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COPY of RECORD Date Submitted: 6/29/2018 12:29:00

Inventory Certification Form(Title V)

Facﬂlty Name: Chemours Company — Fayetteville Works Facility ID : 0900009
22828 NC Highway 87 West Permit : 03735
Fayetteville, NC 28306 County : Bladen

DAQ Region : FRO

North Carolina Department of Environment and Natural Resources
Division of Air Quality
Air Pollutant Point Source Emissions Inventory — Calendar Year 2017

These forms must be completed and returned even if the facility did rot operate or emissions were zero

The legally defined "Responsible Official” of record for your facility is Ellis McGaughy
This person or one that meets the definition below must sign this certification form.

The official submitting the information must certify that he/she complies with the requirements as specitfied in Title 15A
NCAC 2Q.0520(b) which references and follows the federal definition. 40 CFR Part 70.2 defines a responsible as meaning one
of the following:

1. For a corporation: a president, secretary, treasurer, or vice—president of the corporation in charge of a principal
business function, or any other person who performs similar policy or decision making functions for the overall
operation of one or more manufacturing, production, or operating facilities applying for a or subject to a permit and
either

i, the facilities employ more than 250 persons or have gross annual sales or expenditures exceeding $25
million(in second quarter 1980 dollars); or
ii. the delegation of authority to such representatives is approved in advance by the permitting authority;

2. For partnership or sole propietorship; a general partner or the proprietor, respectively; :

3. for a muncipality, state, federal, or other public agency includes the chief executive officer having responsibility for the
overall operations of a principal geographic unit of the agency (e.g., 2 Regional Administrator of EPA).

CERTIFICATION STATEMENT;

Imporiant: nsible Official. read and sign after all submissig

I certify that I am the responsible official for this facility, as described above, and hereby certify that the information contained
in this air emissions report, including attached calculations and documentation, is true, accurate and complete. (Subject to legal
penalities of up to $25,000 per occurrence and possible imprisonment as outlined in G.S.§143-215.3(a)(2))

9 S o~ iy / ) /

Responsible Official's Signature Below (use blue ink): Date Signed: D,/lﬂ—o—v f ) — 7/ MJJZ

Printed Name: Blis-MeGmmghy BaiAnd D. Lo ¥ L ot

Signature:

This form applies to Title V facilities. If this facility is not classified as Title V, please telephone your regional office Emission
Inventory contact at once for proper forms.

311‘104./\ D Lolj @- C&(\BMGU{Q « COM

Email address of Responsible Official:

Information on this Form cannot be held confidential

COPY of RECORD Date Submitted: 6/29/2018 12:29:00 1



VIA COURIER
July 2, 2018

Mr. Steven F. Vozzo

Air Quality Supervisor

NCDEQ - Division of Air Quality
225 Green Street — Suite 714
Fayetteville, NC 28301

SUBJECT: 2017 Air Emissions Inventory Report
Chemours Company — Fayetteville Works
Bladen County, North Carolina
Air Permit No. 03735T43
Facility [D: 06/09-0900009

Dear Mr. Vozzo,

Pursuant to Section 3 of the subject Title V Air Permit, enclosed are the originals of the
2017 Air Emissions Inventory Report, the Inventory Certification Form, and the
Confidential Information Submission, from the Chemours Company — Fayetteville Works.

Chemours prepared the 2017 Air Emissions Inventory Report with the assistance of ERM
NC, Inc. The methods for calculating the emissions figures (e.g., stack testing results,
engineering estimates, emissions factors) are provided alongside the emissions figures in
the Report. Further, although the Permit does not require the quantification of VOC
emissions by the specific VOC, Chemours is voluntarily providing emissions figures for
specific VOCs as it has done for prior years. Chemours will submit updates to this Report
if it determines (e.g., through additional testing) that any of the emissions figures provided
herein have changed.

If you have any questions regarding this Report, please call me at (910} 678-1415.

Sincerely,

Brian D. Long,
Plant Manager

Enclosures
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Facility Name: Chemours Company — Fayetteville Works
Facility ID: 0900009 Permit: 03735

North Carolina Department of Environment and Natural Resources
Division of Air Quality
General Information

If any information already provided to DAQ has changed or otherwise is incorrect, please
provide corrections. You may leave blanks where the information is unchanged.
(Except Facility ID and Name).

Physical (911) Address of Facility

Name of Responsible Official: Brian D. Long
Title: Plant Manager Telephone # (910) 678 - 1415
E-Mail Address: Brian.D.Long@chemours.com
Mailing Address of Responsible Official

22828 NC Highway 87 W

Fayetteville, NC 28306

Name of Facility Technical/Permit Mailing Contact
Title Telephone # ( ) -
E-Mail Address

Mailing Address of Responsible Official

Name of Inspection Contact
Title Telephone # ( ) -
E-Mail Address

Name of Billing/Invoice Contact
Title Telephone # ( ) -
E-Mail Address

Billing/Invoice Company
Billing/Invoice Address

Standard Industrial Classification (SIC) Code(s)

North American Industry Classification System
(NAICS - six digit) Code(s) —
If known (see instructions)

Report Prepared by Justin Spencer Telephone # (910) 678 - 1941
E-Mail Address: Justin.Spencer ] @chemours.com

Provide to Appropriate DAQ Regional Office as needed.
Information on This Form cannot be held confidential.



WWTP Sludge Dryers (WTS-B and WTS-C)
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Supporting Documentation for WWTP Sludge Dryers (WTS-B and WTS-C)

The Specific Conditions for the Impingement Type Wet Scrubber (ID No. WTCD-1) is discussed
in Part 1 Section 2.1(E) of the site's Title V Air Permit. The Permit states that the scrubber is to

control the “odorous emissions from the wastewater treatment sludge dryers (Nos. WTC-B and
WTS-C)." _

Major categories of offensive odors from the drying of activated sludge could generally be
grouped into the following:

Loy Odor Threshold of

Odor Category g(&]::lg:t;l;i;mcal m Common Chemical
(ppmv)

Amines Methyl amine 0.021
Ammonia Ammonia 1.5
Hydrogen sulfide Hydrogen sulfide 0.13
Mercaptans Methyl mercaptan 0.002
Organic sulfides Dimethyl sulfide 0.001
skatole 3-Methyl-1H-indole 0.019

Based on the lack of odors coming from the discharge of the WWTP Sludge Dryer scrubber, and
the low odor threshold of the possible odorous compounds coming from the scrubber, it is
believed that only an insignificant amount of VOCs could be emitted from this source.

To quantify the worst-case scenario, it will be assumed that the scrubber is running continuously
during the entire year with the above compounds being vented at their odor threshold
concentration. This is an obvious overstatement of actual emissions since the WWTP Scrubber
normally operates with no detectable odors. '

Conversion of concentration expressed as ppmv to mg/m” is via the following equation:

mg _ ppmv x 12.187 x Molecular Weight
m’ (273.15 + Temperature)°C

For the purpose of this concentration conversion, it will be assumed that the actual scrubber
discharge temperature is a constant 27 °C. Therefore, the above equation reduces to:

m_% = 0.0406 x ppmv x Molecular Weight
m

For example, converting 0.021 ppmv of methyl amine (MW =31) to mg/m?> follows:

0.0406 x 0.021ppmv x 31855 _ 00265

mole m
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WWTP Sludge Dryers (WTS-B and WTS-C)

Conversion of concentration from ppmv to mg/m?

Page 2 of 2

Molecular | 33, Threshold | Odor Threshold

Compound Weight J 3

(grams per mole) (ppmv) (meg/r)
Methyl amine 31 0.021 0.026
Ammonia 17 1.5 1.035
Hydrogen sulfide 34 0.13 0.179
Methyl mercaptan 48 0.002 0.004
Dimethyl sulfide 62 0.001 0.048
3-Methyl-1H-indole 131 0.019 0.101

Scrubbe.r (ID No. WTCD-3) design air flow rate is 23,850 cubic feet per minute.

This flow rate is converted to cubic meters per year by the following:

3 3 . 3
B 00283 x 6022 x 8,760 = 354,756,350 "

23,850
min ft hr yr yr

Emissions Determination:

Multiplied by: | Multiplied by: Equals:
Odor Scrubber Mass Emission

Compound Threshold | Flow Rate Conversion Rate
(mg/m3) (m3/yr) (Ib/mg) (Ib/yr)

Methyl amine 0.026 354,756,350 | 2.2046 x 10° 20.3
Ammonia %! 1.035 354,756,350 | 2.2046 x 10° 809.5
Hydrogen sulfide (Mot 0.179 354,756,350 | 2.2046 x 10°® 140.0
Methyl mercaptan (N1 0.004 354,756,350 | 2.2046 x 10°® 3.1
Dimethyl sutfide oD 0.048 354,756,350 | 2.2046 x 10°° 37.5
3-Methyl-1H-indole 0.101 354,756,350 2.2046 x 10°° 79.0

Note 1: These compounds are listed as HAPs and/or TAPs

VOC Emissions Determination:

Methyl amine 20.3 Ib/yr
Methyl mercaptan 3.1 Ib/yr
Dimethyl sulfide 37.5 Ib/yr
3-Methyl-1H-indole 79.0 Ib/yr
Total VOC 139.9 Ib/yr
Total VOC 0.07 TPY
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2017 AIR EMISSIONS SUMMARY
POLYMER PROCESSING AID PROCESS

PPA Process (AS-A)

VOC Emisions
Stack Fugitive Total
Nickname Chemical Name CAS No. | Emissions' | Emissions | Emissions
{Ib/yr) {Ibfyr) (Ibfyr)
Poly[oxy[trifluoro(trifluoromethyl)-1,2-
FRD-901 ethanediyl]i, .alpha.-(1-carboxy-1,2,2,2- 51798-33-5 0.3 0.0 0.3
tetrafluorocethyl)-.omega.-
[tetraflucroftrifluoromethyl)ethoxy]-
HF'PO Dimer |2,3,3,3-tetraflucre-2-(1 ,1,2,2,_3,3,3.- 13252-13-6 669 8 1.0 671
Acid heptafluoropropoxy) propanoic acid
Total VOC emissions (lb/yr) 671
Total VOC emissions {ton/yr) 0.34
" Contains HFPO DA Indoor Equipment Emissions
Toxic Air Pollutant (TAP) Emisions
Nickname Chemical Name CAS No. Iblyr
Ammonia Ammonia (NH3) 7664-41-7 71.5
HF Hydrogen fluoride 7664-39-3 40.7
Fluorides* Fluorides (sum of all fluoride 16984-48-8 407
compounds)
H2504 Sulfuric acid 7664-93-9 441 1

* Note: NCDAQ requires that HF be reported as "Fluorides" as well as HF on the annual AERQ dafabase.
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Fugitive Emissions of Outdoor Equipment Components

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic acid
HFPO Dimer Acid (FRD-903 or GX903)
CAS No.: 13252-13-6

In April 2018, Team, Inc. (Team) conducted instrument monitoring of outdoor valves and
connectors associated with the HFPO Dimer Acid Fluoride transfer piping. EPA Method 21
monitoring was conducted using flame ionization detectors (FIDs) to identify volatile organic
compound (VOC) leaks from these specific fugitive piping components.

The details and results of this equipment emissions investigation are detailed in the ERM report
titled "HFPO-DA Baseline Emission Estimates” dated May 18, 2018.

The source tests' analysis would have been performed for the dimer acid anion, therefore, results
from testing would include emissions of the following three dimer acid compounds: HFPO Dimer
Acid (HFPO-DA), HFPO Dimer Acid Flucride (HFPO-DAF), and HFPO Dimer Acid Ammonium
Salt. The ERM report reported ali results as HFPO Dimer Acid (HFPO-DA).

The Method 21 monitoring indicated the outdoor equipment emissions from the PPA Process
were approximately 1.04 Ib. HHIFPO-DA in 2017. This quantity was derived using the assumption
that the process was in continuous VOC service for 8,760 hours in 2017. This quantity is reported
as 1.0 Ib. HFPO-DA for the reporting year.

Qutdoor Fugutive Emissions 1.0 Ib.
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PPA Process {AS-A)
HFPQO Dimer Acid
Page 1 of 2

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic acid
HFPO Dimer Acid (FRD-903 or GX903)
CAS No.: 13252-13-6

In early 2018, stack testing was performed on the PPA Process Stack (ID No. AEP-A1) for the HFPO
Dimer anion. For the purpose of this report, it will be assumed that the measured compound was the
HFPC Dimer Acid ("DA").

The stack testing results showed an average emission rate of 0.0255 [b/hr of DA during periods when the
Hydrolysis Batch Step was not occurring. These emissions would be the combination of the after-control
process emissions and the indoor equipment emissions from valves, connectors, pumps, and agitators.

A separate stack testing was performed that showed an average emission rate of 1.58 Ib/hr of DA during
periods when only the Hydrolysis Batch Step was occurring. These emissions would also be the
combination of the after-control process emissions and the indoor equipment emissions.

Emissions are estimated by using the stack testing emission rates in Ib. DA per hour and multiplying those
emission rates by the hours that the particular activity occurred.

HFPO Dimer Acid Emissions Excluding the Hydrolysis Batch Step

Total hours of operation during the reporting year 5,381 hours
DA Emission Rate excluding Hydrolysis Batch Step 0.0255 Ib/hr DA emissions
Estimated DA Emissions during the Reporting Year 137.2 |b. DA emissions

HFPO Dimer Acid Emissions Assoclated with the Hydrolysis Batch Step

Number of Hydrolysis Batches during the reporting year 316 batches

Hours of Hydrolysis Batches during the reporting year 1.07 hours / batch

DA Emission Rate from the Hydrolysis Batch Step 1.58 Ib/hr DA emissions
Estimated DA Emissions during the Reporting Year 532.6 Ib. DA emissions

Total HFPO Dimer Acid Stack Emissions

DA Emissions Excluding the Hydrolysis Batch Step 137.2 Ib. DA emissions
DA Emissions from the Hydrolysis Batch Step 532.6 Ib. DA emissions
669.8 Ib. DA emissions

HFPO Dimer Acid Emissicns from Indcor Equipment Leaks

Total hours of aperation during the reporting year 5,381 hours



DA Emission Rate from PPA Building Exhaust
Indoor Equipment Leaks during the Reporting Year

HFPO Dimer Acid Emissions from Process Vents
Total HFPO Dimer Acid Stack Emissions

Incdoor Equipment Leaks during the Reporting Year
Process Vent Emissions during the Reporting Year

PPA Process (AS-A)
HFPO Dimer Acid
Page 2 of 2

0.0058 Ib/hr DA emissions

31.2 Ib. DA emissions

669.8 Ib. DA emissions
31.2 Ib. DA emissions

638.6 Ib. DA emissions



Ammonia (NH,)

Definitions
PT= Total Pressure
VP, = Vapor Pressure of Component i

P, = Partial Pressure of Component i

X;= Mole Fraction of Component i in the Liquid
Y, - Mole Fraction of Component i in the Vapor
K; = Henry's Law Constant

Constants
Molecular Weight of NH, 17
Molecular Weight of Water 18
Molecular Weight of pure 902 347
VP of 19% solution [mm Hg] 382
Specific Gravity of 19% solution 0.94
Specific Gravity of 70% 902 1.47
Density of Water [g/cm?] 0.995
Kiwa [atm] 0.95

PPA Process (AS-A)
Ammonia (NH3)
Page 1 of 2

Assumptions

Ideal Gas Laws apply and all solutions are
considered Ideal Solutions

Vapor Pressure is constant over temperature
range. Value used is for worst case le. max
ambient temp (90 F) from Tanner Industries
table for Aqua Ammonia

Conversions

1 gallon = 3.785 liters = 3,785 cm® = 231 in°
1 atm = 760 mm Hg = 14.7 psi

1Ib =454 grams

1 ft* =28.3 liters

Leak Rates [Ib/hour] (using "Good" factor for DuPant facilities)

Pump Seals 0.00750
Valves 0.00352
Flanges 0.00031
Equations
P=XK Henry's Law {used for dilute solutions)
P=X*Vpi Raoult's Law
Yi = PJPT
Assumptions & Notes
Tote Filling Tote is filled from 55 gallon drums
Number of drums added to tote during fill 4 and displaced vapors exit into
Total vapor displaced during fill [liters] 832.7
Number of fills per year
Total vapor displaced during year [liters] 69,114
Pz [mm Hg] 64.097
YnHz 0.08434

Totai NH; vapor displaced during year{liters 5828.9
Total NH; vapor displaced during year [Ibs] 9.7439

902 Reactor Charging

Number of batches per year
Average pump run time per batch (min) 30
Number of flanges in line 15
Number of open valves in line 4
Number of pump seals (air diaphragm) 0
Total pump time for year [hours) 241.1667

Total fugitive emmisions [Ibs] 4.5171

Line is liquid-filled during entire
charging time and empty during non-




905 Reactor Charging
Number of baiches per year
Average drop time per batch (min)
Number of flanges in line
Number of open valves in line
Number of pump seals (air diaphragm)
Total drop time for year [hours]
Total fugitive emmisions [Ibs]

902 Reactor Emissions

Vessel Capacity [gal]

Additions between fillout

Avg. 903 addition from Rec Tk [Ibs]

% 903 in Addition

Total 903 addition [lbs]

Water Charge from 903 [Ibs]

19% Ammonia Charge [Ibs]

Vapor space of 902 Reactor minus heel,
% Ammonia after Dilution

VP after dilution [mm Hg]
Moles of 802

Moles of Water

Moles of NH,

XNHa

Pans [mm Hgl

Yz

Total NH; vapor to scrubber [Ib mol/batch)
Total NH; vapor to scrubber [Ibs/batch]
Total NH; vapor to Scrubber [Ibs/year]

Assumed Efficiency of Scrubber
Ammonia exiting Stack [Ibs/year]

360
15
10

162
6.4557

1,000

3

1,800
90%

4,860

486

1,215.00
390.33

0.035

90

1271.72
110,322
6,165

0.05235
37.7990
0.04974
0.00619
0.10528
50.7783

0
50.7783

Total Ammonia Emissions [Ibs/year]

PPA Process (AS-A)
Ammonia (NH3)
Page 2 of 2

Ammonia gas, through vapor
pressure, fills entire available vapor
space of Reacter. This entire volume
is then vented to the Scrubber before
903 is charged and reaction to 902
instantly occurs.

Ammonia VP is reduced after
dilution. Value used is from table for
2% at standard operating temp

0.019 psi/ mm Hg

10.73 - gas constant in #° psi/ °R Ib
mole

7.48 gal / ft®
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Sulfuric Acid (H,80,)

Constants
Molecular Weight of Hz50,
Molecular Weight of Water
VP of Sulfuric [mm Hg]

98.1
18
0.01

Kizsos [atm] - O [atm] therefore Raoult's Law will only be used

Sulfuric Acid Storage Tank Filling
Average fill size [gallons]
Number of fills per year
Total vapor displaced during year [liters]
Phasos [Mm Hg]

Y2804

Total H,80, vapor displaced during year [liters]
Total H,S0, vapor displaced during year {lbs]

H,50, Storage Tank Emmisions
Avg time vessel is inventoried [days/yr]

Number of vessel flanges (below inventory line)
Number of open valves (below inventory line)

Fugitive H,S0, emissions [ibsfyear]

Hydrolysis Reactor Charging
Number of acid charges per year
Average pump run time per batch (min)
Number of flanges in line
Number of open valves in line
Number of pump seals
Total pump time for year [hours]
Total fugitive emmisions [Ibs]

N

Hydrolysis Reactor Emissions
Vessel capacity [gal]
Hydro Reactor Charge of water [Ibs]
Hydro Reactor Charge of H,S0, [ibs]
Batches per year
Avg Level of Vessel at Vent [gallons]
XHZSO4
Phizsas [mm Hgl

YHZS(M-

H,S0O, vapor vented fo Scrubber [Ib mol/batch]

H,S0, vapor vented to Scrubber [Ibs/year]

Assumed Efficiency of Scrubber
H,S0, exiting Stack [lbs/year]

Avg time vessel is inventoried [daysfyr]

Number of vessel flanges (below inventory ling)
Number of open valves {below inventory line}

Fugitive H,80, emissions [Ibs/year]

3000 -

13
147615
0.00986
1.298E-05
1.91584
0.01848

335
4
1

38.2704

15

25

9

0

208.75
8.0338625

655
2000

590

1447

537.1
0.59431
0.00594

7.820E-06

2.941E-07
0.041748
0.95
0.002087

335
7

0
17.44680

PPA Process (AS-A)

Suifuric Acid

Page 1 of 2
Leak Rates [Ib/hour] Good Excellent
Pump Seals 0.0075 0.00115
Valves (.00352 0.00036
Flanges 0.00031 0.00018

Assumptions & Nofes

Oleum Storage Tank contains no flanges/valves below
liquid line and because the VP of H2504 is so low, any
vapor leaks out of flanges above liquid line are
negligible as welt as vapor losses to Scrubber during
Oleum Storage Tank filling and hose blow-down.

Because Sulfuric has such a low VP, leaks out of
vessel above the liquid line are negligible

Line is liquid-filled during entire charging time and
empty during non-charging time

Worst Case - liquid molar ratio of HSO, at time of
venting is same as initial charge

Avg pressure at ime of vent = atmosphere

Entire available head space is vented to the Scrubber

0.019 psi/ mm Hg
10.73 - gas constant in ft* psi/ °R Ib mele
7.48 gal / #°



Dilution Tank Emissions (Mix and Settle)

Vessel capacity [gal]

Avg Level of Vessel at Vent [gallons]
Batches per year

Mass fraction of HxSO,

Pressure of Vessel at Vent [mm Hg]
XHzs04

Prizsos [Mm Hg)

YHZSO4

H,S0, vapor vented to Scrubber [liters/batch]
H,S0, vapor vented to Scrubber [Ibs/year]
Assumed Efficiency of Scrubber

H,S0, exiting Stack [lbs/year]

Dilution Trailer Loadout Emissions

Number of transfers per year

Average pump run time per transfer (min)
Number of flanges in line

Number of open valves in line

Number of pump seals

Total pump time for year [hours]

Total fugitive emmisions [Ibs]

Dilution Trailer Loading (Displacement) Emissions

Assume displaced vapor is pure H,SO, gas.
Number of trailers loaded during year

Average quantity loaded into a trailer [Ib/trailer]
Specific gravity of Waste Sulfuric Acid
Displaced vapor from loading of trailers [L]
Molar volume [L-gas/mole-gas]

Displaced vapor from loading of trailers [moles]
Molecular Weight of Hz50,

Before control H,SO, in displaced vapor [Ib]

Assumed control efficiency of Process Scrubber
After control H.SO, in displaced vapor [Ib]

Total H.80, Emissions [Ibs/year]

1,963
800

.48

0.2

760
0.57672
0.00577
7.588E-06
0.03340
0.01547
0.95
0.00077

48
0.53299

48
43,000
1.2
780,527
22.4
34,845
98.1
7,536
95%
376.8

PPA Process (AS-A)
Sulfuric Acid
Page 2 of 2

Closed valves and instruments connections considered
flanges

Because Sulfuric has such a low VP, leaks out of
vessel above the liguid line are negligible

Entire avallable head space is vented to the Scrubber

Line is liquid-filled during entire charging time and
empty during non-charging time



PPA Process (AS-A)
Hydrogen Fluoride (HF)
Page 1 of 1

Hydrofluoric Acid (HF) CAS No. 7664-39-3

It is assumed that HFPQ Dimer Acid Fluoride hydrolyzes into HFPO Dimer Acid (GX903), which
releases hydrogen fluoride (HF) on a one mole to one mole basis.

For the purpose of estimating the potential HF emissions through the hydrolysis of acid fluorides
by moisture in the atmosphere, it will be conservatively assumed the reported emissions of HFPO
Dimer Acid is HFPO Dimer Acid Fluoride.

HFPQ Dimer Acid emissions 670.8 Ib.
HFPO Dimer Acid Fluoride molecular weight ‘ 332.04 g/mole
HFPQ Dimer Acid molecular weight 330.05 g/mole
HFPO Dimer Acid Flueride (eguivalent emissions) 674.9 ib.
HF molecular weight 20.01 g/mole
HFPO Dimer Acid Fluoride molecular weight 332.04 g/mole

HF (equivalent emissions) 40.7 |b.
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PPA Process (AS-A)
FRD-901
Page 1 of 1

Poly[oxy[trifluoro(trifluoromethyi)-1,2-ethanediyl]], .alpha.-{1-carboxy-1,2,2,2-
tetrafluoroethyl)-.omega.-[tetrafluoro(trifluoromethyl)ethoxy]-

FRD-901 or Krytox 157FSH
CAS No. 51798-33-5

Definitions
PT= Total Pressure
VP, = Vapor Pressure of Component i

P; = Partial Pressure of Component i

%;= Mole Fraction of Component i in the Liguid
Y, . Mole Fraction of Component i in the Vapor
K; = Henry's Law Constant

Constants
Molecular Weight of FRD901: 1533

Equipment Leak Rates [lb/hr] {using "Good" factor)

Pump Seals  0.00750
Valves 0.00352
Flanges 0.00031
Equations
- PEXPK; Henry's Law (used for dilute solutions)
P=X*Vpi Raoult's Law
Y, = P/PT

FRD901 Tank Filling

Number of drums added to tote during fill 2
Total vapor displaced during fill [liters] 105.88
Number of fills per year 26
Total vapor displaced during year [liters] 2,755
Pgos [mm Hgl 0.004
Yao1 0.00000
Total 901 vapor displaced during year{liters] 0.0133
Total 801 vapor displaced during year [Ibs] 0.0020
Average pump run time pér batch (min) 10
Number of flanges in line 10
Number of open valves in line 2
Number of pump seals (air diaphragm) 1
Total pump time for year [hours] 8.7

Total fugitive emmisions [lbs]

901 Reactor Charging
Number of batches per year
Average drop time per batch (min)
Number of flanges in line
Number of open valves in line
Number of pump seals (air diaphragm)
Total drop time for year [hours]
Total fugitive emmisions [tbs]

Total FRD901 Emissions [lb/year]

27
25

6

4

0
11.25

Assumptions

ldeal Gas Laws apply and ali solutions are
considered ldeal Solutions

Vapor Pressure is constant over
temperature range. Value used is for worst
case ie. max ambient temp (90 F)

Conversions

1 gallon = 3.785 liters = 3,785 em®=231in?
1 atm = 760 mm Hg = 14.7 psi

11b = 454 grams

1 ft* =28.3 liters

Assumptions & Notes
Tote is filled from 14 gallon drums and
displaced vapors exit into atmosphere

Line is liquid-filled during entire charging
time and empty during non-charging time

200 Ib/baich and 8 In/min feed rate




HFA-Hydrate Destruction Reactor System (GHG-HDR)
Introduction
Page 1 of 1

2017 Air Emissions Inventory Supporting Documentation

Emission Source ID No.: GHG-HDR
Emission Source Description:  HFA-Hydrate Destruction Reactor System

Process and Emission Description:

The Hexafluoroacetone Hydrate ("HFA-hydrate™ Destruction Reactor System (HDR)
consists of a thermal-alkaline reactor that decomposes HFA-hydrate to trifluoromethane
(HFC-23 or fluoroform) and trifluoroacetate. The trifluoroacetate is water soluble and leaves
the HDR system in the wastewater stream. The HFC-23 is vented to the atmosphere via the
Nafion® Process” main vent stack (NEP-1).

HFC-23 is not a VOC, HAP, or North Carolina TAP. As such, HFC-23 is not a regulated air
pollutant. Because of this, the HDR is not listed on the site's Title V Air Permit. Therefore,
for the purpose of this report, HFC-23 is reported as a greenhouse gas emission.

Basis and Assumptions:

The basis of the HFC-23 emissions is the formation of HF A-hydrate in the HFPO Process.
In the HDR system, the HF A-hydrate is chemically decomposed to HFC-23. Per the HFPO
Process flowsheet (W1208078), 0.4 kg of HFC-23 is formed and emitted for every 30.48
HFP Units fed into the HFPO Process. Therefore, the emission of HFC-23 is proportional to
the quantity of HFP make-up fed to the HFPO Process. Vent testing of the HFPO Process
has established the HFC-23 emission factor for that process. Therefore the emissions of the
HFC-23 from the HDR system is simply the difference between the total HFC-23 emissions
and the HFPO Process' HFC-23 emissions.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
HFPO Process' fresh HEFP make-up quantity [SAP financial records

Point Source Emissions Determination:

All air emissions from the HDR system are point source. The estimate of the emission of
fluoroform (HFC-23) is given on the following page.
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Trifluoromethane (CHF;; fluoroform; HFC-23; R-23) CAS No. 75-46-7

Quantity Generated:

Before-control CHF; generation per the process flowsheet (W1208078):

0.4 kg CHF;
30.48 HFP Units

Before-control CHF; generation based on 269,866 HFP Units

0.4 kg CHF; X 269,866 HFP Units
30.48 HFP Units

3,541 kg CHF;

= 7.807 Ib. CHF,

The amount of CF3H emitted from the HFPO Process is based on the before-control CHF;
emissions factor documented in TA NF-11-1824 from the stripper column vent. '

Ecrsn= 0.0114 kg CHF; / HFP Units fed to process

Therefore the amount emitted from the HFPO process is:

0.0114 kg CHF; X 269,866 HFP Units
1.00 HFP Units

3,085 kg CHF;

6,801 Ib. CHF3

Therefore the quantity of trifluoromethane emitted from the HFA-hydrate Destruction Reactor
System (GHG-HDR) would be the difference between the total CHF, emissions and the guantity
emitted from the HFPQO Process (NS-A).

1,005 Ib. CHF;
0.50 ton CHF4

7.807 Ib. CHF; minus 6,801 Ib. CHF;
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AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No.: [-02
Emission Source Description: Waste DMSO Storage Tank
Process Description:

This tank is used as an intermediate storage space for disposal of DMSO (dimethyl
sulfoxide) offsite. DMSOQ is used in the Hydrolysis process and cannot currently be disposed of
onsite. When the material in Hydrolysis can no longer be used for the process, the chemical is
transferred to the Waste DMSO Storage Tank. From this tank, the waste DMSO solution is
pumped to the facility’s NPDES permitted wastewater treatment plant for disposal. The tank
vents to the atmosphere through a gooseneck pipe with a conservation vent coming off the top
that ends 12” above the diked area.

Basis and Assumptions:

- Direct vent to atmosphere

- Tank volume = 6000 gallons or 802 ft*

- DMSO vapor pressure = 0.46 mm Hg @ 20°C

- Molar volume of an Ideal Gas @ 0°C and 1 atm = 359 ft*/(lb-mole)

- Molecular Weight of DMSO =78 (78 1b DMSO / Ib-mole DMSO)

- Assume one complete tank volume turnover per day for point source emissions.

- Assume “Good” Emission Factor on Equipment Leaks for fugitive emissions (See
Appendix A).

- Flange emissions were used for all equipment except valves and pumps.

Information Inputs and Source of Inputs:

Information Source

Waste DMSO generated Waste Shipping Specialist, Global Supply

(Ib/yr) Support

Vapor pressure CAS Number 67-68-5

Tank volume Procedure PR-70, W1535321, or
NBPF000351

Nun.lber of Fach Type of W1535321 and verifying at source

Equipment

% Production / Quarter Master.Productlon Scheduler via SAP BW
Reporting
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Waste DMSO Storage Tank (I-02)
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Dimethyl sulfoxide (DMSO) CAS No. 67-68-5
Point Source Emissions Determination:

Vapor pressure of DMSO = 0.46 mm Hg at 20°C

Mole fraction DMSO in vapor (using Dalton’s law):

Mole fraction DMSO = Vapor pressure DMSO = 0.46 mm Hg = 0.000605 mole DMSQO
Total pressure in tank 760 mm Hg mole gas in tank

Molar volume at 0°C and 1 atm =359 f* =  Molar volume at 20°C and 1 atm = 385 ft’
Pounds of DMSO per tank volume:

802 ft> * |b-mole * 0.000605 mole DMSO * 78 Ib DMSO = (.098 1b DMSO
tank volume 385 f* Ib-mole gas in tank mole DMSO  tank volume

- Total DMSO emissions per year from tank volume:

0.098 Ib DMSO * 1'tank volume * 365days * _1ton = 0.018 ton DMSO /yr
tank volume day year 2000 1bs

Fugitive Emissions Determination:

Equipment Number of Good Factor Emissions Emissions
Component Components | (Ib/hr/component) (Ib/hr) (ton/yr)
Pump Seal 1 0.0075 0.0075 0.033
Heavy Liquid Valve 20 0.00352 0.0704 0.308
Open-ended Line 1 0.0215 0.0215 0.094
Flange/Connection 9 0.00031 0.00279 0.012
Total 0.447

Good factor (Ib/hr/component) x Number of Components = Emissions (1b/hr)
Emissions (lb/hr) x 1 fon / 2000 Ibs x 24 hr/day x 365 days/year = Emissions (ton/yr)
Total fugitive DMSO emissions per year = 0.448 ton DMSO / year

Emissions Summary:
Point Source Emissions -+ Fugitive Emissions = Total Emissions

0.018 ton DMSO /year + 0.448 ton DMSO/year = 0.47 ton DMSO / year
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APPENDIX A: FUGITIVE EMISSION LEAK RATES FOR PROCESS EQUIPMENT

Fugitive emission studies have been done on a number of DuPont facilities and the measurements
were considerable lower than emission factors recommended by the EPA for SOCMI chemical
processes. These screening and bagging data have been used to establish “typical” emission
factors from DuPont facilities. The data separated into three categories of emission levels for “as
found” emissions form plants who were not involved in LDAR programs.

As a result of this effort, three sets of DuPont factors were developed: “superior”, “excellent”, and
“go0d.” The superior factors are typical of processes that contain extremely hazardous materials,
i.e. phosgene (COCl>), chlorine (Cl2), and hydrogen fluoride (HF). A sct of example questions
to help guide DuPont sites as to when to use the different categories was also developed and is
discussed in the next section. The three categories represent the range found at DuPont facilities,
but still are much lower than EPA SOCMI factors. All three sets of factors are listed below.

EMMISION FACTORS (Ib/hr/component)
COMPONENT | SERVICE | SUPERIOR | EXCELLENT | GOOD S(E)}g?{ll
Pump Seals Light Liquid XXXXX 0.00115 0.0075 0.109
Pump Seals Heavy Liquid XXXXX 0.00115 0.0075 0.047
Valves Gas XXXXX 0.00039 0.00549 0.012
Valves Light Liquid XXXXX 0.00036 0.00352 0.016
Valves Heavy Liquid XXXXX 0.00036 0.00352 | 0.00051
gz‘zzm Relief | Gag/vapor XXX 0.00012 | 0.00013 | 0.23
Open Ended All XXKXX 0.001 0.0215 | 0.0037
Lines
Flanges All XXXXX 0.00018 0.00031 0.0018
Sampling All XXKXX 0.00018 | 0.00031 | 0.033
Connections
Compressor Seals | Gas/Vapor N/A N/A N/A 0.50
Overall Emission 1/10,000 1120 1/3 1/1
Factor

Heavy liguid means a liquid with a true vapor pressure of less than 0.3 kPa (0.04 psia) at a
temperature of 294.3 °K (70 °F); or which has 0.1 Reid Vapor Pressure; or which when distilled
requires a temperature of 421.95 °K (300 °F); or greater to recover 10 percent of the liquid as
determined by ASTM method D86-82.

Light liquid means a liquid that is not a keavy liquid.
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION
Emission Source ID No.: 1-03
Emission Source Description: Fugitive emissions of Methylene Chloride
Process & Emission Description:
Methylene chloride is used as a heat exchanging fluid in many of the FPS

Fluoromonomers and IXM Resin/Membrane processes. It is a closed loop system. All
emissions from this system are a result of equipment leaks or spills.

Basis and Assumptions:
A material balance is used for calculating fugitive emissions.

Information Inputs and Source Inputs:

Information Input Source of Inputs
Methylene Chloride Emissions |Sitewide TAP Report

Point Source Emissions Determination:
None
Fugitive Emissions Determination:

Shown on the following page.
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Methylene Chloride Emissions (1-03)
Emissions Determination
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MeCI Storage Tank Beginning Inventory (01-01-2017)

26,404 Ib.

Methylene Chloride added to MeCl Storage Tank

3,600 Ib.

MeC! Storage Tank Ending Inventory (12-31-2017)

23,071 Ib.

Emissions (Losses) During Year

6,933 Ib.
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Air Emissions Inventory Supporting Documentation
Emission Source ID No.: 1-04
Emission Source Chlorination of Riverwater to Control Mussel Growth in
Description: Equipment
Sodium Hypochlorite® (as Chlorine) Fugitive Emissions (Equipment Leaks)
EPA
. Total b . - -
Equipment Compo SOCMI Service | Emissions | Emissions
Component nenlt)s (kg/hr/ (hr/yr) | (kg/yr) | (Ib/yr)
component )
Pump Seals in light 1 0.0199 8760 174.3 384
liquid service
Valves in light 1 0.00403 8760 35.3 78
liquid service .
Connections inlight | 33 000183 | 8760 529.0 1,166
liquid service
Total Emissions as Chlorine 564 1,628

Note a: Sodium hypochorite has a vapor pressure of 17 mmHg (2.26 Kpa) at 20 degrees C. Per
40 CFR 63 Subpart H, "light liquid service" means equipment whose contents have a vapor
pressure of greater than 0.3 kilopascals at 20 degrees C. Therefore, for the purpose of
determining fugitive emissions from the river water chlorination system, the soduim hypochlorite
equipment is considered to be in "light liquid service" even though sadium hypochlorite is not an
organic compound.

Note b : Source: EPA, November 1995, Table 2-1.



Sitewide Laboratory Emissions {I-05)
Introduction
Page 1 of 1

2017 Air Emissions Inventory Supporting Documentation

Emission Source ID No.: 1-05
Emission Source Description: Sitewide Laboratory Emissions

Process and Emission Description:

The Chemours Company - Fayetteville Works has several laboratories located throughout the
site. The use of normal laboratory chemicals result in assumed emissions of these
compounds.

Basis and Assumptions:

The amount of the laboratory chemicals used in the various laboratories is not easily
quantified due to the current procurement procedures. In previous years these quantities
could and were determined. During those years, it was assumed that 100% of the laboratory
chemicals purchased were emitted as air emissions.

To be conservative, it will be assumed that the annual emission of laboratory chemicals is the
summation of the emissions that occurred in the four (4) year period from 2003 to 2006.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
Total pounds of laboratory chemicals Assumed conservative high estimates
reported from 2003 through 2006.

Point Source Emissions Determination:

For the purpose of this report, it is assumed that all emissions are point source via the lab
hoods.

Equipment Emissions and Fugitive Emissions Determination:

For the purpose of this report, it is assumed that all emissions are point source via the lab
hoods.
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Emission Source ID No.: 1-05
Emission Source Description: Sitewide Laboratory Emissions
VOC Emissions Determination
The emission of VOC is determined by summing the total laboratory emissions
reported in the air emissions inventories from 2003 to 2006.
The Chemours Company - Fayetteville Works has several laboratories located
throughout the site. The use of normal laboratory chemicals result in assumed
emissions of these compounds.
2003-2006 Summation Sitewide Laboratory Chemicals
48-

Compounds 2003 | 2004 | 2005 | 2006 month

Total
Acetic Acid 252 258 403 913
Acrolein 1 1
Benzene 1 2 2 5
Bromine 17 0 26
Chloroform 1 1
Ethyl Acetate 5 12 17
Ethylene Dichloride 262 132 147 541
Hydrogen Chloride 80 15 95
n-Hexane 3 3
Nitric Acid 22 87 109
Toluene 31 31

1,742

Total VOC emissions would be the sum of the above compounds except for
bromine, hydrogen chloride, and nitric acid.

1,512 1b. VOC
0.756 tons VOC

Total VOC emissions
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Emission Source ID No.: I-06

Emission Source Description:  Outdoor abrasive blasting operation for items exceeding 8-
feet in any dimension

Process and Emission Description:
The Chemours Company - Fayetteville Works has a free-standing structure that is used to
abrasive blast large metal parts prior to painting.

Basis and Assumptions:

The abrasive blasting activity in this structure is infrequent. Purchasing records of the
abrasive media used in this operation is the basis of the abrasive media consumption.

Per the AP-42 Section 13.2.6 particulate emission factors for abrasive blasting of mild steel

~ panels with a five mile per hour wind speed, total particulate matter emissions would be 27
pounds per 1,000 pounds of abrasive. The choice of this low wind speed is appropriate
since the blasting operation is conducted inside an enclosure.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
Total pounds of abrasive media Brown & Root personnel responsible for
' the abrasive blasting operation.

Point Source Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.

Equipment Emissions and Fugitive Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.
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Emission Source 1D No.: I-06
Emission Source Description: Outdoor abrasive blasting operation for items exceeding 8-feet
in any dimension
PM Emissions Determination

The emission of particulate matter is determined by multiplying the total estimate of
abrasive media consumed by the AP-42 Section 13.2.6 particulate emission factors.

AP-42 Section 13.2.6 particulate emission
factors for abrasive blasting of mild steel
panels with a five mile per hour wind speed

27 pounds total particulate matter (PM)
emissions per 1,000 pounds of abrasive

Input:

Abrasive media consumed during reporting year 2,500 pounds
2,500 Ib. abrasive X 27 lb.PM - 68 Ib.PM
year 1,000 1b. abrasive year

_ 0.03 tonPM
year
Emissions
Pollutant (ton/year)
Particulate Matter (TSP) 0.03
PM,; (< 10 micron) 0.03
PM; 5 (< 2.5 micron) 0.03
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Emission Source ID No.: [-07
Emission Source Description: Paint Shop

Process and Emission Description:

The Chemours Company - Fayetteville Works operates a Paint Shop in which product
cylinders and assorted metal parts are painted.

Basis and Assumptions:

The painting activity at this souirce is fairly frequent. Most of the painting is of the
Fluoromonomer product cylinders. The basis of the emissions determination is the historical
actual consumption records of paints and primers used at this source.

This activity resulis in very low overall emissions of both VOC and HAP/TAP emissions. In
addition, the type and brand of paints consumed varies dramatically each year. As such, the
effort to accurately quantify and qualify the emissions from this activity is much greater than
the relative scale of the emissions.

Therefore, a conservative approach will be used to determine the air emissions, in which it
will be assumed that all the paint consumed was 100% VOC by mass, that all of the paints'
density is 12.71 Ib/gal which is the greatest known density of a previously used paint, and
that each paint has the highest concentration of HAP/TAP of any previously used paint.

During the period from 2008 through 2014, the Paint Shop averaged 681 gallons per year.
Therefore, to be conservative it will be assumed that 750 gallons of the above described
worst-case paint was consumed during the reporting year.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
KBR personnel responsible for the Paint
Shop

Historical consumption of paint

Point Source Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.

Equipment Emissions and Fugitive Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.
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Emission Source ID No.: 1-07
VOC Emissions Determination
Worst-case Desity of Paint 12,71 1b/gal
Worst-case VOC Content 100%
Paint Consumed in Year 750  gallons (assumed)
750 gal paimt X —elopaimt o 1OIYOC g5y yoc
gal. paint Ib. paint
= 477 tonVQOC
HAP / TAP Emissions Determination
Volume of | Worst- Mass of
HAP / TAP Worst- Paint case_* HAP./TAP
case * | Consumed | Density Emitted
Conc. (gal) (Ib/gal) (Ib)
Ethyl benzene 24.6% 750 12.71 2,345
Methyl ethyl ketone 10.0% 750 12.71 953
Toluene 17.0% 750 12.71 1,621
Xylene 88.7% 750 12.71 8,455
Hexamethylene-diisocyanate 0.2% 750 12.71 - 19
Ethylene glycol 2.0% 750 12.71 191

* Worst-case HAP / TAP concentration is based on the following paints:
e DuPont T-8805 Thinner contains 24.6% ethyl benzene
s Krylon Orange contains 10.0% methyl ethyl ketone
Krylon Acrylic Spray contains 17.0% toluene
DuPont T-8805 Thinner contains 88.7% xylene
DuPont Imron Accelerator 389-S contains 0.2% hexamethylene diioscyanate
Latex Exterior Paint contains 2.0% ethylene glycol
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Emission Source ID No.: 1-08
Emission Source Description:  Abrasive Blasting Cabinets

Process and Emission Description:

The Chemours Company - Fayetteville Works has several self-contained abrasive blasting
cabinets located throughout the site. The function of these cabinets is to perform abrasive
blasting of metal parts prior to painting.

Basis and Assumptions:

The abrasive blasting activity in these cabinets is very infrequent. Some cabinets are used
once or twice a year. However, for the purposes of this air emissions inventory, it will be
assumed that a extremely conservative high estimate exists where one ton of abrasive media
is consumed in each cabinet each month.

Per the AP-42 Section 13.2.6 particulate emission factors for abrasive blasting of mild steel
panels with a five mile per hour wind speed, total particulate matter emissions would be 27
pounds per 1,000 pounds of abrasive. The choice of this low wind speed is appropriate since
the blasting operation is conducted inside a cabinet.

Information Inputs and Souree of Inputs:

Information Inputs Source of Inputs
Total pounds of abrasive media Assumed conservative high estimates

Point Source Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.

Equipment Emissions and Fugitive Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.
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Abrasive Blasting Cabinets - Emission Determination

PM Emissions Determination

The emission of particulate matter is determined by multiplying the total estimate of
abrasive media consumed by the AP-42 Section 13.2.6 particulate emission factors.

AP-42 Section 13.2.6 particulate emission
factors for abrasive blasting of mild steel
panels with a five mile per hour wind speed

27 pounds total particulate matter
emissions per 1,000 pounds of abrasive

Assumptions:

Abrasive Blasting Cabinets on-site 4 cabinets
Abrasive consumed per cabinet 1 ton/maonth
Abrasive consumed per cabinet 12 ton/year
Sitewide abrasive consumed 48 ton/year
48 tons abrasive X 27 ton PM .. _13 tonPM
year 1,000 ton abrasive year
Pollutant Emissions
(ton/year)
Particulate Matter (TSP) 1.3
PM,, (< 10 micron) 13
PM, 5 (< 2.5 micron) 1.3
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Emission Source 1D No.: I-09
Emission Source Description:  Spray Paint Booths

Process and Emission Description:

The Chemours Company - Fayetteville Works has several small spray paint booths located
throughout the site. The function of these spray booths is to perform occasional painting of
metal parts using aerosol spray cans.

Basis and Assumptions:

The painting activity in these spray booths is very infrequent. Some spray paint booths are
used once or twice a year, However, for the purposes of this air emissions inventory, it will
be assumed that a extremely conservative high estimate exists:

(1) While most if not all of the paint spray booths are used less than one day per month, it
will be assumed that each spray booth has five (5) aerosol cans of paint emptied into
it each day, five days per week.

(2) Most commercial spray paints contain 60% to 65% VOC. However, for the purpose
of this report, it will be assumed that the paint is 100% VOC by weight. '

(3) To account for the emission of hazardous air pollutants, it will be assumed that the
paint contains the highest concentration of the individual HAPs per the Material
Safety Data Sheets for Krylon and Rust-oleum paints.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
Total pounds of paint, VOC content, and Assumed conservative high estimates
HAP content

Point Source Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.

Equipment Emissions and Fugitive Emissions Determination:

For the purpose of this report, it is assumed that all emissions are fugitive.
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Spray Paint Booths - Emission Determination
VOC Emissions Determination
Spraybooths on-site 4 spraybooths
Cans of paint per day per booth 5 cans / day / booth
Cans of paint per day 20 cans / day
Net weight of contents per can 0.75 pounds
Weight of paint per day 15 1b. paint / day
Days per week spraybooth is used 5 days / week
Days per year spraybooth is used 260 days / year
Weight of paint per year 3,900 Ib. paint / year
VOC content of paint 100% VOC content
Weight of VOC per year (Ib.) 3,900 1b. VOC / year
Weight of VOC per year (ton) 1.95 tons VOC / year
HAP Emissions Determination
The emission of hazardous air pollutants is determined by multiplying the total
estimate of paint consumed by the HAP content of the paint.
Example: Determination of the emission of ethyl benzene
3,900 Ib. paint X 5 1b. cthyl ber{zene — 195 Ib. ethyl benzene
year 100 1b. paint
. Total
Hazardous Air CAS Number HAP Emissions
Pollutant Content
(Ib)
Ethyl benzene 100-41-4 504, 195
Methyl ethyl ketone 78-93-3 204 78
Toluene 108-88-3 45% 1,755
Xylene 1330-20-7 25% 975
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Emission Source ID No.: I-12
Emission Source Description: XM Dispersions Repackaging Process

Process and Emission Description:

The IXM Dispersions Repackaging Process consists of the transloading of the XM
Dispersions solution from 55-gal drums to smaller containers.

The emissions from this process are the result of the displacement of gas/vapor compounds in
the headspace in the smaller containers as they are filled with the liquid Dispersion product.

Basis and Assumptions:'

It is assumed that the empty small container is completely full of 1-propanol (n-propanol or
NPA) vapor at the start of the filling of the container. The volume of air emissions is then
merely the volume of the container. The vapor density of NPA is 2.46 g NPA per liter of gas.
The mass of NPA emissions is then determined by multiplying the volume of Dispersion in
liters that was transloaded by 2.46 g NPA per L.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
Volume (liters) of Dispersion transioaded  [SAP financial records
into small containers.

Point Source Emissions Determination:

All air emissions from the IXM Dispersion Repackaging Process are point source. The
estimate of the emission of NPA (as VOC) is given on the following page.




IXM Dispersions Process (I-12)

Dispersions Repacking (I-12)

Emissions Determination

Page 1 of 1

Amount
Product {L)
D0521 0
D520 680
D521 2,280
D521FP 480
D1020 0
D1021 2,204
D1031 0
D2020 2,780
D2021 192
D2029 4
D2820 0
02821 0

[TOTAL | 8,600 \

Assume containers are filled with 100% n-propanol ("NPA") vapor at start of filling.

Vapor density of n-propanol = 2.46 all

Emissions are the displaced headspace of the containers as a result of their filling.

8,600 Liters 2.46 grams NPA _ 21,125 grams
year X Liter - year
. 47 1h. VOC
- year
0.02 ton VOC

year



Dlvision Stack Blower Emergency Electrical Generator Engine {I-RICE-01)

GAS & DIESEL INTERNAL COMBUSTION ENGINES EMISSIONS CALCULATOR REVISION S 6/22/2015 - OUTPUT SCREEN

Instructions: Enter emission saurce J facility data on the "INPUT™ tab/screen. The air emission results and summary of input data are
viewedlprinted on the "OUTPUT" tab/sereen. The diffarent tabs are on the hottom of this screen.

7\

INCDENR

This spreadsheet |s for your use only and sheuld be used with caution. DENR does not the
This spreadsheet s subject t¢ continual revislon and updating. It Es your respensibifity to be aware of the most current Informatlon avallable.
DENR is not responsible for errors or omissions that may be ¢ontained herain.

y of the inf

COMPAN

Chemours Company Fayettewlte Works

NO.:

A 5
ACTUAL EMISSIONS

POTENTIAL EMISSIONS

PERMIT NUMBER: __ 037356743
EMISEION SOURCE DESCRIPTION: 181 HP FOWER OULDUT, DIESEL INTERNAL COMBUSTION ENGINE FACILITY CITY: Fayelteville
EMISSION SOURCE ID NG |-RICE -01 FACILITY COUNTY: __ Bladen
[SPREADSHEET PREFPARED BY: Michae! E. Jonnsen FOLLUTANT CONTROL EFF.
ACTUAL THROUGHPUT 520 GALS COMBUSTED ] FUEL HEATING VALUE] T40000] _ BTUIGAL PM [
REQUESTED ANNUAL LIMITATION 529| GALS COMBUSTED 1 CALCULATIONS:| 0.138| mm BTU/GAL PM10 0
SULFUR CONTENT OF DIESEL FUEL (%) 7] PM2.5 [
METHOD USED TO COMPUTE ACTUAL GHG EMISSIONS:  TIER 1: DEFAULT HIGH HEAT VALUE AND DEFAULT EF 502 7
CARBON CONTENT USED FOR GHGS (kg Ciaaly CARBON CONTENT NOT USED FOR CALCULATION TIER CHOSEN NOX [

co [
VoC 0

EMIBSION FM:TUR

[AFTER CONTRELS{ LIMITS) (BEFORE CONTROLSLINITS) {AFTER CONTROLE LIMITS) |bihp-hr
AIR POLLUTANT EMITTED Tomr tonsiyr Ioihy tonstyr ibfhr fansiyr uncontsolled
PARTICULATE MATTER {PM) 0.40 0.01 0.40 1.74 0.40 0.01 2.20E
PARTICULATE MATTER<10 MICRONS (PM;q) 0.40 0.01 0.40 1.74 040 0.01 2.20E-03
PARTICULATE MATTER<2.5 MICRONS {PM,5) 0.40 0.01 0.40 1.74 040 0.01 2.20E-C3
SULFUR DIOXIDE (S02) 0.00 0.00 0.00 0.01 0.00 0.00 1.21E-05
NITROGEN OXIDES {(NOX) 5.51 016 6,61 24.58 5.6 0.18 3.70E-02
CARBON MONOXIDE (G0 1.21 ©.04 1.21 1.2 0.04 6.68E-03
VOLATILE ORGANIC COMPOUNDS (VOC 0.46 0.01 0.45 0.48 0.01 251E-03
@ POELUTANTIEMIS SIONSINEORMATION:: 7 il
ACTUAL EMISSIDNS POTENTIAL EMISSIDNS EMISSION FACTOR
CAS {AFTER CONTROLS S LIMIT S} {BEFCRE CONEROLS / LIMITS} (AFTER GONTROLE AIMITE) |b/hp-hr
TOXIC / HAZARDOUS AIR POLLUTANT NUMBER Tomr Toiyr Tndhr [ To/hr [ Uncaniralied
Acetaldehyde (H,1} 75070 9.72E:04 5.68E-02 9.72E-04 B.51E+00 | B.72E-04 | B.6BE-C2 5 37E-06
Acralein (H,1) 107028 1.17E-04 6.86E-03 1.17E-04 1.03E+00 | 1.17E-04 | 6.88E-03 6.4BE-07
Arsenic unlisted compounds {H.T) ASC-Other 5.07E-06 2.96E-04 5.07E-06 4.44E-02 5.07E-08°| 2.95E-04 2.80C-08
Benzene (H,1] 71432 1.18E-03 6.92E-02 1.18E-03 1.04E+01 ABE-03 | 6.92E-02 6.53E-06
Benza{z)pyrene (HT) 50328 2.38E-07 1.39E-05 2.38E.07 2 0BE-0. 2.38E-07 | 1.39E-O 1.32E-08
Beryllium metal (unreacted) (H.T) 7440417 3.80E-06 2.22E-04 3.80E-06 3.33E-02 3.80E-06 | 222604 2.10E-08
7,3-Butadi 106990 4.85E-05 2.80E-03 495506 4.34E- 4.85E-05 | 2.90E-03 2 7AEO7
Cadmium metal (elemental unreacted) {H,T} 7440439 3.B0E-06 2.27E-04 3.80E-06 . 33E- .B0E-06 | 2.22E-04 2.10E-08
Chromic Acid (V1) (H.T) 7738945 3.80E.06 2.22E-04 3.B0E-06 .33E- .BOE-06 | 2.22E-04 2.10E-08
Formaldehyde {(H.T) : 50000 1.50E-03 8.75E-02 EOE-0 1.31E+01 .50E-03 | 8.75E-02 2.26E-06
Lead unlisted comy ds (H) PBC-Other 1.14E-05 LBOE- .14E-05 .B7E-04 6.20E-08
unlisied compotings (H.T) |MNC-Other 7.60E-06 G6E- 6UE-06 | 4.45E-04 4 Z0E-08
Mercury vapor (H,T) 7438876 3.80E-06 .33E- .80E-06 | 2.22E-04 2,10E-08
Napthalene (H) 91203 1.07E-04 A1E-| L07E-04 | _B6.25E-G3 5.54E-07
Nicke metal {(H,T) 7440020 3.80E-08 . 33E- .80E-06 | 2.22E-04 2.10E-08
ledi £ H) SEC .S0E-05 6E- 1.00E-05 | 1.11E-03 1.05E-07
Toluene (H,1) 108883 L18E-04 4 54E+00__ | 5.18E-04 | 3.08E-02 2.86E-06
Kylene (H, 1 1330207 B1E-04 E 3.16E+00 | 5.61£-04 | 2.14E-02 2.00E-06
Highest HAP (-ormaldehiie) 50000 .S0E-0! 75ED 1.31E+01 1.50E-03 | B.76E-02 8.76E-06
Total HAPS 4.86E-03 2,86E-01 4.26E+01__| 4.86E-03 | 2.85E-01

EXPECTED ACTUAL EMISSIONS AFTER CONTROLS / LIMITATIONS

B

EMISSION FACTOR

Ib/bp-hr

TOXIC AIR POLLUTANT CAS Num. Ibfhr Ib/day Ibsyr uncentrolled
ldehyde (H,T) 75070 2.72E-04 2.33E-02 5.68E-02 5.37E-06
Acralein {H,T) 107028 1.17E-04 2.81E-03 6.86E-03 6.48E-07
Arsenic unlisted (H,T) ASC-Other 5.07E-06 1.22E-04 2.96E-04 2.80E-08
Benzana (H,T} 71432 1.18E-03 2.84E-02 6.02E-02 6.53E-06
Benzo{a)pyrena (H.T) 50328 2.38E-07 5.72E-06 1.39E-05 1.32E-08
Beryllflum matal (unraacted) (H,T) 7440417 3.80E-06 9,12E-05 2.22E-04 2.10E-08
1,3-Butadiens (H.T) 106990 4 95E-06 1.18E-03 2.90E-Q03 2.74e-07
Caamium metal 1 unreacted) (H, 1) 7440439 3.80E-CE 512605 B 22E-04 210508
soluble chrornate compounds, as chromium (V) equivalent  |SOLCR& 3.80E-08 9.12E-05 2.22E-04 2.10E-08
Formaldehyda {H,T) 50000 1.50E-02 3.58E-02 8.75E-02 B8.26E-08
Manganese unlisted (H,T} MNC-Other 7.60E-06 1.82E-04 4.45E-04 4.20E-08
Mercuury vapor (H,T) 7438976 3.80E-06 9.12E-05 2.22E-04 2.10E-08
Nickel metal {H, Ty 7440020 3.80E-06 9.12E-05 2.22E-04 2.10E-08
Toluene (HT) 108883 5.18E-D4 1.24E-02 3.03£-02 2.56E-08
Xylene (H,T) 1330207 3.61E-04 8.67E-03 2.11e-02 2.00E-08

~ osmamER

3

ACTUAL EMISSIONS

POTENTIAL EMISSIONS - utilize max heat input
capacity or horsepower and EPA MRR Emission

Requested Emission Limitation - utilize

requested fuel limit and EPA MRR

GREENHOUSE GAS EMITTED EPA MRR CALCULATION METHOD: TIER 1 Factors Emission Faclors
melric tonsfyr matric tonsfyr, CO2¢ shoit tonsfiyr shod tonsfyr short tons/yr, CO2e shart tonsiyr | short tonshyr, CO2e
CARBON DICXIDE (CO,) 5.40 5.40 5.96 904,86 904.36 6.04 6.04
METHANE (CH,) 2.19E-04 5.48E-03 2.42E-04 367E-02 9.18E-01 2.426-04 6.04E-03
NITROUS OXIDE (N,0) 4.38E-05 1.31E-02 4.83E-05 734E-03 2.19E+00 4.83E.08 1.44E-02
TOTAL 542 TOTAL 907.97 TOTAL] .06

NOTE: CO2s means CO2 equivalent.

NOTE: The DAQ Alr Emissions Reperting Online (AERQ) system requires shart tons ba reported. The EPA MRR requires metric ions be reported.

NOTE: Da net use greenhouse gas emission

from this sp

for PSD (Pravantion of Significant Deterioration) purposes.




Emergency Fire Water Pump Diesel Engine (I-RICE-02)

GAS & DIESEL INTERNAL COMBUSTION ENGINES EMISSIONS CALCULATOR REVISION S 6/22/2015 - OUTPUT SCREEN

Instructions: Enter emisslon source [ facility data on the "INPUT" tabfscreen. The air
viewed/printed on the "OUTPUT" tab/screen. The different tabs are on the battom of this screen,

results and

v of input data are

Ao\

NCDENR

This spreadsheet is for your use only and should be used with caution. DENR dees not guarantes the accuracy of the Informatisn centained.
This spreatisheet is subject to continual ravision and updating. [t1s your responsibiiity to be aware of the mest current information avallable.
BENR Is not respansible far errars or emlssions that may ke contalned herelh.

Chemours Com pany - Fayettevnl!e Works SERIITNUME TS
EMISSION SCURCE DESCRIPTION: 370 _HE POWER OUTPUT, DIESEL INTERNAL COMBUSTION ENGINE FACILITY CITY: Faysttavilie
EMISSION SOURCE 1D NO.! |-RICE-02 FAGILITY COUNTY: _ Bladsn
SPREADSHEET PREPARED BY: Michael E. Johnson POLLUTANT CONTROL EFF.
ACTUAL THROUGHPUT 594]GALS CCMBUSTED | FUEL HEATING VALUE] 140000] _ BTU/GAL PM 0
REQUESTED ANNUAL LIMITATION 594|GALS COMBUSTED | CALCULATIONS:| 0.138] mm BTU/GAL PMID 0
SULFUR CONTENT OF DIESEL FUEL (%) 0] PM2.5 0
METHOD USED TO COMPUTE ACTUAL GHG EMISSIONS: TIER 1: DEFAULT HIGH HEAT VALUE AND DEFAULT EF 502 0
CARBON CONTENT USED FOR GHGS (kg C/gal): CARBON COMTENT NOT USED FOR CALCULATION TIER CHOSEN NOX 0
co 0
VOC 0
= thd
AGTIJAL EMISEIONS POTENTIAL EMISSIGNS EMISSION FACTOR
(AFTER CONTROLS/ LIMIT) {BEF ORE CONTROLGILRITS} (AFTER CONTROLS ALIMITS) Ibp-hr
AIR POLLUTANT EMITTED Ib/hr tonsiyr Tbihr tonsiyr Ib/hr tonsiyr uncantroled
PARTICULATE MATTER (PM) 0.81 0.01 0.81 3.57 081 0.01 2.20E-03
PARTICULATE MATTER<10 MICRONS (PMq) 0.81 0.01 0.81 0.81 0.01 2.20E-03
PARTICULATE MATTER<2.5 MICRONS (PM, 5) 0.81 0.01 0.81 0.81 0.01 2,20E-03
SULFUR DIOXIDE (S02) 0.00 0.00 0.00 0.00 0.00 121E-05
NITROGEN OXIDES (NOx} 11.47 018 1147 1147 0.18 3.10E-02
CARBON MGNOXIDE (CO 247 0.04 247 247 6.04 6.68E-03
VOLATILE ORGANIC COMPOUNDS (VOC) 0 93 2.51E 03
ACTUAL EMIBSIDNS POTENTIAL EMISSIONS. EMISSION FACTOR
CAS {AFTER COWTROLS/ LIMITS} (BEFORE CONTROLE | LMITE) [AFTER CONTROI lbfhp-hr B
TOXIC { HAZARDOUS AIR POLLUTANT NUMBER Ib/hr Tbiyr b/hr Tofyr Ib/hr uncontrolled
Acelaldehyde (H.1) 75070 1.95E-03 6.38E-02 1.80E-03 74E+01 .98E-03 5308
Acrolein (H,T) 167028 2.4CE-D4 7.69E-03 2.40E-04 2.10E+00__ | 2.40E-04 6.ABE-07
Arsenic unlisted compaunds ¢H.T) ASC-Other 1.04E-05 3.33E-04 1.04E-05 5.08E-02 .04E-05 2 80E-08
Benzene (H1) 71432 2.42E.03 7.76E-02 2.42E-03 2.12E+01 | 2.42E-03 653608
Benzo{a)pyrene (H.T) |s0228 4.87E-07 1.6GE 06 4.87E-07 4.27E-0 4.87E-07 | 1.56E-05 1.32E-08
ium metal (unreacted) (H.T) 7440417 7.77E-06 7.77E-06 B6.81E-0z 7.77E-06 | 2.49E-04 2.10E-08
1,3-Butadiene (H,T) 106990 1.01E-04 1.01E-04 8.87E-0 1.01E-04 | 3.25E-03 2T4E-07
Gadmium meial (elemental unreacted) {H,T) 7440439 7.77E-06 7.77E-06 6.81E-07 7, 77E-08 | 2.48E-04 2.10E-08
Chremic Acid (V1) {H.T) 7738845 7.77E-06 5.81E-02 7.77E-06 | 2.49E-04 2.10E-08
Formaldehyde (H,T) 50000 3.06E-0: 2 .8BE+01 3.06E-03 | 0.81E-02 8.25E-06
Lead urlisted compounds (Hy PBC-Other 2.33E-0. 2.04E-01 2.33E-05 | 7.4BE-04 6.30E-08
Fanganese unlisted compounds (H.T) [MNC-Other 1.55E-0 1,36E-01 1.65E-05 | 4.99E-04 4.20E-08
Mercury vapor (H.T) 7439978 7 TTE-O 8.81E-02 7.77E-06 | 2.49E-04 2.10E-08
Napthalens {H) 81203 2.20E-04 1.02E+00 | 2.20E-04 | 7.05E-03 5.94E-07
Nickel metal (H.1} 7440020 7 77E-08 6.81E-02 | 7.77E-06 | 2.49E-04 2.10E-08
Selenium compounds (H) SEC 3.89E-05 3.40E-01 3.89E-05 | 1.25E-03 1.08E- 07
Toluene (H,1] 08883 1,06E-03 9.28E+00 _ | 1.06E-03 | 3.40E-02
Xyiene (H.1) 330207 7.3BE-04 6.47E+00 | 7.38E.04 | 2.37E.02
Highesl HAF (Formaldebyds) 0000 3.06E-03 2.68E+01 | 3.06E-03 | 9.81E-02 8.95E-06
Total HAPS 9.04E-03 B.71E+01 |} 9.94E-03 | 3.1SE-01
EXPECTED AGTUAL EMISSIONS AETER GONTROLS / LIMITATIONS —W
TOXIC AIR POCLLUTANT CAS Num. lbhr Ibtday Ibfyr unconirolted
; hyda (H,T) 75070 T.00E-08 4.7TTE-02 6.38E-02 B.37E-06
Acrolain (H,T) 107028 2.40E-04 5.75E-04 7.EOE-03 G.ABE-07
Arsenic unlistad coempeunds (H,T) ASC-Olher 1.04E-05 2.48E-04 3.33E-04 2.80E-08
Benzene (H,T) 71432 2.42E-03 5.80E-02 7.76E-02 6.53E-06
Benzo{ajpyrena (H,T} 5032 4.87E-07 1.17E-05 1.56E-05 1.32E-08
Beryllium metal (unreacted) (H,T) 7440417 7.17E-06 1.86E-04 2.49E-04 2.1CE-08
1.3-Butadisne (H,1} 106980 1.01E-04 2.A3E-03 3.25E-05 2.74E-07
Cadmum metal I d) (H.T) 7440439 7.77E-06 1.86E-04 3 A9E-04 2.10E-08
soluble chrerate compounds, as chromium (V1) equivalent  |SOLCRE 7.77E-06 1.86E-04 2.49E-04 2.10E-08
Formamenyde (H.T) 50000 3.06E-03 7 33E-0Z 9.81E-02 B.26E-06
Manganese Lnlisted ds (HT) MNC-Other 1.65E-05 3.03E-C4 4.99E-04 4.20E-08
Mercury vapor (H.7) 7435976 7.77E-D6 1.86E-04 2,49E-D4 2.10E-08
Nickel metal (H,T} 7440020 777E-06 T8BE-04 2. 49E-04 2.10E-08
Toluene {H,1) 108883 T.0BE-03 254E-02 3A0E-D2 2.86E-06
Xylene {(H,1) 1330207 7.38E-04 177E-D2 23702 2.00E-06
%REE NHO ﬁf; S ENMISSTONS INEORMATION: INVENTORY. PURPOSE YEMIT L
‘g e RIdiMANDA LEqWR THOD. METHO il
= & oIS ok With
S oISTLLATEw2 T ACTUAL EMISSIONS POTENTIAL"EMISSIONS ulilize max heatinput | o o e on Limilation - uliize
or hor: and EPA MRR Emission Requestad =mission LIMIAUAN
Factors requested fl._lel _Ilmlt and EPAMRR
GREENHOUSE GAS EMITTED EPA MRR CALCULATION METHOD: TIER 1 Emission Factors
metrlc tensir metric fonsfyr, CO2e short tonsfyr short lons/yr shart tonsfyr, CO2e short tonsfyr shar tonsiyr, €O2e
CARBCN DICXIDE (GO 5.06 6.08 6.68 1,849.71 1,848.71 5.78 8,78
METHANE (CH,) 2 46E-04 6.15E-03 2.71E-04 7 50E-02 1.88E+00 2.71E-04 6.78E-03
NITRGUS OXIDE (N,0) 4.92E-05 1.47E-02 5.42E-05 1.50E-02 4.47E+00 5.42E-05 1.62E-02
TOTAL 5.08 TOTAL 1,856.06 TOTAL 6.80

NOTE: €02e means COZ equivalent.

NOTE: The DAQ Alr Emissians Reporiing Online (AERQ} system requires short tons be reported. The EPA MRR requires metric tons be reported.
NOTE: Da not use greenhouse gas emission estimates from this spreadsheet for PSD (Prevention of Significant Deterioration) purposes,




HFPO Banicade Emergency Electrical Generator Engine {I-RICE-03)

GAS & DIESEL INTERNAL COMBLISTION ENGINES EMISSIONS CALCULATOR REVISION S 6/22/2015 - QUTPUT SCREEN

Instructions: Enter emissian source / facllity data on the "INPUT" tabl/screen. The air emission results and summary of input data are
viewadfprinted on the "OUTPUT" tab/screen. The different tabs are on the bottam of this screen.

AN

NCDENR

DENR Is not

This spreadsheet [ subject to continual revislon and upd;
ible for errors or

g. Itis yaur resp
that may be contalned hereln,

This spreadshest is for your use anly and should ke used with caution. DENR does not guarantes the accuracy of the Informatien contained.
ibility to he aware of the most current information available.

COMPAN

EAGHITICS

Chemours Company - Fayetteville Works

R CRIERIAAIR EOELUTANT ETE

03736743

EMIESION SOURCE DESCRIPTION: 197 _HP POWER OUTPUT, DIESEL INTERNAL COMBUSTION ENGINE FACILITY CITY: Fayetteville
EMISSION SOURCE ID NO.: I-RICE-03 FACILITY COUNTY: _ Bladen
EPREADSHEET PREPARED BY: Michael E. Johnson POLLUTANT CONTROL EFF.
ACTUAL THROUGHPUT B90|GALS COMBUSTED | FUEL HEATING VALUE:| 140000]  BTUAGAL PM 0
REQUESTED ANNUAL LIMITATION B80|GALS COMBUSTED I CALCULATIDNS:I a1 38' mm BTU/GAL PM10 a
SULFUR CCNTENT OF DIESEL FUEL (%) o] PMZ2.5 1]
METHOD USED TG COMPUTE ACTUAL GHG EMISSIONS: TIER 1: DEFALULT HIGH HEAT VALUE AND DEFAULT EF s02 0
CARBON CONTENT USED FOR GHGS (kg C/gai): CARBON CONTENT NOT USED FOR CALCULATION TIER CHOSEN NOX 1]

co 1]

VOC [i]

EMISSION FA[:‘TDR

ACTUAL EMISSICNS

e

POTENTIAL EMISSIONS - utilize max heat Tnput
ity or horsepower and EPA MRR Emission

ACTUAL FOTENTIAL EMISEIONS
(AFTER CONTROLS/ LIMITS) (BEFORE CONTROLGUMITEY {AFTER CONTROLS LIMITS) Ibihp-hr
AIR POLLUTANT EMITTED To/hr tonsiyr Iohr tonsiyr Toifr Tons/yr uncontralied
PARTICULATE MATTER (FM) 043 0.02 0.43 1.90 0.43 0.02 2.20E03
PARTICULATE MATTER<10 MICRONS (PMyo} 043 .02 1.90 0.43 0.02 2.20E-03
PARTICULATE MATTER<2.5 MICRONS (FMa5) 0.43 0.02 1.90 0.43 0.02 2.20E-03
SULFUR DICXIDE (5G2} 0.00 0.00 0.01 0.00 T2IE-05
NITROGEN OXIDES (NOx) 6.11 0.21 2675 0.21 T 10E-02
CARBON MONOXIDE (CO) 1.32 0.05 576 0.05 8,B8E-03
VOLATILE ORGANIC COMFOUNDS (VOC) 0.50 0.02 237 50 0.02 2.51E-03
TANTIEMISSIONS:IN #
ACTUAL EMIS3IGNS FPOTENTIAL EMISSIONS EMIEBION FACTOR
CAS (AFTER CONTROLS / LMITS} (BEFORE CONTROLS ./ LIMITS) (AFTER CONTROLS AIMITE) |bhp-hr
TOXIC / HAZARDOUS AIR POLLUTANT NUMBER To/hr Thiyr [b/hr Ibiyr Ibshr %5 uncontrolled
A yde (H.T) 75070 1.06E-03 7 AOE-02 1.06E-03 8.27E+00 3 | 7.40E-02 5.37E-06
Acrolein (H, 1} 107028 1.28E-04 8.93E-03 1.28E-04 1,12E+00 4 | 8.93E-0 €.4BE-07
Arsenic unlisted compounds (H.T) ASC-Ofner 5.52E-06 3.86E-04 5.52E-08 4.83E-02 6 | 3.86E-04 2.80E-05
Eenzene {H, T} 71432 1.29E-03 9.01E-02 1.28E-03 1.13E+01 3 | 9.01E-0z 6.53E-05
Benze{a)pyrene (H.Ty 50328 2.59E-07 1.81E-06 2.59E-07 227E-0 7 | 1.81E-0 1.32E-00
Berylium metal (unreacted) {(H.T) 7440417 4.14E-05 2.90E-04 4.14E-0 3.62E-02 .90E-04. 270508
1.3 diene (H.T) 106990 5.39E-05 377E: 5.30E-0 4.72E-0 T7E-03 7. 1AE-07
Cadmium metal (elemental unreacted) (H.T) 7440438 4.14E-06 2. 4 5.62E-02  BOE-04 2 10E-08
Chremic Acid (V) (H.T) 7738945 4.14E.06 2 3.62E-02 3,.90E-04 2.10E-08
Formaldehyde (H.T) 50000 1.63E-03 1.43E+0 1,74E-01 8.28E-06
Lead unlisted compounds (H) IPBc-cuher 1.24E-05 & 1.09E-0' B.BCE-04 6.30E-08
unksted compaunds (H.T) IMNC—Olher 27E-06 7 7.25E-02 5.7SE-04 4.20E-08
Mercury vapar (H.T) 7438876 4.14E-06 3.62E-07 Z.80E-04 2.10E-08
Napihalene (H) |e1203 A7E-04 1.02E+00 B.1SE-03 5.94E-07
Nickel metal (H T} 7440020 4.14E-06 X 3.62E-02 | 4.14E-06 | 2.90E-04 2.10E-08
Selenum compounds (H} SEC 207E-0 A 1.B1E-01 2.07E-05 | 1.45E-03 1.05E-07
Toluene (H,T) 108883 5.64E-04 95E-0. 4,84E+00 5.64E-04 | 3.85E-02 2.86E-06
Xyleng (H.T) 1330207 3.93E-04 75E-C 3.44E+00 3.93E-04 | 2.75E-02 2.00E-06
Highest HAP (Foimaldehyde) 50000 1.63E-0 J4E-T 1.43E+01 1.63E-08 | 1.14E-01 8.26E-05
Total HAPS 5.29E-03 3.71E-01 5.29E 03 4.64E+01_ | 5.20E-03] 3.71E-01
EXPECTED ACTUAL EMISSIONS AFTER GONTROLS / LIMITATIONS EMIBS.LT.}TTOR
TOXIC AIR POLLUTANT CAS Num. 1G/he Ib/day. Ib/yr uncontralled
‘Acetaidehyda (H,T) 75070 T.06E-03 2. 54E-02 7 40E-02 5.37E-06
Acrolein (H,1) 107028 1.2BE-04 3 OBE-0 B.93E-03 GABE-07
Arsenic uplisted compounds (H,T) ASC-Other 5.52E-08 1.32E-04 3,.86E-D4 2.80E-08
Banzens (H,1) 71432 126603 30902 8 01E-02 6.53E-06
Benzo(ajpyrene (H,T) 50328 2.58E-07 6.22E-08 18105 1.32E-09
Beryllium metal (unreacted) (H, T} 7440417 4.14E-08 [EZI PB0E04 2.10E-08
7 3-Butadiena (H, 1) 106990 5.35E-05 1.28E-03 377E03 2.74E-07
Cadmiurn metal (glemental unreacted} (H.T) 7440438 4.14E-06 9.93E-05 2.90E-04 2.10E-08
scluble chromale compaunds, as chromium (V) equivalent | SOLCR6 4. 14E-08 9.93E-05 2.90E-04 2.10E-08
Formaldehyda (H.T) 50000 1.63E-03 3.91E02 TIZE-01 B.26E-06
M unfisted compounds {(H,T) MNC-Other 8.27E-06 T99E-04 5.70E-04 4.20E-08
Mercury vapor (H.T) 7439976 4_14E-06 0.03E-05 2.90E-04 210E-08
Nickel mefal (H,T) 7440020 4. 14E-06 0.03E-05 2.90E-054 2 10E-DB
Toluene (H,1} 108883 5.54E-04 1.35E-02 3.05E-02 2.86E-06
Xylene (HTY 1330207 3.92E-04 9.43E-03
; ; ] Y. PURPOSES, P

it

Reguested Emissian Limitatian - utilize
requested fugl limit and EPA MRR

GREENHOUSE GAS EMITTED EPA MRR CALCULATION METHOD: TIER 1 Factors Emission Factors
metric tonsfyr metric tenstyr, CO2e short lansfyr shor tonsfyr short tonshyr, COZe short tonsfyr short tonsfyr, CO2e
CAREON DIOXIDE (GO, 7.04 7.04 7.76 964.85 984.35 787 7.87
METHANE {CH.} 2.85E.04 714603 3.15E-04 3,99E-02 9.99E-01 3.45E.04 7.87E-02
NITROUS OXIDE (N0} 5.71E-05 1.70E-02 6.20E-05 7,995-03 2.38E+00 6,08E.05 1.88E-02
TOTAL 7.06 TOTAL 988,23 TOTAL 7.90

NOTE: CQ2e means CO2 aquivalent.

NOTE: The DAQ Air Emissions Repnmng cnhne {AERQO) system requires short tons be reported. The EPA MRR requires metlric tons be reported.

NOTE: Do not use gr gas

from this spreadsheet far PSD {Prevention of Significant Delerioration) purposes.
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HFPO Manufacturing Process

I. Equipment Emissions

Non-Point Source Emissions
Page 1 of 4

Equipment Emissions are a function of the number of emission points in the plant (valves, flanges, pump seals). For the equipment emission

calculations the inventory shown below is conservative and based on plant and process diagrams. Note that the emission types are as follows:

Equipment Emissions (EE) inside buildings = Stack Emissions (SE})
Equipment Emissions (EE) outside buildings = Equipment Fugitive Emissions (FE)

Maintenance Fugitive Emissions (ME)

A. Equipment Emissions Inside Buildings (Stack Emissions)

1. Equipment Emissions (EE) from Barricade:

Emissions are vented from equipment located in the barricade and are vented through the barricade scrubber. Barricade
scrubber is 95% efficient for control of acid fluorides. From ASPEN Model (2013, 0.07 O2, 4000 kgfh basis):

Reactor/Solvent Recycle/Solvent Column & Associated Equi it
Avg. Contents (ke/hr] % of HF . % Overall HF Potential

Material | VOC HFA _ [line 207BYLine 255 | Line 305 jTotal contents | % VOC % HF | Potential :0.606) 0.172 0,11 0.081]
HFPO X 1491.165| 10.38736| 277.0774) 1778.634 .02 6.02

COF, X X 223.8143| 0| £3.16596] 266.9803 .90 0.90) 0.90, 0,608 0.90]

PAF X X 206.9447| 0.069376| 39.84183| 246.8559, 0.34f 0.84 0.84 0.172 0.84

HFP X 1916.528| 3.505045| 366.0799| 2286.113 7.74 7.74]

F23 5.084826] 0| 0.980683| 6.065509 Q.02

0. 26.42446] 0| 5.096328( 31.52079 0.11]

CO2 0] 0 4] 0 0.00]

PMAF % X 17.91142| ¢.074824| 3.378685| 21.364%4) 0.57] (.07 0,07 .11 0.07

TAF}H X X 5230.229| 1005205 0| 6235.434 21.11; 21.11 21.11 0.606| 2111

TAFNa X X 11378.11) 2192.731 0| 13570.84 45.54] 45.94) 45,94 0.606| 45.94)

TAFn: | X 3753.989| 723.9967 0] 4477.988) 15.16 15.16, 15.16§ (.606| 15.16f

Dimer . .-{x X 7.260958 ] 0| 7.260958 0.02] 0.02 .02 0.606) (.02

Trimer. |x X 9359539 O 0| 9.359539 0.03 0.03) .03 0.081] 0.03
PMCP - 476.0362| 79.94006 0.015] 5559913 1.88

HFA X 6.427688] 0] 1.233058| 7.660744 ().(]3| 0.03

Benzene 14.78905] 2.867976 o] 17.65703 0.06|

Toluene 14.38] 2.87 0| 17.75035 0.06|

Total 29537.47- . 100.00]  87.87 83.1 08 0.0
‘Assume that:  989% of nrggess ;nah:rmlq are VQCs: ... . . n L

84% are acid fluorides with 95% controlled in the barricade scrubber
16% are non-acid fluorides with 0% controlled in the barricade scrubber.
100% of the liquid is 0.505 weight fraction HF.

Barricade:

Valve emissions: 219 valves x 0.00039 Ib/hrivalve = 0.085 Ih/hr EE

Flange emissions: 438 flanges x 0.00018 Ib/hr/flange = 0.079 Ib/hr EE

Pump emissions: 2 pump x 0.00115 Ib/hripump = 0.002 Ib/hr EE

Total equipment emission rate = 0.167 Ib/hr EE
Barricade VOC: :

From acid fluorides: 0.167 |b. EE/hr 1225.542 Ib VOC generated

8760 operating

I x x

hriyear

0.840 Ib. AFF VOC/b. EE

From non-acid fluorides: 0.167 lb. EE/hr
8760 operating

1225.542 Ib VOC generated

hriyear

0.160 Ib. Nen-A/F VOG/Ib. EE

T x x

233.436 Ib VOC

Barricade HF: 0.167 |b.

EE/hr

8760 operating hriyear
0.505 [b. HF/Ib. EE
(100%-95%) scrubber efficiency

o= = =

36.839 Ib HF

{100%-95%) scrubber efficiency

61.277 b VOC emitted

Total Barricade VOC Emissions:

+

61.277 b VOC
233.436 b VOC

294.714 Ib VOC
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HFPC Manufacturing Process

Non-Point Source Emissions

Page 2 of 4
2. Equipment Emissions (EE) From HFPQO Tower
Emissions are vented from equipment located in tower and are vented through stack.
From ASPEN Model (2013, 0.07 02, 4000 kg/h basis}.
G wos ASF Column, Scrubbers, Dryers, Stripper Column & Associated Equipment P
Avg, Contents {kg/hr) % of HF % Overall HF Potential
Material |  VOC HFA Lne 405 {Line 572 | Line 605 |Line 652 |Tetal contents| % VOC % HF | Potential 0.606] 0.172| 0.11 0.081)
HFPD | 0.089511 o] 0.137520] 2712223 2714203  37.18]  37.18
COF, X x 43.11259) 0 0 0| 43.11359) 591 5.91 so1l  0.608 5.91
PAF X x 33.16542 0| 0| o] 33.16642( 4.54] 4,54 454 0172 4.54
HFP x 0.327155 of 0.265321] 3618233 362.4158]  40.64]  49.64
F23 0.878137 o o.4s0234] 0.033179] 1.50055] 021
(s} 5.036328] 0 0 0| 5.096328) 0.70
CO, 0f 0| 1448218 0.035243( 1.483461) 0.20
PMAF _ |x x 0) 0 0 0 0 0.00) 0.00) 0.00 0.11 0.00
TAFny | % [ ¢ 0 0 0, 0,05 0.00 o0l  0.608) 0.00)
TAFn X x [ [+ 0 0 0 0.00 .00 o.00]  0.608) 0.00)
TAFuz, - |x X 0 g 0 0 0 0,00 .00 0.00]  0.608) 0.00
Dimer - |x X 0.585265 0 0 0] 0.585265, 0.08| c.08 0.08 0.605 0.08
Trimer. [x X o 0 0 [i 0 0.00) 0.00 0.00 0.081] 0.00
PMCP, 0 o) o 11.2638] 112638 1.54)
HFA x 0 i g i 0 0.00 .00
Water 0| 129.8095] 0|
Benzene [¢] 0f 0] 0 0| 0.00,
Toluena 0 0] 0 of 0 0.00
Total e i 7300535  100.00 97.35| . 10.53

Assume that :

Valve emissions:
Flange emissions:
Pump emissions;

100% of the liquid is 0.044 weight fraction HF.

298 valves x 0.00039 Ib/hrivalve
596 flanges x 0.00018 Ib/hriflange
2 pumps x 0.00115 lb/hr/pump

g7 wt. % of the process material are VOCs vented 15 stack {no scrubbing);

0.116 Ib/hr EE
0.107 Ib/hr EE
0.002 lb/hr EE

Total equipment emission rate

VOC:

0.226 fb.

EE/hr

8760 operating hriyear
0.970 Ib. VOCib. EE

1918.668 Ib

vVOC

HF:

I » =

0.226 Ib/hr EE

0.226 Ib. EEfMr

8760 operating hriyear
0.044 Ib. HF/Ib. EE

87.032 Ib HF



HFPO Manufacturing Process

Non-Paint Source Emissions
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B. Equipment Emissions Outside Buildings (Fugitive Emissions)
1. Fugitive Emissions (FE} From Qutside Unit Operations
From ASPEN Model (2013, 0.07 O2, 4000 kg/h basis):
Refining Columns & Associated Equipment
Avg, Contents {kg/hr’ % of HF % Overall HF Poteatial
Material | VOC .| HFA [ Line 706 [ Line 805 [line 812 |Total contents | %VvOC | % HF |Potential 0606 0.172 011 o081
HFFO | 238.6887| 32.53355| 0.014913| 271.2372 3.97 3.97
COF, X X 0| 0 0 o 0.00 0.00 oo 0.606 0.00
PAF x X D) 0 0 0 0.00 0.00 oo 0172 0,00
HFP x 0.08421( 361.7391| 0.181291 362.0046 5.30 5.30
F23 0| 0.033124 0| 0.033124 0.00]
o, 0 0| 0 0 0.00
cOo, 0035384 0| 0| 0.035184 0.00)
PMAF _ |x X 0 0 0 0 0.00) 0.00 0.00] 0.11 0.00
TAFy . |% x q 0 0 0 0.00 0.00 000l 0.604 0.00
TAFn: [x X 0 0 0 0 0.00 0.00 000  0.608] 0.00
TAFimas b x g 0 g of oo aco] ood osvd oo
Dimer.  |x x q 0 0 0 0.00 0.00| 0.00]  0.60§ 0.00
Trimer._|x x g 0 0 0 0.00 £.00| 0.00f  0.081 0.00
PIMVCP ol 11.2536| 6.755249| 18.00885 0.26
HFA | C 0 q [y 0.00 0.00
Benzene [x D [3) O O 0.00 .00
Toluene |x o] o.016223] 6180.06] 6180.076)  9047]  90.47
Totat 6831.395) .. 100.00] 99.74] ©- 5 0.00) 0.0
Assume that ;100 wit. % of the process material aré VOCs ok Aeeit
0 wt. % of the liquid is HF.
Valve emissions: 317 valves x 0.00039 Ib/hrivalve = 0.124 b/hr FE
Flange emissions: 634 flanges x 0.00018 Ib/hriflange = 0.114 Ib/hr FE
Pump emissions: 3 pump x 0.00115 Ib/hr/pump = 0.003 Ib/hr FE
Total fugitive emission rate = 0.241 ib/hr FE
VOC: 0.241 |b. FE/Mhr HF: 0.241 Ib. FEfAr
X 8760 opearting hr/year X 8760 operating hriyear
X 1.00 Ib. VOC/b. FE X 0.0 Ib. HF/Ib. FE
= 2113 Ib VOC total = 0.00 Ib HF

201 Ib VOC excluding toluene, which is calculated below by mass balance

2. Fugitive Emissions From HFP Storage and Feed

Assume that : This system contains only HFP, so 100 wt. % of the process material are VOCs
HFP has no petential to form HF, so 0 wt. % of the liquid is HF.

Valve emissions:
Flange emigsions:

120 valves x 0.00039 Ib/hrivalve
135 flanges x 0.00018 !b/hr/flange

0.047 lb/hr FE
0.024 Ib/hr FE

Total fugitive emission rate

VOC:

1

0.071 |b. FE/hr
8760 operating hriyear
1.00 Ib. VOC/b. FE

623 |b VOC

HF:

njw n

0.071 Ib/hr FE

0.071 tb. FE/hr
8760 operating hriyear
0.0 Ib. HF/b. FE

o=

0.00 Ib HF




HFPO Manufacturing Process Non-Point Source Emissions
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3. Fugitive Emissions From Benzene

Basis: Fugitive emissions are determined via mass balance, i.e. any mass of benzene unaccounted for in the mass balance will be
assumed to be air emissions.

Assume that: Benzene introduced into the process is mostly destroyed by reaction.
Ratio of emissions to benzene used = 1.9 Ib emission/368 b benzene used

Calculations:
Benzene introduced to process: 541.39 tbs
Benzene emissions:

541.390476 Ibs X 1.80 Ib emission = 2.80 |b benzene emission
) 368 Ib benzene

4. Fugitive Emissions of Toluene by Mass Balance

Basis: Fugitive emissions are determined via mass balance, i.e. any mass of foluene unaccounted for in the mass balance will be assumed
to be air emissions.

Assume that: 95% of raw ingredient becomes waste

Mass Balance:
Toluene inventory in process as first day of year ('User Enfr + 4759.00 Ib 1-Jan
Toluene added to process: + 12734.00 Ib
Toluene inventory in process as of last day of year ('User E - 5493.00 b 1-Jan
Toluene destroyed in process: - 0 lb
Toluene shipped off with product: ' - 0 Ib injected into product
Toluene removed from process as a solid waste: - 10754.00 Ib
Toluene released fo air via permitted stack: - 170.10 b
Toluene released fo process wastewater: - 0 lb
Toluene released to the ground (spill): - 0lb
Unacecounted for difference in mass: = 1076 |b toluene = 1076 Ib VOC
5. Total Equipment Emissions (Fugitive)
Inside Emissions Qutside Emissions
{Stack Emissions) {Fugitive Emissions)

Emission Source Ih VOC Ib HF Ib VOC Ib HF
A-1{Barricade 284 71 36.84
A-2|HFPO Tower 1918.67 87.03
B-1]Qutside operations{excluding toluene system} 201
B-Z|HFP Storage and Feed 622.84
B-3|Benzene system 2.80
B-4|Toluene mass balance 1075.90

{Total | 2213.38 123.87 1902.26 0.00

6. Speciated Equipment and Fugitive Emissions for annual reporting

For speciated reporting, the following assumptions are made:

A1 AF VOCs from the barricade (J42): 1%CQOF2, 1% PAF, 49% TFF, 13% n1 TAF, 13% n2 TAF, 10% n3 TAF, 13% n4TAF
A1 Non-AF VOCs from the barricade (E48) are reported as 57% HFP and 43% HFPQ per table A1

A2 Tower VOCs (H177)} are reported as 38% HFPO, 51% HFP, 6% COF2, and 5% PAF.

B1 - Toluene emissions are included in B-4. The remaining VOC (J178) is reported as 57% HFP and 43% HFPO.

B2 HFP system VOCs are 100% HFP

B3 VOCs calculated in B3 are 100% benzene

B4 Toluene system emissions are 100% toluene

Compound b VOC Compound Ib VOC
COF2 115.73 n2 TAF 7.97 0.61
PAF 96.55 n3d TAF 6.13
TFF 30.03 nd TAF 7.97
n1 TAF 7.97 Total VOC 4115.64
HiFP 1848.83
HFPO 915.78 [PMCP [ 63.55|
Benzene 2.80
Toluene 1075.90
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HFPO Manufacturing Process

. Point Source Emission Determination
A. Carbonyl Fluoride (COF;)

HF Potential:

Point Source Emission Determination
Page 1 of 7

2017 NS-A HFPO {rev 2)

GCAS No. 353-50-4

Each mole of COF, (MW = 66) can generate 2 moles of HF (MW = 20}.

lleO}{-lmdgCOg- 20/b HF 2 molesHF — 0.6061b HF]
666 COE 1moleHF 1moleCOE
Therefore, each 1 b of COF, generates 0.606 Ib of HF

Quantity Generated:

Before-control COF; generation :

Vented from A/F Column;
From "Vent Flows" Tab =

Vented from Stripper Column:
From "Vent Flows" Tab =

Vented from Solvent Recycle
Tank:
From "Vent Flows™ Tab =

Total AF column vent flow [Ib] * Average COF2 mass fraction in AF column vent [Ib COF2/lb]
644,835.49 X 0.5308 = 342,279 |Ib COF2

Total Stripper col vent flow [Ib] * Average COF2 mass fraction in Stripper column vent [lo COF2/Ib]
225,783.63 X 0 = 0 b COF2

Total Solvent tank vent flow [Ib] * Average COF2 mass fraction in Solvent tank vent [lb COF2/b]
200,072.00 X 0.16225 = 47,064 Ib COF2

COF, sent to VE-South Process when VE-S shutdown (from "VE-S Flow" Tab): = 12,493 Ib COF2

Total COF; Emitted from Process =

342,279 |b COF; from A/F Column

(sent to WGS) + 0 Ib COF; from Stripper Column
+ 47,064 (b COF; from Solvent Recycle Tank
+ 12,493 It COF; sent to VE-South Process when VE-S shutdown
= 401,836 Ib COF, sent to WGS

After-control emissions utilizing the Waste Gas Scrubber {(WGS): Efficiency= 99.10%

VOC Emissions 401,836 Ib COF,

Waste Gas Scrubber X 0.90%

= 3,617 |b COF, {(VOG)

HF Equivalent Emissions 3617 |b COF,
X 0.606 Ib HF/Ib COF,

2,192 |b HF {Equivalent HF}



HFPQ Manufacturing Process 2017 NS-A HFPO (rev 2) Peint Source Emission Determination

Page 2 of 7
. Perflucroacetyi Fluoride {PAF} CAS No. 354-34-7
Trifluoroacetyl Fluoride {(CF3COF)
HF Potential:
Each mole of PAF (MW = 118) can generate 1 mole of HF (MW = 20).
1mole PAF 2016 HF lmole HF
Lib PAF: . . =0.1721h HF
116/b PAF 1mole HF 1 mole PAF
Therefore, each 1 |b of PAF generates 0.172 tb of HF
Quantity Generated:
Before-control PAF vented
Vented from A/F Column: Total AF column vent flow [Ib] * Average PAF mass fraction in AF column vent [Ib PAF/Ib]
From "Vent Flows" Tab = 644,835.49 X 0.4511 = 290,885 b PAF
Vented from Stripper Column: Total Stripper column vent flow [Ib] * Average PAF mass fraction in Stripper column vent [Ib PAF/Ib]
From "Venti Flows" Tab = 225,783.63 X 0.0015 = 339 Ib PAF
Vented from Solveni Recycle Total Solvent tank vent flow [Ib] * Average PAF mass fraction in Solvent tank vent [Ib PAF/Ib]
From "Vent Flows" Tab = 290,072.00 X 0.01815 = 5,265 |b PAF
PAF sent to VE-South Process when VE-S shutdown (from "VE-S Flow" Tab): = 10,617 Ib PAF
Total COF, Emitted from Process = 290,885 Ib PAF from A/F Column
{sent to WGS) + 339 Ib PAF from Stripper Column
+ 5,265 Ib PAF from Solvent Recycle Tank
+ 10,617 lb PAF sent to VE-South Process when VE-S shutdown
= 307,106 |b PAF sent to WGS
After-centrol emissions utilizing the Waste Gas Scrubber (WGS): Efficiency= 99.10%
VOC Emissions 307,106 Ib PAF
Waste Gas Scrubber X 0.90%
= 2,764 Ib PAF (VOC)
HF Eguivalent Emissions 2764 Ib PAF
X 0.172 Ib HF/ib PAF

475 |b HF (Equivalent HF}




HFPO Manufacturing Process 2017 NS-A HFPO (rev 2) Point Source Emission Determination
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. Acid Fluoride Solvent - mixture of TAF and TFF
Carbonofluoridic acid, 1,1,3,3,5,5,7,7,9,9,9-undecafluoro-2,4,6,8-tetraoxanon-1-yl ester (n=4 TFF} CAS Nos. 21703-48-0
PERFLUORQ-3,5,7-TRIOXAQCTANOYL FLUORIDE {n=2 TAF) 21703-45-7

HF Potential:

The acid fluoride solvent is a mixture of telomeric acid fluorides (TAF) and telomeric fluoroformates (TFF).

TAF is present in multiple chain lengths in the process. [n the process vent from the solvent recycle tank, models estimate the average chain
length is n=2, which will be the basis for these calculations.

Each male of n2 TAF (avg MW = 314) can generate one mole of HF (MW = 20).

L5 TAF-ImOk TAF' 20 /b HF _lmo[e HF — 0.06371h HF
314 Ib TAF 1 mole HF 1 mole TAF
Therefore, each 1 Ib of TAF generates 0.0637 kg of HF

Telomeric Fluoroformates break down into multiples of COF, (MW = 88), which in turn generate 2 moles of HF (MW =20).

Using n=4 would mean for every mole of TFF, 6 meles of COF2 can be generated. MW of n=4 TFF is 396.
Most TFF is believed to be of chain length less than n=4 based on recent analysis, so this is a reasonable conservative esfimate.

L ib TFF - mole TFF 6 mole COF , 201 HF 2 moles HF _ 0 606 16 HF
396 Ib TFF linole TFF 1 mole HF l.mole COF ,
Therefore, each 1 Ib of TFF generates 0.6086 kb of HF

Quantity Generated:

The only processs vent where TAF/TFF may be vented to atmosphere is the solvent recycle tank vent.

Before-control Acid Fluoride solvent (AF) vented

Vented from Solvent Recycle Total Solvent tank vent flow [Ib] * Average AF mass fraction in Sclvent tank vent [l AF/Ib}
From "Vent Flows" Tab = 290,072.00 X 0.63865 = 185,254 |b TAF/TFF
Total AF Emitted from Process = 185,254 1b AF sent to WGS
(sent to WGS)
After-control emissions utilizing the Waste Gas Scrubber (WGS): Efficiency= 099.10%
VOC Emissions 185,254 |b AF
Waste Gas Scrubber X 0.90%

= 1,667 Ib total AF (VOC)

VOC Emlssions

For TFF: 92,627 b TFF  Assumed 50% TFF HF Equivalent Emissions
X 0.90% Waste Gas Scrubber
= 834 Ib TFF 834 |Ib VOC 505.2 |b HF equivalent from TFF
For n2 TAF: 92,627 Io TAF  Assumed 50% TAF
X 0.90% Waste Gas Scrubber
= 834 Ib TAF 834 Ib VOC 53.1 Ib HF equivalent from TAF
558 Ib. HF
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Hexafluoroproplyene {HFP) ~ CAS No. 116-15-4
HF. Potential:
HFP is a VOC without the potential to form HF.
Quantity Released:

Vented from A/F Column: Total AF column vent flow {ib] * Average HFP mass fraction in AF column vent [Ib HFP/Ib]

From "Vent Flows" Tab = 644,835.49 X 0.00186 = 1,032 |b HFP

Vented from Stripper Column: Total Stripper column vent flow [Ib] * Average HFP mass fraction in Stripper column vent [ib HFP/b]

From "Vent Flows" Tab = 225,783.63 X 0.0865 = 19,530 b HFP

Vented from Solvent Recycle Total Solvent tank vent flow [Ib] * Average HFP mass fraction in Solvent tank vent [ib HFP/Ib}

From "Vent Flows" Tab = 290,072.00 X 0.00045 = 131 |b HFP

HFP sent to VE-South Process when VE-S shutdown (from "VE-S Flow" Tab): = 38 Ib HFP

Additional HFP is emitted from the unleading of HFP, specifically the decontamination of hoses and compressor after each trailer is unloaded.
The decontamination involves venting the contents of the two hoses and compressor piping to the WGS.
Each hose is 2" diameter x 20 feet long.

Volume of each hose = 753.98 in® = 12.36 L
The density of HFP liquid at 16C is 1.42 kg/L Determined from physical property data
The density of HFP vapor at 16C is 0.0281 ka/L Determined by ideal gas law @ 16C and vapor press of 450 kPa abs.

{pressure from H27457PG on iso container, after H27451HV closes)

HFP vented from Liquid Hose: {assumes hose volume is filled with liquid
Volume of hase X liquid density = 17.54|kg from Liquid Hose

HFP vented fram Vapor Hose; {(assumes hose volume is filled with vapor
Volume of hose X vapor density = kg from Vapor Hose

There is an additional estimated 20' of 1 1/2" piping between the hose and 27460HV, also decentaminated, volume =7 L
HFP vented frem vapor piping= 7 L X vapor density = kg from Vapor Piping

HFP vapor vented frem compressor & associated piping
Suction bottle velume is 30.2 L, typical temperature is 27C and pressure is 270 kPa(g) at time of decontamination.
Vapor density of HFP= 0.0223 kg/L. Determined by ideal gas law @ 27C and 371.3 kPa (a)
Reference H27454TG & H27453PG
Additional vapor in 10" of 1" diameter pipe, estimated volume is 1.5 L. Total velume is 31.7 L

Suction side volume X vapor density= 0.71 kg

Discharge bottle volume is 30.2 L, typical temperature is 37C, 370 kPa (g} at time of decontamination.

Vapor density of HFP= 0.0274 kg/L Determined by ideal gas law @ 37C and 471.3 kPa (a)
’ Reference H27456TG & H27455PG

Discharge side volume x vapor density= 0.83 kg

Total volume form compresser & piping = kg from Compressor & Piping

The number of decontamination events required is based on the HFP consumed divided by the typical transfer amount, rounded up.
2,841,194 f 13,500 = 211

Total HFP fram decontamination of unloading hoses = Number of events * (vented from liquid hose + vapor hose + compressor + piping)
= 211 X 20 = 4,131 kg HFP
9,107 b HFP from hose decon

HFP is also vented from the Crude Dryers each time a dryer is changed. The basis for this calculation assumes the composition of vapor

in the dryer is 50 %HFP and 50 %HFPO,
and the vapor density is 3.3 Ib/ft3 (reference ASPEN model}
The molecutar sieves have a bulk density of 47 b per fi3 of bed volume

57 b per i3 according to a recent Certificate of Anatysis.
0.175 ft3 void volume per ft3 total bed volume

The density of the sieves themselves is
Therefore the void fraction of a bed of sieves would be

From BPF dimensions of the dryer, it is estimated that 10' height of 10" diameter space is filled with sieves, plus 2' of a 6" diameter section.
The remaining space at the tep containing no sieves consists of 8" high x 10" diameter section plus a 8" high x 8" dia. section.

Vapor volume in dryer= 1.420 i3 of vapor
X vapor density of 3.3 Ib/ft3
4.72 Ib VOC vapor released per dryer change
Dryer changes occur every 48 hours. The number of dryer changes is estimated to be 142

HFP vented = %HFP x b of VOG per dryer change x number of dryer changes in the year= 335 b HFP
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After-control emissions from the Waste Gas Scrubber with an assumed efficiency of zero percent (0%) (HFP is not scrubbed out)

VOC Emissions 1,032 |b HFP from A/F Column
19,530 Ib HFP from Stripper Column
131 Ib HFP from Solvent Recycle Tank
9,107 Ib HFP from Unloading Hoses
335 lb HFP from crude dryer changes
38 |b HFP sent to VE-South Process when VE-S shutdown
30,173 |b HFP 30,173 b VOC

o+ o4+ o+
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Hexafluoroproplyene Epoxide (HFPO) CAS No. 428-59-1
HE Potential:
HFPO is a VOC without the potential to form HF.

Quantity Released:

Chemours conducted various stack tests in April 2018 to determine the HFPO emission rates frem the HFPO Process Unit, VE-North
Process Unit, and VE-South Process Unit. This section summarizes the methodologies used to determine the 2017 process emissions of
HFPQ. Depending on the data available for each process unit, the most applicable (best available) data was utilized to estimate emissions by
unit for calendar year 2017

On April 25-26, 2018, source testing was performed on the Division Stack while the HFPO Process unit was operating and the VE-North
Process Unit was operating but the VE-North Stripper Column was not venting. During this operatienal peried, HFPO emissions would be
expected from the HFPO process and only minimal, if any, emissions, from the VE-North process. Therefore, it has been assumed that the
emission rates represented in Table 2-1 are associated only with the HFPO process.

HFPO Source Test Results

HFPO
Emission Rate
Date Test Run Number {Ib/hr)
04-25-2018 |Division 1 6.30
04-26-2108 [Division 2 3.03
Average Emission Rate 4.67
Hours of Operation | 6822 hours |
Process Vent Emissicns
4.67 Ib/hr X 6822 hours = [ 31,859 Ib. HFPO |
HFPO sent to VE-South Process when VE-S shutdown {from "VE-S Flow" Tab): | 388 Ib HFPO |

Additional HEFPQ is emitted from the decontamination of hoses after each HFPO 1SO is loaded.
The decontamination involves venting the contents of the two hoses to the WGS via a service manifold.
The liquid hose is 1" diameter x 20 feet long. The vapoer hose is 0.5" diameter x 20 feet long. (BPF 346333).

Volume of liquid hose = 188.5 in® = 3091
Volume of vapor hose=  47.124 in® = 0.77 L
The density of HFPO liquid at -25C is 1.58 ko/L Determined from physical property data
The density of HFPO vapor at -25C is 0.0563 kg/L Determined by ideal gas law @ -25C and max press of 700 kPa abs.

{max pressure observed H10765PG on iso container, after filling)

HFPO vented from Liguid Hose: (assumes hose volume is filled with liguid
Volume af hose X liquid density = kg from Liguid Hose

HFPQO vented from Vapor Hose: (assumes hose volume is filled with vapor,
Volume of hose X vapor density = kg from Vapor Hose

The-amount of piping invelved in the decontamination is negligible {isolation valves are in close proximity to hoses).

Total HFPO from decontamination of loading hoses = Number of events * {vented from liquid hose + vapor hose)
= 49 X 4.92 = 241 kg HFPO
532 |h HFPO

As in the HFP section above, HFPO is vented from the crude dryers during each dryer change.

HFPQ vented = %HFPO x Ib of VOC per dryer change x number of dryer changes in the year= 335 b HFPO
from dryers
After-control emissions from the Waste Gas Scrubber with an assumed efficiency of zero percent (0%) (HFPQ is not scrubbed out)

VOC Emissions 31,859 Ih HFPO from Process Vents

532 Ib HFPO from Unloading Hoses

335 Ib HFPO from dryer changes

388 Ib HFPO sent to VE-South Process when VE-S shutdown
33,114 1Ib HFPQ 33,114 Ib VOC

"o+ o+ o+
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HFPO Manufacturing Process

" F. Perflusromethylcyclopropane (PMCP)

Oxygen (O3}
Fluoroform (CF3H)
Carbon Dioxide (CO,)

2017 NS-A HFPO (rav 2)

Point Source Emission Determination
Page 7 of 7

CAS No. 379-16-8
CAS No. 7782-44-7
CAS No. 75-46-7
CAS No. 124-38-8

PMCP, O,, CF3H, and CO, are not VOCs nor do they have potential to make HF. Since they are not

reportable emissions, the calculations are not shown here.

G. Annual Point source emissions summary - Process Vents (after control)

: VOC (Ib) Equiv HF {Iby)
A, COF2 3,617 2,192
B, PAF 2,764 475
C. Acid Fluoride Solvent (TFF) 834 558
Acid Fluoride Solvent {(n=2 TAF) 834
D. HFP 30,173 0
E. HFPO 33,114 0
Total for year (Ib) 71,335 3,225

Equiv HF represents conservative estimate total for TFF+TAF
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2017 Emissions Summa
A. YOC Emissions Summary
EVE
Nafion® CAS Chemical Nome CAS No. Process PPVE PSEPVE | Accidental | Total Vinyl
Compound Emissions Process Process Releases | Ethers Nerth
(Ib.) Emissions (1b.}| Emissicns (1b.) (1h.) Emissions {Ib.)
HFP Hexafluoreproplyene 116-15-4 111 6,848 215 7,173
HFPO Hexafluoropropylene oxide 428-59-1 122 12,355 1,046 13,523
HFP(O Dimer : ;
Perfluoro-2-F F1 -08-
Acid Fluotide erfluoro-2-Propoxy Propionyl Fluoride 2062-98-8 49 1,238 203 2 1,492
Propanoic Acid, 3-[1-[Diftuore [ (Trifluoroethenyl oxy]
EVE Methyl}-1,2,2,2-Tetraflucroethoxy] -2,2,3,3- 63863-43-4 141 0 0 141
Tetrafluoro-, Methyl Ester
PPVE Perfiuoropropyl vinyl ether 1623-05-8 0 2,074 0 2,074
Perfingro-2-(2-Fluoessatfonylethoxy) Propyl Vinyl 0 0 550 550
PSEPVE Ether 16090-14-5
PPF Perfluoropropionyl fluoride 422-61-7 0 76 2 78
TFE Tetrafluorosthylene 116-14-3 58 8 284 350
C4 Perfluero-2-butene 360-89-4 Q 286 680 966
C5 Perfluoropentene 376-87-4 Q £7 0 17
Diglyme Diethylene Glycol Dimethyl Ether 111-96-6 0 4] 81 81
AN Acetonitrile 75-05-8 ] 1,445 0 1,445
ADN Adiponitrile 111-69-3 17 G 0 17
TTG Tetragiyme 143-24-8 2 4] 0 2
Tetrafluoro-2{Hexafluoro-2-( Tetrafluoro-2-
DA {Flucrosulfonyl} Ethoxy) Propoxy Propionyl Fluoride 4089-58-1 4] 0 289 289
Tetrafluoro-2-[ Trifluora-2-(1,2,2,2-Tetra-flucroethexy )
Hydro-PSEPVE |} it oromethyl) Ethowy]-Ethane Sulfonyl Fluoride | > 10022 0 0 ! 1
MA Telraﬂuoro-Z-Uetraﬂuoro-Z-(Flunmsulfonyl)Ethoxy]- 4089-57-0 0 0 129 129
Propanoyl Fluoride
MAE Methyl Perfluoro (5-(Fluoroformyl)-4-Oxahexanoate) 69116-72-9 36 0 0 36
DAE Methyl Petfloro (8-(Fluoroformyl)-3-methyl-4,7- 69116730 55 0 0 55
Dicxanonanoate)
Methyl Perfluore {11-(Fluoroformyl)-5,8-Dimethyl-
TAE 4,7,10-Trioxadodecanoate) 69116-67-2 2 0 ¢ 2
hydro-EVE Methyl Perfloro-5-methyl-4,7-dioxanon-8-hydroancoate 27483349 7 0 o 7
is0-EVE Methyl Perfluoro-6-Methyl-4,7-Dioxanon-8 Encoate 73123-142 10 0 0 16
MMF Methyl-2,2-Difluoromalony] Fluoride 69116-71-8 7 0 0 7
HEPO Trimer Perflucre-2,5-Dimethyl-3,6-Dioxanonanoyl 2641-34-1 0 19 7 26
1s0-PSEPVE Perfluoro-1-Methyl-2-(2 Fluorosulfonyl Ethoxy) Ethyl | 34805-58-8 0 0 2 2
2,33 3-tetrafluoro-2-[ 1,1,2,3,3,3-hexafluoro-2-
TA [1,1,2,3,3,3-hexafluoro-2-[1,1,2 2-tetraflucro-2- 4628-44-8 0 0 11 11
(fluorosulfonyl)ethoxy]propoxy]propoxy] propanoyl
RSU 2. 2-diflucro-2-(fluorosulfonyl} acetyl fluoride 677-67-8 0 0 L 1
Total VOC Emissions (1b,) 618 24,366 3,500 2 28,486
Total VOC Emissions (tons) 0.3 12.2 1.7 0.0 14.2
B, Toxlc Air Pollutant and Hazardous Afr Pollutant Summary (TAPS/HAPS)
Nafion® EVE PPVE Total
Compound CAS Chemical Name CAS No. Emissions | Emissions | PSEPVE Accidental | Emissions
(Ib.) (Ib.) Emissions (Ib.)| Rel {1b.) ()
HF Hydrogen Fluoride 7664-39-3 8.48 84.5 19.3 0 1123
Diglyimne Diethylene Glycol Dimethyl Ether 111-96-6 81 81
Acetonitrile Acetonitrile 75-05-8 1,445 1,445
C. Carbon Monoexide (CQ) Emissions Summary
EVE PPVE Taotal
C:I:Iﬁ;::ﬁ d CAS Chemical Name CAS No. Emissions Emissions Em‘:i?i:fib) Emis:ioot:: (b Emissions
1 (b, (b} " 0 (tons)
co2 Carbon Dioxide 124-38-% 194 11,919 48 12,161 6.1
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No: NS-B

Emission Source Description: VE-North EVE Manufacturing Process

Process & Emission Description: The VE-North EVE manufacturing process is a continuous chemical reaction.
All emissions from the process are vented through the Nafion Division Waste Gas Scrubber (Control Device 1D No.
NCD-Hdr) which has a documented control efficiency of 99.1% for all acid fluoride compounds. Some emitted
compounds are assumed to pass completely through the scrubber, so the control efficiency for those compounds is
assumed to be 0%. The control of emissions of specific compounds will be addressed and detailed in the following

pages.
The EVE process in VE-North emits compounds in the acid fluoride family. In the presence of water (such as in
atmospheric moisture), these acid fluorides can eventually hydrolyze to hydrogen fluoride. For the purpose of this

emissions inventory, a conservative approach will be taken and the acid fluorides will be reported both as a VOC and
as the equivalent quantity of hydrogen fluoride.

Basis and Assumptions:
- The EVE process flowsheet is the basis for relative concentrations of before-control emissions of gaseous wastes.

- Calculations of point source emissions are based on actual vent flow totals taken from the [P21 Historian.
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{’" RN
Point Source Emission Determination
A. Hexafluoropropylene (HFP) CAS No. 116-15-4
HE Potential:
HFP is a VOC without the potential to form HF
Quantity Released
HEFP is a byproduct present inthe HFPO feed. It is an inert in VE-North that is
vented to the WGS.
HFP vented per the process flowsheet
017kgHFP
Vented from the Condensation Reactor: 0.50kgCondRxVentloy
Vented from the Crude Receiver 0 kg HFP
1591 kg CrudeReceiver Veni
I 0 kg HFP
L Vented from the Foreshots Receiver 0.14 kg ForeshotReceiver Vent

HFP vented based on 143 kg total Condensation Reactor vent stream (22266F(),
HFP vented based on 2,378 kg total Crude Receiver vent stream (22701FG).
HFP vented based on 6 kg total Foreshots Receiver vent stream (22826FG).

HFP vented from Condensation Reactor:
0.17 kg HFP X 143 kg CndRx = 50 kg HFP
0.50 kg CndRx

HFP vented from Crude Receiver
0.00 kg HFP X 2.378 kg CrRec = 0 kg HFP

15.91 kg CrRec

HFP vented from Foreshaots Receiver ‘
0.00 kg HFP X 6 kg FsRec = 0 kg HFP
0.14 kg FsRec

VOC Emissions 50 kg from Condensation Reactor
0 kg from Crude Receiver
0 kg from Foreshots Receiver
50 kg HFP = 50 kg VOC
© 110 1b VOC

n + -
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B.  Hexafluoropropylene oxide (HFFQO) CAS No. 428-59-1

HF Potential:

HFPO is a VOC without the potential to form HF

Quantity Released

HFPC unreacted in condensation is vented to the WGS.

HFPO vented per the process flowsheet

0.13 kg HFPO
0.50 kg Cond Rx Vent Flow

Vented from the Condensation Reactor:

Vented from the Crude Receiver ) 0 kg HFPO
15.91 kg Crude Re ceiver Vent

0 kg HFPO
0.14 kg ForeshotReceiverVent i

Vented from the Foreshots Receiver

HFPO vented based on 143 kg total Condensation Reactor vent stream {22266FG). ;
HFPO vented based on 2,378 kg total Crude Receiver vent stream (22701FG).
HFPO vented based on ‘ 6 kg total Foreshots Receiver vent stream (22826FG).

HFPO vented from Condensation Reactor:
0.13 kg HFPO X 143 kg CndRx = 37 kg HFPO
0.50 kg CndRx

HFPQ vented from Crude Receiver
0.00 kg HFPO X 2,378 kg CrRec = 0 kg HFPO
15.91 kg CrRec '

HFPO vented from Foreshots Receiver
0.00 kg HFPO X 6 kg FsRec = ¢ kg HFPO
0.14 kg FsRec

VOC Emissions 37 kg from Condensation Reactor ‘
0 kg from Crude Receiver ‘
0 kg from Foreshots Receiver ‘

37 kg HFPO = 37 kg VOC |

81 Ib YOC

n+ +
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C. HFPO Dimer Acid Fluoride CAS No. 2062-98-8

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptaflucropropoxy) propanoyl fluoride
HF Potential:
Each mole of HFPO Dimer Acid Fluoride (MW = 332) can generate 1 mole of HF (MW = 20).

L moleDAF 20g HF 1 moleHF — 0.120kg HF
332¢ DAF 1moleHF 1moleDAF

1l kg DAF:

Therefore, each 1 kg of HFPO Dimer Acid Fluoride generates 0.060 kg of HF

Quantity Released

In early 2018, stack testing was performed on the Division Stack (ID No. NEP-Hdr1) for the HFPO Dimer anion during the
production of PSEPVE. For the purpose of this report, it will be assumed that the measured compound was the HFPO
Dimer Acid Fluoride ("DAF") and that the emission rate measured during the production of PSEPVE is the same as during
the production of EVE.

The stack testing results showed an emission rate of 0.103 Ib/hr of DAF. These emissions would be the combination of the
after-control process vent and maintenance activity emissions plus the uncontrolled indoar equipment emissiong from
valves and connectors.

Equipment emissions are determined and reported separately in this report. - It has been determined that approximately
60% of the equipment is inside the VE North Tower and the emissions from that equipment would have been included in
the stack test's measured emissicn rate of 0.103 Ib/hr DAF. If has also been determined that approximately 40% of the
equipment is outdoors and the emissions from that equipment would not have been included in the stack test.

For this report, the process emissions will be estimated by calculating the stack emissions by multiplying the hours of

operation of the PSEPVE campaign and emission factor 0.103 Ib/hr DAF, and then subtract from that product the estimated
indoor equipment emissions.

480 hours of operation during reporting year
0.103 Tb/hr DAF emission rate (from 2018 stack testing)
49 .4 |b. DAF discharged from the Division Stack (ID No. NEP-Hdr1)
0.0 Ib. DAF total equipment emissions during reporting year
0.0 Ib. DAF indoor equipment emissions during reporting year (60% of total)
0.01 Ib. DAF from maintenance activities
Process Vent Emissions = Stack Emissions — Indoor Equipment Leaks — Maintenance Emissions

Process Vent Emissions = 489 4 Ib. DAF minus 0.0 Ib. DAF minus 0.01 Ib. DAF
Process Vent Emissions 49.4 Ib. DAF {after control)

Process Vent Emissions
Process Vent Emissions

49.4 |b. DAF (after control)
49 4 lb. VOC (after control)

HF Eguivalent Emissions 49.4 |b-DAF
0.060 Ib-HF / Ib-DAF
2.98 |b-HF

=
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D. Tetrafluorocthylene (TFE) . CAS No. 116-14-3
HF Potential:
TFE is a VOC without the potential to form HF

Quantity Released

TFE is a byproduct that can be formed in the ABR system. It is an inert in VE-North that is
vented to the WGS,

TFE vented per the process flowsheet

- Qkg THFE
Vented from the Condensation Reactor: 0.50 kg Cond Rx Vent Flow
0.18 kg TFE
Vented from the Crude Receiver 15.91 kg Crude Re ceiver Vent
Qkeg TFE
Vented from the Foreshots Receiver 0.14 kg ForeshotReceiverVent
TFE vented based on 143 kg total Condensation Reactor vent stream (22266FG).
TFE vented based on 2,378 kg totat Crude Receiver vent stream (22701FG).
TFE vented based on 6 kg total Foreshots Receiver vent stream (22826FG).
TFE vented from Condensation Reactor:
0.00 kg TFE X 143 kg CndRx = 0 kg TFE

0.50 kg CndRx

TFE vented from Crude Receiver
0.18 kg TFE X 2,378 kg CrRec = 26 kg TFE
15.91 kg CrRec

TFE vented from Foreshots Receiver
0.00 kg TFE X - 6 kg FsRee = 0 kg TFE
0.14 kg FsRec

VOC Emissions 0 kg from Condensation Reactor
26 kg from Crude Receiver
0 kg from Foreshots Receiver
26 kg TFE = 26 kg VOC
58 Ib VOC

I+ =+




s

Vinyl Ethers North

E. Methyl Perfluoro (5-(Fluoroformyl)

-4-Oxahexanoate) (MAE)

HF Potential:

Afir Emissions Inventory EVE Process Emissions

Page 6 of 13

CAS No. 69116-72-9

Each mole of MAE (MW = 322) can generate 1 mole of HF (MW = 20).

1moleMAE 20g HF 1moleHF

1 kg MAE

322¢ MAE 1moleHF 1moleMAE

=0.062kg HF

Therefore, each 1 kg of MAE generates

Quantity Released

Before-control MAE vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

MAE vented based on
MAE vented based on
MAE vented based on

Before control MAE vented from Condensation Reactor:

0.00 kg MAE X

0.50 kg CndRx

MAE vented from Crude Receiver
0.00 kg MAE X

15.91 kg CiRec

MAE venied from Foreshots Receiver
0.04 kg MAE X

0.14 kg FsRec

Total before-conirol MAE vented

0.082 kg of HF

0 kg MAE
0.50 kg Cond Rx Vent Flow

0 kg MAK
1591 kg Crude Re ceiver Vernt

0.04 kg MAE
0.14 kg ForeshotReceiver Veny|

143 kg total Condensation Reactor vent stream (22266FG).
2,378 kgtotal Crude Receiver vent stream (22701FG).
6 kg total Foreshots Receiver vent stream (22826FG).

143 kg CndRx = 0 kg MAE
2,378 kg CrRec = 0 kg MAE
6 kg FsRec = 1 ke MAE

= 1 kg MAE

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):

VOC Emissicns
Waste Gas Scrubber

HF Eguivalent Emissions

1 kg MAE
X (100%-99.1%)
= 0.01 kg MAE 0.01 kg VOC
= 0.03 Ib. VOC
0.01 kg MAE
X 0.062 kg HF/kg MAE

= 0.00 kg HF 0.00 Ib. HF
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s
K F. Propanoic Acid, 3-[1-[Difluore [ (Trifluoroethenyl) | CAS No. 63863-43-4
oxy] Methyl]-1,2,2,2-Tetrafluoroethoxyl-2,2,3,3
-Tetrafiuorg-, Methyl Ester (EVE)}
HF Potential:
EVE is a VOC without the potential to form HF

Quantity Released

EVE vented per the process flowsheet

0 kg EVE
Vented from the Condensation Reactor: 0.50 kg Cond Rx Venr Flow
0 kikg EVE
Vented from the Crude Receiver 15.91 kg Crude Re ceiver Vent
0.005kg EVE
Vented from the Foreshots Receiver 0.14 kg ForeshotReceiverVernd,
EVE vented based on 143 kg total Condensation Reactor vent stream (22266FG).
¢ EVE vented based on 2,378 kg total Crude Receiver vent stream (22701FG).
s EVE vented based on 6 kg total Foreshots Receiver vent stream (22826FG).
EVE vented from Condensation Reactor:
0.00 kg EVE X 143 kg CndRx = 0 kg EVE

0.50 kg CndRx

EVE vented from Crude Receiver
0.00 kg EVE X 2,378 kg CrRec = 0 kg EVE
15.91 kg CrRec

EVE vented from Foreshots Receiver
0.005 kg EVE X 6 kg FsRec = 0 kg EVE
0.14 kg FsRec

VOC Emissions 0 kg from Condensation Reactor

0 kg from Crude Receiver

0 kg from Foreshots Receiver

0 ke EVE = 0 kg VOC
0 1b VOC

n + +
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G. Tetraglyme (TTG) CAS No. 143-24-8

The emissions of Tetraglyme is based on a mass balance.

Quantity Released
= 289 kg TTG introduced into processes
= 289 kg TTG transferred to H/C waste tank
= 0 kg TTG unaccounted for and assumed emitted
= 0 Ih, Tetraglyme

Emissions of TTG from EVE = 0 Ib. Tetraglyme
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H. Carbon Dioxide (CO2) CAS No. 124-38-9
HF Potential:
CO2 can not form HF

uantity Released

CO2 is a byproduct from the Agitated Bed Reactor system.
vented to the WGS.

CO2 vented per the process flowsheet

Vented from the Condensation Reactor: 0 kg CO2
0.50 kg Cond Rxr Vent Flow

Vented from the Crude Receiver 0.39 kg CO2
14,91 kg Crude Receiver Vent Flow

Vented from the Foreshots Receiver 0 kg CO2
0.14 kg Foreshots Receiv'r Vent Flow
N
CO2 vented based on 143 kg total Condensation Reactor vent stream (22266FG).
CO2 vented based on 2,378 kg total Crude Receiver vent siream (22761FG).
CO2 vented based on 6 kg total Foreshots Recciver vent stream (22826FG).

CO2 vented from Condensation Reactor:
0.00 kg CO2 X 143 kg CndRx = 0 kgCO2
0.50 kg CndRx

CO2 vented from Crude Receiver
(.59 kg CO2 X 2,378 kg CrRec = 88 kg CO2
15.91 kg CrRec

CO2 venied from Foreshots Receiver
0.00 kg CO2 X 6 kg FsRec = 0 kgCo2
0.14 kg FsRec

CO02 Emissions 0 kg from Condensation Reactor
88 kg from Crude Receiver
0 kg from Foreshots Receiver
88 kg CO2 = 194 1b CO2
(not a VOC)

n+ +
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I. Adiponitrile CAS No. 111-69-3

HF Potential

ADN is a VOC and Hazardous Air Polluntant without the potential to form HF.

Quantity Released

ADN emissions based on 2,887 kg ADN fed
VE North ADN Sent to wasie Hydrocarbon tank = 2,887 kgs H/C waste
VOC Emission

2,887 kg ADN fed

- 2,887 kg ADN to H/C waste
0 kg ADN lost = 0 kg VOC
0 Ib VOC

ADN only used during an EVE Campaign
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J. VOC Summary

Air Emissions Inventory

Before Control Afier Control
Generated Stack Emissions
Nafion Compound Name vOC
kg/yr Ib/yr Ib/yr
A, HFP 49.7 110 110
B. HFPO 37 81 81
C. HFPO-Dimer 2,491 5,492 49
D. TFE 26 58 58
E. MAE 1 3 0.0
F. EVE 0 0 0.4
G. TTG 0 0 0
K. ADN 0 0 0
Total 2,605 5,744 297.8

EVE Process Emissions
Page 11 0of 13
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e
' K. Total Emission Summary**
## All Emissions in this table represent "After Control" emissions.
Process Equipment Maintenance Total
Nafion Compound Name Emissions Emissions Emissions Emissions
Ib/yr Ib/yr ®eeD Ib/yr 0t Ib/yr

A |HFP 110 1 0 i11
B.|JHFPO 81 39 2 122
C.JHFPO Dimer Acid Fluoride 49 0 0 49
D|TFE 58 0 0 58
E.|MAE 0 36 0 36
F.|JEVE 0 78 62 141
G|TTG 0 2 0 2
HJICO2 (not a VOC) 194 194
[. {ADN 0 17 1 17
* IDAE 55 0 55
* |ITAE 2 0 2
* IMMFE 7 0 7
* |hydro-EVE 4 3 7
* |iso-EVE 6 4 10

s Total 492 249 72 812

Note 1 - See section titled "Equipment Emissions" for details

Note 2 - See section titled "Maintenance Emissions” for details
H. CO2 not realistically expected through equipment or maintenance emissions. Nota VOC
1. ADN total based on material balance, see section L.

* Not normally emitted from the process as a routine stack emission
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L. HF Equivalent Emissions

Air Emissions Inventory

EVE Process Emissions
Page 130f13

Process Equipment Maintenance Total
Nafion Compound L .. - .
Name Fmissions Emissions Emissions Emissions

Ih/yr Ib/yr lb/yr Ib/yr

C.|HFPO-Dimer 2.977 0.000 0.001 2.978
E.]MAE 0.002 2.234 0.004 2.240
* IDAE 2.270 0.004 2.274
* |TAE 0.074 0.000 0.075
* IMMF 0.916 0.002 0.918
Total 2.98 5.50 0.01 8.48

* Not normally emitted from the process as a routine stack emission

The estimated HF equivalent emissions were determined by multiplying the total emission quantity of an
acid fluoride by the ratio of the molecular weight of HF divided by the molecular weight of the specific
acid fluoride. This is based on the fact that one mole of an acid fluoride will generate one mole of HE.

For example, if 100 1b. of MAE was emitted:

20 Ib/mol HF

*

332 1b/mol MAE

100 Ib/yr Equipment MAE =

6.0 lb/yr HF
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No: NS-B

Emission Source Description: VE-North PPVE Manufacturing Process

Process & Emission Description: The VE-North PPVE manufacturing process is a continuous chemical
reaction. All emissicns from the process are vented through the Nafion Division Waste Gas Scrubber (Control
Device ID No. NCD-Hdr) which has a documented control efficiency of 99.1% for all acid fluoride
compounds. Some emitted compounds are assumed to pass completely through the scrubber, so the control
efficiency for those compounds is assumed to be 0%. The control of emissions of specific compounds will be
addressed and detailed in the following pages.

The PPVE process in VE-North emits compounds in the acid fluoride family. In the presence of water (such as
in atmospheric moisture), these acid fluorides can eventually hydrolyze to hydrogen fluoride. For the purpose
of this emissions inventory, a conservative approach will be taken and the acid fluorides will be reported both
as a VOC and as the equivalent quantity of hydrogen fluoride.

Basis and Assumptions:

- The PPVE process flowsheet is the basis for relative concentrations of before-control emissions of gascous
wastes.

- Calculations of point source emissions are based on actual vent flow totals taken from the IP21 Historian,
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Point Source Emission Determination

A. Hexafluoropropylene (HFP)

HF Potential;

Air Emissions Inventory

HFP is a VOC without the potential to form HF

uantity Released

HFP is a byproduct present in the HFPO feed. It is an inert in VE-North that is

vented to the WGS.

HFP vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

0.01 kg HFP
Vented from the Foreshots Receiver 1.06 kg ForeshotsReceiverVenl,
30 kg HFP
Vented from the Stripper 100 kg Swripper Vemt
HFP vented based on 1,465 kg total Condensation Reactor vent stream (22266FG).
HFP vented based on 6,214 kg total Crude Receiver vent stream (22701FG).
HFP vented based on 459 kg total Foreshots Receiver vent stream (22826FG).
HFP vented based on 10,218 kg in the Siripper vent stream (22231FC).
HFP vented from Condensation Reactor:
0.05 kg HFP X 1,465 kg CndRx = 34 kg HFP
2.35 kg CndRx
HFP vented from Crude Receiver
0.00 kg HFP X 6,214 kg CrRec = 0 kg HFP
3.97 kg CrRec
HFP vented from Foreshots Receiver
0.01 kg HFP X 459 kg FsRec = 4 kg HFP
1.06 kg FsRec
HFP vented from Stripper
30 kg HFP X 10,218 kg Strpr = 3,065 kg HFP
100 kg Strpr
VOC Emissions 34 kg from Condensation Reactor
+ 0 kg from Crude Receiver
+ 4 kg from Foreshots Receiver

0.05 kg HFP
2.35 kg Cond RxVent Flow]

0.00 kg HFFP
3.97 kg Crude Receiver Vent

3,065 ke from Stripper

3,103 kg HFP = 3,103 ke VOC
6,841 Ib VOC

PPVE Process Emissions
Page 2 of 14

CAS No. 116-15-4
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Hexafluoropropylene oxide (HFPQ) CAS No. 428-59-1
HF Potential:
HFPQ is a VOC without the potential to form HF

Quantity Released

On April 5, 2018 and April 25-26, 2018, source testing was performed on the Division Stack while the HFPO Process unit was
operating and VE-North Process Unit was operating and producing PPVE. It was determined by review of process data (i.e.,
flow meter trends) that the source tests presented in the fable below were conducted while the VE-North Stripper Column was
being vented. The results of those source tests are also included in the below table.

HFPO/VE-North (With Stripper Column Vent} Source Test Results

Test Run HFPO Emission Rate

Date Number {Ib/hr)
04-05-2018 Division 1 14.67
04052018 Division 2 ' 22.97
04-05-2018 Division 3 18.31
04-26-2018 Division 3 8.53
04-26-2018 Division 4 1236
Avg Emission Rate 15.37

The source testing for the HFPO Process indicated emissions of 4.67 1b/hr; therefore to determine VE-North’s contribution, 4.67
Ib/hr was subtracted from the average emission rate shown in the above Table (15.37 Ib/hr). The resulting emission rate, for VE-
North during periods when the Stripper Column was venting, is 10.70 1b/hr.

VE North Stripper Column emission rate = 10.70 1b. HFPO / hour

Review of VE-North process data from the data historian indicates that the VE-North Stripper Column vented for 639 hours
during 2017, The Stripper Column was assumed to be venting when the process was being fed and the manual and control
valves on the vent line were open. Review of the data also indicated that there were 460 hours during which the data historian
did not maintain the process data. To be conservative, the emission estimates here have assumed that the Stripper Column was
venting during that entire period. Therefore, the Stripper Column was assumed to be venting for 1,099 hours during 2017.

VE North Stripper Column verting time = 1,099 hours
VE North Stripper Column emissions = 1,099 hr X 10.70 1b. HFPO / hour
VE North Stripper Column emissions = 11,759 Ib. HFPO

HFPO emissions would also be emitied from the VE-North Condensation Reactor on a routine, as-needed basis, HFPO
emissions from the VE-North Condensation Reactor, while producing PPVE, were determined using the total mass flow from
the Condensation Reactor vent along with the concentration of HFPO in the Condensation Reactor vent stream. Emissions were
caleulated as follows:

HFPO unreacted in condensaticn is vented to the WGS,

HFPO vented per the process flowsheet

0.11 kg HFPO
2.35 kg Cond Rx Vent Flow

Vented from the Condensation Reactor:

HFPO vented based on 1,465 kg total Condensation Reactor vent stream (22266FG).

HFPQ vented from Condensation Reactor:
0.11 kg HFPO X 1,465 kg CndRx = 69 kg HFPO
2.35 kg CndRx 151 1b. HFPO




Viny! Ethers North Air Emissions Inventory
VOC Emissions 151 b, from Condensation Reactor
+ 11,759 Ib. from Stripper Column

= 11,910 Ib. HFPO =

11,910 1b YOC

PPVE Process Emissions
Page 4 of 14
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C. Perfluoropropionyl fluoride (PPF) CAS No. 422-61-7
HF Potential:

Each mole of PPF (MW = 166) can generate 1 mole of HF (MW = 20).
1molePPF 20g HF 1moleHF
kg PPF 20022 28 70 O 0.120kg HF

166g PPF 1moleHF 1molePPF

Therefore, each 1 kg of PPF generates 0.120 kg of HF

Quantity Released

Before-controf PPF vented per the process flowsheet

2.14 kg PPF
2.35 kg Cond Rx Vent Flow

Vented from the Condensation Reactor:

Vented from the Crade Receiver 0 kg PPF
3.97 kg Crude Receiver Vent

0 kg PPF
1.06 kg ForeshoisReceiver Vert|

Vented from the Foreshots Receiver

Vented from the Stripper 10 kg PPK
100 kg Stripper Vent
PPF vented based on 1,465 kg total Condensation Reactor vent stream (22266FG}).
PPF vented based on 6,214 kg total Crude Receiver vent stream (22701FG).
PPF vented based on 459 kg total Foreshots Receiver vent stream (22826FG).
PPF vented based on 10,218 kg in the Stripper vent strearn (22231FC).
Before control PPF vented from Condensation Reactor:
2.14 kg PPF X 1,465 kg CndRx = 1,332 kg PPF
2.35 kg CndRx

PPF vented from Crude Receiver
0.00 kg PPF x 6,214 kg CrRec = 0 kg PPF
3.97 kg CrRec

PPT vented from Foreshots Receiver
0.00 kg PPF X 459 kg FsRec = 0 kg PPF
1.06 kg FsRec

PPF vented from Stripper

i0 kg PPF X 10,218 kg Strpr = 1,022 kg PPF
100 kg Strpr
Total before-control PPF vented = 2,353 kg PPF

After-control emissions utilizing the 98.1% control efficient Waste Gas Scrubber (WGS):

VOC Emissions 2,353 kg PAF
Waste Gas Scrubber X (100%-99.1%)
= 21 kg PAF = 21 kg VOC
= 47 |b. VOC
HF Equivalent Emissions 21 kg PAF
X 0.120 kg HF/kg PAF

3kgHF = 5.6 Ib. HF
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D. Tetrafluorocthylene {TFE)
HF Potential:

TFE is a VOC without the potential to form HF

uantity Released

Air Emissions Inventory

TFE is a byproduct that can be formed in the ABR system, It is an inert in VE-North that is

vented to the WGS.

TFE vented per the process flowsheet

Vented from the Condensation Reactor;

Vented from the Crude Receiver

Vented from the Foreshots Receiver

0 kg TFE

2.35 kg Cond Rx Venr Flow

0.0012 kg TFE

3.97 kg Crude Receiver Vent

0.0045kg TFE

1.06 kg ForeshotReceiverVent

0 kg TFE
Vented from the Stripper 100 kg Stripper Vent
TFE vented based on 1,465 kg total Condensation Reactor vent stream (22266FG).
TFE vented based on 6,214 kg total Crude Receiver vent stream (22701FG).
TFE vented based on 459 kg total Foreshots Receiver vent stream (22826FG).
TFE vented based on 10,218 kg in the Stripper vent stream (22231FC).
TFE vented from Condensation Reactor:
0.00 kg TFE X 1,465 kg CndRx = 0 kg TFE
2.35 kg CndRx .
TFE vented from Crude Receiver
0.0012 kg TFE X 6,214 kg CrRec = 2 kg TFE
3.97 kg CrRec
TFE vented from Foreshots Receiver
0.0045 kg TFE X 459 kg FsRec = 2 kg TFE
1.06 kg FsRec
TFE vented from Stripper
0 kg TFE x 10,218 kg Strpr = 0 kg TFE
100 kg Strpr
VOC Emissions 0 kg from Condensation Reactor
+ 2 kg from Crude Receiver
+ 2 kg from Foreshots Receiver
+ 0 kg from Stripper
= 4 kg TFE = 4 kg VOC

§IbVOC

PPVE Process Emissions
Page 6 of 14

CAS No. 116-14-3
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Vinyl Ethers North

E.

Air Emissions Inventory

Perfluoropropyl vinyl ether (PPVE)

HF Potential:

PPVE is a VOC without the potential to form HF

Quantity Released

PPVE vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

PPVE Process Emissions
Page 7 of 14

CAS Ne. 1623-3-3

0 kg PPVE

2.35 kg Cond Rx Vent Flow

0.002 kg PPVE

3.97 kg Crude Receiver Vent

0.88 kg PPVE

1.06 kg ForeshotReceiverVent

0 kg PPVE

100 kg Stripper Veni

Vented from the Stripper
PPVE vented based on 1,465 kg total Condensation Reactor vent stream (222661 G).
PPVE vented based on 6,214 kg total Crude Receiver vent stream (22701FG).
PPVE vented based on 459 kg total Foreshots Receiver vent stream (22826FG).
PPVE vented based on 10,218 kg in the Stripper vent stream (2223 1FC).

PPVE vented from Condensation Reactor:

0.00 kg PPVE

2.35 kg CndRx

PPVE vented from Crude Receiver

0.0020 ke PPVE

3.97 kg CrRec

X

X

1,465 kg CndRx =

6,214 kg CrRec =

PPVE vented from Foreshots Receiver

0.88 kg PPVE

1.06 kg FsRec

PPVE Vt:ntt:.’,d from Stripper
0 kg PPVE

100 kg Strpr

VOC Emigsions

X

+

459 kg FsRec =

10,218 kg Strpr =

0 kg PPVE

3 kg PPVE

381 kg PPVE

0 kg PPVE

0 kg from Condensation Reactor

3 kg from Crude Receiver
381 kg from Foreshots Receiver
0 kg from Stripper
384 kg PPVE =

384 kg VOC
846 Ib YOC
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F. Perfluoro-2-butene {C4) CAS No. 360-89-4
HF Potential:
C4s are VOCs without the potential to form HF

uantity Released

Cds are perfluorobutenes that are byproducts from the Agitated Bed Reactor system.
They are inerts in VE-North that are vented to the WGS,

Cds vented per the process flowsheet

0 kg Cds
Vented from the Condensation Reactor: 2.35 kg Cond Rx Vent Flow

0.0012 kg C'4s

Vented from the Crude Receiver 3.97 kg Crude Re ceiver Vent
0.15 kg Cas
Vented from the Foreshots Receiver 1.06 kg ForeshotsReceiverVent
0 kg Cds
Vented from the Stripper 100 kg Stripper Vent
C4s vented based on 1,465 kg total Condensation Reactor vent stream (22266FG). '
C4s vented based on 6,214 kg total Crude Receiver vent stream (22701FG).
C4s vented based on 459 kg total Foreshots Receiver vent stream (22826FG).
C4s vented based on 10,218 kg in the Stripper vent stream (2223 1FCY).
(C4s vented from Condensation Reactor:
0.00 kg C4s X 1,465 kg CndRx = 0 kg Cds
2.35 kg CndRx

C4s vented from Crude Receiver
0.0012 kg C4s X 6,214 kg CrRec = 2 kg Cds
3.97 kg CrRec

C4s vented from Foreshots Receiver
0.15 kg C4s x 459 kg FsRec = 65 kg C4s
1.06 kg FsRee

C4s vented from Stripper
0 kg Cds X 10,218 kg Strpr = 0 kgCds
100 kg Strpr
VOC Emissions 0 kg from Condensation Reactor
+ 2 kg from Crude Receiver
+ 65 kg from Foreshots Receiver
+ 0 kg from Stripper
= 67 kg C4s = 67 kg VOC

147 Ib VOC
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G. Perflucropentene (C5)

HF Potential:

Air Emissions Inventory

C5s are VOCs without the potential to form HF

Quantity Released

C5s are perfluoropentenes that are byproducts from the Agitated Bed Reactor system.
They are inerts in VE-North that are vented to the WGS.

C5s vented per the process flowsheet

0 kg C5s
Vented from the Condensation Reactor: 2.35 kg Cond Rx Vent Flow
0 kg C5s
Vented from the Crude Recsiver 3.97 kg Crude Re ceiver Vent
0.02 kg C5.
Vented from the Foreshots Receiver i)
1.06 kg ForeshotReceiverVent|

Vented from the Stripper
C5s vented based on 1,465
C5s vented based on 6,214
C5s vented based on 439
(55 vented based on 10,218

C5s vented from Condensation Reactor:

0.00 kg CSs

2.35 kg CndRx

X

C5s vented from Crude Receiver

0.00 kg C3s

3.97 kg CrRec

X

(53 vented from Foreshots Receiver

0.02 kg C5s

1.06 kg FsRec

C4s vented from Stripper
0 kg C5s

100 kg Strpr

VOC Emissions

X

+

0 kg C5s
100 kg Stripper  Vent

kg total Condensation Reactor vent stream (22266FG).
kg total Crude Receiver vent stream (22701FG).

kg total Foreshots Receiver vent stream (22826FG).
kg in the Stripper vent stream (22231FC).

1,465 kg CndRx = 0 kg C3s
6,214 kg CrRec = 0 kg CSs
459 kg FsRec = 8 kg C5s
10,218 kg Strpr = 0 kg CSs

0 kg from Condensation Reactor

0 kg from Crude Receiver

8 kg from Foreshots Receitver

0 kg from Stripper

8 kg C5s = 8 kg VOC
17 1b VOC

PPVE Process Emissions
Page 9 of 14

CAS No. 376-87-4
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H. Carbon Dioxide (CO2)

HF Potential:
CO2 can not form HF

Quantity Released

Air Emissions Inventory

CO2 is a byproduct from the Agitated Bed Reactor system.
They are inerts in VE-North that are vented to the WGS,

CO2 vented per the process flowsheet

PPVE Process Emissions
Page 10 of 14

CAS No. 124-38-9

Vented from the Condensation Reactor: 0 kg CO2

2.335 kg Condensation Reactor Vent Flow

Vented from the Crude Receiver 1.27 kg CO2

3.97 kg Crude Receiver Vent Flow

Vented from the Foreshots Receiver 0 kg CO2

1.06 kg Foreshots Receiver Vent Flow

Vented from the Stripper 0 kg CO2

CO2 vented based on
CO2 vented based on
CO2 vented based on
CO2 vented based on

100.00 kg Stripper Vent Flow

1,465 kg total Condensation Reactor vent stream {22266FG).
6,214 kg total Crude Receiver vent stream (22761FG).

459 kg total Foreshots Receiver vent stream (22826FG).

10,218 kg in the Stripper vent stream (2223 1FC).

CO2 vented from Condensation Reactor:

0.00 kg CO2

2.35 kg CndRx

X

CO2 vented from Crude Receiver

3.45 kg CO2

3.97 kg CrRec

X

1,465 ke CndRx =

6,214 kg CrRec 5,40

CO2 vented from Foreshots Receiver

0.00 kg CO2

1.06 kg FsRec

CO?2 vented from Stripper
0 kg CO2

100 kg Strpr
CO2 Emissions

X

+

459 kg FsRec =

10,218 kg Strpr =

0 kg from Condensation Reactor
5,406 kg from Crude Receiver

0 kg from Foreshots Receiver

0 kg from Stripper
5,406 kg CO2

]

11,91

0 kg CO2

6 kg CO2

0 kg CO2

0 kg CO2

9 1b CO2

(not a VOO)
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I. Acetonitrile (AN)

HF Potential

"

AN is a VOC and Hazardous Air Polluntant without the potential to form HF.

Quantity Released

AN emissions based on 19,330 kg AN fed
Hydrocarbon waste sent to Hydrocarbon waste tank = 19,330 kgs HIC waste
PPVE generated during the year 165,472 kg PPVE
Assume that: 5% of spent acetonitrile are flnerocarbons.

AN portion of hydrocarbon waste stream:

19,330 kg to H/C waste

x (1-(.1y)
= 18,364 kg AN to H/C waste
Material Balance
Based on total Vinyl ether produced 165,472 kg PPVE
P ~ Assume 90% Crude is needed to generage that amount of PPVE
| 70% of AF going to ABR is needed to create the Crude
Feed going to ABR is 1,500 ppm AN
1,000,000
Therefore: 165,472 kg PPVE
\ 0.90 Crude
\ 0.70 AF
X 0.0015 ppm AN
= 394 kg AN in Feed to ABR
VOC Emission ) 19,330 kg AN fed

18,364 kg AN to H/C waste
- 394 kg AN to ABR
573 kg AN

573 kg VOC
1,262 b VOC

AN only used during a PPVE Campaign

Total AN 1,262 Ib VOC

PPVE Process Emissions
Page 11 of 14

CAS No. 75-05-3
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C

HFPO Dimer Acid Fluoride CAS No. 2062-98-8
2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy) propanoyl fluoride

HF Potential:

Each mole of HFPQ Dimer Acid Fluoride (MW = 332) can generate 1 mole of HF (MW = 20).

1
| kg DAF moleDAF 20g HF 1moleHF —0.120kg HF
332g DAF 1moleHF 1moleDAF
Therefore, each 1 kg of HFPQ Dimer Acid Fluoride generates 0.060 kg of HF

Quantity Released

In early 2018, stack testing was performed on the Division Stack (ID No. NEP-Hdr1) for the HFPO Dimer anion.
For the purpose of this report, it will be assumed that the measured compound was the HFPO Dimer Acid Fluoride
{"DAF™.

The stack testing results showed an average emission rate of 0.296 (b/hr of DAF. These emissions would be the
combination of the after-control process vent and maintenance activity emissions plus the uncontrolled indoor
equipment emissions from valves and connectors.

Equipment emissions of DAF are determined and reported separately in this report. Because the emission factor
was determined via Method 21 testing during the PPVE campaign and the equipment emissions were estimated
with the assumption that the equipment was in continuous VYOC service (8760 hours/year), the total equipment
emissions of DAF from the VE North Process will be given to PPVE campaigns.

For this report, the process emissions will be estimated by calculating the stack emissicns by multiplying the hours

of operation of the PPVE campaign and emission factor 0.296 Ib/hr DAF, and then subtract from that product the
estimated indoor equipment emissions and maintenace emissions.

4176 hours of operation during reporting year
0.296 Ib/hr DA emission rate (from 2018 stack testing)
1,236.1 Ib. DA discharged from the Division Stack (ID No. NEP-Hdr1)
2.5 Ib. DA from indoor equipment emissions during reporting year
1.3 Ib. DA from maintenance activities
Process Emissions = Stack Emissions — Indoor Equipment Leaks — Maintenance Emissions
Process Emissions = 1,236.1 Ib. DA minus 2.5 Ib. DA minus 1.3 |b. DA

Process Emissions 1,232.3 Ib. DA {after control)

Process Emissions
Process Emissions

1,232 i, DA (after control)
1,232 Ib. VOC (after control)

n o

HF Equivalent Emissions 1232.3 Ib-DAF
X 0.060 Ib-HF / Ib-DAF
= 74.22 |b-HF
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J. VOC Summary

Air Emissions [nventory

PPVE Process Emissions
Page 13 of 14

Before Control After Control
Generated Stack Emissions

Nafion Compound Name vocC
kafyr Ibfyr Ibfyr

A. HFP 3,103 6,841 6,841

B. HFPO 5,403 11,910 11,910

C. PPF 2,353 5,188 47

D. TFE 4 8 8

E. PPVE 384 846 846

F. C4 67 147 147

G. C5 8 17 17

. AN 573 1,262 1,262

J. HFPO bimer Acid Flucride 62,106 136,919 1,232

Total 11,894 26,221 21,080
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K. Total Emission Summary**

Air Emissions Inventory

#+ All FEmissions in this table represent "After Control" emissions.

PPVE Process Emissions

Process Equipment Maintenance Total
Nafion Compound Name Emissions Emissions Emissions Emissions
Ib/yr Ibfyr 0D Ib/yr e Ib/yr
A|HFP 6,841 6 0 6,848
B.|HFPO 11,910 427 18 12,355
C.|PPE 47 30 0 76
D|TFE 8 0 0 g
E.|PPVE 846 700 527 2,074
F.|C4 147 68 71 286
G.|C5 17 0 0 17
HJCO2 (nota VOC) 11,919 0 0 11,919
L. JAN ‘ 1,262 175 7 1,445
J |HFPO Dimer Acid Fluoride 1,232 4 1 1,238
* |HFPO Trimer 19 0 19
Total 34,231 1,429 625 36,285

Note 1 - See section titled "Equipment Emissions” for details
Note 1 - All equipment emissions of HFPO Dimer Acid Fluoride will be reported as from PPVE
Note 2 - See section titled "Maintenance Emissions” for details

CO?2 not realistically expected through equipment or maintenance emissions

AN total based on material balance, see section K.
* Not normally emitted from the process as a routine stack emission
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L. HF Equivalent Emissions

Process Equipment Maintenance Total

Nafion Compound Name Emissions Emissions Emissions Emissions
Ib/yr Ib/yy Ib/yr Ib/yr
C. jPPF 5.6 3.6 0.01 9.20
J. |HFPO-Dimer 74 0.3 0.08 74.56
* |HFPO Trimer 0.8 0.00 0.78
Total 79.8 5 0.09 84.53

*  Not normally emitted from the process as a routine stack emission

The estimated HF equivalent emissions were determined by multiplying the total emission quantity
of an acid fluoride by the ratio of the molecular weight of HF divided by the molecular weight of
the specific acid fluoride. This is based on the fact that one mole of an acid fluoride will generate
one mole of HF.

For example, if 100 lb. of PPF was emitted:

20  Ib/mol HF % 100  Ib/yr Equipment PPF = 12.0 lb/yr HF
166 1b/mol PPF
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No; NS-B

Emission Source Description: VE-North PSEPVE Manufacturing Process

Process & Emission Description: The VE-North PSEPVE manufacturing process is a continuous chemical reaction.
All emissions from the process are vented through the Nafion Division Waste Gas Scrubber (Control Device ID No.
NCD-Hdr) which has a documented control efficiency of 99.1% for all acid fluoride compounds. Some emitted
compounds are assumed to pass completely through the scrubber, so the control efficiency for those compounds is
assumed to be 0%. The control of emissions of specific compounds will be addressed and detailed in the following

pages.
The PSEPVE process in VE-North emits compounds in the acid fluoride family. In the presence of water (such as in
atmospheric moisture), these acid fluorides can eventually hydrolyze to hydrogen fluoride. For the purpose of this

emissions inventory, a conservative approach will be taken and the acid fluorides will be reported both as a VOC and
as the equivalent quantity of hydrogen fluoride.

Basis and Assumpfions:

- The PSEPVE process flowsheet is the basis for relative concentrations of before-control emissions of gaseous
wastes, )

- Calculations of point source emissions are based on actual vent flow totals taken from the IP21 Historian.



Vinyl Ethers North Ailr Emissions Inventory

=

Point Source Emission Determination

A. HOFP

Hexafluoropropylene

HF Potential:

HFP is a VOC without the potential to form HF

nantity Released

HFP is a byproduct present in the HFPO feed, It is an inert in VE-North that is
vented to the WGS.

HFP vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

PSEPVE Process Emissions
Page2 of 18

CAS No. 116-15-4

0.15kg HFP

3.66kgCondRxVentlown

0.08 kg HFP

18,76 kg CrudeReceiver Vent

0 kg HFP
0.33 kg ForeshotReceiverVent|

HFP vented based on 446 kg total Condensation Reactor vent stream (22266FG).
HFP vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
HFP vented based on 18 kg total Foreshots Receiver vent stream (22826FG).

HFP vented from Condensation Reactor:

0.15 kg HFP X 446 kg CndRx = 18 kg HFP
3.66 kg CndRx
HFP vented from Crude Receiver
0.08 kg HFP X 12,873 kg CrRec = 51 kg HFP
18.76 kg CrRec
HFP vented from Foreshots Receiver
0.00 kg HFP X 18 kg FsRec = 0 kg HFP
0.33 kg FsRec
VOC Emissions 18 kg from Condensation Reactor
+ 51 kg from Crude Receiver
+ 0 kg from Foreshots Receiver
= 69 kg HFP = 69 kg VOC

152 1 VOC
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B. HFPO

Hexafluoropropylene oxide

HF Potential:

HFPO is a VOC without the potential to form HF

Quantity Released

Air Emissions Inventory

HFPO unreacted in condensation is vented to the WGS,

HFPO vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

HFPO vented based on
HFPO vented based on
HFPO vented based on

HFPO vented from Condensation Reactor:

328 kg HFPO

3.66 kg CndRx

HFPO vented from Crude Receiver
0.00 kg HFPO

18.76 kg CrRec

HFPO vented from Foreshots Receiver
0.00 ke HFPO

0.33 kg FsRec

VOC Emissions

n+ +

PSEPVE Process Emissions
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CAS No. 428-59-1

3.28 kg HFPO
3.66 kg Cond Rx Venit Flow

0 kg HFPO

18.76 kg CrudeRe ceiver Vent

0 kg HFPO

0.33 kg ForeshorReceiverVenl

446 kg total Condensation Reactor vent stream (22266FG).
12,873 kg total Crude Receiver vent stream (22701FG).
18 kg total Foreshots Receiver vent stream (22826FG).

446 kg CndRx

12,873 kg CrRec

18 kg FsRec

= 400 kg HFPO

= 0 kg HFPO

= 0 kg HFPO

400 kg from Condensation Reactor
0 kg from Crude Receiver
0 kg from Foreshots Receiver

400 kg HFPO

= 400 kg VOC
880 Ib VOC
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C. PPF
Perfluoropropionyl fluoride

PSEPVE Process Emissions

Page 4 of 18

CAS No. 422-61-7

HE Potential:
Each mole of PPF (MW = 166) can generate 1 mole of HF (MW = 20},
VmolePPF 20g HF 1moleHF
1kg PPF- . . =0.120kg HF
166g PPF 1moleHF 1molePPF
Therefore, each 1 kg of PPF generates 0.120 kg of HF
Quantity Released
Before-control PPF vented per the process flowsheet
Vented from the Condensation Reactor: 0.20 kg PPE
3.66 kg Cond Rx Vent Flow
Vented from the Crude Receiver 0 kg PPF
18.76 kg Crude Receiver Vent
0 kg PPF
Vented he Foreshots Recet
ented from the Foreshots Recetver 0.33 kg ForeshotsReceiverVernt
PPF vented based on 446 kg total Condensation Reactor vent stream (22266FG).
PPF vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
PPF venied based on 18 kg total Foreshots Receiver vent stream (22826FG).
Before control PPF vented from Condensation Reactor:
0.20 kg PPF X 446 kg CndRx = 25 kg PPF
3.66 kg CndRx
PPF vented from Crude Receiver
0.00 kg PPF X 12,873 kg CrRec = 0 kg PPF
18.76 kg CrRec
PPF vented from Foreshots Receiver
0.00 kg PPF X 18 kg FsRec = 0 kg PPF

0.33 kg FsRec

Total before-control PPF vented

After-control emissions utilizing the 99.6% control efficient Waste Gas Scrubber (WGS):

VOC Emissions
Waste Gas Scrubber X

HF Equivalent Emissions

>

= 25 kg PPF
25 kg PPF
(100%-99.1%) Control Efficiency
0.22 kg PAF = 0.22
= 0.49

0 kg PPF
0.120 kg HF/kg PPF
0.03 kg HF 0.06 Ib. HF

kg VOC
Ib. VOC
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D. TFE CAS No. 116-14-3
Tetrafluoroethylene
HF Potential;

TFE is a VOC without the potential to form HF

Quantity Released

TFE is a byproduct that can be formed in the ABR system. It is an inert in VE-North that is
vented to the WGS.

TFE vented per the process flowsheet

0 kg TFE
Vented from the Condensation Reactor: 3.66 kg Cond Rx Vent Flow
0.19 kg TFE
Vented from the Crude Receiver 18.76 kg CrudeReceiver Vert
O kg TFE
Vented from the Foreshots Receiver 0.33 kg ForeshotReceiverVent|
TFE vented based on 446 kg total Condensation Reactor vent stream (22266FG).
TFE vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
TFE vented based on 18 kg total Foreshots Receiver vent stream (22826FG).
TFE vented from Condensation Reactor:
0.00 X 446 kg CndRx = 0 kg TFE
3.66 kg TFE i
kg CndRx
TFE vented from Crude Receiver )
0.19 X 12,873 kg CrRec = 129 kg TFE
18.76 kg TFE
kg CtRec
TFE vented from Foreshots Receiver
0.00 X 18 kg FsRec = 0 ke TFE
0.33 kg TFE
kg FsRec
VOC Emissions 0 kg from Condensation Reactor
+ 129 kg from Crude Receiver
+ 0 kg from Foreshots Receiver
= 129 kg TFE = 129 kg VOC

283 IbvVOC
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E. PSEPVE CAS No. 1623-5-8
Perfluoro-2-(2-Fluorosulfonylethoxy) Propy! Vinyl Ether
HFE Potential:
PSEPVE is a VOC without the potential to form HF
Quantity Released
PSEPVE vented per the process flowsheet
0 kg PSEPVE
Vented from the Condensation Reactor: 3.66 kg Cond Rx Vent Flow
0 kg PSEPVE
Vented from the Crude Receiver 18.76 kg CrudeReceiver Vent

0.07 kg PSEPVE
0.33 kg ForeshotReceiver Vent|

Vented from the Foreshots Receiver

PSEPVE vented based on 446 kg total Condensation Reactor vent stream (22266FG).
PSEPVE vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
PSEPVE vented based on 18 kg total Foreshots Receiver vent stream (22826FG).

PSEPVE vented from Condensation Reactor:

0.00 X 446 kg CndRx = 0 kg PSEPVE
3.66 kg PSEPVE
kg CndRx
PSEPVE vented from Crude Receiver
0.00 X 12,873 kg CrRec = 0 kg PSEPVE
18.76 kg PSEPVE
kg CrRec
PSEPVE vented from Foreshots Receiver
0.07 X 18 kg FsRec = 3.80 kg PSEPVE
0.33 kg PSEPVE
‘kg FsRec
VOC Emissions 0 kg from Condensation Reactor
+ 0 kg from Crude Receiver
+ 3.80 kg from Foreshots Receiver
= 3.80 kg PSEPVE = 3.80 kg VOC

8.35 b YOC
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F. C4
Perfluoro-2-butene

HF Potential:

(4s are VOCs without the potential to form HF

Quantity Released

C4s are perfluorcbutenes that are byproducts from the Agitated Bed Reactor system.

They are inerts in VE-North that is vented to the WGS.

C4s vented per the process flowsheet

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

PSEPVE Process Emissions

Page 7 of 18

CAS No. 360-89-4

0 ke C4

3.66 kg Cond Rx Vemt Flow

041 kg C4

18.76 kg CrudeReceiver Vent

010AzC4

0.33 kg ForeshotsReceiverVent|

C4s vented based on 446 kg total Condensation Reactor vent stream (22266FG).
(C4s vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
Cds vented based on 18 kg total Foreshots Receiver vent stream (22826FG).

C4s vented from Condensation Reactor:

0.00 X 446 kg CndRx = 0 kg C4s
3.66 kg Cds
kg CndRx
C4s vented from Crude Receiver
.41 X 12,873 kg CrRec = 283 kg Cds
18.76 kg Cds
kg CrRec
C4s vented from Foreshots Receiver
0.10 X 18 kg FsRec = 5 kg Cds
033 kg Cds
kg FsRec
VOC Emissions 0 kg from Condensation Reactor
+ 283 kg from Crude Receiver
+ 5 kg from Foreshots Receiver
= 289 kg Cds = 289 kg VOC

635 1b VOC
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G. HFPO Trimer

Vinyl Ethers North Air Emissions Inventory PSEPVE Process Emissions
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Perfluoro-2,5-Dimethyl-3,6-Dioxanonanoyl

HF Potential:

Each mole of HFPO Trimer (MW = 498) can generate 1 mole of HF (MW = 20). f
1 kg M- LmoleTrimer 20g HF 1mole HF _0.0402kg HF

498¢g Trimer 1moleHF 1moleTrimer

Therefore, each 1 kg of HFPO Trirmer generates 0.040 kg of HF
Quantity Released

HFPO Trimer is a byproduct formed in the Condensation Reactor system.

HFPO Trimer vented per the process flowsheet 0 kg HFPO Trimer

Vented from the Condensation Reactor: 3.66 kg Cond Rx Vent Flow

0 kg HFPOTrimer
18.76 kg CrudeReceiver Vent

Vented from the Crude Receiver:

0.01 kg HF PO Trimer
0.33 kg ForeshotsReceiverVent

Vented from the Foreshots Receiver:

HFPQ Trimer vented based on 446 kg total Condensation Reactor vent stream {(22266FG).
HFPO Trimer vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
HFPO Trimer vented based on 18 kg total Foreshots Receiver vent stream. (22826FG).

Before control HFPO Trimer vented from Condensation Reactor: -
0.00 X 446 kg CndRx = 0 kg HFPO Trimer
3.66 kg HFPO Trimer
kg CndRx

HFPO Trimer vented from Crude Receiver
0.00 X 12,873 kg CrRec = 0 kg HFPO Trimer
18.76 kg HFPO Trimer
ke CrRec

HFPO Trimer vented from Foreshots Receiver

0.01 X 18 kg FsRec = 0.76 kg HFPO Trimer
(.33 kg HFPO Trimer
kg FsRec
Total before-control HFPO Trimer vented 0.76 kg VOC

After-control emissions utilizing the 92.6% control efficient Waste Gas Scrubber (WGS):

VOC Emissions 0.76 kg HFPO Trimer

Waste Gas Scrubber x (100%-99.1%) Control Efficiency
= 0.0088 kg HFPQ Trimer = 0.0068 kg VOC
= 0.015 Ib. VOC
HF Eguivalent Emissions 0.0068 kg HFPO Trimer
X 0.040 kg HF/kg HFPO Trimer

6.00027 kg HF 0.00061 Ib. HF

CAS No, 2641-34-1
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H. Monoadduct (MA) CAS No. 4089-57-0
Tetrafluoro-2-[Tetrafluoro-2-(Fluorosulfonyl)Ethoxy]-Propanoyl Fluoride

HF Potential;
Each mole of MA (MW = 346} can generate 1 mole of HF (MW = 20}.
1mole MA 20g HF 1 HF
| kg M. Lol MA 208 HE Nmole HE _, 5010 e
346 g MA 1mole HF | mole MA
Therefore, each 1 kg of MA generates 0.058 kg of HF

Quantity Released

Before-control MA vented per the process flowsheet

0 kg MA
3.66 kg Cond Rx Vent Flow

Vented from the Condensation Reactor:

0 kg MA
18.76 kg CrudeRe ceiver Vent

Vented from the Crude Receiver

0.0045 kg MA
(.33 kg ForeshotsReceiverVeni|

Vented from the Foreshots Receiver

MA vented based on 446 kg total Condensation Reactor vent stream (22266FG).
MA. vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
MA vented based on 18 kg total Foreshots Receiver vent stream (22826FG).

Before control MA vented from Condensation Reactor:
0.00 kg MA X 446 kg CndRx = 0 kg MA
3.66 kg CndRx

MA vented from Crude Receiver
0.00 kg MA X 12,873 kg CrRec = 0 kgMA
18.76 kg CiRec

MA vented from Foreshots Receiver

0.0045 kg MA X 18 kg FsRec = 0.253 kg MA
0.33 kg FsRec
Total before-control MA vented = 0.253 kg MA
After-control emissions utilizing the 89.6% control efficient Waste Gas Scrubber (WGS):
VOC Emissions 0.253 kg MA
Waste Gas Scrubber x  {100%-99.1%) Contro! Efficiency
= 0.00228 kgMA = 0.00228 kg VOC
= 0.005 1b. VOC
HF Equivalent Emissions 0.00228 kg MA
X 0.058 kg HF/fkg MA

= 0.00 kg HF 0.00 Ib. HF
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I. Diadduct (DA)

PSEPVE Process Emissions
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CAS No. 4089-58-1

Tetrafluoro-2[Hexafluoro-2-(Tetrafluoro-2-{Fluorosulfonyl}Ethoxy) Propoxy Propionyl Fluoride

HF Potential:

Each mole of DA (MW = 512} can generate 1 mole of HF (MW = 20
1moleDA_20g HF 1mole HF
1 kg Ma-=20%¢ & ot T 0.039kg HF| .,

512g DA 1 mole HF 1mole DA

Therefore, each 1 kg of DA generates 0.039 kg of HF

Quantity Released

Before-control DA vented per the process flowsheet

Vented from the Condensation Reactor: 0 kg DA

3.66 kg Cond Rx Verr Flow

Vented from the Crude Receiver 0 kg DA

18.76 kg Crude Receiver Vent

0.13 kg DA

Vented from the Foreshots Receiver

0.33 kg ForeshotReceiverVent,

DA vented based on 446 kg total Condensation Reactor vent stream (22266FG).
DA vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
DA vented based on 18 kg total Foreshaois Receiver vent stream (22826FG).

Before conirol DA vented from Condensation Reactor:
0.00 kg DA X 446 kg CndRx =
3.66 kg CndRx

DA vented from Crude Receiver
0.00 kg DA X 12,873 kg CrRec =
18.76 kg CrRec

DA vented from Foreshots Receiver
0.13 kx DA X 18 kg FsRec =
0.33 kg FsRec

Total before-control DA vented =
After-control emissions utilizing the 99.6% control efficient Waste Gas Scrubber (\WGS):
VOC Emissiong 7.34 kg DA

Waste Gas Scrubber x  (100%-99.1%) Control Efficiency
0.0661 kgDA

HF Equivalent Emissions 0.0661 kg DA
0.03% kg HF/kg DA
0.00258 kg HF

>

0 kg DA

0 kg DA

7.34 kg DA

7.34 kg DA

= 0.066 kg VOC
= 0.146 Ib. VOC

0.01 Ib. HF
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( ' J. Hydro PSEPVE CAS No. 755-02-9
Tetrafluoro-2-[Trifluoro-2-(1,2,2,2-Tetra-fluoroethoxy)-1-(Trifluoromethyl) Ethoxy]-
Ethane Sulfonyl Fluoride
HF Potential;
Hydro-PSEPVE is a VOC without the potential to form HF
Quantity Released

Hydro-PSEPVE vented per the process flowsheet

0 kg Hydro - PSEPVE
3.66 kg Cond Rx Vent Flow

Vented from the Condensation Reactor:

0 kg Hydro— PSEPVE
18.76 kg CrudeRe ceiver Vent

Vented from the Crude Receiver

Vented from the Foreshots Receiver 0.0045 kg Hydro- PSEPVE
0.33 kg ForeshotsReceiverVent|

Hydro-PSEPVE vented based on 446 kg total Condensation Reactor vent stream (22266FG).
Hydro-PSEPVE vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
Hydro-PSEPVE vented based on 18 kg total Foreshots Receiver vent stream (22826FG).

Hydro-PSEPVE vented from Condensation Reactor:
0.00 kg Hydro-PSEPVE X 446 kg CndRx = 0 kg Hydro-PSEPVE
: 3.66 kg CndRx

Hydro-PSEPVE vented from Crude Receiver
~ 0.00 kg Hydro-PSEPVE X 12,873 kg CrRec = 0 kg Hydro-PSEPVE
18.76 kg CrRec

Hydro-PSEPVE vented from Foreshots Receiver
0.0045 kg Hydro-PSEPVE X 18 kg FsRec
0.33 kg FsRee

0.253 kg Hydro-PSEPVE

VOC Emissions 0 kg from Condensation Reactor
0 kg from Crude Receiver
0.253 kg from Foreshots Receiver
0.253 kg Hydro-PSEPV = 0.253 kg VOC
0.557 Ib VOC

n+ +
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K.

Iso-PSEPVE
Perfluoro-1-Methyl-2-(2 Fluorosuifonyl Ethoxy) Ethyl Vinyl Ether

HF Potential:
Iso-PSEPVE is a VOC without the potential to form HF

Quantity Released

Is0-PSEPVE vented per the process flowsheet

PSEPVE Process Emissions
Page 12 0of 18

CAS No. 34805-58-8

0 kg Iso — PSEPVE

Vented from the Condensation Reactor:

3.66 kg Cond Rx Vent Filow

0 kg Iso — PSEPVE

Vented from the Crude Receiver

18.76 kg CrudeReceiver Vent

0.014 kg Iso — PSEPVE

Vented from the Foreshots Receiver

0.014 kg Foreshots Re ceiver Vent

[50-PSEPVE vented based on
[s0-PSEPVE vented based on
I50-PSEPVE vented based on

150-PSEPVE ventied from Condensation Reactor:
0.00 kg Iso-PSEPVE X 446 kg CndRx =

3.66 kg CndRx

Iso-PSEPVE vented from Crude Receiver
0.00 kg Iso-PSEPVE X 12,873 kg CrRec =

18.76 kg CrRec

Is0-PSEPVE vented from Foreshots Receiver
0.014 kg Iso-PSEPVE X i8 kg FsRec =
0.33 kg FsRec

VOC Emissions 0 kg from Condensation Reactor
0 kg from Crude Receiver
00.759 kg from Foreshots Receiver
0.759 kg Iso-PSEPVE =

m+ +

446 kg total Condensation Reactor vent stream (22266FG).
12,873 kg total Crude Receiver vent stream (22701FG).
18 kg total Foreshots Receiver vent stream (22826FG).

0 kg Isc-PSEPVE

0 kg Iso-PSEPVE

0.759 kg Iso-PSEPVE

0.759 kg YOC
1.671 Ib VOC
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L. HFPO Dimer Acid Fluoride CAS No. 2062-98-8
2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy} propanoyl fluoride

HF Potential;
Each mole of HFPO Dimer Acid Fluoride (MW = 332) can generate 1 mole of HF (MW = 20).

LmoleDAF 20g HF' 1moleHF —0.120kg HF
332g DAF 1moleHF 1moleDAF

1kg DAF

Therefore, each 1 kg of HFPC Dimer Acid Fluoride generates 0.080 kg of HF

Quantity Released

in early 2018, stack testing was performed on the Division Stack (ID No. NEP-Hdr1) for the HFPO Dimer anion during the
production of PSEPVE. Far the purpose of this report, it will be assumed that the measured compound was the HFPO Dimer
Acid ("DA™.

The stack testing results showed an emission rate of 0.103 Ib/hr of DA. These emissions would be the combination of the
after-control process vent and maintenance activity emissions plus the uncontrolled indoor equipment emissions from valves
and connectors.

Equipment emissions are determined and reported sepa'rately in this report. The equipment emissions were determined via
Method 21 testing during a PPVE campaign. The annual total of equipment emissicns will be reported under the PPVE
section.

For this report, the process emissions will be estimated by calculating the stack emissions by multiplying the hours of
operation of the PSEPVE campaign and emission factor 0.103 Ib/hr DAF, and then subtract from that product the estimated
maintenance emissions.

1,968 hours of operation during reporting vear
0.103 Ib/hr DA emission rate (from 2018 stack testing)
202.7 Ib. DA discharged from the Division Stack (ID No. NEP-Hdr1)
0.01 Ib. DA from maintenance aclivities
Process Vent Emissions = Stack Emissions - Mainienance Emissions
Process Vent Emissions = 202.7 Ib. DA - 0.01 Ib. DA

Process Vent Emissions 202.7 Ib. DA (after control)

Conversion from HFPO Dimer Acid (DA) to HFPO Dimer Acid Fluoride (DAF)

HFPO Dimer Acid Fluoride (DAF) 332.045 g-DAF / mole-DAF
HFPQ Dimer Acid (DA) 330.053 g-DA / mole-DA
1.00804 g-DAF / g-DA

Process Vent Emissions 202.7 Ib. DA (after control)
Process Vent Emissions 203.9 |b. DAF (after control)
Process VVent Emissions = 203.9 |b. VOC (after control)

HF Equivalent Emissions 202.7 Ib-DAF
b4 0.060 |b-HF / Ib-DAF
12.21 |h-HF
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M. Diglyme CAS No. 111-96-6

The emissions of diglyme is based on a mass balance

Quantity Released

2,400 kg diglyme introduced into processes

= 2,400 kg diglyme transferred to H/C waste tank

= 0 kg diglyme unaccounted for and assumed emitted
1b.Diglyme

Il
=

Emissions of diglyme from PSEPVE = ' ¢ Ib. Diglyme
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N. Sulfonyl Fluoride (SOF2)
HF Potential:

Each mole of SOF2 (MW = 86) can generate 2 mole of HF (MW = 20).

PSEPVE Process Emissions
Page 15 of 18

CAS No, 7783-42-8

1kg]tM-1mOleS0F2- 20g HF 2moleHF _0465kg HF
86g SOF2 1moleHF 1moleSOF2
Therefore, each 1 kg of SOF2 generates 0.465 kg of HF
Quantity Released
Before-contrel SOF2 vented per the process flowsheet
0 kg SOF?2

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshois Receiver

3.66 kg Cond Rx Vent Flow

0 kg SOF2
18.76 kg CrudeReceiver Verit

0 kg SOF2
0.33 kg ForeshotsReceiverVent

SOF2 vented based on . 446 kg total Condensation Reacior vent stream (22266F ().
SOF2 vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
SOF2 vented based on 18 kg total Foreshots Receiver vent stream (22826FQ).
Before control SOF2 vented from Condensation Reactor;
(.00 kg SOF2 X 446 kg CndRx = 0 kg SOF2
3.66 kg CndRx
SOF2 vented from Crude Receiver
0.00 kg SOF2 X 12,873 kg CrRec = 0 kg SOF2
18.76 kg CrRec
SOF2 vented from Foreshots Receiver
0.00 kg SOF2 X 18 kg FsRec = 0 kg SOF2
.33 kg FsRec :
Total before-control SOF2 vented = 0 kg SOF2
After-control emissions utilizing the 99.6% control efficient Waste Gas Scrubber (WGS):
SOF2 Emissions 0 kg SOF2
Waste Gas Scrubber X (100%-99.1%) Control Efficiency
= 0 kg SOF2 0 Ib. SOF2
HF Eguivalent Emjissions 0 kg SOF2
X 0.465 kg HF/kg SOF2
= 0.00 kg HF 0.00 Ib. HF

SOF2 is not a VOC (no carbon)
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0. Carbon Dioxide (CO2)

Quantity Released

CO2 is a byproduct from the Agitated Bed Reactor system.

They are inerts in VE-North that are vented to the WGS.

CO2 vented per the process flowshest

Vented from the Condensation Reactor:

Vented from the Crude Receiver

Vented from the Foreshots Receiver

CO2 vented based on 446 kg total Condensation Reactor vent stream (22266FG).
CO2 vented based on 12,873 kg total Crude Receiver vent stream (22701FG).
CO2 vented based on 18 kg total Foreshots Receiver vent stream {22826FG).

CO?2 vented from Condensation Reactor:
0.00 X
' 3.66 kg CO2
kg CndRx

€02 vented from Crude Receiver
17.45 X
18.76 kg CO2
kg CrRec

CO2 vented from Foreshots Receiver
0.00 X
0.33 kg CO2
kg FsRee

CO2 Emissicns Exit WGS

E + +

0 kg CO2

3.66 kg Cond Rx Vent Flow

17.45 kg CO2

18.76 kg CrudeReceiver Vent

0 kg CO2

0.33 kg ForeshotReceiverVent|

12,873 kg CrRec

446 kg CndRx =

18 kg FsRec =

0 kg from Condensation Reactor
48 kg from Crude Receiver

0 kg from Foreshots Receiver
48 kg CO2 =

PSEPVE Process Emissions
Page lo of I8

CAS No. 124-38-9

0 kg CO2

11,972 kg CO2

0 kg CO2

106 Ib CO2

(not a VOO)
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P. VOC Summary

Air Emissions Inventory

Before Control |After Control Stack
] Generated Emissions
Nafion Compound Name VO VOO Voo HE
kglyr Iblyr Iblyr Iblyr
AJHFP 69 153 153
B.|HFPO 400 382 882
C{PPF 25 55 0 0.1
DJTFE 129 284 284
E|PSEPVE 4 8 8
F.|C4 289 636 636
G{HFPO Trimer 1 2 0 0.0
H|MA 0 i 1] 0.0
I. |DA 7 16 0 0.0
J.|Hydro PSEPVE 0 1 1
K.lso PSEPVE 1 2 2
1..|HFPO Dimer Acid Fluoride 10,215 22,521 203 12.2
M|Diglyme 0 0 0
NJSOF2 (not a VOC)
0]CO2Z (not a VOC) 48 106 48
Total 11,188 24,665 2,216 12.3

PSEPVE Process Emissions
Page 17 of 18
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Q. Total Emission Summary**
** All Emissions in this table represent "After Control" emissions.

Air Emissions Inventory

PSEPVE Process Emissions
Page 18 cf 18

Stack Equipment Maintenance Total
Nafion Compound Name Emissions Emissions ™" Emissions ®=? Emissions
Ib/yr Ib/yr ib/yr Ib/yr
A |HFP 153 34 28 2135
B.|HFPO §82 158 7 1,046
C.|PPE 0.49 1 0 2
D|TFE 284 0 0 284
E.|PSEPVE 8 307 235 550
F.|C4 636 23 20 6380
GJ/HFPO Trimer 0.02 7 0 7
HiMA 0.01 129 0 129
1 |DA 0.15 289 0 289
1. |Hydro-PSEPVE 0.6 0 0 1
K.|Iso-PSEPVE 1.7 0 0 2
L.|HFPO Dimer Acid Fluoride 202.7 0 0 203
MjDiglyme 0 78 3 81
NJSOF2 (not a VOC) 0.0 0 0 0
0JCO2 {not a VOC) 106 0 0 106
* |TA 11 0 11
* |IRSU 1 0 1
Total 2,274 1,038 294 3,606

Note 1 - See section titled "Equipment Emissions" for details
Note 2 - See section titled "Maintenance Emissions" for details

N CO not realistically expected through equipment or maintenance emissions

L. Diglyme total based on material balance, see section L

* Not normally emitted from the process as a routine stack emission
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HF Equivalent Emissions

Air Emissions Inventory

PSEPVE Process Emissions
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Stack Equipment Maintenance Total
Nafion Compound .. .. - -
Name Emissions Emissions Emissions Emissions

Ib/yr Ib/yr Ib/yr lh/yr

C.|PPF 0.06 0.17 0.00 0.23
G{HFPO Trimer 0.00 0.26 0.00 0.26
H|MA 0.00 7.46 0.01 7.47
I. |IDA 0.01 11.27 0.02 11.30
M|SOF2 0.00 0.00
* |TA 0.31 0.00 0.31
* [RSU 0.12 0.00 0.12
L.|JHFPO-Dimer 12.21 0.00 0.00 12.21
Total 0.07 19.17 0.03 19.27

The estimated HF equivalent emissions were determined by multiplying the total emission quantity
of an acid fluoride by the ratio of the molecular weight of HF divided by the molecular weight of the
specific acid fluoride. This is based on the fact that one mole of an acid fluoride will generate one
mole of HF.

For example, if 100 Ib. of PPF was emitted:

20  lb/mo! HF

166 1b/mol PPF

x

100

lb/yr Equipment PPF

= 12.0 Ib/yr HF
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Equipment Emissions Determination

Equipment Emissions (EE) are a function of the number of emission points in the plant (valves, flanges, pump seals). For
the equipment emission calculations the inventory shown below is conservative and based on plant and process diagrams.

A. Equipment Emissions from Condensation Reactor System

Condensation Tower {vents to stack) * Emission Factors found on Fugitive Emission Leak rates worksheet
Valve emissions: 462 valves X 0.00039 Ib/hrfvalve = 0.180 Ib/hr VOC from EE
Flange emissions: 924 flanges X 0.00018  lb/hr/flange = 0.166 1b/hr VOC from EE

0.000 1b/hr VOC from EE
0.347 Ib/hr VOC from EE

Pump emissions: 0 pumps X 0.00115 Ib/hr/pump
Total fugitive emission rate

Condensation Tower VOC by campaign

Campaign EVE PPVE PSEPVE
Operating Hours 480 4,176 1,968
Total VOC generated per campaign 166 1447 682
After After
Component EVE |control**| PPVE | After control** PSEPVE control**
Ib b 1b b 1b 1b
HFP 1 1 6 6 1 1
HFPO 39 39 427 427 158 158
PPF 1 1 30 30 i 1
Diglyme 0 0 0 0 78 78
AN 0 0 175 175 0 0
ADN 17 17 0 0 0 0
TTG 2 2 0 0 0 0
DA 0 0 0 0 287 287
MA 0 0 0 0 129 129
TA 0 0 0 0 11 11
RSU 0 0 0 ] 1 1
MAE 36 36 0 0 0 0
MMF 7 7 0 0 0 0
DAE 55 55 0 0 0 0
TAE 2 2 0 0 0 0
HFPO Trimer 0 0 19 19 7 7
Total 161 161 657 657 673 673
Note: Speciated equipment emissions were estimated by assuming typical volumes of each component in the system,

and applying the fraction of each component to the total estimated emissions. The worksheet "vessel
compositions” shows the factors used in this calculation.
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B. Equipment Emissions from Agitated Bed Reacter System

85 wvalves X
170 flanges X
0 pumps X

Valve emissions:
Flange emissions:
Pump emissions:

ABR/crude VOC by campaign

0.00039
0.00018
0.00115

Ib/hr/valve
{b/hr/flange
Lb/hr/pump

Total fugitive emission rate

Equipment Emi

= 0.033 Ib/hr VOC from EE
0.031 Ib/hr VOC from EE
0.000  1b/hr VOC from EE

i

= 0.064 Ib/hr VOC from EE

Campaign EVE PPVE PSEPVE
Operating Hours 480 4,176 1,968
Total VOC per campaign 30.6 266 125
Component EVE PPVE | PSEPVE
1b [i7] Ib
HFP 0 0 9 Waorst case, assume all acid fluorides are released
EVE 26 0 0 in the portion of the feed line outside the ABR
PPVE 0 256 0 room and are not removed by the WGS.
DA 0 0 1
DAE 0 0 0
PSEPVE 0 0 109
hydro-EVE 2 0 0
iso-EVE 3 0 0
C4 0 8 6
Total 31 264 125

Page
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C. Equipment Emissions from Refining System

Valve emissions: 162 valves X 0.00039 Ib/hr/valve = 0.063 Ib/hr VOC from EE
Flange emissions: 324 flanges X 0.00018  Ib/hr/flange = 0.058 Ib/hr VOC from EE
Pump emissions: 0 pumps X 0.00115 Ib/hr/pump = 0.000 1b/hr VOC from EE

Total fugitive emission rate = 0,122 Ib/hr VOC from EE

Refining System VOC by campiagn

Campaign EVE PPVE PSEPVE
Operating Hours 480 4,176 1,968
Total VOC per campaign 58.32 507 239

Component EVE PPVE | PSEPVE

b 1b 1b All Refining equipment is located outside of

HFP 0 0 24 the tower so releases will be directly to
EVE 52 0 0 atmosphere.
PPVE 0 444 0
PSEPVE 0 0 198
hydro-EVE 2 0 0
iso-EVE 3 0 0
C4 0 60 17
Total 58 504 239
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D. Equipment Emissions of HFPO Dimer Acid Flooride (HFPO Dimer)

In April 2018, Team, Inc. (Team) conducted instrument monitoring on valves and connectors for specified streams
containing at least 1% by weight or greater HFPO Dimer Acid or HFPO Dimer Acid Fluoride. EPA Methed 21
monitoring was conducted using flame ionization detectors (FIDs) to identify volatile organi¢ compound (VOC)
leaks from these specific fugitive piping components. The VE North Process’ outdoor components were monitored
during a perfluoropropyl vinyl ether (PPVE) campaign.

The details and results of this equipment emissions investigation are detailed in the ERM report titled "HFPO-DA
Baseline Emission Estimates” dated May 18, 2018,

The source tests' analysis would have been performed for the dimer acid anion, therefore, results from testing
would include emissions of the following three dimer acid compounds: HFPO Dimer Acid (HFPO-DA), HFPO
Dimer Acid Fluoride (HFPO-DAF), and HFPO Dimer Acid Ammonium Salt. The ERM report reported all results
as HFPO Dimer Acid (HFPO-DA).

The Methed 21 monitoring indicated the outdoor equipment emissions from the VE North Process were
approximately 1.65 1b. HFPO-DA in 2017. This quantity was derived using the assumption that the process was in
continuous VOC service for 8,760 hours in 2017. This quantity is reported as 1.7 Ib. HFPO-DA for the reporting
year.

The VE North Process indoor equipment emissions were estimaied using the estimated split of 60% of the
equipment being indoors and 40% of the equipment being outdoors. Using this ratio, the indoor equipment
emissions was estimated o be 2.5 [b. HFPO-DA for the reporting year. Therefore the total equipment emissions
for the process is estimated to be 4.2 1b. HFPO-DA for the reporting year.

Total equipment emissions = 4.2 lb. HFPO-DA
4.2 1b. HFPO-DAF or HFPO-Dimer

Indoor equipment emissions = 2.5 Ib. HFPO-DAF or HFPO-Dimer
Outdoor equipment emissions = 1.7 1b. HFPO-DAYF or HFPO-Dimer
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Air Emissions Inventory

D. Component Summary - All equipment emissions

Component EVE PPYE | PSEPVE | Total
b Ib Ib 1b
HFP 1 6 34 41
HFPO 39 427 158 624
HFPO-Dimer 4
PPF 1 30 1 32
Diglyme 0 0 78 78
AN 0 175 0 175
ADN 17 0 0 17
TTG 2 0 0 2
DA 0 0 289 289
MA 0 0 129 129
TA 0 0 il 11
RSU 0 0 1 1
MAE 36 0 0 36
MMF 7 0 0 7
DAE 55 0 0 55
TAE 2 0 0 2
HFPO Trimer 0 19 7 26
EVE 78 0 0 78
PPVE 0 700 0 700
PSEPVE 0 0 307 307
hydro-EVE 4 0 0 4
iso-EVE 6 0 0 6
C4 0 68 23 91

2716

Equipment Emi
Page
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2017 Maintenance Emission Determination

A. Background

Periodically, the process vessels in the VE-North plant are emptied for campaign switches and for
maintenance. During the deinventory process, the liquid is transferred to another process vessel and
then the gases are evacuated to the division waste gas scrubber. The amount of gasses from the
condensation reactor, crude receiver and foreshots receiver are already included in the vent flowmeter
readings used to calculate emissions in previous sections. This section estimates maintenance
emissions for the rest of the major process vessels.

B. Condensation Tower
Assume the following:

(@) void fraction in distillation columns is 40%

(b) ideal gas behavior

(c) wvessels are at atmospheric pressure

(d) ambient temperature (25 deg C)

(e) gasesare 67% acid fluorides and  33% non-acid fluorides

(f) average molecular weight (MW) for acid fluoride component based on the average
computed from composite composition as shown on "Vessel Compositions" worksheet.
Therfore the average molecular weight for condensation is 350

(g) average MW for non-acid fluoride component = 166 (average of HFPO & HFP)

(h) number of deinventory events = 8
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List of Process Vessels

Volume | Volume
Condensation Tower 3
(ft") (gallons)
Reactor Decanter 5 41
Stripper Feed Decanter 7 51
Stripper Overhead Receiver 5 40
A/F Column 27 203
A/F Overhead Receiver 14 106
AJF Tails Decanter 1 10
ABR Feed Tank 27 202
Total Volume 87 654
VOC Emissions
n=PV/RT, where P = 147 psia R = 10.73 psia-ft’/lb-mol degR
vV = 87 f T = 537 degreesR

n= PV 147 psia * 87 ft - o2 Ib-mol gas
RT 1073  psia-ftt % 537 degR " deinventory event
Ib-mol degR
0.22 Ib-mol gas % 8 deinventory events = 1.78 Ib-mol gas

deinventory event year year

1.78 lb-molgas *x 33% non-acid fluorides * 166 Ibnon-A/F
year Ib-mol gas year

Before-control A/F vented from Condensation:

1.78 Ib-mol gas > 67% acid fluorides * 350 1bAF 420 Ib AF
year Ib-mol gas year

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):
420  lb/yr A/FFVOC Total VOC: 96.7 Ib/yr non-A/F VOC

*® (100%-99.1%) control efficiency + 3.8 Ib/yr A/F VOC
3.8 1b/yrA/FVOC 100.5 - Ib/yr VOC

9.7 Lbnon-A/F

Page 2 of 4
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C. Refining
Assume the following:

(a) void fraction in distillation columns is 40%

(b) ideal gas behavior

(c) vessels are at atmospheric pressure

(d) ambient temperature (25 deg C)

(e) gases are 100% vinyl ethers which are 100% VOC

(f)  average molecular weight (MW) for vinyl ether component based on the average
computed from composite composition as shown on "Vessel Compositions” worksheet.
Therfore the average molecular weight for refining is 287

(g} number of deinventory events = 8

HF Potential
Vinyl ethers are VOCs without the potential to form HF

List of Process Vessels

Volume | Volume
Refining 3
(ft") (gallons)
Ether Still 107 803
Ether Still Overhead Receiver 9 69
Product Receiver 46 348
Total Volume 163 1220
VOC Fmissions
n=PV/RT, where P = 147 psia R = 10.73 psia-ft’/Ib-mol degR
vV = 163 f T = 337 degreesR
n= PV 147 psia x 163 f’ - 042 Ib-mol gas
RT 1073 psiaft' x 537 degR “" deinventory event
Ib-mol degR
0.42 Ib-mol gas x 8 deinventory events = 3.33  lb-mol gas

deinventory event year year

3.33  lb-mol gas ¥ 287 b VOC 954.3 1b YOC
year lb-mol gas year
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Air Emissions Inventory

Maintenance Emissions

Page 4 of 4

Composite compositions for each area,
Component EVE PPVE | PSEPVE Condensation, ABR, and Refining, were
1b Ib b determined on the Vessel Composition
HFP 0.047 0.249 28.413 worlksheet, taking into account run hours
HFPO 1.662 17.987 | 6.640 on each campaign and approximate
HFPO-Dimer 0.009 1.334 0.014 compositions. The mass fraction for each
PPF 0.002 0.049 0.002 component was then multiplied by the
Diglyme 0.000 0.000 3 204 VOC from these areas.
AN 0.000 7.388 0.000
ADN 0.705 0.000 0.000
TTG 0.070 0.000 0.000 Campaign EVE | PPVE | PSEPVE
DA 0.000 0.000 0.473 Campaign Fract'n 0.07 | 0.63 0.30
MA 0.000 0.000 0.213 Cond VOC 7 63 30
TA 0.000 0.000 0.017 Refining VOC 69 602 284
RSU 0.000 0.000 0.002 _
MAE 0.059 0.000 0.000 | [PrecontroivoC [ 107 [ 927 | ~ 437 |
MMF 0.012 0.000 0.000
DAE (.091 0.000 0.000 Total before control VOC (Ib.) 1471
TAE 0.004 0.000 0.000 Total after control VOC 1055
HFPOQ Trimer 0.000 0.032 0.011
EVE 62.238 0.000 0.000 * this is very conservative, since EVE will be
PPVE 0.000 527.028 0.000 liquid at ambient temp
PSEPVE 0.000 0.000 234.760 *#* this is very conservative, since PSEPVE
hydro-EVE 2.766 0.000 0.000 will be liquid at ambient temp
iso-EVE 4.149 0.000 0.000
C4 0.000 70.992 20.414
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION
Emission Source ID No: NS-C

Emission Source Description: VE-South PEPM Manufacturing Process

Process & Emission Description: The VE-South PEPM manufacturing process is a continuous chemical reaction. All
emissions from the process are vented through the VE-South Waste Gas Scrubber (Control Device ID No. NCD-Hdr2) which
has a documented control efficiency of 99.8% for all acid fluoride compounds. Some emitted compounds are assumed to pass
completely through the scrubber, so the control efficiency for those compounds is assumed to be 0%. The control of
emissions of specific compounds will be addressed and detailed in the following pages.

The PEVE/PMVE process in VE-South emits compounds in the acid fluoride family. In the presence of water (such as in
atmospheric moisture), these acid fluorides can eventually hydrolyze to hydrogen fluoride. For the purpose of this emissions
inventory, a conservative approach will be taken and the acid fluorides will be reported both as a VOC and as the equivalent
quantity of hydrogen fluoride.

Basis and Assumptions:
- A process flowsheet, developed from operating data during a typical month, May 2005, is the basis for relative
concentrations of before-control emissions of gaseous wastes.

- The flowsheet is available under the "flowsheet” tab for reference and includes the basis for ratios used in this
calculation.

- Because an overall material balance for the year is used for calculation of emissions, "maintenance emissions”
related to turnarounds are assumed to be included with the calculated emissions. The usual practice is to
+  deinventory liguids and then vent vessels to the Waste Gas Scrubber.

- All emission determination calculations are available on the EXCEL spreadsheet found at:
0
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Point Source Emissions Determination

A Carbonyl Flucride (COF,) CAS No. 353-50-4
HF Potential:

Each mole of COF; (MW = 66) can generate 2 moles of HF (MW = 20).

lkgCOFz_lmoleCO}g _20g HF 2 moles HF — 0.606kg HF]
66 g COE, 1moleHF 1moleCOF,
Therefore, each kg of COF, generates 0.606 kg HF

Quantity Generated

COF, is vented from the PAF column and condensation process. Because amount vented depends on
the product split, the composition exit the PAF column is calculated using the following relationship from
the flowsheet, which relates COF2 in feed to condensation to the overall amount of PMVE produced:

kg COF; in Condensation feed

kg PMVE produced X 201,657 kg PMVE produced
111,926 kg COF, fed to condensation

COF, vented from PAF column is determined from a material balance on the column:
COF, vented from PAF column = COF, fed to PAF column - COF, fed to condensation ‘t

COF, fed to PAF column = 48.97 kg/h average precursor feed, {1086FC)
X 7656 hours of operation (from uptime data)
X 55% typical COF, in precursor feed to PAF column

206,203 kg COF, fed to PAF column

COF, vented from PAF column =
206,203 - 111,926

94,276 kg

COF, vented from condensation (primarily the reactor vent) will also vary with product spiit, and is
therefore estimated using a relationship from the flowsheet:

kg COF, vented =
kg PMVE produced X 201,657 kg PMVE produced
COF, vented from condensation = 11,930

Total COF, vented from process vents to WGS =
94,276 + 11,930 = 106,207 kg

After-control emissions utilizing the 99.8% control efficient Waste Gas Scrubber (WGS)

VOC emissions: 106,207 kg COF, emitted to WGS
X {100% - 99.8%)
= 212 kgVOC = 212 kg VOC
467 Ib VOC
HF Equivalent Emissions 212 kg COF,
X 0.606 kg HF/kg COF,

1]

129 kgHF = 283 Ib HF
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Perfluoroacety! Fluoride (PAF) CAS No. 354-34-7
HE Potential:

Each mole of PAF (MW = 116) can generate 1 mole of HF (MW = 20).
1molePAF 20g HF 1moleHF
mole”An SOEI MO _0172kg HF

116g PAF 1moleHF 1molePAF

| kg PAF-

Therefore, each kg of PAF generates 0.172 kg HF

Quantity Generated

PAF is vented from the PAF column and condensation process. Because amount vented depends on the
product split, the composition exit the PAF column is calculated using the following relationship from the
flowsheet, which relates PAF in feed to condensation to the overall amount of PEVE produced:

kg PAF in Condensation feed = 0.716
kg PEVE produced X 113,747 kg PEVE produced

81,405 kg PAF fed to condensation

PAF vented from PAF column is determined from a material balance con the column:
PAF vented from PAF column = PAF fed to PAF column - PAF fed to condensation

PAF fed to PAF column = 48.97 kg/h average precursor feed, (1066FC)
X 7656 hours of operation (from uptime data)
X 44% typical PAF in precursor feed to PAF column

164,962 kg PAF fed to PAF column

PAF vented from PAF column =
164,962 - 81,405 = 83,557 kg

PAF vented from condensation (primarily the reactor vent) will also vary with product split, and is therefore
estimated using a relationship from the flowsheet:

kg PAF vented = 0.044
kg PEVE produced X 113,747 kg PEVE produced
PAF vented from condensation = 5,005

Total PAF vented from process vents to WGS =

83,657 + 5,005 = 88,562 kg

After-control emissions utilizing the 99.8% control efficient Waste Gas Scrubber (WGS)

YOC emissions 88,562 kg PAF
X (100% - 99.8%)
= 177 kg PAF = 177 kg VOC
390 Ib VOC
HF Equivalent Emissions 177 kg PAF

X 0.172 kg HF/kg PAF
= 31 kgHF = 67 Ib HF
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Perfluoromethoxypropionyl fluoride (PMPF) CAS No. 2927-83-5

HF Potential:

Each mole of PMPF (MW = 232) can generate 1 mole of HF (MW = 20).

1 molePMP F _moleliF
molePMPF 20gHE _1moleliF _ e i

L kgPMPF: - :
232¢ PMPF | moleHF 1 molePMPF

Therefore, each kg of PMPF generates 0.086 kg HF

Quantity Generated

PMPF is emitted from the Agitated Bed Reactor system. Because amount vented depends on the
product split, the composition of the waste gas is estimated using the following relationship from the
flowsheet, which relates PMPF in the vent stream to the overall amount of PMVE produced:

kg PMPF vented =

kg PMVE produced
X 201,657 kg PMVE produced

PMPF vented from ABR system = 41,603 kg

After-control emissions utilizing the 99.8% control efficient Waste Gas Scrubber (WGS)

VOC emissions 41,603 kg PMPF
X {100% - 99.8%)
= 83 kg PMPF = 83 kg VOO
183 Ib VOC
HF Equivalent Emissions 83 kg PMPF
X 0.086 kg HF/kg PMPF

1]

7 kgHF = 16 Ib HF
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' D. Perfluoroethoxypropiony! fluoride {(PEPF) CAS No. 1682-78-6
HF Potential:
Each maole of PEPF (MW = 282) can generate 1 mole of HF (MW = 20j.
ImolePEPF 20g HE'  1moleHF
1 kg PEPE : : =007 kg HF
282¢ PEPF 1 moleHF 1molePEPF
Therefore, each kg of PEPF generates 0.071 kg HF
Quantity Generated
PEPF is emitted from the Agitated Bed Reactor system. Because amount vented depends on the
product split, the composition of the waste gas is estimated using the following relationship from the
flowsheet, which relates PEPF in the vent stream to the overall amount of PEVE produced:
kg PEPF vented =
kg PEVE produced X 113,747 kg PEVE produced
PEPF vented from ABR system = 17,216 kg
After-control emissions utilizing the 99.8% control efficient Waste Gas Scrubber (WGS)
i VOC emissions: 17,216 kg PEPF
X (100% - 99.8%)
34 kg PEPF = 34 kg VOC
76 Ib VOC
HF Equivalent Emissions 34 kg PEPF
X 0.071 kg HF/kg PEPF
= 2kgHF = 5 b HF
E. Perfluoromethyl vinyl ether {(PMVE) CAS No. 1187-93-5

HF Potential:

PMVE is a VOC without the potential to form HF.

Quantity Released

PMVE is a compoonent in the vent from the Low Bailer Column. Composition of this vent stream is based
on the flow sheet.

The low bailer column vented at a rate of
0.01 kg/h vent rate, (1830FG)
X 7,656 hours of operation {from uptime data)

77 kg vented from low boiler column

PMVE in the low boiler column venti stream =
49% X 77 = 38 kg

After-control emissions from the Waste Gas Scrubber with an assumed efficiency of zero percent (0%)
VOC Emissions = 38 kg VOC
, 83 Ib VOC
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TN

F. Perfluoroethyl viny} ether {(PEVE} CAS No. 10493-43-3
HF Potential:
PEVE is a VOC without the potential to form HF.
Quantity Released
There are no point source emissions identified which contain PEVE.

VOC Emissions = 0 kg VOC
0.lbVOC

G. Hexafluoropropylene (HFP) CAS No. 116-15-4
HE Potential:
HFP is a VOC without the potential to form HF.
Quantity Released
HFP is an inert in the process that is vented from the PAF column and from the low boiler column.
HFP in the LBC vent stream is based on the flow sheet and estimated total vented.

v The low boiler column vented at a rate of 0.01 kg/h vent rate, (1830FG)
X 7,656 hours of operation {from uptime data)

77 kg vented from low boiler column

HFP in the low boiler column vent stream =
9% X 77 = 7 kg

The HFP vented from the PAF column is estimated from a material balance on the PAF column.

HFP vented from PAF column = HFP fed to PAF column - HFP left in system (later removed in LBC)

HFP fed to PAF column = 48.97 kg/h average precursor feed, (1066FC)
X 7656 hours of operation (from uptime data)
X 0.5% typical HFP in precursor feed to PAF column

1,875 kg HFP fed to PAF column

HFP vented from PAF column =
1,875 - 7 = 1,868 kg

After-control emissions from the Waste Gas Scrubber with an assumed efficiency of zero percent {(0%)

VOC Emissions
7 kg HFP from PAF Vent
+ 1,868 kg HFP from LBC Ven
1,875 kg HFP = 1,875 kg VOC
4,124 Ib VOC
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H. Hexafluoropropylene oxide (HFPO) CAS No. 428-59-1
HF Potential:
HFPO is a VOC without the potential to form HF.
Quantity Released

On April 3-4, 2018, source testing was performed on the VE-South Stack during the Perfluoramethyl vinyl
ether (PMVE) / Perfluoroethyl vinyl ether (PEVE) campaign. The results of those source tests are shown
in the below table.

VE-South (PMVE/PEVE) Source Test Resulis

Emission
Test Run Rate
Date Number {lb/hr)
04-03-2018 VE-South 1 0.0178
04-04-2018 VE-South 2 0.0245
04-04-2018 VE-South 3 0.0237
Average Emission Rate 0.022

Operating hours of PMVE/PEVE Campaigns: 7,128 hours
0.022 Ib/hr X 7,128 hours = 157 1b. HFPO

In addition, HFPO would be emitted from the VE-South stack when VE-South was not operating and
HFPO was sending materiai to the PAF column. Emissions are calculated using the mass flow sent to the
VE-S PAF column while VE-S is not operating and the composition of HFPO in the stream. HFPO
emissions sent to the PAF column while VE-S was not operating are reported as emissions from the
HFPO Process (NS-A) and reported on that process' air emissions inventory report.
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HFPO Dimer Acid Fluoride CAS No. 2062-98-8
2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy) propanoyl fluoride

HF Potential:

Each mole of HFPO Dimer Acid Fluoride (MW = 332) can generate 1 mole of HF (MW = 20).

1moleDAF 20g HF L moleHF
332g DAF 1 moleHF 1moleDAF

1 kg DAF =0.120kg HF

Therefore, each 1 kg of HFPO Dimer Acid Fluoride generates 0.060 kg of HF

Quantity Released

In early 2018, stack testing was performed on the Vinyl Ethers South Stack (ID No. NEP-Hdr2) for the HFPO
Dimer anion. For the purpose of this report, it will be assumed that the measured compound was the HFPO
Dimer Acid Fluoride ("DAF").

The stack testing results showed an average emission rate of 0.00106 Ib/hr of DAF during the PMVE/PEVE
campaign. These emissions would be the combination of the after-control process emissions and the indoor
equipment emissions from valves and connectors.

As calculated below, the quantity of DAF emitted from the stack is small. For this report, the contribution of
indoor equipment emissions will be ignored and it will be assumed that all of the measured stack emisssions is

from process vent emissions. The estimated indoor equipment emissions will be included in the total equipment
emissions, which will result in an over-reporting of the DAF emissions.

7,128 hours of operation during reporting year
0.001086 lb/hr DAF emission rate (from 2018 stack testing)
7.56 |b. DAF emitted from the VE South Stack (ID No. NEP-Hdr2)
1.58 |b. DAF from Indoor Equipment L.eaks during PMVE/PEVE campaigns
5.98 |b. DAF after-control emitted from process vents during PMVE/PEVE campaigns

HFE Equivalent Emissions 5.98 Ib-DAF
X 0.060 Ib-HF / Ib-DAF

0.36 Ib-HF

1!
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l. VOC Summary - Point Source Emissions

Vinyl Ethers South (NS-C)
PE-PM Emissions

Nafion Before Control After Control
Compound VOC Generated Stack Emissions
Name kalyr VOC Ibiyr VOC Ib/yr VOC Ibiyr HF
A COF2 106,207 233,654 467 283
B. PAF 88,562 194,837 390 67
C. PMPF 41,603 91,527 183 16
D. PEPF 17,216 37,875 76 5
E. PMVE 38 83 83 0
F. PEVE 0 0 0 0
G. HFP 1,875 4,124 4,124 0
H. HFPO 71 157 157 0
HFPO Dimer
. Acid Fluoride 301 664 6 0.36
Total 255,572| 562,258 5,480 372

Page 9 of 9
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2017 AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No: NS-C

Emission Source Description: VE-South PPVE Manufacturing Process

Process & Emission Description: The VE-South PPVE manufacturing process is a
continuous chemical reaction. All emissions from the process are vented through the
VES Waste Gas Scrubber (Control Device ID No. NCD-Hdr2) which has a documented
control efficiency of 99.8% for all acid fluoride compounds. Some emitted compounds
are assumed to pass completely through the scrubber, so the control efficiency for those
compounds is assumed to be 0%. The control of emissions of specific compounds will
be addressed and detailed in the following pages.

The PPVE process in VE-South emits compounds in the acid fluoride family. In the
presence of water (such as in atmospheric moisture), these acid fluorides can eventually
hydrolyze to hydrogen fluoride. For the purpose of this emissions inventory, a
conservative approach will be taken and the acid fluorides will be reported both as a VOC

Basis and Assumptions:

- The VE South's PPVE process emissions are based on the calculated emissions from the
VE North's PPVE Process, since both processes produce the identical product with the
identical é)rocess steps. Hence the VE South's PPVE emissions are determined using the
calculated emission factor for each speciated compound per kilogram of PPVE produced.
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Process Emission Determination™*
*# All Emissions in this table represent "After Control" emissions.
N VE North PPVE | VE South PPVE Process
afion Compound . . L.
Name Emission Factor Production Emissions
Ib / kg PPVE kg /yr Ib/yr
HFP 0.041346 14,127 584
HFPO 0.072087 14,127 1,018
PPF’ 0.031387 14,127 1
TFE 0.000051 14,127 1
PPVE 0.008300 14,127 117
C4 0.001317 14,127 19
C5 0.000105 14,127 1
HFPO-Dimer’ 0.828342 14,127 23
HFPO Trimer 0.000000 14,127 0
AN 0.007672 14,127 108
CO2 (not a VOC) 0.078940 14,127 1,115

CO2 not realistically expected through equipment or maintenance emissions

AN total based on material balance, see section K.
* Not normally emitted from the process as-a routine stack emission

"Includes Scrubber Control Efficiency (for acid fluorides) =

99.8%
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HF Equivalent Emissions

Total Molecular | HF Wt. | HF Equiv.
Nafion L . . L
Compound Name Emissions Weight Fraction | Emissions
P Ib/yr Ib/mole | IbHF/1b | Ibiyr
PPF 0.9 166.02 0.121 0.1
HFPO-Dimer 23.4 332.04 0.060 1.4
HFPO Trimer 0.0 498.07 0.040 0.0
Total 1.5

* Not normally emitted from the process as a routine stack emission

The estimated HF equivalent emissions were determined by multiplying the
total emission quantity of an acid fluoride by the ratio of the molecular weight
of HF divided by the molecular weight of the specific acid fluoride. This is
based on the fact that one mole of an acid fluoride will generate one mole of
HF.

For example:

20.006
166.02

Ib. HF per mole HF
Ib. PPF per mole PPF

0.9 1b. PPF
year

0.1 1b. HF
year
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2017 Fugitive Emissions Determination

Fugitive Emissions (FF) are a function of the number of emission peints in the plant (valves, flanges, pump seals). For the
fugitive emission calculations the inventory shown below is conservative and based on plant and process diagrams.

A.

Condensation Tower (vents to stack}

Fugitive Emissions from Condensation Reactor System

Valve emissions: 322 valves x 0.00039 Ib/hrivalve = 0.126 Ib/hr VOC
Flange emissions: 644 flanges x 0.00018 Ib/hr/flange = 0.118 Ib/hr VOC
Pump emissions: 6 pump x 0.00115 lb/hr/pump = 0.007 Ib/hr VOC

Total fugitive emission rate

Condensation Tower VOC

0.2438 Ib/hr VOC

Total Condensation Fugitive Emissions:

vOC 0.248 Ib/hr FE
7656 Operating hriyr

1902 Ib FE

X

Composition of Condensation Tower Fugitive Emissions is estimated based on typical process inventory:

PAF column:
Inventoried with
Equivalent mass FC

Component
COF2

PAF

HFP

HFPO

Reactor loop
inventoried with
Equivalent mass HC
Inventoried with
Equivalent mass FC

Component
COF2

PAF

HFP

PMPF
PEPF
Dimer

MD

AN

30 gal fluorocarbon
375.75 |b fluorocarbon

Mass fraction Ib

0.45 169
0.54 203
0.005 2
0.005 2

51 gal hydrocarbon
383.265 Ib hydrocarbon

9 gal fluorocarbon
112.725 b fluorocarbon

assumes 60 gallons,
85% hydrocarbon,
15% fluorocarbon

Mass fraction Ib

0.09 10
0.04 5
0.03 3
0.59 67
0.23 26
0.01 1
0.01 1
383 Hydrocarbon




PN

Reactor decanter
Inventoried with
Equivalent mass HC
Inventoried with
Equivalent mass FC

Component
COF2

PAF

HFP

PMPF
PEPF
Dimer

MD

AN

Stripper column
Inventoried with

Equivalent mass FC

Component
COF2
PAF

HFP
PMPF
PEPF
Dimer

MD

AF column
Inventoried with
Equivalent mass FC

Component
PMPF
PEPF
Dimer

MD

AF overhead
Inventoried with

Component
PMPF
PEPF

25 gal hydrocarbon

Vinyl Ethers South (NS-C)
Fugitive Emissions
Page 2 of 7

assumes 50 gal, 50% HC, 50% FC

187.875 |b hydrocarben
25 gal fluorocarbon
313.125 Ib fluorocarbon

Mass fraction
0.09
0.04
0.03
0.59
0.23
0.01
0.01

b
28
13
9
185
72
3
3
188 Hydrocarbon

30 gal fluorocarbon
375.75 |b fluorocarbon

Mass fraction
0.09
0.04
0.03
0.59
0.23
0.01
0.01

Ib
34
15
11
222
86
4

4

all FC (70% PMPF, 27% PEPF, 1.56% dimer, 1.5% MD)
30 gal flucrocarbon
375.75 1b fluorocarbon

Mass fraction
0.700
0.270
0.015
0.015

1000 kg FC
2200 Ib FC

Mass fraction Ib

0.72 1,

0.28

Ib
263
101

8

6

584
616




N

AF decanter
Inventoried with
Equivalent mass FC

Component
PMPF
PEPF

HFPO tank

Waste FC tank
Inventoried with

Equivalent mass FC

Component
Dimer

MD

ED

PEFF

Hydro PEVE
PPVE

Vinyl Ethers South (NS-C)
Fugitive Emissions
Page 3 of 7

30 gal fluorocarbon
3756.75 b fluorocarbon

Mass fraction Ib

0.72 27
0.28 105
135 gal HFPO

1555.605 b HFPO  1.38 8G

40 gal fluorocarbon
501 30% refining waste (?), 70% is condensation waste (4% dimer, 67%
MD, 29% ED)

Mass fraction |b
0.028 14.028
0469 234,969
0.203 101.703
0.099 49,599
0.009 49.599
0.099 49 599

assumes 70% is condensation waste (4% dimer, 67% MD,
29% ED)

assumes 30% is waste from refining purges, high boilers
PEPF, hydro PEVE, and PPVE

Average system composition - Condensation

vOC
emissions |Equivalen
Ih % |{Ib) t HF (b}

COF2 241 3.64% 69 42
PAF 235 3.55% 67 12
HFP 26 0.39% 7 0
HFPO 1,657 23.51% 447 0
PMPF 2,591 39.10% 744 64
PEPF 1,057 15.95% 303 22
MD 249 3.75% 71 4
AN 571 8.62% 164 0
HydroPEVE 50 0.75% 14 0
PPVE 50 0.75% 14 0
total 6,626 1902 143
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B. Fugitive Emissions from Agitated Bed Reactor System & Refining
Valve emissions: 555 valves x 0.00039 Ib/hrivalve = 0.216 Ib/hr FE
Flange emissions: 1110 flanges x 0.00018 Ib/hriflange = 0.200 Ib/hr FE
Pump emissions: 12 pump X 0.00115 Ib/hr/pump = 0.014 Ib/hr FE

Total fugitive emission rate 0.430 Ib/hr FE

ABR & Refining VOC
Total ABR & Refining Fugitive Emissions:

0.43 Ib/hr FE
X 7,856 Operating hriyr
= 3,292 IbFE

ABR/Crude system
Inventoried with : 1500 kg FC

3300 b FC
Component Mass fraction Ib
co2 0.33 1,089 Not a VOC
PMPF 0.01 33
PEPF 0.01 33
HFP 0.005 17
PEVE 0.22 726
PMVE 0.425 1,403
Refining
Inventoried with 3000 kg FC

6600 Ib FC
Component Mass fraction b
PMVE 0.5 3300
PEVE 05 3300
Average System Composition - ABR/Refining

VOC
emissions |Equivalen
Ib % (Ib} t HF {Ib)

PMPF 33 0.37% 12 1
PEPF 33 0.37% 12 1
HFP 17 0.19% 6 0
PEVE 4,026 45.69% 1504 0
PMVE 4,703 53.37% 1757 0
total 8,811 3,282 2

C. HFPO Dimer Acid Fluoride Equipment Emissions
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The equipment emissions of HFPO Dimer Acid Fluoride ("DAF") from valves, connectors, and pumps {located
outdoors) will be estimated using the VE-North outdoor emission rates estimated from actual monitoring data,
and scaled down based on the ratio of VE-North to VE-South component counts. [t was estimated that VE-
South outdoor equipment leak emission rates would be approximately 25% of that from VE-North (i.e., 59 VE-
South compaonents and 232 VE-North components).

2017 VE North 2017 VE South
Qutdoor Equipment Leak Outdoor Equipment
Emissions VE-South to VE-North Leak Emissions
(Ib) Compontent Ratio (Ib)
1.65 25% 0.42

The indoor equipment emissions in VE-South process unit were calculated using the estimated outdoor
equipment emissions and the ratio of equipment emissions from indoor and outdoor components located in the
VE-South process unit. As detailed in ERM's LDAR Program Review Report, 21% of the VE-South equipment
emissions are from components (containing at least 1% by weight HFPO-DA or HFPO-DAF) located outdoors
and the remaining 79% of the VE-South equipment emissions are from components located indoors. Therefare,
the emissions estimated from monitoring of the outdoor equipment were scaled up accordingly.

2017 VE North 2017 VE South
Indoor Equipment Leak | VE-South to VE-North |Indoor Equipment Leak
Emissions Equipment Emissions Emissions
(Ib) Ratio {Ib)

0.42 376% 1.58

Indoor HFPO Equipment Emissions (Ib) = 1.58

QOutdoor HFPO Equipment Emissions (Ib) = 0.42
Total HFPO Equipment Emissions (Ib} = 2.0
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Acetonitrile fugitive emissions
No normal process vents of AN to stack. Equipment emissions are estimated above for normal process

composition and leaks. Other than fugitive emissions, pretty much all the AN used in VE-S ends up going to
the Waste HC |1S0.

Total Fugifive Emissions

Emission Source Total Emissions
Ib VOC

Condensation Tower 1,738

Agitated Bed Reactor & Refining 3,292

AN 164

Dimer Acid Fluoride 2

Total 5,194
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Speciated Equipment Emissions Summary

Nafion® Compound . L.
Equipment Emissions
Ib VOC Ib HF

COF2 69 42
PAF 67 12
HFP ‘ 14 0
HFPO 447 0
PMPF 756 64
PEPF 316 22
HFPO Dimer 2 0
MD 71 4
HydroPEVE 14 0
PPVE 14 0
PEVE 1,504 0
PMVE 1,757 0
AN 164 0
TOTAL 5,196 143
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RSU Process (N3-D)
Introduction
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2017 Air Emissions Inventory Supporting Documentation
Emission Source ID No.: NS-D

Emission Source Description: Nafion RSU Process
Process and Emission Description:

The RSU process is a continuous manufacturing process. All emissions from this process vent to
the Nafion Division Waste Gas Scrubber (WGS), Control Device 11> No. NCD-Hdrl, which has
a documented efficiency of 99.1%. The control of emissions of certain compounds will be
addressed in the attached spreadsheet. Certain components (i.e. TFE) pass completely through
the scrubber, therefore the efficiency is assumed to be 0%.

Basis and Assumptions:

m
e

The RSU process flowsheel #4 (W1207831) is used as a basis for relative compositions and flow
rates of vent streams to the division WGS. A 30 kg/hr maximum RSU production rate is used as
the basis for maximum vent rates.

P:\Confidential
Projects\0454857

Information Inputs and Source of Inputs:

Information Input Source of Inputs
RSU production quantity RSU Production Facilitator
Speciated emission raies RSU Process Flowsheet #4 (W1207831)

Point Source Emissions Determination:

Point source emissions for individual components are given in the following pages. A detailed
explanation of the calculations are attached.

Equipment Emissions and Fugitive Emissions Determination:

Emissions from equipment leaks which vent as stack (point source) emissions and true fugitive
(non-point source) emissions have been determined using equipment component emission factors
established by DuPont. The determination of those emissions are shown in a separate section of
this supporting documentation. Per PHA 07-12 Rec# 3, a Scrubber was installed in the RSU
process that would scrub any RV release from equipment inside the tower and also any leak that
occured inside the RSU tower, Therefore, any equipment emissions from equipment inside the
RSU tower will be scrubbed. However since the efficiency of the Scrubber has not been
documented and the fact that the equipment emissions are extremely small for the RSU process,
we have elected not to take credit for the Scrubber in regards to equipment emissions.



RSU Manufacturing Process (NS-D)
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()lnint Source Emission Determination
A. Tetrafluoroethylene (TFE) CAS No. 116-14-3
HF Potential:
TFE is a VOC without the potential to form HF.

TFE Quantity Generated:

Before-control TFE generation per the Process Flowsheet #4 (W1207831):

Source TFE Vent Rate

Reactor 0.05171 kg TTE vented per RSU unit
Rearranger | 0.19835 kg TFE vented per RSU unit
Still 0.02206 kg TFE vented per RSU unit
Total 0.27212 kg TFE vented per RSU unit

The before-control TFE generation is based on 4,739.8 RSU units 2017
TFE vented from the RSU Process in the reporting year:

0.27 kg TFE X 4739.8  RSU units = 1,290 kg
RSU unit

After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

VOC Emissions 1,290 kg TFE
Waste Gas Scrubber x  (100% - 0%) control efficiency
= 1290 kg TFE = 1290 kgVOC

- = 28435 Ib.VOC
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(Pw Perfluoroacetyl Fluoride (PAF) CAS No. 354-34-7

HF Potential:

Each mole of PAF (MW = 116) can generate 1 mole of HF (MW = 20).

1 mole PAF>< 20gHF  1mole HF

1kg PAF x X
116 gPAF 1mole HF 1mole PAF

=0.172 kg HF

Therefore, each 1 kg of PAF generates 0.172 kg of HF

PAF Quantity Generated:

Before-control PAF generation per the Process Flowsheet #4 (W1207831):

Source PAF Vent Rate

Reactor 0 kg PAF vented per RSU unit

Rearranger | 0.16755 kg PAF vented per RSU unit

Still 0.01862 kg PAF vented per RSU unit
p Total 0.186 kg PAF vented per RSU unit

The before-control PAF generation is based on 4,739.8 RSU units 2017

PAF vented from the RSU Process in the reporting year:

0.186 kg PAF x 4,739.8  RSU units = 882 kg
RSU unit |

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS

VOC Emissions 882 kg PAF
Waste Gas Scrubber x  (100%-99.1%) control efficiency
= 7.94 kg PAF = 794 kgVOC
= 175 1. VOC

HF Equivalent Emissions 7.94 kg PAF
X 0.172 kg HF/kg PAF
= 137 kg HF = 3.01 Ib.HF
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£ Rearranged Sultone (RSU) CAS No. 677-67-8

Difluoro(Fluoresulfonyl) Acetyl Fluoride
HF Potential:

Each mole of RSU (MW = 180 ) can generate 1 moles of HF (MW = 20).

1mole RSU y 20 g HF 1mole HF

X =0.111 kg HF
180 gRSU 1mole HF 1mole RSU

1kg RSUx

Therefore, each 1 kg of RSU generates 0.111 kg of HF

RSU Quantity Generated:

Before-conirol RSU generation per the Process Flowsheet #4 (W1207831):

Source RSU Vent Rate

Reactor 0 kg RSU vented per RSU unit
Rearranger | 0.05677 kg RSU vented per RSU unit
Still 0.00644 kg RSU vented per RSU unit
Total 0.063 kg RSU vented per RSU unit

The before-control RSU generation is based on 4,739.8 RSU units 2017
RSU vented from the RSU Process in the reporting year:

0.063 kg RSU X 4,739.8 RSU units = 300 kg
RSU unit

After-contro] emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS

VOC Emissions 300 kg RSU
Waste Gas Scrubber  (100%-99.1%) control efficiency
= 2.70 kgRSU = 270 kg VOC
= 59 1b.VOC

HF Equivalent Emissions 2.70 kg RSU
X 0.111 kg HF/kg RSU
030 kgHF = 0.66 1b. HF
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F-Sultene (SU) CAS No. 697-18-7
*  TFE Sultone (2-Hydroxytetrafluoroethane Sulfonic Acid)

HF Potential:

Each mole of SU (MW = 180) can generate 1 mole of HF (MW = 20).

1nr101€:SU>< 20gHF  1mole HF

X =0.111kg HF
180gSU 1mole HF 1moleSU

1kg SU x

Therefore, each 1 kg of SU generates 0.111 kg of HF

SU Quantity Generated:

Before-control SU generation per the Process Flowsheet #4 (W1207831):

Source SU Vent Rate

Reactor 0.00467 kg SU vented per RSU unit
Rearranger | 0.00117 kg SU vented per RSU unit
Still 0 kg SU vented per RSU unit
Total 0.006 kg SU vented per RSU unit

The before-control SU generation is based on 4,739.8 RSU units 2017

SU vented from the RSU Process in the reporting year:

0.006 kg SU X 4,739.8 RSU units = 28 kg
RSU unit

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS

VOC Emissions 28 kg SU
Waste Gas Scrubber x (100%-99.1%) control efficiency
= 025 kgSU = 025 kgVOC
= 0.5 1b. VOC
HF Equivalent Emissions 0.25 kg SU
X 0.111 kg HF/kg SU

= 0.0 kgHF = 0.06 Ib.HF
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[JT ‘Sulfur dioxide (502) CAS No. 354-34-7

£

Air Pollutant Description:

Sulfur dioxide is a criteria pollutant and will be reported as such on the NC DAQ forms

SO2 Quantity Generated:

Before-control SO2 generation per the Process Flowsheet #4 (W1207831):

Source S02 Vent Rate

Reactor 0 kg SO2 vented per-RSU unit
Rearranger | 0.08803 kg SO2 vented per RSU unit
Still 0.00988 kg SO2 vented per RSU unit
Total 0.098 kg SO2 vented per RSU unit

The before-control SO2 generation is based on 4,739.8 RSU units 2017
SO2 vented from the RSU Process in the reporting year:

0.098 kg SO2 X 4,739.8 RSU units = 464 kg
RSU unit

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS

SO2 Emissions 464 kg SO2
Waste Gas Scrubber  x (100%-99.1%) control efficiency
= 4.18 kgS0O2 = 92  1b.SO2
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F——--,Sulfur trioxide (SO3) CAS No. 7446-11-9
A

H2S04 Potential:

Each mole of SO3 (MW = 80) can generate 1 mole of H2S04 (MW = 98).

1mole SO, 98gH,SO, 1mole H,SO,
X X
80gSO, 1moleH,SO, 1moleSO,

1kg SO, x =1.225kg H,S

Therefore, each 1 kg of SO3 generates 1.225 kg of H2S04

S0O3 Quantity Generated:

Before-control SO3 generation per the Process Flowsheet #4 (W1207831):

Source SO3 Vent Rate

Reactor 0.00115 kg SO3 vented per RSU unit
Rearranger 0.188 kg SO3 vented per RSU unit
Still 0.02114 kg SO3 vented per RSU unit
Total 0.211 kg SO3 vented per RSU unit

The before-control SO3 generation is based on 4,739.8 RSU units 2017
SO3 vented from the RSU Process in the reporting year:

0.211 kg SO3 X 4,739.8 RSU units = 999 kg
RSU unit

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS

SO3 Emissions 999 kg SO3
Waste Gas Scrubber x  (100%-99.1%) control efficiency
= 8.99 kg SO3 = 19.8 1b.SO3
H2S04 Equivalent Emissions 8.99 kg SO3
X 1.225 kg H2S04 / kg SO3

= 11.01 kg 112S04 =
243 b, H2S04

" Telomeric Acid Fluoride (TAF)

S

Name | Structure CAS No. |
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Fugitive and Equipment Emissions Determination {Non-

Fugitive (FE) and Equipment Emissions (EE) are a function of the number of emission points in the
plant (valves, flanges, pump seals). The inventory shown below is conservative and based on plant
and process diagrams. Note that the calculations below include equipment emissions inside

as well as equipment emissions outside (fugitive emissions}).

A. Equipment emissions from SU Reactor, Rearranger, RSU Still and RSU Hold Tank:

Emissions are vented from equipment located inside the RSU barricade and are vented to a vent
stack.

Barricade:

Valve emissions: 250 valves x 0.00036 Ib/hrivalve
Flange emissions: 550 flanges x 0.00018 Ib/hriflang:

Total equipment emission rate

0.090 Ib/hr EE
0.088 Ib/hr EE

0.182 Ib/hr EE

nnan

Days of operation = 78

On average 0.13 Ibs of HF are prod‘uced for every 1 Ib of RSU, SU or PAF.

VOC: 0.189 Ib/hr EE HF: 0.189 Ib/hr EE
X 24 hours/day X 24 hours/day
X 78 days/year X 78 days/year
= 353.8 Ibiyr VOC from EE x  0.13 Ib HF per Ib VOC

46.0 Ib/yr HF from EE

B. Fugitive Emissions From SO3 Storage Tank and Vaporizer
This equipment is not inside a building, therefore emissions are true Fugitive Emissions
0.031 Ib/hr FE

0.032 [b/hr FE
0.083 lb/hr FE

Valve emissions: 85 valves x 0.00036 Ib/hrivalve
Flange emissions: 180 flanges x 0.00018 Ib/hr/flang:
Total fugitive emission rate

minm n

S03: 0.083 Ib. FE/hr H2S04: 0.063 I[b. FE/hr

24 hours/day 24  hours/day

78 days/year 78 dayslyear
117.9 Ibfyr SO3 from EE 1.225 b H2S04 per Ib SO3
144.5 Iblyr H2804 from FE

I x

o> »x

C. Fugitive Emissions From EDC Tank
This equipment is not inside a building, therefore emissions are true Fugitive Emissions
0.007 Ib/hr FE

0.002 Ib/hr FE
0.009 Ib/hr FE

Valve emissions: 20 valves x 0.00036 Ib/hrivalve
Flange emissions: 10 flanges x 0.00018 Ib/hr/flange
Total fugitive emission rate

VOC: 0.009 Ib/hr FE HF. 0
24 hours/day
78 days/year

16.8 Ib/yr VOC from FE

1=
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D. Total RSU Plant Non-Point Source Emissions
Equipment Fugitive
Emissions Emissions
vocC HF voC 503 H2504
Emission Source Ibiyr Iblyr Ibfyr Iblyr Ibfyr
A. Equipment Emissions from SU Reactor,
353.8 46.0 0 0 0
Rearranger, Still and Hold Tank
B. Fugitive Emlssm_ns From SO3 Storage 0 0 0 1179 | 1445
Tank and Vaporizer
C. Fugitive Emissions From EDC Tank 0 0 16.8 0 0
Total for 2017 353.8 46.0 16.8 117.9 144.5
E. VOC Emission by Source Type
o 0n x T ) ® w
¢5 §8 S5 _ 25 _|E8_| g8~
o8 w3 EnEe | Ens | 288 | B ua
S E 8 e= =0 = Do | S22 | 089
Z 0 E o = E T E o & E
O L = L w w < w
TFE 2843.5 350.8 0 0 3194.3
PAF 17.5 2.2 0 0 19.7
RSU 5.9 0.7 0 0.0 6.7
suU 0.5 0.1 0 0 0.6
EDC 0 0 16.8 0 16.8
Total 2867.5 353.8 16.8 0.0 3238.2
Note: Speciated equipment emissions were estimated by assuming that each
compound’s equipment emission concentration was equal to that compound’s
stack emission fraction of the total stack emission.
Example: The TFE equipment emissions were determined by the ratio of the
TFE stack emission (2843.5 Ib) divided by the total stack emission (2,867.5 Ib),
multiplied by the fotal equipment emissions (353.8 Ib).
Specifically: 2843.5 | 353.8 = 350.8 Ib.TFE

2867.5 |
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FPS Liquid Waste Stabilization (NS-E}
Page 1 of 13

2017 Air Emissions Inventory Report
Emission Source ID No.: NS-E
Emission Source Description: FPS Liquid Waste Stabilization
Process & Emission Description:

The FPS liquid waste stabilization is a continuous system of storage with batch

neutralization. To comply with the regulatory requirements of RCRA SubPart CC, neither the
storage tank nor the reactor vent during normal operating conditions. All venting from this
system occurs as a non-routine maintenance activity, which is detailed in the following pages.
All emissions from this system are vented through the FPS Division Waste Gas Scrubber
(Control Device ID No. NCD-Hdr1) which has a documented control efficiency of 99.1%

for acid fluoride compounds. The control of emissions of specific compounds will be
addressed and detailed in the following pages.

The FPS liquid waste stabilization process emits compounds in the acid fluoride family.

In the presence of water, these acid fluorides will elventua.lly hydrolyse to hydrogen fluoride.
For the purpose of this emissions inventory, a conservative approach will be take and the acid
fluorides will be reported both as a VOC and as the equivalent quantity of hydrogen fluoride.

Basis and Assumptions:
- For the HF emissions the entire gas flow is assumed to be HF
- The VOC emissions are assumed to be 30% COF2 and 70% TAF for the Reactor
- The VOC emissions are calculated based on Trimer and RSU for the Storage Tank

- The ideal gas law is used.

Information Inputs and Source Inputs:

Information Input Source of Inputs
Weight of Tank IP21 (W03450WG and W03606WG)
Category and Reason for Emission Waste Mechanical Facilitator

Point Source Emissions Determination:
Shown on the following pages
Fugitive Emissions Determination:

Shown on the following pages.

Prepared by Dianne L. Fields 6/14/2018



FPS Liquid Waste Stabilization (NS-E})
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Stack Emissions from Maintenance Activity or Emergency Activity

for the Reactor

Background

Before performing maintenance on the reactor or storage tank, the pressure from the system

is vented to the Division WGS. Each vent is recorded in IP21 by the weight before and after
the vent. There can be times when the pressure in either the reactor or storage tank rises rapidly
due to reaction. During these times if the pressure rises above 700 kpa in either tank, a pressure
control valve can be opened to vent the tank to avoid the relief valve opening. See chart below.

Tank Weight
Date Tank Category Reason Initial | Final
(kg}) | (kg}

Sample calculation using maintenance activity dated 1/0/00
Initial Weight minus  Final Weight equals kg vented to Division WGS
0 kg minus 0 kg equals 0  kgvented to WGS

Assume that all of the above is VOC emissions This assumption also overstates the true emissions
as inerts, such as nitrogen are not counted.
After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):

Percentage of acid fluoride VOCs removed by the WGS= 99.1%

Percentage of acid fluoride VOCs vented from the WGS = 100% minus 99.1%

Percentage of acid fluoride VOCs vented from the WGS = 0.9%

Therefore, VOCs vented to the atmosphere from the  1/0/00 maintenance activity is equal to:

Amount of VOCs vented to WGS: 0 kgofvVOC
Percentage of VOCs vented from the WGS: x  0.9%
Quantity of VOCs vented from the WGS: = 0  kgVOC

= 0.000 IbVOC

Prepared by Dianne L. Fields 6/14/2018



FPS Liquid Waste Stabilization (NS-E)
Page 3 of 13

Stack Emissions from Maintenance Activity (cont.)
for the Reactor
VOC Emissions by Compound

Assume that the vapor is 30% COF2 and 70% TAF. This assumption is based on process
knowledge of the system.

Quantity of VOCs vented from the WGS (see previous page) = 0 IbVvOC
COF2 (carbonyl fluoride) CAS No. 353-50-4
Sample calculation using maintenance activity dated 1/0/00

VOC emissions would be equal to:

0.000 1b VOC | 0.30 1b COF2 0 IbCOF2

| 1bvoc

TAF (telomeric acid fluoride) CAS No. 690-43-7
(perfluoro-3,5,7, 9,11-pentaoxadodecanoyl fluoride)

Sample calculation using maintenance activity dated 1/0/00

VOC emissions would be equal to:

0.000 1bVOC | 0.70 1bTAF = 0 IbVOC
| 1bvoC

Prepared by Dianne L. Fields 6/14/2018
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FPS Liquid Waste Stabilization (NS-E}
Page 4 of 13

Stack Emissions from Maintenance Activity (cont.)
for the Reactor
HF Potential

Assume that the vapor is 30% COF2 and 70% TAF. This assumption is based on process
knowledge of the system.

COF2 ({carbonyl fluoride) CAS No. 353-50-4
Each mole of COF2 ( MW = 66) can generate 2 moles of HF (MW =20)

11b COF2 | 1 mole COF2 | 201b HF | Jmoles HF = 0.606 Ibof HF
| 661bCOF2 | mole HF | 1 mole COF2

Therefore, each 1 1b of COF2 generates 0.606 1b of HF

TAF (telomeric acid fluoride) CAS No. 690-43-7

(perfluoro-3,5,7, 9,11-pentaoxadodecanoyl fluoride)
Each mole of TAF ( MW = 330) can generate 1 mole of HF (MW =20)

1IbTAF | 1moleTAF | 201bHF | 1molesHF = 0.061 lbofHF
| 3301 TAF | mole HF | 1 mole TAF

Therefore, each 1 1b of TAF generates 0.061 1b of OF
Sample calculation using maintenance activity dated 1/0/00
Quantity of VOCs vented from the WGS (see Page 2) = 0 1IbVOC

HF equivalent emissions would be equal to:

0.000 1b VOC 0.30 Ib COF2 0.606 IbHF = 0 IbHF
Ib VOC Ib COF2

0.000 1b VOC 0.70 1b TAF 0.061 IbHF = 0 1bHF
Ib VOC Ib TAF

Therefore, HF vented to the atmosphere from the

0 IHF + 0 IbHF

1/0/00 maintenance activity is equal to:

= 0

Prepared by Dianne L. Fields 6/14/2018

Ib HF
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FPS Liquid Waste Stabilization (NS-E)
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Stack Emissions from Maintenance Activity (cont.)
for the Reactor
Calculation page
Weight of Tank Emitted | Emitted
Date Tank Category Reason Initial Final voC BHF
(kg) {kg) (Ib) (Ib)
Total Emissions 0.00 0.00
Total vOC = 0.00 Ib
[voC = 0.0000  ton |STACK EMISSIONS
Total |HF = 0.00 Ib |STACK EMISSIONS

Speciated VOC Stack Emissions

The VOC emissions from the Waste Liquid Stabilization process is assumed to be comprised
of 30% by weight of COF2 and 70% by weight of TAF. The emission of these compounds

from each of the following events is determined simply by multiplying the total emitted VOC
by 30% to determine the COF2 emission and 70% to determine the TAF emission.

Emitted | Emitted | Emitted
Date Tank Category Reason YOC COF2 TAF
(Ib) (Ib) (Ib)
Total Emissions 0.00 0.00 0.00 |

Prepared by Dianne L. Fields 6/14/2018




FPS Liquid Waste Stabilization (NS-E)

Fugitive Emissions Leak Rates for Process Equipment

for the Reactor
Using the following table, the Fugitive Emissions Rates will be calculated:

Emission Factors
Component Service {Ib/hr/component)
Pump Seals Light Liguid 0.00115
Valves Light Liquid 0.00036
Flanges All 0.00018

VOC Fugitive Emissions from Equipment Components

1 Pump Seals x 0.00115 Ib/hr/pumpseal = 0.00115 lb/hr VOC
96  Valves X 0.00036 Ib/hrivalve 0.0346  lb/hr VOC
55 Flanges X 0.00018 Ib/hr/flange 0.0099 lb/hr VOC

I

Il

Total VOC Emissions from Equipment Leaks 0.0456  Ib/hr VOC
Total Annual Fugitive VOC Emissions:

0.0456 1b/hr VOC x 8760 hr/year = 399.54 |b VOC
0.1998 tons VOC

Speciated Fugitive VOC Emissions by Compound:

Assume that the emissions are 30% COF2 and 70% TAF. This assumption is based
on process knowledge of the system,

399.5 1b VOC 0.30 1b COF2 119.86 Ib COF2

Ib VOC

399.5 1b VOC 0.70 1b TAF 279.68 1b TAF

[ Ibvoc

See Page 3 for HF equivalents calculation:

399.5 1b VOC 0.30 1b COF2 0.606 IbHF = 72644 b HF
Ib VOC b COF2
399.5 1b VOC 0.70 1b TAF 0.061 IbHF = 1695 IbHF
Ib VOC b TAF
72.644 b HF + 1695 IbHF = 89.6 lbHF

Prepared by Dianne L. Fields 6/14/2018
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FPS Liquid Waste Stabilization (NS-E}
Page 7 of 13

Stack Emissions from Maintenance Activity or Emergency Activity

for the Storage Tank

Background

Before performing maintenance on the reactor or storage tank, the pressure from the system

is vented to the Division WGS. Each vent is recorded in IP21 by the weight before and after
the vent. There can be times when the pressure in either the reactor or storage tank rises rapidly
due to reaction. During these times if the pressure rises above 700 kpa in either tank, a pressure
control valve can be opened to vent the tank to avoid the relief valve opening. See chart below.

Tank Weight
Date Tank Category Reason Initial Final
(kg) (kg}
101317 Storage Maintenance | Annual Shutdown 32 0
Sample calculation using maintenance activity dated 10/13/17
Initial Weight minus Final Weight equals kg vented to Division WGS
32 kg minus 0 kg equals 32 kg vented to WGS

Assume that all of the above is VOC emissions This assumption also overstates the true emissions
as inerts, such as nitrogen are not counted.

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):

Percentage of acid fluoride VOCs removed by the WGS = 99.1%
Percentage of acid fluoride VOCs vented from the WGS = 100% minus 99.1%
Percentage of acid fluoride VOCs vented from the WGS = 0.9%

Therefore, VOCs vented to the atmosphere from the  10/13/17 maintenance activity is equal to:

Amount of VOCs vented to WGS: 32 kg of VOC
Percentage of VOCs vented from the WGS: x 0.9%
Quantity of VOCs vented from the WGS: = 0.288 kg VOC

= 0635 1bVOC

Prepared by Dianne L. Fields 6/14/2018



FPS Liguid Waste Stabilization (NS-E)
Page 8 of 13

Stack Emissions from Maintenance Activity (cont.)
for the Storage Tank
VOC Emissions by Compound

Assume that the vapor is 100% Trimer. This assumption is based on process
knowledge of the system.

Quantity of VOCs vented from the WGS (see previous page) = 0.63 1b VOC
HFPO Trimer (perfluoro-2,5-dimethyl-3,6-dioxanonanoyl fluoride). CAS No. 2641-34-1
Sample calculation using maintenance activity dated 10/13/17

VOC emissions would be equal to:

0635 IbVOC | 1.00 IbTrimer = 0.6349 Ib HFPO Trimer
| Ibvoc

Prepared by Dianne L. Fields 6/14/2018



FPS Liguid Waste Stabilization (NS-E)
Page 9 of 13

Stack Emissions from Maintenance Activity (cont.)
for the Storage Tank
HF Potential

Assume that the vapor is 100% Trimer. This assumption is based on process
knowledge of the system.

HFPO Trimer (perfluoro-2,5-dimethyl-3,6-dioxanonanoyl fluoride)

2490 1b HFPO Trimer = 100 Ibof HF
1 Ib HFPO Trimer = 0.0402 b of HF

Therefore, each 1 1b of Trimer generates 0.04 1b of HF

Sample calculation using maintenance activity dated 10/13/17

Quantity of VOCs vented from the WGS (see Page7) = 0.6353 b VOC

HF equivalent emissions would be equal to:

0.635 IbvOC | 1.00 IbTrimer | 0.040 IbHF = 0.025 IbHF
[ 1voc | 1b Trimer

Prepared by Dianne L. Fields 6/14/2018




FPS Liquid Waste Stabilization (NS-E)

Stack Emissions from Maintenance Activity (cont.)
for the Storage Tank
Calculation page

Weight of Tank |Emitted| Emitted
Date | Tank | Category | Reason | Initial Final vocC HF
(kg) (kg} (Ib) (b)
10/13/17 |StorageMaintenance |Annual Shutd 32 0 0.635 | 0.025

[ Total Emissions | 0.63 | 0.03 |

Total VOC = 063 1b
[voC = 0.0003 ton }STACK EMISSIONS
Total |HF = 0.03 1Ib JSTACK EMISSIONS

Speciated VOC Stack Emissions

The VOC emissions from the Waste Liquid Stabilization Storage Tank
is assumed to be comprised of 100% by weight of HFPO Trimer.

Emitted | Emitted
Date Tank | Category | Reason | VOC | Trimer
(Ib) (Ib)

10743117 |Storage] Maintenance pnual Shutdoy|  0.635 0.635

Total Emissions 0.63 0.63 0.00

Prepared by Dianne L. Fields 6/14/2018

Page 10 of 13




FPS Liquid Waste Stabilization (NS-E)
Page 11 of 13

Fugitive Emissions Leak Rates for Process Equipment
for the Storage Tank
Using the following table, the Fugitive Emissions Rates will be calculated:

Emission Factors
Component Service {lb/hr/component)
Pump Seals Light Liquid 0.00115
Valves Light Liquid 0.00036
Flanges All 0.00018

VOC Fugitive Emissions from Equipment Components

1 Pump Seals x 0.00115 Ib/hr/pumpseal = 0.00115 Ib/hr VOC
60 Valves x  0.00036 lb/hr/valve 0.0216  Ib/hr VOC
35 Flanges X 0.00018 Ib/hr/flange 0.0063  Ib/hr VOC

Total VOC Emissions from Equipment Leaks 0.0291  1b/hr VOC

Total Annual Fugitive VOC Emissions:

0.0291 Ib/hr VOC x 8760 hr/year = 254.48 1b VOC
0.1272 tons VOC

Speciated Fugitive VOC Emissions by Compound:

Assume that the emissions are 100% Trimer. This assumption is based
on process knowledge of the system.

2545 1bvoC | 1.00 IbCOF2 = 254 b HFPO Trimer
| Ibvoc

See Page 3 for HF equivalents calculation:

399.5 thvOC | 1.00 IbTrimer | 0.040 IbHF = 160 IbHF
| 1b VOC | Ib Trimer

Prepared by Dianne L. Fields 6/14/2018




FPS Liquid Waste Stabilization (NS-E)
Page 12 of 13

Emissions from One Time Release
None

Prepared by Dianne L. Fields 6/14/2018
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Emission Summary

A. VOC Emissions by Compound and Source

FPS Liquid Waste Stabilization (NS-E)
Page 13 of 13

FPS Stack Fugitive Total
Comnound CAS Chemical Name CAS No. | Emissions | Emissions [ Emissions
P (Ibs) (Ibs) (1bs)
COF2 |Carbonic difluoride 353-50-4 0.00 119.9 119.9
HEPO Perfluoro-2,5-dimethyl-3.6- | pg41 341|063 | 2545 | 2551
Trimer |dioxanonanoyl fluoride
Tap |Trifluoromethyl 3299-249| 000 | 2797 | 2797
carbonofluoridate
Total VOC (1b) 654.7
Total VOC (ton) 0.33
B. Toxic Air Pollutant Summary
FPS Stack Fugitive Total
Compound CAS Chemical Name CAS No. | Emissions | Emissions | Emissions
P (Ibs) (Ibs) (bs)
HF Hydrogen fluoride 7664-39-3 0.03 105.6 105.7

Prepared by Dianne L. Fields 6/14/2018



2017 Air Emissions Inventory Supporting Documentation
Emission Source ID No.: NS-F
Emission Source Description: Nafion MMF Process

Process and Emission Description:

The MMF process is a batch/semi-batch manufacturing process. All emissions from
this process vent to the Nafion Division Waste Gas Scrubber (WGS), Control Device
ID No. NCD-Hdr1, which has a documented efficiency of 99.1%. The control of
emissions of certain compounds will be addressed in the following spreadsheets. Some
compounds (i.e. TFE) pass completely through the scrubber, therefore the efficiency is
assumed to be zero percent (0%).

Basis and Assumptions:

The MMTF process flowsheets #9599 and #9600 are used as a basis for relative
compositions and flow rates of vent streams to the division WGS.

Information Inputs and Source of Inputs:

Information Input Source of Inputs
MMF production quantity MMF Production Facilitator
Speciated emission rates MMF Process Flowsheets

Point Source Emissions Determination:

Point source emissions for individual components are given in the following pages. A
detailed explanation of the calculations are attached.

Equipment Emissions and Fugitive Emissions Determination:

Emissions from equipment leaks which vent as stack (point source) emissions and true
fugitive (non-point source) emissions have been determined using equipment
component emission factors established by Chemours. The determination of those
emissions are shown in a seperate section of this supporting documentation.




£41Z 0 ¥ PR 0 £-68-99/ apLion|4 usboupAH 4H
{san) (sqp) {sar) (san) (sal) 'ON SV punodwo)
suojssiug suolssiw3 SUOISSILLg suoIssiWg suo|ssiwg AN [B2IWAYD SV @uUoljeN
2101 [espooy | uswdinb3g anyubng 22.1n0g JUI0d
Aewwng Juelunjod Ay 21xol ‘g
[ (suol) DOA
6'6¥8'¢ 0 1’82 0'Z8lL 1'629'S 110Z 10} DOA IBIOL
; . . e Jolse |Ayjswoxo
182 0 1'gz 00 0 8-1/-9L169 c-olonyL-£'2'7 ‘Pioy dlouedold e[
¥'12E'C 0 00 00 ¥'LZE'C £-£6-C65 aplon|4 jAyIBIN 4€HO
679 0 0 L'e2 8'6¢ £-F1-9LL aus|AyjacIon|jeia | 341
00 0 0 1000 000 6-LZ-6¥7E6 plOY dLN! P19V dLIN
90 0 0 0L2'0 920 G-1/-Zzvl | suoey{lAyiecionjelieiixoyisul-z)sig Mg
99 0 0 Er'Z 6l'¥ [-61-GG/ -AxoyjaLl-g-IAYIB I diW
Z8 0 0 10°€ 616 /-88-S2¥ aueyje0ION|JeNR}-Z 2 L |-AXOLBW-|, 341N
LS 0 0 4 vo'e /-76-€T8S Jaya |Aulacionyll | (A1 IALIN
g0 0 0 LD z0 9-0L-GL1 Jaye |AyRWIQ ANA
02Cly 0 0 L'LGL 6092 9-8€-919 Ja1s3 Ayewiqg ‘pioy dIUcdIE) OWA
(sq)} (sq1} {sq)) (sai} (san) "ON SVYO punodwod
SUQISSILE suolIssiwg SUQIssIg suolssIWg SuoIsSSIWT QLN [ediways SVYOD @uUoleN
2J0A [Bl0L |BJU3PI20Y EmEQ_:_um_ ®>=_m:u_ a2Nog WWicH

921n0g pue punodwoy Aq SUOISSIWT DOA 'Y

JJewiung uoissiug

L jo | abed

Aewwng Uolssiwg $59201d JNIA



MMF Process Fugitive / Equipment Emissions
: Page 1of 2

Fugitive and Equipment Emissions Determination (Non-point Source):

Fugitive (FE) and Equipment Emissions (EE) are a function of the number of emission points in the
plant (valves, flanges, pump seals). The inventory shown below is conservative and based on plant
and process diagrams. Note that the calculations below include the following: (1) equipment
emissions not inside buildings, which are "fugitive" in nature and will be reported as such, and

(2) equipment emissiion in side buildings, which are not "fugitive” in nature and will be reported as
equipment emissions only.

A. Fugitive emissions from MMF equipment outside of the barricade:

Emissions from this eguipment are not inside a building and are therefore "fugitive” in nature.

0.199 Ib/hr EE
0.018 Ib/hr EE
0.217 ib/hr EE

Valve emissions: 552 valves x 0.00036 Ib/hrivalve
Flange emissions: 100 flanges x 0.00018 Ib/hr/flange
Total equipment emission rate

Days of operation = 35

On average 0.13 ibs of HF are produced for every 1 pound of process maferial released

vOC: 0.217 Ib/hr EE HF: 0.217 Ib/hr EE
24 hours/day 24 hours/day

35 days/year 35 days/year
182.0 Ib/yr VOC from EE 0.13 Ib HF per Ib VOC

23.7 Iblyr HF from EE

Ix x
I o X x

B. Equipment Emissions From MMF Reactor and Transfer Tank

This equipment is inside a building, therefore emissions are not true Fugitive Emissions

0.032 ib/hr FE
0.002 Ib/hr FE
0.033 Ib/hr FE

Valve emissions: 88 valves x 0.00036 Ib/hr/valve
Fiange emissions: 10 flanges x 0.00018 Ib/hr/flange
Total fugitive emission rate

VOC: 0.033 Ib. FE/hr HF: 0.033 Ib. FE/hr
X 24 hours/day X 24 hours/day
X 35 daysfyear X 35 daysfyear
= 28.1 Iblyr VOC from EE x  0.13 Ib HF per b VOC

3.7 Iblyr HF from EE




MMPF Process

Fugitive / Equipment Emissions

Note: Speciated equipment emissions were estimated by assuming that each
compound’s equipment emission concentration was equal to that compound's
stack emission fraction of the total stack emission (excluding CH3F whose
emissions are completely accounted for as Stack Emissions).

Example: The DMC equipment emissions were determined by the ratio of the
DMC stack emission (260.9 1b.) divided by the total stack emission (3,635.7 Ib.)
minus the CH3F stack emissions (3,321.4 Ib.) or 314.3 |b., which is multiplied by
the total fugitive emissions (182.0 |b.).

182.0 = 151.1

260.9 | lb. DMC

3143 |

Specifically:

Page 2 of 2
C. Total MMF Plant Non-Point Source Emissions
Fugitive Equipment
Emissions Emissions
VOC HF vOC HF
Emission Source Ibiyr Iblyr Iblyr Iblyr
A Fuglt_lve emlssmns_from .MIVIF equipment 182.0 537 0 0
outside of the barricade:
B. Equipment Emissions From MMF
Reactor and Transfer Tank 0 0 28.1 3.7
Total for 2017 182.0 23.7 28.1 3.7
E. VOC Emission by Source Type
© th =X 0 tw T oo )
@S |53 _|25_|g5_ |88 | g5
S |ubz |2v8 | 598 | 485 | 883
SE |EET | € |BE |82 |TE
3 W& Ll i W < & ]
DMC 260.9 151.1 0 0 412.0
DME 0.2 0.1 0 0 0.3
MTVE 3.6 - 2.1 0 0 5.7
MTFE 5.2 3.0 0 0 8.2
MTP 4.2 2.4 0 0 6.6
BMTK 0.4 0.2 0 0 0.6
MTP Acid 0.0 0.0 0 0 0.0
TFE 39.8 23.1 0 0 62.9
CH3F 33214 0 0 0 3321.4
MMF 0 0 28.1 0 28.1
Total 3635.7 182.0 28.1 0.0 3845.9




MMF Process Point Source Emission Determination

Page 1 of ©
Point Source Emission Determination
A. TFE CAS No. 116-14-3
Tetrafluoroethylene
HF Potential:
TFE is 2 VOC without the potential to form HF.
TFE Quantity Generated:
Before-control TFE emission rate per the Process Flowsheet #9600:
Source TFE Vent Rate
MTP Rx 0.0182 kg TFE vented per MM unit
Neutralizer 0 kg TFE vented per MMF unit
Wash Tk 0 kg TFE vented per MMF unit
Crude MTP Tk 0 kg TFE vented per MMF unit
Crude DMC Tk 0 kg TFE vented per MMF unit
DMC Still 0 kg TFE vented per MMF unit
Total 0.0182 kg TFL vented per MMF unit
The before-control TFE emission is based ot 993.2  MMF units in 2017
TFE vented from the MMF Process in the reporting year:
0.0182 kg TFE X 993.2 MMF unit = 18.08 kg TFE

MMF unit

After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

VOC Emissions
18.08 kg TFE
Waste Gas Scrubber x  (100%-0%) control efficiency
= 18.08 kg TFE = 39.85 Ib. THF
39.85 Ib. VOC

1l



MMF Process Point Source Emission Determination
Page 2 of &

B. DMC CAS No. 616-38-6
Carbonic acid, dimethyl ester

HF Potential:

DMC is a VOC without the potential to form HF

DMC Quantity Generated:

Before-control DMC emission rate per the Process Flowsheet #9600:

-

Source DMC Vent Rate

MTP Rx 0.0249 kg DMC vented per MMF unit
Neutralizer 0.0315 kg DMC vented per MMF unit
Wash Tk 0.0057 kg DMC vented per MMF unit
Crude MTP Tk 0.0075 kg DMC vented per MMF unit
Crude DMC Tk 0.0099 kg DMC vented per MMF unit
DMC Still 0.0396 kg DMC vented per MMF unit
Total 0.1192 kg DMC vented per MMF unit

The before-control DMC emission is based on 993,2 MMF units in 2017
DMC vented from the MMF Process in the reporting vear:

0.1192 kg DMC X 993.2 MMF unit
MMF unit

11835 kg DMC

After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

VOC Emissions
118.35 kg DMC
Waste Gas Scrubber x  (100%-0%) control efficiency
= 118.35 ke DMC=  260.92 1b. DMC
= 26092 1b. VOC




MMF Process Paint Source Emission Determination

Page 3 of 9
C. DME CAS No. 115-10-6
Dimethyl ether
HF Potential:
DME is a VOC without the potential to form HF
DME Quantity Generated:
Before-control DME emission rate per the Process Flowsheet #9600:
Source DME Vent Rate
MTP Rx 0 kg DME vented per MMF unit
Neutralizer 0.000214 kg DME vented per MMF unit
Wash Tk 0.000138 kg DME vented per MMF unit
Crude MTP Tk 0.000221 kg DME vented per MMF unit
Crude DMC Tk ' 0 kg DME vented per MMF unit
DMC Still 0.00860 kg DME vented per MMF unit
Total 0.00917 kg DME vented per MMF unit
The before-control RSU emission is based on ~ 993.2  MMF units in 2017
DME vented from the MMF Process in the reporting year:
0.00917 kg DME X 993.2 MMF unit = 9.11 kg DME

MMF unit

After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):

VOC Emissions
9.11 kg DME
Waste Gas Scrubber  x (100%-99.1%) control efficiency
= 0.08 kg DME = 0.18 Ib. DME

= 0.18 Ib. VOC
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. MTVE CAS No. 3823-94-7
Methyl Trifluorovinyl Ether
HEF Potential:
MTVE is a VOC without the potential to form HF
MTVE Quantity Generated:
Before-control MTVE emission rate per the Process Flowsheet #9600:
Source MTVE Vent Rate
MTP Rx 0.00057 kg MTVE vented per MMF unit
Neutralizer 0.00049 kg MTVE vented per MMF unit
Wash Tk 0.00019 kg MTVE vented per MMF unit
Crude MTP Tk 0.00042 kg MTVE vented per MMF unit
Crude DMC Tk 0 kg MTVE vented per MMF unit
DMC Still 0 kg MTVE vented per MMF unit
Total 0.00166 kg MTVE vented per MMF pnit
The before-control MTVE emission is based on ~ 993.2  MMF units in 2017
MTVE vented from the MMF Process in the reporting year:
0.00166 kg MTVE X 993.2 MMF unit = 1.65 kg MTVE

MMF unit
After-control emissions utilizing'the 0% control efficient Waste Gas Scrubber (WGS):

VOC Emissions
1.6515 kg MTVE
Waste Gas Scrubber x  (100%-0%) control efficiency
= 1.6515 kg MTVE = 3.641 1b. MTVE
= 3.641 Ib. VOC
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E. MTFE (Methyl tetraftuaoroethyl ether) CAS No. 425-88-7
I-methoxy-1,1,2,2-tetrafluoroethane
HF Potential:
MTEFE is a VOC without the potential to form HF.
MTFE Quantity Generated:
Before-control MTFE emission rate per the Process Flowsheet #9600:
Source MTFE Vent Rate
MTP Rx 0.001269 kg MTFE vented per MMF unit
Neutralizer 0.000489545 kg MTFE vented per MMF unit
Wash Tk 0.00019306 kg MTFE vented per MMF unit
Crude MTP Tk 0.000420595 kg MTFE vented per MMF unit
Crude DMC Tk 0 kg MTFE vented per MMF unit
DMC Still 0 kg MTFE vented per MMF unit
Total 0.00237 kg MTFE vented per MMF unit
The before-control MTFE emission is based on ~ 993.2  MMF units in 2017
MFTE vented from the MMF Process in the reporting year:
0.00237 kg MTFE X 993.2 MMF unit = 2.36 kg MTFE

MMEF unit
After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

VOC Emmissions
2.356 kg MTFE
Waste Gas Scrubber x  (100%-0%) control efficiency
= 2.356 kg MTFE = 5.193 Ib. MTFE
5.193 1b. VOC




F. MTP

MMF Process Point Source Emission Determination
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Methyl-3-methoxy-tetrafluoropropionate

HF Potential:
MTP is a VOC without the potential to form HF

MTP Quantity Generated:

Before-control MTP emission rate per the Process Flowsheet #9600:

CAS No. 755-73-7

Source MTP Vent Rate

MTP Rx 0.0000028 kg MTP vented per MMF unit
Neutralizer 0.001041 kg MTP vented per MMF unit
Wash Tk 0.000365 kg MTP vented per MMF unit

Crude MTP Tk 0.000503 kg MTP vented per MMEF unit

- |{Crude DMC Tk 0.0000007 kg MTP vented per MMEF unit

DMC Still 0 kg MTP vented per MMF unit

Total 0.00191 kg MTP vented per MMF unit

The before-control MTP emission is based on 9932 MMF units in 2017

MT?P vented from the MMF Process in the reporting year:

0.00191 kg MTP X 993.2 MMF unit
MMF unit

190  kgMTP

After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

MTP Emissions
1.900 kg MTP
Waste Gas Scrubber x  (100%-0%) conirol efficiency
= 1.900 kg MTP

4.189 Ib. MTP
4.189 1b. VOC
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G. BMTK ' CAS No. 1422-71-5
Bis(2-methoxytetrafluorcethylketone
HF Potential:
BMTK is a VOC without the potential to from HF.
BMTK Quantity Generated:
Refore-control BMTK emission rate per the Process Flowsheet #9600:
Source BMTK Vent Rate
MTP Rx 0 kg BMTK vented per MMF unit
Neutralizer 0.000089635 kg BMTK vented per MMF unit
Wash Tk 0.000034475 kg BMTK vented per MMF unit
Crude MTP Tk 0.00004137 kg BMTK vented per MMF unit
Crude DMC Tk 0 kg BMTK vented per MMF unit
DMC Still 0 kg BMTK vented per MMF unit
Total 0.00016548 kg BMTK vented per MMF unit
The before-control BMTK emission is basedon  993.2  MMF units in 2017
BMTK vented from the MMF Process in the reporting year:
0.000165 kg BMTK X 993.2 MMF unit = 0.16 kg BMTK

MMF unit
After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

BMTK Emissions

0.16435 kg BMTK
Waste Gas Scrubber x_ (100%-0%) control efficiency
= 0.16435 kg BMTK

0.362 Ib. BMTK
0.362 1b. VOC
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H. MTP Acid ‘ CAS No. 93449-21-9

HF Potential:
MTP Acid is a VOC without the potential to form HF.

MTP Acid Quantitv_ Generated:

Before-control MTP Acid emission rate per the Process Flowsheet #9600:

Source MTP Acid Vent Rate

MTP Rx 0.000000 kg MTP Acid vented per MMEF unit
Neutralizer ¢ kg MTP Acid vented per MMF unit
Wash Tk 0.000020685 kg MTP Acid vented per MMF unit
Crude MTP Tk 0.000034475 kg MTP Acid vented per MMF unit
Crude DMC Tk 0 kg MTP Acid vented per MMF unit
DMC Still 0 kg MTP Acid vented per MMF unit
Total 0.00005516 kg MTP Acid vented per MMF unit

The MTP Acid emission® is based on 9932  MMF units in 2017
* before-control emissions

MTP Acid vented from the MMF Process in the reporting year:

0.000055 kg MTP Acid x 993.2 MMF unit 0.055 kg MTP Acid

MMF unit
After-control emissions utilizing the 99.1% control efficient Waste Gas Scrubber (WGS):

MTP Acid Emissions

0.055 kg MTP Acid
Waste Gas Scrubber x (100%-99.1%) control efficiency
= 0.00049 kg MTP Acid = 0.0011  1b. MTP Acid
0.0011  1b. VOC
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1. CH3F CAS No. 593-53-3

Methyl fluoride

HF Potential:
CH3F is a VOC without the potential to form HF.

CH3F Quantity Generated:

Before-control CH3F emission rate per the Process Flowsheet #9599:

Source CH3F Vent Rate

MTP Reactor 0 kg CH3F vented per MMF unit
Neutralizer 0 kg CH3F vented per MMF unit
Wash Tk 0 kg CH3F vented per MMF unit
Crude MTP Tk 0 kg CH3F vented per MMF unit
Crude DMC Tk 0 kg CH3F vented per MMF unit
DMC Still 0 kg CH3F vented per MMF unit
MMF Reactor 1.52 kg CH3F vented per MMF unit
Total 1.52 kg CH3F vented per MMF unit

The before-control CH3F emission is based on 993,2 MMF units in 2017

CH3F vented from the MMF Process in the reporting year:

1.52 kg CH3F X 993.2 MMF unit
MMF unit

1,506.6 kg CH3F

After-control emissions utilizing the 0% control efficient Waste Gas Scrubber (WGS):

CH3F Emissions
1,506.6 kg CH3F
Waste Gas Scrubber x (100%-0%) control efficiency
= 1,506.6 kg CH3F

3321.4 b, CH3F
= 33214 1b. VOC
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Resin Manufacturing Process (NS-G})
Emission Summary

Page 1 of 1
Yearly Emission Summary
A. VOC Compound Summary
NS-G SR/CR Resins Manufacturing Process
Nafion® CAS Chemical Name CAS No. Emission
Compound (Ih)
PSEPVE Perfluoro-2-(2-Fluorosulfonylethoxy) Propyl Vinyl Ether 16090-14-5 4,074
Propanoic Acid, 3-{1-[Difluoro[(Trifluoroethenyljoxy]Methyl]-
EVE 1,2,2,2- Tetrafluoroethoxy]-2,2,3,3-Tetrafluoro-Methyl Ester 63863-43-4 678
TFE Tetrafluoroethylene 116-14-3 33,067
E-2 2H-Perfiuoro(5-Methyl-3,6-Dioxanonane) 3330-14-1 8,859
HFPO Dimer Acid 12,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy)
. - 2062-98-8 5
Fluoride propanoyl flucride
MeOQH Methanol 67-56-1 561
Total VOC Emissions (Ibs) 47,245
Total VOC Emissions (tons) 23.6

B. Toxic Air Pollutant Summary

NS-G SR/ICR Res

ins Manufacturing Process

Nafion®

CAS Chemical Name CAS No. .
Compound Emission (lbs)
F-113 Trichloro-1,2,2-trifluoro-1,1,2 Ethane 76-13-1 0
HF Hydrogen Fluoride 7664-39-3 1.7
MeOH Methanol 67-56-1 561
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IXM Membrane Process (NS-H)
Introduction
Page 10of1

AIR EMISSIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source:

Emission Source 1D No.:

Process Description:

Basis and Assumptions:

IXM Membrane Process
NS-H

The resin membrane treatment process (hydrolysis) is carried out continuously
by passing the film resin or laminated resin membrane through a succession of
tanks containing the necessary reagent chemicals to complete the hydrolysis
reaction. Chemically, the objective is to expose the membrane to the reagent
solution under conditions of time, temperature, concentration and agitation
which are sufficient to complete the desired reaction. Mechanically, the objective
is to convey the sheet, that is changing in dimension as it reacts, through a
series of vertical passes, in a number of tanks, in a straight line, at a constant
tension, without folding, creasing or tearing.

The resin membrane treatment process is contained in a enclosed room. All

emissions are contained within the room and—vent—through—emission—control—— - -

stacks. Airis supplied into the room and vented on a once through basis.

The resin membrane treatment process (extrusion) is carried out continuouly by
melting resin polymer pellets into an single screw extruder, heating to high
temperatures so as to melt the resin polymer and extruded into film sheet form.

The resin membrane treatment process (extrusion) is contained in an enclosed
room. All emissions are contained within the room and vented through emission
control stacks. Air is supplied into the room and vented on a once through basis.

- Vent to atmosphere via stack

- No fugitive emissions due to all emissions vented through stack.
- DMSO vapor pressure = 0.48 mm Hg @ 20°C

- KOH vapor pressure = 2.6 mm Hg @ 20°C

- HNO3 vapor pressure = 8 to 28 mm Hg @ 25°C

- CH3COQH or HOAg vapor pressure = 11.4 mm Hg @ 20°C

- DEG vapor pressure = 1 mm Hg @ 82°C

- NaOH vapor pressure = 13 mm Hg @ 60°C

- Molar volume of an Ideal Gas @ 0°C and 1 atm = 358 ft3/(lb-mole)
- Molecular Weight of DMSQO = 78 (78 |b DMSO / mole DMSQ)

- DMSO waste storage tank 8000 gallons.

- DMS30 received in 55 gal drums, each drum weighing 500 Ibs.




Membrane Treatment (NS-H)
Emissions Determination
Page 1 of 2

2017 NS-H Membrane Treatment (extrusion & hydrolysis) Summary Report

Acetic Acid Emissions
1st Quarter

2nd Quarter

3rd Quarter

4th Quarter

Total

Acetic Acid Emissions Rate
Acetic Acid Emissions

DMSO Emissions

Waste Shipped

Waste in storage tk yr end
Waste in storage tk yr end
Waste % in storage tk yr end
DMSOQ Waste Content

DMSO in Waste liquid

DMSO Shipped as Waste liquid

KOH/DMSO waste pumped to waste
freatment
DMSO pumped to waste treatment

DMSO Inventory

inv. Begin year

inv. End year

DMSO Drums Rec
WHDrum

fotal DMSO consumed

DMSO Emissions

Total VOC Emissions

Acetic Acid Emissions
DMSQO Emissions
Total VOC Emissions

217
251
264
209
941

0.727
684

oo O

0%
11%
0
0

26,026
265,455
29,200

17

16

104
500
52,500

23,300

684
23,300
23,984

11.99

hrs
hrs
hrs
hrs
hrs

Ibs/hr
ibsfyr

Units
Ibs/yr
gallons
Ibs

%

wi%
fbsfyr
Ibsfyr

galfyr
lbslyr
Ibsfyr

drums
drums
drums
Ib/drum
Ibs

Ibs/yr

lbs/yr
Ibsfyr
bsiyr
toniyr




Throughput (production)
Hydrolysis product produced.
Hydrolysis surface treatment

1st qrt % hrs of operations
2nd grt % hrs of operations
3rd grt % hrs of operations
4th grt % hrs of operations

HF Emissiong

SR Resin Extruded

CR Resin Extruded
Total polymer extruded

Amount of HF produced per kg of

polymer processed at various
temperatures.

Total HF Formed

Total HF HAP/TAP Emissions

257172 m2
170,215 m2

23.24%
28.22%
24.33%
24.22%

83,909

8,754

92,753

0.00068
0.00008

83,009
0.00068

8,754

0.00008

57

lbs/yr

Membrane Treatment (NS-H)
Emissions Determination
Page 2 of 2

kg HF / kg SR @ 275 deg C
kgHF /kg CR @ 275deg C

kg SR Resin extruded per year
kgHF /kg SR @ 275deg C

kg HF emitted per year

kg SR Resin extruded per year
kg HF / kg SR @ 275 deg C

kg HF emitted per year
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IXM Membrane Coating Process (NS-) Introduction
Page 1of 3

2017 Air Emissions Inventory Supporting Documentation - Introduction

Emission Source ID No.: NS-I
Emission Source Description: IXM Membrane Coating Process
Process and Emission Description:

The IXM Membrane Coating Process is a batch process in which Nafion® membranes
are spray coated with zirconium oxide and SR resin to enhance the performance of the
membrane. The zirconium/resin is applied to the membrane as a dispersion in a
mixture of ethanol, 1-propanol, and 2-propanol. A small amount of a high molecular
weight surfactant (Triton X-100) is added to improve the wettability of the coating on
the membrane.

All VOC emissions are exclusively from the evaporation of the alcohols, which make up
81.79% by weight the total mass of the sprayed coating. Sources of VOC emissions are
the three tanks (Binder Storage Tank, Hi-Speed Dispersion Tank, and Paint Supply
Tank), the Spray Booth Operation, and clean-up of the equipment using 2-propanol.
The VOC emissions are uncontrolied.

The particulate matter (PM) emissions would be exclusively from the zirconium oxide,
the SR resin, and the Triton X-100 surfactant, which make up 16.68% by weight the
total mass of the sprayed coating. Overspray is captured by paint arrestors, currently a
double-layer of the Rescarch Products Spra-Gard Paint Arrestors Model 3232. Testing
of a double layer of the paint arrestors showed that they were 99.77% efficient in
removing the paint spray droplets from a conventional air gun. To be conservative, it
will be assumed the paint arrestor control efficiency is 98%.

Basis and Assumptions:

The IXM Membrane Coating Process total VOC emissions are based on the total
quantity of binder and coating consumed during the calendar year, and it is assumed that
100% of the alcohols (VOCs) in the binder and coating become air emissions.

To be conservative, it is assumed that the binder formula used throughout the year is the
worst-case recipe that will produce the greatest quantity of VOC emissions. That
formula is the "Low SR/ZrO2 Ratio, High Solids Binder" which has the following
components' weight fraction in the binder:

Ethanol 78.18%
1-propanol 10.02%
2-propanol 3.68%




IXM Membrane Coating Process (NS-) Introduction

Water 411%

SR Resin 4.01%

Page 20of 3

The actual density of the binder typically runs between 0.81 and 0.83 kg/L. To be
conservative, it is assumed that the binder density is 0.85 kg/L.

The PM emissions are determined using the following data and assumptions:

1) the total quantity of solids, meaning zirconium oxide (ZrO,), Triton X-100, and

SR Resin, consumed during the reporting year,

2) a transfer efficiency of 40% of the sprayed solids adhering to the membrane and
60% of the solids being the before-control PM quantity, and

3) aconservative paint arrestor control efficiency of 98%.

Information Inputs and Source of Information Inputs:

Information Input

Source of Information Inputs

Quantities of binder, 2-propanol, zirconium, and
Triton X-100 consumed during reporting year

Products Production Facilitator

Quantity of waste 2-propanol alcohol (WFN-210)
generated during reporting year

Environmental Manager

Membrane Coating Process operating days during
reporting year

Products ATO Engineer

Membrane Coating Process operation as a
quarterly percentage during reporting year

Products ATO Engineer

Point Source Emissions Determination:

The point source emissions for individual components are given in the following pages.
A detailed explanation of the calculations are attached.

- Equipment Emissions and Fugitive Emissions Determination:

The IXM Membrane Coating Process is completely inside a building, therefore all
emissions are point source and there are no fugitive emissions. Since the total VOC
emissions are based on the total quantity of binder and coating consumed during the
calendar year, and it is assumed that 100% of the alcohols in the binder and coating
becomes an air emission, then any equipment leaks would be accounted for in this

material balance.
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IXM Membrane Coating Process (NS3-1)

Introduction
Page 3of 3



IXM Mermbrane Coating Process (NS-l) Emission Summary

NOTE: To be conservative, it is assumed the PM, 5, PM,,, and Total Suspended Particulates

(TSP) are the same quantity.

Page 1 of 1
{/fﬁ ~,
2017 Air Emissions Inventory Summary
Volatile Organic Compounds (VOC) Emissions Summary
Compound Chemical Name CAS No. Em(llslj;ons
Ethanol Ethanol 64-17-5 44,973
1-propanol Propan-1-ol 71-23-8 5,766
2-propanol Propan-2-ol 67-63-0 7,275
VOC (Ib) 58,014
VOC (Tons) 29.01
Particulate Matter (PM) Emissions Summary
Compound Chemical Name CAS No. Em;lsls);ons
Ethanesulfoﬁic acid, 2-[1-
|[difluoro[(1,2,2-
SR Resin trifluoroethenyl)oxy]methyl]-1,2,2,2- 31175-20-9 28
tetrafluoroethoxy]-1,1,2,2-tetrafluoro-,
polymer
Zirconium (Zr0,)| Zirconium dioxide 1314-23-4 172
Triton X-100 Octylphenoxypolyethoxyethanol 9002-93-1 1
PM (1b) 200
TSP (Tons) 0.10
PM,, (Tons) 0.10
PM,; 5 (Tons) 0.10




IXM Membrane Coating Process {NS-I) VOC Emissions
Page 10f2

Point Source Volatile Organic Compounds (VOC) Emission Determination

The emissions of volatile organic compounds (VOC) from the IXM Membrane Coating
Process is exclusively comprised of the ethanol, 1-propanol, and 2-propanol that are
consumed during the calendar year. These three compounds make up the solvent of the
coating that is sprayed on the Nafion® membranes, and also 2-propanol is used to clean
the tanks and ancillary equipment.

The quantities of ethanol and 1-propanol that are consumed during the calendar year, are
assumed to be completely emitted as VOC air emissions from the Spraybooth operation.

The 2-propanol emitted as VOC air emissions from the Spraybooth operation are
determined by subtracting the quantity of 2-propanol that is collected as a solid waste
(WFN-210) from the total quantity of 2-propanol that is consumed during the calendar
year.

The emissions of these chemicals are determined through a material balance of the
quantity of binder solution consumed during the year and the composition of that binder
that results in the highest VOC emission rate, and the quantity of 2-propanol that was
consumed during the year.

The binder composition, or Chemical Weight Fraction, is assumed to be that of the "Low
SR/Zr02 Ratio, High Solids Binder" formula that results in the worst-case or highest
VOC emission rate for the IXM Membrane Coating Process.

The binder density during the reporting year is conservatively assumed to be 0.85 kg/L.

VOC Emissions from Binder Solution

30,698 liters of Binder consumed
0.85 kg/1. (density of Binder)

26,093 kg Binder consumed

57,525 lb. Binder consumed



IXM Membrane Coating Process (NS-1)

Binder Weight Chemical VQC :Air
Composition | Fraction Consumed| Emissions
(lb) (Ib)
Ethanol 78.18% 44,973 44,973
1-propanol 10.02% 5,766 5,766
2-propanol 3.68% 2,116 2,116
Water 4.11% 2,364
SR Resin 4.01% 2,306
57,525 52,855

VOC Emissions from Other (non-Binder) Sources

13,394 Ib. 2-propanol consumed

minus 8,235 Ib. 2-propanol drummed solid waste (WFN-210)

5,159 Ib. 2-propanol as air emissions

Total VOC Em.issions from IXM Membrane Coating Process

Binder Other Total
vocC . . . . . .
Emissons Emissions | Emissions | Emissions

(Ib) (Ib) (ib)
Ethanol 44,973 44,973
1-propanol 5,766 5,766
2-propanol 2,116 5,159 7,275
58,014

Total VOC Emissions

58,014 1b. per year
29.01 tons per year

VOC Emissions

Page2of2



IXM Membrane Coating Process (NS-) PM Emissions
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Point Source Particulate Matter (""PM") Emission Determination

The emissions of particulate matter (PM) from the IXM Membrane Coating Process is
exclusively comprised of the SR Resin, zirconium dioxide, and Triton X-100 that are
consumed during the calendar year. These three compounds make up the solids of the
coating that is sprayed on the Nafion® membranes.

The emissions of these compounds are determined through a material balance of the
quantity of binder solution consumed during the year and the composition of that binder,
and the quantities of zirconium oxide and Triton X-100 that were consumed during the
year.

The binder composition, or Chemical Weight Fraction, is assumed to be that of the "Low
SR/ZrQ2 Ratio, High Solids Binder" formula that results in the worst-case or highest
VOC emission rate for the IXM Membrane Coating Process.

The transfer efficiency, or the fraction of the solids sprayed onto the membrane that
adheres to the membrane, is believed to be 40%. Therefore, 60% of the solids sprayed
during the year are assumed to be before-control particulate matter emissions.

The current paint arrestor filter spray removal efficiency is 99.37% for a single layer and
99.77% for a double layer of arrestor filters. While two layers are actually used in the
Spray Booth, a 98% removal efficiency will be assumed for the particulate matter
estimation.

The binder density during the reporting year is conservatively assumed to be 0.85 kg/L.

Consumed Solid (Non-Volatile) Compounds in Binder Solution

30,698 liters of Binder consumed
0.85 kg/I. (density of Binder)

26,093 kg Binder consumed

57,525 1b. Binder consumed

Binder Chemical Chemical Solid
Chemical Weight Consumed Compounds
Composition Fraction (Ib) (Ib)
Ethanol 78.18% 44,973
1-propanol 10.02% 5,766
2-propanol 3.68% 2,116
Water 4.11% 2,364
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IXM Membrane Coating Process (NS-I)

SR Resin

4.01%

2,306

2,306

100.00%

57,525

PM Emissions
Page 2 of 3
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IXM Membrane Coating Process (NS-1)

Consumed Solid (Non-Volatile) Compounds from Other (non-Binder) Sources

14,300 1b. zirconium oxide (ZrQ,)} consumed

62 1b. Triton X-100 consumed

Before-Control PM Emissions from IXM Membrane Coating Process

Solids Sprayed Solids Adhered Before-Control
PM on to Membrane PM
Compound Membrane (40% efficiency) Emissions
(Ib) (Ib) (Ib)
SR Resin 2,306 923 1,384
ZrO; 14,300 5,720 8,580
Triton X-100 62 25 37

PM Emissions
Page 3 of 3

After-Control PM Emissions from IXM Membrane Coating Process

Actual Paint Arrestors Spray Removal Efficiency 99.77%

Assumed Paint Arrestors PM Capture Efficiency 98%
Before-Control After-Control
PM _ PM PM
Compound Emissions Emissions

‘ (Ib) (Ib)

SR Resin 1,384 28

7ZrG, . 8,580 172

Triton X-100 37 1

TOTAL PM 10,001 200

Total PM Emissions 200 Ib. per year

0.10 tons per year



N

E-2 Process (NS-K)
Introduction
Page 1 of 1

2017 AIR EMISSTIONS INVENTORY SUPPORTING DOCUMENTATION

Emission Source ID No.: NS-K

Emission Source Description: E-2 Process

Process and Emission Description:
The E-2 Process is a batch manufacturing process. All emissions from this process
vent to the atmosphere, some via a vertical stack. The control of emissions of
certain compounds will be addressed in the attached spreadsheet.

Basis and Assumptions:
Engineering calculations using compositions, volumes and paritial pressures are used
to determine amounts vented. See attached information for assumptions made for

each vessel.

Information Inputs and Source of Info.:

Information Input Source of Inputs
E-2 production quantity E-2 Production Facilitator
Speciated emission rates Attached calculations

Point Source Emissions Determination:

Point source emissions for individual components are given in the attached
spreadsheet

Equipment Emissions and Fugitive Emissions Determination:

Emissions from equipment leaks which vent as stack (point source) emissions and
true fugitive (non-point source) emissions have been determined using equipment
component emission factors established by DuPont. The determination of those
emissions are shown in a separate section of this supporting documentation.
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E-Fluids Process (NS-K)
Point Source Emission Determination
Page 1 of 3

Point Source Emission Determination

A, "Freon" El CAS No, 3330-15-2
Propane, 1,1,1,2,2,3,3-heptafluoro-3-(1,2,2,2- tetrafluoroethoxy)-

HF Potential:
El is a VOC without the potential to form HF.

E1l Quantity Generated:

E1 emissions are calculated on a "per batch” basis from Detailed Point Source worksheet

Source E1 Emissions

Transfer Tank 2.00 Ibs E1 vented per batch
Interface Tank 041 lbs E1 vented per batch
55 gal. drum (.76 Ibs E1 vented per batch
Total 3.18 Ibs E1 vented per batch

The quantity (pounds) of E1 vented is based on 130  batches of produced Crude E-fluids
2017 annual E1 emissions vented from the E-Fluids Process are calculated by the following:

3.181bEIL X 130 batches= 412.85 1bEl
batch

= 412.8 IbVOC




B.

"Freon" E2

2H-perfluoro(5-methyl-3,6-dioxanonane)

HF Potential.

E2 is a VOC without the potential to form HF.

E2 Quantity Generated:

E-Fluids Process (NS-K)
Point Source Emission Determination
Page 2 of 3

CAS No. 3330-14-1

E2 emissions are calculated on a "per batch" basis from Detailed Point Source worksheet

Source E2 Emissions

Transfer Tank 1.54 Ibs E2 vented per batch
Interface Tank 0.32 Ibs E2 vented per batch
55 gal. drum 0.58 Ibs E2 vented per batch
Total 2.44 Ibs E2 vented per batch

The quantity {(pounds) of E2 vented is based on

130 batches of produced Crude E-fluids

2017 annual E2 emissions vented from the E-Fluids Process are calculated by the following:

244 1b B2 X
baich

130

batches 317.01 1bE2

317.0 1bVOC
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E-Fluids Process {NS-K)
Point Source Emission Determination
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C. "Freon" E3 CAS No. 3330-16-3

2H-perfluoro-5,8-dimethyl-3,6,9-trioxadodecane
HF Potential:
E3 is a VOC without the potential to form HF.

E3 Quantity Generated:

E3 Emissions calculated on per batch basis from Detailed Point Soure worksheet

Source E3 Emissions

Transfer Tank 0.01 lbs E3 vented per batch
Interface Tank 0.003 lbs E3 vented per batch
55 gal. drum 0.005 Ibs E3 vented per batch
Total 0.02 Ibs E3 vented per batch

The quantity (poundé) of E3 vented is based on 130 batches of produced Crude E-fluids
2017 annual E3 emissions vented from the E-Fluids Process are calculated by the following:

0.02 1Ib E3 X 130 batches = 271 1bE3
batch

= 27 1bVvVOC
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Fugitive and Equipment Emissions Determination (Non-point Source):

Fugitive Emissions(FE) and Equipment Emissions (EE} are a function of the number of emission points in the
plant {valves, flanges, pump seals). For the equpiment emission calculations the inventory shown below is
conservative and hased on plant and process diagrams. Note that the calculations below include equipment
emissions inside buildings as well as vessel emissions outside (fugitive emissions).

A. Fugitive Emissions from Crude E-fluids tote:

This 180-gallon tote is filled with dry crude E-fluids from the 55 gallon drum. This material then gets
transported to the Polymers area for use. This tote can hold several batches of material. This filling activity
occurs on the outside of the E2 building. Assume the filling is at 30 degrees Celsius and assume that one
batch of E-fluids displaces 33% of the tote, or 60 gallons of volume, during filling. These emissions will be
"Fugitive" in nature.

Calculations:
PV =nRT (assumes the Ideal Gas Law)
33% Tote Volume = 80  gallons/7.48 galit® = 8.02 f*

Contents of vessel :

Vapor Partial
Pressure | Pressure*
Component MW Kgs Moles | Mol % {psia) (psia)
E1 286 22.00 0.08 | 15.09 14.00 2.1
E2 452 189.20 0.42 | 8212 1.25 1.03
E3 618 8.80 0.01 2.79 0.23 0.0064
Total | 220.00 0.51 | 100%

* Partial Pressure = Vapor Pressure multiplied by Mol% divided by 100%

Tank temperature = 30 degrees Celsius is equal o 54569 degrees R
R= 10.73  psia-ft¥/b-mol/degR
. For E1: n = meles of E1 = (Partial pressure of E1) * (Volume) / (R) / (Temperature)
n= 211 psia X 8.02 f = 0.0029 Ib-mol E1
10.73  psia-ft*/lo-mol/degR 545690 degrees R
0.0029 Ib-mol E1 X 286 IbE1 = 0.83 Ib E1/batch
Ib-mol E1
For E2: n = moies of E2 = (Partial pressure of E2) * (Volume) / (R} / (Temperature)
n= 1.03 psia X 8.02 ft° = 0.0014 Ib-mol E2
10.73 psia-ft*fib-mol/degR 545.69 degrees R
0.0014 lb-mol E2 X 452 |bE2 = 0.64 Ib E2/batch
Ib-mol E2
For E3: n = moles of E3 = (Partial pressure of E3) * (Volume) / (R} / (Temperature)
n= _ 0.0064 psia X 8.02 ft° = 0.000009 lb-mol E3
10.73 psia-ft*/lb-mol/degR 545.69 degrees R
0.000009 Ib-mol E3 X 618 b E3 = 0.005 Ib E3/batch

Ib-mol E3




E-2 Process (NS-K)
Fugitive/Equipment Emissions
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Total Fugitive Emissions from E2-Fiuids process

Chemical Ib/hatch No. of batches Ibs
E1 0.83 130 107.6

E2 0.64 130 82.6

E3 0.005 130 0.7
Total [ 190.9

B. Equipment Emissions From Valves, Pumps and Flanges

The emission rates for valves, flanges, etc. have been established by the DuPont Company. The emission
rates from these types of equipment in the E-fluids process is considered "Excellent” and therefore the
following rates are use: valve = (0.00039 Ib/hr), flange = (0.00018 Ib/hr)

Calculations:

134 valves x 0.00039 |b/hr/vaive 0.0523 Ib/hr VOC

Valve emissions: =
20 flanges x 0.00018 [b/hr/flange = 0.0036 Ib/hr VOC

Flange emissions;
Total equipment emission rate 0.0559 Ib/hr VOC
VOC: 0.0559 Ib/hr VOC
X 2,760 operating hrs/year 8760
= 1542 Ibfyr VOC

By Component:

We will assume that equipment emissions are the same composition as the crude E-fluids (1.e. 10% E1,
86% E2, and 4% E3) )

Total Equipment Emissions from E-fluids process:

Total Equipment Total Equipment
Chemical Ermission Rate Emission Rate
Chemical Fraction {Ibfyr) {Ibfyr)
E1 10% 164.2 15.4
E2 86% 154.2 132.6
E3 4% 154.2 6.2
Total 154.2

Where the Chemical Emission Rate equals the Total Equipment Emission Rate

multiplied by the Chemical Fraction




E-Fluids Process 2002 Emissions

~. Accidental Releases to Atmosphere

A.

Material Released: E1

Quantity Released: 0 Ibs

specific gravity =

E1 is a VOC without the potential to form HF.
B. Date:

Material Released: E2

Quantity Released: 0 lbs

E2 is a VOC without the potential to form HF.
C. Date:

Material Released: E3

Quantity Released: 0 lbs

E3 is a VOC without the potential to form HF.

E. Total Emissions from Accidental Releases

Source Ib E1 Ib E2 Ib E3

Total 0.00 0.00 0.00

Accidental Releases
Page 1 of 1
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TFE / CO2 Separation Process (NS-M)
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2017 Air Emissions Inventory Supporting Documentation

Emission Source ID No.; NS-M

'Emission Source Description: TFE/CO2 Separation Process

Process and Emission Desecription:

The TFE/CO2 separation process is a continuous process. All emissions from this process vent
to either the Nafion Division Waste Gas Scrubber (WGS) or the area vent stack. The control of
emissions of the TFE compound will be addressed in the attached spreadsheet. TFE will pass
completely through the scrubber, therefore the efficiency is assumed to be 0%.

Basis and Assumptions:

A mass balance is used as the basis for the TFE/CO2 area emissions. The TFE/CO2 emissions
inciudes the TFE/CO?2 area as well as the Polymers LJC and dryers. The flow of TFE/CO2 into
the area is divided by two in order to determine the amount of TFE fed to the system. Then each
of the end users (which includes polymers, semi-works, MMF and RSU) determine how much
they have consumed and these numbers are subtracted from the total TFE into the system to
determine the emissions. Mass flowmeters in each area are used to determine the total input and
output flows.

Information Inputs and Source of Inputs:

Information Input Source of Inputs

TFE/CO2 consumption Precursor Production Facilitator/IP21
Polymers Consumption Polymers Production Facilitator/IP21
Semiworks Consumption Semiworks Production Facilitator/IP21
MMF Consumption Precursor Production Facilitator/IP21
RSU Consumption Precursor Production Facilitator/[P21

Point Source Emissions Determination:

Point source emissions for individual components are given in the following pages. A detailed
explanation of the calculations are attached.

Equipment FEmissions and Fugitive Emissions Determination:

Emissions from equipment leaks which vent as stack (point source) emissions and true fugitive
(non-point source) emissions have been determined using equipment component emission
factors established by DuPont. The determination of those emissions are shown in a separate
section of this supporting documentation.
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TFE/COZ2 Separation Process (NS-M)
Point Source Emission Determination
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Point Source Emission Determination

A. Tetrafluoroethylene (TFE) CAS No. 116-14-3
HF Potential:
TFE is a VOC without the potential to form HF.

TFE Quantity Generated:

From Precursor area facilitator (mixture is 50% TFE and 50% CO2):

Source Quantity
TFE/CO?2 fed to area 258,677 kg TFE/CO2
Total 129,339 kg TFE fed to area

From area facilitators:

Source Quantity Consumed
Polymers consumption 77.968 kg TFE
Semiworks consumption 262 kg TFE

MMF consumption 7,644 kg TFE

RSU consumption 20,594 kg TFE

Total 106,468 kg TFE consumed

TFE vented from the TFE/CO2 area in the reporting year:

129,339 kg TFE fed
- 106,468 kg TFE consumed
22,871 kg TFE vented

VOC Emissions

22,871 kg VOC
50,420 1b. VOC
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TFE/CQ2 Separation Process (NS-M)
Point Source Emissicn Determination
Page 2 of 2

Carbon dioxide (CO2) CAS No. 124-38-9

CO2 Quantity Generated:

From Precursor area facilitator (mixture is 50% TFE and 50% CO2):

Source Quantity
TFE/CO2 fed to area 258,677 kg TFE/CO2
Total 129,339 kg CO2 sent to Separator

The separator is assumed to remove 99.95% of the CO2. Therefore, the CO2 in the exit stream is

Source Quantity
CO2 in Product 64.7 kg CO2 exiting separator

Assume all CO2 in exit stream is vented.
CO2 Emissions

64.7 kg CO2
142.6 1b. CO2
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TFE/CO2 Separation Process (NS-M)
Fugitive Emission Determination
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Fugitive and Equipment Emissions Determination (Non-

Fugitive emissions (FE) are a function of the number of emission points in the plant (valves,
flanges, pump seals). The inventory shown below is conservative and based on plant and
process diagrams. Note that the calculations below include only the equipment upstream of
the TFE/CO2 mass meter. All other fugative emissions are included in the system mass
balance.

A. Fugitive emissions from TFE/CO2 truck unloading area to vaporizer:

This equipment is not inside a building, therefore emissions are true Fugitive Emissions

0.005 Ib/hr FE

__0.004 Ib/hr FE_
O’.01 0 Ib/hr FE

Valve emissions:; 15 valves x 0.00036 Ib/hrivalve

Flange emissicns: 24 flanges x 0.00018 Ib/hr/flange
Total TFE/CO2 emission rate

Days of operation= 287

VOC: 0.005 Ib/hr TFE FE
24 hours/day
287 days/year
33.5 Iblyr VOC from EE

IhEx =

co2: 0.005 Ib/hr CO2 FE
24 hours/day
287 days/year
33.5 Ihlyr CO2 from EE

H]lx X

B. Fugitive Emissions From TFE/CO2 Vaporizer to TFE/CO2 mass meter:

This equipment is not inside a building, therefore emissions are true Fugitive Emissions

0.001 Ib/hr FE
0.002 Ib/hr FE
0.003 Ib/hr FE

Valve emissions: 2 valves x 0.00036 |b/hrivalve
Flange emissions: 12 flanges x 0.00018 Ib/hr/flange
Total TFE/CO2 emission rate

Days of operation= 287

VOC: 0.0014 Ib/hr TFE FE
24 hours/day
287 days/year
9.9 Ib/yr VOC from EE

1Mx x

CcO2: 0.0014 Ib/hr CO2 FE
24 hours/day
287 days/year
9.9 lb/yr CO2 from EE

I =



TFE/CO2 Separation Process (NS-M)
Fugitive Emission Determination
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D. Total Non-Point Source Fugative Emissions

vOC

Emission Source Ib/yr
A. Fugative emissions from TFE/CO2 Truck

i 335

Unloading area:
B. Fugitive Emissions From TFE/CO 9.9
aporizer : )
Total for 2017 43.4

Note: All VOC emissions are TFE. There are no other
VOC's used in the TFE/CO2 area.

Co2

Emission Source Ibiyr
A. Fugative emissions from TFE/COZ2 Truck 335

Unloading area:
B. Fugitive Emissions From TFE/CO2

Vaporizer 9.9
Total for 2017 43.4




TFE/CO2 Separation Process (NS-M)
Emission Summary

Page 1 of 1
2017 Emission Summary
A. YOC Emissions by Compound
Point . .
Nafion® CAS Chemical Source Fufglt.l ve Acc!de:ntal TOta{l YOC
CAS No. . . Emissions | Emissions | Emissions
Compound Name Emissions
(Ib) (Ib) (Ib)
(Ib)
TFE Tetrafluoroethylene | 116-14-3 [ 50,420 43 1,153 51,617
Total VOC Emissions (Ib) | 51,617
Total VOC Emissions (tons) 25.81
B. Additional Emissions by Compound
Point " .
Nafion® CAS Chemical Source Fufglt.l ve Acc{de-ntal T.Ot?l
CAS No. . Emissions | Emissions | Emissions
Compound Name Emissions
(Ib) (Ib) (Ib)
(Ib)
co2 Carbon dioxide 124-38-9 142.6 43.4 1153 1,339
Total Emissions (1b) 1,339
Total Emissions (tons) 0.67




2017 NS-N HFPO Container Decon (rev 1) (002) 10f2

Emission Unit ID: NS-N
Emission Source Description: HFPO Product Container Decontamination Process

Emission Calculation Basis:

HFPO product containers returned from customers are decontaminated by venting residual
hexafluoropropylene oxide ("HFPQ") to the Nafion Division Waste Gas Scrubber (WGS). To
determine the amount emitted from this process, the vapor density of HFPO is used along with the
volume of the container. -

Vapor density is based on Aspen process simulation data at 13°C, which is 0.0377 kg/L.

13°C was chosen based on the average 24 hour temperature for Audubon, NJ, which is located 30
miles northeast of Deepwater, N.J, the lacation of the primary customner of 1SO containers and ton
cylinders, i.e. where containers are emplied. (determined from www.worldclimate.com).

The mass of vapor in a container emptied of liquid is equal to the volume of the container multiplied
by the vapor density.

Volumes of the containers currently in use are as follows:

Container Volume (L} Reference

ISO Confainer 17,000 NBPF-04860 p. 10

UNT Cylinder 1,000 BPF 353454

1-Ton cylinder 760 Columbiana Boiler Co. Literature

3AA Cylinder ‘ 50 222 .¢c-f-c.comigaslink/cyl/hp3AAcyl.htm

Estimated mass of HFPO vapor emitted from the decontamination of each container is estimated to
be:

ISO Container 17,000 L X 0.0377 kg/L = 641 kg = 1,413 Ib
UNT Cylinder 1,000 L X 0.0377 kg/L = 38 kg = 831b
1-Ton cylinder 760 L X 0.0377 kg/L = 29 kg = 63 Ib
3AA cylinder 50 L X 0.0377 kg/L = 2 kg = 41b

All containers are assumed to contain HFPO vapor. Occasionally some containers may contain
rearranged HFPQ in the form of hexafluoroacetone ("HFA"), however this should not affect vapor
density since HFA has the same molecular weight as HFPO.



2017 NS-N HFPO Container Decon (rev 1) {002)

Emission Calculation for 2017

VOC per . VOC
Quantity of container Emissions
Container Type Containers (Ib} (Ib)
SO Container 7 1,413 9,891
UNT Cylinder 1 83 83
1-Ton cylinder 6 63 379
3AA Cylinder 15 4 62
Total VOC Emission for All Containers 10,415

Additional 2 full cylinders, 372 Ib each, were vented to WGS in February 2017

2 X 372 = 744 Ib.

TOTAL EMISSIONS vVoC
(Ib.)
Container Decontamination 10415
Additional Containers 744
TOTAL EMISSIONS 11,159

Total Containers Decontaminated

29

20f2
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2017 Annual VOC Emissions Summary

HFPOQO Product Container Decontamination Process

Nafion® | as Chemical Name CASNo.| VOCEmissions
Compound ‘ {Ibs)
HFPO Hexafluoroproplyene oxide 428-59-1 11,159
Total VOC Emissions (Ib) 11,159
Total VOC Emissions (tons) 568
Reported By: Amy Martin
Date: 6/21/2018




VE North Product Container Decontamination (NS-O)
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Emission Source ID Number: NS-0O

Emission Source Description: Vinyl Ethers North (VEN) Product Container
Decontamination Process

Container Emissions Estimation Basis:

PPVE, PSPEVE, and EVE are the products that are shipped to customers in ISO tank containers,
UNT cylinders, 1-ton cylinders, 4BW cylinders, and 4BA/3AA cylinders from the Vinyl Ethers
~ North ("VEN") Manufacturing Process. Usually only PPVE is shipped in 1-ton cylinders from

the VEN area.
Empty containers returned to the site may be decontaminated by pressurizing with nitrogren and

venting to the FPS Division Waste Gas Scrubber (Control Device ID No. NCD-Hdr) for
numerous cycles. This scrubber has a documented control efficiency of 99.1% for all acid
fluoride compounds. Some returned containers are filled on top of heels in cylinders without the

need to decontaminate.
To determine the amount emitted from this process, the vapor density of each component is used

along with the volume of the container.

The vapor densities are estimated using the ideal gas law equation.

It is assumed the temperature of the container systems is 77°F (25°C). It is also assumed that
when the containers are emptied they remain full of vapors.

To calculate the amount of product vented per container, the container volume is multiplied by
the vapor density.

Vapor Density

Product | 1 /oal @ 25°C)
PPVE 0.0908
PSEPVE 0.1522
EVE 0.1440

The mass of vapor ("M,,,") in a container emptied of liquid is equal to the volume of the
container ("V™) multiplied by the vapor density ("pygp")-

Mvap =V X Pvap
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VE North Product Container Decontamination (NS-O}

Page 2 of 3

Volumes of the containers currently in use are as follows:

Container Volume (gal)

ISO tank 4,491

UNT cylinder 264

1-ton cylinder 201

4BW cylinder 119

4BA/3AA cylinder 13
Estimated VOC emissions per container: Before- After-

Control Control

PPVE vOC vyocC
1-ton cylinder 201 gal X 0.0908 1b/gal = 18.23 Ib. 18.23 1b.
4BW cylinder 119 gal X 0.0908 1b/gal = 10.79 Ib. 10.79 1b.
4BA/3AA cylinder 13 gal X 0.0908 1b/gal = 1.20 1b. 1.20 Ib.
PSEPVE
1-ton cylinder 201 gal X 0.1522 1b/gal = 30.56 Ib. 30.56 Ib.
4BW cylinder 119 gal X 0.1522 1b/gal = 18.09 1b. 18.09 1b.
4BA/3AA cylinder 13 gal X 0.1522 1b/gal = 2.01 1b. 2.01 Ib.
EVE
1-ton cylinder 201 gal X 0.1440 1b/gal = 28.92 1b. 28.92 Ib.
4BW cylinder 119 gal X (0.1440 1b/gal = 17.12 lb. 17.12 1b.

4BA/3AA cylinder 13 gal X (.1440 Ib/gal = 1.90 Ib. 1.90 Ib.




VE North Product Container Decontamination (NS-0O)
Page 3 of 3

YOC Emission Calcualation;:

Number of VOC per vOC
PPVE Containers container Emissions
1-ton cylinder 31 X 18.23 1b. = 565.0 1b.
4BW cylinder 7 X 10.79 1b. = 75.5 lb.
4BA/3AA cylinder 0 X 1.20 Ib. = (.0 lb.
640.5 Ib.
PSEPVE
1-ton cylinder 0 X 30.56 Ib. = 0.0 Ib.
4BW cylinder 0 X 18.09 1b. = 0.0 1b.
4BA/3AA cylinder 0 X 2.01 Ib. = 0.0 Ib.
0.0 1b.
EVE
1-ton cylinder 0 X 28.92 Ib. = 0.0 Ib.
4BW cylinder 0 X 17.12 1b. = 0.0 1b.
4BA/3AA cylinder 5 X 1.90 1b. = 9.5 1b.
9.5 Ib.

Total VOC Emissions 650.1 Ib.
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VE North Container Decontamination (NS-O)

Page 1 of 1
Reporting Year 2017
VE North (NS-O) VOC Container Emission Summary:
vOC vVOC
Compound |[CAS Chemical Name CAS No. Emissions | Emissions
(Ib.) (tons)
PPVE Perfluoropropyl Vinyl Ether 1623-05-8 640.55 0.32
PSEPVE Perﬂu0r0(4-methy¥-3,6-d10xaoct-7- 16090-14-5 0.00 0.00
ene) sulfonyl fluoride
3-[1-|difluoro[(1,2,2-trifluoro-
ethenyl)oxy]methyl]-1,2,2,2-tetra-
EVE fluoroethoxy}-2,2,3,3-tetrafluoro-, 63863-43-4 931 0.00
methyl ester propanoic acid
650 0.33




VE South Product Container Decontarination (NS-P})
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Emission Source ID Number: NS-P

Emission Source Description: Vinyl Ethers South (VES) Product Container
Decontamination Process

Container Emissions Estimation Basis:

PMVE, PEVE, and PPVE are the products that are shipped to off-site customers in 1-ton
cylinders, 4BW cylinders, 4BA/3AA cylinders and ISO tank containers from the Vinyl Ethers
South ("VES") Manufacturing Process. HFPO Dimer Acid Fluoride ("DAF") is loaded into ISO
tank containers at the VES area for transporation to the PPA Process. If needed, the containers
are decontaminated by pressurizing with nitrogren, venting to the VES Waste Gas Scrubber
(WGS), and evacuating for numerous cycles.

To determine the amount emitted from this process, the vapor density of each component is
used along with the volume of the container. DAF is determined separately.

The vapor densities are estimated using the ideal gas law equation.

It is assumed the temperature of the container systems is 77°F (25°C). It is also assumed that
when the containers are emptied they remain full of vapors.

To calculate the amount of product vented per container, the container volume is multiplied by
the vapor density.

Vapor Density

Product | (Ib/gal @ 10°C)
PMVE 0.0566
PEVE 0.0737
PPVE 0.0908

The mass of vapor ("M,,,") in a container emptied of liquid is equal to the volume of the
container ("V") multiplied by the vapor density ("rys,")-

Mvap = Vv x Tyap

Volumes of the containers currently in use are as follows:

Container Volume (gal)
[SO tank 4,491
1-ton cylinder 201
4BW cylinder 119
4BA/3AA cylinder 13




VE South Preduct Container Decontamination (NS-P)
' Page 2 of 3

HFPO Dimer Acid Fluoride
BASIS:
HFPO Dimer Acid Fluoride ("DAF") is pneumatically unloaded from an ISO Tank Container

Emissions are estimated using Raoult's Law and the initial pressure of the nitrogen-filled ISC

DAF ISO Container Pressure = 5 psig = 34.5 kPagauge =  135.80 kPa absolute
Vapor Pressure of DAF 29 mmHg at 25deg C =  3.80 kPa absolute at 298 deg K
Headspace Concentration: 380kPa = 0.0280 mole DAF = 0.0280 L DAF
135.80 kPa mole headspace gas L headspace gas
10.0280 mole DAF | mole DAF | 332.4 gDAF| 1b. [273 °K | _  0.000838 Ib. DAI
| L headspace gas |22.414 L DAF‘ mole DAF I 4536 g | 298 °K ‘ L headspace gas
ISO Tank Container Capacit= 14,560 L (source: Eurotainer Initial Inspection Certificate)
14,560 L y 0.000838 1b. DAF 12.2 1b. DAF
Container L headspace gas Container

HFPO DAF ISO Containers Decontaminated =

1 container x 12.2 1b. DAF = 12.2 1b. DAF before control
Container

The mass of liquid in the ISO Tank Container was determined to be 219 lb. from the weigh
Total Before Control Emission = 12.2 + 219 = 231.2 Ib. DAF
VES Waste Gas Scrubber Control Efficiency 99.8%

2312 1b. DAF before control x  (100% - 99.8%) = (.46 Ib. DAF after control

0.46 1b. VOC after control

HF Equivalence: 0.46 1b-DAF x 0.060 Ib-HF/Ib-DAF = 0.0279 Ib-HF
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VVE South Product Container Decontamination {NS-P)

Estimated VOC emissions per container:

PMVE

ISO tank

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

PEVE

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

PPVE

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

4,491 gal
201 gal
119 gal

13 gal

201 gal
119 gal
13 gal

201 gal
119 gal
13 gal

VOC Emission Calculation:

PMVE

ISO tank

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

PEVE

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

PPVE

1-ton cylinder
4BW cylinder
4BA/3AA cylinder

HFPO DAF

Number of
Containers

2
29

0

0

[y

0.0566 1b/gal =
0.0566 Ib/gal =
0.0566 1b/gal =
0.0566 Ib/gal =

il

0.0737 lo/gal =
0.0737 Ib/gal =
0.0737 Ib/gal =

el

0.0908 Ib/gal =
0.0908 1b/gal
0.0908 Ib/gal =

il

VOC per
container
2544 1b
114 1b
6.7 1b =
0.7 1b =

el i

14.8 Ib =
8.8 1b =
1.0 1b =

R X

X 182 1b =
X 10.8 1b =
X 1.2 1b =

(see above estimation) =

Total VOC Emissions

VOC per
Container
2544 1b
114 1b
6.7 Ib
0.7 Ib

14.8 Ib
8.8 1b
1.0 Ib

182 1b
10.8 Ib
1.2 1b

vVOC
Emissions
508.844 1b
329.850 1b
0.0 Ib
0.0 Ib
838.7 1b

14.8 ib
17.5 Ib

0.0 1b
323 1b

0.0 1b
0.0 1b
0.0 Ib
0.0 1b
0.46 1b

8715 1b



Reporting Year 2017

VE South Container Decontamination (NS-P)

VE South (NS-P) VOC Container Emission Summary:

vOC
Compound CAS Chemical Name CAS No. Emissions
(1b.)
PMVE Perfluoromethyl vinyl ether 1187-93-5 838.7
PEVE Perfluoroethyl vinyl ether 10493-43-3 32.3
PPVE Perfluoropropyl vinyl ether 1623-05-8 0.0
HFPO Dimer |Perfluoro-2-Propoxy
Acid Fluoride |Propionyl Fluoride 2062-98-8 0.5
TOTAL VOC (Ib.) 871.5
TOTAL VOC (ton) 0.436
Total
PMVE CAS Chemical Name CAS No. Emissions
(Ib.)
HF Hydrogen Fluoride 7664-39-3 0.0279

Summary

Page 1 of 1



PS-A Natural Gas

NATURAL GAS COMBUSTION EMISSIONS CALCULATOR REVISION M 06/22/2015 - QUTPUT SCREEN

P instructions: Enter emission source / facility data on the "INPUT" tab/screen. The air emissicn results and summary of input data are viewed /
Wa printed on the "OUTPUT" tab/screen. The different tabs are on the bottom of this screen.

This spreadshest is for your use only and should be used with caution. DENR does not guarantee the accuracy of the infermation contained. This
NCDENR spreadshest is subject to continual revision and updating. It is your responsibility to be aware of the most current Infermation available. DENR is not

responsible for errors or omissi that may be cantained herein.

5 = FACGILITY ID NO.
COMPANY: Chemours Company - Fayetteville Works PERMIT NUMEER: TR
EMISSION SOURCE DESCRIPTION: 139.4 MMBTU/HR NATURAL GAS-FIRED BCILER FACILITY CITY:] Fayettevifle
EMISSION SOURCE ID NO.: PS-A FACILITY COUNTY: Bladen
CONTROL DEVICE: | NG CONTROL FOLLUTANT CONTROL EFF.
SPREADSHEET FREPARED BY: Michael E. Johnsan "
ACTUAL FUEL THROUGHPUT: 526.40 10° SCF/YR JFUEL HEAT VALUE: 1,020 BTU/SGF NOX CALCD AS 0%
POTENTIAL FUEL THROUGHPUT: p 10° SCFYR |BOILER TYPE: LARGE WALL-FIRED BOILER {= 100 mmBTU/HR) INO SNCR APPLIED
HOURS OF OPERATEONS
ACTUAL EMISSIONS POTENTIAL EMSSIONS EMISSION FACTGR
(AFTER GONTROLS / LIMITS) {BEFORE GONTRGLS / LINTS) FAFTER CONTRCLS/ LIMITS) IbimmBtu
| AIR POLLUTANT EMITTED Ib/hr tonsfyr Ib/hr tonshi Ibihr tons/yr tled |oontrolied
PARTICULATE MATTER (Tofal) 1.04) 2.8 1.04 4.55 1.04 4,55 0.007 0.007
PARTICULATE MATTER (Condensahle) 0.78 1.7g 0.78 341 0.78] 3.41] 0.008]
PARTICULATE MATTER (Filterable} 0.26 D.60, U.Zﬁ 1.14 0.28 14] 0.002
SULFUR DIOXIDE {502) 0.08 0.12 0.08! 0.36 .08 .36 0.00
NITRCGEN OXIDES {NOx} 25.97] 50.5 25,97 113.73 25.97 113.73 0,186 .186
CARBON MONOXIDE (CO) 11.48 26.3 11.48 50.28 11.4B| 50.28 0.082]
VDLATILE ORGANIC COMPOUNDS {/OC} 0.75] 1.72 0.75 3.29 0.75 3.29 0.005
AGTIIAL EMISSIONS POTENTIAL EMSSIONS EMISSION FACTOR
CAS °_{AFTER CONTROLS /LIMITS} {BEFORE CONTROLS /LIMITE) (AFTER CONTROLS 71 IMITS) |b/mmBtu
TOXIC { HAZARDOUS AIR POLLUTANT NUMBER Ibihr Iostyr lthr Ibsfyr Ishr cantrolled
Acetaldehyds (TH) 75070 C.00E+00 0.00E+0C 0.00E+00 Q00E+00 0.00E+00 O.00E+00  0.00E+00
Acrolein (TH) 107028 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00|  0.00E+00
Ammenia (T} 7664417 4.37E-0 2.00E+03 4.37E-01 3.83E+03 4.37E-04 2146030 3.14E-03
Arsenic unlisted compounds (TH) ASC-olher 2.73E-Q 1.25E-01 2.73E-05 2.3GE-01 2.7T3E-08 2. 39E 01 198507 1.86E-07
Benzens {TH) 71432 2.87E-04 1.32E+00 2.57E-04 2.518+00 2.87E-04 2.51E+00 2.06E-05|  2.08E-06
Benzo(aypyrens (TH) 50328 BAE-07 7.52E-04 B4E-07 1.44E-03 B4E-0T 1.44E-03 1.18E-09| 1.18E-09)
Beryllium metal {unreacted) (TH) 7440417 B4E-06 7.52E-03 .B4E-06 1.44E-02 B4E-06 1.44F-02 148608 1 15E-08|
Cadmiurn metal (elemental unreactad) (TH) 7440439 1.50E-04 6.BOE-O B0E-04 1.32E+00 .S0E-04 1.32E+00 1.08E-06]  1.08E-08
Chromic adid (V1) (TH) 7738945 1.91E-04 B.77E-01 1.91E-04 1.6BE+00 O1E04 | 16BE+00]  ia7ews!l  1.37E-06
Cobalt unlisted compounds {H) GOG-other 1.15E-05 6.26E-02 1.15E-05 1.01E-01 AbE-05 1.01E-01 8.24E-08] 5.24E-08|
Formaldehydes (TH) 50000 1.03£-02 4. TOE+01 1.03E-02 8.98E+01 1.03E-02 §.06E+01 7.35E-05 7.35E-05)
Haxane, n- (TH) 110543 =01 1.13E4+0: 2.46E-01 2,15E+03 246E-01 2.15E+03 1.76E-03] 1.76E-08]
Lead unlisted comp ds (H) PBC-cther . 5 . 13E-0 59090 6.83E-05 5.99E-C1 4,90E-07 | 4,80E-07|
Manganese unlisted compounds {TH) MNC-gther 5 5 .35E-0 4.55E-0 19E-05 4.55E-01 373E-07|  3.73E-07)
|Mercum vapor (TH) T438976 3.55E-05 BIED 3.11E-0 .55E-05 3.11E-0 2556-07|  2.55E-07)
Napthalene {H) 81203 8.34E-05 3.82E0 7.30E-D .J4E-05 7.30E-¢ 598E-07|  5.08E-07
Nickel metal (TH}) 7440020 2.87E-04 1.32E+00 2.87E-04 2.51E+00 L.G7E-04 2.51E+0 206E-06]  2.06E-06
Selenlum compounds (H) SEC 3.28E-06 1.50E-02 3.28E-06 2.87E-02 3.28E-06 2.87E-02 2.956-:08|  2.35E-08
Toluene (TH) 108883 4.65E-04 Z.13E+00 4 65E-04 4.07E+00 4.65E-04 4.07E+60 3A3E-06]  2.32E-06)
Total HAPS 2.58E-01 | 1.18E+03 | 2.6BE-01 | 2.26E+03 |

2.58E-01 | 2.26E+03] 1.e5e03 | 185603
1

2 46E- 01 1. 13E+03 2.15E+03 2.46E-01
EXPECTED ACTUAL EMISSIONS AFTER CONTROLS / LIMITATIONS E""SZ':““ :‘uﬂ""
mi

TOXIC AIRPOLLUTANT CAS Num. Ibrhr |biday Ibiyr uncontrolied | controlled

Acetaldahyde (TH) 75070 0.00E+00 .00DE+QD 0.00E+00 O.00E+00|  0.00EHK

Acrolein (TH) 107028 0.00E+00 .DDE+O0 0.00E+00 OO0E+00)  0.0DE4CO

Ammonia {T) 7664417 4.37E-01 05E+1 2.00E+03 314E-03) 314502

Arsenic unlisted compounds {TH}) ASG-athar 2.73E-08 6.56E-04 1.25E-01 1.96E-07|  1.96E-07

Benzene (TH) 71432 2,87E-04 6.89E-03 1.32E+00 2.06E-06)

Benzofa)pyrene (TH) 50328 B4E-07 3.B4E-06 7.52E-04 1.1BE-09)

Beryllium metal {unreacted) (TH) 7440417 B4E-06 3.94E-0! 7.52E-03 1.18E-08

Cadmiurn metal {elemental unreacted) (TH) 7440439 SOE-04 3.81E-0; .B9E-01 1.08E-06)

Soluble chromate compoeunds, as chromium (V1) equivalent  |SolCR6 1.91E-04 4.59E-0; 77E-01 1.37E-06) E
|Formaldehyde TH} 50000 1.03E-02 2.45E-01 4.70E+01 7.35E065|  7.35E-05]

Hexang, n- {TH) 110543 .48E-01 5.90E+00 .13E+03 1.76E-03 .

Manganese unlisted compounds (TH} MNC-othar . 18E-05 25E-03 2.38E-01 373E-07|  3.7E07

Mercury vapor (TH) 7439976 .S5E-05 .53E-04 1.83E-01 255607|  2.556-07]

Nickel metal {TH) 7440020 2.87E-04 .BIE-03 1.32E+00 2.06E-06/ 2 08E-06|

Taluane (TH 103333 4.65E-04 1 2E-02 2.13E+00 333806  3.33E-04|

- e - o - -

OS] 5 ORY.P 0 i‘%c ITORY | i b
“METHO,
2 ; Sl ¥ %
GREENHOUSE GAS POLLUTANT ACTUAL EMISSIONS PGTENTIAL EMISSIONS
EPA MRR CALCULATION METHOD: TIER 1 _
metric tonsiyr meiric tonslyr, CO2¢ short fonskyr short tonsfyr short tonsiyr, COZe
CARBON DIOXIDE (£0) 34141,59 34,141.59 3763461 71,369.12 71369.12
METHANE (CH) B.44E-M1 1.81E+01 7.1CE-01 1.35E+00 3.37E+01
NITROUS OXIDE (N;0) 6.44E-02 1.926+01 7.10E-02 1.35E-01 4.01E+C4
TOTA_L CQze 34,176.87 TOTAL COZe 71,442.89
metric fons; short tons;

NOTE: COZe means GOZ equivalent
NOTE: The DAQ Air Emissions Reparting Online (AEROQ) system requires short tons be reported. The EPA MRR requires metric tons be reported.
NOTE: De not use greenhouse gas emission estimates from this spreadsheet for PSD (P tion of Significant Deterioration) purposes.
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NATURAL GAS COMBUSTION EMISSIONS CALCULATOR REVISION M 06/22/20156 - OUTPUT SCREEN

A

Instructions: Enter emission source { facility data on the "INPUT" tabfacreen. The air emission results and summary of input data are viewed /
printed on the "OUTPUT" tabiscreen. The different tabs are on the bottom of this screen.

NCDENR

that may be contained herein.

This spreadshest is for yaur use only and sheuld be used with caution. DENR does not guarantee the accuracy of the information contained. This
spreadsheet is subjoct to continual revision and updating. It is your responsibility to be aware of the most current Information available. DENR is not
responsible for errors or

The Chemours Company FC LLC

5-B Natural Gas

COMPANY:
PERMIT NUMBER: 03735743

|EMISSION SOURCE DESCRIPTION: 88.4 MMBTU/HR NATURAL GAS-FIRED BOILER FACILITY CITY:[ Fayetteville
EMISSION SOURCE ID NO.: - FAGILITY COUNTY: Bladen

CONTROL DEVICE: | NO CONTROL POLLUTANT CONTROL EFF.
SPREADSHEET PREPARED BY: Michael E. Jahnson .,
ACTUAL FUEL THROUGHPUT: 31.34 10° SCFIYR [FUEL HEAT VALUE: 1020 BTU/SCF NOX CALGD A8 0%

759.20 10° SCFAYR | BOILER TYPE: SMALL BOILER (<100 mmBTL/HR) |no SNER APPLIED

POTENTIAL FUEL THROUGHPUT:

REQUESTED MAX. FUEL T _769.20

_10°SCFYR |

HOURS OF OPERATIONS: 24
T

ACTUAL EMISSIONS

FOTENTIAL EMSSIONS

EMISSION FAGTOR

{AFTER CONTROLS / LIMITS) BEFCRE CONIRALS / LIMITS) [AFTER CONTROLS f LIMITS] IbfrrnBiu
AIR POLLUTANT EMITTED Ibinr tensfyr Ibinr tonsfyr Ib/hr tonsiyr  uncertrolied | controlled
PARTICULATE MATTER (Total} 0.66 0.12 0.66 2.88 58| 2.88) 0.007 0,007,
PARTICULATE MATTER (Condgnsable) 0.49 0.09] 0.49 2.16) .49 2.1 0.006 0.006|
PARTICULATE MATTER (Fikerable} 0.16 0.03 0.16 0.72 .16 0.7 £.002 0.002
SULFUR_DIOXIDE {S02) 0.05]| 0.01 0.05 0.23] 0.05 0.2 0.00 0.001
NITROGEN OXIDES (NOx) 867] 1.57 8.67 37.98 8.57] 37.96 0.081 0.098
CARBON MONOXIDE {CO} 7.28] 1.32 7.28 K 7.28[ 31.89 0.082 0.082
WVOLATILE SRGANIC COMPOUNDS {VOC) 0,48J 0.09] 0.48 9 0.48 2.09| 0.008 0.008
ACTUAL EMISSIONS FOTENTIAL EMSSIONS EMISSION FACTOR
CAS (AFTER CONTROLS JLIMITS) (BEFORE CONTROLS 1 LIMITS) (AFTER CONTRQLS / LIMITS) IefmmBtu

TGRIC § HAZARDOUS AIR POLLUTANT NUMBER Ibshr Ibsiyr Ibihr tbalyr Ibhr mefyr | uncontralied | _contralled
Acetaldehyde (TH) 75070 1.22E-08 4.76E-04 1.32E-06 1.15E-02 1.32E-08 1.15E-02 149E-08|  1.486-08
Acralein {TH) 107028 1 55E-Ds 5.64E-04 1.56E-06 1.37E-02 1.56E-08 1.37E-02 176E-08|  1.76E-08)
Ammonta {T) 7664417 1.00E+02 2.77E-D1 2.43E+03 2.77E-01 2A43E+0 314E-03)  3.14E-03)
Arsanic unlisied compeunds (TH) ASC-other 6.27E-0 73E-05 - 1.52E-01 1.73E-05 1.82E-0 1.96E-07)  1.98E-07
Benzena (TH} 71432 B.58E-D, .B2E-04 S9E+0 .B2E-04 1.59E+CQ 2.08E-06|  20BE-06
[ enzo(a]pyrene (THY 50328 3.76E-0 .04E-07 11E-04 04E-07 | 9.11E-04 1.98e-09]  1.18E0]

Beryllium metal (unreacted) (TH} 7440817 $.76E-04 04E-06 .11E-0: .04E-08 9.11E-03 1.186-08]  1.18E-08
[Cadmium metal (elemental unreacted) (TH) 7440439 345E-02 ,H3E-05 L35E-0 .53E-05 .35E-01 1.0BE-06]  1.085-06|
Chromic acig (VI {TH) 7738945 4.30E-02 1.21E-04 OBE+OD 21E-04 OBE+00|  1.37E:06] 19706
Cobaft unlisted compounds {H} COC-other 2.63E-03 7.28E-0G 6.38E-02 7.20E-08 5.38E-02 8.24E-08|  8.24E-09|
Formaldehyde {TH) " 150000 2.35E+00 6.50E-03 5.69E+01 6.50E-03 5.69E+01 7.35E-05 7.35E-05)
Hexane, n- (TH) 110543 5.64E+01 S6E-01 37E+03 1.56E-01 1.37E+403 1.76E-03 17650@'
Lead unlisted cor ds {H} PBC-other 1.57E-0z 4.33E-05 BOE-0 4.33E-05 3.80E-01 4.90E-07|  4.90E-07)
Manganese unlisted cor ds (TH) MNC-other 1.19E- .29E-05 .8BE-0 3.20E-05 2.88E-01 73E07| 373507
Mercury vapor {TH) 7439975 2. 25E 05 8.15E- . 25E-05 A7E-D 2.25E-05 1.87E-01 2556-07|  2.55E-07|
Napthalens (H) 91203 5.29E-08 1.91E-02 .28E-05 4.63E-0 5.20E-05 4.63E-01 5DRE-07| 588507
Nickel metal {TH) 7440020 1.82E-04 6.58E-02 1.82E-04 1.88E+00 1.82E-04 1.68E+00 2.06E-06 2.06E-06|
Selenium compounds (H} SEC 2.08E-08 7.52E-04 2.0BE-06 1.82E-02 2.08E-06 4.82E-02 235E08] 235608
Toluene (TH) 108883 2.95E-04 1.07E-01 2.85F-04 2 58E+00 2.95E-04 2.58E+00 3.33E-06|  3.33E-05
Tolal HAPs 1.64E-01 | 5.91E+01 ] 1.64E-01 | 1.436+03 [ 1.64E-01 [ 1.43E+03] 1ese03 | 185603

1.66E-01

1 56E-01 1.37E+03 1.56E-1 1.37E403
7 B ES) m z

EXPECTED ACTUAL EMISSIONS AFTER CONTROLS / LIMITATIONS

EMISSION FACTOR

GREENHOUSE GAS POLLUTANT

thimmBtu

TOXIC AIR POLLUTANT CAS Num. 1b/hr Ibiday lbfyr uncontrolied | controlled

Acetaldenyde {TH) 75070 1.32E-06 3.16E-05 4.76E-04 1.49E-08 1.48E-08)
Acrolgin (TH) 107028 1.56E-08 3.74E-05 B4E-04 1.76E-08)
Ammonia (T} 7664417 2.77E-01 B.66E+00 .00E+02 3148-03]  3.14E-05)
Arsenic unlisted compounds (TH} ASC-other 1.73E-05 4.16E-04 .27E-03 1.86E-07 _ 1.95E-07|
Benzene (TH) 71432 .B2E-04 4.27E-03 8.58E-02 208E-08|  2.06E-0§)
Benzofa)pyrene {TH) 50328 04E-07 2.50E-08 3.76E-05 11809 1.1BE-D9)
Beryllium melal {unreacted) (TH) 7440417 .04E-06 . 50E-05 3.76E-04 1.18E-08 1.1BE-08|
Cadmiurn metal (glemental unreacted) (TH) 7440439 8.63E-056 .29E-03 3.45E-02 1.08E-05] _ 1.08E-06!
Soluble chromate compounds, as chramium (VI) equivalant | SclCRE 1.21E-04 91E-03 4.39E-02 1.37E-08]  1.37E-06
Formaldehyde (TH) 50000 6.50E-03 1.56E-01 2.35E+00 T.35E-05|  7.35E-05
Hexane, n- (TH) 110543 1.56E-01 3.7AE+00 8.64E401 1.76E-03]  1.76E-03
Manganass unlistad compounds (TH) MNC-other 3.29E-05 7.90E-04 1.19E-02 273607 373607
Mercury vapar {TH) 7439976 225505 5.41E-04 8.15E-03 255E-07)  2.85E07
Nickel metal (TH} 7440020 1.B2E-04 4.37E- 6.58E-02 ZOBE-06| 2 0BE-DG|
Ti 108883 2.95E-04 7.07E 3.33E-06]

ACTUAL EMISSIONS

EPA MRR CALCULATION METHOD: TIiER 1

POTENTIAL EMISSIONS

MOTE: CO2e means CO2 equivalent

NOTE: The DAQ Air Emissions Reporting Online (AERQ) system requires short tons be reported. The EPA MRR requires metric tons be reported.
NOTE: Do not use greenhouse gas emission estimates from this spreadsheet for PSD {Prevention of Significant Deterioration) purposes.

metric fonsiyr metric fonsfyr, COZe short tonstyr shorl tonsir short fonsiyr, COZe
CARBON DIOXIDE (G0, 1708.28 170828 1,883.05 45,258.47 4525847
METHANE {CHJ) 3.22E-02 8,05E-01 3.86E-02 8.54E-01 2.13E+01
NITROUS OXIDE (N,0) 3.22E-03 9.60E-01 3.55E-03 8.54E-02 2.54E+01
TOTALCOZe | 440,04 TOTALCOZ¢ | 45305.25
{mefric tong) short tons;




PS-B Fuel Qil

FUEL OIL COMBUSTION EMISSIONS CALCULATOR REVISION G 11/5/2012 - QUTPUT SCREEN

Instructions: Enter emission source / facility data on the "INPUT" tabiscreen, The air emission results and summary of input data
are viewed / printed on the "OUTPUT" tab/screen, The different tabs are on the bottom of this screen.

A

This spreadshest is far your use only and should be used with caution. DENR does not
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COMPANY:

Chemours Company Fayettevl!le Works

88.40

[EMISSION SOURCE 1D NO..

NONE:'OTHER

| MAX, SULFUR CONTENT:

P

MAX HEAT INPUT: MMBTUMHR
FACILITY ID NO.: 0900009 FUEL HEAT VALUE: 140000 BTUIGAL
PERMIT NUMBER: 03735T43 HHV for GHG CALCULATIONS: 0.138 mm BTU/GAL
FACILITY CITY: Fayetioville ACTUAL ANNUAL FUEL USAGE: 129 GALYR
FACILITY COUNTY: Bladen MAXIMUM AMNUAL FUEL USAGE: 55631,314 GALYR
USER NAME: Michaal E. Johnson MAXIMUM SULFUR CONTENT:
EMISSION SOURCE CESCRIPTION: No. 2 gil-fired Hoiler = 2 STED PERMITLIMITA ] S

0‘0015

NONE/OTHER

S02

NONE/GTHER

NOxX

VETHOD USED TO COMPUTE ACTUAL GHG EMISSIONS:
CARBON CONTENT USED FOR GHGS (kg Clgal}:

ACTUAL EMISSIONS

GNS INEQORMA ;
POTENTIAL EMSSIONS EM

13N

TIER 1: DEFAULT HIGH HEAT VALUE AND DEFAULT EF
CARBON CONTENT NOT USED FOR CALCULATION TIER CHOSEN

ISSION FACTCR

{AFTER CONTROLS / LIKITS) [BEFCRE CONTROLS /LIMITS) {AFTER CONTROLS f LIMITS) (Ibﬂn’ gal}
AIR POLLUTANT EMITTED Ibihr tonsiyr Ib/nr tonsiyr lothr tonsfyr Juncontrolled  |controlted
TOTAL PARTICULATE MATTER (FM} (FPM+CPM) 2.08 .00 2.08 9.13 2.08 9.13 3.30E+00| 3.30E+00
FILTERABLE PM (FPM) 1.26 .00 1.26 5.53 1.26 6.53 2.00E+00] 2.00E+00
CONDENSABLE PM (CPM) .82 .00 0.82 3.80 082 3.60 1.30E+00]  1.30E+00
FILTERABLE PM<10 MICRCONS (PMyg} .63 Q.00 0.63 277 063 277 1.00E+00{ 1.00E+00
FILTERABLE PM<2.5 MICRONS (PMz.5) .16 Q.00 016 0.89 0.16 089 2,50E-01 2.50E-01
SULFUR DIOXIDE (S03) 0.13 Q.00 0.13 0.59 0.13 0.59 2,13E-01 2.13E-01
NITRGGEMN CXIDES (NO,) 1263 Q.00 12.63 58.31 1283 55,31 2.00E+01| 2.00E+01
CARBON MONOXIDE (CO) 316 .00 3.16 13.83 3.18 13.83 5.00E+00| 5.00E+00
VCLATILE ORGANIC COMPQUNDS (VOC) .13 0.00 0.13 0.55 0.13 0.55 2.00E-01 2.00E-01
EAD 0.00 0.00 0.00 1.26E-03 1.26E-03
ACTUAL EMISSIONS POTENTIAL EMSSIONS EMISSION FACTOR
CAS [AFTER CONTROLS / LINITS} (BEFORE CONTROLE £ LIAITS) {AETER CONTROLS { LIMITS) (Ibr1U° gal)
TOXIC | HAZARDOUS AIR POLLUTANT NUMBER Ibéhr Ibyr lsthr biye Ibéhr ibtyr_Juncontrolled__|cantrotled
Antimeny Unlisted Gompounds H) SHC-Other 0.0E+D0 0.0E+00 | 0.0E+00 0.0E+00 Q.0E+00 | 0.0E+00] 0.00E+00 C.00E+Q0
Arsenic Unlisted © (TH) ASC-Other 3. 5E 04 7.2E-05 3.5E-04 3.1E+0Q 3.5E-04 | 3.1E+0C| 6.60E-04| 5.60E-04
Henzene {TH} 71432 3.5E-04 1.7E-03 1.5E+01 1.7E-03 [ 1.5E+01] 2.75E-03] 2.75E-03
Beryllium Metal {unreacted) {TH) 7440417 5.4E-05 2.7E-04 2.3E+00 2.7E-04 | 2Z.3E+00] 4.20E-04 4.20E-04
Cadium Metal elemental unreacted} {TH) 7440439 5.4E-05 | 2.7E-04 2 3E+00 27E-04 | 2.3E+00] 4.20E-04] 4.20E-04
Chromie Acid (V1) {TE) 7738945 5.4E-05 2.7E-04 2.3E+00 2.7E-04 1 23E+00] 4.20E-04| 4.20E-04
Copalt Unlisted C (H COGC-Other 0.0E+00 C.0E+00 | D.0E+00 0.0E+00 0.0E+00 | 0.CE+00| 0.00E+00[ 0.00E+00
Ethylbenzene {H 100414 5.2E-04 1.1E-04 5.2E-04 4.5E+00 5.2E-04 |4.5E+00] 8.17E-04] BA7E-04
Fluorides {sum fluoride compounds) (1) 16894488 2. 4E-02 4.8E-03 2.4E-02 2.1E+02 24E-02 {21E+02] 3.73E-02| 3.73E-02
Formaidehyde {TH} 50000 3.0E-02 8.2E-03 3.0E-G2 2.7E+02 3.0E-02 |27E+02] 4.80E-02[ 4.802-02
Lead Unlisted Compounds {H) PBG-Other 8.0E-04 1.8E-04 8.0E-C4 8.0E-04 [70E+00] 1.26EC3| 1.26E-03
{Mangansse Unlisted Compounds (TH) MNC-Other 5.3E-04 1.1E-04 5.3E-04 5.3E-04 |4.6E+00] B40E-04]  B840E-04
Mercury, vapor (TH} 7439076 2.7E-D4 54E-05 2.7E-04 27E-04 |2.36+00] 420E-C4] 4.20E-04
ethyi chloroform (TH} 71568 1.6E-04 1.5E-04 1. 3E+00 1.5E-04 [1.35+00] 2.36E-04| 2.36E-04
Napthalene {H) 91203 2.1E-04 4.3E-05 2.1E-04 1.8E+00 2.1E-04 | 1.BE+00] 3.33E-04 3.33E-04
Nicide Metal (TH) 7440020 2.7E-04 5.4E-D5 2.7E-04 2.3E+00 2.7E-04 | 2.3E+00] 4.20E-04| 4.20E-04
Phosgherus Metal, Yellaw or White {H) 7723140 0.0E+00 0.0E+00 | 0.DE+00 Q.0E+Q0 0.0+00 | 0.0E+00) O.00E+00[ 0.00E+00
FOM rates {H} FOM 2.1E-03 43E04 2.1E-03 1.8E+01 2.1E-03 [1.BE+01]  3.30E-03| 3.30E-03
Selenium compounds (H} SEC 1.3E-03 2.7E-04 1.3E-03 1.2E+01 1.35-03 [1.2E+01] 2.10E-D3| 2.10E-03
Tolusna {TH) 108883 5.0E-02 1.0E-02 5.0E-02 4.4E+02 5.0E-02 |4.4E+02] 7.97E-02| 7.87E-02
| xylene {TH} 1330207 8.82-04 1.8E-04 8.8E-04 7.7E+00 B8.8E-04 | 7.7E+00] 1.40E-03| 1.40E-03
Total HAP {H} 9.1E-02 1.8E-02 24E£.02 7.9E+02 9.1E-02 | 7.9E+02 1.4E-01 1.4E-01
5.03E-02 1.03E-02 5.03E-02 4,41E+02 503602 | 4.41E+02 | 7.97E-02 7.97E-02

EXPECTED ACTUAL EMISSIONS AFTER CONTROLS / LIMITATIONS EM"’;;"::SFAI‘;T"R
gal

TOXIC AIR POLLUTANT CAS Num, Ikthr Ibfday Ib/yr uncontralled | controlled
Arsenia Unlisted Compounds (TH} ASG-Other 3.54E-04 8.45E-03 3.40E+00 5.60E-04 5.60E-04
Banzens (TH) 71432 1.74E03 4.17E-02 1.62E+01 2.75E-03 2.75E-03
Beryllium Metal (v (TH} 7440417 2.65E-04 &.36E-03 2.32E+0Q 4.20E-04 A.20E-04
Cadium Metal (elemental unreasted) (TH) 7440438 285E 6.38E-03 2.32E+00 4.20E-04 4.20E-04
Soluble chromate compaunds, as shromium (VI {TH) S0lCRG 2.65E-04 5.36E-03 2.32E+0D 4.20E-04 E
Fluorides {sum fluoride compounds) {T} 16984488 2.36E-02 5.65E-01 2.06E+02 3.73E-02 ) -02]
Formaldehyde {TH) 50000 3.03E-02 7.27E-01 2.66E+02 4,80E-02 4.80E-02
Manganese Unlisted Compounds (TH} MHC-Other 5.30E-04 1.27E-02 4 65E+00 8.40E-04 B.40E-04
Mercury. vapor {TH} 7439976 2.85E-04 6. 2.32E+00 4.20E-04 4.20E-04
Methyl 1 {TH} 71566 -04 3. 1.31E+00 2.36E-04 2.36E-04
Nickle Metal {TH) 7440020 . 6. 2.32E+00 4.20E-04 4.20E-C4
Toluene (TH} 108883 5,03E-02 1.21E+00 4. 41E+02 7.97E-02 FS7E02
Kylene {TH) 1330207 8.84E-04 2.12E-02 7.75E+00 1.40E-03

1.40E-03

NOTES: 1) COZe means COZ equivalent
2) The DAQ Air Emissions Reporting Online (AERO) system requires shert tons and the EPA MRR requires metric tons

ACTUAL EMISSIONS POTENTIAL EMISSIONS - utilize max heat R%ﬁ—‘%
= X a -
Input ¥ and SPAMRR Emission | iize requested fuel limit and EPA
Isston Fact
GREERHOUSE GAS EPA MRR CALCULATION METHOD: TIER 1 MRR Emisston Factors
POLLUTANT short tons/yr, short tonsfyr,
metric tons/yr | metric tonsfyr, CO2e short tonsiyr short tons/yr CQO2e short tons/yr CO2e
CARBON DIOXIDE (CG3) ) 13z 1.45 £3,133.08 54,135.00 63,133.09 63,133.00
METHANE (CH) 5.34E.05 1.12E-03 5.89E05 2 66E+00 5.365+01 2 S6E+00 5.48E+01
NITROUS GXIDE (N;07 1.07E-05 33103 718608 512601 1505402 5 A2E-01 T 5eE+ 02
TCTAL T3 TOTAL63,345.64 TOTAL] 63,348.63
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Boiler (PS-B)
HCI Emissions
Page 1 of 1

Boiler PS-B

Hydrogen Chloride (HCI) CAS No. 7647-01-0

The EPA Industrial Boiler MACT rulemaking emission factor for uncontrolled residual and
distillate oil firing is given as 7.1E-5 Ib/MMBtu in Docket Document Number II-B-8,
Development of Average Emission Factors and Baseline Emission Estimates for the
Industrial, Commercial, and Institutional Boilers and Process Heaters NESHAP, October
2002; so that figure is used as the latest information from EPA.

EPA emission factor = 7.1E-05 pounds of HCI per million BTUs generated in the boiler.

From the memo from Christy Burlew and Roy Oommen, Eastern Research Group to Jim
Eddinger, U.S. EPA, QAQPS, October, 2002, Development of Average Emission Factors
and Baseline Emission Estimates for the Industrial, Commercial, and Institutional Boilers
and Process Heaters National Emission Standard for Hazardous Air Pollutants, Appendix A,
the HC] emission factor for natural gas combustion is 1.24 x 10-5 Ib. per MM-BTU.

Emission factor = 1.24E-05 pounds of HCI per million BTUs generated in the boiler.
PS-B emissions of HCI:
129 gallons of No. 2 fuel oil were burned in 2017

0.140 MM-BTU
.No.2F.0. = 81E+ ;
129 gal. No. 2F.0. X 2al No. 2 F.0. 1.81E+01 MM-BTU

7.1E-05 1b HCI
+ - =
1.81E+01 MM-BTU X NMMBTU 0.00 Ib HC1

31.342 MM-scf of Natural Gas were burned in 2017 |

31.342 MM-scf Natural Gas X 1,028 B1U = 32,220 MM-BTU
scf Natural Gas
1.2E-05 1b HCI _
32,220 MM-BTU X MMBTU = 0.4 1b HHC1
Total HCI emissions: 0.0 1b HCI from No. 2 F.O.

+ 0.4 1b HCI from Natural Gas
0.4 1b. HCI emissions




Annual Air Emissions Inventory Report - Semiworks 1
HFPO Dimer Acid
2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-heptafluoropropoxy) propanoic acid
CAS No.: 13252-13-6
BASIS:
During 2018, source testing was performed at the Semi-works stack during a dimer acid

peroxide (DP) synthesis campaign for the HFPO Dimer anion. The stack testing conducted
on March 23, 2018 showed an average emission rate of 0.00155 Ib/hr of HFPO-DA.

The source of the emissions measured in the stack exhaust would be a combination of
process vents and indoor equipment leaks. As there is no outdoor equipment associated
with the Semiworks operation, the stack emissions represent the total emissions of HFPO
Dimer Acid from that process.

For the purpose of this report, it will be assumed the emitted form of the HFPO Dimer anion
is as the HFPO Dimer Acid.

ESTIMATION OF HFPO DIMER ACID EMISSIONS
0.00155 Ib/hr HFPO Dimer anion

329.04 molecular weight of HFPO Dimer anion
330.05 molecular weight of HFPO Dimer Acid

0.00155 Ib/hr HFPO Dimer Acid
345 hours of producing the Dimer Acid Peroxide

0.5 Ib. HFPO Dimer Acid emissions for reporting year



.

Emission Summary

VOC Emissions by Compound

Semiwork Total
SMIWOTKS CAS Chemical Name CASNo. | Emissions
Compound (Ib)

TFE Tetrafluoroethylene 116-14-3 73.7
PSEPVE Pgrﬂuoro—Z-(2-ﬂuorosulfonylethoxy) propy! 16090-14-5 112.3
vinyl ether
E2 2H-perfluoro(5-methyl-3,6-dioxancnane) 3330-14-1 203.9
PAF Perfluoroacetyl flucride 354-34-7 14.4
. .. 12,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-
HFPO Dimer Acid heptafluoropropoxy) propanoic acid 13252-13-6 0.8
. Peroxide, bis[2,3,3,3-tetrafluoro-2-
Initiator (heptafluoropropoxy)-1-oxopropyl] 56347-79-6 7.6
TOTAL VOC (Ib) 412.3
TOTAL VOC (Tons) 0.21
Toxic Air Polluntant Summary
Semiworks Total
em CAS Chemical Name CAS No. | Emissions
Compound (Ib)
HE NOTE 1 Hydrogen Fluoride 7664-39-3 25
Fluorides N°TE2  |Fluorides (sum of al fluoride compounds) | 16984-48-8 25
F-113 1,1,2-trichloro-1,2,2-trifluoro ethane 76-13-1 798.5
NOTE 1 The reported HF emission is the sum of the stochiometric equivilency of PAF and
HFPO Dimer Acid Fluoride conversicn to HE (see below)
NOTE 2 NGC-DAQ requires that HF be also reported as "Fluorides”

Estimate of HF Equivalent of Acid Fluoride Emissions

MW Ib.
HFPQ Dimer Acid 330.05 0.54
HFPQO Dimer Acid Fluoride 332.04 0.54
HF (MW) [ 2001 |

. ) AF MWy / HF
Acid Fluoride (AF) MW (Ib) MW, = MW,e (Ib)
PAF 116.01 14.4 20.01 0.17245 25
HFPO DAF 332.04 0.5 20.01 0.06025 0.0
TOTAL HF 2.5




SEMIWORKS SUMMARY

Campaign Starts: 6/9/2017
Campaign Ends: 6/14/2017

Maonth 6
Sw-1 17-SXF-1.0 Total
VOC's Ih. 411.8 411.80
F-113 Ib. 796.5 796.47
TFE Ib. 73.7 737
PSEPVE Ib. 112.3 112.3
E2 Ib. 203.9 203.9
Inititiator 1h. 7.8 7.6
PAF Ih. 14.4 14.4
AF's Ib. 14.4 14.44
HCI Ib. 0 0.00
SWe2
VOC's tbs 2 4] 8 0 9 0
F-13 Ibs 0 8 0 g 1) [}
AF's lbs 8 a] 0 2] 8 8
Production: kg Polymer 327.40

kg DP 1813

Total Productiol 2140.40

Hours of producing the Dimer Acid Peroxide 345
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General explanation:

Semi-works is a research & development area that operates under a wide range of conditions. Emissions are calculated for each individual
campaign. In all cases, material balances are used to determine emissions. Since all emissions occur within the semi-works facility, they
are all assumed to be point source emissions via the process stack SW-1. The only emissions calculated for SW-2 are acid flueride
amissions associated with running melt flow samples under the lab hood.

Polymerization Campaign Emissions Determination:

The production and raw material information is entered for each campaign on a worksheet. The individual sheets in this workboak

are copies of the completed worksheets for each campaign. Data in green fields is entered when applicable for the polymerization campaign.
The other cells are calculated cells. The emissions for the campaign are calculated at the bottom of the worksheet. For the annual
emissions calculations, the emissions from these campaigns are totaled onto a summary sheet. In this workbook, that Is called

"Campaign Summary". A summary by month is found on "Year End Summary”.

Example Mass Balance Calculations for polymerization campaigns: (using 8-SXF-1.1 worksheet for example)
The emissions are determined by mass balance around the system. Data used in the calculation is abtained from production recards and
entered into the workshaet. The following is entered into the worksheet after each campaign:

1) Enter the starting material at the beginning of the campaign. This would include any material in the recavery tank and condensate
tank. The composition of the material in each tank is determined by lab analysis and/or on-line GC.

2) Enter the amount of initiator added to the system, based on integrator on initiator feed. The concentration of initiator is determined
by lab analysis.

3) Enter the amount of TFE added to the system, based on the integrator for TFE feed.

4) Enter the amounts of solvent (E2, F113) and menomer {(PSEPVE) added to the system during the campaign. Drum weights
before and after the campaign are used to determine this.

Enter starting and addition data as described in steps 1-4 ahove in the green shaded areas.
Spreadsheet sums all inputs for each component in right hand column (column M)....see embedded comments for details

Starting Matetial
ltem Recovery Monomer Condensate | Initiator | Addition [ Addition | Addition | Addition
Tank Tank Tank Tank (TFE) (E2) {PS) (F113)
Weight (Ka):
Compositions:
%E2
%PSEPVH
%TFE :
%F113  [192 S
Ylnititiato] 0. -0
Weights
E2 0.00 0.00 0.00 19.28 0.00 0.00 0.00 0.00 0.0C
PSEPVE 0.00 0.00 0.00 0.00 0.00 0.00 97.00 0.00 0.0c
TFE 0.00 0.00 0.00 0.00 114.3% 0.00 0.00 0.00 0.00
F113 0.00 0.00 0.00 0.00 0.00 0.00 0.00 666.00 0.00
Inititiator 0.00 0.00 0.00 0.80 0.00 0.00 0.0 0.00 0.00

5) Enter the amount and composition of material in the recovery tank, condensate tank, in collection drum, er held up in the
system at the end of the campaign.
Spreadsheet sums all inputs for each component in right hand column (column M)....simitar to above

Ending Material
Recovery Gondensate Drained
Item Tank Tank E2 tank to drum Holdup
Tank level (jet off} o o
Weight (Kg): SEARTO0L S L RE00 e B 0.00
Compositions o
%E2 00:00% 1 469% 1 72.00%
%PSEPVH - o B.92% 2
%TFE 0.00%
%F113 7 49%: . +88.20% . 0.009
Ylnititiato] - 0,0 0009 B
Weights
E2 7.78 0.00 5.02 0.00 3.99 0.00 0.00
PSEPVE 15.00 0.00 7.40 Q.00 5.88 0.00 0.00
TFE 0.00 0.00 0.00 0.00 0.00 0.00 c.00




P

F113 175.58 0.00 94.37 0.00 74.97 0.00 0.00
Inititiator 0.00 0.00 0.00 0.00 0.00 0.00 0.00

8) Enter total weight of polymer produced, and average EW.

7) Enter approximate weight (5 kg) of adhesions on vessel walls and in piping. The adhesions are assumed to be pTFE
with an EW of 1700.

8) Enter amount and composition of slurry left over at the end of the campaign. The EW is assumed to be 1080 as a result of over
saturation of initiator and limited TFE present during shutdown conditions.

Producticn
Item Polymer Adhzsuon Slurry
Weight (Kg):
Compositions
EwW i
%Polymen.::
“%E2
%PSEPVE
%TFE
%F113
Weights
Polymer 138.30 5.00 0.00
E2 0.00 0.00 0.00
PSEPVE 41.86 .31 0.00
TFE 96.34 360 0.00
F113 0.00 0.00 0.00
VEin Poly 41.96 1.31 0.00

The total for each component added, remaining, and production cutput as calculated in column M for each section of the
spreadshest above is duplicated in the table below. Emissions are difference between amount consumed and amount in product.

Material Balance Sumiary .
Compound Added Remaining Used Production _ Other
E2 16.3 16.8 25 0.0
PSEPVE 97.0 28.3 68.7 433
TFE 114.4 Q.0 114.4 100.0
F113 6566.0 3449 3211 0.0
Inititiator 0.8 0.0 0.8 0.0

The final section of the spreadsheet summarizes the reportable emissions in pounds for SW-1. Refer to embedded
comments for details.

1.hs of Emissions
S-1
vOC's 94.8 Ibs
F-113 706.4 Ibs
AF's 2.766 Ibs

9) Enter in the number of melt flow samples processed in the semi-works lak during the campaign. This is entered in the green box
under SW-2. 1f all samples are sent to the mig lab, this will be zero.

# of MF samples: ;20 0
grams emissions Oa

Ibs of emissions 0.0000 Ib

Example Mass Balance Calculations for sfurry reclaim campaigns:



The slurry reclaim process is used to recover valuable solvent and monamer from drums of polymer slurry, The semi-works flash dryer

is used ‘o flash off the sclvent and monomer liquid into a vapor state, so that the solids can be cellected in a bag filter. - The vapors are then
condensed back into liguid which can be reclaimed. Due to a high nitrogen (ncncondensible) flow, some of the solvent and monomer escapes
the condenser as vapor to the SW-1 stack. A mass balance approach is used to determine how much vapor has been lost, so that this can
be inciuded in annual air emissions summary.

Here is a summary of the material balance calculation.

1) Weight of drums processed through the system are recorded. The reported composition of the drums Is used ta determine
VOC and F113 content. Solids and other non-recoverable waste are backed out, based on a material batance on
solids (polymer and waste callected).

2} Any fresh E2 solution used for startup of the flash drying system is accounted for in the balance.

3) Outputs include weight of reclaimed liquid collected in drums, weight of solid polymer collected, and weight of solid waste
in drums.

Example Mass Balance Calculations for TFESK campaigns:
The preduction of TFESK requires the use of TFE. TFE emissions and potential TFESK emissions are estimated based upon a mateyial

balance around the system. Data used in the calculation is obtained from production records for each campaign and entered into the worksheet.

The following is entered into the worksheet aiter each campaign:

1) Enter the amount of TFE received; minus the amount required to produce the product.

2) Enter the number of bacthes dried during the month.

3) Enter the amount of TFESK salids removed from the oven.

4) Enter the average amount of dried TFESK collected per batch for the campaign being reporied.

Cutputs from the material balance include the estimated emissions of TFE and TFESK
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Wastewater Treatment Plant (WTS-A)
Introduction
Page 1 of 2

2017 Air Emissions Inventory Supporting Documentation

Emission Source ID No.: WTS-A
Emission Source Description: Central Wastewater Treatment Plant

Process and Emission Description:

The Wastewater Treatment Plant (WWTP) consists of the biological treatment of process and
sanitary wastewater utilizing extended aeration. The WWTP is comprised of an open
equalization basin and open-top tanks and clarifiers. The basin is mixed using floating
mixers and the tanks are aerated primarily with diffused air.

Emissions from the WWTP result from the volatitization of solubilized compounds which are
air stripped via the aeration of the wastewater. The extent of the volatilization is a function of
the specific compound's solubility in water and its vapor pressure, typically expressed as the
compound's Henry's Law Constant. Also, the volatilization of an organic compound is
dependent on its rate of biodegradability. For example, methanol which is a Hazardous Air
Pollutant (ITAP), is highly biodegradable, and as such its biodegradation rate is much faster
than its volatilazation rate, thereby limiting the air emissions of methanol from the WWTP.

Basis and Assumptions:

The three major compounds that are treated in the WWTP are butyraldehyde, ethylene glycol,
and methanol.

The emissions of methanol from the WWTP were determined using the EPA WATERS
model. This modeling takes into account the specific operational units of the WWTP to
predict the ultimate fate of specific compounds.

The Henry's Law Constant for ethylene glycol is 6.0 x 10e-08 atm-m3/mole. Not
surprisingly, ethylene glyco! is exempt from the wastewater control requirements of 40 CFR
63 Subpart G as ethylene glycol is excluded from Table 9 of that subpart.



Wastewater Treatment Plant (WTS-A)
Introduction
Page 2 of 2

Because of the above, it will be assumed that the WWTP unit operation's emission factors for
ethylene glycol are the same as those for dimethylformamide. However, the biodegradation
rate of ethylene glycol will be assumed to be the same as that of methanol, since the technical
literature found in the Handbook of Environmental Data on Organic Chemicals indicates that
for an acclimated system, ethylene glycol is biodegraded at twice the rate of methanol. To be
conservative, the slower methanol rate will be used.

The Henry's Law Constant for butyraldehyde is 1.15 x 10e-04 atm-m3/mole which is higher
than the Henry's Law Constant for methanol of 4.55 x 10e-06 atm-m3/mole, meaning the
quantity that is air stripped from the wastewater would be expected to be higher than that for
methanol. According to the Handbook of Environmental Data on Organic Chemicals,
butyraldehyde is biodegraded at the same rate of methanol in an acclimated system.

Because of the above, it will be assumed that the WWTP unit operation's emission factors for
butyraldehyde are twice as those for methanol.

The WWTP is fed 30% aqueous ammonia as a nutrient for the biological microbes. To be
conservative, the emissions of ammonia from the WWTP will assume that none of the NH3 is
utilized by the microbes, who would convert the ammonia into nonvolatile nitrate. The
emissions of ammonia is determined using Henry's Law.

Information Inputs and Source of Inputs:

Information Inputs Source of Inputs
Estimated quantity of compounds entering |SARA 313 Report and other Air Emission
the WWTP for the year Inventory inputs

Fugitive Emissions Determination:

All air emissions from the Wastewater Treatment Plant are fugitive. Estimates of the
emission for individual components are given in the following pages.



2017 Emissions from Wastewater Treatment Plant {(WTS-A)

Wastewater Treatment Plant (WTS-A)

BA EtGly MeOH

To WWTP from Kuraray Butacite (Ib) 330,781 14,390 186,724

To WWTP from Chemours XM Resins (lb) - - 33,618
To WWTP from Other Sources (lb) - - -

Total to WWTP ([b) 330,781 14,380 220,342

Quantity entering EQB (lb) 330,781 14,390 220,342
Percent of compound volatilized 23.42% 0.29% 11.71%
Quantity volatilized from EQB (Ib) 77,469 42 25,802
Quantity leaving EQB (Ib) 253,312 14,348 194,540

Quantity entering Predigester {Ib) 253,312 14,348 194,540
Percent of compound volatilized 8.30% 0.10% 4.15%
Quantity volatilized from Predigester {Ib) 21,025 14 8,073

Quantity leaving Predigester (Ib) 232,287 14,334 186,467

Quantity entering Aeration Tank (Ib) 232,287 14,334 186,467
Percent of compound volatilized 0.16% 0.002% 0.08%

Quantity volatilized from Aeration Tank {Ib) 372 0 149
Percent of compound biodegraded 85.00% 85.00% 85.00%
Quantity biodegraded in Aeration Tank (Ib) 197,444 12,184 158,497
Quantity leaving to Cape Fear River (Ib) 34,471 2,150 27,821
Kuraray Quantity to Cape Fear River {Ib) 34,471 2,150 23,576
Chemours Quantity to Cape Fear River {Ib) - - 4,245
Total Quantity to Cape Fear River (Ib) 34,471 2,150 27,821
Kuraray Fraction Volatilized to Air (Ib) 98,865 56 28,833
Chemours Fraction Volatilized to Air (Ib) - - 5,191
Total Volatilized to Air (Ib) 98,865 56 34,025

Source of Volatilization Percentages: EPA WATERS computer model

BA = Butyraldehyde
EtGly = Ethyleng Glycol
MeQOH = Methanol

Note 1: Based on best professional judgement of Ken W. Cook (DUET Wastewater
Consultant) the "Percent of compound bicdegraded" was reduced from 94+% to 85% for
the reports beginning calendar year 2012. 1t is believed that an acclimated biological
system would be able to biodegrade 85% these simple organic compounds during the 18-

hour residence period.

VOC Emissions
Page 1 of 1



Wastewater Treatment Plant (WTS-A)
NH3 Emissions
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2017 Air Emissions Inventory Supporting Documentation

Emission Source ID No.: WTS-A

Emission Source Description: Central Wastewater Treatment Plant

Ammonia (NH;) Emissions

The wastewater treatment plant ("WWTP") is fed aqueous ammonia (30% NH;) as a
nutrient for the biological microbes.

In 2017, the WWTP consumed 32,850 pounds of 30% NH3 aqueous ammonia, which
equates to 9,855 pounds of 100% ammonia (100% NH3).

The aqueous ammonia is fed directly into the WWTP Aeration Tank that is aerated via
2,000 cubic feet per minute of diffused air injected into the bottom of the tank. To be
conservative, the emissions of ammonia from the WWTP will assume that none of the NH3
is utilized by the microbes, who would convert the ammonia into nonvolatile nitrate.

The WWTP influent averages approximately one (1) million gallons of water per day,
which is equal to 3,044,100,000 1b. of water per year.

Concentration of NH; in the Aeration Tank

9,855 1b. NH; y year _0.00000324 1b. NH;
year 3,044,100,000 1b. water Ib. water
0.00000324 1b. NH, 453.6 gNH, N 2,204.6 1b. water 3.24 gNH;

e
Ib. water 1b. NH;4 m° water m" water
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Henry's Law Constant for Ammonia in water at 30 deg C  (see Note 1)

K;I — (02138/T) 106.123—1825 Iy

0.000888 g NH; / m’ air

Kh = 3
g NH; / m” water

Note 1: Montes, F., C. A. Rotz, H. Chaoui. (2009). "Process Modeling of Ammonia
Volatilization from Ammonium Solution and Manure Surfaces: A Review with Recommended

Models." Transactions of the American Society of Agricultural and Biological Engineers
(ASABE), 52(5): 1707-1720.

Concentration of NH; in the Aeration Tank's Diffused Air

0.000888 g NH, / m® air 3.24 g NH; 0.00287 g NH;
x ———————————————ee =
g NH; / m’ water m’ water m’ air

Emission of NH; from the Aeration Tank's Diffused Air

Basis: Diffused air injection rate of 2,000 fi® air per minute

2,000 fair m’ . 525600 min _ _ 29,766,388 m’ air
minute 35315 ft’ year year
0.00287 gNIL, 29,766,388 m’ air o b _ 189 Ib.NH,

m’ air year 4536 ¢ year
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Emission of NH; from the WWTP Clarifiers

The final wastewater treatment unit operation are the clarifiers in which the biomass is
separated from the treated process wastewater through gravity settling. The clarifiers are
quiessent tanks with no mixing or aeration. Any emissions of ammonia from the
clarifiers would be a small fraction of the estimated ammonia emissions from the
Aeration Tank. To be conservative, it will be assumed that the emissions of ammonia
from the clarifiers are equal to the ammonia emissions from the Aeration Tank.

Emission of NH; from the WWTP Clarifiers = 189 Ib NH; / year

Total Emission of NH; from the WWTP System (ID No. WT-A)

Emission of NH; from the WWTP Aeration Tank
Emission of NH; from the WWTP Clarifiers

189 1b. NH; / year
189 1b. NH, / year

Emission of NH; from the WWTP System = 377 1b. NH; / year
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Dimethyl sulfoxide (DMSO) CAS No. 67-68-5
DMSO Fugitive Emissions from WWTP Equipment

The fugitive emissions of DMSO from the unit operations are esimated by the calculated concentration of DMSO in
the air space above each WWTP equipment, the horizontal dimension of each WWTP equipment, an assumed vertical
component of the moving air volume across each WWTP equipment, and the average air speed for the reporting year.
It will be assumed that the vertical height of the air volume moving horizontally over the WWTP equipment is one (1)
meter. Tt is felt this assumption is reasonable for this emission esitimation given the Henry's Law Constant for
DMSO that indicates the extremely low volatilization of DMSO from water.

Tt will be assumed that none of the DMSQ is biologically degraded in the WWTP.

It will be assumed that the DMSO was present in the WWTP wastewater for 8,760 hours during the reporting year.

Estimated concentration of DMSO in the air space above the WWTP water: 5.61E-06 g DMSO /m3 air

Average wind speed reported for the Fayetteville Regional Airport (FAY): 3.27 mfs

Horizontal| Vertical Wind |Horizontal| g DMSO | g DMSO | 1b DMSO

Length Height Speed | Air Flow per per per

(m) (m) (m/s) (m3/s) | m3 air second year

Eq. Basin 33.5 1 3.27 1095 | 5.61E-06 | 6.15E-04 | 42.8
Predigester 13.5 1 3.27 44.1 5.61E-06 | 2.48E-04 17.2
“|Aeration Tk|  30.3 1 3.27 99.1 5.61E-06 | 5.56E-04 387
Clarifier 25.9 1 3.27 84.7 5.61E-06 | 4.75E-04 | 33.1

TOTAL | 131.7

DMSO Emissions from the Aeration Tank Diffused Air System

Diffused air injection rate: 2,000 f’ air per minute
2,000 ft3 air 0.0283 m3 air 525,600 min _ 2.97E+07 m3 air
min fi3 air year year
2,97 E+07 m3 air 5.61E-06 g DMSO _ 167 g DMSO / year
year m3 air
= 0.4 1b DMSOQ / year
Total DMSO Emissions

~ DMSO Fugitive Emissions from WWTP Equipment 131.7 Ibfyr
DMSO Emissions from the Aeration Tank Diffused Air System 0.4 lb/yr

| 132.1 Ib/yr |




2017 Emissions from Wastewater Treatment Plant (WTS-A)

Dimethyl sulfexide (DMSO) CAS No. 67-68-5
Basis:

A waste comprised of Dimethyl sulfoxide (DMSO) and potassium hydroxide (KOH) was sent to the wastewater
treatment plant (WWTP) for some period of time during the reporting year. The waste stream concentration was

approximately 10% DMSO, 24% KOH, and the remainder being water.

The waste was transferred to the WWTP at a rate of 5 gallons per hour. The specific gravity of 24% KOH is 1.226 at
20°C. This equates to 1227 lb/day of the waste sent to the WWTP, or 122.7 Ib/day of DMSO sent to the WWTP.

Assuming the influent to the WWTP is an average of approximately 1 million gallons per day or 8.34 MM-1b per day,
the average concentration of DMSO in the influent would be 1.47¢107° by weight.

Conceatration of DMSO in WWTP Influent

147E-05 gDMSO |  moleDMSO | 1000 g water 1.88E-04 mole DMSO
g water | 78.13 g DMSO | kg water kg water

The Henry's Law Constant for DMSO solubility in water at 298°K is reported as 1.17e10° mole/kg/atm.
[Source: "The Henry's law constant of dimethly sulphoxide", Watts and Brimblecombe, Environmental Technology
Letiers 8(1-12):483-486 - January 1987

Partial Pressure of DMSO above the WWTP Wastewater

1.88E-04 mole DMSO / kg water = 1.61E-09 atm
1.17E+05 mole DMSO / kg water / atmosphere

Mole Fraction of DMSO in Gas Phase above WWTP Wastewater

Partial Pressure _ 1.61E-09 atm _ 1.61E-09 mole DMSO
System Pressure l atm mole air
1.61E-09 mole DMSO  x 78.13 g DMSO = 1.26E-07 g DMSO
mole DMSO '
1 mole air | 22.4 L air | m3 air _ 0.0224 m3 air
| mole air | 1000 L air
1.61E-09 mole DMSO = 1.26E-07 g DMSO - 5.61E-06 gDMSO

mole air : 0.0224 m3 air m3 air




2017 Air Emissions Summary

WTS-A Central Wastewater Treatment Plant

A.VOC Compound Summary

Wastewater Treatment Plant (WTS-A)

Emission
Compound [CAS Chemical Name CAS No. {Ib.)
BA Butyraldehyde 123-72-8 98,865
EtGly Ethylene Glycol 107-21-1 56
MeOH Methanol 67-56-1 34,025
DMSO Dimethy! Sulfoxide 67-68-5 13
Total VOC Emissions (Ib.) 133,079
Total VOC Emissions (tons) 66.54
B. Hazardous / Toxic Air Pollutant Summary
Emission
Compound [CAS Chemical Name CAS No. {Ihs)
EtGly Ethylene Glycol 107-21-1 56
MeOH Methanol 67-56-1 34,025
NH3 Ammonia 7664-41-7 377

Emissions Summary
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