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ACFM

cc {ml)
DSCFM
DSML
DEG-F (%F)
DIA.

FP
FT/SEC
Q

GPM
GR/ACF
GR/DSCF
g/dscm
HP

HRS

IN.
IN.HG.
IN.WC.
LB
LB/DSCF
LB/HR
LB/10°8TU
LB/MMBTU
LTPD
Mw .
mg/Nm;
ug/Nm*
microns (um)
MIN.

ng
chm-cm
PM

PPH
PPM
pomC
pom.d
pom,w
ppt

PSI
SQ.FT.
TPD

ug

v/v
w/w

£

Standard conditions are defined as 68 °F (20 %) and 29.92 IN. of mercury

pressure.

ABBREVIATIONS

actual cubic feet per minute

cubic centimeter (milliliter)

standard cubic foot of dry gas per minute
dry standard miililiter

dearees Fahrenheit

diameter

finished product for plant

feet per second

qram

gallons per minute

grains per actual cubic foot

grains per dry standard cubic foot
grams per dry standard cubic meter
horsepower

hours

inches

inches of mercury

inches of water

pound

pounds per dry standard cubic foot
pounds per hour

pounds per million British Thermal Units heat input
pounds per million British Thermal Units heat 1nput
long tons per day

megawatt

milligrams per dry standard cubic meter
micrograms per dry standard cubic meter
micrometer

minutes

nanograms

ohm-centimeter

particuiate matter

pounds per hour

parts per million

parts per million carbon

parts per million., dry

parts per million, wet

parts per trillion

pounds per square inch

square feet

tons per day

micrograms

percent by volume

percent by weight

< twhen following a number)
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Jeff Cole, RTI, says this is a dry bottom boiler, according to
the UDI/EEI database. Jeff has been working with the NSP data
for five years and, therefore, I am taking his word on this.
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1 INTRCDUCTION

Or March 27, 1932, Inmterpoll Lakaorator-zs personnel condugisd a
trace metal characterization study on the Unit 2 Ory Scrubbing System at
the Northern States Pcwer Zompany (NSP) Sherturne County Cenerating
Station locateg in Backer, Minnescta. On-size ta2s%ing was performed by D.
Van Hoever, £. Trowbridge, M. ¥aehler and ¢. Bainville, Coordinaticn

between testing activities and plarnt operation was provided by Bob Catron
of NSP.

Unit 3 is a Babcock and Wilcox 860 MW boiler whizh came on line in
1927, The boiler dis fired with pulvarizad subbituminous zoal from
Montana. Particulate and sulfur dioxidz emissicns are centrglled by a dry
scrubber consisting of a sprazy dryer absorber (SDA} and bGaghouse.
Scrubbed flue gas is exhausted to the atmosphere by a §52-foct high radial

rizk-lined corcrete .stack.

Multi-Metal Modified Method 5 (4ME) sampling train was used to
isokinetically collect sclid and vapor phase trace metals. The samples

‘were callected and analyzed as per the EPA Draft Method “"Methodology for

the Determination of Metals Emissions in Exhaust Gases from Stationhary
Scurce Combustion Processes”. The aerosol or solid phase trace metal
samples were collected on high purity Pallflex’ filters. The vapor phase
trace metals were collected in an all glass impinger train. The first and
second impingers each contained 100 ¢c of a mixture of 5% HN03 and 10% HEOE'
The third and fourth impingers contained 100 cz cf a mixture of 4% KMnO,
and 10% H3SO:. These impingers collect any elemental mercury which might

penetrate the first two impingers.

The recovered four-part trace metal samplies ware returned tc the
laboratory where the probs rinse, filter and nitric acid impinger cat:zh
werg combined, dissclved in acid (incliding the glass fiber filter) and

anaiyzed by Inductively Coupled Argeon Plasma Emission Spectrometry (ICP).
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In secme c¢ases, the same were reanalyzed by graghite furnaces atomic
absorpticn spectrometry for greater sensitivity. The permanganate mercary
catch and an a'iguet of the front half catch were analyzed by zcid vapor
atomic abscrptior spectrometry (CV/AL], Twe fTield-biased blanks wsra
collected and recoversd at each fest site and analyzed with the field

samples.

The CrivI) samples w2-a collected with 2 Modified Method 12 sampling
train withcut the cptiomal filter. Paliflex’ Type 250C QAT ultrapure
filters were used in the post-impinger filter holder in pilace cof the
normal glass fiber filters. The sampling train was rigorously cleaned
prior to sampling to remove any traces of organi¢ materials which react
rapidly tc reduce Cr{VvI) to Cr(III). In addition, nonorganic vacuum
grease was used to seal all ground glass joints in the sampling *rain.

A heated glass-lined sampling probe was used to extract the samplas
from the stack. The first two impingers were charged with 1 N NaCH which
acts as a preservative. The samples were collected following Method 5
sampling protacol, After completion of sampling, the freat half of the
train was recovered using 0.5% Na,CO.. The backhalf was recovered using

" 0.1 N NaOH. The recovered samples were stored at 4 0¢ until analysis.

In the laboratory, the three-part field sample was combined, pH
adjusted, APDC chelating agent added and extracted with MiBK. The MiBK
was then evaporated and the residue taken up in nitric acid. The extract
was then analyzed by ICP in accordance with EPA Method 6010,

An integrated flue gas sample was extractad simultaneously with each
particulate and sulfur dioxide sample using a specially designed gas
sampling system. Integrated flue gas samples were collected in 44-liter
Tedlar bags housed in a protective aluminum housing. After sampling was
complete, the bags were sealed and returned to the laboratory for Orsat

aralysis. Priar to sampling, the Tedlar bags are leak checked at 1%
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IN.RG. vacuum with a» in-line -~otameter. Bazs with any detectable

inleakage are discarded.

Testing on the SDA Iniet was conducted using a singls point
traverse. Each test run was 60 minutes in duratiorn. Testing on the Stack
was conducted from four test ports ariented at 90 degrees. These test
ports are iocated seven stack diameters cownstream cf the breeching inlet
and eleven diameters upstream of the stack exit. A 16-point traverse was
used to extract representative trace metals and chromium VI samples. Each
traverse point was sampled four minutes to give a tota! sampling time of

64 minutes per run.

The important results of the test are summarized in Section 2.
Detailed results are presented in Section 3. Field data and all other

supporting information are presented in the appendices.
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2 SUMMARY AND DISCUSSION

The results of the trace metals determinations are summarized in
Tables 1 and 2. Chromium VI results are presented in Table 3.

The mass rates of trace metals determined at the Inlet sampling
location, when stoichiometrically converted to the appropriate or actua?
species, and adjusted for unanalyzed species such Si0;, T1‘02 80, and PO,
give total particulate mass flow rates which agree very well with the
total inlet particulate mass flows measured on August 9, 1988 when a
complete duct traverse (4B-points) was performed as shown below:

Particulate Mass Rate LB/HR

Calculated from Measured
Trace Metals
Run 3-27-90 8-9-88
1 32300 44300
2 47200 44200
3 39500 -
Average 38700 42300

The above calculated mass rates for 3-27-90 do not exhibit good
agreement with the particulate mass rate calculated directly from a
gravimetric analysis of the trace metal samples (71,000, 67000 and &3000
LB/HR). This is not surprising inasmuch as the 3-27-90 sampling consisted
of a 3-point traverse. This data suggests a severe stratificaticn of
particulate mass flow in the inlet ducting.

Some contamination occurred of the Run 1 sample :zsliected at <the
stack test site which invaiidated the Run 1 results for arsenic, cadmium
and zinc. This contaminaticn did not effect cther trace elements nor was

it observed in the subseguent tes*t runs,
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No other difficulties were encountered in the Tield or in the
laboratory eveluation of the samples. On the basis of this fact anc a
complete review of the entire data and results, it is our opinion, subject
to the above qualifications, that the results reported herein are accurate
and closely reflect the actual values which existed at the time the test

was performed.
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Table 1. Results of the March 27, 1960 Trace Metal Determinations on the
Unit 3 Dry Scrubber System at the NSP Sherburne County Station in Becker,
Minnesota.
Concentration (ug/Nnﬂ)

Run 1 Run 2 Run 3
Element Inlet Stack Inlet Stack Inlet Stack
Aluminum 1.39%10° 261 2.56X10° 67 .87X10° 101
Arsenic 69.6 X 66.0 <,056 83.6 <.056
Boron 8430 2620 8270 445 10900 1890
Barium 10300 <6.5 15800 <6.5 10300 <6.5
Beryllium 22.8  .0022 24.9  .0067 26.5 .0135
calcium 3.33X10° 4657 6.06X10° 259 .97X10° 251
cadmium 8.15 X 8.23  11.87 7.34 6.84
Chromium 266 15.6 281 9.26 316 7.07
Copper 587 108 555 52.2 748 25.6
Iron 1.38X10° 143 1.10X10° 103 _58X10° 33.7
Potassium 51700 251 48500 84.8 58300 1.9
Maghesium 20000 40.3 30000 16.7 30400 29.2
Manganese 5450 7.73 5210 51.9 6280 5.16
Molybdenum 64.5 <4.4 47.2 <4.4 87.1 <4.4
Sodium 84900 9497 1.12x10° 627 .19X10° 653
Nickel 204 10.9? 174 10.0 237 3.59
Lead 640 16.9 494 5.35 654 4.5
Selenium 45.4  <2.72 32.2  <2.79 58.5 2.81
Antimony 83.8 .97 58.1 0.22 93.9 <. 20
Strontium 19900 1.63 11700 5.58 24700 5.61
Vanadium 704 <. 11 643 <. 1 836 <. M
Zinc 264 X 258 35.6 256 23.4
Mercury 7.88 5.62 7.56 2.34 4,95 4.6
Silver 2.29 <.33 2,31 <.33 2.30 <, 34

[ B 4
n on

Result invalidated due to field contamination
Result may be high due to field contamination
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Table 3

summary of the Results of the March 27, 1990 Hexavalent

Chromium (Crv1) Determinations on the Unit 3 Stack at the NSP

Sherburne County Station.

Concentration Emission Rate
Test/Run (ug/Nm') (LB/HR)
2/1 1.30 0.0095
2/2 0.39 0.0028
2/3 1. 41 0.0100
Avg 1.03 0.0074




=y A-VI, PR I .

PR P _ _

ﬁ “ ] - ."

3 RESULTS

The resuits of all field and laboratory evaluations are presented in
this section. Gas composition (Orsat and moisture) are presented first
followed by the computer printout of the trace metals and chromium VI
sampling data. Preliminary measurements including test port locations are

given in the appendices.

The results have been calculated on a personal computer using
programs written in Extended BASIC specifically for source testing cal-
culations. EPA-published equations have been used as the basis of the

calculation techniques in these programs.

The emission rates have been calculated using the product of the

concentration times flow method.
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Results of Orsat _and Moisture Analyses
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Interpoll Report No. 0-3005
Northern States Power - Sherco

Tesi No. 1
Unit 3 SDA Inlet

Results of Orsat & Moisture Analyses----
Run 1
Date of run 03-27-90

Dry basis {orsat)

carbon dioxide............ 13.30
OXYOeN. . .vo.s Ceer e 6.70
carbon monoxide........... 0.00
Nitrogen. ...cie et ivernearvas 80.00

Wet basis (orsat)

carbon dioxide............ 12.03
OXYUeM . v v s v easrosonoronsns 6.06
carbon monoxide........... 0.00
nitrogen......... et s e e 72.38
water vapor.....o.ecuseess 9.53
Dry molecular weight........ 30.40
Wet molecular weight........ 29.21
Specific gravity......... .. 1.008
Water mass flow...... {LB/HR) 662829
11

c~ 1.068

Becker,

Minnesota

Methods 3 & 4(3v/v)

Run 2
03-27-90

13,

80.

12,

72.

10

30.

29

40

.50

.00

10

.84

.00

02

.09

40

.15

1.007

695254

1.075

Run 3
03-27-90

13.50

80.10

12.06

5.72

0.00

71.54

10.68

30.42

29.09

1.005

743527

1.074




Report No. 0-3005
s Power - Shnerco

Interpo
3 2
Becker, Minnesota

11
Northesrn tat

Results of Orsat & Moisture Analyses----- Methods 3 & d4(iv/v)
Run 1 Run 2 Run 3
Date of run 03-27-90 03-27-9GC 03-27-350

Ory basis {orsat)

carbon dioxide............ 13.50 13,80 13.90
T = = o [ 6.50 6.20 6.10
carbaon monoxide........... 0.00 0.00 0.00
nitrogen.,..... et 8Q.00 80.00 80C.00

Wet basis (orsat)

carbon dioxide.......... . 11.43 11.75 11.89
OXYGeN . . v v i v vt i vn e e 5.50 5.28 5.22
carbon monoxide......... ' . 0.00 0.00 0.00
NILrOgeN . « vt o vt s v s e s e snn 67 .70 68.13 68.42
water vapor....... 00000 15.37 14.84 14.47
Dry moltecular weight........ 30.42 30.46 30.47
Wet molecular weight........ 28.51 28.61 28.66
Specific gravity......... SN 0.985 0.988 0.990
Water mass fiow...... (LB/HR) 0.00 0.00 0.00
Fo 1.067 1.265 1.0485%

12




Test No. 2
untt 3 Stack

Results of Orsat & Moisture Analyses

Date of run

Dry basis {orsat)

carbon dioxide......-..u..
OXYOeN. o0 ha et e e e
carbon monoxide. . ... v

nitrogen......... Ceen e

Wet basis (orsat)

carbon dioxide......... ‘e
OXYTEN o ot v v aa s acnanassnsas
carbon monoxide...........
nitregen....... s s s e en s

water vVapor...ccerasoss s anns

Dry molecular weight........
Wet molecular weight........
Specific gravity............

Water mass flow...... {LB/HR)

13

Interpoll Report No. 0-3005

Run 1
03-27-90

13.60

6.10

80.30

l11.68

€8.98

14.10

30.42
28.67
0.990

0.00

* noo

Northern States Power

Becker,

Run 2
03-27-90

13.60

0.00

80.30

11.61

68.55

14.63

30.42
28.60

0.988

1 NneQ

- Sherco
Minnescta

Methods 3 & 4(%v/v)

Run 3
03-27-90

13.60

80.40

11.58

68.46

14.85

30.42
28.57

0.987

1.009A
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3.2 Results of the Multi Metal Modified Method 5 (4M5) Sampling

14




Test No. 1
Unit 3 SDA Inlet

Results of the Multi Metal Modified Method 5 {4M5) Sampling

Date of run

Time run start/end..... (HRS)
Static pressure...... {(IN.WC)
Cross sectional area (SQ.FT)
Pitot tube coefficient......

Water in sample gas

CONAdeNnsSer. .o v rarars-s (ML)
impingers.......... (GRAMS)
desiccant.......... {GRAMS)
total....oovv s (GRAMS)
Gas meter coefficient.......

Barometric pressure..{(IN.HG

" Avg. orif.pres.drop..{IN.WC)

Avg. gas meter temp..{DEF-F)

Volume through gas meter....
at meter conditions...{(CF)
standard conditions. {(DSCF)}

Total sampiing time....(MIN)}
Nozzle diameter......«.. {IN)
Avg.stack gas temp ..{DEG-F)

volumetric flow rate........
actual........ ceanas {ACFM
dry standard.......{DSCFM)
Isokinetic varijation..... (%)

Interpoll Report No. 0-3005
Northern States Power - Sherco

Run 1
03-27-90

840/ 940

-13.20
1090.00
. 840

0.0
65.0
28.0
93.0

0.9992
29.12
1.69
8l1.7

43.75
41.63
6C.00

. 249
280

3691895
2243426

99.7

Becker,

Run 2
03-27-90

1025/1125

-13.20
1080.00
. 840

0.0
8z.0
16.0
98.0

0.99%2
29,12
1.67
87.5

43.76
41.20
60.00

.249
280

3660354
2209850

100.2

Minnesota

Run 3
03-27-90

1210/1310

-13.20
1090.00
. 840

0.0
80.0
15.0

105.0

0.9992
29.12
1.70
90.4

44.20
41.39
60.00

.249
280

3697315
2216340

100.4
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Test No. 1
Unit 3 Stack

Results of the Multi Metal Modified Method 5 (4M5) Sampling

Date of run

Time run start/end..... {HRS)
Static pressure...... {IN.WC)
Cross sectional area (SQ.FT)
Pitot tube coefficient......

Water in sample gas

condenser.. . .o iceasn {ML}
TMPINGerS. cvnveenes {GRAMS)
desiccant.......... (GRAMS)
total....coiiieeunn {GRAMS)
Gas meter coefficient.......

Barometric pressure..{IN,.HG)
Avg. orif.pres.drop..{IN.NKC)
Avg. gas meter temp..(DEF-F)

Vvolume through gas meter....

at meter conditions...(CF)
standard conditions. (DSCF)

Tota) sampling time....{MIN}
Nozzle diameter......... ({IN)
Avg.stack gas temp ..{DEG-F)
Volumetric flow rate........
actual.....iiiienens {(ACFM)
dry standard.......(DSCFM)

Isokinetic variation..... (%)

16

Interpol) Report No. 0-3005

Run 1
03-27-90

B840/ 954

-0.72
683.489
. 840

0.0
115.0
10.0
125.0

0.9980
28.98
0.88
63.4

33.22
32.45
64.00

.178
167

2829194
1950168

102.9

Northern States Power
Becker,

Run 2
03-27-90

1025/1139
~0.72

683.49
.840

- -
1o -

~~NO00O
0O000O

0.9980
28.98
0.83
62.8

32.38
31.67
64.00

.178
166

2829323
1965867

59.6

~ Sherco

Minnesota

Run 3
03~-27-90

1210/1324
-0.72

683.49
. 840

[y

(o]
wbwo
OO0 00

-
-

0.9980
28.98
0.83
64.0

32.27
31.49
€4.00

.178
166

2811269
1962255

99.2




3.3 Results of the Hexavalent Chromium (Cr VI) Sampling
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Interpoll Report Ne. 0-3005
Northern States Power - Sherco

Test No. 2
Unit 3 Stack

Results of Hexavalent Chromium {Cr VI) Sampling

Run 1
Date of run 03-27-90
Time run start/end.....(HRS) 1430/1540
Static pressure...... ({IN.WC) ~0.72
Cross sectional area (SQ.FT} £683.49
Pitot tube coefficient...... . 840
Water in sample gas
condenser......ca0-044 (ML) 0.0
impingers.......... {GRAMS) 104.0
desiccant.......... {GRAMS) 5.0
total. ... {GRAMS) 109.0
Gas meter coefficient....... 0.9980
Barometric pressure,.{IN.HG) 28.80
Avg. orif.pres.drop..{(IN.WC) 0.83
Avg. gas meter temp..(DEF-F} 70.1
Volume through gas meter....
at meter conditions...(CF) 32.66
standard conditions. (DSCF) 31.30
Total sampling time....(MIN} 64,00
Nozzle diameter......... {IN) .178
Avg.stack gas temp ..{(DEG-F) 164
volumetric flow rate........
actual.....ooeven «e:« (ACFM) 2801458
dry standard....... {DSCFM) 1957528
Isokinetic variation..... (%) 98.9

18

Becker,

fRun 2
03-27-90

1550/1659
-0.72

683.49
.B40

-
(=]

oMo 0O

(el eNaNe)

(%)
-

0.9980
28.80
0.83
6§7.2

32.55
31.37
64.00

.178
164

2808571
1950487

99.5

Minnesota

Run 3
03-27-90

171071820

-0.72
683.49
.840

0.9980
28.80
0.84
74.12

32.92
31.32
64.00

.178
163

2804604
1944863

98.6
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APPENDIX A

SAMPLING TRAIN CALIBRATION DATA
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Interpoll Laboratories, Inc.
(612) 786-6020

Nozzle Calibration
Data Sheet

Date of Calibration: March 27, 1950
E. Trowbridge

Technician:

Nozzle rotated by 60 degree increments and diameter measured to nearest

0.001 inch.

Nozzle Number 5-4

Observed readings and average:

Position Diameter
{inches)

1 0.249

2 0.250

3 0.249
Average: 0.249




Interpoll Laboratories
(612)786-6020

S-Type Pitot Tube Inspection Sheet

[T

pitobe No. /7
Pitot tube dimensions:
1. External tubing diameter (D,) ,'?'/G; IN.
2. Base to Side A opening plane (PA) s IN.
| i ¢/
3. Base to Side B opening plane (PB) ’ IN.

Alignment:

4. @y <109 /7
5. &, <10° 2

< 50 -/
7. B,<5 - /

8. 7 <.125" _ , & %
9. W <.0625" _ . & Z—

Distance from Pitot to Probe Components:

1
——

1

i
J

10. Pitot to 0.500 IN. nozzle
11. Pitot to probe sheath

759 .

< S 1N

12. Pitot to thermocoupie (parallel to probe) :E; 47459 IN.
13. Pitot to thermocouple (perpendicular to probe) 'f?’dé%ijlﬂ.

Date of Inspection:

/2—-§~-C5

Inspected by:

D 4

v -

s-348(1)

A-4
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Interpoll Laboratories, Inc.
(612} 786~6020

Nozzle Calibration

Data Sheet
Date of Calibration: March 27, 1990 Nozzle Number 4-3
Technician: D. Van Hoever

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 tnch. Observed readings and average:

Position Diameter
(inches)

1 0.175

2 0.177

3 0.180
Average: 0.178




Interpoll Laboratories

{612)786-6020

S-Type Pitot Tube Inspection Sheet

P

M -
.

Pitobe No. ¥ — /4 '
Pitot tube dimensions: ,

. External tubing diameter (Dt) . ?/4 IN. =
Base to Side A opening plane (PA) . jgéf'zb-e IN. >
Base to Side B opening plane (PB) . b 2— IN. ' ]

) ;I
Alignment: I
. oy <100 2 )
a, <10° é '
6. Bj. < 5O / - I_
0
7. B,<5 /
8. 7 <a5" __ .23 I

9. W <,.0625" D 2— '

Distance from Pitet to Probe Components:
10. Pitot to 0.500 IN. nozzle , Z#2 N l
11. Pitot to probe sheath T A I '
12. Pitot to thermocouple (parallel to probe) ?.ﬂj IN.
13. Pitot to thermocouple (perpendicular to probe)  Z¢& Z N I
Date of Inspection: Inspected by: l
/2 -9-9%
s-us(Ui

A-8
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{a12)

EFA Method 5 Bas Metering Svstem
Quality Control Check Data Sheet

Job y://r'/léu’e’a Date 5-246-5p

—_ .
Operator é_MQ Module No. %7

Operate the control module at a flow rate equal
to "HE for 10 minutes before attaching the um-
Lilical. Fecord the following data:

Instructions:

Ear press 22.30 in. Hg. T = .f??@g “HE g,gg in. W.C.
Meter Temp. (=F)
Time Yolume
{min? (CF) Inlet Outlet

- ti= f1. T ot ma -

R (RS, 00’ |PREEREEETIEI R
=5 &7,94 7/ A
5.\ gg 22 —5 | 4%
S N3/ 40 | 78 | Zp
10 133, S €2 |
E V= z#é Avg(tm)= 7“7' 3='F

Calcul ate Yo~ as follows:

0.5
Yem = 1.786 (tm + B60)
T Ve Fo
0.5
Yo = 1.734 ¢ 73 4+ 450
G (24 L) (= € 30

1{ Yo iz not within the range of 0.%97 to 1.0Z, "the volume

metaring system showld be investigated before beginning. "

CFR Title 349, FPart &0, Appendi=x &, Method S, Secticn 4.4.1
5-432R

A-9
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EFA Method § Gas Metering System
GQuality Control Check Data Sheet

Job MS?/QHERCO Date }-26:90

Operator 5. RAINVILLE Module No. &%

Instructions: Operate the control module at & flow rate equsl
to “HE@ for 10 minutes before attaching the um-—
Bilical. FRecord the following data:

Bar press 29.03% im. Hg. g = 2180 THE 188 im. W.C.

Meter Temp. (=F)

i | wem [ inter | outiet
- (gH.s7P
128 ey g | S | SS
S0 1 515.33 S8 56
7S 1 €1 - 21 xe; S G
10 si19a. 11 &4 s 7

Vm= . gy | AVBE= g

Calculate Yo~ as follows:

()_S
Yam = 1.7856 (tm + 4560)
1 Ven Fuo
0.5
Y em = i1.786& {§72.87) + 450
(.%9B80) ( 7.5°¢ ) (2,9.03°

10019

)
e

If Yer is mot withim the range of 0.97 to 1.03, "the volume
metering swvstem should be investigated before beginning."
CFR Title 49, Fart &0, Appendix A, Method 5, Secticn 4.4.1
S-432R
A-10
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Interpsl]l Laboratoriez. lnc.

(&1Z2) Ta&-&060

EFA Method S Gas Metering System
Quality Control Check Data Sheet

Job NS P, SHELco bate 3/25/90
N L /
Operator (7/““ -4 %ft A{IV{/ Meodule No. y

Instructions: Operate the control module at a flow rate eqgual
to "HE Ffor 10 minutes before attaching the um-
bilical. HRecord the following data:

EBar press '2f~§'3'in. Hg. = '9?‘;"’ ~Ha /-Fo in. W.C.

T

Meter Temp. (=F)

Time Volume
(min) (CF) Inlet Outlet

‘Es¢

2. FE7.53 40 5z

%.0 F52,¢3 2/ £3

Z-8 §ko, b 72 ' d

10 &3.77 7z &y

Vm= 7.79 | Avgitm)= §7.267=F

Calculate Ye~ as follows:

0.5
Yem = 1.78% (t, + 460)
T Ym s
0.5
Yen = 1.786 ¢ Y o+ 450
C 99 )« ) ( )

ver = 0008

If Yaen 12 not within the range of 0.97 to 1.03, "the valume
metering system should be investigated before beginning. ™

CFR Title 49, Fart &0, Appendix &, Mathod T, Section 4.4.1
S-432R

A-11
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Interpoll Laboratories, Inc.

Jemperature Measurement Device
calibration_Sheet

uUnit under test:

vendor ATLNS

Model _ 2745 E ; Serial Number 27—/
Range —//2.8 £ & * 1999 °F %  Thermocouple Type
pate of Calibration 2-5-52 Technician &, 7 Ao BX 13 g€

Method of Calibration:

O Comparison against ASTK mercury in glass theracmeter using 3 thersostatted and insulated alyminus biock design'
to provide uniform temperature. The temperature is adjusted by gdjusting the voltage on the block heater
cartridge.

O Osega Mode! CL-300 Tyoe K Thersocougle Simulator which oravides 22 precise temperaturs equivalent millive
s1gnels, The CL-300 is cold junction compensated. Calidration accuracy is ¢ 0.1% of span {2100 O, + 1 deqree
{for negative temperstures add & 2 degrass. The CL-300 simulates exactly the millivoltage of 2 Tyoe Row
thermocouplie &t the indicated temsperature. l

Desired Temperature of Response of Deviation ]' '
Temp (°F) Standard or Unit under Test g
Nominal Simulated Temp (°F) (%) At () (%)
||
0 074 2, 2.9 Léx
100 & o0, — -
200 288 zo . s
300 772 S/ / .4;3; m
400 »o z_ . 2
500 f 22 E4 3/
600 e 80 .5—5;2 / &
700 & / 2 ﬂI
800 2 O _g63 _x_ ¥
900 2 R s ’if; -
1000 4&&9 /08 b1 . 5
1100 778 27 70
1200 220 2/:(-' Lo .
1300 /Sel yd-a ES [4
1400 /! o d ] Y% fg .
1500 7828 /57 Y / 7/
1600 /6 20 S’ , 7 >
1700 . T 778 —lf?’%. , 37
1800 ?JZ 4
1800 rZ /89 s S . 2
2000 22, % 7T ;
2100
Averages: J 4 <3 |
OF = off scale response by unit under test (°F)
X dev = 100 At / (460 + t)

h’ Unit in tolerance
I VUnit was not in tolerance: recalibrated - See new calibration sheet.

[¥e)
-
s e
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Interpoll Laboratories, Inc.

Jemperature Measurement Device
calibration Sheet

Unit under test:
vendor /ﬂ—f'ﬁf_(
Model _ Iz LK - A Serial Number 7 27-v

Range /2.0 ¥ t3 +289¢°% %  Thermocouple Type Ce— Jo
pate of Calibration 2 -z -9 Technician

Method of Calibration:

O Comparison aguinst ASTN sercury in glass thermometer using a thersostatted and insuizted alyninue block designed
to provide unifors tessersture. The temperature is adjusted by adjusting the voltage on the block heater
cartridge.

R Oaega Mode! CL-300 Tyoe § Thersocouple Simulator which orovides 22 pracise temoerature souivalent millivolt
s1gnels. The CL-300 is cold junction compensated. Calibration accuracy is & 0.1% of span (21009F) 2 1 degree
{for megative temperatures add & 2 degrees. The CL-300 sisulates exactiy the millivaltage of a Type K
thernocouple at the wndicated tempersture.

Desirgd Temperature of Response of viation
Temp (°F) standard or Unfit Under Test
Nominal Simulated Temp (°F) (%) At (%) (x)
0 s -27 2.7 5T
200 — Y 7% = | E
200 ’
300 Z S
400 AV £ 1
500 P
600 s £ R :
700 7 %gz. % "_S‘g:
800 20 r24
806 2 i = | =
1000 : 2 — —
1100 /, - — o/ 2
1200 'R I _7 T
1300 21 K »
1400 ngg _‘_2 . i_
1500 L 50 y) £ 2
1600 Vsl / ¥ /
1700 gzgﬁ é';g 2 7
1900 —~£%55— % = | 35
1900 Vs d s { . PA
2000 200D _ 7977 _ 23 73
2100 —_— ————
Averages: 4.2L , yé
OF = off scale response by unit under test °r)
X dev = 100 At / (460 ¢ t)

g Unit in tolerance
Unit was not in tolerance: recalibrated ~ See new calibration sheet.

A-13 S-433




Interpoll Laboratories, Inc.

Temperature Measurement Device
calibration_Sheet

- .y

Unit under test:
vendor _GroRDON

Model S3/0K Serial Number _PD7 - /O
Range ~112°F wo 1444°r %  Thermocouple Type fa ¢
pate of Calibration __3 - €~ 90 Technician _S. Bats) Viee s

{

Method of Calibration:
g Comparison against ASTH mercury in glass thermceeter using 2 thermostatted and insulated aluminum block designe
to provide uniform tesperature. The temperature is adjusted by adjusting the voltage on the bliock heater
cartridge.
N Omegz Nodel CL-300 Type K Thermocouple Siaulator which grovides 22 precise temperature equivalent millivel
signals. The CL-300 15 cold junction compensated. Calibration gccuracy is & 0.1% of span (2100 %F) 41 degree
(for megative temperstures add & 2 degrees. The CL-300 simulates exactly the sillivoltage of # Type K
thermocouple at the sndicated tempergture. L

e

Desired Temperature of Response of Deviation
Temp (%F) Standard or Unit Under Test
Nominal Simulated Temp (°F) (F) At (%) (%) rl
0 0 - B B8 JT
100 100 -93%.2 2:-3 / N
200 _A00 Aol Y A 4 :
300 200 X o - - S 2.6
400 _‘La_g__ _39s < -5
500 —Sod Y99 L awd -
600 —&K00 896 A ﬁ
700 — 200 L16 A .
800 __HAco _“aaa_ -1 = |
800 SA0 i ep?7 l
1000 1040 ZOEIE 3 1
1100 N0 ZlQQ [/ 38
1200 1200 220/ &L .éé
1300 ISQQ /3/0 - {0 .87 I
1400 tenNo [¥s3 £3 . 70
1500 FAXaYo) 0 2 Mo
1600 00 76 0 8 34 l
1700 2100 L7202 2, :%g
1800 ‘aaa 22_9_9__ S
1900 L9200 /1889 4 =47
2000 2.000 79832 73 X '
2100 2700 nF OF [-¥
Averages: &.O ] 3‘9‘7 '
OF off scale response by unit under test (°F)

inn

X dev 100 At / (480 + t)

%’ Unit in tolerance
Unit was not in tolerance: recalibrated - See new calibration sheet.

w

t

>
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APPENDIX B

LOCATION OF TEST PORTS
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APPENDIX C

4M5 FIELD DATA SHEETS - SDA INLET




N TS VR ) A NN e P A Iy me el En

INTERPOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET
Job HMSS- sHlte
Source LNT I SPA ZwNiLT
Yest _/_ Run __/ Date 3I-R7-92
Stack dimen._ D4o X ¥3é IN.
Dry bulb_ °F Wet bulb =F

Manometer: [ Reg. O Exp. D Elec.
Barometric pressure <%/ in Hg
Statiec pressure _—/5 &~ in WC
Operators t:f/’m:aég - Kt ental_
Fitot No. /7-ZZV Cp N7

Schematic of
Cross Section

Traverse Fraction Distance Distance Velocity |Temperature
Point o from Stack |from End of |Fressure ufngas
No. Di ameter Wall tind Port (in) {in WC) (=F)
e e e | POrt 1 engths 2o in.jTime start: ooar’hrs ]

-/ 32 SO . 7 A K]
i = 2o g0 7z | 2¢€2
3 fo 7 W34 276 |

!
[
|
|

q
: !
Temp. mea=. tool % S/N: &fﬁ a ' Time end: &Z/& hre

FFor rocthing= reg. manometer: C-gf e:panded; E = electronic 5-392.1




INTERFOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET

A

Job Date X-2 7-;& Test / Ru
Source T T SO aNLET No. of traverse points
Method gﬂf Filter holder: h-f7%Kk €S Filter type: S Zusreer

Sample Train Leak Check:

Fretest:
Fostest:

¢ 0.02 cfm at 15 in. Hg. (vac)
£ cfm at . in. Hg. (vac) ‘Q
Particulate Catch Data:

No.s of filters used:

S # L20

Recovery solvent(s)

acetone
] other(s)
No. of probe wash bottles: /
Sample recovered by: &7 .
Condensate Data:
£ [ Weight (g)
Item
Final Tare Difference
Impinger No. 1 - 1’1 ) ~N
f Impinger No. 2 //sty
Impinger No. 3 2220 } &S~
Condenser
n Desiccant I /3-// /343 28 |
—]
Total ;‘5

Integrated Gas Sampling Data:
S
-Bag Fump No. é 2 Eox No. 2é Bag No.

EBag Material: S-layer Aluminized Tedlar &Gize: 44 L

check: 2 _ ccrmin at _ /S in. Hg.
Time start: 297/ (hrs Time end: 2757 (HRs)
Sampling rate: ZW cc/min Operator: é 5

S/N of D= Analyzer used to monitor train cutlet: ‘;7

Fretest lealk

EF-023
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INTERFOLL LAEBRORATORIES EFA METHOD S5/17 SAMPLE LOG SHEET

Job A sinpcs Date 3-22-9p Test __/ Run g' I
Source #+4:7 3 SO _Trce T No. of traverse points g
Method Jas Filter holder: _zrw gZ#ck-$S Filter type: £

1

Sample Train Leak Check:
Fretest: ¢ 0.¢2 cfm at 15 in. Hg. (vac)
Fostest: ~ cfm at _ /& in. Hg. (vac)

Particulate Catch Data:

No.s of filters used: Recovery solventis}
SS# 2 K acetone
0O other (s)
No. of probe wash bottles: __~7
Sample recovered by: &7 _

Condénsate Data:_ .

Weight (g} E
Item

) Final Tare Difference
Impinger No. 1 ?/)— oD \ s

Impinger No. 2 .
mping Q ] /M

£
» |
Impinger No. 3 i > -ZM’/ . u
Condenser !
Desiccant l /y// ) 3;:5._- Y, &
Total e e DA

Integrated Gas Sampling Data:
.Eag Pump No. /55 Box No. D Bag No. =

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: V4 ce/min at 7S in. Hg.

Time start: L;:?Zé (HRS) Time end: Z/) (HRS)
Sampling rate: Zfﬂ cc/min Operator: 227

S/N of Oz Analyzer used to monitor train outlet: Z

CF=023
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INTERFOLL LARORATORIES EFA METHOD 5/17 SAMPLE LOG SHEET

Job NMEAS Sl o Date 7-27-50 Test /

SOUrce ey 5 SO 2NLET— No. of traverse points
Method /474 Filter holder: iwsZeck~S5 Filter type: S35

e 8000

Run

S

Sample Train Leak Check:

Pretest: ¢ 0.02 cfm at 15 in. Hg. (vac)
Postest: - L cfm at /Y in. Hg. (vac)

Particulate Catch Data:

No.s of filters used: Recovery solvent(s)

SS> /8 - acetone

3] other (s)

No. of probe wash bottles: /

Sample recovered by: =7

Condensate Data:

Weight (g?
Item

Impinger No. 1 -

Final Tare Difference

Impinger No. 2

Impinger No. 3

Condenser

i Desiccant

/7 &0y s

Total

sgmsmssssssesmsseamen) /04

Integrated Gas Sampling Data:

-Bag Fump No. /3'2 Box No. Z& Bag No. 3

Bag Material: S~laver Aluminized Tedlar Size: 44 L

Fretest leak check: & cc/min at S in. Hg.

Time start: /Z// (HRS) Time end: g;éé (HRS)

Sampling rate: ZW cc/min Operator: 5

S/N of 02 Analyzer used to monitor train cutlet: Z

CF-023
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4M5 FIELD DATA SHEETS - STACK




INTERPOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET

Job _NSP [ SHELco
Source U I T ¥ » ge7AC K
Test _/_FRun _/O_Date [-27-90
Stack dimen. 35 Y IN.
Dry bulb’ °F MWet bulb °F
Manometer: g Reg. O Exp. O Elec.
Barometric pressure 25 TF in Hg
Static pressure .7z in WC ELEVATOR
Operators M4 5L B .
Fitot No. —lef— 8 cp . BY0 i1 o T3PS S —
Traverse Fraction Distance m—]velocity Temperature
FoNg. Diameter | wall (ind | Port tins | cinwer | Cted>”
EErTe e mnnrrort lenath: 4O in.|Time starts __ hrc |
A / 032 /L. 33 /.33
2 105 37.47 72.17
3 194 6868 [ng.¢8
v 323 11934 \is¥ 3¢
Bl 7 '
| 2
3
V74
< /
2
;
21 /
1 12
7
4
!
1 ;
WTemp. meas. tool % SSN: J__Eml-:-__i_i-_ﬂ_d_'_ *':;JH
$-392.1

o~ rnothing= reg. mancmeter: Sg (eup&anded; E = electronic




INTERPOLL LABRORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET

N3P [/ Su/ERCO

Date 2-2A7-90Test _/ Run /.
/ K

Job
Source LA T D No. of traverse points
Method &/ 5 Filter holder: 52, Filter type: o /kiss
- 7/
Sample Train Leak Check:
Pretest: ¢ 0.02 cfm at 15 in. Hg. (vac)

Fostest:

Particulate Catch Data:
No.s of filters used:

"acetone

- &2 cfm at _I5 in. Hg. (vac{/;g:

Recovery solvent(s)

Y4my —pr9

other (s)

No. /

i
r

of probe wash bot H y
Sample recovered by:

Condensate Data:

Weight (g)

H Item

—

Tare

Difference

Impinger No. 1

|

;
| l

|

:

!

Integrated Gas Sampling Data:

‘Bag Pump No. 255 Box No. /7

EBag Material:

Impinger No. 2 5'/-5’ \ t/ﬂ?') /if
Impinger No. 3 -
Condenser -
B .
q Desiccant /[/qf /vy 35 /o
1
Total Em et e /2%

Sf-laver Aluminized Tedlar

ize: 44

Fretest leak check: 67 cc/min at

e
Time start: <OF (HRS)

Sampling rate: :iXQ cc/min

Bag No. //

L

in. Hg.

.cS3
Time end: a7 “(HRS)
Operato#

S/N of Oz Analyzer used to monitor train ocutlet: ég

D-2

CF-027%

S-0046RR
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INTERFOLL LABORATORIES EFA METHOD S/17 SAMPLE LOG SHEET |

Job NS P S‘//E;eco il Date 3(27 '(‘?O‘Test /_ Run 2. }[

Source ANI7T = 2 Stmck No. of traverse ppintss~ [y
Filt holder: < Filter type: 4 ¢ —Del
Method _Zj5 . _ Filter S Yp 2 lass he v P f]ﬂ

Sample Train Leak Check:

Pretest: ¢ 0.02 cfm at 15 in. Hg. (vac)
Postest: ~ ,égzs’fim at g: in. Hg. (vac)

Particulate Catch Data:

No.s of filters used: Recovery solvent(s) |
CH\C //>fﬁ,a:etone
75( other (s) AN T .
/

No. of probe wash bottles:
Sample recovered by: =R < S ls= 3

Condensate Data:

Weight (g}
Item
. Final Tare Difference

]

1
Impinger No. 1
Impinger No. 2

3

Impinger No.

— e

70 | D %o ‘e
|~

Condenser

Desiccant

~
w
u(
N\
~N
W
W
AS
N ‘
ma—l:—_:mm

Total /7
integrated Gas Sampling Data:
-Bag Pump No. 3& Box No. 17 Bag No. /
Bag Material: S-layer Aluminized Tedlar Size: 44 L
Fretest leak check: C? cc/min at /54- in. Hg.
- . 30 39
Time start: {0 (HRS) Time end: _// {HRS)

Sampling rate: 6%@7 cc/min QOperator: iéavffLﬂ

S/N of Oz Analyzer used to monitor train cutlet: )7

CF—027

. . "
I

D-4 $-0046RR
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INTERFOLL LABORATORIES EFA METHOD 5/17 SAMPLE LOG SHEEY

Job /V.s,ﬂ, 5}‘[5‘6’&0 Date 3‘.22!40 Test _/ FRun 3l'
of

Source T F 3 Sfack No. raverse p:nn s
Method fﬁ?j Filter holder: 2.2 Filter type: of

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ 5 0p €fm at _ S in. Hg. (vac) —@—

FParticulate Catch Data:

No.s of filters used: Regovery solvent (s)
O 2D 8 cetone - -
)a/:ther (8) A/ /T 42iL

No. of probe wash bottle
Sample recovered by: W )
s A ,

Condensa__te 7 Dataj

—

u Weight(g) l
. . J . Final .} .Tare Di ffarenceg
Impinger No. 1 -! -

Item

<
lmpinger No. 2 SO 9 ? /-/'oo 09
Impinger No. 3 /
Condenser : — :
[ pesiccant 71482 /498 7 P

7

Total %&%&%&%F}E‘: / / 5

Integrated Gas Sampling Data:

-Eag Fump No. 5_’;’ EBox No. /7 Bag No. >

EBag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak checks Q _ ccrmin at ' 7 _in. Hg.
Time start:s J2/O  (HRS) Time end: Zé Y/ (HRS)

Sampling rate: %0 cc/min OM

S/N of Dz Analyzer used to monitor train outlet: 7

CF-027

D-6 S-0046RR
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CHROMIUM SAMPLING TRAIN FIELD DATA SHEETS
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INTERPOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET

Job MNs o SHER. o _
Source UN T~ # 3  Sheck
Test _#4 Run __o Date 3/27 /2 z
’ A
Stack dimen. 35 I?\I. /_ 4D
Dry bulb SF Wet bulb =F ] ) i')
Manometer: /b’Reg. 0O Exp. O Elec. \ '
Barometric pressure 28-50 in Hg E\LT&:
Static pressure , Z2 in WC : R
. /-/ . '/ Eile vater
Operators (@-[/Qn oeper +S Bamne. le
, ‘ Schematic of
Fitot No. Vi¥-% cp _.§r Cross Section
Traverse Fraction Distance Distance Velocity |Temperature
Point , of from Stack |from End of |Fressure nf-gas
No. Di ameter Wall (in) FPort (in) § (in WD) (=F)
e e | POrt 1 ength: |Time start: hrs l
[ T2 - 032 /].33 $57.33
I Z /05’ 371’7 ) 77:/7
3 e L5 08 oy S
F 4 . 323 (1. > EY
Bt 1 '
) Z
3
i
3
v |
2 /|
;T Z
I
—_

Temp. meas. tool % S/N:

- HTimE- end: hrsl

F cr ricthing= regq. rr.ar.c.rne-terg' = eupanded; E = electronic S-392

~1




INTERFOLL LARORATORIES EFA METHOD S5/17 SAMPLE LOG SHEET

Job N s P Set ERGH Date 7/27/%0  Test _Z Run
Source [N T 5 B otk i No. of traverse points /L
Method __~  Filter holder: =- 5, Filter type: _ Fef/on

Sample Train Leak Check:

Pretest: ( 0.02 cfm at 15 in. Hg. (vacg)
Fostest: ~ g.oo cfm at € in. Hg. (vac)

Particulate Catch Data:
No.s of filters used: Recovery solvent(s)

acetone

} other (s} N AL KD S

No. of probe wash bottles: 7

Sample recovered by: DT

Condensate Data:

Weight (g) =1
Item
. Final Tare Difference

Imp:nger No. 1 -

Impinger No. 2

2 el

JoY

Impinger No. 3

Condenser

N
B[R

Desiccant | l { 3d%

Integrated Gas Sampling Data:

‘Rag Fump No. 235 Box No. Z2Z2— Bag No. 7

Bag Material: S-layer Aluminized Tedlar Sizte: 44 L
Fretest leak check: %4 cc/min at ’f( in. Hg.

Time start: /570 (HRS) Time end: /f&/ﬁ (HRS)

Sampling rate: 6é0 cc/min Operatoﬂég;ﬁﬁﬁé"#’

S/N of Oz Analyzer used to monitor train outlet:ﬁp/

CF-OI=

E-2 S-0046RR
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INTERFOLL LARORATORIES EFA METHOD S/17 SAMPLE LOG SHEET l k
Job Ns? <SuHsRce Date 3”-"!40 Test & FRun<&
Source Upyr =2 Stack No. of traverse points {C
Method - Filter holder: <5, Filter type: <eflen

Sample Train Leak Check:

Postest: ~ p.go cfm at _§ in. Hg. (vac) \%

Particulate Catch Data:
No.s of filters used: Recovery solvent(s)

acetone
)ﬁ other(s) -/« N &g+~

No. of probe wash bottles: 4

Sample recovered b&%/ -

-Condensate Data:

Pretest: ¢ 0.02 cfm at 15 in. Hg. (vac) K l ]
|

— - = e,

S H - Weight (g) | l l
Item ]

alme - e " Final Tare Difference

Impinger No. 1 - /—s ]
5392‘9’ /Oé

Impinger No. 2

“ Impinger No. 3

Condenser

Desiccant

/Y S 2 8

Total e e e e e et / /7 (/ T

e e 4 e oo e EAe . St it b e e e e

Integrated Gas Sampling Data:

.Bag Fump No. Z Eox No. LZ" Eag No. [ — l

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: o cc/min at Z n. Hg.

Time start: /S €0 (HRS) Time end: /6 HRS)
Sampling rate: 420 cc/min Dperato

S/N ot Dz Analyzer used to monitor train outlet: é

CFR=023

£E-4 $-0046RR
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INTERFOLL LABORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Date 3{7—7(60 Test

No. of traverse points

Job /\ISP SHERLD
Source UNT # 3 Saik
Method Filter holder: 4,5

2.

1
2}

Run

Filter type: sef on

Sample Train Leak Chgckt
Pretest: ¢

Postest: ~

Particulate Catch Data:

No.s of filters used:

0.02 cfm at 15
Q-QO cfm at

in., Hg. ({(vac)

4 in. Hg. (vac) 7£L

Recovery solvent(s)

acetone

No.
Sample recovered by:

" Condensate Data:

of probe wash bottles: /

;a/other(s) SN A AoH

/il
Ry

Weight (g) 'I

L= - lw: = - -ltem : l
8 - Final Tare Differenc:ﬂ
_Empinger ﬁ;T-l - (fE
Impinger No. 2 (/0 5 fﬁoo 2 8
“ Impinger No. 3 (_#
Condenser 1
Desiccant ]335 7 /39y 8 I
Total gEssepmasmec=mcennees /¢

Integrated Gas Sampling Data:

‘Bag Fump No. Bg Box No. 2.2~ Bag No. _3

S~-laver Aluminized Tedlar

Rag Material:

Size:

Fretest leak check: 22

/7/0
Lpo

Time start:

Sampling rate:

S/N of DOz Analyzer used to monitor

cc/min at in.

%4

(HRS) Time end: '82

cc/min  QOper

44 L
Mg.

{HRS)

T

l

|

E-6

train cutlet: 2

CF-023X

$-0046RR
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APPENDIX F

LABORATORY DATA SHEETS FOR METHOD 3




Interpoll Laboratories
(612) 7866020

Chain of Custody
Sample Deposition Sheet

Job /f/f?/ SHELcO Source_(JA T # 3
Team Leader OV H Test Site STAcK
Date Submitted_3 -2 7-60 Date of Test 3-27-9¢
Test No. / No. of Runs Completed_ 2
#——__——_ ——
No. of Type of Sample Analysis Required Comments
RSamples
: Frobe Wash: [jAs per EFA M-S v 465322:232%
L%- ;Eﬁsetone ;*Epher_sz££§;£; -
gop- 1. Water
Fil e : LN
L :]g{‘ -F. [jRs per EPA M-S J
/ 4 DS S. Thzmble DAS per %
0=-5* >{Ether
D47 mm G F. I'4
Impinger Catch: DMN Protocol ;
.1. Water W1 Protocol 3/ /
* USZ Hz0= DEPA M~& or 8 —f—
¥ /£2¢¢%L 4MS Hg Only QAcid Gases
: ,DEEHS Metals Formaldehyde
g L0 N NegH etals 7#4
;Iﬁ&her & ther
/ /
7
Integratedl caﬁ‘!. per EFA M-3
3% Gas sample Ps per EFPA M-1Q
DOther
Drides of [OAs per EFA M-7A Date
Nitrogen (N0, DOther Time (HRS) L
] Fuel Sample pAttached fuel Form
(] Aggregate #S-01653RRR
Particlie Size 0x—Ray Sedigraph
DBahco Method
OGther
|
Audit Samples
[JSul fur Dioxide gAs per EFPA M~-5
0»ides of Nit. As per EPA M-T7A
UOther UDther
— e ——————

Source Information

1> Type of Saurceaﬁﬁfﬁbiler [} Asphalt Plant [} Incinerator [J Dryer

] Other
2) Fuel; tal [J Wood [} Gas , § Dil [0 RDF {J Other
3) Is sample combustible o [] Yes
4) Does sample need special handling? o] Yes 1f yes, explain

~278RRR
F-1 S-278RRRR




1 Laboratories
)

786~-46020

Data Reporting Sheet
sat Analysis

Source Un;‘f 11‘3

interpol
o1z
EFA Hathod 3
r
Job WEP S SHerce
Team Leader 0y
Date Submitted_ J- 27 -%C
Test No. ¥

Date of Rnalysls

| cco | /350 20.00 |/3.5@ 6. 50 Yoz
4242-36 T2 1o so 1/3.50 1g.00 |R.Se | £.50 o7}
R e e IRV AR )
// 1 |6 s 3.80 0.0cC /3.8C N /.07
T | 9223712 | g0 | 1350 26.00 | /3.80 o U¢7
B 0 F_|Ave| SO | /. - §0 ¢.10 o
———— ——
Y 1 | .00 | 73.90 20.00 |/J. 90 6./0 /,07
3 :jv.a—sf 2 | o .00 (390 20.00 | /3.9C &/t Vo7
BgF |avg /3 90 €. /0 |
- = - : : =1
Z_R ) - .
O B g F  |Ave : NS -~ .
i [ D
2
oBQnF Avg

No.

1-2Ly —7C

Test Si1te Cfack

Date of Test 3J-+4)-¢¢

of Runs Completed
Techn1c1an

Sample No. Buret Readings {(ml?
Run |[Log Number |of — —
and Typa }An.|Zero Pt.| After COz|After 0

Conc.
COx
%v/v Dry

Conc.
O
%v/v Dry

\\

i
1

0 B o F |Avo | IS [
1

oBQOF

gbgkF

Orsat Analyzer System Leak Check

E/hmbiant Air QA Check

Fe Within EPA M-3 Guidelines
for fuel type.

Where Fg= 20.%-0;
=

Flask 250 cc all glass)
=Tedlar Eag {(S-layer)

Fuel Type
Coal:

Anthracite/Lignite

o®OF ﬁvem
EPA Method 3 Buidelines

Bituminous

il:
Distill ate

Residual

Gaa:
Matural
Propane
But ane

Wood/Wood Bark

F-2

Range

-1.120
-1.258

L5C-04-8R

[

4

—_
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Job
Team Leader 4
Date Submitted 3-2 Z~%m

Interpoll Laboratories
(&12) 7866020

Chain of Custody
Sample Depocsition Sheet

% 5-75///60 A SourceMj .

Z Test Site 557 B
Date of Test g ~27-F02

Test No. z No. of Runs Conmpleted =
No. of Type of Sample Analysis Required Comments
Samples
robe Wash: per EFA M-5
cetone ther,dzéiiz;
J Qp. 1. wWater
I Filter:
" G.F. (Jjfs per EPA M-5
.S5. Thimble s per EFPA M-17
0=2.5" G.F. ther
D47 mm G.F.
Impinger Catch: N Protocol
(D.I. Water I Protocol
D37. H=z0= [JEFA M-6 or 8
0AMS Hg Only cid Gases
: MS Metals ormaldehyde
F pgi-@ N NaOH Gﬂetals
DOther Dﬁther
Integrated _ég; per EFA M-3
‘ ; Gas sample DAS per EPA M-10
Dﬂther
Oxides of 0As per EPA M-7A Date
Nitrogen (NO,.) pether Time (HRS)
[ Fuel Sample Attached fuel Form
] Aggregate #5-01535RRR
Particle Size gX-Ray Sedigraph
Bahco Method
DDther
Audit Samples
[Sul fur Dioxide [As per EPA M-5
pO»ides of Nit. 0Afs per EPA M-7A
[Pther gother
#:=

Source Information

1) Type of Source:

[E(Bniler g Asphalt Plant ] Incinerator [} Dryer

Other
2) Fuel: Kgnal O Wood [ Bas [j Oil [ RDF [j Other
3y Is samp combustible? [ No [ Yes
4) Does sample need special handling? ] No ] Yes 1If yes, explain
S-27B8RRRK

F-3
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Inte

~7

1 Laboratories
)

1

. . ,

¢
b 786-6020
EPA Maethod 3 Data Reparting Sheet
Orsat Analysis
Job ALSR /SAer-a: Source Unit 3
Team Leader £T Test Site e teF
Date Submitted - E1-G¢ Date of Test Jd-11-7¢
Test No. i No. of Runs Lompleted 3
Date of Analysis L ded A - Technician <
Test/ Sample No. Buret Readings {(ml) Conc. Conc.
Run |Log Number jof |j————r CO, O Fea
and Type |An. |Zero Pt.| After COa|After B2 |%Lv/v Dry
I/ 1l lo.co /3. 3¢ 20.00 /230 L. 7¢ /o7
/i P10 2 ) o g0 /3. J% 1E.00 7330 .70 .02
RN
B/E_D F_lAvg ' ;o 670 s
1 | B.co /3. 40 /9.9¢ /3.4D £.50 /.07
2 | .ot /3. 7t /9.9¢ /3.4¢ eS¢ 07
Avg | SRS | /. 7O 6-S6 [
_—_— —— —— —— —————
1 o oo | /2-30 /3.5 & %o /07
©- 0t /250 /3.50 6:90 107
6 %0 -
. L]

e
OB OF [Avg S
1
2
0 B o F _ |avo | Susmsns e s [
g’ambient Air QA Check EPA Method 3 Guidelines
3-0Orsat Analyzer System Leak Check Fuel Type Range
' Fe Within EPA M-~3 Guidelines Coal:
for fuel type. Anthracite/Lignite 1.016-1.170
Bituminous 1.083-1.230
Where Fg= 20.9%9-0 Dil:
= Digstillate 1.260-1.412
Residual 1.210-1.370
Bas:
Natural 1.600-1.835
Propane 1.434~-1.5864
F=Flask (25@ cc all glass) Butane 1.485-1.557
E=Tedlar Bag (S-layer) Wood/Wood Bark 1.000-1.120

LSC-04-BR




Job

Interpoll Laboratories

(612)

786—-60B20

Chain of Custody
Sample Deposition Sheet

S P SHERCD

Source

Mh:i’ t# 2

Team Leader

Test Site

Date Submitted .3f21]46

Date of Test

S+ack

Zlz1igo

No. of Runs Completed 3

Test No. Z-
No. of Type of Sample Analysis Reqguired Comments
Samples

Frobe Wash:
cetone
DD.I. Water

A= per EFPA M-S

UOther

Filter:
" B.F.
QS.S. Thimble
2.5" G6.F.
D47 mm G.F.

[jAs per EPA M-5
0As per EPA M-i7
Dﬂther

lmpinger Catch:
.1. Water

Z% Hz0=z2

03MS Hg Only

M Frotocol
1 Protocol
DEPA M-& or 8
cid Gases

0amMsS Metals DFormaldehyde
1.8 N NaOH [Metals .
%’ther Nother
- Integrated \>Q§E_per EFPA M-3
;7 Gas sample //’ 0 per EPA M-10
P [0ther

Oxides of
Nitrogen (N0,

DAs per EFA M-7A
Oother

Date

Time (HRS)

[ Fuel Sample
g Aggregate

#5-D155RRR

Dnttached fuel Form

Farticlie Size

Ox-Ray Sedigraph
[jkahco Method
Qother

Audit Samples
ul fur Dioxide
DDxides of Nit.

DDther

S _——

Source Information

1) Type of Sourcai:a<ﬁpiler Q] Asphalt FPlant Incinerator [] Dryer
g GOther

2) Fuel: oa
) Is sanple combustlblz;>ﬁ§N

al hand11ng

JRs per EFA M-&
JAs per EPA M-7A

DOther

Wood

4) Does sample need spe

Yes

J Dil [j RDF [ Other

c [ Yes

I1f vyes,

F-5

explain

5-278RRRR



EPA Method 3 Data Reporting Sheet
Orgeat Analysis

Laboratories
786-6020

sob___ NIR /Shepco source__tnt 3

Team Leader LY ek Test Site JTack

Date Submitfed__j-11-7c Date of Test 3-17-%¢

Test No. T No. of Runs Completed_7

Date of Analysls 3-Ly-¢¢ Techntfxan C

Test/ Sample No. Buret Readings (ml) Canc. Conc.
Run |[Log Number |of =1 CO» Ox
and Typa {An. {Zero Pt. ter CO:IAfter Bz |%v/v Dry |%wv/v Dry

ﬂ

"
-
—

G242-47( 7 [ 6 cc

iy o | (3.0 /970 /3.¢0 [ e)

ER /7.0 /3.0 s,

/3.0 :

1 | 6. co | 73.6cC /970 (4.6 .0

0 7970 /360 ©.00

g/a OF |Avg L@ (3.6 €./0
1 O.00 /9.0 /3.0 6.00
/3 &0 (7.6€C 1360 .00
o/e 0 F_ [Ave | DESEES eSS | /3. (O O

1

2
CBQOF
OBpF
oBOoF

0 B g F_ |Ave | S

L.

mbient Air QA Check

Orsat Analyzer System Leak Check
B Fe Within EPA M-3 Guidelines

for fuel type.

Where Fg= 20.9-0

F=Flask (25@ cc all glass)
B=Tedlar Bag (S-layer)

F-6

0B o F |ave S

EPA Method 3 Guidelines

Fuel Type

Coal:

Anthracite/lLignite
Bituminous

0il:

Distiilate
Residual

Gas:

Natural
Propane

But ane

Wood/Wood Bark

O T Y M

F@ Range

' .

4Q5-1.555
-.200~-1.1308

LSC-04-BR

| e wn .
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APPENDIX G

RESULTS OF TRACE METAL ANALYSIS
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INTERPOLL LABORATORIES, INC.
{612)786-6020

Results of Trace Metal Analysis

Test:
Source:
Sample Type:

1

Unit No. 3 Stack

4M5 Train Catch

NSP/Sherco

Laboratory Log No. 9242

Total Mass of Trace Metal 1in Sample (ug)

Trace Metal _EPA Method Field Blank Run 1 Run 2 Run 3
{Log No.) {9242-39) {9242-40) (9242-41) {9242-42)
Aluminum SW-846, 6010 270 510 330 360
Arsenic Sw-846, 70680 0.17 0.10 < 0.05 < 0.05
Boron SW-846, 6010 33 2420 408 1690
Barium SW-846, 6010 8.1 12.5 10.6 9.5
Beryllium SW-846, 7091 0.018 0.020 0.024 0.030
Calcium SW-846, 6010 247 608 413 405
Cadmium Sw-846, 6010 237 27 11 6.5
Chromijum SW-846, 6010 3.9 15 19 7.0
Copper Sw-846, 6010 40 102 50 26
Iron Sw-846, 6010 60 169 130 68
Potassium SwW~-846, 6010 110 295 140 137
Magnesium Sw-846, 6010 25 62 40 51
Manganese SwW-846, 6010 15 7.6 47 5.1
Molybdenum  Sw-846, 6010 26 32 28 30
Sodium Sw-846, 6010 540 1030 720 740
Nicke) Sw-846, 6010 29 11 10 4.2
Lead SW-846, 6010 5.2 19.5 8.8 5.9
Selenium SW-846, 7740 < 2.5 < .2.5 < 2.5 < 2.5
Antimony Sw-846, 7041 0.21 1.1 0.41 0.17
Strontium  3500-Sr. 8! < 5 6.5 < 5 < 5
Vanadium Sw-846, 6010 < 0.1 < 0.1 < 0.1 < 0.1
Zinc Sw-846, 6010 180 117 41 30
Mercury SW-846, 7470 < 0.1 0.96 < 0.4 0.2
Silver Sw-846, 6010 < 0.3 < 0.3 0.3 0.3

lstandard Methods, 17th Edition.

G-1




INTERPOLL LABORATORIES, INC.
(612)786-6020 '

NSP/Sherco
Laboratory Log No. 9242 j' l

Results of Trace Metal Analysis n
! |
Test: 1 _ ' |
Source: Unit No. 3 Stack i
Sample Type: Permanganate Impinger Catch ’. '
Total Mass of Trace Metal in Sample (ug} ~I
Trace Metal EPA Method Field Blank Run 1 Run 2 Run 3
(Log No.) (9242-23) (9242-27}) (9242-31) (9242-35) '/
Mercury Sw-846, 7470 0.80 5.0 2.9 4.9

-




INTERPOLL LABORATORIES, INC.

(612)786-6020

Results of Trace Metal Analysis

Test: 1

Source: Unit No. 3 SDA Inlet
Sample Type: 1Inlet Train Catch

NSP/Sherco

Laboratory Log No. 9242

Total Mass of Trace Metal in Sample (ug)

Trace Metal EPA Method Run 1 Run 2 Run 3
{Log No.) {9242-06) (9242-10) {9242-14)
Aluminum SW-846, 6010 164000 299000 219000
Arsenic SW-845, 6010 82 77 98
Boron SW-846, 6010 9940 9640 12820
Barium SW-846, 6010 12150 18440 12100
Beryllium SW-846, 6010 27 29 31
Calcium S4-846, 601 392000 707000 465000
Cadmium SwW-846, 6010 10 10 9
Chromium Sw-846, 6010 313 328 370
Copper SW-846, 6010 695 650 880
Iron SW-846, 6010 162000 128000 185000
Potassium SwW-846, 6010 60900 56600 68300
Magnesium SW-846, 6010 23600 35100 35600
Manganese Sw-846, 6010 6420 6080 7360
Molybdenum  SW-846, 6010 109 88 135
Sodium SW-846, 6010 100000 130000 139000
Nickel SW-846, 6010 242 204 279
Lead SW-846, 6010 758 580 770
Selenium SW-846, 6010 56 40 71
Ant tmony SwW-846, 6010 99 68 110
Strontium SW-846, 6010 23400 13700 28900
Vanadium SW-B846, 6010 830 750 980
Zinc SW-846, 6010 320 310 320
Mercury SwW-846, 7470 0.29 0.32 < 0.25%
Silver Sw-846, 6010 < 3.0 < 3.0 < 3.0




INTERPOLL LABORATORIES
(612)786-6020

Results of Trace Metal Analysis

Test: 1
Source: Unit No. 3 SDA Inlet
Sample Type: Permanganate Impinger Catch

» INC.

NSP/Sherco

Laboratory Log No. 9242

Total Mass of Trace Metal in Sample (ug)

Trace Metal EPA Method Field Blank Run 1 Run 2 Run 3
(Log No.) {9242-50) (9242-51) (9242-52) (9242-53)
Mercury Sw-846, 7470 0.22 9.8 9.3 6.6

G-4
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-

NSP Sherco Unit 3

March 90
, A1l ICP

Method Historical Measured Used Run 1 Run 3 Run 3
ICcP 375 Al 270 270 510 33¢ 360
GF/AA <5 As 0.17 .05 X ¢.05 <,05
ICcP 9 B 33 9 2420 408 1690
ICP 12 Ba 3.1 8.1 12.5 10.6 9.5
GF/AA <. 1 Be .018 .018 . 020 .024 .030
ice 181 Ca 247 181 6087 413 405
Icep <.4 cd 237 <.4 X 117 6.5
ICP .7 Cr 3.9 <.7 15 9 T
ICP 3.2 Cu 40 3.2 102 50 26
Icp 38 Fe 60 38 169 130 68
ICP €4 K 110 64 295 140 137
ICP 25 Mg 25 25 62 40 51
ICP .5 Mn 15 <.5 7.6 47 5.1
Icp 33 MO 26 33 32 28 30
ICP 158 Na 540 158 10307 720 740
Icp <1 Ni 29 <1 147 10 4.2
Icp <4 PD 5.2 <4 19.% 8.8 5.9
GE/AA <5 Se <2.5 <2.5 2.5 2.5 <2.5
GF/AA .5 Sb .21 .21 1.1 0.41 0.17
GF/AA <5 sr <5 <5 6.5 <5 <5
ICP <. 1 v .1 <1 <.1 <.1 <. 1
IicP 9.1 Zn 180 9.1 X 41 30
Cold Vapor <.4 Hg <.1 <.4 .96 .4 <.
icp <.B Ag <.3 <.3 ¢.3 <.3 <.
Cold Vapor Hg .80 .8 5.0 2.9 4.9
Taotal Train Hg .9 .8 5.96 2.9 4.9

>
n

Invalidated due to field contamination (3)
Result may be high due to field contamination (3)

G-5

*Prepared by P. Lonnes

May 1990

Total analyses = 72
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APPENDIX H

RESULTS OF LIME ANALYSIS
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INTERPOLL LABORATORIES, INC.

(612)786-6020

Results of Trace Metals Analysis

Source: Unit No.
Sample Type: Lime

3

NSP/Sherco

Laboratory Log No., 9242

Concentration of Trace Metal

Metal EPA Method in Sample {ug/g)
(Log No.) (9242-73)
Arsenic Sw-846, 6010 < 5.0
Beryllium Sw-846, 6010 < 0.1
Cadmium SW-846, 6010 < 0.2
Chromium SwW-846, 6010 15.3
Nickel SwW-846, 6010 3.2
Lead Sw-846, 6010 < 2.5
Selenium Sw-846, 6010 < 5.0
Mercury Sw-846, 7470 0.07

H-1 -
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APPENDIX I

RESULTS OF TRACE METALS ANALYSES ON COAL SAMPLE




INTERPOLL LABORATORIES, INC.

(612)786-6020

Results of Trace Metals Analysis

Source: unit
Sample Type: Coal

'3

NSP/Sherco

Laboratory Log No. 9242

Concentration of Trace Metal

in _Sample (ug/g}

Metal Method®

(Log No.) (9242-74)
Arsenic SW-846, 7060 0.70
Beryllium SW-846, 7091 0.32
Cadmium SwW-846, 7131 0.06
Chromium SW-846, 6010 4.4
Nickel Sw-846, 6010 2.3
Lead SW-846, 6010 9.1
Selenium Sw-846, 7740 < 1.6
Mercury ASTM D36B4 < 0.02

isample prepped by ASTM Method D3683.

I-1




APPENDIX J
PROCEDURES
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Trace Metals (4M5) Procedures
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INTERFOLL LAES |, |~

T emant 1s § prefimtnery ¢ra®l ] . {
~ :aforfc;ﬁ::on hmp:ny released by EFA 4500 BALL ROAD N / /? /81
2~4 should not at this staze :e' m;gt;urd CIRCLE ENES' MN 55014-1819 _
- tenr ency policy. 1t 15 bein 12) 786020 5
;.-'ct::"eie:lenr:ﬂAgOﬂ\f’ﬂ.“‘ on lf‘s wzhnica! —— ;) ] ) __..-._—l )
Acuaty ARG p-lify anlloRtions

METHODOLOGY FOR THE DETERMINATION OF METALS EMISSIONS I ’

IN EXHAUST GASES FROM STATIONARY SOURCE COMBUSTION PROCESSES '

1. Applicability and Principle

1.1 Applicability. This method is applicable for the determination of I |
total chromium (Cr), cadmium (Cd), arsenic (As), nickel (Ni), manganese (Mn}, .l
beryllium (Be), copper (Cu), zinc (Zn), lead (Pb), selenium (Se}, phosphorus y
(P), thallium (T1), silver (Ag), antimony (Sb)}, barium (Ba), and mercury (Hg) .‘
emissions from municipal waste incinerators, sewage sludge incinerators, and .
hazardous waste incinerators. This method may also be used for the '

determination of particulate emissions following the additional procedures
described. Mcdifications to the sample recovery and anaslysis procedures

described in this protocol for the purpose of determining particulate emissions

may potentially impact the front half mercury determination.*

1.2 Principle. Particulate and gaseous metal emissions are withdrawn
iscokinetically from the source and collected on & heated filter, and in a
series of chilled impingers containing a solution of dilute nitric acid in
hydrogen peroxide in two impingers, and acidic potassium permanganate solution
in two {(or one) impingers. Sampling train components &re recovered and
digested in separate front and back half frections. Materials collected in the
sampling train are digested w;th acid solutions to dissolve inorganics and to
remove organic constituents that may create analytical interferences. Acid
digestion is performed using conventional ParrR Bomb or microwave digestion
technigques. The nitric acid and hydrogen peroxide impinger sclution, the
acidic potassium permanganate impinger solution, and the probe rinse and
digested filter solutions are analyzed for mercury by cold vapor atomic

absorption spectroscopy (CVAAS). Except for the permenganate solution, the

by the method, only O to <2% was measured in the front half. Therefore, it is
tentatively concluded, based on the above data, that particulate emissions may
be measured by this train. without significantly altering the mercury results.

®*Field tests to date have shown that of the total amount of mercury meassured '
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repainder of the sampling train catches are analyzed for Cr, Cd, Ni, Mn, Be,
Cu, Zn, Pb, Se, P, Ti1. Ag, Sb, Ba, and As by inductively coupled argon plasma
emission spectroscopy (ICAP) or atomic absorption spectroscopy (AAS). Graphite
furnace atomic absorption spectroscopy (GFAAS) is used for analysis of
antimony., arsenic, cadmium, lead, selenium, and thallium; if these elements
require greater analytical sensitivity than can be obtained by ICAP.
Additionally, if desired, the tester may use AAS for analyses of all metals if
the detection limits meet the goal of the testing program. For convenience,
aliguots of each digested sample fraction can be combined proportionally for a
single analytical determination. The efficiency of the analytical procedure is
quantified by the analysis of spiked quality control samples containing each of
the target metals including actual sample matrix effects checks.
2. Range, Sensitivity, Precision., and In;erferences

2.1 Range. For the analyses described in this methodology and for similar
analyses, the ICAP response is linear over several orders of magnitude. Sam-
ples containing metal concentrations in the nanograms per milliliter (ng/ml) to
micrograms per milliliter (ug/ml) range in the analytical finish solution can
be analyzed using this technique. Samples containing greater than
approximately 50 ug/ml of chromium, lead, or arsenic should be diluted befcore
analysis. Samples containing greater than approximately 20 ug/ml of cadmium
should be diluted before analysis.

" 2.2 Analytical Sensitivity. ICAP detection limits in the analytical
solution {(based on SW-846, Method 6010) are approximately as follows: Sb (32
ng/ml), As (53 ng/ml), Ba (2 ng/ml), Be (0.3 ng/ml), Cd (4 ng/wl), Cr (7
ng/ml), Cu {6 ng/ml), Pb (42 ng/ml), Mn (2 ng/ml), Ni (15 ng/ml), P (75 ng/ml),
Se (75 ng/ml), Ag (7 ng/wl), Ti (40 ng/ml), and Zn (2 ng/ml). The ectual
method detection limits are sample dependent and may vary as the sample matrix
may affect the limits. The detection limits for analysis by direct aspiration
AAS (based on SW-846, Method 7000) are approximately as follows: Sb (200
ng/ml), As (2 ng/ml), Ba (100 ng/ml), Be (5 ng/ml), Cd (5 ng/ml), Cr (50
ng/ml), Cu (20 ng/ml), Pb (100 ng/ml), Mn (10 ng/ml), Ni (40 ng/ml), Se (2
ng/ml)., Ag (10 ng/ml), T1 (100 ng/ml), and Zn (5 ng/ml). The detection limit
for mercury by CVAAS is approximately 0.2 ng/ml. The use of GFAAS can give
added sensitivity compared to the use of direct aspiration AAS for the
following metals: Sb {3 ng/ml), As (1 ng/ml), Be (0.2 ng/ml), Cd (0.1 ng/ml),

™hb docurfient § W prafiminary dra®
2 * Phas not been farmally released b, ¥Fa
£nd should not 8t this stage be construes
P represent Agendy policy. M Is beirg
creulated for comment on its technica
J-3 accuracy end p-licy Ienplicaticns




Cr (1 ng/ml), Pb (1 ng/ml), Se (2 ng/ml), and T1 (1 ng/ml). To ensure the \
possibility of optimum ease in obtaining accurate measurements, the ' l
concentration of target metals in samples should be at least ten times the
detection limit. Under certain conditions, and with greater care in the l I
analytical procedure, this concentration can be as low as approximately three
times the detection limit. However, the scatter of such data may render them '
unacceptable or mey require many analyses before the desired reliability of

Using the procedures described in this method, the theoretical analytical
detection limits shown sbove, 8 volume of 300 ml for the front half and 150 ml
for the back half samples, and a stack gas sasmple volume of 1.25 m3. the

corresponding in-stack detection limits are presented in Table A-1 and
This docuront &s & prefiminary draft

analytical data is obtained. I
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where: A = analytical detection limit, ug/ml.
- £ volume -of sample prior to aliquot for analysis, ml. -
= stack sample volume, dscm, m3.
= in-stack detection limit, ug/m3. .

oaow

Values in Table A-1 are calculated for the front and back half and/or the total
train.
Actual method in-stack detection limits are based on actual test values. '
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If required, this method's in-stack detection limits listed can be improved for

Q A normal 1l-hour sampling run collects a stack gas sanpling volume of
about 1.25 3. If the sampling time is incressed and § n3 is
collected, the in-stack method detection limits would be one fourth of
the values shown above (this means that with this change, the method is
four times pore sensitive than normal). I

a specific test by using one or more of the following options: I

o The in-stack detection limits assume that all of the sample is digested
{with exception of the aligquot for percury) and the final liquid volume l
for analysis is 300 ml for the front half and 150 ml for the back half
semple. _If the front half volume is reduced from 300 ml to 30 ml, the :
front half in-stack detection limits would be one tenth of the values '

shown above (ten times more sensitive). If the back half volume is ‘
reduced from 150 ml to 25 ml the in-stack detection limits would be one .

sixth of the above values. Matrix effects checks are necessary on
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TABLE A-1. IN-STACK METHOD DETECTION LIMITS (ug/m3)
FOR TRAIN FRACTIONS USING ICAP AND AAS

Front Half Back Balfl Back Half,

Fraction 1 Fraction 2 Fraction 3 Total Train
Metal Probe and Filter Impingers 1-3 Impingers 4-5
Antimony 7.7 (0.7)* 3.8 (0.4)* 11.5 (1.1)*
Arsenic 12.7 (0.3)* 6.4 (0.1)* 19.1 (0.4)*
Barium 0.5 0.3 0.8
Beryllium 0.07 (0.05)" 0.04 (0.03)* 0.11 (0.08)*
Cadmiunm 1.0 (0.02)* 0.5 (0.01)* 1.5 {0.3)*
Chromium 1.7 (0.2)" 0.8 (0.1)* 2.5 (0.3)*
Copper 1.4 0.7 2.1
Lead 10.1 (0.2)* 5.0 (0.1)* i5.1 (0.3)*
Manganese 0.5 (0.2)* 0.2 (0.1)* 0.7 (0.3)"
Mercury 0.05%* 0.03*" 0.03** 0.11%*
Nickel 3.6 1.8 5.4
Phosphorus 18 ] 27
Selenium 18 (0.5)* 9 (0.3)* 27 (0.8)*
Silver 1.7 0.9 2.6
Thallium 9.6 (0.2)* 4.8 (0.1)* 14.4 (0.3)*
Zinc 0.5 0.3 0.8

{ )* Detection limit when analyzed by GFAAS.
*%* Detection limit when analyzed by CVAAS.
Actual method in-stack detection limits are based on sctual test wvalues,

analyses of sampies and typically are ~f greater significance for
samples that have been concentrated below the normal sample volume. A
volume less than 25 ml may ncot allow resclubilization of the residue
and may increase interference by other compounds.
o When both of the abové two improvements are used on one sample at the
same time, the resultant improvements are multiplicative. For example,
where stack gas volume is increesed by a factor of five and the total
liquid sample digested volume of both the front and back halves is
reduced by factor of six, the in-stack method detection limit is
reduced by a factor of thirty (the method is thirty times more
sensitive).
Conversely, reducing stack gas sample volume and increasing sample
liquid volume will increase limits. The front half and back halfy
samples'YFractions 1 and 2) can be combined prior to analysis. The
resultant liquid volume (excluding Fraction 3 which must be analyzed
separately) is recorded. Combining the sample as described does not
allow determination (whether front or back half;) of where in the train
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the sample was captured. The in-stack method detecticn limit then
becomes a single value for all metals, except mercury for which the
contribution of Fraction 3 must be considered.

© The sbove discussion assumes n¢ blank correction. Blank corrections

are discussed later in this method. -

2.3 Precision. The precisions (relative standard deviation) for each
petal detected in s method development test at 8 sewage sludge incinerator, are
as follows: Sb (13.9%)., As (13.5%), Ba (13.1%), €4 (11.5%), Cr (12.5%), Cu
(11.9%), Pb (11.6%), Ni (7.7%), P (13.5%), Se (15.3X), Tl (12.3%), and Zn
(11.8%). Beryllium, manganese and silver were not detected in the tests;
however, based on the analytical sensitivity of the ICAP for these metals, it
is assumed that their precisions should be similiar to those for the other

metals.

2.4 Interferences. Iron can be a spectral interference during the

analysis of arsenic, chromium, end cadmium by ICAP. Aluminum can be a spectral

interference during the analysis of arsenic and lead by ICAP. Genersally, these .

interferences can be reduced by diluting the sample, but this increases the
method detection limit. Refer to EPA Method 6010 (SW-846) for details on
potential interferences for this method. For 211 GFAAS analyses, matrix
modifiers should be used to limit interferences, and standards should be matrix

matched.

3. Apparatus

3.1 Sanmpling Train. A schepatic of the sampling train is shown in Figure
A=-1. It is similar to the Method 5 train. The sampling train consists of the
following components.

3.1.1 Probe Nozzle {Probe Tip) and Borosilicate or Quartz Glass Probe
Liner. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzles are required
unless an alternate probe tip prevents the possibility of contemination er
interference of the sample with its materials of construction. If a probe tip
other than glass is used, no correction of the stack sample test results can be
made because of the effect on the results by the probe tip.

3.1.2 Pitot Tube and Differential Pressure Gauge. Same as ﬂethod 2,
Sections 2.1 and 2.2, respectively.

3.1.3 Filter Holder. Glass, same as Method 5, Section 2.1.5, except that
a2 Teflon filter support may be used, if desired, to replace the glass frit.
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1 APPLICATION

This method is applicable to the determination of hexavalent chromium

in stationary source samples collected by a sampling train.

Method No. 6010-MMS
Revision No. 0

Date___June 20, 1990
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The range of this method extends from a detection 1imit of 0.05 ug to
50 ug. The upper range can be greatly extended through dilutions.

Method No._  6010-MM5
Revision No. 4]

Date June 20, 1990
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3 SAMPLE HANDLING AND PRESERVATION

3.1 Samples should be analyzed as soon as possible.

3.2 To retard the chemical activity of hexavalent chromium, the
samples should be transported and stored until the time of analysis at a'c.

Method No. 6010-MM5S
Revision No. 0

Date__ June 20, 1990
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4  SUMMARY OF METHOD

The probe wash and filter of the sampling train are combined,
digested, and filtered. The filtrate is combined with the impinger catch,
the pH of this sclution is adjusted to 2.4, and chelated using APDC.
Adjust the solution pH again to 2.8 and extract with MIBX. This 1solates
the Cr(VI) from the other Cr species. The MIBK 1s evaporated and the
residue taken up in nitric acid. The solution is then analyzed by ICP or

GF/AA.

Method No._ _6010-MMS
Revision No. O

Date___ June 20, 1590
4-1
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5

INTERFERENCES

Cr(VI) reacts with most organic compounds and surfaces.

Method No.__6010-MM5 _
Revision No. 0

Date__ June 20, 1990
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6

APPARATUS AND GLASSWARE

6.1 For GF/AA analysis:

6.1.1 Chromium hollow cathode lamp.

6.1.2 Wavelength: 357.9 nm.

6.1.3 Furnace Program:

Drying time
Drying temp.

. Ashing time
Ashing temp.
Atomizing time
Atomizing temp.

6.2 For ICP analysis:

30 sec.
125°
30 sec.
1000°C
1C sec.
2700°%

6.2.1 Thermo Jarrell Ash ICAP £1 Plasma Spectrometer,

6.2.2 Optical system:

0.75 meter Paschen-Runge mount with a

25 micron entrance s1it and SO micron exit slits,

6.2.3 Detectors: Hamamatsu Side Window 1/2 inch (1.3 cm)
diameter; R300, R427, R306, RBBS.

6.2.4 Computer: IBM PC/AT 640K RAM, 30 MByte Winchester hard

drive, 1.44 MByte floppy drive, enhanced coler display.

6.3 Hot plate.

J-14
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6.4 Volumetric flasks: 100 mb, 250 miL, and 1000 mL, for
preparation of standards and sample dilution.

6.5 Graduated cylinders: For preparation of reagents.

6.6 Microwave digester: CEM MDS-81D, Teflon PFA vessels {120 mL
size) with pressure relief valve, digestion turntable, capping station.

6.7 Beakers and watch glasses: 250 mbL beakers for sample digestion

with watchglasses to cover the tops.
6.8 Ring stands and clamps: For securing equipment.
6.9 Filter funnels.
6.10 Glass fiber filters.
6.11 Disposable pasteur pipets and bulbs.
6.12 Volumetric pipets.

6.13 Separatory funnels,

Method No. 6010-MMS
Revision No. 0

Date June 20, 1990
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7 REAGENTS

7.1 Ammonium pyrrolidine dithiocarbamate (APDC) solution. Dissolve
1.0 gram APDC in demineralized water and dilute to 100 ml. Prepare fresh

daily.

7.2 Potassium dichromate stock solution: Dissolve 141.4 mg of dried
potassium dichromate, K,.Cr,0, (analytical reagent grade), in Type II water
and dilute to 1 liter (1 mL = 50 ug Cr}.

7.3 Potassium dichromate standard solution: Dilute 10.00 mL
potassium dichromate stock solution to 100 mL (1 mL = 5 ug Cr).

7.4 Sulfuric acid, 10 ¥ (v/v): Dilute 10 mL of distilied reagent
grade sulfuric acid, H,50;, to 100 mL with Type I water.

7.5 Methy! tsobutyl ketone (MIBK)

7.6 Sulfuric acid, 0.12M: Slowly add 6.5 mL concentrated sto‘ to

demineralized water and dilute to 1 Titer.
7.7 NRitric acid, concentrated

7.8 Sodium Hydroxide solution, 1 M: Dissolve 40 grams NaOH in
demineralized water and dilute to 1 liter.

7.9 Digestion Solution: Mix 20 grams NaOH and 30 grams NaZCO, and
dilute to 1 1iter with demineralized water.

Method No._ 6010-MMS
Revision No. 0

Date June 20, 1990
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8  SAFETY

Normal, accepted laboratory safety practices should be followed. No

known carcinogenic materials are used in this method.

Method No. 6010-MMS
Revision No. O

Date__ June 20, 1990
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9 PROCEDURE

9.1 Combine the probe rinse and the filter from the sample train in

a beaker.
9.2 Add 40 mL of the digestion solution.

.3 Heat beaker on hot plate for 30 minutes. The solution should

not be taken to dryness.

9.4 After cooling, the mixture §s filtered using a distilled-water

prewashed glass fiber filter using vacuum filtration.

9.5 Combine the filtrate (which contains the CrVI) with the impinger
catch and adjust the pH to 2.4 using H,S0,.

9.6 Add 5 mL of APDC per 100 mL of solution.

9.7 Transfer to separatcry funnel and extract with 10 mL of MIBK per
100 mL of solution. Shake vigorously for 5 minutes. Allow layers to
separate {10 - 15 minutes). Remove MIBK layer into a flask. Repeat the
above two more times and put MIBK into the same flask.

9.8 Evaporate the MIBK on a hot plate almost to dryness.

9.9 Add 25 mL of 5% HNO, and heat for 45 minutes.

9.10 Transfer to a 25 mL volumetric flask and bring to volume with
5% HNO,.

Method No. 6010-MMS
Revision No. O

Date June 20, 1990
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9.11 Analyze by ICP. (If samples are below the ICP detection 1imit,

reanalyze by GF/AA with Zeeman background correction 1f required).

9.12 Sample Analysis: The prepared sample 1s analyzed by ICP for
Hexavalent Chromium. The wavelength 1s 267.716 nm.

9.12.1 Instrument Set-up: The instrument 1s set-up and
profiled as described 1n the ICP Standard Operating Procedure
{Interpoll Method Number ICP-IL1).

9.12.2 Instrumental Calibration: Following set-up, the
instrument 1s calibrated using a blank and a solution containing 100

mg/L of chromium.

Method No. 6010-MMS

Revision No. g
Date June 20, 1990
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10

CALCULATION

To calculate results in total ug, use the following equation:

ug/mL Cr x {Dilution Factor) x Volume of Sample (mL) = total ug

where:

ug/mL Cr = read off ICP printout

-

volume of Sample = final volume of sample after preparation
{Liters)

Dilution Factor = any dilutions regquired to bring the

concentration of Cr within the calibration.

range or to remove interferences

Method No. 6010-MMS

Revision No. 0

Date__June 20, 1990

10-1

J-20

— ]



11  QUALITY CONTROL PROCEDURES

11.1 To verify the absence of matrix interferences, at least one
matrix spike must be performed. If not enough sample was submitted, an

instrument spike must be run. Percent recovery must meet control limits

for the method.

11.2 One spike must be performed in order to determine extraction

efficiency.

11.3 One dupWHcate must be run per batch. The Percent Relative
Difference must meet the control limits for the method. If there isn't

enough sample, an instrument duplicate will be run.

11,4 A method blank must be run to verify that the method is
)

performing to specifications.
11.5 Any sample above the linear range of the instrument must be

diluted and reanalyzed.

11.6 Two calibration blanks are analyzed with each analytical batch,
One 1s analyzed at the beginning of the run and the other at the end.

11.7 Two instrument check standards should be analyzed during an
analytical run. One at the beginning and another at the end. These
standards verify the accuracy of the instrument calibration.

Method No. 6010-MM§
Revision No. 0

Date June 20, 1990
11-1
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12  ACCURACY AND PRECISION

12.1 The accuracy limits for this method are from B0 to 120 percent

recovery.

12.2 The precision 1imit for this method 1s 10 relative percent

12.3 Check standards must be within + 10% of their true value or the
data associated with them is considered invalid.
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METHOD 2

-

RH*

g*
ws

*Alternate equations for calculating moisture content from wet bulb and

dry buld data.

1]

CALCULATION EQUATIONS

avg

[
85.08 C, (V 8p),,, V Slavg)
5 S

528

P
\ S
s T ! (29.92)

60(1 - B Y V_A (=
Ws s{avg)

60 V_ A

4.995% Q 4 G4

1- Bws

100 (

f
(VP wb 0.0003641 Ps T

db

RH{vP 4 )/P

4.535 x 10°2 PsMg
Ts {avg)
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METHOD 3

XEA

WS

CALCULATION EQUATIONS

100(%0,, - ).5% C0)

0.264% N, - %02 + 0.5% C0
0.44(%C02) + 0.32 (%02) + 0.28 (%N2 + %C0)
My (; - ?ws) + 0.18 Bws

Vw(std)
‘E(std) ¥ vm(std)
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METHOD 5

vm(std) ®

vw(std) =
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[
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CALCULATION EQUATIONS

P + AH/13.6
17.65 v_ v (22 )
m(avg)
0.0472 VIS
Vw(std)

vw(std) * vm(std)

T v
td)
0.0944 (p—gslava) m(s )
FS VS An bl - BNS)

15.43 M
Va(std)

272.3 Mp PS
Ts(ave) Vw(std] Ym(std)’

-3
8.5714 x 10 © C Qs,d

1.3228 x 1071 M, A
A

(h)y + (M),
2
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SYMBOLS
Cross sectional area of stack, SQ. FT.
Cross sectional area of nozzle, 5Q. FT.
Water vapor in gas stream, proportion by volume
Pitot tube coefficient, dimensionless

Concentration of particulate matter in stack gas,
wet basis, GR/ACF

Concentration of particulate matter in stack gas, dry
basis, corrected to standard conditions, GR/DSCF

Excess air, percent by volume w

Dry test meter correction—factor, dimensionless
Specific gravity (relative to air), dimensionless
Isokinetic variation, percent by volume

Molecular weight of stack gas, dry basis, g/g - mole.
Mass flow of wet flue gas, LB/HR

Particulate mass flow, LB/HR

Molecular weight of stack gas, wet basis, g/g, mole.
Total amount of particulate matter collected, g

Atmospheric pressure, IN. HG. {uncompensated)

Stack static gas pressure, IN. WC.

K-4
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Vm{std)

Vu(std)

vPtdb

Absolute pressure of stack gas, IN.HG.
Standard absolute pressure, 29.92 IN. HG.
Actual volumetric stack gas flow rate, ACFM

Dry volumetric stack gas flow rate corrected to standard
conditions, DSCFM

Relative humidity, &

Dry bulb temperature of stack gas, OF

Wet bulb temperature of stack gas, OF

Absolute average dry gas meter temperature, OR
Absolute average stack temperature, OF
Standard absolute temperature, 528 OF (68 OF)
Total sampiing time, min.

Total volume of 1iquid collected in impingers and
silica gel, ml

Yolume of gas sample as measured by dry gas meter, CF

Yolume of gas sample measured by the dry gas meter
corrected to standard conditions, OSCF

Volume of water vapor in the gas sample corrected to
standard conditions, SCF

Average actual stack gas velocity, FT/SEC

Vapor pressure at T4y, IN. HG.
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VPtwb

1Y)

AP

VYapor pressure at Tyn, IN. HG

Average pressure differential across the orifice
meter, IN. WC.

Velocity pressure of stack gas, IN. WC.
Dry test meter correction coefficient, dimensionless

Actual gas density, LB/ACF
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