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PREFACE

The work. described herein was conducted by personnel from TRC -
Environmental Consultants, Inc., Research Triangle Institute (RTI), Georgia-
Pacific Corporation (G-P) in Whiteville, North Carolina, and the United Stat;s
Environmental Protection Agency (EPA).

The scope of work was issued under EPA Contract 68-02-3543, work assign-
ment 1. The work was performed under the supervision of Eugene A. Brackbill,
P.E., the TRC work assignment manager.

RTI personnel involved during the course of the testing program included
J. Michael McCarthy; P.E., and Robert L. Chessin. Personnel at the G-P
Whiteville plant whose assistance and guidan&e coniributed greatly to the per~-
formance of the test program include Norman Bulson, plant manager, and
Royce Nobles.

Gary McAlister, Office of Air Quality Planning and Standards, Emission‘

Measurement Branch, EPA, served as task manager and was responsible for coor-

F

dinating the test program.
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~ 1.0 INTRODUCTION

1.1 Backgrouhd
Section 111 of the Clean Air Act of 1970 charges the Administrator of the
o U.S. Environmental Protection Agency (EPA) with the responsibility of estéb-
lishing Federal standards of performance for new stationary sources which ﬁay
significantly contribute to air pollution. When promulgated, these New Source
Performance Standards (NSPS) are to reflect the degree of emission limitation
available through application of the best demonstrated emission control tech-
nology. EPA utilizes emission data obtained from controiled sources in the
particular industry under consideration as a partial basis for NSPS.
;Q TRC was engaged by the Em;ssion Measurement B;agch ({EMB) of the Emission
; Sténdards'and Engineering Division (ESED), Office of Air Quality Standards and
| - - Planning (OAQPS), to measure total organic compouﬁd and condensed particuiate
matter emiésions from the plywood venéer dryers asséciated with the ply-A
wood/veneer source category.
'-;Under the proﬁisions of Ta ‘previous. work - assignment (EPA Cbntract
”T68—02-2820,;Work'Assignment 21).TRC7made an initial assessment of the test
E' #Lpfocedures wﬁiéh have “been ﬁéed.to measufe.véneérrdrfer'emiésioné and EPA

‘1Method 25 = Determination of Total  Gaseous Nonmethane Organic Emissions as

Carbon.-uThe test procedures which "have been used are the Washington State

University (WSU). technique and the Oregon Department of Environmental Quality

(ODEQ) Method 7, Condensible Particulate. The assessment was based primarily

. - - - - - e -
. - RO

éﬁ.ﬂ"#.w-«-.,upon the sampling and analyt1ca1 prlnciples employed‘by"theﬁﬂmthods,.thelr

S

effectlveness when applzed to the characteristic process emission stream,_and ;
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f“-ixmitedaprior*test:reportfda
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R ﬁe_ discovered after the assessment was. completed, was the potential for sampling

.. - '-'--,,.._u,....| R P

streams. _Overall,- TRC'S assessment. recommended that .. furtherﬂ.study_
undertaken which would focus on evaluations of ODEQ Method 7 and EPA Method 25

both 1nd1v1dua11y and comparatively. - Ll -

O S T T . g N .

QAQPS selected. the Georgia-Pacific Corporation (G-P) plywood manufacturinq

e ——————— e ——

plant in Whiteville, North Carolina, as the site for the method development

- —

test program. . The plant is consxdered to employ veneer drying processes which
P S

e —— = = - ————

are representative of the state of the art in the plywood industry. Although

. —

emission controls are not employed on the veneer dryer operations, the plant

~ — —— —_— e .

-has a wood-fired boiler which incorporates a venturi—type wet scrubber for

particulate emission control. This was considered to represent a satisfactory
situation for evaluating the impact of boiler and wet scrubber exhaust streams
on the two sampling methods. Current plywood industry practice includes the
use of boilers as afterburners and wet scrubbers for veneer dryer emission
control. The method dJdevelopment program was conducted during January and

March 1981. : _ - . . e i _ .

1.2 Brief Process Description E _ ) . .

1.2.1 Veneer Dryer e s

The No. 1 veneer dryer was selected for emission measurements. It is a

steam-heated Coe Manufacturing Company unit w1th 22 heated zones, 1 seal zone,
(_,_._..._.__.—‘L—-—' - T T e ——

——

L mETy . . . .
e e A s e i R P T

a0 train pluggage by ice. formed when sampling high m01sture content , exhaust_.
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and 3 cooling zones. Veneer is continuously hand-fed onto the dryer feed con-
Gie 9 cooling zZones. !

veyor which distributes the veneer to one of foir drying_decks. The veneer is
tour cryino
handled in a similar manner upon exiting the dryer.

There are three exhausts from the heated zones. One exhaust is located

near the dryer entrance, one about midway along the length of the dryer, and

one preceding the cooling zone. Three cooling zone exhausts immedlately

— —_— e mta—— — —_ — - - —

follow the drying section.

Emrssiggspgggg_ggg_gfyer are exhausted directly to the atmosphere from the

-— e m—— - e —

three heated zone exhausts. The emissions consist of naturally occurring or-

ganic compounds, such as terpenes and resin acids, thermally driven from the

-wood during drying. The cooling zone exhausts are not considered to be an

..emission source.
. 551001 SOMIrc

*1.2,2 Boiler

The boiler is an overfeed spreader stoker desigu.firedbwith hogged waste-

wood. Flue gas exits the boiler through'dry-multiclones and passes through an

N -~ - .ol fe e R A

- R (RN - n e

-_-’--4‘ - - . - — e

T Tt

The heat exchanger is rollowed by a fan which imparts the requlred energyh

to overcome the pressure drop of the’ venturi scrubber/cyclonic separator

system downstream in addition to prov1d1ng b011er draft. The venturi’ scrubber

is a conventronal rectangular flooded throat design manufactured by Zurn

Industrles. _ The cyclonlc entralnment separato:_ is also of conventional ;

T B .- . aee . A e UV - __'. ' -
* -

o -_.a_,,--.-

design.;,The scrubber system was_installed to comply with State partlculate
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'g_procedures for.appllcatlon»to plywood'veneen.
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1.3.1 Phase 2 A RC B

The fzrst phase of the program wasl.performed between - January 12 and.
15% 1981. At this time, the emission deflnltlon for the standard had not been
resolved and testlng proceeded w1th the objectlve of developxng metheds and

collecting data for two regulatory alternatives:

o Treating conden51b1e organlcs as particulate matter
- Treatlng a11 emlssions as total organic compounds

-

The two candidate methods were used 1ndependently with no intention of di-

rectly comparing their results. Specific c0nsiderations for the two methods

were as follows:

e ODEQ Method 7 - precision

e EPA Method 25 - precision and' effect of high moisture content sample
streams. .

The precision of each method was evaluated by obtaining concurrent, paired

" samples during each test. The effect of high moisture content sample streams

‘related to the sample volume that could be obtained with Method 25 before

freezeup occurred in the method's cryogenic trap. During sampling, heat was

applied to the top of the trap where the sample enters when the vacuﬁm gauge
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indicated that sample flow had stopped. When this procedure failed to elimi-
nate freezeup, tests were performed with the trap immersed in a water ice bath
instead of dry (CO ) ice and with two traps in series. The first trap was

immersed in a water ice bath and the second was immersed in dry ice.

All testing during the first phase was performed at the No. 1 veneer dryer.

1.3.2 Phase II

The phase II program further evaluated EPA Method 25 _applicability to
veneer dryers using the experience gained during phase I. Testing was per-
formed during the period from March 2 to 6, 1981. Precision was the primary
concern, and the "two traps in series" scheme was used. Simultaneous testing
was performed at all three veneer dryer exhausts_‘using paired Method 25
sampling trains. | | - | |

The applicability of the series trap Method 25 scheme was also evaluated

for boiler and wet scrubber exhaust streams. The scrubber exhaust was sampled-

simultaneously using both ODEQ Method 7 and EPA Method-25. —In this_case,_the

Method 25 sample was extracted from the ODEQ Method '7 sampling train at a

point after the hot-box filter. The front half of the ODEQ Method 7 samplimgf“i

.

train served as a sample conditioner for EPA Method 25. Probe and hot-box

filter temperatures were maintained at 350 +25 F. ~ This .temperature was

chosen because it is representative of typical veneer dryer operating temper—

-atures. The purpose is to include in the sample only those materials produced

by the drying process and not 1nc1ude any materials which may be inoidental to T
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2.0 SUMMARY AND DISCUSSION OF RESULTS

This section summarizes the sampling and analytical results for the method
development program conducted at the.GfP p;ywood.plant in Whiteville, North
Carolina. Phase I focused solely on the emissions from the No. 1 veneer dryer
and was performed during the week of January 12, 1981. Phase II included ad-
ditional sampling at the No. 1 veneer dryer and sampling across the venturi
system installed to control particulate matter emissions from the plant's

wood-fired boiler. Phase Il was performed during the week of March 2, 1981.

2.1 Phase I

The phase I sampling program was designed to evaluate the applicability of

EPA Method 25, Determination of Total Gaseous Nonmethane Organic Emissions as

‘Carbon "and the precision of ODEQ vMethod 7, 'Condensible Emissions from

Stationary Sources as applied to plywood veneer dryer emissions. T E

2. 1 1 EPA Method 25 - Sl _:-'i. s

Table 2-1 presents a summary of the Method 25 results -and source opera—

- I A . .. . -_-,v_‘__“. e
- - - . R R P - 3

t10na1 parameters. Several problems were encountered with thlS method ‘which

= '|‘ - - -

resulted in poor paired sample correlation and poor data comparab111ty between

- -~ - v e aimoem vews I =

results for a glven exhaust duct.

i
+
PR

[

The most slgnxflcant sampllng problem was trap freezeup attrlbutable to

B e f3 - CP

e A “r'.l- -+, et—r-‘-

the high exhaust stream moisture contents. hese ranged from 33. 2 percent by

4
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'1 to 55 8'percentﬁfor exhaust No.t %
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cussed in Section 5.4.4.

Both of these coﬁfiguretions functioned without freezeup. The sampling

schemes used were as follows: -

1-A and l-ﬁ - exhaust No. 3, simulraneous pair, treps in dry ice
2-A and 2-B - exhaust WNo. 1,;simultaneous pair, traps in dry ice
3 - exhaust No. 3, single train, trap in water ice

4 - exhaust No. 2, single traio, trap in dry ice

5 - exhaust No. 2, single train, two traps in series
6-A and 6-B - exhaust No. 2, single train with two traps in series and
"single train with one trap in water ice, run simultaneously

In-stack filters were used on all runs except Nos. 3, 4 and 5. Filter deteri-

oration due to moisture was significant ‘and resulted in filter tearing and

loss during recovéry. Additional details of‘the'sampling problems are dis-

PN - » .

-t

Analyses of the collected samples were performed without difficulty..'The

poor precision and comparability may have been a result of the small sample

volumes obtained.

2.1.2 onEg Method 7 . 7..f;l o
These tests were performed thhout any problems.-_ﬁozekpected,;a‘ierge

s " H R ‘?'. e e emi T

volume of-water was collected in the 1mplngers. However,—there was no evi-

dence of in-stack filter deterloration as had occurred w1th the Method 25 sam—
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i.e., in-stack filter, probe wash, hot-box filter, impingers, and back-up

filter, for each test is given in rr‘able 2- - Although some consistency ap-

pears in the percentage collected by the in—stack and back—up filters, the

remaining sample distributions are random with no clear_pattern among tests.

Two 'discrepancies appear in the measurement data. For both tests the

average measured temperature varies for the paired trains. This was attrib-

uted to the probe-thermocouple configuration. Cne probe was modified on site

. -

to accommodate the 1n-stack fllter holder.' As a result, the thermocouple was

located a few inches behind the sampling nozzle. Althoudh not believed to be
a concern while sampling at points well within the exhaust, the thermocouple
was evidently out of the flow stream while samplind at points adjacent to the
port opening. This was conflrmed by the f1eld data sheets which showed much
lower measured temperatures at these’ points when thls probe was used. Ex=-
cluding these, the average measured temperatures for both sampling trains were

essentially identical.

The other discrepancy was .the isokinetic variatien. " Three foé‘”the four

tests were performed outside the accepted limits. ‘This is believed to'belre;'

lated to the high exhaust stream molsture ‘contents and the nonappllcahility.of

'the standard sampling nomograph in these ranges.

- i - . Somes e e dagar

2.2 Phase 11

Phase II contlnued the work of phase I with respect to the veneer dryer

O
e A _,__c-“:-.. : o

LN

zinvestigation of Methodr ‘25 pplicability o, wood-__’f; .» .
? b i r"‘."" = :

WL‘ AL

T e —21 o s "
- >combustlon andqscrubber exhaust.streams.;*




_ Run
Number

1-1

gt
S ""ti.‘::.'}.-'...‘"..,t; ;Q
B Da-te“— Loéati;ri"m'v e
il exhansh fo.
1-13-81 Exhaust No.
1-14-81  Exhaust No.
1-14-81 Exhaust No.

i“‘" ~ PHASE” 15‘.””‘(':?‘41
ODEQ METHOD 7 DISTRIBUTION OF COLLECTED SAMPLE - .
s Georg1a-Pac1fic, Whltev111e, North Carollna~f JHJ_“T

ssodk .-«ﬂ.w AR RPICE 51
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Total Sampl Sample Weight Distribution_j&)
In-Stack Probe Hot-Box

Wash Filter

Impxngers Filter
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2.2.1 Veneer bryer

Using the.experience gained during phase -I, the three veneer dryer ex-
hausts nere-each-sampled twice using paired modified hethod 25 trains. The
moditication consisted of using two traps in series with the first trap in
water ice and the second in dry ice. This approach effectively eliminated the
freeze-up problem encountered during phase I. ’

Whereas the first phase suffered from sampllng.problems, this phase expe-
rienced analytical problems which had a significant effect on the resulting
data, Table 2-4. Only two of the six paired samples provided data for compar-
ison. Two cases provided data for one of the two paired samples and one case
yielded no data. - Those cases yielding.only partial or no analytical data were
the direct result of sample recovery or analyzer problems related to the high
sample moisture content. Some of the problems encountered were.'ﬂ_ SRR
rapid degradation ot oaidatlon oatalyst effioienc;
water condensation in analyzer tubing

water carryover into the NDIR
_water vapor carryover into the sample tank durrng trap purge

:‘.,<v, “F-Ah-,’.'a*' T

A detalled dlscussion of these problems and aotions taken to elrminate them 18:

'.presented in Section 5.4. 5. The reason these problems dlﬁ not become apparent o

& -~ TR -
.o [

.durlng the first phase is that sample volumes obtained durrng this phase werev

from one and one-half to two and onefhalf times greater.n

.--.;.
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sampling and analysis went smoothly.

- formed inside the trap. -

. maintained at 350‘:25o F. This temperature was selected to correspond with

typical veneer dryer operation conditions as described previously. Both the

Method 25 samples were extracted from the Method 7 sample stream immedi-

' ately following the hot-box filter. The inlet.samples could not be obtained

at the desired location and were instead extracted through a thermometer port
in the ductwork following the air-teo-liquid heat‘exchanger. This precluded
flow measurements being taken. . .. .- .

The analyzer modifications required to.eliminate moisture problems were
made prior to analysis of these samples. Analytical data were obtained for

all samples. The sample tank analyses showed good precision for paired

samples but the trap samples did not correlate well. This is somewhat in con-

trast to the veneer dryer sample analyses which indicated reasonable prec131on

_for the traps and poor precxsion for the tanks. The poor trap precision may

absorbed in the water collected'in the trap or encapsulated within the ice

S . “ —— -, .

2.3 Conclusions

The method development test program demonstrated che-followinq:

o High moisture content exhaust streams can present problems for EPA
Method 25 sampllng and analysxs procedures.

a voes

L - a e e T e T

o Hethod 25 sample trap freezeup can be elimxnated by using twc traps in'

Series w1th the flrst trap in water 1ce and the second in dry ice.

'performance due}to ‘water condensation.

—-MAT-_--—-—'-‘— el R A el ¢

.f:fm.

~indicate the impact of trap contamlnation and/or the effect of CO2 which is-




'ir— B r L i1

further attention. .- A particular item' o:E‘ intergst is the coz' interference

g ¢ e

“Lf"effect. This occurs when CO2 is absorbed by the wate:? or” encapsulated w1th- '

in the- ice formed in- the trap. ‘I‘his CO2 is not liberated durmg the trap

ol -

=- 'purge procedure and beccmes part of the oxidized organic sample recovery, con- -

tributing a high degree of bias.,” The National Council of the Paper Industry
for Air and Stream Improvement (NCASI) has conducted studies which indicate

that this interference can exceed 100 ppm as carbon.

-18-

|

[,




3.0 PROCESS DESCRIPTION

Emission tests were conducted at the G-P plywood manufacturing plant
5 ‘located in Whiteville, North Carolina, during January and March 198l. The

tests were designed to evaluate candidiate total organic compound and conden-—

sible particulate matter emission sampling and analytical procedures for ep-
Plication to plywood veneer dryer exhaust streams and associated emission con~-

trol devices. This section describes the processes that were sampled.

3.1 Veneer Drying

; After the veneer has been peeled from the pine log at the lathe operation,
the veneer is palletized and transferred to the drying operation. Here, theh
veneer is oontinuously hand-fed onto thle dryer feed conveyor and into the
dryer. -The purpose of this operation is to thermally drive the moisture out
of the veneer "in preparetion for the‘1ay—up and laminating operatione which
follow. During the  drying operation,. naturel organic compoonds, primarily

"terpenes and resin acids, are also volatilized and driven from the wvenheer.

e
Ca .

The volatilized organic compounds afe the emissions of inte;est;
-

The No. 1 veneer dryer was selected for the-purposes ©f the metooo.devel-r
- opment -program. - It is .a 22—zone; four-deck, steam-heated,'jet-design'onit
P - designed by the Coe Manufacturing_Company. It has three exhausts ftom the
heated zones. One exhaust is located near the dryer entrance, one about mid-

way along the length of the dryer, and one precedzng the cooling zZone, A T 5T

e e . . +

;-«three-zone coollng sectlon with three exhausts meediately follows the dry1ng

- - - s
- - % . “at

_wsection. A rebuild of the dryer was completed on October 5 1980.




have app:ox:.mately equalr portlons of water vaporf» and organic aerosols.- d The

third exhaust“plume showed no- water vapor but,ﬁrelative*to the other two, a .

:.sxgnlflcant amount of condensed organics. - - is e 414'}f-{r‘i'1aq'ylﬁ;%

x Thevcooling zone exhausts are not considered to be an emission source.;

S e d e et .- .- - oow L L e

3.2 Boiler/Venturi Scrubber System

The boiler is a Keeler overfeed spreader stoker design fired with hogged
wastewood. It has a nominal rating of 110,000 lbs/hr steam at 290 psig. .An
air sweep blower feeds the hogged wood onto the firing grate. Ash is removed
manually through clean-ocut doors.

The exhaust gases exit the boiler and pass through dry multiclones for

removal of coarse particulate matter. The multiclones are followed by a

‘Tranter Kentube Retromizer Fuel Economizer which is an air-to-liquid heat ex-

changer used for boiler feedwater preheating. This is followed by a fan which
imparts the required energy to overcome the pressure drop of the venturi
scrubber and its cyclonic separator as well as providing beoiler draft.

The wventuri scrubber is a conventional flooded rectangular throat design
manufactured by Zurn Industries. A standard cyclonic entrainment separator
follows the venturi scrubber. The scrubber system was installed to comply

with State particulate emission regulations.

3.3 Production and Control Equipment Monitoring

Limited production monitoring was performed by RTI during the first
phase. Their purpose was to develop a methodology for monitoring production

during the future standard development test programs rather than correlating

" test results with production rates during this program.

~20-

R
i
by

\
ey

(7




T TERIRITTRE

darrly

————
S

320° P.

Other than the RTI monitoring, only routine confirmation that the process
was operating normally was made by TRC personnel during phase 1 and phase II

testing. The typical observed dryer operation was 12 minutes drying time at

During the second phase testing at the boilgr, periodic checks were made
of the boiler operating conditions to aid correlation of the test results with
changes of boiler operation. It was observed that the steaﬁ load varied.
considerably during all tests with fluctuations from 45,000 1lbs/hr to

75,000 lbs/hr. This was mainly attributable to changing process demands. A

constant steam load could not be maintained.
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4. 2 Boiler/Venturi Scrubber System .- | ..

4.0 DESCRIPTION OF SAMPLING LOCATIONS

This section presents descriptions of the .sampling locations used during

the method development program.

4.1 Veneer Dryer

All three exhausts from the No. 1 dryer were sampled. Since no sampling
had.previously been performed, ports and platforms were installed by G-P to
accommodate this program. Three 3-inch ports were provided in each 24-inch
diameter exhaust stack as shown in Figure 4-1. Two ports were positioned
90 degrees apart in a horizontal plane for the purposes of preliminary veloc-
ity traverses and ODEQ Method 7 sampling. The third port was located
12 inches above the plane of the other two ports on a vertical centerline mid--
way (45 degrees) between them. This port was used for EPA Method 25 sampling.

The ODEQ Method 7 sampliﬁg perts for exhausts No. 1 and 2 were located'aﬁ
points greater than eight duct diameters downstream and two duct diamei.:ers~
upstfeam from flow disturbances. Therefore, in accordance with EPA Methed 1,
four sampling points were used on each traﬁerse axis for a total of eight saﬁ-

pling points, Samplxng ports for exhaust No. 3 were located 5.5 duct diame-

ters downstream and greater than two diameters upstream of flow disturbances
necessitating 10 sample points on each traverse axis for a total of 20 sam-
pling peints. Locations of the sampling points in each exhaust are shown in

Figure 4-2. R .

tEe Mmoo a - da ’ - e

s e ~__ _-,...,_...._.._... N Y

. Ry _
,.4 2 1 Scrubber System Inlet .-
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this location. The pbrt is located immediately downstream of the system fan
ahead of the venturi scrubber. However, despite repeated attempts by G-P and
TRC personnel, the port cap could not be removed, Therefore, this site was
abandoned and an alternate site selected in the-ductwork transition immedi-
ately downstream from the Tranter Kentube Fuel Economizer, Sampling was per-

formed through an existing l-inch diameter thermometer port.

4.2.2 Scrubber System Outlet

Sampling ports and a platform had previously been installed by G-P at the
scrubber system outlet for compliance test purposes. These existing facili-
ties were used for this program. Figure 4-3 sho;s the sampling éoint loca-
tions. The sampling ports were located 1.8 diameters d§wns£reamland 1.5 diam~

eters upstream from flow disturbances. Accordingly, EPA Method 1 required

48 sampling points. However, an exception was taken in this case and ocnly’

24 points were sampled for 2-1/2 minutes each with the approvél of EPA/EMB.
This was done so that the ODEQ Method 7 test would coindidé with the l-hour

EPA Methﬁd 25 tests.

e i s e
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TOTAL NUMBER OF SAMPLING POINTS=24

SAMPLING POINT LOCATIONS

1A&B
2R&B
3A&B

5.3.1 | 4A8B

FIGURE 4-3:

GEORGIA-PACIFIC, WHITEVILLE, NORTH CAROLINA

A 5A&B
4 2 6A&B
7A&B
8A&B
9A&B
10A&B
11A&B
12A&B

1.5"

4.8"

8.5"
12.7¢
18.0"
25.0"
46.4"
54.0"
59.3"
63.5"
67.2"
70.5"

SCRUBBER OUTLET SAMPLING POINT LOCATIONS

-26-




}_ 5.0 SAMPLING AND ANALYSIS METHODS

This section presents descriptions of the sampling and analysis procedures

employed during the method development program.

AT

5.1 EPA Reference Methods Used During this Program

The following EPA Reference Methods were used during the method develop-
ment program. These methods were taken from CFR 40, July 1, 1380, Part 60,
"Standards of Performance for New Stationary Sources,” Appendix A, pp. 183 ff.

(Methods 1, 2, 3, and 4); and, Federal Register, Volume 45, No. 194, Friday,

October 3, 1980, pp. 65959 f£. (Method 25).

I~

Method 1 - Sample and Velocity Traverses for Stationary Sources

This method specifies the number and location of sampling points within a
duct, taking into account duct size and shape and local flow disturbances.

Method 2 - Determination of Stack Gas Velocity and Volumetric Flow Rate

This method specifies the measurement of gas velocity and flow rate using

a pitot tube, manometer, and temperature sensor, The physical dimensions
b _of the pitot tube and its spatial relationship to the temperature sensor
' and any sample probe are also specified.

Method 3 - Gas Analysis for Carbon Dioxide, Oxygen, BExcess Air, and Dry
: Molecular Weight . B e

This method describes procedures for determining the carbon dioxide, oxy-
gen and, if desired, carbon monoxide volumetric concentration in a gas
stream. Measurement of these concentrations allows calculation o©of <the
excess air present and the dry molecular weight of the gas stream.

! Method 4 - Determination of Moisture Content in Stack Gases

[T . -~ aa - - P L BT v e

‘ This method spec1f1es the procedures by wh:.ch the water vapor content of a
W ~+2#3iv gas stream can be determined.‘n..-..‘.-...-,.u,:;f-ﬁ- I@desmilt Sana s setEeL LI G

skt Method 25 - Determination of Total Gaseousg Nonmethane Organlc Emissions as
- Carbon

= L o o e et e

- rﬁ"“‘“ﬁ"i“ mtﬁl b‘J T‘u& ﬁz"'#‘ BE :f!.r .J,;ur;.'v:-*s'..ro.uu :--‘l.«'s_n_a-x..‘.'.-l-«,r.v.L “'&"' i".,_{}‘,. .
""I‘his method descnbes how total -gaseous nonmethane organic compounds - (NMO)
v Are s sampled,;and analyzed. 5.An.; emissmnw-eample(,is.:drawrx,nthrough..a conden—
-sate frap-and -into an evacuated _tank. ~»'I‘rap and tank .contents are- ox:.d:.zed
‘tor carbon ‘dioxide,-:reduced 1£0% ethane and "analyzed Ibyia: flame =ionizat10n :
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1“-5 b Non-EPA Reference Methods Used Duting this Prodramﬁymgﬂg ehxlgﬁjﬁg

—

'-;Lf Partlculate matter and condens1ble organic compound emissions here sampled

using the ODEQ, Air QualitYVControl,Division¢ Method 7 - Condensxble Emissions

from Stationary Sources. Details of the method are presented in the ODEQ

"Source Sampling Manual;“ ael;evjsed April 1979 anq.an’excerpt”ie centeined in
Appendix D, A summary of the method and modifications incorporated in the
method development program are presented in Section 5.5, The method was in-
cluded in this program in recognition of the fact that the majority of the
historical veneer dryer emission database has been developed using ODEQ

Method 7.

5.3 Preliminary Measurements

5.3.1 Phase I

The first phase of the method development program focused exclusively on
‘the No. 1 veneer dryer exhausts. Preliminary tests performed prior to sample
collection 'included velocity traverses and gas stream moisture determina=-
tions. These were performed on January 12 and 13, 1981.

Veloeity traverses were performed in accordance with EPA Methods 1 and 2
employing a 36-inch standard pitot tube, 0 to 10-inch inclined mancmeter, and
a chremel-alumel thermocouple with a Thermo-Electric Digimite Model 31160 dig-
ital electronic thermometer. Despite the obvious presence of exhaust plumes,
there was no discernible velocity pressure indication at any of the exhausts.
A 0 to l-inch range manometer was substituted which indicated velocity pres-
sures of 0 to 0.005 inches water column (w.c.). Higher velocity pressures
were periodically observed but these were due to wind effects..

It was learned through subsequent discussions with plant personnel that

the dryer was normally operated with the dryer exhaust dampers in the fully
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: closed position. Therefore, the observed plumes were attributable to damper

leakage. G-P agreed to partially open the No. 2 and 3 exhaust dampers to the

v

limit that dried veneer quality was not affected. The No. 1 exhaust damper
Fy could not be opened because it had been welded shut., After the dampers had
been adjusted, a velocity pressure scan indicated flow ve10city pressures of
0.1 to 0.8 and 0.04 to 0.08 inches w.c. for exhausts No. 2 and 3, respec-
tively. Complete EPA Method 2 flow rate determinations were not performed
Separately but, instead, flow rates were determined in conjunction with ODEQ
Method 7 sampling.

Gas stream moisture content determinations were performed at all three

exhausts using EPA Method 4 procedures,

5.3.2 Phase II

The second phase of the method development program focused on the No; i
veneer dryer and the boiler/wet scrubber system. Paeldminary tests performed
included velocity traverses and moisture determinations. - A preliminary deter- ’
mination of the dry gas molecular weight.was also performed at fhe boiler(wet

scrubber system sampling locations,

No. 1 Veneer Dryer

Velocity and gas stream moisture content tests were performed at all three

~dryer exhausts on March 3 1981. Veloclty and flow rate data were ‘obtained 1n_

- e e ¥ e s e D e L.

%ﬁ" "aCCQrdance w1th EPA Methods 1 and 2 using ‘a+36=inch standard pitot tube, 0 to

.

S

e ?Gil-lnChL manometet,_ and _a chromel—alumel hermocouple w1th a Thermo—Electricx, RECERE

:iuDLgimite Model 31160 dlgltalwelqugonic theimoﬁeter.,PThe,No.m

PR -.\.._‘--z .—», —~ «-o-

“'haust dampers were opened to:the extent'possibl' whzch still-provid 4 acdept—i
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:fiTGas stream moisture7content'was determinedlfo: all three exhausts using . _

- EPA Method 432 These tests were: also performed on March 3.-- Forfale Bk 5'::‘33."-’{ -
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Boiler/Wet Scrubber System - - . . . ... . 1 .. oL L

[P

Preliminary moisture content, velocity, and dry gas molecular weight mea-
surements were perfosmed at the scrubber system outlet on March 4. Moisture :
content was determined using EPA Methed 4, The preliminary velocity measure-
ments consisted of a wvelocity pressure scan to determine the approximate
average velocity pressure for the purpose of setting up the sampling nomo-
graph. Actual flow rate measurements were included with the ODEQ Method 7
sampling. EPA Method 3 incorporating an Orsat analyzer was used for determi-
nation of dry gas molecular weight in conjunction with each ODEQ Method 7 Fest.

No pr'eliminar:y neasurements were performed at the scrubber inlet loca-
tion. This was not a result of abandoning the planned test site for the al-
ternate location, None had been planned since such data was not considered
necessary to the method development program. Moisture content apnd dry gas
molecular weight determinations were performed in conjunction with EPA

Method 25 testing at the alternate location, as described on page 25.

5.4 Total Organic Compound Sampling with EPA Method 25

EPA Method 25 was used to determine the total organic compound emissions !
from the veneer dryer and across the boiler/wet scrubber system. During the
method development program several modifications were necessitated by the

source gas stream conditions. Sections 5.4.1 through 5.4.3 which !
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follow describe the general procedures associated with the method. Details of
the method are presented in Appendix D. Sections 5.4.4 and 5.4.5 discuss the

specific procedures and modifications incorporated during the course of the

_Program.,

5.4.1 Sampling Train Preparation

Condensate Trap

After checking for any signs of physical damage, each trap was intercon-
nected to a hydrocarbon (HC) free air cylinder, flowmeters, and CD2 monitor
{nondispersive infrared (NDIR) detector) and inserted in the furnace as shown
in Figure 5-1. The trap was then purged with the HC-free air at a 100 ml/min
flow rate with the furnace operating at a temperature of 600° c. A propane
torch was used to heat those portions of the trap and probe assembly which
extend outside the furnace. .fhe.purge was performed until the CO2 monitor

indicated a concentration of 1 ppm or less.

Sample Tank

Each sample tank was connected to a cylinder of HC-free air, a vacuum

. pump, and a mercury manometer as shown in Figure 5-2. - The tank was evacuated

to 29 inches Hg vacuum after which the three-way valve was switched and the

tank was pressurrzed to 10 1nches Hg with HC-free air. This cycle was re-

B F i ae v emAe Y e s L naer e b

-peated three times. After the thlrd pressurlzatxon, the tank was connected to

P - - . .-.‘._ " .
ta by

s & Hiad

‘the total organio compound analyzer and a sample analysis was performed.‘“If a

-

w nonmethane organrc concentrationAgreater than 1 ppm was measured, the tank was

3

i
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again subjected to the evacuatlon/pressur1zation/ana1ysis procedure untrl ac-':
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FIGURE 5-2: METHOD 25 TANK PURGING AND EVACUATION
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FIGURE 5-3: METHOD 25 FLOW CONTROL ASSEMBLY ADJUSTMENT




'p:essure were recorded on the £1e1d sampling data sheet. .

Flow Control Assembly

The sampling train was assembled as shown ih Figqure 5-3 and leak checked.
The probe end cap was removed and the probe was connected to a flowmeter as
shown. The sample flow shut-off valve was opened and the flow control valve
adjusted to achieve a flow rate of 50 +5 ml/min. The flow rate was then mond-
tored either with the flowmeter or by timing the change in gauge vacuum.

The vacuum should change from 2% inches Hg.to 27 inches Hg in about 7 min-
utes and to 26 inches Hg in about 10 minutes, for a tank volume of approxi-

mately 4.8 liters (0.169 ft3). The general equation relating change in

pressure with time is:

(Po - P)
t (minutes) = —
Q P
B
Where V = tank wvolume (liters)

Q = flow rate (liters/minute)
Pp = barometric pressure (inches Hg)

P, = initial tank vacuum pressure {inches Hg)

P = tank vacuum pressure at time t (inches Hg)

The flow control adjustment screw was sealed after the desired flow rate

was achieved. The flow control valve number and calibrated flow rate'were'7

recorded in the project notebook.

5.4.2 Sampling

The sample tanks were shipped to the site filled and slightly pressurized

N H"—'

_tanks were evacuated. The tank vacuum, amblent temperature, and barometrlc

P R : .
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—off valve was zn,mtq , & losed. p051tion, the
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The pretest leak check was then
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- with dry nitrogen. Immedxately prior to each test,‘the requlred number of -
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performed. The tank vacuum as indicated by the vacuum gauge was recorded and

checked again after a minimum period of 10 minutes. If the indicated vacuum

had not changed, the portion of the sampling train behind the shut-off valve
did not leak and was considered acceptable. Assuring that the probe tip wes
tightly capped, the front part of the sampling train was checked by opening
the flow shut-off valve. After a short period to allow pressure'stablizationf
not more than 2 minutes, the indicated gauge vacuum was noted. After a mini-
mum period of 10 minutes, the indicated vacuum was again noted. The leak
check was considered acceptable if no visible change in vacuum occurs. The
pretest leak rate (mm Hg/10 minutes) was recorded if observed. At the comple-
o tion of the leak checks, the sample flow shut-off valve was closed.

After the leak check has been performed, the sample tank number and each
trap number comprising a sampling train were recorded on the field date sheet
along with the respective test run oumber and sampling site. Immediateiy-
prior to sampling, the gauge vacuum and clock time was noted. The flow shut-
off valve was opened and sampling begun. Gauge vacuum readings were recorded
every 5 minutes during the sampling period. At the end of the samplzng
period, the flow shut-off valve was closed; the time and flnal gauge vacuum
was recorded. The probe wasAremoved from the stack and the tip tightly capped.

A post test leak check oas performed prior to disassembly of the sampling
train. After assuring that the probe has been tighely capped, the floﬁ shut-

B off valve was opened and the gauge vacuum monitored for a m%nimum of 10 min-
b, ' e;oteSJ--fhe leak checkawas-acoepEable'if ho visible chenge inloank.;aoﬁhm oo- :

e : ! CuUrs. fThe post test leak rate (mm Hg/10 mxnutes) -was recorded if observed. i

ey T [ =

éAt the completion of the leak oheck’ the flow shut-off.yalveiwas closed i

- ) - "___,_-______v_ e e

'V“ 54A£ter the post test ieak check was completed,«&he*samplxng traln*oompo-.f~ﬁ

‘-:’::' a"-"g'.'.,‘ T LA e L R VL LR i L e

'Both




.: ¢u €f5;4‘§*_éE§lx§1§.-:gnijUh:ﬂﬁ;faﬁiﬂfqgméulLewrgi"dmw 5.;:;7;_%(;- ?~r'&£h

) Nohmethane:orqanicsAwere détgrmined'by pombining the anélytical resﬁlté
. obtained - from independent analyses_ of the condensate trap_ apd sample tank
fractioﬁs. After sampling was cﬁmpletea, the organic contents of the cqnden-
sate trap were oxidized to carbon dioxide (coz) which was quantitatively
collected in an evacuated vessel; then a portion of the CO2 was reduced to
methane (CH4) and measured by an FID. The organic content ©of the sample
fraction collected in the sampling tank was measured by injecting a peortion
into a gas chromatographic (GC) column to achieve separation of the nonmethane
organics froﬁ-carbon monoxide (CO), 002 énd CH4; the NMO were oxidized to

C02, reduced to CH4, and measured by an FID. In this manner, the variable

. response of the FID associated with different types of organics was eliminated.
5

TRC Analysis Equipment

The analyzer was fabricated by TRC using the following base components:

Varian Model 2800 gas chromatograph with flame ionization detector

Varian Model A25 chart recorder

Varian Model 485 electronic integrator
These components were interconnected to provide an analyzer scheme very simi-
lar to that described in the method. However, TRC made some changes which, in
our opinion, improved the ease of operation without affecting analyzer per-
formance. Figure 5~5 depicts the analyzer schematic as assembled. A high
grade, HC-free carrier gas was used which eliminated the neceésity of the pu-

rification furnace.

-36=
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A six-port valve (Carle Model 5521) was substituted for the two four-port
valves. One four-port valve was used instead of two four-port valves in the
reduction catalyst flow scheme. In effect, the latter valving modification
precluded venting hydrogen within the laboratory.

The exit line from the oxidation furnace to the six-port wvalve was heet
traced to avoid condensation. Additionally, all four switching valves incor-
porated in the analyzer were enclosed in a heated insulated compartment ther-

. o
mostatically controlled to maintain a constant 100 C temperature.

The separation column used was prepared by Supelco, Inc. It was a

4-1/2 foot long, 1l/8-inch diameter stainless steel tube with two packed sec-
tions. The injection side section was 3_feet long end contained 10 percent
OV-101 (ligquid methyl silicone) on 80/100 mesh Supelcoport. The following
section was 1-1/2 feet long packed with 60/80 mesh Poropak Q.

The oxidation catalyst assembly was prepared by TRC using a proprietaty-
catalyst material manufactured by Davidson Specialty Chemical Company. The
catalyst as received was c¢rushed by TRC usiné mortar and pestle to provide a
more hoﬁogeneous material with greater ective'surfece area pet unit volqme.
Approximately 6 to 8 inches ef the c:usheé cataifst was packed itte\e‘i/;-inct
0.D. quartz tube. Glass wool plugs were inserted at both ends of the packing
to retain the catalyst and maintain compactien.

The reduction catalyst was a Byron Instruments unit with integral heater.

This was mounted within the Varian,ges chromatograph oven to insure constant

LR P AT T s
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. temperature operation. o _ e —

Although not clearly shown on F1gure 5—5, e_single,combustion-air ~source

- - . v - e L

serviced both “the’ oxldation catalyst and:;he FID““InleLdual metering valves -

— a - - -
DR - N

_were used after the flow spl1tter to regulate the supply to each dev1ce.; T
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‘The condensate :ecovery and conditioning apparatus equipment was‘assembled‘

- ,.. et Lt al A - e - R

it Y gy tRC as ‘shown in’ Flgu:e 5-6 and’ was essentlally ‘the same as thq configura-. -

- —

= tion detailed by Method 25,7 The nondlspersxve infrared detector 1ncorporated

2

was an Anarad AR 400, 0-10,000 ppm COS f3 ﬂfﬁ*—“ nupus hyo rﬁf“b‘ wefuinTag ; o~ -
S - The TRC errangement did not incorporate the vaouum.pump in a direct 1ink -
niph the oéher'equiémene;"Instead; it was located remotely. This was done ko
avoid'contamination by the oil mist vented from the vacuum pump. -

A tube furnece was used for volatilization of the condensate trap sample.
This provided more even, high temperature heating of the trap. A propane
torch was used to heat those parts of the trap, including the probe, which
remained outside the furnace during the sample recovery procedure. Valves A,
B, C and D in Figure 5-6 and their connecting tubing were enclosed in.a ther-

. o .
mostatically controlled oven maintained at 125 € in order to prevent con-

densation.

Analyzer Operating Conditions:

Gas Regulator Pressure (psig) Flow Rate (cc/min)
Helium 42 25 -
Air 45 30 FID

50 Oxidation Catalyst
Hydrogen 20 30
Separation column normal temperature: 0° C
Separation column backflush temperature: 100° C

Oxidation catalyst temperature: 750° C
Reduction catalyst temperature: 1002 ¢ (32 VAC)

Condensate Recovery Conditions:

Gas Regulator Pressure (psig) Flow Rate (cc/min) :W
Oxygen 10 150 )
Air 15 50 I

Oxidation catalyst temperature: 850° C
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_'dard' gases, .of the following 'conoentrations:“ 54.3 ppm, '27!“ ppm;* and“f‘:*

‘-”"1382 ppm;j Oxidation catalyst effioiency checks were made with a l.perCent

- T wer et
- Fuin

Amethane standard calibration ‘gas prior to_ sample in;ections. _Reduction ceta-

lyst efficiency checks were performed using either a 1.95 percent CO2 cali-

- - - Ay
——— P e

SR bration gas run directly through the reduotion catalyst ‘or usxng the 1 percent
methane standard, and running it through both the oxidation and reduction cat-

alysts, comparing the integration response to the response of the 1 percent

methane standard when it bypassed both catalysts.

5.4.4 Phase 1

Sampling
Method 25 sampling was performed on January 13 and 14, The planned tests

were as follows:

January 13: exhaust No. 1 - duplicate Method 25 pairs with in-stack filter

exhaust No. 3 - Method 25 pair with in-stack filter
Method 25 pair without in-stack filter

January 14: exhaust No. 2 - Method 25 with in-stack filter

The first day of testing revealed the expected problems with high moisture
content streams and resulted in a change of the planned tests. The first pair
run at exhaust No. 3 froze up within 45 minutes. This was indicated by the

absence of a change in the sample tank vacuum. The freeze-up occurred desgpite

periodic heating of the sample probe and the top portion of the trap with a

propane torch. Instead of attempting another sample at exhaust No. 3, a

sample pair was run at exhaust No. 1 since the moisture test-had indicated a

-4]1-

Calibratzon of the FID was performed usrng three certified propane stan—
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lower content, approximately 33 percent vs. 55 percent for exhaust No. 3. The
freeze~up problem occurred within 25 minutes, -again despite heating. The
in-stack filter was removed from one sampling train to check if saturation of
the filter with water or condensed organics were contributing to the sample
flow stoppage. This had no effect and it was concluded that trap freezeup wAS
the cause. A single sampling train was next run at exhaust No. 3 with the

trap immersed in water ice instead of dry ice. This mode of operation proved

successful in that there was no freezeup and nearly consistent tank pressure
changes occurred between readings.

Sampling focused on exhaust No. 2 on the second day as planned., However,
significant procedural changes were made in light of the previous day's expe-
rience. 1Initially, a single sampling train was tried in the normal configura-

tion with the trap in dry ice. As had previously occurred, sample flow stop-—

page occurred within 26 minutes. The next sémple run employed a sampling

train with two traps in series, Figure 5-7. The first trap was immersed in
water ice and the second trap in dry ice. No freeze-up occurred. Following
this, a pair of samples was obtained with one train using the traps in series

approach and one train using a single trap in water ice. ©No freeze-up occur-

red in either sampling train. N ' .

Analysis

The samples were analyzed following the procedures described in

Section 5.4.3. No problems were encountered,

5 4.5 Phase I1
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series. 1In-stack filters were used at all sampling locations except the wet
scrubber. At this location, the Method 25 samples were extracted from the
ODEQ Method .7 sample stream immediately following the hot-box filter,
Figure 5-8.

None of the freeze-up problems which occurred during the first phase were

encountered.

Analysis

aAnalyses were performed as described in Section 5.4.3 but several sample
related problems required that modifications be made to the general analyzer
scheme. The problems were related to the high water content of the veneer
dryer exhaust samples. They were not encountered during the first phase
sample analysis because total sample volumes collected during this phase were

one and one-half to 2-1/2 times greater., The problems were:

® rapid degradation of oxidation catalyst efficiency

® water condensation in interconnecting tubing between the trap and the
oxidation catalyst during trap sample recovery

e overload of water trap following the oxidation catalyst
e condensation and water carryover at entrance of the NDIR

e moisture carryover into the sample tank during trap purge

The catalyst regeneration problem was discovered as a consequence of the

-notlcable presence of water in the xnterconnectzng tublng and poor palred

-
— sk » *

sample prec1sion.“‘ Consecutive analyses of standard samples both w1th and

v Do T -

- - R R [ P — . {_... B . - ‘
A:r,without-water revealed the catalyst efflczency reduction whlch was reduced to
i ,..J...a....r..."—-— . -"-': 0:‘, i R - .“""
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Zas low as; 25 percent.' Iptereﬁtin 1 ,~and very important, the daily catalyst -
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performance check did not reveal the problem. This was due to the catalyst's
ability to *"dry" and regenerate over a period of time under the influence of
the carrier gas and its oxygen content. The Davidson Specialty Chemical hy-
drocarbon oxidation catalyst was replaced with Hopcalite. Although not as
sensitive to water vapor from an efficiency standpoint, the Hopcalite was ob—
served to eventually crystallize and bond to the quartz tubing making replace-
Ment necessary due to the resulting flow restriction. The replacement fre-
quency was not definitively determined but could logically be expected to vary
with sample moisture content. As a precaution, the catalyst was replaced at
least every 2 days.

Condensation between the trap and catalyst during trap sample recovery was
eliminated by placing the associated valves and tubing in a thermostatically
L controlled, 250° F, insulated chamber. Modifications to the water trap and
the addition of a supplemental moisture eliminator prior to the NDIR elimi4
nated the problems at these two elements.

15 order to ensure a complete carbon dioxide purge from the trap, part of
the procedure had been performed with the trap removed from she dry ice bath,
Since this procedure obviously contributed to water vapor carryover into the
sample tank, the procedure reverted eo purging only with the trap io dry ice,

Following the modifications, the samples obtained at the boiler/wet

scrubber system were analyzed. No water related problems were encountered,
Although this may in.part’be attributable to the analyzer and procedural modi- o

_fications,,it was also:recognized thatAthe gas stream moisture contents at the

'
Lot —

locatzon were lower by factors of 3 to 5.2 . k_J
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5.5.1 Sampling Equipment and Procedures

Y

6DEleethod 7 is essentially a modified EPA Method § approach. The major
modifications are the inclusion of the impinges train sampie catch in the
total sample weight and the addition of an unheated back-up filter between the
third and fourth impingers, Figure 5-7. The purpose of the back-up filter was
to collect any organic aerosols formed but not collected within the im-
pingers. The hot-box filter may or may not be used depending on-whether dry
solid particulate is present. However, when the hot-box filter is used, the
glass cyclone is also included.

Sampling procedures are identical to those of EPA Method 5 with the excep-
.tion of sample recovery. The impinger sample is recovered and all the im-
pingers and interconnecting ¢glassware are rinsed with acetone. The back-up

filter is also recovered for gravimetric analysis.

5.5.2 Analysis

The analytical prcedures are an extension of EPA Method 5. The major ad-
dition are the procedures related to analysis of the impinger catch. Con-
densed organics are extracted from the impinger water using a chloroform-ethyl
ether procedure. The extract and glassware acetone rinses are evaporated sep-
arately at 70° F, desiccated for 24 hours and weighed. Following organic
extraction, the impinger water is evaporated at 220° F, the residue desic-

cated for 24 hours and weighed. The back-up filter is also desiccated for f
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24 hours and weighed. Emission concentrations are determined using EPA Method

5 calculation procedures, inciuding the impinger and rinse residue and back-up

filter weight gains.

5.5.3 Phase I

Sampling

A few modifications were made to the sampling apparatus described by the
method for the purposes of this program. An in-stack thimble-type filter was
used to determine the amount of condensed particulate matter existing at stack
temperature. The hot-box filter was also used but the glass cyclone apparatus
was not included since it was precluded by the in-stack filter. A flexible
teflon tube was used to interconnect the outlet of the hot-box filter and the
impinger train. This modification was made primarily to improve the ease of
sampling during traverse to the multiple sampling points.

Exhaust No. 1 was not sampled due to its low/no £f£low characteristic. Ex-
hausts No. 2 and 3 were sampled witb little difficulty. The following obser-
vations were made during testing and sample recoﬁery.

e The impingers were very warm to the touch despite frequeht addition of
ice and low ambient temperature. Filter hot-box exit temperatures were
maintained in the range of 250° F to 290° F which was within the
expected range and does not explain the cccurrence.

e Condensed water vapor was evident at both the inlet and ocutlet of the

back~up filter helder. Consequently, the filter was alsc wet and dif-
ficult to recover. : . .

.® The in-stack thimble filters were recovered with 1little evidence' ef
deter1orat1on attrzbutable te the high moisture 1evels.

o Even after rinsing the impingers w1th distilled water and acetone, a
'~ residue was evidenced in the first impinger by a discoloration of the
" glass. - This could not be removed by addztional rlnses., - '




5.5.4 Phase II .

ODEQ Method 7 was used only for the

with the modified EPA Method 25 scheme.

same procedures that were incorporated

filter and probe were maintained at 350

ysis were performed without difficulty.

-49=

scrubber outlet testing in combination

o

Sampling was performed following the

in phase 1 except that the hot-box

+25° F.

Both the sampling and anal-
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PARTICULATE TEST DATA

TEST j-/ TRE - 3 = O
LOCATION Srack “Z DATE __fay /3 195/

FIM (Crppcia  Enciric,

PROJECT NO. JY4-F8 6

Part:.culate Emssicms ,-_'lbs/\H BTU “__;, sl

Input A
P bar Barometric Pressure - in, Hg i{aNolY]
As Stack Area - Ft? 114
Dn Nozzle Diameter ~ in. Q3>
Time Total Sampling Time - min. X
Y Calibration Factor 1L OO
Cp Pitot Coefficient Q.84
(apy 1/2 Average Square Root of Velocity Head (in. H0) o 7Y
aH Average Orifice Pressure Drop - in. H0 O.9Y
Tm Average Meter Temperature °F 5
Pstk - Average Stack Pressure - in. Hz0 ~0,06~
Tstk Average Stack Temperature °F SOLf
Vo Meter Volume at Meter Conditions - Ft? 24,23
1 Total Water Vapor Collected - ml @07 |
"o 4 (0, in Stack Gas (Dry) o
02 % 0z in Stack Gas (Dry) 2\
—>@ $ (0 in Stack Gas (Dry) %4
: Tora
Input B PAsTicwiaTs  onDentiongs
M Total Particulate Catch - Mg J3/7.853 8441
Input C
YH - % Hydrogen in Fuel
t C % Catbon in Fuel
%5 % Sulfur in Fuel
tN § Nitrogen in Fuel
$0 % Oxygen in Fuel
Gov Gross Califoric Volume of Fuel - BIU/1b
Calculated
e e—. Vam (std) .  Meter Volume ar Standard Conditions (Dry)-Ft? 35,19 15,19
e . $H0 " $ Hy0 Vapor in Stack Gas .,a.w.sa 44,93
e MWs T __ Molecular Weight of Stack Gas (Wet) .- ~ T 2398 2338 _
. - Ws _ . average Velocity of Stack Gas - FR{ - T . jT4E 148 CoT
e QS ... ._Actual Stack Gas Flowrate - ACFM _ . - --, ~ 2,590 489 o
o 2. Q5 (std) ‘Stack Gas Flowrate '(0.0% Hz0; STP) - ougiet ol 210l :
ot I _,o#% Isckinetic (Avg, Nozzle Vel/Avg. Stk Vel) 2z 033 033 3 .
e 5,05 _.1::;_;;; -, Particulate Concentration-1b/DSCF '3 »i iwili ‘-?‘i 405 10529 40™°
v BT . %% Particulate Emissicn Rate-1b/hour ¢ .:F 026l
: N ',FFa:tor-DSCP/\MB‘IU ©OATIEVDE




'm /wo /‘107

= ooy STACE FESTT T T T mME N 13 G817
FIRM E_;QRCMG Pﬂc.mc mm‘m: /«/z,o £ R0
Inout A
P bar BarometTic Pressure - in. Hg 20.04
 AS- e Stack Area - Ft? 2.4
Dn Nozzle Diamster - in. ©33(]
Tima Total Sampling Time - min. LY
Y Calibration Factor 1. o0
Cp Pitot Coefficient o WAkl
{ap) /2 Average Square Root of Velocity Head (in. Hz0) 0,239
aH Average Orifice Pressure Drop - in. H0 LeY
o~ Average Meter Temperature °F &/
Pstk Average Stack Pressuxe - in. Hz0 —.07
Tstk Average Stack Temperate °F : izl
Va Meter Volume at Mater Conditions - Ft? 24.57
Vi Total Water Vapor Collected - mi 13 (s
—>®@; % (0; in Stack Gas (Dry) &
02 $ 07 in Stack Gas (Dry) 2
e 1D % OO in Stack Gas (Dry) o
Input B ’ EL;E;: gz G SipLzE
¥ Total Particulate Catch - Mg . 2Y3.€S, (8116
Imput C
% H % Hydrogen in Fuel
1 C $ Carbon in Fuel
3 $ Sutfur in Fuel
SN % Nicrogen in Fuel
$0 § Oxygen in Fuel
GV Gross Califeric Volume of Fuel - BTU/1b
Calculated -
Va (std) Mstar Volume at Standard Conditions (Dry)-Fed 35,27 25707
$ HzO $ HzO Vapor in Stack Gas ~7 3¢ 47 3
Mws Molecilar Weight of Stack Gas (Wet) 23 qu A
Vs Average Velocity of Stack Gas - FR! (JeR 1763
Qs Acmml Stack Gas Flowrate - ACRM SIR33 SERA,
Qs (std) Stack Gas Flowrate (0.0% H20; STP) - OSCF 1962 Yo
§ 1 % Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel) R Y
Cs Particulate Concentration-15/DSCE P ot iz S
Er Particulate Emission Rate-lb/hour 2,52 /- 33
F F Factor - DSCEF/AM BTU
[ Particulate Emissions - 1bs/ M BTU
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PARTICULATE TEST DATA

TEST -/ TRE _ 00 Fo Hlite
LocaTIN _Srack #3 WTE _ ‘o /4, 198[
FIRM _Geornia PacieyC. PROJECT 0. _/440-£%Q
Iroue A
P bar Baromecrric Pressure - in. Hg 30.02
As Stack Area - Ft? 254
Dn Mozzle Diamster - in. O.5065
Tima Total Sampling Time - min, 6O
Y Calibration Factor ' OO0
Cp Pitot Coefficient Q.34
(ap) 1/2 Average Square Root of Velogity Head (in. Hz0) O 26%
aH Average Qrifice Pressure Drep - in. Hz0 IR
™ Average Meter Temperatuze °F CYa)
Pstk Average Stack Pressure - in. HxO — L6
Tstk Average Stack Temperacure °F 234
Vm Meter Volume at Meter Conditions - Ft? YO.2
i Total Water Vapor Callectsd - ml 40,5
—00; 4 Oy in Stack Gas (Dry) &
- 02 $ 07 in Stack Gas (Drv) 21
——3C0 $ @ in Stack Gas (Try) {2
Torag
[nout B Pagy vtz O Sipyge
s Total Particulare Catch - Mg 3/432 77.857
Inout C
Y H % Hydrogen in Fuel
L { Carbon in Fuel
$S t Sulfur in Fuel
$ N % Nirrogen in Fuel
30 % Oxygen in Fusl
GV Gross Califeric Volume of Fuel - BTU/1b
Calculatad
Vo (std) -~ Meter Volume at Standard Conditions (Dry) -Ftd g a? yi,29
~ -~ $ 0 - - % HpO Vapar in Stack Gas ‘ 4§95 48,95
T Mg - '-blec.:lar Weight of Stack Gas (VWet) Lotag o £3 225D
Vs " Average Velocity of Stack Gas - FB - - T T 0% 193
T Qs mewee- Actual Stack Gas Flowrate - ACPM ; R, 374
Do Qs (std) ‘- Stack Gas Flowrate (0.0% Hy0; sm Vo R L o S TR,
e ;:-s I‘ g “-4 Isokinetic’ (Avg. -‘loz...le Vel/Avg, Sr.k Vel’] el €68 _ 15O
- h"l _"_” Cg i **Pm:.:ulate Cam:ent*ata.an-lb/DSCF =relming ye S | 0.4ig '*/0 5
Cmees e Vg Deecies Separeieulate Emission Rate-lb/hm:r ,_:: s h 2 ’\ZI 2.A3E
T """‘”"“F' ~ree——f Fa.ctaz' . DSCF/\N B‘IU e FREE "'“:‘h':"




PO NPT RRITFEEE & A

E 009 Aol - -
W an 4 981 !
PRATECT NO. _ /450 ~ER0
Inout A ;
P Bar. BarometTic Pressure - in. Hg L RO, (')*I
As Stack Avea - Ft? T 2,]4
"DIn T " Nozzle Diameter - in. O .57
Time Total Sampling Time - min. L0
Y Calibration Factoer INe.®,
Cp Pitot Coefficient 0.8Y
(ap) 1/2 Average Square Root of Velocity Head (in. H0) .2 R
M Average Orifice Pressure Drop - in. Hz0 j. 2472
= Average Meter Temperature °F 3.5
Pstk Average Stack Pressure - in. H2Q ci
Tstk Average Stack Temperature °*F 327
vm Meter Volume at Meter Cenditions - Fel 3. 6Y
vl Total Water Vapor Collected - ml 776.9
—=00; t C0; in Stack Gas (Dry) o
02 % 07 in Stack Gas (Dry) 2\
0 % (0 in Stack Gas (Dry) 2
Im:m‘. 8 o ToL . 0 eNS LGS
) Total Particulate Catch - Mg 490.62 3357
It €
$ H § Hydrogen in Fuel
{1 C % Carbon in Fuel
Y S $ Sulfur in Fuel
i N % Nitrogen in Fuel
10 $ Oxygen in Fuel
ooV Gross Califoric Volume of Fuel - BTU/1b
Calcularted
Vv (std) Meter Volume at Standard Conditions (Dry)-Ft? 32727 37.07
Y Hz0 % 470 Vapor in Stack Gas 49 5Y 49,59
Mwg Molecular Weight of Stack Gas (Wet) 2347 2 %:ef
Vs Averzge Velocity of Stack Gas - FRM 1053 1 O35
Qs Actual Stack Gas Flowrate = ACPM 23D 33
Qs (std) Stack Gas Flowrate {0.0% Hz0; STP) - DSCF a3 “22_
t 1 % Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel)  Jj29 XA .
Particulate Concentration-1b/DSCF 2,20 075 |0 g x>
Er Particulate Eamissicn Rate-lb/howr .99 01277
F F Factar - DSCEAM 3TU
E Particulate Emissions - 1bs/*M BTU
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PARTICULATE TEST DATA

=T SO7 - | TRE |y k1222
LocaTIoN _Scevdpec Ootiet, DATE __[Naccin S 195 |
FIM G . PROJECT NO. fair0 -E8O
, Inour A
P bar Baremetyic Pressure - in. Hg . 20 ()
As Stack Area - Ft? 2L.27
In Nozzle Diameter - in. _ Nl
Tize " Total Sampling Time - min. L
Y Calibration Factor ' ' 029
Cp ) Pitot Coefficient Q.84
(ap) /2 Average Square Root of Velocity Head (in. H20) o0.57
sH Average Orifice Pressure Drop - in. Hz0 0-7%
Ta Average Meter Temperature °F 71
Pstk Average Stack Pressure - in. Hy0 - 15
Wt Tstk Average Stack Temperatuxre °F 155
Va Meter Volums at Meter Conditions - Ftl 20 .8
1 Total Water Vaper Collected - ml 1ipe3
——x(0 $ 07 in Stack Gas (Dry) ' 7.0
02 t 02 in Stack Gas (Dry) L3.8
(-— —=(0 % O in Stack Gas (Dry) o
Inpuc B DeatituhTe DonoEnaimEs ToTou
M Total Particulate Catch - Mg n3 &5 LS (A S6
J Inout €
3 H % Hydrogen in Fuel
1 C % Carbon in Fuel
ts § Sulfur in Fuel
%N . % Nitrogen in Fuel
t0 $ Oxygen in Fuel _ .
GCvV " Gross Califcric Volume of Fuel - BTU/1b
Calculated )
——  Va(std)  Meter Volume at Standard Conditioms (Dry)-Fe? 32,1
... . % H0 . . % H0 Vaper in Stack Gas . 140
. rnnmns - o MG .. Molecular Weight of Stack Gas (Wet) .- . .= _ 22,0
o . Vs . . Aversge Velecity of Stack Gas - FRM -~ . =~ 2ic0o
- .05 . Actual Stack Cas Flowrate - ACRM ~. -~ = . 33300
e ....‘.,._._.Qs (std),wStack Gas Flowrate (0.0% Hy0; STP) - - DSCF i 48000
- y V1. % Isokidetic” (avg. Nozile Vel/Avg. Stk Vel)im 90 - L
T lies T Particulats Concentrazion-1b/DSCF il a:n .:m.%y,;«,fue" N A WL 25Ty

A ceenoe e w BT 2w APaTEICULATE Emission Rate~lb/hom' 1ieF nrzlmirg8 P; -~ 4,37 2535,
S 'p‘_,n,;; .. Factor - DSCFM BTV 5 SR ~
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Beé..r - '

e Iélﬁ‘ 'éo T )
LoCATION _ Sc ewdoee Oubdek, e _Macch & /981
- FIRM _Cepprp OacaErc ™ - PROJECT MO, 140~ ERO)

_Barometric Pressure - in. Hg

Stack Area - Fr?

Nozzle Diameter - in.

Total Sampling Time - min.

Calibratiom Factor

Pitot Cosfficient

Average Square Root of Velocity Head {in. H20)
Average Orifice Pressure Drop - in. H20
Average Meter Temperature °F

Average Stack Pressure - in. Hx0
Average Stack Temperature °F

Meter Volume at Meter Conditiens - Ft3
Total Water Vapor Collected - ml

% 07 in Stack Gas (Dry)

% 07 in Stack Gas (DY)

$ 0 in Stack Gas (Dry)

Total Particulate Catch - Mg

§ Hydrogen in Fuel

% Carbon in Fuel

% Sulfur in Fuel

% Nirrogen in Fuel

% Oxvgen in Fuel

Gross Califeric Volure of Fuel - BTU/1b

Meter Volume at Standard Conditions (Dry)-Ft?
§ H0 Vaper in Stack Gas

Molegular Weight of Stack Gas (Wet)
Average Velocity of Stack Gas - FPM

Actual Stack Gas Flowrate - ACPM

Stack Gas Flowrate (0.0% H0; STP) - OSCF
t Isokinmetic (Avg. Noz:le Vel/Avg. Stk Vel)
Particulate Cencentration-1b/DSCF
Particulate Emission Rate-lb/hour

F Factor - DSCF/MM BTU

Particulate Emissions - 1bs/MM BIU

2240

2227

0,255

0.7

.84

O el

l’a(

L5

=022

134G

15795

68,7

!(,.‘_,

OA‘

‘O

PapTiewATE

1£9-86

(ionOENSIRLES
4372,

(33 wiT
S n" . ]
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PARTICULATE TEST DATA

TEST S@7-3 TDE 1000 to 111
ocarian S coppe o Cublet DATE Macen b 198
FIRM Coccna Yae S PROTECT NO. _JH40-ESO
3
Immut A
P bar Barcmerric Pressur= - in. Hg S, 00
As Stack Area - Fe? 28.21
Dn Nozzle Diameter - in, 255
Time Total Sampling Time - min. IS
Y Calibration Factor 1O
Cp Pitot Cosfficient o.8Y
(spy 1/2 Average Square Root of Velocity Head (in. HvO) ™M.5 7
AH Average Orifice Pressure Drop - in. H20 102
Ta Average Meter Temperature °F L3
Pstk Average Stack Pressure - in. H70 -0.19
Tstk . Average Stack Temperature °F [ & &
Va Merer Volume at Meter Conditions - Ft? : 3409
Vi Total Water Vapor Collected - ml i 3.9
—= 0 ¥ (07 in Stack Gas (Dry) Q.0
7] t 07 in Stack Gas (Dry) 12,/
o % Q0 in Stack Gas (Dry) O
Imout B
M Total Particulate Catch - Mg P2 48 45.29
Imout C
tH % Hydrogen in Fuel
s C $ Carbon in Fuel
s { Sulfur in Fuel
LN % Nitrogen in Fuel
$0 % Oxygen in Fusl _
GCV Gross Califoric Volume of Fuel - BTU/1b
Caleulated
Wa (std) Metar Volume at Standard Conditions (Dry)-Ft? 22.5
% H2Q % Ho0 Vapor in Stack Gas _ J .2
. Mws Molecular Weight of Stack Gas (Wet) 23.72
Vs Average Velocity of Stack Gas - FPM - 2080
Qs Actual Stack Gas Flewrate - ACPM FRCH
Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCF LHHiChH
’ . % Isokinetic (Avg. Nezzle Vel/Avg. Stk Vel) ‘ q8.0
Particulate Concemtration-1b/DSCF L Qulidete  3.87407C¢
Particulate Emission Rate-1b/howr - 24 .1 813

F Factor - DSC/MM BTV

Tooaa,

11977

AN |
LBAA !
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: __T’RAVE‘RSI*E POINT- LDCA_TION ~0R CIRCULAR”DUCTS
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MINIMUM NUMOER OF TRAVERSE POINTS

EPA METEOD 1 -
SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SOURCES

' e
CUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE {DISTANCE A}

0.5 1.0 1.5 2.0 25
S0 1 1 I l | t ';
-;-:—;OISTUF(BANCE
A ]
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10 — ___|
% FROM POINT OF ANY TYPE OF :
DISTURBANCE (BEND, EXPANSION, CONTRACTICN, ETC.)
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. DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE {(DISTANCE 3

N

. .F?guré 1-1. Mianimum number of raversa points for pqrt_i_cuiat'e traverses.
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i . EPA METECD #2
- DETERNATION OF STACK GAS VELOCITY AND VOLUMEIRIC FLOW RATE (TTPE § 2ITOT TUBE)

Determinaricns of stack gas velocity and volumezrie flow race «will be mnade
fur according to EPA Methed #2 as described in the Fedewral Ragiscer of Septamber
7, 1979. An S-type pitot tube counected to an inclined mamcmeter will be
- utilizad, All calibracions will be in accordance with the Method. -

1,80 -2.54 "
18.7% - 1.8 in}

. ‘ 7.82 ¢m (3" K

s

TEMPERATURE SENSOR

!.
|

: =

TYPESPITATTUBE /

LEAK-FREE
COMMECTIONS

*SUGGESTED (INTERFEREMCE FREE) N
* "PITOT TUBE - THERMOCQUPLE SPACING .o =

oo T : s

F -
HANOMETER E '
| . A i T LFelatanz o E l?

P U VP A, : !
S T N S ORI

Figure 2.1.2Type S pitat tube mariomatar assermbly, =
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.. EPA METEOD PT._ - | Ty

Greows BE:RLITATL TLT T "i
—_— o
. 2
s 1 .
TRAVERSE DISTANCE. « .t K l
FOINT v, ot dismeter re .;.-i
1 44
2 14.7
3 =5 )
4 70.8 |
s 25.3 2 . : ‘
4 as.6 -
. .
1
z [' [ L hd v , M
s 1 B .
Figurs 1-3. Exampie showing eircular stack crom sestion divided 1nte
12 equal armas, with location of traverts pointz indicated.
‘ )
Table 1-2 LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS -t
(Percent of stack diameter from inside wall to traverse point)
Traverze
paint
"::h:r Yumber of traverse pointy on 3 diameter
dlametart 2 | 4 | 6 T8 ]3] 2z |14 6 | 8 | 2 |22 B
3 66| 6.7) e.a] 3.2] 2.8 20} 1.8l 1.6) 1.4 13 1.1 14
2z as.s| 25.0| 14.6[10.5] 8.2 6.7] 5.7} 4.5 44 3.9} 1.5} 3.2
3 750 29.6| 19.4{ 246|118} s.9] 25| 7.5) 8.7 6.0 5.3
& 93.3 | 70.4| 32.3 | 2z.6{ 177 |es 25 09| 97 8.7 1.9
5 gs.4| 677 3¢.2] 25.0 {20.1 ] 16.9] 14.6}12.9 n.5 [10.5 -
s 95.5 | 80.5 | 65.8] 25.5 |26.9 | 22.0} 18.8] 16.5 [ 14.6 1132
7 g9.5 | 77.4| 6a.4 {35.6 | 28.2| 23.5} 20.4 {18.0 | 16.]
g [ 96.3 | 85.4] 75.0 | 63.4 |37.5} 29.61 25.0 | 21.B | 12.4
3 g1.8| 82.3 [73.1 [62.5| 38.21{ 30.5 { 26,2 | 22.0
10 §7.4133.2 |79.9 [M.7i61.8[38.8}31.5 ;7.2
1" g3.3 |es.4 |7a.0] 70.4] 61.2}29.3 132.3
12l g7.9 |50.1 |83.1 1 75.4| 69.4 [ 60.7 119.8
13 [ es.3 !87.5]81.2]75.063.5]80.2 ,
14. $3.2 | 91.5| 85.4 | 79.5 | 73.8 [67.7 ¢
15 95,11 25.1 ] 83.5 | 73.2 | 72.8
18 93.4.| 92.5]87.1 2.0 177.0
17 95.6} 50.2 L 85.4 |30.5 |
i 58.6 |-93.3 | 88.4 | 81.3 '
19 T 96.1 (91.3 |86.8
fris 53.7 | 84.0 189.5 2
2 56.5 |52.1 b
22 $8.3 138.3 !
23 e
24 sg.e 3




Ve TPA METEOD #4
b DETEMTNATION OF MOTSTURS CONTENT IN STACK GASES

Dersrminzcicas of stack gas moistura comtenc will be made according to
P4 Marhod #4 zs recorded in the Federal Register, Sepcamber 7, 1979.
- A schematic of the requirsd sampling train is presented below. Moistuze
S decarminarions will be made using calculacions preseatad in the Method
utilizing the corrected dry gas meter volume, the amount of liquid collectad
in the coudenser, and the weight gain of the silica gel.
! \ .

—n Ve STACX _ )
. FILTER - VALL CONDENSER-ICE SATH STSTEL INCLUDING
[EITHER IN STACK . L ICA GhL TURE
OR QUT OF STALX) -
\' / PROEE
s o oot |
Diahy ’ i
./
. -
THERMOMETERS _ VACUUM
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-

8Y-PASS VALVE

QORIFICE

[

MAIN VALVE

DRY GAS
METER AlIR-TIGHT

PUN

- - e e L er o v oo
Fh e en g s es i g wAm e WAl Gon

Moisture samgling train-reference metnod. - ..
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GAS ANALYSIS FOR CARBON DIOXIDE, OXYGEN, EXCESS AIR ‘ “‘jf‘fif;‘“:
. AND DRY MOLECULAR WEIGHT - -

A gas sample is draw'n from the stack using a multi-poimfvintegrated Ve
. sampling procedure and the gas sampling train presented below. The sampling-’
train will be leak-checked prior to use. Each traverse point shall be sampled
for an equal length of time at approximarely the same flowrate. Sampling data
shall be recorded on the appropriace data sheet.

Analysis of the integrated bag sample shall be performed within eipght
hours afcer completion of the sampling. The Orsat analyzer shall be leak-
checked prior to use. To ensure complete absorption of CO,, 0, and CO, repeated
passes shall be made through each absorbing solurion until two consecutive passes
agree. Each reading shall be recorded on the appropriate data sheet. Molecular
- weight shall be determined to the nearest 0.0l 1lb/lb-mole.

RATE METER {

VALVE

SURGE TANK+
AIR.CDOLED
CONDENSER

N

FILTER
{GLASS WOOL)

auIcK DISCDHHECT—@
L

VALVE -5

0!, BAG
) |

zB'

RIGID CONTAINER

Figure 3-2. Integrated cas-sampling train,




masz dazz racorded will i(ncliude test zine, sampling duzaciom at gagh STITRLSR

paint, pitot prassuTe, grzek tesperaturs, ReI2T voli=e, messr Inlem-quc lar ts—pers-
i oy

pure, and orifice prassure drop. A sarmle fiald data sheet Is ineluded in appendix

3. Ar tha and of 23ch casT, chrae sample cﬂnc-wﬂe*s 2411 be used as Zollews:

Concainer #1 = Filcar
Conzainer #2 — Acesrgae wash of probe and frome half of filcax The’

probe and aozzlas ars washad and brusied :hrﬂe tizes,

Centaizer #3 - Silica gel from the fourth Impinger.

The samplas will be tramsported Co ¥ta - lahoracory and the following analyses

Comncatner #L - Transfar cke Iiirar, and any loese partisuiaca maciar from
the sample ¢ontainer To 2 tazad glass ::e'?g-x__.g f13a, desiczace
and dry to a coustant weight. Rapors casgulcs o Che 1eaT3st

J.1 =%.
Coutat=er #2 - Transfar the acetcnea Wasn**gs =g a tarad bezkar and avaporatsa
to dyymess at amhient gamperature aod prassus2 Desiceats and

dry to a canstan: weight. RAeport rasules o che gearasc 0.1 =2,

Coprainer #3 — Weigh silica gel to the zearesac 0.5 g. The waighr of the zolis-
eurs entrapped 1a the silica gel, along with the volume af
ac_stu*n which is condensed In the impingers, i5 used o cal-

ulata :he moligtuza comtent of the flue gas.

The followizg proceduzrss :re follawed ﬁa aSsura rhe qualicy of the samples and

data colleczad. Acscgue blanks ars oxior to che flaid use and only acetone

with lew blank value (< 0.001 pe'cen:) is used. All filcexs ars per—zmantly mumberad.

e filgar gumber and tars "e-gnc ar=z rerordec dn a bau:d dotabedk which is-iz-the

custady of the chemis::y labaoratory supe:visc:. The filrar oumbers aod cor-esponding

rare weignhts will be provided prior £o sammling.

- ey ey
¥ o= crr e e

Zach filzer i3 placed in a E_l:a* halder and sea_ed to prevan' a7 cou-

tzmi:a:isu. The sealed fiitex ualde- ‘s c_ezz_v lace*ed wi:“ Ph filzar au=her.

ham am Bl 0 E DALl ta

ilcar holde*s are‘placed in ‘a. :ihe*g_ass t-insyorT casa. When usad

FAa i ) I W SN T “.pu...,_, Th ,‘q ;—-,

The sea_ed f

- - Lol ln-s"?\.l\ﬂ! n'\,l'uﬂqua-imnr,_-,.q . - < . _
t: che £1 e_d the E*‘:er numne*‘-s-recnrded on a. ield da:a sneet. ,A_sz:gle fiald

: T".n,z:zg-,.,-.”..MYDWK*J‘
ai is at-acned (see &guena;x 3)*‘”A: :na c-nc_us-an af cthe sz::lﬂ o, =5e
e - N L= RV

- - ¥ ol ke K S0l ...':.“"';: LR e,
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Sl ? :ula:e sa:;l_zg "il_ be ac ::pl_sh&d bv us.:g .:e :nd_.iad "A c:llac:ian

wrapped with nichTome heating wire acd ja:xe:ed This preveants condemsatiom of

Txa =i.mud #5

., H;RA;:ON OF ?_N*ICULnT' “{ISSIOVS "RGH SIA; GYAE! SOURCVS
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crain, wezhod 5. desceived iz the‘.&:.g-:.sx: 18, 1977 edizdon —of the Federzl Ragiszaz @
f

It is sncwn s_aa_a":zlly in T gure 3-1 and comsiscs of a ncz”le, vrage, £llcer,

fouz _=$in°e*s, vacuun ,u:p, nry gas me:ef}'éﬁd aﬁ cr"ice :low mste:#:.fgc :anuf"“

K - - L
o - " ew i T TR
.- - [P, H - .,
[ . - . W s
e ' M) .

factures tne*: cvn gax —pli»g eraiz, _;;- PR e e B8

Ihe nc::le (1) s a:ba.aed to a s*a__.ess sceal glass-lined probe (2) chat is

v,
i i

=2 sazpling gas. ~rfollowing the u'oua, the gas streas iTpacts od a 4=~1/2" glass

l

£41rar holder (3), Gelzan SpectIo Grade No. 64948 #4lzer paper is used, Toelesing

the whole f£iltar assezmbly is a heatad bax (4) to =adarais te—peraturass at 248° = i
; > .2 _ !

T. Asain, condemsacion is pravenrad, An ige bath comcainisg fouxr izpizgers (3

45 atrached to the back a=d of the g41zer via a fiexidble bildical cerd, A1l coms

demsihla mazeziazl iz the sazple sTTRAR 4g enlléczed bere. The first two i=pingers
compzin discilled watez, tle ehiwed i3 dry, amd cthe fourtd comcains silica gel To

remeve auy —emaizing Telsture. Laaviag the fouzth

i

inger, the sa=ple sTTeam £1 ws
torough flaxible tubiag (8), 3 vacuouzm gauge (7) zmeedle valve (8), a leakless vacui
o (9) in parallel wizh a tysass wvalve (10) asd 2 dry gas zecer (L), A :alibf'ﬁe
grifices znd inclized satcmatsr (12) ccmplere the sampling crain. The stack velocitiy
reasure 4s measured using a pitot Tube and imelimed =znmomecer (13). The scack
ze=paerzmase is acr<zored by a thermoccuple T3l i1g z==zchad zo the pizot .and coToog
te a potencicmeter (14).

h% nemogzaph s used €O quickly deratzine tle orifice prassuTe drop requifed
57 amy picot velociry pressure amd stack tamperzture in order O =antziz iso-
kfneric sampling comditicms. Sampling £low is adjustad by means of the brpass

valve. 3afore and after each parciculate tast Tum the sempling t-ain is leak
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CO. reduced 10 G, and measured by 2 Fﬂl
In this mynner., the variable respacas of the
FID associzted with ciFarent types of
organicy iy eii=minaied

& Apparntuy

Toe sampiing sysiem corsists of a
condensata trap. fow coatrol sysiem, a=d
sacple tank (Figurs 11 The enalytcal system
consists of rwo majar sub-systeme kn
oxidaton system for the recovery and
conditioning of the cimdezsaty trap contenty
and a NMQ apalyzze. The NMO snsiyzerisa
GC with backfiush capability for NMQ
anaiyris and is equipped with an oxidation -~
catalyst, reduction cataiyst and FID. (Figmes
2 and 3 are scc=atics of s typical NMO
anaiyrer.) The systzm for the recovery and
condionnyg of the organicy caprered iz tha
condrusats trap consizt of a heat sowres,
oxidation catalyst, nondisperxive inhared
[NDIR) anaiy=sr and an iniermediate
collechon veasel (Figurs 4 s & scaematiz of a
rypical system.) TONMO sampling equipraent
cag be constructed Eom commercally
aveilabiz cszponeats and componeats
fahricated in a mackine shop. NMO -
analyzers are available commerdally or can
be cozsoucted Zom availabis cozponents by
a qualified insument laboratory.

21 Sampling. The fallowing equipment is

211 Probe 32-mm CD (%-in) stainless
atee} tubing.

212 Coodensate Trap. Constucted of 318
staintess ste=i: constructicn details of a
euitabis Tap are sZown in Flgurs &

Z13 Flow Shut-off Valve Stainiess steel
contzol valve for starting and stopping
azmpin fow,

214 Flow Cootrol System Aoy system .
capabie of maintaining the sampiing rate
within =10 percent of the selected Sovw rate
{30 t0.100 o=/ min rangel

218 Vaczom Gauge. Caugs lor
mernitaring the vacanm of the sampla tenk
during leak checks and zampling.

218 Saccple Tank Stainiess steet or
alemimum tank with 2 voloma of 4 to 8 Hters,

.. equipped with a stainless steel female quick

.. conoect for essembiy to the umph tain ud
apalytical syyten. .

217 Merogy Mapo=stes, U-tube
mercry masameter cagabie of meenc:g
pressure to within 1 mm Hy in the 0-500 oz
-rarge- .

218 Vacwm Pump. Capable of
mcuamgtnmab:olulepr:asmdmm

R ,
,~22 Agpslysis. The fu'ﬂ.uw:_—:.g eqm'::.e:tu
____,—:qmr-s: -

221 Condeosats Recovery and -

‘L - Canmhan..ng Apperatus. An apparatns far

“recovering and catalytically exdidizing the

both a propans torch and an slecttc sullle
type furnacs is recommended,

2212 Oxidation Catalyst A ::tsjy!t
systam capabie of meating the cataiynt -
s dancy criteria of this methed (section
332 Addendom I of this mathod lista a

_ catalyst system found to be scczptable

2223 Water Trap, Any fesk-proal
moistore trap capable af removing moistare
fom the gas sumam.

2214 NOIR Detector. A detector capable
of Indicating CO, concentation in the zara 1o

1 percent rangs. This detector is requirech for
monitoring tha progress oi i combustion of thy
organic compoands Tom the condensats trap.
2733 Prezsurs Reguiator, Stainieas steef
peedis valve reguired to maintain the trap
caedittening system at & osar constant

Pressurs, .

2214 Iatermediate Collaction Vessel
Steiniess stee] or siuminum eallection vessel
equipped with a femals quick conasct Tanks

with nomiral voiumes in the 1 to 4 li!:r-a.nge
ars recommended,

2217 Mercury Manoreter, U-tube
mereury meosmatsr capable of measuring
preasure to withiz 1 mm Hg iz the 0-500 mm
ange. -

2218 Gas Purifiers, Gas purification
Tyst=ma ruScient to maintein COy and
organic impurities in the carrier gas and
auxiliayy axygen &t 2 lavel of less than 10
ppm (may not be required depending on
quality of cylinder gases nsed).

222 NMO Apaiyzer. Semi-continuous
CC/FID analyxer capable of (1) separating
CO. CC\ 2rd CH, 5om oonmaetnane organic
compouzds, (2] reducing the CCy to O and
quantifyicg as CIl and {3) oxddi=ng the
sommethana organiz commpaunds ta COu
reducing the CO5 to CH, and quantifying as
CHo Tha analyst most detzonsgoats prior o
initial ues that the enalyzer is capable of

- proper separztion. cxdidation redoctien. and

messurement {section £2}. The anziyzer
causists of tbe folowing major compoments
- 2223 Oxidation Catalyst A catalyst .
system capabis of meeting the catalyst
efSciency criteris af this mathod [section
321) Addendum I of this method lists &
catalyst syst=m found ta be aczeptable.
2222 Reduction Catalyst, A catalyst

. syste= capabie of =esting the cataiyat

effcency citera of this method (sectcn
£73} Addendum [ of this methed Batr 2
catalyst systam found to be accrptable,
2223 Sepsmation Coloma{s} Cas
chramatogaphic colu=—x{s} capable of
separating CO, COw and L, Som NMO -
compoe=ds as demanswated ac=ardizg to the
procedores estabiisbed in-idis zothod
(sectiom 5.25). Addendm ! of this method
Bsts & coizmn found o be aczptable.
2224 Sample [njecton System, A G

" 42 +scondensata rap caqteots s requirsd, Fignre 4 - sampls injection valve Sfiad with asacmple L.
~ nnnc_gmncufmcham"he smalyst  * loap properly sized to intmfacs with the -
- _:f must demorstrate prior to initial ase that the 757 NMO analyzez {1 & loop recommended].
g u‘_mdyﬁ.ﬂl syste {s capahle of Froper fes
. exddation end recovery, as speciied in speciSeationy is required, - 1. ;.
ap-pection S The condensats recovery and. -+75% <22281 -
.. conditioning spparams crsisty af tha ~ 3.2 5] ower the operating range 13 demgozatrated
_, Jaﬂawz::g major onEmte T T hwgl:ry tha procedur=s estabiisced in yecSon 5325
ot 2213  Heat Somrrs. Aheat sowres 322252 Range Signal atteguatars stall
uﬁnmt 13 bext the condensate trap’ 7/ "-vbl svailabla.to produce & minizzues sigoal -

o~ .

-
z

! '.5

t:::m ] “duﬂ -:u mznr.

"L_l'jf! e . oFing TF <hcala razge af 10 ta saooa ppmd CH..-';'-’

Uneanty. A linear r'spc;sa (- ','_ - Ca.Lz-:t!an Cases [d4). e i

7z=>8 Data Recording Systecs. Analog
| soip czart rroorder urz‘.zg-nll interpation
" system compatible with the FID for '
permznently recording the analytical resuita.
223 Heromater. Marcury. aseroid, or
_ othar baromster capabie of measuriag
arnosphenic pressurs to within 1 mm Hg,
224 Thermowmetsr. Capable of mexauring
the laborstory temperature within 1°CL
275 Vacrum Pump. Capable of
svacuting to kg sbaaiute pressurn of 10 mm
228 Syringa (2. 10 Wl mdxmpl liguid
injection syringes .
Z2r Liguid Sample Injection Un.i' 855
U-tabae Stted with a Tefion injection szpm.m.

see Figwn & . . [
1 Aragants L - T

11 Sampling Cruyaed dry ice is required
duricg lu::phng.

12 Anaiysia

321 NMO Azalyzer, 'nm following gases
are needect

3213 Carrder Gas. Zero g-Adz gas
containiag [ess than 1 ppm & Addendum I of
this method lats a carrier gas found to be
acce=ptabis. - .

1212 Fu.e.['Cu. Pure hyd:ug:n.
containing less than ppm

2213 Combustiom Gas Zaro grade air or
ox7Ze0 as required by the dezecior.

322 Copdeosate Recovery and
Cooditioning Apparams.

1221 Carrier Cas. Fiva percant O,
cantaining less thanippm .

iz22 Amdkarnyygea.szmde
OxXygen contrining less than 1 ppm G

3221 Hexaze ACS zrada for ligmid
injection.

3224 Taloess ACS gada. for qud
injecton

32 Calthratio=. Forall :a.hhraban gases, -
the oazufactorer must reodmmend &
macmom shelf lifs for eacs cyiisder (Le. the
langth of tima the gas copsenTation is aot

io'N,,

. expectsd to ctange more thaz = 5 percent

bom: its certified valuel The dats of gas

cylicder preparation. certified argapic
concearration and recsomended maximom-
skelf life most be affixed to each cyiinder

befar shipment from the gas mamufacturer to

~ tha buyer. The following calibration gases are -

| required

1311 Oxidaticn Catalyst ETcency Check
Caiibration Gas, Gas mixiure stancard with
dominal sotreagatian af 1 p:.'t:em z:wl...ane
_in ain

‘333 Tlame Icmzaﬂun Detec'.'.or Linearity :
‘and Necmethane D"-,;amr.' Calibration Gases
, (3L Gas mixtz=-srandards with opnminal .
propacs concextratices of g:: ;r,:m. =C pr=.

7" and 300 prre in ais, - -

.3%3 Carbeg Digxide Ca.!ﬂ:rntinn Ga_-.e:

" {3). Gar mixtwe standards with pominal CC, ¢
;r:c:nt::hemdmppm.smppm.andl -

. per::t.!nmNale.nta.lNMOlanthan] -

Lupivz22% FID. A’Eme-hngthefoﬂnwmg _._.,p-m'-ecmred!nr

roent ixtore - [

.. 334 NMOA: .'zarSvstsz‘;.ec.k

A=Ykl P‘ﬂpa.nehﬁxrnczam"m L
sta.:r"‘zrdmufalm:.g(ac izal} 50 ppm CO. 50

i1 e p—.nC.'-L.Zp:.-:zn: CO, mdmpme.H..
pe e pre:n:-d o ate, ™ . 1l
(m:’ud.sg probe] K] ram'p..rnn..-u wbm th::-;;-“mspc:sa of 10 percent of full scale fora full -#.:L 3342  Hexane’ Cu Tixtire stapdard %

tum

b oegr a .
- HT BT 2

s dil,

!a_-.-_:':.g(nou.min.n,;:n Lexasein a_r.-.‘-u».. °
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Meibod 25— Dete—zirating of Tow! Gaseous ™

L Agzlicshility and Prizcple: -,

corpauzds (VOC) as total gaseows U el e guotanTy om0 e’
nnomethane argraics (TGNMO) as carben in - ) :
scurce emissions, Organic partdealite matter . ‘ |
will Inteferm with the acalysis aod therefors® - L e e o7l
n some Cuses, an in-stack pardculats Sltesis

required. This metked is cot tha only oethod- .. -
that applies ta the measuremest of TCNMOL A e e

Costa, logiaicy, and ather praciicalities of o

- sourcs teyting may maka otker st methoda . Lz
more desirable for messuring VOC of cenain - _
efluent streams. Proper judgment ia required .-
in deizrmining the mast appleable VOC test
matbod, Far example. depending upoa the -~ - -
maleciar weight of the organic in the

_efflusmt stream, a totally automated semi-
cantinuous noamethans organic (NMO)
spalyzer interfaced direcily to the source

~Day yield aczurate results, This spproack has
the sdvantage of providing erissias dare
teti-contnuously over an exieaded time
pariod - —
Direct measmezent of en eilyaat with »

fame jooization datecar (FI) acalyzar may -
be appropriats with pricr characiesization af -
the gus srmarz and Xaowisdge that the .
detacior responds predictably to the arganie
compounds in the sream H present, methsna
will. of coarse. aiso be measursd Iz pracdes,
the FID can be appiied ta the determingtion
of the mass sanscratration of the total
molecniar arzcmrs of the orgatic emissions

wnder the following limited conditions {1)
Where coly one compound (s kmaw 1o exist .
{2) when the organic sompounds conaist of
anly bydroges and carbom {3) where the
reiative perce=tage of the compounds is.
known or can be datermined. and the F1D
responsa to the comgounds is knowe (4]
where 2 consistant mixture of compooeds

_exiats beiore and sfter emission control and
only the relative concantrations e ta be
aaseased: or (5} where the FID can be -
calibrated against mass standards of the
compounds emitted (salvent emisziony, for
exar=piel, .

Another exar=pie of the nse of x direct FID

is 2% & scceening matkod, If there is sooogh
information xvailable to provida a rough
estimata of tha analyzer acceracy, the FID

* gnalyzer cun be ceed to detmrmine the YOO o - -

coptz=t of an eacharactrrized gas sUeAm.
Witk & mEceut baifer fo sczrunt for
posaibie inaccaracies. tha direet 51D can be ¢
usefui tal to obtain the desired results
withoot costly exarct determination.
Iz sitwstions where a qualitatdve/

quasttative anajywis of an efiueat soram (s

" desired or required. & gas chromatographic
FID evatem may apply. However, for saurces

. emitticy momeous arganics. e tma end
expezan of this approach will ke formidable.

.12 Principle Anm emrisaion aamvie is

_ withdrawn frem the stack af a constiat reta
througit a chifled condanante trap by means
of an gvarzated sample tank. TGNMQ are
datermined by cambining the atalytical

. results obtained from indepeadant analysea:
of tha cundecsata trap acd sample tank
fractons. After sampiing is completed the
grganic conisas of the condensate Tap we
oxidized o carhon diaxide {CO.} which.is
guantitagvely collected in en evacaated
vesset then & portion of the Clhy Is reduced tn
methane {C1L} and measared by o FID. The
organic conteat of the sample Sacton
cailected in the secvplizg tank is measured by
injecting 2 pordex inig 4 gas
chromatograchic {GT) coiura o echieve
saparuticn of the neoethane argaci=y Som
carbon =ezoxide (COL CO, and Ol ke

Bammmath v ey AT pme m e ad s

Naorzisthane Orgeanic Emissiors as Clrbon;_t_;.. - EERE ‘).‘A;V“,—.:_;j_h-;"*{_‘_,;“ o N

72 SR LBl Clirw Lotmtmow gt s 5T
11 Applicability. This mettod appiiasto ... . ,: CIERSTITIRTET

" the measurement of volatila orgamic . - w Tl Tl
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Hg (nominall. When the vessel Is prassusized
ven! the carrien; measurs and record the fnal
iotermediates callection veazel preasurs (P a3
well 13 be baromemic pressere (P}, asbient
temperatare (T,). and collection vessal
volume (V,L :

44 Ansjyrix, Prior to putting the NMO
apaiyzer into routine operatior. an initial
performance test must be conducted, Start
the anaiyzer and perform all the nacessary
functiary in arder to put the analyzer in
proper workicg order, then conduct the
performancs test according to the procedures
established iz section 52, Oucse the - -
pericrmanca test has been succ=asfully
compinted and the £0y sand NMO calibration
reaponse factary destermined, proceed with

- sampis apaiysis as {oliows

441 Daily operatio=s and callbration
checke Prioy to and immediately followtug
the anajysis of each set of samples ar oo a
daily basis {whichever ocoura first) conduct 2
calibrrtion test according to the procedom=s
established in section £U L tha citeria of the

daiiy calibration test cannot be met, repeat”

the NMO aaglyzer periormanes test [section

5.2) befora proceeding. h
442 Axalysis of Recovered Condansate

Sampie Purge the sampie loop with sazpie

and then inject a preifoicary semple in order |

to determine the appropriate FID aftesuation.
Inject tiplicats sarpirs from tha
intermediate collection veasel and record the
values obtained for the condensibie organicy
as COL [(CL)

443 Anaiyxiy of Sarmple Tank. Purg= the
sampie loop with sampie aod Zjecta
preiizzinary sample in order to datermine the
sppropriate FIIJ attezuation for monitoring
the baekflushed non-methans organics. Inject
tiplicate samples from the sampie tamk and
record the valyes obtained for the
ponmethane argasnics (Tl

& Calibration and Operational Cheeks
Maintain a record of performancs of exch

it
£1 Initisl Performance Check of
Condensate Recavery and Conditioning
Apparatus - .
%11 Carier Gas and Avdliary Cxygen
Blank. Set squal fow rze for both tha
carTier as and awdiiary oxygen With the
2 swithicg valves in the bypass position
and tte c3talyst in-line, £1 an evaczated
intesmediate caollection vesael with cartier
g Analyzs the soliecton vessel for COx
the carrier blapk is acseptable if the Oy
- eancentration is less 5an 10 ppmL ’

512 Catajyst Z5cency Chack. Set o the’

cocdensate tap recovery systex so that the
carmier Bow bypeses the tayp inlet aod is
vented to tha atmesphere at the system
_ gutlet Assury that the valves isolating tha
" collaction syytém Bimm the stoospheric vent
" abd vacuum puzp are ciosed and then attach
ap avacuated irtermediate collecSon vessel

™

- ges cyclinder (section 131) to the systex’s

~. condensate trap connecter {probe end. Figure
.. 4). Adjust the system yalving 3o that ke
i ytandard g=a cylinder scis as the carrier gas
7'and adjust the Sow rate to the rate oor=ally |
) »'ysed during trap sampie recovery. Switch off
| 2=y the auxiliary oxygea Bow and tes switck .=
! 3% “fom vent ' collect in order o begin -3
"¢ 37 collacting a zample. Cantizue collectizga -

- sample in a sormal unser ontll the oo -

e ——— —— v

to the system. Coczect the methane stradard ’

tniermediate vessal is filied to a pominal
gauge pressurs af 300 mem Hg Rezmove the
inieenediste veanel from the sysizm aod vent
the cerrier fow to the atacsphers. Switch the
valving to requrs the system to fts conmal
carsier gas and nanmai cpefating condibicns.
Anaivzs the eollection vesse for COu the

- catalyst efSciency is acceptabie if the CO,
cancestration iy witkin =5 percent of tha
expectad valus. - )

813 System Performanca Check
Constuct a Uquid sample injecton unit
similar in Gesiga o the wit shown in Figurs
& lnsert this toit Into the condensate
recovary apd comditinnisg systex o placs af
a condsnsate Tap aad set tha carrier gas and
suxiliary oxyges fow rates o narmal
operating levals Attach an svacuated
intermediate callection vessel to the sysicm
and switch from system vent to coliest With

" the carrier gas routed through the injectics
unit and the cxidatios catalyst, inject a liquid
sacrpla (see. 5131 to 51.3.4) via the tnjection
seprum. Heat ths injection onit with a toren
while monitoring tha exidaton reactos on
the NDIR. Coptisue the purge unt the
renction is complets, Meaxuzra the fnal
collection veasal presyars and then acalyze
tha vessel to determiva the CO,
concenmation For =ach injection, calculate
the percant recovery csing tbe equation in
secdon 8.4,

The periormance test is acceptable if the
average percent recovery is 100 = 10 percant
with a relative standard deviation {aecion
B7) of lcas than § percant far e=ch set of
triplicate injectiors az bllows *

5111 . 100 ul Bexage.

$132 10 ul hexane

5133 100 ud toiuene

5134 10wl toluene

&2 Initial NMO Apalyzer

. Test . ' .

521 ° Oxidatioh Cataiyst ESciency Check,
Turn off or bypass tha NMO anabyz=r -
reduction catalyst. Make triplicate injechions -
of tha high level methane standard {secion
311). The oxddation catalyst operation is
acceptable if oo FID respense is soted

572 Analyzzr Limearity Check and NMO
Calibratian Cperatizg both the axidation and
reduction cataivsty, sonduct a Lnearity cheek
of the anaiyzer using the propane standards

. spacified in secton 23 m2ka ciplicate
injecdons of each czlitration gas and tten
calcalate the sverage reapocsa factor{area/ -
pum O] for each gax. as well 23 Se overall ’
mran of t5e response factor values The . .
ingtmrmant lineasity is aczaptzble if the
averags responsa factor of each cailbrtion

_ gns is witkin =5 perzest of the oversli Sesn .
vains and if the relative stundsed devistion
(section 8.7] for =ack set of ipijfcals
igjections is less than =5 perzent Record the
gverall mean of the propane respocase factar T
vajues as the NMO calibration respomse * -
Inctor (R wuod Sl T %
.%.833 - Reduction Catalvst ESiciency Check
and COy Calibration. An exact deterzization -

- af the reducsan catalyst edMcency is ot . .

Pt:fcn::;wz

- Ay . [

_respocsa factar is within =10 peroact of the

" calibration and caleulages of NMO

=" '8% Imtermediate Collection Veasel The ;i

{area/ppm) for each calibration gas. s well
as thy overnll mean of the response factor
valuss The redocton catalyst operston i
sccrptabla f the average responas (aetar of
each callbration gas is within = 5 percent of
tha overall mean value and if the reiative
srandard deviation (section &7) for each sat
of triplicata injsctions is jeat than =3
percent. Additianally, the CCy gverall mean
retponae factor muat be within = 10 parceat
of the NMO calibratios responss factor
(RFnug) calculated in secdon 522 Record the
overall mean of the response faciar vaiues as
the CO), caliosstion respanse factar (RE e}
2.4 NMO Syrems Blank Forthe high
level CO, calibration gas {section 2.2.3)
record tha NMO vainzs messared dusing the
CO, calibration condocted in secton S22
This valus is tha NMO black value for the
anaiyzet (B) and sheuld be iess thxs 10 pp
135 System Performaccs Cheek Cherk
the cgiumn separation and overall
perfarmance of the analyzer by making
tiplicate injections of the calibration geaes
listed in secton 134 The apaiyzer
periormance is acceptable if the measured
NMQ value for each gas {averzgs of Siplicate

-

. iojectons} is witkin =12 pereent of ths

expectad valua .

53 NMO Asalyzer Daily Calibratioa,

531 NMQ Biank and COh. Inject
tiplicate sampies of the high level CO.
calihration grs (section 133 and calcnlate
the averags responae facior. The system
gperation is adequata if the caieuiated
responss facior is within =10 perzent of the

" . RF e calzilated dusing the inittal

perinrmancs test faccton 5.27) Use the daily
resconse factor (DRF .} for apalyz= .
calibrxtion sod the calcnlation of measured
COy concentratices in the collecton veasel
sampies. In addition, recomd the NMO biank
valug (B2 this value should be l=ss an 10
FPE- -
U532 NMD Calibration Inject Siplizate
samples of the mixed propane caiibration ~
cylinder {section 3.3.4.2) and salcziats the
averzge NMO response factor. The system
operation i adequate if the calcalated

—

RFwuo calcuiated durieg the inital
performance test [section 521} Use e daily
respocse factar (DRF o) far znalyzer

T

concentrations in the sa=ple lanks

54 Sa—ple Tank The voiuze of the g3
sampling tanks used must be determinsd,
Prior to put=ng each tank iz servics, _
datermire tha task valume by weigting the
tanks epty and then Blled with daionized
distilled water weigh to the cearest 5 3= and
record the resuits, Altermgtively, meemue te ©
volume of watzr caed to A1 the tanks o the
‘nearest Sml : o

- .

_voluoe of %= intermsediate collacton vessels
taed to eollect €Oy during the znalysis of the 74
condensate traps must be detarmized Poor
‘to purting sach vesas! into service detarine

5

" the volume by weighing the vessel empiy aod |

required. Insi=ad, proper cztalys: cperatiolis “ihen Flied with deionizad distilled wates

indirestly checked and contizoousiy -

. momitored by estabiishing 8 COy respocse ., .-

! Iactor and com=perisg it to the NMO respacse
facior, Chersting bath t=e oxidadcd and <

EeTage IEsponse facwor -

Twater ased to Al the tanks 13 the'searest § -,
i Y R

“Teduction catalysts =ake picatemjecions e Wl
+ of each of the CO, calibration gases'{sestion e
o a3 Cajeciare aLhz av

* weigh to the nearest § g and record the R
{resuits, Altarnativeiy, measure the velime of

o

-
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eSS aer s e Fetl - T e - E-.'.-'..,. T
31343, Tohioos Gu.-..:ix‘:::su;\:'_ud
costaimizs (pomingl] 20 ppo tobume tn afr.
L 3344 Methanol Cag mixture standard
contaizing (eamioal] 100 ppx muthanal in atr,

L e e DR S e I T
valve s e the Boal sam;le Heezod L Hmtastepln acalysis ia th purge tha R
vE=m= resdings Note U the sacpling ™ esedacsale Tap of 23y COuwhick 2y’ -l
fad ta be siopped before abtaining tha ceentain and 1o simpitazegusly pressosize tha o
minim==y 1az=plicg toe (spacSad in the _ sarpie tack, This iqa:mupﬁ.shed as lollowe _
appiicabia subpart] becyuse 2 ‘constant dow Obtain bath the sazzple tank and condensats

-, LPmcmwe i,f_'_’ . f‘:f""'"'_"““. =L T e could pot be maintrined, as trap from the test rza to be anaiyzed. Set up )
4 el o FETEE FmTIRELe foilzree Aftrr remaving the probe ko= ths - the ccodexsats rEoovery and coodifioning © 3
4311 Sacple Teck Evecstion ard Lesk slack. rmmave the nsed sampie tank Smo tha . spparntus ig tBat the carrier Aow bypasses et

Chrok. Eittes in the labaratary or in tha feid,
avaciata the sampis tank !5 10 == EHg N
shaclzte pressrs or less {measured by 8
metnry U-tade mancmetsr) thes leak check
the sazple tank by {sclating the tank fram

sarsiicg ain (withoet dscongectizg other _ the condemsate Tap hook-up terminats -~

particos of the sampling train] and conceed . bypauu:tamdd.numauiyﬂ.mdh-"‘ -
anotber sample tank to the sa=pling trais. vemted to the amcspoere. Naxt, attack tha -
Pricr o attaching the tew tank to tha : mﬁmﬂumpm&ammmmdpmk i
sampling traia, asscs that the tank vacoc3 B mmmd:-yim.,&smth;uh-vdvu an

the racemm pu=y axd alawing the teak o dt [measured co-site by tis Usnbe wanomater]  lsolating tha ecllection vessel coazection
for 10 migtas. The taxk W ac=astable £ 20 has been recorded on the data form and tat from the stimospheric veat and the vacszzm

the tark has been leak-caecksd (on-sitel. )
ARz ha paw tank is attached to tBe sample
train. proczed with the sampilsg uotl the

arm closad aud then attach the sacple
ank ‘o the systact sx { it wers the 7 .
imirrmrdiats collection vessel Racand the

-z'anhtr.n'xn::n:hmud. e
R & .4 S-n?iaﬁninwc:bi}:_bm:primm
-mnahiy.m&ngﬂwmuile_

Asmgtb:tthnﬁawmnb-oﬂrﬂnhtnm
dnndpnsiﬁm.mmhh!.hnuz;ﬂ::g

~— ftyt:u;hawninl-'::ml.lmmmath- -

oradenants trap body i jce to within 2%
urscnn{ttn?ointwhnuthnhhtmbeiom
the rag body,

A1L Poeweat Lesk Check A pretestleak
d.edh.-eqmd-‘hﬁez."zmpﬁzgmnh
asar=hlad, tecord the tank yacms2 a8
indicated by the vacoam3 gaogs Waila

. mimimeem period of 10 mizutes and recheck

the dicated vaco==. If the vacawzs bas pot
charged. tBe pexion of the sarplizg Saia
behiznd tha 1mt-ad vaive does ot leak and Is
eongiderad acceutable, T check the font
partion of tha sampling Tain. assura thxt the
probe &gisﬁg.hdyplugedmdthmcpmm
sarspie train Dow shut-off valve Aflow the
sar=ple frain bo it for 8 mink=om serod of 10
mizates. The lesk check is aczeptable oo
visibis ckange n the lank yacomm grags
ocr=rt. Reeord the gretest lazk rats {(c=/Hg
per 10 mipntes). At the cotnpledon of the leak

check period, close the sampis Oow shut-off |
ralve. .

I 414 Sample Trrin Cpemation. PMace tha
pr:bcium&zm:kmﬁ:hliﬁzmbeh

- perpemdic:iay tn the direcdon of stack ges -

flow: lacats the grobe tip 2l 2 singls

srezelectad point K a probe excezsiom which.

will oot ba snaiyzed as gart of he -
candersats trap is being used assT= that at
least & 15 section of the srobe whics will
quzlmdw‘ith:hempi:h;rb.gstant
effluzat. For stacks havizg a negative scts
<se—p. tsware that the samyle part s
sufceatly sealed iy prevent mx in-jenkage
mu:dmamha.Check'.b.edﬂica‘xevelmd

2¢d ice if arersyary. Racord the cock Ume

mdsar:.:_:le!znk;augtncm::.?.’obegin
sampiieg, oen e Jaw amt-af yaive and |
adtust (f appiicabis) thae eonrral vaive of e
fJow sywtema vaed {x the sample Taim
maintain 8 constant dow rate (=20 perceat)
. througnout the duratica of b sazzling
period. Record the gaugs vecomm and -
fiowmater settizg {if agpifcabie} at S-qinnta
imievals. Select 2 towl sarspis S=me greater
thar o= eoai to the i samping Gme
specfed in the applicahle subpart of the
requiations eud the sampling wazs this tma
period i rescled or whed & conytant Jow
mte can po locger ba maintzined dna to
reduced sasmpie tank VECIUSL When the
sacpiing is capietsd close the fow ahnt-off

-

Is maadatory at the concinsion of each test

mm. ARer sarapling is completed, rezove the

frobe fromm the stack apd piag the probe tp.
Open thrsamgle tain Sow ebmt-off valve
and momitor the sample tack vacrms guuge
for & pericd of 10 micutes. Tha leak check in
mbinﬁmﬂsiﬂedﬂsﬂhﬁu tank
yacur gauge cemwa Recard tha post test
lezk rmte (3 Hg per 10 mipuirs). U the
sampling t=in does TGt pass the post ln_k

. ek, iovaiidats the fio ar 3se & procequrs
acczptahle tn tha Admicistrator 0 adjusl the

data,

42 Sampie Recovery. After the post test
lenk check ia ecmpieted, disconnect the
condensate rap at the dow metering yystem

. and tightly seal both mds of the coadmavate
mv.lcee;thnnpptdmdiu&ryiumdithz

azmpies are rehosed o the iaboraiary for
anziysis, Reagve the dow meterinyg systzmt
from e sumole ak, Attach the U-tabe
mangmetes o the tack (ke=xy length of

cu::ecﬁ:gﬁnuw-mini:nmlmdmcrdth-

Eoal tank yace== (P} record the tank
teraperatrrs {T,) and bargmetric pressurs at

ﬁ:ﬁznﬁmﬁ&nmmemm&

tark Asrore (bat tha tewt res oumber i
propedy identified on the coademsate T30
and the sxmpie tankisl d

43 Condensate Recovery and
Conditioring, Pregars the condensate
reeovery and conditinning apparncis by
settzy the carrier gus daw rate and hestizg
tha cataiyst tn its operscng tecTperafloe

Pricr o izittal usa of e candesate recavery

and esndifoning spparamas, 8 systan
pericr=tanc teXt mIust be ccmcucted
aceording to the s estabilshed m -
secdon 51 of this method. Afller successiad

mragieticn of ths inittai performarce test. ke
. syste=2 is routinely _u.sed for sampis

capditicning acemrdiag ta ta fatlawing
Frocednres R
431 Syatem Slank and Catalyst

“Eficeney Check. Prior o end immadiately

following tha conditouing of ench set af

sarple Tap=. or oo a daily basis (whichewver,
acos Grat) cogduct the carmier gas black test

apd catalyst eciensy test as specfied in

sections 11 and 512 of this mediod, Record

the carier gas initiai xnd Bnal blank vaiues,
B, a0d B respecdveiy. If the criteria of the
testy carnot be met, maks the zecassary
repairs ta the tystem before proceeding
413 Coodensate Trap Carben Dioxida
Purze and Sampie Tank Pressurizadan Toa

= mer—ry - inbe Sancmatez, Record this recived minizrom sacrplicg tme hasbewa  tank ymemmm o the labarntary data form.
vace== (P.] tha ambient tempern=re (Tul . . Aswore that the NOIR apalyzer indicates a
and the haremetsic presnas (Pa) st Sis Gse. (1S Post Test Leak Check & leak check e outyat level and then ywitch tha carsier

florw thromgh the condensats Fam
trmrmediately switek he carvier flow fum veat
to cailect, Tha conds=csatls TRY tecavery and
co=inaning apparatus shoaid now be sat up
an mcicated In Figure & Manitor the NDIR:
wiien CO, 18 oo longer being passed through
:haty:te:.:wihithnur:‘iuﬂawmthxtn
onca again bypasses the comdensats gap.
Camtimue in this maoner ot the g2a sampis
tazk is presmurized o v pominal garge
JrEIsTY of 800 cxm Kz Al this time, isclate
the tank vent the carmier dow, and record G

_ss=pie tank pressure {Py). baromeTic

preasere (Ful, and ambient temperamre (Tl
Renove the sampis ok bom the syste
113 Recgvery of Condensata Trap
Sample, Oxidation aad callection of the
sampid in the condessate A is oow teady
to begin From the stap just completed I
seeaon 4312 shove the yystem shouid be
szt up 20 that the carrjer flow bypasses the
condrasats e bypases the oxidaticn
eatalyst and is vented to the atmospher=
Attach so evacasted igtermediate eslection
yassai o the system and then ywitch the
car—ier yo that it Sows through the axidation
catatyst. Switch the carTier fax veat 1o

. enlect and gpen the vaive to the coillectan

yessel: remove the dry ice Bom the trap and
then switch the carzies Jow through the Tap,

" The system shonld 20w be set o to operata

a3 ndicated iz Figrre 4 During axidades af
b smadengate tap wmple. Mopitor the
NDIR to deterina when ail the sample bax
been recoved and axidized (indicated by
retra 1o baseline of NDIR snalyzer outputl
Segin hesting B condensate tap snd probe
with a“pregans torck The 39 shauld be
Lrated to & lecpersturs at which the Tap
gigws a “duil red™ {appraxcizataiy 5007
Durizg the early part of the Tao “jura cut.”
sciiuat the carder and aoxiliary axyges Jow °
ratss s that an excess of axyges is being fed
o the catalyst rystem. Cradually iocresse the
Sow af carriar gas trough be Tap Aftes the
NDIR indicatzs that moat of the arganic
marer 23 been purged, placz k2 ranin a

o Tle Aurzasca {500°Ch Continue to heat tha
prote with a lorcd or soze other srocedure
(.. slacTical resistance heater). Continas
thix arocedurs for at least § @inutes afler the
NOMR Sas refurned io Daseline. Ramove tha
hpat fe the frap but contizus the carrier
flgw undl the intermedlate collection vessel
iy pressurized ta 4 gauge pressurs of 300 m=
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Where i Msthod 5 . )
3 ’ :
) _.,-‘:vl;.umsd prx% blank vaiue for NMO Addendum L Sysiem Componants - . - ’ -
} 8 = hewsied CO, o ™= o i —— In tast Method = several imporiant yysies - .
s wriases et D componeats gt oot specibed: instead : . o ’ '
= total gnsecus nonissthans orgagic | inrmurn perinrmuncs specificadors are T . '
el rmMO)mmmdmg}maﬂmz. prm‘idcd.‘r‘cc mnthndbwri:tznin!.‘:il " ’ *
e pym G aquivaient \ manner to permil individus} preiarence in
g, mCalculated condensible argaois choosing componeni, 33 well as to . - —
{copdansats Trp) ceossntation oftha . escournge development and ne of improved - : . ‘
efluest. ppm C equivaiest . components. This addendum iy added to the - - *
Con=Measared concenmation [KMD - method in arder to provids caes with sozoe . .o e v
anaiyzet) for tnc‘c::nré.annu oBp speciEs information regmruing componeals : o ‘
%‘mmam coilecan vessell, PP which have bee3 fonnd satiaisctory for use
. with thlmlhod-ﬁlﬁsmhgivznonlyfut e
C.-Czlcleatzd_nunmndmsfble prgamic . tha puspose of providing information xod N
concencration (sample tank) of the does not constimts en endorsement of aay - - T
effuent, ppm C equivalest ) product by the Prvironmental Protection - L - nL
C._ mMeasured concaamation (NMO Yy Lae =0 ey b - . o g
anaiyzer) for the szmple wak, orm NMG. - Agency. This list is ot meant 10 ipiy toat ] ' . _
Lo Voiume of ligaid injected, micolitera other components aot listad are oot i . - . )
"= Moiscilar weight of the liquid injected. scorptable. - A T S :
g/g-mois - . L Condensate Recovery aod Condifioning - :
M, =total gasezma pog-methane Orgamis . System Oxidation Catalyst %~ ODX14” -
(TGNMO) mass conczosaton of the tnconsl tubing packsd with inches of
eifiuent, g C/csc= Lopcalits® oxidizng catalyst and operated &t . . 7 _ -
%o . NaCarbon cumber af the Yquid eompenad 800°C i a tube furnsce. Note At this - . - . -
injected (N=7 for toluese, Na=8 for \ermpersture., this catalyst must be purged ’ .
-hexans} - . with carrier gas at all tizres 10 prevent ST -
?,-Fm.\i preasure of the intefmediane catziyst damage. - . .
collection vessel mm Hg nosolute. 2 NMO Acalyzer Oncdadon Catalyst %~ . - -
! P =GCas sg::x;;le tank presynse prior w onxi1e” inconel tubing packed witk 8 inches - . " :
saropling. mmm Hg shsolute. of hopealite axidizing catalyst and aperated - -

‘ p =Gas sa_mpla tank presaue ahar_ sampling. 42 500°C in & mbe furnace. {See ootz above.)
H but prior to pressesizag, =3 Hy 1 NMO Analyzer Reductiosn Catalyst

! apsolute. . . .- R .
: P, =rizal gas sample tazk pressure after: Reductan Caaly's‘t Moduig Byroa : IR . .
- ! i lostomenta. Raleigh NG - -
pressusizing. oo He absoluln ; " . . .
T,=Final Lemperahee of iatermediate . _4Cas Cﬁ.rommgr!pl‘uc Separabca - R - -
collection yessel. 'K . Column. 14 inch OD staizless stee‘i_pack:d . L.
T, Sample tank temperature prics 19 . wilh 3 Inat of 10 percent methyl silicase, Sp° . .
sacpiizg. K . v . zmfar equivaient} e Supeicopert [of - B
T, = Sampie tank 1emperanUY at compistion " equivaleath 80/100 mesh. followed by 1.5 fest . - T . .
. of samplizg, 'K Parapak Q lor wquivalent] &0/s0 meak The - .o .
T,=Sample taak lzmperstore after -~ intet side is to the silicooe. Caondition the o - :
pressusizing X o columm for 24 hours at 20G°C with 20 cof i - ‘ -0 ’
V r Sacopls tank voluze, 2. Ny pumie . .o - k :
V, mIniermediaty collection vessel valume, Drasing analysis for the sopmethane .- -
o . - _ orgacics the separation exluzn is operated aa - - . : .
V,=Gas voluze sampled dscn _ ftoilows Sirst, operats the cainms at -r3'Cc - - o T
ze=Nuzber of data poidt- * | |dry ice batt] o elute CO god Cia. After the R o
-q_T_ora] suzber of §ualr.u injectons of CHL, pesak operal? the eoivmn 2t 0°C e elute ) L o s T
intermediate colieczoa vessei doring CO,. When the CCyis compiersty alued . . : -
} apalysis (whers kmigjecSon cumDes, T  gwitch the carcier Sow 10 wackfush the - : -
- :q}" s e v o ’ eohuzm end sizmaltaseowly raise the coluon a
= Tolal aumaer ::f asalyzer injec=oas of tersperanoe to 100°C ia order 10 elute all
sasiple ok curnd imalysis (whare . pomeethace oryanics {exac Umings for .
j= jecuoa ?“'-“*"‘-"-" s columa operation are deterwined Gom the : T N
x, = Individual measurseats. o : : .

+ calibratios sian

nit X:=Mean value . : S ", . . - C
. pmDensity of Lquid mjected glem. . T . Nota-=The dry ice opera==3 copdition - . - T 7
. PR " may be daisted if separation of C and Ca - : . . . -

) Z.Hi{:iwgmpﬁy‘ At . . 13 unimportznt” t. o . - S .o
- 74 Salo. Albert I Samusl Wits, and = Nota~—Etbans and ethylene may or Bay - . -7 ] -
- Robert D. MacPhes, Determi Hop of Solvent  potbe messured using this cola=os woather <. . & ST . ) -

* Vapar Copcentratiozs by Total Combustion - - ot 3ot ethaoe ang sthylens ase quastified will o S L .

J Analysis A Comparisca of Infared with -« dgpend qa the D, conesntzation in thegas . - . R Tl e e

_ -Fiame lonizagoe Delecms- Paper No. 73332 sz=ple. When Righ laveis of GOy are preseat, T Ve, iDL

© (Presemied at the 58tk Angual Meet=g of he ©  etsane and sthyieas will slnte ynder thetail  * - R ST e

Mk Pollutica Contgal Assocdation. Beaton. " of the CO4 peake S ’ oL e :

-_;M.LI::::!.S—ZLl TS M - - T
12 “Salo. Albert £, Willizz L. Oaks. and
% Robert L Maches Meapering the Organi€ |
77 "% Casbop Canpext of Sodee Exissicns for Ale
Fallutien Cant=l Pap=t No. Te-190 =i &
“{Preseoted at the s718 Awmual Meating of sbe
- Air Pollution Contral Association. Dagves
{ ¢ June -1 ) sp Lt
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CARRIER GAS ) )
CALIBRATION STANDARDS . ;
, .
‘ )
. SAMPLE .o i
SAMPLE TANK cmee——smed  INJECTION ) R
LOgP - . . .
o - INTEAMEDIATE o R A
COLLECTION : _ - .
VESSEL ~ . -
{CONDITIONED TRAP SAMPLE) o=t - - *
| R
. - - | SEPARATION . . .
: COLUMN _ . . ,
\ - . N
- - BACKFLUSH -~ . =~~~ . i
- . - . NOR-METHANE R
- - €O, CHe. £02 | orGaNICS - -
_ S \ OXIDATION / _ - , -
.. CATALYST . '
REDUCTION |~ . .
) . AL vST an.aassn _
- c ! . ’
o . . T Frame e
: ~ . . {wsnzanas | —_CIMBUSTION -~
S . - | DETECTOR . AR - Ly T,
R ' DATA - ) )
: R RECIRDEA . .
Figure 2. Simplified schematic of non-methane organic (NMO) analyzer.® ~ = -~
) . -...\ A X - - - ) R N . .
. ) - .- -: - . ._.._“';-.'.-. - -
o, " ‘- e ) B

by e e e——
¥

)
r
H
>~
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. T L e (e SRS
- - .' - .ot hideind . ST j“ e "”"""'*—V---m—-,'—-xr a !
; ’ - e e _vacuth o L
- - e L T GAUGE S e Mo T
PROBE S T paw T SR st
EXTENSION - T RATE ¥ LT
{IF REQUIRED) | CONTROLLER R
—0— = . ok 34
= - e i
STACK VALVE - .
= - > - . h--_—- - - ‘
1 . . i 1 .
- P l 1 _ . .
. . loRYICE { - .
- - ! agea ' )
1 - -|‘
] -1 -
- . IS,
COMOENSATE  EVACUATED
TRAP "SAMPLE
i - ) . TANK
. Figure 1. Sampiing apparatus. ' .
) T . -
. . . . A ]
N N ’
‘ . -
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L

CONTROL G

FLOW

FLOW . '. ’

VALVES

. PURIFIER

FURIF

iER
[ ]
CARRIER
"5 percend
Oz/N2

METERs\_':}’

" TRAP -
BYPASS

SWITCHING

COHNECTURSCI:

PROBE
\-Eno

§

7\ HEAT

SAMPLE
CONOENSATE
TRAP

L g

Perqrem=a=="1"

-

HEAT
A
TRACE  1oataLyst
BYPASS
VENT
- hY
N
AWAY N\
VALVES
oo
| GXICATION
H CATALYST
1 HEATED
L. CHAMBER

I
{
]
[
I

VACUUM™ -

o REGUULATING
. VALVE

quicx
A CONNELT i)

bt v MESCURY -
PUMP T mangmeTEA COLLECTION
’ SR © . T VESSEL -
[ . P ..
ne: -7 - 3

- .

- ,‘4- +

Figure 4.

NTERMEDIATE -

/r\ i NOIR N )
 ANALYZER* |

* FOAMONITORING PROGRESS

OF COMBUSTIGN ONLY

Condensat» rerovew and cond:txonmg appara‘cus

i "TIA z
o B

—J--.— -.-...n- ?- Lo
» Xz

fiz0
. TRAP

**FOR EVACUATING COLLECTION . =
VESSELS AND SAMPLE TANKS _
toFTIoNALL -

= imasemEran e o
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FROM . 7
i CARRIER =2 -
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. APPRQX
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=
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IRJECTION
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N -
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ELEOW
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\
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—— - r———

o .o PRCSE, Imm (12 ia) 3.0,
ST :m.='r'rusz B (2 in] 0.~ = \m——--———-—#« e

201

W/ S
NECTOR - :
T - -
. - - -
\ T . - .,
) CRIMPED ANO WELDED GASTIGHT SEAL .
. . . . . T -
. BRI \ganAEL 19mm (% i} .0, X 140mm (5% in] r.na::
.. : g 1.5w- {3716 in) WALL - -
e s . . ,.
- 3 N - - -
} / e ARHEL PACKING. 318 55 WDOL FACKED TIGHTLY .
- ] ¥ A AT BOTTOM, LOOSELY AT TOP :
I . ~
_,r -
e i - - -
NQ. 48 HOLE - ' o
- {THAY 8aTHA WALLS] =
R by
HEAT SINK (NUT, PRESS-FIT TO 3ARREL) - i
: WELDED JQINTS ;
: . . . L ’ L. ;
3 ..« MATERIAL: TYPE 156 STAINLESS STEEL . - . - "
- Fiqure S. Condensate rap2.
-

e e



65372 Fedaral Register / Vol. 45 No. 194 / Friday, October 1, 1980 / Rules and Regulations

- - . L .

. - - - FLOW °. :
. : . : TRAP- . ;
= / ME.TERS\ . BYPASS
L L FLOW . .- : |- :
H. NT
| I /53“-3?; N l . SNITCHING S
. .~ VALVES .
- . s 1 - . j ) )
{OPEN) (QPEN} - 7 "< | _CONNECTODRS
T - - PURIFIER | : / . : . |CATALYST
) : : _ L o . 3YPASS
: ;&— PURIFIER ’ e Qﬁggg - - VENT
- . (CLOSED) - - A END 7
‘ ’ - N\ 4WAY
I W, ) VALVES S
_ ) . ’ e it it e —
ki, -. CARRIER ™ - P : SAMPLE ! t —;
) R CONQENSATE! | OXIOATION _
o i | TRAP { 1 CATALYST { ,
; ) i ' eviee | | HEATED i
. . R | __CHAMBER |
) ) ) VENT . .
.- . : /I\ NDIR -
. ANALYZER®
Lo T e REGULATING M e FOR MONITOGRING PROGRESS
: . VALVE : OF CCMBUSTION ONLY
- loPENY - : -7
~ aoicx . : . '
. F.I?NHEET - - H20
|CLOSED) ) TRAF . - ’
. I ' . - .
) A " - . ~*FQR EVACUATING COLLECTION
-7 VACUUM®® . - ‘ - T VESSELS AND SAMPLE TANKS L
pump - - MEACURY INTERMEDIATE " - . {0FTIGNALL -
MANOMETER - COLLECTION ... . .- :
AR C - - VESSEL ' o -
- vt e e o - ' . L -
-Figure & Condensats recovery and conditioning apparstus, carbon dioxide purge.
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: " yOLATILE GRGARIC CARZON. 7707 - : E e
r_ - — - o
, 2uh
FACILITY. ampLE LOCATION = —4 -
“1ocATION "'  QPERATOA. T el
UATE = — AUS NUMBER — .
_ TANX NUMBER : _TRAP RUMBER SAMPLE 1D NUMEER s
- - — B
i _ . - - . ~* | BAROMETHIC AMBIENT . “
: : _— - 0 TANK VACBUM, <. - PRESSURE, TEMPERATURE, Mg
. . e Hy - om Hy mrs. Hy - 9t
.+ PRETEST (MANOMETER) (GAUGEL : _ :
-, POST TEST (MANOMETER! IGAUGE - - |
. v . : — - i .
LEAK RATE *"* om Mg [10 mias s . s . T -
. .« .PpRETEST. L
- PAST TEST. - . .
. TIME ~ GAUGE VACUUM, oo : R - '
CLOCK/SAMPLE .~ om Hy FLOWMETER SETTING - COMMENTS
.\ ) ]
Fiqure 7. Example Fieid Daw Form. .
. T s - L
: - - o i
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_ T . N
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_DEPARTMENT OF ENVIRONMENTAL QUALITY @ -~ =

Source Sampling Method 7

Sampling Condensible Emissiohs From Stationary Sources

Principle and Applicability

1.1 Principle: Particulate matter including condensible gases is
withdrawn isokinetically from a flowing gas stream. The part-
iculate matter is determined gravimetrically after extraction
with organic solvents and evaporation.

1.2 Applicability: This method is zpplicable to stationary scurces

whose primary emissions are condensible gases. It should be

considered a modification of Source Sampling Method 5 and applied

only when directed to do so by the Department.

Sampling Apparatus (Figure 7-1)

2.1 The probe, sampling train, and metering system are the - same '
as outlined in 3. Sampling Apparatus of Source Sampling Method
5 with the following exceptions:
2,1.1 The heated filter and cycleone are optional, but should
_ be used if significant q_ua.ntltles of solid particunlate
- . ‘are present. -
2.1.2 An unheated glass fiber filter is placed between the
A e e _th:.rd and fourth imp:.ngers.

- el TS ——

Samnle Recovery Apparatus - T
3.1 The sample recovery apparatus is 1:1:.4= same as outlined in 4.
Sammle Recovery Apraratus of Source Sampling Methed 5.
Reagents
op TR a2 foeg TeLar L St nl T -
4 l The reagents are_the_same as cutlinad .f.n 5. Reagents of
’m\,,,h ,Source Samnling Hethod S. - .mam nllintthonou
N LR - e Tt | il VOmAT anzs "'.i' N - R Ry
““,,Sampllng Tra:.n Preparation -, N 3 el T‘»: *e TN
{;ﬁs}‘l . The sampl:.ng _.}train _{preparation-:.sﬁthe _,same -as’ outlined in 6

=) ;Samnl:.n_g Train Preparation - of Source - Sarmpling Method S w:.th
,_mn’:::::tthe following exceptionis xlade ¥sdsnsud bro . -
X ""f- FenAnea sy Tl ETec iR pasTheL = et
Insez;t.Enumberedfandhweighed-filters into each of _the

L ey
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. 8.3.4 Rinse all sample exposed glassware between the front

filter (if used) or the first impinger (if the front
filter is not used) and the fourth impinger (including
glass filtex frits) with acetone and place in a suitable
marked container. If the moisture condensate in Section
8.3.3 was determined by use of a graduated container, it
should also be rinsed with acetone and the rinse added to
the impinger rinse container.

8.3.5 Determine the weight‘gain of the silica gel'in the fourth

‘impinger and record. Alternately transfer the silica

gel quantatively to an air tlght container to be welghed
in the laboratory.

8.3.6 Collected samples should be analyzed within one week of

collection in order to prevent any possibility of biological
or chemical degradation.

Analysis

9.1 Desiccate the filter(s) at 70°F or less in the field container

9.2

for 24 hours and welgh .

aNote. In some cases, desiccatlon may g;ve rise to a slow

vaporization of the condensible material. Therefore it

is not recomsmended that an attempt to weigh to constant
weight be made.

Transfer the acetone rinse (Sectlon 8 3 l) into a tared beaker

:. r evaporating dish.’ Rinse the contalner with acetone (police

9.3

. twice more. Repeat the abcve extraction using three 25 ml portlons
.Of diethyl ether .in place of the chloroform.- Transfer the ether’
1(upper layer) to the same container as. used to contaln the chloro-—‘

te remove particulate) and add the rinse to the beaker. Evaporate
the solvent at 70°F or less and laboratory pressure, desiccate
24 hours and weigh . See note in Section 9.1.

Transfer the acetone rinse from the impingers {Section 8.3.4)to
& tared beaker or evaporating dish and treat as in Section 9.2.

Transfer the water (Section 8.3.3) to a separatory funnel. Rinse
the container with distilled water and add to the Separatory funnel.
Add 25 ml of chloroform to the separatory funnel, stopper and .
vigorcusly shake 1 minute, let separate and transfer the chloro-.
form (lower layer) into a tared beaker or evaporating dish. - Repeat:




g, Pratest Préparations and Lead Check. . =<im == . = woo®

6.1

The pretest preparétions and leak check are the same as out-
lined in Sections 7 and 8 of Source Sampling Method 5.

‘f_ Condensible Particulate Train Operations -

7.2

The train operation is the same as outlined in Section 9 of
Source Sampling Methed 5. It is important to note that the

gas temperature leaving the last impinger must not exceed 70°P

as temperatures above this may cause loss of condensible material

by revolatilization.

8. Condensible Particulate Train Cleanup

8.1

8.2

Cleanup should be performed in aﬁ area free of wind and air-
borne dust which may contaminate the sample or cause sample
loss., If possible, the train should be cleaned in a laboratory.

After the probe and nozzle have cooled, remove the end seals
and brush while rinsing with acetone into a suitable marked
container. :

" Notes

Exercise caution so that none of the rinse is lost
and no extraneous material enters the rinse (such
as from the pitot tubes or condensed material from
the outside of the nozzle).

Should it be.necessary to clean the train in the field, use
the following procedure: ) .

8.3.1

g8.3.2

Thoroughly rinse all sample exposed surfaces prior to
the front filter support, with acetone. Remove any
adhering particles with the aid of a rubber peliceman.
Place the rinsings in the probe rinse bottle. If the
front filter is not used, all sample exposed surfaces
prior to the first impinger should be included in this
rinse.

Remove the front (if used) and reaxr filters, place

in a petri dish and seal. Since a heavy loading of
condensible material on the rear filter may leave a
residue in the filter container which would necessitate

removal with solvent, glass petri dishes are preferred,

Measure and record the volume (or weight) increase of.
the first three impingers to the nearest 1 ml (or 1 g)
and transfer their ccntents to a labeled container.
Rinse the impingers and interconnects with distilled
water and add to the container.
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.. 9.5 Transfer the rémaining water from the. sépératoré’fﬁnnel to a
~* - tared beaker or evaporatlng dish and evaporate at 105°C .
Desxccate for 24 hours and welght.

o
ES ﬁ‘

9.6- Evaporate the combined impinger water extracts from Section 9.4
at 70°F or less and laboratory pressure, desiccate for 24 hours
and weigh . See note'in Section 9.l.

9.7 Evaporate portions of the solvents used in a manner similar to
the sample evaporations to determine the solvent blanks.

9.8 Record all laboratory data in the Laboratory Data Reporting
Sheet, Figure 5-9, Source Sampling Methed S.

10. Calculations

10.1’The.calculaﬁions are the same as outlined in 14. Calculations .
of Source Sampling Methed 5. S

il. Minimom Acceptable Test Regquirements

11.1 The minimum acceptable test requirements are the same as outlined
in 15. Minimrm Acceptable Test Requirements of Source Sampling
Methad 5.

12. Minimem Test Report Information

12.1 The test report should contain sufficient information about the
source to accurately define its coperation during the test. Also
sufficient data and calculations shall be included teo document the
source test results.
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Tésk Manager GARY MEALISTER

Verbal Directions Given to S &, 2 AeAckB1Ls

Directive:
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The Vvevised Work lan Should 0ufline in defail The CesC
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Directive:
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: MET#"D DEVELOPMENT

AN D - TEST NG

Project Number goléﬂ-
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Contract Number. éi- 0 =452

Task Manager 4G ARY MEALISTELL

Verbal Directions Given to

Work Assignment Number /
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Directive:
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Contractor Project Manager
PETER  KALIKA
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Date J=~/3 -~ g) : A Tt .
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