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1.0 | NTRODUCTI ON
1.1 Purpose

The primary purpose of this docunent is to provide technical
gui dance to U. S. Environnmental Protection Agency (EPA) Regi onal
Offices regarding capture efficiency (CE) testing. The docunent may
al so prove useful to State and | ocal agency personnel and owners and
operators of stationary sources required to determ ne CE.
1.2 Background

In April 1990, EPA issued new gui dance on CE testing.! This
gui dance replaced the traditional |iquid/gas nass bal ance
det erm nations, which had often resulted in very poor precision and
CE values well in excess of 100 percent. The new protocols involved
per manent total enclosures (PTE s), tenporary total enclosures
(TTE's), and building enclosures (BE s). This guidance was | ater
codified as part of the Chicago Federal inplenentation plan (FIP) and
included in the docunent "Model Vol atile Organic Conpound Rul es for
Reasonably Avail abl e Control Technol ogy."23

I n the begi nning, the new protocols were net with resistance
fromthe regulated community, primarily on grounds of safety and
expense. Over time, the safety issue has largely been dispelled as
it has becone clear that, with proper design and operation, PTE s and
TTE's pose mnimal risk. However, it has al so become clear that in
sone cases, the new CE protocols are nore costly than the traditional

| i qui d/ gas procedures.

To address the cost issue, EPA tenporarily suspended certain



federal applicability aspects of its guidance while it enbarked on a
12-nmonth study of alternatives with potential for reducing CE testing
costs. This docunment is a result of that study and of sinultaneous
studies voluntarily undertaken by industry groups. In this docunent,
EPA presents technical gui dance on recommended procedures and on
alternative procedures that may reduce costs. Revisions to current
State inplenmentation plans (SIP's) are required to use the
alternative CE test nethods described herein. By calling these
procedures "alternatives", the agency does not intend to inply that
they are nore difficult to approve than the "recomended” procedures
where the stated criteria for approval are satisfied. Guidance for
i npl ementing these SIP revisions is provided in the cover nmenorandum
1.3 Docunent Organization

In Section 2.0, EPA's recommended protocols and test nethods
are summari zed. Section 3.0 presents two sets of criteria by which
alternative procedures can be approved, as well as the recomended
reporting requirenents for using alternative procedures. Section 4.0
presents a technical description for aggregate sanpling using the
building as a TTE and for testing nultiple lines which share a comopn
control device.

2.0 RECOMVENDED CAPTURE EFFI Cl ENCY (CE) PROTOCOLS AND TEST
METHODS

The CE determ nation protocols and test methods recommended by
EPA are |l argely unchanged fromthose issued in the April 1990
gui dance nmeno and codified in the Chicago FIP.%»2 The EPA continues

to recommend the use of a PTE, TTE, or BE for determning CE. Wen a



TTE or BE is used, either a gas/gas protocol or a liquid/gas protocol
may be selected. The EPA test nethods for carrying out the
recommended protocols have been revised and will be proposed in the

Federal Register for addition to 40 CFR 51, Appendix M as Method 204

t hrough Met hod 204F. Methods 204 through 204E were originally
referred to as Procedures T, L, G 1, G2, F.1 and F.2 respectively.
Sone changes have been nmade to the test nethods, so the | atest
version of the nethods, which is included as an appendi x, shoul d be
consul ted when planning CE testing. The draft revisions to date are
summari zed bel ow.

First, Appendix B, section 1.4, Sanpling requirenents,

originally contained a requirenent that the sanpling time for each
TTE and BE test run should be at |east 8 hours, unless otherw se
approved. This provision has been revised to specify that each TTE
or BE run shall cover at |east one conplete production cycle and nust
be at | east 3 hours long. The sanpling time for each run need not
exceed 8 hours, even if the production cycle has not been conpl et ed.
The maxi mum al |l owable time for a test run is 24 hours. Alternative
sanpling times would be subject to EPA approval.

Second, a new section on audit sanple procedures has been added

to Procedure L, VOC |nput.

Third, the directions for analysis audits have been expanded
(newWy added for Procedure L) to include information on audit sanple

availability and reporting directions for audit results.
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Next, a new nmet hod, Method 204F (called the distillation
approach), has been added for neasuring liquid VOC input, as an
alternative to Procedure L.

Finally, Procedures T, Criteria for and Verification of a

Per nanent _or Tenporary Total Enclosure, and F.2, Fuqgitive VOC

Em ssions from Building Enclosures, have been revised to clarify the

acceptability criteria of a BE and to clarify which openings
in a building constitute an exhaust point or a natural draft opening
( NDO .

Table 2-1 lists the protocols, their associ ated EPA recomended
CE test methods, and the fornulas for calculating CE. Table 2-2
lists the EPA recommended CE test nethods with the full title of
each. The PTE, TTE, and BE are discussed further in Sections 2.1

t hrough 2.3, respectively.



TABLE 2-1.

EPA recommended CE test nethods?
Fugitiv
Capture e
Encl osure | Liquid d em ssi o
Pr ot ocol verificat I nput em ssio | ns (F) CE
S i on (L) ns (G or (Fg) formul a
PTE w204 NA NA NA Assunme
100%
TTE -- M204 NA M204B M204D G (G+F)
gas/ gas or
M204C
TTE -- w204 M20O4A NA M204D (L-F) /L
liquid/g or
as M204F
BE - - w204 NA M204B M2O4E G (GtFp)
gas/ gas or
M204C
TABLE 2- 2.

Method 204 Criteria for and Verification of a Permanent or Temporary Total

Enclosure
Method 204A Volatile Organic Compounds Content in Liquid Input Stream
Method 204B Volatile Organic Compounds Emissions in Captured Stream
Method 204C Volatile Organic Compounds Emissions in Captured Stream (Dilution

Technique)
Method 204D Volatile Organic Compounds Emissions in Fugitive Stream from

Temporary Total Enclosure
Method 204E Volatile Organic Compounds Emissions in Fugitive Stream from

Building Enclosure
Method 204F Volatile Organic Compounds Content in Liquid Input Stream

(Didtillation Approach)




2.1 Permanent Total Encl osure
Met hod 204 lists the PTE requirenments and the procedures for

verifying that an enclosure qualifies as a PTE. A PTE is an



encl osure that conpletely surrounds a source such that all volatile
organi ¢ conpound (VOC) em ssions are contained and directed to a
control device. If an enclosure neets the criteria |listed below then
the enclosure is a PTE and the CE for the source may be assuned to be
100 percent and need not be nmeasured. The PTE criteria are as
foll ows:

1. Any NDO shall be at |east 4 equival ent opening dianeters
fromeach VOC-emtting point. An "equivalent diameter"” is the
diameter of a circle that has the sane area as the opening. The

equation for an equival ent dianeter (ED) is:

0.5
ED=(4area) Egq. 1
n

For a circular NDO, this equation sinply reduces to the dianeter of
t he openi ng.

2. The total area of all NDO s shall not exceed 5 percent of
the surface area of the enclosure's walls, floor, and ceiling.

3. The average face velocity (FV) of air through all NDO s
shall be at least 200 ft/mn. The direction of air flow through al
NDO s shall be into the enclosure.

4. Al access doors and wi ndows whose areas are not included
as NDO s and are not included in the calculation of FV shall be
cl osed during routine operation of the process.*?

5. Al the exhaust gases fromthe enclosure are directed to

t he control device.



If the PTE criteria are not net, then CE nust be neasured.
2.2 Tenporary Total Enclosure

Met hod 204 |lists the TTE requirenents and the test procedures
for verifying that an enclosure qualifies as a TTE. A TTE is an
encl osure tenporarily installed specifically for the CE test.* For
an enclosure to qualify as a TTE, the criteria |isted bel ow nust be
met . These five criteria ensure that all VOC s are captured for
measurenment while mnimzing disruption of
the capture normally achieved by the existing capture device(s) in

t he absence of a TTE.* The TTE criteria are as foll ows:

1. Any NDO shall be at |east 4 equival ent opening dianeters
fromeach VOC-emtting point. An "equivalent diameter"” is the
diameter of a circle that has the sane area as the opening. The

equation for an equival ent dianeter (ED) is:

0.5
ED = ( 4 area) Eq. 1
I

For a circular NDO, this equation sinply reduces to the dianeter
of the opening.

2. The total area of all NDO s shall not exceed 5 percent of
the surface area of the enclosure's walls, floor, and ceiling.

3. The average face velocity (FV) of air through all NDO s
shall be at least 200 ft/mn. The direction of air flow through al

NDO s shall be into the encl osure.



4. Al access doors and wi ndows whose areas are not included
as NDO s and are not included in the cal culation of FV shall be
cl osed during routine operation of the process.*

5. Any exhaust point fromthe TTE shall be at | east
4 equival ent duct or hood dianmeters from each NDO.

Two protocols nmay be used to neasure the CE using a TTE, a
gas/ gas protocol or a liquid/gas protocol. The associated test
met hods and CE fornula for each protocol are listed in Table 2-1.
2.3 Building Enclosure

Bui | di ng encl osure protocols involve using the building that
houses the process as the enclosure. First, one nust verify that the
BE neets the requirements for a TTE that are presented in Method 204.
Then, using the procedures specified in Method 204E, one nust
identify all the em ssion points fromthe building enclosure (e.qg.,
roof exhausts, wi ndows, etc.) and determ ne which em ssion points
must be tested. Test procedures are given
for determning the flow rate and VOC concentration in the exhaust
fromeach of the various em ssion test points.

As with a TTE, two BE protocols nay be used to neasure the CE,
a gas/gas protocol or a |liquid/gas protocol. The associated test
met hods and CE fornula for each protocol are listed in Table 2-1.
3.0 REQUI REMENTS FOR ALTERNATI VE CE PROTOCOLS

To provide flexibility, EPA has devel oped two sets of approval
criteria which, when either of themis net, allow the use of the data
obtained with the alternative protocols and test methods for

determining CE. Alternative CE protocols and test nethods must neet
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either the requirenents of the data quality objective (DQDO approach
or the | ower confidence |imt (LCL) approach and the additi onal
criteria presented below. The DQO, LCL, and additional criteria are
described in Sections 3.1, 3.2, and 3.3, respectively. The
recomended reporting requirenents for using alternative CE protocols
and test nmethods are discussed in Section 3.4.

NOTE: Although the Method 204 test series was devel oped for
TTE and BE testing, the sane procedures can also be used in an
alternative CE test method. For exanple, a traditional |iquid/gas
mass bal ance test could enploy Method 204F to neasure liquid VOC
i nput and Method 204 B to nmeasure captured VOC em ssi ons.
3.1 Data Quality Objective Approach

The purpose of the DQOis to allow sources to use alternative
CE test procedures while ensuring reasonabl e precision consistent
with pertinent requirenments of the Clean Air Act. The DQO requires
that the width of the 2-sided 95 percent confidence interval of the
mean neasured value be |l ess than or equal to 10 percent of the nean
measured value (see Figure 1). This ensures that 95 percent of the
time, when the DQOis net, the actual CE value will be +5 percent of
t he nmean neasured value (assum ng that the test protocol is

unbi ased) .

"a" < 0.05 Xay

Xavg 95% confidence |imt

"a" < 0.05 Xay
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Figure 1. Deviation around 95 percent (2-sided)
confidence interval.

Wher e:

a = distance fromthe average neasured CE value to the
endpoints of the 95-percent (2-sided) confidence
interval that nmeets the DQO for the neasured val ue.

LCLys = Lower 95 percent confidence limt

UCLys = Upper 95 percent confidence limt

Xavg = Average CE val ue.

The DQO cal culation is as foll ows:

p= 2 100 Eq. 2
X e
t 5

4 = _0.575 Eq. 3

wher e:

a = distance fromthe average nmeasured CE value to
t he endpoints of the 95-percent (2-sided) confidence
interval for the neasured val ue.

n = nunber of valid test runs.
P = DQO indicator statistic, distance fromthe
aver age neasured CE value to the endpoints of
t he 95-percent (2-sided) confidence interval, expressed
as a percent of the average neasured CE val ue.
s = sanpl e standard devi ation.

togrs = t-value at the 95-percent confidence |evel (see
Table 3-1).
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Xavg = average neasured CE value (calculated fromall valid
test runs).

X; = the CE value calculated fromthe ith test run
The sanpl e standard devi ation and average CE val ue are

cal cul ated as foll ows:

a 0.5
_ 2
8 = igltxi xw) Eq. 4
n-1
F 1
£ *i Eq. 5
x = A1 q
&V "
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I ndi vi dual CE val ues greater than 105 percent are invalid and
cannot be used to calculate the average CE and DQO. The source nust
have 3 valid test runs to use the DQO approach. The DQO is achi eved
when P < 5 percent. In order to neet this objective, facilities my
have to conduct nmore than three test runs. Exanples of calcul ating

P, given a finite nunber of test runs, are shown bel ow.

Nunmber of Number of
test runs, n toors | 1o o test runs, n |[tg gss t 0. 90

2 12.706 | 3.078 12 2.201 | 1.363

3 4.303 | 1.886 13 2.179 | 1.356

4 3.182 | 1.638 14 2.160 | 1.350

5 2.776 1.533 15 2.145 1. 345

6 2.571 | 1.476 16 2.131 | 1.341

7 2.447 | 1.440 17 2.120 | 1.337

8 2.365 | 1.415 18 2.110 | 1.333

9 2.306 | 1.397 19 2.101 | 1.330

10 2.262 | 1.383 20 2.093 | 1.328

11 2.228 | 1.372 21 2.086 | 1.325
TABLE 3-1. t-values.

Facility A conducted a CE test using a traditional |iquid/gas mass

bal ance and submtted the followi ng results:

Run CE
1 96.1
2 105.0
3 101. 2
t her ef or e:

13



n =3

Xavg = 100. 8
s = 4.51
= (4.30) (4.51) . o -
J/a
= 212 190 - 11.12 Eq. 7
110.8

Since the facility did not neet the DQO, they ran three nore test

runs.
Run CE
4 93. 2
5 96. 2
6 87.6

The cal cul ations for Runs 1-6 are as foll ows:

n =6
toors = 2.57
Xag = 96.6
s = 6.11

(2.57) (6.11)

/B

= 6.41 Eq. 8
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p= 8241100 - 5.54 Eq. 9

96.56

The facility still did not nmeet the DQO. They ran three nore test

runs with the followi ng results:

Run CE
7 92.9
8 98. 3
9 91.0

The cal cul ations for Runs 1-9 are as foll ows:

n =29
to o = 2.31
Xavg = 95.7
s = 5.33

8 = (2.31) (5.33) _ 4.10 Eq. 10

/5

p= 210950 - 4.28 Eq. 11
95.7

Based on these results, the average CE fromthe nine test runs can be
used to determ ne conpliance.

3.2 Lower Confidence Linmt Approach

The purpose of the LCL approach is to provide sources, who nay be

perform ng nmuch better than their applicable regulatory requirenent,

15



a screening option by which they can denonstrate conpliance. The

approach uses | ess precise nmethods and avoids additional test runs

whi ch m ght otherw se be needed to neet the DQO while still being
assured of correctly denonstrating conpliance. It is designed to
reduce "fal se positive" or so called "Type Il errors” which may

erroneously indicate conpliance where nore variable test nethods are
enpl oyed. Because it encourages CE performance greater than that
required in exchange for reduced conpliance denonstration burden, the
sources that successfully use the LCL approach could produce eni ssion
reducti ons beyond al |l owabl e em ssions. Thus, it could provide

addi tional benefits to the environnent as well.

The LCL approach conpares the 80 percent (2-sided) LCL for the
mean nmeasured CE value to the applicable CE regulatory requirenment.
The LCL approach requires that either the LCL be greater than or
equal to the applicable CE regulatory requirenment or that the DQO is
nmet . A nore detailed description of the LCL approach foll ows:

A source conducts an initial series of at |east three runs.

The source may choose to conduct additional test runs during the
initial test if it desires. All individual runs resulting in CE

val ues above 105 percent are invalid and cannot be used in

cal culating the average CE and the LCL. |If the data using only the
valid test runs nmeets the DQO, then the average CE value is used to
determ ne conpliance. |If the data does not neet the DQO and the
average CE, using all valid test runs, is above 100 percent then the
test sequence is considered invalid. At this point the facility has

the option of (a) conducting nore test runs in hopes of neeting the

16



DQO or of bringing the average CE for all test runs bel ow 100 percent
or (b) discarding all previous test data and retesting. [The purpose
of this requirement is to protect against test nethods which may be

i nherently biased high. This is inportant because it is
theoretically inpossible to have a CE greater than 100 percent and
the LCL approach only | ooks at the |ower end variability of the test
results. This is different fromthe DQO which allows average CE

val ues up to 105 percent because the DQO sets both upper and | ower
limts on test variability.] At any point during testing when the
results meet the DQO and the average CE is |l ess than 105 percent, the
average CE can be used for denonstrating conpliance with the
applicable regulatory requirenent. Simlarly, if the average CE is
bel ow 100 percent then the LCL can be used for denpnstrating

conpliance with the applicable regulatory requirement wthout regard

to the DQO.

The LCL is calculated at a 80 percent (two-sided) confidence

| evel as foll ows:

LC=x%x - - Eq. 12

wher e:

LCL at a 80 percent (two-sided) confidence |evel.

LG,

nunber of valid test runs.

=]
I

s = sanpl e standard devi ation.

tgg = t-value at the 80-percent (two-sided) confidence

17



| evel (see Table 3-1).
Xavg = average neasured CE value (calculated fromall valid
test runs).

The resulting LC, is conpared to the applicable CE regul atory
requirenment. |If LC, exceeds (i.e. is higher than) the applicable
regul atory requirenent, then a facility is in initial conpliance.
However, if the LC, is below the CE requirenent, then the facility
must conduct additional test runs. After this point the test results
wi Il be evaluated not only | ooking at the LCL but also the DQO of +5
percent of the mean at a 95 percent confidence level. If the test
results with the additional test runs neet the DQO before the LCL
exceeds the applicable CE regulatory requirenment, then the average CE
value wll be
conpared to the applicable CE regulatory requirenent for
determ nati on of conpliance.

If there is no specific CE requirenment in the applicable
regul ati on, then the applicable CE regulatory requirenment is
det erm ned based on the applicable regulation and an acceptabl e
destruction efficiency test. |If the applicable regulation requires
daily conpliance and the | atest CE conpliance denonstration was nmade
using the LCL approach, then the calculated LC, will be the highest
CE value which a facility is allowed to claimuntil another CE
denonstration test is conducted. This last requirement is necessary
to assure both
sufficiently reliable test results in all circunstances and the

potential environnmental benefits referenced above.
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An exanmpl e of calculating the LCL is shown bel ow.
Facility B's applicable regulatory requirenment is 85 percent CE.
Facility B conducted a CE test using a traditional 1iquid/gas nass

bal ance and submtted the follow ng results:

Run CE
1 94. 2
2 97.6
3 90. 5
t her ef ore:
n =3

tog = 1.886

Xag = 94.1
s = 3.55
Le =94.1- (1.885) (3-55) _gg, 23 Eq. 13

/3

Since the LC, of 90.23 percent is above the applicable regulatory
requi rement of 85 percent then the facility is in conpliance. The
facility nmust continue to accept the LC, of 90.23 percent as its CE
value until a new series of valid tests is conducted.
3.3 Additional Criteria

The Office of Air Quality Planning and Standards (OAQPS) has
devel oped an additional set of criteria that nust be incorporated
into alternative CE protocols and associ ated test nethods in order

for themto be approved. The following criteria apply:

19



1. A CE test shall consist of at |east three sanpling runs.
Each test run shall be at |least 20 mnutes long. The sanpling tine
for each run shall not exceed 24 hours.

2. Al test runs nust be separate and i ndependent. For

exanple, liquid VOC i nput and output nust be determ ned i ndependently
for each run. The final |iquid VOC sanple from one run cannot be the
initial sanple for another run. In addition,

liquid input for an entire day cannot be apportioned anong test runs
based on producti on.

3. Conposite liquid sanples will not be permtted to obtain an
"average conposition” for a test run. For exanple, separate initial
and final coating sanples nmust be taken and anal yzed for each run;
initial and final sanples cannot be conbined prior to analysis to
derive an "average conposition" for the test run.

4. Al individual test runs that result in a CE of greater
t han 105 percent are invalid and nmust be discarded. A test nust
consist of at least 3 valid test runs.

5. If the source can denonstrate to the regul atory agency that
a run should not be considered due to an identified testing or
anal ysis error such as spillage of part of the sanple during shipping
or an upset or inproper operating conditions that is not considered
part of normal operation then the test result for that individual run
may be discarded. This limted exception allows sources to discard
as "outliers" certain individual runs without replacing themwith a
valid run so long as the facility has at least 3 valid test runs to

use when calculating its DQO or LCL. This exception is |limted
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solely to test runs involving the types of errors identified above.

6. All valid test runs that are conducted nust be included in
t he average CE determ nation. The individual CE results and
average CE results cannot be truncated (i.e. 105 percent cannot be
reported as 100+ percent).

7. For the DQO approach the average CE for the test program
cannot be greater than 105 percent.

8. Alternative test nmethods for nmeasuring VOC concentration
must include a three-point calibration of the gas anal ysis instrunent
in the expected concentration range.

3.4 Reporting Requirenents for Alternative CE Protocols

If a facility chooses to use alternative CE protocols and test
met hods, the follow ng information should be submtted with each
test report to the appropriate regulatory agency:

1. A copy of all alternative test methods, including any
changes to EPA reference nethods, QA/ QC procedures and calibration
pr ocedur es.

2. Atable with information on each |liquid sanple, including
the sanple identification, where and when the sanple was taken, and
t he VOC content of the sanple;

3. The coating usage for each test run (for protocols in which
the liquid VOC input is to be determ ned);

4. The quantity of captured VOC neasured for each test run;

5. The CE calculations and results for each test run;

6. The DQO or LCL cal culations and results; and
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7. The QA QC results, including information on calibrations
(e.g., how often the instrunments were calibrated, the calibration
results, and information on calibration gases, if applicable).

3.5 Recordkeeping Requirements for Alternative CE Protocols.

A record should be kept at the facility of all raw data
recorded during the test in a suitable formfor submttal to the
appropriate regulatory authority upon request.

4.0 MULTI PLE LI NE TESTI NG
4.1 Aggregate Sanpling

A potential way to add further flexibility to determning CE is
to utilize aggregate sanpling using a building enclosure. This
i nvol ves testing all regulated lines in the building enclosure
simul taneously. It must be noted that this technique may not be
feasible for all facilities. The applicable regulations nmust be
witten to all ow aggregate sanpling and a standard nust be set for
the building as a regulated entity. The building nust be able to
meet the criteria in Method 204 for a building enclosure and the
bui | di ng encl osure protocol described in Section 2.3 nust be
fol | owed.

4.2 Miltiple Lines Wth Common Control Device

A second potential way to add further flexibility for
determning CE is to test nultiple |lines sharing a comon contr ol
devi ce sinmultaneously. It nust be noted that this technique may not
be feasible for all facilities. The applicable regulations nust be

witten to allow nmultiple line testing. The facility nust al so neet
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addi ti onal guidelines as foll ows:

1. The nultiple lines nust share a common control device.

2. Miltiple line testing my be performed using recomended
EPA protocols and test nethods or alternative CE protocols and test
met hods. The alternative protocols nust neet the requirenents of
Section 3.0.

3. The lines that are tested in conbination are considered to
be in conpliance only if the CE determ ned for the conbination of
i nes neets the nost stringent CE required for any individual |ine.
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APPENDI X

The appendix is Method 204, Method 204A, Method 204B, Method 204C,
Met hod 204D, Met hod 204E, and Met hod 204F. These net hods,
requi rements, and procedures can be | ocated under <W Test
Met hods/ Regul ati ons, <T> EPA Test Methods on the BBS.
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