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1. INTRODUCTION

During the week of June 4th, 1979, a two member test crew conducted a
material balance test at Plaza Cleaners, Northvale, New Jersey. The material
balance test was conducted on a commercial perchloroethylene machine and
refrigerated condenser manufactured by Neil and Spencer Limited and distrib-
uted by Spencer America, Inc., of St. Louis, Missouri. The purpose of the
testing was to establish the effectiveness of controlling perchloroethylene
emissions by application of a refrigerated condenser reclaimer. This location
had installed one of the few operational units of this type. The test
fequest called for a material balance with process parameter recordings, 12
integrated bag samples at the inlet and outlet from the refrigerated condenser,

flow and temperature measurements, and vapor leak detection.

Section 2.0 summarizes the testing results. Section 3.0 details equipment
specification of the process investigated. Section 4.0 discusses the diffi-
culties encountered pursuant to the testing objectives. Appendix A contains
field data sheets utilized during the week of testing. Appendix B details
the testing procedures utilized for testing.



2.0 SUMMARY OF RESULTS

Table 2.1 highlights the information collected for the purpose of a mass
balance. The net usage of solvent for the duration of the test was 10.2
liters (2.7 gallons). The plant throughput was 427 kilograms (943 pounds).
Based on these figures, the mass loss rate from the drycleaning unit was 3.85
pounds of perchloroethylene per hundred pounds of clothes cleaned.l The cal-
culated mileage was 18162 pounds of clothes per 52-gallon drum of solvent. It
should be understood that these figures are approximations based upon a limited
input of data. The accuracy of this data is discussed more completely in
Section 4.0 of this report.

Table 2.2 summarizes the analytical data collected from the integrated
bag samples. The average removal efficiency for twelve (12) integrated bag
sampling runs was 14.1%. This represents a removal efficiency, which was
lower than the anticipated results.

Because the results were lower than anticipated, a theoretical estima-
tion of removal efficiency was calculated in Section 4.0 (Discussion) based
on a multiple pass system. Based on the information derived from the limited
mass balance studyv, the calculated solvent mileage (18162) and mass loss rate
(3.85) figures indicate a good overall performance for a commercial dryclean-
ing machine at this location.

Based on this limited testing information and field observation, an
application of a single pass refrigerated condenser reclaimer (similar to the
Spencer Unit tested) to a coin-operated perchloroethylene drycleaning
machine to control emissions would be inappropriate at this time. Applica-
tion may be applicable upon redesign of the resolver, which would permit the
resolver reclaimer system to attain an optional removal efficiency approach-
ing the levels indicated by the theoretical estimate based on a multiple pass

system (+99%).
1

Weight of clothes measured as dirty clothes before cleaning.



Tables 2.3 and 2.4 summarizes velocity and temperature measurements,
respectively. The velocity measurements tabulated in the appendix and
summarized in Table 2.3 were consistent duning the testing. The velocity
averaged 6.5 meters per second (21.2 fps) which calculates to an average
flowrate of 7.1 cubic meters per minute (250 cfm). Table 2.4 lists the
temperature profile of the resolver for two sampling runs. The profile shows
an approximate temperature drop of 150C (590F) at the start of the dry-
cleaning machine-to-resolver venting cycle. This venting cycle is pre-
programmed by means of an operations card and was a consistent five minutes
in duration. |

The only process parameter that varied from one drycleaning cycle to
another was the weight of the clothes processed per load. Table 2.5 is a
summary of the plant throughput data during the test period. The operator
measured the weight of every load and logged this value on a tabulation record
which is contained in the appendix of this report. (Table A.1)

Vapor leak detection was undertaken during the test program on a limited
scale. Prior testing had indicated the effectiveness of a limited number of
inexpensive leak detection monitors.Z Based on this information, an HLD-440
manufactured by TIF Manufacturing was used to screen the drycleaning machine,
the resolver, and associated ducting. The HLD-440 is a portable, battery-
operated electronic halogen gas detector. The complete manufacturer's operating
instructions are included in Appendix B for reference. The halogen leak detec-
tor provides a ticking signal, which accélerated in frequency as a vapor leak
was encountered. The HLD-440 instrument indicated four significant solvent
vapor Teaks from the drycleaning machine. The vapor leaks were located at -
the muck drain valve, the water separator 1id, the valve activated during the
aeration cycle (which allows venting of the drycleaning machine to the
resolver), and a liquid solvent leak located at the base of the dryer drum.
Concentration measurements were not determined on any of the vapor leaks
identified by the screening with the HLD-440 because such a determination was
beyond the scope of task assignment. The sénsitivity as a mass rate emission
of the HLD-440 was specified by the manufacturer as one-half ounce per year.3

2Source Test Report “Kleen Kornor, Courtland, New York" - EMB Project #79-DRI-6

Dec. 1979. |

3See Appendix B - HLD-440 - Operating Instructions.
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MONDAY __TUESDAY WEDNESDAY _ THURSDAY TOTAL |
(m1)  (oz) (m)  (o2) (m)  (oz) (m)_ (o02) (m) (oz) .
LIquip SOAP 237 8 710 24’ 710 24 946 32 | 2603 88 ,_i
~ ADDITIONS WATER 237 8 237 8 237 8 473 16| 1184 40
SIZING - - cee 1473 16 473 18 473 16| 1419 48 |
DEODORANT - | --- e emo oe- 118 4 cee == | 118 4 |
5324 80 |

SOLIDS {aBDITIONS _ CARBON 5 —- - - e 1/21b. | === --- e
oxézg¥ﬁcsous . - |- . e 4 1bs. |- e 4.5 1bs
! H
Gallonstl) | Gallons (2) -
L10UID BASE TANK 50.0 . 60.0 = -
LESgL DISTILLATION TANK: 23.9 ‘12.8
s 25.1 .
MEASUREMENTS ~ SUADE TANK | 24.9
TANK FULL X . X
S T S S A T A i 4.9 liters {13 gal.
NET USEAGE ; ' T
5 110.2 Titers 2.7 gal:
; .
MILEAGE

1) INITIAL MEASUREMENT - MACHINE CIRCULATING
2) FINAL MEASUREMENT - MACHINE CIRCULATING
3) CALCULATED FROM PLANT THROUGHPUT - UNITS ARE POUNDS OF CLOTHES CLEANED PER 52 GALLON DRUM OF SOLVENT.
4) PERC CONTENT OF MUCK NOT DETERMINED - NOT IN SCOPE OF WORK.

TABLE 2.1 - SUMMARY MASS BALANCE INFORMATION

18162(3)



RUN CONCENTRATION REMOVAL EFFICIENCY INSTRUMENT DRIFT
INET | OUTLET (%) ZEéS?%)%TA:%kR&TOTAEz%)
(ppm) +  (ppm) Po(%)
1 5650 1 2350 +58.4 0 1143 1 22.3
2 17750 1 15500 +127 0 1265 | 26.5
3 13000 | 13750 -5.8 5 1155 1 24.0
4 12250 | 11650 +4.9 5 113.0 | 18.5
5 10000 | 10250 -2.5 0 0.0 | 0.0
6 5750 | 4250 +26.1 511000 § 115
7 8000 | 6300 +21.3 0 1 o30 | 4.0
8 10000 | 10250 -2.5 0 | 55 | 6.5
9 9950 | 6490 +34.8 0 1155 | 16.5
10 9200 | 8020 +14.9 0 | 55 | 7.5
11 8150 | 7550 7.4 5 4 2.0 | 2.5
12 9450 1 9500 -.53 5 1 o2.0 | 2.5
: l |
AVERAGE 9946 1 8822 14.1 .38 1 9.36 ! 11.9

(1) BASED ON INTEGRATED BAG SAMPLES OVER HALF OF THE AERATION VENTING CYCLE.
(2) PERCENT DRIFT OF FULL SCALE.
(3) 92 PPM PERCHLOROETHYLENE IN AIR.

TABLE 2.2  SUMMARY ANALYTICAL RESULTS




i
i INLET OUTLET ,
( %
* ; VELOCITY FLOWRATE VELOCITY FLOWRATE :
. mps ! (fps) ACCM ' (ACFM) | mps !  (fps) ACCM ! (ACFM)
—— a = —
J | : ' '
RUN #1 | 6.66 | (21.85) 7.08 1 256.96 | 6.40 ! (20.99) 6.97 1 246.27
: : : !
%RUN #2 1 6.69 | (21.94) 7.30 | 258.02 | 6.70 1 (21.97) 7.28 1 257.06
E L i ! |
%RUN #3171 6.63 1 (20.77) 6.91 ! 244.24 | 5.95 t(19.52) 6.50 | 229.50 |
] a s =
lRUN £ 4 % 6.83 1 (22.39) 7.45 1 263.35 | 6.35 | (20.82) 6.93 | 244.83
j ' H ' :
; 1 ] 1 1 1
L s 1 : ' 1
5 I : I 1
AVERAGE | 6.70 | (21.74) 7.185 | (255.64) 6.35 ! (20.83) 6.92 | (244.42)
. f Jl l_ ] i

TABLE 2.3 ~ SUMMARY - FLOWRATE DATA (RESOLVER)



TIME TEMPERATURE  ©OC
1015: 00 340
1020:35 130
1021:30 140
1022:30 150
1023:00 160
1023:30 180
1024:00 ]86
1024:30 190
1025:00 200
1107:00 350
R 1115:46 ° 160
v 1116:30 150
N 1117:30 140
2 1118:00 16°
1119:15 180
1119:30 190

TABLE 2.4

RESOLVER TEMPERATURE PROFILE-OUTLET




MONDAY TUESDAY WEDNESDAY THURSDAY
WEIGHT WEIGHT WEIGHT WEIGHT
TIME (kg) (1bs) TIME (kg) (1bs) TIME (kg) t (1bs) TIME (kg) (1bs)
0912 17.2 38 0831 17.21 38 0816 8.6 19 0850 2.5§ 5.5
0950 16.8 37 (b)0916 15.4 34 0900 17.2 38 0950 17.7§ 39
i(b) 1035 18.1 L 40 1004 11.3 | 25 0940 16.8 37 }(b)1030 9.5§ 21
1105 14.9 ' 33(b) 1042 8.6 | 19 1038 15.9 35 1130 18.1° 40
1150 10.9 .24 1127 18.1 P40 (b)1120 12.2 27 1221 18.1 40
1230 6.8 i 15 1207 17.7 1 39 1210 18.1 40 1302 8.6 19
1400 17.7 39 1250 6.8 t 15 1300 10.0 22 1400 14.1° 31
; 1329 15.4 34 1340 12.7 28 1500 12.9: 28.5
5 (5)1405 1.4 3
3 —
DAILY TOTAL-102.4 1226 _ : __ __________ 111;9___f__842____--____-_____111_§ _____ Zéé_ﬁ__-___-lQl;_ 224.0__
WEEKLY TOTAL- 427.31943.0
b- BATCH LOAD
s - SUADE - SPECIAL LOAD
TABLE 2.5 SUMMARY - PLANT THROUGHPUT



3.0 PROCESS DESCRIPTION

This section details the equipment use in the drycleaning operation at
Plaza Cleaners. The perchloroethylene drycleaning process consisted of two
pieces of equipment; a commerical dry-to-dry perchloroethylene drycleaning
machine and a refrigerated condenser reclaimer. The drycleaning machihe had
a rated capacity of 30 kg (65 1bs). General purpose drycleaning was processed
by the subject machine at a yearly throughput note of 22220 kilograms per
year (49036 1bs/yr). The subject machine was the only drycleaning unit at
this plant location. The plant was estimated to be five (5) years old, while
the drycleaning machine and resolver were six (6) months old at the time of
the test period. ‘

The refrigerated-condenser reclaimer, called a resolver by the manufac-
turer, was designed to serve the 30 kg (65 1b) machine. The resolver at this
location was designated as a MAJOR, due to the fact that its refrigerated
bed had twice the volume than its sister model, the MINOR.

The specifications of the drycleaning machine are listed in Table 3.1 as
supplied by the manufacturer. Table 3.2 lists the specifications for the
resolver. Figure 3.3 illustrates the layout and configuration of the system.
Sampling locations for flue gas, velocity and temperature measurements are
indicated. Figures 3.4 and 3.5 are exterior and functional interior diagrams
of the control equipment, respectively. All tables and figures utilized in
this section were adapted from Spencer America supplied literature.




specification

Cylinder

dryweight loading (max)
diameter

depth

volume

load factor

wash speed

extract speed

Stil
makx distillation rate

Filter
filtration area
flow rate

Solvent capacities
tank 1 main

tank 2 distilled
tank 3 treatment
tank 4 still feed

Dimensions

D
required ceiling height

packed weight (approx)

30 kg (65 ib)

104 cm (41 in)
66 cm {26 in)
5611(19.8 ft3)
19 I’kg (3.3 1b/ft3)
33rpm

360 rpm

364 I/hr {80 imp gall/hr)

2.66 m2 (28.6 ft2)
8183 Vhr (1800 imp gallhr)

-6901(130imp gall}

1361 (30 imp gali}
168 1{37 imp galli)
145 1{32 imp gall)

2.63.m (8ft7% in)
2.62m(8ft7in)
1.63m(5ft4in)
233 m (7 ft8in)
3.05m(10ft0in)

3150 kg {6950 Ib)
4320 kg (9530 Ib)
1650 kg/m?2 (320 Ib/ft2)

274x1.85x282m
{(9ft0inx6ft1inx9ft3in)
3560 kg (3.5 ton)

Services

max steam consumption
{based on max output 2%;
loads per hour and max
distillation rate)

max water consumption
compressed air pressure
compressed air volume
electric motors (total)
average electrical
consumption

Sl

Leatherhead, Surrey, KT22 7AJ
Telephone Leatherhead 75441
Telex 917010 Spencer Leahead

114 kg/hr (250 Ib/hr)

1360 I/br (300 imp galthr)
6/7 kg/cm?2 (80/100 Iblin?)
0.06 m¥min (2 ft3min)
7.3kwW

3.3kW hrs per hr

Limited

TABLE 3.1 SPECIFICATIONS - SPENGER DRYCLEANING MACHINE



SPECIFICATIONS- SPENCER RESOLVER

SPENCER AMER

IABLE .3.<

2036 CONGRESSIONAL DRIVE

ST. LOUIS, MO 63141

DATA FOR

SPENCER RESOLVER

TELEPHONE: 314/569-0421
TELEX: 44-7377
SPENCER STL

SPENCER MINOR, JUNIOR AND MAJOR DRYCLEANING MACHINES

(30 1b) (45 1b)

Refrigeration Unit (Air Cooléd)

REFRIGERATED BED

Material

Coil (12 mm o/dia)

Volume of Bed

SEPARATOR

Maximum Volume of Solvent

Minimum Volume of Solvent

VAPOUR CONNECTIONS

Inlet and Outlet Ports

OVERALL DIMENSIONS

Wwidth
Depth
Height

WEIGHT
Overall Weight - Empty

Overall Weight - Full
Floor Loading - Full

(65 1b)

Minor/Junior

0.55 Kw (0.75 HP)

Stone Chips
1l each
70 1t (2.5 cu.ft)

10.9 1t (2.9 U.S.gal)
7.7 1t (2.04 U.S.gal)

15.25 cm (6 in.)

55 em (21-1/2 in.)
75 cm (29-1/2 in.)
160 cm (63 in.)

365 kg (800 1b)
390 kg (860 1b)
0.095 kg/cm?
(194 1b/ft2)

Major

0.55 Kw (0.75 np)

Stone Chips
2 each
140 1t (5 cu.ft)

10.92 1t (2.9 U.S.ga
7.7 1t (2.04 U.S.ga

1 15.25 em (6 in.)

55 em (21-1/2 in.)
75 ecm (29-1/2 in.)
160 cm (63 in.)

430 kg (946 1b)
457 kg (1006 1b)
0.11 kg/cm?2
(225 1b/ft2)
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NOTE: DIMENSIONS FROM FIGURE 3.1 AND FIELD NOTES

FIGURE 3.3
LAYOUT OF RESOLVER AND DRYCLEANING MACHINE

ADAPTED FROM: SPENCER AMERICA LITERATURE
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70 SOLVENT LADEN AIR
ORYCLEANER  FROM DRYCLEANER

DUST FILTER

L STONE CHIPS

REFRIGERATED
COOLING COIL

REFRIGERATED.
BED ‘

| WATER SEPARATOR
1 AND

DISTILLED SOLVENT
STORAGE TANK

_J 1 ¢

WATER OUT

{ SOLVENT DRAIN VALVE

jzzzog

+~ REFRIGERATION UNIT
(AIR COOLED)

FIGURE 3.5
RESOLVER
functional diagram
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4.0 DISCUSSION

Several areas of the test program require further elaboration. These
areas include validity of the perchloroethylene concentration measurement,
the accuracy of the measurements utilized for the mass balance summary, and
the calculated efficiency of the resolver-reclaimer.

The analytical results summarized in Table 2.2 were measured with a
Beckman 402 Hydrocarbon Analyzer. Due to the fact that perchloroethylene was
by far the predominate constituent of the flue gas, no separation of constit-
uents, by gas chromatography, was necessary. The instrument employs a flame
ionization detector (FID) to measure the perchloroethylene concentration as
total hydrocarbons.. The instrument was calibrated with a certified standard
of perchloroethylene in air (92 ppm). The standard certificate is contained
in Appendix C.

The instrument drift in the field was considerable. The summary of the
baseline drift and the standard drift were recorded for each sampling run and
are recorded in Table 2.2. The instrument drift in total was expressed as a
percentage of chart scale. The hydrocarbon analyzer was set on range selec-
tion of X10 for zeroing and standard spanning. All instrument drift readings
were taken on this range setting. The integrated bag samples were analyzed
on the X5000 range. Normal and preferred analytical procedure required
either a higher concentration standard or dilution of the integrated bag
sample with a known volume of nitrogen. The equipment necessary to implement
either of these preferred procedures was not available on-site and was not
anticipated from preliminary information. The drift of the instrument was
greater than anticipated based upon previous testing experience. A contami-
nated detector was suspected. Subsequent post-field instrument diagnosis
indicated no substantial problem with the detector. After adequate zeroing
with instrument grade air, the hydrocarbon analyzer performed adequately.
Therefore, the conclusion can be reached that the higher concentrations of
perc (10,000 to 25,000 ppm) were the major factors in causing instrument

15



drift. Based upon the instrument drift and the variability of data as
presented in Table 2.2, the validity of data as generated was definitely
suspect. It is recommended that future festing plans consider appropriate
testing alternatives.

The measurements associated with the mass balance portion of the test
program were relatively basic. The weight of the clothes cleaned was measured
to an estimated accuracy of * five (5) kilograms (2.5 1bs). The liquid
measurements were estimated to be accurate to * 10 m1 (1/3 oz). The scale
utilized was not calibrated and its ability to weigh accurately the clothes
according to generally accepted scientific norms was nominal. In order to
increase the accuracy of the mass balance data, an unreasonable time and
financial burden would have been incurred. ,

The measured efficiency of the resolver-reclaimer was less than antici-
pated. The efficiency reported in the summary represents a limited efficiency,
(14%). The sample was taken over half of the aeration cycle. Due to the fact
that the system was closed, the gas volume within the system was continuously
circulated throughout the course of the aeration venting cycle. Therefore, it
can be reasoned that the recovery efficiency of the resolver for perchloro-
ethylene may have been slightly greater than reported on the basis of the
actual testing data, but not significantly to invalidate the test results.

An estimated theoretical efficiency of the resolver, based on actual
test measurements and equipment specifications from the manufacturer's
literature, consequently is discussed below.

GIVEN the following information:
1) vV = 34.9 ft3
2) Q = 250 cfm
3) Dy= 5 min

AND using the equation:
Eo = 1-(1 - X)Y

WHERE :
Y

X

Single pass removal efficiency

Number of air changes during the
venting cycle.

16



Volume of system in cubic feet (ft3)

Flowrate (average) through the system in
cubic feet per minute (cfm)

Dy= Duration of venting cycle in minutes (min)

The upper 1imit of the theoretical efficiency of the resolver utilizing
this Timited and possibly biased set of inputs was calculated as 99.5% for
the test period considering an average dryer aeration/cycle of five (5)
minutes. .

This estimate is in need of further justification by further testing and
more accurate testing, exact measurements of the internal volume of the
drycleaning machine and the resolver, and modification of the programmed
duration of the aeration cycle to adequately gauge the influence of time upon
removal efficiency of the resolver.

17



APPENDIX A

RAW TEST DATA
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ENVIRONMENTAL
ENGINEERING
DIVISION

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

. —
«Q
LANT PLAZA CLEANERS .
"WATE . _ . 6/5/79 T 22 |
SAMPLING LOCATION QUILET FROM RESOLVER 5
{SIDE OF FAR WALL TO . £
OUTSIDE OF NIPPLE, (DISTANCE A) _6 S
INSIDE OF NEAR WALL TO 0
DUTSIDE OF NIPPLE. (DISTANCE B) _0" [ DRYER
TACK 1.D., (DISTANCE A - DISTANCE B) v
NEAREST UPSTREAM DISTURBANCE 3.6.Eq E
MEAREST DOWNSTREAM DISTURBANCE 2.0 Eg R
ALCULATOR __JONGILEUX SCHEMATIC OF SAMPLING LOCATION
—~
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK 1.D. STACK 1.D. (TO NEAREST 1,8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
[ 2.1 6" .426 - 5
2 6.7 6" . 402 ~ .5
3 11.8 6" .708 - .75
4 17.7 6" 1.062 —- 1.0
5 25.0 6" 1,50 - 1.5
6 35.6 6" 2.136 - 2.25
7 64.4 6" 3.864 - 1.8
8 75.0 6" 4.50 — 4.5
9 82.3 6" 4.938 - 4.9
10 88.2 6" 5.292 - 5.25
11 93.3 6" 5.593 -- 5.5
12 97.9 6" 5.874 -- 5.5

19




? ENVIRONMENTAL
W/ENGINEERING
DIVISION

TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS

LANT __PLAZA CLEANERS

JATE __._ . 6/5/79

SAMPLING LOCATION INLET TO RESOLVER ‘R
ISIDE OF FAR WALL TO E
OUTSIOE OF NIPPLE, (DISTANCE A) __6" S
INSIDE OF NEAR WALL TO " 0
OUTSIDE OF NIPPLE, (DISTANCE B) __0_ L
[ACK 1.D., (DISTANCE A - DISTANCE B) _6 v
NEAREST UPSTREAM DISTURBANCE 3.8 E. E
AEAREST DOWNSTREAM DISTURBANCE ___ -9 E. R
* ALCULATOR —JONGLELLX SCHEMATIC OF SAMPLING LOCATION
LTRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUNNS 2 AND 3 : FRON OUTSIDE OF NIPPLE
NUMBER OF STACK'L.D. STACK 1.D. (TO NEAREST 1.8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
] 2.1 g 126 - .5
—_ 2 6.7 g 402 - 5
3 11.8 6" .708 - .75
4 17.7 6" 1.602 - 1.0
5 25.0 6" 1.5 - 1.5
6 35.6 6" 2.136 - 2.25
7 64.4 6" 3.864 - 3.8
8 75.0 6" 4.50 - 4,5
~ 9 82.3 6" 4.938 -- 4.9
10 88.2 6" 5.292 -- 5.25
— 11 93.3 6" 5.598 -- 5.5
12 97.9 6" 5.874 -- 5.5
—
|
P
F
F
20




ENVIRONMENTAL ENGINEERING DIVISION

VELOCITY TRAVERSE

PLANT pLA‘ZA CLEAN ERC
DATE é,/s‘/'m
LOCATION _INLET
STACK1D.___ 6"
BAROMETRIC PRESSURE, in. Hg ____ 27170
STACK GAUGE PRESSURE, in. H,0__+ J-.3.

OPERATORS JopdeLesx j/ CINSTANTIOE,

(cipl > ¢r55")

ra

o

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE | VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER | @ap,), in.H,0 (T, °F NUMBER | (apg), in.Hg0 (T,), °F

A- g s G- A RS

A -2 S 140 o) a A Y

A- 4 el A4 - Y RS
Ay (4 Eu i ¢ Th L
A g ety 25 < Y D
AL 114 L UG (9 RS
A i L 8- 1 L
A A0 R -y 048 20
A 25 SRS oo LY PN
A0 % Dy b 10 R S
S iy N gy 1t Y NS
A iy 4 PN, 810 Pavy IR
AVERAGE | .14 2.5 ¢ AVERAGE 'S whMNC
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ENVIRdNMENTAL ENGINEERING DIVISION

VELOCITY TRAVERSE OUTLET
) SN
PLANT Moo Cl\eree
DATE Lol [ (Coaesd Mo a5
Location _> AN A
STACK 1.D. 6"
BAROMETRIC PRESSURE, in. g 21, % (-
STACK GAUGE PRESSURE, in. H,0__— 1.0
OPERATORS WIPNELE VY / cermsiadTINE. SCHEMATIC OF TRAVERSE POINT LAYOUT
TRAVERSE | VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TENPERATURE POINT HEAD TEMPERATURE
NUMBER | (ap), in.H,0 (Tg), °F NUMBER | (apg), inH0 (T,), °F
o) Y i
A’”;S JHO irc"‘\('
/“\"L{ .R‘; ‘CL L.
I‘\"'g 2126 W oL
A= A2S WG
A~ L3O W
A% N oL
Ay JdU5T | 2%
A-10 e V270
Aot 475 S
A -1 18O (94°¢
AVERAGE iy s AVERAGE

22



. ‘l [ A Y 4 4
ENVIRONMENTAL ENGINEERING DIVISION

VELOCITY TRAVERSE OUTLET
PLANT_ Vet o0 Cl\owe o

DATE vl Cisce)

Location _Gu AL

STACK1.D.___ &' 1
BAROMETRIC PRESSURE, in. Hg =<€-05 29 96.

STACK GAUGE PRESSURE, in. H,0__=1.©

OPERATORS ~oWNGLE LY / CONSIAANTINE

4 T—
SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER | (ap), in.H,0 (Tg), °F NUMBER @pg), in.Hy0 (Tg), °F
A\ A Y ‘ - ) =9t
Ao 0| e S N Y

A S it 4 (-3 N FRCE
A LM AN e X2 PR
A-g e YO e Y A

-G NEY PR 14 €. A AUKE
Ay Ak LT R, 432 2N
A9 AS 6 24%C (- (5% EAT

| A0 DY {7 215 BERNGS
410 WA TS B’ a %D DI
Ll ok AU 6o L83 SIS
413, A0 ST | (i 87 BT
AVERAGE L\ AR : AVERAGE KUY s 0(

NOTE: kRESOLVER APPARENTLY NOT FUNCTIONING PROPERLY - NO TEMPERATURE CHANGI?,‘
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ENVIRdNMENTAL ENGINEERING DIVISION

VELOCITY TRAVERSE

PLANT ak(k'; K \fPeoves 0

DATE Cy/; /7'7 Cise )
LOCATION T o \e A

STACKI.D. ___ &"

BAROMETRIC PRESSURE, in. Hg ___ 2.9 4w

STACK GAUGE PRESSURE, in. H,0__% 2.3
OPERATORS_JONGLEVY. /ol SIRMTIRNE

INLET

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE | VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER | (ap), in.Hy0 (Tg), °F NUMBER | @py), in.Hp0 (1), °F
Ay e P Ly i 1Y AL
A ooy SR B a4 e C
A2 i L ey 460 A
.':F‘i‘ o (O? AR it i 6
1-g iCy AL (S 4% 0§
Al al?D 05 Ll {44 2 § C
A7 N & 145 “
453 S DL€ B EC AN S
A A AL PR D I
Aow 10 DR (10 il e
A L9 RPae e 15 A0S
AL 1 ey () %5 G
AVERAGE et 6 QB AVERAGE \S L 25,50

NOTE: (.RESOLVER APPARENTLY NOT FUNCTIONING PROPERLY - NO TEMPERATURE CHANGE)
24



aaswy

ENVIRdNMENTAL ENGINEERING DIVISION

VELOCITY TRAVERSE INtET
PLANT ez Clemy v e '
DATE /e /7% Cogers ) p= } )
LOCATION _ 12 el s N e ot S OUTLET
STACK 1.D. R/ 0, DRYER
BAROMETRIC PRESSURE, in. Hg __ 3¢. 0S5 Ve
STACK GAUGE PRESSURE, in. Hy0 R
OPERATORS ~ ONGLE LY // CoN STANTINE SCHEMATIC'OF TRAVERSE POINT LAYOUT
Iy\\%\ (f)\::\.\%‘\
TRAVERSE VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER (Apg), in.Hy0 (Tg), °F NUMBER (Apg), in.Hz0 (T,), °F
- L% 250 A AU EARE
o GK 237 fi 103 ALY
A L 200 L i Lic ¢
iy L oL 25 T 44 L0 i1vc
A=< e ) 5 A5 D 25
A-¢ L PR L B! e
A=) e PR T 1 Y| O
A=Y 215 IR R L 13C
A L S | R R
A‘ - l'\\ i ,\\\.{/‘ i i 1 } "{’ l,,";-"c"\
'/1 -} R R /VE; i ol "‘lj (b
L L 54 A1 ke, /o
STATC £ .3 STETY e -lo
.o TR vy . M
AVERAGE ol Sl AT AVERAGE 12N P
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VELOCITY TRAVERSE

PLANT_Plez  Cnev o iy
DATE _ L l 2] 3 SRR
LOCATION _1 ~hed & (oo iied
STACK 1.D. b

BAROMETRIC PRESSURE, in. Hg 3o ;
STACK GAUGE PRESSURE, in. Hy0 T & .1

OPERATORS JC‘NG‘-“J} /

LOL\S%J\DNE
-n\w"(

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (Apy), in.Hy0 (Tg), °F
A\ AN 2ot
A L 23" T
A G 357 ¢
A Y R Hat

A5 R PR
A G 139 st
A aval SR
d-e w192 FeONIL)

S 7 ) 'Z‘,("' 3
rl g 2 VAN
FERTI Gt
Ad) | T SN

STATIC.. t 2.3
AVERAGE el %L E
EPA (Dun) 233 )

4/12

26

SAMPLE ___
LOCATION

OUTLET

SAMPLE
LOCATION

VERSE POINT LAYOUT

(,N\\\Q\

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (Apg), in.H0 (Tg), °F
4\ A (g
A - RN L

A S AMB .25
Ao |
A3 MY EToME
y.-C Bt e
A A G Ve
(1S b TN
AV LYY 327
1 -1e e 22
Al L AN
Al NS 2

STAVIe - Lo
AVERAGE WY 3Ot
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TABLE A-1

LOAD TABULATION RECORD

77N\ | PAPRER
O INDUSTRIES
v 1010 CLIFTON AVENUE . ) d .
- e Paraline Products ...
Washer No. ... Week Ending ...--rm-o-
Monday Tuesday Wednesday Thursday Friday Weekly
FFA....... Det. ......% | FFA....... Det. ....... % | FFA...... Det. ....... % | FFA....... Det. ....... % | FFA....... Det. ....... % Summary
Solvent Temp. .......... Soivent Temp. .......... Solvent Temp. .......... SQ'VGM Temp. .......... Solvent Temp. ..........
Filter Press. ........ ibs. | Filter Press. ........ Ibs. | Filter Press. ........ Ibs. | Filter Press. ........ Ibs. | Filter Press. ........ Ibs.
Det. Added ......... oz.| Det. Added ......... oz. | Det. Added ......... oz. | Det. Added ......... 0z. | Det. Added ......... oz. | DETERGENT
Misc. Prod. Misc. Prod. Misc. Prod. Misc. Prod, Misc. Prod. Det Used
Added ............. oz. Added ............. oz. Added ............. oz. Added ............. oz. Added ............. oz.{ T
Solvent Added .......... Solvent zdded .......... Solvent Added .......... Solvent Added .......... Solvent Added .......... Stock Used . ..
J R '\
Wﬁd Iy 1 . - c “l’l, ",,
Pounds Cmn Pounds C&em’ﬁt%ﬁon Pounds Cms.ﬁon Pounds Cme’eﬁon Pounds anmﬂea#en SOLVENT
, [s T s | .
B (9 [ (9] 316 2L D At Stan
N = ard Gats.
2|37 | SO 38| D |39 | 9947 |
. L) L Delivered . . Gals.
)Yy | 0235 Q"I d|
\ 4 . . - . 2 — Total . Gals
B« 2005 |5 5 1ox¢ [ iff cr
' - At End . Gals
s{_ L 11:50 TRl o] T .
- A T - se! . Gels
6y IS ’2_:3{) mfd (/1'2_' ‘,D Lﬁ ] Ol-
713 | 2500 | 32 ?\ P_\! LoD cosTs
rl r .
‘P .b ?y gé‘g H ] 2 > ha T 0 Gals. Solvent
99- =9 | Tk *g O —
10. ls !D . O Detergent
n 21 1DI4Yy Por Cwt.
12 HO L / >/
4 _/¢” )
15. jW‘ l"zﬁ
Sie| 3V 44985
174
18]
TOTAL POUNDS
19. i FOR WEEK
20.




APPENDIX A
STRIPCHART RECORDINGS
Beckman 402

Plaza Cleaners
June 1979
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ANALYTICAL PROCEDURE - PERCHLOROETHYLENE

The following procedure was used to analyze the inlet and outlet
integrated baag samples at Plaza Cleaners test site. Figure B.1 is a schematic
of the hydrocarbon analyzer. A Beckman 402 Hydrocarbon analyzer was used in
the field van while on site. Aluminized gas sampling bags were transported
to the van for analysis immediately after sampling. The hydrocarbon analyzer,
which operates on the principle of flame ionization, was calibrated with a
92 ppm standard and a zero standard prior to and after every sample run. The
range used for the calibration was X10 and the range used for analysis was
X5000. The sample and standard were introduced to the FID analyzer by means
of an auxiliary pump from a gas sampling bag. A 40% hydrogen in helium and
THC-free air were the gases used to fuel the instrument. The sample, air,
and fuel pressures were regulated at 2, 10, 20 pounds per square inch (psig),
respectively.

46



LY

e

EEEQ q1mp1*'~']Bag
| "STANDARD

b

fﬁ" Auxillary\Pump
O
5 | O
o
<C
o
=
<t
-
[7p]
2 =
Y 0 o | —
Beckman 402 Hydrocarbon Analyzer .
STRIPCHART RECORDER

Air Cylinder Fuel Cylinder

_Figure B.1 Hydrocarbon Analyzer System



VELOCITY AND FLOWRATE DETERMINATION PROCEDURE

The velocity and flowrate determinations conducted on-site were performed
in accordance to EPA reference Method 1 and Method 2, (text following) with
modifications implemented to compensdte for the small diameter (6-inch) duct
where the velocity profile was taken. The modifications in the standard
procedure included the use of a small (9-inch) S-type pitot tube and a sepa-
rate thermocouple to measure the flue gas temperatures. These modifications
were implemented in accordance with recommended protocol.3

METHOD 3 -SAMPLE AND VELOCITY TRAVERSEA pox
STATIONARY LOURGES |

). Iuinciple aud A ppiicability

1.1 Prineiple. To aid in the representative nuenstines
went of pollutant eissions anrlior totad volumetrie flow
rate from a stationary souree, 8 tneasureinent xite Whre
the efluent stream Is flowing in a known direction le
sebeectedd, aned the erossesection of the stack i i Sdeth it

a nrmber of pauat arens. A travese puint is then bx-ated
within each of these cqual areas.

1.2 Applicability. This method is applicabin te flow-
sng Kns strearns du duets, stacka, and Dues, The asethiod
eannot Be used when: (1) flow Is cyclounic or swirling (e
Hevgion 2.9), (2) n stack js smaller than ehont Q0 meter
(12 i) in diameter, or 0.071 m? (113 in.’) in crosssec-
tional arva, or (3) the measnrement site i3 lexs than two
stack or duet diameters downstream or Jess than & half
dimineter upstreatn from a flow distinhance,

The tequiverents of this methiod niusk he consildeped
hefore eonstruction of a news favitity from which cmjssions
will be mieasured; failire to do so may require subsequent
alterations (o the stack or deviation from the stamdard
provedure, Cpses involving vatiants are subject to aps
praval by the Adwmdnistrator, V.S, Favimnmeatal
Protection Ageney.

.
2. Procedurce

21 Selection of Measuroment  Site. Sampling or
veloeily nleasuvement is pecformed at a tite Jocated at
least 0izht stack or duct Jiameters downstream and two
diameters upstream hom any flow dishrbance such as
8 bend, expangion, or contraction ip the stack, or froma
visible flame, M neesssavy, an aliernative location may
be seleeted, at 2 position at Jeast two stack or duet di-
ameters downsteenm and a half diameter upstream from
any flow disturbance, For a.rectangular crose section,
an equivalent diameter (0,) shall Le caliulated from the
following equation, to detzrsiine the wpsteemn and
donnxtream distanees: .

34Recommended Procedure for Sample Traverses in Ducts Smaller Than 12 Inches
in Diameter", STACK SAMPLING TECHNICAL INFORMATION - A Collection of Mono-
graphs and Papers; Volume IV - EPA-450/2-78-042d; October 1978.
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Figure 1-1. Minimum number of traverse points for particulate traverses. -

where L=longth and F=width.

2.3 Determining the Number ol ‘Fraverse Yojuts,

2.2.1 Particulato Traverses. When the eight- snd
two-diametercriterion can bemet, the minimmn numbLer
of traverse points shall be: (1) twelve, for clrcular or
roctangular stacks with diameters (or equivalent di-
ameters) greater than 0.61 meter (24 in.); (2) eight, for
clrcular stacks with diamcters between 0.30 and 0.6%
moter (12-24 in.); (3) nine, for rectangular stacks with
cquivatent disinoters between 0.30 and 0.61 muter (12-2%

iun.).

When the cight- and two-dinmeter criterfon cannot bo
met, the minfinum number of traverse points is deter-
mined from Figure 1-1. Before referring to the figure,
however, detormine the distances from the chosen ineas-
urewnent site to the nearest upstreain snd downstream
disturbances, and divide each distance by the stack
dismeter or equivalent diameter, to delermine the
diztance in tering of the number of Cuct diameters. Then
dotermine froin Figure 1-1 tho minimum number of
traverse points that corresponds: (1) to the number of
duct diameters upstrcam; and (2) to tha number of
diamolers downstream. Select tho higlier of the two
minimum nuntbers of traverss points, or a greater valie,
80 that for circular stacks the number is o muliiple of 4,
and for rectangulur stacks, the nuinber is one of those
shown in Table 1-1,

TARLE V-Y. Crosy-scctional Jayoul for redtungelar slacks

Ala-
triz
lay-

Numiber of tracerse polats: out

{Appendix A, Mesthod 1)
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Figure 1-2. Minimum number of traverse points for velocity {(nonparticulate) traverses.

2.22 Velocity (Non-Particulate) Traverses, When
velocity or yolumetric flow rate is to be determined (but
net partticulate watter), the same procedure as that for
particulate traverses (Seetion 2.2.1) is followed, except
that Figure 1-2 may be used justead of Figure 1-1.
Pz_.:i‘sCro;s-Scctipml Layout and Location of ‘Traverse

oints.

23.1 Circular Stacks. Locate the traverse points on
two perpendicular dismncters according to Table 1-2 and
the examply shown fn Figure l»-:l.ufl
examples, sce Citations 2and 3 in the Bibliography) that
flvm the sawe values a3 thoss In Table 1-2 may be used

n lieu of ‘Table -2, .

For particulate traverses, one of the diameters must be
in a plane containing the greatest expected concentration
variation, e.g.. after hends, one dianmieter shall be ju the
plane of the bend, This requirement beconies tegs eritical
a3 thie distance from the disturbance inereases; thereloce,
ather diamelerlocations may be used, subje:t to approval
of the Administrator.

in addition, fur stacks having diameters greater than
0.61 m (23 i) no traverss pojots shall be located within
2,5 centimeters (1.00 in.) of the stack walls: and for stack
digmeters equal to or less than 0.61 w (24 in.), no traverse
points shall be located within L.3cm (0.50 in.) of the stack
walls, 19 mcet these cifterfa, obswrve the procedures
given helow,

2.3.1,1 Stacks With Dinmeters Greater Than 0.61 m-

(24 in.). When any of the traverso points as located in
Bection 2.3.1 fal) within 2.5 ein (1.000n.) of the stack wally,
relocate them away from the stuck walls to: (1) a distanen
of 2.5 em (1.0G in.); or (2) u distance egiial to the nozzlo
inside dianieter, whichever is Jargor. These relocated
traverss points (on each end of a diameter) shall be the
“aeljusted” traverae points.

Whenever two suceossive travarsg points are combined
1o form a single adjusted troverse point, treat the ad-
Jnsted point as two separate traverse points, both In the
sampling (or velocity measurement) procedure, and in
recording the data. .

Environment Reporter
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29.5
70.5
85.3
95.6

CNOWN

>

Figure 1-3. Example showing circular stack cross section divided into
12 equal areas, with location of traverse points indicated.

Table 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside wall to traverse point)

Traverse

point

n::b:r Number of traverse points on a diameter

diameter} 2 | 4 6 |8 Jwliwz]wiiwyiw|e]|2|2a
1 14.6] 6.7| 4.4] 3.2] 2.6] 2] 1.8) 1.6] 1.4 V3] 1] 0
2 85.4] 25.0[ 14.6[10.5] 8.2 6.7 5.7 4.9] 4.4] 3.9} 3.5] 3.2
3 75.0}29.6]19.4]|14.6{11.8] 9.9] 8.5] 7.5} 6.7] 6.0] 5.5
4 93.3{70.4132.3]|22.6]17.7 |14.6 |12.5]10.9] 9.7] 8.7] 7.9
5 85.4] 67.7 | 34.2] 25.0 }20.1 {16.9] 14.6 | 12.9 | 11.6 {10.5
6 95.6| 80.6 | 65.8] 35.6 | 26.9 { 22.0| 18.8] 16.5 } 14.6 {13.2
-7 89.5177.4|64.4136.6(28.3] 23.6] 20.4 |18.0 {16.1
8 96.8|85.4] 75.0 [ 63.4 137.5] 29.6] 25.0 | 21.8 | 19.4
9 91.8]82.3|73.1 [62.5] 38.2( 30.6 | 26%2 | 23.0
10 : 97.4)188.2179.9171.7]| 61.8{33.8 }31.5 [27.2
n 93.3185.4 [78.0]70.4 ] 61.2]39.3 [32.3
12| 97.9 {90.1 |83.1}76.4] 69.4 | 60.7 |39.8
13 94.3187.5]81.2]| 75.0 ]| 68.5 }60.2
14 98.2 191.5]85.4]79.673.8 |67.7
15 95.1}89.1]83.5]78.2 72,8
16 98.4 92.5] 7.1 182.0 {77.0
LY 95.6| 90.3185.4 |80.6
13 98.6 | 93.3 | 88.4 [83.9
19 95.1{91.3 186.8
20; 93.7 | 94.0 |89.5
21 ' 96.5 |92.1
22 98.9 {94.5
23 96.8
24 98.9

23.1.2 Stacks With Diameters Eqnal to or Less Than
0.61 m (24 in.). Follow the procedure in Section 2.3.1.1,
noting ouly that any "n(l{élstcd" points should be

- relocated away from the stack walls to: (1) a distance of
1.3 em (0.50 in.); or (2) a distance equal to the nozzle
tnsido diameter, whichever is larger. .

2.32 Rectangular Stacks, Determine the nmunber
of traverse poluts ns explnined in Soctions 2.1 nnd 2.2 of
this method. From I'abla 1-1, determine the grid con-
figuration. Divide the stack crozs-section Into as many
equal roctangular clomental arcas ay traverse points,

snd then locate o travorse polnt at the centrold of cach
equal area ncvording to the exainple In Figure 1-4.

1f the tester desires to use more than the
minimum number of traverse points,
expand the “minimum number of traverse
points” matrix (see ‘Table 1-1) by adding the
extra traverse points along one or the other

9-7-719

or both legs of the matrix; the final matrix
need not be balanced. For example, if a 4x3
“minimum number of points™ matrix were
expanded to 36 points, -the final matrix
could be 9x4 or 12x3, and would not neces-
sarily have to be 6x6. After constructing the
final matrix, divide the stack cross-section
fnto a5 many equal rectangular, elemental
areas-as traverse points, and locate & tra-
verse point at the centroid of cach cqual
area.

‘I'ho sitiotlon of traverse pointts being too close to the
stack wally i3 not expected to arise with rectangnlac
stacks. 11 this problsm should ever nrise, the Adminis:
trator snust be contacted fur resslution of tho manlter,

24 Verification of Absenco of Cyclonic Flow. In st
stationary sources, the dircction of stack gos flow Is

51

essentiaily parallel to the stack walls. lNowever,
eyclonic (tow may exist (1) after such devices as cyclones
and Inertinl dewisters following venturl scrubbors, oc

(2) In stacks having tenzantial Inlets or other duet con-
fiqurstions which tend %o Induce swirling; in these
fnstances, the presencs or absence of gclonlc flow at
the smnpling location must be determined. The following
tuchniques are acceptable for this determination.

] v |
1 i
(3 ' [ l o l o
1
! [ ———
o ol o b o
! ) !
SN ORI AU N
1 ! |
o | o : °© 4 ©
1 1 1

Figure 1-4, Example showing rectangular stack cross
section divided into 12 equal areas, with a traver:
point at centroid of each area, .

Level and zero the manomelor, Conpeét a Type 8
pitot tube to tho manometer. Position the T'ypo 8 pitot
tube at cach traverse point, fn succossion, so that the
planes of thio face oponings of the pitot tube are porpendic-
ular to the stack cross-sectional plane: whon the Typs 8
pitot tnbe is in this position, it 9 at “0° refecence.” Note
the diffurential prossure (Ap) rending at onch traverso
poiut. If a null (zero) pitot reading is obtained at 0>
roference ot o given traverso poini, on accepinble flow
condition exists at that point. It the pitot reading is not
zoro at 0° reference, rotate the pitot tube (up 1o =90° yaw
oangle), untilsnullreading isobtafued. Carefully determine
and record the value of the rotation angle (o) to the
nearcst degree. After tho null tochnique has boea applied
at each traversa point, calculated the average of the abso-
luto values of o; assign a vatues of 0° to thoss points lor
which no rotatiun was ronuired, and include these in the
overall average. If the average value of a Is greater than
10°, the overal! flow conditlon inthe stack Is unaceeptabls
ond alternative methodology, :nﬂect 10 the approval of
the Admlinistrator, must be to priorsa accurste
sample aud velocity traverses.
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METIIOD 2—DETERMINATION OF STACK. (A3 VELOCITY
AND VOLUMETRIC FLOW RATE (TYre 8 P170T TUBE)

1. Principle and Applicability

1.1 Yeinclple. The avernge gas veloelly in o stack s
determined fromn the gas density and from 1neasurement
of the average velocity head witha Type 8 (Stausscheibo
or reverse type) pitot tbo.

1.2 Applicabitity. This method Is applicable for
measurement of the average velocity of 8 gas strenin and
for uantlfying gas flow, R

- This procedure is not a}»plxcﬂble at meastirement sites
which fall to mest the criteria of Method §, Section 2.1,
Also, the wmcthod cpnnot be used for direct sneasuremont
in cyclonle or swirling gas sircams; Seetion 2.4 of Mcethod
1 shows how to determine cyclonie or swirling flow con-
ditions. Wiien unaccejptable conditions exist, allernative
Uoceduros. subfect to the approvalof the Arkministrator,

j.&. Environmental Protection Agency, must be em-
Ployed to make accurnte flow mte determinations:
exsmiples of such alternative procedures are: (1) to Instal
stralghtening vanes; (2) to ealculate the totul volunetrlo
flow rate stoichimmetrically, or (3) to move to another
nieasurement site at which the flow Is aceopluble.

2. Apparatus

Bpeclfications for the apparatus are gtven below, Any
ather apparatus that hiss beon demonstrated (subjoct Lo
approval of the Administrator) (o he capally of moetling
the Specifications will bo considesed acceptable.

[Appendix A, Method 2]
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|

]

!
I

TEMPERATURE SENSOR
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-
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TYPE SPITOT TUBE

N

e

LEAK-FREE
CONNECTIDNS

L

MANOMETER

*SUGGESTED (INTERFERENCE FREE)
PITOT TUBE - THERMOCOUPLE SPACING

Figure 2-1. Type S pitot tube manometer assembly.

21 Type B Pitot Tube. The ‘Type S pitol tuho
(Figure 2-1) shall he made of metal tubing (e.g., slain-
Ioss stecl), Tt is recornmendad that the external mbiu%
diameter (dimension 1), Figure 2-2h) be between 0.4
and 0.95 centimaters (g and ¥4 fnch). Thero shall be
an equal distance from the hase of each leg of the pltot
tube to its face-epening plane (Qimensions Py and Py,
l-‘l{gure 2-2b); it 19 recomuvendetd that this distunca be
batween 1.05 and 1.50 times the external tubing diameler.
The fuce openings of the pitot tube shall, prelerably, be
aligned as shown in Figure 2-2; however, slizht misalign-
ments of the openlogs are permissible (sex Figure 2-3).

Tho Type 8 pitot tube shall have a known coefficient,
determined as outlined in Bectlon 4, -An §dantitication
number shall he assigned to the pitor tube; this number
a\;::;l ht° cniuanenily mnarkeg ov engraved on the hody
of the tube.

Environment Reporter
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TRANSVERSE
TUBE AXIS

_\.‘AXB-'-

FACE
== OPENING —
PLANES

(a)

A-SIDE PLANE

4 R ‘ . . " NOTE:
LONGITUDINAL Dy A v 1 A ; 1.05 D < P<1.50 D;
yut - ; ‘
TUBE AXIS B Pg Pa=Pg
R S B
B-SIDE PLANE

(b)

”—8__ “AORE QA )

(c)

Figure 2-2. Properly constructed Type S pitot tube, shown
in: (a) end view; face opening planes perpendicular to trans-
verse axis; (b) top view; face opening planes paraliel to lon-
gitudinal axis; (c) side view; both legs of equal length and
centerlines coincident, when viewed from both sides. Base-
line coefficient values of 0.84 may be assigned to pitot tubes
constructed this way.

[Appendix A, Method 2]
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. l ) g l
TRANSVERSE . ! 1 .
‘UBE AXIS © iy W r~ l 4 -B-..——-- [N i—.——---

. . |
] (2) | . B
| é B 1
LONGITUDINAL .uow
CTUBE AXIS ™ ~/X - — s -
et A S

.

(o) .i_—'m(.) -/- - ' o : o (;)—-f_-'(;‘m .

= /> Batror)
o >
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° £y (+or?)

‘(.e)'

o

Figure 2-3. ‘T'ype:s of'face-Openir_xg misalignment that can result from field use or im-
proper construction of Type S pitot tubes. These will not affect the baseline value

of .Cp(s) so long as a1 and a2 < 10°, f1 and f2 < 5°. 2 < 0.32 cm {1/8in.) and w <
0.08 cm {1/32in.) (citation 11 ir: Section 6).52 :

Environment Reporter
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A standard pitot tube may be used Instead ofa Type S,
provided that it meets the specifications of Sections 2.7
and 4.2 note, howeter, that the statlc oand inpact
pressure holes of standard pitot tuhes are smcogub ¢ to
plugging in particulate-laden gas strecams. ‘Therefore,
whenever n standard pitot fube is used to perform o
traverse, sdequate proof must be furnished that the
openings of the pitot tube have not plugged up during the
traverse perind: this can be done by taking a velocity
head (Ap) reading at the final traverse paint, cleaning out
the Impact aud statie hotes of the standurd pitot tube by
“hack-parging” with pressurized oir, and then taking
another Ap reading. 11 the ap readings mnade before and
after the a,; puirge arethosame (+°0 prreent).the traverse

i3 agcoptable. Othevwise, reject the run. Note that if ap

at the final traverse point is unsaltably l?w. another
roin! may be selected. 0 *‘back- wrglng’ at regular
ntervuls is part of the procedure, then comparative A
readings shall be taken, as above, for the last two bac
purges ot which suitabily hizh Ap readings are observed.

2.2 Diflerential Pressure Gange. An inclined manom-
eter or equivalent device is used. Mast sampling {rains
are equipped with a 1{-in. (water column} inclined-
vertleal manometer, having 0.0t-in. 11,0 divistans on tho
© Lo 1-in. inclined sealo, and 0.1-n. IHO divisions on tho
1- to 100, vertical scale. This type of manometer (or
other gaugo of equivalent sonsitivily) Is satlsfactory for
tho measnrament of Af» vnlucs as low as 1.3 mm (0.05in.)
0. However, a differentinl pressure gauge of preater
sensitivity sholl bo used (subjoct to the approval of the
Administeator), If unly of the following I3 found to be
true: (1) the arithmetic avernge of all Ap readings at the
trayerse poluts {n the stack Is less than 1.3 mm (0.05 {n.)
H:0: (2) for traverses of 12 or more points, mare than 10
prrcent of the individual Ap readings are helow 1.3 mm
€0.05 In.) H,0; (3) for traverses of fower than 12 golnts,
more than one ap reading Is below 1.3 mm (0.05in.) HyO.
Citation 18 in Scctlon 6 describes commercially available
instrumentation for the measurement of low-range gas
voloeities.

As nn alternative to criteria (1) through (3) ahove, the
following calculation may be performed to determine the
necessity of using a more sensitive differential prossure

gaugo:

n
2 Vapitl
e 11

n

where:
ape=Individusl velocity head reading at 8 traversa
"()‘olnl. mm H-O (in. H.0).
nr=Total number of Lraverse points.
K=0.13 mmn 1{:0 when metric units aro used snd
0.008 in 1O when English units aro usod.

It T s grenter thon 1,03, the veloclty head data are
unacceptable and 8 moro seusitivo differential pressire
gauge must be used,

Nork.—)[ differential pressure gauges other than
Inclined ausmotors aru used (e.f., Mmagneholic gauges),
their calibration must bo checked alter ench test sarics.
Te chees the ealibration of & differontlal pressiure gauge,
compare Ap readings of the gauge with those of a gaugo-
ofl manomater at o mininium of three points, approxi-
mately representing the range of Ap valtles in tho stack.
17, at ench polnt, the values of Ap as read hy the differons
tI:t pressure gavge and gauge-oil manometer agree to
within $ percent, the differentinl pressure gauge shall be
cousidered to ha In proper calihration. Otherwise, the
test serles shall cither be volded, or procedures to sdjust
the measured ap values ond final results shall be used,
subject to the npproval of the Administrator.

2.3 Tcemperature (nuge, A thermoenuple, Nquid-
filed bulb thermometer, bimotallic thermoineter, mers
cury-In-glass thermometer, or other gauge ca sable of
sneasueing emperature to within 1.5 percent of the mini-
anum absolute stack temperature shall bo used. The
temperatire gauge shall ba sttached to the pitot tube
such that the sensor tip doers not touch any inotal; the
gaugo sholl be in an Interfercuce-free arrangement with
respact to tho pitot tubo face openings (ses Figure 2-1
8nd also Figtro 2-7 in Section 4). Alternato positions mag
ba used §f the pitot tube-temperature gaUge system
calibrated according to the procedurs of Sectlon 4, Pro-
vided that o Mifference of not more than 1 percent in the
averago vclocity mensurcinent is Introduced, the tow-
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perature gauge need not be attached to the pitot tuhe;
this olternative is subject to the approval of the
Administrator.

2.4 Pressure Probe and Gange. A piezometer tube and
1apretiry- or water-filled U-tube manometer capable of
meastiring stack pressure to within 2.5 man (.1 In.) Hg
is used. The static *+n of a standard type pitot tube or
oune leg of a T'ype S puted e with the face opening
planes positioned gaaatl to the gas flow nay ulse be
used as tho pressime probe,

2.5 Baromter. A wereitry, suerold, or olher barom-
eter capublo of mensnring atmospheric prossuce Lo
within 2.5 mm Yz (0.1 in. Hg) may be used. In mauy
cnses, tho barometric rrading may be obtained from a
nearby natinnal weather sersice station, in which easo
the station wvulun (which is the shsolute barometric

pressure) shall be requested and an adjustment for |

elevation differonces between the weather station and
the sampling polnt shall be epj-lied at 8 rote of minus
2.5 mm (0.1 i) g per 30-meter (109 foot) elevation
fnerease, or vice-versa for elevation decreass.

2.6 (ins Donslty Determination Equipiment. Mcthod
3 eqquipment, H noeded (300 Scetion 3.6), to determnine
the stack gas dry molecular weight, and Relerenco
Mcthod 4 or Mcthod 5 equipment for molsture contont
detarmination; othor methods rany be uscd subject to
approval of the Administrator.

2.7 Culibration Pitot Tube. When calibiation of the
Typo 8 pitot tubois nccessary (sce Soction 4), a standard

ftot tube i3 uscd as a reference. The standard pilot

ube shall, preferably, have s known coefficient, obtained
efther (1) directly from tha National Bureau of 8tand-
ards, Routo 270, Quinco Orchard Road, Gsithersburg,

Maryland, or (2) by calibration ogalnst another standard
pitot tube with an NDB3-traceable evelficiont. Alter-
natively, a standard gnm tube designed aecording (o
the criteria given in 2.7.1 Ltirourh 2.7.5 below and iflus.
trated In Yigure 2-4 (see o!to Citatlons 7, 8, and 17 in
Bection 6) may ho used, Pitat tubes desizaned according
to these spectlicotions will have baseline coefliclents of

‘ahuul 0.00£0.01.

2,7.1 Hewispherical (shiown In Flgure 2-1), ellipsuidal,
or confeal tip.

2.7.2 A nilnimuin of six dinmeters strafirhit run (hased
upon 2, the exterast diameter of the tube) Letween the
tip and the static preasure holes,

2.7.3 A minimum of elglit dimneters stralght run
between the static prozsure holes amd the ecenterline of
the external tube, fullowing the 00 degree hend,

2.7.4  Elatic pressure holes of equal size (approxinaicly
0.1 1), eqqually spaced in 8 plezometer dng configuration,

7.5 Ninety degree bend, with curved or mitered
O Teremtiat 3 G t

X cremtisl Pressure Gauge for Type S Pllot
Tubo Calibration. An inclined manometer 3rp:qu|vnlenl
i3 usced. 11 the single-veloclty collbration techniqua is
cinployed (sce Sectlon 4.1.2.3), the calibration dll‘cmn-
tial pressire gaugo shall he readable to the nearest 0.13
mim Hi0 (0.005 in. 11,0). For mullvelocity calibrations,
the gauge shall bo readable {o the nesrest 0.13 1 11,0
0.005 In 11,0) for Ap values between 1.3 and 25 inmn 11,0
0.05 and 1.0 in. }11:0), and to the nearost 3.3 mm 11,0
(0.05 In, 11;0) for Ap values sbovo 25 mm 11,0 (1.0 In.
H30). A special, mure scnsitive gauge will bo required
to read Ap volues below 1.3 mm 1,0 (0.08 in. 11,0}
(sec Citation 18 in Section 6), '

. ——— -
\\ [
2\
CURVED OR \ —
MITERED JUNCTION H £
J |2
STATIC
HOLES 2
{~0.1D) . __j_ .
A
E
HEMISPHERICAL -~ a
TP - \U._J'

Figure 2-4.. Standard pitot tube design specifications,

3. Protedure

3.1 Set up the opparatus as shown in Figure 2-1,
Capillary tuhing or surge tanks justalled botween the
manometer and pitot tube may be used to dampon Ap
fluctuations. It Is rocommended, out not required, that
a pretest leak-chieck bo conducted, as follows: (1) blow
through the pitot impact oponinz untit ot Jeast 7.6 cm

nomoter lovel and zero may drift duo to vibrations aud:
temperature changes, make periodia chocks during the
traverse, lecord all necessary data as shown in tho
examplo data sheet (Figurae 2-5),

3.3 Mcasure the velocity head and temperature at the
{raverse roints specificd by Method 1. Ensure that the
proper differential pressure gnuge Is being used Inr the
range of Ap values encountered (see Seetlon 2.2), 1 it is
y to change to a more sonsitive gauge, do so0, and

(3in.) 1110 volocity pressure registers on then ters
then, closo off the impact opening. The pressure shall
rewnnin stable for at least 13 seconds; (2) do the same for
the static pressure side, except using suction to obtaln
the minlinum of 7.6 e (3 in.) HiO. Other loak-clieck
procedures, subject to tlie spproval of tho Administrator,
may be used. . z
32 Lovel and zero the manometer. Because the ma-
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remonsuro the Ap and tomperature rendings st each tra.
verso point, Conduct a post-test teak-check (tnandatory),
as described in Section 3.1 aboyve, Lo valldate the traverse
run,

8.4 Measuro tho static preasure In the stack, One
roadiui,ls usually adequnte.

8.5 Dotormine the atinospherie pressure,

[Appendix A, Method 2]
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PLANT
DATE RUN NO.
STACK DIAMETER OR DIMENSIGNS, m{in.)
BAROMETRIC PRESSURE, mm Hg (in. Hy)
CROSS SECTIONAL AREA, m2(ft2)
OPERATORS
PITOT TUBE 1.D. ND.

AVG. COEFFICIENT, Cp =

LAST DATE CALIBRATED SCHEMATIC OF STACK
- CROSS SECTION

i \ Stack Temperature
Traverse Vel Hd.,Ap - Py
Pt. No. mm {in.) H20 tg, °C (°F) Ts, °K (°R) | mm Hg (in.Hg) \/ Ap

Average

Figure 2-5. Velocity traverse data.
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)6 Determine the stack gas dry moleculr weight. For com-
bustion provesses or processes that emit esentially €Oy, 002,
CQO, and N2, use Method 3. For processes emitting essentiatly
air, an analysis need not be conducted; use a dry molecutar
weight of 29.0. For ather provesses, other methods, subject to
the approval of the Administrator, must be used, .

3.7 Obuain the moisture content from Referenve Meihod 4
(o1 cquisalent) or from Mecthod 3.

3.8 Dctermine the cross-sectional area of the stuck or duct at
the sampling location. Wheacver possible, physicatly measure
the stack dimsuensions rather than using blueprints.

4. Calibrution

4.1 Type S Pitot Tube. Belore its initial use, carcfully examine
the Type S pitut tube in top, side, and end vicws to verify that
the face openings of the wby are aligned within the speci-
fications illustrated in Figure 2-2 or 2-3. The pitot tube shall not
be used if it fails to meet thesc aligninent specifications.

After verifying the face opening alignment, measure and
record the following dimensions of the pitot tube: (a) the exter-

nal tubing diamcter (dimension Dy, Figure 2-2b); and (b) the
base-to-opening plane distances (hunensiom Pq and Py, Figuse
2.2b). I Dy is between 0.48 and 0.95 ¢m (3416 and 3/6 in.) und
if P4 and Pp are cqual and between 1,05 and 1.50 )y, there are
two possible options: ()) the pitot tube may be calibrated accor-
ding 1o the procedure outlined in Sections 4.1.2 through 4.1.5
below, or {2) a baseline {isolated tube) coefficient value of 0.84
may be assigned to the pitor tabe. Noie, however, that if the
pitot tube is part of an assembly. calibration may still be re-
quired, despite knowledge of the baseline cocfficient value (sce
Section 4.1.1).

i D;, 4. and Py are ounide the specified limits, the pitot
lbuel:e must be calibrated as outlined in 4.0.2 through 4.1.3

ow.

4.1.1-Type § Pitut Tube Assemblies. During sample and
velocity traverses, the lsolated Type § pitot tube is not atways
used; in many instances, the pitot tube is used in combination
with other sourc pli D 3 (ther le, sampl.
inf probe, nozzic) as part of an **assembly.” The presence of
other smapling components can sometimes affect the baseline
value of the Type $ pitot tube coelhicient (Citation 9 in Section
6); therefore an assigned (or otherwise known) baseline coeffi-

‘cient value may or may not be valid for a given assembly. The

bascline and assembly cocfficient values will be identical only
when the relative placement of the s in the bly
i+ such that actodynamiv Interference effects are climinated,
Figurcs 2-6 through 2-8 illustrate interf{erence-free component
arrangements for Type S pitol tubes having external tubing
diameters between 0.38 and 0.95 cm (3/06 and 3/8 in.). Type S
pilot tube asscmblies that fail to meet any or all of the specifica-
tions of Figurcs 2-6 through 2-8 shall be calibrated according to
the procedure outlined In Sections 4.1.2 through 4.1.5 below,
and prior to calibration, the values of the intercomponent -
ings (pitot-noztle, pitot-ther ple, pitot-probe sheath) shall
be measured and recorded.

NOTE.—Do not use any Type S pitot tube assembly which Is
constructed such that che impact pressure opening plane of the
gilol tube is below the entry plane of the nozzle (sce Figure

-6b).

4.1.2 Calibration Sewup. If the Type S pitot tube is to be
calibrated, one leg of the tube shall be permanently marked A,
and the other, B. Calidration shall be donein a flow system hav-
ing the following essential design fi

(]
D, TYPE S PITOT TUBE
x>1.90¢m (3/8in.) FORDp=1.3cm (1/2in.)
SAMPLING NOZZLE:

A. BOTTOM VIEV/; SHOWING MITIMUM FITOT-NOZZLE SEPARATION,

SAMPLING

PROBE

\

SAMPLING
NOZZLE

S

o

STATIC PRESSURE
OPENING PLANE

o Gmpumnat B syt &

IMPACY PRESSURE

4 . OPENING PLANE
I e
TYPE S . . - N . .
PITOT TUBE

NOZZLE ENTRY

PLANE

- ey @ o ~ o -

B. SIDE VIEW; TO PREVENT PITOT TUBE
FROM INTERFERING WITH GAS FLOV/
STREAMLINES APPROACHING THE
NOZZLE, THE IMPACY PRESSURE
OPENING PLANE OF THE PITOT TUBE
SHALL BE EVEN WITH OR ABOVE THE
NOZZLE ENTRY PLANE,

—r Wt § Sainind &

F'igure 2.6. Proper pitot tube - sampling nozzle configuration to prevent

aerodynamic interference;
and pitot opening aligned;

3/8in.).
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buttonhook - type nozzle; centers of nozzle
D¢ between 0.48 and 0.95 cm (3/16 and

[Appendix A, Method 2]

Published by THE BUREAU OF NATIONAL AFFAIRS, INC., WASHINGTON, D.C. 20037 97




1, :1566

FEDERAL REGULATIONS

W22.62¢em ;

‘ I

22508em |

—
(3in.)
. THERMOCGUPLE —— . YHERMOCOUPLE .
e T Z > 190 cm (2/4in) i ' - 0 e} ‘
A » .
{L Oy TYPE S PITOT TUBE TYPESPITOT TUBE ( )

SAMPLE PROBE
al

oR

SE |t
g

Figure 2-7. Proper thermocouple p!acément to prevent interference;
D¢ between 0.48 dnd 0.95 cm (3/16 and 3/8 in.).

D¢

TYPES PITOT TUBE

N
@

SAMPLE

i
PR
|

OBE

N

v

—d—— ¥ >7.62 cm (3 in.)

.-..-....-,mu—l

Eigure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
| t between 0.48 and 0.95 cm (3/16 and 3/8 in.).

4.1.2.1 The flowing gas strean: nust bo confined to »
duct of definite cross-sectionzl area, either circular or
te®™=npular. For circular cross-sections, the minimura
dy  diameter sbhall be 30.5 ¢y (12 In.); for rectangmlar
;‘5 -sec{.lxgr;s. )the width (shocter side) shall be a$ Jeast
_.m n.).
4.1.22 Tbe cross-sectional area of the calibration duct
nust bs enastant over a distance of 10 or more duct
elers. For a rectangular cross-section, use an equiva-
l¢”  diameter, calculated (ron: the following equation,
tc termine thoiuunber of duct diameters:

= 2LW
S{LF W)
Equation 2-1

D,

w o
otz Bauivalent disineter
J=Length
B=Viidts
=% ensure the presence of stalsde, fully developed flow
P erns at the ealibration site, or *“test scetion,” the
& nust be located at least eicht Qiameters downstream
2. two diameters upstream frons the nearest disturb-
suces. - -

NoTE.~The cight- aud two-diametrr crilerin are not
akaciute; otlicr test section focations may be used (sub-
§J 1o apyproval of the Administrator), provided that the
L 8t the test site I3 stehie and demonstrably parallel
1 he duet axis. :

"4.1.23 The flow system shall have the capacily fo
generate A lest-section velocity sround 915 myfiuin (3,000

fi/min). This velocity must be constant with time ta
guarantee steady flow during calibration. Note that
'l“'pe S pitot tube cocfficlents obtained by single-velocity
calibration at 915 m/min (3,000 ft/imin) will generally be
valid to within %3 percent for the measurcinent of
volocities above 303 m/min (1,000 ft/min) and to within
=+5 to 6 percent for the measurement of velocities be-
tween 180 and 303 mfmin (GO0 end 1,000 ft/min). 1 &
more precise correlation between €, and velocity is
desired, the flow systemn shall hiave the eapacily lo
generate at least four distinet, time-invariant test-section
velocities covering the velocily range frosn 150 to 1,525
m/min (GO0 to 5,00021t/min), and calibration data shall
be taken at regulur velocity intervals over this rango
(see Citations 9 and 14 in Section 6 for detail?).

4.1.24 Two cutry ports, one cach for the standard
and Type S pitot tubes, shall be cut in the test seetion;
tho standard pitot entry port shall bo located slightly
downstream of tho Type S port, so that the standard
and Typs 8 impact openings will He In the same cross-
seclfonal plune during calibration. To facilitate align-
ment of the pitot tubes during ealibration, it is advisablo
that the test scetion bo constiucted of plexiglas or some
other transparent matevial.

1.3 Calilnation Procedure. Note that this procedure
fs & general one snd rnust not Lo used without first
referring Lo the s?ccial considerations presented in Sec-
tion 4.1.5. Noto also that Lhis procedure applies ouly Lo
single-velocity calibration. To obtain calibration data
for the A and B sides of the Type S pitot tube, procovd
as follows:

4.1.3.1 Msake sure that the manomeler is proparly
filled and that the oil §s free from contamination and isof
the proper densily. Inspect and leak-theck all pitot tines;
repair or replace if necessary.

Environment Reporter

4132 Lovel and zero the manownetor. Turn on the
fan and allow the flow to stabilize. Seal tho Type S oniry

rt.
po“ 3.3 Ensurs tha! the manometer isloveland zeroed,
Position the standard pitot titbe at tho calibretion point
(dotermined as outlined in Sction 4.3.5.1), and s'ign the
tube so that its tip is pointed direcily into the flow. Par-
ticular care should be taken in aliz:Hng the tube to avoid
yaw and pitch angles, Make sure that the entry port
surrounding the tube js properly sealed. ¢

.1.3.4  Road Ap.a0nd record its value in 8 dato table
slmilar to the one shown in Figure 2-9. ove the
stundard pitot tube from the duct and discounect it from
tho manometer. Seal the standard entry port.

4.1.3.5 Connect the Type 8§ pitot tube to the manom-
eter. Opon the ’1‘;'1‘)9 8 entry port. Check the manoni- -
eter level and zero. Insert and slign tho Type 8 pitot tube
so that jts A side impact opening is at the same point as
was the standard pitot tube and is poluted directly into
the slow. Make sure that the entry port surrounding the
tube Is properly soaled.

4.1.3. cad Ap, and enler fts value in the data (able:
Remove the ‘Cype 8 pitot tul,e {ron the duct and dis~
connect it from the manoineter.

4.1,3.7 Xepeat steps 4.1,3.3 through 4.1.3.6 above undit
three pairs of Ap readings have Leen obtained.

.1.3.8  Repeat steps 4.1.3.3 through 4.1.3.7 abovo for
the B.side of the Typa B pitot tube.

4.1.3.9 Yerform catculations, as described in Section
4.1.4 below, .

4.1.4 Caleulations,

4141 For each of the six pairs of Ap readings (1.0.;
threo from side A and three fro:n1 sido B) obtalned in
Section 4.1.8 abovo, calrulate the valuo of the Typs 8
pitol tube coeflicient as follows:
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PITOY TUBE IDENTIFICATION NUMBER: __ DAYE:
CALIBRATED BY! —
' “A" SIDE CALIBRATION
Apgd Apis)
emH20 |  emH20 DEVIATION
RUN NO, {in, H20) {in. H20) Cpls) Cots) - CplA)
1
2
T
Cp (SIDE A)
“8"” SIDE CALIBRATION
Apgd Ap(s)
cm H20 em H 0 DEVIATION
RUN'NO. {in. H20) {in. H20) Cots) { Cpls)-CpiB)
1
2
3

AVERAGE DEVIATION = ¢{A OR B) = -

Cp (SIDE B)

3 e .
= |cpt)-Tyla or B

3

| € (510E A)- T, (5DE 8) |--MusT BE <001

Figure 2.9, Pitot tube calibration data.

A
Cotn=Crtar) '\/ {ﬁ

where: .
Crte)= Type S pitot tud coeficient
Cy i) =Btondard pitot tube coefficient; use 0.99 If the

Equntion 2-2

according to th!e srllerln of Seetions 2.7.1 o

2.7.5 of this

-~<— MUST BE §0.01

method.
Apaa=Velocity head mneasured by the standard pitot

tube, cra H30 (in. H:O)

cdeMcient s unknown and tho tube §s destgned  values,

Ap,~Velocit,
tube, cm 1&0 {in. X;0)
4142 Calculate C, (side A), the mean Aside coef-

ficlent, and G, (side B), the mean B-sido coefficient;
calculate the differcnce between thesd two average

y head menslfréd by the Type S pitot

4.1.43 Calculate the deviation of each of the hiree A~
side vatues of €, (,) from C, Gide A), and the deviation of
corh Bslde value of Cy¢.) from C, (s1de B). Use the fol-
Jowing eguation:

Deviation :=Cun—Co(A or B)
Squation 2-3

4104 Calulaie o, the average deviation froi the
maean, for both the A and U sides of e pltot tube. Use
the following equation:

3 -
Zlc'ﬂl)_CD(A or B)|
o (side A or B) =2 3

Equation 2-4

4.1.4.5 Use the Type 8 pitot tube only i the valuesof
o (side A) and o (side 13) are Jess'than or equal to 0.01
and if tho absolute valuo of the diffcrence between C»
(A) snd C, (B) {3 0.01 or Jess,

4.1.,5 S8pecia) considerations,

4.1.5.1 Selection of calibration polnt. }

4.1.5.1.1 When an fsolsted Type 8B pitot tubo Is cali-
brated, select a eslibration point at or near the center of

the duct, and follow the procedures outlined §n Bections
4.1.3 and 4.1.4 above. ‘The Typo 8 pitot coofBcients so

obtained, L.¢,, Cp (side A) nnd C (sido B), will bo valid,
£0 long ns either: (1) tho lsolated pitot tube s used; or
(2) the pitot tube is used with other omnj,onents (nozale,
thermocouple, sample probo) in an arrangement that is
free from acrodynninic nterference effects (sco ¥igures
2-4 through 2-5).
4.1.5.1.2 For Type B pllot tube-thermocouple com-
binations (withnut sampls probe), select o enlibration
point at or near the center of the duct, and follow the
proccdures outlined in Sections 4.1.3 and 4.1.4 above.
The coefliclents so obtalned will be valid so Jong es the
pitot tube-thermocouplo combination {3 used by ftsell
or with other componenisin an fnterfs free or
ment (Figures 2-6'and 2-8), |
4.1.51.3 For asseinblies with sample probes, the
enlibration point should be Jocated ot or nucoar thie center
of the duct; however, insertion of o probe shcath into a
small duct may cause significant crosssectionol pren
Mockagcand yxg--,ld incorrect coeflicient vatues (Citation 9
in Section 6). Therefore, 1o minimize the blockage eflect,
tho calibration point may Le a few Inches off-center It
necessasy. The actusl blockags effeet will be negligible
when tho theoretical blockoge, as determined by o
rojected-area model of the probesheath, is 2 pereent or
ess of the duct cross-scelional area for axsemblies withont
external sheathis () igure 2-10a), and 8 percent or less for
asscmblics with external sheaths (Pigure 2-10L).
4.1.5.2 For those proho assemblles in which pltot
tube-noztle interference i8 @ foctor (l.e., those in which
the pltot-nazzle separation distance folls to meel the
specification Hinstrated in Figure 2-ta), the value of
»(s) dopands upon the amount of frec-space between
the tube and noztle, and thereforo Is o function of norls
size, In these instances, separute callbrations shall be
rcrlormod with cach of the commonly used nozzlo sizes
n place. Note that the single-veloeity calibration tech-
nique i3 nccc‘nable for this purpose, even thotigh the
Jarger nozzle sizes (>0.635 ¢in or 24 in.) are not ordinarily
used for Isokinetic nmn‘pllm; at velocities around 015
m/min (3,000 fi/min), which Is th+ cealibretion velocity;
note also that it i3 not necessary (0 draw an §sokinetic
sample during calibration (sec Citation 19 in Section 6).
4.1.5.3 For a probe nsscrubly constructed such that
fts pitot tube §s clways used in the same otientation, only
ono side of the pitot tubo need be calibrated (the side
which will face tha flow). The pitot tube must still racet
the alignment specifications of Figure 2-2 or 2-3, however,
ond must have an average deviation (o) value of 0.0 or
dess (sce Scction 4.1.4.4),

15
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EXTERNAL
SHEATH -~

Axw
DUCT AREA

ESTIMATED

SHEATH =

BLOCKAGE
(%)

x 100

Figure 2-10. Projected-area models for typical pitot tube assemblies.

416 Field Uso and Recalibration,
4.1.6.1 Field Use.
ad.1.611 When 8 Type 8 pitot tube (Isolated tube or
sembly) [3 used in the ficld, the appropriate coeflicient
alue (whether assigred or obtained by calibration) shall
stitsed 1o parforin velocity caleulations, For calibrated
- ’ype S pitot tubes, the A side coefTictent shall be used
when the A side of the tule faces the flow, and tho B stde
coefMicient shall bo used when the B side fares the flow;
alternatively, the arithioetic average of the A and B side
sefficient values may be used, irvespective of which side
ces the flow. -

41612 When a probe assetibly 18 nsed to sample o
small duct (12 to 3i in. In dinneter), the probe sheath
sometinies Llocks 8 significant part of the duct cross-
section, esusing 8 rediction in the effoctivo valtio of

= .. Consnlt Citation 9 §in Section 6 for details. Con-
entlonal pitotsampling prohe assemblics ware not
wommended for use In duets having inside dismeters
¢ wmdlier than 12 inclies (Citation 16 in Section 6).
4.1.6.2 Recalibration. X
4.1.6.2.1 Isolated Pitot Tubes, After each ficld nise, the
F~=itot tube shall be camfully reexamined in top, side, and
nd views. If the pltot face onenings are still aligned
<ithin the specifications ilinstrated in Figure 2-20r 23,
+ . can be assumed that the haseline coeflicient of the pitot
tube has not chonged. If, howsver, the tnbe 1as been
darpaged Lo the extent that it uo longer meets the specifls
Pq_ntipns of Figure 2-2 or 2-3, tha damage shall either bo
rpaired to restore proper alignrient of the face openings
¢ the tube shall be discarded.
£.1.6.2.2 Pitot Tuhe Asscinblics, Aflrr ench ficld use,
v check the face opening aligiument of the pitot tube, as
i1 Section 4.1.6.2.1; alsn, remeasure the intercomponent
spacings of the asseinbly, If the Intercomponent spacings
pelave not changed and the face openlug alignment fs
weeptable, it can be assined that the cocfficlint of the
wsambly has not changed. If thie face opening alignment
s no longer within the specifirntions of Fipures 2-2 or
2-3, elther repair the damage or yeplace the pitol tube
(calibrating the new assembly, if negessary). If the Inter-
cmnponent spacings have changed, restore the original
M=pagings or recatibirate the assemdly.
4.2 Standard pltot tube (i€ applicable). 1f a standard
tot tube Is used for the velocity traverse, ths tule shall
. constructed according to the criterin of Section 2.7 and
shall be assigned 8 haseline conflicient vulue of 0.99, ¥t
thio stendard pitot tube is used us part of an assembly,

tho tube shall be in an Interference-free arrangement
(subject to the approval of the Adminfstrator).

4.3 Temperature Gauges. After each field use, cpli-
brato diat thermometers, liquid-filled bulb thermoin-
cters, thermocouple-potentiometer systems, and other
gauges at a teanperature within 10 pereent of the averago
absotute stock temperature. For temperatures up lo
405° C (761° '), use an AST M ancrcury-in-glass reference
thermometer, or equivalent, ns a reference; slternatively,
cither 8 reference thermocouple and potentlometer
(calibrated by NBS) or thermometric fixerd points, e.g.,
fce bath nndy boillng water (corrected fur barometric
pressure) may bo used. For temperatures alove 405° C
(761° F), use an N BS-calibrated reference thermocouple-
{mtmﬂomcu-r systemi or an alternate. reference, subject

o the approval of the Adminlstrator,

M, during calibration, the absolnte temperatires mens-
ured with the gange deing calibrated and the referenco
gange agree within 1.5 percent, the temperature data
tuken in the ficld shall be considered valid. Otherwise,
the pollutant emissinn test shall either be considered
fnvalid or adjustments (if appropriste) of the test results
:hall bo made, subject {o the approval of the Administra-

or.

4.4 Barometer. Calibrate the baromcter used against
a mercury barometer,

5. Celeulatlons

Carr¥ ont calculations, retalulug at least one extra
decimal figure beyond that of the acquired data, Round
off figures after final calculation.
5.1 Nomenclature. .
A=Cross-sectional arca of stack, m? (ft?).
Bu,=Water vapor in the gas stream {from Method 5 or
Reference Method 4), proportion by voluune.
Cyp=Titot tube cocflicient, dimenslonless,
Kp=Yitot tube constant,

s4.97 M. [ {g/g-molc) (mn TTg)
54.97 see (°K) (xom 11,0)

for thie metric system and

[Q*_J_/llzﬁs?'_c_)_(.i'h )]~

ft
85.49 e LW (i, 11,0)

sec
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for tho English s?'sum.

M 4==Mofecular weight of stack gas, dey bas{s (seo

. Section 3.6) g/g-mole (1b/ib-1n0lo).
M, =Motrcular weight of sinck ges, wel basis, g/g-

10010 (lb}‘lb-molcs . .
Equation 2-5
Ps.ri—-lm(:lromclrlc pressure ot measurcent site, mm
o .

=Ms (A ~Ru)+418.0 By
n, 1ig).

P,=8tack static pressure, mm Mg (n. ITg).
F,==Absolute stack gas pressuro, mn Mg (in. 11g).

= Pyart- P, Equoation 2-6
Para =Standard absolute prossure, 760 mm Hg (20.92
1),

Qua=Dry voluametric stack gaa flow rato corroctod to
standard conditions, dsem/hr (dscfr). .

=Stack temperature, °C (*F).

T.= Absolnte siack temperaturs, °K (°R).

==273-F1, for metric Equation 2-7
=24604-, for English Equn\.loniz-a
7.u4-2Standard absoliite temperature, 293°K (728° )
v.=Avernge stick pas veloeity, mfsoc (ft/sec), -
Ap=Velocity head of stack gas, mm 1,0 i, 10).

3,600 = Conversion factor, sec/hr.
18.0=Molecutar weight of water, g/g-mole (b-1b.

mnole).
5.2 Average stack gas veloclty.

AU.?'—' I{,C,_(‘\‘ Ap);vx ‘\/?;. ;4

Equation 2-9

5.3 Averngo stack gas dry volumetrle flow rato.

_ By A (T (o
Qnd" 31600(1 Bw')!'A (Totavz)) (I)nld)

LEquation 2~10
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Haloen Leak Detector

operating
instructions

A
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- GENERAL DESCRIPTION

This instrument is a portable, battery-
operated, electronic halogen gas detector. It is
capable of finding leaks as small as %2 ounce

er year; as well as large leaks in areas where
background contamination may be present.

The instrument provides a ''Geiger Counter"
ticking signal which increases as the leak is ap-
proached. When the leak has been found, a
siren is sounded.

No danger exists when approaching a large
refrigerant leak with the leak detector. Unlike
a gas torch, dangerous or poisonous gases are
not generated. The sensing tip is not affected
by large amounts of refrigerants as are vacuum-
type halogen gas detectors. Recovery time after
the probe is removed from a contaminated area
is instantaneous.

Requiring no warm-up period, the instru-
ment is ready to use following a simple calibra-
tion procedure. It is equipped with a dual length
flexible probe which can be bent to permit the
sensing tip at the end of the probe to reach
normally inaccessible leaks.

A low battery indicator light is also pro-
vided, so that your leak detector is kept in top
working condition at a!l times.

HOW TO FIND LEAKS

1) Move slide switch to CALIBRATE position.
(Figure 1)

2) Calibrate by turning the knob until ticking
signal is heard.

3) Move switch to OPERATE position.
4) Search for leaks.

5) When a small trace of halogen refrigerant
enters the sensing tip, the ‘'Geiger Counter"'
ticking signal quickens. As more gas enters
the tip, the signal speeds up until it be-
comes a siren.

Y
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SEARCHING FOR LARGE LEAKS
OR IN CONTAMINATED AREAS

1)

2)

In areas of high background contamination
and/or large leaks, if the siren alarm sounds
before the leak source can be located, your
leak detetor can be de-sensitized. Turn the
control knob counter-clockwise slowly until
the siren alarm returns to a ticking signal.
Now a large leak can be located despite any
background contamination which might be
present.

In windy areas, a large leak can be extremely
difficult to find, because the escaping gas is
rapidly carried away from the leak source.
Under these conditions, it may be necessary
to shield the potential leak area.

NOTE: It may not be necessary to readjust cali-

bration knob each time the unit is turn-
ed on. Simply move switch directly to
operate position.

- SEARCHING FOR SMALL LEAKS

1)

2)

In a situation when large leaks mask the
presence of very small leaks, locate and
repair large leaks first. Finding the smalli
leaks will then become an easy task.

When trying to locate a very ‘‘hard to find
leak'", first isolate potential leak area with
a drop cloth, etc. Wait a few minutes and
probe the shielded area. Continue this prac-
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3)

1

2)

3)

tice until all suspected areas have been-
checked.

When searching for ULTRA small leaks, you
may wish to leave the instrument’s slide
switch in the CALIBRATE position. In this
position, due to the extreme sensitivity, a
slight variation in the ticking signal may be
noticed.

OTHER LEAK DETECTION
TECHNIQUES

When the knob (Figure 2) in the lower
corner of the instrument is loosened, the
flexible probe is free to move 180°. This is
especially useful when searching in normally
inaccessible areas.

In areas where background noise is a prob-
lem, you may want to use the earphone
accessory available for your leak detector.

It is important to remember that halogen
gases are heavier than air. The first indica-

* tion of the presence of halogen gases may

4)

NOTE:
Before rotating
Flex Probe, lonsen
Probe knob two full turms
counterclockwise.

be slightly below the actual leak source.

When searching for leaks, the sensing probe
should be moved at a rate of approximately
one inch per second.

Y
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MAINTENANCE HINTS -

1) To install batteries, remove the battery cover
on the back of the instrument. Be sure to
install batteries as indicated in the battery
compartment.

2) Batteries effect performance. When your
leak detector is turned on, the red battery
indicator should be lit. If the red light is not
on, install fresh and/or tested Size ''C"
Alkaline batteries. Remember, cold temper-
atures will effect battery strength.

3) If the red light is on, and the unit fails to
operate properly, turn instrument off and
-replace the sensing tip*. If the unit still
does not function correctly, return it to the
factory for repairs. '

4) If the ticking signal is erratic or a contin-
uous siren is heard, the sensing tip should
be replaced.

5) Minimize tip contamination from dust and
grease by utilizing the tip protector and
filter cloth.

6) Always be sure your instrument is off when
changing tips. To change the sensing tip,
turn the tip counter-clockwise. Attach a new
tip by turning clockwise on the connector.
Do not operate your leak detector until the
sensing tip is screwed on finger tight. Use
care not to catch perspiration, or grease
such as hand cleaner in the slots, while
attaching the tip.

*NOTE: The battery voltage is amplified in the
sensing tip. Failure to turn the instru-
ment off when changing tips will re-
sult in a mild shock when the tip is
touched.

REMEMBER: This leak detector is an electronic

instrument. If you treat it with care, it will
provide you with years of trouble-free

operation.
PARTS LIST
SENSING TIP . ............... Part #HLD 441
SENSING TIP PROTECTOR ..... Part #HLD 442
REFERENCE LEAK BOTTLE .... Part #HLD 443
FILTER CLOTHS ............. Part #HLD 444
MAINTENANCE KIT ........... Part #HLD 445

MAINTENANCE KIT CONTAINS:
2 SENSING TIPS
3 SENSING TIP PROTECTORS
12 FILTER CLOTHS

ACCESSORIES:

EARPHONE ACCESSORY ....... Part #HLD 446
CARRYING CASE ............. Part #HLD 447
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SPECIFICATIONS
1, POWER SUPPLY: Two, Size "'C" Alkaline
) Batteries
2. SENSITIVITY: One-half Ounce per year
3. OPERATING

TEMPERATURE RANGE: 33° - 100°F

4, BATTERY LIFE: Approximately 40 hours,
normal usage

5. DUTY CYCLE: Continuous,
no limitation
6. RESPONSE TIME: Instantaneous
7. WARM-UP TIME: Instantaneous
8. WEIGHT: 28 ounces
(with batteries}
9. DIMENSIONS: 8'x3"x1.8"
10. PROBE LENGTH: 12.5"

WARRANTY AND
REPAIR/EXCHANGE POLICY

This instrument is designed and produced to
provide unlimited service. Should the unit be
inoperative after the user has performed the
recommended maintenance®, a no-charge, re-
pair or replacement will be made to the original
purchaser. This applies to all repairable instru-
ments which have not been tampered with or
damaged. The claim must be made within one
year from the date of purchase. Repairable in-
struments, out of warranty, will be repaired or
replaced for a service charge not exceeding
$20.00 plus transportation costs to and from
our plant. An additional 90 day warranty will
cover the repaired or replaced unit.

*Recommended maintenance: Failure to change
batteries and sensing tip will result in an $8.00
maintenance charge.




APPENDIX C
GAS CALIBRATION CERTIFICATION
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Scott Environmental Technology Inc.

Plumsteadvilie, PA 18949 Madison Heights, Ml 48071 San Bernardino, CA 92411
{215) 766-8861 {313) 544-0625 (714) 887-2571

SPECIALTY GAS DIVISION

April 10, 1979

R e 306601
Attn: Bob Jangleau Our Project No.:
800 Follin Lane Your P.O. No.:__H 08503

Vienna, VA 22180

Gentlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analyses for the gases ordered, as
reported by our laboratory, are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Analytical Analytical
Cyl. No. _C-1414 Accuracy_*2% Cyl. No. £-1682 Accuracy 22%
Component Concentration Component Concentration
TETRACHLORO ETHYLENE 45.7 ppm TETRACHLORO ETHYLENE 2,8 m
AIR BALANCE AIR BALANCE
*\ 7
Analytical . '\ - Analytical
Cyl. No. _C-1560 Accuracy_*2% .Cyl: No. Accuracy
Component Concentration Component Concentration
A
\ ’, '\ -
‘4.‘". ‘ /\
SN v
r{}.".'\:.‘ W

Analyst

Approved By M@x@ﬁ@,‘
ROBERT DENYSZYN

The only liability of this Company for gas which falls to comply with this ansalysis shall be replacement thereof by the Company without extra cost.

ACUBLEND® B CALIBRATION & SPECIALTY GAS MIXTURES & PURE GASES
ACCESSORY PRODUCTS m CUSTOM ANALYTICAL SERVICES
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