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ALLIED CHEMICAL CORPORATION
AP-42 Section /2.2

.S Chemicals Company Reference

Environmental Control Laboratory Report Sect. _4 .

Request for Services Reference  /Zo |

Request Location ) Request Estimated Project Code 00 0/6/9 8 0/ 90
: - Date Start Date _ .
Lab Project Number /6/.9 8 0/.9/0/0 0 1

ASHLAND COKE 12/21/79  |November, 1980 | -
Submitted By: Telephone Requested Priority __B

R. W. MITTENDORF NEBes” Complete Date | pyoject Leader _J- L. Welch

325-7631

Billing Address Account information:

P, 0. Box 111 _ '

Ashland, Kentucky | GO 1047 Code 83-9020 Charges 64528

41101 ; .

Basis For Priority Other Than Scheduled:

Description:

Perform compliance testing of number three battery Minister-Stein.
Sampling to be done on outlet and clarifier overflow (T.S.S. and D.S.)

ra

cc:  B. SUKORNICK ' Verbal Report Date
(Seven copies to R. W. Mlttendorf)

Prepared

Prepared Z

E. W, Pollitt

Approved Ie(— Rrwints. ’7’/

R. L. Raines

Inbvru?nnnu Co. m@m
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Reviewed By:
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& My

Semet-Solvay Division
Box 111

T T _ December 15, 1980

Mr. William S. Coakley - Director
Enforcement & Surveillance Program
Dept. for Natural Resources &
Environmental Protection

Bureau of Environmer:al Quality
West Frankfort Office Complex

U.S. 127 South _

Frankfort, KY 40601

Dear Mr, Coakley:

We are pleased to submit the enclosed Compltance Testing Report to
verify the Minister-Stein (Pushing Emission Control) System for #3 Battery.

During the week of November 10, 1980, Mr, Dan Gray, Environmental
Engineer, Mr., John Jayne, Environmental Specialist of the Frankfort office
and Ms. Renee Cahal, Environmental Officer of the Ashland, Kentucky area,
witnessed the compliance testipg. Mr, Jesse Baskerville, Region 4 Com-
pliance Chief, E.P.A, and Mr 5Jom Moore, Inspector, Regjon 4, witnessed
the testing for the Federal E.P.A.

If there are any questions pertaining to testing, please contact
John L. Welch (614-533-1040) and any questions pertaining to process
operations, contact D. E Davisson (606-325-7631).
Sincerely,

R Wndlocen

R. A, Washburn
Plant Manager

RAW/DED/cec
Attachment

cc: Jesse Baskerville

LR - 790000 IV
ATLANTA, GA.
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II.

ITI.

INTRODUCTION

Three (3) E.P.A. Method 5 modified runs were conducted at Allied
Chemical's, Ashland, Kentucky Coke Plant. Thése tests were con-
ducted to determine emission rates from the Minister-Stein capture
system and outlet stack® Other requirements being hood capture
efficiencies and scrubber-clarifier overflow water analysis (for
T.8.S. and D.S.). Testing was conducted by Allied Chemical's
Environmental Control Laboratory, 3330 South Third Street, Ironton,
Ohio 45638. _

SUMMARY OF RESULTS

The emission results for the three test runs for particulétes
are given in Table 1 below and a summary of data given in Table 2
(attached). |

Table 1
Emission Results Particulate.
_ (Filtérable) Emissions
Test Number _ Date : Pounds Per Ton of Coke
1 11/11/80 ' .008
2 ©11/12/80 | .013
3 11/13/80 .005
Average = - ,009

All three tests are valid, being within 90% and 110% isokinetic
range and being run in accordance witih EPA Methods 1 thru 3.

Hood captures are summarized in Table 3 and the.water analysis
of the clarifier overflow is given in Table 4. - - '

*#3 Battery
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. TABLE 2

Sumfnary of Data

" Test Run Number

OUTLET FRONT HALF

ONE < TWO THREE

Number of Traverse Points ok T ol
Test Time per Point (min./push) | 4 34 °1.53 1.84
Total Test Time (min.?) -~ :- - o '31.38 736,71 i 14
Volume Metered (ACF) ... -~ - - . 58,14} 66.123 82.140
Volume Metered (DSCF) - - - . . cg 835 68.7N 8k.124
Average Meter Temperature ( OF-) 53,3, '.49.6-7. 52.0
Pressure at Meter (in. HZ) 29.78 29.89 29.56
AverageAp  (in. H20) 415 414 .428
Average AH :(in. Hg0) ... 2.05 2.00 2.10.
Average Stack Temperature -(QF) 92.0 . 93,6 99,7
Absolute Stack Pressure (in. Hg) 29,79 29,90 29.57
Barometric Pressure (in.' Eg) 29.78 29.89 29.56

- Diameter of Stack (:f'b) """ 10,0 10.0 10.0
Area of Stack (ft.2) ciicocciiioo|g8sh 78.54 78.54
Diameter of Nozzle (ft.) SURRIE RN L 1 v 2 N 0417 L0417
Area of Nozzle (ft.2%) x 103 -~ C1036K 1.364 1,364
Dry Molecular Wt. of Stack Gas _ .

(1b/1b-mole) . . .. Ceeiiie 28.83. ~ 28.88 28.50
Wet Molecular Wt. of __S_tac,k Gas _

(1b/1b-mole). ... .. ... ... . 28,70 " 28.70 28.29
Collected.Impinger H30- (ml) -------------- 00 6.5 26.0
Collected Silica Gel Hg0 (gm) R 5.0 1970 0.0
Average Stack: Gas Veloci'ty' (:Eps\ 1 23,94 23.87 25.13 .
Average Stack Gas Volumetric 7 - -

riow Rate (d%cf/oven pushed) -x’ ’105 1.3880 1.6122 11.9907
Particulate Weight (gm) = L0194 .0321 L0118
Isokinetic Variation (%) .- .- - 103.4. 1024 101.4

- Processed Coke .(tons/oven); ... .- coerelr2.32 12,27 12.27
Pollutant Concentration (lbs/dscf) ]
) Cx 107 7.14 10.2 3.09
AA.) Pollutant Mass Rate .(1b/ton. of -coke) 008 013 .005.




TABLE 3

HOOD CAPTURES ‘
Test #1 Test #2 _ Test #3
11/11/80 11/12/80 | -~ 11/13/80
Oven # % Capture Oven # % Capture Oven # % Capture
4 95 59 95 77 >80
82 90 49 95 o7 >90
72 90 39 90 ' 47 >95
02 95 29 290 37 >95
H2 95 19 95 17 >95
42 95 9 95 7 >90
32 95 77 95 75 >85.
22 90 _ 27 20 65 90
12 95 47 90 55 90
2 90 37 90 35 90
09 95 27 20 27 90
49 90 17 90 o 95
29 90 75 90 83 90
9 95 65 95 73 20
77 90 55 95 63 20
19 95 35 90 23 95
o7 95 25 95 45 95
47 95 5 90 43 95
37 90 67 90 - 25 90
27 25 83 90 33 95
17 95 73 95 23 90
7 . 90 - 63 20 13 90
5 ' 95 - b3 90 53 90
65 90 43 95 ‘81 95

Averages  Approximately Approximately <7 " Approximately
' 2 92




Date

11/11/80
11/11/80
11/11/80
11/11/80
11/11/80
11/11/80
11/11/80
11/11/80

11/12/80
11/12/80
11/12/80

11/12/80

11/12/80
11/12/80
11/12/80

11/12/80°

11/13/80

11/13/80
11/13/80
11/13/80
11/13/80
11/13/80
11/13/80
11/13/80

CLARIFIER OVERFLOW WATER ANALYSIS

TABLE 4

¥

Total Suspended Total Dissolved
" Solids Solids
Sample Time _ (mg/L) ' (mg/L)
7:00 A.M. 32 : 597
8:00 A.M. 53 592
9:00 A.M. | 16 648
10:00 A.M. 15 684
11:00 A.M. 4 671
NOON 15 736
1:00 P.M; 22 767
2:00 P.M. 7 765
Range ~ .4.- 53 mg/L 592 - 767 mg/L
Average 21 682
7:00 A.M. 30 769
8:00 A.M. 60 620
9:00 A.M, 14 825
10:00 A.M. 14 T 751
11:00 A.M, 11 813
NOON 8 - 806
1:00 P.M. 54 : 790
2:00 P.M. 12 - - 814
Range 8 - 60 mg/L 751 - 825 mg/L
Average 25 ‘ 774
7:00 A.M. 70 - 484
8:00 A.M. 65 _ 541
9:00 A.M. 48 556
10:00 A.M. 38 . 566
11:00 A.M. 30 "~ 550
NOON 30 557
1:00 P.M. | 27 557
2:00 P.M. 17 563
" Range 17 - 70 mg/L 484 - 566 mg/L

Average 41 547




IV.

PROCESS INFORMATION

A)

B)

C)

D)
E)
F)
G)

H)

Tons Coke Pushed/Oven ‘

Battery Heats - See Table 5 and Attached Data Sheets
COG - BTU Value .

Coal Quality

Coke Quality

COG Consumption on Battery

Ovens Pushed and Charged Times

Tons Coal Charged/Oven




PROCESS INFORMATION.

*

A) Tons of Coke Pushed Per Oven

Over the years of plant history measurements have shown that a
conversion factor of 0.78 from coal charged to coke produced applies
for number three battery. Therefore, the amount of coke pushed is
arrived at by multiplying the amount of coal charged by 0.78.

Amount Conversion " Amount of Coke
0Of Coal Charged Factor Produced Per Oven
Date _Per Oven Tons Coal to Coke "Tons"
11/11/80 15.86 - 0.78 12,37 .
11/12/80 15.73 0.78 12,27
11-13-80 15.73 0.78 ' 12,27

Average 15.77 0.78 12,30

S e




1V. DPROCESS INFORMATION (continued)

B) Number Three Battery Qven Heats

Table 5. gives the flue temperatures of the ovens pushed and sampled
during testing. The attached plant data sheets shows all the ovens
flue temperatures. ’




TABLE #5

#3 BATTERY HEATS FLUE TEMPERATURES

11/11/80 11/12/80 L 11/13/80
Pusher Coke _ Pusher Coke Pusher Coke
Oven Side Side Oven Side ‘Side Oven Side Side
Number (°F) {°F) Number  (°F) (oF) Number . (°F) (OF)
L 2461 2541 59 2463 2523 77 2485 2265
82 2501 2561 49 2457 2557 57 2503 2493
72 2515 2565 39 2550 - 2580 47 2467 2537
62 20463 2523 29 2843 2543 37 2490 2580
52 2442 2477 19 2417 2537 17 2428 2528
42 2510 2540 9 2468 2468 7 2481 . 2501
32 2493 2543 77 2525 2525 75 2475 2585
22 2537 2599 57 2523 2463 65 2440 2550
12 2518 2548 47 2467 2527 55 2473 2553
2 2411 2621 37 2510 2380 35 2533 2583
69 2480 2570 27 2543 2643 27 2563 2583
. k9 2467 2597 17 2448 2568 5 2411 2571
29 2473 2643 75 2515 2585 83 2461 2521
9 2478 2568 65 2460 2550 73 2365 2595
77 2505 2545 55 2403 2543 63 2480 2580
19 2447 2627 35 2453 2573 53 2413 2497
57 2473 2493 25 2507 2567 45 2429 2513
47 2477 2557 5 2481 2551 43 2440 2540
37 2490 2600 67 2430 2470 25 2487 2577
27 2513 2563 83 2471 2471 33° - 2483 2523
17 . 2488 2598 73 2465 2455 23 2437 2547
7 2451 2511 63 2480 2520 13 2428 2558
75 2455 2585 53 2447 2487 3 2361 2531
65 2420 2580 43 24ko 2580 81 2451 2551

Average 2478 2567 akgo 2528 2457 - 2536
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1v.

PROCESS INFORMATION (continued)

C) Coke Oven Gas BTU Value

Date
11/11/80
11/12/80
11/13/80

Average

Calorimeter Value

524
535
515

525

«

Calculated Value*
" 521
534
522

526

*Calculated from coke oven gas component analysis
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SULFIDAN  LABORATOIY TWESLUTS

. ; yua) '
Stream Substance Ranp Nesult ecs N:nu._.._mwhr Test - Range Result
Nefllux : . Moo E -
P-104 z:w £ 0,2 wth ..m R, Dawvigsod pli 7.2 - 8.5
P-107 w NIl + € 0.2 wt% . _wwm.cstwoa_\ | Conductivity < 1000 u mhos Gh
Lean MEA . . ) .n,»a omwmﬂ.:,. .. (nlorides < 100 ppm 75
DP-i03 3 - - - A A D ’
. I ;. . o
IS A 500 ppm = J N.L Cooling Tower Ca Hazrdness -~ .
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D) Coal Quality

[
0

(24

(‘1
/o

Ho0
Volétiles
Fixed Carbon
Ash

Sulfur

%> Passing 1/4" Screen

Passing 1/8" Screen

Free Swelling Index

PROCESS INFORMATION (continued)

11/11/80
5.4
30.51
63.44
6.05
0.78
95
82

DE

Date Charged

11/12/80

6.2

28.82

64.65
6.53
0.77

91

72

DE

11/13/80

5.4
27.92
66.63

5.45

0.81

.93
80



1V. PROCESS INFORMATION (continued)

E) Coke Quality DATE

) 11/11/80 11/12/80 11/13/80
% Ho0 1.04 3,96 8.92
2 Volatiles " 0.12 0.23 0.23
% Fixed Carbon 92.05 92.34 91.79
% Ash | 7.83 7.43 7.98

% Sulfur 0.60 0.60 0.63
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1v.

PROCESS INFORMATION (continued)

F) Coke Oven Gas Consﬁmption by Number Three Battery Flues
+

Coke Oven Gas Consumed

Date | Millions Cubic Feet
11/11/80 6.34
11/12/80 6.00
11/13/80 6.00

Average 6.11




GAS PRODUCTION AND DISTRIBUTION
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GAS PRODUCTION AND DISTRIBUTION
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CAS PRODUCTTION AND DISTRIBUTION
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IV.

PROCESS INFORMATION (continued)

G) Ovens Push and Charge Schedule

- SEE ATTACHED SHEETS -
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IV. PROCESS INFORMATION (continued)

¥

H) Tons of Coal Charged Per Oven
AVERAGE TONS CHARGED OVEN

DATE “TONS" .
11/11/80 15.86
11/12/80 15.73
11/13/80 15.73

Average 15.77
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SAMPLING PROCEDURES

A) Sampling Location (See Figure 1)

o

The outlet sampling point is located near the top of the scrubber
outlet stack. The ports are approximately ninety (90) feet down
stream from the nearest flow disturbance (= 9 diameters) and
approximately twenty-two (22) feet from the top of the stack

(>2 diameters). Each of the square poris is 5,0" x 5.25" I, d.
and they are located on 90° (perpendicular) diameters. Each port
had a twelve (12) point traverse with each traverse point encom-
passing one oven pushed. (See figure 2).

The duct cress-sectional area was figured as follows:
As 2

mr
As = w(5')Y
As = w(25) = 78.5398 ~ 78.54 ft.2

The traverse points 1 - 12 (same for each port) were calculated
as per EPA Method #1 as shown in Table 6.

TABLE &
TRAVERSE POINT LOCATIONS

Location of Traverse

. Traverse Duct Diameter Point from Inside Wall
Point % of Diameter (inches) of Stack (inches)

1 2.1 120 2.52

2 6.7 120 - 8.0k -

3 1.8 . 120 b6

4 17.7 | 120 21.24

5 25.0 120 | 30.00

6 34.6 120 42.72

7 6h4.4 120 | 77.28

8 75.0 120 90.00

9 82.3 120 98.76
10 88.2 | 120 © 105.84
1 93.3 120 ' 111.96

12 .97.9 120 117.48
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V. SAMPLING (continued)

B) Sampling Train . ‘

The sampling train used was an Aerotherm High Volume Stack Sampl-
ing Unit (see Figure 3). The sampling train was set up to con-
form to EPA Method 5 parameters,

C) Testing Procedures

All testing was done in accordance with EPA Methods 1, 2, 3, 4,
and modified method 5. The modification being (due to the nature
of the process) that the sample was collected during the oven
pushing cycle. The pushing cycle is defined as: the time when
coke enters the quench car until the quench car pulls out from
under the hood. Coordinating of the start and stop of the sampl-
ing period were performed via observers using sound power communi-
cations.

D) Analytical Procedures

All analytical work, beginning with the impinger train clean up
(sample recovery), thru the final calculations, were conducted

> in accordance with EPA Method 5. Sample chain of custody was
maintained. '

A1l procedures, including analytical source testing and calibra-
tions, were carried out in accordance with the EPA Source Sampling
Methods (40CFR, Part 60, Appendix A, Methods 1 thru 5). See
Appendix Two.

E) Leak Checks (See Table 7)

Leak checks were performed on the sampling train before and after
every test and on the manometer and pitot tube after every test.
These leak checks were witnessed and supervised by Mr. John Jayne,
Environmental Specialist, KDAPC. All leak checks conformed to the
EPA regulations -~ Appendix Two, Section 4.1.4.1. page 111,

TABLE 7
11/11/80 11/12/80 11/13/80
Meter box (pre-test) | Vacuum to +20"Hg-good Vacuum to +18" Vacuum to +19'%lg-
: Hg~good - good
Heter box '(post-test)| Vacuum to +17'Hg Vacuum to +19.5%] Vacuum to +23'"'Hg
- " (.005 cfm leakage) Hg-good (.01 &fm leakage)
Pitot and Manometer Good @+3'"" H20 Good @+3" H20 Positive - good
' €3.5" H20
Negative = good.
@ 5" H20




b LT AR FIGURE 3
| et : MINISTER STEIN OUTLET
! SRR SAMPLING TRAIN CONFIGURATION
: o ) ’ (Not to scale) =
_ e
__. e
* - _
. 7 . _ Coarse
Inelined . control
m Hlanomometber : valve By pass
‘ mbﬁv _ : valve
Stack o o .\ ._
. wall- rilter
| holder e F i e -
ﬂv Pitot N / hermometer
_..:_.u..m...M,ym :
. A — ol
A = .
Sampling (PR ” "
zvummm_ \ (Shesthed - CoE
tack J. m&..w._“ounL.P I RN A
Thermocouple | v Y T Al _wm:r
N - . T pump .
-1 ’ N I 7~ Check E
: v " [Impinger valve .
' o | train Vacuum cmcmm_
: Ice e
o bath
i o Area
Heated
to
2500F

- g
: !
. o . wp...—_!..q..u - :
- , |
. o
|
Thermometers . |
- Orvifice
———

. .E.mﬁf.mﬂ.k

(s :v

upahnmu e:mqacamrmﬁ Hzn:,m

{not shown)
1) Stack
2} Probe .

3) Cyclone .
4) Cyclone- fllter :Ewﬁp_omu
5) Filter case

6) Implnger outlet
7) Gas meter inlet
8) Gas meter oullel




VI.

RESULTS

A) Flow Direction Analysis and Preliminary Velocity Traverse

The dimensions of the outlet stack conform to the required
"8 and 2" diameter criteria., Whe air flow was proven to be

laminar by the.null method as given in the EPA Methods 1-5.

The preliminary velocity and temperature data is given in
RAW FIELD DATA (Section VII).

B) Emission Results and Calculations

1) Moisture Test - A preliminary moisture test was conducted
on 10/23/80 - see Appendix Two, Method #4. A moisture of
approximately 2.0% was found in the stack gas and this
moisture content was used to set up the nomograph.

2) Test Run #1 - Calculations (See Attached)

3) Test Run #2 - Calculations (See Attached)

4) Test Run #3 - Calculations (See Attached)

5) Evaluation of Results

The results of these tests are considered valid, with all tesi-

ing being done in accordance with the appropriate EPA Methods,

all test ran being between 100% and 104% isokinetic, and all
laboratory results meeting the quality control criteria.

C) -Clarifier Overflow Water Analysis

The Minister-Stein scrubber water is processed through a clarifer,
This clarifier's overflow was sampled every hour during the stack
testing. The analysis of these samples was conducted for total
suspended solids and dissolved solids in accordance with the
appropriate methods”asmgiven.in"EPA-60014:79:020, March, 1979. -
Methods r Chemic vsi i . (See Raw

Data and Table 4). o




2) TEST RUN #1

Calculations - #3 Battery Minister-Stein
Outlet Stack - Front Half Particulate

b




Aollhnd
/%M/ﬁr—jﬁé/n_“ Method 5 Perticulate Test

C.alcu1ati'.on Form:

) Al

L

1.  Necessary Data _
A. No. of Treverse Points '2_,_/ -
B. TJotal Test Time (@) __ 313 257 _____minutes (1.3072 an'f%ansé)
C. Weter Collectied ' _ _
1. Jmpinger H,0 — m)
2. Silica Gel AN am
D. Particulaie ‘.-.'_eight ("n) e, ,_q_t{___ am [-ﬂan{ A».H')
E. Volumiz M=iered
| (. 998) .
Vi 7 _5B.2.6 __ CF X DGMCF = T8./dY _cF
F. ﬁvgfuuc1rp _ﬂﬁ__J//sﬂ ln h 0
6. lvzrege AR 2,053 in H;0
H. Lverezoe Msier Tenserziure T .s3.25F + ¢50 = _$7/3.25 °R
I. FAvercge Sizck Temperature T g2.02F 460 = w2 p2-R
L. U 2 - L ‘é /
J. Stieck Absoluie Pressure 8 ) G?s %‘—“— 29.29_. in 6
K. Barcmeiric Pressure 29.28 '}n '
L %0, _od %0, 192 0 _p 3N, god
M. Area of Stack 28.5Y ft.2 |
N. Lrea of Kozzle . it.?
11/11/80 ertlE —coized Tt
Test #1 : :
. ‘ ._.tons G 2
Coke = 12.32 oven N b dscf tons w
pounds emissions per ton of coke = dscf X oven oven
' bs. _ dscf N _ lbs.
front half - dscf X oven X T3.37 tons ton emissions
’ oven )
. 1 lbs.
_ ]bs dscf tons = .0080"‘ ton
= 000000711; x 138800 6 over X .08116883 ven) ;




ung -
rg Velume Meiered o = ‘?r\ Czs tetler calibiziion
T‘-«-;.d Pb ‘%_-13_—_ -ectior
(sid) = \m’"ﬁsid T
= (fé.J_EHCF)('? e 2393 in.%g = 5 9 B3scsc
) 28,9270 Fy $13.25 R '

Moisture Conient of Stack Gas

1. H20 collected in 11;1nogrs in stendard cubic feet

Vac(sta) = K (Vg = ¥5)

N

0.04707 ft.3/ml (___*= =ml) = — . ccf

_ch(std)

2. W0 ccllected in Silica Gel in standard cubic feet

Visalsid) = K (g = ¥;)
V_' = 0.04715 Trt.B/giTl. (____ /_‘i:_—_gm) = —_.7__0__7___ scf

3 Mcisture Content of Steck CGas (B )
. y .
5 - . wc(std) wsa (gi_) o
ws Vie(std) * Vwsglstd)” Vm(std)

(@ sci) + (_ .72p07 &cf) ]
Bris T o sciyr (707 scfl + (__s79.83¢scf) LON7

C. Molecular Yeight of Stack Ges (18/18-mole)
. My (Dry Molecular Weight) = & M, By <;- 28.8 IF AR ﬁs.wm\so)

Mg = (46) .4 _=C0, + (32)__/_7.__;,__102 s (28)__o %00+ (23BN, =
2R 832 18/18-mole :

2. HS (Wet Molecular .-.nwht) = h (1- B ) + 18 B

' Mg = 28832 (1- Lon7 )+ 15, on7 ) = . 28,70 18/E-m0le

’



) L . L
/7 mmdmmm] _d&/m[(ﬂﬂ@QT
(e

72in.Rg)( 2R7218/1E

<
{ IS0 “‘ZO] = 23,744 it /sxc
E. Lfverzge Stack Sas Voluneiric Flow Rete
- - T, P
. . <id S
Q = === ---E(V A (1-8 ) e~
S s 5 WS Pstd TS
~ 1307 X eo) 528°R
Qs = f : )(23 9447t. /sec)(?g;iot (-, o)) ———-
. 29.92%n.%4g
.27 79 nHg oy
[ === | = m88008 teifoven
" s552.02°R
F. Follutant Mess _
/ = /b'/c/-scrp
L, O1999 X T 7 ooocooco Y
sqg/te " ST.83955¢
< Tsokinetic Veriation (Intermedizie Cata)

T V SLd) SLd 100

?’_I = .- R .
\ £0)(1-
6 JSAnPS Tsid(”o)( B,.)

{55202 °R)(_ 59 835~ dﬂcf‘)(2° 92 in. Hg) x/oa7o

\J

(oolnjLn-ﬁ)—CLJZf””“ N&i?ﬂ/?’w Jsec.)( 277‘7 in.hg) (e

2L = 103.4

- T T e '-_.—;(‘DO— <AC . /u‘n )(1_ QIIZ)



3) TEST RUN #2

Calculations - #3 Battery Minister-Stein
Outlet Stack - Front Half Particulate




Akln d

/Z?I/ 'S év- -\2‘_4(/71

-

Meihod 5 Particulate Test

.#:'Z

Out)it

1.  Necessary Data -

A.
B.

C.

<

N.
1]/]5/80
Test #2
Coke =

Pversage Stack Temperoture T Bst°F + 460 = s553.5¢ °R
oL 7
Sizck Absoluie Pressure 't _) (05 %f—_‘ = 29. .90 _ in d
Earometric Pressure 29 89 in. Hg
%0, 08 3%, /50 ;30 __ po N, 8Oz
Area. of Stack 78.5Y ft.2
Area of h"c'azz'l'e Q0/36Y 7t.4
12.27 tons/oven T ) .
Pounds emissions per ton of cdke = d;:f x gi:ﬁ + -gszi
dscf fons 1bs
dscf X 161256.4 ov 08149959 ( ven) .01342 Ton

= .000001028 —1bs

-

Parncu'law ‘Je1gnt (™n)

fverege AH

No. of Treverse Points -

TJotal Test Tinme

Veter Collecied

1. Impinger H20

2. Sﬂica LCel

Vo'i ume Meiered

Vo
im

CalcuTatipn Form:

Z/

éée.ZS"S"

(0) 36.7/
4.5~ - ml

/9.0 om

. 032/

(.993)
CF X DIWMCF =

LverzoeYoP _

T

tier

e
mn
-
bl

o
m
X

iempereiure T

(6./23

. rn‘hjutes- //,5"2 758 ';ﬂ/;f/dasz) :

CF

L in H,0

/.77¢

in hZO

w4956 F + £50

]

509 s¢ “R

»




11.

)

cWCU"c_.&_ama | - : .
A. Stenderd Volume Melered Iy Y= Dry Cazs zeter cals bhhon
T ~ YR : acCLO
. ._“'sid Py ]36_ T
n(s?d) m? Peid Tm | :
. ) : S 25°R _ 50 0‘/ -".n‘.H _ o -
Y ¢ -- = (éé./l} CF)(? - 0 ) . - 9 - 79D docf
m“f“'d) __H__T__ 29. 92 |rl-hg J’Oq..j—é R héé‘ ? ' L
- B., Moisture Content of Stack Gas
-1. H20 collected in 1mp1noers in standord cubic Teet
- ’ = _ !
Vwc(std) K (Vf \1')

Yye(sta) ~ 0.04707 ft.2/m (___ 4.5 m) = 305755 scf

2. H'ZO collectied in Silica Gel in standard cubic feet
Yisg(sid) ~ K (W - ;) |
V‘--'sg(std) = 0.04715 7t.3/gm. (. /9 om) = _,-B95Bs scf

3. Joisture Content of Stack Gas (Bws.)

vwc(std) N ‘VV-'SQ(_stld)
Vwc(std) i szg-’std)T vm(std)

1]

WS

(305953 ch) + (89585 &c¥) _
Byus T 305955 sc.)+ (.89585s scf) + (65 7908 SCf) T e Ol 7

1

C. ho'lecu]ar Weight of Stack Cas (1B/18-mole)
1. My (Dry l-'p'lecu'lar Weight) = L M Bx (:: 28.8 IF AIR A‘.SJUMED)

Mg = (88)_, & %C0, (32) ~ 190 %0, + (28)__o %00+ (. 28)832. N, =
28,8649 18/18-nole

2. Mg (Met Molecular Meignt) = My (1-8, )+ 188

M, = 26888 (1- ,ou7 ) +18(_oin7 ) = 2870/ 18/18-wole

»

F L




D. Averece Stack Gzs Velocity - . R

- T 3 [—
s
= K C 'P]
o, [l
' 3 I

S
. 2 .
- 18/18-mole (in:ig / (533.5¢)°R
V. = 35.88 ft./sec. ~ ¥ e
‘R(i_n.HZO‘)

' : 29.99n.Kq) (28 70/.18/1B-m0]
-"-- -‘ : L_'i‘L = 23.875 ii./sec

-k

E. Rverage Stack Ges Volunietric Flow Rete

A T P
Q. = mamg;)(v (A, )(1 B) v -7
s P T
sid 3
- '(/szmszc,o) 528°R
0 = (m)(zsﬂrt /sec)(78.577t. H0-.21z7) —
- 29.%21n.HKg
2‘7 ?0 in.Hg
[- - ]: /5/2/8..5-?_ dsc+ oveEN
5‘5’3._’?3‘?
F. Polluiant Mess
o_oc;cQ’& X / ;-_-_'Ooooologg d.s;?

4/572) 3//& . 687908 ds<F

G. % Isokimetic Veriziion (Intermediate Data)
v . P .
s mi{sid sid
2] = — (sid) "st 100
6 VAP T ;6(60)(1—8 )

(ss3.5% p)(és 7908 dsc£)(29.92 in.Hg) X 100 70
) (oo:su/“’)( J3¢.7/ min.)(23 875"-t /sec. )(a‘i 7 in.Ng)(528°R){60 sec./min. )1 M

%I = o3, 4 | :




4) TEST RUN #3

Calculations - #3 Battery Minister-Stein
Outlet Stack - Front Half Particulate




/ﬁéh‘sé¢*‘15f&uﬁn

-

I.  Necessary Data -

/45/{/4»1&] | - . | )
hod 5 Par‘t.iculate Test * 3 Duf/ef ’

Calculation Form:

i ﬁ,’
|

A.

1

B.

C.

R

L.
M.
N.

11/13/80 .
Test #3;:

Coke = 12,27

Pounds emissions per ton of coke =

= .000000309

No. of Tréver-*se'Po‘-.ints; : T2 A . ‘
To‘ta] Test Time (0) - 9/‘//‘/__'_;__“lninutes-(/.33?/é »7/'7%4“;1-}
Weter Collecied : o

'l Impinger H,0 26 m)

2._, Sﬂica Lel 10 om

_ _P.;rncu?ao_e *e1gnt ( n) . OIS am /ﬂm?f'l\a_/,e)

" Volume Meiered

(.778) '
Vo = 82,305 CFXIGMCF = 8Z./J0° ¢
hversgeP _ . Y28  ip H,0

Fverege aH 2,099  in K,0

Averege Metier Jemsereiure T S 2.0F + £50

ﬂ\

It

_S572.2 *R

Lverage Stack Te..,JLraLure T F9.7 °F + 460 = S53°9.7 °R
L xﬂe. — y
Steck Absoluie Pressure %5 ) 6’: %“ = 2957 _ in,/‘é
u.:.roram.r'nc rressure 24. S in. hg
#0p 2 130, /88 ;0 2 VN, _79.8 5
Area  of Siack - 785‘7 ft.2
kres of Nc;zz'lle 00734y it.2
tons/oven o . e
b~ dscf . tons

X 0
dscf oven oven

. ) B o
-dll:: x 199078.4 f;'f;g,f x .08149959 (t""s)"] ‘=",00501 Ton

oven
’



-11. Celculeiions -
A. Sencerd Volume ¥eiered FA T= Drx Cas tetler celibiaiion
) T P, +. 136 fector
Vo, = V_y— sid b = —
.oy mlsid). =t P m - oL \
= 52 | 29 73 imy ' :-'{; .
vm\'S'(d) (—-B—ZACF)(ZE’ -.rl_h'g) S-IZ :R_ g = _3%/2 osCy
- B.  Moisture Content of Stack Gas
1. -Hzo collected in impingers in standard cubic feet
y . = -V
Voc(std) = K (Ve - V5)
- 3 P
-\,_\'-'C(Std) 0. 04707 ft. /m'l ( Z_L.m]) /.Zl(/ SCf
- 2. | H,0 collected in Silica Gel in standard cubic Teet
v\a'sg(sid) =K (wf - wi)

0.04715 Ft.3/em. ( /@ om) = Y5 sci

k1l

3. ioisture Content of Stack Gas (ng)

3 - wc(std) * WSQ(Std) L
_ws ' Vwc(std) N V\'-'Sg(std)T Vrn(std)

(l22 SC‘.f) + (75" scf) |
Bus = (.22  scf)r {(_LYS scf) T 54.12_1 scf) ;Q_/i]i“/

C. lMolecular Weight of Stack Ges (1B/18-mole)

1. Md (Dry Molecular ‘.-.’ei_g'nt) = ¥ Mx Bx (; 28.8 IF BIR ﬂdeMEo)

Mg = (86)_,z 3%C0, + (32)__s8.8 g %0, + (28)_, 2.  *C0+ (28)77.8:N,

26, yo4 18/18-mole

2. (.ae.. ancu]ar k’ﬂnght) = M (l—B ) + 18 Bws
M= _28504- (1- .0198) + 15(L0I98) = 2829438/ 8-l

»




D. Aversge Stack Gzs Velocity : T

BN ,

' 2 . .
18/18-mole(in-kg) £57.7 )°R

V. = 85.48ft./sec.[ _ —-] 84 [t _ 7) .
*R(in.4,0) 2957in.Kg) (28.29¢18/18-m0]

L./SE‘C

<

E. -Pverage Stack Geas Volumetric Flow Rate

- (e xSy - T P
Q = (eEmmmmem) (V) (A )(1 B..) HP__CL -5
std 3
- {1837’7}(60 3 . 528°R
0, = (ESeemmmminy) (253v77t./sec) (7854 7t.2)(1-_0/98) —_
29.8214n.Hg
.29.57 in.Hg
[ - ]: [920262& J.SC.F v en
527 °R -
F Pollutent Has£
—— F-/ »
4/54"53/76- X 34./a4 dscP .

G. % Isokinetic Variation (Intermecdiate Data)
v . P .
S i id
2] = o Tl(SL ) sid 100
\ “_
e .’sAnPS Tstd(so)(l Bws)

_. (L8359 7 "R){ 85‘./2'/_dscf)(29.92‘lin.?;ig) X "5"”7’.’
(,oo/jé,;{ft?)( _L/c/.limin.)(gu's’z_.-‘t./sec.‘)(_z__z.s_‘z_in.ﬂg)(szsw)(50 sec./min.)(i-%qﬂ)

_ZIW;h,OLq. 1 | - .




VII., RAVW FIELD DATA

See Attached Sheets




/4) PRELIMINARY VELOTITY TRAVERSE

Aidbond (ol

w/ z/80

L i — O S bty
STACK 1.D. /10 |
SABGWETRIC PRISSUZE, in Mg 29922 -
STACH GAUGE PRESSUAE, in. Hy0_ . N - |
| CPERATERS 6"’4’{/"éf L /7{’/&5‘}’”7@/ -scaamnc'b; TRAVERSE POINT LAYOUT
DayE ' o AITY f‘: ,4_47_._/_4; y A. : . .
| TQG"':;;‘SE | V_L:aw TE.S?TE”';"UAAT...‘?E @g.ézg,_ Tomgp. Temp. iz,ﬁ‘rm/ oﬁ(}ﬁ— Temp.
RUHBER ‘Aps}.fn.HZ'J Tg). °F i "F oF o
! 2 .30/3/ 88 /84 107.40 4 -
0| l2s/2g 28 V81/rola) | 108008 | el =
10 321/ 30 7/'/72/7?_ 110.39 6! —
9 .37./.31/_3& a1/ 1 /7/ nz.of 6| LS~ ¢y
P 29/29/32 92l 92/92 | 14395 &/ Lk 6y
7 2 7,/. 30/.37 194 1 b.oo b 68 &7
. 3s/ss/ssl3dl 89 12081 | ¢2 61 67
s sfl33/3st g5 | 1zr00| ez 69 A
4 -5'//5'/ﬁfi 9425\ 129.u¢ L3 70 L3
3 .BD/JI?-/-;?& 73" 63 7/ &8
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VIII.

LABORATORY REPORT

A) Acetone Purity (See lab data sheets attached)

The acetone used for rinsing the front half of the sampling train
was tested (''blank run'") as described in Appendlx TWo EPA Method
#5, Sectlon 4.2, Page 114, (See Table 8)

@ - TABLE 8-

ACETONE RINSE WEIGHINGS

Test - . Tare Weight(g) Final Weight(g) Weight Gain(g)
#1 109.1082 ° 109.1082 .0130
#2 108.8371 . 108.8632 .0261

#3 111.,7827 111.7861 .0034

B) Train Clean-Up (See lab data sheets attached)

The impiﬁger train(s) were cleaned and all of the sample recovered
in accordance with EPA Method 5, Section 4.2, pp. 112-114
(Appendix Two).

C) Filter Weighings

All filters were desiccated and weighed according to EPA Methods.
Final weighings are seen in Table 9..
TABLL 9
FIL”ER WEIGHINGS

Final
Test Run Tare Weight(g) Constant Weight(g) : Weight Gain(g)

# 1.0800 1.0866 " .0066
#2 1.0741 ' 1.0801 .0060
#3 1.1186 1.1272 .0086

D) * ORSAT ‘Analysis

See Tables 10, 11, 12, attached.

_E) " Lab Data Sheets -

(See Following)

»




\ .... B . . " TABLE 10

DRY MOLECULAR WEIGHT DETERMINATION

. .
' : y . ,

b

‘ PLAHT _ Ashland Coke CORMENTS:
’ DATE _November 11, 1980 . - . .
SAMPLING TIME (20-hr CLOCK)__Z = 2 (™ 1 min x ~ 30 samples) ) . .
SAMPLING LOCAYION __Hinister Stein Qutlet _ ’
B SAMPLE TYPE (BAG, INTEGRATED, CONTINUOLS) Composi te
ANALYTICAL METHOD __ORSAT
AMBIENT TEMPERATURE
OPERATOR G. Pollitt, J. L. Jones .
-v L) - . m )
- WUN : : 3| aveRace | MOLECULAR WEIGHT OF
ACTUAL | per | SSTUAL | per | ACTUAL NET ézrmcﬁ_m HLTIPLEER w;nﬁg_wﬁﬂ _m_ S
GAS READING REACIG READING : g 127 Ib-moie
04 (ET IS ACTUAL Oy i .
- 19.6 19,2 : 6.144
READING MINUS ACTUAL | '~ 7 12.2 2710 .
€0, READING) o
COMETISACTUALCO | 44 ¢ 0 0 0
READING MINUS ACTUAL B
.| 07 READING) .
zNamangzznw.a _ : g A
! _ 80.4 80.4 3 _
v "1 ACTUAL CO READIXG) . /100 | Nw..m;_
“ TOTAL  28.83
37

N h . . " ..,.. . L . . _. .__ ‘ .
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PLAHT__Ashland Coke

TABLE 11

DATE zo.e.mam.m_.. 12, 1980

SAMPLING THE (24- CLOCK) |
SAMPLING LOCATION _Minister Stein Qutlet

SAMPLE TYPE (8AG, INTEGRATED, CONTINUCUS) _Composite
ANALYTICAL METROD _ORSAT

AWBIENT TEMPERATURE

OPERATOR J. L. Jones

COMMENTS:

DRY MOLECULAR WEIGHT cm.ﬁmé_zﬁaz

MOLECULAR WEIGHY OF

Research Applisnce noavmsq. Route 8, DHSmouHm_;um._amoap‘

RUN : 2 AVERAGE )
. : _ : - v NET MULTIPLIER STACK GAS (DRY BASIS)
~ ACTUAL | ormuaL ACTUAL | ! _
GAS _ READING WeT | ociaome | MET | meaomg | MET | VOLUME _ Mg, fb/lb-mole
C0z o .8 8 .8 #4100 .352:
09(HET 1S ACTUAL 0p | - N
READIRG MIHUS ACTUAL 19.8 | 19.0 19.0 27100 6.08
€0, READIKG) ; —
CO(NET 15 ACTUAL CO : .
READING MINUS ACTUAL | 198 0 0 2100 0
05 READIHG) _ .
N2 (HET 15 _a ___E__,m_. : : . _
| ACTUAL CO READING) . 80.2 . so.2 | A/ . 22.h56
e
TOTAL ~ 28.888
| |
37
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TABLE 12

PLANT _ Ashland Coke

DATE Noyember 13, 1980

SAMPLING TIME (24-hr CLOCK)

SANPLING LOCATION _Minister Stein Outlet _

SAMPLE TYPE (BAG, INTEGRATED, CONTINUOUS) __Composite
AMALYTICAL METHOD _ORSAT

AUBIENT TEMPERATURE

QPERATOR __J. L. Jones

CONMMENTS:

Y [k P )
DRY MOLECULAR WEIGHT DETERMIHATION

RN | ! 2

SITUAL | et

ACTUAL i
HET | Renoing

GAS READING

ACTUAL
READING

NET

AVERAGE
NET
VOLUKE

MULTIPLIER

MOLECULAR VEIGHT OF
STACK GAS {DRY BASIS)
Mg [b/ib-mole

COz 2 b2

o0

.088

09(NET 1S ACTUAL 02

READING MINUS ACTUAL
€0, READIHG)

13.0

18.8

- —

e —
200

6.016

CO(KET IS ACTUAL CO
READING MINUS ACTUAL
0 READING)

19.2 | .2

B0

056 .

-

N (HET 15 100 WINUS

"1 ACTUAL CO READING) 79.8

B/

Research Applisnce woammj<, Route 8, mwcmoswm_¢um. 15044

——

22.344

|||“_||.||I|I|II..II.I|I||II-I|-|.|II|||I|I

TOTAL 28.508 .




ENVIRONMENTAL CONTROL LABORATORY

"ROUTINE REPORT FORM

To: J tnde s SANE e -/ PR o580 - 50 -00/
Source: Al sy Cole — AFvnssron SZecnr Scrubben - Tf//ef‘x’t'men. 0 U Flo t
seele /g SR el o e
Lab. éeference: /,ﬁr /ﬁ 9‘[’
£ el Zz 2 €
Parameter Unitz27, Volue Parameter Units Value
S5 7 7 ;%:i/ Secpeades Lord 2209/ 5z
$o£9 75, TorAl  Sen /s 2275/ % £25
A e | £ F s Frnded Sopdy \mes Sy
rEso £ Z FormeSob Ly 72154 L8
L7 iz Locronded Setle | ot £
Es s 75, Te7wE G0 725 S &L
DissshedaSaiion cser | 2Fy Sosponded JiSls | oo gt 2
“Fse /e ﬁ;”; To e fon fr Forg S £5%
srr |\ Lospon Lol Sosde | pmuit *
s 5r7 -y Frrwe Jod e 5 A £25
| d— E/E Sz s Somcted (o) | po0 /e pl
SEPIET TN TEE S | Torme fert L e ~s7
rme-Gre oo % s pemded Lopds g/ Zz
tidnl s505 \dow | \sorme ot al | 289
[ —, : e |7 50 L rrcded S ole \es Z
-RRdeTChilxing, Ecr 2 ,55 T THE Son S 4«,-5/ L 772

15

Form 2

Anolysiﬁ by:
Analysis Date
Approved by:

Date Repo

At o

A&/ﬂ

erbal

4 ,é%/ﬂ/z’ e

Issued Written

Rebarta Petg. Co. @4 Iranton, Ohio



ENYIRONMENTAL CONTRQL LABORATORY

"ROUTINE REPORT FORM

 To: A lelek SMAPLE  soir 22 PR Lste-s0 ccos
| Source: AL aer (ol ~ SFirsTOA (TCr0 (vafop —Tirpfoonen owentfLe as
' SDC;';";‘Z'E /.// (200 519::,2‘& : (S.'Z%rlrl‘gc':ed By: g%“"-'
Lab. Reference: //0'(..’ /5,7 7
s f’ e IA T A2E,
Parometer Units ¢/, Volue Parameter Units Yelue
(por | ]G Lorinded ot w4 | S0 1.
Coop | 7% Tl Gf e g | 777 4
£ore & ,‘5’57; s Par Lon Sof L | o £ 0
WA fay Forms G, Py £87 b
Wy 5 5’ :/ Lo oty Sof s For 5 7~ 4
> e Sopte Nz |55 P
fo/r /[0 2 ot o Sh L e | L )
cort |0 el (3 fo s sy | s
(ot |y oy prmcded Lof ity \ger  E Za
£0/T s s e o4 L 0% R |
| == Los# /e T s oy el (L4 Ao |\ it g o0
Corpp Nz | \Formwe Seddy \moz |87
£or3” / ':5? _,C—rf’pﬂ..—é_/ st fé;;/{m s 24
Ko/5° |/ P srpl Lfte  Ngupst | Zr
£2/z 2 Stz o d Spts | gus” 2 |
(oot N2 B2 et tiitp N | £ 4

[ =M

form #2

Analysis by: /5%‘*“"’

Analysis Date ﬁ/ % / e . . s
Approved by: /¢ % ///%/é
Date Repor erbal

lss_ued Written

Robaris Prig. Ge. @4 Ironten, Ohio



EwWP

- _ ENYIRONMENTAL CONTROL LABORATORY ol
"ROUTINE REPORT FORM

To: ) el SANBLE - 2 7 PROIET P27 - 20 o0/

Source: /4_(/7///-’#/}’ (ZA /,//s//_[ 7 f7€//./ (511//,{,,._,.— 7"";/([{4“,4, QUF/L/-‘{ﬂW

Sompl Sample: | Samp

D%r;?: © ////-f//o Tim‘;: Collected By: /%‘-‘ff

Lob. Reference: 7‘/0.( //;7 ar

e VA

ces . Analysis by: /%M"

Parameter - Units 2/ Veloe ' Parameter Uniits Value
foge | 7 2 Log/onded Cpl | pep? a
§oid 7 %:7 T TAl $ai 4. e g E Pt
£c1) & For A ey et San ..f e p V<
‘ e (127 | A, Torae Lof L, e g /L L&
Gintzarly. (018 |\ G N | Corded Gpte \oost ol
Gy £e78 4 ,‘z’, N To7we ol /;M,l £o & .
5 SO79 7 Sirpen Sod oo N g 7
£e785 |\ wse | | —grwe Lo A o |
iiiad foro |7 ZL Sesfeyded pde gt Jo
.S Lewe |\ % Termwe o4ty |zt SFeo
Despiindd Norr o feen | N Serfon tfet CEte | prst 76
£0#! |2 Fan) \zorwe Gng |, | st7
Eieataanse forzr |/ 2 Sor o Lecd oA L L ent z27
e iad Vel / Z, Vo7 we CAl e L&
S fors  N255 Y | Crieadid s // 4
Rmestomi=Sinimmine sori 2155 T e Lo/ /s ot | SET
et
i 8

o

| e e A
7

Form #2 ) Verbai

Date Re

Issued Weritten

- Roberts Prig. Co. oG o4 Ironton, Ohlo




,{(55 ( I

. %’Z/ﬂd/&_ e &

"#‘4/ fé/ f f /C:’J:wt

/'17"4"/1 r's

: ‘ ’,yz@
o - sonrde I

_ 1)

VR
- Arms 701 S%0 JF

Tesr
- fFyo - F¢ ~097

‘. ;"'7@7/&.:.. Tt

ﬂlzs/ﬁO

R  eleT e Y
f Au ///3/!.:‘ . _ sfye L R & 40
/5’-"47.(,(’,,/,,,, 0§87 /7156 (1255 toboo
9 fofge. ) Le772 17/ £951C (9 Lores
ceL7 L %k Oty s RARE;
(&
#Z(Si "'//;'/:r- Trer %y ’@’ w7
‘ " CeTEeT ' s e T _
e § L IR7s evnym [ RO
' 5> p ke G LIRS (DLL0772 (&)l 2T *_/'SL_/;C._"/L
N{78 RS §'4 ' ' |
/et MLL7E sponize ekt TRACE Shin i
;,'#-Jug.;_.j,,.; 058 € ¢z) / //,!'L‘
v B Letos L7z
f(/(,fé"f cel’ S
C e 200 g
13- Loz }i?vr . /,/i}'é / 089/
12 266 Gomg 3, [IEle ‘) Lg7EL
fm 200 pors L EEEE Ve
‘ST Zoo S S
‘& Foe pr
"7 Zoo Sonr ///%% |
‘&t 266 gy | Sclemd tcipsis
F A’-ﬁ': }w) )
" Zoo g, ir272. L0352
i) 21188 w) 2
) W AXA LOKy g




e - Mihgws ke - S

R R

L L]

R 7esr 74
/4//47‘— _ ;"’/’yé_w A/;zzz_.g é‘?{’f‘_;“ . 2{04"' n
_ /,w‘.’,/f'j cn '#/ T RE T _do

: L oy e ges

//9’/,'—‘4{{:‘# l] f‘f.w/( %ﬁ
Y

$ol o S € Zo/ }ﬂ/

SrrRitpens K UhihA T SO05 s

,

Atefe Arcz2ie Lcl-}/ .Soc”

Ce? Le T

~ F8C onte A e | -

S . |
Sy n L = LR mdr HO B

//;fﬂ//;'eﬁ "/f | 7 o/ Ao
.

Z/f;ﬂ.r .
' ey samT

Sl ﬂ!d
- . 9-”;”/{

S S e p S ledgh 2




g / e 0 > e T =
R /§Z/2¢%9¥2w- Sdein TEsT #2 ;

 pen semoes v
/Q/:S le ’GZA“AS = v oK T
/é? /nfir, = Lo Lo e

R

Quriet :Iﬂ"‘ﬂ.\ﬂe:tg_s SHebC Aezade - Ece-it Lyoa
x| ~ 400 | - GO = Q.0
32 - doowl —GO = 0.0
D - (.Sw\s - O =6,
Slica Ge\ = 219 groms —z00 = |, O
2s. S"' N (=¥ T,
"’/-‘"’Lr T erssh % S
;,f//»é é{?ﬂam - SO Sy
e T .//‘."/”ﬂ'fjifﬂf AP b Ae21e FCL-=p R¥rid
#/- 5‘?6 ";‘0& r el 7”5. o :
P a- gj0 v - 9o
_-ﬂ 7 - o s (]
Lo g2t 22/ smr L
[/ gom
/‘///’3,‘./}:.-:1 - :’4;41'/:(; P SOy S
7.;73".'
-~
’ ;




Foo o B S T Rt A

- S EI v, . -

I 7

iy Ahlfun Che - mys stack 77T
T '_ - €736 - 5o~ 001 ~ "
.0«1'{(&7’.’ /%fdéa_ Aoz ole £CL 11 500" - S

AdTen fwse ok - - s

;_‘ LT T Lee, O/

G'a'fﬁe'f- f/&’/ﬁcﬂ{
of £
/  #oy s 0
2 wpz . #es z
2
3 e | ’E
Slen g0¢ 2o /C
3 F gms A

Ve P Y A& #ATbes - SES ot s

rale T Sche Ao2ido e -¥¥ L2505
- /ﬁy/g,(/} K -
“y 386 - Hoo - e
#1 O - goc - © S

Sl cw Eel /56 - 1o - I -

: O soms e _

L5 hr) Y JoS o7l [l o cani? 4:, 24 adsimr
WL




Bt CHE S reeessen Ter ™ S
, T'/r"f(fﬁ-‘uc,c O AL G _
£54° - S0 -aof
J:'///f -m%( vy wy X 006 o
T . '.-_.--"""'"ﬁ"’f“- :
FREET e -
B J'-"f’f SR - Wicid ,. .- £558/ e
/{; ,I/ée?rﬁ ﬂy’ﬂ./’tdﬁ - //ﬂj“, ,/wtfﬂ' "~ 0&(;‘ Fly a ////ﬁ TAlre lhpﬁ Dtlfﬂ/"
4 NGt f/'*/-f phy J’}.'L,' P remE e £F 00w S 372
N R e - giis7> el 768 - v#57 /;’nw 7297
“ Y/ 7k vp EX 2547 (LI s et p i (i1 (£7706 7
i CELE weyd NS4 Reia s
geliy/ex Xoayy o e /e,
P S %”‘ {J?f-ny-;/z -(]97/, 2 S, oy /e ‘
. . o - |
SEFE 58P FEFe
”-.‘Z/f(' 7,-‘/13"'5'“,. e A LT b /ff“’;'/;; 7.4"1-"'1!- ColAlie //49/.,4 74,-4-6,9;*‘0' E e R
o st vty o~ oo g ayly /2 /:éw Ve YIS v PRy
SFr08S 37 74" s m5SE P 2ioL /Lol gise
el Fale 25 X LirsT 131 /5 #5v ay 22507 iy 805 s r7 T
S oo 0659 Y F Cé1y 6/ 5 075/
/_{'—';-,-f/ﬁ /I‘-};,,;,/! F -;,y/.{ (7.’—0;77,{( /)’7"'}/‘ 737,,,.7 y/
) -':f'i‘ e ‘;"f S )
L1 5 Tl M om sty ClehFlo //:/-:-;Ff TEIL s g OA Fho & “
I Fur I 5 25y LT om s
S es 77407 se £35F 741707
(g) /652587 Vet 7?‘70/)’ (9 SELES S e X PR
e S A T ——————— ——
Y- Ty . .0739' et 7 .077-,_,
XS -ﬂ?é ' 7&'-;#//1 T L 77— z 4?'///




R

Cupfao- - Ashlnd st o Sorgpliag S o P
s | | | | )
| 43 el
Aﬁf?’bﬂ! y/’ ﬂﬁsénj: FSY. /4 ﬂ//- J,epﬂ /o/‘g?ﬁ_')’/?z &rt’- Y/l
ﬂdﬂ/{t vs: ﬂw /cn‘pn Ui_{é - _
ff-. U{s. - _' .SqmF/e in gtql'gw . _,_Uﬂfc . ".' “
] /o?.— 109 C "\o,.f/:z- ST whifeo |
7 “j0¢. 8310 ' Ou et _ Fes? * 7 /%;;/gb
3 /7921 : atpt Test” 3 wfrzfe0
4 o8, 479/ : LAt Test % whfso
5 1019393 | Tnlet  Test “2 te/s0
¢ 107, G50 | Tnet Tt * ///z/s'o
7 #1414 //Mi 25?9"54,,3‘[” /ot”:,f{ﬂs70317z




.ld}{; R Y 4 /,/ n

/1’/‘”,“1',//@ . ,;7:(/ i /;/f’ £ - ,ﬁ!/:( T4 fr’f 7 : :-.:v _
- 7omat Sends  gmyfwl xrg2e L1g0 -5 -4/ RN
S ) L. T -
Zesr T T Tesi ~, .
4 ‘ff.t/(r"-' /”(,uief(.: &, I 4*4“'1‘.. ﬂ-‘-" - Eowny Ceo rer/JA-fza’)eﬁ'/ l; 7 r /9’._0 M“{"’J&H
. .‘__—t-fi7ﬁ"‘£. yply-;,:; - /a'a'e)- . ';"67:4( Lol s oma = $5 b "
005t s3m e covmt sempie
$240%96- vl 77,6789 {5724
e 52672/ _r2) 78 A se 3} 77848 ) 88, 7/55
: - o
6i2s - 00 95_ .€og'¢
poo S
22782 002 grasee
rsy K 27%8T - (re) F8 2500 ’
e et
L0227 Corl
ran A '#Z 77’/7—#2
. . ﬁ' R
19wl e T rnfagen i PE basher Ko CoF  erhr pmlagen [V ] v aasin Ao
Te7RL Lo leome P50 TFeTal Lol gt — SOSC
P -p-r/ ‘f”‘?}?{: AEE pres Ll €
L1515 74 9«2% 7272 E754¢ 570854 7¢
G /A L5 S (6] 28825 (11 77870 ¢ 7 :‘P’_@:L?_,
L0008 F ‘ L0 00% ocl/ - g0 o
cecof 7
Cyr P drv 7 )
e/ 2
- .‘,%
Tee7 ’!j’ :';-"‘-—/7"”7 ’
Gl 7;__ //{ﬂ e m ,// }// 7 »fe bt s Vi e TECTF A iy n ,// G 2 r fofjé-;
TeTrl Lolvme - SES v FTeTRE Lol y e SOF Ot
Ses anly SO e S o o
fr 2722 5L 2875 Fo S5 76 ¢ HbE 7
: ; A o
(81422727  [re) BEMFI4 var £93897 I Cis SR
Vo0 yy 00 2¢ NZP TR
! Py - o % .
22322 5°% _ ' d 2; B
g2172% . 0037 - .




A
THp e X o guenFow |
: G 539 - g - 00l
r”[,‘,‘,,/,5.0/057 g1, 6945 gy /68718 794¢9¢ .
-‘7// /‘9-'00_7_?_ _._- .l// -(22075 . e /‘ gé-"? /I-) 4 '/‘"’b/
2639 01§ o Leee 04d0
f—”if-f—,{_:?.’_‘—’.‘—'; . Joorl gusp 5ot j"iif—(f—j;:;w - gorik
“.__Gﬂ‘?"_,___.—-—-—"w'” xs 226 = 7;?;;4//( 7 TR fj,’,il.:a'(fl de,_ﬂ_,'_,A.'_.ﬂ../ oy 7 5?5'—;//
S0 C - Y- B
&+ o .
Ja/l . VeZ4% re
g 77 e 77 5319 % AV R LEL g3.800¢6
fg,w_/_z_/lﬁ'/___n/ 728 7£7 4,5 16,5675 ) £5227L
. ,oa/u 02?7 ' g0’ ™ ' -d7651
ide = 22E (eoERITE St/ Y At g oppasbaeastis T i
hed | P 4
il de T yffs‘x/aouun' - &7 P paes /e poy Serids ® c 7635 x79°8 X/g06 < 765 anptt
- _ /o ' Jor
PP . ”
. lort ” f . e e
s At L6 87 &Y g07¢ V2 R e /;IH‘{ 77 024§
g LeI7E AT ' k;;vgc{i’” ) 26855
.oaf’/ Vigx, . .aaaf. VitZa
st Set A PR Pt o
w 70 /;- L S St/ Ly céafk/.m,r/ad =
' ) _ ” F '
‘7'I!°/’j’ M = 72 +wons/® fo7' sS4l LT X/a-av\/t”‘ - (/daﬂ‘j/b“"
. Vs - ” T *
L Y618 : “gort :
. " / ._;_..5/5 . r’r iy [~4 ff, ’
. ) . g .
177 i 299296 2 5 188350 s 1389
' f,-,v_.fg,g.z!i__ ) 22837 N7, p 578 L PAY 9
w0 3% WIS A 9071 of26 )
' e stayle gog’ 5o/ Ly = 29k P Vst aryf
L g
.. . g3k~

sos” Soso oo 5= K¢
T foty o+ o § 26 XL 4

P-4
r f‘)"#"ﬂr;ﬂ

Y/ A



QOutlet

l//’ 5’/5’ (2] ﬂﬂ).ns ZI: v j/“.;, Ry dp'/ﬂ/ 7 g /ﬁ/ /éﬂa{ /j. CFFo-Fo-¢
/»éx': : 5&;&3: & fovbeakey Five tnfovmalion

Jifso Ottt 7821 peetone d/z_zsl dju'j//ﬂ 9
@ f///é/éo fo0F, : Q z//’?/a‘»’o Fo00m7 @ ¥/ ‘f?/w Zi50P

Fud . 09, 1201 . 109120 /0% 1212
Tove __409, 1082 197./072 L L0%. [owe
. Hbain 0/ 294 204324 L0130

hifvo  Quiled Test #Z_

@ Woifeo PHAm O feleo th:3eme O nlrsfeo 52020
Fonal /08. 9634 /08 L33 - /0% g4 32
Tare 29%. £37/ /0¢. %37/ J0%. 987/

. Cain 20263 0262 026 4

h3fve Qullet Test *3

@ oo Fsorm @ woifpo 850am & /’// 570 S5/
Kwal 114 79¢0 W 7263 | L2867

Tave M 72827 i 7827 LA 7927

2/ Bain 0033 D0 3¢ ' L0939

Aretone Blink  Z5Cmls  Got™ 703172 YArs

QD hsfeo v205t
Laal ML 77 W.747¢
Tave 2L 7424 Wit

é&’@dnj ,0003 .ddo,e

N A S




Aiilrvs. (2Ke 194

74/"/((14 A OC

fﬂlli"l "".r"r,?lv

w N pEe X707 =
7

L -
Tes7 :'?

cmf.(aw

Ji‘[ ,G/.jj m,/l .'.4-5-& zgr{u,./, . ”

X /00‘6'
,(f fff,vﬂ.-

Fpeid T /5]7
yAd : -
7/ .f/"}{dl'f ~ c"r/Fﬁ//oo 5’/{:” TP LAl 0«/(,—/4"’
7o é? ¥ Joyo //(.[n y o 79 «426
/Z, 7ers "’ ﬁ!’ ;1‘9‘( /.:/:,’__f{..{g_&i__-—- /L;_Zﬁ!,—.‘:dl—"——
‘p{.](,‘ 3576 Wry4s '.m,o( '
yo x r0e K1 oo ESHr2aE RIS .
74 X’:—;—‘—-——-—_—_ - 7 a-v'"}/‘- - L4 - - & » /,-f}/l. fv.ﬂ’ I./’ Q’f
: 7 A - L o7 Ser
7z 04'5'-,;\;,/,4_4_‘.’..*_’-&-‘—5 Syl 9’/_5_/1/_:{:1!—1‘-4, £G Comste 7°7 w4
Lt fo7F |
L . _
Qg TR S cotarile Ji How Tl poeaf e ™
Yy IE S 75’?4”9 Y dot M g;;g;g
/()MG____,_ __Z__L—-7 v345 PPN A YA v Y5 PAEE
MM - o i Y st Jovi L celt x£&c£X/g:¢ - j’g;m;/‘, Sely setedr
e . rrzd ] .
M: {g;‘p,/: T-fﬁ"..f, -g{'ﬂ_/r,-,ff‘“,‘,gb ={67("?"‘)/£ "_, f‘/l/;
€ v o :
fff‘ﬁ fr’
Y/ ahad '7'/‘/4/5’;-- .’«‘urﬂl'é;b /:,f:'m v Ll st Fes
il g1 277 Ji 5775 265945
/:)_;L!if_“ g/ HPF R 9.3 A o o)
ee fe Luige ] oo ?e e$87
ceft ¥ L )r’/tﬁ.o - T’ sosp Setr d, ge e X pote ¥ F7O0E T FO 2rp’E S0 srk I
oS X132 ;fﬂaa o N
_ —ro P ri e idd 7 Sernd o4t ‘Ur/.ladX/Jaa . sETIsfe T AL _
/fﬁ?— /ﬁ"“f
//g-}r 7/5/(‘4‘# ayr-/"{;—- 2;‘5’-‘-;, f/(l”ﬁ— Jyaﬂ/‘il’
& ceél 77!(55 //!(/r?‘ 3 /17 €
Y, Lot o o g7¢2 oy PIT (STAL afzo
o0d? ,o58~ eel7 obg? |
VA4 Xrecd X7 é¢ £ - I Y4 o4 Sl dy ger? X Vol A K’”"a - /7_,,.,/“ Svy? Sod
s o Py 4 J
(W pagte 7 S hde osFo frToc XKLOOE
. P

N YN

Tk




=r
F{ W'y

CALIBRATION DATA

A) Meter Box Calibrations

The Aerotherm Meter Boxes were calibrated before and after the
compliance testing. A pre-calibrated Dry Gas Meter (of the
same type used in the meter box) was used to-calibrate the
meter boxes. This pre-calibrated D.G.M, is a Rockwell-415,
serial number 431-721, its calibration is N.B.S. traceable

(see National Energy Service Company Letter of November 13,
1980, attached) and it is considered to be a secondary standard.
The Rockwell-415 D.G.M. was used in place of a wet test meter,
see calibration sheets attached and Appendix One (pg. 21).

Pre-calibrations .~ 11/3/80 Y = .998 AHQ .328

Post-calibrations 12/5/80 Y =1.00 AH@ = .334

Calibrations show the meter box performed with at least 98%
accuracy and +99,.8% precision to its previous calibration.

Note: Calculations were performed on a T. I. 59 Programmable
Calculator, copies of the print outs are supplied.




NATIONAL ENERGY SERVICE COMPANY

Telephone 614-928-1945  ° 645 East Main Street [ e
- ~ P.0. Box 832 PR
. Hebron, Ohio 43025 : R L' e E
" | { !" o ,

S ¢ : ¢ S

) ' ; ; 170 |
November 13 .1950 Vi PI

.‘. - “ ] ) : L

Mr.. Gene Pollitt

Allied Chemical

3330 5, Third Street

Ironton, Ohio 45638 .

Dear Mr. Pbl]ittf

This letlter certifies that the following equipment used by National Energy
Service Company, 645 E. Main Street, Hebron, Ohio, 43025, to calibrate gas
measuring devices for accuracy is traceable to the Nationsl Bureau of Standards,
by the f0110u1ng determinations:

-,1. The 10 cubic foot Bell Prover, Serial Number 2874, is cali~
brated with a certified steel tape 716534 and precision
oauges according to the National Bureau of Standards handbook

#1117,

2, The five (5) 5 cubic foot Bell Provers, Serial Numbers 4186,
4185, 4184, 4187, & 1445, are calibrated with certified steel
tape ;74082 and precision gauges according tu the National
Bureau of Standards handbook #117. -

3. The Automatic Transfer Eguipment which incorporates a 1,.5M
Roots Meter and a 7/ Roots Meter is traceable to the National
Bureau of Standards through an American . Meter Model 12M, .
Serial Number TP12259, which has been calibrated on a 10 cubic
meier Bell Prover, Serial Number 4242, This Bell Prover is
calibrated with a certified steel tape #6216 and precision
gauges according to the National Bureau of Standards handbook
117,

The above 10 cubic foot Bell Pfover and the five (5) 5 cubic foot Bell Provers
are also annually checked with a Stillman Standard, American Meter #1012,
Natiopal Bureau of Standards Serial Number 21. An annual inspection with the
5tillman Standard is required by the Ohio Public Utilities Commission; performed
by the Ohio Public Utllltles Commission and carries their certlflcatlnn in
accordance with handbook #t4.

Yours truly, 7
, :.r%/(///.'()"
,/6;seph P. lLofink

Vice President and General Manager
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Wet Test Meter No. - Correctmn Factor

(/o) Barometmc Pressure P i 274,0 in. Hg Pxekus Cahbrat'non Date

- ’ N

Dry qas (/’) (’ z) ("’) NZiE Temperature (1) | pre) o 3ve
el Orifice (035 volume Gas volume Het* test Dry gas meter ' 3O
rvipter - .” 1CE 1 et test dry gas S T
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&K, ) .
fina ] re g tn. B0 13 13 ,15 | “f | v °f min | y tHp

757 N
,./37 y;g o5 100 | &

e )

o | g z‘/a“*) 7728 764 7057203 | 987 n.2ag.
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8.0 | o.s88 | X T
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Orifice pressure differential that gwes 0.75 cfm of air at 70°F and 29. 92'

“inches of mercury, in. H20 Tolerance ~ + 0.15
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Console No. -,4:;_,‘/0 —/00 Dry Gas Meter No. Y3172/

—

Wet Tést'Heter No.: - - Correction Factor ' —

(/o) Barometiric Pressure, P 29 Zé in. Hg Previous Cahbratwn Date //‘i!’ ~BE

= ) Tem trature (/ / -
Dgres | 00 | 03 T 00 09T Temprst 1e9
g«j Orifice G:;Ztv:_):-;":e G;'S:yvg::ﬁe Wet' test Dr_y gas me_t_sz'- @
/.ﬂqiidf'_ J rr,amt:x{xeter meter meler Heter 1n1el|0uﬂet1 Average T3
/ﬂ/tm—/ an SC‘bH:ngn - VH‘ vdl "Hn_ tdl' "dD“ 1'd' '(!r:‘e
f;;.a../ re ,'a&s in. H0 ft3 13 . F “F “F °F | min R f bHp
T i — 77 T : =
et i /ol ¥ 80| S5 72/t @D UL @\ 795 lss2], 992 . 307
N T S . 4 S L.
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- o _ Yw Py (4 “d + 460) 0.0317 s (1, 1 200) u]z o
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4.0 | 0.294 ' ¢
6.0 |. 0.a31 - -
8.0 | 0.588

vy = Ratio-of accuracy of wet test meter to dry test meter. Tolerance = i 0.02

sHR = Orifice pressure differential that gwes 0.75 ¢Tm of air at 70°F and 29.92

“inches of mercury, in. HZO Tolerance - + 0.15

0r1f1ce LHB shou]d fall between 1.59 - 2.09 or modificatioa mey be necesSﬁry for

some sampling situations.
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IX. CALIBRATION DATA (continued)

B) Nozzle Calibrations

A digital, dial caliper was used to calibrate the nozzle. An
inside measurement was taken on each of ten (10) different
" diameters (see attached calibration sheets)..

-
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IX.

CALIBRATION DATA (continued)

C) Pitot Tube Calibrations

The pitot tube was assigned a baseline value (for Cp) of .84

(page 94, Figure 2-2, Appendix Two) because the one used (Aero
Pt-10) wasnew and measurements before and aftetr testing confirmed
that the pitot met design criteria as given .in EPA-Methods.
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ALLIED CHEMICAL CORPORATION
CHEMICALS COMPANY
ENVIRONMENTAL CONTROL LABORATORY

PITOT TUBE CALIBRATION FORM

Pitt;t Tube‘ﬁo. /c:rv- /d'f -~/ ' Date /2--5"*80
Pitot Type, Length — 79;»«' iqaﬂefm I;drb‘ée_':
Cp(s) = 0.99 VAp(SZ;?S§rd) = A .3"/
. SIDE A SIDE B
Ap(standgrd)_Laj'_,Ap(s)_al_t_I Cp(s),&?7 Ap(standard)__g_,_Ap(s)*Qu_Cp(s)._gj_z
. .05 . 0495 &y . 0F .070 83¢
ol | )
o5 ':iig fsqg A 31 8319
1.0 .’.3?‘ .53? | '5— .‘:18 .g3$
' 3.0 TATA s O 2.77 .89)
I’A [
5.0 6.95 839 3.0 i
|
4.0 5.5, .8l
i £.0 6578 . 55?8
Manometer No.

Manometer LeaK check: @4 - @ + 30 ;ndcs an:ée/'

Condition of pitot tips:. ém/

-~
Signature




CALIBRATION DATA (continued)-

‘D) Thermometer and Thermocouple Calibrations

The digital read out supplied in the Aerotherm Meter Box was
calibrated by attaching a thermocouple to one of the optional
readings and runnlng it out of the meter box and checking it
against a mercury-in-glass thermometer. (See attached data

" sheet).




ALLIED CHEMICAL CORPORATION
CHEMICALS COMPANY
ENVIRONMENTAL CONTROL LABORATORY
‘THERMOMETER AND THERMOCOUPLE CALIBRATIONS *
THERMOMETER NO. =+ st/ - p-3500°C DATE /2> 5 —£D
* v .
. .. . THERMOCOUPLE READ OUT NO._ Apw -poo [t dox
STANDARD THERMOMETER NO. 3¢  p-3oe'c Hy » OLS,_.
couple | TEMPERATURE
STANDARD TEMP. 0°C. THERMOSEES TEMP. 32 °F DIFFERENCE O °f
22.0¢< — 72°F ¢ 10°F
715°C - 211°F ¢ 1.OF
2 30
B — ) ‘/‘/S- L o - /.0 pF

¥Supplies Readings For;

1). .Stack. Tempecature

2) Probe. Temperature .

3) .lmpmger Qutlet Temperature
L) option. '
5) Option.

6) Filter Oyen Temperature

7) D.G.M, Ilnlet Temperature

8) D.G.M. Outlet Temperature

. 4;,,‘//%%/%7‘

Signature




IX.

- out the test (see field data sheets). The thermocouple readout

CALIBRATION DATA (continued)

E) Probe and Filter Heaters

Both the probe and filter oven were constantly mogitored through-

was calibrated as shown in Section D, . . =

>
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The APTD (Air Pollution Technical Data) series of reports is issued by the Environ- -
‘mental Protection Agency, to report technical data of interest to a limited number

.0of readers, Copies of APTD reports are available free of charge to Federal
employees, current contractors and grantees, and nonprofit organizations - as
supplies permit - from the Office of Technical Information and Publications,
Environmental Protection Agency, Research Triangle Park, North Carolina 27711,

or from the National Technical Information Service, 5285 Port Royal Road, Spring-
field, Virginia 22151,
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MAINTENANCE, CALIBRATION, AND OPERATION
" ISOKINETIC SOURCE-SAMPLING EQUIPMENT

INTRODUCTION

The purpose of this publication is to explain the maintenance, calibration,

and operation of the isckinetic source~-sampling equipment described in Construction

Details of Isokinétic Source-Sampling .'E:quipl"nez‘ll;l as performed by the Emission

Testing Branch of the Office of Air Programs, Environmental Protection Agency.
" This procedure has been used satisfactorily and is presented as a guide to assist

interested personnel in using the equipment.

The sampling train has four major coméonents: (1) the pﬁtobe assembly,
which includes the probe nozzle, a heated glass probe, and a pitot tube for monitor-
ing gas velocity during sampling; (2) the meter box assembly, which consists of a
system.of manometers, an orifice meter, a vacuum pump;-a ary gas meter, and
electrical controls-for sampling; (3) the sample box assembly, which contains the
glassware; and (4) the umbilical cord, which connects the sample box with the - -
meter box. A representation of the sampling train is shown in Figure 1. The
maintenance and calibration procedure described for each of the components should

be followed in the shop or laboratory in prebaraﬁon for each sampling test,

e O -5 -2 ' l 1 . =
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"~ MAINTENANCE
PHDBE ASSEMBLY

Preliminary Disassembly : - .
* To disassemble the pitobe, first remove the Swagelok* union (parts 2 through

7) except for the welded nut (8) as shown in Fi_gu;re 2. The nozzle (1) is u;ually

” removed in the field and carried separately. Check for broken glass chips.

131 ELASS BALL JOMT (10} GLASS FROME b. PRORS SHEATH @) BN [ 1] 7\ ) FRONY FERRULE ¢ Bt i nOZRE

= J i 8
S LT
1 REAR rzuuu: i URIOR ) REAR umn.l‘.

" 0 RUBBER STOPPER

115 POVER CORD

" QWICK CONNEETS 116 PIDY

Figure 2. Pitobe assembly.

Probe

Remove the glass probe (10) from the sheath (9) and check visually for
broken or fractured sections, The most common area of broken or fractured sec-
tions is'within 1-1/2 inches from the front and approximately 3 inches from the . .
rear. Sore fractures on the back end are hard to see because of the tape (11) and.—
rubber stopper (14). One wéy of checking is to gently twist the glass probe-and - *
listen for grating sounds, Inspect the electrical systern of the probe for visible
shorts or burped spots shown by un.i:form darkening of the high-temperature insula-
" tion tape (11)', and thé power cord connection (15). Then plug the power cord into a
variable transformer and set the power rating at about 55 volts. The probe shc;ula
become warm to the touch over its entire length in a few minutes. If the probe does
not heat, check the variable transformer for propef voltage and for loose connec-

tions in the plug (15) and Nichrome wire. Shorts are indicated by partial heating in

*Mention of a specific comnpany or product name does not constitute endorsement
. by the Environrnental Protection Agency.
‘ -
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A sa.fnple' check list is shown in Figure 3, There should be at least two sets

of pitobes of the desired length for each sample box with each pitobe identified,

Date _ Probe No.

Probe

~ Glass probe : ' ' -

" Rubber stopper ' ' B .

- -Insulation tape

Power cord extension

Heating system

C1ean'_

Pitot—probelsheath

*  Quick connects

Pitot tube

Sheath and welded nut

Clean

Calibration (pitot tube)

Swagelok union
Probe side

Rear ss ferrule (backwards)

Rubber Q-ring

Asbestos cord

Union

Nozzle side

Front ss ferrule

Rear ss ferrule

Clean__

General remarks:

Note: 25-foot Nichrome wire on particulate probes.

Initial each item when checked and write in any remarks.

Figure 3. Suggested pitobe assemb]y check lisl.
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KOZZLES

Inspect the knife edge of the nozzle for damage, If damaged, repair and

’ .:recalibrate- the nozzle according to the procedure in the Calibration section. Clean
the I_mzile by acru’b‘b.ing and rinse with distilled, deionized water, and then with
acetone; air dry. Cover the open ends with serum caps or similar covers to avoid
contamination or damage to the knife edge. =

There should be a selection of nozzles ranging from 1/8 to 1/2 inch in diameter
in 1/16-inch i;crements with two or three sets of each size. The exact diameters’
should be etched on the shank of each of the nozzles and all the nozzles kept in a-

separate box.

METER BOX ASSEMBLY
Casing

Remove the meter box casing, check the general condition, -and make neces-
sary .repairs. ‘ ‘
Pump 0il and Filter

-Change the pump lubricating oil (28), if dirty; fill to mark; and clean the
pumnp filter (27). The parts are identified in Figure 4.

(Z7) PUMP FILTER

(25) THERMOMETERS | (6) FINE ADJUST VALVE - (8) VACUUM GAUGE

(24) ORIFICE ~ >~

() COARSE ADJUST
VALVE

AIR TIGHT PUNP

(5) DRY TEST METER

Figure 4. Pump-meter assembly,

- -“1-“..,




Thermometers

Check the dry-gas-meter thermometers (25). The temperature should check
against room temperature using a mercury-in-glass thermometer ae the standard

Quick Connects

Wipe the quick connects (9) clean (Figufe 5)

A drop of penetrating oil helps
keep them in good working condition.

.

12} MANOMETER PORTS

(31 FILL PLUG SCREW
-—

1h DUAL MANOMETER

4) VALVE S¥ITCH

15 DRY GAS METER .—

6y FINE ADJUST_-‘_-

(1) COARSE ADJUS'\

,Zil DRAIN SCREWS

‘_.-ZZIb PLUNGER -

B) VACUUM GAUGE~

(5) MANCHETER QUICK-CONNECT. ] 421 PUMP SWITCH AND LIGHT
_ : 12 PROBE SWITCH AND LIGHT
- : (191 HEAT SWITCH AND LIGHT
' )81 FAN SWITCH AND LIGHT
1103 SAMPLE PORT QUICK-CD’(NEC'L_ m

™17y VARIABLE TRANSFORMER

CONTROL -
. (1) AXPHENOL CONNECTOR”
. 1 POWER mmcmon )5 TIRER svnel
LiGHT 16, POWER CORD 0 Vi 116+ LEVELING SCRE®
03+ TIMER INDICATOR
LIGHT
Figure 5. Front panel of meter box.
- 7
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Dual Manometer

Visually check the pitot and orifice manometer lines. They should be free of
fluid, | Check for leaks, especially around the-fluid-level plunger (22) and drain.
sctews (23) shown in Figure 5. Replace the fluid-level plunger or O-rings, if
necessary. Wipe the dual manometer: (1) clean,. The back can be cleaned with
compressed air or the device can be removed-from the-box and wiped clean:.. il -
the dua‘_‘l manometer is unusually dirty, clean as recommended, by the ;'nanufacturer.
Re:.place the red manorneter fluid, if it is faded. Manometer fluids are color -coded:

_red is used for the pitot tube manometer and yellow for the orifice manometer (or

a similar combination) for ease of reading in the field,

After mal'dﬂng sure that the manorx_:eter perts (2) are open and the manometer
lines connected, ‘level the manometer and check the fluid level. The manometer
can be filled with fluid by removing the screw (3) on the left side. When the mano-
meter is zeroed, the fluid-level plunger should have about 1/4- to 1/2-inch travel
inward, i

e

Pitot-Tube Lines

Blow through the pitot-tube quick connects (9) to check for obstructions,
The sealing balls in these quick connects should be removed to allow for free move-

ment af air, The pitot-tube manometer should respond.

Solenoid Valve

Plug the meter-box .pow_er cord into a 110-volt outlet,. The power indicator . -
light {12) should go on and a click should be heard. The click is the sound of the -
solenoid valves moving into the po_sit.io-n shown in Figure.6. If the clicking sound
does not occur, check the power source, piug. power cord and conﬂect:ons, bulb,

and soleno_id vaive-.

The valve switch (4), shdwn in Figure 5, operates the solenoid valve
assembly, which contains three 2-way solenoid valves (Figure 6). Two are
usually open and one is closed. When the valve switch is turned on, the two open ‘. -
valves close and the flow into the manometer is blocked and the closed solenoid
valve opens to allow the pressure to equalize. This allows the manometer to be -

zeroed while the pump is running,




.S

TO PUMP SWITCH

SPOT SWITCH \/

SOLENOID VALVES
NORMALLY OPEN
NORMALLY CLOSED

NORMALLY OPEN

TO MANOMETER

.

Figure 6. Solenoid assembly diagram.

The solencid assembly operates only on the orifice manometer. To zero the
Pitot tube manometer, the pitot tube lines can be disconnected at the quick connects

on the meter box;

Lights and Switches

Turn the coafse—adjust valve (7) to the off position and open fully the fine-
adjust valve (6). Turn on all switches (18 through 21) to check the lights. The
heater light should not £0 on until the fan switch is also on. If any of the lights do
not function, check for defective.parts, including switches, lights, fuses, and
wiring, - .
Orifice- Meter Lines—

Turn off all switches except the pump switch (21). Turn on the valve switch -
(4) and carefully adjust the coarse-~-adjust and fine-adjust valves. The orifice meter

manometer should respond to valve controls, If no movement is observed, check

" the solenoid valves or the orifice meter system.

Timer .

Leaving the pump on, check the timer system (15), which should operate only
" when the pump is on. Malfunction of the timer can be caused by decreased voltage
supply or a worn synchronous motor. The timer has different cams for various

time periods or cycles, but the most cormnmonly used is 5 minutes. Check the

a59-345 O-712 -3
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tirming for at least two cycles. The buzzer and timer'light (13) should go on at the
end of the specified cycle. The duration of the buzz can be regulated by adjusting 2

_the notch on the timer. Turn the pump off.

Amphenol Outlet and Variable Transformer
‘Check the A:npheﬁol outlet with a’ voltrmeter or check light by connecting the
leads to the different terminals (Figure 7). When connected across the variable

transformer, the voltage meter or check light should respond correspcn'd.ingly.

a T0~'
- AMPHENOL
MANOMETER
CONNECTOR 7ERO

BUZZER TIMER

=

POWER STAT
. PILOT LIGHT

L
. W €
QPI})T LIGHT I i MPILOT LIGHT

Figure 7. Meter box wiring diagram,

Vacuum System |

Insert a plugged male quick connect into the sample port (10), shown in
Figure 5. Make sure that the valve switch (4) is off and then activate the pump.
Turn the coarse-adjust valve to the on position and close fully the fine-adjust valve,
The vacuum gauge (8) should read about 27 inches of mercury for a barometric
pressure.of 30 inches’of mercury.- Check the leakage rate using the. reading-on the-- -
dry gas reter (5) and a watch, If lezkage exceed.s 0,02 cubic-foot per minute,~--
find and correct the leak or leaks. Parts to check are the pump,- va‘cuurn gauge,- .

metering valves, and pipes.

Calibration.

After all systems are functioning propé:rly, calibrate the dry gas meter (5)
shown in Figure 5 and the orifice meter (24) shown in Figure 4 according to the

" procedure in the Calibration section.

A sarnple check list and 2 calibration and calculation sheet are shown in

Figures 8 and 9. For recording purposes, the meter box should be numbered.

)
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Date ' Box No. i Dry gas meter No.

Pump o1l and filter

Quick connects

Dry-gas meter thermometers

pual manometer system

Pitot-tube lines

Solenoid valve ' ' N .

Lights and switches - - i -

* Orifice-meter lines

Timer

Amphenol outlet

Variable transformer

Vacuum system

Metering valve

Vacuum gaﬁée

Leak check at ___ inches of mercury - leakage =

Calibration (orifice and meter)

‘General remarks

Initial each item when checked and write in any remarks.

Figure 8. Suggested meler box assembly check list. -

SAMPLE BOX ASSEMBLY ..

Ice Bath

Fill the ice bath (4) with water and check for leaks (Figure 10).

Electrical System

Using an Amphenol adapter {(Figure 11), plug into a 110-volt source. The fan
and heater should go on., Failure to operate may be caused by a faulty electrical

source, a pour connection, a defective fan, or a defective heating element. The

N




Date ' Box No.

Barometric pressure, Pp =__in. Hg Dry gas mete_r- Ho. e = -
, Temperature

‘o Gas volume|Bas volume
0r1f1§e wet test | dry gas Wet test Dry gasimeter
m::g?gner meter meter Meter [Inlet|Outlet]Average Time

i 91 v, Vg» twe | tdisf tdos | tds | g, :
in. Ho0 13 ft3 °F | °F} °F | °F |min |y AHp -

0.5 - 5 ' - ‘

1.0 . _ :

= 2.0 10 i ! e
; = 4.0 10 : _ B o
6.0 10 .
8.0 10 )
Average
Calculations
Y _ . AHg
" Vi Pp (tg + 260) 0.0317 a4 {(t,, + 460) ¢ |2

aH 13.6 | Vd("-b * 1_“.*5) .(tw * 460) Pp (tgo+ 460) | . v
0.5 0.0368 -
1.0 0.0737
2.0 0.147
4.0 0.294
6.0 0.431 ' .
8.0 0.588

v =-Ratio of accuracy-of wet test meter to dry test meter:—Tolerance—=-2-0.01 -

4Hg = Orifice pressure differential that gives 0.75 cfm of air at 70° F and 29.92 -
inches of mercury, in. Hp0.  Tolerance - * 0.15

Figure 9. Suggested orifice and dry gas meter calibration and calculation form.

wiring diagramn is shown in Figure 12. Check thermostat operation by inserting a
dial thermometer in the heated section of the box. The temperature will genefa.lly
fluctuate 20 to 30° about the average after it stabilizes. The usual setting is 250° F,

but the thermostat can be adjusted to the setting desired.

Check the proBe heater plug with a voltmeter or with a 110-velt check light.

12
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.

_% . (&) ICE-BATH -
(1) THERMOSTAT e /
N

. (2) AMPHENOL

. CDNNECTDR_...__ ' )
B _ (3) PROBE PLUG —

Figure 10. Sample box. T

110-v PLUG

Figure 11. Amphenol adaptor. ...

A sample check list is shown in Figure 13. Again, for recording purposes,

the box should be numbe red. At least two sets of the sample-box assembly, includ-

ing the glassware for each meter box, shou.ld be on hand for a stack test and pre-
ferably more,

depending on the number of runs required in a day. The availability
of several sets increases efficiency dunng the test since the sample train can be

cleaned while the second run is being made or the trains can be cleaned after all

- runs have been completed.
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/‘ K ; HEATER
O R
1 L 110-V PLUG
d“ DJ - : .
THERMOSTAT .
~B € -
_,_‘ Y L U y Q

AMPHENOL CONNECTOR

Figure 12. Amphenol wiring diagram.,

Date ___ ' ~ Box No.

Ice bath

Electrical system

Heater

Blower

Probe .receptacle_: -

Thermostat -

Setting for average temperature of ___°F

Temperature variation °F + ___°F

General remarks

Initial each item when checked and write in any remarks.

Figure 13. Suggested sample box check list.
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POLLUTANT COLLECTOR

Glass Parts .

Wipe the grease from the joints of the cyclone (1) and flask (2), filter holder
{4), glass comnnectors (5), and impingers (3), _showh in Figure 14, Wash with glass
cleaning detergent. For hard-to-clean parts use dichromate sulfuric acid cleaning
solution. Rin_se with distilled, deionized water, and fhen acetone; air dry:
Reassemble the impinger portions using a thin coat of acetone-insoluble silicone

stopcock grease'on the upper half of the taper joints (Figure 15). Cover all exposed

i - - I3
. openings to avoid contamination,

HEATED AREA " (8) FILTER HOLDER

(5) GLASS CONNECTORS

{(1) CYCLORE

IJ

ﬁ-:,\\_,:: ) :‘j&;‘\:tat;;'

_f. - L et
SN oo 2l

GO~ ok

-

>’ .

q
¢ 5

[mrmtm e ———————

Figure 14. Sample box glassware assembly,

Glass F-rit

I the glass frit (7), shown in Figure 16, is dirty, place it in boiling, concen-
trated HCl for 0.5 hour. Rinse with distilled, deionized water, and then acetone;
air dry. If the Irit still does not appear clean, boil for 2 hours in concentrated

H2504 plus a few drops of sodium or potassium nitrate, Rinse well with distilled,
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LUBRICATE A it 4
INDICATED AREA—1 &G ,

¢
S

(8) GLASS FIBER FILTER

—T
R

. (6) BACK HALF " (10) FRONT HALF
(1) GLASS FRIT  (3) RUBBER GASKET

Figure 16. Glass filter holder assembly,

i

Figure 15. Impinger.

L

deionized water, and then acetone; air dry., This procedure should also be followed

with new frits, The filter-holder assembly is shown in Figure 16.

Assemble the filter holder and components for a pressure-drop check as
shown in Figure 17 (see dry gas meter and orifice meter under Calibration). Turn
the pump on and adjust flow on the orifice manometer to AH@. I the vacuum gauge

Y

METER BOX

FILTER HOLDER

VACUUN GAUGE
e

-~

S o _UmelLicAL

Figure 17. Glass frit pressure drop check.
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" on the meter box reads h1gher than 2 :nches of rnercury.

Filter-Holder Gasket

the frit either is too fine
and should be replaced or is dirty and should be cleaned and checked again.

A

Greenburg-Smith Impinger Orifice

Fill the Greenburg-Smith impinger tube with water. If the water does not

drain through the orifice in 6 to 8 seconds, it should be replaced, Thxs is only

requ.n-ed for new 1mp1ngers : . B

Clean the filter-holder gasket by washing. Rinse with distilled, deionized

water, and then acetone; air dry.

UMBILICAL CORD

Quick Connects

Wipe the vacuum line and pitot line (1-2) quick connects clean (Figure 18).

A drop of penetrating oil on each helps keep them in good working condition,

-

Thermometer

Check the dial thermometer (4). The temperature should check against room

+ temperature when a mercury-in-glass thermometer is used as the standard.

(1) VACUUM LINE

Figure 18. Umbilical cord.
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Electrical Lines

Check the electrical lineg (3) for continuity using an chmmeter or a battery- s
light system. Make sure that the leads are connected to the proper prongs. If
there is no continuity in any of the lines, check the Amphenol connections. If this

is not the problem, replace the cord,

Check Valve - - : | .

Disconnect the joint at the check valve (5) and add a drop of lubricating oil on

- thé valve. ) -

Vacuum and Pitot Lines

Test the vacuum line forleaks by blocking the inlet with the‘plugged ball joint.
Connect the line to the méter box and check for leakage as before. If leékage is
noted, check all connections first and then, if necessary, check the tubing. If the
cause is not readily identified, slightly pressurize the line and check for leaks

using soapy water.’

Connect von-é' end of the pitot-tube line to a 36-in¢h U-tube mercury manom-eter
or a similar device. Pull a vacuum of at least 10 inches, seal the tubing at the
pump end, and check for leaks by noting the mercury manometer, Do the same for
the other side. If leakage is noted, check the tubing the same way as for the

vacuum line,

A sample check list is shown in Figure 19. For recording purposes, the

umbilical cord should be numbered.

RS -
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Date tmbilical No.

Quick connects _

. Thermometer

Electrical check

Check valve

Leak test ’ : .
Vacuum 1ine -
- . . Pitot lines
" General remarks___
Initia] each item when checked and write in any remarks.
Figure 19. Suggested umbilical cord check list,
- 19 -
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" CALIBRATION

NOZZLE DIAMETER

Using a micrometer, measure the inside diameter of the nozzle to the nearest
0. 001 inch., Make 10 separate measurernents using different diameters each time

and obtain the average of the measurements. The largest deviation from the average

" should not exceed 0. 002 inch. If the nozzle is satisfactory, polish off the old
inscribed value or, if hew, etch the value of the inside diameter on the outside of
the nozzle,

PITOT TUBE

I:/Ieasure the velocity pressure, AP, at the same point within a cross section
of a straight run of ductwork.(a diameters downstream and 2 diameters upstrearn
from any point of disturbance) with a standard pitot tube and the S-type pitot tube
for the des'ireci"':i'--angc_a of gas velocities. The S-‘type pitot should be calibrated twice, |
reversing the direction of the legs during the second calibration. Make at least
three determinations for each direction. Determine the pitot tube coefficient for

each direction as:

_ AP (standard)
Y pa e
Use only those pitot tubes in which the average coefficient, Cp, equals 0.85 * 0. 02
in both dilrections, since the nomograph used with the sampling train is designed

for this number., -

DRY GAS METER AND ORIFICE METER

Connect the components as shown in Figure 20. The wet test meter is a
l.cubic-foot-per-revolution meter with 1 pex;cent accuracy. Run the pump for
about 15 minutes with the orifice manometer set at about 0.5 inch of water to allow
the pump to.warm up and to permit the interior surface of the wet test meter to be
wetted. Then gather the information as requested on the data sheet in Figure 9,
Calculate v, the ratio of accuracy of the wet test meter to the dry test meter, and

AH‘f'@. If an average vy of 1.0 + 0.01 is not obtained; the dry gas meter should be’

21
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U~TUBE MANOMETER

v
o}
P )

™

e

METER BOX

Figure 20. Calibration setup. .

adjusted until ¥ meets the specification. This can be accomplished by removing

the plate on top of the gas meter and adjusting the linkages, -

Since the nomograph is designed for a AH@ of 1. 84 inches of water, a value
within 0, 25 inch of 1. 84 inches of water is desirable. If a value in this range is not
.obtained, the orifice opening should be adjusted or the orifice replaced: 1n addition; -
AH@ should not vary by mﬁre than t 0. 15 over the range of operation of 0. 5 to 8
inches of water, If the AH@ is acceptable, record AH@ on the {ront of the meter

box.

| HEATING PROBE CALIBRATION

Ii the probes-are consfructed as outlineéd in Reference 1; the graphs in _-.
Figure 21 may be used to deterrnine the probe heat setting required. - If the probes -
’ are not constructed as outlined or a calibration of the probes is required, similar
graphs can be constructed by using a heat source and measuring the inlet and outlet
. .temperatures at the various variable transformer settings while passing air through

at about 0. 75 cubic foot per minute,

22
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Figure 21. Probe temperatures.
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FIELD OPERATION

Preparing the site so that the equipment can be Positioned is frequently the

‘most difficult part of samplmg. Scaffolding must occasionally be erected when the

sample port is not near a catwalk or other structure. The duorail? hat been found

to be a useful tool for sampling small-diameter stacks, At many sites the sampler

-must use h:s ingenuity to get the sampling equipment to the sample port.

In selecting the site, the sampler should keep in mind that the distance from .
the probe to the 'bottor:;'x of the sample box is about 13 inches. Although the equip-
ment was designed to fit into 2-1/2-inch holes, it has been found that 3-inch holes
allow easier entrance aﬁd removal without nicking the nozzle or picking up deposited

dust, . .

Because sampling approaches vary, the description of the operation of the
isokinetic samplmg equipment will be confined to the use of the nomographs,
assembly of the components, and adjustment of the flow rate to isokinetic conditions

once the probe is positioned at the desired sampling point,

NOHOGRAPHS

The correction factor nomograph (Figure 22) and the operating nomograph

(Figure 23) have been designed for use with the sampling train as aids for rapid

* isokinetic ‘Sampling rate adjustments and for selection of a convenient nozzle sizei-

To determine the correction factor, C, on the nomograph, the following information

is first required:

1. Percent moisture, % H20, This ma.y be- determ,med from a previous test

or presurvey, or 'before the sample run.

2, Ori.fice calibration factor, 4Hp. This is deterrnined from the ia'bo:rator.y

calibration (see section on Calibration),

3. Meter ternperature, Tin- Temperature at the meter rises above ambient
temperature because of the pump and can easily be estimated with experi-

ence. An estirnate within 10° F (approximately + 1 percent error) is all

25
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Figure 22. Nomograph for correction factor C.
that is necessary (an initial estimate of about 25° F above ambient tem-
perature has been used).

Stack pressure, Pg. This is measured before the sample run; or if the

sampling site is near the exit of the stack, atmospheric pressure is used,

Meter pressure, P,,. Same as atmospheric pressure.

To obtain correction factor, C (Figure 22):

Draw line from aAHp to T, to obtain point "A" on reference line 1 (REF 1),

Draw line from point "A" to % HzO to obtain point "B'" on reference line 2

(REE -2). - .

‘Draw line Tfrém'poi.x_-zt “B'" to'the calculated value -Pg/Pm, to obtain correc-..

tion factor, (;..

A

select the nozzle size and to set the K-factor on the operating nomograph,

the following information is first required:

C factor. This is obtained from the correction-factor nomograph (Figure
22). . '

Stack temperature, T,., This is determined in °F by a rough temperature

traverse to within ¥ 25° F before the sample run.

Average velocity pressure, AP, This is determined by a rough prelimni-

Dary pitot traverse, using the average of minimum and maximum AP's in
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Figure 23. Use of the nomograph in selecting nozzle size and setting K factor.

inches of water,

4. Exact available nozzle sizes, D. This is obtained from calibration of

N . available nozzles,

-t

To select the nozzle size and to set the K-factor pivot point, use the following

- procedure (Figure 23);
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1. Set correction factor, C, on sliding scale to the reference mark, "A.! - 1, R

2, Align T, with average AP, note probe tip diameter on D scale, and select

exact nozzle size closest to it.
3. Align T, with exact nozzle size selected and obtain a value on the AP scale.

4, Align the AP value with reference mark, "B", onAH scale, and set the K-

factor pivot point.

= A -~

To obtain the orifice meter setting, aH, for isokinetic conditions after the K-

factor pivot point has been set, use the following procedure (Figure 24): ' -
| 1. Position the pitobe nozzle at the .sampling point.

2. Read the pitot tube AF.

3. Align the AP through the K-factor pivot point,

4. Obtain AH and adjust metering valves.

-

The nomograph assumes the following once the K-factor pivot point is set:

T T, does not.change more than 25° for Tg < 1000° F or 50° for Tg > 1000°
F.

2. D is not changed during the test.
3. Ty, was estimated correctly and does not vary more than 10°,
.4. Percent HzO remains constant, -within 1. 0%.. -

5. '15',s and P,, rernain constant, withi.n-'_i;.;..l.-'o%. — .

SAMPLE COLLECTION ASSEMBLY
Pitobe Assembly .

After selecting a suitable probe lengfh. remove the cover.from the nozzle side
of the stainless steel union on the probe sheath. Ensure that the probe side of the
union contains a stainless steel back‘ferrule inserted backwards and a Viton A O-
Iring, a;1d that the nozzle side has a stainless steel front and back ferrule (Figure .
2). ’I_f the stack temperature is above 500° F,. replaée the Viton A O-ring with

asbestos cord.
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Fipure 24. Nomograph operation to obtain desired orifice meter settings.

Rernove the cover from the shank end of the sélected nozzle (obtained from the
. nomograph), insert the nozzle in the probe shea‘th union, and finger tighten the
union. Avoid the use of wrenches as this would bind the ferrules to the nozzle _
shank and could cause the glass probe to crack. Keep the nozzle tip and the ball |
joint oﬂ the glass probe covered until the assembly of the equipment is complete

and sampling is about to ‘begin. Mark the probe with heat-resistant tape or by
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some other method to denote the proper distance into the stack or duct for each -
sampling point,

Attach a ternperature probe to the metal sheath of the sampling probe so that
the sensor extends beyond the probe tip and does not touch any metal. Its position
should be about 1 inch from the pitot tube and probe nozzle to avoid i.nterference

with the gas flow.

Sample Box Assembly

Place the tared filter in the filter holder and record the filter number on the
data sheet, Tighten the clamps around the filter holder to prevent leakage around

the rubber gasket.

Assemble the collection systemn, as shown in Figure 1 or as dictated by the
_ requirements of the test, using a very light coat of silicone grease (acetone non-

reactive) on the lower half of all the male ball joints (Figure 15),

LEAK TEST

Place the meter box in a convenient position up to 200 feet from the test port- -
and connect the vacuum line of the umbilical cord to the inlet of the meter box and. .
the .outlet of the last Greenburg-Smith impinger of the sample box. Check the ball
joint stopper in the inlet to the cyclone for possible leakage. Turn the coarse-
"adjust valve on the meter box to the off position and open the fine-adjust valve
- slowly until fully opened. Partially close the fine-adjust valve until the vacuum®
. gauge reads 10 inches of mercury; then check the- dry gas meter for flow,—If the -
flow through _the-ﬂry'gas meter exceeds 0, 02 cubic.foot per minute at 10 iriches of -

mercury gauge pressure, the leak or leaks must be foiind and corrected.

When the check is complete, first remove the plug from the inlet to the
cyclone, and immediately turn off the vacuvum pump. This prevents water {from the

impingers from being forced backward into the filter and cyclone.

FINAL SAMPLING TRAIN ASSEMBLY

Remove the cover from the ball joint on the probe, lightly grease the lower
half of the ball joint with silicone grease (Figure 15), and connect the probe. Make
sure that the rubber stopper is snug in the opening in the sample box. Secure the

probe by tightening the probe holding clamps.

30
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Make all necessary electr.ica.l and pitot-tube line connections. Set the vari-
able transformer on the meter box so that the desired probe temperature is
obtained (use Fiéure 21 as e‘L guide). Set the thermostat on the sample box at 250°
F or at the desired temperature. Turn on the heater, blower, and probe switches
on the meter box, Allow the sample box and probeé to heat for at least 15 minutes
before starting the test and mé,ke periodic checks and adjustments to assure the

desired sample box temperature.

Fill the impinger section of the sample box with ice and a little water. Add

ice periodically during testing to maintain the temperature of the gas leaving the

last impinger at less than 70° F.

SAMPLE RUN

Record all necessary initial data such as that shown at the top of the sample
data sheet in Figure 25, including the initial dry gas meter reading. Turn off the
coarse-adjust valve on the meter box, fully open the fine-;adjust valve, and set the
timer cam to zez:o. Remove the cover from the nozzle tip and place the pitobe at
the first sa.rnpﬁné point. Record the clock time, read AP on the pitot tube mano- -
meter, and determine aH from the nomograph as shown previously. f

Turn the pump on and set AH on the meter box first by adjusting the coarse-

adjust valve and then the fine-adjust valve.

The sample run plan should consider the number of traverse peoints and the -

sarnpling timeé at each point. ~A good rule of thumb to follow is to collect a weight---

of particulate matter equal to about 20 percent of the filter weight, - The upper
limit is usually set by the pressure drop across the filter and the amount of con-
densate the impingers can hold., Generally the length of sampling time at each

traverse point is 5 or 10 rminutes.

During the sample traverse the pitobe is moved from point to point without
turning the pump off except when changing ports. The AP should be monitored and
adjustments made on the orifice meter with the aid of the nomograph when neces-
sary., -Besides the regular time interval recordings, a set of readings should be

recorded when the AP changes by more than 20 percent.

adng
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SHUTDOWN
When testing has been completed, turn off the vacuum pump, remove the

- pitobe from the stack, and take a final set of readings. Turn off the heater, blower,
‘and probe heat switches and remove the probe from the sampling port. Cover the
riozzle tip as soon as it is cool enocugh in order to avoid contamination or loss of
sample. Disconnect the probe from the cyclone inlet and cover both the end of the
probe and the inlet to the cyclone. Disconnect the u.mbiliﬁal cord from the sample
box and cover the last impinger outlet. The probe and sample box are then ready

for cleanup and the analytical procedure.
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ERRATA FOR APTD-0576

MAINTENANCE, CALIBRATION, AND OPERATION
OF ISOKINETIC SOURCE-SAMPLING EQUIPMENT

1. Page 12, Figure 9. Change second equation under Calculations to

2.

-

0.0317 aH (ty + 460) o |2

Replace pages 27 and 29 'with attached pages that contain corrections

in the AP scale of the npmographs in Figures 23 and 24.
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STATIONARY SOURCES

§472 -
121:1559

necessarily 2cceptable In all applications.
Therefore, an owner electing to use such po-
tentially approvable technigues or alterna.
tives is responsible for; (1) assuring that the
techniques or alternatives are in fact appli-
cable and are properly executed: (2) Includ-
ing a written deseription of the alternative
method in the test report (the written
mathod must be clear and must be capable
of belng performed without additional In-
struction, and the the degree of detail
should be similar to the detafl contalned in
the rel=rence methods): and (3) providing
cny rationale or supporting data necessary
to show the validity of the alternative in the
particular application, Failure to meet these
requlrements can result in the Administra.
tor's disapproval of the alternative,

METHOD 1.—SAMPLE AND VELOCITY TRAVERSES
FOR STATIONARY SoURcEs

1. Frinciple and Applicability
1.1 Principle. To aid in the representa-

tive measurement of pollutant emissions
and/or total volumetric flow rate from =z

stationary source, 2 measurement site where
the effluent stream Is flowing In a known di- .
rectlon is selected, and the cross-seetlon of
the stack is dlvided into a number of equal

arcas. A traverse point Is then located

within each of these equal areas,

1.2 Applicability. This method is applica-
ble Lo llowing gas streams in ducts, stacks,
And fhies, The method cannol be used
when: (1) flow Is cyclonic or swirling (see
Section 2.4), (2) a stack is smaller than
about 0.30 meter (12 In.) In diameter, or’
0.071 m?(113 In.” cross-sectional area, or (3)
the measurement site is less than two stack
or duct diameters downstream or less than a
hall diameter upstream from a fiow disturb-
ance. :

The requirements of this method must be
considered before construction of a new fa.
cility from which emissions will be meas-
ured; failure to do so may require suhse-
quent alterations to the stack or deviation
from the standard procedure., Cases involy-
ing variants are subject to approval by the

Administrator, U.8. Environmental Prote
tlon Agency, v

2. Procedure

upstream from any flow disturbance such
2.bend,_ expansion, or contraction In the
stack, of from a visible flame, If necessary,
an alteigative Jocation may be selected, at a
position at least two stack or duct diameters
cownstream and 2 half diameler upstream
from any flow disturbance, For & rectangu-
lar cross section, an equivalent diameter
(D.) shall be caleculated from the following
equation, to delermine the upstream and
downstream distances: -

CaLw
D=7

x
DUCT DIAMETERSlUPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)

0.5

1.0 15

25

50° '

40|

MINIMUM NUMBER OF TRAVERSE POINTS

! | | |

- .
-

T DISTURBANCE
A

i [ MEASUREMENT
“+ I+~ SiTe

|
l @RB ANCE

20 i —
- joj— . ' - —
* FROM POINT Of ANY TYPE OF
DISTURBANCE (BEND, EXPANSION, CONTRACTION. ETC.)
ol 1 N i | | | 1
2 3 4 5 6 7 ) 9 10

- ¥ i
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE {DISTANCE B)

Figure 1-1. Minimum number of traverse points for particulate traverses.
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where L=length and W=width.

22 Detsrmining the

221 Particolate Traverses. Wh
two-dlameter criterion csn bemet, the minimom pumber
of treverse poiots shall be: (1) twelve, for circular or
Teclangular slacks with diameters (or equivalent dI-
amelers) greater than 0.61 meter (24 in); (2) eight, for
cirenler stacks with diameters between 0.30 npd 0.61
meter (12-24 {n); (3) nine, for rectangular stacks with
ie&!)uvalent dismelers betwean 0.30 and 0.61 meter (L2-2¢

When the elght- 20d two-diameter ¢riterion it be
met, the minimum pumber of Uraverse points is deder-
miped from Pigure. }-1, Befors referring to the figurs,
however, detarmipe the disiances from the chosen meas-
urement site L0 the nesrest upstream and downstream
disturbances, and divide each distance by the stsck
diemeler or equivelent dismeter, to deimrmine -the
dictance it terms of the number of dbet &:zmneters, Th%
Setermine from Figure 1-1 the minimmm oumber
traverse points that corresponds: (1) to the Duznber of

duct disoretars upstream; and (2) to the pumber of
diameters downst.?e.am. Select the higher of the two
numbers of traverse points, of & greater valne,

um
B0 that for circular stacks the pumber s & multiple of 4,

and for rectangular stacks, the pumber is one of thoss
shown in Table 1-L. -

TABLE 1-1." Cronsvectiond loyout Jor redangular alacks

Ma-

s trir

. x Loy

Number of traserac pointe: - out

| 3z}

12, ... i 4x3
s — 4z4 .

20 . — 5:;

. - 5
- S oxs
2 : s
42 -
L L S 77
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DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE BR) -

Figb'r_‘e 1-2. Minimum number of traverse points for velocity {nonparticulate) traverses.

222 Velacity (Non-Particulste) Traverses. When
vedocity or volurmetric flow rate is to be determined (but

not parlicalute metier), the same procedure gs that for -

riiculate traverses (Bection 2.2.)) fa {ollowed, except
hat Figure 1-2 may be used.instead of Figure F1.

Poin

" 231 Cireoler Btacks. Locste the traverse foiu&a on

1wo perpendicular dizmeters aceo, to Tubls 1-2and
the examnple shown in Figure 3-3. Ay equation (for

n eu of Table 1-2 -

For particulate trawawes, one of the dlameters st be
§u & plane containing the greatest expected eoncentration
variation, e.g., after bends, one diametar shall be j0 the
plane of the bend. This r Rirernent becomes leas eritical
as the distance trom the disturbanes increases; therefore,
other dinmetar locations mAy be nsad, subfect to appmvd
of the Administrator,

Iu addition, for siacks having diameters greatar then
0.61 51 (24 in.) no Lraverse Poipts shal) be located within
25 centimeters (1.00 in.) of tha stack walls; and for stack
Jdismeters equal L0 or Jess than 0.61 m (2 1n.), no traverss

‘Points shall be located within 1.3 em (0.50in.] of the steck
walls i

To mest these crlterie, obsarve the proceduras
given below,

2311 Stacks With Diameters Greater Than 061 m- .

(24 fn.). When any of the traverse points as Jocated in
Bettion 2371 fall within 2.5¢m (1.00in.) of the stack walls,
relocate them away from the stack walls to: (1) a distanon
of 25 em (1.00 In.); or (2) & distance equa) 16 the norzle
ingide dismewr, whichever is largar. Thess relocated
traverse points (on each end of & dimmceter) shall be the
“adjusteS" traverse pointa,

Whenever two sucoessive traverse polnts are combined
to form a single adjusted traverse point, treat the ad-
juited point as two sepnrate traverss points, both in the
mampling (or velooity measurement) provedure, and in
recording the dats,

Environment Reporter

zauCrom-Secl lonal Layout and Lacation of Traverss

[Appendix A Method 1]

' b

.
»

92

21:1560
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) )
05 1.0 1.5 2.0 25 ( '
50 ] T T 7 | I
, DISTURBANCE
¥ TURBANCE |
wn - ) Al:} . ) —
5 40 1 | meAsuremeny
o N it =~ SITE
a. K
= I '
] |
o
3 B —
b 30 — '
“ _ kDISTU_RBANCE
= N\ I
2 20 T
3 2
=
=
e ]
E
Z 10 ]
=
2 3 4 5 6 7 8 9



5472
STATIONARY SOURCES ' 121:1561
(2 @10 stacks bevl antla) Indets of ofh .-
; feuntons wieh Unds o [odors sebine: T those
- | | EEsnEmsssms Syl s
TRAVERSE DISTANCE, b i nation,
POINT % of diesmeter techniQuies sire accaptable for this detamminstion, .
1 4.4
2 14.7 : : { I
3 29.5 .
4 70.5 “ip 1 ° l °
5 85.3 _—-r__ ¥ _ 4 __|
5 956 . -7 1 i
. ' F. : .o : ° : °
- . y —--q.'--l--.—-—-'—-m-_..ln_m_-
- 1 ! |
e | o : e | o© A
= Figure 1-3. Example showing circular stack cress section divided into H y 1 ;

12 equal areas, with location of traverse points indicated,

Table 1-2, LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

Figure 1-4, Example showing rectangular stack crosg

{Percent of stack diameter from inside wall to traverse point) ,,*;:{’:"’;:;:ifgi;,";‘; :ih’q:,::”“' with & traverss
= Leve) and sero th L ¢ Type B
Traverse . pilot tube 1o thaoms:ogm?;gugxon&w'}‘;ﬁ 8 pitot
point . tube st each traverse point, In succession, so that the
numbep . . planes of the face openings of the pitot tube aIeLKe ndjg-
Humber of traverse points on a diameter . ular 1o the stack cross-sectionsl plune: when the 8
d'f(am : F 72 T2 & 3 3 3 &mtﬂggbe Etiil:’this posi‘.lo(n, i; Is ma‘o" refe:en‘t;:e." Now
me - . . e differen ssure (A ing 84 traverse
= e. 8 0 2. 14 - 16 8 20 22 24 . ﬁlnL u a‘nu.l.l ;z?ero) pltot’m;:da.ingngls oﬁing{néoo'
. eferenca et 8 giv v ACOCPLS w
1 |1asf 67| 4] 32] 2.6) 20| 18] el 1a] 3l oty ol e:;ssé’sfé’m‘i‘m’é’hﬁ ﬁ°¢§3’,§:¢? recding 1s oot
N zero at 0° reference, rotats Hot ES aw
2 |&5.4]25.0)15.6[10.5]| 8.2] 6.7) 5.7] 4.9] 4.4] 3.9] 3.5] 3.2 angle),until snubreading isobisined. Garefilly detsrming
- R - and record the value %% the rotation angle (a) to the
3 75.0129.6]19.4j14.6})11.8] 9.9] 8.5y 7.5]1 6.7} 6.0] 5.5 pearest degres. Afier the null technique bas been applied
at eath traverse point, calculaled the average of the abso-
4 ] ®3.3170.4] 32.3{22.6)17.7 |14.6]12.5]10.9] 9.7 8.7]| 7.9 Jute velues of o assign & values of 0° 1o those polots for
. - : which Do rotation was required, and inclode thess in the
5 85,4 67.7134.2) 25.0120.1-|16.9}14.6]112.911.6 |10.5 overall av e, If the aversge value of a iz grenter than
: - 1P, the overal) flow condition o the stack is unacceptable
6 95.6 ] 80.6j65.8)| 35.6|26.9)22.0]18.8}16.5]14.6 {13.2 end elternsiive methodology, subject to the epproval of
tbe Administrator, must to perform sccurate
7 09.5177.4)164.4 136.6)28.3]23.6| 20.4(18.0 |16.) sample and velocity traverses.
8 96.8]85.4]175.0[63.4137.5129.6] 25,0 | 21.8 [19.4 3. Bitliography
9 91.8|82.3 73,1 }62.5] 38.2 30.6 | 2612 | 23.0 Aé.)‘a]%elefr‘mi'rﬁng Dust Conuenhraﬁon inmn %ss St.r;-&%
10 97.4188.2 [79.9 | 71.7 618 3m.e (35 |72 fh - TN ”ar“:“ C";S‘fﬂ; .
y 5 s . &t uti
n 93.3 [85.4 78.0(70. | 61.2 [39.3 [32.3  Tusting Momait Al Fétision Concrat Distnct Los
' ' , . Nov
12 | 97.9]90.1 |83.1 ] 76.4 | 69.4 | 60.7 | 39.8 3 Methods for Determinstion of Velecity, Volume,
| o Dust end Mist Content of Qasss. Western Precipitation
13 . . . ) o |94.3187.6]181.2|75.0|68.5 }60.2. .- Division of Joy Manulacturing Co. Los Angeles, CA.
Y : : ] : ) ; _ N 77 Bullelin WE-501968. - . .
14 H < : z :198.2.191.5)85.4]|79.61.73.8]167.7.7 . 4. Standard Method for Sampling Blacks for Particulats - ===
= 4 i ] H ! : I Bic ) S Matter, In: 1970 Book-of ASTM Eiandards, Part 2%, .- -
15 3 : - : : 19519891 83.5 {782 72.8:7 .7 ABTM Designstion D-2928-71. Philadelphla, Pa, 1971, = :
. ! - : : . . 4 M <o . : i 5. Henson, H. A_, et al. Perticulate Sampling Sirategles
. 16~ P : : : - les.8) 92.5] 871 1 82.0]177.0 -  for Large Fower Plants Inchading Nonuniform Flow, —
E . - : ’ B i . . : i USEFPA, ORD, EERL, Research Triangle Park, N.C, :
7 R . . ; 95.61 90.3 | 85.4°|80.6 -~  EPA-600/2-76-170. June 1076.
; : . - 6. Entropy Environmenislists, In¢e. Determination of
18 . 98.61.93.3 | 88.4 {83.9 the Optimum Nomber of Sampling Points: An Analysis
-, of Method 1 Criteria, Environmantal Protection Agency.
19 R 96.1191.3 |86.B ;};geaé:l;k'r;iangh Fark, N.C. EPA Contract No. 68-01~
20, i . 98.7 [ 94.0 189.5 METHOD 2—DETERMINATION OF STacx Gas VELOGQTY
21 - ' 95.5 | 92.1 48D Vorvurraie FLow Ratx (TTrE § Prror Tues)
22 1 : 98.9 194.5 1. Principle ond Applicabilidy
23 . 96.8 1.1 Principle. The sverage gas velocily in & slack {3
24 1 determined from tbhe gas density and from messurement
98.9 of the average velocity bead with a Type 8 (Stausscheibe
or reverse t

. . . pe) pitot tube,
2312 EBlacks With Diameters Equal to or Less Than [ ve . 12 A ﬂ biﬁt . This method Js applicable for
g‘oetll:; (?nlln.)ib.i;?now the Eﬂ;ucedu’{e in B&cﬂo‘n 22.1& e;q;‘;n":%:? t:‘-"?;)e; o?.\'fltso’-t‘.‘ﬁt: ;;f:irué\ :’?‘_’e }nmel&?ﬁﬁf thznaverags velocity of a g&pspsue.am and
y an .‘“SLed mh' S!'w]-d ) iy ™ f-l 1X a} g q“aﬂ ng Eas 1low, "

13 e {0.20 La.) 0f @) & distance squal 1o the posge  C0Uld be 9x4 or 1230, and would not neces-  This procedure Is not applicsbie t measuigment sies
trside dismeter, whichever Is larger. o . sarily have Lo be 6x6. After constructing the  Yig, the method cannot be nsed for direct measurement
232 Rectangular Btacks. Determine the number final matrix, divide the stack cross-section in cyclonic or swirling ges stresms; Section 2.4 of Method
of trav inls as explained in Bections 2.1 and 2.2 of in ' reg . ; 1 shows how {0 determine eyelonic or swirling Bow con-

mh 0 to a5 many equal rectangular, elemental

this m From Tuable 1-1, determine the grid cone oot - e ditions. Wien unaceeptable conditions exist, allernative

figuration Dlvide the stack crosssection Into ae many  2Teas-as traverse points, and Jocale 'a tra- procedures, sobject tothe approval of the Administrator,

equal elamental areks a3 traverse poiots, verse point at the centroid of each equal E!.S. Envirofimental Proteclion Agency, must be em-
and then Mcata & travearse point at the centrdid of each area. pioyed 1o miake accurate fiow rate determainstio

equal ares srordlos 10 the rxemple {n Figure 1-4 : exarnples of spch alternative procedures are: (1) o lnstﬁ_

The situation of tra i streightening vanes; (2) Lo calculste ihe total volumetrio

1f thre tester Sesires to use more than the k’ situation o verse points belng too close 10 the 7,0 e cioichiometrically, or (3) 10 move to another

etack walls Is not erpec o arise with rectanguler i .
minimumg . pwnber  of traverse polots,  slacks I this problem sbould ever arisa, the Adminis; 2esSirernent site at which the fow is acceptable.

expand (¢ ininlmim oumber of traverse il g B ol b S he e .
pomts™ mafrix (see Table 121) by adding the 4 cation of Absance of Cyelonic Flow, Tn most S
extra traverse points along-one or the other stationary Sﬁ'm the dar:-tion of stack gus flow is Epecifications for the apparatus are glven below. Any

I essentially to | giack walls,” Mowever, bean
or both legs of the matrix; the final matrix  cyclonic fow a&g exist fl) sfier such devices as cy‘:'foné :1.\;;;::? of ,j,‘:‘,{'&‘:,‘,,’,;,‘s’mw,,"g“ Q’,”ﬁ;‘ﬁf, ﬁ";’:fu:

necd pot be balanced For exsmple, i¥a 4x3  20d ipertial’ ollowing -venturi acrubhers, c ¢ &pecifications will be considered acaeptabla. |

L -

r. ™

[Appendix A, Method 2)
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190254 cm®
- ®I5-1.0m)
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L::i% TEMPERATURE SENSOR
[]
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' - Y Wrésrxrorruu:/

- Figure 2.1, Type S piot @Be manometer assembly,

23 Type B Pit Toba The ‘Type B pitot tube
(Figure 2-1) «hall be rmede of meta) tubing E ., Stain.
Jess eleel), It is rebommended that the ex

.. dismeler (Qimengon D, Figure 2-2b) be betweag Q.
" and 0.65 canlimeters (349 und 3 foch). Thers sha!la
an eqoal dinance bom thebass.of leg of the
tobe 1o s hce-agrn!ng plans (dimensions P4 and Py,
Figure 2-2b); it s recommended thet this distance be
belweon 1.05 and 1.50 times the exiernn) tubing dlawmete,
The face openings of the pitot tube ehnll.d;))rdm_hl )
aligned a5 shown In Figuras 2-2; however, l&h\. yuiss)ign.
menta of the openings are jssible (see Figure 2-3).

The Type 8 pitol tobe shall bave 2 known coefficient,
determined as onflined jn Bection 4. -An Identibeation
number shall be assigned to the pltot tobe; this number
shall be ﬁrmanenu; marked oF engraved on the body

LEAK-FREE
CONNECTIONS

of the ty

‘WANOMETER

“SUGGESTED (INTERFERENCE FREE)
. MYOT TUBE-THE EMDLOUPLE SPACING

[ ]
TRANSVERSE | I
TUBE AXIS
A 8
FACE *
- — OPENING
PLANES _-1
Ww
ASIDE PLANE —_
. i I s NOTE:
LORGITUDINAL _ D¢ A - Pa { 1050, € P <1.50D;
LEAX > ¥ N Y.
TUBEAXIS ) ’e Pa-ry
) ESI0E PLAKE
) (]

« :
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 parallel 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

i
constructed this way. - [Appendix A, Method 2] ¥
’ Y
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L] |
a2 n ~=Toia) number of traverse polnts. -

. K=0.12 mm B0 when metric nolts sre toed aad ¢

[ 0.005 in HyQ when English units are used, [

U 7 i» grester than 1.05, the velooity hesd dats arw
unaccrpiable and A mors seny{tive diffarentis] pressure
gauge roust be ased, .

NoTe —1f differentis]l pressure gouges other than
inclined manomelers ere used (e‘;g., soegnehelic gauges),
thelr calfbration must be chocked eflar each Leat series.
To check thacalibration of & diferantial u!’)rumre gauge,
compare ApTeadings of the gauge wilth thoss of 2 gauge-
oll manometer at n minimum of thres polots, apmrozk
mately representing the range of Ap valies In the yiack,
I, 8t ench paint, the values of Ap as read by the diffaren-
- tial !mnsure gavge end gaugeoll manomeler oZres ta

~within § percent, the diflerential pressure pauge shal be
copsidered P be in proper calibration. Otherwiss, the
test sarjes shall either be volded, or prmedwmm
the messured Ap velues and fina) results shall be ussd,
subjest 16 the spproval of the A dministrator,

2,3 Tempersiurs Gaugs A thermocoupls, lgquid-
filled bulb thermometer, bimetallle thermometsr, mers
cury-Inglass thermoroeter, or other gange capable of °
measuring tamperature to within 1.5 percent of the mjnl-
mum sbsoluts stack temperstire shall be veed. The
temperature gauge shall be attached to the pliog tuba
such that the sensor tip does pot touch any metal; the
Eeuge shall be i an interforence free arrangsment with

: Q 1S B . ' @ : Byl+} ;;;épect to the pitot tube face openisgs (ses Figurs 21

) also Figire 2-7 in Section 4). Alernsta positions m.z

. - be waed If the plol tube-lemperatizy galuge ay3iam
. :! Fatrerd

callbrated according to the procedure of Bsction 4 Pro-
-.\-

TRANSVERSE'
TUBE AXIS ~

LONGITUDINAL 6 ®
TUBE AXIS~—" =
_ 9 A

vided that e differencs of pot more than 1 parvent In the
average veloclty measuremeant s {ntroduced, the tame
{E{:t\g&fsuge neie:l nog betat";sclzhed to the p&mt tuhe;
netive subjec e B vel of th
Administater, } ppro *
2.4 Pressure Probe and Gauge. A plezometer tube and
mercury- or water-fillod U-tutbe manometer capabls of
Messuring sLackLPlusun. to withip 2.5 mm (0.1in.) Eg
s - -18 used, The statlc tap of 8 atandard t;&e pitot tube or
one leg of & Type S pitot tube with the face opening
planes positioned parallel o the gas flow may clso be
used as the pressure proba
2.5 Berometer. A mercury, sherald, or olber barom.
eter capable of me.a.s-uﬁn% elmospherio pressurg 1o -
within 2.5 mm Hg (0.1 in. Hg) may be used. In many
cased. the barometrie reading mey te obtaiped from a
F 4 nearby netional westher service siation, Ip which cass
- . the statlon value (which fs the absolute berometris
N - - pressure) shall be requestsd end an sdjustment for
. . i elevation differences betwean the weatber station and
the saropling point shall be epplied at & rats of minus
2.5 mm (0.1 in.) Hg 20-metler Q00 foot) elevation
increass, or vice-versa for elevation decrease

. B - + 2.6 Qas Density Determination Equipment. Method

tn 3 equipment, if needed (see Section 3.8), Lo determins

the steck ges dry molecular weight, end Referencs

Method 4 or Method 5 equipment for mofsture content

determinetion; other methods may be uwsed aublect o
approval of the Administratar.

'1‘5%7 SCa!librat.ig:)lPllot Tnb&( Vi‘hsan J.s!ﬂ:;-aﬂ:tn of d-:.rh:

plitot tube 5 necessary (see Bectlon £), a stan =
PIiot fube 1s nsed as & reienca. Tbe siasdard phot
tubeshall_&;reluably.hsve s Enown coefficient, ebtnined =
either (1) direclly {rom the Nations) Bureay of Btand-——
: 1h} ards, Route 270, Quince Oreberd Road, Gaithersburg,

" Figure 2-3. Types of face-opening ;';)isalignmént that can result from field use or im- . - Maryland, or @) by calibration ageinst another standurd-—=
proper construction of Type S pitot tubes. These will not affect the baseline value -~ g::g‘;e}:?: md:z‘ﬁ leo%tube gle:\i;::? i’.-;‘é‘:;mﬂ“i’;
of Cpls) so Tong as a1 and 22 < 10°, B and P2 5%, 2 < 0.32 ¢m (1/8in.) and w< - the criterie glven in 2.7.1 through 2.7.5 below and {lius.
0.08 em (1/32in.) {citation 11 in Section 6), .. . : . S

c""'-.

_‘__.———-—-""j .

trated {n Figure 24 (see also Citations 7, 8, and 17 in
. Bectlon 6) may be used. Pitot tubes designed accordiny
to these spaclfications will bave baseline cosflicients
A s\aDdard pitot tube msy be vged Inslesd of s Type B,
provided that it meels the Specifications of Sectlons 2.7
and 4.% note, however, that the static and hnfmct
pressure holes of standard pitot tubes are susceptible to
plogeing in particulate-lsden pes streams. Therefore,
whenever a standard pitot tube is used to perform a
traverse, sdequale proof must be furmished that the
openings of the pitot tube have not plugged up during the
traverse iod; this can be done by taking a welocity
head (Apmading at the fing) traverse paint, cleaning ont
the impaet and static holes of the gle pitottube by
“batk-purging™ with pressurized eir, and then ta.
another Ap reading. 1f the Ap readings made- a
afler the air purgesretliesame (+°6 percent). the traverss
is acceplable. Othervwise, the run. Note thmt i Ap
at the fined taverse polnt is unsultsbly low, another
point 1pay be selected. 1f “beck-purging™ at regular
intervels is*part of the proredure, then cormparative Ap
readings shall be taken, =5 above, for the 185t two back
Dur%es 81 which suitably high Ap readings are observed,
2.2 Diflerential Pressure G::ge. An inclined manom-
cler or equivalent device is nsed. Most sampling trains
sre equipped with.a 10-in. (weter column) inclined-
vertical menometer. baving 0.01-in. H,0 divisions on the
OG- 10 1-in. Inclined senle, and 0.1-in. FHyO divisions on the
1- W 10in, vertical acale Thin type of manometer (or
other gauge of equivalent ser=itivily) is satisfactory for
the messurement of Ap valoes a3 low ax .3 mm (0.05§n.)
»

11-9.79

HiD. However, 8 diffierentisl pressure gruuge of greater
sentivity shall be nsed (mubject to the epprovel of the
Adminjstratar), if any of the following s found 0 be
true: (1) the arithmetic sv of all Ap readings at ths
trayersa points In the stack is less than 1.8 mm (0.05 in.)
Hj0; (2) for traverses of 12 or moge points, more then 10
percent of the indlvidoal Ap resdings are 1.3 mm
(0.05 in.) Hy0; (3) for traverses of fewer than lz_solnts,
more than ene A.PMI% i belrw 1.3 mun, (0.05in.) H:0.
Citation 18 in Bection 6 describes commercielly availahle
instrumentation for the messarement of low-rengs gas
velocities,

As an slternative to erfteria (1) through (3) ebove, the

followling calenlation mey be performed to delermine the

pecessity of using 8 more sensitive differantial pressure
gBuge; - v e

. a
- o VAp+L

i=]

n .
. z‘i,\)AP; .
=

where: - -
Apy=Individual velocity bead resdicog st & trsverms
point, mm H0 (=. H.O). .

Juoction,”

to rend A
{se= Citatioa )8 in Bection 8),

.. about 0.09=0

.01, .
2.7.1 Hemispherienl (shown n Figure 2-4), elllpsoldal,
or conlcal dp. E
272 A minimnm of iy dismeters stralght ron (besed
vpoa D, tho exterpal dismeter of the tube) 'betwn;.n the

tip and the statiz pressure

273 A minimom of eight diameters straight rug
between the statle pressure holes sod the centarline of
the externel tobe, l'o?lowlng the 90 degres bend. .

2.7.4 Etauc pressure holes of equal size (approximataly
0.1 7}, equally spaced in 8 plezometer ring configuration.

27.5 Nihety digree bend, with carved oF mitered’

2.8 Differentie]l Pressure Gange for Type 8 Pitot
‘Tube Calibration. An Inclined manometer or squivalent
is used. U the single veloclly eclibration |a.-.hn!gua is
employed [see Boction 4.1.2.3), the csibmtion differen-
tial pressure gauge shall be readable to the pearest 0.12

mib Hi© 0.0051in Hy0). For multdvelocity ealibratio
the genge shill be readable 1o the nearest 0,13 mm H

€0.005 in H40) for Ap values between 1.3 mnd 25 mm H:0
{0.05 end 1.6 in, H;0), and to the newrest 1.3 mm Hy0
Bk e e seaciien eatge i bo-reqrslred
. mpre, Vo EAUEe reg )
=alnes below 1.2 mm Hy0 (0.05 tn. H;0)

x
[Appendix A, Method 2] .
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L ._-H\—_‘-__-—‘]-.
CURVED OR
. . - MITERED JUNCTION K]
- E -
- Lo . - LR . STATIC -
R L T HOLES . _
. TR A {~0.10) i T
L ] . N . - - - "-' ) - :. -
5 e o R L : HEMISPHERICAL ~ : S
. - : {1 1
1.
"¢ . _ Figure 2-4.- Standard pitot tube design specifications,

3. Proocdure |

1 Eet np tbe apperafus as shown In Flgure 2-L
Caplllary tubing er surge lanks installed belween the
mapometer spd pito! tube may be used to darmpen Ap
fuctustions. It is recornmended, but not required, that
" s prelst Jeak-check be conducted, ns followa: (1) blow
through the pitot impsct openlng until st Jeast 7.6 ©

nomeler Jevel and zero may drift dus to vibrations and
tewmperoture chisnges, make periodic checks during the
traverse. Record Rl necessaty dsta ma shown In the
example date sheet (Figure 2-5).

3.3 Measure the velocity head and temperature at the
treverse points specifed by Melhod 1. Ensure that the
proper differentin) preesure gauge is being used for the
range of Ap values encountered (see Section 2.2), 1f it in

i Fasa o0 i st opaaig. T prassare shell
1hen, close off t ope . e preasurs g
recnedn stabie : mﬁ:ﬂ)éo the same for

¥ W change to 8 more a-eusitl::&auge. do eo, and
remeesure the Ap and teraperature readings at each tra-
serse point. Conduct & post-lest leak-check (mandatory),

as described {0 Sectlon 2.1 above, 1o validate the traverse -

»

the static pre=moe =ida, except using suction to obtaln
* the minlmure of 7.8 cm (3 1n) HiO. Other Jesk-check  run. .
procecheres, sphject 1o the approval of the Admisimtrator, 24 Measure the siatic pressure o the stack, Ope
may be nssk, Z  resding !s vsuslly adequats, :
22 Lere acd oo the manorocter, Because the ma- 25 Detarmine the atmospberic préssura,

P S PLANT

o . . DATE . HUNNO.
) R - STACK DIAMETER OR DIMENSIONS, mlin)

. o ' B . BARDMETRIC PRESSURE, mm Hy Gin. Hg) ___

T ‘ CROSS SECTIONAL AREA, m2(h?) -
ool o DFERATORS
Lo T : FITOT TUBE 1.0.ND.
LR T : AVE, COEFFICIENT, Cp=

. . C e SCHEMATIC OF STACK
: i > LAST DATE CALIERATED CRDSS SECTION

Stack Tamprranwe - . . .
- Trever - 1 Vel. Wi &9 Py
L. - : X1 . mmtudnze ] W% Ty 8K (PR} | mm My (mNg} Vs

Artage . -

Figre 2.5, Velocity traverse data

C ey

Environment Reporter [Appendix A, Method 2]
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3.6 Detcrmine the slack gas dry moleculr weight, For com-
bustion protessss or procosses that emit essentially €0z, 02,
€O, and N2, ust Method 3, For processes emitling essentially
&if, an analysis need not be canducied: use & dry malecular

- weight of 29.0. For other procrsses, other methods, to

nal tubing damerer (dimension Dy, Figure 2-2b); and (b) the
base-jo-opening plane di (di iom P4 and Pg, Figure
2:2b). If Dy is between 0.48 and 0.95 em (3/16 and 3/§ in.)and
il Py and f‘a are equal and betworn 1.05 and ) .30 D, theae are

the approval of the Adminisirator, must be uscd.

3.7 Obtain the moisture conlent from Reference Methed 4
{or rqui_ulenl) or from Method §,

3.8 Darermine the crou-sections) area of the stack or duct &1
the sampling location, Whenever possible, physically

1wo p D : (1) the pitol tube may be eslibraied aceor-
ding 10 the procedure outlined in Sections 4,12 thiough 4.1.$
below, or (2) & baseline (isolsted tubx) coefficient value of 0.84
may be assigned 10 the pitot tube. Note, however, that if the
pitot fube is part of an essembly, calibration mey siil) be re.
quired, dospite Lnowlcdge of the bascline coefficiens value (ke
Section 4.1, .

the stack dimmensions rathar than using blucprinis.

4. Colibration - e .

4.1 Type § Pitot Tube. Before its initia) use, carefully examine
the Tyfe 5 pitot wbe in top, side, and end views 16 verify that
the face openings of the tube are aligned within the spedi-

fications illusiraied in Figure 2.2 or 2-3. The pitot tubc shall not

be used if it fails 10 meet 1hese alignment specifications.
After verifying the face opening alignment, measure and
“* reeord the following dimensions of the pito! tube: (a) the exter-

Y

I Dy PA. and Pg are outside the specified limits, the pitot
tube must be calibrated as outlined in 4.).2 through 4.1.5
below,

4.1.1 Typc S Pitot Tube Assemblies. During tample and
velocity traverscs, the isolsied Type § piiot tube i net always
used; in many instances, the pitot tube is vsed in combination
with other sovrce-sampling componems (thermecouple, sampl-
ing probe, nozzle) as pant of an “‘assembly,” The presence of
othet smapling components can sometime affect the bascling
value of the Type S piet tube coelficient (Citation 9 in Scetion
6); thercfore an assigned (o1 otherwise known) baseline coelfi-

cienl value may or may not be valid for & piven assembly, The

baseling end assembly coefficient valuer will be identics) only ’

when Lhe relative placement of the componenls in the asiembly
is such that acrodynarmic interlerence effets are eliminaied.
Figures 26 (hrough 2-8 illustrate imerference-f1ee component
arrangements fos Type S pitat tubes having external 1ubin
diamciers between 0.48 and 0.95 em (3716 and 3Bin). T

pitot tube assemblics that fail to mee any or all of the specifica-
tions of Figures 2-6 through 2-8 shall be eatibrated according (0
the procedure outlined in Scetions 4.1.2 th gh 4.1 5 below,
and prior 10 cakbiation, the valua of the intercomponent spac-
ings (pilot-nozale, pitot-thermocouple, pitol-probe sheath) shall

measured and yecorde, [CFE '

© NQTE,—Do not usc any Type 5 pitot tube assembly whic'h Is
construcied suTh that the impact pressure opening plane of the

pitet 1ube & below the entry plane of the nozzle (s Figure
+2-6b).

-

4.1.2 Calibration Setup. If the Type S pitol tube is 1o be
calibraied, one leg of the tube shall be permanently marked A,
and the other, B. Calibration shall be donc in a flow system have
ing the following cssential design features: -

PD'

 TYPESPITOT TUBE

- ,
x2190cm (3/8in) FORD, = 1.3 cm

b

in)

SAMPLING NOZZLE

A. BOTTOM VIEV, SHOWING MIMIMUM PITDT-HOZZLE SEPARATIOHN.

SAMPLING

PROBE

X

SAMPLING
NOZZLE

STATIC PRESSURE
OPENING PLANE:

" K / <
HEES IMPACT PRESSURE "=~
0 o OPENING PLANE - -
o e Y A '
- TYPES . - - -
’ PITOT TUBE '
NOZZLE ENTRY ... '
" - PLARE : ./
B. SIDE VIEW: TO PREVENT PITOT TUBE 1
FROM INTERFERING WITH GAS FLOW
- STREAMLINES APPROACHING THE
NOZZLE, THE IMPACT PRESSURE
: OPENING PLANE OF THE PITOT TUBE
" SHALL BE EVEN WITH OR ABOVE THE g
- NOZZLE ENTRY PLANE.

Figure 2-6. Proper pitot tube - sampling nozzle configuration to prevent

aerodynamic interference; buttonhook - type nozzle; centers of nozzle

and pitot opening aligned; D¢ between 0.48 and 0.95 ¢m {3/16 and .

3/8 in-)- f

[Appendix A, Method 2)
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27508 em |}

sampLE pROBE [l L l
P S

i’-'igure 2-7. Proper thermocouple placement to prevent interference;
Dy between 0.48 &nd 0.95 ¢m {3/16 and 3/8in.).

\

S iy
SAMPLE PROBE
THIRE

L

~

~<— Y>7.62cm (3in) ——=

i Figurp‘Z-é;‘ Min’fﬁﬁufn pitot-samplé probe sepéfatfon needed to pre\'/ent_inférference;
Dt between 0.48 and 0.95¢cm {3/16 and 3/8 in.). '

. 41231 The flowing gas stream must be confined {o »
duct of definite cross-sectionsl area, elther eircular or
rectangular, For circular cross-ssctions, the minimum
doet diemeter ghael)l be 305 em (12 In.); for rectangular
cross-sactions, the width {shorter side) shall be at least
Z54cm (10in.Y, -- -+ . o

4125 The cross=ectional area of the calibration duct
roust be constAnt over a distancs of 10 or more duct
damelars, For & rectangular cross-section, ase an eqguive-

Jent diamewihul:ulsmd from the foDowing equstion, -

to delermine the numberof duct diameters:
‘ D, 2L7
TALEW) .
' Equatlion 2-1
where: . - -
D,=Equivalent diametear i
L=mlen .
- W=Width . q

. PR .

To ensure the presence of sialle, fully developed flow
patierny at the ealibration gile, or *test section,” the
gite mnst be locatad at Jeast eight diamelers downsiream
and two diameters upstream from tbe nesrest disturb-
ances, - "

NOTE.~The eight- and two-diameter criteris ars not
sbsolutle; other test sactlion Jocations may be used (sub-
ject to approval of the Adminisuntor), provided that the
flow at ihe tast stle Is stable and demonstirably parallel
to the duct sxis, o

£123 The fiow syslem shell have the capacity to

genersie s tast-section welocity arpund 915 m/min (3,000

- section

‘fiymip). This velncily mast be constant with time to ..

guarantes steady flow. Quring calibration. Nots that
‘Type S pitot tobe cocfMcients obleined by single-veloclty
¢alibratiop 6t 915 m/min (3,000 fi/min) wil) generslly be

valid W within =43 percent for tbe mearuresment of .

velocities above 305 mw/min (1,000 ft/mjin) and to within
=5 1.8 cent for the measurement of velocities be-
tween )80 and 315 m/min (GO0 and 1,000 fi/min). If &
more preciss corrdlalion between €, and velocity js
desired, the flow system shall bave the capacity lo
generste at Jeast four distinet, time-{nvaniant test-section
velocities covering the velooity e from 180 to 1,525
m/min (600 to 5,0007Tt/min), snd cslibration dats chall
be tsken &t regular veloclly Intervals over this range
{see Citations @ and 14 in Bection 6 for detsils).

. 4124 Two eplry ports, one each for the standard
and Type & pitot tubes, shall be cut In the test seetion;
the standard pilot entry %on shall be Jocsied slighlly
downstream of the Type 8 port, so that the stundard
and Type § tmpaet openings will lis in the same cross-
plane during culibration. To facllitate align.
ment of the pitot thbes during eslibration, it is advisalls
that {be test section be construcied of plexiglas or some
other transparent material,

4.1.2 Calibration Procedure. Note thet this
s & geners] one end youst not be nsed without first
referming Lo the s?ocia! considerations presented in Seo-
tion 4.1.5. Nota elso that this procadure applies on.lg to
single-velocily calibration. To obtain callbration dets
for the A and B sides of the Type & pilot tube, procead
as follows:

4.1.3.1 Make sure that the manomater is pro(rerly
filled apd that the 0i) is free from contamtnation and is of
the proper density. Inspect end leak check all pitot lines;
repeir or replace i necessary. .

“.tieular care shoul

ocedure -

4132 Level snd zero the manmneler. Turo oo the
fen and ellow the flow Lo stabijlize, Sasl the Type Sentry -

4.1.8.3 Ensursibat the menorooter islevel and reroed. =
Fositiop the standard pitot tube st the ealibration point = -,
(delermined os oullined in Sclion 4.1.5.1), and align the _
1nbe 5o that its tip is pointed direetly into the fiow. Par-—

gbe taken in aligniog the tube to avoid
yaw and pilch an%’lees. Make sure that the entry port
surrounding Lhe (1be is properly sealed. -

4.1.34 Rcad Apud and record fis value in 8 data table
simflar 10 the one shown in Figure 2-9. Remove the
standard pitot tube from the duet and disconnect it from
the manomeler, Seal the standard entr,

4.1.35 Connect the Type B piot tube 1o the manom-
eter, Opeo the Type 5 entry Check the manom-*
eter Jevel and rero, Insart and align the Type S pliot tube
5o that its A side impact opening 15 at the mme point as
was the standerd pitot tube and Is pointad direcily into
the tlow, Make sure Lhat the entry port surrounding the
{ube Is properly scaled. ;

4.1.2.6 Resad Ap, snd enler jts velue in the dats tabjer
Remove the Type B pitot tube froan the duct and dis-
connect it from the mapoineter, .

4.1.3,7 Repesat steps 4.1.2.3 thirough 4.1.3.6 sbove notil
three pairs of Ap readings have been oblained,

4.1.2.8 Repeat steps 4.1.3.3 through 4.1.3.7 above for
the B side of the Type B pitot tube.

41,39 Perform ealculetions, as described In Section
4.1.4 below. - . .

4.1.4 Calculationa .

4.1.43 For each of the six pairs of Ap resdings (l.e.;
thres from side A and tliree from side B) oblained in
Bection 4.1.3 ebove, calculsts the value of the Type B
pitol tube coellicient a3 follows:

[Appendix A, Method 2]
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PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED BY!? : —
“A* SIDE CALIBRATION )
Bpag bp() ’
emH20 {1  cmH20 DEVIATION
) RUN NO, {in, ti20) {in. H20) Cols) | Cats)- Cpla),
_ 9 )
- 2 .
—
Cp (SIDE A)
J “B” SIDE CALIBRATION
Apgad Ap(y
cm H20 em H20 | DEVIATION
RUNNO. (in. H20) {in. H20) Cp(s) Cols) - CplB)
2
3
€, (SIDE 8)

AVERAGE DEVIATION = ¢ (AORB) =

b

1

]cp(;) -CplA oR B) |

3 ~— MUST BE <0.01

| €, (s1DE )-C, (SinE B) |~—MuUsT BE <001

‘where:

Figure 2-9. Pitot tube calibration data. -

- . o :
Cv(-)'_—"cv(n.!) ‘V_A’;p‘:—d -

Equation

Cyia)= Type S pitot tnb coeficient

€, tvie) =Etandard pitot tube coefficient; use 0,99 if

-

8-7-79

ebeficlent is un¥nown and the tube is des)

by .
Published by THE BUREAU OF NATIONAL AFFAIRS, INC.,
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the
gTied

according to the criteria of Feetions 2.7.1 to
2,7.5 of this me! N

87.4=Velocity bead measured by the standsrd pitat
tobe, cm HyO (in. H,0 .
Ap,=Velooity head messured by tbe Type B pitot
tube, cm B0 (in, Hs0 :
4142 Calculste C, (side A), the mean A-gide coak
Aclent, end T, (side B), the mean B-side coefficlent;
u;!’;ulah the difference between these two AVErBge
values

1)

WASHINGTON, D.C. 20037

4142 Celeulate the devialion of each of the three A.

elde vatues of €,y from c, (s!de A), and the deviation of

each B-slde value of C, .3 from C, (side B). Use the fole
lowing equation;

Deviation =Chin—Co(A or B)

Equation 2-3

4144 Caleulate o, the average devistion from the
mesan, for beth the A and B gides of the pitot tube. Use
ihe lohowhgg equation:

Y P

] -
. Ty 221Cen—Cu( 4 of B)|
@ (side X or B) =2 3'-

o - Equstion 2-4

4045 Usethe Type & Ppitot tule only if the values of
* {side A) and ¢ (s)dp B) are less'than or equal to 6,01
and if the absolute value of the Qifference between Cp
(A) end e, (B) §2 0.01 or lexx, T

4.1.5 Bpecial considerations, '

4151 Belection of calibration point. -

4.1.5.1.1 When en Isolated Type § pitot tule §s calfs
brated, select a czlibration point st or near the center of
the duct, and follow the procedures outYined in Bectiona
4.1.3 end 4.1.4 sbove. The Type B pltot coaffelenta so
obtained, f.e., Cy (side A) and €, (side B), will be valid,
€0 long as either: (1) the isolated pitot tube is ueed; or
(2) the pitot tube is used with other components {noztle,
thermocouple, sample probe) in en amangement that is
free from serodynemic inlerference effects (sce Figures
2-6 through 2-gy, ) :

41.51.2 For Type 6 ?smt tube-thermocouple come
binstions (witbout sample probe), sedeet a calibration
Ppoint 6t or near the center of the duct, and follow the
procedures outlined in Sections 4,1.3 and 4.1.4 above;
The coefMicients 6 obtsined will be valid so Jong as the
pitot tube-thermocouple combination i3 vsed by Itsell
or with other componenits in an interference-free arranges
ipent (Figures 2-6 and 2-8), .

4.1.5.1.3 For assemblies. with samople probes, the
calibration point should be Jocaled at or near the center
of the duct: however, insertion of a probe shesth into &
small duct may canse significant ¢ross-sectional area

blockage snd yiold incorrect coeflicient values (Citation 9
in Bection 6). Theref:

the ealibration point msy be & few inches off-center
necessary. The actual blockege effect wil) be negligible

85 deternined by a

f»roj(-,cl.o.d -2res model of the probe sheath, is 2 pereent or
ess of the duct cross-sectional ares for asremblies withont
external sheaths (Figure 2-10a), &nd 3 percent or less for

amemblies with cxterna) shestlis (Figure 2-10b).

4.1.5.2 For those probe mssemblies §n which pilot
tube-nozzle interfaence is & factor (i.e., those in whigh
the pitot-nuzzle separation .distance falls 1o mesd - the
specification tllustrated
Cy¢y depands vpon the smount of frec-spase betwesn
the tube and nozzle, and therefore §s 8 funclion of nozels
site. In these Instanees

performed with each of the commonly vsed norele sizey -

ore, 1o 1inimize the blockege eﬂecb L

in Figure 2-tia), the value of - - -

sepzrate calibrations shall ba— -

in place, Note that the single-veloeity ealibmtion teche -

nique s
Jarger nozele sizas (3 0.635

em or }{ §n.) are not ordinarly
used for Isokinetic sam

liog 8t velocities around 915
m/mmin (3,000 ft/min), which 15 th+ calibration velocity;
note also that §t is pot y to draw en isokinetie
sarnple during calibration (ses Citation 19 in Seetion ).

4153 Fora ‘pmbe assembly constructed sueh that
ILs pitot tube is always used in the same orievtstion, only
one side of the pitol tube need be calibrated (the pide
which will face the Sow). The pltot tobe must gl Imeat
1he slignment specifieations of Figure2-2or 2-3, however,
and roust bave an svernge deviation (¢) walue of 0.01 or
lasx (see Eeetion 41.44), S -

1

*
[Appendix A, Method_Z]
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_ Figure 2-10. Projected-area models for iybical pitot tube assemblies.

Fleld Use and Recalibration.
1 Field Uss, '
611 When a Type & pitot tnbe (solated Lube ar

d‘?the appropriate coeflicient
by calibrotion ) shell
10. perform veloelly calenlations. For calibreted

41
41
4.1.6.1.
nssembly ) is used In the fle)
value {(whether assigned or obtain
be nzed
Type 8 pitot tubes, the A side coefficient shall be nsed
when the A sids of the tubc faces the flow, end the B side
cuefficient shall be used when the B side faces the fiow,

sllemetively, the arithmstic average of the A and B side

coefficient values maey be nised, irrespective of which side

faces the flow. H =
4.1.6.1.2 Wben a probe sssembly Is used to sample B

small duet (12 to 36 in. in diameter), the probe sheath .

sometirues blocks a signlbeant part of the duet cross-
sevtion, csusing s reduclion in the eflective value of

T 1. Conmilt Cliation 9 in Beclion 6 for detafls. Con-
ventional pitol-sampling. probe mssernblics are not
recommended for use in ducts hsvmgzsnde diarpeters
amsller than 12 Inclies (Cietion 16 in tion G).
4.1.6.2 FRecaliLration o .
4.1.62.1 Isolated Pitol Tiibes. Afler each ficld nise, the
pitot twbe shall be carcfolly reezamined in top, side, and
end views. If the pitot face openings tire still aligned
within the specifications lust{reted in Figwwe 2-2 or 2-3,
it can be sssauuned that the haseline coeflicicnt of the pitot
tube has not changed. I, however, the tube hias
damaged L0 the extent that it no longer meets the specifis
ntign:d o‘l"of'ig\‘iu 2-2 or 23, the da'm!'!si% sl;all cither be
repair resiore proper aligimuent of the face openings
or the tube shall be diswdes. .
41622 Pliot Tube Asscmbilics. Afler eacl field usa,
check the face opening alignmment of the pitot tube, as
in Seclion 4.1.6.2.1; alsp, remensurr the intoreomponent
spaeings of the sssembly. I the intercomponent spacings
heve not changed and the fuce opening alignrment is
scceplable, it can be easumed thet the coefliciont of the
axsemnbly hes pot chenged, If the face opening slignment
is no Jonper within the specifientions of Figures 2-2 or
23, either reﬁai.r the damage or replace the pitol tube
(celibrating the pew assembiy, i necessary), I the inter-
component spacings have changed, restore The original
spa2ings o recalibrate the essernbly.
42 Etandard lel tabe (i applealle). 1f o standard
Lot tube §s for 1he volocily traverse, the tube shall
constructed according 1o Lhe criteria of Section 2.7 and
ehall be assigned » baseline cocfiicient valoe of 0.99. If
the standard pitot tube Is used as part of an gssembly,

JEXTERNAL * ¢

- "SHEATH .
w :
t O
| —
[ ] .
(b)
el LU
BLOCKAGE DUCT AREA R .
(%)

the {wbe shkll be in an iolerferencefres mrrangemment
{subject Lo the epproval of the Administrator).

4.3 Tempersture Geuges. After each Held use, calf-
brate dial thermorpeters, liquid-filled bulb thermome
eters, thermocouple-potentiometer systems, and other

gauges at e termnperature within 10 perrent of the averags . -
absolute stock tempersiure, For temperstures up o -

#05° C (261° F), use an ASTM mercury-in-glass reference -
~thermometes, or equivalent, as a reference; ellernstively, -
"either a reference thermocouple and potentiometer - .
~(calibrated by NBS) or thermometric fixed points, e.g., -
ice bath and boiling water (correcled lor barometric

(761° F), use an NBS«alibrated reference thermocouple
potentiometer system or an aliernsie reference, subject
1o the epproval of the Adminisiurator,

1f, during calfbration, the absolite temperatores meas- ©
nred with 1he gavge being calibrated and the reference
gauge egree wilhin 1.5 percent, the lempereture dats
iaken in the ficld shall be vonsidered valid. Otherwise,
the pollutant emission test shall either be considered
invalid or adjusiments (if appropriste) of the lest rasults
shall be made, subject 1o Lhe approve! of Lthe A dministra-

r. , E .
4.4 Barometer. Celibrate the barometer tsed against
2 mercury barometer. .

6. Celculalions

€ oul calcolntions, retaining at least one ertra
decimal Hgurs beyond that of the acquired dats_ Round
off Higures after final calculation
61 Nomenclature.
A = Crozs-sections] erea of stack, m? (117} .
B.,=Wsaler vapor in the ges steam (from Method S of
Referenca Method 4), proportion by volume.
C»="Pitot tube coefMicient, dimenslonless,
Ky= Pitot tube constent,

m [ (g/g-mole)(mm Hg)
397 & [ R am B0y
for the metric system and
ft [ (Ib/lb-mole) (in. Bg) T
sec | (°R)(in. H;Q)

85.49

Environment Reporter

pressure) may be vsed. For temperatures above 405° G . - -

for the English system,
M = Molec weight of siack
Bection 3.6 g/g-mole (Jb/ib-mole),
M. =Molecnlar weight of sluck gas,
mole Obllb-mo)eg. }

=My ()—Bu)418.0 B - Egquation 2-5
wPyu = Baromelric pressure al messurement, site, mm
He (in.-Bg). -_
P,=Buack stielic pressare, hm By (oo Hg). 2 - _
F,= Absolute steck gas pressure, mm Hg {in, Bg). ~ -
=PoutPe Equation 2-8
P..al:SlHan’dnrd shsolute prossure, 760 mm Bg (29.92 .
Q.dub volumetrie stack gas flow tale corrected to
stenderd conditions, dsemfhr (dsclfur)
¢,=Stack temperetvre, °C (°F).
T,=Absolute sinck temperature, "E (*R).
=273+1, for metrie Equation 2-7
=460+, for English Equetion 2-8

Toa= Standard absolute temperatiure, 283 °K (5Z8° R)
r.= Avernge stack gas velocity, m/sec (fijsec), - -
Ap=Velocily head of stack gas, mm HO (in.'H40).
3,600=Conversion fector, s . .
18.0=Molecular weight of water, gfg-toole (b-1b-

mole). -
52 Average stack gas velocity.

ﬁa.s, dry basis (see
: .
wel basis, gfg-

Titere
P.M,

Equation 2-9

P,= Kacy.('\ Apjavs

53 Average stack gas dry volumetrsic flow rale,

Q.= 3,600(1— B.,)v. A (T%) (%

Equation 2-10
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METHOD 5.-Gan Awatvma yom Carnon DioxipE,
Oxyory, Excuss A, ANy Dy MorzeuLar WEIGET
1. Principle and A ppllcabitity

1.1 Principle. A gas sample 1c rxtracted from 8 stack,
by one of tho following muelhods: (1) single-point, grab
sampling; (2) engle-polnt, Integrated sampling; or (3)
wislt-point, Intcgrated aamJJung. Tha snrnple
analyred for percent carhion dioxide (CO), pcmenf oxy-
. prreent earbon soouoxida
(CO). X & dry 1nolecular welght"deterinination s 1o be
anade, ofther 8n Orsator & Pyrite ) Bnalys T insy bo used
for the analysds; for excess sl or emizvioy rale correction
factor dolermination, an Orsat enalyrer t Le used.

1.2 Applicebility, This method s npplicnblc for de-
terminlng CO; and O, eomceniralons, excess air, and
dry molecular Wn.l‘}hl of a =arnlo from & pas slrcain of &
fossi1-Tus) combustion proerss, The mnethod sy elso be

Meable Lo ollier processes where it bes been delermbied
1hat comjiounds other thay €0y, 0y, CO, and nitrogen
(N3) ure nol present ip concenretions sufficlent o
sficet the rosults,

Other methods, as well as modificstions 1o the proce-
dure descrlbed heveln, are also spplicable for somne or all
ol the above determinations. Exgmples of speclfic methe
ods ind modificslions Include- (1) 8 wmulti-point samp-
¥ng xoethod using an Orsat analyzer to snalyze indl-
viduzl grali samples obtained at cach point; (2) a metbod
vsing CO; or O and stoichlometric valculstions to deters
yrdne dry molocnlar welght end exeess alr; (2) assigning o
velue of 30.0 for dry molucular weight, In Ticu of actual
roeasurements for processes bunilng natura) gex, conl, or
oll. These methods and modifications ;nay be verd, Yl
ure subject 4o the: approval of 1he Admdnistrator, U.S.
Environmenta) Protection Agency

2. Apparatua

As rn allcnalive 1o fhe sunpling apperatus nud sys-
1ems deseribed Diwein, ofber simpling sysiemns (eg.,
Yiquid displacement) may bv nsed provided such systems
are capuble of obtaining & representetive samiple and
Ainteining a constant sumpling rate, and are ot erwise
capable of yiclding seeoptalile yesults. Use of such
Eystems Is sulideet o the approval of the Adminjstrater,

2.1 Grab Sampling (Figure 3-1).

211 YProbo The ,probe should be made of stajnless
sleel or Lorosibieato glass tubing and should he eqnip)
with an ju-stack or out-stack filler 1o remave particolate
malier (& plop of glass wool s salisfuctory for this pur.
1ose). Any othier material inert to 03, CO:, CO, and N3
snd resistent to tamperature at sunpling conditions may
be vsed for the probe; cxunples of such matcrial are
aluminuin, eopper, guartz glass and Telton,

212 Prmp. A one-way squiceze bulb, or equivalent,
is used 10 transport the gas sumple to the analyzer.

2.2 Integroted Banpling (Figure 3-2),

2.2.1 Probe. A probe such as that described In Seetion
2.1.1 is suitable.

1 Mention of trade nanmes or gpecific nroducts does not
consHinte endomaient by the Enviranmental Protec-
fion Ageney,

k3
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FLEXIBLE TUBING

. \i"
s

-T0 ANALYZER Y

SQUEEZE BULB

Figure 3-1. Grab sampling train,

RATE METER ()
\']|
VALVE
SURGE TANK 1
AIR-COOLED
CONDENSER ’o
PROBE &
q&\\». - PUMP .
FILTER 7=
(GLASS woOL)~

awmcK DISCONNECT—*—' _!
o .

VALVE

BAG

RIGID CONTAINER

Figure 3-2, llmegrated gas-sampling train,
[43 FR 1495, January 10, 1978)
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228 Conderer, An slrcooled or water-couled con-
denser, ar other condenser tbat will not remove Oy,
CO,, dO, snd Ny, mey be used L ramove e1cess molstnre
which would interfere with the operstion of the pump
eod flow meler, .

2.23 Valve, A necdle valve §s nsed to sdjust smple
£es fow rate. -

2.24 Pump. A leak-free, diaphra’gm-iyt-;e anp. or
equivalent, Js nsed 1o trans)iort saunple gas Lo the fezibin
bag. Instell & smell ruige lank hetween the pomp end
7ele mieter 10 ellminate the pulsation cffeet of the die-
phragm pump on the rotameter,

2.26 RBate Meter, The rotameter, or equivalent rals
meter, used should be c.aﬁnb)e of messring flow rute
o within =2 percent of the sclected flow rats. A Tlow
rate ranq; of 500 10 1000 em?¥min Is supgesied, -

2.2.8 Flexible Rag. Any keak-free plesife (e.z., Teddar,
Mylar, Teflon) or plestic-cnnted sluminun (e.2., eluml-
nized Myder) “bag, ar cquivalent, having & capaci
consistent with the sclected Boay taie and time length
of the test run, misy be vsed. A capuchy in e range of

-, B5 10 00 liters js sugpested.

Toleakcheck the bag, coinret it 108 waler manometer

**and pressurize the iog 16 5 10 10 em B0 (20 4 in. 10),

Allow Lo stand for 10 minules. Any displacraent in the
waler manometer fndicetes a Yrek. An altcrmative Jeak-
theck method i3 to pressurize the bag to § {0 10 £ 11-0
{210 4 in. H;0) and allow 10 stand overnight. A dufiated
Lag {ndicates o leak, Lo

222 Pressiwre Gauge, A waler-filled T-hibe manome
eder, or uiuivale.nt of about 28 can (12 in.) is veed for
the flexible bag lesk.chek. - . . o

228 Vacnura Geuge. A mercury manometer, or
enuivalent, of 6t Jeast 740 1mn Xig (301n, Bg) is used for
1he sampling traln lesk-check. .

23 Anelysis. For Orsat and Fyrite analyzer maln-
tanance end operation procedures, follow the instrurtions
remnmendedp’i:y the manufacturer, unless othowise
specified herein.” " . .

2.3.1 Dry Moleawdar Weight Determinetion. An Orsat
s::ldyur or Fyvite type combustlon ges analyrer may he
H . H

242 Emission Rate Carrection Feclor or Excess Air
Detarmination. An Orsal analyzer musi be nsed, For
Jow CO; (ess than 4.0 percent) or high Qs {greater than
150 J'e:c#.m) ¢oncentrations, the mrasuring burcite of
the Orsat ruust have at Jeest 0.1 pereent subdivisions.

3, Drp Mulecular Aeight .D:ln.'minah'an

Any of the three sainpling and enalytics) proredures
described Lelow may be vsed for determining the dry
molecvlar welght. .

81 Eingle-Point, Greb Sampling and Analytieal
Tricedure, )

2.1.1 The sampling point in the @uct shall eftlier ho
&t the centroid of Lhe cross section or 3t 6 point no rlosnr
10 the wallsthan 1.00m (3.2 ), vnless vtherw ise specified
by the Adminislrator, N

312 Ect up the equipment as ghovwn in Figure 31,
making snre all connections shead of the anelyzer qre
Light and leak-free. JI &n Orsat analyrer is used, it is
recommended that the enalyrer be Jeaked-checked by
folowing the procedie jo Bection 5; bowever, the leak-
cherk is optiona),

213 Flace the prohe in the steek, with the Up of the
Pprobe positioned at the sayapling puuu:;d] wrge the sarapl-
ing Une’ Dyaw a smple into the an
diately anelyze it for percent COsend
mine the pereentage of the gas-thst is N» and CO by
subumaeting the suin of the percent CO; and percent (s
from 100 pereent. Calewlate the dry andlecudar weight as
inadiu!ed in Section 6.3,

1.4

Erab sampies differ from their ynean by no mwore than
0.3 gfg-maole (0.3 Ih/l-mole). Avcrsge these three molng-
ular weights, end report the results 19 the mearest
0.1 g/g-mole _(nmh-mule{w . L

3.2 Eingle-Point, Integrated Eampling sud A nalytical

rocedur, P

3.2.1 The sempling poioat in (he duet shall Lie Jorated
saspreifed in Section 3.1.1.

322 ~check {(oplional) the Acxible hiag as In
Bectlon 2.2.6, Set up the equipment as shown in Figore
3-2. Just prier 1o sawnpling, leak-check (optioual) the
train by piscing a vacnum gauge at the condenser inket,
pulling & vacuwn of at Jeast 250 nun Mg (10 in. Hg),
plugging the outlet at the qnick disconnect, and then
turning off the punmip, The vacunra shovld reniain stable
ur &t brast 0.5 minuwe. Evecnale the flexible hog. Canmert
the probe and place it in the stack, with the tip of the

role pasitioned et the samipling mf::l; Muge the sonpl-
R:g line, Next, conneet the bag and mske sure it all
cononctions are Ught end irak free,

323 EBample &t & constent rate. The sampling run
should he siznullancont with, and for 1he same total
lengihof time as, the pollutant emfssion rate deiemiing-
vion. Collection of at Jeast 20 liters (1.0 113) of sample gas
is reconunended; however, smaller voltynes may b
vollerted, I desived,

3.2.4" Obtain one integrted fine gas sanple dining
rach polutant emission rate determination. Within B
hours after the sample is taken, snelyes §t for perornt
€O, and percent 0, using either an Ormt analys or a
Fyrite-type conbustion gas analyrer. If an Orzat ana.
Iyzer is wsed, it is recommendied 1hat the Ormat trak.
chek described in Bection § be purfonued before: this
delermination; bowever, 1he check fs optional, Deysr.

imine the percentage of the gas that is N and hy b~
racling of Sz

the eum of the pereent CO: wnd poicent O,

5779

yaor and imme-.
cept Oz Delers .

Repeat the sampling, analysis, and calaulation .
;.\m:.a:«'h.m:s.i until the dry moleculay weighits of eny thres -

fron 100 percent. Calculate 11 dar w
ndleated In Bectian 6.3, he dry molecular welght as

825 Repeat the analysls end calewdation procedy
vntl) the individual :,':olaculu welphts Imp:ny I.h‘tr::
analyses 8iffer from thelr mesn t& no mors than 0.8
g/g-moale (0.3 1bib-male). A vernge these throe nolecniae
welﬁhu end report the results 1o the Hearest 0.1 Lg-1nole
(0.115b-mole).

3.8 Muitl-Point, Integrated Sampling and Analytical

" Prxceduore,

331 Uniess otherwise smclMd by the Adminis
Lralor, 8 yninimwn of tigIt Uaverse polnts shel) be usad
far eircular stacks having diametors Joss 1hen 0.61 m
{24 In.). & s0Ininum of nipe ehnll be ured for rectangular
%ﬁku)hnvg\z u&a\cnt ’dmr’\etors Jess than 0.61 m

24 in.). and o minbmum of twelve traverss joints shal
be vsed for all other nis ¢ i
Jocoted aecording 10 Mathod 1. The vse of fewer points
s subject to apiwevel of the Administretar,

3.3.2  Follow the procedurm outlined In Beetlons 3.2.2
throuith 3.2.5, exeept far the follawing: traverse oll saiy-
pling polnis and enmnple 61 cach point for ay equal lengih
of time. Rreard sompling dara as shown I Fizure 3-3,

carca. The Lraverse polits shall he .

4. Ewlnion Rate. Correetion Faclor or Kreeas Air Diler-
tuination

- Norz.—A Y)-rlu-iygc conmbustion gas analvier {8 not
aceepiable for excrsa air of emission mie corrvetion faclor
determination, unleas Lpproved by the Adminisirator,
11 both percent CO; and prreent 0, are moeasured, the
analytical results of nn}r of 1he three procedores glven
eeljo\irfmy 2150 be used for calculating t?w dry inohcular

elgh t

F.ach of the three procedures bolow sbel be uesd only
when specified in on :Rp)iceblr subpart of the siandands,
The vse of these procedures for other purpwses ninst heve
epeelfic prior spproval of the Adimin Hrawr, - -

4.1 SioglePolm, Grab “Eompling snd  Analytical
Tlocrdure, o s Lt

$.1.1 The sampling polut n (he Juel skl either ba
a1 the centroid of The ergus = jon or el & [wint 1o clotT
101he wallg than 1.00m (2.3 1), urdezs otherwise specllied
by the Administrator, - - : . ’

4.1.2 Bt uwp the equi?moul a8 fhowy in Fipnre 39,
meking sure &l connections alal) of the gnalyuer arw
eht and Irakfree. Leek-ehak the Ore Anplyzer nes
vording 1o the pmerdure diseriled in Eaxctinn &, Thix
Jenk check Is mandmtory. ’

. .

TIME TRAVERSE

PT.,

Q.

1pm ‘% DEV.2

S AVERA
o a%DEV= (Q-Qavg

Tovs ) 180,

Figure 3-3. Sarﬁpling

4.1.3 Tlace the prole  the stack, with (he 1ip of the
probe: Dosioned st the sampiing polm; page 1he sam-
oling line, Draw s mmple o the enalyter, Far cmission
rale correction factor detenninetion, Jmnicdistely ang-
Jyze the somple, as ootled in Bcetions 4.1.4 an 4.3.5,
for percent COs or percent Oy, M cxeess gi is desired,
procoed a= followe: (1) immediately aualyse the seanple,
es o Scctlans 4.1.4 and 4.1.5, for porcent CO; Oy, AN
CO; (2) determine the percentage of the ges that §s Ny
by sublracting the sum of the perceut COy, prreent Oy,
sud poreent CO from 100 percent; and (3) eslendato
Ixreent excess alr as outlined ju Bection 8.2,

4.14 ‘To ensure completn sbhsyrption of the €Oy, Os,
or if epplicable, CO, make repeated passes througb each
ebsorbing solulon untdl twe consccutive readings ww
the same, Ecveral passas (throes or four) should be snade
between readings. (If cansiant readings cannot bo
obteined after three contocntive readings, replace the
ebrorling rolution,)

4.0.5 After the analysis 15 compleled, Joak-<clirek
(nsodsiory) the Orsal surlyzer once egsin, s deseribod
in Sretion 5. For the resufta of the analysis 1o bhe \'Mi«':i
The Orsat anslyser must prass this kak 1est hefore an
Bfter the analysic NoTE.—Sinea Lhis sfpgh-point, grals
sampling and anslytical precedure Is narinally rnnduc‘lod
in ccm!nrwﬂon with a single-point, grab sampling end
analytical pucedure fur 8 Molutant, enly one analysis
iz ordinesily eonducied. Theaclore, great rara must be
1oken (o obtain & valid sample and analysis. Although
in most eases only CU; or Oy Is required, it s recom-
nended that both €O, and O: be anensundd, and that
Citation 5 iv the Dibliography be used to cwlidate the
anslytival daln,

42 Binghe-Point, Intrgrated Bampling and Analytical
Procedure. -

4.21 The sampling point in the duct shall be located
ns speeified in Seeion 4.1,

4.22 Leak-theck tnandatory) the flexibde bar as in’

frction 226 Set up 1he equipmem as shown in ‘i
3-2. Jusm prior w sampling, leak-chork tunandatory) the
train by placing a vocvum gange st 1he condenser inke,
pulling 3 vacuum of at least 250 yym Mg 1o in, Yig),
plugging the outlet at the quick disconnect, and then

Fublished by THE BUREAU OF NATIONAL AFFAIRS, INC., WA
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* (MUST BE <10%)°
rate data. . o :

= {urning off the pump. The ;'-’wu\ml shall remain stable -

for at keast 0.5 minute. Evecusto the fexibie lag. Con——

uect the probe and pluce itin e stack, vith the1{p of the
probe{wsiuonnd st WUie sompling point; purge the sam- =
Tling line, Next, conneet 1he hag and suake sure {bat
all cannections ave tight and Jeak free . R

423 Bainple st 6 constant rale, or ns ApaciGed by (ha
Administrator, The sainpling ron must be gmuliancons
with, end for the some total lengih of thine ke, the pollnl-
et emission rate detenmination. Collnet ot least 30
liters (1.00 119 of sampin gan. Syneller voliines may b
collecied, subjvet to approval of the Ad:ninistraar.

4.24 Obtpin one fuirgraied flue gas snple dining
rach pollutant emission rate delennination, For canjssion
rote correetion facior deterimination, analyze (he samphs
withit 4 boars aftlex It is tuken for pryeent COsor Pureent
0a (as putlined in Seclions 4.2.5 1hiough 4.2.7), Tim
Orsat analyzer st be leak-chueked (see Svtion '5)
efora the annlysis, If rxecss nir §s desired, procred ns
fullows: (1) within 4 bours nfier 1he smmple {5 1aken,
mnalyze It (a3 in Scetious 4.2.5 through 4.2.7) for pesvent
€Oz, Oy a0l CO; () drierming 1he poraantage of 1he
g5 that is Na» by subtracting the sum of the percent GO
pereent O, end poscent (O from 100 werveny; {3) il
vulate pereent excess air, as ont)ined in Sanion 6.2,

4.2.5 To ensure complsta alsorption of 1lir CO;, Os,
or if applicable, CO, make repwated parees 1hrongh eael
alisorhing solutlon unti) i wo conseewive readings e Use
fame. Several passns (threa or Jour) should be made be-
tween readings. (1f eonstant readings vannot Iw olsined
Bf%e-r Hm;‘c conseentive readings, replace the absarbing
snlution,) -

4.2.8 Repeat the analysis untl) the follawing eriterin
Are Tiet: : .

4.2.6.1 For poreent CO:, ropwat the analylica) pro-
ccdure untl) the resuls of sny isee analgsas differ by ne
hore than (g) 0.3 pereent by volunie when €0; i zroater
1han 4.0 pescent or (b) 0.2 peraant ‘)Ay volune when COy
is le=s than or equal to 4.0 prirent. Average the three ae-
ceplable values of pereent CO; and repurt the rasuis 1
the nearest 0.1 percent, R

4.2.82 For percent Oy, repeat the snalytics! procvdore
unti) the resulis of any three enalyars differ by no mare

el
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hian (o) 0.8 pereent by volume when O, §# Jeas than 15.0
peroent or {b) 0.2 pareent b{ volume when O, is prestor
than 15.0 perevnt. A veragethe threa aorapinhie valnes of
perment o cqual to O, and report the senults 1o the
nesrest 0.1 perecnt,
- 42,60 Yar st CO, repeat the analytical procer
dure until the resulix of any three analyses difier by no
more than 0.3 percent. Aversge the throe acoeplable
vatues of percent CO and rejrort the resulia 1o the nearest
0.1 prrcant, : -

4.27 Afier the snelysis I3 completed, Jesk<check
{(mandatory) the Orss( anslyzes once again, as descri
in Rection 5. Forthe rﬁulL‘oﬂhc analyzls 1o be valid, the
Orsat mnalyzer must pass Lhis leak tesl befare and aftor
the snalysis, Note: Although in mest Snstances only COs
or 0) iz required, #t is recommnended that both CO; end
033 be measured, and that Cliation 5 In the Bibliography
be veed 10 validste the analylical dste,

43 Muli-Polnt; Integrated Bompling end Analyilea}
Procedure, - i .

4.3.1 Doth the minimum number &6 sampling pointe
snd the aamphf%g poini location shell be es =pacified in
Bection 3.3.1 of this melhod. The use of fewer points than
specified is »sobject to the approval of the Administrator.,

£.3.2 Follow the procedures outlined in Rections 4.2.2
throngh 4.2.7, excopt for the following: Traverse all
sampling points and semple Bt each point for an equal
ength of ime, Record sanpling dste 2s shown in Figure
2

5, Leat-Check Proedure fur Oragt Ana]y:rr;

Moving an Orsat anslyzer frequent)y esuses it to Jenk,
Thercfore, on Orsat analyzer should be theroughly leak-
checked on site before the flue gas safmple is introduend
};\Lo 1t. The procedure for Icdk-hecking an Orsat snalyzer

5.1.1 Bring the liquid Jevel in each pigrue up 1o the
reference mark on the capilary tuling end then close the
pipetie stopoock. A )

512 Raize ithe Jeveling bulb sufficiently 1o bring the
eonfining liquid meniscus onto the gradusted portion of
the buretle snd then close the insuifold stopcock,

51.2 Record the meniseus posltion. . -+

5.1.4 Ohserve the meniscus in the boreite and tha
llc]nld level in the pipette for movenent over the next 4
minutes. .

5.1.5 For the Orsat snalyzer 1o pass the Jeak check,
two condifions rnusi be mot.

5.1.5.1 The liguid level in each pipette must not fall
below the bottown of the capillary tubing during this
¢-minvteinierval

5.1.5.2 The meniscus in the Lurette mnust unt change
by more than 0.2 ml during this 4-minuteinterval,

5.1.6 1fthe analyzer foi sthelaa‘l:-f.huckg»rocedure. Bil
rubber conneclons and stolrcocks shonld be checlked
nunulthe esuse of the leok Isidentified. Lezklngsiopmcks
ot be disassembled, cleaned, and regreased, Losking
rubler connections must be replaced. Afler thie snalyzer
I8 reassembled, the Jeak<eluek procedure musl be

reyentced, -

8. Caleylationy

€¢.1 Nomaenclature .

My=Dry molocular welght, gfg-mole (1b/iL-nivls).
“ToEA =Porcent excess alr, .
5,C0=Percent COy by volume (ér{baadl).
9.0y = Porcent Oab{’volumo (d.rg asis),

.00 = Percent CO by volume (dry basig),
2N = Percent Ny Ly volume (dry basis),
0,264~ Ratlo of Oy 10 N In alr, vy,
0.280= Molecular welght of Nyor COQ, dlvided by 100,
0.320~ Molecvlar wadght of O3 divided b{llﬂ.

- 0.440 = Molaculer welght of CO;y divided by 100,

6.2 Pereent Excest Alr. Calculote the pereent excem”

alr (if spplicable), by subsUloting the appropriste
values of porcent O, CO, and N; (obtalned [rom Section
413 0r4.24) Snto_EquslInn .

m‘-[ T we o ]

[ =Y

. O 2E Y, = (20, -~ 0.5 W) I} L

’ ’ Equation 3-1

Note~The oyustion albove assumes that ambient
rir is used es the source of Oz end that the fuel does not
contain epprecialble amounts of Ny (as do coke oven or
blast furnace Ngnse.s). For those reses when appreclable
amounis of N2 ere present (coal, oll, and nature) ges
do pot contaln appreciable amounts of Ny) or when
oxygen enrtichment 1§ used, allernate methods, subjoet
to approval of the Admninisirslor, are reguired.

6.2 Dry Molecular Weight, Use Equstion 22 to
cenlenlate the Ary inolecular weight of the sisek gas

ALy = 0.4H0(S:CO)-F0.220(5, 02) 4-0.280(% N+ G CO)
- ’ Fquation 3-2

NuTE,—~The sliove cqustion does nol consider argon
in air (ubout 0.9 pereent, moleculsr welght of 237.7).
A mnrgotive crror of stoot 04 percent i5 Introdueed.
The tester may opt Lo include rrpon in the snalyais using
procedures subject o approvel of the Administmtor,
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METHOD 4—DITERMIRATION oF MoisTur® CoONTEXT
1N Brack Gaezs

L. Princlple end A pplicabZity

L1 Trinciple. A gas sample Is oxlracted at s constant
rels from the sourece; molalure tx jeroved from the sm-
ple streamn and determined etther voluractrieally or
:r:gmilneﬁlly‘.m e

pplicabliity. This method s applicable for
delermining the molsture content of glock p&

Two _procedures ate glven. The first g s referonos
method, for sccurats detarmingtions of molsture contant
(such oy re porded 10 galculats emlssion dets), The
second is on approsimetion method, which provides -
esthnates of pergent molsture W aid 1o entiing isokinetie
sampling reies prior to_a pollutant emission messure-
ment mn. The spprozfumation method described hereln -
1s m‘\!yl . éugg&smd ?ppmnc.h; nl:-en'ml.l‘:lfr :rnamtx
approxima e Thelisiyre content, e.g. ng tu
wel b\ﬂb—drﬁmlb techniques, condensaifon fec)mlqum.
slojchiometrle calenlations, previous experience, ele.,
are 8lso ecceplah) .

The reference method Ik often conduclnd glmolinne-
ously with p poltutant emission measurenient run; whsn
115, caleulation of pereent fsokinetic, pollulant emission
rate, etc,, for the ran thall be based upon the results of
1he reference method or J1s equivalent; these calcdotlons
shal} not bo based upon the rosults of the spprozimetion
method, vnless 1the approtimetion methmr s shown, 10
the satisfaction of the Administrator, U.B. Environmens
1al Protection Agency, w Le copahle of yielding resuls
within 1 prreent 11;0 of the reference mncihod.

No1e.—The reference method may yield guestionable
resnlts when spplisd 1o saluraied gas stresns or to
sucame that conlaln water droplets. Therefore, when
these conditions exist or gre suspected, & senond deter-
mination of the moisture contont shall be mede simuk
tuneously with the reference method, as follows: Assiime
that the gas stream is ratursled. Atlach & tenperatims
sensor Jeepable of measyring to =1° € (2 P)] to the
reference method probe, Measare the stack gas tempera-
tore 81 cach 1raverse point (see Section 2.2.1) during the
reference method iraverse; calevlsle the aversge slack
ges tempergture, Nest, determine tho moisture percent-
age, clther by: (I) ming & prychrometric chart and
meking appropriste corrections §f slacrk pressure is
different fromn thet of the chart, or (2) wsing saturstion
vanor pressure tables, Tn cases where the psychrometrie

charl or the saluration vapar pressure tables are not -

npplicable (besed on evaluation of the process), alternate
wrthods, subject to the epprocel of the Administrator,
shall be nsed. '

2. Eeference Method .

The procedwe described in Mothod 5 for determining
moisture content is seeeplable as 8 reference method.

2.1 Apparatus, A schemstic of the sampling train
nsed In this referance method is shown in Figure 4-1,
All commponents sliall be meintained and calibrsted
secording to the procedure outlined in Method 5.

b

-
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 FILTER i ‘ t ) ‘
EITHELTER WALL _ CONDENSER-ICE BATH SYSTEM INCLUDING

; .~ OR OUT OF STACK) | _ SILICA GEL YuBE —2

THERMOMETERS ' VACUUM '.
. ) . GAUGE

: L : ' \ - BY-PAsé VALVE .
v . . ORIFICE o -

i . . . - ° . - . . . l . R L M . - - "

T et OO

o £ 2 ' _ ) l' J "~ MAIN VALVE

' : : DRY GAS _

O

E ’ . . . . ) - ﬁ
o N _ METER - \—/ ,
| \ — PUMP

AIR-TIGHT

. - Figure 4-1.. Moislure sampling train-reference method.

211 Probe The probe Is constructed of Saindess  the sample gas stream Ahrovzh & fared silied ged for  seribed in Section 2.1.3) incorparating volumelric analy.
sleel or gless tubing, afficiently heated 1o prevent equivalent desiceant) trap, with esit gases kepl Ladow  sis 10 mensure tie condriised moisture, And silica pel and - .
water eondensation, snd is eyuipped with a filer cither 2 C (@€® ¥), and Aekennining the weizht galy, - - -- gravimetrie analysis (v ancasure the moisture feaving the

- in-flack {e.x., 8 plug of glass woo! inserisd into the end If peans other than siljes grlare nsed 1o delermfue the  condenser. A
of theoé:.robn) or beated ootstack (e.g., 2s deseriled in 2mount of peisture leaving the condenser, it 15 recoms 2.2.1  Unlessolherwiae specifusd hy e Administrator,
3jetbod 5), to resngve panticulate matter, mended that siliva gel tor squivolem) sl e nsed dne a winimwm of cight naserse points =bal) be asd for

When stack conditions petanit, other ctals or plastie  tween the voldwirser systems end i, to precent
inbing mey be used for the probe, suhject 10 the approval . molsturs  condensation in the manp aud meloring  a minimwm of nine pointzchall b nsed fur rectanpular
of the Administrator, - . L.l devices and 10 avoid the need to make covrtiona dur - stacks having egaivabent dismctery Jess than LSl m

212 Condenset, The condenser constels of Jour  woisture in the mefered volume, £24in.), end asinimnm of twelve Jiaverse jrants shal)
Impingers counecied i zedes with Eround glass, ok~ ‘213 Cooling System. An jee hath eontalner and e used In gt other cases, The W eree friets sisl) lw
frre fittings or any simidarly Jeak-fres non=womaminating * cashed ice (or equivalent) aretred Lo nid in condensitsg  Jocated according 1a Aicthod 1. The tse of fewer pomis
fithings. Tie first, third, and fourih imllingf‘rs thall he woisiure. - - - (AR iz subject to the approval of the Adinmistrator. Seleel a
©of the Gretnburg-Sinith design, inodincd ¥ replacing 234 Meteting System. This system inclndes o vae- sultable probe and probe length such that il Lraverse
the tip with & 1.3 cenfimelor 35 fuch) I plass tohw  vom gange, heak-free pamn, thetinomelers eapable of olots can be sampled. Consider snnpling froin opywnite
ertending 1o ebout 1.3 emy* (34 i) from 1he hotiun of  measuring Lemperature 1o within 3° € (5.4° ¥), dry gas  sides of the stack Uour tolal sampling portz) for Jarge
the flask. The second Dmpinger shall be of the Greenhnrg-  meter canable of mesuring volume 1o withly 2 pereent,  stacks, to prinit vse of shorter probe lengths, Nuark the
Boifth design with the Standard tin. AModilications te.g., and rebated auipaent as shown In Figure 4-1, Other  probe with beat resistant tape or by #0me other melliod
osing fiexible connectidig Letween 1he Inmpingres, usiug meteting syvalems, capable of maintaining a constant 10 denote the proper distance into the stack or duel far
maeterials ofher than glass, or nsing flexfhle voacuum loes ampling rAafe and detlenmining sanple Eas volmne, may me); sampling poiut, Place known velunwes of water in
10 t the filler holder 10 thie condenser) smay be  De vsed, sabject Lo the approval of the Administraler.  {ie first two impingers, Weigh aod record 1he weight of
w=ed, sublect 1o the approval of the Adminisimtor, 2).6 Baromeler. \ercury, auernid, or other Laregn=  1he gliea Bl 1o the nearest 0,5 ¢, nnd transfor the silles

The first two Smpingers shall contain known velumes  efer capable of mrasuring aunespheriv pressure to within gol to the fonnth Impinger; ahernativedy, e silica ped
of waler, the ihird shall be Cmply, and the founb shall  2.570m Mg .1 in, P ma?' used, Insnany eases, the may first he transfeniad 16 the impinger, and thr: w vight
contain a known weight of 6 10 16-3nesh indicating 1yvpe Laromettie reading may e obtained from u nearby of the silica gel plus Impinger reordad, .
ailics gel, or equivalent desiceand. I the siliva gel hag nativnal wealher serviee station, in whivh case the st 2,2,2 Eelect atola) sampling 1ime such that 2 minde
been previously vsed, dry at 173° Q (350° F) for 2 hours, tim value (which js tiw almnlule bavmuetrie Wresire} i 10ta) gas volume of 0.60 sem 21 s will e eal
New silica gol may be nzed as received. A thennometer, =ha reguested sod an adjustiment for elevation hivted, at a mte 0o greater than VA 1) min (0.55 efm).
eapable of mieasurin temperatire Lo within I° ¢ (2 F), differences botweon the weather f1tion and the sam-  When both nwisiw e conirnt and polluaant emi-sion rate
shall be placed at the vatlet of the fourth impingar, for  pling point shinll he applied a1 & rive of mbows 2.5 nun 12 amvo he delermined, the mulsture determinntion shall
monlwinﬁ POrposes. 0.1 in. Ue) per 30 m (100 11) elevation inerrase or viee he simultantuns with, 20d for tie snme total deugth of

Altenmtively, any systan may be nsed (subject to  vera for elvvation devrvase, time as. the pollotant emizsion M ran, nules ohermse

e approval of the Administralor) 1hat cools (he sample 2148 Croduated Cylinder end'ne Ralwnes, These  grwdfied in o applicable subpant of the stambands
Fes sieam and allows wmeasurewient of both thé weter Stems are used 10 measdre condensed waler and moi. ture 223 Set up ihe sumpling train as shown in Figore
‘that has been condensed and the moisture leaviug the cavght in tbe sflica ged 10 withind mtor 0.5p. Graduated 4-1. Toru_on the probe heater and (if applicaile) the
edndenser, each to within 1 ml or 1 . Acceptahle vicana cybuders shall bave subdivizsions no prvater than 2 ;. gingr heatind™ system (o temperatures of ahout 190° ©
are L6 mieasuyre the condensed water, either gravi-  Most laboratory halawees ore capabbe of weighing to the (2:8° F), to prevent water condensnion alrad of the
melrically or votametrically, and to measure the mojs- mearest 05 ¢ oar dess. These bolanees are sustable for rondenser; sllow time for the tempoerntures to stalillize,

ving the condensr by: () monitoring the ©se here. ) Placy crushed ice in the jce Lsth containe, 1t Is recom
femperzture snd prescure at the exit of the con rnacr 2.2 Proredure. The lolowing proccdure is writlen fur mended, but not reguined, that a leak ehmck be done, ay
and vaing Dallon's lsw of partia) pressuses, or G passing & condenser systeom isoch a8 (e impinger system d-  follows: Disconnect the probe from ibe fost mmpinger of

{'1
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FEDERAL REGULATIONS

" {{f applicelle) from the fitker holder. Plug the Inlet to the
Nirst impinger Sox Aiter holdar) and pull g 880 mm (1&1n.)
ower vicuuin may be oeed, provided thst

13y vocutum; a

1t 1s 1m0t cicoeded during the lest. A leakege rete in

eaerns of 4 parcent of the nvernge sampli

sulroln (0.02 ¢fm), whiclicver ia luas,

nE rele or 0.00057
{6 unaceaptable
Foliowing thelonk check, ruconnect the probe to the

soclion, semplis

traver® point.

ever sampling Is hallad. Teke olber epproprintes reading
et esch smple point, at least once during each
Increrment. = - i .

225 Toberin sammpling, position the prolse tip at the
omudistely slart the pump end
sdiust the flow to the desired rate. Traverss Uhe cross

sl etch travarss nt for en equal

222. Record the Jeak mate. 11 the Jerknge rale axorads th
Ume allownble rels, the tester shall elther reject the Lest ra.-
ety or ghall corract the snmple volume &s in Bection 0.3
of Method §. Narl, maasure the volume of the moisture
condensed 15 the nearest m). Detertulne Lhe Increnss in
welght of the silica gel (or slllcn gel plus impinger) to the
nesiest 05 g. Record this information (see ezample data

amnlioe tratin. lunglh of thne, Add mere Jee and, [ noomusary, sslt 10 sheot, Figure 4-3) end ealru) iat
m;gf‘m uring the snmpling mn, mlinisin 8 sminpling  wmnintsin & temporatnre of Jess (han 20° C (4 :i') atibs as de.wr.riﬂed inz2 bolowr. ?h the molsture percentage,
rats withic 10 penent of coustant rats, or as specified by sllica gel ontist. . . 23 Calenlations. Carry oot the following calmalat
the Adminisirator, For each run, record the data re  2.2.6 After calleetiig the sample, disconnect the 5’“"” - retaining st Jsast one exirs decimal fgure beyond thet of
ulred on the cxample dats shect shown in Figure 4-2. from0 Lhe £Ler bolder (or from the firt trapinger)end con-  the scguired dats. FAound off figures afler final calcula-
;!lc e Lo record the dry gas meler yesding at the begin-  duct a leeX cheek (mondetlory) as descr] in Berilon tion. - —
ning end end of each sampling time inurawnent and when- - e N
" PLANT ! AT
v
LOCATIUN ; . Do .
N . L - -
- DPERATOR, L
DATE .
RUN'ND
AMBIERT TEMPERATURE .
BAROMETRIC PRESSURE
PAOBE LENGTH mit)
: SCHEMATIC DF STACK CRDSS SECTION
. . PRESSURE TEMPERATURE
] T - DIFFERENTIAL METER GAS SAMPLE TEMPERATURE DF GAS
.. ACRDSS READING AT DRY GAS METER LEAVING
SAMPLING STALK ORIFICEMETER | GASSAMPLE CONDEKSER OR
TRAVERSE POINT _TIME. TEMPERATURE {am, VOLUME AV INLET OUTLET LAST IMPINGER,
KUMEER {8), min. G mmbin) H20 n? (13 w3 (1Y | (Twi), °COF) | (Tmou),%c®6) |~ °C(°F)
B " . ot 1
TOTAL Av. Avw.
AVERAGE - |As--

Figure 4-2. Field moisture determination-reference method.

Environment Reporter
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9779

WPINGER BILICA GEL
YOLUME, WEIGHT,
1 -— L [
FINAL
INITIAL
DIFFERENCE

Figue 4 3, Analyticat data - veleseoce mathod.

2.3.1 _Noweuslature,
. the gas elream),
* Mw=Molocnlar weipht of weler, 18.0 e’g-mole
- . (B0 ILAboote). - .
T Po=Abtalute pressowe (Fr This mreihod, same
N &s baromatric pweesmire) &t the dry gas meter,
. mm Hg (in. Hg).-
P"‘“%"?&’ﬁ"g“}” ute prersure, 760 mm Hg
. . . Hg).
R=Jdesl pus constant, 0.00236 (mm Hg) (m7))
[( »moFe) CX) for metric nnits and 21.85 (in,
. zfg) (ll’)lﬂb—moh? CR) for Enghsh units.
Tum= Absolute temperature a4 meter. °E ("R?.
T.;.=S':§Brzdnrd ebsolute - temperalire,
{

V= Dry ges volurae meesured hy dry gas meler,
dem (def).
AV_=Incremenis] dry pas volume.mcpmrgd by
dry gas meter 8t each traverse point, dem
Vatati=D as voluine measvied b
fout) m?_'tcg correcied o slandsr
dscra (dsef),

the dry pas
conditions,

Vustauay=Volume of water vapar condenscd corfected”

Lo standard conditions, sem (scf), }
Vasg(eri) =Volume of waler vapor eollected in®silieg
gel corrected to standard conditions, sem
sef).
V; -I(F‘inal volume of condenser waler, i,
Vf'=1nuia! volume, if any, of condcnser waler,

ml. .
. F,=TFinal welgbt .of silica ge) or silica gel plus
- impinger,
Wi=Initial w
impinger, g
¥=Dry gas incier calibmtion factor, N
pi u'lgcnflty of water, 49982 giml (0.002201
'ml).
23.2 Volume of waler vapor condensed.
( VI"" VI')PtRTIﬂ
P ndM -

=K (V,—V,)

Vlnc (sul) =

Fquation 49
where: . .
Hy=0.001333 m'/m) for ynetfic units
.=0.04707 11/m1 for English units
23.8 Volume of waler vaper collected in silica [ 8

v (Ws—W)RTy -
R

=XK(W—W,) -1_-" on 45
. . Fauation 4-;
where:  _ 9
K3e=0.00)238 m¥g for metric units .
=0.04715 f12/g for English onita -

. 284 Eample gos volume, . -l

- (Paa)(Ta).
=K,y L3P

VPawn=V.Y {Pa)(Tha)

.I-:;lnatiou 4-3

- Ba.=Proportion of weder vapor, hy voiuuw, n

E-
eight of sHica gel or silica get plus”

whese;
H3=0.88% *K finm Dg bor ipetric yniie:
=~17.04 “R/in. Y sor Englisl unhis

Nortez.—1[ the L)nsu.est lesk rete’ (Beeton 2.28) ex-

creds the sllowsble rate. correct the valus of Ve in

Egunuon 4-3, ax descrilied In Beetion 6.3 of Mothod &.
25 Molstire Content.

B L ch hll)+ CXTRTIY)) ' .
wa= VT T —
V-: aupy + Va-u faud) =" V-n {erd)
T . - Equstlon 1-4

NoTE.—In raturated or wnvisture droplettaden gas
streains, two calculstions of the molstiyge content of the
slark pos shall beJ:npde, otre uslng & velue besed wpon
the sslurated conditions (see Eertlon 1.2), and muother
besed upon, the resnits of the Impinger anulysis. The
Jower of these two valves of B,, ehn)) Evc consideled cor-
rect.

23.6 Verlfication of constant sama!ing rate, For each
Ume Increment, determine the a . Calenlate - the
average. 1 the velue for sny time increment differs from
the average by mare than 10 pereent, yejertl the remlis
and repest the run,

[

3. Appresimatlng Alethod

The Bpproximation method deseribed Brlow is fre-
srnted only es o =uggested inethad (see Section 1.2).

31 Appematus.

4.1.1  Probe. Btainless steel or glass tubing, sufficiently )
beeted to prevent water condensation angd equipped
with & fer (either in-stack or heated out-stack) to re
move perticnlate metter. A phig of glass wool, Inserled
into the end of the probe, is = salisfactory filter,

8.1.2 Impingers. Two midget implingers, cach with
301n] cepacity, or equivalent, N

313 Y:: Hath. Contalner and ire, Lo'aid in condens-

Ing moisture in fmpingers.
3.14 Drying Tube, Tulxe packed with new or re-
Ecneraled & to Y6-mesh indicating-Lype silica gel (or
equivalent desiceant), Lo dry the sampll:egns and o pro-
Lt the eter and pump,

3.1.5 Valve, Needie valve, o regulate the sample gra
flow rate, . ,

316 !’umr. Teak-free, diaphragm type, or equiva-
Jent, to %un 1he pas sampile tinough the train,

3.1.7 Volume mneler. Dry gas Tocler, sufliciently an
curate to measore the sample volume within 2%, and
calibraied over the range of flow rates and econditions
actually encountered duriug sampling. °

2.1.8 Hate Mcler. Rotameter, W0 Mieasure thic flow
range from 010 3) pm (010 0.13 efin).

3.1.2 Graduated Cylinder. 25 ml. .

3.L10 Barometer. Mercury, ancioid, or oiher harom.
eler, &= described In Bection 2.1.5 above.

3.1.11 Vacoum Gauge, At Jerst 760 1nm e (30
Hg) gauge, 10 he uscd fur the sminpling leak cheek,

3.2 Procedv

. 323" Placc exeetly 5 m) distifled water in cach fm-
pinger. Leak check the sampling trainas followst -
Temporarily Insert a vacuum gauge . at or - -
-near the probe inlet; then, plug the probe
inlet and pull & vacuum of at least 250 mm -
Hg (10 in. Hg). Note, the tme rate of
change of the dry gas meter dlal; alteinat)-
vely, & rotameter (040 ct/min) may be tem-
porarfly attached to the dry ges meter
outlet to determine the leakage rate. A leak
- rate not In excess of 2 percent of the aver.
age sampling rate is acceptable,
. Notz.—Carefully relezse the probe inlet
plug before turning off the pump. . .. .

,‘i‘
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" HEATED PROBE

SILICA GEL TUBE

(GLASS WOOL)

ICE BATH —

RATE METER

FEDERAL REGULATIONS

MIDGET IMPINGERS

-

LOCATION
TEST

DATE

OPERATOR

BAROMETRIC PRESSURE

I-;iéure 4.4, Mo'!'stqre'-s;ampling train - apprinmatid_n method.

COMMENTS .

CLOCK TIME .

GAS VOLUME THROUGH-|-

METER, (Vm), .

'RATE METER SETTING
m3/min, (#3/min.)

* METER TEMPERATURE,

°C (°F)

m3 (1t3)

Environment Reporter

Figure 4-5. Field moisture c!etermjnétion_ - 'approximation method. :
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I

wolume, . !
Me=Molecular weight of water, 18.0 gfg-mole
(18.0 Jb/1-mole; . . .
Fo=Absolute pressure (for 1his metbed, e as
barometric %rcssure) #L the dry gas myetar,
Foa=8Blandard & solute pressure, 760 Hg
- (29.924n. HE). - we'nw -
R=Ideal gas constant, 0.08%36 (mm Hg
(g-mole) (°KS for metric units an
(fn. He) (t)/ib-mole) (°R) far
- oanite, i
o Absplute te_nigs.raime at meler, °K (*

Tus=Flandard absolute temperature, K
) V) im0 ebloms of tmoptager <antents
- galoms ol NRE e ents, L
¢ =1nitt2) Yolume of l.n?pinsermu‘, A
Va=Dry gus volume messured by dry gas neter,

decm (def),

5. .Bit l'(.p:a'phu

1. Alr Pollution Engineering Manvel (Secand Editlon),

anielson, J. A, (ed.). U.B. Brviro

mmental Proteclion

Agencychomu of Alr 1“;2% FPlanning and Ftendards,

Triangle Par

: 2 Devorkin, Howard, et al. Als Po!
ing Mapual. Alr Pollytion Control D
-CelUf. November, 1983,
8. Methods for Determinstion of
uet and Mist Content of G
Ivision of Yoy Menufacturing Co.,
- Bulletin W P-50. 1948,

Fesear .
{77 A

. Publication No. AP—40,

utfon Gource Tle.slr
ietrict, Los Angeles,

Veloelty, Volume, ,

ases. Weelern Precipitation

Log Angeles, Calif,

METEODS—DETERMINATION OF PARTICULATE Ex 18310N8
FrOM BratioNary Bovrces B

Va(a)=Dry gea volume measured by d'ry E8S neler,
- corTect dscm

0 slapdard . conditians,

L.

Veuivid)=Volurpe of water vepor condensad, corrected

1o standerd conditions, scm .
- =«=Density of water, 0.9982 g/mi1 (0.002201

1h/mil).

Y =Dry gas meter calibration factor.

8.3.2 Volume 6f waler vepor collocted.
v, o (VI'"Vn‘)FuRT'ﬂ”
e PﬂdMu_
=K (V=)

1. Principle aod A pplicabliy -
Principle. Particolate matter is Withdrawn iso-

11

kipetically
il

the source and collected on »

glass

ber Slter maintatined at a Le.mgeralu.re in the range of

IM£1de C (248225° F) or sucl

other ternperature as

apecified by o spplicable subpart of the etapndards or
approved by the Ad.mluistratgr, L]

rolec
perticulste mass,

tlon -Agency,
which {ncludes

for & partleular

-8. Environmental
spplicstion. The
any msterigl that

condenses 6l or shove the filtration lamperature, s
" - determined gravimetrically after rem

‘wailer,

1.2 Applicability. This method
determination of particulate e

o¢al of uncombined

od is spfl.icable for t.h;

o atatl

Equation £-5

Sources,

where: .
E,=0.001233 m¥/rm] for metric unite
=0.04707 11%/xe) for English units.

2. Apporctuy

21 Fampling Train,
train used ip

(Citation 2 in Bectlon
traip are glso gvaflable,
and Jor alloweble modj

o this method i¢ shown in Figure 61,
“plete construction details

A schematie of the sam llbg
M-~
are givén o APTD-0581
7); comrnercial models of this
For changes from APTD-0581
fications of the Lraip shown ig .

Figure 5-1, see the following subsertions,

The operating and m

sintenance procedures for the-

Lo T LVRLY o v
LR ) ] -v ¥ [ sta ) - .
S CoTmaTh (P‘:Xv*) A

. " wherer - - e
L K; = 0.3858 *K/mm Hg for metric npits _—
e LIVE.] °R/in. Hg for English uniis

Equation|4-6 : .

sampling train &re o

in Bection 7). Eince correct usage it im

ing valid

resulis, 8B users should rea

sdopt the operating and maintenance

pling traf

t, ariless othermise specified b

escribed in APTD-0576 (Cliation 3

riunt {n obtain- _.

APTD-0576 and .

procedures out-
ereln. The sam-

n consista of the following cowponents:

. [ i - \: . ~

9-7-79
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N [
22.2 Connect the probe, Insert It Into the stack, and 234 Approzimate molstore content, -
saxple st a consiant rate of 2 1pm (0.07) efm). Continns . .
mmpling u'm.u lhem 'E?.u“m:}rardmgilnfn about 33 A .
4 * Hters (1.1 f19) or untd) vistble lig roplets ard carrl . .
/ o over lrom the pinger 10 the second. | Record .- g—"ﬂ‘"—}—"" iy . v__'EL.J_’“ * (0.025) T
' lemrteralgre pressure, and dry ‘ghs meler readings as " g (22} * "ioea)
- Tequlred by Fipure N + . .
g.a.a After Egneetlng the sample, combine the,von- .
tentaof bhemo impingers end measure the xolnme to the -
nearest 0.5 ml. - . .
- 28 Caleolations. The calenlatlon predepted iy 4. Citration Equatiion 4-7
- Besigned I.obe.sllgmle u;’emr‘nnmur;! be atsc‘korg:zf . O . -
therefore, other deta, w are-only o 4.1 For theeference method, calibrate equi
- curate molsiure dew"mhmﬂons. are not cobecled, epeciBed in (e following su:ﬁon'sg? Merlab':deg:u Becupm:r’:tsa;
followlng equations aduquosiely estimele the mhoisture (mctering eyslem); Beetion 5.4 (lempergiure ganges):
content, for the purpose of detarmlining Isokinefie sam- and Eection 6.7 (barometer), The recofmendad |
- PlIng rate settinge. . check of the metering system (Secilon 8.6 of Method §) -
_ . 8.38.1 Nomenclainre, . L 150 appllet 10 the Yeference wethod: For the approzimen
- B.a=Approzimete proporlion, by volume, of. Uon method, gse the protedures cutlined in Beotlon 5.1 3
- wat,erd‘i'apoi;‘ ;:;r t(x’m fes siream Jeaving the of Method G’|&qm]gbnu the metering sysiem, and the
. second-imp 2 . oeedurp & Bec!
B_.=w?w vepor in the ges stieam, proporiion by . omel::}.o ethod 8, ‘Beclion 5,7 1 mupmu he
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121:1578 FEDERAL REGULATIONS
- TEMPERATURE SENSOR o
P a IMPINGER TRAIN OPTIONAL,MAY BE REPLACED
- . BY AN EQUIVALENT CONDENSER
"} PROBE
————3: ' HEATED AREA THERMOMETER . N
R 2 w3 TEMPERATURE ; THERMOMETER
' SENSOR ' : o : ‘
FITOT TUBE ’ = ,FILTER HOLDER .EHECK
' p— | - " VALVE-
. PROBE STACK . l"'l I‘ T
- R & VACUUM
- LINE
** REVERSE-TYPE
PITQT TUBE
. - . ) ]
' PITOT MAN OMETER,
. : " ORIFICE
: GAUGE
o, 4 MAIN VALVE
_ THERMOMEJERS :
-DRY.GASMETER AIR-TIGHT
) PUMNP
- ' . L . . -
Figure 5 1, Particulate-sampling train, oo
211 Probe ‘Nozd.m. Btainless steel (316) or glass with plans of the piiot tfbe shall by even with or shové the Ing temperzture to within 1° C (2* F) ehell be placed
&l , tapered edge. The mngle of taper shell boz:le entry plane (see Melbod 2, Figure 2-6b) during =t the outlet of the fourth impinger for monitoring
be £20° nnd the Laper shall be ob the outside to preserve  sampling. The Type S pitol tube susembly shall have s pur‘)osu.
& constant in diameter, The probe nozsle shall bs  known co¢fhicient, determined 4s outlined in Bection 4 of Alternatively, any system thal cools the saraple gas .
of thegn‘t)mn—lh:ook or elbow dlf’n, ur&]m ’othe.ia-\"isa " Method 2. - . . stream snd ellows :;neasn;mamdol the wawﬁr :'gndgr;mscd . .
¥peci y the Administrator, -If-made-of stainless —— 1. - . ined . 8dd moisture leaving ibe. condenser, eac) w n -
sleel, the nozzle shell be copstrucied from sesmless tub— - ‘,_1:,1:,. D,ﬁﬁ';’f,’;‘fﬁi’:f*{":,?‘:‘f”ﬁ%f&“in’“s‘;ﬂ&?; 1mlor1 g may be used, subject o Lhe epproval of the - - -
ing; olher materials of construction may be used, subject - 2.2 of Method 2. One mancipetes(s il be used or velocily .. Administrator. Acceptable mesns e 10 meesure the -
o the epproval of the Administratar. .~ . bead (Ap) readings, and tbe oth et «or orifice differentin,  condensed watle cither gravimetrically or volumetrically ...
" A range of nozzle sizes sujlable for isokinetic saropling - pressun resdings. - - « 2nd 10 measure the moisture lesving the condenser by - - -
bould be svailsble, e.2., 0.2 W 1.27 cm.(34 to- 34 in.)— = 2.1.5 Filter Holder. Borosilicate glass, with & ol (1) moniloring the lemperature and pressure st the _
or larger if higher volume sampling trains are - et Blter Poort es °-'l- Hjca gbe:' th ‘og";"“ exit of the condenser and using Dellon's 1aw of partial
lpside dismeter (ID) pozzles iv.increments of 0.16 cm - iy s‘fpmﬂ Tl s.-(um WA Ea‘:‘,‘”",r EO=r pressures; of £2) rr.fslng the samnple gas stream through
(¥e jn). Eech pozsle shall be calibrated sccording to T Vhoaes o g’“s"':d bl ha oy "“3‘ ihe A 8 tared sflica gel (or equivelent desiceant) trap with
the procedures putlined jn Section 5, . mbqnenmny Tg “‘.‘: 7] s":,m“ ha provido the I . exit gases kept Lelow 20° C (68° F) and determining
e phrabe Liner. Borosilicate or quarts gless tubing - ZUPIRME. The hoiCer desigoshall provide o posiitve 35 SEET batn. -
.with s beating system capable of maintaining a gas tam. Th aﬁ“l'g paaie °"°‘E¢hed°-° AT ot the tia¢ ,,1f means other than silica ge) ave usad to determine
perature. st the exit end during sampling of 1201:14° ¢ Xhe bo e ot &3‘"‘ Blely a1 the ou the amount of moisture leaving ihe condenser, It is
(245:£25° ¥), or such other temperature as specified by @' the probe (or eyclone, - recommended that silea ge) (ot equivelent) still be
80 applicable subpart of the standards or spproved by 2.6 Filler Heatling Bystem. Any heating sysiem used between the condenser system and pump Lo prevent
the Administrator for a particular applicstion, (The ..capable of maintalning & tempersture around 1the il meisture condensstion In the pump and metering devices
lesler may opt to Operate the equipment st o temperature  holder during sampling 0. 1204£14° C (245325 F), &  gnd toavold the need Lo mske correctlons for moisture in
lower then thai spotified,) Since the actus] tempersture  Such olber tempersture &5 spdriGed by on epplicable the metered volume. ; .
=t the oudlet of the probe is not usually monﬂorog%uﬁng .subpart of the standerds or approved by the Adminis- Nortz —1f & determination of the particulate matier
sampling, probes eonsiructed according to APTD-0581  Urstar for & perticnlar ngphca'-wn- Alernatively, the  collectad In the impingers Is desired in addition 1o mols-
apd utilizing the calibration curves of APTD-0576 (ar leSlermay o looperate the eguipment ot 8 temperature  {yre content,'tbe Impinger systemn described above shall
cslibroted gocording to the procedure cutlined in  Jower than that specified. A tefpersture gauge capable , without modification. Individua, Btates or
AFTD-0576) wil) be considered acceptable, of messuring temperature 10 Within 3° C (5.4° F) shell  control egencles requiring this information chall be
Elther borosilicr te or quart: glaw probe liners may be  be installed so that the temperature sround the filter contscted as 1o the sample recovery sod anelysis of the
nsed for stack le.mﬁ'sm.res up o aboul 48(° C DCD“ F): bolder can be reguisted and mopitored during sampling. implnges contents. . .
quarte kiners shall be nsed for lemporatures betwean 450  Hesting systems other than the one shown in APTD- 2.1.6 Mectering System, Vacuam geuge, Jeak-Tree
and 800° C (500 and 1,650° F). Both types of Jners may 0581 may be veed, R pump, thermometers capable of measuring Lem persturs
e used st higher ternperniures (han specified for short 217 Condenzer. The following system shall be uced (o within 3° G (5.4° F),dry gas metercapable of measuring
periods of time, subject 10 Lhe epprovel of the Adminis 1o delermine tbe stack ges moisture content: Four volume to within 2 percent, and related equipment, a8
tnlor. The softening temperatvrs for borosilicate is implrge;s connecled in serics| with leak-iree pround  shown In Figure 5-1. Othey melering syslems capable af
EXP C (1,58° F), and for quanz I is 1,5° C (2,532° F). glass umﬁs or eny similar Jeah-tree pon-contaminating maintaining sermpling retes within 10 percent of lso-
Whenever practieal, every effori should be mede 1o vse  fitlings. The first, third, end fourib impingers <hs)) be  kinetic and of deicrminlog samaple volumes Lo witkin 2
borosilicate or quans glass probe .iners. Alernstively, o1 the Greenburz-Smith desigr, modified by replacing  percent may be used, subject to the approval of the
meta) Uvere (e.g., 316 Sainless sleel, Incoloy 8257 or other  the Lp with 1.3 em (34 In.) 1D glass tube extending W0 Admigistraior, When the meleing system is used
OITasion resistant m&l.als) made of seamless thbing mey  about 1.8 em (3 in.) from the bottom of the flask, The eonjunction with a plot tube, the system shall ensble
bs used, zubjec. 10 the approval of the Adminisirstor, second implipger shal) be of the Greenburg-Smith desiga  cbecks ol isokinctic TRl
¢ 213 Piol Tube e B; as described in Boclion 21 with the stendard tip. Modificallons (e.g., using ficsible Sampling treinsutilizing metering systems deslgned for
~of Mrthod 2, of etiar device sppmved by (be Adminis- connections between  the impingers, using moterials  higher flow rates thap that deseribed in APTD-058) or
rtraar. The pitot tube shall be silached to the-probe (s other thap glass, or using exible vacunm lines to conneet  APT D-0570 m:g be used provided that the specifica
whown in Fipures-1) wo nllow constant monilonng of the  the flter holder 10 the copdensér) may be used subjest  lions o. this method pre met. . -
ek gas ":_ﬁi-ly.‘l‘he imbat (hizh pressure) opening  to he epproval ef the Admifisiratar. The fust and 2.1.9 Barometer, Mercury, enerold, or otber tarometar
) second lmpingers shall eontaip known quantites of capable of measuring atmospheric pressure Lo within
* Mention i tradc names or specific products ddes not  water (Section 4.1.3), the third Ehall be empty, and the 2.5 mm Hg (0.1 in. Hg). In many cases, the barometrio .
eonstitute endorsement by the Environmentsl Protec- fourth shall eontain e known |weight of sllica gel, ar  reading mey be obtained from & pearby natiopal westhar
tian Agency, equivalent desiccant. A {bermonfigter, capsble of measur-  service station, fn which case tha station value (which Is (
Environment Reporter [Appendix A, Method 5) 10
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The: aVeolule basgmetric pressure) shall be reguestrd gnd
an sdjustinent for clevation OUTirences beiween the
wratlier statlon end sam pling point shal) be applied st o
mate of ninus 2.6 mam Jig (0.1 In. Iig) por B0 oy (100 f1)
¢ wlevetion Increase o wlee versa for rlevetion decrease.
2.1.10 Gas Density  Detenninetion  Eguipsnent,
Temperalure eenser 610 Dressuse gange, es dewcribed
In Bretlons 2.2 and 2.4 of Methnd 2, end gas analyzer,
If necessary, as descrlbod In Mcethod 3. The temperaturs
R SOF shali, preferahly, he annancnlly sttached to
the pitot Lihe or sampling profe jn o fiscd configuration,
surh that the Up of the sensor extrnds beyond the leadin,
wJdgc of the probe sheath and does not Lonch &ny metal
Allernntively, the sonsar may bLe attached Just prior
e usaln the ficdd. Note, however, that [/ the (eynperatie
scusor js sttached i the ficld, the sensar st Le plarmed
in an fnterference-lree arrangement with respect 1o the
Type B pltot tulke openings (sor Method 2, Fipure 2-7),
Az s seeand alternative, §F s'ldllm”m‘c of not zr'\o‘n:llh?n
¥ pereant in the Bveruge Poelovily mcesurmament is to e
lntpfodlh"-‘d. the temiperature proige iced not be atta ed

in the prihe or pitot tule. (This eliernaljve s Enlject ”
Lo the approvel of the Administrater,)

2.2 Sample Recovery.
needed;

2.21 Trohe-Liner sud Prolw=-Nuozsle Brushes. Nylon
Lristle Lrushes with steinless stec) wire haudies, The
probic brush shall have extensians fat least as lung as

The fullowing ftems &ro

the probe) of xialnless steel, Nylon, Teflon, or similarly -
inert 3nnlerial. The brughes shall be properly sived and

shaped 10 brush out the probe liner and nozsle.

2.22 Wash Boitles—Two, Glass wash Loithes are.
recomnended; polyethylene wash bottles mey be used
&t the optlun of the Lester. Ttis reroinimended Liat scetone
not be stored §n polyethylene Lottles for Junger than »
yonth, - ' . A

223 Glas Sample Storage Contelnirs Chinirally
resistant, borasilicate glass hottles, for acelone wiihes,
500 m1 or 1000 1nl. Screw cap Hners shall et her be rbhgare
Lavcked Teflon or shall be constrocted so a5 10 he leak-ree
and resisient w chemfes) attack hs/ scolone, (Namow
monih glass botiles heve hean foun
leeknge.) Alternstively, polyethylene hatUes Ry I
A 5 T .

2.24 Tutrd Dishes. YFor filler masmpler, glnzs or Dy
cthylene, vnless otherwlse speeiied Ly the Admine
istrator. - - . -

2.2.5 Gradvated Crlinder andjor Balance. To snees

ure condeised water 1o within 1'm) or 1 £. Gradunied -

eylinders xball have subdivitions no greater than 2 ),

ost Jaboratury bslanves ere copehile of weighing Lo the
nearest 0.5 g or Juss. Any of these balances is sujtable for
use hiere and In Section 2,34, - .

226 Plastic Etorage Containers. Air-Ught containems
Lo store silica ged, L

2.2.7 Funnel and Ruller Tolicoman. To uid in
trangfer of sitive ged 1o contuiner: not hueessary U silics
gr!is weighied in Lhe field,

228 Funne). Glass or polyethiene, 1o sid in saiuple
Forgvery, .

2.3 -Anslysis. For anslysis, the following eqgridpnnent is
needed, .

2.8.1 Glass Weighing Dishes, -

23.2 Desicestor.

2.3.3 Analytical Daisnee, To invasure Lo wlihin 0.
g, o

-234 Balaner. To measure to within 0.5,  _.—'-
235 Beakers. 250ml,. - ..

2.3.6 Hygrometer. To measure {he relative Innnidity
of the Jehoralory euvironmen :

2.3.7 Temperatnre Gavge, To wiasure 1he ferpeny- -
ture of the lahoratory envirounient,

3. Neagints -

31 Sampling. The rergenls used §o sunpling ore pg.
folluws: - | .

3.3.1 Filters.. Glass fiber filtars, - witlome eayaphe
Vindor, exhibjting et least .05 pereent ot ey 2S00
pereent peuctration) on 0.3-micron’ diseial phitdmlate
amoke particles, The filier efficieney test shafl e oon
dueted in pecordunce with ASTM standurd wetluel 1)
2986-71. Test data from the sunplier's quality waitpd
program gre sufMicieny for this purposs, -+

3.1.2 Ellice Gel. Indicsting type, 8 to 16 mezh, U
previously used, dry st 175° (asa-t F) for 2 bours, New
sillea gel may be used as received, A lernatively, other
tygts of desiceant= (equjvalent or better) inay he used,

ect 1o the approval of the Adminigtrator, . - A

3,13 Watler. When snalysis of the material caught in
the impingers is required, distiled water shall be used.
Run blanks priar to ficld' use to eliminate Mgh blank
on test omphs, . - - .

414 Crushed Ten -

3.1.5 Stopcock Greuss, Acttone-insolubl, Jieat-stable
silicone grase, This is not heeessary if serew-on cone
nectors with Teflun sheeves, or similar; are used. Allcrig.
tively, olher types of stopcock grease nay be used, sub-
Jeet o 1hic apjiraval of the Administrator,

, 32 Eample Recovery. Acclonie—reagent grade, <0.00)
et esidue, In glasy botiles—js Fequired, Acetone

1 ety containers pencrally has s high reddue blank
and should not be used. Bometimnes suppliers transter

used. Tn o case shall a Blank value of greater than 0.001
percent of the weight of acelone ysed pe subtrated from
1 smmple weight . .

10 Wt Jess prone o

" the silica gel plus in|

“place a Jaheled (ide.llifwdi BN

Published by THE BUREAU OF NATI(

lJ;'l'.:l Anslyuls, Two reagents are sequired for (e shaly-

831 Actlone Bame s 3.2,

232 Dgi 1. Anhydrous calelum sullate, Judieat.
Ing type, Alterns)vely, other typer of deslecanis may ba
vead, subjoct to {he QPProval }lhr Adminisireter,

4. Procedure .

4. Sauy)ling. The complesity of 111« method Is guch
that, §n order 10 9liLain rol uble results, testours should be
iralned and capdricncsd with the test provedure,

. 4.1.] 'retest Prepsration, AN the componrnty hal)
he melntained anfl catibrated arcording 16 the procedure
;h:sglhcd I ANTD-0576, unliss -ofherwise specilled
ierein, : :

\A‘ci_uhMv-ml?ﬂomaomz1mrlinnsnl’5!llvnw‘linu!r-ﬁghl
sintainers to the earest 0.5 - Record the toty) welght of
the slice gr) phy, ontriner, on carh coulaine. Asg an

may In: welyhied direelly In fts hupinger or rmling
hotder fust prior to train cxsembly,

Cheek fillers vishially apainst ll;:'}n. for irreguinri(les ang
News or pinhode ehkg, Labhe) Hillers of the proper digapeler
on the back side npar the edye using numbering maching
Ink, Ax sn aller) alive, labal the shi Ding -eontaines
@ess or plnste petri dishis) and keep the B)ies i thasn
contsings at
weighing,

Desiceate the fliters at 201560 C (68£10° ¥) and
amblent pressure for at Jesst 9 hours and weigh at fn.
tervols of ot Jeas 6 hours 10 & cunsinnt weight, f.e,,
<0.5 mp change Hiomn previons welghing; record resuits
A0 the nearest 01 e, Durinz eaeh weighing The filter
mnst not he: expinsed 10 the laboratuty atrasphiere for g
pwriod greafer 1hap 2 minutes and 8 relative hamidity
ahave 50 pereent, ANernatively (unless olhurwise speej-

find by ihe Aip nistrator), 1the fiViers may be oven -
_ dried at 105 C (2AF F) for 210 3 honrs, desiveated for 2

humis, angd weighed, Procednyns other than those de-
sribnd, wileh seedunt for relative humidily rficets, may
he used, subject (o fthe approval of the Adwinistrator,

412 Prefiminaly Determinations, Felect the s
1ing sWe gud the minlmnm npmher of sampling noints
2evurding tn Methad 3 or ay specitied by the Adniinlsira-
tur. IXterining the|staek prossure, temperature, and the
range ol veloely hmdsusil\g Method 2; it §s recommended
that & buk-chéek of the pitot lines (ser Method 2, See-
Jtion 3.1) be perfornhed., Deteemiue 1he moisture corent
using Approximation Method 4 or jis alrnelives for
the punwer of mbRing isoxinethe soin ling rate seltings,

cterming 1he stark pes dry moleeular weight. as des-
erfbed in Method 2, Bectloy 3.6, il intvarated Metliod 3
sampling is vsed for molecolar welght detersnination, the
Intrgraied hae samiple yhal) be 1aken simultancously
Wilh, ard Tor the saie 1otal length of tine a5, the par-
ticnlate savnple run),

Belect 8 00720 sing based on thi range of velocity hiads,

such that It is not Hoeessary W change the nozale sisg in
order 10 metntain isokinetiv sampling rates. During the
i, do nat change the nozzie size. Ensure thst the
praper differential presaire gauge js chosen for the mnee
of velovity heads enfountercd (see Section 2.2 of Methd

Select 8 suitalile probe Yiuer and wohe Jenglh such that
all trever=¢ points [ean be sampf\-d. For Jorge stacks,
consider sawmpling from opposite sides of U slack 1
reduce the length of prolas.. ... |

Frlect n to18) sampling Lime preator 1hun or wognal -

the miniymum 1012) sam‘p)iuu lime spucified in thie 1ed
procedures fur the Specific dustry suels 1hat (1) the
smpling Uime pier Jing is nol Jess than 24 for gonwe
greater Ume interval us spenificd by the Administrater),
and ('.!? the sample Yolome taken {corryeted Lo standard
conditions) will exeded the Fequired aninimuin total gas
sample volume. The 1aiter is Lased on 81 approsimiate
wverape sampling rate, M - .

_ AL 18 recommiended 1t the BUMher of minte sm-
pled at ol polnt e an mugter ur &) ale-zer plus Oune
halfl minute. in o1dés 3o avoid timckeeping evvors. The
3'mpling time a1 each point shall be the e,

I s vircumstgioe., g, batch cyehex, it isoy e
Avensuty e Sanphe for horGer e @t the traveps
points nnd- W sinsin smatler Eas sample volumes, In
these cases, the Adinloisiraior's approval muost first
L obtained. .

4.1.3  Prepsration jof CollmLion Train, Duwring prep-
arution and essembly of the saropling train, Leep all
oponings where contamination can ot vovered untit
Jnst prior fo asseinbly or untit sam ting 1§ ahout to begin,

Place 30010) of watkrin cach of t re first two hiopingers,
leave the third impliger emply, end transler BDDrOXi-
nately o 30 g of preweighed sllics grl from its
container W the fourlh impinger, More silica gol mony he
used, but cere shoulfl he taken Lo ensure that 4t is not
entrained and carridd ont from ihe Binpinger duyring
sampling. Place the Foutainer in 8 clean plave for later
use in the sanple revovery. Alternatively, the weight of

IPINger Juay be defermined 10 the
nearest 0.5 g snd rmrdeg.
Using 8 {woezer of clean dis

[

salile sungieal gloves,
weighed fitter in the
filter holder. Be sure|that the filter is propwrly centered
end the gasket properly Plaved 50 a5 W0 prevent the
sam}_)h EBaS stresm froimn cirenmiventing the filter. Check
the filicr for tears aftdr assembly is completed.

When glass liners ake used, jrstall the seleeted nozzie
using & Viten A O-ling when stack teraperatises are
less than 260° C (s00° I-E) &nd an ashestos string pesket
when terperstures wre bigher, See APTI57G for

“xtark

o414
Alleriintive, 1he sflicn Rt nred not he prewelgled, hut —f

times racept during sampling ang .

“shall
made, The Juak-check "shal) be done etording 1o the - —

DNAL AFFAIRS, INC., WASHINGTON, D.C. 20037

delalls, Other onnecling systems using elther )4 " ]
Joas sleo! or Teflon fermiles may be u‘scd. When ;';:’f.'ll
lners are used, hctal) the noz1le as shove or by & leak-
free Qirect mechanical fonnertlon. Mark (he probe with
heat resistant taye or by some otler mnlhmfln denote
the proper distance fio the stack or duet for each U
pling paint, - .

Eet up the train s in Figure 51, nsing ¢t Necesary)
& very Hght coot of sllicone greese on n?l Eround gluxs
Joints, Breasing only thie outer portion {zec A 1T D-th76)

Avoid pessihily of contomination by the siljcone
Erease. Rubdect 1o the approval of the Administrator, o
Bluss eyclone pay be yned hetween the prohe ond filter
holder when the total Durtleulate voteh 45 expected to
exreed 100 258g or whes water dropidets ure present iy the
BOK, - . L - -

Place crnslicd e aroimd the Impingers, .
Ledk-Chak Proccdures, '
-L4.1 Pretest Leak.Check, A {‘u‘r_'l-csl leok- ek I
recominended, bt not required, If the lester opta to
conduet the pretest Jeuk<check, the following provedure
shall e nised, - --

After the sampling tra¥n hos heen Rascinbled, turn on
&nd sct the filter and yrobe hesting systeinsatthe Qusired
operating tenmperatures. Allow time for the temperatuses
Lo stabilize. Jfa Viton A O-ring or other leak-fres connnt.
tion is wsed I nuserubliug the Hrobe nozrle to the probe
liner, Jeakheck the train st the sampli)]? site by plug-
Eing the vozzle and pulling # 380 mm Hg (15 i, 1317
vacumm, T

NoTe.—A Yower vacmm mAy be used, provided {hat
ks not excoeded during the test,

11 an nshestos string is ased, do not connest the probe
10 the Lroin during the Jeuk-chesk. Instred, leakcleck
1he train Ly first PlURLing the Inlet 10 the filler holder
{eyclone, i nppliceble) and pulling » 380 mm Mg (15 in.
Hg) vacimnn &e Note immediately above). Then cone
nect ihe piobm Lo the train 5nd Insk-cherk et atout 25
Jom Hg () in. Hg) vacin; altematively, the probe DAy
he deakchecked will the ; ost of the rampling tralp, tn
one step, ot 280 mm Hg (15 in. Hg) vecuum. Leskage
rates in excess of 4 pereent of the average sampling rate
or 0.00057 m Ymin (002 efin), whichever is less, are
unacceptable, :

T'be foNowing Yeak+Dierk instret ions for the sampling
tealn deseribed in A PTD-U376 and A I'T-0°8) mey be
hiedpful, Stan thct))ump with bypsss valve fully opon
and coarse udjnst’ valve vompletely closed. Purtinlly
open the coarse a@just valve snd tIowly close the by pass
valveunti) the desired vacnnm §s reached. Do not reverse
Cireetion of hypass valve; this wi) canse waler to back -
up into the filler bolder.' If the desired vacuwin 1s ex-
ceeded, cither Yeak-check ot this higher varnum or end
theleak clieok us shown below and slarl over, .

When the Jeak-cheek §5 completed, first Qowly reniove
the plug from the inlet 1o the probe, filler holder, or
eyelone (8 applicable) ang immediately 1um off the

. Freeum pump. Thix preventsthe walerin "'ehhlndph,gm
)

from belng Sorved backward into the filler er and
islliq't el from being entruined buckward jnto the third
mpivger. . .
4.1.4.2 Leak-Checks Doring Sample Run. H, during
the sampling run, .8 romponent (e.g., filter assmblz
or img)ingcr) cbal:!ge hewunies necessary, a Jesk-cheg
¢ conducted immedistely befure the cbange ia -
wrorednre ontlined iy Bection 4.1.4.1 above, except that <
1: shalldee done at & varuum equal Lo or gresterthean the

maxinn value recorded np'to that point {u the test. —

I the leakage rate is fonnd 1o he no greater than 0.00057
m/min (0.U2 eIm) or 4 percent of the Aversge sampling
rate (whichover is less), Lthe resnlts are acceplable, and -
no rorreclion willnced to be applied 1o the Lotal vo! ume -

of Ary pas metered; if, however, g higher lestsge rate —

ir oblained, the tester shall elther revord ‘the lcnknfe
rate and plan Lo correvt Lhe sample =vlume es shown in

Hetivn 6.3 of this anethod, or shall void the saupling

., ’ -

Inmedintely afier 'comﬁonnnt changes, Jesk-thocks
‘wre optional; i sovh Jeak-checks sre done, the procedure
oullised i, Section 4.1.4.1 shove shal) be lised.

3.4.3 1'ost-1est Leak-Check. A leak-check is mande-
tory at the conclusiov of cach samplng run. ‘The Jenk.
check shall be done in secordance with the procrdures
oullined jo Beetion 4.1.4.1, eacept that It shal) be con-
ducied 8t s vacuum mual Lo or grester than the maxh
mumm value reached during the sampling ron. 31 thn
lenkage rete is found 16 be no grester than 0.00057? m¥puiin
(0.02 ¢fm) or 4 percant of aversge sampling rats
(whichever is ¥ess), the resulis are m{tub e, nid no
corretion need he applisd 1o the totnl vol ume of dry gas
mctered, 11, liowever, a higher Jeakege mte is obiained,
the tester shall either'record the Yeakage rate and corrreg
the sumple volume os shown in Scctioy 8.3 0f this methiod,
or shall veid the samipling run. ; B}

4.1.5 Parliculate Trsin’ Operation. During the
=mpling yun, maintain an isoKinetie sampling rate
{within 10 pcreent of true fsokinefic unless otherwise
specificd by the Administretor) and = temperature
eround the filer of xmﬁ lé“ (o] (245*25;;’), o{)mf‘h o{(:nb;r
tem {lure ns Ified by an spplicable subpeart o

Gards or approsed by the AL bcane Sut

- slandsrds or approved by the A

For each sun, record the data required on s data sheat
such asthe one shown in Figure & 2, Be sure 1o record the
inftind dry gas meter raading, Record the dry pas meter
readings at the beginning end end of each sampling time
Increment, when ehanges in flow Tsles are made, hefors
#nd after cach Yeak clicck, and when ssmpilug 1s bahed;

’ . -

3.
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FEDERAL REGULATIONS

Take othor readingr required Ly Fipure 5-2 sl Jesst onoe
#t esch gample point during exch time increment end
edditional readings when significant changea (20 percent
voriptlon in velocity bead resdings) necessitale addi-
Uanal adfistments in Jow rate. vel and rero the
meanomeler. Beestisa the manomeler Jevel und zero may
arlfL due 1o vitwatlons end teinperature chunges, makes
periudie cliecks during the truvorse. .

Clean the portholes prior Lo

the chance of sampling deposiiad matsrisl

aampling, remove the nottle
end prol
that the pliot tu
Fosllion the nuazle at the first
pointing directly Into the ges

the puinp and udjust the Nowl
Nomographs nre nvallsble, whi

up {0 tem

slresm. Immed;

FLANT
LOCATION
OPERATOR,
DATE
__RUN ND,
_SAMPLE BOX NO.
METER BOX NO.

the Lest run to minimire

cap, verily thay the fier
heating aysioms arg
end probe are projerly positloned,
traverse point =ith the tip

1o 1sokinetic conditiona.
th aid in Al rapid sdjusi-

To txgin
ature, apd

alely slart

AMBIENT TEMPERATURE

ment of the brokinstlc sumpling rate without ercessive
tompuis{ionh These nomographs are dosipued fof uss
when the Type B pitot tube cooflicient is 0.
the stock gas squivalent densivy (dr
2 equel (o 204, AFPT
using the nomographs. If €% end Afs nro outside 1he
shove gisred ranges do not vse the nomoprephs ynless
sppropricte steps (o Citation 7 In Sectlon 7) are thkey
o compranite Jor the devintiona, :

+0.02 end
molacular wo’ghl.)
D-0576 detsils the procedurs for

BARDMETRIC PRESSURE.

ASSUMED MDISTURE, %

PROBE LENGTH, m (1)

NOZZLE IBENTIFICATION KD,
AVERAGE CALIBRATED NOZZLE DIAMETER, em(in)

PROBE HEATER SETTING

METER AHg LEAK RATE, m3/min.{cim)
C FACTOR o FROBE LINER MATERIAL
HEMATI 55 SEQT) .
PITOT TUBE COERFICIENT, Cp SCHEMATIC OF STACK CR one STATIC PRESSURE, mm Hg lin, Hgl
o ‘ FILTER NO.
PRESSURE
. - DIFFERENTHAL b ¢
_ 4 TEMPLRATURI
. VELOCITY 3:::?2: . GAS SAMPLE TEMPERATURE OF GA;J
) STACK AT DRY GAS MEYER ) LEAVING .
SAWPLING | -VACUUM | TEMPERATURE| HEAD METER GAS SAMPLE FILTER HOLDER] cONDENSER OR
TRAVERSE FOINT TIME «enm Hg lTs) {APg), mm H0 VOLUME INLET OUTLET TEWMPERATURE, | LAST IMPINGER,
. NUMBER - {41, min, (i Ho} °C (°F) mfinHz0]  fin. HZO) m3 (113 *c {°F) °C (°F) °C (°F) °C (*F)
- 1 -
TOTAL - Avg. Avg. )
AVERAGE ) H Avg. -
Figure 5-2, Padliculale field data,

When e slack is weder significenl vt pifessiioe
{height of imapingm stem), Lake eare to clase the carxae
adjust valve belore inserting the probe into the stack Lo
prevent waler from backing inio the fiter holder, UM
necessary, the pump may be tirned on with the coarse
adjust velve clossd, .

When the probe i= in position, blovk off the openings
sround the probe and porthole . prevent wurepres
scrtetive dHnlion of the ges siream. . ,

verse Lhe stack cross-section, 85 required Ly Melliod
1 ur &= specifind by the Administrator, being carclul not
W bump the probe nozzle into the stack walls whea
@upling near the walls or when removing or inserting
the probws through the porthules: this niinhnizes the
chiante of exiracting deposited annterial, :

Duwring the test ran, make purivdic sdjustiments to
ketp the 1emiperafure sround the filter Lolder al {he
gropir Jevel; 2dd more ice and, if necessary, salt 1o
niaain 8 trupwratorve of Jess than 20° C (\'t(:y!-") At the
cundenser/silics gel ontiet. Also, peiodically chock
1l Jovel nnd 24re of the movoicter. .
~ M 1he pregsure drop across the filter becones ton high,
uaking rokinetic sampling dificult to maintain, thw
filer nar be repluced n the midst of & sample run, 1t
i remsnended that another complete filler assenlly
du- ywnd pather than attemnpting Lo change the Glter j1scl.
Before n new liller sssembly is installed, conduct e leak-
eherk (uw Fartion 4.1.4.2). The total parliciiate weight
shinll inclnde the simumstion of all fller sssembly catelus.

A single trajo sbrll he v for the ontire =ainple N,
exeept In cares where simyitaneons sspling is uqniru’i
m two or more separdte ducts or at two or wore diflerent
Jouations within the same duet, or, in rases whiere eqiip-
mmtu_imlur:hnmnii‘tetes a chenge of I.minﬁ.‘;l' n all other
situations, the use of two or more trains wi Sdent Lo
the apsoval of the Admintstrator, B

Netw (hil wlien two or aaor

analyses of The front-hulf snd GF applicahle

catehes from each train sball b
oxl nnzzlo sires wore used on sl
front-hall caiches froin the §

combined (asauny the inpinger catehies)and o

of front-half cateh and one &
Le performsd. Consult w
drisils concerning e caleulst

Iney

100re 1raing are used,

At the end of the samplde ran
wvulve, reove Lhe probe und o

off the pinnp, recurd 1he final

vonduct 8 post-test leak-cher
4.143. Alsy, Ienkadieek the
Method 2, Section 3.1; the lines
in order 10 validate the velocit

4.1.6 Celenlathmy of Pervy
pereent fsokindic GEee Calealy

snie: whether the ran was

shoild Le inade. 11 1here was

isokinrtic e due to

Al B .
4.2 Pawmple W

Tngrines as Boon wa L

he end of the xmiineg jurie
Wien the probe cam L(‘ ey

external parficuly

wezle aud place @ c2p uver it

rarilculde matter. Do ned ca

while the stnpdiser 1rain is o

EFEOte B Ve i e filler )

e amaiied »

nalysis of isopi
ith tha Admin

6 troing ere nsed, separate
e perforined, unless identd-

teaing, in which eaze, the
ndividual traing m:g

Fon of resuhs when two of

, 11 off the uarse adjnst
jozzle from the =tack, tum

impioger  carefnl 1ot 10 luse

o
ne analysis
nger catch
istrator for

sicon proise, and ¢

ap e epacn ontlet of theprobe Be
¢ comdensate that 1oipht Le

Wipe off the silicone grease from the Hlter inlet where the
probe was fastened and eap i, Remove the umbilicsl
cord frem the last impinger end cap the impinger. 1l o
flexilde Jipe §s vsed between the first iinpinger or eon-
denser and the filter holder, disconneet the line st the
filler holdrr snd et any condensed woler or liguid
drain_into the iInpingers of condenser. After wiping olf
the silicone preass, cap off the titer holder outiet end
impinger infet. Either ground-glass stoypers, ploslic
cupss, OF serinm eaps muy be ured 10 close these o)

nings,

ary gas meler ceading, end Transhr Hm*rt L and i er-imbinger asrnbly (o the
k. 8z oullined in Beelion  elesuup aten, This srea shoald Ve el

ot Tines 2y diaeribed in from the wind s 1t the clisnees of contamiiee oug o
e fess Ahis beal-chierk,  Josing the saonple will Yue b sl

v head deta, = Have a partion of 1w 1] fur elennup s 8
at Isukinetie, Caleulate  Vhank, Poke 200 1) of $hds jrectly frou the wid

k|

Liuns, vu
e 0 Tl

- 2 PN
i1y
~ar the vip of
o provent iclnp

from the hnpingerz into the filler hnldar,

Refore moving e sample

ravove the yrotos Fos 1w

Environment

Reporler'

titns, Section 6) (o deters

alid ‘wr another test run

difficnity in mdintaining

2o ¢ condils

the Adnifistiator for puesiblefv
(.9

andled, wipe off

s ufl the prola: tip vightls
Wling down ax thit woenld
03er. thny drawing water

Arain 10 the clezinp sile,
1A, wips off tin

sl wigh

iokineter  follows

1aing,
o, ERFRICAT Ehevea 1n
1
orgp

el ilto the
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Vit tde Lacing weed undd
Yabhedid “oer1one 1in

Tnspeet Ve vidin
nede auy Vot

Container Mo, 1. €
filler holder and |
)
fold the {ier, da =0 such that the par
inside 1l fold, O
yaniculate rustier andlor e
the fiber holdor pasker, by using o dr, N
Yimush and ‘of s sharp-edped Wlad Sead tingas

Cwndoinrr No. 2, Taking ¢are 1o oo that
outdide of 1he prols of ol
i ple, qrennig-
matier of BNy veindensite from the probe novzle, probs

Anee 41 plass sbingde condaiing
-

sy Aol
uples e

Jurin: dises
Tl e =y

“wiefully vemneve the Sl fron the
wore i1 i irs identitkat pani dish con-
©of 1Mz s avdd’or cleon dispreeable
hatalle the filter, 10 1 ) l\-r-«-_\-mly L

weeluly Yravisder 10 1hr
Sl Ihers wmly

e eoherior surfurees Gons no!
ivily reover particulsie

Mol
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fitting, probe Ener, and from half of the filer holdg by
washing thoye compenents with acxione and placing the wesh in Plant
8 glass comaing. Distilled waler may be uied inciead of acione
/ . when wpproved by the Administrator and shall be used when Date
: specified by the Adminisirator; in thoe exses, ctave & waler
blank and follow the Administrator's directions on analysis,
Perform the accione rinses as follows: . Bun No.
Carefully remeve the probe nozz)e and clean the inside sur- N
face by rinsing with aceionc from & wash boule and brushing Fl r|
with a Nylon bristle brush, Brush until the acerone rinse shows titer lva.
no visible particles, aficr which make » final rinee of the inside - 1. . ’ -
sutface with acerone, : e . Amcunt liquid ost during transport
Brush and rinse the inside pars of the Swagelok fitting with -
acrionc in & similar way unth no visible panicles yemain, -
Rinse the probe lines with accione by tihing and rot1ating the Acetone L lank volume, mi
probiwhile squining acctone into its upper end o that all inside T )
surlafis will be weuled with scctone, Let the accione drain from Acelong wash VD'UI’“E, ml .
the lower end into the sample contaings. A funnel (glass ot poly- - —-—
ethylene) may be uied 10 2id on transferring liquid washes 10 the . . y
- -r-on)"-aincr. Follow the aceione rinse with & probe brush, Hold Acetone blank concentration, mg/mg (equatunn 5-4)
the probe in an inclincd position, squin acetone ime the upper -
end as the probe brush is being pushed with a twisting action Acetone wesh b!ank' mg (equation 5’5)
through the probe; hold & sample containg underveath the
Wowst end of the probe, and catch any scetone and particulate -
matier which is brushed from the prabe. Run the brush through ] *
the probe three times or more until no visible paniculate matier ' WEIGHT OF PARTICUL ATE Cdl. LECTED
is earried out with the accione or umil none remains in the - - .
probe liner on visual inspection. With siainless sicel or other CONTAINER mg
metal probes, run the brush through in the above prescribed NUMBER —_
.manner al lepst six times since mctal protes have small creviess . . ) R
in which paniculate matter can be entsapped, Rinse the brush FINAL WEIGHT TARE WEIGHT WEIGHT GAIN
with acclone, and quantitatively collert these washings in the = abnd —
samplc comaines. Afier the brushing, make a final ace1onc rinse
of the probe as deswribed above. 1
It is recommended that two people be used 10 clean the probe
o minimize zample losses. Beiween sampling runs, keep 2
brushes clean and proteaed fiom conlaminalions,

After ensuring that all joints have been wiped clcan of
silicone grease, clcan the inside of the front half of the Hiler - TOTAL /—<
holda by rubbing the surfaces with a Nylon bristle brush and

rinsing with accione. Rinse each surface thice times or more if . . i
frceded (0 remove visible paniculate. Make a final rinse of the - . ] Less acetone blank-
brush and fher holder. Carefully rinse out the glasy cyclone, : - :
also (if applicable). Afier all acetonc washings and paniculate .. . . “’eight of paﬂ.cula(e matter
matter have been collected in the sample container, tlighien the . '

lid on the sample comaincr 0 that accione, will not lesk out N '
when it is shipped to the Isboratory. Mask the height of the . ) - ’ “ i - :
fluid Jevel 10 derermine whether or ot Jeakage occused during ~ . - ’

transpont. Label the container 10 deasly identify its contents.

. Container No. 3. Note the color of the indicting silica gdl lo -
Seterminc if it has been completely spent and make a notation ' VOLUME OF LIQUID
of its condition, Transfer the silica gel from the fourth impinger | -

"ot original container and seal. A funnel may make it easier 10 “ATER COLLECTED
pour the silica gel without spilling. A rubber policcman may be .
. used a3 an aid in removing the silica ge) from the impinger. Iis | B )
POt necessary Lo remove the small amount of dust panicles that .. . 'MPINGER_ S"."CA GEL_'__ -1 .
may sdhcre 1o the impinger wall and are difficul to remove, c: : VOLUME, - . WE'GHT," . -
Since the gain in weight is 10 be used for moisture calculations, . . . ml N g -
. g0 not vsc any water or other iquids 10 transfer the silica gel, §if - : "
8 balance is available in the field, follaw the procedure for con-
tainer No. 3 in Section 43, - -

) Impinger Waier. Treat the impingers as follows: Make 2.« - . FINAL-{
natation of any color or fitm in the liquid caich. Measure the k- -
quid which is in the first three impingers 1o within = 3 ml by ws- INITIAL

ing a graduaied cylinder or by wdighing it to within £ 0.5 ghy
vsing = belance (f onc i avajlable). Record the volume or .
weight of liquid prescou This information is required to LIQUID COLLECTED
calculaie the moisiure coment of the effluent gas.

Discard the liquid afier measuring and recording the volumae . b . .
©r weight, unless analysis of the impinger caich is tequired {soe TOTAL VOLUME COLLECTED : 9. ml
Noe, Seciion 2.1.7), - ) .

I a diffcrent type of cond is vsed, ¢ the

moistur ensed cither v ! I g2 vimetrs . * = ARt ‘ : . . . e
O i condend e vlumerially or gravimericdy. CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT

way that they remain upright 3t al times, INCREASE BY DENSITY OF WATER {1g/ml):

4.3 Analysis. Reoord the data required on a sheet such as the b . tel v
one shown in Figure 5-3. Handle each sample conwine as INCREASE, g VOLUME WATER -nﬂ
followy: T T T 4
Conviner No. 1. 1.ave the in the shipping contai 1 9/ml ’
or transfer the filier and any loose paniculate from the sample
containes 1o 8 tared glacs woiphing dish. Desicoate for 24 hows in X
8 desiccator eontaining anhydrous calcium sulfate, Weigh 16 4 ) . H
consiam weight and report the resubts 10 the nearcst 0.1 mg. For: F gure 5-3. Ana]yt Ic a' da.!a'
purposs of this Seniiom, 4.3, the tam **constant weaght™
mens £differenoe of no more than 0.5 mg o 1 percent of 1ol
weight bess tare weight, whichever is greater, boiwesn two cope
secutive weighings, with no Jess than 6 hours of desiccation time
between weighings.

PR : : . o
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FEDERAL REGULATIONS

Allernativaly, the sample thay be oven drlsd 5t 105 ©
(ZXF F) for 2 W 3 bows, exoled In the desicestor, and
welghed to s constant welght, unless otherwire specifisd
by the Administrator. The tasiar mey also opt o oven
dry the sarpple at 105 ™ C (220 ° F) for 2 to Shours, welgh
ths sample, apd use this weight as o final weigbt,

Confainer No.£. Note tholevel ofliquid ln the contalner
and confirm on the snalysls slicet whether or not leskage
occurred during transport. 1f s nolleeable sroount of
leskupe hes cocwted, edther wold the samplo of uss
methiods, subject to the eppraval of the Administrator,
to correct the Snal results. Messure the liguid In this
contalner efther volumetrically to =1 m) or gravi-
metrically to 0.5 g. Transler the contents Lo s lared
230-mq] besker apd evaporsie to dryness st emblent
temmperature and pressure. Desiccale for 24 hiours and
weigh to a constant~weight, Report the results to the
nearest 0.1 mg. .

Contalney No. 8. Weigh the spent silies gel (or allice ﬁe!
plus impinger) to the nearest 0.5 g using a balance. This
slep may be condueted in the fiedd, - :

“Acrtone Blank" Conloiner, Meoasure scelone in thla
contalner elther volumetricslly or gravimetricaly.
Transfer the ncetone o 6 tared 250-m) beaker and evape
orate to dryness st smbient tempwrative end pressure,
Desiceate for 24 bonrs and weigh 1o a contsanl weight.
Report the results 1o the nearest 0,1 mg. .

oTe,—At the option of the Lesier, the conlanis of
Contaiper No. 2 as well us the scetone blenk contsiner
mey be evaporated at temperatures bigber than ambl-
ent, If eveporation 1s done Bt en elevaled tamperature,
the temperature must be iadow the bolling point of the
soivent; slso, 1o prevenl “bumping,” tbe eveporntion
process must be closely su istd, and the conlents of
the besker roust be swirled occesionally to mointein an
even temperature. Use edtreme core, as scetone ks highly
fiaremable end has & Jow fiash polnt, :
B. Caldration .
Malntasin » laboratory log of el csiibrations.
61 Trobe Nozrle. Probe niozzles siiall be cnlibrated

‘before their Initisl use in the ficld. Using & micromoter,
smenaure the Inside diameler of the nozzle Lo the nearest

- ‘RUBBER
" nusser  STOPPER
TUBING .-

__BLOWINTO TUBING

. UNTIL MANOMETER
READS5TO 7 INCHES
WATER CDLUMH OR":'CE'

MANOMETER

6.1 Nomendlatnre .

Aa = Cross-sectionsl aren of nozrke, = H19).

Bu =Waler vapor 40 the gns siream, proporbien
by volume, .

w Acolope blank. residue conconiration, mglg.

= Conceniration of particulste matier in si
ga3, dry basls correcled 1o siandard condi-

tions, g/dscm . :

Fercent of jsokineije ganpling, -

Max imtm aceaptoble Jexkege mte for sithera
retest Jeak check or for 6 lesk eheck follow-

ng a eomponent cbange; equal to 0.00057

Cuo’
[

La

mi/mip (0.02 ¢fm) or 4 percent of the sverage

sampling rate, whichever js less,
=1ndividunl leakage rate ohserved during the
Zlesk r.becf c.%n ucl.ed‘ prior w& the *'juv
cornponent change ({= R
Torage ot ‘b::r e:dl' - h o
- ege role © v uriog the post-test
leak check; m¥/min (cfm). e post
=Total amonst of particulate matter collected,

mg. .
=Moletnlar welght of weter, 18.0 glg-
(18.0 Ibfib-mole), » 180 lgmale
=Mzss of residue of acetone afler evaporation,

REO

ma
Pou
Fo

mg.
=Barometiric pressure at the sampling =i
mm Hg (in. ﬁ;). pling site,
—gﬁlnu:u&inﬁpmm.mmﬂg(‘m. )
- [} Lol
m.ﬂmin. e prezare, 760 mm

. usod to methematicsly correct

0.025 mm (0.001 in, ), Make th
using ¢iferent dlametars sach
age of the easurements. The g

e peParate Tneasurements
tirne, end oblain the aver-
ifference bet ween the bhigh

and low numbers shall not s1ceed 0.1 mm (0.004 tn.),

When noztles become nicked,

uss, Enth portle ghell
fdentified, -
-5.2 Pitot Tube. The Type

shall be yeaheped, eharpaned,
{:np«manenu;v snd uniguely

dented, of curroded, they
and recalibrated before

B pitot tule assembly shell

be calibrated according 1o the procedure outlined in

Bection 4 of Method 2, .

53 Meterlng Bystom. Before fLs Initio) use in the fleld,
the metering sysiem shell be ¢alibrated sccording to the
rocedure ontlined in APTD+0578. Instead of physically

E(ﬂusu.ng the dry gas meter
10 the wet Lest meter resdings,

10 the propar values. Before
temn, §t s suppesied thet a

ia} readings to correspond
callbration faclors may be
the gasipeter dialreadings-
ibrating the moclaring eys-
enk-check conducled,

For melering systemns beving diephragm pumps, the

normal Jeak-check procedure
within the pump, For these
check precedure )s sugrested:
tion rup st 0.00057 m I/min {0}
run, take the difference of th

will not delect leskages
cases the following leak-
meke 8 I-minute calibra-
02 cfm); mt the end of the
measured wel lest Toeter

aod dry gas meler volumes; divide the difference by 10,

Lo got the leek mate, The leg
0.00057 mm Ymin (0.02 cfxm),
After each field use, the cs

k rate should not excoed

Vibratlon of the melering

* gyslem ehall be ehecked by performing three calibration

runs at 8 single, intermedialy orifice setling (Lased on

the
meximum velue resched dy
adjust the vacuum, insert a ¥
meter and the inlet of the my

revious field test), with the vecuuro set at the

ring the test eceries, To
alve between the wet tast |
etering system. Cslevlata

1he sverage value of the ealibretion factor, If the colibra-

tion has changed br more th
the meler over the full range
lined In APTD-0576,
Allerpatlve procedures, e.g
cocfficlents, mey Lt used, subj
Adrministiravor,

ORIFICE

an & percent, recaliLrate
of orilice scttlngs, a5 out-

., using the orlfice mcler
et W the approval of the

BY-FASS VALVE

* Figure 54, ‘ll__eak_

0.06236 mm Hg-mi°E-g- .
hi/° B-1b-roolke),

ry_gos melear temperature
Pk g'ms temperature (500

3 'tempmmn, 23* K

b'hmk‘, ml.

B «=Ideal gay constent,

- ole (21,85 in. He-
. = Lhsolute everage 4

) {=« Figure &0}, K

T mliicle prod o
T -sumﬁ;d' Bteotoly
Va =Volume of seelone
Vew  =Volume of acetone

Vi.=Tolal volume of 1i
and silics gel Geeﬁ
. Ya=Volume of ges samy
meler, dora (dof).
Vatany=Volune of gas sam
- gas meler, corveciy
dscm (dscf).
Vatue)=Vohune of water ¥
. correcled to standag
Vi=8tack gas velocity,
. Equation 2-9,
Method 5, m/f=ec {
Wa=Weight of residue i
Y=Dry gas mweler call
AH= Avernge pressure &if
meler (sea Figure
pe=Density of sestony
botts

)-
p-'=ll{:ensity of waler
#="Total sampling thny

Environment

pred in wash, ml,

uid collected in biopingers
Figuare 5~3), ml,

Mle 25 measured by dry gas

ple meanived by the dry
g to standard conditions,

spor in the gas sample,

rd copditions, scm
calculated by Method 2,
dats obtained from

acetone wash, mg.
ratlon factor. .

erentia) across the orifice
2), mm Hi0 (in. H:0),
g, mg/ml (ses label on

, 04932 gim) (0.002201
g, min,

Reporter

check of meter bo_x‘;_"

NoTE.—1 the Ary gns meter seefBelent valoes obiained
before and after o test beries difler by more Lhan & percent,
1ho test serlea shall elilier be volded, or calenlations for
the test serfes shall be performed using whichever meter
coefliclent value (l.e., before or after) gives the lower
vehie of Lota) ssraple volume,

4 FProbe Heatar Cellbratlon. The probs besting
Byslemn shall be calibrated before Its inttix) use in the
field nccording o the procoduro outliped n AT T D—D576,
Frobes construcied a.cc.ordlr‘lf o APTD-058] need not
be eslbrated if the calibruton curves In APT D-0576

are 3

6.5 Temperature Gaugrs. Use the procedure In
Bectlon 4.3 of Method 2 10 callbrate Inateck tempersture
gauges. Dial thermarmoters, such a5 are nsed for the
Eas meler end cbndenscz outlet, shell be callbrs
tgainst Ir::rcm-y-lnilnss thermometers .

58 TLeak Check of Metedng Bystem Ehown In Figure™
51. That portion of the ss'mrl.lng iraln from the gmn
to the ortfice meter should be Jeak checked prior to fnftial
uscand afier each xhipment. Leakuge after the pump wili
result in less volume belng recorded than is ecluslly
sampled, The followlng procedure la suggesled (sco
Figure 54): Close tbe maln velve op the -meler bar
Trsert 8 oneliole rubber slopuwr with rubbe tobin
aliached into the orifice exhaust pipe. Disconuect an
¥ent tho low side of the ordfice nuanometar. Close of the
low alde orifice Lap, Pressurize the system 10 13 1o 18 &m
(56 Lo 7 in.) water column by bowling foto the rubbar
tubling. Pinch off the tublng aod obsarve the manomeler
for one minute. A Joms of precsure on the menomeler
indicates s Jesk in the meler box; Jeaks, If present, must
be correctad,
et”' Berometer, Calibrate sgainst @ moycury berom-
. '

6. Caloudations

Carry out celculations, releining et least one erlra
derime) Sgure beyond that of the acquired dsta. Round
ofl figures sfler the finsl celculation. Other forms of the
equalions may be uscd as Jong =g tbey give equivalent

- results,

VACUUM
GAUGE

MAIN VALVE
- CLOSED

AIR-TIGHT -
PUMP

£,="Sawmpling time interval, from the Leginning
of a run untfl the ﬂ.rst_ component chanhge,

min.
6,=Sampling time Interval, between {wo sue-
cessive component changes, beginning with
the interval between the first and second
- changas, min. -
8,=Sempling time Inferval, from the fina) (ats)
_eomponent change unll the end of the
: sampling run, min,
13.0=Specific gravity of merairy,
60=Sec/min.-
100=Conversion to percont. .
6.2 Average dry gas yoeler lemperafure end average
orifice presswre drop, Bee dats sheet {Figure 5-2),
6.3 Dry Guas Volume, Correct the sample volume
messured by the Qry gar meter to standard conditions
C, 760 mm Hg or 68° F, 20.92 in. Hg) by nsing

Equstion 5-1. H
A
o) Potigg
Tn

=K|-‘y--!- Ph.!“%_ (;Hll3-6)

Equation 51

[Appendix A, Method 5]




B PR

STATIONARY SOURCES

. where!
K} =0.3858 "K/mm H;g lor metric wnits
= [7.64 *R/in. Hg for English units
. - NOTE.—Equation %.) can be used &5 wrinien unless the
lealage raie obscrved during any of the mandaioty leak
cheeks (e, the positest Jeak cheel or leak checks conducied
prior 10 companem changes) eageeds Lo lf,Lp or j eaceeds
Lo, Equation 5-) must be modified as follows;
{s) Case ). No componeni changes made during sampling

fun. In this case, replace Vi in Equation 5.1 with the cxpres-”

sion:

Vi —{Lp—L oW

. () Case Il. One or mote componcnt changes made during
-t The sampling run. In this case, tcplace Vm in Equaiion 5-) by
- - the expression: - -

- [Votsitaom - oo .
- Co n '
=2, Wi Lol —Lp—Lo0p ]
= .

and substirute only for those leatape raves (L or Lp) which
exceed L,
6.4 X olume of warer vapar.
- Equalion 5.2

. Pw\/RTsd
Vu (s1d) = Fief —Y —— =K2V¥)¢
Mwl\  Pad

where:
K2 =0.001333m3/ml for merric units
. =0.04707N13/m for English units.
- - 6.5 Moisture Conlent.

- o Vw (s1d)

Vm (918)- 4 Vi (n1d)
Equalion 5-3

NOTE.—In sawurated or water droplei-daden gas strcams,

two calculations of the maisture conient of the stack gas shall -

be made, one Trom the impinger analysis (Equation 5.3), and
a second fiom the assumpiion of sarurared conditions. The
lower of the 1wo values of 8y shall be considercd correct. The
pracedure for deicrmining the moisiure comenl based vpop
assumnption of sauraed conditions is given in the Notwe of
Section 1.2 of Mcihod 4. For the purpases of this method,
the average siack gas lemperature from Figure 5.2 may be
used 10 make this delermination, provided thai the accuracy
of the in.stack VEMpTralure sensor is + 1* C (2° F). .

e 10075 IK3¥1c + (Vi /Tm) (Poar + & HA3.6)
) | €00y PsAn. ’

where: . .
" K3=0.003454 mm Hg—m3/mi—*K for maric unis,
- =0.002669-in. Hg—f3/m)—*R for English unis.
6.11.2 Calculation From Imecrmediate \ alues, -

TsVrm (s10) Purg 100 - .

L= - .

- Tsmv,o.q,,P,eou—a..,)_ .
. - '_" Lo .
75V tad)’ - -
PsVsAn® (1 —Bug) -

- - =Ky

- - . where;
-Ky¢=4.320 for metric enits
= 009450 for English unirs, :

6.12 Accemable Resolis. If 90 pereent 15110 pereent,
the rosuhs are aceepiable. IF the resuhis are low in comparison
1o the standard and J s beyond she accepiable range, or if 1

“is Jess than 90 percent, the Adminisirator may opt to accept
the sesuls,

6.6 Accione Blank Concentration,

mg

L. ' Cpm —
. - . Vaba
R Equation 54

" Equation -3 "

Equation 58

6.7 Acetonc Wash Blank.
HWom CoVowha
) Equation 4.5

6.8 Tota) Panticulaic Weight, Deicrmine the 1o1a) particulste
carch from the sum of 1he weiphts obteined from containers
1 and 2 less the aceione Blank (sce Figure $.3). NOTE.—
Refer 10 Scoiion 4.1.5 10 assist in calevlation of resalis -
volving two or more filier assemblies or tworgr more sampling
treins, . -

6.9 Paniculate Concentration.

’ €3=(0.00) g/mg) (mp Ve, (s1d))

) . Equaion 5.6
6€.10 Conversion Faciors: . -
Fiom To Muhiply by
sef 5 md 0.02832
/Nt : /i 15.43
glﬂg |b/r53 2.205 x 103
/Mt &/m 35.3)

. 6.11 Ysokinctic \ arition. -
6.11.1 Calcvlation From Raw Data,

Use Citation 4 1o makc Jjudgments, Othorwise, rejra the results
and repean the yesy,

1. Bibliogrophy

1. Addsndum 10 Specifizalions for Incincraior Testing at
Federa Facilinies. PHS, NCAPA. Dee. 6, 1967,

2, Manin, Robem M. Consiruciion Deiails of Jsokinmic
Source-Sampling Equipment.  Envitanmenral Proleaion
A;rlnry. Rescarch Triangle Park, N.C. APTD-0SBY. April
19, . :

3. Rom, Jerome §. Mainicrance, Calibraiion, and
Opesation of Tsokinetic Source Sampling Equipment, Environ-
mental Proection Agcney, Rescatch Triangle Fark, '‘N.C,
APTD-0576, March, 1972, -

4. Smith, W. §_ R. T. Shigchara, and W, F, Todd. A
method of Inierprening Siack Sampling Dara. Paper Presenied
at the 63d Anppual Meeiing of the Air Follution Conirgl
Association, S1. Louis, Mo. June 1419, 1970,

5. Smith, WS_, & al. Siack Gas Ssmpling Improved and
Sim.;:liﬁcd With New Equipinent, APCA Papcr No. 67119,
1967, .

6. Specifications for Tncinerator Testing a1 Federal Facilj- .
ties. PHS, NCAFPC. 1967, .

7. Shigchara, R. T. Adjustments in the EPA Nomograph
for Diffcrem Pitot Tube Coefficicnts and Dry Molccular
Weights. Stack Sampling News 2:4.) 1, October, 1974,

- 8. \ollaro, R. F. A. Survey of Commercially Available
Insirumenianion For the Meaturement of Low-Range Gas

- Velocities. U.S. Environmenial Proieetion Ageney, Emission

Mecasurcment Branch. Rescarch Triangle Park, N.C. Novem.
ber, 1976 (unpublished Faper).

* 9. Annual Book of ASTM Siandards, Park 26, Gaseous
Fuels; Coa) and Coke; Atmospheric Analysis, Amcrican Sodiety
for Testing and Matcrials, Fhiladclphia, Pa. 1974. pp. 617-
622, .

METHOD 6-DETERMINATION OF SULFUR DIOXIDE
" EMI3SIONS FROM STATIONARY SOURCES - .-

< V. Printiple and Applicability -
- - 1.1 Principle. A gas sample is cxiracred from the sampling

point in the siack, The sulfuric acid mist (including sullur

rioxide) and the sulfor dioxide are scparated. The sulfur
dioxide fraction is measured by the barium-tharin titration - -

method, -
1.2 Applicability. This method is applicable for the dercr-
mination of sulfur dioride emissions from stationary sources. -

" The minimum dacaable limit of the method has teen dever- *

mincd 10 be 3.4 milligrams (mg) of S503/m3 (2.12 x 10-7 Ib/
113). Although no upper limit has been established, 1es1s have
shown that concentrations as high as 80,000 mg/m3 of O3 .
can be colleaed clficiently in 1wo midpe impingers, each
containing 15 millilices of 3 percent hydrogen peroxide, at &

. 1ate of 1.0 ipm for 20 minuies. Based on theosctical caleula- -
wtions, the upper conceniration fimit in a 20liter sample is

about 93,300 mg/my, . R
Possible imcrferents are fres ammonia, waler-soluble cations,

and fluorides. The cations and fluorides are femoved by glass

woal fillers and an isopropancl bubbler, and hence do not
affect the SOy analysis. When samples are being 1aken from .
A pas stream with high concemirations of vay fine maallic
fumes (such as in inlets 1o comrot devices), a high-effickency
glass fiber filler must be used in place of the glass wool plug
(i.e., the one in the probe) 16 remove the cation merfercnts,
Free ammonis interferes by reacting with $03 10 form |
paniculaic sulfie and by reacting with the indicator, If free

ammonia is presem (this can be daermined by knowledge of

the process and naricing white particulaie masier in the probe
and isopropanol bubbler), alicrnative methods, subject 10 the
approval of the Admini » U.5. Envi 1 Agency, -
are required.

2. Apporanes

[Appendix A, Method 6)
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NAME
Johrr R. Bennington

Lenora J. Brickey
Carl J. Holtzapfel
Sheila S. Riley
Bobby J. Vance '

John L. Jones
E. W. Pollitt, 111

John L. Welch

Stanley Bare

PeHny Reed

Tom Newport

Robert E. Vanderzalm
Don E..Davisson -

Robert W. Mittendorf

Jessie Baskerville

2
A
Tom Moore

John Jayne

Dan Gray

Renee Cahal

LIST OF PART!CIPANTS

POSITION
Technician
Technician
Technician
Technician
Technician

- Analytical -
Supervisor

Environmental
Supervisor

Technical
Supervisor &
Project Leader

Environmental
Moni tor .

Environmental
Moni tor

Video
Cameraman

Envrionmental
Supervisor

Manager ...
Environmental:.

#3 Battery
Minister-Stein
Project Manager
Region &

Enforcement
Chief

Inspector

Environmental
Specialist

Environmental
Engineer

Environmental
Officer

Environmental

‘Environmental

Environmental
Environmental
Envircnmental

Environmental

Environmental

Environmental

Ashland Plant

Ashland Plant

Ashland Plant

Ashland Plant

Ashland Plant

R VU S O SV N

AFFILIATION

Control
Control
Control

Control

Control

Control

Control

Allied Chemical

Féderal E.P.A.

Federal E.P.A.

Kentucky D.A.P.C.

Kentucky D.A.P.C.

Control

Laboratory
Laboratory
Laboratory
Laboratory
Laboratory

Laboratory
Laboratory

Laboratory

Kentucky E.P.A,,.Ashland Area

(ECL)
(ECL)
(ECL)
(ECL)
(ECL)
(ECL)

(ECL)

(ECL)






