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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)

ft2 (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)

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

TEST PROGRAM SUMMARY

Sterigenics US, LLC (Sterigenics) contracted CleanAir Engineering (CleanAir) to complete negative enclosure (NE)
verification testing on the Indoor Air System (IA-1) at the facility, located in Atlanta, Georgia.

The main objective of this test program was to perform verification testing to demonstrate that IA-1 meets
100% ethylene oxide (EtO) capture as requested in a Georgia Department of Natural Resources (DNR)
Environmental Protection Division (EPD) letter to Sterigenics, dated October 9, 2019, entitled “Re: Request for
additional information regarding Application No. 27153 received July 31, 2019 Sterigenics U.S., LLC, Atlanta, AIRS
No: 06700093.” The letter requested that Sterigenics conduct testing and engineering analyses to evaluate the
modifications proposed in Application No. 27153. The modifications included the construction and
implementation of a facility indoor air system that captures all fugitive emissions, removes emissions via a dry
bed adsorption (DBA) system, and then exhausts effluent gas via a dedicated stack.

A summary of the test program results is presented below. Section 2 Results provides a more detailed account
of the test conditions and data analysis.

Table 1-1:
Summary of Results

Source
Constituent Result Standard’

Indoor Air Control System
EtO Capture efficiency (%) 100 100

! Standard requested in Georgia DNR EPD letter to Sterigenics dated October 9, 2019 entitled “Re: Request for
additional information regarding Application No. 27153 received July 31, 2019 Sterigenics U.S., LLC, Atlanta,
AIRS No: 06700093".

TEST PROGRAM DETAILS

PARAMETERS

The test program included the following measurements:

e EtO capture efficiency, in percent (%);

e Identification and area determination of each natural draft opening (NDO);
e Ratio of total NDO area to total NE surface area;

e direction of air flow through all NDOs;

e Pressure differential between the interior and exterior of NE affected areas in inches of water
(in. H20).



CleanAir

Sterigenics US, LLC CleanAir Project No. 14004-1
Atlanta, GA Revision 0, Final Report
Report on Negative Enclosure Testing Page 2
SCHEDULE

Testing was performed on March 24, 2020. The on-site schedule followed during the test program is outlined in
Table 1-2.

Table 1-2:
Test Schedule

Location Parameter Date Start Time End Time
A1 _NDO Identification, NE 03/24/20 08:00 12:00
Dimensional Measurements
1A-1 NDO Direction Flow 03/24/20 13:00 14:00
1A-1 NE Pressure Differential 03/24/20 14:35 15:37
DISCUSSION

Ethylene Oxide Capture Efficiency Determination

Since 40 CFR 63.7, Subpart O does not specify the means of demonstrating 100% capture efficiency, CleanAir
evaluated the enclosure surrounding the affected facility against a set of criteria ensuring 100% capture. The
criteria for NE verification included the following:

1. the total area of all NDOs shall not exceed 5% of the total NE surface area;

2. the direction of air flow through all NDOs shall be into the enclosure;

3. All areas contained by the NE shall be under negative pressure;

4. All access doors and windows where areas are not included as NDOs and are not included in the
calculations are closed during routine operation of the process;

5. All EtO emissions must be captured and contained for discharge through a control device.

An NDO enclosure area ratio (NEAR) was calculated to determine compliance with the first criteria. The NEAR
was below the allowable limit of 5%. The direction of flow through each NDO during testing was into the NE.
Each area in the NE was under negative pressure during testing. NE access points not considered NDOs were
closed during testing, and all airflow in the indoor air system is captured and discharged through control devices.
These were all verified on-site.

NDO identification and descriptions are presented in Table 2-2 on the following page. A detailed NE description,
including floor and ceiling schematics, is discussed in Section 3 of this report. The NE was split into three areas
designated Zone A, Zone B, and Zone C. Detailed sketches of NDOs and NE walls are included in Appendices C
and D, respectively, of this report. Directional flow and pressure differential testing methodology is discussed in
Section 4 of this report.

End of Section
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2. RESULTS

This section summarizes the test program results. Additional results are available in the report appendices.

Table 2-1:
IA-1 — Capture Efficiency Criteria Evaluation

Acceptable?

Value / Observation (yes, no,
NE VERIFICATION CRITERIA During Test or n/a)
1. The total area of all NDO's shall not exceed 5 percent of the surface area of the 0.031% YES
enclosures four walls, floor and ceiling.
2. The direction of air flow through all NDO's shall be into the enclosure. IN YES
3. The pressure differential across the enclosure shall be negative. =-0.0295"H ,0 YES
4. All access doors and windows that were notincluded as NDO's above shall Verified YES
remain closed during source operation.’
5. All EtO must be captured and contained for discharge through a control device.” Verified YES

If all of the above criteria are met, then an enclosure is considered to be a negative enlcosure and the EtO capture
efficiency can be assumed to be 100%.

Table 2-2:
IA-1 - NDO Identification
Area
NDO Description Dimensions (W x H) (ftz)
Zone A
A1 Mandoor Louver near Chamber #7 22" x22" 3.36
A2  Ceiling Louver in SE Corner 4'x4' 16.0
Zone B
B-1 Ceilcote Scrubber Room Drainage Outlet 35"x1" 0.24
B-2  Ceilcote Scrubber Room East Wall Louver 4'x4' 16.0
Zone C
C-1  Shipping Dock 16 with Truck (gaps around seals) 2@1"x10,1 @4.5"x9' 5.05
C-2  Shipping Dock 17 with Truck (gaps around seals) 2@1"x10,1 @4.5"x9' 5.05

Total NDO Area
Awo  Total area of NDOs (ft%) 45.70
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Table 2-3:

IA-1 — NEAR Calculation

Surface Area (SA)

NE Area (f) Description
Zone A
Floor 14,120 Chamber Room floor
Ceiling 14,120 Chamber Room ceiling, contains NDO A-2
North Wall 2,088 Chamber Room North wall, contains NDO A-1, multiple mandoors
South Wall 2,088 Chamber Room South wall, EtO storage door
East Wall 3,714 Chamber Room East wall, receiving speed door, door to transfer corridor
West Wall 3,918 Chamber Room West wall, 1 mandoor, garage door for chamber transfer
Zone B
Floor 11,561 Transfer corridor floor, Ceilcote Scrubber Room floor
Ceiling 11,561 Transfer corridor ceiling, Ceilcote Scrubber Room ceiling
North Wall 4,464 Preconditioning room wall, receving wall
South Wall 4,728 Transfer corridor wall, Ceilcote Scrubber Room South Wall, contains NDO B-1
East Wall 1,056 Ceilcote Scrubber Room East wall, contains NDO B-2
West Wall 1,296 Preconditioning East wall, transfer corridor wall excluded
Zone C
Floor 25,090 Shipping area floor, Aeration Room floor, AAT Scrubber Room floor
Ceiling 25,090 Shipping area ceiling, Aeration Room ceiling, AAT Scrubber Room ceiling
North Wall 4,448 Shipping area North wall, contains NDO C-1 & C-2, AAT Scrubber Room North wall
South Wall 4,652 Shipping area South wall, Aeration Room South wall
East Wall 5,908 Shipping area East wall, Aeration Room East wall
West Wall 5,440 Shipping area West wall, AAT Scrubber Room West wall
NE Total 145,342
NE Total Area 145,342
NDO Total Area 45.70
NE Total Surface Area’ 145,296
NEAR 0.031% Limit=<5%

' NE total area minus NDO total area

Table 2-4:
IA-1 — NDO Directional Flow

Directional Flow

NDO ID 1 2 3 4 -] 6
A1 IN IN IN IN IN IN
A-2 IN IN IN IN IN IN
B-1 IN IN IN IN IN IN
B-2 IN IN IN IN IN IN
C1 IN IN IN IN IN IN
C-2 IN IN IN IN IN IN

Start: 13:00 Total # of Trials: 36

Stop: 14:00 Total Number of 'IN": 36

%'IN": 100%
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Table 2-5:
IA-1 - Pressure Differential
NE Area Zone A Zone B - TC' Zone B - CS?
Pressure Pressure Pressure
Time Drop Time Drop Time Drop
Run (hh:mm) (in H,0) (hh:mm) (in H,0) (hh:mm) (in H,0)
1 14:20 -0.0390 14:35 -0.0211 14:50 -0.0078
2 14:23 -0.0540 14:38 -0.0274 14:53 -0.0173
3 14:26 -0.0451 14:41 -0.0298 14:56 -0.0195
4 14:29 -0.0427 14:44 -0.0360 14:59 -0.0200
5 14:32 -0.0493 14:47 -0.0278 15:02 -0.0076
Average -0.0460 Average -0.0284 Average -0.0145
Maximum -0.0540 Maximum -0.0360 Maximum -0.0200
Minimum -0.0390 Minimum -0.0211 Minimum  -0.0076
NE Area Zone C - AR/SA® Zone C - AAT* NE (Overall)
Pressure Pressure Pressure
Time Drop Time Drop Time Drop
Run (hh:mm) (in H,0) (hh:mm) (in H,0) (hh:mm) (in H,0)
1 15:07 -0.0102 15:25 -0.0459 N/A
2 15:10 -0.0178 15:28 -0.0607
3 15:13 -0.0125 15:31 -0.0442
4 15:16 -0.0048 15:34 -0.0484
5 15:19 -0.0086 15:37 -0.0398
Average -0.0108 Average -0.0478 Average -0.0295
Maximum -0.0178 Maximum -0.0607 Maximum -0.0607
Minimum -0.0048 Minimum -0.0398 Minimum  -0.0048
"Transfer corridor Limit: > 0.0000

2Ceilcote Scrubber Room
3Aeration room ’Shipping area

“AAT Scrubber Room

End of Section
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3. DESCRIPTION OF INSTALLATION

PROCESS DESCRIPTION

Sterigenics US, LLC operates a commercial contract sterilization facility in Atlanta, Georgia, which utilizes EtO to
sterilize its customers’ product. It also has the ability to use propylene oxide to treat 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 Atlanta facility uses
10 sterilization chambers ranging in size from five pallets to up to 30 pallets. While all 10 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 ceilcote wet acid scrubber, which is then routed to the existing Advanced Air Technologies (AAT)
wet acid scrubber with dry bed reactor, then to additional polishing beds, and finally 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 AAT
and treated with dry bed reactors, and then to a common stack.

A negative pressure system has been installed to capture air internally from chamber rooms, work aisles,
processed product storage, and shipping areas. This captured air is ducted to a new dry bed control system
consisting of 18 dry beds and then to a dedicated stack.

The testing reported in this document was performed on the facility negative pressure (NP) system. Testing was
performed in areas deemed part of the negative pressure area. A schematic of the process is shown in Figure 3-1
on the following page.
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Figure 3-1:

Process Schematic

PTE

A To atmosphere

-> AAT Scrubber
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Ethylene Oxide Chamber Room Processed | I stack(sT-1)
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-l

Additional Capture and Dry Bed Control System for indoor air

Key:

Process Flow

NEGATIVE ENCLOSURE DESCRIPTION

GENERAL

The NE consists of three zones: Zone A, Zone B, and Zone C. Zone A includes the chamber room area. Zone B
includes the ceilcote scrubber room and the corridor abutting the pre-conditioning room where sterilized pallets
are transferred via forklift from the chamber room to the aeration room. For the purposes of this report, this is
referred to as the work aisle or transfer corridor. Zone C includes the shipping area, aeration room, and AAT
scrubber enclosure. The receiving area and pre-conditioning room are not included in the NE.

Six NDOs were identified during testing: A-1, A-2, B-1, B-2, C-1, and C-2. Locations, dimensions, descriptions, and
areas are listed in Table 3-1.

Access in and out of the NE to/from non-NE areas include several mandoors and garage speed doors. All
mandoors and garage speed doors remain closed during normal operations. Garage speed doors are movement-
activated, allowing them to automatically open and close. These doors provide passthrough for forklifts and
product for only seconds at a time. The NE contains many mothballed louvers and vents that are either capped
or disconnected from the indoor air system. Each cap and disconnection were verified on-site.
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A general NE layout, with NE area and negative pressure design overlay, is presented in Figure 3-2.

Figure 3-2:
Facility NE Layout and Pressure Plan
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|A-1 SYSTEM

The IA-1 system consists of a network of ducts that are routed to a bank of dry beds, then exhausted out of a
dedicated stack. The dry beds are located in the receiving area outside of the NE. Flow is induced through the
system via a blower on the roof. The blower is controlled by an Allen-Bradley Panelview Plus 1250 operator
interface and is rated for approximately 18,000 cfm. All indoor air in the NE is routed to a control device: air
from the aeration room and south end of the shipping area is routed to the AAT scrubber, air from back vents
during transfer and chamber room outlet ducts during non-transfer periods are routed to the AAT scrubber, and
air from all other areas in the NE are routed to the DBA system. Air flow in the system is controlled by a series of
dampers that can dictate the quantity of air being induced from each zone. When proportionately more air is
being drawn from a specific zone, the configuration is labeled as “strategic air from Zone X.” During directional
flow and pressure differential testing, the configuration was strategic air from Zone B.
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The IA-1 ductwork schematic is presented in Figures 3-3 through 3-5. The ductwork is highlighted in blue.

Figure 3-3:
IA-1 — Zone A Schematic
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Figure 3-4:
IA-1 — Zone B Schematic
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Figure 3-5:
IA-1 — Zone C Schematic
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A ductwork schematic features index is presented in Table 3-1.

Table 3-1:

IA-1 — System Features Index
Feature Description Dimensions
Zone A - IA-1 System Feature Index
DMP-1 Damper 1. Located in Zone B corridor outside of boiler room. 16" diameter duct. 16" dia.
A-2 NDO. Ceiling louver. 4x4'
DMP-2 Damper 2. Duct draws air from chamber room area to dry bed scrubber 16" dia.
DMP-3 Damper 3. Duct draws air from chamber room area to dry bed scrubber 16" dia.
DMP-4 Damper 4. Duct draws air from chamber room area to dry bed scrubber 16" dia.
DMP-5 Damper 5. Duct draws air from chamber room area to dry bed scrubber 16" dia.
DMP-6 Damper 6. Duct draws air from chamber room area to dry bed scrubber 16" dia.
VNT-1 Ceiling vent 1. Open when BV closed. Closed when BV open. Ductwork goes to AAT scrubber. 14" dia.
VNT-2 Ceiling vent 2. Open when BV closed. Closed when BV open. Ductwork goes to AAT scrubber. 14" dia.
VNT-3 Ceiling vent 3. Open when BV closed. Closed when BV open. Ductwork goes to AAT scrubber. 14" dia.
VNT-4 Ceiling vent 4. Open when BV closed. Closed when BV open. Ductwork goes to AAT scrubber. 14" dia.
BV-1 Back vent: Chamber 1. 8" dia.
BV-2 Back vent: Chamber 2. 8" dia.
BV-3 Back vent: Chamber 3. 8" dia.
BV-4 Back vent: Chamber 4. 8" dia.
BV-5 Back vent: Chamber 5. 12" dia.
BV-6 Back vent: Chamber 6. 16" dia.
BV-7 Back vent: Chamber 7. 12" dia.
BV-8 Back vent: Chamber 8. Note: there is no chamber 9. 12" dia.
BV-10 Back vent: Chamber 10. 16" dia.
BV-11 Back vent: Chamber 11. 16" dia.
CAP-1 Chamber 1 unused vent cap. 8x1'
CAP-2 Chamber 2 unused vent cap. 8x1'
CAP-3 Chamber 3 unused vent cap. 8x1'
CAP-4 Chamber 4 unused vent cap. 8x1'
CAP-5 Chamber 5 unused vent cap. 6'x 8"
CAP-7 Chamber 7 unused vent cap. 12" dia.
CAP-11 Ceiling louver above chamber 11 remains shut/capped. 3x 3

A bank of dry catalyst scrubber beds. Airis supplied from ceiling ductwork in Zones A, Band C
and is exhausted to the stack. --
STACK Rooftop emission point downstream from dry bed scrubber. --

DRY BED SCRUBBER

Zone B - 1A-1 System Feature Index
DMP-1 Damper 1. Located in Zone B corridor outside of boiler room. 16" diameter duct. 16" dia.
DMP-7 Damper 7. Located in the Work Aisle. Controls strategic air. 6" diameter duct. 6" dia.

Zone C - 1A-1 System Feature Index

DMP-8 Damper 8. Duct draws air from processed shipping area to dry bed scrubber. 16" dia. duct. 16" dia.
DMP-9 Damper 9. Duct draws air from processed shipping area to dry bed scrubber. 16" dia. duct. 16" dia.
DMP-10 Damper 10. Duct draws air from shipping area to AAT scrubber. 16" dia. duct. 16" dia.
DMP-11 Damper 11. Duct draws air from AAT Scrubber Room to AAT-VNT. 6" dia. duct. 6" dia.

AAT-C1 Blower/fan in Aeration #1 area. Air is ducted to AAT Scrubber. 1.5x 1.5
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NE ZONES

Zone A

Zone A includes the chamber room area. Two NDOs are located in Zone A; A-1 and A-2. Refer to Table 2-2 for
Zone A NDO details.

The chamber room consists of 10 sterilization chambers equipped with back vents, two east garage speed doors,
and several mandoors. When chamber doors are opened, back vents are activated and routed to the AAT
scrubber. When chamber doors are closed, there are four outlet ducts that are activated and routed to the AAT
scrubber. During directional flow and pressure differential testing, Chamber 10 door was open and Chamber 11
door was ajar. Unsterilized product is transferred via forklift from the pre-conditioning room to the chamber
room through the northernmost east garage speed door. There is routine traffic through this door only during
peak operation hours. The door opens and closes automatically. Sterilized product is transferred via forklift out
of the chamber room through the southernmost east garage speed door. This door is used one to two times a
day. The area of the shared wall between Zone A and Zone B is excluded in the NEAR calculation, since it is
contained within the NE.

Periodically, delivered EtO drums are transferred from the receiving area through the chamber room to the
drum storage area. The drums are transferred into the chamber room through a north mandoor and are then
carted to the drum storage area on the south side of the chamber room through a mandoor backed up by strip
curtains. During transfer, as an administrative facility rule, only one of the doors is allowed open at a time.

A 3’ x 3’ forced draft louver is located above the westernmost mandoor on the north side of the chamber room
and draws about 4,725 cfm into the chamber room. An anemometer was utilized to approximate air velocity, in
feet per minute (fpm), coming into the chamber room via the louver. The anemometer specifications are
presented in Appendix A of this report.

A floor plan of Zone A is presented in Figure 3-6 on the following page. Zone A features index is presented in
Table 3-2 on page 15.



CleanAir

Sterigenics US, LLC CleanAir Project No. 14004-1
Atlanta, GA Revision 0, Final Report
Report on Negative Enclosure Testing Page 14
Figure 3-6:

Zone A - Floor Plan
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Table 3-2:
Zone A - System Features Index

Feature Description Dimensions

Zone A Floor Feature Index

A-1 NDO. Louver on the bottom of door 1.83X1.83

A-2 NDO. Ceiling Louver. 4xq

A-3 Garage door. Only opens to add/remove chambers. 16.5x 16.25'

A-4 Mandoor. Normally closed. 3.5x6.83

A-5 Former NDO. Capped. 3.5x3.5%

A-6 Former NDO. Capped. 3.5x3.%

A-7 Mandoor. Normally closed. 3.5x6.83

A-8 Garage speed door. Automatically closes. 10x 10

A-9 Mandoor. Normally closed. 3.5x 10’

A-10 Garage speed door. Opens once per day. This is the same feature as B-10 10x 7.5

A-11 Mandoor. Normally closed. 3.5x 6.83

A-12 Garage door reduced to smaller strip curtain door (4'x7’). 14x9.5
Zone B

Zone B includes the ceilcote scrubber room and the work aisle. Two NDOs are located in Zone B: B-1 and B-2.
Refer to Table 2-2 for Zone B NDO details. Both Zone B NDOs are located in the ceilcote scrubber room. NDO B-1
is the terminus of a water drainage outlet running along the west side of the ceilcote scrubber room. The outlet
is an opening in the wall approximately 2’ in width, 6” in height and is mainly covered by a plastic curtain. The
NDO area is considered the gaps between the curtain and gutter.

Zone B includes several mandoors and several garage doors. All mandoors remain closed during normal
operation. Sterilized product is transferred via forklift out of the chamber room through the west garage speed
door. Four regular garage doors are located on the south side of the work aisle. One of the work aisle garage
doors adjoins the boiler room, and the other three garage doors adjoin storage areas. A large garage speed door
is located on the north side of the work aisle and adjoins the receiving area. The large garage speed door is used
approximately once a day. An open pathway approximately 10’ x 12’ connects Zone B and Zone C. The area of
the shared wall containing the open pathway is excluded in the NEAR calculation since it is contained within the
NE.

The work aisle abuts the pre-conditioning room. The pre-conditioning room walls and ceiling do not entirely
reach the ceiling of the NE. There is approximately 2.5’ of headspace above the pre-conditioning room. This
surface area is included in the NEAR calculation.

A floor plan of Zone B is presented in Figure 3-7 on the following page. Zone B features index is presented in
Table 3-3 on the following page.
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Figure 3-7:
Zone B — Floor Plan
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Table 3-3:
Zone B — System Features Index
Feature Description Dimensions
Zone B Floor Feature Index
B-1 NDO. Drainage opening.
B-2 NDO. Wall louver. 4x 4
B-3 Mandoor. 3x7
B-4 Mandoor. 3x6.83
B-5 Garage door. 10x 10
B-6 Garage door. 10x 10’
B-7 Garage door. 10x 10’
B-8 Mandoor. 3x7
B-9 Garage door. (10'W x 12'H) 10x 12
B-10 Speed door. Opens once per day. This is the same feature as A-10. 10x 7.5
B-11 Mandoor. 3x7
B-12 Mandoor. 3x7
B-13 Mandoor. 3x7
B-14 Garage speed door. Rarely opened (10'W x 14'H). 10x 14’
B-15 Open pathway to Zone C. Same feature as C-8. 10x 12
B-16 Mandoor. 3.5x7
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Zone C

Zone Cincludes the shipping area, aeration room, and AAT scrubber enclosure. Two NDOs are located in Zone C:
C-1 and C-2. Refer to Table 2-2 for Zone C NDO details. The areas of NDO C-1 and C-2 are considered the gaps
between the shipping docks and dock seals, and stationed semi-trucks. The NDO areas are considered variable,
depending on positioning of the semi-truck at the dock. Gaps were measured at both docks and area dimensions
were averaged. For purposes of this report, the NDO areas for C-1 and C-2 are considered equal.

There are three docks in the shipping area. As a facility administrative rule, only two docks are allowed to
receive a semi-truck at a time.

The shipping area abuts administrative offices. The administrative offices walls and ceiling do not entirely reach

the ceiling of the NE. There is approximately 14’ of headspace above the administrative offices. This surface area
is included in the NEAR calculation. HVAC ducts from the top of the offices are routed directly above to the roof
where it is exhausted. These ducts are isolated from the NE indoor air and are not part of IA-1.

There are no NDOs in the aeration room. The aeration room has two garage speed doors acting as access points
for product to be delivered. There is a louver connecting the shipping area to the aeration room located above
the north garage speed door. These doors automatically open and close. A centrally-located fan in the ceiling of
the aeration room draws residual EtO-contaminated air to the AAT scrubber. The aeration room walls and
ceiling do not entirely reach the ceiling of the NE. There is approximately 2’ of headspace above the aeration
room. This surface area is included in the NEAR calculation.

The AAT scrubber room is isolated from the shipping area. The access point to the scrubber room is a small
manual garage door that abuts the receiving area and is closed during normal operation. There are no NDOs in
the AAT scrubber room.

A floor plan of Zone C is presented in Figure 3-8 on the following page. Zone C features index is presented in
Table 3-4 on page 19.
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Figure 3-8:
Zone C - Floor Plan
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Table 3-4:
Zone C — System Features Index

Feature Description Dimensions

Zone C Floor Feature Index

C-1 NDO. Shipping door. Dock 16. 9.25X 10’

C-2 NDO. Shipping door. Dock 17. 9.25X 10

C-3 Alternate shipping door. Not an NDO. Dock 18. 9.25X 10

C-4 Mandoor. 3x7

C-5 Garage door. 8x 10

C-6 4’ high exit door. 3x7

C-7 Garage door. 6x8

Cc-8 Open pathway to Zone B. Same feature as B-15. 10x 12

C-9 Exit Mandoor. 3x7

C-10 Mandoor. 3x7

C-11 Speed garage door. 8x 11

C-12 Mandoor. 3x7

C-13 Speed garage door 8x 11’. Louver above door6x 2’. 8x 11

C-14 Mandoor. 3x7

C-15 Mandoor. 3x7

C-16 Mandoor. 3x7

C-17 Mandoor. 3x7

C-18 Old NDO. Sealed. 4x6

End of Section
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4. METHODOLOGY

PROCEDURES AND REGULATIONS

The test program sampling measurements followed procedures and regulations outlined by the United States
Environmental Protection Agency (USEPA) and the Georgia DNR EPD. Appendix A includes specifications of
sampling apparatuses.

CleanAir follows 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.

METHODOLOGY DISCUSSION

NDO IDENTIFICATION / NE DIMENSIONAL MEASUREMENTS / NEAR

NDOs were identified, logged, and measured during testing. An NDO is defined as any permanent opening in the
NE that is not connected to a duct in which a fan is installed. Dimensions for all NE area walls, floors, and ceilings
were measured during testing. Areas were calculated based on measurements collected on-site. An NEAR was
calculated as the total area of NDO as a percentage of total NE surface area. The dimensions of the enclosure
were measured with a tape measure, measuring wheel, and laser distance finder.

DIRECTIONAL FLOW

The direction of flow through each NDO was observed at 10-minute intervals for one hour. Direction of flow was
verified using smoke tubes.

DIFFERENTIAL PRESSURE

Pressure drop across the NE was measured with a calibrated electronic micromanometer. The micromanometer
was placed in a centralized location within an NE area and a length of Tygon tubing was ran to a location outside
of the NE. Five pressure drop measurements were recorded in five NE areas: the chamber room, the work aisle,
the ceilcote scrubber room, the shipping/aeration room areas, and the AAT scrubber room. Pressure drops were
recorded over a period of 12 minutes in each NE area tested. Individual pressure drop measurements were not
measured in the aeration room because the aeration room is contained by the shipping area and there was no
NDO identified within the confines of the area.

The micromanometer used to measure pressure drop has a recommended maximum length of tubing
specification of 18’. Tubing used to measure pressure drop during testing was greater than 18’. A bench study
regarding the effect of length of tubing on the micromanometer used during testing was conducted by CleanAir
post-mobilization. The results of the study are presented in Appendix A of this report. The study concluded that
there is negligible statistical bias in readings for tubing up to 300’.
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An approximate NE face velocity was calculated to further verify that the NE is under negative pressure. The
calculated face velocity into the NE is approximately 286 fpm. The face velocity was calculated as the difference
of the average stack volumetric flow observed on the Allen-Bradley Panelview Plus 1250 operator interface
(17,800 cfm) and the volumetric flow calculated at the Zone A forced draft louver (4,725 cfm), divided by the
total NDO area (45.70 ft). An anemometer was utilized to approximate air velocity, in fpm, coming into the
chamber room via the louver. The anemometer specifications are presented in Appendix A of this report. This
number is an estimate and should be considered with discretion. EPA promulgated methods were not used to
calculate volumetric flow. Air pressure, temperature, and molecular weight of the volumetric flows measured
were assumed to be approximately equal and near standard conditions.

End of Section
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5. APPENDIX

Appendix A: Test Equipment Specifications and Calibrations
Appendix B: NE Evaluation Data Sheets

Appendix C: NDO Log and Sketches

Appendix D: NE Area Wall Sketches

Appendix E: CleanAir Resumes and Certifications
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APPENDIX A: TEST EQUIPMENT SPECIFICATIONS AND CALIBRATIONS
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The measured effect of the length of pneumatic tubing on
differential pressure measurements

The Shortridge AirData Multimeter (ADM) operating manual states: “TUBING: The maximum
recommended length of pneumatic tubing for the measurement of air flow, velocity, or differential
pressure is 18 feet.”

Due to the logistics in taking either static pressure readings or velocity pressure readings the length of
the pneumatic tubing varies and can possible be up to 300 feet in length.
Experimental Set-up

To measure the effects of the pneumatic tubing length the following controlled measurements were
made using an EPA designed and certified wind tunnel.

100 measurements were made at each of the following lengths of tubing attached to the ADM:

e 15feet,
o 30feet,
o 50 feet,
e 100 feet
e 300 feet.

The measurements were made to represent the static pressure between two locations such as in and
out of an enclosure or taking duct/stack static pressure. One hundred readings were taken with each
line length. Conditions in the wind tunnel were set to represent a low static pressure. Setup included:

e the (+) line is connected to the pitot at one end and the Shortridge ADM (+) inlet

e the (-) line is open to atmosphere on the pitot and the Shortridge ADM (-)

e the face of the pitot is perpendicular to the flow

e static pressure measure in tunnel was -0.0390 measured with an inclined manometer

Results

Results showed relatively small differences in static reading — differences are in the third decimal place.
Using the 15-foot as the standard, the differences between 15 and 30, 50 and 100 are virtually identical
and very close to zero. The 300-foot length of tubing does show a slight negative bias in the average
static reading compared to the 15-foot length — again these differences are in the third decimal place -
about 0.0015. Note that this negative bias represents a worst-case scenario because it would possibly
result in a smaller differential pressure drop than expected from a shorter length of tubing.

The ADM specification for accuracy is...“Accuracy is £0.001 in wc from 0.0500 to 50.00 in wc.” However,
this controlled testing showed a real-world accuracy (precision) of approximately 0.004 in wc

(2 x STDEV). Since the 0.0015 bias in the 300-foot line is less than the measurement precision of 0.0040,
the bias is not significant.

Therefore, these data demonstrate that a tubing length up to 300 feet has a negligible effect on the
differential pressure reading.

Figure 1-1 presents a summary of the data for the static pressure reading and Figure 1-2 shows a
graphical representation of the statistical analysis.
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Figure 1-1:

Summary of Static Readings

Steady-flow conditions in wind tunnel set at 5.00Hz. All measurements taken between
1100 and 1230, 5 April 2020, by Jason Fugiel and Josh Myers

-0.039 inH20
67.9 F
29.13 inHg
8.5 ft/s
27 %

Static pressure:
Temperature:
Atmospheric:
Approx Velocity:
RH:

Differential Pressures in inH20 (abs. value). + onlyis out of
flow, and is reading static pressure.

15ft 30ft 50ft 100ft 300ft

Static Static Static Static Static

15ft 30ft 50ft 100ft 300ft

Static Static Static Static Static
Sum 3.9187 3.9122 3.9116 3.9074 3.8582
Average 0.0392 0.0391 0.0391 0.0391 0.0386
High 0.0409 0.0405 0.0406 0.0425 0.0449
Low 0.0370 0.0373 0.0376 0.0370 0.0362
Sum Sqrt. 19.7947 19.7782 19.7772 19.7663 19.6407
Average S 0.1979 0.1978 0.1978 0.1977 0.1964
High Sqrt. 0.2022 0.2012 0.2015 0.2062 0.2119
Low Sqrt. 0.1924 0.1931 0.1939 0.1924 0.1903
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Figure 1-2:
Data Statisical Analysis
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P : Label 2 3 0.00013390 0.000045 5.4050 0.0012*
results are indistinguishable iz 396 0.00327018 8.2580-6
from the 15-foot length. C. Total 399 0.00340408
6. Forthe 300-foot length, the Means for Oneway Anova
difference is measurable but is Level Number Mean Std Error Lower 95% Upper 95%
| by it . m 15-30 100 0.000165 0.00029 -0.0004 0.00073
ess than the precision of the 15-50 100 0.000176 0.00029 -0.0004  0.00074
instrument. Therefore, the 15-100 100 0.000284 0.00029 -0.0003 0.00085
difference is not significant. 15-300 100 0.001540 0.00029 0.00098 0.00211
Std Error uses a pooled estimate of error variance

&

CleanAir.
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AIRDATA MULTIMETER CERTIFICATE OF RECALIBRATION

Customer [D: 7814 S/N: MO8663
Customer:;__CLEAN ATR INSTRUMENT RENTAL City:_ PALATTINE State: 1L
As-Received Model #___ ADM-860C Converted to Model # Crder#;,__R191507
PO # Customer Eqpt ID#: Calibration Due Date;

This instrument has been calibrated using Calibration Standards which are traceable to NIST (National Institute of Standards and Technologly). Test accuracy ratio
is 4:1 for pressures and temperature, QuailléAgsurance Program and callbration procedures meet the requirements for ANSI/NCSE 2540-T, 1SQ 17025, MIL-STD
45662A and manufacturer's speclfications. Calibration aceuracy Is cerlified when meters are used with [froperly functioning accessories only. All Uncertainiles are
expressed in expanded terms {twice the calculated uncertainty). This report shall not be reproduced, except in full, without the written approval of Shorridge
Instruments, Inc, Resulls relate only to the ltem calibrated. For limitatlons on use, see Shortridgs Instruments, ic. Instruction Manual far the use of AirData
Multimelers. Procedure used: Precedure for Differential Pressure, Absolute Pressure and Témperature Recalibration of AirData Multimeters SIP-CP02

Revision: 30 Dated: 04/04/16
Calibration Technician(s); U h_Q  ha l?;;f.:y,[f\

Calibration Approved by; - B sakd
AS-Recelved By__ (A
Dateg 4~

ead-ZDL0)I R 26 %

Calibration Date: c:»%;ﬁi’zb/ao K
Date : L2577 )

Test By
Date_ —-—___ Rh %
AmblentTemperalUre%: 2 °F
Baramaetric Pressure n-kig,

All within spec YES NO

s T

Title:
N L

THNAL Test By
Date_o5 /2419 Riy o
Ambient Temperalure = C°F

Ambient Temperature 15 °F
Barometric Pre 25 InHg Barametric Pressur In Hg
All within spec {YES,/ NO NA All within spec  (YES NO

ABSOLUTE PRESSURE TEST {in Hg)

TESTMETER TOLERANCE =+ 2.0%+ 1inHg AS-RECEIVED TEST WITHIN SPEC @NO N/A  See Notes
Pressure Standard: Heige #02-R S/N; 4741/42451  As-Revd Test2 Test3 Pressure Standard; Hefse #12A-R Sfh: 45605/48491  As-Rovd  Test2 Test 3

Pressure Standard: Heise #04-R S/N: 41743/42453 As-Rcvd Test2 Test 3 Pressure Standard: Helse #14-R  SIN: 43412/45043-1 As-Revd  Test2 Test 3
Pressure Standard: Heise #06-R S/N: 41742M42452-1 As-Revd Test2 Test3 Pressure Standard: Helse #16-R  SiN: 43413/45044 ( As-Revir Tesl2 Test 3

o T 2 S

Pressure Standard; Heise #08-R S/N: 42186/43328 As-Revd Test? Test3 Pressure Standard: Helse #18-R  S/N: 44581/46845 As-Revd  Test2 Test3
Pressure Standard: Helse #10-R SiN: 42203/43352  As-Revd st 2 Test3 Pressure Slandard; Helse #20-R  SIN: 445382/46847  As-Revd  Test2 Test3
Approx Sat Ft Standard Test Meter % Diff Standard Test Meter % Diff Standard Test Meter % Df

140 | j4oe | 3a 43 [ o] (4.0 [—.57
284 || ages 8.2 -yl e hF | = 3 Tk |
200 || 4000 399 ~285 L B0l Woul |- IS T

DIFFERENTIAL PRESSURE TEST (In wc)
TEST METER TOLERANCE = £2.0 % % 0.001 inwe  AS-RECEVED TEST WITHIN SPEC

@ NO N/A  See Notes
Pressure Standard: Helse #01-L.  S/N: 41739/42449  As-Rovd Test2 Testd Pressure Standard: Helse #11.L

"SIN: 43185/44551-1 As-Revd Tes! 2 Test3

Pressure Standard: Heise #31-R
Pressure Standard: Helse #82-L
Pressure Standard: Heise #03A-4
Pregsura Standard: Helse #03A-R
Pressure Standard: Heise #04-L
Pressure Standard: Heise #05-L
Pressure Standard: Heise #05-R
Pressure Standard: Heise #06-L
Prassura Standard: Heise #07-L
Pressure Standard: Helse #07-R
Pressura Standard: Heise #08-L

SIN: 41739/42446
SIN: 41741/42454
S/N: 45570/48461
S/N: 45570/48460
SiN: 41743742456
SIN: 41740742450
SIN: 41740/42447
SiN: 41742142455
S/N: 421856/42186
SIN: 42185/43326
SIN: 42108/43329

As-Revd Test 2 Test 3
As-Revd Test 2 Test 3
As-Rovd Test2 Test3
As-Revd Test2 Test3
As-Revd Test2 Test3
As-Rovd Test2 Test3
As-Revd Test 2 Test 3
As-Reovd Test 2 Test 3
As-Revg Test2 Test3
As-Revd Tesl2 Test3
As-Revd Test2 Test3

Pressure Standand; Helse #11-R
Pressure Standard: Heise #12A-L
Pressure Standard; Heise #13-L
Pressure Standard: Helse #13-R
Pressure Standard: Helse #14-L
Pressure Standard: Helse #15-L
Pressure Standard: Helse #15-R
Pressure Standard: Helse #16-L
Pressure Standard: Heise #17-1.
Pressure Standard: Helse #17-R
Pressure Standard: Heise #18.L

SfN: 43165/44730
SIN: 45605/48490
SIN: 43415/45041
S/MN: 43415/45039
SiN: 43412/45045
SN 43416145042
SiN: 4341645040
8/N: 43413145046
S/N: 44579/46842
SiH: 44579/46641
S/N: 44581/48848

As-Revd Test2 Test 3
As-Rovd Test2 Test3
As-Revd Test2 Test3
As-Rovd Test2 Test 3
As-Revd Test2 Test 3
ASTCVT. Test 2 Test 3
&S@mnsm Test 3
&a-Reld) Test 2 Test 3
As-Revd Test2 Test 3
As-Revd Test2 Test3
As-Revd Test2 Test3

Pressure Standard: Helse #08-L  S/N: 42202/43351  As-RevdTest 2) Test 3 Pressure Standard: Helse #18-L.  5/N: 44580/46844  As-Revd Test2 Test3
Pressure Slandard: Helse #09-R  S/N. 42202/43350  As-Revd 41733—9 Test 3 Pressuie Standard: Helse #19-R  S/N: 44580/46843  As-Revd Tesl 2 Test 3
Fressure Standard: Heise #10-L.  S/N: 42203/43353  As-Revd Tesl 3 Pressure Standard: Heise #20-L  S/N: 44582/46846  As-Revd Test 2 Tesl 3
Aporox Set Pt Standard Tast Mater % Oiff Standard Tast Mater % Diff Standard Test Meter % Diff
0500 LS503 BhaP s o501 ] L eSo] &
1250 12505 NEEYY = .08 42549 129%] —~.c% \
2250 2257 2250 o9 |, 2235F . 2255] ~, 13 \\
1.000 foz7 LO2E do HlL.o\s |l oalRl =30 N
2000 | o0 | zedr | -5 |R015] 20i5] O N
3600 3.7 3.0p10 .30 2.\ B eS|~ 22 R
4.400 4.409 44139 .23 Gy 4ug] 1\t ~
27.00 242 27.17 i% 2.5al 235 15 N
50.00 50.32. | 50,28 -8 |l S065] So50 — .1 F N
Overange NA NA NA v NA, NA NA \
Shortri%%? Instruments, Inc. @
7855 East Redfield Road Scottsdale, Arizona 85260

(480) 991-8744 » Fax (480) 443-1267 + www shoriridge.com C ’eanAi’;

This certification correspands

ADM Recalibration Rev46/08/27/16 {1of2 to CleanAlr asset# 205847 08127118
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AIRDATA MULTIMETER CERTIFICATE OF RECALIBRATION
SIN: . Moo
Order#_ 11915071

LOW VELOGITY CONFIRMATION {FPM)
TEST METER TOLERANCE = x 3.0% = 7 FPM AS-RECEIVED TEST WITHIN SPEC QYES) NO NA  See Notes

Vel Eqv Trans Std: S/IN: M02009 As-Rovd  Test2 Testd Vel Eqy Trans Std: S/N; M10840 As~Rcvd Test2 Test3
Vel Eqv Trans Std: SIN: M02803 As-Revd @ Test 3 Vel Eqv Trans Std: 8/N: M10857 Q;Rcvd Test2 Test3
Vel Eqv Trans Std: S/IN: M02503 As-Rcvd  Test2 Testd Vat Eqv Trans Std: §/N: M10901 d Test2 Test3
Vel Eqv Trans Std: S/N: M10839 As-Rovd Test2 Test3 Vet Eqv Trans Std: S/N: M13402 As-Revd  Test2  Testd
Approx Set Point Slandard Test Meler DIl Standard Teyl Mater Diff Standard Taest Meter Diff
100 1077 167 o le? Lot 1 i S e
500 52¢ 527 f S RAS Sox | = e

ADM-880C, ADM-870/870C and ADM-860/860C models are read in AirFoil Mode, ADM-850/850L. models are read in Pitot Tube Mode.

TEMPERATURE TEST - AIRDATA MULTIMETER (¢ F)._._
TEST METER TOLERANCE = £0.2°F  AS-RECEIVED TEST WITHIN SPEC (YES) NO NIA See Notes

RTD Simulator: SIN 248 AR ggsl% Test 3 Set Polnt @56° & 95°F F 15447 F

RTD Simulator: SIN 250 (AB-RGQ v (Test 2y Test 3 Set Point: 35.6°F 5"‘F »1544°F
RTD Simulator; 3/N 253 CAs-Rc;vd @ﬁ_@} Tast3 Set Polnt: 35.6° F 95 F,~154.4° F oy
RTD Simulator: S/N 254 As-Rovd Test 2 Test3 Set Point: 35.68° F 95°F 54.’4‘1’!:'
RTD Simulator: 5/N 256 As-Reyd Test2 Test3 Set Point: 358°F 95°F 154.4°F
RTD Simulator: S/N 257 As-Revd Test2 Test 3 Set Point: 356°F 95°F 15644°F
RTD Simulator: S/N 202 As-Revd Test 2 Test3 Set Point: 35.6°F 95°F 154.4°F
RTD Simulator: S/N 283 As-Revd Test2 Test3 Set Point: 35.6° F 95°F 154.4°F
RTD Simulator: S/ 284 As-Revd Test2 Test3 Set Point: 356°F 95°F 1644°F
RTD Simulator: 8/N 313 As-Revd Test 2 Test 3 Sot Point: 35.6°F 95°F 154.4°F
RTD Simulator: S/N 314 As-Revd Test2 Test3 Set Point: 35.6°F 95°F 1844°F
RTD Simulator: SN 315 As-Revd Test 2 Test3 Set Point; 35.6°F 95°F 1544°F
RTD Simulator: S/N 316 As-Revd Test 2 Test3 Set Point; 356°F 95°F 154.4°F
RTD Simulator: S/N 317 As-Revd Test 2 Test3 Set Poinf: 356°F 95°F 1544°F
RTD Simulator; S/N 318 As-Revd Test 2 Test 3 Set Poink: 35.6°F 95°F 1544°F

RTD Simulator Temperature
Equivalent Set Point Test Meter Difference ___Test Meter Difference Tesl Meter Difference
35.60 354 @ | 23S & O >
95,00 1.5 2 I A4y | -3 S L
154.40 1544 & | \SHy- o Z

NCTES:

The enclosed ADM Calibration Standards for Pressure and Temperatura form(s) is/are an Integral part of this calibration and must remaln with this Certificate of
Calibration. Note: There may be more than one such form Included that pertains to this calibration,

CleanAir.

This certification cerresponds
to Cleanhir asset# 205847

Sh ortncci’%e Instruments, Inc.
7855 East Redfield Road Scottsdale, ‘Arizona 85260

{480) 981-6744 « Fax (480) 443-1267 + www.shortridge.com
ADM Recalibration RevA6/08/27/16 2of2 08127118
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Order Number: 21 915071

Shortridge Instruments, Inc. AirData Multimeter Calibration Equipment

ABSOLUTE PRESSURE STANDARDS

Serial Number: _MD&RLG 3 Test Type:  Initial @-Rec@ :
I

ADM #02-R SiN; 41741142451 Heise Model; PPM-2 Mfagd by Dresser industdes Calibrated by Asheroft  Cafibralion Date: 0473019 Due Date: 04/2020
ADM #04-R SIN: 41743142453 Halse Model: PPM-2 Migd by Dresser Industries Calibraled by Asheroft  Cafibrallen Date: 11/26/18 Due Date: 11/2018
ADM #i08-R SN 41742142452-1  Helse Model: PPM-2 Migd by Dresser industries Calibrated by Asheroft  Calibration Date: 08/10/18 Due Dale: 08/20i9
ADM#0B-R SIN: 42186743328 Helse Model: PPM-2 Mfgd by Dresser Industries Calibrated by Asheroft  Calibration Date; 03/22/19 Due Dale: 03/2020
ADM#10R S/N: 42203/43352  Helse Model; PPM-2 Mfad by Dresser Industies Calibrated by Ashcroft  Calibrailon Dale; 01/21/18 Due Date; 61/2020
ADM#12A-R  SIN: 45605/48481 Heise Model: PPM-2 Migd by Dresser Industries Calibrated by Ashcroft  Calibration Date: 67/31/18 Due Date: 072018
ADM #14-R SN: 43412/45043-1  Helse Model: PEM-2 Mfad by Bresser Industries Callorated by Asheraft  Calibration Date: 08/28/18 Due Date: 09/2019
ADM #18-R SiN: 43413745044 Helse fiodel; PPM-2 Mfgd by Dresser Industries Callbrated by Asheroft  Calibration Date: 02/20/19 Due Date: 02/2020
ADM #18-R SiN: 44581/48845 Fleise Modsl: PPM-2 Migd & Calibrated by Asheroff, ing. Calibration Date: 05/08/18 Due Date; 05/2019
ADM #20-R SiN: 44582/46847 Heige Model: PPM-2 Mfgd & Calibrated by Asheroft, Ine. Calibration Date: 06/08/18 Due Dale: 08/2019

#02-R, 04-R, 06-R, 08-R, 10-R, 12A-R, 14-R, 16-R Raled Accuracy: 0.05% fs (0.0305 In Hg) Range: 0-30 psia

Resolufion: 0.01

Uncartainty: < 00358

#18-R, 20-R Raled Acouracy: 0,05% fs (0.0305in Hg) Range: 0.80InHp Resolution: 0.001 Uncertainly: < 0.0358
DIFFERENTIAL PRESSURE STANDARDS
ADM #01-L SIN; 41739/42449 Helse Model: PPM-1 Mfgd by Bresser Industries Calibrated by Asheralt  Calibration Date; 05/01/19 Due Drate: 04/2020
ADM #01-R SIN: 41738/42448 Heise Model: PPM-1 Mfgd by Dresser Industries Calibrated by Ashceroft  Calibration Date: 05/01/19 Due Date: 04/2020
ADK #o2-L SIN: 41741742454 Helse Model: PPM-1 Mfgd by Dresser Industries Callbrated by Ashcroft  Calibeation Date: 05/01/19 Due Date: 04/2020
ADM #OBA-L  SiIN; 45570/48461 Heise Madel: PPM-1 Migd by Dresser Industries Calibrated by Asherofl  Calibration Date: 11/28/18 Due Date: 142019
ADM#O3A-R  S/N: 455T0/48460 Helse Model: PPM-1 Mtgd by Dresser Industies Calibrated by Ashcroft  Calibration Date; 11/26/18 Due Date: 11/2019
ADM H04-L. SiN: 41743142456 Helse Model: PPM-1 Mfgd by Dresser Industries Calibrated by Asherofl  Calibrallon Date: 11/28/18 Dua Date: 14/2019
ADM #05-L SiN: 41740142450 Heise Model: PPM-1 Mfgd by Dresser Industiies Calibrated by Asheroft  Calibralion Date; 09/07/18 Due Dale: 08/2018
ADM #05-R SiN: 41740/42447 Helse Model; PPM-1 Mfad by Dresser industies Calibrated by Asherolt  Callbration Date: 08/13/18 Duz Date; 08/2018
ADM #05-L SiN: 41742042455 Helse Model: PPM-1 Mfgd by Dresser Indusides Calibrated by Asheroft  Calibration Date; 09/6718 Due Date; 08/2019
ADM #07-L SiN: 42185/42186 Helse Madel: PPM-1 Migd by Dresser Industrios Calibrated by Asheroft  Calibration Date: 0312619 Due Date; 0312620
ADM #07-R SIN: 42185043328 Helse Model; PPM-1 Mfgd by Dresser Induslries Calibrated by Ashcroft  Calibration Date; ¢3/26/19 Due Date: 0372020
ADM #08-L SN 42186/43328 Helse Madel: PPM.1 Mfgd by Dresser induslries Calibraled by Ashoroft  Calibration Date: 63125119 Due Date: 03/2020
ADM #09-L, SIN: 42202043351 Helse Modek: PRM-1 Migd by Dresser industries Calibrated by Ashcroft  Calibration Date; 01/23/18 Due Date: 01/2020
ADM #03-R SIN: 42202/43350 Helse Modek PPM-1 Mlgd by Dresser Indusiries Calibrated by Asheroft  Calibration Date: 01/23/19 Due Date: 01/2020
ADM #10.L SIN: 42203/43352 Heise Model: PPM-1 Mfgd by Dresser Industries Calibrated by Ashcroft  Calibration Date: 01/23/19 Due Date: 01/2020
ADM #11-L SIN; 43165/44851-1  Heise Model: PPM-1 Migd by Dresser Industdes Calibrated by Asherolt  Callbration Date: 0870718 Due Date: 07/2018
ADM #11-R SiN: 4316544730 Heise Model: PPM-1 Mfgd by Dressar Industies Calibrated by Asheroft  Callbration Dale: 08/08/18 Due Date: 07/2019
ADM #12A-L S/N: 45805/48490 Helse Model: PPM-1 Migd by Dresser Induslries Cafibrated by Asheroft  Calibration Date: 07/30/18 Due Date: 07/2018
ADM #13-L S/N: 4341545041 Helse Model: PPM-1 Migd by Dresser Industries Calibrated by Asheroft  Callbration Dale: 10/03/48 Due Date; 09/2018
ADM #13-R S/N: 42415/45039 Helse Model: PPM-1 Migd by Dresser Indusldes Calibrated by Asheroft  Calibration Date; 10/04/18 Due Date: 09/2048
ADM #14.L SiN: 43412145045 Helse Model: PPM-1 Mfgd by Dresser Induslries Cafibrated by Asheroft  Callbration Date: 10/02/18 Due Date: 09/2019
ADM #15.L SIN: 43416145042 Helse Model: #PM-1 Mfgd by Dresser Industies Calibrated by Ashcroft  Calibration Date: 02/22/19 Oue Date: 02/2020
ADM #15-R S/N: 43416145040 Helse Model, PPM-1 Mtgd by Dresser Industies Calibrated by Asheroft  Callbration Date: 02/22H19 Due Date: 022020
ABPM #18-L SIN: 43413/45048 Heise Model: #PM-1 Mfgd by Dresser indusities Calibrated by Asheroft  Calibralion Date: 02/21/19 Due Dafe: 02/2020
ADM #17-L SiN: 44579/46842 Helse Model: PPM-1 Mfgd & Catibrated by Ashcraft, Inc. Calibration Date: 05/10/18 Due Date: 0572019
ADM#IT-R SIN: 44570/48841 Helse Model: FPM-{ Migd & Callbrated by Asheroft, Ine, Calibration Date; 05/11/18 Due Date: 05/2019
ADM #18-L SIN; 44681/46846 Helse Madel: PPM-1 Migd & Calibrated by Asheroft, Inc. Calitralion Date: 06/08/18 Due Dale; 0512049
ADM #15-4 SN 44580/48844 Helse Model: PFM-1 Mfgd & Calibrated by Asheroft, Ine. Caltbration Date: 08/15/18 Due Date: 05/2019
ADM #19-R S/: 44580746843 Helse Madel: PPM-1 Mfgd & Calibrated by Ashcroft, [ne. Calitzatlon Date; 06/i8M18 Due Date: 08/2019
ADM #20-L SiN: 44682/48848 Helsa Model: PPM-1 Migd & Calibrated by Asheroft, Inc. Galibration Date: 06/15M18 DOue Dale: 08/2049
#01-L, 03A-L, 05-L, 071, 08-L, 41-L, 13-, 151, 17-L, i0-L Rated Accuracy: » 0.07% fs (0.000175 In we) Range; 0.0-0.25 Inwe Res.:0.00001  Uncertalnty; <0.00035
#01-R, D3A-R, 05-R, 07-R, 08-R, 11-R, 13-R, 15-R, 17-R, 18-R Raled Accuracy: > 0.06% fs { 0,093 In wc) Range; 0.0-5.0nwe  Res.: 00004 Uncartainty: < 0.00348

Range; 0.0-50.0inwc  Res.; 0,004 Uncertalnly: <0.0346

&

CleanAir.

This certificatlon corresponds

#02-L, 04-L, 06-L, 8-L, 10-L, 12A-L, 141, 16-L, 16-L, 20-L  Rated Accuracy; > 0.08% fs (0.03 in wo)

Shortridge Instruments, Inc. e cleandl msset 205847
7855 East Redfield Road Scottsdale, Arizona 852680
(480) 991-6744 ~ Fax (480) 443-1267 « www.shortridge.com
ADM Cal Stnds Rev 14/09/24/18 fof2 05/13{19
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Shortridge Instruments, Inc. AirData Mulimeter Calibration Equipment

Customer Order Number, Meter Seriat Number, and Test Type are referenced on page 1

Vel Eqv Transler Standard S/N: M02009
Vel Eqv Tranafer Standard S/N: M02803
Vel Egv Transfer Standard SiN: M02003
Vel Eqv Transfer Standard SiN: 110839
Vel Eqv Transfer Standard SIN: M10840
Vel Eqv Transfer Slandard SiN: M10887
Vel Eqv Transfer Standard S/N: M10901
Vel Eqv Transfer Standard St M13492

LOW VELOCGITY EQUIVALENT CONFIRMATION STANDARDS

Model ADM-B70C
Mode| ADM-B70G
Matel ADM-370C
Madal ADM-870C
Model ADM-E70C
Model ADM-8700
Model ADM-870C
Model ADM-870C

Migd & Calibrated by Shortridge Instruments, Inc.
Migd & Calibraled by Shorlridge Instruments, Inc.
Migd & Calibrated by Shortridge Instruments, Ine.
Migd & Calibrated by Shortridge Insteuments, Ine.
Mfyd & Calibrated by Shordridge Insteuments, Ine.

Mig'd & Calibrated by Shorirldge tnstrurnents, Ine.

Mig'd & Galibrated by Shorrldge instruments, Inc.
Mig'd & Galibrated by Sherridge instruments, Inc.

Rated Accuracy; Velocity £1.5 % = 3.5 fpm

RTD Simulalor S/N; 248
RTD Simuiator SIN: 250
RTD Straulator SiN: 252
RTD Skmulalar SIN: 254
RTD Simulator S/N: 256
RTP Simuiator SMN: 267
RTD Simulator S/N: 282
RTD Simulator SN: 253
RTD Shmulator SN 284
RTD Simulator SIN: 313
RTD Simulator SIN: 314
RTD Simulator SIN: 315
RTD Simulator S/N: 316
RTD Simulator S/N: 317
RTD Stmulator SIN: 318

Model RTD-100/500
Model RTR-1000/500
Model RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500
Modal RTD-H300/500
Maodel RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500
Modsl RTD-1000/500
Model RTD-1000/500
Model RTD-1000/500

Rated Accuracy: 0.025% of setling

Thermometer #1 S/N 8A0BThermistor SIN A410580
Thermomater #2 $/N 8B104/Thermistor SIN 871507
Thermometer #5 S/N B11780/Thermisior S/N B10505
Thermometer #8 S/N B11782/Thermlister S/N B10509
‘Thermomedter #7 S/N B49938/Thormisior S/N B482202
Range: 32° Fto 176" F

Rated Accuracy(combined): 0.0324° F

Temp Trangler Standard S/ M00136
Temp Transfer Standard SN M35100  Modal ADM-870
Rated Accuracy: 0.063° F
Total combined Uncertalnty for MulliTemp and TemProbe lesting ¢ s 0.046* F

Range: 100-5000 fpm

Resolulion: 0.1

TEMPERATURE STANDARDS

Migd by General Resistance
Migd by General Resistance
Migd by General Reslstance
#igd by Generat Resistance
Migd by General Resistance
Higd by General Reslistance
#igd by General Resistance
Migd by General Reslstance
Migd by General Resistance
Migd by General Resistance
Migd by General Resistance
Migd by General Resistance
Migd by General Resistance
Migd by General Resistance
Wfgd by General Resistance

Calibrated by [ET Labs
Calioraled by IET Labs
Calibraled by IET Labs
Calibrated by IET Labs
Calibrated by IET Labs
Calibreled by [ET Labs
Calibrated by [ET Labs
Calibrated by IET Labs
Calibraled by IET Labs
Calibrated by IET Labs
Calibrated by IET Labs
Calibrated by IET Labs
Calibraled by IET Labs
Calibratad by IET Laks
Calivraled by |ET Labs

Rarge: 100.00  to 11111.10 02

Model ADM-870

Model 15045810
Model 1504/5810
Model 150415810
Mode] 1504/5610
Model 1504/5610

Range: 33* Flo158* F

Migd & Callbrated by Shorlridge Instruments, Inc.
Migd & Callbrated by Shorlridge Instruments, Inc.

Migd by Hart Scientific Calibratad by Fluke
Migd by Hart Scientific Calibrated by Fiuke
Migd by Hart Scientific Calibrated by Fiuke
Migd by Hart Scientific Galibrated by Fluke
Migd and Callbraled by Fluke

Resolution: 8.001* F

Resolution: 0.01°

Caltbration Date: 12/07118
Calibration Date: 04122418
Calibratlon Date: 12/07/18
Calibration Date: 12/07/18
Calibration Pate; 12/07718
Calibration Date; 01/17/18
Calibration Date: 12/07/18
Calibration Date: 08/15/18

Calibration Date: 03/1618
Calibration Date: 03/16/18
Catlibration Date: 03/16M16
Calibration Date: 04/07116
Catibration Date: 04/07/16
Callbration Date; 04/0718
Calibration Date: 12/21115
Calibration Date: 12/21115
Calitration Date: 1224115
Calibration Date: 03/18/18
Calibration Bate: 03/1518
Calibration Date: 03/16/18
Calibration Date: 041168118
Calibration Date: 04716118
Calibration Date: 04718118
Reschution: 0.01 @}

Calibrallon Date: 081817
Callbration Dale: 11/0718
Calibration Date: D2/0719
Calibration Date; 02/20/18
Calibralion Date; 09/26/17

Due,Date: 12/201%
Due Date: 01/2020
Due Date: 1242019
Due Date; 12/2018
Dua Date: 12/2019
Due Date: 01/2020
Due Date; 12/2019
Dug Gate: 08/2019

Uncertainly; <5.00 fpm al 100 fpm; <7.60 fpm at 500 fpm

Dus Dale: 03/2020
Due Date: 03/2020
Due Dale: 03/2020
Due Date; 04/2020
Due Date: 0412020
Due Date; 04/2020
Due Date: 12/2010
Due Date: 1212019
Due Date: 1212018
Due Date: 03/2022
Due Date: 0342022
Due Date: 03/2022
Due Date: 04/2022
Due Date: 04/2022
Due Date: 04/2022
Uncertainty: < 32 ppm

Due Date: 08/2019
Due Date: 1012020
Due Date; 03/2021
Due Date: 02/2020
Due Date: 092019

Combined Uncertainty with Baths: < 0.040°F

Calibration Date: 10/04/18
Calibration Date: 03/07/18

Uncertainty: < 0.023° F

Due Date: 10/2019
Due Date: 03/2020

This form must remain with the Certificate of Calibration corresponding te the Customer Order Number and Meter Serial Number
referenced on page 1.

Shortridge Instruments, Inc.

7855 East Redfield Road Scottsdale, Arizona 85260

&

CleanAir.

This certification corresponds

(480) 991-6744 « Fax (480) 443-1267 + www.shortridge.com

ADM Cal Stnds Rev 14/09/24/18

20f2
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to Cleanalr asset # 205847

05/13/19



CleanAir | SPEC SHEET

Oemga HHF142B-V Vane Ahemometer

Rental and Application Notes

Shipping Weight: -~ 10 |bs.

High-quality instrument providing accurate air velocity and volume
flow measurements

Automatically calculates the volume flow rate from the duct

» The duct size is automatically stored in memory on turn-off and up
to 10 unique duct sizes can be stored and recalled for frequent use.
Optional umbilical extention and support rods are available uppon
request

l Specifications

Weight 2lbs

Dimensions 16.5” x 3.25" x 1.5”

Power 3 “AA” alkaline batteries

Range 0.2 to 40.00 MPS (40 to 7800FPM)
Accuracy +/-1% of reading / + 1 Digita
Outputs 0 - 5 V analog signal

Operating Temperature 0°Cto50° C(32° Fto122°F)
Probe: -20° Cto 100° C (-4° F to 212° F)

Probe Diammeter 275"
Battery NiMH rechargeable pack 4.8V max
Display 0.5” LCD, 4 -digits
+1800-553-5511 cleanair.com Performance Beyond Measure. Since 1972



Certificate of Calibration

Teltronix A

) Certificate Page | of 2
Instrument Identification

Company ID: 77085 PO Number: 65675 70 65800
CLEAN AIR INSTRUMENT RENTALS .
GARY ZAPEL
500 WEST WOOD ST.
PALATINE, IL 60067

Insfrument [D: 208871 Model Number; HHF142
Manufacturer, OMEGA Serial Number: 1017702
Description: VANE ANEMOMETER

Agcuracy: £1% of reading, 1 digit.

Certificate Information

Reason For Service: CALIBRATION Technician: RYAN EDWARDS
Type of Cal. NORMAL Cal Date 03Jan2020
As Found Condifion: {N TOLERANCE Cal Due Date; 03Jan2021
As Left Condition: IN TOLERANCE interval: 12 MONTHS
Procedure: 33K6-4-1769-1 VELOCITY, TEMP, AND FLOW REV: Temperature: 23.0 C
9/30/15 Humidity: 34.0 %
Remarks:

Tektronix certifies the performance of the above instrument has been verified using test equipment of known accuracy,
which is traceable to the International System of Units (S1), National Metrology Institutes (NIST, NPL, PTB), derived from
ratio type measurements, compared to reference materials or recognized consensus standards. The policies and
procedures comply with ANSI/NCSL Z2540.1-1994,

The quality system complies with 1IS09001.

This certificate shall not be reproduced, except in full, without the written consent of Tektronix.

&

v =
leanAlr,
This certification corrasponds

to CleanAir asset# 208871
Approved By: RYAN EDWARDS

Servica Representative Issue Date: 1/3/2020

Calibration Standards

NIST Traceable# Inst. ID# Description Manufacturer Madal Cal Date Date Dus

14942683 38-1005080 PITOT TUBE AIRFLOW SYSTEM SYPRIS AF12318/PX653 16AUGR018 16Feb2021
14330222 38-1018828 TEMP/HUMIDITY PROBE VAISALA HMP4SA 30Jan2019 30Jan2020
14335248 381037024 BARCMETRIC TRANSDUCER OMEGADYNE PX02K1-28A5T 31Jan2019 3{Jan2020

g o
9639 Interocean Drive » Cincinnati, OH 45246 « Phone: 513-870-4730 « Fax: 513-874-7752



Teltronix

NIST Traceabled#

Calibration Standards

14302838
15123132
14550242

Certificate of Calibration

(AR SRRk TR
15256195

Certificate Page2of2

DATA ACQUISITION/SWITCH UNIT

HIGH AGCURACY PRESSURE TRANSDUCER MKS INSTRUMENTS
DIGITAL PRESSURE GAGE

Manufacturer Model Cal Date Date Due
34B70A 22Jan2018 22Feb2020
120AD-00001RCU  300c12019 30APr2021
210 08AR2019 09Jun2020

&

CleanAir

This certification corresponds
ta Claanalt asset# o0gR74

9638 Interocean Drive ¢« Cincinnati, OH 45246 + Phone: 513-870-4730 « Fax: 513-874-7752



DEFAULT
. REALTIME
/*' MEASUREMENT
MODE
M

11201 %%,
tin N
BACKLIT COLOR — 1 24 [E‘“f;) ! : o%er .|7' d I.‘.'!".M
DISPLAY rom Lasget, ug o

Professional oy 42

- ADD/SUBTRACT
- MEASUREMENTS

/ with plus/minus

buttons

ADVANGED e
FUNCTIONS w--____
Has frve diferent =
f

Product Information

Description
The Bosch BLAZE™ GLM 42 135 Ft. Laser Measure is a fully featured, easy-to-use tool, with a
display guide that uses words, letters and icons to walk the user through each measurement

process. The easy-to-read backlit color display improves the visibility and usability of the laser
measure. It provides real-time length, length, area, volume and indirect measuring functions, and it
has a 20-measurement storage capability and addition/subtraction functionality. This tool includes
default real-time measurement mode, adjusting the measurement the closer to or further from the
target the laser measure is. The digital bubble vial provides a visual reference when measuring
horizontal distances. Thanks to its laser precision technology and real-time measurement mode, it
takes instant and reliable measurements up to 135 Ft., to size up the job in seconds. It is accurate
up to £1/16 In. And it fits in any pocket for easy access.

Easy-to-read backlit color display — illuminates numbers in dark areas with resolution, allowing work
in low-light conditions

Default real-time measurement mode — provides accurate measurement that automatically adjusts
closer to or farther from the target

Easy-to-use display guide - walks the user through each measurement process

Multiple measuring features — includes real-time length, length, area, volume and indirect functions,
and addition/subtraction capability



Memory storage — provides storage for up to 20 measurements
Accuracy and long-range measuring — provides accuracy up to 1/16 In. and measures up to a 135

Ft. range

Digital bubble level — provides a visual reference when measuring horizontal distances

Compact size — fits in any pocket for easy access

Sub-Brand

Series Name

Minimum Distance (Feet)
Maximum Distance (Feet)

Accuracy at Maximum Distance

Backlit Display

Belt Clip
Rechargeable
Battery Type
Batteries Included
Case Included
Warranty

Use Location

Wi-Fi Compatibility
Works with iOS

App Compatibility
UNSPSC

Works with Android
Bluetooth Compatibility
Hand Strap Included

BLAZE
N/A

0

135
1/16-in
Yes

No

No
Alkaline
Yes

Yes
2-year
Outdoor
No

No

No
27111800
No

No

Yes
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Area of NDO's

NGO 1D

1) Al
2) A2

3) B4

4) B-2

5) ¢

6) C-2

NDO Description

North end mandoor louver
Ceiling louver

Ceilcote scrubber room drainage

Ceilcote scrubber room wall louver

Dock 16 shipping door with truck

Dock 17 shipping door with truck

Surface Area of Enclosure

Surface Area Description

Zone A

Zone 8

Zone C

Floor
Ceiling
Nerth Wall
South Wall
East Wall

West Wall

Floor
Ceiling
North Wall
South Wall
East Wall

West Wall

Floor
Ceiling
North wall
South Wali
East Wall

West Wall

NDQ Dimensions
22" x 22"
4'x 4'

2x5"x 1"
2x8"x1"
1x9"%1"

4'x 4

2x1"x10°
1x4.5"%x9

Zx1"x10
ix4.5"x9

Surface Area Dimensions

(B7'x 172) - (4" x 3} - (6" x 12°) - (20" x 38')
(87'x172") - (4'x 3"} - (6' x 12} - (20" x 38')
87'x 24

B7'x24°

{(49'+3'+120'- 8.5~ 20 x 24') + (20' x 13.5")

(152 x 24} + (14" x 13.5) + (' x 13.5)

5081' + (120" ¥ 54)

5081'+ (120" x 54)

(41" % 24} + (28" x 24) + (120" x 24°)
(43" x 24} + (154" x 24")

{37.5 x 24 + [6.5' x 24}

54" x 24’

(195" % 123"} + {{22' x 47") + (/2 x 3 % 47))
(195" x 123" + {22' x 47') + (/2% 3' x47))
{123 % 24') + 22" x 68"
{123 x 24') + {25' x 68")

165" x 24"} + (21 x {28 - 24")) + (26" x (68’ - 247}

Total NDO Area =

185" x 24") + {217 x (28 - 24") + (26’ x (58' - 24"} - (19.5'x 24'}

Total Surface Area of Enclosure =

Total Surface Area of Enclosure Minus Total NDO Area =

NEAR =

NDO Ares (ft)
3.36

16.0

0.67

+ 0.11
+ 0.06
0.24

16.0

1.67

+ 3.38
5.05

1.67

& 3.38
5.05

45,70

SA Area (#%)

14120
14120
2088
2088
3714

3918

11561
11561
4464
4728
1056

1296

25090
25090
4448
4652
5308
5440

145342
145296.30

0.031%

A Ao



NDO Directional Flow Datasheet . | o]

Client: Sterigenics
Project No: 14004 N
Unit: %ﬁm)ﬂm ~ it \

Method of verification: R (‘aa Na wf“)og

Facility; Atlanta

Date: % ]7}4/’
Start Time: i}l‘vﬂo

Operator: Kenny Sullivan

i

Stop Time: ,i'_-f 0o

e ﬁ// yo v } O’éﬁﬂ'/WS o A 4’5’7?4&[4// %5

NDO ID Time/Direction Notes
C-1 \F N/ (n \2%0/\‘1\ b L m 13% 5”"5/15} 1959 /)17 f\\ﬁbb/_ lf(/)
-2 2l in 8/ el lin |53 r!m J;‘H/m “’-”5(;/»“’:’ Mock 17
B a0 vl el sl veieha 13800 | Celuke Sewdg
S 64%/”\ si/in ez e/, fey \,\ 1"5&'5/) (‘zx\whﬁi Lafer”
A- 1 B 3] "~p\_ B2/ Izz"i/m mq}’m j25579] thandas” Lanle”
b-2 ‘1’5@77 ' 131L/1 in ‘514’/‘/ in 13?7/ ph ‘-54/7/ " &5’5‘7/ n (‘,e)\i\\%:\xj Lo

N N sbservadprs were TN

&

CleanAir

ENGINEERING

D5 204 Directional Flow
EXCL/MR.RO-0Y/00




NE Pressure Drop Datasheet

PAGE _1 OF _2—

DS 204 Prassure Drop
EXCL/MR.RO-QH00

QA/Q
Date

Client: Sterigenics Facility: Atlanta
Project No: 14004 Date: %/ /50
unit Lyt TA-) Start Time: Y2 Stop Time: 3% %
Instrument: j/wf-,l;f & i Vi Operator: Kenny Sullivan
Notes: Ar(,sl%,\ mwu? m:’flg;r Abl‘%" sloC
i) s —t 2 ¢
/%P/ '/1755‘5'14?”5 > e (an adside 7[9,&,4/7/ iz Mé/fwf fﬁzéﬁ,&m
NE Area | Time/ap Notes
| Tt P | e el use ) iy 947 | gt A
Zﬂ'm Q: (\,amﬁc(:_ ! fcr.az.&t‘*( 7 00284 i | — ogozat | -0.035%i ) ~2.057) W )
z -22% 2 THO22D {2 0.9g20i%, ~0,041g 2 <0, 0 374" '{rmm?-éf M(;Li’
2 =20 20k (2 =23257 13.0.93j0 {3 -gi0a850 i3-a0izd
bo 1ol o000t 10,0258 1y 003261 0,003 ]
5. "‘o‘s'_%_ ¥ 5.0210i5 05,935 ;/,aajw Lg.a;evsf
ﬁvﬂ ~a.02]) 00230 -n a3 i-o.o36o g 02T Edﬂﬁ
/ /J
=
=TT 110 \Hz3 e o j4z1 R .
ZMLA ;oo iy a0t/ ~ 0034 i1 .60y i/ -a.048 . ™
lewsss (2 ~305TE 2 <0057 1y 00579 L -0, 00%) cﬂwﬂ,;f/
3 -0.0320 (2 ~0wstL i3 OB i3« 3 =90y AR
§ =003 iy ~o098 1Y ~0.9416 1y -s.0457 iy ~ 0N MW@
¢ oo K ooolg B om0 sup i 0.0l g |
bty o nza0 i-c.05%0 <0045 ooy f-g, 0 *J’G%,G}
J IS
Zoms B~ Lalpcty | o sz gyl P 1522
// B IHB e posbfi) —0.020f 1) ooyl 000506 &/j/.'ﬁ_ér
L /| ~0. 005% ia ~N5H0 B -0:0i9F i o o852 ~d 203 St
Mfﬁm?& A 13803575 0,003 13-0,0i4 iz <2\ P1T% 0,616 .
(e ?cff'f&e Y 20,0023 Y 5. 0158 Y- 2 g3057 Y~ O 0496 § ~ar 0L |
ﬁgi:b—f -2, 0801y 5 g1 T 0,015 0, 008 K 20,0932
- Aﬁ cg.007€ | =70193 | np 0195 i 002900, 007% W-a cb/é*f;"\f/
{%’Cﬁﬁbﬁ S."‘.’ L J’E‘
CleanAir

E

NGINEERING



Client: Sterigénics

NE Pressure Drop Datasheet

Froject No: 14004

Unit:

Goducdsn - Th—/

Instrument: -él,.fr—/—fn(ga Dy remiufohistesr”

Notes:

Facifity:
Date:

Atlanta |

£l

PAGE _Z, OF 2=

2/yfno

Start Time: ¢/ IZ’J: Stop Time: /é A

Operator: Kenny Sullivan

NE Area Time/ p Notes
Dono (= shppme ixs7 510 15773 fs /¢ isH Shipfines ares Syt
mﬁ%fm rgar?; [ n0.0jmi— 0.0 | ~231F] | 20015 (72N Lihs
) y - 3. 000 im0, 5213 (=T OFS L wo parlt 0.0k
3 Ds0ifs -0, 0152 = amO 129.203H Lo ol1
§ N0 02D (- g.5133 | 40D (D, 00) D
Cop.0l 0,017 =0, 015 (20094 1O FlIG
jg,;, ~2, 000 i-2.0i7% 1-3.0]8% =2 09Y “‘0-00?‘24) — 0. 7/y@
7 = —
Zeare (- »M 7) i&28 L 528 is’Z] 1534 L5EF ¥
-0 0L | o OB =603 ] ~assELl 088" A7 Gadbs
z| =40 5 ~g,0852 - 0834 (20,0508 ip ~0, 0BT Y
3|« 0.0%C o -0 G g » T by e K K ) -, 23]
7| =0 0528y .o s iy - 0oz 1Y A w3 iy ~0,0358
2 02 0055 - poass S 00N T a0t _
A \=0.0959 |+ 0.0657 -5 045} (wgipy5s  — 040t ~O. 0477 /
-/ Z
S’f%‘.‘fﬁ
DS 204 Presstra Drop QNQC
EXCL/MR RE-01/00 Date 2y
B-6

End of Appendix




Sterigenics US, LLC CleanAir Project No. 14004-1
Atlanta, GA Revision 0, Final Report
Report on Negative Enclosure Testing

APPENDIX C: NDO LOG AND SKETCHES



This Page Intentionally Left Blank



ONI1Y¥3IINIOSNI

yues]d

&

OC/LO-OE INNDXEF
juswainseaiy QGN +0Z SC

m\\\u\vx\ AT N\%m P S0 S (ST 7Y \%Qw\ \%w\\\\% 77 \wﬁ\u Taer | )
- m\h w\t\\ S HEIRE \Q\%v:\.&\ T Sso S m\w% 2L) \@w&\%&l\v ] u\u.e_\ 7 TZ -1/
i A Vo I i o el e =7
L IXEXT \%m xme\\ 7Sk %m\\% Y| L7 4 \@w@w@@ \W\\\w %SQ\G%&\@& m\ﬁ\\\u %\%\N S =3/
e "7/ xn »\ /7 \\\\%\ &\\ﬁ\ w\&& \&ﬁm W\&%N - M\
5%°¢ sﬁ%& ;%% X %wu 7 %w\ﬁ%&k ] ] \c&\%‘w\% =y
ANE suojsusLwg/uondussag ‘ON
S9JON eay OQN uoesusp]
12301 QON
N 7
\% ‘sieni)
< \E.n \ﬂ Bleg
ejuepy Hueld
golusbusig qusyD

7 407, 39vd

¥0OvL  -ON 1aloid

yoaysejeq 607 OAN



ONIHIINIO NI -z = 8jeg 00/L0-0H SN/ TOXT
Py Yoe3S OGN ¥OZ Sa
Iyues|d QOO

&

BBOG/UONBIUBLO
1
25
|
. |
_
M\\Jj\va‘a\ k.«« T ”
v/ Bk
_ |
o 22 — A0
w I m
i\
« \\AW“.
W
;
ol YN L
M f ) =
VAN
TNy, -9 T VY
J 17 w
"PI OAN ¥ LUOHED0] Sjeoipu]
| e
siemu|
P Vil i sfmw =]
Z wﬁ\@%\w«m@\\ Ty Az \\ﬁ\x Y\v\%& \mwv\«dow {s)eweN 8oEpNg BlUBY  CJUeld
Tﬂﬁ x\\\mﬂ \&S@%\ k%ﬁ&@% \%\ &.ﬁ\ EHLIN yOO¥lL  :ON Joaloid sousbusls  ualD
{
i{% W sﬁm @?&@ %&5 e:uzz :UoRED0

& 40/ 39Vd josysejeq

7
!

g



ONIYIINIDNI mumm

anyueg)> | Q0N

&

00/10-04dNMIOX3
U33e3s OON 02 SO

'8|BIG/UOIBIUBLIQ

— s
i M ﬁ %\H\Wnﬁ.
» |
w , | !
: i
2 - v ]
|
|
mEtm
o 4 ,
R /
/
71 .
LV L PYLY. /] ~= L qb\
yideina) VAP
j

e /

SISy frEEGECS Ay K L e VAT

= Id AMH Ddz 'sa10N

|wmowm0<m Josyseieq yoexs OAN

!

‘PI OQN ¥ uonedo| siedipu]
T

vwm) sjenty
Fi

Va .
F2 \&U %\3@ n\w.\.«wﬂ a1eq
A(s)awe) aoelnNg BlUB))Y  Jueld
+OOFL ON Gm_oxn_ souabBusyg ualn

f%\c@@g W@u JE.#@Q &éM JLONEDO




DNITHIIHIODNI ]]l]mwmo
AVgesD B oo

00/10-04"dIN/MODX3
421945 OaN ¥0< sd

:8eDG/UCHEILBLIC

i
|
4k
.f\& o WO i
| 7 A ey g
RO TETTweRed s
e W AP P70 |
m " A K\ﬁwn e @fv«/
L/ ¢ ﬂ ] R Il . ~ o
g Ae o - o Z e bl U’
i § |
«“\Eﬁﬂv %Qh@vqnwul.m \Mxma Q. ! M
i
vl ,w?.mwgm
yam ; . ,
. Nl
7 m I | o
C\ \,ww ; : w ,4\,
NN / e N ._w A / / / - N S o A.ﬂ/,__,w
A AR .wﬁ | VS A\
y 7T TN Y j | _
‘PI CAN g Uoijedo| siedipul-
r\f)nu@..d %\\»_f\% %\! SR
. A il Y A
POt 7oV DY  \F g | W gD s AP (S)eLuEN soeng EUERY  UEld
~\@ de S210N 00%1 ‘ON 1080l sojuebuelg usyD

j.\w./&g/mﬂ CA T wuopeon

dlmowmo,& jyoaysejeq m_ouoxw OdN

g




D NI Y3 INIONI mﬁmo

dryues|H 7 ODVO

&

00/1.0-09""HIN/TOX3
Uyo1eMs OGN v0Z Sa

:9|eag/uoneIusLD

L
_
- i
\AJ\\K“\“_ ;N\m.\iu.\ﬂ
7 % S\_r \
|
AT M
m
WA
= | i
: Vad M |
Ay M w W
W
w
{
«\\w ‘ N ST n/
FLGF w ALY
< [

PI OAN .w co:moo_ Sjedipuj

s|eni
%\ eyl

P T

~Z \§ \m 8ieq

(§)awep soepng

BlUElY  uE|d

#00%L ‘ON 1o8l0ld

soabualg  usn

\Nb\\u \“\\\w\\\woﬂ\\\\k e 0§\ 'S310N
7 407 F0vd Josysejeq Yoiods OAN

T A

1UoIBDOT




BN TN N3 °Z sleq 00/L0-0Y HW/OX3
> 4IPS OAN $0Z Sa
Jyues)) DOND

&

18O UCHEIUBLIO
O 7
AP T UG P 55
AN ANEENEN ~ L 77 \
A . Sl A LN WL W N WA S
21\ A2 Vet
2/l — PO ENEREN T
| Rl \‘:bonﬂ\ﬁ
A - ; { o =l 7 _<
oy 00 N.:[ i W M w “
/i Al 2l N
r/ 4 B E\\Mm :
Ve 4 L2 .
“ L | —
! B
| |
ol I _ sl
17 4 v i \.1.0
4«\ M _ \_ PP
” 5 L
: BT oy
f _ o '
\\w \ f _,\.vx o) SIS LTI TN, q_
A | R NIE
7 ] w\ [ P MV\ S = T = \l T Hgﬂ\u} Qﬂdb\\
Y bt s V4 | 77 TV L7
\ Py .W\ A7 | | u
/ PHOAN B co_@o_ 3jEdipu]
/[ £y v Iz g\\ SiEen|
SHTE L PUTF SO = Oy Y il & V2] era
. ) TV {(s)eureN soepng Buely  aueld
w\‘v\\_ﬁ\* \a\\\\\\.\.\ \Q\ %&wﬁ Q k§ Q&\%%\va e m_g -S810N vOOvL ‘0N weloid sousBlels uelD

- JIEZ T \N&o\_\ \\§ § :UO1EI07
7 40_% 3ovd Joayseleq yo2193s OAN



EAREERTERE 4NM%WF aed 00/k0-0d"HWMOX3
® U315 OaN 02 S
ayuesn _ﬁ QOO

&

:9[EOG/UONRIUBLIO

; | | W A, p ~
o A : A fale)
i \@Q\rﬂwé Q_&\\\\ﬁ\dxw
- .\\\\\ x\ g - \ w \ H\\k - B -
i i : Y LR —r
S \J W | ow n\mﬁ\.
- AN T gk
/v ‘\ § ~7 %/r _ ,./ n
A E\ﬁ\ = n\uJ\\ i -
Y 17T —
I § \
v ,_ ! J m
it I , r
_”_, i ﬁ_ﬂw
¥ ! X % 2
\ N
iy S pf
F\W\M‘m\\\ - /,,.\ \W\\ﬁiwvﬂ.&wwm.\@ Oy o m—.,_, %.?.
el T %,..\_ 4 Jin — IANIR
7 1 BTUNARG S NSO AR AR Wy o
MRS e LY =l |
[ T | \f 7
\ /7 ‘PI OGN @ uoljedo| ajedipu|
ey RIS Y2 sewa
7y %&Q* \\s\\\&% ST = Y A \\x\x\\\\ 78 o \ww& =50
\RE§ L2 (s)aweN aseung BB  uEld
N@ \“\ 1 N \ N\xﬁ QJ (\@ %m\.\ %»\WW Z - “ &\& :$910N ¥O0VL 0N 108lo1d souebuolg sy

\%TN%RN Nm \ ] \\w_ LoD
TF4077 0w Jooysejeq Y239is OAN 7VINT)



This Page Intentionally Left Blank

C-10
End of Appendix



Sterigenics US, LLC CleanAir Project No. 14004-1
Atlanta, GA Revision 0, Final Report
Report on Negative Enclosure Testing

APPENDIX D: NE AREA WALL SKETCHES



This Page Intentionally Left Blank



Lo
TN »Emﬁ ¥ :0]EOG/UONBIUBLIQ
Gy \Wmv%uk
1594, «%w?.ﬁ% i T m
i S il & <%.\T§l\xﬁ\@r ;. et ~Bg = —>
= A TN 7 O ] T
LT ANIR LA TEINT TN TR 7
PN D AN Y
IR === i]]74 AN /AN VAN VAN AT
T e T~ | (o = ISERESU IS NN LT S
af ool = L s 4
Eﬁ&i@%é&% e : ,.un.A\\. i |
ms\ .._Muj.m.t U_m ,am@mb. ] .,__.\_\\V.A//
c\\wwzﬁ b m»w\
m /
L, i a
w N L ™ M:\,%ﬂr / \ ..QW\WM ; w
sl AN
\%ﬁb 4,/.% .ﬁwﬁa ¥ /L ! i
L LB |
0 R I ANV .
A R TR N ~
S N L S B IR A R ¢
|
[Sin) !
(=774 m
T T P
f/w“wn\,\“a s|emu|
e\»?{.r ayeq
, T PR ] GGV FV S 57 __ ey ueld
\Q&Qi\\ﬁwﬂ - \RE wrf m Qﬁ\% = S9JoN Yoot L :op 128loig soluebusls uann

W) (M % JeRA :UojEDOT
77 407{  obed joaysejeq Yo)ays - ue|d m:___mo:_ms._oo_w,@e:mvo_o ! f_ﬁ (al

£




o areq
JUND

AW RTL L Wi
C.: e ! \u ‘a|Eag/UOIBIUBLIO
o mmw !
Vi
Ly J2era b
B _ [~ )
| <t b
. L
~ < {
, Jone SE
\MW L \* \\,\ hn%
! - i - N
— i 0
N \ ”\\ \m ]
JET -
T _\\wm. o
i B
|
| |
- ﬁ%ﬂ SEN
PO T S0 - sz i/t oed
,\@s\g v&@% g v s&ﬁz \M&@\U mé%e&.@ l\m%f\ \ﬁ:u =) - BlUBY  UE|d
\M\WW\\».\Q.‘ Sw\\\hﬂv QQ k,@r E Q_S\T,S\w ﬂ?(fﬂ\ - 1SB]0N +oovL -oN 108foig souablislg uen)
o \Gﬁ Nh@g M \«&& wdﬁb.w\ RESS ) 5:3 »5@6% R Chley)
Z( 307 abed }Jooy “_.NQ Ou.mv—w uejd mC___OO\__NE._OO_n_ 2.INsojou



uﬁn.«@ \u.r“\w«.nw :8]eog/uoNBIUBLIO
w
w mmm,wm, rw?”:
. 4
L(DAWN\;\NW@ i
el 5 m__ \wﬁ,& A W
r/ / \% W ﬁV. z M&.W
\\ANJ m“. { { / § s
> i - M L
N ' } D
i — A hy.w 7 i
g w | _,x\ y of ; hwﬂ
| ] ] h
d R S T e lx.l.mﬂll —— ! LT -
i : 77
’ N ; g ¥
Y ; g
y _ /\\‘\. - ,
& | i :
N2 wems gy 9V -
R _ | ) e L~
ATy gl {¥idiim NRBPAS } - )
B R o Wy A 4 i
4 A % “ mu\&,f\ [ ﬂ& m%ﬂ \a‘.ﬁ oF “m\,\u:d ~ ._P*%\\‘._\NL v _ \ ] \F\\ ¥
A i T
\ } N ﬁ.mk\ Vrrr 1 ad M M E&M—?—.Dﬁ% A
u Lkt 3\.,4 M..ﬁ% %/ .\w.ukc/..— \Q\a ;
. e f £
%% ! w il
Y |
S LN
_\ v
: =
M sjenu)
w&? _ ) \ET.\ aeq
\hﬂﬂ&n\ N&u = \b&a %ﬁﬂ@@ - Bluefly  Jueld
%W\%b\ \Ww @m&%\. .\Q?W \f@w\?&. m&%\ ﬁa&v&wﬂ \Nﬁm %\i% L~ ISSION YOOV L :oN 108lo0g sowebusls uslD

MRy ) WO, Q@fmé\ ”commoo._
—/ 40 & ebed Joayseleq yojays - ueld mc___mo:_mshoo_u_r ..:mo_o,wmg?ﬂ [ 5



4
e
i

al
hagvor
gy "M
\W ﬁ ) \\y ‘B[EOG/UOIBIUSLD
§ .q.\mrm,ﬂw"
m ﬂf\;a ._.3&
EELN 7
! _
m w
m H
1]
W | 3 || A3
W / 1
I R I Iy ! — oFe [l ..
he Spaguil | S b SOV R B EEN RN
/ 7] 4% i By |
-, i e
%&a% u‘.—_b Mll'\_ ! 3%&. (\ﬂm__w&ﬁ i
W = T T ] |
i — |
|
) W
PP TY .& la] ) w
LoTpLEF oo
(LiN T |
AN ¥ \ W
| n 1 '] d
| & il P m
[Nl
SEHD
r if J [Cr AR _ﬂ ?1eq
5/ wﬁ?.%su w_wﬁv@a\ n_&‘_umz .:w @o.wmsq wﬁw&a v%g -~ @Q renay BlERY  luBld
_ ATTEE Q 'SBI0N vOOFL  tON Josloldg soluabuslg  usiD

7 10y WA cﬁm‘m\%m%szzr\u ﬁeB I wuojeooT
EL 40 4 o0ed Joaysejeq Yo)ays - ue|d Buijlad/liep/100]4 ainsojouy




< ayeq
oND

/ﬂﬂﬁ\s\w\ \3@& ‘sjeag/UOnRIUBILO

|

N

o \\4
v e 27 A e B L= - - Y
i = =T a
T T i TE
¥ hMﬂN < < -]
— L
N il T w7 Vi
P _ /
T
Ni¥) APUN T T
e e ipd
) { i N | - -
93 2 A T i T
WQRI m PVES = N\»_\. \.N.ﬁ
! 7
i
e iﬂ {
A
7 / v
777 2 P
% - F [y k— L]
§ sleniu|
?ﬁ\\wNA o1eq
T ejuepy  ueld
< 7] :S8J0N ¥00v1 :oN 198loid soabusls queyn
Lony

6 o= \\\g v\\w‘S\ “UoNEa0T

7 073 obed joaysejeq Yo3oys - uejd Buljia/iiea/100j4 ainso|oug

%
%,



sjeq
J0ND

W&W \MQ@\\

‘ajeog/UoOnEIUSIQ

i ;
gl {7
\ 0.»\\?.‘% %\.\AJ Rh, 1251 | %”&_w@m/
S S AR | By
P T - e \\wm P N e " a4 P < v
/G b ¥ W [ 4 {
4 e m ol || IR e d
- - A= e PE
T ! B m . -
! | i, TN, 3 7
= , o { \ ﬂvw&_ Q\x
b7 44 i {
« i =
_
128, m i
\M\Wﬁ\qﬁn\m i \w.\ " _ /
/ A | o L/ 32T\
& - gﬂ;ﬁ\ ) P!
in i _\ma \mw& v
| [ \cﬁa !
DK o [0 \
IaiRe
W\\NM\ sgeniu|
T\\S\m\ :|reg
Vi BlUBlY  OUueld
\@\\\@\\mm%\x\@w, %&Mw\ \\N\dﬂ\@% %ﬂ\\@% J Qﬁ\\ N 1S9)0N +00¥F ) 0N Joafoig soluebueyg  uBln

A7) :uoNE0o
Z7 4075 obed Josysejeq Yojeus - ueld Builieo/iiemuools sansopug /7 17

o
f



A
N mw, x&%ﬂk@ :8jeog/uUoNEIUBLID

N
.M\Hwﬁ\: nn - | ) . e e |
e P e I R e s e ey
I b - m - s e;@mn
vxﬁv E 2l NM@ |
f 7
!
m \n,\%“ qg{../ ; a3
. e ] Cy! \
i A
4 M\m \Q%
s \\\,‘N i i :
L i) a R 8!
i 2 —
i m
, i
! \%W\ e \4., =
5 \,%ﬁ%
,c A= A :
£ SZE ~ o7 L -
“ 7
$ rv\.\..r\u
\ 7
12 v\
777
Vs B4
Dy sl

~Z \ }\N\xﬁ 8B

Toeuely  ueld

_ m,wm\\mm\; \\\N\\\ \wﬁ%\w W@N\‘ 7 Q\&\\ \N 's210N Y00V} .ozmwmwa \\&\\\w_wmmum ;MMM

T y077 ebeg joaysejeq Yolays - ueld m:___mo\__ms._oo_u_ ainsojouy



OF s1eq

J0ND

Z
\\\@Q W&\\E ‘Bjeog/UONRIUBLO

|
Pl ; s Ly
#wm%m\ x\%\\%_%% ) |
H \\ ) o @II\M\S‘N\E% - \M& P
\k - 1 . pirar’y i - va \ VAVS \\
1 I i
|
K
| L
| g7
|
i
:E\_. 1o2%; v .
\\ _ﬁm\ﬁ___h f H&.
TRTY T T (
|
e 3 /Y) L - (R A .
gm %‘MM\V ‘@.R%%m FIH M_m i \v.w\ \M _._.v
Lo FER Nyl " ., ”
I
v |
i
i

Y

sjeqiv]

Yz
UQ\%\.\N e

‘Bluepy  fueld

~Z.7 10°g abed

£ 1310 :ON 109i0l soluabus Jual
M%ﬁ\ \w 10N PO0OFL NI d 1S JUBIED

IU01E00

7
}oaysejeq yo)ays - ue|d m:__mmo\__ms._oo_u_ o._:wo_o:m_ \\\\\\k

-10



-1

e 2= e e e
w / S N TP ez B =
d 9 7 —
il » _ i Hﬂu
S— = = of K 1 T y H_ll._
- b T TN Ny
T 7 AN i s e
S %%v ff.. d .“..ﬂ E \\\ m | . | H\\.d Q\W«\\v _||”I. .
M\B.N‘wo ‘u..u/r;\ . w\u_ﬂmﬁx\u d | 1g - [ H.l..l
7 _,_xaxﬂ LRl 7 . u&x ==
. 25 .\ = W Y| el on e ol :
@\NNMM ﬂﬂﬁw q&q ’ w\ui nm:ﬂ. u% l\ﬁrﬂ, / I
g \ P © | I
ks 1 M M I H\-W_H\ o
U W
&%@%J_ [ \.@Q
N
u i
e i
JN,:RQ i _ "
I 4 1 |
P -
1 ¥ 2
\iy . \Mo g iR 7 m\.“:w
n \\.\_ﬂ V & \ ff.r;a:..;rﬂs_ummm.ﬂ,u\wvd.ﬂ.. " \H%
SRy
4 00
£ =
N2 T
D&\Ym\m ||Qq
/[ , Eluely | eld
STrp \hu&w N%Q\\ s u»%\ \NQJ\ - 5 &\\x\ mu 'S3I0N 70071 ‘0N aloid SolUSbuBIS  JuslD

A2y /) :uoleso]

~Z] 17, obed Joayseieq YyoleyNs - uejd Buljiag/lleA/i00]4 ainso|sug

7
{




= aeq
OO

A
_ \M - m&@ ‘@jesgjuoneuslIo
£ pa . \\ - - \\\\. M-..u ) w .\\\ \\,. h‘n\.l o m T -
A e e e e ——— T
: ] \ o .
r wﬁ..ll - / ) . m
il - ] \ Il
e — | al
~—t =] MH P W : ||
“ /| \Wm \: |I|m|||| \\ ,
i e =] - o _ Dl =
e | \ w R,Wm ElN
— L7 7 1 \ vwwmlumﬁ W\J ¥ .
- S 1
E (AN Pai Al :
o I Qm\.ﬂgﬂlg . i |
| I -
\ M 'S N i | R %)
A e A i i
. - _
= - N
L AU e
L] i b/ g
1 m -VH% x\ur _\him_r%%%
= - B
| 2 3 \/< \._\_..w >
A T
,\\C_\D.w_m m |
\A.Lﬁéﬁ
(L : ——
T | il
L m j _
AT
r\od\\,wv\m» Ta)
] ewepy  aueld
s Q M\Nw\ w% ‘S8]J0N ¥ootvt ‘0N 108]oid SoIUeBIaIS  uelD
/

Q v / - ‘uofeson
~z/ 407p] obed joayseleq yo3ays - ue|d Buljiagy/|iepm/iool4 ehzmo_o:m_k@. N\\ﬁ\\ Ve

-12



s1eg
OND

/
svg
M\ 18[20G/UOHEIUSLD
biv

| 2
- s N e = o
) = 9 u
P N
1 L) _ !
\\,\m =] ~ ) | ¢ AWE IRE ¥
.\ﬁJ 1 R, : : ﬁ\me\\ _
&b&.ﬁ&uy!f Wnil e I‘Tt — —— - I Q\r‘ m £ E_r,m‘_w\r l\“\
e et cDitic i il
A \&m Py w m
T+ ./ "
4 < 4 W d _ \/ /_,( \
- N fY M REFGNN
Yl
ey D% B
/— = gy 1) | g
_\ > ﬂs\éw& % \@& - Ji \vc _ \r% "
V.\n%&.ﬁ  f QM\%\ \N\ / \»Jr\\_m@\\ / i : *
a f M\\ﬁ\ /
Ay T
[t i
z\_e_aﬁ\w ' ;
i , i W
a” m _ ﬁ
- N l ’
: 1
m
\ _ |
; : \\.w..\w\%wﬂs “
| l L = e
] = ,
i
[ Wl
§ , slenul
a&\}ﬂ.\m @1eq
ejuepy  ueld
\n.\ @W\\\ N\\ :89]0N +00O¥FL 0N 10alord soluafusis  ualD

A 4 P SE A uoneso
<l jo " 17 abed joayseleq Yyolays - uejd mc___wo\__ms.-oo_n_ 91NSso|ougj \\\\\\ qr\m\

-13



14

D

End of Appendix

A
s e
8|eog/UoNEIUBID
: I
L i “ i ” ¥
| m i |
% i _.. N ! m H B m m B
- L \\\ ! 4 \RMWL H °
Sn . ] | oA Wi
: 3 | ! e E_ : - M w w
i i Pl |
T :
] | ] Q_ \MNM.Q | o ] \ !
i i e .&w\ \ \L\
_ | .. LY Z
! AE
TEE M — [ E | v o '
DL | 2] 1 i NN 6 o LN
M. A
o Jﬁ b M
| 7 m
i1
w g
~ ; ~ i
3] . M .
m ' M g1 .@M\w\ %ﬂw»\\h.
| g %% 1
| P / £ ?q
} H
i _
_ T
_ i / \Q\.\N ‘
! i) \
i i, v
\r b S et I * % 5
v +V cﬁ T
i -
s
vﬂﬂ\%\h 2818
Coeuely  Cueld
& \%ﬁ\ W\\ 'S8J0N F00¥L  :ON aloid sojuebualg  Juayd

\\\@\\QN Z 7 JMONEIOT
~Z7 j0 777 obed Joayseje(q Yoaoys - uejd bBuijian/ilepn/ 1004 a2insojouyg \\ 4 \«\\,\




Sterigenics US, LLC CleanAir Project No. 14004-1
Atlanta, GA Revision 0, Final Report
Report on Negative Enclosure Testing
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CleanAir

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

Bill Ansell

Midwest Engineering Group Technical Leader
and Sr. Project Manager

Professional Profile

Mr. Ansell has over 30 years of experience in the environmental field in the areas of air emissions testing
and consulting. He was initially hired as a Field Engineer. Since 1988, Mr. Ansell has been involved with
projects utilizing EPA, ASTM, NIOSH, ASME methods from the planning stage through field execution and
reporting. In addition, Mr. Ansell has extensive process and control device knowledge across a variety of
industries including:

e municipal and medical waste combustors;

e petrochemical industries and refineries;

e utility and institutional coal, oil, and natural gas-fired boilers;

e foundries and steel mills;
simple and combined cycle gas turbines;
printing and coating facilities;
automotive assembly plants;
glass plants;
e food processing facilities;
e ammunition plants; and
e pulp and paper mills, as well as other industrial sources.

Mr. Ansell was responsible for projects performed in 30 states as well as China, South Korea, Puerto
Rico, Morocco, and the Bahamas.

Relevant Experience

Automotive Assembly Plant; Mishawaka, IN

Project Manager and Field Test Leader for a VOC capture and destruction efficiency test program
conducted on the e-coat, prime, and topcoat paint lines at an automotive assembly plant. Project
included verifying that enclosures surrounding paint lines met criteria for permanent and temporary
total enclosures per EPA Method 204. VOC emissions from five sources to the control device, as well as
fugitive VOC emissions from 16 sources, were determined simultaneously, following EPA Methods 1-4,
25A, and 204B. Tests were conducted with a nine-man test crew

Yeast Production Facility; Memphis, TN

Project Manager and Field Test Leader for annual VOC emission test programs to meet requirements of
the facility’s Title V Permit and 40 CFR 63, Subpart CCCC - National Emissions Standards for Hazardous
Air Pollutants: Manufacturing of Nutritional Yeast. Client monitors brew ethanol concentrations during
production instead of installing fermenter exhaust monitors. NESHAP requires testing to develop a brew
to exhaust correlation calculation relating the brew ethanol concentration during fermentation to THC
emissions concentration as propane. Test programs were conducted over complete production batches,
13 to 31 hours in duration requiring multiple test crews for 24-hour coverage on-site.
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Paper Mill; Rhinelander, WI

Project Manager and Field Test Leader for a VOC capture and destruction efficiency test program on a
thermal oxidizer system serving a paper coater line. The test program included the construction of a
temporary total enclosure (TTE), including a fugitive vent system to prevent VOC concentrations from
building up within the enclosure, which surrounded the coater to allow the VOC capture efficiency to be
determined and the process to be operated normally.

Project Manager and Field Test Leader for performance and compliance test programs on coal and
natural gas-fired boilers, including the initial certification and annual RATA for SO, NOx, CO, HCl, and PM
CEMS, as well as sorbent trap mercury emissions testing.

Coal-Fired Power Plant (Wet Scrubber); Huntington, UT

Project Manager and Field Test Leader for a wet flue gas desulfurization (FGD) system performance
guarantee test program at a coal-fired power plant. The FGD test program included determining SO,
emissions from the FGD system as well as determining overall FGD system pressure drop, stoichiometry
ratio, gypsum oxidation level and percent solids dewatering. The sound pressure levels for new
operating equipment related to the FGD system, including slurry pumps and ID Booster Fans, were
measured as well.

Limestone slurry and gypsum slurry samples were collected and analyzed to determine reagent /
byproduct quality, limestone consumption rates and scrubber stoichiometry. Preliminary particulate, SO,
and SOs results were determined on-site.

Coal-Fired Power Plant (SCR, ACI, Dry FGD); Big Stone City, ND

Project Manager and Field Test Leader for a boiler pressure part modification and separated over fire air
(SOFA) system, dry flue gas desulfurization (DFGD) system, activated carbon injection (ACl) system,
selective catalytic reduction (SCR) system, and centrifugal ID fan system performance guarantee test
program on a coal-fired boiler. The boiler pressure and SOFA tests included measuring pressure losses,
heat output, and unburned carbon. The SCR performance tests included measuring pressure loss, power
consumption, SO,, SO3, NOx and ammonia emissions and ammonia distribution. The ACI system tests
included measuring flue gas flow rate and composition, powdered activated carbon (PAC) injection rate,
and sound pressure levels around ACI process equipment. The DFGD system tests included measuring
flue gas flow rate and composition, filterable and condensable particulate matter (FPM and CPM), SO,
SOs, HCl, lime stoichiometry, power consumption, pressure loss, and sound pressure levels around
specified DFGD equipment. The ID Fan performance tests included measuring flue gas temperatures,
static and total pressures, and 3-D flow rates, including pitch and yaw angles and axial velocity.

The test program was conducted in a single mobilization using a 13-man test crew over an 11-day
period. Preliminary analytical results for SO,, SO, HCI, FPM, and ammonia were performed on-site by
CleanAir personnel.
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Coal-Fired Power Plant (SNCR and SCR); Healy, AK

Project Manager and Field Test Leader for SCR and SNCR performance guarantee test programs on two
coal-fired boilers: one with SNCR system and one with SCR system. The SNCR test program included
determining ammonia slip and ammonia emissions. The SCR test program included determining NOx
removal efficiency, SO, to SOs oxidation rate, and ammonia slip. Preliminary analytical results for SO,
S0s;, and ammonia were performed on-site by CleanAir personnel.

Petrochemical Refinery; Morris, Illinois

Project Manager and Test Leader for multiple test programs on polyethylene and polypropylene
production processes and waste gas flares at a petrochemical facility. The test programs included
determining concentrations and mass emission rates of THCs and specific VOCs. VOC sampling programs
included both collecting integrated grab samples in Tedlar bags or impingers for analysis by gas
chromatography (GC) with multiple detectors, as well as direct interface sampling with GC/FID.

Test programs ranged from two-day test programs with two crew members to week-long, round the
clock test programs with large test crews at multiple sources. Most test programs included on-site
sample analysis using GC/FID.

Coal-Fired Power Plant (SCR, DSI, and AH); Fruitland, NM

Project Manager and Test Leader for a performance test program conducted on dry sorbent injection
(DSl), SCR, and tri-sector air pre-heater (APH) systems installed on a coal-fired boiler. The DSl and SCR
testing included the determination of SO, to SO; conversion rate, NOx removal efficiency, NOx to
ammonia distribution, ammonia slip, boundary to boundary and intermediate pressure drops, power
consumption, sound pressure levels of system components, hydrated urea and hydrated lime
consumption, and particulate emissions from material handling duct collectors.

Tri-sector APH testing included determining primary and secondary air draft losses and flue gas draft
loss. The air to gas leakage across the APH, as well as outlet temperature (without leakage), were also
determined.

The test program was conducted in a single mobilization using a 15man test crew over an 11-day period.
Preliminary analytical results for SO, SOs, HCI, FPM, and ammonia were performed on-site by CleanAir
personnel.

Combined Cycle Gas Turbine; Bundang, South Korea

Project Manager for an emissions test program conducted on a combined cycle gas turbine generator to
collect data for completing construction permits for future similar installations in the United States.
Pollutant emissions determined included FPM and CPM, NOy, CO, THC, methane, ethane, propane,
propylene, iso-butane, butane and butene. Preparation and mobilization for the project, including the
shipment of all test equipment and reagents, were conducted in a period of less than two weeks.
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Professional Certifications & Qualifications

OSHA 10-Hour

Hazardous Materials Shipping Certification
NSC CPR/AED Certification

NSC First-Aid Certification

Qualified Source Testing Individual (QSTI) Test Exams (Certificate No. 2008-271):

Group 1 (Manual Gas Volume and Flow Measurements and Isokinetic Particulate Sampling
Methods) — exam passed on 03/10/2017 (certification attached)

Group 2 (Manual Gaseous Pollutants Source Sampling Methods) — exam passed on 06/01/2017
(certification attached)

Group 3 (Gaseous Pollutants Source Sampling Methods) — exam passed on 06/01/2017
(certification attached)

Group 4 (Hazardous Metals Measurement Methods) — exam passed on 07/09/2015 (certification
attached)

Qualified Individual (Ql)

Field Test Leader Field Laboratory Project Manager

Performance SW-846 Test Method SW-846 Test Method

Specification 11 (PS11— | 0011 (Aldehydes & 0030/0031 (Volatile

Particulate Matter) Ketones) Organic Compounds)

Performance EPA Method 22 EPA Methods 23 / SW-

Specification 12B (Fugitive Emissions) 846 0010/0023A

(PS12B — Mercury Using (PCDD/PCDF/SVOC)

Sorbent Trap)

EPA Method 25 (Total Trace Metals EPA Method 204

Gaseous Non-Methane (Permanent or

Organics) Temporary Total
Enclosure)

SW-846 Test Method Conditional Test Other Test Method 29

0061 / EPA Method 306 | Method 027 (Ammonia) | (Hydrogen Cyanide)

(Chromium)

Modified EPA CARB Method 501 (Size

Conditional Test Distribution of

Method 013 Controlled | Particulate Matter)

Condensation Method

Education

Southern Illinois University; Carbondale, Illinois
Bachelor of Science in Mechanical Engineering Technology, 1988

William Rainey Harper College; Palatine, lllinois
Associate of Arts in Liberal Arts, 1985
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