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Stack Emissions Measurements

1.0 INTRODUCTION

In November nf 100'3 New England Air'Quality Testlng (NEAQT) was contracted by

//( ~ toquantify Total Suspended Particulate (TSP) and metals {As, Cd,
Cr-V1, Ni) emissions from the No. 2 Roller Mill baghouse (Stack #3) exhaust air at the
Chester, Vermont facility. :

Stack emissions sampling was conducted by NEAQT on December 2, 1993. Two
samples were collected from the baghouse exhaust -air and analyzed for the
aforementioned constituents at Endyne, Inc., an EPA-certified laboratory. In addition, a
sample of the crushed ore product and baghouse fines were collected and analyzed for
the same constituents. The following report includes the results of the sampling event
with detailed descriptions of the sampling and analytical methods used.

20 SOURCE DESCRIPTION

~The '™ ” ‘ - \\confains a Roller Mill which
crushes ore into.a fine powder. The powder is circulated from the Roller Mill through
ductwork where it is separated based on particie size. The larger particles are
recirculated to be crushed further, while the remainder of the crushed ore passes through
additional ductwork where it is either classified as product and removed from the loop
or continues on to be recirculated to the roller mill or exhausted through a baghouse.

3.0 SAMPLING AND ANALYTICAL METHODS

Air sampling for TSP and metals (As, Cd, Cr-Vl, Ni) were conducted in accordance with
the provisions of EPA Method 17 - "Determination of Particulate Emissions from
- Stationary Sources: (In-Stack Filtration Method)* modified for metals sampling with the
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The mass of TSP collected during sampling was determined as defined in EPA Method
17, while the mass of metals was determined in accordance with the provisions of NIOSH
Method 7300 - "Elements”. ‘

Stack gas velocity and volumetric flowrates were determined in accordance with EPA
Method 1 - "Sample and Velocity Traverses For Stationary Sources" and EPA Method 2 -
"Determination of Stack Gas Velocity and Volumetric Flow Rate (Type S Pitot Tube)*. The
EPA Methods are further described in the sections that follow.

Testing was conducted by the following New England Air Quality Testing personnel:

. Steve H. Clark ‘ Mechanical Engineer
Curtis J. Puisto Senior Air Quality Technician

Facility access, production schedule conrdination. and operational information were
-~ —arranged-and-overseen-by-Mr: Tim-Hicks- ‘.'“ o T e

Copies of each of the aforementioned standardized methods are included in Appendix
3, pages 1-27. '

3.1 Sample Location

The sampling locations as well as velocity traverse measurement.points were’
selected according to guidelines set forth in Method 1. This method applies to
stacks or ducts which are greater than 12 inches in diameter (or equivalent
diameter for rectangular ducts). Air sampling and velocity measurements were
conducted at the same ports in the stack. The location of the sample and velocity
traverse ports is shown in the schematic provided on page 1 of Appendix 1.

Samples were collected from a 16" x 14" rectangular duct which exhausts air from
the baghouse. The sample ports were located in a vertical stretch of duct at a
location approximately 9’ downstream of the nearest flow disturbance (an induced
draft fan).

3.2 Volumetric Flow

Velocity traverses and sample collection were performed at identical locations as
indicated on the schematics on page 1 of Appendix 1. In accordance with EPA
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Method 1, velocity traverses were performed at a site located greater than two
duct diameters downstream and. greater than a half diameter upstream from a flow
disturbange. The sample port locations met the upstream and downstream
distance from flow d isturbance criteria. Therefore, sampling ports were accessed
to perform velocity traverses. In addition, EPA Methed 1 dictates that for the duct
sampled, a minimum of 12 velocity traverse points are required. A cross-sectional
view of the duct and the traverse point layout for the velocity measurements is
shown on page 2 of Appendix 1. ,

The velocity traverse points were laid out in a 4 x 3 matrix in a vertical section of
duct at a location approximately 9’ (7 duct diameters) downstream, and greater
than 307 (> 2 duct diameters) upstream of the nearest fiow disturbances.

The volumetric flow of the gas stream was measured in accordance with Method
2. Velocity traverse data is shown on page 5 of Appendix 1.

Gas compdsition was assumed to be that of ambient air'(79.1% N,, 20.9% O,, 0% -
CO,). :

3.3 Sampling Procedures

Sampling for TSP and metals (As, Cd, Cr-\/l; Ni) was conducted in accordance
with EPA Method 17 modified to allow for metals analysis. - EPA Method 17
specifies that the sampling train be fitted with stainless steel equipment while
collecting TSP samples. However, the use of stainless steel may bias sample
results when analyzing for metals, Therefore, EPA Method 17 was modified
through the use of teflon equipment to replace stainless steel in the sampling
, train. The sampling train set-up was identical to that specified in the Method, as
illustrated in Appendix 3, page 15 |

Samples were collected isokinetically to determine concentrations of TSP and
metals during two test runs. Test run number 1 was 60 minutes in duration, while
test run number 2 was 48 minutes long.

Particulate Field Data Forms are included for the two test runs on pages 3-4 of

Appendix 1. Information derived from a nomograph during sampling is mc!uded
on page 6 in Appendix 1.
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3.3.1 Calibration Procedure

Flowrates for sampling equipment used to collect samples were calibrated

according to requirements as indicated in EPA’s - "QA Handbook for Air
Pollution Measurement Systems: Volume lll. Stationary Sources Specific
Methods" (EPA 600/4-77/027).

The standard pitot tube used to determine the volumetric flow rate met all
criteria outlined in EPA Method 2.

3.3.2 Sample Collection
Following modiﬁed EPA Method 17, a sample was withdrawn from the

stack isokinetically through an in-stack teflon nozzle and teflon filter holder
containing a tare weighed 47mm giass fiber filter. Gaseous metals which

- -+ --— —- —- -pass-through-the-filter were-collected-in-a teflon-impinger train-containing - -

a nitric acidfhydrogen peroxide absorbing solution. The volume of stack
gas sampled was metered through an Anderson console containing a
rotary vane pump, a calibrated dry gas meter, and an orifice manometer
to determine the flowrate required to maintain isokinetic “sampling
conditions. '

The collected sample data are shown 6n the Particulate Field Data Forms’

'

included on pages 34 of Appendix 1.
3.4 Analytical Procedures
Total Suspended Particulate gravimetric analysis was conducted by NEAQT. Air
sample analysis for metals was performed by Endyne, Inc., of Williston, VT, All
samples were delivered by NEAQT personnel to Endyne, Inc.

3.4.1 Sample Analysis

Gravimetric analysis was perforrned' by NEAQT following specifications

outlined in EPA Method 17 to determine the mass of Total Suspended

Particulate collected during each of the two sample runs. A Mettler AJ100
" Balance was used for total mass determination. Sample and Tare Weight
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Data Shee‘ts for filters and beakers used during sarhpling are included in
Appendix 1, pages 7-10.

Sample analysis for metals (As, Cd, Cr-Vl, Ni) was performed by Endyne,
Inc. Upon completion of gravimetric analysis for TSP determination at
NEAQT's facility, samples were delivered to Endyne, [nc. All metals
analyses were performed in accordance with NIOSH Method 7300. NIOSH
Method 7300 involves chemical filter dlgestion followed by Inductlvely
Coupled Plasma (ICP) analysis.

3.4.2 Quality Assurance

Analytical method precision and accuracy were monitored by jaboratory
control standards which included matrix spike, duplicate, and quality
control analysis.' All standards were determined to be within established
laboratory method acceptance limits.

Laboratory analytical results and Chain “of Custody aré included in
Appendix 2, pages 1-11.

4.0 RESULTS

Tables 1 - § included on the following pages of the text present a summary of the data
collected and results obtained. Table 1 contains a summary of analytical results for
metals detected in the product and baghouse fines. Table 2 illustrates the velocity and
corresponding flowrate measured during each of the two test runs at the velocity traverse
location. Table 3 lists emissions results for Test Run 1- 1, and Table 4 contains the same
' llnfo_rmatlon for Test Run 1-2. Table 5 provides a comparison between the average
emission rates from the baghouse exhaust and the State of Vermont Action Levels for
each constituent. '

4.1 Calculations

. oy
. ‘Sample calculations are included on pages 12-21 of Appendix 1. The sample
calculations contain mass calculations for the metals and TSP for each of the test
" runs. In addition, sample volume, volume of water vapor, stack moisture content,
TSP and metals concentrations, stack gas velocity and volumetric flowrate,

NEAQT
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isokinetic calculations, and mass emission rates calculations are included in the
sample calculations section of Appendix 1.

4.2 Discussion
Samples of crushed ore product as well as baghouse fines were-collected and
analyzed for As, Cd, Cr-Vl, and Ni to determine concentrations of each of these

metals in the process stream, upstream of the baghouse exhaust.

TABLE 1 - PRODUCT/BAGHOUSE FINES METALS

Product Metal Baghouse Fines
Concentrations Concentrations (mg/kg)

{mg/kg)

' - nonhe detected

Table 1 illustrate that the product and the baghouse fines each contain Ni, As, and
Cr-Vl. Cadmium was not present at concentrations above the analytica! detection
limit of 0.500 mg/kg and 0.431 mg/kg for the prodi.]ct and baghouse fines,-
respectively..

TABLE 2 - VELOCITY/FLOWRATE MEASUREMENTS

Test Run Velocity (ft/sec) Flowrate % Isokinetic _
(scfm,dry) - _

The measured velocity and corresponding stack flowrate for Test Run 1-1 and 1-2
are indicated in Table 2. The %isokinetic results are also included in Table 2.
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Volume
- (dscf)

34.68

TABLE 3 - TEST RUN 1-1 RESULTS

Actual
Conc.
(gr/dsct)

e —

Emission Rate
(Ib/8-hr)

1

0.0443

]
2.803 Ib/hr

34.68

2.64x10°

1.34x107

34.68

ND

ND
(<1.68x10%)

34.68

ND

ND

(<8.73x107)

34.68 8.64x10° |

The Test Run 1-1 sample results are summarized in Table 3. The sample
collected during Test Run 1-1 was 60 minutes in duration and a total volume of
34.68 dscf was sampled. The concentration and mass emission rate for each of
the metals and TSP are shown in Table 3. The mass of Cadmium and Chromium-.
VI collected on the sampling media were not present in QUantities above their
respective analytical detection limits of 0.750 ug and 0.003 ug. Based on the
volume sampled and the stack gas flowrate, these analytical detection limits -
represent emission rates of <1.68x10* ib/8-hr for Cadmium and <6.73x1 07 Ib/8-hr
for Chromium-WVI.

TABLE 4 - TEST RUN 1-2 RESULTS

Run Analyte Mass Volume Actual -

Ernission Rate

Time {ug)  {dscf) . Cone. {ib/a-hr)
r {min) : : (gr/dscf)

48

0.0511 g 1.818 Ib/hr

48 U As] 2.93 27.75 1.63x10° | = 8.24x10*

48 Cd ND' | 2775 ND ~ND
(<2.14x10%)

48° Cr-VI ND 27.75 ND ND
: (<8.56x107)

' 5.76x10° I
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The Test Run 1-2 sample results are summarized in Table 4. The sample
collected during Test Run 1-2 was 48 minutes in duration and a total volume of
27.75 dscf was sampled. The concentration and mass emission rate for each of
the metals and TSP are shown in Table 4. The mass of Cadmium and Chromium-
V1 collected on the sampling media were not present in quantities above their
respective analytical detection limits of 0.750 ug and 0.003 ug. Based on the
volume sampled and the stack gas flowrate, these analytical detection limits
represent emission rates of <2.14x10* Ib/8-hr for Cadmium and <8.56x107 ib/8-hr
for Chromium-VI. i

TABLE 5 - AVERAGE EMISSION RATES AND ACTION LEVELS

Emission Rate Emission Rate Average Emission Action Level
Test Run #1 Test Run #2 Rate ({Ib/8-hr)
(Ibf8-hr) (Ib/8-hr) _ (Ib/8-hr)

2.803 1.818 2310 12.50 Ib/hr
o |- SRS SN |-/ S PRI -l S

1.34x10° 8.24x10* 1.08x10° 0.000019

ND' ND - ND 0.000047
(<1.68x10) (<2.14x10%) {<1.91x10%)

ND . ND ND 0.0000071
(<6.73x107) - {<8.56x107) (<7.65x107)

8.64x10° 5.76x10? 7.20x10° 0.00026 ]

- Table 5 contains values for the average emission rate for the two test runs, as well
as a list of the State of Vermont Action Levels (VT - Air Pollution Control
.Regulations: August 13, 1993) for each of the analytes in question. Action levels
for each of the metals are designated in units of Ib/8-hr, therefore each the
average emission rate for each constituent is presented. in terms of Ib/8-hr.
However, regulatory discharge levels for TSP must be reported in units of ib/hr,
and is determined based on the input process weight (Ib/hr). Mr. Tim Hicks
indicated that the average input process weight for the No. 2 Roller Mill is 7.1
tons/hour. This corresponds to a maximum discharge weight of 12.50 Ib/hr (see
Table 1 of the aforementioned Regulations).

The action levels represent the total emission rate that may be emitted from the
entire facility. Therefore, emissions from other sources of TSP and metals within

the facility must be factored in when evaluating compliance status. However, it
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[RPT-CHESTER/DA 1-164]

may be seen from Table § that emission rates of Arsenic and Nickel being
exhausted from the No. 2 Roller Mill exceed their respective action levels. In
addition, although Cadmium was not detected in the Test Run 1-1 or 1-2 samples,
it is not possible to determine whether or not the cadmium emission rate is in
exceedance of its-action level. Based on the exhaust gas flowrate and the
analytical detection limit, the lower. detection limit for Cadmium represents an _
exceedance of the action level. [t should also be noted that Cadmium was not
detected in the product or baghouse fines, as indicated in Table 1.

- The emission rates of TSP and Chromium-V] are below the Vermont Action Levels.

Based on these results, NEAQT recommends that-a screening model be run to
determine the impact on ambient air quality of emissions from the | lfacility .
in ( +  The results of the screening model will determine the
necessity of subséquent modelling using more elaborate computer codes. "
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NOMOGRAPH DATA FORM

. A, o J.\ .
PLANT b '
CITY wr TCELTT
DATE /2SS TS -
SOURCE 22 2 Grayme~ Hiof
from QA Handbook M5-4.1 f .
Calibrated Orifice Pressure Differential "H,0 AHg /74?
Meter Temperature Average °F Th // ‘
2
Moisture in Gas Stream % B, oZ
Barometric Pressure "Hg P;, ﬁ?z
Stack Static Pressure "H,0 P -
© [ to.ss
Static/Barometric Pressure Ratio ' P,/P,
Stack Temperature Average °F . T, /()/
Velocity Head Average "H,0 AP A
Velocity Head Maximum "H,0 APumax J 8
C Factor
Calculated Nozzle Diameter " D, O/g
ES
Actual Nozzle Diameter " D,
. /55
Reference Ap "H,0 e . , /
.67 Ap | “2 o0
A 2N
NEW_ENGLAND AIR QUALITY TESTING |

. Up Ml = G0 CF
_[}_. X 0“75 = O(VZ CFM “/(ﬂO!W‘-’\ - 37.2CF )
‘|.’7(/’ | B | gmﬂm/pf X )ZP‘ES: O M -




'VELOCITY TRAVERSE DATA SHEET

PLANT $ 02 2.0
CITY e s ’ 3C02 o.0 13 SCHEMATIC
SOURCE E AT VIT Y, il % N2__ 22,0 . “+
DATE 12/Z /53 ¥H20__7 2 % 133
RUN — 7—7/ .
PITOT ID /87 Igf . .
COEFFICIENT .99 2.5
BAR PRESSURE __23.32 WQ..JWUHGJ’ 7.6 I 3
OPERATORS PPE SC L

SRTIC = +). 56 " H7D

Traverse | Velocity Stack Cycionic Static
Point # Head "H,0 | Temp °F Flow Pressure ./Zf)
AP ¢ Angle ° "H,0
A/ 1 L2s | /0.5 NA N (Vo2
Z | LoD /026 S
e e - B =y e SR EE
g | /.70 /301
2 ) | /.90 (/87
Z | /.95 /295
z | 80 /.842
i /. B0 /. 342~
C /.30 /40
- /, 50 /s 225
S V65 | /) 28Y
Y | /75 /.32
| Avg. | 154 1.2583
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TARE WEIGHT LOG SHEET

Project: ' o i
Facility: . _ - i
/Filter size: 250 m XL
FILTER/ ‘| DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME
BEAXKER
NUMBER mass g mass g mass g mass g mass g
725/ ) 1239314945 i2fif13- 130
< 103.98%3%¢] 10383 .
o w
25/2. :
/ 101. 724 %) ipl. 11434
|H
A -
/5 98. 11274 ‘?%.HZL{%
A3 ' :
' /4 [0]. ?05%:5 IOI.%S\;
— : I v .
75/5 .
100. 27154 100.230% 8
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SAMPLE WEIGHT LOG SHEET

Project: _4 :
Facility: ¢ _
@ilter size: 250 m R
FILTER/ | DATE/TIME | DATE/TIME | DATE/TIME { DATE/TIME | DATE/TIME
EAKER . '
EUMBER mass g mass g mass g mass g . mass g
P / y 12/l 70| 128172 1235|130 1980 (12/7  s00e ~
Ll/03. 983l . 060 | 1eH 05F0% 1040000 Nlpd, 0046
/ . Ve ‘ i /., »
2/ Z :
iV 72436\ 10174359 10 ). 7629 19/, 7479 1019742 T
77 # i £/
< / . - P
z /5%—;?6://2—47 9,113 ¢ | 8. 11p27 98,1127 [@6- /137 )
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TARE WEIGHT LOG SHEET

Project: | { ,
Facility: O
Bea}_{er/Efilter gize: ‘]”7 elidl 4
rgéLTER/ DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME
AK
NUMBEE Hmass'g mass g mass g mass g mass g
oy 143 144S] phlas 2137
77-01 0,0877 | ©.0877
4 [
17-02 [, 0660 | o.08m
I Yy
47-03 [Gogpe | o.0%5
i ¥
H7-04 0.0887 | 0,050
i v
-/
(705 L og7 | soere
T u
4700 0. 0ged | 0.0%%C
I U
U707 [Gogad | G.om
It 1]
47’05 p.0892 | 0.0890
I . n
'47’5? 0.087¢ | 0.0%13
LT A "
47'@ 0.0889 | 0.0889
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Project:

SAMPLE WEIGHT LOG SHEET

Facility: ) ;
Beake sizé: ‘1{7”1»-1
FILTER/ | DATE/TIME | DATE/TIME | DATE/TIME | DATE/TIME DATE/.TIME
BEAKER _
NUMBER mass g mass Jg mass g mass ¢ mass g
27 ) by /%///95 2137 !2/0/?3 0 7 170
0083 7¢| 0-1656 2 |1\ SD
R Z
2.08794 (0-1211 4 | 0.12\0
4703 2[1fi3 pi37) ¢ '
0.08854 |1..520 ¢ | L. C8CL
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TARE WEIGHT LOG SHEET

Project: -
Facility: /' ‘ e
Beaker/Filter size: 14r77”/” i
FILTER/ DATE/TIME DATE/TIME DATE/TIME | DATE/TIME | DATE/TIME
ggﬁggg mass g " mass g mass g mass ¢ mass g
4714 120/43 45| alilay i3]
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gLi—L\ » ,' . > . aboratory Services :
| | - : o | .32 James Brown Drive :

Williston, Vermont 05495
(802) 879-4333
FAX879-7103

REPORT OF LABORATORY ANALYSIS

CUENT: NEAQT . - - - PROJECT CODE: NEAQ3492

PROJECT NAME: ’ C REF. #: 54,880 - 54,887
DAYE REPORTED: > i e amnn | |

DATE SAMPLED: L .. . }

" Enclosed please find the resuits of the analyses pcrformcd for the samples referenced on
the at toche,d chain of custody record.

Chain of cuatody indicated the samples were not preserved.

All samples were prepared and analyzed by rcquirements outlined in the referenccd methods
and within the spemﬁed holding times.

All instrumentation was calibrated with the appropriate frequency and verified by th:
requirements outlined in the referenced methods.

Blank contamination was not observed at levels affecting the analytical results.
Analytical method precision and accuracy was monijtored by laboratory control star.dards

which included matrix spike, duplicate and quality control analyses. These standards were
determined to be within established laboratory method acceptance limits.
Reviewed by,

=

Harry B. Locker, Ph.D.
Laboratory Director

enclosures




I__L,i L —’""’END YNE, INC. Laboratory Services

32 James Brown Driva
Wiltiston, Vermont 05486
: (802)879-4333
i FAX 879-7103

LABORATORY REPORT

CLIENT: NEAQT PROJECT CODE: NEAQ3492
PROJECT WNAME: ! .’ | REF.#: 54,880

REPORT DATE: | ! : STATION: A432 & A433

DATE SAMPLED: . g TIME SAMPLED: Not Indicated
DATE RECEIVED: ; SAMPLER: C. Puisto

‘Tested parameters are reported in rmcrograms per sample (ug/sample) ngesuon was perfonned
by NIOSH Method 7300. e

Parameter ' Concentration EPA Method alysis Dat2

Totai Arsenic 594 6010 12/14/93

Total Cadmium <0.250 6010 - 12/34/93

Total Chromium VI <0001  SM.3500-Cr D. 12/15/93

Total Nickel ‘ 386. 6010 12/14/93
"r//’j?@;,{/ D




CLIENT: NEAQT .-

PROJECT NAME:
REPORT DATE: I

DATE SAMPLED:..

DATE RECEIVED:

L] __ENDYNE INC.

Laboratory Services

32 James Brown Drive

PR

Witliston, Vermont 05485
(802) 879-4333 |
FAX 8797103

LABQRATORY REPORT

PROJECT CODE: NEAQ3492

REF.#: 54,881
STATION: A434

TIME SAMPLED: Not Indicated

_ SAMPLER: C. Puisto

Tested parameters are reported in micrograms per sample (ugjsamp]c) D:gestxon was performed

by EPA Method 3010/3020.

Parame:sr

Total Arsenic
Total Cadmium
Total Chromivia VI

Total Nickel

TR

DEVES

Ryw #i

-

Concentration

<5.00
<0.500
<.0.002

<2.00

EPA Method

6010
6010
S.M. 3500-Cr D.

6010

Analysis Date

12/14/95

12/14/93

12/15/93

12/14/93




E E N D YN E, INC. Léboratory- Services

32 James Brown Drive
williston, Vermont 05485
(802) 879-4333
FAX879-7103

LABORATORY REPORT

CLIENT: NEAQT ‘ PROJECT CODE: NEAQ3492

PROJECT NAME: , __ REF.#: 54,882

REPOKT DATE: . S ' STATION: A435 & A436
 DATESAMPLED._. ./ TIME SAMPLED: Not Indicated

DATE REEIVED: © ] - SAMPLER: C. Puisto

. Tested parameters are reported in micrograms per sample (ug/samplc) ngcsuon was perfr-rmed

by NIOSH Method 7300 . .

Paramster Concentration EPA Method Analysis Date
Total Arsenic 293 . 6010 12/14/93
Total Cadmium <0.250 6010 12/14/93
Total Chromium VI <0.001 S.M. 3500-Cr D. 12/15/93
Total Nickel 20.3 6010 12/14/93

st FUT

ﬁ e <
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| gﬂ e :E N DYN E, INC. | Laboralory Services

32 James Brown Drive
williston, Vermont 05490
(802) 879-4333
FAX878-7103

LABORATORY REPORT

CLIENT: NEACT /7™~ - ¢ _
PROJECT NAM:{™ Lo
REPORT DATE:!

DATE SAMPLED: " | \
DATE RECEIVEDL R L L

PROJECT CODE: NEAQ3492
 REF.#: 54,883
STATION: A437 -

TIME SAMPLED: Not Indicated-
SAMPLER: C. Puisto ‘

Tested paramcters are reported in raicrograms per sérhple (ug/sample). Digestion was performed

by EPA Metho.1 3010/3020.

Parameter Concentration

Tota! Arsenic ‘ <5.00
Total Cagmium <0.500
Total Chronum VI <0.002

“Total Nickel L <2.00

EPA Method Analysis Date

6010 ' 12/1&/9;
6010 ~ 12/14/93
SM. 3500-Cr D. a 12/15/93
6010 12/14/93
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gm: E E N D YN E, INC. | Laboratory Services

32 James Brown Drive
Williston, Vermont 05485
(802) 879-4333 :
FAX879-7103

LABORATORY REPORT

CLIENT: NEAQT - - N PROJECT CODE: NEAQ3492
PROJECT NAME- R ‘ REF.#: 54,884 '

REPORT DATE: f\ STATION: A438 & A439

DATE SAMPLED: N TIME SAMPLED: Not Indicated
DATE RECEIVED PR T VP I PR SAMPLER: C. Puisto

' Testéd parameters arereported-in micrograms per-sample. (ug/sample). Digestion was performed
by NIOSH Method 7300. T

Parameter Concentration EPA Method Analysis Date
Total Arsenic ‘ <1.25 ' 6010 . 12/14/93
Total Cadmium <0.125 ’ 6010 12/14/93
Total Chromium VI <0.0005 S.M. 3500-Cr D. 12/15/93
Total Nickel A <0.500 ) 6010 12/14/93

/j(. /g,.f!z(




12-1%-1993 W4: 32 FRUM  ENUYNE, INC : U Hosoued 1. L

b “‘"‘E N D YN E, INC.- Laboratory Servicns

32 James Brown Drive
Williston, Vermont 05485
(802) 875-4333

FAX 8797103
LABORATORY REPORT
CLIENT: NEAQT Ty S PROJECT CODE: NEAQ3492
PROJECT NAME:( [ = REF.#: 54,885 |
REPORT DATE: L, | STATION: A440 |
DATE SAMPLED: ¢ TIME SAMPLED: Not Indicated

DATE RECEIVED. wvueeo .. ., S ' SAMPLER: C, Puisto

Tested parameters are raportcd in micrograms per sample (ug/sample). Digestion was performed
by EPA Method 3010/3020.

Parameter Concentration PA Method Analysis Date
Total Arsenic : <5.00 6010 ' . 12/14/93
Tota) Cadmiuvm . <0.500 ’ 6010 , 12/14/93
Total Chrouyium VI <0.002 S.M. 3500-Cr D. 12/15/93
Total Nickel <2.00 - 6010 12/14/93

_ L N




i L L EE N D YN E, | NC_' | Laboratory Services

32 James Brown Drive
Williston, Vermont 05495
(802) B79-4333

FAX 878-7103

LABORATORY REPORT

CLIENT: NEACT PROJECT CODE: NEAQ3492
PROJECT NAME" - _. REF.#: 54,886

REPORT DATE: . | STATION: Ad41

DATE SAMPLED: . - TIME SAMPLED: Not Indicated
DATE RECEIVED: . SAMPLER: C. Puisto

Parameter "Concentration " EPA Method Analysis Date
Tote] Arsenic - 802 6010 12/14/93

. Total Cadmium <0.500 6010 12/14/93
Total Chrouium VI "1.96 S.M. 3500-Cr D. . 12/15/93
Total Nickel - 522, 6010 ' 12/14/93




12-15-19393 B4:33PM FROM  ENDYNE, INC ‘ 10

::ENDYNE, INC.

LABORATORY Rr=EPORT

85632860 P.18 v

Laboratory Services -

32 James Brown Drive
williston, Vermont 05495
{802) 879-4333

FAX 878-7103

CLIENT: NEAQT .~ * Y PRCJECT CODE: NEAQ3492
PROJECT NAME:- - v REF.#: 54,887 )

REPORT DATE:: _ o STATION: A442

DATE SAMFPLED: B TIME SAMPLED: Not Indicated

DATE RECEIVED: I o ~ SAMPLER: C. Puisto

Tes'ed parameters are reported in milligrams per i{ilogram (mg/kg), dry weight. Digestion was.

performed by EPA Method 3050.

Parametey , - Concentration EPA Méthod
Total Arsenic ' 155.1 : 6010
Total Cadmium <0.431 | 6010
Total Chromium VI . 4.88 S.M. 5500-Cr D.
Tota) Nickel | . 490, | 6010

k s l’,’gﬁ L

-Analysis Dace

12/14/93
12/14/93
12/15/93

12/14/93

o e e ot s g e et i e
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L;LL__] —ENI{JYINL, INC.

. ABORATORY REPORT

Laboratory Services

32 James Brown Drive
Williston, Vermont 05495
(B02) B79-4333
FAX879-7103

MATRIX SPIKE AND Di TPLICATE LABORATORY CONTROL DATA

CLIENT: NEAQT
PROJECT NAME: |
REPORT DATE: ~
DATE SAMPLED: L

SPIKE QA/QC DATA:

Parameter Ref.# Sample(mp.T.)
Arsenic 54,882 0.117

- Cadmivm- -- -~ - -—- 34,882 __ <0010 _
Nickel 54,882 0.812
Arseric 54,883 <0.050
Cadmivm 54,883 <0.005
Nickel 54,883 <0.020
Arsenic 54,887 0.639
Cadmium 54,887 0.639
Nickel 54,887 5.68
DUPLICATE QA/QC DATA:

_ Parameter Ref.#
Arscnic 54,880 4.09
Cadmium 54,880 <0.250
Nickel 54,880 39.4
Arsenic 54,881 - <5.00
Cadmium 54,881 0.504
Nickel 54,881 <2.00
Arsenic  (mgig) 54,886 81.9
Cadmium (mpig) 54,886 <0.500

54,886 518.

Nickel (mgig)
Notes: |

1 None Detected

PROJECT CODE: NEAQ3492

Spike(mng/L) % Recovery
1.00 105.
100 91.2
TTL00 T T vt 892 - -
0.500 99.4
0.500 94.0
0.500 94.0
) 3.500 82.2
0.500 80.2
5.00 924

Dup {ug/sample} Dup 2(ug/sample)  Avg % Deviation

7.80 31.
<0.250 ND!
37.8 2,
<5.00 ND
<0.500 - ND
<2.00 ND
784 | 2.
<0500 ND

525. 1.
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MirRod 1 —SaurLs axD VELOCTTTY 'I‘um
rou STATIORARTY SOURCES

1. Pracipla and Applicalility

1.1 Prninciple. To aid in the MeDrewentsd-
tive messurement of pollutant emimsons
and/or total volumetnc flow rale from &

StAUODATY Molrce. B easurement Lts whare .

the effluent siresm 8 flowing 1o & Enown di-
recuion S Mieciad. And Lhe cromi-section of
the stack U divided ioto & DUIDDEr Of #QuUAl
sread. A traverss pownt 4 lhen looatad
wthiz asch of Lhass sQuUAl Areak

1.2 Applcabllity, This method is applica.
bis Lo [lowing gas streaznd 1IN ducta, stacks,
and Nuses The methed cannot be wsd
when: (1) Nlow w cycionuc or swirling (see
Section 2.4), (2) a stack 5 mnalisr than
about 0.30 metar (12 In) 1o diametar, or
0.071 ro# (113 in. N cross-sectionsl area, or (1)

the measuremant site (s lens thad two stack -

or duct dismetars downstream oF less than &
nall disgnetar upseam from & fow disturd.
(1.7 8

The reguirsmeants of this mathod must be
conmdared Defore construcuion of s new fa-
cuity from which ecussions will be mess-

ured: fallure to co 30 may require subse -

quent altargians (o the stACk Or geviation
{from the standard procsauwrs. Cassy unvoly
ng YAnAnls al'e JUGECT L0 approval by the
Admunutreior, U8, Environmsoisl Pretss
Loa Agency. -

3 Procedure

2.1 Sejection of Measurement Site. Sam-
pling or velocily measursment s performed
sl & 5ile lOocared al lenst eight Macx or duct
diameters downsiream and iwo diameters
upsiresam from any {low disturbance such as
& bend. #XDANMON. OT CONLIRCUWON n the
StACKk. or from s vinbie flame. 1! necessary,
AN alternative Jocaon may be selected. at a
posiLON Al least Two stack or duct diametery
GOWTULreAN AnC & hall dismetsr Upsiresrs
Irom any fNow duturtance. Por & rectangu-
iy crosd Mction. An eguwvalent dismetler
(De) shall be calcuinted from the following
SQUALION. WO delermine Lhe upsiream and
CSOWTULIEAT QULANCES:

Tuw
o, . .
bewW) [

where Lalength and Wawidth, @

An aligmstive procedure » avalla
determuung the sccepiability of &
measurement locauon ho! mesting the
cntsns above, This precadure. determinaton
of gas (low angles sl the sampiing pownws and .
companng the reaults with scoaplability
cniena. s descnibed in Setuon 1A

2.2 Dcmmﬂuﬂhnol'rnnm
Poincs,

lﬂl"

221 Particulste Traverses. When tha
sight- and two-diametar criterion can be

met. lhe Dunupum putober of raverss .

points shall be: (1) twaive. for cioular or
rectAnulAr stacks with diameters {or equiy-
sent diarnetars) greater than 0.6]1 metar (24
L) (1) eight, for curcular stacks with diam-
slxrs batween 0.30 and 0.1 metar (13-24
nmx (3) runs, {or rectangular stacks with
squivelant diameters betwesn 0.30 and 0.61
mater (12-3410.).

. Whasn the eirbt- and two-diameter crite-
Non Gannot be et the DUDIMUT AWDbeT
of traverse poinu 1s detarmuned {rom Figure
1-1. Betore referming 1o the figure, however,
onarmibe ihg distances from i1hs chosan

.

AULES AND REGULATIONS,

o '-’?‘ -

measursment 1t O the Neslesl UpSIresn
and downsiream disturbances, and divide
each distance by Lhe siack diametsr of

AUGLST te, |a

L]
ay

TABLE 1-1. CACES-SECTION LAYOUT FOR

RECTANGULAR STACKS

squivalgnt diameter. W0 delermune the dis- vt ¢ PN pOTE [T
ance 1w terms of the numbper of duet diame-
ters. Then. detsrmune from Mgure l-1 the n
minimum pumoer of traversa points that 12 )
corresponds: (1) to the numper of duct dl- 18.. ;:
ametars upstreanm and (7} o the pumber of L
diameters downsresam. Seiect the higher of ;: :2
the two minunum Dumbers of AverM -
polnta, or & FTeawer value, 80 that for cucu- 4 et
iar swacka the number 15 & mujtiple of 4, and ) Tt
for reclangular slacki, the number 18 one of
thoss shown in Table 1-1.
OUCT DIAMETIAS UPTTREAM PACM #LOW BASTURBANGE (GISTANCE A)
(Y] 16 .5 . 1.8 1 ,
M T T ] T ! T .
FaiGHER NUMBLR 13 FOR
- ARECTANGULAR FTACKS OR DUCTS
A
[~}
[
= -
§ »- - -
= v ox 25°
3
- 20
‘3w -
; 16 sTACK DIAMITER > .81 m (34 i
. ; 12
T . -
-8 'r.-mmnuraammw L fonr
DISTURSANCE (HND. LIPARSION. CONTRACTION, ETC.)
- STACK CIAMETER 020 TO 0.57 & 11334 In)
. 1 | 1 | [ -] 1
1 F . [ ] H [ [ "

OUCT DIAMETERS DOWNETALAM FROM

. .
PLOW DISTURBANCE [DISTANCE B

Figurs 1-1. Minimam number of triverss poiats 1of partculats Uraveries

DUCT DIAMETERS UPTTALAM FROM PLOW DISTURBANCE (DIFTANGE A)

\ o 1.0 18 e %
» T 1 ' i ) | '
S HIGHER NUMBSEN |5 FOR .
- ABCTANGULAA "'?ACIS OR DUCTE
; o .
g W p
3
-
-
i o '
16 STACK DIAMETER > 481 m LM iaJd
1 L L
STACK DIAMETEA » 020 TORS = 11224 k)
. f L f ! | ] |
h 3 . ‘ s ¢ ? ] a ]

| DUCT DIAMETERS OOWNSTREAM FROM #

LOW DISTURBANCE (DISTANCE &)

Figurs 1:2 Minimam humber of trevense 0oinTs for velocity (nanoarticulsts! traversm,

EPA BTATIONARY SOLURCE SAMPLING METHOD

Pegs 1-t  REV & 1/88
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»,

2.2.2 Veloeity {(Non.Particulats)’ Tr.
versss. When velocity or volumetnc flow
rage 18 10 be celermuned (but Dot particulate
matier), the same procedure &S that for par-
teulate traversas {Section 1.2.1) (s followed.
except that Figure 1-2 may be usd instead
of Pgure 1-1.

2.3 Crom-sectiotial layout and Location
of ‘Traverse Points. : :

2.3.1 Circulsr Stacks. Locate the traverse
poinla Of (WO perpendiciiar diamelers ac-
cording to Tablie -2 and the sxample shown
in Pgure i-3. Any egquaiion tlor examples,
see Citationz 2 and 2 in the Biblography)
thal gives the same valuss as thoss 1o Table
1-2 may be used 1 Leu of Table )-2.

For paruiculsls Uraverses, ons of the dlam-
eiers must b 1IN & piane contauung the
greslast expectad concehiration vanation,
2.8, MILSP bends, ons diameter shall be in
the piane of the bend, This regurement be-
comes jess CcTILical &8 Lhe distance {rom the
disturpance lncTeasas therefors, other di-
anetar locations may De used, sudject 10 &b~
proval of the Admuustraior. -
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1n sddition for stacks having diametsrs
grestar than 061 m (24 in) Do waverss
points shall be iocsied withun 2.5 cenume-
ters (1.00 in) of the stack walls and for
stack diamerers eQual to or iess than 0.8l m
{2¢ In.), Do traverse pownts shall be located
within 1.3 cmo (0.30 in.} of the stack walls

To meet these critens. observe the proce-
dures piven delow,

2.3.1.1 Staces With Diumetars Qrester
Than 0.61 m (24 in.). When any of the tra-
verse pownta &s loeated in Section 2.1 fall
within 2.9 cm (1.00 inL) of thas stack walls, re-
jocals them away {rom the stack walls tod
(1) » cistance of 1.9 cm (1.00 i) or (3} s
daistance equal to the noxzle lnaide diameter,

whichever is larger. These relocated Lra-
verss pownts (on sach end of a diametsr)
shall be the "sdjusted” Lraverss points, -

Whenever (W0 JUCCESiive (raverse points
are combined to form & singls adjusted tra-
verss point, treat tha adjustad point as two
separats [raverss points, both in the sam-
pling (or velocity massursmant) procedurs,
ABd i1 recording the data. .

Figure 1.3, £1ample sNOwIng CirCuUtar SLAGR CrOts METION dvided e
13 rQual srnat. il 1OCALION OF Lraverse DOsNtl wndicaTed.

& © TABLE 1-2. LOCATION OF TRAVERSE POINTS IN CIACULAR STACKS
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23.1.2 Stacgs With Diameters Equal to

or Less Than 0.61 m (24 ), Foliow the pro-

' epdture In Section 2.3.1.1, noting only that

any "sdjusted” pownts should be relocated
away {rom the stack walig to: (1) a distance
of 1.3 crm 10.30 In.: or £2) & diseance edual 19
the norxie inuaoe diametsr. whichever L3
larger. .

23.2 Rectanguiar Stacks, Detsrmune the
number Of Lraverse pOINLIS M sXDianed 10
Sections 1.1 and 2.2 of this method. Prom

.Table 1-1, determune the gnid configurstion.

Divide the stack cross-pection into as many
equal rectangular -sismental Arval A8 TR
verse points, and then Jocats 3 (raverss
point at the centroid of sach equal ares ac-

" eording 1o the example 1 Flgure 1-4.

If the tester desires (O se more than the

minynum aumber of traverse polnts,
expand the “‘munmum number of travarse
poiits” matnx (ses Table 1-1) by adding the
eXtra Craverss pownts along one or the other
or both legs of the matnix: the flnal manx
need ot be baianced. Por example. tf & 4x3
“miumum number of polnty: MAINX were
txpanded to )8 ponts. the flnal matnx
¢ould be ¥x4 or 12x3. and would not neces-
anly harve to be 8xi. Aftsr constructing the
[inal matrix. divide the stask cross-section
into & many squal rectangular, slemental
Aress 3 (raverse pointa, and locate & tree
varse powunt at the ceniroid of each equal
ares. ; .
. The situation of Lraverse PoOLnts betng 100
closa (o the stack walls 18 [ot expected t0
anss with rectanguiar stacka LI this prog-
jem showld ever anse. Lhe Admunustrator
must be contacted for resolution of the
matter. _ :

2.4 Veriflcation of Absence of Cyelonie
Fiow, ln most stalicnary sources. the diree.
tion of stack gas flow un essencislly parailel
to the stacx walls, However, cyclorue flow
may exist (1) after nich devices as cyclones
and inertial demuters: folowng venturi
scrubbers, or (1) (n stacxa Raving wangential

~ injets or othar duct conflgurstions which

tena & 1Nduce swIrling 10 (hese UUItANCes,
the presence or sbssnce of cyclonic flow at
the sampling location must be detsrmuined

- The fallownng tecnmugues Lre azceprabdla for

this determinacion.

¢

] ' 1
1 |
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j I ‘
' 1 I

o : e ! o I °
t 1. .
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Figura 1 4. £1.4mpie noveng FICTMGUEN J1ACE CrOTS
WCUOA Owioed 1010 11 sOUS el WEIR A IThverse
DOINE 81 COPITOHE OF SED MRA

Level and zero the manometer. Connect 3
Type S pitot tube Lo the manometsr. Posi-
tion the Type S pitor tubs &l esch traverse
point. un succession, 30 that the planes of
the lace openings of the pitot tube are per-
pendicular to the siack «sectional
plane; waen the Type S pitot tube 13 \0 (Nis
position, it is st "0° reference.” Note the daif-
ferential pressurs (4p) reading ab esch -
verss point If & null (zerg) pltot resding b
obtainied at 0° reference at & qiven travense
polnt. an acceptable flow condition exists at
that pownt. If the pitot reading is not z2ro At
0* refercnce. fvtars the pitot tube {up to
=90° yaw angie). untll a null reaging i ob-
tained. Carefully detsarmine and record the

vajue of the rowstion angle (2} to the near-

est degree. After the nuil technigue has
been applied at esch traverse pownt. csicu-
Iste the aversge of the abeoluts vaiuss of a
assign a values of ¢ to those pownta for
which no rotation wes required and include
these 1n the overall average. U the aversge
valus of a is grestar than 20° the aversl
flow condition in the stack i unaccspladle
and alternstive methocdoiogy, subjest to the
approval of the Admunistracor, must de used

1O PErform ACCUIALE JamPle And veloaty tra-

verses. ‘
Ths aliernative procedure descnbeda 10
Section 2.3 may be used 10 determune the
rotation angles in lisu of the procedure
deacribed sbove. The limit of sceeptability
for the average valus of a would remain 20°,

25  Alwgrnative Messuremant Sits
Sélecuon Procsdure, This siternstive appliss | -
10 sources where hassuremant locationy &re
less than 2 squvelant slack or duct diametare
downsowam or irss than ¥ duct dismsier |
upstream from a flow disturbance, The
aliernatve shouid be limutad to ducts larger
than 24 in. in diameter where blockage and
wal] effects are muumal A direcuonal flow-
sensing probe is used 1o measure pitch and
yaw angies of the gas flow at 40 ot more
averse pounts: the resullant angie is
caiculsied and compared wath scceptable
eriena [or tean and sundard denanos.

MNois.—Both the pitch and yaw angise are

messured from a line pasaing tirough ihe &
_ traverse pornt asd psrallel 10 the steck wos.

The piich angle is the angis of the ges flow
componant 1 Lha plans that INCLUDES the
traverse line and is parallel lo tha stack axis
Thlynwa.wouthnmghcflhoguﬂm
component 1 the plane FERFENDICULAR to
the traverse Lbe st the everse pownt and s
measured frem the iine passing through the
traverse point and paraliel to the stack axus.

251 Apparstus

2813 Dirvctional Probe. Any directional
probe, such as Uruted Sensor Type DA Three-
Dizensionsl Directonal Probe. capable of
measunng bots tha pitch and yaw angles of
gas llows 1 sccapiable. {Nota Mestion of
irade name or apeafic products does not
constitule andorsement by the US.
Eavironmenial Protecnon Agency.) Assign aa
identification sember to the directional

- ~
’ ‘F“*.
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prode, and permansntly mark or engrave

i
number on the body of the probe. The |
pressure holes of directional probes are |

" suscaptible 1o pluggng when used 1n J

partcuiste-lsden gas srvama Therefore.,
system {or clesnung the pressurs holes by |
“hacx-p  wath pressurzad e !
required. ‘ _ :
2512 Differntial Pressure Cauges
Inciined manomsters, U-tube mancmeters.
othar differwntinl pressure Jauges {6.5-

. megnehelic gauges] thal meet tbe :'
2324

specificatons aescribed in Method
Notalif the differenual pressure gauss
produces bath segative and ponitive reads
than both negaave and ponitive prvssure
readings shali be calibrated at & muumuni

three points as specifiad io Method 2. | 2

252 Treverse Punnis Use & mummum ¢
40 traverss points for circular ducts and &

_ ponts for recuanguiar ducts for the gas flo

dsterminations. Follow § 23 and Ts

1=1 ¢r 1-2 for the locaton and layout of th

taverse pownta. If the messurement locats
udn_nmmdmbonmpubham
the critens it 1his Allernanve procegure. ¢
the sams Craverse point oumber and iocat
for sampling and valocity measurements.
253 Massurement Procedurs. .
235331 Prepars the directonal probe &
differential pressure gauges oa recommaen
by the manu/acrurer. Capillary tubing or
surge lanks may be used 10 dampen press
fluctustions. it is recommended. but not |
requred, that & pretest lsak check be |
conductad. To perform 8 leak cheek, !
urize of use suction on the umpact .

press
. operng until & reeding of 8¢ lessr 7.8 cm |

n.) HaO rugisteve ou the differentsl presi
gouge. then plug the impact opeming. The
yn;‘aul" of lilu.k-&n ryrtom will remats
slable for et .lﬂlam .
2832 Level end zaro the manometent
Since the manometer level and sero may
because of vibretons and tempereture -

‘changes, periodically check the levei and

zaro dunng the reverss. ;
23313 Position the probe at the
approprista jocations in the gas steam,
rotals until zero daflsction is wdicated fe
yow angls preseure gaugs. Determing ani




2341 Calculste the resuitant angia l_t
sch traverse point
L w arg conne [(cosne Y )[cosine Pl

1=2

Nhere:
1 = Resullamt angle oL trsverse pount |
desree. -
f,m Yaw angle st rsverse point i. degres.
), m PUZD angie &1 TAVErsS PO L degren,
2542 Calculste the averepe resaliant for
he messurements:

Eq.

IR,

- T Eq. 13

vhere:
ix Awrrege resultant angie. degree.
3= Total number of trevene ponts.
2543 Calculsis the smandard deviations:

253 The msssurement location is
sccaptable U K¢ 20° and 8,<10°.

238 Cailbraton Use s flow system as
descnibed in Sections 4.1.21 and 4.1.22 of
Method 1 In addition. the flow system shall
have Lha capacaly t0 genersie two test
secuon veioQihes: one betwesn 385 and 70
m/rmun (1200 and 2400 [t/mun} and one
berween 730 and 1100 m/mun (2400 and W)

L3481 Cul two entry ports in the test
secuion, The anes through the entry porty
shatl be perpendicular 1o esch other and
In1eesect in the canumd of the test sechan
The pona shouid be viongated slots parsiinl
in the azus of the test secnon and of su/fllowm
length to ailow measurement of pitch angles
while maintaining the pitot head posiuoa &
the west-section canumd To faclitaie ;”
slienment of the direcnionai prebes dunng
calibration, the test sechon should ba
consuructed of plexiglase or some other
tranaparent mairnal All calibravon
messurements should be made st the same
peial in the test secton. preferably at the
cenueid of the test-section

2382 To ensure thai the gas flow is
parallel to the contral axis of the test section,
follow the procydurs in Section 2.4 for
cyclonic flow detertmnauca to messurs the
a8 flow segies st the controsd of the 1est
section from (wo test pors located 90° apart
The gas flow angie measured ia sach port
Mmus be £1° of U° Sirughtening vanes
should be installed, if ASCRLLATY. (O mewt
this cntetion. .

2183 Pitch Angie Calibretion. Perform &

calibration raverse according to the

manufacnurer's recommended protocol In §°

increvnents (or angies from —o80° to «80" st
one YOOIty B sach of the twe ransss

pecCilied sbave. Aversga L\e presswy ratio
vaiues optained for escn angie 111 LDE Iwa
flow ranges. and piot a calibrauon curve with
the average vaiues of the pressure raua (or
other swtable messurwment factor s
recommanced by the manuacturer] versus
the piteh sngis. Draw & smooth hine throveh
the tata poinia. Plot aiso the caia vajuss 1or
eacht traverse point Determune e
dilferencas betwetn the messured data
valuer and the angie from the calibrsucn
curve ai the same pressure rana The
difTerence st sach companson must be within
7" lor angles between 0" and 40° and within
1* for angies barween 40" and 80°.

2584 Yaw Angle Calibrauon. Mark the
three-dimensional probe to allow the
determunanion of the yaw pomtion of the
probe, This is usually s line extending the
tength of the probe and aligned with the
impact operung. To determing the accursey of
messurementa of the yaw angie. aniy the zero
of null ponstior need be calilbraied as
follows. Place the directacnal probe 1o the test
section. and rotete the probe uaty the o
posidon 1 found With a procecior or othar
angie messunng devica. messure the angle
incdicated by the yaw angle \ncicator on thie
thres~demensional proba. This shouid ba
within 2° of 0°. Repest this mea purement for
any othet ponts siong the length of the piret
wnare yaw angle mesruremants couid be

— - _resd in order 10 accouni.[or vanatoas \a the

piigt markings used (0 indicate prrot heed
posILoAS
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MrTHOD Z—Dtmxmaﬁou or Stack Gas
Voot AND Vorowmxraic FLow Rars
{TYrze S PTTOT TTUIR) .

1. Panciple and Appliegbility

1.1 Principle. The average gas velocity in
- & stack 15 deterrnuned from the gas density.
and from meazurement of the average veloc-
ity head with ¢ Type S {Stausscheibe or re-
verse 1ype) pitot tube.

1.2 Applicability. This method is spplica-
ble {or measurement of the average velocity
gr & FM stream and for quantyying gas

ow, !

This procedure is not applicable at meas-
urement aites which f{ail Lo meet the eritena
of Method 1. Section 2.1. Also, the method
cannot be used for direct measurement In
cycionic or swrling gas streams. Secuon 2.4
of Method | shows how to determine cy-
clenic or swirling flow conditions. When un-
acceptable conditions exist, alternative pro-
cedures. subject Lo the approval of the Ad-

R‘l.JLES AND REGULATIONS/AUGUST 18, 1977

munustrator. U.S. Environmental Protecton -

Agency, must be employed Lo make accurate

flow rate determunations; examples of such -

alternative procedures are. (1) 1o inswall
straightening vanes; (2) (o calcuisce the
total volumetric flow rate stoichiometncal.
ly. or (3) to move (0 another messurement
site at which the {low 18 acceptable.

1.99. 1.54 em*
10:78-1.0m)

1+ Q-
’ r T em ()

.

< Apparatuy ,
Spectfications for the Apparatus are fiven
below, Any other apparatus that has been
demonsiraten (subject to approval of the
Admumstrator) 1o be capable of meeting the
specifications will be considered acceptable.

2.1 Type S Pltot Tube. The Type S pitot
tube (Figure 2-1) shall be made of metal
tubing ie.g. stainless sieel). It 13 recommend-
ed that the external tubing diameter (dj.
menuon D Figure 3-2b) be between 0.48
anad 0.83 centimeters (%4 and % tnch). There

-shall be an equal distance from the base of

each Jeg of the pitot tube Lo I8 [ace-openung
plane (dimensions P. and P; Pigure 2-2bx it
is recommended that this distance be be-
tween 1.0 and 1.50 times the external
tubing diameter. The face cpenings of the
pitot tube shall, preferably, be aligned as
shown in Figure 2-2: however, slight mis-
Alignments of the openungs are permuaible
(see Figure 1-J),

The Type § pitot tube sRall have & knhown
coefficient. determuned outlined in Sec.
tion 4. an ldentification number shall be a3-
signed to the pitor tube: fhus number shall
be permanently marxed or engraved on the
body of the tube. :

1 ’
——d . TEMPERATURE SENSOR

L=

=

TYPESMITOT TUBE

*SUGGESTED (INTERFERENCE FREE)

PITOT TUBE - THERMOCOUPLE SPALING ‘

/

LEAK-FREE
CONNECTIONS

MANOMETER

Figure 2-1. Tyoe S pitogéubo manomaeter sssembly.
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TRANSVERSE

TUBE AXIS - |

A B

FACE
OPENING : ]
| PLANES |
i
ASIDE PLANE |
. i
e S SO 1, 0 €
vongituoinal ¢ O A 172 ) sosoe<rcison, i
TUBE AXIS $ ‘ ’e Pasty !
| " - !
BSIDE PLANE . l
(b) '
f
|
3!
i
T "7 AORB ’

(e)

Figure 2-2. Property constructed Type S Prot tube. Shown n: (a) end view: faCe DN DIANES DErDENciCLAr

16 transverse axs: (D) 10p vwew: face opening planes paraliel to longriudmal axis; {C) %08 wew; DO legs Of
equal lengmn and centertngs coinGiosnt. wnen viewed from both sioes. Baseiing costicrem values of 0.84

may De ass:Qned 10 priot tubes constructed this way.

o J

EPA STATIONARY SOURCE SAMPLING METHODS ‘ ‘

Pege 2-2

REV 1 (¥1 1]




TRANSVERSE - . R

TUBE AXIS .~ ' .

LONGITUDINAL .

. TUBE AXIS -

{e)

Figure 2-3. Types of tace-opening misalignment that can resut from fieid use or rnprop-r cormrucuon of
Typa S pitot twbes. These will not attect the baselne value of Cp(s) solong as a, and ay 10°, By and 8,
52 0.32¢m (1/8in.) and w 0.08 cm (1/32 in.)-{citation 11.inBibliography). ‘ :

A standard pitot titbe may be used instead
of a Type 5, provided that it meets the spee-
{fications of Sections 2.7 and 4.2; note, how-
ever, that the static and impact pressure
holes of standard pitot tubes are susceptible

", to plugging in particulate-laden gas streams.

Therefore, whenever & standard pitot tube
is used to perform a traverse, adequate
proof must be furnished that the openings’
of the pitot tube have not plugged up
" during the traverse period; this can be done
by taking a velocity heiad (aAp) reading at

the final traverse point, cleaning out the
impact and static holes of the standard

-pitot tube by *‘back-purging” with preasur-

ized air, and then taking another Ap read-
ing. If the Ap readings msde before and
after the air purge are the same (+5 per-
cent), the traverse is acceptable, Otherwise,
reject the run. Note that if Ap at the final
traverse point i5 unsuitably -low, another
point may be selected. If “back-purging” at
regular intervals is part of the procedure,
then comparative Ap readings shall be

! EPA STATIONARY SOURCE BAMPLING METHQDS
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for the last two back purges
high ap readings are ob-

taken, as sbove,
st which suitably
. meTved.

22 Differential Pressure Gsuge An in-
ddited manometer or cquivalent device
used. Most Implng trains are equipped
with & 10-in. (waler column) ipclined-verd-
ea] manometer. baving 0.01-in. H,O divisions
on the 0-to l-in inclined scale, and 0.1-in.

HO divigions on the 1. to 10-in vertical
scale. This type of manometer (or other
Tauge of equivalent sensitivity) i satisfac-
lory for the measurement of Ap values as
low a3 L3 mm (0.05 in.) H,O. However, & dif-
{erential pressure gauge of grester sensitivi-
ty zhall be used (subject to the spproval of
the Administrator), If any of the following
is found to be true: (1) the arithmetic aver-
age of all Ap readings at the traverse pointa
in the stack iz less than 1.3 mm (0.05 in.)
H,O; (2) for wraverses of 12 or more points,
more than 1) percent of the individual ap
feadings are below 1.3 mm (0.03 ln.) BO: (3)
{or traverses of fewer than 12 points, more

than one Ap reading is below 1.3 mm (0.05 -

in) HO. Citation 18 in Bibliography des-
cribes commercially available instrumentation
.. for_the_measurement of low-range gas |
velocities.
As AD alternstive to criteris (1) through
(3) above, the {ollowing calculation may be
performed to determine the necessity of
using a more sensitive differential pressure
gauge.

"
:Z:, vyapi+K
T=—

tee]

where:

An =Individual velocity head reading at a
" traverse point, mm H,0O (In. H,Q),

7w Total number of traverse pointa.

H=0.13 ;nm H,O when metric units are used

and 0.00% in H,O when English units are
used.

I T ia greater than 1.05, the velocity head

data are unacceptable and a more sensitive
differential pressure gauge mist be used.

Note 1f differential pressure gauges other

:::_ln I;:cllilned manometers are used (e.g.,

enelic gauges), their calibration must

be checked after each test series. To check

w
i o

the calibration of & differential pressure
gauge, compare Ap resdings of the gauge
with those of & gauge-oll manometer at &
minimum of three pointk, approximately
representing the range of Ap values in the
stack. I, st each point. the yauea af An s -
read by the differential pressure gauge and
gauge-oll manometer agree to within 5 per-
cent. the differential pressure pauge shall
be considered 10 be In proper callbration.

Otherwise, the test series shall either be

yoided, or procedures o adjust the meas-

ured Ap values and final resuita zhall be
used rubject to the approval of the Adminis-
tratorl.

23 Temperaturs Gauge. A thermocou-
ple, liguid-filied bulb thermometer, bimetal-
lic thermometer. mercury-in-glass thermom-
eter, or other gauge, capable of measuring
temperature 0 within 1.5 percent of the
minimum absolute stack temperasture xhall

-be used. The temperature gauge shall be at-
tached to the pltot tube such that the
sensor tip does not touch any metal; the
gauge shall be In an interference-free ar-
rangement with respect to ths pitot tube
face openings (see Figure 2-1 and also
~Pigure 2-7.in.Section 4). Alternative positions . _
may be used if the pitot tube-temperature
gauge system is callbrated according to the
procedure of Section 4. Provided that a dif.
{erence of not more than 1 percent in the
average velocity messurement {3 introduced, |
the temperature gauge heed not be attached
to the pitot tube; this slternative is subject
to the approval of the Administrator.

2.4 Pressure Probe and Gauge. A plezom-
eter tube and mercury- or water-filled U-
tube manometer tapable ¢f measuring stack
pressure to within 2.5 mm (0.1 in) Eg is
used. The static tap of & standard type pitot
tube or one leg of & Type S pitot tube with
the face opening planes positioned parsllel
to the gas flow may also be used as the pres-
sure probe.,

2.5 Barometer. A mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg) may be used. In many cases, tha
barometric reading may be obtained from a
pearby national weather service station, in
which case the station value (which is the
absolute barometric pressure) shall be re-

quested and an sdjustmens for elevation dif.
ferences between the weather station and
the sampling point shall be applied at & rate
of minus 2.% mm (0.1 in.) Hg per 30-meter

(100 [oot} elevation incresse or vice-versa
for elevation decrease,

P STATIONARY BOURCE SAMPLING METHODS
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molecular weight, and

H

?

2.6 Oas Density Determination Equip

I needed (34
ment. Method 3 equipment.
Bection 3.6), to determine the stack tad ﬁ.ra

Reference Method -

thod 5 equipment fof molsture cor
zznlt'.(:hurmmunn; other methods may t
used gubject 1o spproval of the Ad:nmlr.rj
tor.

27 Calibration Pitot Tube. When calite
tion of the Type 3 pitot tube i3 necesar
(see Section 4). a standard pitot tube 8 w
as a reference. The standard pitot tud
ahall, preferably, nave & known coefficien

obtained either (1) directly {rom the Nat
al Bureau of Standards, Route 270, Qu
Orchard Road. Gaithersburg, Maryland, ¢
(2) by calibration sgainst another standw
tot tube with an NBS-traceable co~*
t. Alternatively, s standard pitot !
designed according to the criteris give
2.1.1 through 2.7.53 below and {lustratea
Pigure 2-4 (see also Citations T, 8. and 17
3ibliogrsphy)maybeussd Pitot tubesdesirm
according to these specifications will |
baseline coefficients of about 0.98+0.01.

27.1 Hemispherical (shown in Flgure
4), elllpacidal, or conical tp. :

272 A minimum of six diamets
~gtratght  run‘(based upon-D-the externs-—-
ameter of the tube) between the Up and
snatic pressure holes.

273 A minimum of eight diamets
straight run between the static pressv
holes and the centerline of the extes
tube, following the 90 degree bend.

21.4 Statie pressure holes of equal .
(approximately 0.1 D), equally spaced in
piezometer ring configuration.

2.1.5 Ninety degree bend, with curve
mitered junction.

. 2.8 Dlfferential Pressure Gauge for 1y
8 Pitot Tube Calibration. An inclined o
nometer or equivalent is used. 1f the sir-
velocity calibration technigue la empl
{see Section 4.1.2.3), the calibration di
ential pressure gauge shall be readable
the nearest 0.13 mm H,O (0.005 in. Hd
For multivelocity callbrations, the g~
shall be readable to the nearest 0.13
E,O (0.005 In H,O) for Ap values betwee:
and 25 mm R,O (0.05 and 1.0 in. H,O), &
to the nearest 1.3 mm H,O (0.05 in, H,O) 1
Ap wvalues above 28 mm H,0O (1.0 in. E.(1*
special, more sensitive gauge will be
quired to resd Ap values below 1.3 mm
{0.08 in. H,O) (see Citation 18 in
tibliography).
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1. Procedure )

J.1 Set up the apparatus as shown in
Mgure 1-1. Capillary tubing or surge tanks
installed between the manometer and pitot

. tibe may be used to dampen -Ap fluctua-

tions. It is recommended. but not required.
that & pretest leak-check be conducted. as
follows: {1) blow through the pitot impact
opeming unttl at least 7.6 cm (3 in) H,O ve-
locity pressure regusters on the manometer:

thern. close off the impact opeming. The -

. pressure shall remain stable for at jesst 18

seconds: (2) do the same for the static pres-
sure side. except using suction to ocbtain the
minimuws ¢f 7.8 cm (3 in.) H,O. Other leak-
check procedures, subject to the approval of

‘the Administrator may be used.

3.2 Level and zero the manorceter. Be-
cause the manometer level and zero may

rl

'CURVED OR
MITERED JUNCTION

STATIC

HOLES 4

{+-0.1D) |

i

i
-

HEMISPHERICAL ~

TIP \\\J_J_

Figure 2-4.. Standard pitot tubé design specifications.

drift due to vibrations and temperaturs
changes, make penodic checks dunng the
traverse. Record all necessary dsts as shown
in the example daca sheet (Figure 2-3).
3.3 Measure the velocity head and tem-
© persture it the traverse points specified by
Method L. Ensure that the proper differen.
tial preasure gauge is being used for the
range of Ap values encountered (see Section

[ X L

2.2). U It is necessary to change to & more

sensitive gauge. do 30, and remeasure the ap
and temperature readitigs st each traverrs
point. Conduct & post-test leak-check (man-
datory), as described {n Section 3.1 above, Lo
validate the (raverse run,

34 Measure the static pressure In thy'

" stack, One reading is usually sdequats.
3.3 Determines mo atmosphenc pressure.

) :
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PLANT
OATE

. RUN NQ.

STACK DIAMETER OR DIMENSIGNS, min.) e m——

SAROMETRIC PAESSURE, mm Hy (in. Hy)
CROSS SECTIONAL AREA, miih?)

OPERATORS

PITOT TUBE 1.0. NO.

AVG. COEFFICIENT, Cp»
LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Troversa
M. Ne.

Suth Temprrature

V. Wi Ay it
mm in) N

1, °C (9F) T, °K.1oN)

|
mm Ky lia Myl

Var

4

——

Averege .

3.8 Determine the stack gas dry molecular

‘weight. Por combustion processes or proe.

esses thal emit essentially CO,, O CO. and
N» use Method J. For processes enutLing es-
sentially air. an analysa need not be con-
ducted: use s dry molecular weight of 29.0.
Far other processes, other methods. subject
:: mannm of the Admimstrator, must

3.7 Obtain the moisture content from
Reference Method 4 (or equivaient) or from
Method 3.

3.8 Determine the cross-sectional ares of
the stack or duct at the sampling locstion,
Whenever poagible. phynically measure the
stack dimensions rather than using blue-
pnncs,

Figure 2.5 Velocity traverse data.

L Calidrotion’

4.1 Type 8 Pitot Tube. Before its initial
use, carefully examine the Type S pitot
tube in op, side. and end views to venly
that the face openings of the tude are
aligned within the specifications Uustrated
:ﬂﬂb:un 3-% ol: ;;ﬁ' The pitot tube ahal)

used Lo meer -

mﬁ: spectficationa, I:.hqa L
ter veruying the face opening align.
ment, measure and record the following di-
menstons of the pitot tube: (a) the external
tubing diameter tdimension O. Mqure 3-2b)
and (b) the base-to-operung plane distances
(dimenxions B, ang P,, Pigure 1-1b). If D is
between 0.48 and 0.08 cm (% and % in ) andt

w
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it P and By arv equal and between 1.08:
1.50 D, there are two possible options:
the pitot tube may be calibrated accor—
to the procedurs outlined 1n Sections
through 4.1.3 below, or (2} a baseline (i1
ed tube) coefficiant value of 0.84 may be
gMed to the pitot tube. Note, however, U
if the pitot tube Is part of an assembly, ~
bration may stil be required, deapite kr.
edge of the baseline coeflicient value
Section 4.1.1).

I D, P, and B, are outaids the sper
Himita, the pitot tube must be calibrats
cutlined in 4.1.2 through 4.1.3 below.




Jor TYPESMTOT Tusg o

32000 mm (Ld ) FOR Bartiemit/? )

" —

. " ' 0
SAMPLING NOZZLE | p "

A. BOTTOM VIEW: SHOWING MINIMUM PITOT-NO2ZZLE SEPARATION,

N

SAMPLING ~ ' STATIC PRESSURE
wozzig >’—\ / OPENING PLANE

0‘4‘..-— 4=/

SAMPLING

~

MPACT PAESSURE

/ OPENING PLANE

TYPES

i nTOT TuNE ) ) )
NOZZLE ENTAY
PLANE E
A - o——— - ] -
L SIDE VIEW: TO PREVENT PITOT TUSE _ }

FROM IKTERFERING WITH GAS FLOW

STREAMLINES APPROACHING THE

NOZZLE, THE IMPACT PAESSURE

OPENING PLANE DF THE PITOT TULE

SHALL DE EVEN WITH OR ABOVE THE
- NQZILE ENTAY PLANE. °

Figure 2-8. Proper pitot taba-sampling .
toxzls configurstion W prevent serodynamic
interfurence: butionhook-type poxzle: cniery
of poxale and pitot opening sligned: Dy
hﬂwmll.‘llndﬂ-ﬂ‘ﬂl(holnd“h]- .

THERMOCOUPLE

. The baseline and
‘values will be identical only when the rela.
. tive placement of the components in the as-

" destgn features:

411 Type S Pitot Tube Assemblies.
Dunng sampie and velocity traverses, the
lsolsted Type S5 pitot tube is not always
used: in many instances, the pitot tube is
used in combination with other source-sam.
pling components (thermocouple, sampling

- probe, norzle) us part of an “assembly.” The

presence of other sampling components can
sometimes affect the baseline value of the
Type B pitot tube coetficient (Citation 9 in
Bibliography);thereforean aszignedior other-

wise known) baseline coefficient vajue may

Or may hot be valid for & given assembly.
assembly coefficient

sembly iz such that serodynamic interfer- -
ence effects are eliminated. Flyures 2-§

. through 2-8 {llustrate interference-free

component arrangements for Type 5 pitot
tubes having externa] tubing diameters be-
tween 0.42 and 0.95 cm (% and % in.). Type
S pitot tube azsemblies that fall to meet any
or all of the specifications of Plgures 2-8
through 2-8 shall be calibrated according to

.the procedure outlined in Sections 4.1.3

through 4.1.5 below, and prior to calibrs-
tion, the values of the intercomponent spac-
ingz (pjtot-nozzle, pitot-thermocouple, pitot.
probe sheath) shall be tneasired and record-
ed

_ NotE Do not use any Type S pitot tube
Assembly which is constructed such that the
impact pressure opening plane of the pitot

" tube is below the entry plane of the nozle

(see Pigure 2-8b). i
4.1.2 Calibration Satup. If the Type 8

- pitot tube Is to be calibrated, one leg of the

tube shall be permanently marked A, and
the cther, B. Calibration shall be‘done [n a
flow system having the following essential

T T Z?I.ljl em {dia)

) i -

. OR
3

—h
TYPES PITOT TuBE ( ' ) & .
| | |
l

w

Figure 2.7. Proper thermocoupie plac‘emem fo prevenl interference;
Dy between 0.48 and 0.95 cm (3/16 and 3/8 in.}.

Tt

-

-

L]

-

».

=

o

-

-

[

-

. ~

J £
. ._._.__'-Jd“"

L]

o TYPE S PITOT TUBE -

. bt ‘
SAMPLE PROBE \~e— ¥ 27,62 em (3 in)

{
i
l.

|

Figure 2-8. Minimum pitot-sample probe separation needed to prevent inierferénce:

Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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4.1.21 The fiowing s
corifined to & duct of definite
cular
ameter shall be 30.5 cm

ahall be at least 25.4 cm (100 in).

strearn must be
crm—iecﬂonu
aither rirmilar or retin g"f; C:; :
cross-sections. the minimum

(12 in.); {or rectan-

cross-sections, the width (shorter side)

rectangular croms-section. use An equivalent

digmeter, calculated from

the following

equation, to determine the pgumber of duct

diameters
LW
(L+ W)
Equation 2-1

where:

D, = Eguivalent dlameter

L=1ength

WeWidth

+

To ensure the presence of stable, tully de-
veloped flow patterns at the calibration xite,
or “test section,” the site must be located at
leust eight diameters downsiream and two
diameters upstream from the nearest dis-
turbances.

Norx: The eight- and two-dlameter crite-
yiz are not absolute; other test section loca-
tions may be used (subject to approval of
the Administrator), provided that the flow
at the test site is stable and demonstrably
paralie] to the duct axiz.

“to generate a test-section velocity
plr'sutgd 918 m/min (3,000 ft/min). This ve-
locity must be constant with time to puaran-
tee steady {low during callbration. Note that
Type 8 pitot tube coefficients obtsined by
single-velocity calibration st 9215 m/min
{3,000 ft/min) will generally be valid to
within =3 percent for the measurement of
veijocities above 308 m/min (1,000 ft/min)
and to within =5 to 8 percent {or the meas-
urement of velocities between 180 and 303
m/min (600 and 1,000 ft/min). If a more

. __4123 The flowsysiem shall bave theca- ==

- precise correlation between C, and velocity

' contamingtion

is desired, the flow system shall have the ca-
pacity to genersle at least four distinct,
time-.invariant test-section velocities cover-
Ing the velocity range from 180 to 1,528 m/
min (800 to 5.000 ft/min), and calibration
dats shall be taken at regular velocity inter-
valys over this range (see Citations 9 and 14
tn Bibliography for detalls).

4.1.2.4 Two entry ports. ohe each for the
ctandard and Type S pitot tubes. shall be
cut in the test section; the standard pitot
entry port shall be located alightly down-
stream of the Type 8 port, 3o that the

standard and Type 8 impact openings will
lie in the same cross-sectional plane during
calibration. To facilitate alignment of the
pitot tubes during calibration, It is sdvisable
that the test section be constructed of plex.
lgias or some other transparent material.

4.1.3 Calibration Procedure, Note that
this procedure is a general one and must not
be used without first referring to the special
conaiderations preseoted In Sectlon 4.1.5.
Note also that this procedure applies only
to single-velocity calibration. To obtain call-
bration data for the A and B sides of the
Type 8 pitot tube, proceed as follows:

4.1.3.1 Make sure that the manometer s
properly filled and that the oi} i free from

and is of the proper density,

Inzspect and ieak-check all pitot
or replace it necesgary. P linex: repair

$1T0T TUBE IDENTIFICATION NUMBER:

CALIBRATED BY:

r “A" SIDE CALIBRATION ' !

&
e?n‘;:;‘o em’\\:‘z‘ﬂ | pEVIATION i
AUNNO. | tin.H20) in W20 | Cpis) | Cpis) - CplA! |
1
| I ‘
T |
\ Cp (SIDE &) \ ;

4
~g SIDE CALIBRATION
As aANQ
em r?;o em H20 DEVIATION
RUN NO. {in. H20) {in. H20) Cots) | Cplai-CplB)
1
SR PR SUNNN S I [P I [
3
- N 1
Cy (SIDE B)
i
; i .
T |cplst-Tyia OR BI]
AVERAGE DEVIATION » (A QR B) » 2 ~a— MUST BE <I

Cp ISIDE A)-C, (SIDE B) |=—MUST BE <0.01

Figure 2:9. Pitot tube calibration data.

4.1.3.2 Level and zero the manometer.
Tum on the fan and allow the flow to stabl-
Uze. Seal the Type 8 entry port.
4.1.3.3 Ensure that the manomster iy
ievel and zeroed Poaition the standard pitot
tube at the calibration polnt (determined ag
cutlined In Section 4.1.5.1), and aligny the
tube 30 that its tip is pointed directly into
- the flow. Particular car should be taken in
aligning the tube to avoid yaw and pitch
angles, Make sure that the entry port sur-
rounding the tube is properly ssaled.
4.1.3.4 Read 4%, and record its value [n 3
d:uubleummrtomeone:hownln
Figure 2-9. Remove the standard pitot tube
from the duct and disconnect it from the
manometer, Seal the standird entry port.
4.1.3.3 Connect the Type 8 pitot tubs to
the manometer, Open the Type 8 entry
port. Check the manometer level and zero,
Insert and align the Type 8 pitot tube 3o
that its A side tmucgcmiuhut.henme

b

point as was the standard pitot tulw
pointed directly into the flow. Ma
that' the entry port murounding the .
properly sealed,
4.1.3.6 Read Ap, and enter its valus
data table. Remove the Type 8 pit
from the duct and dlaconnect it {r
manometer, .
4.1.0.7 Repeat stepe 4133 i
4.1.2.8 above until three pairs of Ap ret
have been obtained,
4.1.3.8 Repeat steps 4133 ¢
4.1.3.7 above for the B side of the *..
pitot tube.
4.13.9 Perform calculstions, as des
in Bection 4.1.4 below, )
414 Caleulstions
41,41 For each of the six Pairs -
resdings (le.. three from side A ar
{rom side B) obtained in Section 4.1..
calculate the valus of the Type 8 pite
coef{ficient as follows:

1
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' slde coefficient. and
side coelficient: calculate the difference be- -
. tween these two average values,

4 . A B '
cp- . " Cm...u -‘ / :p' '
. Fyuation 2-32
where: . o
Crei='Type S pitot tube coefficient
Crew= Standard pitot tube coefficient; use

0.9 If the coefficient is unknown and .

the tube iz designed according to the eri-
teria of Sections 2.7.1 to 27.5 of this
method. i
APue=Velocity ead measured by the stand-
ard pitot tube, em H,O (n. K,0)
Ap,=Velocity bead measured by the Type 8
pitot tube, cm H,O (in H,O)

4.1.4.2 Calculate C, (side A), the mean A-
(side B), the mean B-

’4.1.4.3 Calculate the deviation of gach of
the three A-zide values of » from G, (side

A}, and the deyiation of each B-side value of

y trom & G, (side B), Use the foliowing
equation:

I)cvmuun-C'mn—E.( A or B)

Equation 2-3
4.1.4.4 Calculate s, the average deviation
{rom the mean. for both the A and B sides
of the pitot tube. Use the lollowun equa-

" tiom

E!C»;—-C.(A or i)
o (side A ur B)wt

. d4
IZquation 2-4

» . . .

4.1.4.5 Use the Type S pitot tube only U
the values of o (slde A) and o (side B) are
less than or equal to (.01 and if the absolute

. value of the difference between G (A) and

C, (B} 13 0.0 or less,

4.1.5 Special considerations.

4.1.5.1 Seiection of calibration point.

4.1.5.1.1 When an isolated Type S pitot
tube is calibrated, select a calibration point
At or near the center of the duct. and follow
the procedures outlined in Sections 4.1.3
and 4.1.4 above. The 8 pitot coelf]-
cients so obtained, iLe., (side A) and G,
(side B), wil) be valld, 3o long as either: (1)
the isolated pitot tube i3 used; or (2) the.
pitot tube is used with other components
{nozzle. thermocouple. sample probe) in an
arrangement that iz {ree from aerodynamic
interference effects (see Figures 2-8
through 2-8). '

4.1.5.1.2 For Type 8 pitot tube-thermo-
couple combinations (without sample
probe), select a calibration point at or near
the center of the duct, and follow the proce-
dures outlined in Sections 4.1.0 and ¢l.4
above. The coefficients so obtained will be
valid 55 long a3 the pitot tube-thermocouple
combination iz used by itself or with other
components in an mr.erlerenee-lm uTADge-
ment (Figures 3-8, and 1-8).

4.1.5.1.3 Por amemblies with sample
probes, the calibration point ahould be lo-
cated at or near the center of the duct: how.
ever, insertion of a probe sheath into &
enall duct oAy cause aignificant cross-sec-
tional ares blockage and yield incorreet co-

. effjcient values (Cltation 9 in Bibliography)

Therefore, Lo minimize the biockage effect,
the callbration point may be & few inches.

EXTERNAL
SHEATH

off-center {f necessary, The actual blockage
effect will be negligible when the theoret.
cal blockage, as determined by s projected.
area model of the probe sheath, is 2 percent.
or less of the duet cross-sectional ares for
s3semblies without external sheaths (Figure
2-108), and 3 percent or less for assemblies
with external sheaths (Figure 2-10b),

4.1.5.2 For those probe assemblies in
which pitor tube-nozzle interference is a
factor (Le.. those in which the pitot-nozzle
separstion distance falla to meet the specifi.
cation llustrated in FPigure 2-8a), the value
ol Gour depends upon the amount of free.

-spsce” between the tube and nozmle. and

therefore is a function of nozzle size. In
these instances, separate calibrations shall
be performed with each of the commonly
used nozzle sizes in place, Note that the

single-velocity calibration technique is ac. -
ceptable for this purpose, even though the
larger nozxle sizes (>0.635 cm or % in.) are

-not ordinarily used for isokinetic aampiing

at velocities around 5§15 m/min (3,000 ft/
min), which is the ealibration velocity; note
also that it is not necessary to draw an iso. .
kinetic sample during callbration (see Clia-
tion 19 In Section 8).
4.1.5.3 For a probe assembly construcied
such that its pitot tube is always used in the
same orientation, only one side of the pitot
tube need be callbrated (Lhe side which will
face the flow). The pitot tube must stil}
moeet the slignment specifications of Figure
2-2 or 2-3, however, and must have an aver-
age deviation @) value of 0.01 or less (see .
;ecﬂon 41.44).

/
/7,

! ——
! [}
A | ‘hl,.
ESTIMATED ™
SHEATH © = X x 100
BLOCKAGE |DUCT AREA
(%) '

-

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

‘et
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Figure 2-10. Projected-area modeis
cal pitot tube assemblies.
4.1.6 Field Gse and Recalibration
4.1.6.1 Field Use.
41.6.1.1 When s Type S pitot tube (iso-
lated tube or assembly) is used in the fleld.
the appropriate coefflcient value (whether
assigned or obtained by calibration) shall be
used 1o perform velocity calculations. Por
calibrated Type S pitot tubes, the A zide co-
efficient shall be used when the A zide of
the tube faces the flow, and the B side coel-
fictent shall be used when the B side faces
the Now: altermatively, the arithmetic aver-
age of the A and B side coefficient values
may be used, irrespective of which side faces
the flow.
4.1,0.1.2 When a probe assembly is used
to zsample & small duct (12 to 38 in in diame-
ter), the probe theath sometimes Blocks »
significant part of the duct croas-section,
cauxing s reductjon in the effective value of
Coer. ConsuitCitation®insibliographyfor de-
taily, Conventional pitot-sampling probe as-
serablies are not recommended for use in
ducts having inside diameters smaller than
12 inches (Citation 18 in Section 6).
4.1.6.2 Recalibration,
4.1.4.2.1 Isolated Pitot Tubes. After each
field use. the pitot tube shall be carefully
reexamined in top, side. and end views If
the pitot Isce openings are still aligned
within the specifications llustrated In
Pigure 2-2 or 2-3. |t can be assumed that the
baseline coefficient of the pitot tube has not
changed. If, however, the tube has been
-damanged -to-the_extent that it no_longer _
meets the specifications of Pigure 2-2 or 2-
3, the damage shall either be repaired to re-
store proper alignment of the {ace openings

-Qr the tube ghall be discarded.

4.1.6.2.2 Pitot Tube Azsembliex After
each field use, check the {ace opening align-
ment of the pitot tube, az in Section
4.1.6.2.1; also, remeasure the intercompon-
ent spacings of the assemnbly. If the inter.
compoenent spacings have not changed and
the face opening alignment {3 acceptable, it
can be assumed that the coeffleient of the
assembly has not changed. If the face open-
ing alignment is no longer within the speci-
flextions of Figures 21-2 or 2-3, either repair
the damage or replace the pitot tube (call.
brating the new asyembly. if necessary). U
the intercomponent spacings have changed,
restore the original spacings or recalibrate
the assembiy.

4.2 Standsrd pitot tube (if applicable). 1f
6 standard pitot tube (s used for the velocity
traverse, the tube shall be constructed ac. |
cording to the criteria of Section 2.7 and
anall be sasigned & baseline coe!ficient value
of 0.99. 1 the standard pitot tube iy used as
part of an assembiy, the tube shall be in an
interference-free srrangement (subject to
the approval of the Administrator),

4.3 Temperature Gauges, After each
field use, calibrate dial thermometers,
liquid-filled bulb thermometers, thermocou-
ple-potentjometer systems, and other
gauges Al & temperature within 10 percent
of the average absolute stack temperature,
For temperatures up to 403* C (761" F), use
an ASTM mercury-inglazs reference ther.
mometer., or eguivalent, as a reference:; al-
ternatively, either a reference thermocouple
and potentiometer (calibrated by NBS) or
thermometric fixed points, e.g., ice bath snd
bailing water (corrected {Or bBarometric pres.
sure) may be used. For temperatures above
408" C (761" M. use an NBS-calibrated refer.
ence thermocouple-potentiometer system or:
AR Alternate reference, subject to the ap.
proval of the Administrator.

1f, during calibration. the absolute tem-
peritures measured with the gauge bewng
calibrated apd the reference gauge agree
within L5 percent, the temperature data
taken in the field shall be considered valld.
Otherwise, the pollutant emission test shall
either be contidered invalid or sdjustments
(\{ appropriate) of the test results shall be
made, rubject 10 the approval of the Admun-
istrator.

4.4 Barometer. Calibrate the barometer
used aFAINSL @ Mercury barometer.

5. Calculations

Carry out calculations, retaining st least
one extra decimal figure beyond that of the
scquired data. Round off {igures after {inal
calculation.

5.1 Nomenclature.

A Cross-sectional ares of stack, m*(fth.

Bep»Water vapor In the gss stream (from
Method § or Reference Method 4), pro-
portion by volume,

C, = Pitot tube coelficient, dimensionless

X, =Pitot tube constant,

J4.97

m [fgla-muu»)t mm Hg? 1'-?'
Bt TRy (o 1T1,0)

for the metric system and

TR ———— i 1 <
- ﬂ:[f,lb!lb:molu:)(m. Hgi e _
LMY

{*R)in, HO

for the Engiish system.

M, = Molecular welght of stack gas. dry basis
(see Section 3.8) g/g-mole (1b/1b-mole).

M.=Molecular weight of siack gas, wet
bssia, g/g-mole (1b/1b-mole).

-m(l—Bn) +I.80 B-

Equation 2-8

P =Barometric pressure st messurement

site. mrm Hg (n. Hg)
P, = Stack static pressure, mm Hg (in. Hg).

P.-Ai»oluu stack gas preasure, mm Hg (in

He.
=P +P,

Eguation 2-8
P =Standard absolute pressure, 760 mm -

Hg (29.92 1n. Hg).

Qu=Dry volumetnc stack gas flow rate cor.
rected to standard conditions. dscm/hr

(dscf{/hr).
L = Stack temperature, *C (*F). .
7. = Absolute stack tempersture. ‘K (*R).
=273+ L for metric

Equation 2-7

=480+ & for English

Equation 2-8
Twa=Standard abaolute tempersture, 293 'K

(528" R)

o= Aversge stack gax velocity, m/sec (ft/

sec),

& wVelocity head of stack gas, mma H,O (in

H.ON. )
3.800=Conversion factor, sec/hr,

it.0«Molecular weight of water, g/g-mole

(Ib/ib-mole). .
5.2 Average stack ras velocity,

4
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e -
v, -~ K,C,('\/A_p)...‘/ "F“"n.'?"'
Equation 2-#

5.3 Average smack gas dry volumetric flo
rate.

Toa A
Qu=3.800{] -~ B ltud —_— —_
Te wew) P
Fquation 2-1¢
“To convert Q. brom
dsem fhr (dseffht) to decm/min {dscf/
mink divide Q. by 80."
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METHOD 17 f

MrTRop 1T—DETIRMINATION OF PARTICULATE
Baosszons FROM STATIONARY Sounces (In.
sTAck PLLTRATION MITROD) T

R Introduction
mstter 3 pot an abwoluts

Particulats
_quanuity; rather. it Is & funcuon of tampers-
“ture and pressurs. Therelors, to prevant

vansability in particulsts matter emisgiod
regulations and/or associated test methods,
the tempersturt ARd pressure at which par-
ticulste matier i3 to be meajured must be
carefully defined. Of the two variables (Le.
tamperstire and pressure}, tempersiwe has
the greater aifect upon the amount of par-
ticulste marter in an effiuent Fas stream: in
most SIALIODAIY JO\WTE categories, the effect
of pressure Appesss Lo be negligible.
Inm;hodﬁ.:&f!u;nubu:m‘rgl
us,

subpart of the mandards,

is definsd with respect to tempdersture. In
arder to maintain & collection temperature
of 250" P, Masthod § employs & hestad glass
sample probe and B heatad (litar holder,
This equipment 5 somewhat cumbersome
and requires care (o its operstion. There
fore, where particulsts matter concentra-
tions (over the normal range of temperature
amsociated with & specified scurce category)
are known (o be lndepsndent of tempers.

‘ture, It is desirsble t0 eliminata the giass

probs and hesting systema. and sampls s
stack temaperature,

This mathod describes ab in-stack s
pling symem and sampling procedures fog

TimrgRaTEME
Mmsa

sey i len BN )"

RULES AND RIGUI.ATVIONIIFI-UARY 23, 1978

use in cases. It I3 intanded to be used
only specified by an spplicable sub-
part of the standards, and only mthin the
spplicable tampersture Lmits (1 specified),
or when otherwiss approved by ths Admin.
Istrator.

1. Pnnciple and Applicability

collected on 8 glams fiber flltar mantaned
at stack wampenature. The particulsts mass
s datarmined gravimetrically aftar removal
of uncombined waLer.
" 1.3 Applcabllity. This method appliss to
the determination of particulate emussions
from stationary sources for determining
compliance with new source performance
stancards, only when specifically provided
for in un spplicable subpart of the stand.
ards. This method {3 not applicable 1o stacks
that contaln lquid droplets or are saturated
with watar vapor. In addition, this method
shall not be used a3 written Lf the projoctad
croa-sectional ares of the probe xtension-
fiitar holder sasembly covers more than §
percent of the sTACK CTOSI-SeCLIODAl Al (D0%
Sectlon 4.1.3).

2. Apparutus, L

‘2.1 Sampling Train. A achematic of ths-
sampling train used in this method 1 ahown
in Mgure 17-1. Construction detalls for
many, but not all, of the train componsnta
ite given in APTD-0381 (Citation 2 in
Bibliography); fof changes from the
APTD-058] documsnt and for allowable
modifications 1o Flgure 17-1. consult with
the AminisTratlor.

HTALE
PLTLE BaLBAA

" eonstant

The operaung and maintenance proce

dures for many of the sanpling orain com-

ponents are described in APTD-0876 (Clia- .
tion JlnBibliographv)Since correct usape
important In obtaining results. all

and adopt the operating

procedurss outlined in it, unless otharwise
specified Berein. The sampling tuin cof-
sista of the following compoDentis

21.1 Probs Noszls, Stainiess stesl (316)
or glasa, with sharp, tapsred leading edge.
The angls of taper shall be J0* and the
taper shall be on the culside 1o Dressrve A
tntarnal diameter. Ths probe
nozzle shall be of the buttan-hook or slbow
degign. unlems otherwise specified by the Ad-
ministrator. If made of sainless stosl the
nossls shall be constructed from ssamless
tubing. Other matarials of construction may
be used subject to the approval of the Ad-

ministrator. -
A range of aises suitable for ILsckinetic
should be avallable, e.g.. 0.32 Lo
1.7 cm (W to W in)—or larger Y higher

. yolums sampling trains are used—inside di-

amsetar (ID) now”. w 10 incrementa of 0.18 ¢m
(M () Tach maaxie shall be calibrated se-
eomm“ump:mur-uumm«ns-c-\
tion 8.

213 . Fiter Holder. The in-stack fUter
holder ahal] be oconstructed of borosilicate
of quarts glass, or stalnlesa steel: Lf & gaaket
12 usad, 1t shall be made of silicone rubber,
or stainless steel. Other hoilder and
rasket materials may be used subject to the
D! of the Administrator. The fftsr
bolder shall be designed to provide 3 posi-
tive seal against leakage from the oulside or

;

. wround the [itar.

1
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ipped with I Siack Filter,




* 3.1.3 Probe Lrtension Any sultable rigid
probe sxtansion may be used after ths filter
holder. .

11.4 Pitot Tube Type 3, a4 deacribed In
Secticn 2.1 of Method 2, or other devics ap-
proved by the Admunisirator; the pitot tube
shall be attached to Lhe probe extenaion Lo
sllow constant monitoring of the sitatk s
velocity (see Pigure 17-1). The Impact (high
presgure) opening plane of the pitot tube
ahal] be svasn with or above the DoELle entry
plane during sampling (see Method 2,
Frure 3-2b). It @ recommended (1) that
the pitot tube have 3 known Saseling coeffl.
clant, a4 outlined in Section 4 of
Method 2 and (1) that this known coeffl.
cient be preserved by piacing the pitot tube
{n an interference-{res armngvment with re-
spect 0 the sampling noxzle. flter holder,
and temperaturs agnsaor (e Fipure [7-1).
Note that the 1.9 cm (0.78 tn) freeypacs be-
tween the noxxle and pitot tube sthown In
Fgure 17-1, a based on & 1.3 30 (0.5 In) ID
noszle. If the sampling train s designed for
sampling si higher Nlow retes than that de-
scribed i APTD-0881, thus Decemitating
the use of |arger sised noxzles. the [ree-
space shall be 1.9 ¢m (0.78 In) with the lary-
st siged noxxle In place.

Source-sampling asssmblies that do not
meet the unlmum spacing requirements of
Fpure 17-1 (or the equivalent of these ro-
quirermenta, ¢.6.. Fligure 2-T of Method 2}
may be used: howwver. the pitot tube coelfl.
cients of such assemblies shall be deter-
mined by calibration, using methods subject
1o the spproval of the Administrator.

2.1.3 Differential Pressure Cauge. In-
clined mmanometer or equivalent devics

- (two) a8 described in Section 2.1 Gf Mithod -

2 One manometer shall be_used for veicaty
head (Ap) resdings. and the other, for or-
fice differential pressure readings.

418 Condensar. It 15 recomumnended that
the impinger system described 1o Method §
be used to determine the moisture content
of the stack s, Alternatively. any sysem
that allows messurement of both ths waler
condenssd and the molsture lesving the con-
denasar, each to within | ml or 1 g, Ay be
used. Ths molsturs jeaving the condsnser
can be messufed either by: (1) monltonng
the tymperature and pressurs st the stit of
the condanser and using Dalton's law of
. partial presgurss: or (1) paming the sample

Fas stream through & allica gel
exit st kopt below 20 C (8
termining the weight galn.

Flexible tubing may be used
probe extension and condanser.
other than sllca gsl are usd to
the amount of molsture iesving ghe con-
denser. it {3 recommended that sill.d gel stil]
be nsed between the condenser rratem and
pump W prevent molture condenation I
the pump and metering devicws and to svoid
the need (0 make corrections for moisture
in the metared volumas.

2.1.7 Matering Sysiem. Vacuum psupe,
lenk-tree pump. thermometars capable of
measuring temperscures to wthin 3* C (5.4°
P). dry sas metsr capable of messuring
volurne to within 3 parcent, and related
squipment, as ahown in Plgure 171, Other
metering systems capable of maiptaloing
sampling rates within 10 percent of lsokine-
tic and of detarmining sampie volumes o
within 2 perceniL may be used. subject o the
spproval of the Administrstor. When the
metering systefn 13 used in conjunction with

y
]
E
EE §i

& Ditot tube, the aystem shall enabls checks

of sokinetic rates,

Sampling tralns utliizing metering =ys-
tems deidigned for higher flow rates than
that describad in ADTT 048] or APTD 0378
may be used provided that the specifiea-
tions of this method are met.

2.1.8 Barometer., Mercury, ansroid, or
other barcmetear capabtle of messuring at-
mospheric presaury to within 2.3 mm Hg
(0.1 in. Hg). In many cases, the barometnic
reading may be obtained from & fearty ha-
Uoaal weathasr sarvice station, iy which case

the station value (which is the stecluts bar-
ometric preasure) shall be requasied and an
adjusument [of elevaiion differences be-
tween ths westher station and sampling
point shall be appliad 3t & rats of minus 2.3
mm Hg (0.} 1o Hg) per 30 m (100 ft) aleve-
unnmauuarnumlornnwcn'do-
creese.

pressure
Uy, &3 described L0 Sections 2.3 and 2.4 af
Method 1, and gas analysar. if Decassary, as
described n Method 3.

The temperuture sensar shall be attached
to either the pitot tube or to Lhe probe ex-
tension. in & fixed configurstion. If the tem.
peraturs sensor i attached (o the flald: the
ssraor ahall be placed o an interference-
fres srTangement with respect Lo the TYDe
3 pitot tube openings (s ashown (n Pigure
17-1 or th Plnure 1-7 of Method 1). Alterns.
tively, the temperaturs sensor Deed Dot be
attached to either the probe sxtension or
pitot tube during sampling, provided thai &
difference of not more than 1 percent in the
AveTngy veiocity messuremnent U5 Introduced,
'!‘th&.utu'mun is subject to the approval
L) Adminiztrator.

— 41 “Sampie Recovery T

111 Probe Nowtls Bruzh Nylon bristle
brush with stainiess steel wirs handle. The
brush shall be properly stsed asd shaped W
brush out the probe nozzls.

311 Weah Bortjes—Two, Ol waah
botlns e recommended; polyethylens
wash botUss may be used sl the option of
the testar. It s recommended that acetons
oot be Mored 1o polyethylens botiles for
longer than & month

223 Olam Sample Storage Containers.
Cheznically resistant. borosilicats glass bot.
Ue, for soetons waahes. 5OC mi or 1000 mi
8crew oap Uners shall eitber be rubber-
becked Teflon or shall be constructed o A
0 be lsak-fres and restrtant to chemical
Mtlack by sostone. (NarTow mouth gl Dot- -
Has have been found to be less prone to
leakage.) Altarnatively, polysthylene botties
may be used,

114 Petri Dishes. Por I0iar samples
m:; z;lrnhﬂm. urless ctherwise spec.

Administratsr.

215 QOrsdusted Cylinder and/or Bal-
Ance. To measurs condansed walar 10 within
L ml or 1 ¢. Grasduated cylinders shall have
subdivizions po greater than 1 mi Most Jab-
oraiory are capable of weighlng to
the nsarwst 0.5 £ or less. ARy of thase bel.
mummrormhmmwmm

128 Plustic Btorage Contalpers, Afr
tight cottatners Lo store silion gal

417 PFunnel and Robber Policetnan To
aid in trander of silica ye! to container: not
Deowmary if silioa gu! is weighed In the fHald
223 PMmnel. Glam or polyethylens, to
ald L0 sample recovery,

'y
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.other types.of stopeock gTesse may-be-

f‘ e —e—————EEEEI S R o e
L)

-:_-:3 . Analysiy
-1 Glass Welghing Dishes
23.2 Desicrator.

3.0 Anumm'uh.nnh——.u

within 8.1 mg,
m::-l Balanos. To meascrs s witm &
ﬁ«: gnnrtmm. .
Yetromater, To messars the )
:‘;‘hm&tr of ths laboratary --:
23.7 Tempersture Osups. To Beasery
the tempersture of the Laborstory woven.

Reapenis
L1 et |
ters The in-stack fOters

glam mats or thimble fiber Mters m

orfanic binders, and shall exnibit s jesa

#9.98 parcent efficiency (0.05 percent pogy

tration) on 0.3 micron dlocty) phthalae

smoka particise. The fliter efficiency Lasmy

shall be conducted in accordance with '
D2984-71 (Raap-

ASTM Standard Method
incorporated by refersnoe—

i
1,
b 3

pmod'"n;mt
e ATh Test data from the
quality mnﬂmmm&ﬂg:::u?:
-this purposs.
3.1.2 Slica Gel Indicating type. & to 16
If previcualy used, dry at 173* C (380"
nit 2 bours. New silica gel may be used as
recet Alternatively, other types of desio-
AALLE (equivalent or betier) may bDe used, .
:::Muthnmpmuotmuhm '
.13 Crushed Ioe.
3.L4 Stopcock Orease. Acetons-insolublas,
heatatable silicons grenss. This i Dot Ded-
SASATY |f screw.on connectors with Tafloo
sloevea, or similar, are used Altsrnatively,

::::Mu:hcnpmuo!mm:.nm

3.'.1.3 Water. Same ae in Method &,

. Section 3.1.3.

1.2 Bample Recovery, Acwtonas. Peagent
frade, 0.001 percent residue. 12 plas bostles.
Acstone from metal containsrs gensrally
bas & high residue blank and should not be
used. Sometimes, SUppliery transfer scetone”
to glase bottes [rom roetal contalners
Thus, acetone blanks shall be rus prior to
field use and only soetons with low blank
values t 0.001 percent) shall dbe used. In no
chse shall a blank value of grester than
0.001 parcent of the weight of acetons used
be subtracted from the sampie weight.

3.3 Anslys,

3.3.1 Acetone. Same s 3.2

332 Desitcant. Anhydrous caleium sul-
Inta, Indicating type. Altarnatively, other
LtYPes of desiccants may be used, subjact (o
the approval of the Administrator,

4. Procedure,

4.1 Sampling. The complexity of this
method la such thset, In order Lo obtain rell-
sble results tasters should be trained and
sxperienced with the tast prooedures.

411 Pretest Preparstion. All compo-
pants aball be maintained and calibrated ac-

herwin.

Weigh severn] 200 to 300 g portdonos of
silicn gal L0 alr-tight containery Lo the ness-
et 0.3 g Record the total weight of the
siica gl plus contalner, oo esach contiiner.
AS an altarnative, tha silica ge!l need not be
preweighed. but may be weighed directly 1o
its Impinger or sampling holder just prior to
tzaln amembly.




Check fliters visually aguinst lght for Lr-
regularities and flaws or pinhole leaks
Labe} of the proper st3a on the back
side near the edge umng dumbenng ma-
ching ink. As an Alternative. label the whip-
Lng

M3 keep the fliters 0 Lhase coDtalners at
all times sxorpt JUNAE MMPUDE and weigh-

Desjecats the fliters af 20x5.8° C (8210°
P} and ambient presmure for st lesst 24
bours and weigh &t intervals of Al least §
hours to a constant weight. Le, 0.5 mg

change from previous weighing, record re -
Fults 1o the nesrsst 0.1 mg. During esch.

weighing the fliter must not be exposed to
the labormtory sumosphers for s period
srealar than 1 minutes and & relative hu-
midity above 30 parcent. Altarnatively
{unless otherwisse specifisd by the Adminis-
trator), the flitars may be oven dried at 104°
C (320" 7 for 2 0 3 hours desiceated for 3

hours. and weighed, Procedures other than

thosy . described, which sccount for relative

humidity effecta. may be used, subjest W
the approval of the Administrator. .
41.2 Preliminary Detarminstions. Belect
the sampling site and the minunum sumber
of sampling polnts sccording 1o Method 1 or
a8 apecified by the Admunistrator. Make s
projecied-ares model of ths probe .axten-
gon-{iiter holder aasembly, with the pjtot
tube {ate openings positionsd along the cen-
teriine of the stack as shown o Plgure 17-1
Caloulats the satiunaled cross-sectlon block-
Age. & sbown Lo Pigure 17-1 If the blockage
exceeds B percent of the duct cross sectlansl
ares, the testar bas the [ollowing options
(1) & sultabls out-of-stack flitration method
may e used instead of In-stack flltration: or
{2) & special in-stack arrangement. Lo which
the mmpling and velociiy messuremant

SlaS ArS MDATALE, IAY be uwaed: for detalls

conoeTRing this approach. consult with the
Adminisraior (se¢ also Cltation join diblio-
graphy), Determune Lhe stack pressure, tem-
perature. ‘and the raogs of velocity heads
umng Method 2 It & recommanded that &
leak-check of the pilol Lnas (see Method 2,
Section L]) b= performed. Dwtarmuns the
molntule content uang Appronmation
Mechod 4 or it sltarnatives for the DUrpose
of making lsokinstic sampling rete settings.
Detarmune the sack gas dry molecular
weight, a8 described in Method 2, Secticn

. 4.8; |f \ntagrated Melhod 3 aamgpling i3 used

for molecular weight detarminstion, the in.
tegratied bag sample shall be simulta-
pecualy with, and for the same

length

It is recommandesd that ths number of
minutss sampied al esch point be & iDLeger
or Al lonteger plus one-hall minuse, in order
to savold timekseplng arrors.

In soms croumstances,

It tnay be Decessary to sampls for shorter

times at the traverse polwnta and to obtain
smaller gad sampis volumes In these cases,
the Administretor's approval must {rst be
obtained.

4.1.3 Prepanstion of Collection Train
Puring prepanton and amembly of ths
sAmpling train, ksep all openings where con-
tamination can oocur covered until fust

prior to sssembly or until sampling & about

1o begin. , :

it impingers are used to condenase stack
g4 moisturs, prepare them as follows place
100 ml of water In sach of tha frst two im.
pingers, leave the third lmpinger empty,

and transisr approximataly 200 to 300 ¢ of

TEMPERATURE
SENSOR

. TYMES
_AITOT TUBE

INSTACK FILTER-
PROBE EXTENSION
ASSEMBLY

preweighed silics g} from ita con
the fourth Unpunger. More silica gul may be
usd, but care ahould be lakeh o ensure
that it i3 not sntraned and carriad out {rom
the lmpinger dunng sampling Place the
container 1o g clean place for later use Lo
the sample recovery. Altamatively, the
weight of the silica gel plus mpinger may

E

be determined to the Dearest 0.8 g and re-

denser (and, If approprista, sillos gel for

condenser outiet) for use. - '
Using & tweessr or ‘clean disposabls surgl-

cal gloves, piace o labeled (ldentified) and

‘weighed fllter in the fliter holder. Be sure

that the filter b properly centered and ths
gasket propetiy placed 50 a8 not to allow the
sample fas stream to circumvent the fliter,
Check Iiter for tears alter sasembly s com-
piloted. Mark the probe sxtension with hest

'

STALK
WALL

ESTIMATED ADED ARE g
BLOCKAGE [‘%‘ﬂmu‘ L

[, VI

2

Figure 17-2. Projected-area model of cross-section biockage (approximate average for
4 .ample traverse) caused by an in-stack filter holder-probe sxtension assembly.

t
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resistant tape or by some other method to

denots the proper distance into the stack of

duct for sach sampling point.

Amembls the train as in Figure 17-1, using

t coat 0f stlicons grease on all
:m"uguu;:-}omummmnlowml

outer portion (set APTD-0378) to svold Dow- |

contaminstion by the silicons
wgtﬂmnumw}mm-

vac\non may be used, provided that it is not
sassedsd during ibe tesi. wiormine the
leakage rate. A leaksge rate LD excess of 4
parcent of the aversge sampling rata or
0.00087T mi/min. (0.02 cfm). whichever s
lsag, ia unaceeptable.

The following leak-check instructions for
the sampling train described in APTD-08T8
and APTD-0S81 may be helpful. Start the
th by-pasa valve fully open and
ust valve completely closed. Par-
adjust valve and

{13ELE
it
?;Eg
igq
!afg
iy

=g

i

:

HEIERY
!5§E§§§§§§§u-
J gg EEEEE
Hi 5§E%§§§
i
il i |
HEAT

ducted lmmadijataly Before rhe
made, The leak-check be doive
ing to the procedurs outlined 1
4.1.4.1 above, sxcept that It ahall be dene
& vacuum equal to or greater Lhan the e
mum vaiue recorded up to that pount s
test. If the leakage rate 0 found ts ¥
greatar than 0.00087 m'/min (003 chmier 4
pereent of the average
(whichever ia less), the resul
ble, And no corTection will need 6 e e
pliad ta the total volumae of dry put meteses
Il. however, & higher leakage raie o o
taiped, the taster shall either recory
leskage rate and pian to correct the
volums as shown in Section €3 of
method. or shall void the sampling ran,
Inmedistely after component
leak-checks are optional: if such Jesk-checks
aIv done. the procedure outlined in Sectien
4.1.4.1 above shall be used.

4143 Post-Test Leak-Check A sk
check i3 mandstory st the conclusion of

done in accordance with the proceduras out-
lned in Section 4.1.4.1. excent that it shall

4

H
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|

H

o Saremors
::un- huu-n-nunn— hlﬂl
mm Averngd Sulwraied NOEIS Gametit SR S0},
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b b Mo Loak 1via. mé/men, jci
Mot LHE Shal gropmra, mn Mg On Mgl
€ tacr
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Prosmre
Swmck hotd Gan sampin fas -
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be conducted at & vacuum equal O OF great-
er than the marimum vaiue resched dunng
the sampling run If the leakage raie s
found to be no grester than 000087 m*/mun
10.02 efm) or 4 percent of the averags sam-
pling rate (whichevar is Jess), the results are
cceptable, and no correction need be &p-
plied to the tota) volume of 4ry gas metered
1f. however, s higher lenkage rate 8 ob-

Aaned. the testar shall either record the

leakage rate and correct Lhe sampils volume
&8 shown in Section 8.0 of this methed, or

© shal] void the sampling run.

4.1.5 Puarticuists Tran Operstion.
During the sampling run. maintain a sam-.

.pilng rate such that sampiing is within 10

percent of true isokinetic. uniess otherwise
specified by the Admunistrator.

For sach run, record the data required on
the exampis data sheet shown in Pigure 17-
1. Be sure to record the initial dry pas meter
reading. Record the dry ras metsr resdings
Al the befinning and end of esch sampling
time increment, when changes 1o {low rates
Are mads. befors and alter sach leak check,
and when sampiing is halted Taks other
resdiogs required by Plgurs 17-3 at least
once 8L each sumnpis polnt during each tims
increment and additions] readings when sig-
nificant changes (20 parcent variation (o ve-
locity head readings) necesitats sdditional
sdjustments Ln flow rate. Lavel and zaro the
manometsr. Because the manometar level
and sero may drut dus to vibrations snd
tempersiure make parodic checks
during the raverss.

Clesn the portholes prior to the tast run
to mununits the chance of sampling the de-
posited material To begin sampling, remove

. the soxtle cap and verify that the pitot tube

and prodbe extanaion are properly posi-
toned. Position the nozzie at the {5t U
verse polnt with the Llip pounting directly
into the gas stream. lmmediately start the
pump abd adjust the Mlow to wokinetic con-
ditions. Nomographs are svallable, which
ud in the pid sdjustment to the sokinstle
mmpling rata without excesiive computa-
tions. Thess nomographu are desigmned for
use when the Type B pitot tube coefficient
s 0.85x0.02. and the stack gaa squivalent
densily (dry molecular weight) 18 equal to
=4 APTD-0376 details the procedurs for
ugng the nomographs. U C, and M, are out-
side the above siated nnges, do"pot use the
nomograpl Unlem approprisiy stepe (see
Cltation 7 o Bibliography) takan: &
com pcm&t: for the devationa

ake care L0 close the cosrss adfust valve
befors nserung ‘the probe eXLEnsoD AMMEM-
bly o the stack to preven: walar from
bewng forced backwasd I necsssary, the
Pulmp may be turmned ot with the oosrse
adjust valve closed. ’

When the probe s i poxdtion, block off
ths openungs around the probe and porthols
Lo prevent unrepresentative dilution of the
Al strewm.

Traverss the rtack cross section. as re-
quired by Method | or aa sbecafied by the

r. beung careful not-to bump
the probe nozus Ioto the stack wails when
sampling nest the walls or when removing
Or inssring the probe extension through
the portholes, to minimize chance of ex-
Wacting deposited rmatarial, -

the test run. take appropriate
slape {e.g.. adding crushed Ice Lo the imping-
T lce bath) to mmntan & tempernturs of
lass than 30" C (68° P) at the condenser
outlet: this will prevent excessive moisture
losaes. Also. [2nodically check the jevel and
3870 of the manometaer.

I the ure drop across the fliter be-

- COmes oo . making isokinetic sampling

difficult to maintain, the {liter may be re-
placed tn the mudst of & sample nun It s

" recommended Lthat another complete (Hter
‘holder

assermbly be used ather than ate
wampting 1o change the fliter itself. Before &
new filter bolder 4 innalied, canduct & leak
check, as outlined in Bection €142 The
ol particulste weight' shall tnelude the
surarnanian of all {{iter sasembly catches
A mingle train ahall be used for the entire
BAmple run. excepl Lo cases where simulta.
neous sampling i3 required in two or more
MepArale ducls or al two or more different
locations within the same duct. of. tn cases
whers equipment fallure necessitales a
change of trains. In all other situations the
use of two or more trains will be subject to
the approval of the Administrator. Note
that when (WO OF more trains are used a
sspaArats analysis of the collected particu-
late from esach truin shall be performed,
unless ldentical nozxle zizes were used on all
e in which cass the particulats catches
{rom the Lndividual trans may be combilned
and & soagle analyaus performed ]
" At the end of the sampls run. turn off the
pump, remove the probe extanaion assembly
from the stack, and record the {inal dry gas
metar reading. Perform a lesk-check: as out-
lined in Section 4.1.4.). Also, leak-check the
pitot lines as described in Section 3.1 of
Method 27 the loes must pass this leak-
check, in order (0 valldats the velocity hand
daata.
4.1.8 Calculation of Percent Lsokinalle.

Calculate psrcent lsokinetic (sew Bection

§.11) to determins whethsr another test run
should be made. If there i difficulty In
malntaning isokinetic rates due to aource
ctonditions, conzult with the Administrator

"{or poamble variancy on the bokingstic rates.

42 Sample Racovery. Proper .cleanup
proceduse befins &8 3000 &8 the probe ex-
tension amsembly U removed from the sack
st the end of the sampling period. Allow the
sssembly to cool

When the assembly can be safely handled, -

wipe off all external particulats matler nenf

" the tUp of the probe nomie and place & cap

over it o prevent losing or guining particu-
late rastter. Do Dot cap off.the probe tp

. tightly while the sampling train is cooling

down as this would crests s vacuum in the
filter holder, forcing condenser waler back.
ward,

Befors moving the sample train to the
clesnup site, disconnect the flter holder-
probe nosxis assembly from the probe ex-
tension: cap the open lnlet of the probe ex-
tension. Be careful not o lose sny conden-
sate, if present. Remove the umbilical cord
from the condenssr outlet and cap the
outlet. If & flexible line is used between the
first impinger (or condenssr} and the probe
sxtenaion, disconnect the line at the probe
extenaion and let any condensed water or
Uguid drain into the impingers or condens-
er. Diaconnect the probe extazsion from the
condermer; cap the probe extension outlet
Aftsr wiping off the silicons gresase, oap off
the condenser inlet. Ground glisss stoppers.
plastic caps. of serum caps (whithever e
appropriate) may be used 0 closs thase
openlngs. -

. Tranafer both the . fliter holder-probe

- potale assembly and the condenser Lo the

cleanup area This aren ahould be ¢lean and
protected from the winhd »0 that the chances

'olmnummumwlummamphmn

be minimited,
™ Save & portion of the acetons used for
cleanup as & blank. Take 200 m] of this ace-

tone directly from the waah bottle being
used and piace it in & ¢lass sampla container
labsied “acelone blank.”

Inspect -the taln pricr to apd during dis-
Amembly and Dote any abnormal conditions.
Trest the samples s follows: .

Contanar Na, L Carefuily remove the
fiter (rom the [Iter bolder and pisce it in
ita identifled petn diah contpuner. Use & faur
of twestars and/of clean dispomble surnical
gloves to handle the flter. If it is necessary
to fold the {iiter, do a0 such that the partic-
wate cake 3 Lnnde the fold Carefully trans-
fer to the petr! diah any particulate matler
and/or filter flbers which adhery to the
{Qtar bolder paaket, by umng s dry Nyloa
bristle brush and/or & asharp-edged blade.
Saal the canlainer. .

Comtatner Na, & Taking care to see thatl
dust on the cutside of the probe porzls or

‘Bruah and rinse with scetons the lnaide
parts of the fitling in & ximilar way unti] po
vidbie particles remain. A funnel (glass or
polyethylens) tmay be used to aid tn trans-

Container Na. 1 If silics gel I3 used in the
condanser yystam far mositurs content de-
tarmination, oote the coior of the gel to de-
_tormitng Uf It has been completely spent:

[ ¥

make & dotation of ita condition. Trapsfer
the mlica gl back to Its onglnal contaner
and ssal A {unnsl may maks It eager to
pour the silica el without spilling, and a

that may adhere to the walls and are diffl-
cult to remove. Since the guin in weight (a to
OF toisture calculations, do not use
other lquids 1o transfer the
s, balance is availabdle in the
follow the procedurs [or Contauner
“Apalyms”

g
:

FERE
i
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Ao mmmdimeim

Conkanagr Waier, Treal LiF LGOS0 OF
pnpiger walar s [ollows: MAKS & potalion
of any tolor or flim in the lguid s=atch
Messure the Uguid vyolume Lo within =1 ml
bvmcumw:;unw«.u;m-
ance 8 available, datermine the Uquid
wveight to within =685 g Record the total
rolume or weight of Uquid presant. This in.
formation is required to calculate the mois-
ture content of the effiuent gaa Discard the
lUquid after messuring and recording the
rolume or weight.

+3 Analysis. Record the data required en
the example shest shown in Pigure 174
" Handle each sample container as [olloww

Coniainer No. 1. Lesve the contents In the
ahipping container or transisr the fllter and
wmmmcmmmm-nmpum
tainar 1o & tared glass welghing dlah. Duesie-
cais for 34 hours In s deslocator contalning
anhydrous calcium mifats. Weigh to & con-
stant weight and report the resuits to the
hearest 0.1 mg For purposes of this Section,
4.3, the term “constant welght” means & dif-
ference of no more than 0.5 mg or 1 pereant
of total weight (ess tare weight, whichever is

time between weighings.

Altarnatively, the sample may be oven
dried st the aversge stack temperatiife or
108° C ¢220° P}, whichever s less. for 3to )
houss. cooled |n the desiccator. add weighed
o » cotistant weight, unless otherwise speci-
fied by the Administrator. The tesisr may
alsc opt to oven dry the sample st the Aver-
whichever s lam, for 2 to 3 hours. weigh the
mmple, and use this weight M 3 nnal
weight.
Provas 1T-4=ANaLTTICAL Data

Plant—
Duta
Run No.
Fiter No.
Amount lquid Jost dunng Lransport
Acetons Blank volurns, ml

Acetone wash volume, M) e
Acetone blank concentraticn mg/mg (equs-

tion 1T-4)
Acetons wash blank, mg (rquation 17-8) —

wummn
frg vmgm | Tow ewgn | weg gan
- ”
PR I
1
+-

Coregrar
P

Towl

LEnh GRS MR e e

Vet of BrVRAES MR e

Fral

L]
il otecad .|
Tosas veturws Cotapant.....| v -

"Corvert wenght of wost 1 velve by dviing wagnl
--w-w--.'ugmq.. - .

i, §
! ol

- Ve wewr, W

.

yre-or-108"-C-(230°-P), -

Container No. 2 Nota the level of iiquid in
the containsr and confitm on the Analysis
shest wnether or Lot leakage octurred
during transport. 1f s noticesbie amount of
leskage has ocrurred, either vold the sample
or use methods, subject to the approval of
the Administrator, to correct the f{insl re-
sulta. Messure the liquid In this contalner
either volumetrically to =1 ml or gravimet.
rically o =0.5 g. Transfer the contents o &
tared 180-ml besker and evaporate to dry-
ness at smbient tempersiure and pressure.
Destccats for 24 hours and weigh o s cod-
stant weight. Report the resuits 1o the nesr-
axt 0.1 mg.

Conigingr No. 1. This step may be con-
ductad in the fisid Weigh the spent silica
el tor silica gel plus impingeT) to the nesr-
st 0.5 g using 2 balancs.

“Acstons Blank”™ Conlaingr. Measure ace-
tons in Lhis contalnsr either volumetrieally
or grurimetrically. Tranafer Lhe aceione to &
tared 3530-mi beaker and svsporals Lo ary-
Hess 3t ambient temperatiure wnd pressurs.
Desiccats for 24 hours and weigh 10 s con-

ANt weight. Report tha results L0 the Deer-
ot 0.1 mg.

Norx At the option of the tester, the con-
lents of Container No. 3 a8 well as the sce-
tons blank container may de evaparsisd st
tempersiures nigher than ambient. 1f evap.
orsticn i2 done at an slevated temperaturs,
the tegspersture must be delow the boiling
point of the solvent slso, to prevent “bumps
ing,” the evaporation process must be close

besksr must be swiried occamonally 0
maintain an even tamperature, Use excrems
care, a8 acetons i3 highly flammabis and
haa s Jow fNlash point.

8. Calibrution Maintain & laboratery log
of all calibrations.

3.1 Probe Noxzle. Probe nozzles ahall be
calibrated before their (nitial use in the
fisld. Usng s micromeisr, measure the
inside diametar of the noczis to the nearest
0.028 vam (0.001 in). Make three mparsis
meastirements using different diametars
esch time, and obiain the average of the
messurementd. The dllfersncs between the
high and low numbers shall not exceed 0.1
mm (0.004 in). When noziiss becoma
nicked. dented. or corroded. they ahall be
reshaped. sharpemed, and recallbrated
beiore use. Tach nozzis sball be permanent.
ly and uniquely identified. .

5.2 Pitot Tube. If the pitot tubs s placed
in AD intarfarence-{ree arrangemant with re-
spect to the other probe assembly compo-
nents, ita baseline (isolatsd tube) cosaftficient
shall be deteymined as cutlined (o Section 4
of Method 2. If the probe assembly is not L.
tarfarence-free, the pitot tube smsembly co-
afficiant ahall be determined by calibration,
u‘.;nl methods subject to the approval of

Administrator,

5.3 Metaring Systam. Before ita initial
uae inn the fleld, the metaring systam shall
be calidrated according to the procedure
outlined in APTD-0576. Instead of physicai-
iy sdjusting the dry saa meter dial resdings
to correspond to the wet tast metsr resd-
ings. aalibration factors may be used o
mathematically correct the gas mater dixl
resdings to the proper valued

Bafore calibrating the metaring system. it
2 suggestad that s lesk-check be conducted.
Por meisring systema having diaphrasm
pumps. the normal lesk-check procedure
will ot detect [eskages within the pump.
Por these caaes the {ollowing leak-check

10-minus

procedusy ia suggesied muql [}
calibrecion run at £.00087 ymin (002

EPA STATIDNARY SOURCE 1AMPLING YETHODE
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eimr; &L the end of the run. ke the dilier-
ence of the measured wel test meter and

dry gas meter volumes: divide the difference -

by 10, lo get the leak raie, The leax raie
lc}tmt:.ul not exceed 0.00057 m'/min (0.02

m).

Aftsr each finld Use, the salibration of the
metering system shall be thecked by per-
forming three calibrationn runs st & single,
intermediate orifice seiling {based on ths
previous fleld test), mith the vacuum »et st

the maximum valus reached during the test
seried. T'o sdjust the vaculm, losert & valve
between the wet tast metar and the {nlet of
the mwtaring system. Calculats the averige
value of the calibrstion [actor. I the call-
bration has changed by wore than 5 per.
ths meter over the full

Alternative prooedures, £.3. using the ort-
fice matar coslficients, MAY be used, Fubject
to ths approval of the Administralor.

Nore U the dry sas meter coufficient
vaiuss obtained before and after & Lt
saries sr by more than § percent, the
shall either ba voided, or calcula-

using whichever msetar coeflflcient vajue
{Le., befde or after) gives the iower value of
total sampis volums.

5.4 Tempernsures Cauges. Use the proce-
dure in Section 4.3 of Mstbod 2 Lo calibrate
in-stack temparaciure gsuges. Disl thermom-

1y~ sypervised. —and —the—contents—ol-.the. . - St&TL, such as are used for the dry gas meter

1

and condenser outlet, 3hill be cillbrated ™~

asainst mercury-in-glsss thermometsrs.

35 lLeak Checx of Metering System
Enown in Pgure 17-1. That portion of the
traip from the pump Lo the orifice
matar should be leak checied prior 1o initial
use and sach ahipment, Leakage after
ths pump wil} remilt in lesa volums deing re-

E

ons-hole
tubing attached into tha ortfice ex.
haust pipe. Dconnect and vent tha low side
orifics manometar. Close off the jow -
tap. Praasuriza the sysiem to 13
18 om (8 Lo 7 in.) water column by blow-
the rubber tubing, Ptach off the
and observe the manometsr for one
minuta. A loss of pressure on the mancme
ter indicaten & lesk [0 the mster dox
if present. must be corrected.




RUBBER

RUBBER STOPPER

) - TUBING

_ : CLOSED
BLOW INTO TUBING 4

UNTIL MANOMETER
READS S TD 7 INCHES

WATER COLUMN ORIFICE

MANOMETER | |-

4.4 Barometer. Clm:nu sgiinst 3 mer
cury baromaetar.

8. Calculanona Carry out calculationa, re-
taifung 4 least onDe extra decimal figure
beyond that of the scquired dats. Round off
figures after the final esloulation. Other
forma of the sqQuations may be used as long
u‘.ulnynnn squrslent renulta.

omapcisture.

A, = Cross-sactional ares of nozzle. m' (9.

Be.= Water vADOP T the rad stream. RIopor-
tion by veiumse.

C,mAceions bDank residue mun&
my/my

6 =Concantration of particulate matiar In
SACK gaA Ary bDesis correctad L0 stabds
ard conditions, g/dsem (g/dact),

I= Percent of bokinetis sampling.

- laeMaximum soeplable leakage rats for

sither 3 Dretast leak check or for & leak
check followlng a component changw;
squal to 0.00087 m #/min (0.02 ctm) or 4
perpent of the average sampling mis,
whichever s jema,

L=ndividual ieakage rats obegrved during
the leak check conductsd @rior I.lu
“{*" somponent change (i-‘. 323...
m/mun (ctm).

L =Leakage raia obmerved % the post-
test leak check m'/min

. = Total amount of p-mnulu matisr ool

© lectad, mz.

M, » Moiecuiar weight of m 180 g/g-
mole (15.0 Ib/1-mols).

o, =~ Kass of residue of acetone after evapo-
mllon, my.

P, = Barometric pressure at the mampling
site. mm Hy (in. Hg).

!'.-éhnl\mﬂukmmmum.i

£l

Pou=5Standard staolute m 0 mm
Hz (e Mnin Ay,

Re=ldsal gas constant, 0.04234 mm Hg-m'/
'K-g-mois (11.38 in. Hg-1t*/"R-1b-mole).

Ta=Absoluts Average dry gas meler tampar-
sture (aee Figure 17-3), "K ("R),

T.=Absoiuts Aversge SAck Fa4 Lemperstile
(ses Figure 17-3), K ("R).

T--a-‘lzt-.n%dud absoluts temperature, 353°EK
(8328°R).

V,=Volums of acetons blank, ml,

© Vee=Volume of acetons used In wash ml

Vu=Total volume of Uquid collected Ln im-
:Tm;mmmtmmmn-o.

o

QRIFICE BY-PASS VALVE

'Figure 17-5. Leak check of mater box.

Vae=Yolume of I sampie ua m oy
dry ¢as meter. dcm {(def).

Vi =Volums of gyus sample messured by

. the dry sas metsr, corrected Lo Mandard
-conditions, dacm (dact).

Vews=VYolume of wsier vapor o lho (<]
ample, correctad t0 sandard eondie
tions. st (act).

v,=8tack gas veiocity, calculsted by Mathod
1 ZLguation 3-8, umng dala obtained
from Methoc 1T, m/sec (fL/sec).

| W,=Weight of residus (n scetons wash. mg.
Y = Dry ras metar calibration cosfficisnt, -

AHwAversge pressury cditferential across '

thes orilice metar (see Pigures 17-3), us
H.O (in. H.O).
,,-bcx::.ty of scetons, mg/ml (see label on
bot
. pe=Density of water, 0.9947 g/ml tonozznx
Ib/mil).

. #=Total sampling time min

#,=8ampling time interval [rom the begin-
ng of & run until the [irst component
change, min

#=Sampling time interval. between two o~
ceagive component changes. beminning
with the intervel between the first and

- sscond changes, mus

#,=8ampling time (nrerval, fro:n the final
{B*") component changs untll the end of
the sampling run. mun

13. § = Specific STRATILY of mertury.

80 = Sec/mun.

100 = Conversion t-opcn:en:.

4.2 Average dry fas metsr tempersture
and average orifice pressure drop. Ses d.nu
sheet (Figure 17-3).

‘8.3 Dry Gas Volume. COrnctl.blnmnu
rolume messured by the dry gas mater to
sandard conditions (20° C, 760 ma Hg or
o P n.nm.m)b!uumu-l.

tqusuan 17-1

bar
-(ml) . VT 7_

'(wus)
-KV\'----T-———
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VACUUM
GAUGE \ ) I

MAIN VALVE
CLOSED

AIR-TIGHY
PUMP

where: !

K.=0.388" E/mm Hg flor metric units
17.64° nm.a;lormmaumu .

Notx Equation 17-1 can be used as writ-

" tan unisss the leaksfs rits observed during

any of the mandatory leak checks (Le.. the
post-lest lsak check of leak checks conduct.
od prior to componant changes) excesds L,
U L, or L, exceeds L., Equation 17-} must be
modifisd as follows:

(a) Cass L No componsnt cha.n:u made
duning sampling run. In this case, repisce -
V. in Equation 17-1 with the sxpression:

W. "“(IQ L”l

(b) Case II. One or morey component
changes made dunng the amping run. In
this case, repiace V, I lquu.ion 17-1 by the
sXpresxion:

\

L]
Wy=ily=L,) 4« 5 Ly =Lty

- “‘D - g,) o)

. and substitute only for those ln.nn rates

(L or L, which exceed L.,
_C.i Volums of water vapor.

+

-(lt-d) vlc(f “‘) ‘2-"1:‘

where: ‘ Equation 17-2
K.=0.001333 myml [for

metri
| 0.04707 fL/ml for Chgliah umits,




4.5 Moisture Content.

Voo

Voume + Vorus

Equation 17-3
4.4 Aocetons Rlank Conocantration.

Gr —

Equation 17-4
4.7 Aocetoos Waah Elank,

Wl Vet
Equation 17-8
6.4 Total Particulate Weight. Determine
the total particulste cateh from the sum of

the weights obtained {rom containers | and
2 lesa the acetone blank (see Figure |74}

Nore Refer to Section 4.1.5 to sasist In
caleulation of results involving two or more
filter assetnblies or twao or more sampling
traina.

. . 49_Prarticulate Concentration. .

c,=i0.001 g/my) (M/V yinu)
Equation 17-4
4.10 Conversion Pactors
Froeh | Te Sty by
-t me .05
R /R ey
o/l wh 2208 x 10°°
whe ir"" unn

6.11 Isckinstic Variation
6.11.1 Calculation {rom Raw Data,

LA UPRALS "Hi AT
W VoA

- Equation 17-T
where:

K,«0.003454 mm Hg-m'/ml-"K for metrio
units; 0.002849 in. Hy-ft}/ml-"R for Eng-
lish units.

r.

m_nm.m‘ e —

6.11.2 Calculation from Intermediste
Values.

T

[« 3 ngstd['std 100
YRR A -

ws

Equation 17-8
where:

K.=4.320 for metric units: 0.09430 for Eng-
lish unita. :

6.12 Accsptable Rasuts, If percent
<1 <110 percent, the results are dfepiable,
If the results are low in comparason to the
standard and [ is beyond the acceptable
range, or, if 1 is leas than 90 pereanc tha Ad-
IIDSLIALOr MAY Opt to accept Lhe results.
Use Citation 4 in siblio;fiphw make
judgmenta. o:.n.m..,, rejoct results
and repeat the test. ‘

of Isokinetic Equipment.

tal Protection .
search Park, N.C, APTD-0381.
April 1971,

3. Rom, Jerome J. Maintenance, Callbrs-
tion, and Openstion of Leokinstic Source-
Sampling Fquipment. Environmental Pro-
tection Agency, Research
N.C. APTD-0578. March, 19T

4 Smith, W. 8. R. T. Shigshara, and W,
F. Todd. A Method of Intarpreting Stack
8ampling Data. Paper Presented at the t3rd
Annus! Mesting of the Alr Pollution Con-
momum. 8t Loula, Mo. June 14-19,

8. Smith, W. 8. et al, Stack Cas Sampling
Improved and Bimplified with New Egquip-
mant. APCA Paper No. 87-118, t18eT,

4. Specifieations for Incinerstor Testing at
Puders] Facllities. PHS, NCAPC. 1967,

1. Shigehars. R. T, Adjustments in the
LPA Nomogrsph for Differsrit Piiot Tube
Coetficisnts and Dry. ps... - FEnt
Biack Bampling News T4- .. ... ar, 1974,

8. Vollaro, R. P, A Survey ui Commercials
1y Avallable tation for the Meas-
urement of Low-Range Gas Velocities. US,
Environmental Protection Aguncy, Dmission
Messurement Branch. Research Triangle
mM 'n.c. November, 1976 (unpydlished

0. Annual Book of ASTM Standards. Parg
38, Oaseous Puslx; Cosl and Coke: Atmos-
pheric Analysis, American Soaiety for Tast.
Ing and Materials, Philadalphia, Pu 1974,

10. Vollaro, R. P.. Recommended Proce-
dure for Sampie Truverses in Ducta

Smaller
than 13 Inchea th Diameter. U8, Prrviron-
mental Protection Emisston Mess-
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- OTHER METHOOS:

L

ELEMENTS (ICP)

SMPLER FILTER
(0.8-um, ce]lulose ester menbrane)

FLOW RATE: 1 to 4 L/min

VOL-MIN: Table 1
~MAX: Table 1

SHIPMENT: routine”

SAMPLE STABILITY: 'stable

BLANKS: 2 to 10 field blanks per set

-

A@@P.Acv *

RANGE STUDIED: not studied .

BIAS: none identified

OVERALL PRECISION (s.): not evaluated

METHOD: 7300

M.W.: Table-1 ISSUED: --2/15/84

| OSHA/NIOSH/ACGIH: . Table ) PROPERTIES: Table. !

ELEMENTS: aluminum cobalt manganese silver tungsten
arsenic copper -molybdenum _ sodium vanadium
beryllium iron nicke) tellurium yttrium
cadmium Jead phosphorus _thalliun zinc
calcium’ lithium platinum tin zirconium -
chromium magnesium selenium titanium

SYNONYMS: vary depending upon the compound.

_ SAMPLING

MEASUREMENT

"1 TECHNIQUE: INDUCTIVELY ‘COUPLED ARGON PLASMA,

b ATOMIC EMISSION SPECTROSCOPY
1

TANALYTE: elements above

1L .

IASHING REAGENTS: conc. HMNO3, 4 mi;

U and conc. HC10g, 1 mlL

! CONDITIONS: roam temperature, 30 min;
H 150 °C to near dryness
B .

'FINAL SOLUTION: 4% HNOg, 1% HC10g, 10 i

- 'HAVELENGTH depends ' upon element; Table 2

'BACKGROUHD CORRECTION: spectra1 uavelength shift

I

ICALIBRATION: elements in 4% HNO3, 1% HC1O,

' L Lot ‘
'RANGE: 2.5 to 1000 g pel_‘ sample [1]

IESTIMATED 10D: ) wg per sample [1]

\ . ) k

IPRECISION (sp): Table 2~

APPLICABILITY:
S00-L air sample.

The working range of this method is 0.005 to 2.0 mg/m® for each element in a
This is simultaneous elemental analysis, not compound specific.

Verify that

the types of compounds in the samples are soluble with this ashing procedure.

INTERFERENCES:
analysis.
factors and background correction [1,21.

Spectral interferences are the primary interferences encountered in ICP-AES
These are minimized by judicious wavelength selection, interelément correction

This method replaces P&CAM 351 [2] for trace e]emznts

Atomic absorption

spectroscopy (e g., Methods 70XX) 1s an alternate analytical techmque for many of these

el ements

2/15/84
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ELEMENTS (ICP) . METHOD: 7300
REAGENTS: EQUIPMENT:
1. Nitric acid, conc. 1. Sampler: cellulose ester membrane filter,
2. Perchloric acid, conc.* 0.8-mmn pore size, 37-4m diameter; in cassette
3. Ashing acid: 4:1 (v/v) HNO3:HC1Q,. filter holder.

Mix 4 volumes conc. HNOj with 2. Personal sampling pump, 1 to 4 L/min, with

1 volume conc. HC104. flexible connecting tubing,
4. Calibration stock solutions, 3. Inductively coupled plasma-atomic emission

1000 ug/mL. Commercially available, spectrometer, equipped as specified by the

or prepared per instrument manufacturer for analysis of elements of interest.
" manufacturer's recammendation (see 4. Requlator, two-stage, for argon.

step 12). 5. Beakers, Phillips, 125-mlL, or Griffin, 50-mbL, with
5. Dilution acid, 4% HNOz, 1% HC104. watchglass covers.*

Add 50 mL ashing acid to 600 mL ~ 6. volumetric flasks, 10- and 100- mL.*

water; dilute to 1 L. 7. Assorted volumetric pipets as needed.*
6. Argon. 8. Hotplate, surface temperature 150 °C,

.. Distilled,deionized water.

*Clean all glassware with conc. nitric acid and

*See Special Precautions. A rinse thoroughly in distilled water before use.

— = — - e S — e i = == = o= = - = L

SPECIAL PRECAUTI(NS Perfonn all per'chloﬂc acid dlgestwns in a perchloric acid hood.

SAMPLING

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Sample at an accurately known flow rate between )} and 4 L/min for a total sample size of
200 to 2000 L {see Table )) for TWA measurements. Do not exceed a filter loading of
approximately 2 mg total dust.

SAMPLE PREPARATION:

3. Open the cassette filter holders and transfer the samples and blanks to clean beakers.

4. Add 5 mL ashing acid. Cover with a watchglass. Let stand .30 min at room temperature.
NOTE: Start a reagent blank at this step,

5. Heat on hotplate” (120 °C) unti) ca. 0.5 mt remains.

NOTE: Some spec1‘: of Li, Mn, Mo, Sn, W, and Zr will not be campletely solubilized by this

procedure. TAlternative solubilization techniques for most of these e)ements can be
found elsewhere [2,3,4,5,6,7].

6. Add 2 mL ashing acid and repeat step 5. Repeat this step until the solution is ¢lear.

1.  Remove watchglass and rinse into the beaker with distilled water.

8. Increase the temperature to 150 °C and take the sample to dryness.

9. Dissolve the residue in 2 to 3 mt ditution acid.

10. Transfer the solutions quantitatively to 10-mL volumetric flasks.

11. Dilute to volume with dilution acid.

CALIBRATION AND QUALITY CONTROL:
12. Calibrate the spectrometer according to the manufacturers recommendations.

NOTE: Typically, an acid blank and 10 pg/mL meltielement working standards are used. The

following multielement cambinations are chemically campatible in 41 HNO3/1% HCIO4
a. Ag, Ca, Co, Mn, Pb, V, Zn;

b. Al, Be, Cd, La, Li, Ni, T1;

c. As, B, Ba, Mg, Mo, P, 5n; .

2/15/84 1300-2




- METHOD: ' 7300 . ' . ‘ ' ELEMENTS (ICP)

. d. Cu, Fe, Na, Pt, Sr, Te, Y;

: e. Cr', X, Sb, Se, TV, Zr; and

, ' f. Si, W (distilled water only)

. 13. Analyze a standard for every ten samples.

14. Check recovenes with at least two spiked media blanks per ten sanples

HEASUREHENT - .
15. Set spectrometer to cond:t:ons specified by manufacturer
16. Analyze standards ‘and samples.
NOTE: If the values for the samples are above the range of the standards dilute the
"solutions with dilution ac1d. reanalyze and’ apply the appropriate dilution factor in
‘the calw‘lanons.

. CALCULATIONS:

17..0btain the solution concentrations for the sarrp]e, Cs (ug/mt.) and the average media ’
blank, C, (ug/mL), from the instrument.

18. Using the solution volumes of sample, Vg (ml), and med1a b1ank vb (mL), calculate the
concentration, C (mg/m®), of each e1ement in the air volume sarrp1ed v

c= -_csia:_c_b_"'l:_. mg/m? .
- v .

EVALUATION OF METHOD: . \ .

Method P3CAM 35) was evamated in 1981 [1,2). The precision and recovery data were determined
at 2.5 and 1000 ug of each element per sample on spiked filters. The precision and recovery
data, instumental detection limits, sensitivity, and analytical wavelengths are listed in
Table 2. The values in Table 2 were determined with a Jarrell-Ash Model 1160 ICP operated
according to manufacturer's instructions. '

REFERENCES: = S ., S ,

[11 HulY, R.D. “Multielement Analysis of Industrial Hygiene Samples,” NIOSH Internal Report,
presented at the American Industrial Hygiene Conference,. Port]and Oregon {May 1981).

' .[2) NIOSH Manual of Analytical Methods, 2nd ed., V. 7, PaCAM 351, U.S. oepartment of Health and
Human Services, sPubl. (NIOSH) B?. 100 (1981) :

[3] Ibid, S341 (Lead).

(4] Ibig, v, 2, S5 (Hanganese} u.s. Departrnent of Health, Educatwn and Helfare Publ
(NIOSH) ‘77-157-8 (1917).

[5] Tbid, V. 4, P&CAM 2T (Tungsten) U.s. Department of Health, Educat.\on. and He]fare Publ
{NIOSH) 78-175 (1978).

‘{6] Ibid, V. 5, P&CAM 173 (Metals by Atomic. Absorption), U.S. Department of Heah.h Education.
and Welfare, Publ. (NIOSH) 79-141 (1979).

(7] Ibid, v. 3, S183 (Tin), S185 (Zirconium}, and $376 (Holybdenun) u.s. Departrrent of Hea]th

Educanon and Helfare. Publ. (NIOSH) 77-157-C (1977).

METHOD REVISED BY: R. Deton Hull and Mark Hillson NIOSH/DPSE

-
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ELEMENTS (ICP)

METHOD:

1300.

Table 1. Properties and sampling volumes.

Properties Permissible Exposure Limits,
Element Atomic mg/m* TWA
(Symbol) Weight MP, °C OSHA/NIOSH/ACGIH
Silver (Ag) 107.87 961 0.0/ - / 0.1
Aluminum (Al) 26.98 660 -t — /10,
Arsenic (As) 74.92 8i17* 0.5/C 0.0027 0.2
Beryllium (Be) 9.01 1278 0.002/ 0.0005/ 0,002
Calctum (Ca) 40.08 842 5 (b} -- 72 (b)
Cadmium (Cd) 112.40 321 0.2/ 0.04/ 0.05
Cobalt {Co) 58.93 1495 0.1/ - /0.1
Chromium (Cr) 52.00 1890 1.0 {c}/ 0.025/ 0.5 (c)
Copper (Cu) $3.54 1003 1.0/ — 7 1.0
Iron (Fe) 55.85 1535 10 (b, — /5 (b)
Lithium (Li) ' 6.94 179 0.025 (d)/ ~-- 7 0.025 (d)
Magnesium (Mg) 24.31 651 15 (b}, — 710 {b)
Manganese (Mn) 54.94 1244 cS —7¢C5
. Polybdenum _(Mo) . _95.94 . .65)-- - 15--{e)/ —-/-10(e) - :
Sodium (Na) 22.99 98 2fy/Cc2(f)/Cc2 (N
Nickel (Ni) 58.1 1453 17 0.015/ 1 (c) -
Phosphorus (P) *30.97 44 [ ey i 1 |
Lead (Pb) 207.19 328 0.05/ 0.1/ 0.15
Platinum (Pt) 195.09 1769 0.002 (A)/ — /7 1 {c)
Selenium (Se) 18.96 217 0.2/ -/ -
Tin {Sn) 118.69 232 2/ — /2 ()
Te)lurium (Te) . 127.60 450 0.1 — /0.
Titanium (T3) 47.90 18715 — / = /10 (b}
Thallium (T} 204.37 304 0.1 (a)/ — 7 0.1 (a) -
Yanadium (V) 50.94 1890 € 0.5/ 1 (c)/ 0.05 (v0c)
Tungsten (W) 183.85 3410 -/ 5 (e)/ 5 (e)
Yttriun (Y) 88.91 1495 V-7
Zinc (In) 6%.37 419 5 (b} 5 (b)/ 5 (b)
Zirconium (2r) 9}.22 1852 5 —/5
{a) soluble
(b} oxide
(c) metal
(d) hydride
(e) insoluble
(f) hydroxide
(g) at the ACGIH TLV
2/15/84 ©1300-4

Air Volume @ QSHA, L

MIN MAX
250 2000

5(g) 100 (g)

5 2000
1250 2000

5 200

13 2000

25 2000

5 1000

5 1000

5 100
100 2000

5 67

5 200
g e

13 2000

5 1000

25 {g) 2000 {g)
50 2000
1250 2000

13 2000

5 500 -
25 2000

5 100

25 2000

5 2000

5 (g) 200 (g)

5 1000

5 200

5 200
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METHOO: 7300 ELEMENTS (ICP)
Table 2. Measurement procedures and data (a).
Precision (s,)
Instrumental  Sensitivity Recovery (%) _
Wavelength LOD (Intensity/ @ 2.5 pg/ @ 1000 yg/ @ 2.5 yg/ @ 1000 wug/

Element (nem) (ng/mt) pg/mL) filter (b) filter filter filter
Ag 328.3 26 0.65 m 91 0.02 - 0.0715
Al 308.2 14 0.23 93 100 0.092 ©0.023
As 193.7 13 0.57 103 9% 0.062 0.026
Be 313.0 1.5 1.29 107 90 0.040 0.034
Ca 315.9 10 0.49 99 95 0.036 0.014
cd 226.5. 1.6 0.83 107 a9 0.032 0.020
Co 231.2 7.4 0.38 101 95 0.040 0.005
cr 205.6 1.3 0.50 98 106 0.053 0.016
Cu 324.8 2.1 0.72 - S8 99 0.036 0.022
Fe 259.9 3.9 0.13 94 97 '0.068 0.016 .
Li 670.8 2.8 0.48 a9 - 95 0.1Nn 0.043 ,
Mg 2719.6 - 24 0.22 105 106 0.084 0.027
Mn 257.6 0.4 0.74 84 93 0.062 0.035
Mo 281.6 7.0 0.18 94 2] 0.023 0.049
Na 589.0 10 0.76 (c) 10 (c) 0.045
Ni 231.6 3.4 0.41 105 97 0.027 0.020
P 214.9 22 0.17 (c) 91 (c) 0.056
Pt 220.4 17 0.42 105 95 0.060 _0.0M)
Pt 203.7 15 0.69 106 9 0.041 0.0715
Se 190.6 21 0.28 105 97 0.068 0.049
Sn 190.0 64 0.49 14 67 0.33 0.16
Te 214.3 29 0.4 102 94 0.050 0.063 -
Ti 334.9 1.2 0.55 96 108 0.051 0.029
Tl 190.9 1 0.22 103 99 0.043 0.017
v 310.2 3.2 0.88 99 94 0.043 0.014
W 207.9 13 2.58 35 23 0.053 0.60
Y 3710 : 0.8 2.35 99 100 0.015 0.013
In 213.9 ‘, 0.6 0.60 101 94 0.013 0.013
ir 339.2 1.9 0.88 15 98 0.049 0.008

(a) Values reported were obtained with a Jarrell-Ash Model 1160 ICP; performance may vary with
instrument and should be independently verified.

{b) 2.5 ug/filter corresponds to 5 uyg/m® for a 500-L air sample,

(c) Blank levels too high to make accurate determinations

2/15/84
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