METHOD 201 - DETERM NATI ON OF PM, EM SSI ONS
(Exhaust Gas Recycl e Procedure)

1. Applicability and Principle

1.1 Applicability. This nethod applies to the in-stack
neasurenent of particulate matter (PM enissions equal to or less than
an aerodynam ¢ dianeter of nomnally 10 um (PM,) from stationary
sources. The EPA recogni zes that condensi bl e em ssions not collected by
an in-stack nethod are also PM, and that enissions that contribute to
anbi ent PM, | evels are the sum of condensi bl e en ssions and eni ssi ons
neasured by an in-stack PM, nethod, such as this nethod or Method 201A
Therefore, for establishing source contributions to anbient |evels of
PM,, such as for emi ssion inventory purposes, EPA suggests that source
PM, neasurenent include both in-stack PM, and condensi bl e emni ssi ons.
Condensi bl e em ssions nay be neasured by an inpinger analysis in
conbi nati on with this nethod.

1.2 Principle. A gas sanple is isokinetically extracted fromthe
source. An in-stack cyclone is used to separate PM greater than PM,,
and an in-stack glass fiber filter is used to collect the PM,. To
mai ntain isokinetic flowrate conditions at the tip of the probe and a
constant flow rate through the cyclone, a clean, dried portion of the
sanpl e gas at stack tenperature is recycled into the nozzle. The
particulate nmass is determned gravinetrically after renoval of
unconbi ned wat er.

2. Apparatus

NOTE: Method 5 as cited in this nethod refers to the nethod in
40 CFR Part 60, Appendix A

2.1 Sanpling Train. A schematic of the exhaust of the exhaust

gas recycle (EGR) train is shown in Figure 1.
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2.1.1 Nozzle with Recycle Attachnment. Stainless steel (316 or
equivalent) with a sharp tapered | eadi ng edge, and recycle attachnent
wel ded directly on the side of the nozzle (see schematic in Figure 2).
The angl e of the taper shall be on the outside. Use only straight
sanpling nozzles. "Gooseneck" or other nozzle extensions designed to
turn the sanple gas flow 90°, as in Method 5 are not acceptable. Locate
a thernocouple in the recycle attachnent to neasure the tenperature of
the recycle gas as shown in Figure 3. The recycle attachnent shall be
made of stainless steel and shall be connected to the probe and nozzle
with stainless steel fittings. Two nozzle sizes, e.g., 0.125 and 0. 160
in., should be available to allow isokinetic sanpling to be conducted
over a range of flowrates. Calibrate each nozzle as described in
Met hod 5, Section 5. 1.

2.1.2 PM, Sizer. Cyclone, neeting the specifications in
Section 5.7.

2.1.3 Filter Holder. 63-nm stainless steel. An Andersen
filter, part nunber SE274, has been found to be acceptable for the
in-stack filter.

NOTE: Mention of trade nanes or specific products does not constitute
endor senent by the Environnental Protection Agency.

2.1.4 Pitot Tube. Sane as in Method 5, Section 2.1.3. Attach
the pitot to the pitot lines with stainless steel fittings and to the
cyclone in a configuration simlar to that shown in Figure 3. The pitot
lines shall be nmade of heat resistant material and attached to the probe
with stainless steel fittings.

2.1.5 EGR Probe. Stainless steel, 15.9-mm (5/8-in.) 1D tubing
with a probe liner, stainless steel 9.53-mm (3/8-in.) ID stainless steel

recycle tubing, two 6.35-nm (1/4-in.) |ID stainless steel tubing for the
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pitot tube extensions, three thernocouple | eads, and one power |ead, al
contained by stainless steel tubing with a dianeter of approximately 51
mm (2.0 in.). Design considerations should include m ni nrum wei ght
construction materials sufficient for probe structural strength. Wap
the sanple and recycle tubes with a heating tape to heat the sanple and
recycle gases to stack tenperature

2.1.6 Condenser. Sanme as in Method 5, Section 2.1.7.

2.1.7 Unbilical Connector. Flexible tubing with thernocouple and
power |eads of sufficient length to connect probe to neter and fl ow
control consol e.

2.1.8 Vacuum Punp. Leak-tight, oil-less, noncontam nating, with
an absolute filter, "HEPA' type, at the punp exit. A Gast ©Mbdel 0522-
V103 GL8DX punp has been found to be satisfactory.

2.1.9 Meter and Flow Control Console. Systemconsisting of a dry
gas neter and calibrated orifice for neasuring sanple flow rate and
capabl e of neasuring volune to 2 percent, calibrated |aminar flow
el ements (LFE' s) or equivalent for neasuring total and sanple flow
rates, probe heater control, and nanoneters and nmagnehel i ¢ gauges (as
shown in Figures 4 and 5), or equivalent. Tenperatures needed for
cal cul ations include stack, recycle, probe, dry gas neter, filter, and
total flow Flow neasurenents include velocity head ()p), orifice
differential pressure ()H), total flow, recycle flow, and total
back- pressure through the system

2.1.10 Baroneter. Sane as in Method 5, Section 2.1.09.

2.1.11 Rubber Tubing. 6.35-mm (1/4-in.) 1D flexible rubber
t ubi ng.

2.2 Sanpl e Recovery.
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2.2.1 Nozzle, Cyclone, and Filter Holder Brushes. Nylon bristle
brushes properly sized and shaped for cleaning the nozzle, cyclone,
filter holder, and probe or probe liner, with stainless steel wire
shafts and handl es.

2.2.2 Wash Bottles, dass Sanple Storage Containers, Petr
Di shes, Graduated Cylinder and Bal ance, Plastic Storage Containers, and
Funnels. Sane as Method 5, Sections 2.2.2 through 2.2.6, and 2.2.8,
respectively.

2.3 Analysis. Sane as in Method 5, Section 2.3.

3. Reagents

The reagents used in sanpling, sanple recovery, and analysis are
the sane as that specified in Method 5, Sections 3.1, 3.2, and 3. 3,
respectively.

4. Procedure

4.1 Sanpling. The conplexity of this nmethod is such that, in
order to obtain reliable results, testers should be trai ned and
experienced with the test procedures.

4.1.1 Pretest Preparation. Same as in Method 5, Section 4.1.1.

4.1.2 Prelimnary Determ nations. Sane as in Method 5,

Section 4.1.2, except use the directions on nozzle size selection in
this section. Use of the EGR nethod nmay require a mni num sanpling port
dianmeter of 0.2 m(6 in.). Also, the required naxi num nunber of sanple
traverse points at any l|location shall be 12.

4.1.2.1 The cyclone and filter holder nust be in-stack or at
stack tenperature during sanpling. The blockage effects of the EGR
sanpling assenbly will be minimal if the cross-sectional area of the
sanpling assenbly is 3 percent or |less of the cross-sectional area of

the duct and a pitot coefficient of 0.84 may be assigned to the pitot.
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If the cross-sectional area of the assenbly is greater than 3 percent of
the cross-sectional area of the duct, then either determ ne the pitot
coefficient at sanpling conditions or use a standard pitot with a known
coefficient in a configuration with the EGR sanpling assenbly such that
fl ow di sturbances are minim zed.

4.1.2.2 Construct a setup sheet of pressure drops for various
)p's and tenperatures. A conputer is useful for these calculations. An
exanpl e of the output of the EGR setup programis shown in Figure 6, and
directions on its use are in Section 4.1.5.2. Conputer prograns,
witten in | BM BASI C conputer | anguage, to do these types of setup and
reduction cal culations for the EGR procedure, are avail able through the
Nati onal Technical Information Services (NTIS), Accession nunber PB90-
500000, 5285 Port Royal Road, Springfield, Virginia 22161

4.1.2.3 The EGR setup programal lows the tester to select the
nozzl e size based on anticipated average stack conditions and prints a
setup sheet for field use. The ambunt of recycle through the nozzle
shoul d be between 10 and 80 percent. Inputs for the EGR setup program
are stack tenperature (mnimum nmaxi mum and average), stack velocity
(mni mum naxi num and average), atnospheric pressure, stack static
pressure, neter box tenperature, stack noisture, percent O, aND PERCENT CO,
IN THE STACK GAS, PITOT COEFFICIENT (G), ORI FICE )Hg FLOW RATE MEASUREMENT CALI BRATI ON
VALUES [ SLOPE (M) AND Y- I NTERCEPT (B) OF THE CALI BRATI ON CURVE] , AND THE NUMBER OF
NOZZLES AVAI LABLE AND THEI R DI AVETERS.

4.1.2.4 A LESS R GOROUS CALCULATI ON FOR THE SETUP SHEET CAN BE DONE MANUALLY
USI NG THE EQUATI ONS ON THE EXAMPLE WORKSHEETS IN FIGURES 7, 8, AND 9, OR BY A
HEW.ETT- PACKARD HP41 CALCULATOR USI NG THE PROGRAM PROVI DED | N APPENDI X D OF THE EGR

OPERATORS MANUAL, ENTI TLED APPLI CATI ONS GUI DE FOR SOURCE PMo_EXHAUST GAS RECYCLE

SAMPLI NG SYSTEM . THI'S CALCULATI ON USES AN APPROXI MATI ON OF THE TOTAL FLOW RATE AND
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AGREES W THIN 1 PERCENT OF THE EXACT SOLUTI ON FOR PRESSURE DROPS AT STACK TEMPERATURES
FROM 38 TO 260°C (100 TO 500°F) AND STACK MO STURE UP TO 50 PERCENT. ALSO, THE
EXAMPLE WORKSHEETS USE A CONSTANT STACK TEMPERATURE | N THE CALCULATI ONS, | GNORI NG THE
COMPLI CATED TEMPERATURE DEPENDENCE FROM ALL THREE PRESSURE DROP EQUATIONS. ERRORS FOR
THI S AT STACK TEMPERATURES *28°C (+50°F) OF THE TEMPERATURE USED | N THE SETUP
CALCULATI ONS ARE W THIN 5 PERCENT FOR FLOW RATE AND W THIN 5 PERCENT FOR CYCLONE CUT
Sl ZE.

4.1.2.5 THE PRESSURE UPSTREAM OF THE LFE' S IS ASSUMED TO BE CONSTANT AT 0. 6
IN. HG IN THE EGR SETUP CALCULATI ONS.

4.1.2.6 THE SETUP SHEET CONSTRUCTED USI NG THI S PROCEDURE SHALL BE SIM LAR TO
FIGURE 6. | NPUTS NEEDED FOR THE CALCULATI ON ARE THE SAME AS FOR THE SETUP COWPUTER
EXCEPT THAT STACK VELQCI TI ES ARE NOT NEEDED.

4.1.3 PREPARATION OF COLLECTION TRAIN. SAME AS IN METHOD 5, SECTION 4. 1. 3,
EXCEPT USE THE FOLLOA NG DI RECTI ONS TO SET UP THE TRAIN.

4.1.3.1 ASSEMBLE THE EGR SAMPLI NG DEVI CE, AND ATTACH | T TO PROBE AS SHOWN | N
FIGURE 3. | F STACK TEMPERATURES EXCEED 260°C (500°F), THEN ASSEMBLE THE EGR CYCLONE
W THOUT THE O- RING AND REDUCE THE VACUUM REQUI REVENT TO 130 MM HG (5.0 IN. HG) IN THE
LEAK- CHECK PROCEDURE | N SECTION 4. 1. 4. 3. 2.

4.1.3.2 CONNECT THE PROBE DI RECTLY TO THE FI LTER HOLDER AND CONDENSER AS | N
METHOD 5. CONNECT THE CONDENSER AND PROBE TO THE METER AND FLOW CONTROL CONSOLE W TH
THE UMBI LI CAL CONNECTOR.  PLUG IN THE PUMP AND ATTACH PUMP LI NES TO THE METER AND FLOW
CONTROL CONSOLE.

4.1.4 LEAK- CHECK PROCEDURE. THE LEAK- CHECK FOR THE EGR METHOD CONSI STS OF
TWO PARTS. THE SAMPLE- SI DE AND THE RECYCLE- SIDE. THE SAMPLE- Sl DE LEAK- CHECK 1S
REQUI RED AT THE BEG NNI NG OF THE RUN W TH THE CYCLONE ATTACHED, AND AFTER THE RUN W TH
THE CYCLONE REMOVED. THE CYCLONE | S REMOVED BEFORE THE PQOST- TEST LEAK- CHECK TO PREVENT

ANY DI STURBANCE OF THE COLLECTED SAMPLE PRI OR TO ANALYSIS. THE RECYCLE- SI DE LEAK- CHECK

22



TESTS THE LEAK TI GHT | NTEGRI TY OF THE RECYCLE COVPONENTS AND |'S REQUI RED PRI OR TO THE
FI RST TEST RUN AND AFTER EACH SHI PMENT.

4.1.4.1 PRETEST LEAK- CHECK. A PRETEST LEAK- CHECK OF THE ENTI RE SAMPLE- S| DE,
| NCLUDI NG THE CYCLONE AND NOZZLE, |S REQUI RED. USE THE LEAK- CHECK PROCEDURE | N
SECTION 4. 1. 4.3 TO CONDUCT A PRETEST LEAK- CHECK.

4.1.4.2 LEAK- CHECKS DURI NG SAMPLE RUN.  SAME AS IN METHOD 5,
SECTION 4. 1. 4. 1.

4.1.4.3 PosT- TEST LEAK- CHECK. A LEAK- CHECK | S REQUI RED AT THE CONCLUSI ON OF
EACH SAMPLI NG RUN. REMOVE THE CYCLONE BEFORE THE LEAK- CHECK TO PREVENT THE VACUUM
CREATED BY THE COOLI NG OF THE PROBE FROM DI STURBI NG THE COLLECTED SAMPLE AND USE THE
FOLLOW NG PROCEDURE TO CONDUCT A POST- TEST LEAK- CHECK.

4.1.4.3.1 THE SAWPLE- SI DE LEAK- CHECK |'S PERFORVED AS FOLLOWS:  AFTER REMOVI NG
THE CYCLONE, SEAL THE PROBE W TH A LEAK- TI GHT STOPPER. BEFORE STARTI NG PUMP, CLOSE THE
COARSE TOTAL VALVE AND BOTH RECYCLE VALVES, AND OPEN COVPLETELY THE SAMPLE BACK PRESSURE
VALVE AND THE FI NE TOTAL VALVE. AFTER TURNI NG THE PUMP ON, PARTIALLY OPEN THE COARSE
TOTAL VALVE SLOWY TO PREVENT A SURGE | N THE MANOMETER. ADJUST THE VACUUM TO AT LEAST
381 MM HG (15.0 IN. HG WTH THE FINE TOTAL VALVE. | F THE DESI RED VACUUM I S
EXCEEDED, EI THER LEAK- CHECK AT THI S HI GHER VACUUM OR END THE LEAK- CHECK AS SHOWN BELOW
AND START OVER. CAUTI ON: Do NOT DECREASE THE VACUUM W TH ANY OF THE VALVES. TH'S
MAY CAUSE A RUPTURE OF THE FILTER. NOTE: A LOWER VACUUM MAY BE USED, PROVI DED THAT
IT IS NOT EXCEEDED DURI NG THE TEST.

4.1.4.3.2 LEAK RATES IN EXCESS OF 0. 00057 M/ M N (0. 020 FT3/ MN) ARE
UNACCEPTABLE. | F THE LEAK RATE IS TOO HI GH, VO D THE SAMPLI NG RUN.

4.1.4.3.3 TO COWLETE THE LEAK- CHECK, SLOWLY REMOVE THE STOPPER FROM THE
NOZZLE UNTIL THE VACUUM | S NEAR ZERO, THEN | MVEDI ATELY TURN OFF THE PUMP. THI'S
PROCEDURE SEQUENCE PREVENTS A PRESSURE SURGE | N THE MANOMVETER FLUI D AND RUPTURE OF THE

FI LTER.
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4.1.4.3.4 THE RECYCLE- SI DE LEAK- CHECK | S PERFORMED AS FOLLOWS: CLOSE THE
COARSE AND FI NE TOTAL VALVES AND SAMPLE BACK PRESSURE VALVE. PLUG THE SAMPLE | NLET AT
THE METER BOX. TURN ON THE POAER AND THE PUMP, CLOSE THE RECYCLE VALVES, AND OPEN THE
TOTAL FLOW VALVES. ADJUST THE TOTAL FLOW FI NE ADJUST VALVE UNTIL A VACUUM OF 25 | NCHES
OF MERCURY |'S ACHIEVED. | F THE DESI RED VACUUM | S EXCEEDED, EI THER LEAK- CHECK AT THI S
HI GHER VACUUM, OR END THE LEAK- CHECK AND START OVER. M NI MUM ACCEPTABLE LEAK RATES ARE
THE SAME AS FOR THE SAMPLE- SIDE. | F THE LEAK RATE IS TOO HI GH, VO D THE SAMPLI NG RUN.

4.1.5 EGR TRAIN OPERATION. SAME AS IN METHOD 5, SECTION 4. 1.5, EXCEPT OM T
REFERENCES TO NOMOGRAPHS AND RECOMVENDATI ONS ABOUT CHANG NG THE FI LTER ASSEMBLY DURI NG A
RUN.

4.1.5.1 RECORD THE DATA REQUI RED ON A DATA SHEET SUCH AS THE ONE SHOWN I N
FIGURE 10. MAKE PERI ODI C CHECKS OF THE MANOVETER LEVEL AND ZERO TO ENSURE CORRECT )H
AND )P VALUES. AN ACCEPTABLE PROCEDURE FOR CHECKI NG THE ZERO | S TO EQUALI ZE THE PRESSURE
AT BOTH ENDS OF THE MANOMETER BY PULLI NG OFF THE TUBI NG, ALLOW NG THE FLUI D TO
EQUI LI BRATE AND, |F NECESSARY, TO RE-ZERO. IAINTAIN THE PROBE TEMPERATURE TO W THI N
11°C (20°F) OF STACK TEMPERATURE.

4.1.5.2 THE PROCEDURE FOR USI NG THE EXAMPLE EGR SETUP SHEET IS AS FOLLOWS:
OBTAIN A STACK VELOCI TY READI NG FROM THE PI TOT MANOMVETER ( )P), AND FIND TH S VALUE ON
THE ORDI NATE AXIS OF THE SETUP SHEET. FIND THE STACK TEMPERATURE ON THE ABSCl SSA.
WHERE THESE TWO VALUES | NTERSECT ARE THE DI FFERENTI AL PRESSURES NECESSARY TO ACHI EVE
| SOKI NETI CI TY AND 10 9M CUT SI ZE (| NTERPOLATI ON MAY BE NECESSARY) .

4.1.5.3 THE TOP THREE NUMBERS ARE DI FFERENTI AL PRESSURES (IN. H,O), AND THE
BOTTOM NUMBER | 'S THE PERCENT RECYCLE AT THESE FLOW SETTINGS. ADJUST THE TOTAL FLOW RATE
VALVES, COARSE AND FI NE, TO THE SAMPLE VALUE ()H) ON THE SETUP SHEET, AND THE RECYCLE
FLOW RATE VALVES, COARSE AND FINE, TO THE RECYCLE FLOW ON THE SETUP SHEET.

4.1.5.4 FOR STARTUP OF THE EGR SAMPLE TRAIN, THE FOLLOW NG PROCEDURE | S
RECOMMENDED.  PREHEAT THE CYCLONE | N THE STACK FOR 30 M NUTES. CLOSE BOTH THE SAMPLE

AND RECYCLE COARSE VALVES. (OPEN THE FINE TOTAL, FINE RECYCLE, AND SAMPLE BACK PRESSURE
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VALVES HALFWAY. ENSURE THAT THE NOZZLE |'S PROPERLY ALI GNED W TH THE SAMPLE STREAM
AFTER NOTI NG THE )P AND STACK TEMPERATURE, SELECT THE APPROPRI ATE )H AND RECYCLE FROM THE
EGR SETUP SHEET. START THE PUMP AND TI M NG DEVI CE S| MULTANEQUSLY. | MVEDI ATELY OPEN
BOTH THE COARSE TOTAL AND THE COARSE RECYCLE VALVES SLOALY TO OBTAI N THE APPROXI MATE
DESI RED VALUES. ADJUST BOTH THE FINE TOTAL AND THE FI NE RECYCLE VALVES TO ACHI EVE MORE
PRECI SELY THE DESI RED VALUES. | N THE EGR FLOW SYSTEM, ADJUSTMENT OF EI THER VALVE W LL
RESULT I N A CHANGE | N BOTH TOTAL AND RECYCLE FLOW RATES, AND A SLI GHT | TERATI ON BETVEEN
THE TOTAL AND RECYCLE VALVES MAY BE NECESSARY. BECAUSE THE SAMPLE BACK PRESSURE VALVE
CONTROLS THE TOTAL FLOW RATE THROUGH THE SYSTEM, | T MAY BE NECESSARY TO ADJUST THI S
VALVE | N ORDER TO OBTAI N THE CORRECT FLOWRATE. NOTE: | SOKI NETI C SAMPLI NG AND PROPER
OPERATI ON OF THE CYCLONE ARE NOT ACHI EVED UNLESS THE CORRECT )H AND RECYCLE FLOW RATES
ARE MAI NTAI NED.

4.1.5.5 DURING THE TEST RUN, MONI TOR THE PROBE AND FI LTER TEMPERATURES
PERI ODI CALLY, AND MAKE ADJUSTMENTS AS NECESSARY TO MAI NTAI N THE DESI RED TEMPERATURES.
| F THE SAMPLE LOADING IS HIGH, THE FILTER MAY BEG N TO BLIND OR THE CYCLONE NAY CLOG.
THE FILTER OR THE CYCLONE MAY BE REPLACED DURI NG THE SAMPLE RUN. BEFORE CHANG NG THE
FILTER OR CYCLONE, CONDUCT A LEAK- CHECK ( SECTION 4. 1. 4.2). THE TOTAL PARTI CULATE
MASS SHALL BE THE SUM OF ALL CYCLONE AND THE FILTER CATCH DURING THE RUN. MONI TOR STACK
TEMPERATURE AND )P PERI ODI CALLY, AND MAKE THE NECESSARY ADJUSTMENTS | N SAMPLI NG AND
RECYCLE FLOW RATES TO MAI NTAI N | SOKI NETI C SAMPLI NG AND THE PROPER FLOW RATE THROUGH THE
CYCLONE. AT THE END OF THE RUN, TURN OFF THE PUMP, CLOSE THE COARSE TOTAL VALVE, AND
RECORD THE FINAL DRY GAS METER READING. REMOVE THE PROBE FROM THE STACK, AND CONDUCT A
POST- TEST LEAK- CHECK AS OUTLINED IN SECTION 4. 1. 4. 3.

4.1.6 CALCULATION OF PERCENT | SOKI NETI C RATE AND AERODYNAM C CUT SI ZE.
CALCULATE PERCENT | SOKI NETI C RATE AND THE AERODYNAM C CUT SI ZE ( Dso) ( SEE CALCULATI ONS,
SECTI ON 6) TO DETERM NE WHETHER THE TEST WAS VALI D OR ANOTHER TEST RUN SHOULD BE MADE.
| F THERE WAS DI FFI CULTLY | N MAI NTAI NI NG | SOKI NETI C RATES OR A Do OF 10 9M BECAUSE OF

SOURCE CONDI TI ONS, THE ADM NI STRATOR MAY BE CONSULTED FOR POSSI BLE VARI ANCE.
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4.2 SAVPLE RECOVERY. ALLOW THE PROBE TO COOL. WHEN THE PROBE CAN BE SAFELY
HANDLED, W PE OFF ALL EXTERNAL PM ADHERI NG TO THE OUTSI DE OF THE NOZZLE, CYCLONE, AND
NOZZLE ATTACHMENT, AND PLACE A CAP OVER THE NOZZLE TO PREVENT LOSING OR GAINING PM Do
NOT CAP THE NOZZLE TIP TI GATLY WHI LE THE SAMPLI NG TRAIN | S COOLI NG, AS THI S ACTI ON WOULD
CREATE A VACUUM I N THE FILTER HOLDER. DI SCONNECT THE PROBE FROM THE UMBI LI CAL
CONNECTOR, AND TAKE THE PROBE TO THE CLEANUP SI TE. SAMPLE RECOVERY SHOULD BE CONDUCTED
I'N A DRY | NDOOR AREA OR, |F OUTSIDE, |IN AN AREA PROTECTED FROM W ND AND FREE OF DUST.
CAP THE ENDS OF THE | MPI NGERS AND CARRY THEM TO THE CLEANUP SITE. | NSPECT THE
COMPONENTS OF THE TRAIN PRI OR TO AND DURI NG DI SASSEMBLY TO NOTE ANY ABNORMAL CONDI TI ONS.
DI SCONNECT THE PI TOT FROM THE CYCLONE. REMOVE THE CYCLONE FROM THE PROBE. RECOVER THE
SAMPLE AS FOLLOWS:

4.2.1 CONTAINER NUMBER 1 (FILTER). THE RECOVERY SHALL BE THE SAME AS THAT

FOR CONTAI NER NUMBER 1 IN METHOD 5, SECTION 4. 2.

4.2.2 CONTAINER NUMBER 2 ( CYCLONE OR LARGE PM CATCH). THE CYCLONE MUST BE

DI SASSEMBLED AND THE NOZZLE REMOVED | N ORDER TO RECOVER THE LARGE PM CATCH.

QUANTI TATI VELY RECOVER THE PM FROM THE | NTERI OR SURFACES OF THE NOZZLE AND THE CYCLONE,
EXCLUDI NG THE " TURN AROUND" CUP AND THE | NTERI OR SURFACES OF THE EXIT TUBE. THE
RECOVERY SHALL BE THE SAME AS THAT FOR CONTAI NER NUMBER 2 IN METHOD 5, SECTION 4. 2.

4.2.3 CONTAINER NUMBER 3 (PMy,) QUANTI TATI VELY RECOVER THE PM FROM ALL OF

THE SURFACES FROM CYCLONE EXI T TO THE FRONT HALF OF THE | N- STACK FI LTER HOLDER,
I NCLUDI NG THE " TURN AROUND' CUP AND THE | NTERIOR OF THE EXIT TUBE. THE RECOVERY SHALL
BE THE SAME AS THAT FOR CONTAI NER NUMBER 2 IN METHOD 5, SECTION 4. 2.

4.2.4 CONTAINER NUMBER 4 (SILICA GEL). SAME AS THAT FOR CONTAI NER NUMBER 3

IN METHOD 5, SECTION 4. 2.

4.2.5 | MPINGER WATER.  SAME AS IN METHOD 5, SECTION 4.2, UNDER " | MPI NGER

ATER. "
4.3 ANALYSIS. SAME AS IN METHOD 5, SECTION 4.3, EXCEPT HANDLE EGR CONTAI NER

NUVBERS 1 AND 2 LI KE CONTAINER NUMBER 1 IN METHOD 5, EGR CONTAI NER NUMBERS 3, 4, AND
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5 LI KE CONTAI NER NUMBER 3 IN METHOD 5, AND EGR CONTAI NER NUMBER 6 LI KE CONTAI NER
NUMBER 3 IN METHOD 5. USE FIGURE 11 TO RECORD THE WEI GHTS OF PM COLLECTED.

4.4 QUALITY CONTROL PROCEDURES. SAME AS IN METHOD 5, SECTION 4. 4.
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5. CALI BRATI ON

MAI NTAI N AN ACCURATE LABORATORY LOG OF ALL CALI BRATI ONS.

5.1 ProBE NozzLE. SAME AS IN METHOD 5, SECTION 5. 1.

5.2 PiTor TUBE. SAME AS IN METHOD 5, SECTION 5. 2.

5.3 METER AND FLOW CONTROL CONSOLE.

5.3.1 DRy Gas METER.  SAME AS IN METHOD 5, SECTION 5. 3.

5.3.2 LFE Gauces. CALIBRATE THE RECYCLE, TOTAL, AND I NLET TOTAL LFE GAUGES
W TH A MANOMETER. READ AND RECORD FLOW RATES AT 10, 50, AND 90 PERCENT OF FULL SCALE
ON THE TOTAL AND RECYCLE PRESSURE GAUGES. READ AND RECORD FLOW RATES AT 10, 20, AND
30 PERCENT OF FULL SCALE ON THE I NLET TOTAL LFE PRESSURE GAUGE. RECORD THE TOTAL AND
RECYCLE READI NGS TO THE NEAREST 0.3 MM (0.01 IN.). RECORD THE I NLET TOTAL LFE
READI NGS TO THE NEAREST 3 MM (0.1 IN.). MAKE THREE SEPARATE MEASUREMENTS AT EACH
SETTI NG AND CALCULATE THE AVERAGE. THE MAXI MUM DI FFERENCE BETWEEN THE AVERAGE PRESSURE
READI NG AND THE AVERAGE MANOMVETER READI NG SHALL NOT EXCEED 1 MM (0.05 IN.). |F THE
DI FFERENCES EXCEED THE LI M T SPECI FI ED, ADJUST OR REPLACE THE PRESSURE GAUGE. AFTER
EACH FI ELD USE, CHECK THE CALI BRATI ON OF THE PRESSURE GAUGES.

5.3.3 TorAL LFE. SAME AS THE METERI NG SYSTEM IN METHOD 5, SECTION 5. 3.

5.3.4 RECYCLE LFE. SAME AS THE METERI NG SYSTEM I N METHOD 5, SECTION 5. 3,
EXCEPT COWPLETELY CLOSE BOTH THE COARSE AND FI NE RECYCLE VALVES.

5.4 PROBE HEATER. CONNECT THE PROBE TO THE METER AND FLOW CONTROL CONSOLE W TH
THE UVBI LI CAL CONNECTOR. | NSERT A THERMOCOUPLE | NTO THE PROBE SAMPLE LI NE APPROXI MATELY
HALF THE LENGTH OF THE PROBE SAMPLE LINE. CALI BRATE THE PROBE HEATER AT 66°C ( 150°F),
121°C (250°F), AND 177°C (350°F). TURN ON THE POWER, AND SET THE PROBE HEATER TO THE
SPECI FI ED TEMPERATURE.  ALLOW THE HEATER TO EQUI LI BRATE, AND RECORD THE THERMOCOUPLE
TEMPERATURE AND THE METER AND FLOW CONTROL CONSOLE TEMPERATURE TO THE NEAREST 0. 5°C
(1°F). THE TWO TEMPERATURES SHOULD AGREE WTHIN 5. 5°C (10°F). | F THI S AGREEMENT IS

NOT MET, ADJUST OR REPLACE THE PROBE HEATER CONTROLLER.
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5.5 TEMPERATURE GAUGES. CONNECT ALL THERMOCOUPLES, AND LET THE METER AND FLOW
CONTROL CONSOLE EQUI LI BRATE TO AMBI ENT TEMPERATURE. ALL THERMOCOUPLES SHALL AGREE TO
WTH N 1. 1°C (2. 0°F) WTH A STANDARD MERCURY- | N- GLASS THERMOVETER.  REPLACE DEFECTI VE
THERMOCOUPLES.

5.6 BAROVETER. CALI BRATE AGAI NST A STANDARD MERCURY- | N- GLASS BAROMVETER.

5.7 PRrROBE CYCLONE AND NozzLE COMBI NATIONS.  THE PROBE CYCLONE AND NOZZLE
COMBI NATI ONS NEED NOT BE CALI BRATED | F THE CYCLONE MEETS THE DESI GN SPECI FI CATI ONS I N
FIGURE 12 AND THE NOZZLE MEETS THE DESI GN SPECI FI CATI ONS | N APPENDI X B OF THE

APPLI CATI ON GQUI DE FOR THE SOURCE PM_EXHAUST GAS RECYCLE SAMPLI NG SYSTEM,

EPA/ 600/ 3- 88- 058. TH S DOCUMENT MAY BE OBTAI NED FROM ROY HUNTLEY AT (919) 541-
1060. | F THE NOZZLES DO NOT MEET THE DESI GN SPECI FI CATI ONS, THEN TEST THE CYCLONE AND
NOZZLE COMBI NATI ON FOR CONFORM TY W TH THE PERFORMANCE SPECI FI CATIONS (PS' S) IN TABLE
1. THE PURPOSE OF THE PS TESTS I'S TO DETERM NE | F THE CYCLONE' S SHARPNESS OF CUT MEETS
M NI MUM PERFORMANCE CRITERIA. | F THE CYCLONE DOES NOT MEET DESI GN SPECI FI CATI ONS,
THEN, | N ADDI TION TO THE CYCLONE AND NOZZLE COMBI NATI ON CONFORM NG TO THE PS' s,
CALI BRATE THE CYCLONE AND DETERM NE THE RELATI ONSHI P BETWEEN FLOW RATE, GAS VI SCOSI TY,
AND GAS DENSITY. USE THE PROCEDURES IN SECTION 5. 7.5 TO CONDUCT PS TESTS AND THE
PROCEDURES | N SECTION 5. 8 TO CALI BRATE THE CYCLONE. CONDUCT THE PS TESTS IN A W ND
TUNNEL DESCRI BED IN SECTION 5. 7. 1 AND USI NG A PARTI CLE GENERATI ON SYSTEM DESCRI BED | N
SECTION 5. 7. 2. USE FI VE PARTI CLE SI ZES AND THREE W ND VELOCI TI ES AS LI STED I N TABLE
2. PERFORM A M NI MUM OF THREE REPLI CATE MEASUREMENTS OF COLLECTI ON EFFI Cl ENCY FOR EACH
OF THE 15 CONDI TI ONS LI STED, FOR A M NI MUM OF 45 NMEASUREMENTS.

5.7.1 WND TUNNEL. PERFORM CALI BRATI ON AND PS TESTS IN A WND TUNNEL (OR
EQUI VALENT TEST APPARATUS) CAPABLE OF ESTABLI SH NG AND MAI NTAI NI NG THE REQUI RED GAS
STREAM VELOCI TI ES W THIN 10 PERCENT.

5.7.2 PARTICLE GENERATI ON SYSTEM  THE PARTI CLE GENERATI ON SYSTEM SHALL BE
CAPABLE OF PRODUCI NG SOLI D MONODI SPERSED DYE PARTI CLES W TH THE MASS MEDI AN AERODYNAM C

DI AVETERS SPECI FIED IN TABLE 2. THE PARTI CLE S| ZE DI STRI BUTI ON VERI FI CATI ON SHOULD BE
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PERFORVED ON AN | NTEGRATED SAMPLE OBTAI NED DURI NG THE SAMPLI NG PERI OD OF EACH TEST. AN
ACCEPTABLE ALTERNATIVE | S TO VERI FY THE SI ZE DI STRI BUTI ON OF SAMPLES OBTAI NED BEFORE AND
AFTER EACH TEST, W TH BOTH SAMPLES REQUI RED TO MEET THE DI AVMETER AND MONODI SPERSI TY
REQUI REMENTS FOR AN ACCEPTABLE TEST RUN.

5.7.2.1 ESTABLISH THE SI ZE OF THE SOLI D DYE PARTI CLES DELI VERED TO THE TEST
SECTI ON OF THE W ND TUNNEL USI NG THE OPERATI NG PARAMETERS OF THE PARTI CLE GENERATI ON
SYSTEM, AND VERI FY THE SI ZE DURI NG THE TESTS BY M CROSCOPI C EXAM NATI ON OF SAMPLES OF
THE PARTI CLES COLLECTED ON A MEMBRANE FILTER. THE PARTI CLE S| ZE, AS ESTABLI SHED BY THE
OPERATI NG PARAMETERS OF THE GENERATI ON SYSTEM SHALL BE W THI N THE TOLERANCE SPECI FI ED
IN TABLE 2. THE PRECI SI ON OF THE PARTI CLE SI ZE VERI FI CATI ON TECHNI QUE SHALL BE AT
LEAST £0. 5 9M AND THE PARTI CLE S| ZE DETERM NED BY THE VERI FI CATI ON TECHNI QUE SHALL NOT
DI FFER BY MORE THAN 10 PERCENT FROM THAT ESTABLI SHED BY THE OPERATI NG PARAMETERS OF THE
PARTI CLE GENERATI ON SYSTEM

5.7.2.2 CERTIFY THE MONODI SPERSI TY OF THE PARTI CLES FOR EACH TEST El THER BY
M CROSCOPI C | NSPECTI ON OF COLLECTED PARTI CLES ON FI LTERS OR BY OTHER SUI TABLE MONI TORI NG
TECHNI QUES SUCH AS AN OPTI CAL PARTI CLE COUNTER FOLLOWED BY A MULTI CHANNEL PULSE HEI GHT
ANALYZER. | F THE PROPORTI ON OF MULTI PLETS AND SATELLI TES I N AN AEROSOL EXCEEDS 10
PERCENT BY MASS, THE PARTI CLE GENERATI ON SYSTEM | S UNACCEPTABLE FOR PURPOSES OF THI S
TEST. MULTIPLETS ARE PARTI CLES THAT ARE AGGLOVERATED, AND SATELLI TES ARE PARTI CLES
THAT ARE SMALLER THAN THE SPECI FI ED SI ZE RANGE.

5.7.3 SCHEMATI C DRAW NGS.  SCHEMATI C DRAW NGS OF THE W ND TUNNEL AND BLOWER
SYSTEM AND OTHER | NFORMATI ON SHOW NG COVPLETE PROCEDURAL DETAILS OF THE TEST ATMOSPHERE
GENERATI ON, VERI FI CATI ON, AND DELI VERY TECHNI QUES SHALL BE FURNI SHED W TH CALI BRATI ON
DATA TO THE REVI EW NG AGENCY.

5.7.4 FLow RATE MEASUREMENT. DETERM NE THE CYCLONE FLOW RATES W TH A DRY GAS
METER AND A STOPWATCH, OR A CALI BRATED ORI FI CE SYSTEM CAPABLE OF MEASURI NG FLOW RATES TO

W THI N 2 PERCENT.
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5.7.5 PERFORVMANCE SPECI FI CATI ON PROCEDURE.  ESTABLI SH THE TEST PARTI CLE
GENERATOR OPERATI ON AND VERI FY THE PARTI CLE Sl ZE M CROSCOPI CALLY. | F MONODI SPERSI TY IS
TO BE VERI FI ED BY MEASUREMENTS AT THE BEG NNI NG AND THE END OF THE RUN RATHER THAN BY AN
| NTEGRATED SAMPLE, THESE MEASUREMENTS MAY BE MADE AT THI'S TI ME.

5.7.5.1 THE CYCLONE cuUT SIZE (Dsp) 1S DEFINED AS THE AERODYNAM C DI AVETER OF A
PARTI CLE HAVI NG A 50 PERCENT PROBABI LI TY OF PENETRATION. DETERM NE THE REQUI RED
CYCLONE FLOW RATE AT WHICH Dsp 1S 10 9M A SUGGESTED PROCEDURE |'S TO VARY THE CYCLONE
FLOW RATE WHI LE KEEPI NG A CONSTANT PARTI CLE SIZE OF 10 9M  MEASURE THE PM COLLECTED I N
THE CYCLONE (M), EXIT TUBE (M), AND FILTER (M). COMPUTE THE CYCLONE EFFI ClIENCY ( E)
AS FOLLOMS:

M

E. = X 100
(M + M+ M)

5.7.5.2 PERFORM THREE REPLI CATES AND CALCULATE THE AVERAGE CYCLONE EFFI Cl ENCY
AS FOLLOWN

(B + E + B)

EAVG =
3
WHERE E;, E;, AND E; ARE REPLI CATE MEASUREMENTS OF E.
5.7.5.3 CALCULATE THE STANDARD DEVI ATI ON (E) FOR THE REPLI CATE MEASUREMENTS OF
E. AS FOLLOWS:
[ ee(El+E2+E3)2]1/2

| (E]_2 + EZZ + E32) = |
E = | eeeeee 3 |

leee, Il PPel
eeeeee 2 J

I F E EXCEEDS 0. 10, REPEAT THE REPLI CATE RUNS.

5.7.5.4 USING THE CYCLONE FLOW RATE THAT PRODUCES Ds; FOR 10 9M MEASURE THE
OVERALL EFFI Cl ENCY OF THE CYCLONE AND NOZZLE, E,, AT THE PARTI CLE SI ZES AND NOM NAL GAS

VELOCI TIES IN TABLE 2 USING THE FOLLOAN NG PROCEDURE.
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5.7.5.5 SET THE AIR VELOCITY IN THE WND TUNNEL TO ONE OF THE NOM NAL GAS
VELOCI TIES FROM TABLE 2. ESTABLI SH | SOKI NETI C SAMPLI NG CONDI TI ONS AND THE CORRECT FLOW
RATE THROUGH THE SAMPLER ( CYCLONE AND NOZZLE) USI NG RECYCLE CAPACI TY SO THAT THE Dy IS
10 oM  SAMPLE LONG ENOUGH TO OBTAIN 5 PERCENT PRECI SI ON ON THE TOTAL COLLECTED MASS AS
DETERM NED BY THE PRECI SI ON AND THE SENSI TIVI TY OF THE MEASURI NG TECHNI QUE. DETERM NE
SEPARATELY THE NOZZLE CATCH (M), CYCLONE CATCH (M), CYCLONE EXIT TUBE CATCH (M), AND
COLLECTI ON FI LTER CATCH ( M) .

5.7.5.6 CALCULATE THE OVERALL EFFICIENCY (E) AS FOLLOMS:

(M + M)
E, = X 100
(M + M+ M+ M

5.7.5.7 DO THREE REPLI CATES FOR EACH COVBI NATI ON OF GAS VELOCI TI ES AND PARTI CLE
SI ZES IN TABLE 2. CALCULATE E, FOR EACH PARTI CLE S| ZE FOLLOW NG THE PROCEDURES
DESCRI BED | N THI'S SECTI ON FOR DETERM NI NG EFFI Cl ENCY. CALCULATE THE STANDARD DEVI ATI ON
(E) FOR THE REPLI CATE MEASUREMENTS. | F E EXCEEDS 0. 10, REPEAT THE REPLI CATE RUNS.

5.7.6 ORI TERI A FOR ACCEPTANCE. FOR EACH OF THE THREE GAS STREAM VELOCI Tl ES,
PLOT THE AVERAGE E, AS A FUNCTI ON OF PARTICLE SIZE ON FIGURE 13. DRAWA SMOOTH CURVE
FOR EACH VELOCI TY THROUGH ALL PARTI CLE SIZES. THE CURVE SHALL BE W THI N THE BANDED
REGI ON FOR ALL SIZES, AND THE AVERAGE E. FOR A Ds; FOR 10 9M SHALL BE 50 + 0.5
PERCENT.

5.8 CYCLONE CALI BRATI ON PROCEDURE. THE PURPOSE OF THI'S SECTION |'S TO DEVELOP
THE RELATI ONSHI P BETWEEN FLOW RATE, GAS VI SCOSI TY, GAS DENSITY, AND Dyo. THI'S
PROCEDURE ONLY NEEDS TO BE DONE ON THOSE CYCLONES THAT DO NOT MEET THE DESI GN
SPECI FI CATIONS | N FI GURE 12.

5.8.1 CALCULATE CYCLONE FLOW RATE. DETERM NE THE FLOW RATES AND Dso' S FOR
THREE DI FFERENT PARTI CLE SI ZES BETWEEN 5 9M AND 15 9M ONE OF WHI CH SHALL BE 10 9M
ALL SIZES MUST BE WTHIN 0.5 9M FOR EACH SI ZE, USE A DI FFERENT TEMPERATURE W THI N 60°C

(108°F) OF THE TEMPERATURE AT WHI CH THE CYCLONE |'S TO BE USED AND CONDUCT TRI PLI CATE
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RUNS. A SUGGESTED PROCEDURE | S TO KEEP THE PARTI CLE Sl ZE CONSTANT AND VARY THE FLOW

RATE. SOME OF THE VALUES OBTAINED IN THE PS TESTS IN SECTION 5. 7. 5 MAY BE USED.
5.8.1.1 ON LOG LOG GRAPH PAPER, PLOT THE REYNOLDS NUMBER ( RE) ON THE

ABSCI SSA, AND THE SQUARE ROOT OF THE STOKES 50 NUMBER [ ( STKsg) 2] ON THE ORDI NATE FOR

EACH TEMPERATURE. USE THE FOLLOW NG EQUATI ONS:

4 ¢ Qe

DCYC A 9CYC

RE =

eeeee |— 4 QYC ( DSO) 2 e ]l/ 2
( STKSO) 1/2 = \‘ feeee. |eee,
9 A 9 (Do) ?

eeeee

WHERE:

Q.. = CYCLONE FLOW RATE CM/ SEC.

C = GAS DENSITY, & CM.
Doe = DIAMETER OF CYCLONE | NLET, CM
9«c = VISCOSI TY OF GAS THROUGH THE CYCLONE, POl SE.
Ds; = CYCLONE CUT SIZE, CM

5.8.1.2 USE A LI NEAR REGRESSI ON ANALYSI S TO DETERM NE THE SLOPE (M), AND THE
Y- | NTERCEPT (B) . USE THE FOLLOW NG FORMULA TO DETERM NE Q, THE CYCLONE FLOW RATE
REQUI RED FOR A CUT SI ZE COF 10 oM
A 9%e | ee 1-(0.5- M [ Tse IM (M- 0.5)
Q= =%( 3000) ( l}l) B { ,—J_ee| D(M 1.5)/ (M 0.5)
4 eee ee M PS
VHERE:

Q = CYCLONE FLOW RATE FOR A CUT SIZE OF 10 9v CM/ SEC.

—
2]
1

STACK GAS TEMPERATURE, °K.
D = DI AMETER OF NOZZLE, CM

Ki = 4.077 X103
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5.8.2

DI RECTI ONS FOR UsING Q  REFER TO SECTION 5 OF THE EGR OPERATORS NMANUAL

FOR DI RECTI ONS I N USI NG THI S EXPRESSI ON FOR Q I N THE SETUP CALCULATI ONS.

6. CALCULATI ONS

6.1 THE EGR DATA REDUCTI ON CALCULATI ONS ARE PERFORMED BY THE EGR REDUCTI ON

COVPUTER PROGRAM, WHI CH |'S WRI TTEN IN | BM BASI C COMPUTER LANGUAGE AND | S AVAI LABLE

THROUGH NTI'S, ACCESSI ON NUMBER PB90- 500000, 5285 PORT ROYAL ROAD, SPRI NGFI ELD,

VIRG NIA 22161. EXAMPLES OF PROGRAM | NPUTS AND OUTPUTS ARE SHOWN | N FI GURE 14.

6.1.1
SECTIONS 6. 3

6.1.2

P

L O 0

Dso

Foe

Ky

PBAR

I:)I NL

CALCULATI ONS CAN ALSO BE DONE MANUALLY, AS SPECI FI ED I N METHOD 5,
THROUGH 6. 7, AND 6.9 THROUGH 6. 12, W TH THE ADDI TI ON OF THE FOLLOW NG:
NOVENCLATURE.
= MO STURE FRACTI ON OF M XED CYCLONE GAS, BY VOLUME, DI MENSI ONLESS.
= VI SCOSI TY CONSTANT, 51. 12 M CROPOI SE FOR °K (51. 05 M CROPO SE FOR °R) .
= VI SCOSI TY CONSTANT, 0. 372 M crora SE/ °K (0. 207 M cropal SE/ °R) .
= VI SCOSI TY CONSTANT, 1.05 X 10-4 M crorPO SE/ °K2 (3. 24 X 105
M CROPOI SE/ °R?) .
= VI SCOSI TY CONSTANT, 53. 147 M CROPO SE/ FRACTI ON Q.
= VI SCOSI TY CONSTANT, 74. 143 M CROPO SE/ FRACTI ON H,O.
= DI AMETER OF PARTI CLES HAVI NG A 50 PERCENT PROBABI LI TY OF PENETRATI ON,
oM
= STACK GAS FRACTION O, BY VOLUME, DRY BASIS.
= 0.3858 °KIMM HG (17.64 °R/IN. Hg).
= WET MOLECULAR WEI GHT OF M XED GAS THROUGH THE PM, CYCLONE, G G- MOLE
(LB/ LB- MOLE) .
= DRY MOLECULAR WEI GHT OF STACK GAS, G G- MOLE ( LB/ LB- MOLE) .
= BAROMVETER PRESSURE AT SAMPLING SITE, MM HG (IN. Hg).
= GAUGE PRESSURE AT | NLET TO TOTAL LFE, mv H,O (IN. HO).
= ABSOLUTE STACK PRESSURE, MM HG (IN. HG).

= TOTAL CYCLONE FLOW RATE AT WET CYCLONE CONDI TIONS, M/ MN (FT3/ MN) .
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Q(s) = TOTAL CYCLONE FLOW RATE AT STANDARD CONDI TI ONS, DSCM M N ( DSCF/ M N) .
Tw = AVERAGE TEMPERATURE OF DRY GAS METER, °K ( °R).
Ts = AVERAGE STACK GAS TEMPERATURE, °K ( °R).
V(s = VOLUME OF WATER VAPOR | N GAS SAVPLE ( STANDARD CONDI TIONS), SCM ( SCF).
Xr = TOTAL LFE LI NEAR CALI BRATI ON CONSTANT, M/ [ (M N) (Mv HO) ]
{FT/[(MN) (IN. KO ]}
Yr = TOTAL LFE LI NEAR CALI BRATI ON CONSTANT, DSCM M N ( DSCF/ M N) .
)P; = PRESSURE DI FFERENTI AL ACRCSS TOTAL LFE, mv H,O (IN. HO).
1 = TOTAL SAMPLING TIME, M N.
9«c = VISCOSITY OF M XED CYCLONE GAS, M CROPOI SE.
9re = VISCOSITY OF GAS AT LAM NAR FLOW ELEMENTS, M CROPOI SE.

9¢, = VI SCOSI TY OF STANDARD AIR, 180.1 M CROPO SE.

6.2 PMo PARTI CULATE WEI GHT. DETERM NE THE WEI GHT OF PMyo BY SUMM NG THE
WEI GHTS OBTAI NED FROM CONTAI NER NUMBERS 1 AND 3, LESS THE ACETONE BLANK.

6.3 TOTAL PARTI CULATE WEI GHT. DETERM NE THE PARTI CULATE CATCH FOR PM GREATER
THAN PMo FROM THE WEI GHT OBTAI NED FROM CONTAI NER NUMBER 2 LESS THE ACETONE BLANK, AND
ADD | T TO THE PM, PARTI CULATE VEI GHT.

6.4 PMy FRACTION. DETERM NE THE PMo FRACTI ON OF THE TOTAL PARTI CULATE WEI GHT
BY DI VI DI NG THE PM, PARTI CULATE WEI GHT BY THE TOTAL PARTI CULATE W\EI GHT.

6.5 TorAL CYCLONE FLOW RATE. THE AVERAGE FLOW RATE AT STANDARD CONDI TI ONS IS
DETERM NED FROM THE AVERAGE PRESSURE DROP ACROSS THE TOTAL LFE AND I'S CALCULATED AS
FOLLOWS:

eeeeeee |_ 95TD ] PBAR + PI NL/ 13 6
Qs = KJ[ FXr )P "‘JYT |

eeeeeee

9LFE TM eeeee
THE FLOW RATE, AT ACTUAL CYCLONE CONDI TI ONS, |S CALCULATED AS FOLLOWS.

ETS [ VN( STD) 1

(35 = Q( STD) + 4‘[ |
Kl PS eeeeee 1
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6.6 AERODYNAM C CUT SIZE. USE THE FOLLON NG PROCEDURE TO DETERM NE THE
AERODYNAM C cUT Sl ZE ( Dsp) .

6.6.1 DETERM NE THE WATER FRACTI ON OF THE M XED GAS THROUGH THE CYCLONE BY
USI NG THE EQUATI ON BELOW

VV\( STD)
B:. =

Q(STD) 1+ VV\(STD)

6. 6.2 CALCULATE THE CYCLONE GAS VI SCOSI TY AS FOLLOWS:
e =G + G T+ G T2+ G Fe - G B

6. 6.3 CALCULATE THE MOLECULAR WEI GHT ON A WET BASI S OF THE CYCLONE GAS AS

FOLLOWS:
M = M(1- B) + 18.0(B)

6.6.4 | F THE CYCLONE MEETS THE DESI GN SPECI FI CATION IN FI GURE 12, CALCULATE

THE ACTUAL Dsqg OF THE CYCLONE FOR THE RUN AS FOLLOWS:
eee [ T, Jo. 2091 [ 9eve Jo. 7091

D50 = #1\‘ e f \‘Iep f
eee M PS Jeeeeee Qee Jeeeeee

WHERE #; = 0. 1562.
6.6.5 |F THE CYCLONE DOES NOT MEET THE DESI GN SPECI FI CATI ONS I N FI GURE 12,

THEN USE THE FOLLOW NG EQUATI ON TO CALCULATE Ds,.

eeeeee |— M PS ] |— ee 4 Q ]eeeeeee
Dso = (3) (10)¢ (7.376 X 10L4)M e A DL 5
eeeeee e s A 9 leeceeee

WHERE:
M = SLOPE OF THE CALI BRATI ON CURVE OBTAINED I N SECTION 5. 8. 2.

B = Y- NTERCEPT OF THE CALI BRATI ON CURVE OBTAI NED IN SECTION 5. 8. 2.
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6.7 ACCEPTABLE RESULTS. ACCEPTABI LI TY OF AN SOKI NETI C VARI ATION | S THE SAVE AS
METHOD 5, SECTION 6. 12.

6.7.1 1F 9.0 9M < Dy <11 9MAND 90 < | < 110, THE RESULTS ARE ACCEPTABLE.
Dso |'S GREATER THAN 11 9V THE ADM NI STRATOR MAY ACCEPT THE RESULTS. | F Dso IS LESS
THAN 9. 0 9V, REJECT THE RESULTS AND REPEAT THE TEST.

7. BLBLI OGRAPHY

1. SAME AS BIBLI OGRAPHY | N METHOD 5.

2. MCaN, J.D., J.W RAGLAND, AND A. D. WLLIAVSON. RECOVVENDED
METHODOLOGY FOR THE DETERM NATI ON OF PARTI CLES SI ZE DI STRI BUTI ONS | N DUCTED SOURCES,
FINAL REPORT. PREPARED FOR THE CALI FORNIA Al R RESOURCES BOARD BY SOUTHERN RESEARCH
| NSTI TUTE. MaY 1986.

3. FARTHING, WE., S.S. Dawes, A. D. WrLLIAvSON, J.D. McCAIN, R S. MARTIN,
AND J. W RAGLAND. DEVELOPMENT OF SAMPLI NG METHODS FOR SOURCE PM 10 EM SSI ONS.
SOUTHERN RESEARCH | NSTI TUTE FOR THE ENVI RONVENTAL PROTECTI ON AGENCY. APRIL 1989.

4. APPLI CATION GUIDE FOR THE SOURCE PM,_EXHAUST GAS RECYCLE SAMPLI NG SYSTEM,

EPA/ 600/ 3- 88- 058.
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BAROVETRI C PRESSURE, Py, IN. HG =

STACK STATI C PRESSURE, P, IN. H,O
AVERAGE STACK TEMPERATURE, T,, °F

METER TEMPERATURE, T,, °F

GAS ANALYSI S:
%O, =
%, =
oN, + UCO =
FRACTI ON MOl STURE CONTENT, B, =

CALI BRATI ON DATA:
NozzLE DI AMETER, Dy IN.
P Tor ccerrl c eENT, G
JHg IN. HO

MOLECULAR WEI GHT OF STACK GAS, DRY BASI S:
M = 0.44 (%00,) + 0.32 (%) + 0.28 (%W, + %CO) = LB/ LB MOLE

MOLECULAR WEI GHT OF STACK GAS, WET BASI S:
M,=M (1-Bs + 18B; = LB/ LB MOLE

ABSOLUTE STACK PRESSURE:

P, = Pys + (P4 13.6) = IN. HG

M (Ts + 460) P,
K=846.72 D# )Ho G2 (1 - By)? =
M, (Ts + 460) Py

DESI RED METER ORI FI CE PRESSURE ( )H) FOR VELOCI TY HEAD OF STACK GAS ()P):

JH=K)prP = IN. HO

FIGURE 7. EXAMPLE WORKSHEET 1, METER ORI FI CE PRESSURE HEAD CALCULATI ON.

BAROVETRI C PRESSURE, Py, IN. HG =

ABSOLUTE STACK PRESSURE, P, IN. HG =
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AVERAGE STACK TEMPERATURE, Ts, °R
METER TEMPERATURE, T,, °R

MOLECULAR WEI GHT OF STACK GAS, WET BASIS, M LB/ LB MOLE

PRESSURE UPSTREAM OF LFE, IN. Hc = 0.6

(GAS ANALYSI S:
%, =

FRACTI ON MOl STURE CONTENT, B, =

CALI| BRATI ON DATA:
NOzzZLE DI AVETER, D,, IN.

PI TOT COEFFI Gl ENT, G

ToTAL LFE CALI BRATI ON CONSTANT, X;

TorAL LFE CALI BRATI ON CONSTANT, T

ABSOLUTE PRESSURE UPSTREAM OF LFE:

Pire = Per + 0.6 = IN. He

VI SCosI TY OF GAS IN TOTAL LFE:

9 re = 152. 418 + 0.2552 T, + 3.2355x10-5 T\ + 0. 53147 (%, =

VI SCOSI TY OF DRY STACK GAS:

9, = 152. 418 + 0. 2552 Ts + 3. 2355x10-% T + 0. 53147 (%, =

CONSTANTS:
OLrE TM Pso' 7051 9%
Ki = 1.5752x10-5 =
P e M- 2049 T 0.7051
9k TuwDZ G [ P, 1%
K, = 0. 1539¢= | cceq o
eee Piee © L Ts
Be 9% [1 - 0.2949 (1 - 18/ M)] + 74.143 B (1 - By)
K3 =
9, - 74.143 By
FIGURE 8. EXAMPLE WORKSHEET 2 (PAGE 1 OF 2), TOTAL LFE PRESSURE HEAD.
Ky 9 Yr
A = - =
) & 180. 1 X;
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Ko Ks
B, = =
(M) X

TorAL LFE PRESSURE HEAD:

Y = A - By (IP)¥ = N HO

FIGURE 8. EXAVPLE WORKSHEET 2 (PAGE 2 OF 2), TOTAL LFE PRESSURE HEAD.

BAROVETRI C PRESSURE, Py, IN. HG =

ABSOLUTE STACK PRESSURE, P IN. HG =

AVERAGE STACK TEMPERATURE, T,, °R =

METER TEMPERATURE, T,, °R

MOLECULAR WEI GHT OF STACK GAS, DRY BASIS, M, LB/ LB MOLE

Vi ScosI TY oF LFE GAS, 9.re, PO SE

VI SCOSI TY OF DRY STACK GAS, 9, PO SE

ABSOLUTE PRESSURE UPSTREAM OF LFE, Pire, IN. HG

47



CALI| BRATI ON DATA:
NOzzZLE DI AVETER, D,, IN.
PI TOT COEFFI Gl ENT, G
RECYCLE LFE CALI BRATI ON CONSTANT, X
RECYCLE LFE CALI BRATI ON CONSTANT, Ys

OLFe TM Pso' 7051 9%

Ky = 1.5752x10-5 =
P re MO- 20949 T 0.7051
Mee TDZ2 G [ Ps %
K, = 0. 1539 eee f—eeep— [
Pire el Ts
%
Ky = =
M]Q- 2051 |\jJ0. 2949 (9D - 74. 143 3,\5)
Ky 9re Y
A = - =
Xs 180. 1 X;
Ka Ko
B, = =
Xa
PRESSURE HEAD FOR RECYCLE LFE:
)P, = A - B, (OP) %= IN- RO

FIGURE 9. EXAMPLE WORKSHEET 3, RECYCLE LFE PRESSURE
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PLANT

DATE

RUN NUMBER

FI LTER NUMBER

AMOUNT LI QUI D LOST DURI NG TRANSPORT

ACETONE BLANK VOLUME, M

ACETONE BLANK CONC., M& MG ( EQUATI ON 5-4, METHOD 5)
ACETONE WASH BLANK, MG ( EQUATION 5-5, MeTHOD 5)
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TABLE 1. PERFCRMANCE SPECI FI CATI ONS FOR SOURCE PM, CYCLONES
AND NOZZLE CQOVBI NATI ONS

PARAVETER UNI TS SPECI FI CATI ON

1. COLLECTI ON EFFI Cl ENCY PERCENT SUCH THAT COLLECTI ON EFFI Cl ENCY
FALLS W THI N ENVELOPE SPECI FI ED BY
SECTION 5. 7. 6 AND FI GURE 13.

2. CYCLONE cuT sI zE ( Dsp) oM 10 + 1 9M AERODYNAM C DI AVETER.

TABLE 2. PARTI CLE S| ZES AND NOM NAL GAS VELOCI TI ES FOR EFFI Cl ENCY

PARTI CLE SI ZE (9M) 4 TARGET GAS VELOCI TIES ( M SEC)
7+1.0 15+ 1.5 25+ 2.5
5+0.5
7+0.5
10 £ 0.5
14 £ 1.0
20+ 1.0

(A) NMASS MEDI AN AERODYNAM C DI AMETER.
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