter — ethylene oxide, BTEX

e |deal for CEM Applications
e Switch between standard FTIR & StarBoost™
e Available on all MultiGas™ 2030 config.

Shown with Optional Max
ASC-10-ST™ Sampler

MAX-Aquisition™ and MAX-Analytics™ Software are included (depending on package) to
seamlessly integrate with MultiGas™ software providing state-of-the-art FTIR spectral analysis.
See MAX-Aquisition™ and MAX-Analytics™ software product brochure for further information.
Two spectral bands are included with optional bands available on request.

For more information on MAX StarBoost™ please contact our Applications Group to discuss your
specific requirements at 860-386-6878 or email: applications@maxanalytical.com
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logy Patent Pending, Max Analytical Technologies

MAX StarBoost™ Filter Bands

MAX StarBoost™ technology is available in several stock filter bands and can be deployed on
any Max Analytical product utilizing the MKS MultiGas™ 2030. Available stock filter bands,
compounds and detection limits are shown below. Custom filter and compounds are available

on request.
Stock Filter Bands Sample Stream Compounds I()f:ﬁ:t:\’,:r;i;i)t

Formaldehyde 9ppb

HCI 8ppb
Adehyde Combustion Source | Acetaldehyde 500pph
(8.8% Water) Mothans 650ppb
Ethane 550ppb
Water 110ppb

Methane 4ppb
Aromatic Ambient Air Ethane 50ppb

Ethylene Oxide Summer 2019

MAX-Acquisition™ Software

Real-time data analysis with MKS 2030 driver (available Summer 2019), AutoReference
algorithm to eliminate baseline drift, manual validation and reporting functions. See MAX-

Acquisition™ Software brochure for more detail.

StarBoost™, MAX-Aquisition™, MAX-Analytics™ and
A MAX™ are trademarks of
Max Analytical Technologies, East Windsor, CT.

MultiGas™ is trademark of MKS Instruments, Inc.

Analythal Technqlogles A A,
Max Analytical Technologies
32 North Road » East Windsor, CT 06088 Bulletin719-01419
; v ;
1-860-386-6878 ¢ info@maxanalytical.com © Cppyrlght 2_019’ MaxAnalyiteal Technologies
Allrightsreserved

www.maxanalytical.com
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Analysis Software
MAX-Analytics™ is the most powerful gas/liquid FTIR data analysis program commercially
available. Providing a large suite of tools that seamlessly stores results in one file, MAX-
Analytics™ can take your data reprocessing time from minutes to seconds, dramatically
increasing productivity. For users analyzing samples with unknowns, the powerful Peak
Matching function can quickly identify compounds using the included quantitative/qualitative
libraries with over 5200 compounds. Other features such as adding conditional interferences,
multiple quant regions, and editable fencing masks based on residual, reference spectrum, or
sample spectrum are just a few of the included features. MAX-Analytics™ is also supplied with
a standalone Gas Reference File Editor that provides features such as traceability
documentation, gas aliases, spectral subtraction, baseline correction and automatic fencing

masks just to name a few. A complete list of features is provided in the specification section of
this document.

MAX-Analytics™ Screen

i Adsorber Outlet 2019-02-28 #1 - Quant Results 2019-03-02 12-06 Ethylene Oxide - MAX Source Tester
fle Edit Yiew Jools Help

Adsorber Outiet 2019-02-28 #1 (rowie | W 5w @ RSB 2t i Q) IS Ay g ALY

Difem:-1 cosine Browse..}
Quant Method:  E10 in Ambient Akt 2019-02-27 06-01 (Mot | Select.._

o ol \Viewing\TooIs Sample Spectrum

Time: 0922220  Indec 10 g N\ FANDS M\ [\ FAS=Y VAN
Pressure: 091511 Temo: 149,128 NSt N = \V

T 1 L
w 300 00 3020 230 3040 X
Cwantoptior viavermber
[ DooES | Quantan | o

- cemet —

| o [0 1) A Concentration 0189 | Residual 560%

R ' IR Residual

Conc Con % Detect

eunld (ppm)  Error  Error Limit

@ Aromatics Filter -0.0488 0550 1,1273 0.0466

| @ Methane [150C] 0638 0.105 1645 Undefn il

Q‘m"“ 1696268 40552 239 Undefit . | "
Fit Quality 1

Alarm Alerts

T T T T T T T
| oeo000 o8:15:00 08:30:00 Oas00 . 092000 031500 09:30:00 3035 3060

T T T
3065 3070 3075
Wavenumber (cm”)

Single Reconstruction

R? Analysis | !

[
{2 e o ke R T T T T T T T T T T
08:00:00 081500 08:30:00 08:45:00 05:00:00 09:1500 09:30:00 3085 3080 3085 ;
Tume Wavenumber (em™)

Getting the most out of FTIR spectra takes world class data analysis software to

generate high confidence results. Contact our applications group today to
arrange a demo at 1-860-386-6878 or software@maxanalytical.com.

absarbance

—— T T
3070 3075

Max Analytical Technologies ¢ www.maxanalytical.com ¢ 1-860-386-6878 < East Windsor, CT USA
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Feature Specification (Available Summer 2019)

MAX-Analytics™

Quantitative Gas Reference Library (200 compounds)
Qualitative NIST & EPA Gas Reference Library (5500 compounds)
Analyze FTIR, StarBoost™ or GC-FTIR data

Fast reprocessing of data

Peak Matching Tool for identification of unknown compounds
View and open previous results summary file

Export resultsfile to Excel spreadsheet

Average spectra

Manual Validation Mode

Add conditional interferences to analysis method

Multiple (Primary & Secondary) quantification regions

Edit and save quantification regionsin analysis method, without
modifying gas library

Edit and save fencing masks in analysis method, without modifying
gas library

Apply afencing mask based on residual, reference spectrum, or
samplespectrum

Save acomputed spectrum (averaged, residual, or single
reconstruction)

Easily add a sample spectrum to analysis method
Seach for compounds by aliases, formula or CAS number

Add dataset and spectrum comments and save with results file

Set Alarm Alertswhen aconcentration exceeds a selected threshold

Customize viewing options for either detailed analysis or
concentration overlay

MAX™ Algorithm for GC-FTIR data analysis with automated retention
index search

Gas Reference File Editor

Includes traceability documentation for all gasesin library
Automatic baseline correction of reference spectra

Subtract interferences from reference spectra

Define Primary & Secondary quantification regions

Define Interference retions

Deresolve reference spectra

Automatically apply fencing mask using absorbance threshold
Apply fencing mask to reference gas or interferents

Unitsinclude both concentration (ppm) and mass (ng)

(2] Benzene (191C) [71-43-21 - Gas Reference File Editer -

Il;lrﬁ Spectrum peline Comecton

| FloreiRie

Subtraction  Regiors

Name:
Berzene

004~

Molecular Weight (grams/molk:
78.111840

-
%02
Formuly:
[

CAS#. o A

71-43-2 w000
Aliases
Berzene
Benzol

S Su N ERCRY < [}

Benzole
Cyclohexatriene

Calibration Cell Volume (Li: |0.211000
400+

Calibration Path Length (M): 51100

3
g
@ Data Coltection

NM/A X
Analytical Technologies

Max Analytical Technologies
32 North Road ¢ East Windsor, CT 06088

1-860-386-6878 * sales@maxanalytical.com
www.maxanalytical.com

MAX-Analytics™ and MAX™ are trademarks of
MAX Analytical Technologies. East Windsor, CT.

Bulletin720-041019
© Copyright 2019, Max Analytical Technologies
Allrightsreserved
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Data Acauisition

MAX-Acquisition™ allows for seamless data acquisition using MAX-Crossmark™ GC-FTIR or the
MKS MultiGas™ 2030 FTIR analyzer upgraded with MAX-StarBoost™ Technology. Designed for
technicians and power users alike, MAX-Acquisition™ can control all data acquisition from a
single user interface with flexible display options for fast and easy assessment of data quality.
Advanced features include an updated AutoReference algorithm that, when used in conjunction
with ultra-sensitive hardware configurations like MAX-StarBoost™, eliminates biases from
baseline drift and does not require the user to collect a nitrogen background. Users can also
view real-time data results and easily configure alarms to alert when a compound’s
concentration exceeds a selected threshold. Whether in the field or in the lab, MAX-
Acquisition™ maximizes instrument productivity and ensures high quality data collection.

[ MAX Acquisition - Starboost o
file Edit View Jooks Help

spke Test #5 RO 9 Q12 o 4 MMl AL

StarBoost [ Select— | [SingleRecon N2 + 50PPB ETOQ0086.LAB

0.0005+
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Getting the most out of FTIR spectra takes world class data analysis software to
generate high confidence results. Contact our applications group today to arrange
a demo at 1-860-386-6878 or software@maxanalytical.com.

Max Analytical Technologies ¢ www.maxanalytical.com e 1-860-386-6878 ¢ East Windsor, CT USA
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M/‘\X“Q \Nd | y]LICSTM FTIR/GC-FTIR
Data Acquisition
Feature Specification

MAX Acquisition

Compatible with all MAX hardware configurations and MKS MultiGas 2030™

Instrument method includes data collection parameters & analysis method

Easily modify analysis method

Real-time quantification of FTIR data

Real-time chromatogram for GC-FTIR data

Control data acquisition on MKS MultiGas 2030™ in StarBoost™ or standard mode

Acquire Temperature and Pressure in real-time for FTIR data

AutoReference Mode

Store spectral data with Igrams and Sbeams

Store results summary file

Export results file to Excel reporting template

Automatically create a new summary results file and spectral folder at certain time of day for
CEM applications

View real-time sample spectra

View real-time single reconstructions and residuals for FTIR data

View real-time fit quality metrics (Rz) for FTIR data

View sample spectrum with overlay of scaled reference spectra of gases in analysis method

Add a sample spectrum to method in real time for FTIR data

View real-time alarm alerts when concentration exceeds a selected threshold

Customize viewing options for either detailed analysis or concentration overlay for FTIR data

A MAX-Aquisition™, MAX-StarBoost™ and MAX™ are trademarks of
MAX Analytical Technologies. East Windsor, CT.

. : MultiGas™ is trademark of MKS Instruments, Inc., Andover, MA.
Analytical Technologies

Max Analytical Technologies

32 North Road * East Windsor, CT 06088 Bulletin720-041019
© Copyright 2019, Max Analytical Technologies
1-860-386-6878 * sales@maxanalytical.com Allrightsreserved

www.maxanalytical.com
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Sterigenics
Clean Air Project No. 13890

EtC Control System
EPA Method 320
EtO FTIR Sample Calcs

Note: The tables presenting the results are generated electronically from raw data. It may not be possible to exactly duplicate these
results using a calculator. The reference method data, results and all calculations are carried fo
sixteen decimal places throughout. The final table is formatted to an appropriate number of significant figures.

100319 1202065

1. Dilution Factor of Spike Gas

DF SE 6 spike
~ SF 6

Where: direct

S5F6spike = diluted SF6 concentration measured in spiked sample = ppmwv
SFBgirect = SF6 concentration measured directly in undiluted spike gas = ppwy
DF = dulution factor of spike gas =

2. Concentration of Analyte Corrected for Dilution

Udil=Uax(1— DF)

Where:

Ua = concentration of analyte in unspiked sample = ppmwy
DF = dilution factor of spike gas =

Udil = concentration of analyte corrected for dilution = pprawy

3. Bias at spike level

B=Sa—-Udil—Cs

Where:

Sa = {otal concentration of analytes in spiked sample = ppmwy
Udil = goncentration of analyte corrected for dilution = ppMmwY
Cs = certified concentration of calibration standard * DF ppmwy
B = bias at spike level = ppmwy

Preparad by Claan Alr Enginearing Propriatary Software
S5 ISOKINETIC Verslon 12-2084b

Copyright @ 2004 Clean Air Enginearing Inc.



Sterigenics
Clean Air Project No. 139390

EtO Control System
4. Expected in spiked sample (ppm)

X, =(X,)DF)+ (X, )1-DF)

Where:
Xp = response, direct to analyzer = ppmwy
bF = dilution factor {dimensionless) = pRMmWY
Xo = native concentration in flue gas (ppm) = ppmwY
Xg = expected in spiked sample {ppm) = PRMwWY
§. Spike recovery (%)
X
%SR = S 1% 100
X
Where:
Xs = spiked concentration (ppm) = pprmwy
Xg = expected in spiked sample (ppm) = ppmwy
100 = conversion constant {%/decimal} =
%SR = gpike recovery (%) = %
6. Correction Factor (CF)
1
CF =
B
1+ —
Where: XE
B = bias at spike level =
Xe = expected in spiked sample (ppm) =
CF = analyte correction factor =
7. Minimum Detection Limit (MDL}
MDL = 3 x Stdev(C ;)
MDL. = Minimum detection Limit (MDL) = prbdy
Standard deviation of the concentrations from ten representative
Stdev(C) = spectra taken directly after a background while nitrogen is running
through the system. = ppbdv
o = Concentrations of i spectra where i = 1 through 10 = ppbdy
Prepared by Clean Air El ing Propriatary Sofl

55 ISOKINETIC Varsion 12-200ab

Copyright @ 2004 Clean Air Enginaering inc.



Sterigenics

CleanAir Project No. 13990
Willowbrook, IL

EtO Control System

Method 3A Field Sample Calculations
for 02, EtO Control System

Sample data taken from R
and Channel 1

Nofe: The tables presenting the results are generated electronically from raw data. It may not be possible to exactly duplicate
these resuits using a calculator. The reference method data, results and all calculations are cartied fo
sixteen decimal places throughout. The final fable is formatted to an appropriate number of significant figures.

100318 120208

1. Average of a calibration series

(C, + C, + C,)

C =
Hee
3
Where:
C.,C.Cs = goncentrations of 3 consecutive gas samples that are
representative of the calibration gas
Crnce = average concentration of a calibration series = Y%edv

In this case the low cal series for channel 1

2a. Calibration Error Check for Hydrocarbons (5% of actual calibration gas value error allowed by Method 25A)

EI[C — abS C.’?‘l(.‘(.’ Cma Sl

cal
Where: ma
Crce = average concentration of a calibration series = %dv
In this case the low cal series for channel 1
Cma = concentration of actual calibration gas value = Yedv
leat = limit for calibration error for hydrocarbons = 5.0%
Eye = calibration error check value = NA

2b. Calibration Error Check for non-Hydrocarbons (2% of Instrument Span)

c . —C
_ mee ma
E = gbs|-—teeTmal < ]
Span
Where:
Crece = average concentration of a calibration series = Yedv
In this case the low cal series for channel 1

Cha = concentration of actual calibration gas value = Y%dv
Span = instrument span value =

beal = limit for calibration error for non-hydrocarbons = 2.0%

E = calibration error check value = Pass

Praparad by Clean Air Enginearing Proprietary Software
§S CEM Version 06-2004g5

Copyright @ 2004 Clean Air Englhaeering Inc,



Sterigenics
CleanAir Project No. 13990
Willowbrook, IL

EtO Control System
3. System Bias as Percent of Span Value (5% is allowed)

c  —-C
mf mce
EBias = abs|——| < Zbias
Span
Where:
Crnes = average concentration of a calibration series

in this case the High cal series for channef 1
Crt = calibration error response concentration for CalQ1

Span = instrument span value
lbias = limit for system bias error
Evias = calibration bias error check value

4. System Drift as Percent of Span Value (3%)

C C

EDr'rﬁ = abS —ﬁif"‘"““—fl =< ltff'fﬂ'
Span '
Where:
Co = calibration error response concentration for Cal01 (final)
Cri = calibration error response concentration for Cal00 (initial)
Span = instrument span value
Farit = fimit for system drift error
Egit = calibration drift error check value

5. Average Concentration for an entire Run

C — i = 1
N
Where:
G = All concentration readings for the entirety of Run 1
for the moniter looking for O2 on channel 1

N = total number of readings in Run 1

] = average O2 concentration for Run 1t
Propared by Clean Alr Englnearng Proprietary Soffware
S5 CEM Version 06-2004g5

Copyright € 2004 Clean Alr Englnearing Inc.
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Sterigenics
CleanAir Project No. 13990
Willowbrook, IL

EtO Control System
6. Drifi-Corrected Average Concentration for an entire Run

C =| C— COJ' + Cof Cma
nc -
2 Cmi + Cmf - Cai + Cof
2 2
Cha = concentration of actual calibration gas value = Y%dv
c = average 02 concentration for Run 1 = Yedv
Chi = calibration error response concentration for CalQ1 (final) = Y%dv
Cu = calibration error response concentration for Cal00 (initial) = %dv
Cu = galibration error response concentration for Cald1 (final) = %dv
for zero gas
Cu = calibration error response concentration for Cal0 (initial) = %dv

for zero gas

Coc = drift corrected average concentration for Run 1 = %dv

Prapared by Clean Alr Engineering Propriatary Softwato
$5 CEM Version 06-2004g5

Capyright @ 2004 Claan Air Engineering inc,



Sterigenics

CleanAir Project No. 13990
Willowbrook, IL

EtQ Control System

EtO Emissions Sample Calculations

for EtO, EtO Control System
Sample data taken from Run 1
and Channel 3

Note: The tabies presenting the results are generated electronically from raw data. If may nof be possible to exactly duplicate
these results using a calculator. The reference method data, resulls and all caiculations are carried to
sixteen decirmal places throughoul. The final table is formatted fo an appropriate number of significant figures.

100319 120209

1. EtO conceniration (ppmdv)

C ( ppmdv ) =k, xCpe if dry gas
C(ppmdv) = FxCpe _ if wet  gas
(")
100
Where:
Cpe = drift corrected average concentration = ppmwv
B, = actual water vapor in gas (% viv} = Yo viv
100 = conversion factor to change percentage to decimal = 100
ky = ppm/% to ppm conversion factor for diluent gases = 1
C (ppmadv) = EtO concentration (ppmdv) = ppmdy

2, EtO concentration (ppmwv)

C(ppmwy) =k, xCpe if wet  gas
C =k xCp x[1=Pr if d
(ppmwy =# Xlpe X 100 i vy  gas
Where:
Cpc = drift corrected average concentration = ppmwy
B. = actual water vapor in gas (% viv) = % viv
100 = gonversion factor to change percentage to decimal = 100
K4 = ppm/% to ppm convearsion factor for diluent gases = 1
C (ppmwv) = EtO concentration (pprwy) = ppmwy

Prepared by Clean Alr Engineering Propriatary Software
$S CEM Verslon 08-200405

Copyright & 2004 Clean Alr Enginasing Inc.



Sterigenics
CleanAir Project No. 13990
Willowbrook, IL

EtO Control System
3. EtO concentration (Ib/dscf)

(b1 dsef ) _ C(ppr:zdv)x MW (gas)
10® ppm x 385.3
Where:
C (ppmdv) = EtO concentration (ppmdv)
MW = Molecular Weight of EtO gas
10° = gonversion factor from decimal to ppm
385.3 = molar volume

C {lb/dsct) = [£tO concentration (Ib/dscf)

4. EtO concentration {Ib/scf)

C(ib/sef ) = C(lb I dscf )xQQi

Where:
C (lb/dsci) = EtO concentration (Ib/dsci)
Qo = volumetric flow rate at standard conditions, dry basis (dscfm)
Q. = volumetric flow rate {standard cubic feet/min)
C (lb/scf) = EtO concentratien (Ib/scf)

5. EtO concentration (Ib/acf)

C(lb/acf ) = C (b / dsef )x
Where:
C (Ib/dscf) = E{O concentration {Ib/dscf)
Qg = valumetric flow rate af standard conditions, dry basis {dscfm)
Q, = volumetric flow rate (actual cubic feet/min})
C (Ib/acf) = E10 concentration (Ib/acf)

6. EtO cancentration (%dv)

C(%adv) = C(ppmdv )x
Where!

C {ppmdv) = EtO concentration (ppmdv)

100 = conversion factor from decimal to percentage

10° = conversion factor from decimal to ppm

C (%dv} = EtO concentration (%dv)

Prepared by Claan Alr Englneering Proprietary Saftware
55 CEM Verslon 08-200445

Copytight @ 2004 Claan Alr Enginaering fng.
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Sterigenics
CleanAir Project No. 13990
Willowbrook, IL

EtO Control System
7. EtQ concentration {mg/dscm}

C(mg/dsem) = C(b/dscf) xk, x3531

Where:
C (Ib/dsci) = EtO concenfration (Ib/dscf) = Ib/dscf
ka = cenversion facter from Ib to mg = 453515 mgflb
35.31 = cenversion facter from dscf {o dsem = 35.31 it*m®
C (mg/dscm} = EtO concenfration (mg/dscm) = mgfdscm

8. EtO concentration (mg/Nm3 dry}

C  (mg/Nwdry) = C(Ib/ dscf ) x k, x 35.31 X(Mj
32 + 460
Where:
C (Ib/dscf) = EtO concentration {lb/dscf) = Ipidscf
Ka = conversion factor from Ib 1o mg = 453513 mg/lb
35.31 = conversion factor from dscf to dsem = 35.31 ftim®
68 = standard temperature {°F) = 68 °F
32 = normat temperalure {°F) = 32 °F
460 = °F to °R conversion constant = 460
C (mg/Nm3 dr = EtO concentration {(mg/Nm3 dry} = maftm® dry

9, EtO concentration corrected to 7% 02 {ppmdv example)

209 -x

C(ppmdvi@x%02) = C(ppmdi)x] —

20.9-0,

Where:

C (ppmdv) = EtO concentration (ppmdv) = ppmdv
X = oxygen conient of corrected gas (%) = 7.00 %
O, = proportion of axygen in the gas stream by volume (%) = %
209 = oxygen content of ambient air (%) = 209 %

C (ppmdv - Oz = EtO concentration corrected to 7% 02 (ppmdv example) ppmdv @ 7%02

10. EtO concentration corrected to 12% CO2 (ppmdv example)

C(ppmdv@ y%C0,) = C(ppmdyv) x Y
? co,
Where:
C (ppmdv) = EtO concentration (ppmdy) = ppmdv
¥ = carbon dioxide content of corrected gas (%) = 12.00 Y
CO, = proportion of carbon dioxide in the gas stream by volume (%) = Y

C (ppmdv -CC = Et0 concentration corrected to 12% CO2 (ppmdyv exampie) opmdv @ 12%C02

Prepared by Clean Air Enginearing Propriatary Softwars
58 CEM Version 08-2084g5

Capyrighl © 2004 Claan Air Enginearing inc



Sterigenics

CleanAir Project No. 13980
Willowbrook, IL

EtO Control System

11. EtO emission rate (Ib/hr)

Epiw = C(lb / dsef )X Qe x 60

Where:
C (Ib/dscf) = EtO concentration (Ib/dscf) = Ibfdscf
Qag = volumetric flow rate at standard conditions, dry basis (dscfm) = dscfm
60 = genversion factor {min/hr) = 60 min/hr
ST = EtO emission rate (Ib/hr) = Ib/hr

12. EtO emission rate {kg/hr)

Eierne = C(lb ! dscf )X Q.. x 060 x 0.454

Where:
C (Ib/dsct) = EtO concentration ({h/dscf) = Io/dsct
(a3 = volumetric flow rate at standard conditions, dry basis {dscim) = dscfm
60 = conversion factor (min/hr} = 60 minfhr
0.454 = conversion factor (kg/lb) = 0.454 kg/lb
Exgme = E1O emissicn rate (kg/hr) = kgfhr
13. EtO emission rate (gm/sec)
454
g/ sec = C(lb / dSC_'f) X Qsld X
60
Where:
C (Ib/dscf) = EtO concentration (fb/dscf) = Ib/dscf
Qo = vofumetric flow rate at standard conditions, dry basis (dscfm) = dscfm
60 = conversion factor (sec/min) = 60 sec/min
454 = conversion factor (g/lb) = 453.515 kgflb
Egmisea = E{Q emission rate {gm/sec) = gmfsec
14, EtO emission rate (Ton/yr)
Ca
E,,, = C(ib/ dscf)x Q,,, % 60x [Févo
Where:
C (Ib/dscf) = EtO concentration (Ib/dsef) = Ib/dscf
Qi = vplumetric flow rate at standard conditions, dry basis (dscfm) = dscfm
60 = conversion factor (min/hr) = 60 minfhr
Cap = capacity factor for process (hours operated/year) = hoursfyr
2000 = conversion factor (Ib/Ton) = 2,000 IbfTon
S = EtO emission rate (Fon/yr) = Ton/yr

FPropared by Clean Alr Enginearing Propristary Scftware
58 CEM Voraion 06-2004p3

Copyright © 2004 Cloan Ak Engineeting Inc.



Sterigenics
CleanAir Project No. 13990
Willowbrook, iL

EtO Control System
15, EtO total emission input {Ib/hr)

N
Ci - z Cn
n=1

Where:
Cei = Emission input from emissicn source n
N = total number of emission inputs
(AAT Iniet, DEOXX inlet, DBA Inlet)
Gy = Total emission input

16. EtO Removal Efficiency%

(Ci - Co)

% =
RE% G

Where:
G = Total emission input
C, = Total emission output
RE% = Recovery Efficiency (%)

Prapared by Claan Ak Englnsaring Propriatary Softwara
85 CEM Version 06-2004g5

Copyright © 2604 Claan Air Enginasring Inc.
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Sterigenics
Clean Air Project No: 13930 EPA Method 1-4 Galculations
EtO Control System

USEPA Methods 1-4 (Velocity & Flow Rate)
Sampling, Velocity and Moisture Sample Caiculations

Sample data taken from Run 1

Note: The tables presenting the results are generated electronically from raw data. If may not be possible fo exacily duplicate
these results using a calculator. The reference method data, results, and all calculations are carried fo sixteen decimal places
throughout. The final table is formatted fo an appropriate number of significant figures.

100318 120209

1. Volume of water collected (wscf) @

Vu‘s.'d = (004706 )(Vfc)

Where:
Vie = total volume of liquid collected in impingers and silica gel (ml} = ml
0.04706 = ideal gas conversion factor (ft> water vapor/ml or gm) = 0.04706  ft¥ml
Vst = volume of water vapor collected at standard conditions (ft*) = ft®

2. Sample gas pressure {in. Hg)

PS
Ps =Pbm'+ 136
Where;
Pear = barometric pressure {in. Mg} = in. Hg
Py = sample gas static pressure (in. H;0) = in. HxQO
13.6 = conversion factor (in. H,O/in. Hg) = 13.6 in. H,Ofin. Hy
Py = absolute sample gas pressure (in. Hg) = in. Hg

Prepared by Clean Air Englneering Proprietary Software
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3. Actual water vapor pressure at sample gas temperature less than 212°F (in. Hg)

[13'3036 %(I‘—szl;ilzi:ﬁs—ctﬁ.lsJ
Pp - e
25.4
Where:
Ts = gverage sample gas temperature {°F) = °F
18.3036 = Antoine coefficient = 18.3036 °K
3816.44 = Antoine coefficient = 381644 °K
273.15 = temperature conversion factor = 273.15 °K
46,13 = Antoine coefficient = 48.13 °K
254 = conversion factor = 254 mm Hgfin. Hg
5/9 = Fahrenheit to Celsius conversion factor = 5/9 °Cl°F
3z = temperature conversion (°F) = 32 °F
Py = vapor pressure, actual {in. Hg) = in. Hg

4. Saturated moisture content (% by volume)

P,
B s - P
5
Where
P = absolute sample gas pressure (in. Hg} = in. Hg
P, = water vapor pressure, actual (in. Hg) = in. Hg
Bus = proportion of water vapor in the gas stream by volume at
saturated conditions = %

5. Nitrogen (plus carbon monoxide) in gas stream (% by volume, dry)

N, +CO =100 - CO, -0,

Where:
CO, = proportion of carbon dioxide in the gas stream by volume (%} = %
O, = proportion of oxygen in the gas stream by volume (%) = %
100 = conversion factor {%) = 100 %
No+CO = proportion of nitrogen and CO in the gas stream by volume (%) = %

Prepared by Clean Alr Engineering Proprietary Software
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6. Molecular weight of dry gas stream (Ib/lb-mole)

Iy _ )(coz) ( )@ ( )(N2+CO)
d CO (1 0 0) O (1 0 0) Ny+CO (1 00)
Where:

Mcoz = molecular weight of carbon dioxide (lb/lb-mole) = 44.00 ib/lb-mole
Moz = molecular weight of oxygen (Ib/lb-mole} = 32.00 tb/lb- mole
Mpzsco = molecular weight of nitrogen and carbon monoxide (Ib/lb-mole) = 28.00 ib/lb-mole
CO, = proportion of carbon dioxide in the gas stream by volume (%) = %

0, = proportion of oxygen in the gas stream by volume (%) = %

Ny+CO = proportion of nitrogen and CO in the gas stream by volume (%) = %

100 = conversion factor (%) = 100 %

My = dry molecular weight of sample gas (Ib/ib-mole) = Ib/lb-mole

7. Molecular weight of sample gas (ib/lb-mole)

M, = (M, \1-B,)+(M,,B,)
Where
B, = proportion of water vapor in the gas stream by volume =
My = dry molecular weight of sample gas (Ib/lb-mole}) = Ib/lb-mole
Muzo = molecular weight of water (Ib/lb-mole) = 18.00 Ib/lb-mole
M, = molecular weight of sample gas, wet basis (Ib/lb-mole) = Ib/lb-mole
8. Velacity of sample gas {ft/sec)
—==\"[{7, + 460)
v, = (x, Y, WaF) |
(a2, )(7)
Where:
Ke = velocity pressure constant = 85.49
Co = pitot tube coefficient =
M. = wet molecular weight of sample gas, wet basis {Ib/lb-mole} = Ib/lb-mole
P = absolute sample gas pressure (in. Hg) = in. Hg
Ts = average sample gas temperature (°F) = °F
VAP = average square roots of velocity heads of sample gas (in. H,0) = Vi, H,0
460 = °F to °R conversion constant = 460
Vs = sample gas velocity {ft/sec) = ft/sec
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9. Volumetric flow rate of sample gas at actual gas conditions (acfm)

2, = (60)(4, )7, )
Where:
As = cross sectional area of sampling location (it%)
Ve = sample gas velocity (ft/sec)
60 conversion factor (sec/min)
Q, = volumetric flow rate at actual conditions (acfm})

10. Total flow of sample gas (scfm)

0 (0. )[ P ](684»460}

2992 A T, +460
Where;
Q. = volumetric flow rate at actual conditions {acfm)
Ps = absolute sample gas pressure (in. Hg)
29.92 = standard pressure (in. Hg)
Te = average sample gas temperature {°F)
68 = standard temperature (°F)
4860 = °F to “R conversion constant
Qg = volumetric flow rate at standard conditions, wet basis (scfm)

11. Dry flow of sample gas (dscfm)

0 = (Qs)(l_‘Bw)

Where:
B = proportion of water vapor in the gas stream by volume
Qs = volumetric flow rate at standard conditions, wet basis (scfm}
Qgtg = yolumetric flow rate at standard conditions, dry basis (dscim)
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12. Dry flow of sample gas corrected to 7%0, (dscfm)

sted 7 st 20‘9 _ 7
Where:
Qg = volumetric flow rate at standard conditions, dry basis {dscfm)
0, = proportion of oxygen in the gas stream by volume (%)
20.9 = oxygen content of ambient air (%)
7 = oxygen content of corrected gas (%)
L J = volumetric flow rate at STP and 7%0,, dry basis (dscfm}

Prepared by Clean Alr Engineering Proprigtary Software
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Ken Sullivan
Project Manager

Professional Profile

Mr. Sullivan has 10 years of experience in wet method and instrumental testing for engineering,
diagnostic, performance guarantee, and compliance purposes. Initially hired as a field technician in 2009,
Mr. Sullivan started leading test programs in 2011, and has been project managing since 2014. Mr.
Sullivan has been involved with projects utilizing EPA Methods 1 through 29, 201, 201A, 202, 320,
Conditional Test Method (CTM) 027, CTM-013, and Other Test Methods (OTM) 027 and OTM-028, from
the planning stage to field testing and reporting. In addition, Mr. Sullivan has extensive experience
leading Engineers and Field Technicians to execute applicable EPA methods for numerous projects worth
hundreds of thousands of dollars to clients. Through his experience, he has attained valuable testing
skills, such as setting up and operating continuous emissions monitoring systems (CEMS) for various
pollutants, on-site mercury analysis with an Ohio Lumex spectrometer, on-site laboratory analysis for
numerous methods, experience in Micro GC (gas chromatography), and in FTIR (Fourier Transform
Infrared Spectrometer) analysis.

Mr Sullivan has been responsible for compliance and diagnostic test programs performed in a multitude

of states across the country. He has also been responsible for engineering and consulting studies
performed in Canada, Netherlands, Spain, and South Africa.

Relevant Experience

Coal Industry; Labadie and Meramec, MO

Led a large field crew in executing various EPA methods, including 30B, 5/202, 29, 26, 3A, 7E, and 10 at
multiple locations to determine design variables for retrofitted wet scrubbers. Set-up and operated a
CEMS showing real-time NOy, O, CO;, and CO emissions. Performed on-site mercury analysis with an
Ohio Lumex spectrometer in accordance with EPA Method 30B. Assisted in determining the
concentration deviation between elemental and oxidized mercury at the stack to establish scrubber
performance, carbon injection interference, and other design constraints.

Natural Gas Delivery (Pipeline); Middlebourne, WV

Project managed a test program to determine sources and locations of black powder along various
points of the pipeline, by utilizing a personally designed modified EPA Method 17 sampling apparatus.
Led field execution, collected samples and recovered sample filters on-site while maintaining
communication with the client and several other parties involved to resolve the issue of equipment
malfunction and degradation due to the black powder buildup.

Manufacturing Industry; Apeldoorn, Netherlands

Planned, managed, led, and executed this job from start to finish. Ran an FTIR and performed EPA
Methods 320 and 25A to provide the client with carbon monoxide, hydrocarbon, and formaldehyde
diagnostic data at several key points along the process line. Processed and analyzed a plethora of raw
data into utile and interpretable formats and drafted an in-depth report.
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Carbon Capture; Cohasset, MN

Project managed a test program designed to determine the input/output chemistry of a non-commercial
scale carbon capture system prototype. The test program included measurements for over 20
compounds of interest, utilizing FTIR, GC-FPD, Micro GC, FID, UV, and photometric technologies.
Developed extensive analysis that included studies in atom balance, removal, minimum detection limit,
and exponential decay.

Coal Industry; Secunda, South Africa

Aided in accumulating dust concentration data and mass loading at various points in the Fluidized
Catalytic Cracking Unit (FCCU), utilizing EPA Method 17. Was involved in on-site recovery and particle
size analysis, and used a TESTO 350XL to determine effluent gas composition. Also trained a South
African testing company how to efficiently and accurately execute methods concerning filterable
particulate matter (FPM) collection.

Qil Refining Industry; Detroit, Ml

Aided multi-million net-worth client in meeting new emission limits required by a permit issued by the
Michigan Department of Environmental Quality (MDEQ) and Sierra Club due to implications of the
Detroit Heavy Oil Upgrade Project (DHOUP). Executed several different methods, including EPA Methods
1,2, 3A,4,5/202, 6C, 7E, 25A, 10, and 18, and ASTM Draft CCM, at various locations throughout the
Detroit refinery. Managed every test program from planning to reporting.

Professional Certifications & Qualifications

OSHA 10-Hour
NSC CPR/AED Certification
NSC First-Aid Certification

Qualified Source Testing Individual (QSTI) Test Exams (Certificate No. 2012-711):

- Group 1 (Manual Gas Volume and Flow Measurements and Isokinetic Particulate Sampling
Methods) — exam passed on 10/22/2015 (certification attached)

- Group 2 (Manual Gaseous Pollutants Source Sampling Methods) — exam passed on 4/28/2016
(certification attached)

- Group 3 (Gaseous Pollutants Source Sampling Methods) — exam passed on 4/27/2016
(certification attached)

- Group 4 (Hazardous Metals Measurement Methods) — exam passed on 6/1/2017 (certification
attached)

Qualified Individual (Ql)

Field Test Leader Ohio Lumex (EPA EPA Methods 320/321 Field Laboratory
Method 30B Analysis) (Extractive FTIR)
Project Manager Modified EPA

Conditional Test
Method 013 / Draft
ASTM Controlled
Condensation Method
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Education

Bachelor of Science in Civil Engineering with a focus in Environmental and Atmospheric Sciences (with

honors), 2009
University of lllinois; Urbana-Champaign

Bachelor of Science in Physics, 2006
Elmhurst College; Elmhurst, lllinois
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CleanAir

Scott Brown
Senior Project Manager / Quality Director

Professional Profile

Mr. Brown has more than 28 years of extensive environmental testing. He has been with Clean Air
Engineering since March 2000. Presently, he is also the acting Corporate Quality Director in which he
oversees all aspects of CleanAir’s Quality Management System in terms of compliance with 1SO 17025,
Field Sampling and Measurement Organization Sector, and ASTM D7036 Standards.

Mr. Brown took a position as a Senior Project Manager for the Advanced Monitoring group in 2014. With
this group, he oversaw the MET-80 Mercury Sorbent System projects, including Factory Acceptance
Tests (FATSs), installations, QA/QC Plans, test protocol development and oversight of PS 12A/B relative
accuracy test audit programs (RATAs).

Prior to joining the CleanAir team, Mr. Brown worked as a Project Manager for Best Environmental in
Hayward, California, and as a Technician, Senior Technician and, ultimately, Department Manager for
Normandeau Associates in Richmond, California.

Relevant Experience

Municipal Solid Waste (MSW); Ft. Lauderdale, Pompano Beach, Tampa,

and St. Petersburg, Florida

Managed and performed yearly Subpart Cb compliance and RATA testing at four (4) plants in Florida
over the course of 14 years. Projects included protocol development, test leadership and final report
creation writing for all plants. The testing included EPA Methods 5, 9, 13B, 16A, 22, 23 and 29, as well as
RATAs on all units at all facilities.

Coal-Fired Power; Various Locations

Managed several engineering studies at various coal-fired power plants to assess flue gas desulfurization
(FGD) scrubbers in regard to SO,/S0s, metals (including Hg) and hydrogen halides, and particulate
abatement. Mr. Brown oversaw the planning, testing and final report writing for all associated projects.
The testing included EPA Methods 5B/202, 26A and 29, as well as the Ontario Hydro Method or modified
Method 30B for speciated mercury. These projects often included on-site analysis of SOs by ion
chromatography, as well as on-site mercury analysis by thermal desorption atomic absorption
spectrometry.

Coal-Fired Power; Various Locations

Project managed, test led and wrote the test reports for the APC performance guarantee on the newly
installed selective catalytic reduction (SCR) systems, Jet Bubbling Reactors (JBR), FGDs, and electrostatic
precipitators (ESP) at facilities in Indiana and lllinois. The testing included efficiencies of SO, to SO;
conversion, mercury removal and conversion, particulate removal and NOx removal, as well as ammonia
slip. These projects often included on-site ion chromatography for SO3 and ammonia, as well as analysis
of mercury.
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Secondary Aluminum; Various Locations

Managed and performed Subpart RRR NESHAP compliance tests at three (3) secondary aluminum plants
across the United States. Mr. Brown has prepared testing protocols, designed the test programs and
completed final reports for all three facilities. EPA Methods 23 and 5/26A were included in all test
programs.

Paper Industry; Various Locations

Managed and tested various paper mill facilities in Wisconsin and California. Testing included EPA
Methods 3A, 6C, 7E, 10 and 25A for gaseous components, Methods 5/202 and 201A (PMy,) for
particulates, and Methods 16A and 16C for total reduced sulfur. Mr. Brown performed many of these
tests himself and also designed the test protocol. Ultimately, he completed all reporting requirements
for the projects.

Gas Turbine; Covert, Michigan

Managed start-up compliance tests for three (3) gas turbines. Testing included EPA Methods 5/202,
201A (PMyp), 320 (FTIR for formaldehyde), Conditional Method 0027 (ammonia), as well as all gaseous
components (NOx, CO and THC). Mr. Brown designed the test protocol and, ultimately, completed all
reporting requirements for this project.

Refinery; Richmond, California

Managed and performed yearly compliance RATA, Method 8 (SO,) and Method 5B (non-sulfuric acid
particulate matter), as well as quarterly cal gas audits and Method 5B testing of the fluidized catalytic
cracking unit. Also involved in testing many other processes at the refinery.

Chemical; Various Locations

Performed hazardous waste trial burn project on the MS-HAF and HS-HAF Units. Utilized BIF
methodology for hexavalent chromium, hydrogen chloride, multiple metals and performance
specifications for continuous emission monitoring of CO and O,.

Steel Production; Freemont, California
Conducted PCDD/PCDF, multiple metals, hexavalent chromium and PAH tests on the main baghouse.
Performed all laboratory duties, including chemical preparation and sample recovery.

Landfill; California

Conducted test programs on various landfill gas flares in California. Testing at all flares included CO, NOy,
THC, SO,, landfill gas characterization and hazardous air pollutant (HAPS) destruction efficiency.

Asphalt Batch Plants; California
Tested many asphaltic rotary kiln batch plants run all over northern California. Performed particulate,
THC, NOy, Oz and CO testing at the baghouse outlets.
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Professional Certifications & Qualifications

Member of ASTM International
Member of the Source Evaluation Society
Acting Member of the Stack Testing Accreditation Council (STAC) Board of Directors

OSHA 10-Hour

Hazardous Materials Shipping Certification

NSC CPR/AED Certification
NSC First-Aid Certification

Qualified Source Testing Individual (QSTI) Test Exams (Certificate No. 2007-053):

- Group 1 (Manual Gas Volume and Flow Measurements and Isokinetic Particulate Sampling
Methods) — exam passed on 06/01/2017 (certification attached)
- Group 2 (Manual Gaseous Pollutants Source Sampling Methods) — exam passed on 03/15/2019
- Group 3 (Gaseous Pollutants Source Sampling Methods) — exam passed on 06/01/2017
(certification attached)
- Group 4 (Hazardous Metals Measurement Methods) — exam passed on 04/10/2015 (certification

attached)

Qualified Individual (Ql)

Field Test Leader

Field Laboratory

Project Manager

Other Test Method 29
(Hydrogen Cyanide)

Performance
Specification 12B
(PS12B — Mercury Using
Sorbent Trap)

EPA Method 22
(Fugitive Emissions)

EPA Methods 23 / SW-
846 0010/0023A
(PCDD/PCDF/SVOC)

EPA Method 25 (Total
Gaseous Non-Methane
Organics)

CARB Method 501 (Size
Distribution of
Particulate Matter)

Modified EPA
Conditional Test
Method 013 / Draft
ASTM Controlled
Condensation Method

SW-846 Test Method
0011 (Aldehydes &
Ketones)

SW-846 Test Method
0030/0031 (Volatile
Organic Compounds)

SW-846 Test Method
0061 / EPA Method 306
(Chromium)

Education

Bachelor of Science in Environmental Science, 1986

University of Illinois; Urbana-Champaign, lllinois
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