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Statement of Certification: Based on information and belief formed after reasonable inquiry, the
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Report Writer: Andy Vella
Lab Information
Emission Parameter

Hydrogen Chloride (HCl), Hydrogen Fluoride (HF),
Hydrogen Bromide (HBr), Chloride (Cl2), and
Bromide (Br)
Multimetals (MMTL), plus Al, Fe, Mo, K and V
Fraction of Mo that is MoO3
Dioxins/Furans (PCDD/PCDF), Polychlorinated
Biphenyls (PCB), Chlorobenzenes, and
Chlorophenols
Polycyclic Aromatic Hydrocarbons (PAH)
Hexavalent Chromium
Ammonia
Formaldehyde, acetaldehyde, acrolein
Volatile Organic Compounds (VOC) and VOCderivatives
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Analytical Lab
Enthalpy Analytical, Durham, NC (Montrose)
Enthalpy Analytical, Durham, NC (Montrose)
MVA Scientific, Duluth GA
Enthalpy Analytical, Wilmington NC (Montrose)
Vista Analytical, El Dorado Hills CA (Montrose)
Chester LabNet, Tigard, OR
Montrose Air Quality Services, Antioch, CA
Atmospheric Analysis & Consulting, Ventura, CA
Eurofins Test America, Knoxville TN
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1.0 INTRODUCTION

A contractor for Covanta Marion, Inc. (CMI) will test various air emissions of the CMI Municipal
Solid Energy-From-Waste Facility. This testing is being conducted to fulfill requirements of the
Cleaner Air Oregon (CAO) program pursuant to OAR 340-245-0040(1). Results from this testing
will be used for the purpose of CAO compliance and not for demonstrating compliance with
Covanta’s Title V source testing requirements as applicable in conditions 35 through 44 of CMI’s
Title V permit. The Oregon Department of Environmental Quality (DEQ) Source Sampling Manual
identifies specific conditions that must be met for compliance testing. It should be noted that not
all conditions will be met for the purpose of the CAO testing. The test is scheduled for the week
of December 5, 2021. Source testing for CAO may be performed on either a single municipal
waste combustor (MWC) or both MWC’s. It is presumed that test results obtained from one unit
will be representative of the other unit.
During acute toxicity testing for metal and acid gases at a reduced load, every effort will be made
to replicate a regulated medical waste (RMW) processing rate that is representative of a daily
maximum of approximately 75 tons, which is slightly more than 3 tons/hr. CMI will not deviate
from operating conditions that would risk non-compliance with the provisions of our Title V permit.
Should such an event arise, the priority will be to mitigate the environmental upset, which may
require altering operating conditions, such as utilizing auxiliary burners as necessary to stabilize
combustion conditions. Individual test runs may or may not continue depending on the nature of
the event. All such instances will be documented and reported to include at a minimum, a
description of the event, what operational changes were made (if any), and whether testing was
paused, continued or terminated.
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2.3

OPERATING CONDITIONS

CMI will conduct testing under two distinct operating scenarios which include:
• a low fire/reduced steam load (80-90% of design steam load) to provide results used in calculation
of acute health risk, and
• a high fire/increased steam load (90-110% of design steam load) to characterize chronic health risk.
Design steam load capacity is approximately 67 Klbs/hr. A summary detailing which test methods will be
conducted under each scenario can be found in Sections 3.1 and 3.2. CMI will test under ‘worst case’
conditions (refer to operating scenarios referenced above) for the Cleaner Air Oregon required testing,
as described in detail in Section 2.9 of the DEQ Source Sampling Manual, i.e., both the low fire/reduced
steam load and the high fire/increased steam load operating scenarios.
Since the “high fire/increased steam load” operating scenario includes a significant portion of the
operating hours in a year for each boiler, the testing program found in Section 3.1 will adequately
address the chronic cancer and non-cancer health effects in an HRA prepared using those test results,
which will also include the startup and shutdown dioxin/furan and HCl results obtained during ODEQ
approved testing at CMI earlier this year.
The testing of those toxic air contaminants that typically comprise the majority of the chronic cancer
and non-cancer health effects in an HRA will include: PCDD/F’s, PCB’s, PAH’s, VOC’s, Metals, Acid gases
(including all halides and halogens), Ammonia, Formaldehyde and other aldehydes, Chlorophenols and
Chlorobenzenes. These will be tested as discussed in Section 3.1.
The “low fire/reduced steam load” scenario, which represents the maximum “worst case” boiler
operating condition, would only occur in a few hours of operation in any given year. Only those
components of an HRA that could affect an acute health risk are included in the testing program found
in Section 3.2.
Thus, for the testing in Section 3.2, the acid gases (including all halides and halogens) and metals, which
typically comprise more than 95% of the acute health risk in an HRA, will be tested as shown in Section
3.2.
The fuel processed during testing will primarily consist of municipal solid waste and other approved
wastes (e.g., regulated medical waste, industrial solid wastes). CMI will track the amounts of regulated
medical waste and industrial waste that is received during each testing day. CMI will not operate under
any process state that may jeopardize compliance with any condition of the Title V permit. In the event
that the Continuous Emissions Monitoring System (CEMS), Continuous Opacity Monitoring System
(COMS), or other Parametric Monitoring System indicate that an emission or air pollution control device
parameter is at or near a permitted limit, CMI will adjust operating conditions accordingly in order to
ensure continuous compliance.
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The two operating conditions for the two scenarios will include:
a)

High fire
I. Minimum steam load (Klbs/hr) ≥ 90% of design or ~60 Klbs/hr
II. Minimum rate of regulated medical waste per unit (tons/hr) = 1.5
III. Minimum rate of liquid direct injection per unit (gal/hr) = 180
IV. Wastes deliveries during the days of testing will be quantified and listed in the
source test report.

b)

Low Fire
I. Maximum steam load (Klbs/hr) ≤ 90% of design or ~60 Klbs
II. Minimum rate of regulated medical waste (tons/hr) = 1.5
III. Minimum rate of liquid direct injection (gal/hr) = 225
IV. Waste deliveries during the days of testing will be quantified and listed in the source
test report.
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3.1

EMISSION TEST PARAMETERS – CHRONIC TOXICITY TESTING SCENARIO
Unit
No.

Replicates

Approximate
Sampling
Time (Min)

Stack

1

1, 2, 3

240

U.S. EPA SW846 0023

Stack

1

1, 2, 3

240

Polycyclic Aromatic
Hydrocarbons (PAH)

CARB Method
429

Stack

1

1, 2, 3

240

Volatile Organic Compounds
(VOC) and VOC-derivatives

U.S. EPA SW846 0031

Stack

1

1, 2, 3

40

Formaldehyde, acetaldehyde,
acrolein

CARB 430

Stack

2

1, 2, 3

60

Ammonia

BAAQMD ST1B

Stack

2

1, 2, 3

60

Multimetals (MMTL), plus Al,
Fe, Mo, K and V (1)

U.S. EPA
Method 29

Stack

2

1, 2, 3

120

Hexavalent Chromium (2)

U.S. EPA SW846 0061

Stack

2

1, 2, 3

120

Hydrogen Chloride (HCl),
Hydrogen Fluoride (HF),
Hydrogen Bromide (HBr),
Chloride (Cl2), and Bromide (Br)

U.S. EPA
Method 26A
(Modified)

Stack

1

1, 2, 3

60

Emission Parameter

Sampling
Method

Location

Dioxins/Furans (PCDD/PCDF),
Polychlorinated Biphenyls
(PCB)

U.S. EPA
Method 23

Chlorobenzenes, and
Chlorophenols

(1)

(2)

The Molybdenum compounds on the filter will be analyzed using scanning electron microscopy with
energy dispersive X-ray spectrometry from the filter used in EPA Method 5/26A (Modified).
Hexavalent chromium testing will follow EPA SW-846 Method 0061 procedures, with substitution for
the reagent used in CARB 425 NaHCO3) for improved pH control and lower detection limit.

3.2

EMISSION TEST PARAMETERS – ACUTE TOXICITY TESTING SCENARIO (1)

Emission Parameter

Sampling Method

Multimetals (MMTL),
plus Al, Fe, Mo, K, and V

U.S. EPA Method 29
U.S. EPA
Method 5/Method 26A
(Modified)

(2)

Hydrogen Chloride (HCl),
Hydrogen Fluoride (HF),
(1)

(2)

Unit
No.

Replicates

Approximate
Sampling
Time (Min)

Stack

2

1, 2, 3

120

Stack

2

1, 2, 3

60 (minimum)

Location

Conditions to include operating at 80-90% of designed load (55-60 Klbs/hr) and an RMW feed rate of
approximately 3 tons per hour.
The Molybdenum compounds on the filter will be analyzed using scanning electron microscopy with
energy dispersive X-ray spectrometry from the filter used in EPA Method 5/26A. Sampling time may
increase to meet the Minimum Detection Limit of the method and analysis.
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3.3

ESTIMATED DETECTION LIMITS FOR TOXIC AIR CONTAMINANTS TO BE TESTED

Note: Analytical and in stack detection limits have been provided as estimates only. The
analytical detection limits are the best available pre-test estimates from the analytical
laboratories. The in-stack detection limit estimates are based on the expected total sampled
volume of stack gas for each test method. Actual analytical and in stack detection limits will be
affected by the actual volumes of stack gas and the contents of each sample matrix, so may not
exactly match these estimated values. Montrose will work up to the test dates to achieve the
lowest DL’s from all available laboratories and if another laboratory is found with lower DL’s, for
example for chlorobenzenes and chlorophenols, DEQ-CAO will be notified.
3.3.1 Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (EPA Method 23)
Analytical
Det. Limit,
pg/sample

In Stack
Det Limit,
ng/dscm

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)

3

8.8E-4

40321-76-4

1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD)

4

1.2e-3

39227-28-6

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD)

5

1.5E-3

57653-85-7

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD)

5

1.5E-3

19408-74-3

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD)

5

1.5E-3

35822-46-9

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD)

3

8.8E-4

3268-87-9

Octachlorodibenzo-p-dioxin (OCDD)

9

2.7E-3

51207-31-9

2,3,7,8-Tetrachlorodibenzofuran (TcDF)

3

8.8E-4

57117-41-6

1,2,3,7,8-Pentachlorodibenzofuran (PeCDF)

3

8.8E-4

57117-31-4

2,3,4,7,8-Pentachlorodibenzofuran (PeCDF)

3

8.8E-4

70648-26-9

1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF)

3

8.8E-4

57117-44-9

1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF)

3

8.8E-4

72918-21-9

1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF)

3

8.8E-4

60851-34-5

2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF)

3

8.8E-4

67562-39-4

1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF)

3

8.8E-4

55673-89-7

1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF)

4

1.2e-3

39001-02-0

Octachlorodibenzofuran (OCDF)

9

2.7E-3

CAS
Number

Compound

1746-01-6

Note: The estimated detection limits shown are from Enthalpy Analytical, Wilmington NC. Actual values
will vary depending on the characteristics of each sample.
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3.3.2 Polychlorinated biphenyls (EPA Method 23)
CAS
Number

Compound

Analytical
Det. Limit,
pg/sample

In Stack
Det Limit
ng/dscm

34883-43-7

PCB-8 [2,4'-dichlorobiphenyl]

3

8.8E-4

37680-65-2

PCB 18 [2,2',5-trichlorobiphenyl]

3

8.8E-4

7012-37-5

PCB-28 [2,4,4'-trichlorobiphenyl]

3

8.8E-4

41464-39-5

PCB-44 [2,2',3,5'-tetrachlorobiphenyl]

3

8.8E-4

35693-99-3

PCB-52 [2,2',5,5'-tetrachlorobiphenyl]

3

8.8E-4

32598-10-0

PCB-66 [2,3',4,4'-tetrachlorobiphenyl]

3

8.8E-4

32598-13-3

PCB 77 [3,3',4,4'-tetrachlorobiphenyl]

3

8.8E-4

70362-50-4

PCB 81 [3,4,4',5-tetrachlorobiphenyl]

3

8.8E-4

37680-73-2

PCB-101 [2,2',4,5,5'-pentachlorobiphenyl]

3

8.8E-4

32598-14-4

PCB 105 [2,3,3',4,4'-pentachlorobiphenyl]

3

8.8E-4

74472-37-0

PCB 114 [2,3,4,4',5-pentachlorobiphenyl]

3

8.8E-4

31508-00-6

PCB 118 [2,3',4,4',5-pentachlorobiphenyl]

3

8.8E-4

65510-44-3

PCB 123 [2,3',4,4',5'-pentachlorobiphenyl]

3

8.8E-4

57465-28-8

PCB 126 [3,3',4,4',5-pentachlorobiphenyl]

3

8.8E-4

38380-07-3

PCB-128 [2,2',3,3',4,4'-hexachlorobiphenyl]

3

8.8E-4

35065-28-2

PCB-138 [2,2',3,4,4',5'-hexachlorobiphenyl]

3

8.8E-4

35065-27-1

PCB-153 [2,2',4,4',5,5'-hexachlorobiphenyl]

3

8.8E-4

38380-08-4

PCB 156 [2,3,3',4,4',5-hexachlorobiphenyl]

3

8.8E-4

69782-90-7

PCB 157 [2,3,3',4,4',5'-hexachlorobiphenyl]

3

8.8E-4

52663-72-6

PCB 167 [2,3',4,4',5,5'-hexachlorobiphenyl]

3

8.8E-4

32774-16-6

PCB 169 [3,3',4,4',5,5'-hexachlorobiphenyl]

3

8.8E-4

35065-30-6

PCB-170 [2,2',3,3',4,4',5-heptachlorobiphenyl]

3

8.8E-4

35065-29-3

PCB-180 [2,2',3,4,4',5,5'-heptachlorobiphenyl]

3

8.8E-4

52663-68-0

PCB-187 [2,2',3,4',5,5',6-heptachlorobiphenyl]

3

8.8E-4

39635-31-9

PCB 189 [2,3,3',4,4',5,5'-heptachlorobiphenyl]

3

8.8E-4

52663-78-2

PCB-195 [2,2',3,3',4,4',5,6-octachlorobiphenyl]

3

8.8E-4

40186-72-9

PCB-206 [2,2',3,3',4,4',5,5',6-nonachlorobiphenyl]

3

8.8E-4

2051-24-3

PCB-209 [2,2'3,3',4,4',5,5',6,6 '-decachlorobiphenyl]

3

8.8E-4

Note: The estimated detection limits shown are from Enthalpy Analytical, Wilmington NC. Actual values
will vary (e.g. from 2 to 6 pg/sample) depending on the characteristics of each sample.
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3.3.3 Chlorobenzenes and Chlorophenols (SW-846 Method 0023)
CAS
Number

Compound

108-90-7

Chlorobenzene

(various)

Chlorophenols (various)

Analytical
Det Limit
µg/sample
2.5

In Stack
Det Limit
ng/dscm
740

2.5

740

Note: The estimated detection limits shown are from Enthalpy Analytical, Wilmington and Durham NC.
These are the best estimates available as of writing this test plan; lower detection may be
possible. Actual values will vary depending on the characteristics of each sample.

3.3.4 Polycyclic aromatic hydrocarbons (CARB Method 429)
CAS
Number
91-20-3
91-57-6
83-32-9
208-96-8
86-73-7
85-01-8
120-12-7
206-44-0
129-00-0
56-55-3
218-01-9
205-99-2
207-08-9
192-97-2
50-32-8
198-55-0
193-39-5
53-70-3
191-24-2

Compound
Naphthalene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

Analytical Detection
Limit, ng per sample
2620
11.0
443
494
167
90.3
118
3.68
3.34
2.08
2.09
1.53
1.55
1.63
2.39
2.76
2.58
2.79
2.72

In Stack Detection
Limit, ng/dscm
514
2.16
86.9
96.9
32.8
17.7
23.2
0.72
0.66
0.41
0.41
0.30
0.30
0.32
0.47
0.54
0.51
0.55
0.53

Note: The detection limits shown are from Vista Analytical- Enthalpy, El Dorado Hills, CA

3.3.5 Volatile organic compounds (SW-846 Method 0031)
CAS
Number
67-64-1
71-43-2
108-86-1
74-97-5

Compound
Acetone
Benzene
Bromobenzene
Bromochloromethane
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Analytical
Detection Limit, µg
0.284
0.0133
0.0083
0.0191
- 12 -

In Stack Detection
Limit, ng/dscm
1.42E-02
6.65E-04
4.15E-04
9.55E-04

75-27-4
75-25-2
74-83-9
78-93-3
104-51-8
135-98-8
98-06-6
75-15-0
56-23-5
108-90-7
124-48-1
75-00-3
67-66-3
74-87-3
95-49-8
106-43-4
96-12-8
106-93-4
74-95-3
95-50-1
541-73-1
106-46-7
75-71-8
75-34-3
107-06-2
75-35-4
156-59-2
156-60-5
78-87-5
142-28-9
594-20-7
563-58-6
10061-01-5
10061-02-6
100-41-4
87-68-3
591-78-6
98-82-8
99-87-6
75-09-2
108-10-1
91-20-3
103-65-1

Bromodichloromethane
Bromoform
Bromomethane
2-Butanone (MEK)
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-Chloropropane
1,2-Dibromoethane (EDB)
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
2-Hexanone
Isopropylbenzene
4-Isopropyltoluene
Methylene Chloride
4-Methyl-2-pentanone (MIBK)
Naphthalene
N-Propylbenzene
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0.0113
0.0134
0.059
0.144
0.028
0.023
0.0151
0.022
0.0314
0.0065
0.0167
0.0401
0.0175
0.0515
0.0133
0.0154
0.0316
0.0183
0.0152
0.0159
0.0139
0.0155
0.0452
0.0122
0.0113
0.0153
0.011
0.0111
0.0123
0.0102
0.0123
0.0121
0.0088
0.0144
0.016
0.03
0.1065
0.019
0.022
0.166
0.1041
0.0899
0.0202
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5.65E-04
6.70E-04
2.95E-03
7.20E-03
1.40E-03
1.15E-03
7.55E-04
1.10E-03
1.57E-03
3.25E-04
8.35E-04
2.01E-03
8.75E-04
2.58E-03
6.65E-04
7.70E-04
1.58E-03
9.15E-04
7.60E-04
7.95E-04
6.95E-04
7.75E-04
2.26E-03
6.10E-04
5.65E-04
7.65E-04
5.50E-04
5.55E-04
6.15E-04
5.10E-04
6.15E-04
6.05E-04
4.40E-04
7.20E-04
8.00E-04
1.50E-03
5.33E-03
9.50E-04
1.10E-03
8.30E-03
5.21E-03
4.50E-03
1.01E-03

100-42-5
630-20-6
79-34-5
127-18-4
108-88-3
87-61-6
120-82-1
71-55-6
79-00-5
79-01-6
75-69-4
96-18-4
95-63-6
108-67-8
75-01-4
95-47-6
179601-23-1

Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene
m,p-Xylene

0.0121
0.0092
0.0324
0.0105
0.0307
0.0452
0.0365
0.0168
0.0163
0.0118
0.0363
0.0374
0.0181
0.012
0.0294
0.0159
0.016

6.05E-04
4.60E-04
1.62E-03
5.25E-04
1.54E-03
2.26E-03
1.83E-03
8.40E-04
8.15E-04
5.90E-04
1.82E-03
1.87E-03
9.05E-04
6.00E-04
1.47E-03
7.95E-04
8.00E-04

Note: The detection limits shown are from Eurofins TestAmerica, Knoxville, TN

3.3.6 Aldehydes (CARB Method 430)
CAS
Number
50-00-0
75-07-0
107-02-8

Compound
Formaldehyde
Acetaldehyde
Acrolein

Analytical Detection
Limit, µg per sample
0.25
0.25
0.25

In Stack Detection
Limit, µg/dscm
8.9
8.9
8.9

Note: The detection limits shown are from Atmospheric Analysis & Consulting, Ventura, CA

3.3.7 Ammonia (BAAQMD Method ST-1B)
CAS
Number
7664-41-7

Compound
Ammonia

Analytical Detection
Limit, µg per sample
100

In Stack Detection
Limit, µg/dscm
147

Note: The detection limits shown are from Atmospheric Analysis & Consulting, Ventura, CA

3.3.8 Metals (EPA Method 29)
CAS
Number
7429-90-5
7440-36-0
7440-38-2
7440-39-3
7440-41-7

Compound
Aluminum
Antimony
Arsenic
Barium
Beryllium
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Analytical Detection
Limit
15.00 μg/L
5.00 μg/L
7.00 μg/L
0.50 μg/L
0.20 μg/L
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In Stack Detection Limit
3.97 μg/dscm
1.32 μg/dscm
1.85 μg/dscm
0.05 μg/dscm
0.13 μg/dscm

7440-43-9
7440-47-3
7440-48-4
7440-50-8
7439-89-6
7439-92-1
7439-96-5
7439-97-6
1313-27-5
7440-02-0
7723-14-0
7440-09-7
7782-49-2
7440-22-4
7440-28-0
7440-62-2
7440-66-6

Cadmium
Total Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Total Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Silver
Thallium
Vanadium
Zinc

0.40 μg/L
0.80 μg/L
0.50 μg/L
5.00 μg/L
7.00 μg/L
5.00 μg/L
0.30 μg/L
0.007 μg/L
2.00 μg/L
3.00 μg/L
20.00 μg/L
6.00 μg/L
15.00 μg/L
2.00 μg/L
10.00 μg/L
1.00 μg/L
3.00 μg/L

0.11 μg/dscm
0.21 μg/dscm
0.13 μg/dscm
1.32 μg/dscm
1.85 μg/dscm
1.32 μg/dscm
0.08 μg/dscm
0.00μg/dscm
0.53 μg/dscm
0.79 μg/dscm
5.30 μg/dscm
1.59 μg/dscm
3.97 μg/dscm
0.53 μg/dscm
2.65 μg/dscm
0.26 μg/dscm
0.79 μg/dscm

Note: The detection limits shown are from Enthalpy Analytical, Durham, NC. Actual values may vary
depending on the characteristics of each sample.

3.3.9 Hexavalent Chromium. (SW-846 Method 0061)
CAS
Number
--

Compound
Hexavalent Chromium

Analytical Detection
Limit
0.02 μg/sample

In Stack Detection Limit
1.21E-2 μg/dscm

Note: The detection limits shown are from Chester Labnet, Tigard, OR

3.3.10 Hydrogen chloride, halides, and halogens. (EPA Method 26A)
CAS
Number
7726-95-6
7782-50-5
7647-01-0
10035-10-6
7664-39-3

Compound
Bromine
Chlorine
Hydrochloric acid
Hydrogen bromide
Hydrogen fluoride

Analytical Detection
Limit
200 μg/sample
200 μg/sample
200 μg/sample
100 μg/sample
100 μg/sample

In Stack Detection Limit
59 μg/dscm
59 μg/dscm
59 μg/dscm
29 μg/dscm
29 μg/dscm

Note: The detection limits shown are from Enthalpy Analytical, Durham, NC
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4.0 SCHEDULE OF ACTIVITIES
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4.0

SCHEDULE OF ACTIVITIES (1)
Reference Method

Replicates

Sampling Time
(Minutes)

HCl, HF, HBr, Cl2
& Br2

EPA 26A (Modified)

1, 2, 3

60

1 Stack

SLO-SMVOC and
SMVOC (4)

EPA SW-846 0031

1, 2, 3

120

2 Stack

MMTL, plus Al, Fe,
Mo, K, and V (2)

EPA 29

1, 2, 3

120

2 Stack

Chromium VI (3)

EPA SW-846 0061

1, 2, 3

120

2 Stack

Ammonia

BAAQMD ST1B

1, 2, 3

60

2 Stack

Formaldehyde,
acetaldehyde,
acrolein

CARB 430

1, 2, 3

60

1 Stack

PCDD/F, PCB

EPA 23

1

240

1 Stack

Chlorobenzene,
Chlorophenol

EPA SW-846 0023

1

240

1 Stack

PAH

CARB 429

1

240

1 Stack

PCDD/F, PCB

EPA 23

2, 3

240

1 Stack

Chlorobenzene,
Chlorophenol

EPA SW-846 0023

2, 3

240

1 Stack

PAH

CARB 429

2, 3

240

2 Stack (5)

MMTL, plus Al, Fe,
Mo and V

EPA 29

1, 2, 3

120

2 Stack (5)

HCl, HF

EPA 5 / Mod 26A
(Modified)

1, 2, 3

60 (minimum)

Day

Unit/Location

Parameter

0 – Dec 6

--------------------

Setup

1 Stack

1 – Dec 7

2 – Dec 8

3 – Dec 9

(1)

Schedule may be changed during testing to accommodate site conditions and/or contractor availability. Every effort
will be made to keep CAO/ODEQ informed of any schedule changes.

(2)

Multi-metals include target metals for Method 29. Additional metals not listed in Method 29 but referenced in OAR
340-245-8020 to be analyzed include aluminum, iron, potassium, and vanadium. The Molybdenum compounds on
the filter will be analyzed using scanning electron microscopy with energy dispersive X-ray spectrometry.

(3)

Hexavalent chromium testing will follow EPA SW-846 Method 0061 procedures, with substitution of NaHCO3 solution
in place of the KOH solution cited in the Method.

(4)

SLO-VOC will test for bromomethane, chloroethane, vinyl bromide, and vinyl chloride.

(5)

Acute toxicity testing with unit load at 80-90% of design.
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5.0 SAMPLING AREA DESCRIPTIONS
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5.0

SAMPLING AREA DESCRIPTIONS

The outlet sampling area at Covanta Marion, Inc. (CMI) is located on a platform 128 feet above
the ground outside of the steel stack (see Figure 1). The stack is equipped with a rope and pulley
to facilitate hauling equipment up and down. The ladder is equipped with a Saf-T-Climb climbing
device. Each stack has two 4 inch diameter test ports at 90° and one 4 inch single port available.
Sampling Area Parameters
Testing platform elevation above ground:

128 ft.

Test ports elevation:

131 ft.

Test ports flange size:

4 in.

Flue diameter:

4 ft.

Nearest downstream disturbance:

120 ft.

Nearest upstream disturbance:

100 ft.
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Figures 2 and 3 depict the sampling point determinations.
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Figure 3
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6.0 TEST METHODS DESCRIPTIONS
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6.1

Sampling and Analytical Methods

This section briefly describes the sampling and analytical procedures that are used and any
deviations from the methods. The planned methods, techniques and laboratories have been
chosen to provide the lowest feasible detection limits for the planned test run times and sampled
volumes. For example:
•

EPA Method 23 will be used to measure Dioxins, Furans and PCBs.

•

A separate sampling train will be operated (according to SW-846 Method 0023) to
measure chlorobenzenes and chlorophenols. This will be done to eliminate the need to
“split” the samples in the laboratory, to provide lower detection limits for all the analytes.

•

Another separate sampling train will be operated (according to CARB 429) to measure
PAH compounds. Again, this will be done to provide lower detection limits.

The EPA Method 29 analysis does not discern the metal compounds present, as it measures only
each sample’s total amount of each analyzed metal. Since Molybdenum Trioxide is a target
analyte, a non-destructive analysis will be conducted on each Method 29 filter before the filter is
processed for the Method 29 analysis. The non-destructive analysis will include scanning electron
microscopy with energy dispersive X-ray spectrometry, which can discern and count Mo Oxides
relative to Mo Chlorides and MoS2 (and other Mo compounds). The analysis cannot tell MoO2
apart from MoO3, but should provide a reasonable estimate of the fraction of the total Mo that is
Mo oxides versus other phases. Note that Mo complexed with Fe can make identification difficult,
and that could increase the uncertainty of the analysis.
The Mo oxide fraction will be used (with the Method 29 result for total Mo from each test run) to
calculate a conservative estimate of the emissions of Molybdenum trioxide.
EPA Methods 1-4. EPA Methods 1 through 4 are utilized in conjunction with each isokinetic test
method. EPA Method 1 is used to determine the location of the sampling points. EPA Method 2
is used to measure the flue gas flow rate. EPA Methods 3A/3B are used to determine the flue
gas molecular weight. EPA Method 4 is used to determine the flue gas moisture content. The
information provided by these methods is used in determining isokinetics, parameter
concentrations, and parameter emission rates.
EPA Method 23.

The concentrations and emissions rates of polychlorinated dibenzo-p-

dioxins/polychlorinated

dibenzofurans
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polychlorinated

biphenyls

(PCB),

chlorobenzene, and chlorophenol are determined utilizing the proposed revision to EPA Method
23 from the January 2020 Federal Register. The proposed EPA Method 23 sampling train
consists of a glass nozzle, a heated glass probe liner, a heated glass fiber filter, a condenser, an
XAD resin trap, four chilled impingers in series (the knock out impinger will be omitted as provided
for in the proposed revisions to EPA Method 23) , a dry gas metering console and a calibrated
orifice. A heated sample transfer line of Teflon tubing may be used between the filter holder and
the condenser, as described in Section 2.1.2 of Method 23. The first and second impingers
contain ~100mL of DI water, the third is empty, and the fourth impinger contains pre-weighed
silica gel. The weight of each impinger and the adsorbent module, including the fitting caps will
be recorded to the nearest 0.5 g before and after sampling. The equipment is operated in
accordance with proposed EPA Method 23 with no exceptions. Each test run is four (4) hours in
duration.
At the end of each test run, each impinger and the XAD adsorbent module is weighed to compare
with pre-sampling weights for determination of the stack gas moisture content (i.e. EPA Method
4). The samples are recovered, processed and analyzed in accordance with proposed EPA
Method 23. The samples are extracted and concentrated in the laboratory, then analyzed by HighResolution GC with High-Resolution Mass Spectroscopy for PCDD/PCDF and PCB. Results are
converted to stack concentrations (ng/dscm or pg/dscm) and mass emission rates (e.g. lb/hr) for
reporting.
EPA SW-846 Method 0023. The concentrations and emissions rates of chlorobenzene and
chlorophenol are determined utilizing the proposed revision to EPA Method 23 from the January
2020 Federal Register. The sampling train consists of a glass nozzle, a heated glass probe liner,
a heated glass fiber filter, a condenser, an XAD resin trap, four chilled impingers in series, a dry
gas metering console and a calibrated orifice. A heated sample transfer line may be used between
the filter holder and the condenser. The first and second impingers contain ~100mL of DI water,
the third is empty, and the fourth impinger contains pre-weighed silica gel. The weight of each
impinger and the adsorbent module, including the fitting caps will be recorded to the nearest 0.5
g before and after sampling. The equipment is operated in accordance with proposed EPA
Method 23 with no exceptions. Each test run is four (4) hours in duration.
At the end of each test run, each impinger and the XAD adsorbent module is weighed to compare
with pre-sampling weights for determination of the stack gas moisture content (i.e. EPA Method
4). The samples are recovered, processed and analyzed in accordance with SW-846 Method
Marion COV Report No. 4503
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0023. The samples are extracted and concentrated in the laboratory, then analyzed by HighResolution GC with High-Resolution Mass Spectroscopy with an EPA Method 8270 scan for
tentatively identified compounds (TIC), including chlorobenzenes and chlorophenols. Results are
converted to stack concentrations (ng/dscm or pg/dscm) and mass emission rates (e.g. lb/hr) for
reporting.
CARB Method 429. The sampling and analytical procedures outlined in CARB Method 429 are
used to determine the polycyclic aromatic hydrocarbons (PAHs) emissions.
Sampling Train Description. The sampling train consists of a glass nozzle, a heated probe with
a glass liner, a heated Teflon-coated glass fiber filter, a water-cooled condenser, a XAD sorbent
trap, four chilled impingers in series, a pump, a dry gas meter and a calibrated orifice. A sample
transfer line (Teflon tubing) may be used to connect from the filter holder to the condenser. The
filter is housed in glass filter holder and supported on a Teflon frit. The condenser is placed
above the XAD sorbent trap allowing the condensate to drain vertically through the sorbent for
removal of the organic constituents in the gas. The sorbent trap is charged with the precleaned,
spiked resin. The first and second impingers each are charged with sodium carbonate/sodium
bicarbonate buffer solution, the third is empty and the fourth contains silica gel. Sealing greases
are not used on the sample train connections.
The samples are recovered, processed and analyzed in accordance with CARB Method 429. The
samples are extracted and concentrated in the laboratory, then analyzed by high resolution
capillary column gas chromatography coupled with high resolution mass spectrometry
(HRGC/HRMS) for the PAH compounds. Results are converted to stack concentrations (ng/dscm)
and mass emission rates (e.g. lb/hr) for reporting.
EPA Method 26A (Modified). Concentrations of Halogens and halides are measured using EPA
Method 26A with isokinetic sampling. This provides sampling similar to Method 26 but using fullsize impingers and the larger sampled volume in place of the midget impingers and smaller
sampled volume of Method 26.
The following will also apply:
1.)

The probe & filter must be kept above the exhaust temperature and greater than
248oF.

2.)

A separate blank solution of the absorbing reagent should be prepared for analysis
with the field samples.
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3.)

At a minimum, results of testing are to be reported in the following units. Test results
shall be reported as not blank corrected.
• ppmdv
• ppmdv @ 7% O2
• lb/hr (outlet only)
• lb/1,000 lbs of steam produced

The equipment is operated in accordance with EPA Method 26A except that:
- The sampling will be conducted at a constant sampling rate rather than at isokinetic sampling
rates,
- The sampling probe may be a “straight” tube rather than including a nozzle for isokinetic
sampling.
- The sampled volume will be measured using a “Method 5” style dry gas meter console.
Each test run will be 1 hour in duration.
At the end of each test run, each impinger is weighed to compare with pre-sampling weights for
determination of the stack gas moisture content (i.e. EPA Method 4). The contents of the H2SO4
impingers are recovered into one sample bottle, and the contents of the NaOH impingers are
recovered into a separate sample bottle for each test run.
The full load test samples are analyzed in accordance with EPA Method 26A for the halides and
halogens identified in Section 1.1 of EPA Method 26 (i.e. HCl, HBr, HF, Cl2 and Br2), but the low
load tests samples will only be analyzed for the halides (HCl and HF).
.
EPA Method 29. Metal concentrations and emission rates are determined utilizing EPA Method
29. The EPA Method 29 sampling train consists of a glass nozzle, a heated probe with a glass
liner, a heated (low-metal blank) quartz filter, an empty impinger (optional), two chilled impingers
each with 100mL of 5% HNO3/10% H2O2, an empty impinger, two chilled impingers each with
100mL of 4% KMnO4/10% H2SO4, an impinger with a known mass of of silica gel, and a dry gas
metering console. Each test run is a minimum of two (2) hours in duration. Borosilicate glass or
quartz probe liners and nozzles are used to avoid possible contamination.
After completion of each test run, each impinger is weighed to compare with pre-sampling weights
for determination of the stack gas moisture content (i.e. EPA Method 4). The samples are
recovered, preserved, processed and analyzed in the analytical laboratory in accordance with
EPA Method 29.
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The Method 29 filter from each test run (and a reagent blank filter) will be sent first to a laboratory
for non-destructive analysis of the Molybdenum compounds. The non-destructive analysis will
include scanning electron microscopy with energy dispersive X-ray spectrometry, which can
discern and count Mo Oxides relative to Mo Chlorides and MoS2 (and other Mo compounds). The
results of the analysis will be used to estimate the fraction of the total Molybdenum emissions that
may be Molybdenum Trioxide. After completion of the non-destructive analysis, the filters will be
sent to the separate laboratory for processing by EPA Method 29 along with the other Method 29
sample fractions.
EPA SW-846 Method 0061. Hexavalent chromium emissions will be determined using the
SW846 Method 0061, modified to use a different impinger solution. The sampling train will
consist of a glass nozzle, Teflon probe liner with Teflon aspirator, four Teflon impingers and one
glass impinger connected in series, a leak-free sampling pump assembly and a dry gas
metering console.
The impingers will be charged as described in Section 7.1.4 of Method 0061, except that the
0.1M KOH will be replaced by 0.1M sodium bicarbonate solution. Recent sampling and
laboratory practice has evolved to improve the maintenance of the valence state of the
hexavalent and trivalent chromium and to provide lower blank values. The bicarbonate solution
has been found to have non-detectable chromium content, even at laboratory detection limit of
0.01 µg/L. The solution also improves the maintenance of the proper pH range during sampling,
as studies have shown that low pH drives hexavalent chromium to the trivalent state, and high
pH drives trivalent chromium to the hexavalent state. The bicarbonate solution facilitates
maintenance of the pH in the 8.5 to 10 range that is ideal for valence-state maintenance.
At the completion of each test run, the pH of the solution in the first impinger is determined (and
recorded) using pH indicator strip. If the pH is not above 8.5, the solution is discarded. If the
pH is above 8.5, the impingers are purged for 30 minutes with N2 at a rate of 10 liters/min. At
the conclusion of the N2 purge, the contents of the impingers are recovered into a sample
container. The entire sampling train up to the silica gel impinger is rinsed with DI water into a
sample container. The sample is filtered through an acetate membrane filter with a 0.45 um
pore size. Nitrogen is used to accelerate the filtering period. The filtered sample is then placed
into a chilled ice chest for storage and transport to the analytical laboratory.
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The samples are analyzed in accordance with SW846 Method 0061 by Chester LabNet of
Tigard, Oregon. Chester’s SOP for the method includes important updates that provide a
detection limit of 0.01 µg/L (as compared with older techniques that have a typical detection limit
of 0.5 µg/L).
EPA SW-846 Method 0031. Concentrations of volatile organic compounds are measured using
a single sampling train for SW-846 Method 0031 The system includes a sampling rate of 0.5
L/min for 40 minutes as in the “SLO-SMVOC” criteria to collect the very volatile compounds
without significant breakthrough (i.e. less than 5% in the final Tenax trap). The laboratory and
our internal method expert VP Technical both assure us that such a run provides the results
needed for the full set of compounds requested. The only compounds not analyzed by 0031 are
Ethylene, Propylene and 1,3-Dichloropropene; measurement of these may be provided by a TIC
scan by EPA Method 8270. A list of the normally applicable compounds is available in Section
1.1 of the method.
The method employs a sampling module and meter box to withdraw a 20-L sample of effluent
gas containing volatile organic compounds from a stationary source at a flow rate of 0.5 L/min,
using a glass-lined probe heated to 130 ± 5oC and a “Sampling method for volatile organic
compounds” (SMVOC) train. The gas stream is cooled to 20oC by passage through a watercooled condenser and volatile organic compounds are collected on a set of sorbent traps
(Tenax®-GC/Tenax®-GC/Anasorb®-747). Liquid condensate is collected in an impinger placed
between the two Tenax®-GC traps and the Anasorb®-747 trap.
Sample fractions are recovered, stored, shipped and analyzed as described in Method 0031.
CARB Method 430. Sampling and analysis are conducted in accordance with CARB Method
430, modified to include sampling and analysis of acrolein and to mitigate interference from NOX
in the stack gas. Gaseous emissions are drawn through a probe and sample line (tubing) and
two impingers in series, each impinger containing an aqueous acidic solution of 2,4dinitrophenyl-hydrazine (DNPH). The sampling train includes a probe of heated glass or Teflon
tubing, a connecting sample line of Teflon tubing, the two impingers, vacuum pump, control
valves and dry gas meter.
Modifications for sampling include the use of a calibrated liter-range dry gas meter to measure
the volume of sampled dry stack gas (in place of the rotameter described in the Method, as the
Marion COV Report No. 4503

- 29 -

rotameter measures only the sampling rate). Note that the meter box includes a rotameter or
similar device for measurement of the sampling rate so that the rate will be no higher than 500
ml per minute.
Sampling is also modified by the addition of a toluene “float” to each DNPH impinger. This
modification has been well-studied by several researchers and has become common practice
among testers who routinely use CARB Method 430. The modification prevents interference
from NOX, allows accurate measurement of acrolein, and provides immediate, continuous
extraction to stay within the 7-day hold-time for extraction described in Section 8.3 of Method
430.
Approximately 2 to 5 ml of toluene is added to each DNPH impinger prior to sampling and is
recovered from the impinger with the DNPH solution. This modification provides continuous
extraction of the hydrozone derivatives (formed from the aldehydes reacting with the DNPH) as
the samples are collected. Since the derivative for acrolein is not water-soluble, it is
continuously extracted into and preserved in the toluene; this allows for accurate laboratory
analysis of the acrolein content (which would not be possible using the Method as written). The
continuous extraction of the other derivatives (from formaldehyde and acetaldehyde) into the
toluene prevents interference from NOX, as the reactions with NOX take place only in an
aqueous solution.
At the completion of sampling, the probe is rinsed with 2 ml of impinger solution into the first
impinger. Each impinger is recovered separately into a glass sample vials with a gas tight lid
and each impinger is rinsed with 2 ml of impinger solution. An aldehyde reacts with DNPH by
nucleophilic addition on the carbonyl followed by 1,2- elimination of water and the formation of a
2,4-dinitrophenylhydrazone. Acid is required to promote protonation of the carbonyl because
DNPH is a weak nucleophile. After organic solvent extraction, the sample is analyzed using
reverse phase HPLC with an ultraviolet (UV) absorption detector operated at 360 nm. Impingers
are analyzed separately. Formaldehyde and acetaldehyde in the sample are identified and
quantified by comparison of retention times and area counts of sample extracts with those of
standards.
Bay Area Air Quality Management District (BAAQMD) Source Test Procedure ST-1B.
The sampling procedures outlined in BAAQMD Method ST-1B is used to determine the
ammonia emissions. The sampling train consists of a heated glass or titanium probe liner, a
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heated borosilicate glass filter holder with a Teflon filter support, four chilled impingers in series,
a pump, a dry gas meter and a calibrated orifice. The impingers are placed in an ice bath to
maintain the impinger temperature at 45o F or less.
All glassware is precleaned by washing with soap, hot tap water and rinsed with deionized
water. For sampling, the first two impingers are each charged with 100 ml of 0.1 N hydrochloric
acid (HCl). The third impinger is empty, and the fourth impinger contain silica gel. The leak
check and sampling procedures are performed according to the method. Each impinger is
weighed before and after sampling.
The contents of the first impinger are transferred to a Nalgene sample bottle. The contents of
the second impinger are transferred to a separate Nalgene sample bottle.
The samples are delivered to the laboratory for separate analysis of the first and second
impinger contents for the ammonia concentrations using a calibrated ion specific electrode.

Marion COV Report No. 4503

- 31 -

7.0 QUALITY ASSURANCE / QUALITY CONTROL
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7.0

QUALITY ASSURANCE / QUALITY CONTROL

Covanta has instituted a rigorous Quality Assurance/Quality Control (QA/QC) program for all its
compliance source testing. This program ensures that the emission data reported for Covanta
facilities are as accurate and meaningful as possible.
Glass or Teflon® is employed in all the sampling equipment in contact with the sample gas. This
includes the nozzle, probe liner, filter housing, sample line and impingers. Calibration of all gas
meters, thermocouples, and pitot tubes used in the test program will be performed using reference
methods with calibration sheets included in the final report.
Transportation blanks, method blanks, inert sample containers, field data and chain of custody
forms from the U.S. EPA QA Handbook for Air Pollution Measurement Systems, Volume III,
Stationary Source Specific Methods, EPA-600/4-77-027b, are used during all phases of the test
program.
All test programs include a supervising engineer from Covanta’s corporate office to ensure the
integrity of the test program according to the Source Test Plan. All field data sheets for each test
run listed in the source test plan including any aborted test runs will be included in the final test
report. The draft report with laboratory analyses will be available to CMI within 25 calendar days
following the completion of testing.
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8.0 OPERATIONAL PARAMETERS
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8.1

OPERATIONAL PARAMETERS

During the source testing, plant process data will be monitored and collected by Covanta
personnel to ensure representative operation of the facility. Steam flow rate will be documented
to ensure representative heat input at design conditions.
The following operating parameters will be included in the final report:
Steam Production:

Steam Flow (lb/hr)

Steam Flow will be measured and reported for all test runs. Reduced steam load (i.e. low
fire) will be 80-90% of design steam load capacity and increased/normal steam load (i.e.
high fire) will be 90-110% of design steam load capacity.
Temperature: Baghouse Inlet
Lime slurry feed rate: dry lbs/hr
Ammonia injection rate: gal/hr
Air Pollution Control: Carbon Feed Rate (lb/hr to each unit)
Supplemental fuel usage during the tests, if used
Municipal Solid Waste totals during testing
Regulated Medical Waste :
Regulated Medical Waste (RMW) is composed of several subcategories, which include
pathology, trace chemotherapy, pharmaceuticals, sharps, and biohazardous waste. Due to
state-specific requirements for treatment technologies, CMI primarily processes pathology,
trace chemotherapy, and pharmaceutical wastes. These wastes are packaged in either U.S.
Department of Transportation (DOT) approved single-use packaging or reusable packaging.
Processing of single use packaged RMW will likely contain higher quantities of plastic and
corrugated cardboard. CMI does not refer to either packaging or waste type as ‘grey bin’ or
‘blue bin.’ In addition, this terminology is not identified in any regulatory context. CMI will
track volumes of medical waste processed and will differentiate between single-use and
reusable packaging for reporting purposes.
• Packaging type (reusable or single use)
• Number of containers or pallets
• Total tons processed
Liquid Direct Injection (LDI) waste totals during testing to include:
• Waste description
• Approximate injection rates
• Total tons and/or gallons processed
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• Analysis of leachate injected during the testing
o Chloride – Method 300.0 – Data already obtained for LDI
o Total Metals – Method 6020A - Data already obtained for LDI
o Total Halogenated Organics – Method 9020B - As Andrew indicated, additional data
may be required for Total Halogenated Organics - Method 9020B
Supplemental waste (also referred to as Special waste) during testing to include:
• Waste description
• Total tons received
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9.0 SOURCE TEST RESULTS
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9.1

SOURCE TEST RESULTS

Source test results will be submitted to the ODEQ Agency Headquarters, 700 NE Multnomah
Street, Suite 600, Portland, OR 97232 within 60 days following the completion of the source
test.
Emissions to be tested shall be reported as:
PCDD/PCDF:

ng/dscm @ 7% O2, lb/hr, lb/1000lb steam

PCBs:

ng/dscm @ 7% O2, lb/hr, lb/1000lb steam

PAHs:

ng/dscm @ 7% O2, lb/hr, lb/1000lb steam

VOCs:

ppb @ 7% O2, lb/hr, lb/1000lb steam

Metals:

mg/dscm @ 7% O2, lb/hr, lb/1000lb steam

Hydrogen chloride, halides, and halogens:

ppm @ 7%, lb/hr, lb/1000lb steam

Formaldehyde and other aldehydes:

ppm @ 7%, lb/hr, lb/1000lb steam

Ammonia:

ppm @ 7%, lb/hr, lb/1000lb steam

Chlorophenols:

ng/dscm @ 7% O2, lb/hr, lb/1000lb steam

Chlorobenzenes:

ng/dscm @ 7% O2, lb/hr, lb/1000lb steam

Molybdenum chloride and trioxide

weight percentage of solid particulate matter
and of total Mo, lb/hr, lb/1000lb steam
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