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GLOSSARY OF TECHNICAL TERMS AND NOMENCLATURE

Parameter Definition

T _ - Time

VM ' = Dry Gas Meter in Cubic Feet

TS = Temperature of Stack °F

TMI = Temperature of Meter in

T™MO = Temperature of Meter out

PST ‘ = Stack Static Pressure inches Hzo

DN = Nozzle Diameter

VMSTD = Volume of Dry Gas Sampled at Standarad
Conditions

DSCFP = Dry Standard Cubic Feet

VW = Volume of water collected

™ = Percent Moisture

1b/1b Mole = Molecular weight of stack gas

AS = Stack Area

\'4] = S8tack Gas Velocity

AFPM = Actual Feet Per Minute

DSCFM = Dry Standard Cubic Feet Per Minute

ACFM = Actual Cubic Feet Per Minute

M = Meter .

H3 = Cubic Meter

ng = Milligram

ng = Nanogram

ug = Mié:oqran

ml = Milliliter

lpm = Liter per minute

L = Liter

b =  Pound

0z = Ounces

ul a Microliter -

v/v = Volume per volume

in Hg = Inches of Mercury
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Parameter .

in HZO_
act

avg

std

o2

CcoO

(o0)

2
N

2
PPMV
PPBV
THC
Kg
KPa
DDI

MPa
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GLOSSARY (Continued)

Definition

Inches of water

Actual

Average

Standarad

Ooxygen

Carbon Monoxide

Carbon Dioxide

Nitrogen

Parts per million by volume
Parts per billion by volume
Total HydroCarcbons

Kilogram

Kilo Pascal

Distilled Deionized Water
Millapascal



1. INTRODUCTION
1.1 Project Background

ERT, A Resource Engineering Company of Concord,
Massachusetts, was retained by Malcolm Pirnie, Inc. of White
Plains, New York, to assist them in the conduct of a combined
Odor Control Engineering Study/Non-Criteria Emissions
Monitoring Program for the Metropolitan Waste Control
Commission (MWCC) situated in the Twin Cities, Minnesota,
area. The actual program was conducted at the Metropolitan
Wastewater Treatment Facility to fulfill obligations set forth
in the facility air operating permit (Permit No. 879-85-0-2)
issued in April 1985. The objectives of the non-criteria
emissions monitoring, which was designed and implemented wholly
by ERT, were to assess the presence and significance of
selected non-criteria Pollutants potentially present in flue
gas emissions released from the nine-hearth sewage sludge
incinerators contained in the sludge treatment process at the
site. Tt was further anticipated that the data product from
this program would supplement existing emissions monitoring
data from the Metropolitan Wastewater Treatment Plant (MWWTP)
reported by the Environmental Protection Agency in July of 1986
as part of The National Dioxin Study (1].

1.2 Project Scope of Work

The program work scope consisted of sampling and analysis
for a preselected list of chemical parameters potentially
contained in incinerator flue gas emissions from the MwceC
treatment facility as follows:

Particulates

Heavy Metals

Semivolatile Organics (miscellaneous)
Polycyclic Aromatic Hydrocarbons (PAHS)
Chlorinated Phenols

1-1
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Chlorinated Benzenes

Polychlorinated Biphenyls (PCBs)
Polychlorinated Dibenzodioxins (PCDDs)
Polychlorinated Dibenzofurans (PCDFs)
Volatile Organics

Total Hydrocarbons (continuous)

Carbon Monoxide (continuous)

Oxygen (continuous)

The selection of these parameters was based upon a
comprehensive literature review conducted by ERT at the oulLset
of the program and contained in the Project Test Plan prepared
in May 1986.

The emissions monitoring program described herein
consisted of three sampling sessions, for each of the above
parameters, while incinerators #7 and #8 were maintained under
identical representative "steady-state" operating conditions.

Section 2 of this document contains a summary of emissions
monitoring data for each of the aforementioned chemical
cateqori&s. Section 3 provides a formal discussion and
interpretation of these program results. Particular emphasis
has been placed on a comparison of these test results to data 
collected earlier at this facility, as well as data contained
in the open literature pecrtinent to emissions from other
multiple-hearth sewage incineration facilities.

Section 4 provides a description of the MWCC Twin Cities
facility with a detailed description of the Envirotech
incinerators themselves, as well as the operating parameters
selected to establish "steady-state"” conditions. during the
testing progranm.

Summaries of the pertinent sampling and analysis protocols
are contained in Sections 5 and 6, respectively. More detailed
sampling and analysis protocols are provided in the Proyram
Test Plan entitled "Non-Criteria Emission Sampling and Analysis
Test Plan for the Envirotech Nine-Hearth Sewage Sludge
Incinerator," May 1986 (ERT Document E-081-200).

8720P E081-500



- A summary of program quality control data is provided in
Section 7. This includes results of all field blanks,
collocated samples, field surrogate spikes, method blanks, and
laboratory matrix spikes.

Additional supporting information provided in the
appendices to this report includes the following: Field Data
Sheets (Appendix A), Continuous Emissions Monitoring (cCo, oz.
THC) Calibration Data (Appendix B), Continuous Emissions
Monitoring Data (cCo, 02. THC) 3-Minute Averages (Appendix C),
Chain of Custody Records (Appendix D). ERT Analytical Data
Reports (Appendix E), Justification for Technical Approach to
Monitoring PCDDs/PCDFs (Appendix F), Technical Work Scope for
PCDDs/PCDFs (Appendix G), ENSECO-CAL Labs PCDDs/PCDFs Data
Sheets (Appendix H), ERT"s Field Notes Summary (Appendix I) and
MWCC Operations Data for the MWWTP (Appendix J).
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2. SUMMARY OF RESULTS

2.1 1Introduction

Three days of flue gas monitoring were conducted using the
#7 and w8 incineratqrs at the MWWTP. Measurements were
collected for each of the parameters and chemical classes
listed previously in Section 1. This includes continuous
emissions monitoring for co, O, and total hydrocarbons (THC),
ORSAT analyses for a series of fixed gas species (02. co,

COZ. NZ). as well as average flue gas concentrations for a
series of preselected heavy metals, volatile and semivolatile
"target" compounds. Continuous emissions monitoring data are
provided for each of three teét series conducted during the
calendar period May 20-22, 1986.

Data collected during each of three sampling sessions are
provided for each of the following monitoring categories:
volatile organics (EPA HSL list and additional components),
semivolatile organics (EPA HSL List, PCBs, chlorobenzenes, and
chlorophenols), and selected heavy metals. 1In addition,
results are provided for three sets of PCDD8/PCDFs flue gas
samples collected during the course of two sampling sessions in
the #8 incinerator. )

It is ERT's understanding that all of the flue gas data
contained in this section were collected while the #7 and #8
incinerator units were operating under "steady-state" or
representative operating conditions as defined in Section 4 of
this report. The cresponsibility for establishing and
maintaining each operating parameter within the corresponding
numerical guidelines was assumed by MWCC personnel. These
operating parameters and associated numerical guidelines were
established in May of 1986 under joint agreement by MWCC, MPCA,
ERT and Malcolm Pirnie.

Results for each of the aforementioned monitoring
categories are summarized in the discussion to follow.

8804P E081-500



2.2 Particulate Emissions

Flue gas particulate emissions were collected from the 7
incinerator, at the stack exit employing an EPA Method §
sampling train. Bach of three sampling sessions were conducted
during the calendar period May 20-21, 1986 (see field
monitoring test schedule provided in Table 5-1). Each sample
was collected under isokinetic flow conditions over an elapsed
period of 3 hours while the #7 incinerator was operating under
"steady-state" load conditions. A summary of pertinent stack
test data for each of the three sampling sessions is provided
in Table 2-1. This includes particulate emissions expressed as
grains/dscf corrected to 12% coz as well as other pertinent
test data collected during each of the three test series.

These results are also applicable to the trace metals data to
follow which were generated from analyses of the particulate
samples from each of these three test series. As shown in

Table 2-1, particulate concentrations of 0.024, 0.036 and 0.030

gr/dsct were measured for Runs 1, 2 and 3, respectively.
Particulate emission rates are provided in units of 1b/hr, as
well as gr/dsct.

Particulate analysis was conducted gravimetrically from
the particulate catch. The acetone washes were transferred to
tared beakers and dried at ambient pressure in a hood. Aftar
removal of the acetone the beakers were dessicated over
Drierite® and weighed to a constant weight of +.5 mg. The
Particulate filters were also dessicated to constant weigh!l. in
the same manner. The acetone washes were blank corrected by
taking an acetone blank sample and conducting the drydown
following the same procedure as the acetone washes.

It should be noted that these results do not include the
back half analysis of the impinger water. This extra analysis
was not requested until the second test was initiated. ERT
collected and recovered the impinger waters from Runs 2 and 3
and saved these samples. Analysis has not been performed
because of the out-of-scope cost associated with the task.

'Fixed gas analyses shown in Table 2-1 for Oo,, CO, co_ and

2 2
2-2
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TABLF 2-1
STACK #7 TEST DATA SUMMARY

MFTHOD 5 TEST SFRIFS FOR PARTICULATRS AND TRACK METALS

STACK EXMAUST 3AS RESULTS
PLANT: MWCC, MALCOLM PIRNIE

LOCATICN: ST PAUL. MINNESQTA

RUN NUMBER (222 2T MS-1
DATE OF RUN tesans S-20-86
CLOCK TIME: (22222 1343
CLOCK TIME: trenen 1643
AVG. STACK TEMPERATURE DEGREES F 8
AVG. SQUARE DELTA P INCHES H20 1.24
NOZZLE DIAMETER INCHES Q.19
BAROMETRIC PRESSURE IN. HG. 29.4S
SAMPLING TIME MIN, 180
SAMPLE VOLUME CUBIC FEET 145.28
AVG. METER DEGREES F a4
AVG. DELTA H IN. H20 2.04
D6 CALIB. FACTOR CY] YT 1.00
WATER COLLECTED MILLITERS 4%.0
co 2 PERCENT S.1
o2 PERCENT 18.3
co PERCENT 0.0
N 2 PERCENT 80.6
STACK AREA SQUARE INCHES 707
STATIC PRESSURE INCHES WG. 0.36
PITOT COEFFICIENT sRHBBBS 0.84
SAMPLE VOLUME DRY DECF 140.08
WATER AT STD. SCF 3.1
MOISTURE PERCENT 2.1
MOLE FRACTION DRY GAS Y YT Yy 0.98
MOLECULAR WT.DRY LB/LB MOLE 29.39
EXCESS AIR PERCENT 204,92
MOLECULAR WT. LB/LB MOLE 29.14
STACK GAS PRESSURE INCHES HG. 29.48
S8TACK VELOCITY AFPM 4304
VOLUMETRIC FLOWRATE, DRY STD. DSCFM 19277
VOLUMETRIC FLOWRATE, ACTUAL ACFM 21131
[SOKINETIC RATIO PERCENT 106
MASS AIR FLOW RATE LBS/MINUTE 1444

CALCULATIONS FOR GRAIN LOADING AND EMISSION RATES

FRONT HALF TOTAL

PARTICULATE

PARTICULATE
Particulate

*Cocrrected to 12% CO

mng 92.9
gr/dscé 0.010
1b/hr 1.688
gr/dscte 0.024

2

MS-2
S5-21-86
820
1130

106
1.44
0.19

29.3¢

180

186.66

2.42
Q.99
109.5
S.4
12.8

-
. &

79.6
707
0.33
Q.84
147,38
S.2
3.4
0.97
30.09
169.49
29.468
29.33
3001
21690
24533

1627

130.3
0.016
2.920

0.036

MS-3
S-21-86
1510
1630

104
1.2S
D.19
29.20
180
149,62
90
2.358
0. 99
9T.3
4.9
14.3

-

77.9
707
.23

0.84
140,14
4.4
2.0
0.77
30.74
182.03
20.38
29.32
4629
20211

22723

96
1316

110.3
0.012
2.100

0.029



TABLE 2-1 (Continued)
STACK # 7 TEST DATA SUMMARY
MRTHOD 5 TREST SERIFES FOR PARTICULATES AND TRACE METALS

- Calculations for Grain-Loading and Emission Rates

M5-1 M5-2 MS--3
Particulates 1b/ton D.S. 2.78x10~ % 4.80x10"% 3.45x10° 4
Particulates 1b/dscf 3.4x10~6 5.1x10"8 4.1x10°8
*Coc:ected to 12% Co2
2-4
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N2 aro the result of ORSAT analyses performed during each
test series and not actual continuous emissions monitoring
which are presented in a subsequent portion of this section.

2.3 Trace Metals

Particulate samples identified in Table 2-1 were submitted
for the analyses of a preselected listing of heavy metals.
Flue gas physical and chemical data presented for the
particulate emissions in Table 2-1 are also applicable to the
trace metals measurements presented here. Trace metal analyses
were conducted on the combined front half rinse/particulate
filter catch from each of the three test series in accordance
with the protocols stipulated in Section 6 of this report. A
summary of these results including analytical flue gas
concentrations in total ug, uq/m3 and emission rates in
grams/hr are provided in Tables 2-2, 2-3, and 2-4 for Runs 1,
2, and 3, respectively. Please note that the values provided
in Tables 2-2, 2-3 and 2-4 have been corrected using the
appropriate laboratory method blank.

2.4 Continuous Emissions Monitoring Data (CO, 02. THC)

Carbon monoxide (CO), oxygen (Oz) and'total'hydrocarbons
(THC) were monitored in the #8 incinerator flue gas on a
continuous basis on each of the 3 test days, May 20-22, 1986.
A complete set of results for each of these parameters
expressed as 3-minute averages for the duration of each
sampling session (Run) is provided in Appendix C. CO and THC
data are expressed in units of ppm (v/v) while 02 data ace
expressed as percent (v/v). THC data are prtovided as
referenced to the propane calibrant gas. In order to enhance
the relevance of the CEM data to each test series, the data in
Appendix C were further reduced to reflect the actual
concentrations present during each of the sampling sessions.
These data, presented as average concentrations for each of the
test runs or sampling sessions,

2-5
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TABLF 2-2
TRACE METALS DATA SUMMARY
FLUF GAS EMISSIONS - RUN 1 STACK #7

NOTES: (a)

(b)

(c)

VALUES PROVIDED HERE HAVE BEEN CORRECTED USING THE
APPROPRIATE LABORATORY METHOD BLANK. ANALYTICAL
RESULTS WERE TAKEN FROM THE ERT ANALYTICAL DATA
REPORT PROVIDED IN APPENDIX E OF THIS DOCUMENT.

VALUES PROVIDED HERE ARE BASED UPON A TOTAL SAMPLE
VOLUME OF 3.963 DSCM (140.0% DSCF). SEE TABLE 2-1.

ELEVATED DETECTION LIMIT REFLECTS MEASURABLE
QUANTITIES OBSERVED IN THE METHOD BLANK .

2-5

ERT No: 33512 ' DATE SAMPLED: 0%/20/86
'FIELD ID: 1-MS—PF-B163 SAMPLING SITE: TWIN CITIES, MN

RESULTS DETECTION LIMIT
FARAMETER ug/FILTER(a)  ug/FILTER ug/DSCM (b) GRAMS /HR
ANTIMONY _ 14 5.0 3.5 0.13
BARIUM 13 s.0 3.3 0,12
BERYLL IUM BOL 5.0 1.3 --
BORON BDL 42.8(c) 11 -
CADMIUM 1100 5.0 280 10
CHROMIUM 310 5.0 | 78 2.8
COBALT BOL 5.0 1.3 -
COPPER a10 s.0 100 3.7
LEAD 1300 s.0 330 12
MANGANESE 71 5.0 | 18 0.64
MOL YBDENUM 12 s.0 ‘ 3.0 0.11
NICKEL 120 5.0 30 1.1
SELENIUM a3 s.0 11 0.39
SILVER 15 s.0 3.8 0.14
STRONTIUM BOL s.0 1.3 -
TIN 980 s.0 220 8.0
VANADIUM s.4 5.0 1.4 0.0%
ZINC 3200 5.0 1300 a7



ERT No: 35514

TRACE METALS DATA SUMMARY

TABLE 2-3

FLUE GAS FMISSIONS - RUN 2 STACK #7

FIELD ID: 2-MS~PF-BL79

DATE SAMPLED:

SAMFLING SITE:

nS5/21/86

TWIN CITIES, MN

RESULTS DETECTION LIMIT

PARAMETER ug/FILTER (&) ug/FILTER ug/DSCM(b) GRAMS /HR
ANT IMONY 21 S.0 4.2 0.21
BARIUM 18 S.0 4.3 0.18
BERYLLIUM BDL 3.0 1.2 -—
BORON BDL 42.8(c) 10 -
CADMIUM 2300 S.0 . 600 25
CHROMIUM 300 5.0 72 3.0
COBALT 34 5.0 8.2 0.324
COPPER 860 5.0 210 8.6
LEAD 2000 s.0 480 20
MANGANESE 46 S.0 11 0.46
MOL YBDENUM 11 S.0 2.6 Q.11
NICKEL 340 5.0 82 3.4
SELENILH. 81 S.0 19 0.81
SILVER 23 S.0 6.0 0.25
STRONTIUM 3.9 5.0 1.4 0.0%59
TIN ay S.0 21 0.89
VANAD UM 8.1 3.0 1.9 ©.081
ZINC 11000 5.0 2600 110

NOTES: (a)

(b)

(c)

2-6

VALUES PROVIDED HERE HAVE BEEN CORRECTED USING THE
APPROPRIATE LABORATORY METHOD BLANK. ANAL YTIGAL
RESULTS WERE TAKEN FROM THE ERT ANALYTICAL DATA
REPORT PROVIDED IN APPENDIX E OF THIS DOCUMENT.

VALUES PROVIDED HERE ARE BASED UPON A TOTAL SAMPLE
VOLUME OF 4.171 DSCM (147.38 DSCF). SEE TABLE =2-1.
ELEVATED DETECTION LIMIT REFLECTS MEASURABLE
QUANTITIES OBSERVED IN THE METHOD BLANIK.



ERT No: 3598

TABLE 2-4

TRACE METALS DATA SUMMARY

FIELD ID: 3-MS-PF-B171

DATE SAMPLED:

SAMPLING SITE:

FLUF. GAS FMISSIONS - RUN 3 - STACK #7

05/21/86

TWIN CITIES, MN

RESULTS DETECTION LIMIT

PARAMETER ug/FILTER(a) ug/FILTER ug/DSCM (b) GRAMS /HR
ANT IMONY 1S 5.0 3.8 0.15
BARIUM b.4 S.0 1.6 0.062
BERYLL IUM BOL S.0 1.3 -=
BORON BDL 42.8(c) 11 -
CADMIUM 1700 5.0 430 17
CHROMIUM 72 3.0 18 0.70
coBAaL I BDL S.0 1.3 -
COPPER 600 5.0 130 5.8
LEAD 1100 S.o 280 11
MANGANESE 33 5.0 8.8 0.34
MOL Y BDENUM S.2 S.0 1.3 0.0514
NICKEL &4 . 3.0 16' 0.62
SELENIUM 74 S.0 19 0.72
SILVER 12 5.0 3.0 0.12
STRONT IUM BDL S.0 1.3 -
TIN o4 5.0 16 0.62
VANAD IUM 3.9 3.0 1.3 0.057
ZINC 9000 S.0 2300 a8

NOTES: (a)

(b)

(c)

VALUES PROVIDED HERE HAVE

APPROPRIATE LABORATORY MET|
RESULTS WERE TAKEN FROM T
REPORT PROVIDED IN APPENDIX € OF THIS DOCUMENT .

2-7

BEEN CORRECTED USING THE
HOD BLANK. ANALYTICAL
HE ERT ANALYTICAL DATA

VALUES PROVIDED HERE ARE BASED UPON A TOTAL SAMPLE
VOLUME OF 3.964 DSCM (140.14 DSCF).

ELEVATED DETECTION LIMIT REFLECTS\HEASURABLE
QUANTITIES OBSERVED IN THE METHOD BLANK .,

SEE TABLE 2-1.



is provided in Table 2-5. 1n this manner the CEM data more
apptop:iataly reflect actual average concentrations prcesent in
the incinerator flue gas ducring a contemporaneous sampling
session for one of the other parameters. Please note that ERT
has assumed for the purposes of this report that CEM data while
collected in the #8 incinerator stack are similarly applicable
to other flue gas data collected in the #7 incinerator unit as
well. This is consistent with our understanding contained in
the Program Test Plan that two incinerators maintained under
equivalent “"steady-state" operating conditions would result in
comparable flue gas emissions. Table 2- 6 contains the average
daily operating conditions for incinerators #7 and #s during
the sample program.

2.5 Polychlorinated Dibenzodioxins (PCDDs ) /Polychlorinated
Dibenzofurans (PCDPs)

Flue gas samples designated as Runs MMS-1A and MM5-2A/28
were collected on May 20 and May 21, respectively, and
submitted to ENSECO-CAL Labs for the analyses of
pPolychlorinated dibenzodioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs). Samples were extracted from the 4-inch
sampling ports of the #8 incinerator using a Modified Method 5
sampling train. As noted Previously in Table 5-1. Run 1A was
. conducted over a 6-hour silplinq pecriod (360 minutes) on
May 20, 1986, while Runs 2A and 2B were conducted
contemporaneously over 8.S5-hour (510 min) and 9.0-hour (540
min) sampling intervals, respectively, on May 22, 1986.
Analyses were conducted for a preselected “"target" list of
PCDDs/PCDPs congeners as follows: mono through octa PCDDs
(CII-CLS). ®0ono through octa PCDPs
(CLI-CLB).2.3.7.G-TCDD and 2,3,7,8-TCDP. Results for these
PCDDs/PCDFs congeners and congener categories are provided in
units of ng/dscm in Tables 2-7 and 2-8. Please note that all
cesults reflect method and field blank corrected values. The
data provided in these tables were generated using ENSECO-CAL

2-8
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Run
Time

co

THC

Run
Time

co

THC

Run
Time

co

SMM5-1
1245-1630

4445 PPM
4220 ppM2

13.4%
7.3 ppMb

M5+SMMS -2

. 0818-1130

2990 PPM
2830 pPpMd

15.2%

10.4 PpPMb

MMS5-2A
1139-2100

2705 PPM
2560 PPM®

9.3%
11.1 PPMD

TABLE 2-5
CONTINUOUS FMISSIONS MONITORING DATA
(CO, Oz, THC) - AVFRAGE CONCENTRATIONSA

FOR FACH TEST SFRIES

STACK #8

May 20,

May 21,

May 22,

Concentrations reflect time

respective sample period.
the volume of CO; removed f

ORSAT analysis.

Value reported as propane.

1986

Run
Time

co

02
THC
1986

Run
Time

co

THC
1986

Run
Time

co

02
THC

MMS -1
113921754

4530 PPM
4350 ppM@

13.1%

7.3 ppMb

M5 +SMMS-3
1309-1630

2400 PPM
2280 PpM2

11.1%

6.4 ppMb

MMS -2B
1139-2200

2700 PPM
2555 PpPM?

9.3%

11.0 PpMb

weighted averages for each
All values are corrected for
rom sample as determined by



. TABLE 2-6
OPFBATING DATA ON SLUDGE AND SCUM FRED TO INCINERATORS
FOR NON-CRITERIA FMISSION TEST OF MAY 20-22, 1986

Inc. 7 Inc. 8 Inc. 8 " Inc. 8
Parameter May 20 May 20 May 21 May 22
Sludge Feed Rate
Ory Tons Per Hour 3.04 2.98 3.18 2.83
Wet Tons Per Hour 7.59 7.44 7.60 7.53
Scum Feed Rate
Gallons Per Hour 32 32 24 33
Pounds Per Hour 200 200 150 230
Heat Value, Btu/1b. 0.S.
Sludge 7,050 7,050 7,400 7,400
Scum . 13,800 13,800 15, 16,000
Heat Input, MMBtu/Hour
Sludge 43 42 47 42
Scum - 3 3 3 4
Total ‘ 46 45 50 46
Ratio of Gravity Thickened '
Primary Sludge to Thermally
Conditioned Sludge
Volume Basis 3.8 3.8 4.0 4.0
Mass Basis 1.4 1.4 1.6 1.5
Sludge Volatile Solids, % 67 67 67 68
Cake Solids Content, % 40.1 40.1 41.8 37.6
Note:

1. Sludge cake samples for analyses were composited from hourly grab samples.

2. D.S. = Dry Solids
3. MMBtu = 1,000,000 Btu
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Lab‘s data report provided in Appendix H of this report in
conjunction with the stack test data provided in Table 2- 8.
Additional quality control data pertinent to these analyses
including laboratory spike data. and field applied surrogate
tecovery data are provided in Section 7, entitled "Quality
Assurance/Quality Control Data." Stack test summary data
pertinent to the PCDDs/PCDFs sampling runs are provided in
Table 2-9. This includes pertinent physical and chemical
parameters of the #8 incinerator flue gas monitored during each
of the PCDDs/PCDFs test series employing the Modified Method 5
train. Comparison of these data to the stack test data
summarized earlier in Table 2-1 provides a direct measure of
equivalency between the two incinerator units (#7 and #8) in
simultaneous operation during the MWWTP test program. This
applies in particular to a comparison of the following test
Parameters: stack temperature (°F), fixed gas analyses (CO
coz. 07. N ). stack velocity (afpm), volumetric flow rate
(dsctm) and mass air flow (lb/minute).

2.6 Semivolatile Organics

Three sets of flue gas samples designated as SMMs-1,
SMM5-2 and SMM5-3 were collected during the calendar period of
May 20 and May 21, 1986. SMMS-1, collected on May 20, 1986,
and SMM5-2 and 3, collected on May 21, 1986, were submitted to
the ERT laboratory in Concord, Massachusetts, to undergo
analyses for semivolatile organics. As noted in Table 5-1,
these samples were taken in either the #8 or #7 incinerator
eaploying a modified EPA Method 5 train on each of the two test
days. All samples were collected under isokinetic flow
conditions. Again, as noted in Table 5-1 each of the three
tuns was conducted over a 3-hour sampling period (180 minutes)
while the incinerator was maintained at "steady-state"
operating conditions. Stack test summary data pectinent to the
semivolatile organics' sampling runs are provided in Table 2-10.

_This includes pertinent physical and chemical parameters of the

incinerator flue gas monitored during each test series.

2-13
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TABLE 2-9

STACK #8 TEST DATA SUMMARY - PCDDs/PCDFs
- MODIFILED METHOD S5 TEST SERIES

STACK EXHAUST GAS RESULTS
PLANT: MWCC, MALCOLM F IRNIE
LOCATION: ST PAUL, MINNESQOTA

RUN SUMBER

DATE OF RUN

CLOCK TIME: INITIAL
CLOCK TIME: FINAL

AVE. STACK TEMPERATURE
AVG. SQUARE DELTA P
NOZZLE DIAMETER
BAROMETRIC PRESSURE
SAMPLING TIME

SAMPLE VOLUME

AVG. METER TEMP.

AVG. DELTA H

DGM CALIB. FACTOR (Y]
WATER COLLECTED

co 2.

02

co

N2

STACK AREA

STATIC PRESSURE

PITOT COEFFICIENT.
SAMPLE VOLUME DRY

WATER AT STD.

MOISTURE

MOLE FRACTION DRY GAS
MOLECULAR WT.DRY

EXCESS AIR

MOLECULAR WT. WET

STACK GAS PRESSURE
STACK VELOCITY
VOLUMETRIC FLOMRATE, DRY STD.
VOLUMETRIC FLOWRATE, ACTUAL
ISOKINETIC RATIO

MAGS AIR FLOW RATE

L2221 22
L2 2222}
L2 2 X2
L2222

DEGREES F
INCHES H20
INCHES
IN‘ m.
MIN.
CUBIC FEET
DEGREES F
IN. H20
LI 2 2 1
MILLITERS
PERCENT
PERCENT
PERCENT
PERCENT

SQUARE INCHES

INCHES WG.
*BRBER
DSCF
SCF
PERCENT
senaN.
LB/LB MOLE
PERCENT
LB/LB MOLE
INCHES HG.
AFPM
DSCFM
ACFM
PERCENT
LBS/MINUTE

MMS-~1
S-20-86
1133
1733

108
1.32
0.17

29.45
360
277.49
a4
2.00
0.99
253.1

3.0
14.6

0.0
80. 4

707
ol 30
0.84

263.90
12.0

4.4

0.96
29.38

220.

28.89
29.47

4643
19963
22793

109
1497

MM3-2A
S-22-86
1138
2101

108
1.44
Q.19

29.23
<40
498.0t
97
2.88
1.00
692.7

S.4
14.0

1.7
78.9

707
0.41
0.84

465.25
32.7

6.6

0.93

29.42
194,97
28.67
29.28
3087
21347
24976

106
1601

MMS-2B
S5-22~86
1137

2200

105
1.S51
Q.19

29.35
310
439.12
93
2.83
0.99
618.46

3.4
14.0

1.7
78.9

707
0.56
0.84

408. 46
29.2

6.7

0.93

29.42
194.97
28.“
29.29
5333
22336
26181
S0
1677



STACK #7 & 8 TEST DATA SUMMARY

TABLE 2-10

MODIFIFD METHOD 5 TEST SFRRIES FOR SFMIVOLATILE ORGANICS

STACK EXHAUST GAS RESUL is
FLANT: MWCC, MALCOLM PIRNIE
LOCATION: ST FAUL, MINNESOTA

RUN NUMBER

DATE OF RUN

CLOCK TIME: INITIAL
CLOCK TIME: FINAL

AVG. STACK TEMPERATURE
AVG. SQUARE DELTA P
NOZZLE DIAMETER
BAROMETRIC PRESSURE
SAMPLING TIME

SAMPLE VOLUME

AVG. METER TEMP.

AVG. DELTA H

DGM CALIB. FACTOR (Y1
WATER COLLECTED

co 2

STACK AREA
STATIC PRESSURE

PITOT COEFFICIENT

SAMPLE VOLUME DRY

WATER AT STD.

MOISTURE

MOLE FRACTION DRY GAS
MOLECULAR WT.DRY

EXCESS AIR

MOLECULAR WT. WET

STACK GAS PRESSURE

STACK VELOCITY
VOLUMETRIC FLOWRATE, DRY STD.
VOLUMETRIC FLOWRATE, ACTUAL
ISOKINETIC RATIO

MASS AIR FLOW RATE

YT SMMS-1
*HERSR - $-20-86
LT 2 Y XTY 1246
(T 222 1630
DEGREES F 98
INCHES H20 1.34
INCHES 0.19
IN. HG. 29.4%5
MIN. 180
CUBIC FEET 1358. 26
DEGREES F 88
IN. H20 2.68
SRERES 1.00
MILLITERS 95.1
PERCENT S.1
PERCENT - 14.3
PERCENT 0.0
PERCENT 80.6
SQUARE INCHES 707
INCHES WG. 0.30
SHBBEE Q.84
DSCF 151.07
SCF 4.3
PERCENT 2.9
S4B S 0.97
LB/LB MOLE 29.39
PERCENT 204,92
LB/LB MOLE 29.06
INCHES HG. 29.47
AFPM 46359
DECFM 20692
ACFM 22869
PERCENT 104
LBS/MINUTE 1552

SMMS~-2
3-21-86
817
1120

106
1.37
0.19

29.30
180
160. 16
as
2.71
1.00
267.9

S.4
13.8

1.2
82.0

707
0.23
0.84

132.00
12.6

7.7

0.92

30.09
169.49
29.16
29.32
4800
19889
23866

107
1492

SMMT -3
5-21-86
1310
1630

104
1.29
0.19

29.20

180

155. 40

2.%0
1.00
113.4
4.9
14,9
2.7
82.8
707
0.12
0.84
145.74
5.3
3.9
Q.96
30.74
182.03
30.29
29.31
4437
19272
21786
107
14495



As noted previously, the flue gas train components for
each run noted in Table 5-2 were combined to create a single
sample for analyses. Each combined sample representing vapor
Phase and particulate associated semivolatile organics was
submitted for analyses. As noted in Section 6, this congisted
of analyses for a preselected list of semivolatile organics
identified during the literature sucrvey conducted at the outset
of the program. It was agreed that the semivolatile "target"
compound list would include the EPA Hazardous Substances
listing, as well as selected positional isomers of
polychlorinated benzenes, polychlorinated phenols and
Polychlorinated biphenyls (PCBs). Results for the EPA
Hazardous Substances list are provided in Table 2—11. reported
in units of uq/n3. Please note that all reported values
reflect correction with the corresponding method blank. 7Tn a
similar manner, results for all non-HSL semivolatile "target*

‘compounds are provided in Table 2-12. All values are method

blank corrected and are provided in units of uq/m3.

Results in Table 2-12 include data for selected chlorinated
benzene isomers, chlorinated phenol isomers, and
polychld:inated biphenyl isomers not already contained in the
EPA HSL list noted in Section 6. (These constituents were
selected on the premise that they have been historically
identified as potential precursors involved in the formation of
PCDDs and PCDPs.) Lastly, results are provided in Table 2-12
for those semivolatile components identified in flue gas
samples that were not identified as “target" compounds as
listed in Tables 2-11, and 2-12 and Section 6. Results are
again provided in units of uq/n3 and have been corrected

using the appropriate method blank values. Please note that
the results provided in Table 2-13 represent "approximate*
concentrations for the components listed because standacd
reference materials for non-"target" compounds were not readily
available during the conduct of the analytical

8804P EO081-500



TABLE 2-11

SENIVOLATILE GRGANICS DATA SUMNARY
FLUE GAS EXISSIONS DATA FOR EPA HAZARDOUS
* SUBSTANCE LISTING - RUNS 1, 2, AND 3

© ERT No: 33303, 33507, 35508 DATES SAWPLED: 0%/20/86 & 05/21/84
FIELD ID's: SMMS-1, 2, & 3 SAMPLING SITE: TWIN CITIES, W
RUN SHNS-1 RUN Shms-3
RESLTS RESILTS RESLTS
PARARETER ug/SANPLE (a) ug/DSCN(h) ug/SANPLE (a) ug/D8Ch(c) ug/SAWLE (a) ug/DSCH(d)
NAPTHALENE 20 47 1t .6 1 .7
ACENAPHTNYLENE 10 (2.3 <10 Q.3 <10 2.4
ACENAPHTHENE {19 (2.3 a0 {23 {10 2.4
FLUGRENE e 2.3 1o (2.3 (10 2.4
PHENANTNRENE (10 2.3 o @3 10 2.4
ANTHRACENE {10 2.3 <10 2.3 10 2.4
FLUOMANTHENE 10 2.3 o .3 (10 2.4
PYRENE 10 (2.3 10 2.3 <10 2.4
DENT (A} ANTHRACENE (10 (2.3 10 .3 <10 2.4
R (10 (2.3 {10 (2.3 <10 (2.4
MENIOFLUBMNTMEIES 10 (2.3 <10 2.3 10 (2.4
DENI0 LA} PYREE . {10 (2.3 a0 2.3 10 2.4
(BN (123C0) P 41 .3 10 23 19 (2.4
DIBENZ (AN} ANTHRACENE <10 2.3 (e .3 10 2.4
JENT0 (1) PERVLENE 10 2.3 <10 (2.3 10 (2.4
MENL {10 (2.3 {10 2.3 12 2.9
2-CNLOREPHENOL <10 2.3 <10 (2.3 <10 2.4
2NETHVLMENIL 10 2.3 10 .3 10 2.4
4-NETHYLPENDL (10 (2.3 10 2.3 10 2.4
1,4-B1NETIVLIVENRL <10 2.3 <10 .3 {10 2.4
2-NITROPHENEL 160 5 10 16 L) 13
2,4-DICHLONOPHENSL {10 2.3 {10 2.3 ¢ (2.4
$=CHLORG- 3-NETHYLMHENOL {10 (2.3 10 2.3 10 (2.4
2,4, 6-TRICHLOROPHENSL (10 2.3 <10 2.3 {10 2.4
2,4, S-TRICHLOMOMIENSL {10 (2.3 <10 2.3 10 2.4
2,4-B1NITREMIENOL 10 (2.3 {10 2.3 19 2.4
4-N1TROMDRL. {1e (2.3 (e 2.3 10 (2.4
4,6-BINITRE-2-NETIVLIVENL. <10 (2.3 10 2.3 <10 2.4
PENTADRLIREMHENRL <10 2.3 <10 .3 10 (2.4
MN28IC ACHD {10 (2.3 41 2.3 10 (2.4
N-RITROSODINETHYLANINE (10 2.3 <10 2.3 (10 2.4
A1 e 2.3 <10 2.3 {10 2.4
J1${2-CHLOROETHYL ) ETHER 10 (2.3 (10 2.3 ¢1] 2.4
DI-M-OCTYLPHTHALATE 10 (2.3 <10 (2.3 <10 2.4
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TABLE 2-11 (Continued)

RUN SNMS-1 RUN SNws-2 RUN SHMS-3
. RESWLTS RESULTS RESULTS
PARANETER ug/SAPLE (2) ug/DSCA(b) ug/SAMPLE (a) ug/DSCNic) uQ/SANPLE (3) ug/0SCH(d)
1,3-0ICHLORODENIENE 10 .3 10 .3 <10 (2.4
1,4-DICHLORODENIENE L} 1 4 9.5 58 1
BENIYL ALCOMOL (10 2.3 10 2.3 10 2.4
1,2-BICHLORODENZENE 12 2.8 30 9.1 P 6.1
BIS(2-CHLOROISOPREPYL ) ETHER (10 2.3 <10 2.1 <10 (2.4
N-NITROSODL-N-PROPYLAMINE (10 2.3 10 .3 (10 ‘2.4
HEXACHLORGE THANE 19 (2.3 (10 2.3 <10 2.4
NITRODENIENE (10 2.3 <10 2.3 <10 2.4
1SOPHORONE 10 (2.3 <10 2.3 el ) 2.4
BIS(2-CHLORGETHOXY) NETHANE (10 2.3 <10 .3 10 (2,4
142, 4-TRICHLORDOENTENE 10 (2.3 10 2.3 (10 (2.4
A-CHLOROMNLL INE (10 (2.3 10 2.3 10 2.4
HEXACHLDROSUTASINE <10 2.3 1o (2.3 <10 2.4
2-NETHYLIMAP THAL I NE <10 .3 {10 2.3 10 2.4
HEXACMLOROCYCLOPENTADINE (10 2.3 10 .3 <10 2.4
2-CHLORGNAP THAL INE {10 2.3 10 2.3 <10 2.4
2-HITROANILINE 10 2.3 4] 2.3 10 (2.4
DIMETHYLPHTHALATE 10 2.3 {10 (2.3 {10 2.4
S-NITROANIL INE {10 (2.3 10 (L3 {10 2.4
DIDENTOFURAN 10 (2.3 (10 2.3 10 (2.4
2,4-DINITROTOLUENE <10 2.3 {10 2.3 <10 (2.4
2,6-DINITASTOLUENE {10 (2.3 {10 2.3 <10 (2.4
DIETHVL PHTMALATE 10 2.3 u 7.9 o 16.5
-CHUORBMIENYLPHENYL ETHER (10 .3 10 2.3 41 2.4
4-RITROMNIL INE {10 2.3 {10 (2.3 <10 (2.4
N-NITROBOSIPNENYLANINE {10 2.3 <10 (2.3 <10 2.4
A-DRINBPNENVLIENYL ETHER (10 (2.3 (10 2.3 (10 2.4
HEXACHL BROOENZENE (1¢ 2.3 (10 A3 <10 (2.4
Pl-N-BUTYL PHTHALATE <10 (2.3 {10 2.3 10 2.4
MNLIDIE <10 {2.3. ’ {10 .3 <10 (2.4
BUTYL DENIYL PWTHALATE 12 2.4 {10 2.3 <10 2.4
3,3-BICHLORGDENZIDING {16 2.3 <10 2.3 <10 2.4
DIS(2-ETHYLMEIYL) PHTHALATE 33 8.2 <10 2.3 2 3.3

WTES:  (2) VALUSE PROVIOED NERE MG DEEN COMECTED USING THG
APPREPRIATE LABORATERY IETHOD BLANK. AMALYTICAL
ASILTS WK TAKEN FRON THE ERT AMALYTICAL DATA
AEPORT PROVISED - [N APPENDIX € OF THIS DOCUMENT.

(b} VALUSS PROVINGD
VOLUNE OF 4,

AAE DASED UPON A TOTAL SAWPLE
(130,07 DRCF). SEE TAMLE 2-9,

VOLUNE OF 4,

s

{c) VALUES PRavIdED
302 (152,00 DSCF), SEE TAMLE 2-9.
%

i} VALUES PROv]
VOLUNE OF 4.124

ARE DASED UPON A TOTAL SANPLE

HERE
oech
NERE ARE DASED UPON A TOTAL SAWPLE
0sCy
HERE
DSCN (145,74 DSCF). SEE TABLE 2-9.



TABLE 2-12
SENIVOLATILE ORGANICS DATA SUMMARY
FLUE GAS ENISSIONS DATA FOR NON-MSL *TARGET®
CONPOUNDS - RUNS 1, 2, AND 3
ERT Nes 33303, 33307, 33308 DATES SAMPLED: 05/20/8% & 09/21/84

FIELD 10°siss SMMS-1, 2, & 3 SAMPLING SITE: TWIN C[TIES, w

RUN SHNS-1 RUN Ss-2 . RUN SMs-3
RESULTS RESULTS RESWLTS
PARANETER ug/SANPLE (a) ug/DSCN(d) ug/SAMPLE (a) ug/DSCMic) ug/SANPLE (a) ug/DSCAtd)
1-NETHYLNAPTHALENE <10 (2.3 <10 (2.3 ‘10 2.4
PENTACHLOROSENZENE (10 2.3 (10 2.3 (10 2.4
1,2,4,3-TETRACHLORGPHENGL 4] 2.3 (10 2.3 <10 2.4
1,2,3,S-TETRACHLORDPNENDL (10 (2.3 10 2.3 <10 2.4
1,2,3,4-TETRACHLOROPHENGL (10 2.3 (10 (2.3 0 (2.4
2-NITRONAPTHALENE <10 .3 (10 (2.3 <10 TN
MPNEVL 10 .3 (10 .3 10 2.4
NONOCHLOROBIPHENYLS (TOTAL} (10 (2.3 10 .3 (10 2.4
DICRLOROBIPMENVLS (TOTAL) <10 .3 10 s 10 2.4
TRICHLOROBIPHENYLS (TOTAL) <10 2.3 (10 (2.3 <10 2.4
TETRACHLOROBIPHENYLS (TOTAL) <10 2.3 e 2.3 <10 Q2.4
PENTACHLORSDIPHENYLS (TOTAL) (10 2.3 (10 .3 (10 (2.4
HEIACMLOROBIPMENYLS (TOTAL)  (10. v R S (10 (2.3 10 2.4
HEPTACHLOROBIPHENYLS (TOTAL) <10 .3 10 2.3 (10 (2.4
OCTACHLORGDIPHENYLS (TOTAL) (10 (2.3 <10 (2.3 0 (2.4
NONACMLOROBIPHENYLS (TOTAL) <10 (2.3 (10 .3 (10 (2.4
DECACHLORGBIPENYL. e Q.3 (10 (2.3 (10 2.4

WTES: (o) VALUES PROVIDGD NERE MAWVE DGEN CORMECTED USING THE

(b) VALUES PROV] ARE DASED UPON A TOTAL SAMPLE

(151.07 DSCF). SEE TADLE 2-9.

il

(c) VALUES PROVINED
302

NERE
nex
HERE ARE DASED UPON A TOTAL SAWPLE
DSCN (132,00 DSCF). SEE TABLE 2-9.
HERE

(d) VALUES PROVIDED ARE DASED UPON A TOTAL SAWPLE
VOLUNE OF 4.124 DSCN (145.74 DSCF), SEE TARLE 2-9.
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TABLE 2-13

SENIVOLATILE ORGANICS DATA SUMMARY
- FLUE BAS EMISSIONS DATA FOR ADDITIOMAL NON-
*TARGET® COMPOUNDS - RUNS [, 2, AND 3

- ERT Nor 35503, 33507, 35508 DATES SAMPLED: 05/20/86 & 05/21/84

FIELD IDsss: SAWS-1, 2, ¢ 3 SAMPLING SITE: TNIN CITIES, ™

RUN Sws-| RUN Sins-2 RUN SMNS-3
RESWLTS RESULTS RESWK.TS
PARANETER ug/SALE (2) ug/08CN(h) ug/SAMPLE (a) ug/DSCN(c) ug/SANPLE (3} ug/DSCM (g}
TETRADECANE 3000 8% - - . -
DODECANOLC ACID 2700 830 4200 90 430 140
4, 4-DINETHYL-2-PENTENE - - 16000 3700 - -
2,3-DINETHYLCYLCLODUTANGL - - 24000 3600 - --

{8}

(3]

(#)



program. As noted in Section 6, concentrations for these
constituents were calculated as referenced to the closest
eluting internal standard during GC/MS analyses.

2.7 Volatile Organics

During each PCDDs/PCDFs test series, volatile organics
wWere collected contemporaneously employing a Volatile Organic
Sampling Train (VOST). As noted in Tables S-1 and 5-2, two
VOST runs of 60 minutes in duration and two VOST runs of 50
minutes in duration were conducted during each of the three
test series. As noted in Table 5-1, these samples were
collected from the #8 incinerator while it was maintained under
"steady-state" operating conditions. Differential sample
volumes were collected to avoid "overload" of sorbent tubes and
resulting "breakthrough" and data quality problems. Flow rates
for Runs 1A and 1B, 2A and 2B were preset at 0.2%5 liter/minute
while Runs 3A, 3B, 4A and 4B were set at 0.1 liter/minute.
Additionally. THC measurements collected on a continuous basis
during each VOST run provided an additional "real time*
criteria for estimating optimum sample collection volumes and
test run durations for each VOST sample. A total of 22 samples
were collected during the course of the aforementioned test
series. Of these a total of 8 VOST sample# were selected for
actual GC/MS analyses. This listing included four flue gas
samples and four associated field-biased blanks as follows:
B-208 Run 1B (BRT ID No. 35486), B-201 Field Blank (ERT ID No.
35310), B-206-Field Blank (ERT ID No. 35484), B-212 Field Blank
(ERT ID No. 35490), B-214 Run 2B (ERT ID No. 35492), B-216 Run
3A (ERT 1D No. 34494), B-220 Run 4A (ERT ID No. 35498) and
B-222 Field Blank (ERT ID No. 35500). Each sorbent cartridge
was submitted for analyses of the volatile organic "target"
compound listing identified in the project test plan and again
in Section 6 of this report. Analyses were conducted employing
thermal desorption in conjunction with combined gas
.chronatoq:aphy/mass spectrometry.

2-21
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Results for analyses of the EPA Hazardous Substances
Lictinq (HSL) of volatile organics are provided in Table 2-14.
These results which reflect method blank and field-biased blank
corrected values are reported in units of uq/ma. In a
similar manner, results for all non-HSL “target" compounds as
well as all additional non-"target" volatiles are provided in
Table 2-15. Results for the latter category again represent
“approximate" concentrations for the non-target compounds
listed because standard reference materials were not readily
available during the conduct of the analytical program.
Concentrations for these components were calculated as

referenced to the closest eluting internal standard during
GC/MS analyses.
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TABLE 2-14

VOLATILE OREARICS DATA Sumaty
FLUE GAS ENISSIONS DATA FOR EPA NAZARSOUS
SUBSTANCE LISTING - MNS 18, 20, 3A, Mg 1A

ERT No: 35406, 33492, 334m, 33408 OATES SAMPLED: 03/20/84 THRY 05/22/8
FIELD 1D: 8200, D214, 0214, 0220 SAWPLING SITE: TWIN CITIES, W
M LD RUN 2-3 M 3-4 L N
RESWLTS RESILTS RESALTS RESLTS

PARANETER n/SNIPLE(s)  wg/DCN(D) ng/SANPLE(s)  ug/D8DNIC) ng/SAWPLE (3)  ug/0SCM(E) ne/SANPLE (3)  wg/D8CNHIe)
CHLORNETHANE 140 0.4 ¢ ) 3.3 1] I} ¢ ) 4]
DRONINE TNANE (%0 (3.0 (%0 3.3 (30 1.9 (¢ ) (10
VINTL CLORIDE (S0 3.0 (% .3 (3% .9 ¢ ) (e
CHLORGETNANE (3 (3.0 30 a.3 (¢ {9.¢ Y (10
NETHYLENE CHLORIDE 19000 1100 oo 00 4108 1200 19004 1/ ]
ACETONE " » (50 .3 120 ] 160 3
CARDON BISWLFINE 10 o 1% 3 % » e L]
1+ 1-81CNLOROE THENE ¢ ] .0 (¢ ] 3.3 (% (N ] (% (e
1, 1-DICHLORGE THANE &} 3.0 ¢} .3 % .9 (3 (10
TAANE-1,2-DICHLOROETMENE (30 3.0 50 3.3 ¢ ) . ¢ ae
CHLORGF AN 110 b6 110 1.3 % .9 (% 10
1,2-DI1CHLORGE THARE W 2 330 2 12 pl] 17 3
- T S0 .0 5% 3.6 ¢ ] .0 30 <10
141, 1-TRICHLOROETHANE ¢ 1.0 34 2 ¢ .0 (3] 13
CARDON TETRACHLORIDE 30 .0 i 4.1 (¢ .9 ¢ {10
VINYL ACETATE ¢} 3.0 <% 3.3 100 » 1% 'y
ORONED{ N ONNETHANE ¢ ] 3.0 3 3.3 (¢ ] 1.¢ ¢ (e
1,2-3100.000PR0PNE ¢ 3.0 (%0 .3 3 (0.t (M (10
TRANS-1, 3-3ICILONPROPENE - (30 3.¢ % . .3 ¢ "¢ (9 <10
TRICHLONGETIENE ) 3.6 2 1.0 30 4.9 3 <10
1 0R0NSCIR. GRONE THANE (¢ ) 3.0 (¢ ] 3.3 (¢ ] (1.9 50 41 ]
1,1,2-TRICHLORGE THANE ¢ 3.0 <30 3.3 (¢ (A % <10
ENIEE e 3 n s.1 37 1§ ¢ {0
C18-1,3-§1CHLOMPROPENE ¢ .0 (¢ 1.3 (% .1 ¢ ) e
-CLOMGETIVL Vi ETHER (% a.0 % .3 5 .4 (¢ ] e
L {56 .0 ¢ .3 (¢ ] (9.9 it <10
2-HERANDNE ¢ ) .0 (¢ ] .3 ¢ ] .9 N (10
4-NETIVL ~2-PENTANDNE ¢ 3.0 ¢ ) . (3.3 ¢ ) ({8 ] 5 140
TETRACHL OROE THENE i7e 1¢ 450 30 o 12 n 16
141,2,2-TETRACHLORGETMANE (50 3.0 ¢ ] .3 ¢ 0. ¢ {10
TOLUENE ¢ .0 3% 3.7 ¢ ] .4 ¢ ] o
CHLORGBENZENE (¢ .6 ¢ ] 3.3 (50 .9 ¢ ) e
ETNVL DENZENE ¢ ) 3.0 ¢} 3.3 ¢ ] (A (3 e
STYRENE % (3.0 (50 .3 % .9 ¢ (e
TOTAL IYLEMES 3 3.0 S 3.3 S0 1.9 (3 41
MTES: (2 VALUES PROVIOED AT NMOE DEEN COMMECTED USINS T {c) VALUED PROVIDED HERE ARE DASED WPON A TOTAL SAWLE

APPRIPRIATE FIGLO-SIABED AND LADERATORY NETHDO DLANK. VOLUNE OF 0.01512 DOCH (15.12 LITERS),

MULYTICAL ABOULTS WERE TAKED PROD THE ERT AMALYTICAL

DATA REPORT PAGVIDED IN APPENDIT E OF THIS DOCUNENT. {0) VALUES PROVIDED HERE ARE BASED UPON A TOTAL SAWLE

VOLUNE OF 0.00504 0SCN (3.04 LITERS),
1h)  VALUES PROVIDED HERE AME DASED UPON A TOTAL SANPLE
VOLUNE OF 000640 BOCN (16,60 LITERS), () VALUES PROVIDED HERE ARE DASED UPON A TOTAL SANPLE

VOLUME OF 0.00482 DICN (4,02 LITERS),



TABLE 2-15

: VOLATILE ORGANICS DATA SumRY
FLUE GAS ENISSIONS DATA FOR NON-MSL “TARSET® CONPOUNS
MO MBDITIONAL *TARGET® CONPOUNES - RUNS 1D, 20, 1A, A 44

ERT Nos 13400, 35492, 35404, 15498 OATES SANPLED: 03/20/86 THRU 03/22/86
FIELD 10: D208, D214, 9214, B220 SAWPLING SITE: TMIN CITIES, My
1) o 2-) 34 N d-A
REBAL TS RESILTS RESILTS RESULTS
PARANETER ng/SARRLE (a) ug/MECN(M) ng/SANPLE(a)  ug/PECRIC) ng/SANPLE ()  uy/0SCRLd) NQ/SAPLE (a)  ug/BSCH(e)
NOR-HEL *TARGET® CONPOUNDS
CYCLOPENTANE ¢ ] .0 (%0 .3 ¢ ] o % 1o
CYCLOME 1M ¢ 3.0 (3 3.3 ¢ .9 ¢ 41
{,2-D1 DRONBETHYLENE ¢} 3.0 (% 3.3 (30 4.9 (¢ ] <10
J-HEPTANONE 13 1.8 {130 ®.b a3 (26 (130 7
2,4-DINETHYL-4-HEPTANONE {130 .4 (130 { XY 700 14 an 27
NON - TARGET® CONPOUNES
2-ETHYL-4-NETHYL-1, 3-DIOXOLANE 2290 130 950 5 - - ” b ]
NITRONE THANE - - 20 b - - - -
1-PROPENEN] TRILE 200 130 30 n » % - -
CYCLOMEXENE 160 9.6 130 e L} .3 » .3
2,2'-0IV0IS-PROPNIE 2% 14 1§/ ] 1 ” 18 » 1¢
TETRANYSRGFUMN - - 1% 13 - - - -
2,4(30, 39 -FUMID L ONE - .- - 1% 3.0 - - n 13
1, 4-01CH.ONORENTENE - - 19 13 - - % 9.3
2,5-41METHYL-1,4-102ANE % 4] (] {7 - - -~ -
2,4-DINETHYLOCTANE NEPTANE N 19 2 1.3 - - - -
NETMYL ESTER FORNIC ACID 1960 110 - - - - 120 3
SINETHOTYNE THANE 199 1o - - U0 4 2700 340
UneA 30 19 - - - - - -
2-(FORRYLOXY) - | -PHENVLETHANONE 16 - - - - - - -
DENIONITRILE - - - - - - 500 100
DERIALDENYDE - - - - - - 200 i
ETHANRL - - - - 1o 133 - -
1, {=DICNLORD- 1 -1 TROE THANE - - - - 3 1.5 - -
TRICHLORONE THANE - - - - n 16 - --
CHLORGD 1FLUGRENE THANE - - - - - - 120 rH]

NOTES: () VALUES PROVIOED NEOE MANE DEN COMMSCTED USING TIE
APPROPRIATE FISLD-DIAGED M) LADIRATERY NETHOO LA,
MIALYTICAL RESILTS USAE TAKEN FREN TE ERT ANAL
DATA NEPERT PAOVISER IN APPEIRII  OF

fc) VALUES PROVIDED HERE ANE DASED UPSN A TOTAL SAWPLE
VOLUNE OF 0.01512 DOCN (15.12 LITERS),

{6} VALUES PROVIDED MERE MRE DASED UPON A TOTAL SAWPLE
VOLUNE OF 0.00504 MICN (3.04 LITERS),

(b) VALUES PROVIOED NERE ARC DAGED WPON A TOTAL SAWPLE
VOLUNE OF 001440 DOCN (15.40 LITERS), lo) VALUES PROVIIED HERE ARG BASED UPON A TOTAL SAWLE

VOLUME OF 000482 DSCN (4.02 LITERS),



3. DISCUSSION OF RESULTS
3.1 Introduction

The discussion to follow will focus on an interpretation
of the emissions monitoring data contained in Section 2 in an
attempt to ascribe additional relevance to this information.

Particular attention has been focused on the organics data and

most notably the PCDDs/PCDFs emissions values which were an
integral component of the MwCC monitoring program. Our
approach to assessing the significance of the emissions
monitoring data collected during the present program will
include a comparison of the present data with emissions data
from other multiple hearth sewage sludge incinerators. This
comparison will make use of each of the following types of
historical information:

® Emissions data for multiple hearth incineratocs at
other municipal wastewater/sewage treatment
facilities in the United states. This historical
data base was compiled as a di:ect.result of the
literature survey conducted at the.outset of the
present program.

° Historical emissions data for the MWCC treatment
facility collected during the conduct of a 1985 EPA

sponsored monitoring program. This data contained in

the Radian Report [1] focuses primarily on
PCDDs/PCDFs emissions from the MWCC facility.

In the process of assessing the siqniticanée of our
emissions data we have made use of the emissions monitoring
data contained in Section 2 of this report as well as the
associated quality control data contained in Section 7. This
data in concert with the literature survey contained in the

project test plan and the incinerator description and operating

conditions provided in Section 4 of this report will provide
the basis for the discussion to follow.

3-1
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3.2 Volatile Organics

Results for analyses of the EPA Hazardous Substances
Listing (HSL) are provided in Table 2-14. Results for both
non-HSL volatiles as well as all additional non “target"
volatile organics are provided in Table 2-15.

As shown in Table 2-14, the flue gas emissions contain a
variety of volatile organics with concentrations ranging from
the lower limit of detection (3-10 ug/ma) up to an uppet
limit of 44 uq/m3. The only notable exception to this is
methylene chloride which persists in each of the samples at
concentratlons tanging from 600 ug/m (Run 2B) to
3700 uq/n (Run 4A). (These emissions for methylene
chloride which represent blank corrected data should be
regarded as minimum values owing to the potential for analyte
breakthrough at these high concentrations during the sample
collection process).

3.2.1 Chlorinated Organics

The majority of those constituents which appeared in two
or more of the runs can be categorized as chlorinated
aliphatics which are in ERT's experience commonly found in
industrial effluents and in turn in wastewater influents to
sewage treatment facilities throughout the United States
(4.5]. This includes lethylene chloride (600-3700 uq/m ).
1,2- dichlo:oothane (22-35% uq/m ). and tetrachloroethylene
(10-30 uq/n ) which appeared in all of the four runs
examined and chloromethane (8-11 ug/m ), chlorofo:m
(6-7 uq/l ). 1.1,1- trichloroethane (13-22 uq/m . and
trichloroethene (4-8 uq/m ) which appeared in two of the
four runs examined. Since little data can be identified in the
open literature pertinent to chlorinated aliphagic emissions
from sewage sludge incinerators, no direct comparisons can be
made between these data and emissions from other wastewater

treatment facilities. As noted earlier, however, it is not
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uncommon to find a variety of chlorinated aliphatic solvents in
wastewater influents to a treatment facility such as this
one.[5]

Chlorinated solvents potentially contained in industrial
wastewaters received at the facility, if not completely removed
during the treatment process and chlorinated solvents formed
during chlorinated treatment processes, will of course provide
the basis for chlorinated aliphatics present in flue gas
emissions from the on-site incinerator. Chlorinated solvents,
such as those identified here, are in fact the topic of
investigation in a project that ERT is presently conducting at
a municipal wastewater treatment facility in Fields Point,
Rhode Island. Volatile solvents that have consistently
appeared in plant wastewaters have included 1,1,1
trichloroethane, methylene chloride, trichloroethene and
tetrachloroethylene [4]).

Additionally, in one or more instances the flue gas
emissions contained measurable levels.of the following “target"
and non "ta:qet" chlorinated organics: carbon tetrachlorxde
(5 uq/n ) in Run ZB 1,4 dichlorobenzene (13 uq/m ) in
Run 2B and (10 uq/n ) in Run 4a,
1,1-dichloro-1-nitromethane (8 uq/m3) in Run 3A and
chlorodifluoromethane (25 uq/m3) in Run 4A. Again no
direct significance can be ascribed to these data owing to the
Paucity of emissions data in the open literature. It is worthy
of note, however, that dichlorobenzene which appeared in Runs
2B and 4A is a semivolatile organic “"target" compound which
appeared consistently in the flue gas emissions data provided
in Table 2-11. The appearance of the p-dichlorobenzene isomer
as a volatile organic here provides further éodti:mation of the
data provided in Table 2-11 for each of the three semivolatile
organic sampling runs. 1In fact, the concentration data for
p-dichlorobenzene in Runs 2B (13 uq/m ) and 4A
(10 uq/n ) provided here are in excellent agreement with
the data generated using the preferred monitoring methodology
as shown in Table 2-11. 1In the latter instance
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l.4-dichlorobenzene concentrations ranging from 10-14 ug/m3
were reported during each of the three semivolatile sampling
tuns. 1l,4-dichlorobenzene which is widely used as a
disinfectant, deodorant and chemical intermediate [6] is a
known precursor to PCDDs/PCDFs under combustion source
conditions [7]. Dichlorobenzene isomers were also identified
as contaminants in the sludge feed to the incinerator during
previous testing conducted by Radian at this facility in 1985
[(1). The data provided here are consistent with these
observations.

3.2.2 Volatile Organics - Nonchlorinated (Aliphatic
Ketones, Esters, Aromatics)

As shown in Tables 2-14 and 2-15, a number of
nonchlorinated volatile organics were also present in flue gas
emissions from the MwCC facility. Agaxn the majority of Lhogce
constituents which appeared in two or more of the four cuns can
be categorized as aliphatics, aliphatic ketones, aliphatic
esters, or aromatics. Again it has been ERT's experience that
many of these components are commonly found in industrial
discharges and hence influents to the wastewater treatment
facilicy. This includes acetone (24-33 uq/m ) and benzene
(5-31 uqll ) which appeared in thtee of four samples
examined, vinyl acetate (20-27 uq/m ) which appeared in two
of four sanplos. and toluene (4 uq/m ) and 2-butanone
(4 uq/n ). which each appeared in one of four sanples
examined. Lastly, carbon disulfide (23-66 uq/m ) which is
an organosulfur or mercaptan species persisted in all of the
four runs examined. No pacrticular sanlfxcance can be ascribed
to these data, however, since we were unable to identify any
historical emissions data for these components as part of our
literature survey. Furthermore, volatile orqanlc emissions
were not specifically addressed during previous monitoring
programs conducted at this facility.
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3.3 Semivolatile Organics

As shown in Section 2 each of three sets of flue gas
samples were analyzed for a series of semivolatile organic
"target" compounds comprised of both the EPA Hazardous
Substances Listing (HSL) as well as a series of additional
non-HSL compounds. The latter category included
polychlorinated biphenyls (PCBs), as well as additional
chlorinated benzene and chlorinated phenol isomers. The
results of these analyses are provided collectively in Tables
2-11 and 2-12. A brief discussion of the significance of these
measurements are provided in the text to follow.

3.3.1 EPA Hazardous Substances Listing (HSL)

As shown previously in Table 2-11 each of three sets of
flue gas samples were analyzed for a vacriety of semivolatile
organics identified collectively as the EPA hazardous
substances listing (HSL). 1Included in this listing are a
representative listing of polynuclear aromatic hydrocarcbons

' (PAHS), substituted phenolics, substituted anilines,

chlorinated aromatics, nitro substituted aromatics, and
phthalate esters potentially contained in industrial discharges
that may enter the MWCC treatment system as wastewater
influents. The results of these analyses as shown in

Table 2-11 indicate that the HSL listing of semivolatile
organics are virtually absent from flue gas emissions
associated with the MwcC sewage sludge incinerator. wWith the
exception of naphthalene (2.6-4.7 uq/m3). 2-nitrophenol

(13-37 uq/la). l,4-dichlorobanzene (9.5-19 uq/h3). and
1l,2-dichlocobenzene (2.8-9.1 uq/ma) which appeared in each

of the three test runs, diethyl phthalate (7.9-17 uq/m3)

and bis(2-ethyl(hexyl)phthalate (5.3-8.2 ug/m’) which
appeared in two of three runs and phenol (2.9 uq/m3). and
butyl benzyl phthalate (2.8 ug/m3) which appeared in one

test each none of the remaining HSL compounds appeared in flue
gas emissions during the Mwce monitoring progyram.

3-5
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Again little can be said about the significance of thege
measured values owing to the general lack of comparative
emissions data in the open literature as well as the absence of
such information from the existing data base for this
facility. However, despite these shortcomings some discussion
of the semivolatile organic emissions data at least in a
qualitative sense will be addressed here.

Naphthalene which appears in each of the three test runs
is a polynuclear aromatic hydrocarbon which is commonly found
in flue gas emissions from stationary incineration sources,
particularly those associated with the combustion of fossil
fuels. ‘

Phthalate esters which appear in each of the three test
series are industrial Plasticizers commonly found in influent
wastewaters to sewage treatment facilities. 1In fact the
results of an EPA sponsored research program released in 1982
indicated that phthalate esters were frequently found in the
influent wastewaters of 40 treatment facilities examined [5]).
During the atorementioned study a total of 287 samples were
examined. Bis(2-ethylhexyl) phthalate appeared in 265 or 92%
of the samples examined, diethyl phthalate appeared in 151 or
S53% of the samples examined and butylbenzyl phthalate appeared
in 165 or 57% of the samples examined. Such trends could of
course account for the persistence of phthalate esters found
here in flue gas emissions from the MWCC sewage sludge
incinerator. while these data provide some qualitative
justification for the appearance of phthalate plasticizers in
MWCC incinera;o: emisgions little can be said about the
quantitative significance of these measurements. This is again
precipitated by the unavailability of flue gas emissions data
for phthalate esters in the readily accessible open literature.
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3.3.2 Chlorinated Benzenes/Chlorinated Phenols

In accordance with the project test plan each of the threce
sets of flue gas samples was examined for the presence of each
of the five positional isomer categories of chlorinated phenols
and each of the six positional isomer categories of chlorinated
benzenes. These categories were selected on the basis of their
historical significance as known precursors to polychlorinated
dibenzodioxins (PCDDS) and polychlorinated dibenzofurans
(PCDFS)(7). Each of the three sample sets were examined for a
series of specific chlorinated phenol and chlorinated benzene
isomers contained in the EPA HSL listing as well as a series of
additional isomers acting as surrogates for those positional
isomer categories not represented on the EPA HSL listing. As
shown in Tables 2-11 and 2-12 with the exception of the
dichlorobenzene positional isomer class none of the remaining
isomer categories were in evidence during each of the three
flue gas sampling sessions. As discussed previously the
persistence of the dichlorobenzene isomer class in each of the
three flue gas samples is corroborated both qualitatively and
quantitatively by the results of the volatile organic
measurements shown in Table 2-14. The 1,2 and 1,4
dichlorobenzene isomers which are not uncommon to POTW
wastewater influents (23% and 17% of samples examined in 1982
EPA survey., respectively) are commercially available as
disinfectants, deodorants and chemical intermediates(é6].
Additionally., chlorinated benzenes are known precursors under
combustion conditions to both polychlorinated dibenzofurans
(PCDPS) and polychlorinated dibenzodioxins (PCDDS) (7).
Furthermore, the persistence of the dichlorobenzene isomers in
flue gas emissions from the MWCC incinerator in conjunction
with previous results of sludge feed analyses contained in the
1986 EPA/Radian report([l) suggest that these coﬂstituents may
have their origin in the sludge feed to the incinerator.
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3.3.3 Polychlorinated Biphenyls (PCBs)

Analyses were conducted for polychlorinated biphenyls
(PCBs) as each 6! the ten positional isomer categories
(C11-011°). As shown in Table 2-12 none of the ten
positional isomer PCB categories were in evidence during any of
the three flue gas sampling sessions (<2.4 ug/m3). These
results may be particularly significant in light of the fact
that much of the historical emissions data base for wastewater
treatment facilities has focused on PCBs contained in flue gas
emissions from multiple hearth sewage sludge incinerators.

In fact, a review of the available literature indicates
that extensive PCB emissions testing programs have been
pecrformed at a number of sewage treatment facilities throughout
the United States. Two Municipal Sewage Sludge .Incinerators
were stack tested in 1976 as part of an overall program to
develop methods for determining PCB emissions from incinerators
and capacitor and transformer filling plants(8]. One of these
plants, the Blue River Facility of Kansas City, Missouri,
received waste comprised of significant quantities of
industrial waste. The second test was at the facility of the
city of Mission, Kansas, which receives mostly domestic waste.
Both incinerators operate under induced draft and employ a wet
scrubber for air pollution control. The Mission, Kansas
Pacility utilizes a four-hearth Multiple Hearth Incinerator
while the type of unit at the Blue River Facility was not
‘identified. Operational data, including PCB input rates,
furnace temperatures and destruction efficiencies were not
given. PCB concentrations in the stack gas were presented and
totaled 305,308,287 and 98 ug/m’ for the four test runs at
the Blue River Facility and 3.80 and 3.70 uq/m3 for two
test runs at the Mission Incinerator.

The New Bedford Municipal Sewage Sludge Inéinerato: was
tested for PCB destruction efficiency on February 9 and March 1
and 3, 1977(9]). Samples were collected from the incinerator
flue gas, the sewage sludge feed, the incinerator ash, the
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precooler and scrubberwater feeds and the scrubber water
etfluont. Total PCB concentrations in the flue gas spanned
from 3-10.6 ug/n3 during the three test series.

Subthuent'testing conducted at the New Bedford POTW in
1984 resulted in no measurable levels of PCBs in flue gas
emissions from the same multiple hearth sewage sludge
incinerator[10). Detection limits for each of the ten PCB
positional isomer categories ranged from 2 uq/m3 for the
mono thru tri categories to 5 ug/m3 for the tetra thru
hepta categories to an upper limit of 13 ug/m3 for the octa
thru decachlorobiphenyl congener classes[10].

3.4 Polychlorinated Dibenzodioxins (PCDDS)/Polychlorinated
Dibenzofurans (PCDFS)

PCDDS and PCDFS were monitored qutinq each of two sampling
sessions. The results of these measurements were provided
previously in Section 2 of this report. The total tetra Lhcu
octa PCDDS/PCDFS data are provided in Table 2-7, while results
for the mono thru tri PCDDS/PCDFS isomer categories as well as
the 2,3,7,.8-TCDD and 2,3,7,8-TCDF isomers are provided in
Table 2-8. By and far the results provided here are
predominated by the presence of the PCDFS over the PCDDS. Forc
instance the TCDF congener class and in particular the
2,3,7.8-TCDP isomer appears in each of the three samples
examined. Run 1A is characterized further by the presence of
the tri (0.03 ng/n3) and penta (0.09nq/m3) PCDF congenetc
classes, while the two contemporaneous sample runs 2A/2B are
characterized by the presence of the mono (0.02-0.19 ng/m3).
tri (0.03-0.84 nq/ma). penta (0.09-0.60 nq/m3),'hexa
(0.04-0.13 nq/na). hepta (0.04-0.10 ng/m ) and octd
(0.07-0.33 nq/n ) PCDFs congener classes.

Conversely, with the exception of the di and tri congener
categories none of the other PCDD congener classes arce
represented in either of the two test series. The di PCDD

congener category appears in Runs 1 and 2A/2B at concentrations
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of 1.9 and 2.2 (avg) nq/ma. respectively, while the tri PCDD
category appears 1n Runs 1 and 2A/2B at concentrations of 0.07
and 0.16 (avg). ng/m . CLespectively. It is particularly
noteworthy that the TCDD congener class as well as the
2.3.7,8-TCDD isomer were not in evidence during either of the
two test series. Detecclon limits for the 2,3,7,8-TCDD isomer
of 0.01 and 0.02 ng/m were achieved during Runs 1 and 2A/28B,
respectively. Detection lxmlts for the TCDD congener class
ranging from 0.02 to 0.03 nq/m were achieved as shown in
Table 2-7 for each of the two test series.

By comparison the existing PCDDs/PCDFs emissions data for
this facility is generally in good qualitative and quantitative
agreement with the results provided here in Tables 2-7 and
2-8. More specifically the emissions data contained in the
1986 Radian/EPA report demonstrates the predominance of the
PCDF congeners over the corcesponding PCDDS congener classes.
A summary of the Radian/EPA PCDDS/PCDFS emissions monitoring
data for this facility is contained in Table 3-1[1). Note in
particular the predominance of PCDP congeners in Run 0Ol and to
a lesser degree in Runs 05 and 03. sSimilarly, note the virtual
absence of PCDDs congeriers from Run 03 and to a lesser degrce
from Run 05 and Run O1. With the exception of data for the
TCDD and Octa PCDD congener classes the Radian/EPA 1986 data
is in good agreement with the concentrations noted during the
present program as shown in Tables 2-7 and 2-8. More
specifically the 2.3.7,8-TCDD isomer is not in evidence in any
of the samples examined in either of the two monitoring
Programs. Detection limits for the most part are directly
comparable ranging from 0.01 to O. 02 nq/m3 during the present
program to 0.012 to 0.06 nq/l3 during the 1985 EPA sponsored
monitoring program. Total tetra and octa PCDDS in evidence
during the EPA/Radian test program did not appear during the
present program. Measurement of the octa PCDD isomer during
the present program at concentrations comparable to those
achieved during the EPA sponsored program was prohibited,
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TABLE 3-1

SUMMARY OF PCDDS/PCDFS EMISSIONS DATA FOR

MWCC SEWAGE SLUDGE INCINERATOR - EPA/RADIAN 1986 (1)

............................................................................

........................................................................

[somer

2378 TCDO
Other TCDO
Penta-C0D
Hexa-CDO
Hepta-CD0
Ccta-C00

Total PCDO

2378 TCODF
Other TCOF
Penta-CDF
Hexa-COF
Hepta-COF
Octa-CDF

Total PCOF

ND(

ND(
NO(

[+ .Y b Pt ot s p—s po

[somer Concentration in Flue Gas
(ng/dscm)

.15E£-02)
.92€-01
.92E-02)
.85E-01)
.15E-01
.08€-01

.15€-01

ND(
NO(
NO(
NO(
NO(

ND(
NO(
NO(

. NO(

—
.

— O e— OV

Run 03

.S50€-01
.52E+Q0
.S0E-02)
.758-02)
.2SE-02)
.25E-02)

NO(

NO(
NO(
ND(

NO(
NO(
NO(

.15€-02)
.87€-02
.75E-02)
.62€-03)
.02€-02)
.72E-01

.01¢E-01

— £ 00 WD

~

4.02E-0!
2.67€+00
7.18€-01
2.13€-01)
2.01E-02)
1.72€-02)
3

. 78E+00

~ W

-------

.00E-00
.37€-02
.00E-00
.00E-00
.85E-02
.18€-01

.3lE-01

.61£-01
.90E-00
.328-01
.82€-01
.Q0E-+00
.28E-02

.59€-00

NOTE: [somer concentrations shown are at as-measured

ND =

n =
8?60 operating hours per year

not detected (detection limit in parentheses).
1.0E-09¢

oxygen conditions.



however, by the presence of positive interferences in the
laboratory method blank. Hence detection limits achieved
during each of the two test programs are not directly
compacable.

Additional significance can be ascribed to the PCDDS/PCDFS
emissions data contained in Tables 2-7 and 2-8 from a direct
comparison to data from other stationary combustion sources.
Since test daca'trom other sewage sludge incinerators is
limited it might prove useful to examine the MWCC emissiong
data in light of PCDDS/PCDFS emissions peculiar to other
stationary combustion sources here in North America. The
values provided here for both 2,3,7,8-TCDD and total TCDD
indicate that emissions from the MWCC incinerator are
significantly lower than values reported in flue gas emissions
from a variety of other stationary combustion sources (7].

This includes all of the source categories presently under
iavestigation as part of the EPA National Dioxin Strategy -
Tier IV Combustion Sources. Additionally, the MWCC PCDDs PCDFs
emissions data are significantly lower than PCDDS/PCDFS
emissions data characteristic of municipal refuse incinerators
situated throughout the United States and Canada. A summary of
this PCDDS/PCDFS emission data sorted by congener category
(C14-c13) for such facilities is provided in Table 3-2. as
shown the MWCC emissions data_a:e markedly lower than the
concentrations typical of  the cross-section of municipal refuse
incinerators shown here.

3.5 Trace Metals

Trace metals data for each of the three test series are
provided in Tables 2-2, 2-3, and 2-4. While the majority of
the “target" metals appear in one or more of the samples
examined, only a select number of these appear Eoﬂsistently in
significant concentrations in the flue gas. For the purposes
of our discussion here, only those species which appear in each
of the three samples examined at concentrations in excess of
10 uq/n3 will be addressed. The metal species which satisfy

3-12
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these criteria and persist in the incinerator flue gas
emissions include zinc (1300-2600 uq/m3). cadmium

(280-600 uq/l3). lead (280-480 uq/n3). tin

(16-220 ug/m’), copper (100-210 ug/m’). chromium

(18-78 uq/m3). nickel (16-82 uq/m3). and to a lesser extent
selenium (11-19 uq/m3).

Since little is known about historical heavy metal
emissions from this facility, we have attempted to ascribe some
relevance to the present data by direct comparison to emigssions
data contained in the open literature.

In a manner consistent with the observations of others who
have characterized heavy metals contained in sewage sludge
incinerator flue gases., our samples are predominated by the
more volatile metal species zinc, cadmium, and lead which are
typically enriched on particles contained in the flue gas (12,
13, 14). To a lesser extent, each of the samples contained
significant concentrations of tin, copper, and chromium, and to
a lesser degree nickel and selenium. The appearance of these
species in flue gas emissions from multiple-hearth scwage
sludge incinerators is not uncommon, however, as these species
are typically contained in devatered sewage sludge provided as
feed material to the incinerator. A number of other
investigators have, in fact, reported on the persistence of the
metals identified here in sewage sludge throughoudt the United
States (5, 12-15). ‘

In fact, a 1982 survey can be cited here which reports on
elemental emissions (uq/ls) from each of four sewage sludge
incineration systems. (Three multiple-hearth units and one
fluidized bed system). A direct comparison of our data to
emissions data for each of these facilities is provided in
Table 3-3. To facilitate the comparison of data, results are
provided from the literature citation only for those 8 species
identified earlier in our discussion as present "in significant
concentrations.
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As shown in Table 3-3, the data reported here, both
average concentrations and ranges, are Comparable in some
instances to the corresponding flue gas concentrations for the
4 facilities examined.

In other instances the MWWTP data is lower than the
litecature values provided, such as in the case of lead,
chromium and tin. 1In the case of zinc and cadmium the MwwTP
emissions are much higher than the corresponding flue gas
concentrations for the majority of the facilities examined.
This is particularly true in a direct comparison of our data to
emissions data pecular to other multiple hearth sludge
incinerators.
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4. INCINERATOR DESCRIPTION AND OPERATING CONDITTONS

The emissions monitoring program was conducted using two
of the available multiple-hearth sewage sludge incinerators at
the MWWTP. EBach of the two incinerators selected., #7 and #a,
were maintained at representative "steady-state" operating
conditions during each test series. The discussion to follow
in Section 4.1 contains a description of the incinerators,
including the heat recovery and associated air pollution
control systems. Section 4.3 provides a definition of
"steady-state"” or representative system operations as defined
by numerical criteria for each of the preselected parameters
determined to be critical to incinerator operations.

4.1 1Incinerator Description

The two incinerators (#7 and #8) tested were identical
Envirotech nine-hearth sewage sludge incinerators installed at
the plant in 1983. A schematic of the incinerator and its heat
recovery and air pollution control systems is shown in
Pigure 4-1. Table 4-1 lists some of the more important design
parameters of the incinerator.

Conditioned primary and secondary sludge with a solids
content of 30 to 40 percent by weight is fed to hearth 1 of
each incinerator at an average feed rate of 22.5 DTPH (>7.5
WTPH). The design capacity of the incinerator is 3.39 dry Mg
(3.75 dry tons) per hour. The sludge typically has a volatliles
content of 72 percent by weight and a heating value of 24.4 J/g
(10,500 Btu/lb) of volatiles. The upper hearths are used for
drying of the sludge cake, the middle hearths are used for
burning, and the bottom hearths are used for ash cooling.

An auxiliary fuel system consisting of natural gas-fired
burners is available to provide supplemental heit when
necessary. However, efforts by plant personnel to minimize
energy usage usually result in these burners being used only
ducring incinerator startup. The incinerators were firing

8724P PEOS1-500
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TABLE

4-1

INCINERATOR AND SLUDGE DESIGN PARAMETERS
FOR TYPICAL INCINERATOR

a : ter
Incinérator
1. Manufacturer
2. Number of Hearths
3. Sludge burning capacity
4. Exhaust gas volume

S. Bottom ash production

6. Auxiliary fuel

Sludge Feed
1. Sludge type

2. Solids content

8726p PE081-500

Value

Envirotech

9

3.75 tons/hr (dry)
82,000 acfm @ 1,200°F

28 tons/day (typical)
34 tons/day (maximum)

Natural gas
(startup only)

Conditioned and
dewatered primary
and secondary sludge

30% to 40%



primary scum from the wastewater treatment process, at a feed
rate of approximately 33 gph each during the test program.
(Secondary scum was transferred to the flotation thickeners.)
Combustion air for the incinerators consists of ambient air and
odorous air collected from ventilation systems on various
wastewater treatment plant processes, including thermal
conditioning. A shaft cooling air system is used to prevent
overheating of the rabble arm shaft. The shaft cooling air
exhaust is vented directly to the atmosphere via a stack
separate from that used for the incinerator air pollution
control system. None of the shaft cooling air exhaust is
recycled for use as combustion air.

The incinerators are typically operated to maintain a
temperature of 870°C (1,600°F) on Hearth No. 3 (fourth hearth
from the top). The temperature is controlled by a
microprocessor-based system that va:ies_the combustion air
intake dampers. The percent oxygen in the incinerator exhaust
gas is typically 12 to 15 percent.

Under normal feed rate conditions each incinerator
produces about 23 mg (25 tons) per day of bottom ash, which is
pneumatigally conveyed to silos for storage. The ash is
ultimately loaded onto trucks or rail cars and hauled away forc
land disposal.

4.2 Heat Recovery and Air Pollution Control Systems

The incinerator exhaust gas train consists of a quad
cyclone, a waste heat recovery boiler, a wet scrubber system,
an induced draft fan, and an exhaust stack. The heat recovery
and air pollution control system components are'described below.

4.2.1 Quad Cyclone

The quad cyclone is used for large particulate removal
prior to the waste heat boiler system. The cyclone has a rated

gas flow capacity of 38.7 m3/s @ 650°C (82,000 acfm @
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1,200°F) and typically operates at a pressure drop of 1.2 kPa
(5 inches of water). The rated particulate removal efficiency
of the cyclone is 72 percent. Uncontrolled particulate
emissions entering the cyclone are estimated to be
approximately 6i7 mg (680 tons) per yvear.

4.2.2 Waste Heat Recovery Boiler

The waste heat boiler recovers the heat from the
incinerator offgas to produce steam. The nominal steam
capacity of the boiler is 8200 kg/hr @ 2.8 MPa (17,000 lIb/hr
steam @ 400 psig). The steam is used in the thearmal
conditioning process and for other auxiliary equipment (e.g.,
steam turbines). Waste heat boiler offgas is sent to the wet
scrubber system at a temperature of about 230°C (490°F).

4.2.3 Wet Scrubber System

The wet scrubber system consists of a precooler, a venturi
scrubber, and a packed tower subcooler with demister.
Subcooler exhaust is discharged to a stack. 1In the precooler,
blowdown water from the subcooler is sprayed into the gas
stream to provide cooling from about 23° to 80°C (490° to
180°F). The design precooler water flow rate is 136 ma/hr
(600 gpm). Precooler exhaust gas enters the venturi scrubber,
which is operated at a pressure drop of about 5.0 to 7.5 kPa
(25 to 30 inches of water). Blowdown water from the subcoolet
is injected at the venturi scrubber throat at a design rate of
114 m3/hr (500 gpm). Design gas flow through the venturi
scrubber is about 16.5 m /s @ 80°C (35,000 acfm @ 180°F), and
the water:gas ratio is on the order of 1.3 m3 per 1000 m3
(10 gallons per 1,000 acf). The rated particulate maller
removal efficiency of the venturi scrubber is 99 percent. Gas
exits the scrubber at about 80°C (160°F) and is sent to the
subcooler, which consists of a three-tray packed tower with

demister. Fresh makeup water (wastewater treatment plant
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effluent) is added to the subcooler at a design rate of
454 m3/hr (2,000 gpm). Actual water flow rates and gas tlow
rates during normal operation are generally 50 to 80 percent of
the design tates. The offgas temperature from the subcooler is
about 20°C (70°F). Blowdown water from the subcooler is
partially recycled to the Precooler and venturi scrubber, with
the remainder sent to a drain. The solids content of the
subcooler blowdown streams is estimated to be on the order of
40 mg solids/liter (3.4 x 10~% 1b solids/qgal).

Offgas from the subcooler is discharged to a stack using
an induced draft fan. The exhaust stack diameter is 0.8 m (2.5

feet), and the stack discharge is 27 m (90 feet) above ground.
4.3 Representative ("Steady-state") Operating Conditions

It was jointly agreed by MPCA, MWCC, ERT and Malcolm
Picnie during a May 7. 1986, Technical Advisory Panel Mceting
(TAP) that the two incinerators to be identified for the
testing program would be operated at preselected "steady-sLate"
conditions throughout the course of the monitoring program.
This would include establishing and maintaining preset
numerical operating guidelines for a series of parameters
critical to the control of "steady-state" operations. It was
the consensus of MWCC and MPCA personnel that these would
include the parameters and corresponding numerical operating
criteria provided in Table 4-2.

4.3.1 1Incinerator Operating Conditions During This
Program (May 20-22, 1986)

Incinerator operating conditions during the non-criteria
emissions monitoring program were found to be cons1stent with
the representative operating criteria offered earllar in
Table 4-2. To illustrate this point please refer to the sludge
and scum feed data summarized in Table 2-6 as well as Table 4-3
which provides a comparison of typical long-term
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TABLE 4-2

REPRESENTATIVE OR “STEADY STATE"
INCINERATOR OPERATING CONDITIONS -
A SUMMARY OF CRITICAL OPERATING PARAMETERS &

Parameter

Sludge Feed Rate
Scum Feed Rate
Hearth #3 Temp
Hearth #0 Temp

(actual range will be 1000 - 1200°F)

Venturi Scrubbers

Exhaust Gas Quality

Bypass Dampers

8726P PE081-500

NUMERICAL CRITERIA

Numerical

operating Criteria

2.5DTPH + 0.25
35 GPH + 5
1600°F + 100°

1000°F min

I+

30" water

within MPCA Permit
Guidelines

(>20% opacity will
warrant shutdown)
Closed Position



Comparison of Metro Plan
Operating Data During Non

Table 4-3

Test and During Long-Term Operation

t Sludge Incinerator
-Criteria Emission

Long-Term Operation

Parameter Annual Monthly Daily Non-Criteria
Average | Min, Max. Min, Max. | Emission Tes
Sludge Solids, %
Total 34 32 36 25 44 37-42
Volatile 72 - - 50 81 67-68
Sludge Feed, DTPH 2.6 2.2 3.0 1.8 3.7 2.8-3.2
Stack Oxygen, % (1) 14 12 16 - - -
Opacity, ¥ , 9 7 13 4 20 -
Temperature, deg. F,
Hearth 0 1120 1080 1160 1000 1400 1210-1250
Hearth 1 1140 - - 1000 1400 1140-1230
Hearth 2 1450 - - 1200 1600 1410-1490
Hearth 3 1600 - - 1200 1700 1600-1620
Hearth 4 1000 - - 600 1300 910-980
Subcooler 68 60 75 55 80 63-74
Flue Gas Flow, dscfm (1) 19,000 | 14,000 | 23,000 - - -
Sludge Heat Value, Btu/1b.D.S. (2) 7,400 - - 5,200 8,200 7050-7400
Gravity/Decant Ratio (3)
Volume Basis 4 - - 1.0 8 3.8-4.0
Mass Basis 2 - - 0.6 4 1.4-1.6
Venturi Pressure Drop, in.w.c. 28 26 30 - - 29-30
Scum Feed Rate, gph 25 20 30 0 70 24-33

Notes:

1. Based on 17 stack tests during 1985 and 1986. Stack oxygen and flue gas are not con-

tinuously measured.

2. Based on analyses of two samples per month,

3. Ratio of gravity thickened primary sludge

8724P PE081-500
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operating data for the Metro Plant Sludge Incinerator to
operations data recorded during the present program.

Some general observations pertinent to these data as
derived from an MWCC report on the subject of operating
conditions (see Appendix J) are provided below:

1. Sludge cake was drier than average but within the range of
conditions normally encountered.

2. Sludge feed rate was slightly higher than average but
within the normal operating range.

3. Opacity during non-criteria emissions test was about 5%,
which is lower than average but within the normal
operating range.

4. Incinerator temperature profiles were well within the
normal range. Hearth O temperature was above average,
because the cake was drier than average. The non-criteria
emission test operating conditions were "normal®, though
not "average".

5. Sludge heat content was normal during the non-criteria
emission test.

6. Sludge mixture was normal during the non-criteria emission
test.

7. Scrubber operating conditions were normal during the
non-criteria emission test.

Based upon the data provided here in Table 2-6 and
Table 4-3 and the historical data provided in Appendix J, in

conjunction with the experience of MWCC plant personnel the
following conclusions can be offered.

8724P PEO81-500



1. Operating conditions were consistent with those contained
in Table 4-2.

2. Operating conditions fell within the normal range
experienced during the past yecar.
3. Operating conditions were representative of normal sludge

incinerator operation.
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5. FLUE GAS SAMPLING PROCEDURES

As outlined in Section 1, ERT collected a variety of flue
gas samples from the #7 and #8 incinerators while they wore
maintained under “"steady-state" conditions. Separate and
discrete samples were collected for particulates/heavy metals,
volatile organics, semivolatile organics and PCDDs/PCDFs. 1In
addition, continuous emissions monitoring was conducted
contemporaneocusly for total hydrocarbons (THC), carbon monoxide
(CO), and oxygen (02). The actual sampling protocols
employed were consistent with those specified in the document
entitled "Non-Criteria Emissions Sampling and Analysis Test
Plan for the Envirotech Nine-Hearth Sewage Sludge Incinerator, "
May 1986 (ERT Document E-081-200).

A discussion of the field monitoring program including the
actual test schedule, and a brief synopsis of the sample
collection procedures with modifications necessitated during
the conduct of the field program, is provided in the section to
follow.

5.1 Field Test Schedule and Sample Inventory

Three sets of flue gas samples were collected during the
calendar period of May 20 through May 22, 1986. As noted
earlier, flue gas samples were collected from either the #7 or
#8 incinerator unit. a summary of the actual field test
schedule including parameters monitored and the duration of
each sampling session is provided in Table 5-1.

A complete listing of flue gas sample types and numbers
collected during the conduct of the field monitoring program is
piovided in Table 5-2.

Flue gas samples were collected using a parcticulate filter
followed sequentially by an XAD-2 sorbent cartridge so as to
represent vapor-phase and particulate associated PCDDs/PCDFs
combined. One 6-hour test was conducted on Day 1, while Lwo

. simultaneous 9-hour tests were collected on Day 3 of the test

5-1
8722P E081-500



TABLE 5-1

FIELD MONITORING PROGRAM - MWWTP TRST SCHEDULE

Run No. Date
M5~-1 5-20-86
Fixed Gas 5-20-86
SMMS-1 5-20-86
MMS-1 5-20-86
VOST 5-20-86
CEM 5-20-86
MS-2+3 5-21-86
Fixed Gas 5-21-86
SMM5-24&3 5-21-86
VOST 5-21-86
CREM 5-21-86
MM5-2A 5-22-86
MMS-28 5-22-86
VOST 5-22-86
CFM 5-22-86
Note:

Incinerator

7

Test
Parameter

Particulates
trace metals

COz-Oz*CO

Semivolatile
organics

PCDDS/PCDF's

Volatile
organics

CO-02-THC
Particulates
trace metals
C02‘02‘C0

Semivolatile
organics

Volatile
organics

CO-0,- THC

PCDDs/PCDFs
PCDDs/PCDFs

Volatile
organics

CO-0,-THC

Sample
Duration
180 min.

180 min.

180 min.

360 min.

2-60 min.

540 mind

180/180 min.

180 min.

180/180 min.

2-60 min.

510 min.23

510 min.
540 min.

2-60 min.

600 min.2

3Minutes shown indicate total monitoring for each day.



Test Parameters
Fixed Gas

Total Hydrocarbons

Carbon Monoxide
Oxyqen

Part /Metals
Particulaced b
Metals

Front Half Rinsed.b

Semivolatile Orgenics

Particulated:b
Front Half Rinsed:b
XAD-2 Resind:b

Flue Gas Condensated

BCODS/PCDPS

Particulated ®
Front Half Rinsed.b
XAD-2 Resind.d

Flue Gas Condensatel

Volatile orgenics

Volatiles

SUMMARY OF FLURE GAS SAMPLING AND ANALYS1S

Sample Method

EPA Method 3

EPA Method 25A

Tnstack probe and

Fllter

RPA Method §
RPA Method 5

EPA Method S

FPA Method 5
EPA Method 5
RPA Method 5

EPA Method 5
RPA Method S

EPA Modified
Method S

EPA Modified
Method 5

RPA Modified
Method §

EPA Modified
Method §

RPA Modified
Method S

vost

—_—
31ncludes rield Bilased Blank.
les from each individual train were appropriately combined and analyzed as one sample.

87979 Pt 081-500

TABLE 5-2

Sample
Lode

-MS-PF
-M5-pF

-MS5-FH

-SMMS-pF
—SMMS-FH
~SMM5- XR

-SMM5-CD
~SMM5-IMP 2/3

-Me5-pF
-Me5-m
-MMS-xR
-M5-CD

“MuS-IMP 2/3

-POHC-A,B

No. of
Samples
Collected

k]
Cont inuous

Cont inuous
Cont inuous

22

No. of
Samples

Analyzed

3

W

Analysis
Method

ORSAT
FID Continuous

NDIR
Analyzer

Gravimetric
ICAP

Gravimetric

GC/Ms

GC/Ms

GC/ms
GC/Ms

GC/MS



program (see Table 5-1). All samples were collected employing
the 4-inch (ID) ports in the #8 incinerator stack as shown in
Figure 5-1. Each flue gas sample was collected using a total
of 12 points along two perpendicular stack diameters as shown
in Figure 5-2. 1n the case of the PCDDs/PCDFs runs collected
on Days 1 and 3, the 12 points were collected during elapsed
periods of 360 minutes (6 hours) and 540 minutes (9 hours),
respectively.

5.2 Sample Shipment and Chain-of-Custody Procedure

ERl maintained strict control of all samples collected
from each sample train. Each recovered sample was affixed with
a preprinted sample identification label to ensure that the
required information was entered in the field. A unique
identification number was assigned to each sample upon
collection.

This unique identifier for each sample with other
accompanying information was then transferred to a
chain-of-custody form. The purpose of this procedure is to
document the identity of the sample and its handling fcom its
first existence as a sample until analysis and data reductlon
are completed. This custody record traces a sample from its
collection through all transfers of custody until it is
transferred to the analytical laboratory.

Appendix D contains all chain-of-custody records obtained
from this program.

5.3 PCDDs/PCDFs Sampling Train

An EPA Modified Method 5 particulate train was employed
for the collection of polychlorinated dlbenzofurans (PCDFs) and
pPolychlorinated dibenzo- pP-dioxins (PCDDs), in accordance with
the ASME protocol entitled “Sampling for the Determination of
Chlorinated Organic Compounds in Stack Emissions" provided in

.Appendix A of the aforementioned Program Test Plan.

5-4
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The sample train consisted of a glass-lined, heat-traced
probe with a stainless steel button hook nozzle and attached
thermocouple and pitot tubes. After the probe, the gas passed
through a heated glass filter (Reeve Angei 934 AH filter
paper). Downstream of the heated filter, the sample gas paused
through a water-cooled module then through a sorbent module
containing approximately 25 g of XAD-2 resin. The XAD module,
which was kept at a temperature below 70°F, was followed by a
series of four impingers. The first and second impingers
contained approximately 100 gms of DDI water, the third was
empty and the fourth contained a known weight of silica gel.
The impingers were followed by a pump, dry gas meter, and a
calibrated orifice.

. Prior to conducting each field test, the XAD-2 resin
cartridge was spiked with a surrogate mixture containing Cl37
2,3,7,8-TCDD and C13 1,2,3,4-TCDD at 'a concentration of 1000
picograms and 3000 picograms, respectively. The surrogate
spiking mixture was provided to ERT by California Analytical
Laboratories. The results of these surrogate analyses which
provide a measure of accuracy for the combined sampling and
analysis scheme are provided in Section 7 of this report,

A blank train was set up on site and disassembled and
recovered in the same fashion as the actual sampling train in
order to provide appropriate blank corrections.

Recovery procedures for each of the PCDDs/PCDFs sampling
trains were as follows:

1. Remove the sampling train to the predetermined
recovery area.

2. Note the condition of the train (e.g., impinger
color, filter condition, etc.).

3. Disassemble the filter housing and transfer the
filter to its original glass petri dish. Seal the
container with Teflon tape and label the sample as:
-MMS/PF. Run number precedes all sample codes (e.qg.,
1-MMS/PF).
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10.

11.

Rinse the front half of the train three times with
1:1 hexane and acetone. Seal the amber glass
container and label the sample as: MMS/FH.

Weiéh and record the weight gained for each impinger.
Pour the condensate in the first impinger into a
precleaned amber glass bottle. Rinse the impinger
three times with 1:1 acetone/hexane. Seal the
container and label the sample as: MM5-CD.

Weigh and record the weight gain of the second and
third impingers and transfer each to a precleaned
amber glass container. Rinse and recover the
impingers with DI-HZO. Seal the containers and

~label the samples as: MMS-IMP-2 and MMS- IMP-3.

Weigh and record the weight gained by the éilica gel
impinger.

Examine all containers to ensure that they arce
properly sealed and labeled and that the liquid
levels are marked.

Transfer the XAD-2 resin from the tcap to its
original container. Rinse the condenser coil, resin
chamber. and condensate impinger into the XAD amber
glass container. Seal and label it as: X-MMS/XR.

Be sure all containers are properly sealed, labeled,
and the liquid level marked. Log all samples on the
Sample Packing Sheet.

5.4 Volatile Organic Sampling Train (VOST)

Volatile organics were collected from the #8 incinerator
unit on each of the three test days. Each of the three daily
sampling sessions consisted of two 60-minute runs collected
during a total elapsed sampling period of 3 hours. All samples
were collected using the EPA-sanctioned Volatile Organic
Sampling Train (VOST) as shown in Figure 5-3. All samples wcre
collected with the probe inserted in the 4-inch-diameter
sampling port(s) as shown in Figure 5-1.
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The train consisted of a heated glass-lined probe with 4
glass wool plug to remove particulate, followed by an assembly
of condensers and organic resin traps. The first condenser
cooled the gas stream and condensed the water vapor present.,
The flue gas anﬁ condensed moisture then passed through a
cartridge containing 1.5 grams of Tenax resin (60/80 mesh). No
condensate was collected in the first impinger. The second
condenser and trap containing Tenax/charcoal (50/50) served as
a backup for compounds with low breakthrough volumes.

Following the second Tenax trap was a drying tube for residual
moisture removal.

As required in the VOST protocol, the probe was located in
the stack at a point of average stack velocity. Sample
temperatures were monitored at the outlet of the sample probe
and the inlet to the Tenax cartridge through the use of
thermocouples. The gas temperature through the probe was
maintained above 130°C to prevent the premature condensation of
the volatile components. The temperature of the gas when it
passed through the resin cartridges was maintained at less than

'20°C. The sample gas volume through the resin traps was

maintained at 0.2% liter per minute for 60 minutes for two
runs. A slow-VOST low-volume sample was collected on two
additional runs at 0.10 liter per minute to ensure that the
collection tubes would not become oversaturated. The lotal
sample volume for each set of tubes did not exceed 20 liters.

The samples collected for each VOST run consisted of a
Tenax cartridge, and a backup cacrtridge containing Tenax and
charcoal. The sealed sorbent cartridges were stored in
containers packed with activated charcoal. ‘

Method and field blanks of the sorbent resins were
collected in conjunction with each of the four runs. During
the sampling program, the reagent and sorbent resin samples
associated with this train were maintained off site to minimize
the potential for sample contamination from the ambient air.
All of the resin cartridges and other samples associated with
this train were stored and transported at a temperature of 4°C

5-10
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to prevent contamination and minimize degradation of the Tanax
sorbent polymer.

5.5 Particulate and Semivolatile Organic Emissions

An EPA Modified Method 5 train was used to simultaneously
collect particulate and semivolatile organic pollutants in the
flue gas from incinerator unit 7. A sampling and velocity
traverse was performed along two diameters of the stack. A
total of 12 sampling points, determined in accordance with EPA
Method 1, were sampled at 15 minutes per point, yielding a
total sample time of 180 minutes for each of the three separate
runs (see Figure 5-2). Sampling was isokinetic (+10 percent)
with flue gas parameters measured at every sampling point. The
sampling train consisted of a heated, glass-lined probe with a
stainless steel button-hook nozzle and attached thermocouple
and pitot tubes. The sampled gas passed through the probe
assembly to a heated glass fiber filter (Reeve Angel 934 AH).
The filter holder was maintained at 248°F, +25°F throughout the
test period. Downstream of the heated filter, the sample gas
passed through a water cooled module, then through a sorbent
module containing a known amount of XAD-2 resin. The XAD-2
module was sequentially followed by four impingers. The first
impinger was modified with a short stem for collection of
condensate. The second contained 100 ml of DDl water, the
third impinger was empty and the final impinger contained a
known amount of desiccant. The impingers were followed by a
pump, dry gas meter and calibrated orifice.

A leak check of the entire sampling train was conducted
prior to, and at the conclusion of, each sampling run; and
before and after changing or disconnecting any components of
the train during the run. Leak checks before the test run, and
after changing any constituent, were conducted at 15 in. Hg
vacuum to ensure a leak rate of not more than 0.02 cfm. Leak
checks conducted at the end of a run, and prior to making any
component changes or disconnections to facilitate recovery,

5-11
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were at or above the highest vacuum obtained during the run.
The pitot tube assembly was also leak checked prior to and
after each sampling run to ensure validity of the velociLy
data. Cyclonic flow angles were also checked pcior to the
initiation of éampling.

Recovery activities for this system included the following:

Remove sample train to a predetermined recovery area.

2. Note the condition of the train (e.g., impinger
color, filter condition, etc.).
3. Disassemble the filter housing and transfer and

filter to its original petri dish. Seal the
container with Teflon tape and label the samples as:
~-SMMS/PF. Run number precedes all sample codes
(e.g., 1-SMM5/PF).

4. Rinse the front half of the train three times with
l:1 hexane and acetone. Seal the amber glass
container and label the samples as: -SMM5/FH.

5. Measure the volume of condensate in the first
impinger with a precleaned, glass, graduated
cylinder. Add 30 percent of the total sample volume
of hexane (e.g., condensate = 100 ml, add 30 ml
hexane). Release pressure buildup in the amber glass
container several times before sealing. Label the
sample as: -SMM5/CD.

6. Measure volumes of second and third impingers. Rinse
the impingers with DDI water. Seal in a glass
container and label it as: -SMM5/1Imp. 2 and 3.

7. Weigh and record the weight gained by the silica gel
impinger.
8. Transfer the XAD-2 resin from the trap to its

original container. Rinse the condenser coil, resin
chamber, and condensate impinger into the XAD amber
glass container. Seal and label it as: -SMMS/XR.

9. Be sure all containers are properly sealed, labeled,
and the liquid level marked. Log all samples in on
the SAMPLE PACKING SHEET.

5-12
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5.6 Particulate and Trace Metals Emissions

An EPA Method 5 train was used to simultaneously collect
particulate and-trace metals in the flue gas. This sampling
train was set up and operated on incinerator unit 7, operating
under identical process conditions as the unit selected for the
PCDDs/PCDFs and volatile organics. EPA Reference Method §
sampling procedures were followed. A total of 12 points along
two stack diameters were sampled for 15 minutes per point for a
total sample duration of 180 minutes for each of the thrce
runs. See Figures 5-1 and 5-2 for locations of sampling ports
and stack traverse points, respectively.

The sampling train consisted of a heated, stainless steel
probe with a stainless steel button-hook nozzle, attached
thermocouple and pitot tubes. The sampled gas passes through
the probe assembly to a heated glass fiber filter (Reeve Angel
934 AH). The filter holder was maintained at 248°F + 25°F
throughout the test period. Downstream of the heated filter,
the gas passed through a series of four ice-cooled impingers to
effect the removal of entrained moisture. The first and second
impingers contained 100 ml DIl water each to provide for the
collection of the flue gas condensate. The third impinger was
empty and the final impinger contained a known amount of
desiccant. The impingers were followed by a pump, a dry gas
meter and calibrated orifice.

Leak checks of the entire sampling train were conducted
prior to and at the conclusion of each sampling run, and before
and after changing or disconnecting any components of the train
during the run. Leak checks before the test run and after
changing any components were conducted at 15 in. Hg vacuum to
ensure a leak rate of not more than 0.02 cfm. Leak checks
conducted at the end of a run, and prior to making any
component changes or disconnecting them to facilitate recovery,
were at or above the highest vacuum obtained during the run.
The pitot tube assembly was also leak checked prior to and

after each sampling run to ensure validity of the velocity
data.
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Recovery activities for the EPA Method 5 train were:

Remove sample train to a predetermined recovery area.
Note the condition of the train (e.g., desiccant
color, filter condition, etc.).

3. Disassemble the filter housing and transfer the
filter to its original petri dish. Seal the
container and label the sample as:-M5-PF.

4. Rinse the front half of the train (nozzle, liner, and
filter assembly) three times with acetone. Seal the
pPolyethylene container and label the samples
as:-M5-FH.

5. Measure and record the volume of condensate in the
impingers. Rinse with DIHZO into a polyethylcne
container and label the sample as:-M5-BH.

6. Record the weight gained by the silica gel impinger.

5.7 Continuous Emissions Monitoring (cCoO, 02. THC) and Fixed
Gases

Flue gas emissions were monitored on a continuous basis
for total hydrocarbons (THC). carbon monoxide (CO), and oxygen
(02). Further details on sampler operation, flue gas
conditioning and calibration for each of the three gas
categories are provided in the discussion to follow.

$5.7.1 Total Hydrocarbons (THC)

Total hydrocarbons were monitored on a continuous basis
employing a Beckman Model 400 Total Hydrocarbon Analyzer. Flue
gas samples were extracted from the 4-inch sampling port of the
#8 incinerator during each of the three daily sampling sessions
identified earlier. Flue gas samples were collected using a
heated stainless steel probe situated at a point of average
concentrafion along the stack diameter. The stainless steel
probe was followed by a heated glass fiber filter for

5-14
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particulate removal. A schematic of the THC monitoring system
which is in compliance with the requisites of EPA Method 25-a
is shown in Figure 5-4. The THC analyzer was calibrated wilh a
Zero and three span gases of 20, 50 and 90% of full scale prior
to and at the éompletion of each test. These calibration
Procedures are consistent with EPA procedures contained in 40
CFR Part 60. Calibration data pertinent to the THC
meéasurements and an NBS traceable certification for the propane
calibrant gases are provided in Appendix B. A complete set of
THC measurements corrected for instrument drift are provided as
3-minute averages in Appendix C. Cumulative averages for each
of the daily sampling sessions are summarized in Section 2.

5.7.2 Carbon Monoxide Monitoring (CO)

Carbon monoxide was monitored on a continuous basis
employing an Anarad AR 411R Non-Dispersive Infrared (NDIR)
analyzer. Flue gas samples were extracted from a 4-inch
sampling port located in the #8 incinerator stack during each
of three daily sampling sessions. Flue gas samples wore
collected using a stainless steel probe situated at a point of
average concentration along the stack diameter. The sample
collection system was fitted with a gas conditioning system to
permit removal of particulates, moisture, and carbon dioxide.
The CO monitor was calibrated with zero and three additional
span gases prior to and at the completion of each sampling
session. Calibration data pertinent to the CO measurements
including an NBS traceable certification for the calibrant
gases are provided in Appendix B. A complete set of CO
Reasurements corrected for instrument signal noh-linearity are
provided in Appendix C on the basis of 3-minute averages.
Cumulative averages for each of the daily sampling sessions are
summarized in Section 2. i
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5.7.3 Percent Oxygen Monitoring (02)

Percent oxygen was monitored on a continuous basis
employing a Beckman Model 741 polarographic oxygen analyver.
Flue gas samples were extracted from the same 4-inch sampling
port located in the #8 incinerator stack during each of three
daily sampling sessions. Flue gas samples were collected using
a stainless steel probe situated at a point of average
concentration along the stack diameter. The sample collection
System was fitted with a gas conditioning system to permit
femoval of particulate and moisture. The 02 monitor was
calibrated with ultra pure nitrogen (zero) and ambient Ailr
(span) prior to and at the completion of each sampling
session. Calibration data pertinent to Lhe O2 measurements
are provided in Appendix B. A complete set of 02
measurements are provided in Appendix C on the basis of
3-minute averages. Cumulative averages for each of the daily
sampling sessions are summarized in Section 2.

5.8 Fixed Gas Analysis (02, co N

2’ 2)

Integrated bag samples were collected during each of the
three tests for the determination of fixed gases (02, Co
Nz)' These samples were obtained through the use of the
sampling system depicted in Figure 5-5. Flue gas samples were
extracted using each of the 12 sample points simultaneously
with the Method § sample train. The sample collection syslem
consisted of a stainless steel probe equipped with a glass wool
pPlug to remove particulate matter, followed by a glass
condenser unit for moisture removal, a Tedlar bag, leak-free
pump and rotameter. Upon completion of the sample run, the bag
was analyzed by use of an Orsat analyzer for the respective
fixed gases in accordance with EPA Method 3.

2!
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6. ANALYTICAL PROTOCOLS
6.1 Introduction/Overview

All samples, with the exception of those designated for
PCDDs/PCDFs analyses, were returned to the ERT laboratory in
Concord, Massachusetts for subsequent analyses. PCDDs/PCDFg
samples, conversely, were transported to ENSECO-CAL Labs in
Sacramento, California for subsequent analyses. All sampleos
were transported on ice under strict chain-of-custody
Procedures per instructions contained in Section 7 of the
Project Test Plan entitled "Non-Criteria Emissions Sampling and
Analysis Test Plan for the Envirotech Nine-Hearth Sewage Sludge
Incinerator," May 1986 (ERT Document E-081-200).

As noted in Tables S-1 and 5-2, three complete sels of
flue gas samples were collected for analyses of the following
parameters: particulates, semivolatile organics, trace metals,
and PCDDs/PCDFs. Additionally, 12 separate sample sets were
collected for volatile organics.

In general, sample preparation and analyses procedures
were consistent with the protocols contained in the Project
Test Plan referenced earlier in this section.

The discussion to follow will provide a brief synopsis of
each of the respective analytical procedures including both
sample preparation and instrumental analyses. Particular
emphasis will be placed on any modifications made to the
Protocols outlined in the Project Test Plan in the conduct of
the actual analyses. A listing of the "target" compounds
contained in each of the analyses categories will also be
provided. |

6.2 Trace Metals
6.2.1 "Target" Compound Lisling

As discussed in Section 3 of the Project Test Plan, the

 "target" compound listing contained a series of heavy metals

. 6-1
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previously identified in flue gas emissions from other
municipal sewage sludge incinerators. It was anticipated that
these same analytes had the greatest potential of being
contained in flue gas emissions from the MWWTP facility. A
complete 1istidg of the target heavy metals identified is
provided in Table 6-1. Please note that in the conduct of the
present program, mercury (Hg) and arsenic (As) were not
included in the analytical work scope. This adjustment was
made prior to the commencement of the field program with the
endorsement of the Minnesota Pollution Control Agency (MPCA).

6.2.2 Analytical Procedures

Metals analyses were conducted on each of three sets of
flue gas samples obtained from the Method 5 train identified in
Tables 5-1 and 5-2. 1In each instance the front half or prtobe
rinse was combined with the corresponding particulate filter
prior to commencement of the sample preparation sequence.

Preparative procedures included the extraction of an
aliquot (50%) in a mixture of nitric and hydrochloric acids.
During digestion the samples were sonicated at 10-minute
intervals to ensure total extraction of entrained
particulates. Resultant extracts were subsequently filtered to
remove filter media and extraneous particulate prior to metals
quan;itation by Inductively Coupled Argon Plasma (ICAP). All
data are provided corrected using the corresponding method
blank in units of ug/m3. Refer to Tables 2-2, 2-3, and 2-4
for trace metals data from Test Runs 1, 2, and 3,
respectively. Quality control data pertinent to these analyses
are provided in Section 7. |

6.3 Polychlorinated Dibenzodioxins (PCDDs)/Polychlorinated
Dibenzofurans (PCDFs)

6.3.1 “Target" Compound Listing

Based upon the aforementioned literature survey in
conjunction with previous testing in 1985 at the MWWTP
facility,

6-2
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TABLE 6-1

HEAVY METALS "TARGET" COMPOUND L1ISTING
MWWTP FM1SSIONS MONITORING PROGRAM

Antimony (Sb)
Beryllium (Be)
Lead (Pb)
vVanadium (v)
Manganese (Mn)
Moclybdenum (Mo)
Tin (Sn)
Cadmium (cd)
Chromium (Cr)
Copper (Cu)
Nickel (Ni)
Zinc (Zn)
Selenium (Se)
Silver (Agq)
Boron (B)
Barium (Ba)
Cobalt (Co)
Strontium (Sr)



it was agreed that the PCDDs/PCDFs “target" compound listing
would include each of the eight PCDDs/PCDFs positional isomer
categories as well as the customary 2,3,7,8-TCDD and
2.3,7.8-TCDF isomers. A complete listing of these target
congeners and donqener classes is provided in Table 6-2.

6.3.2 Sample Summary Listing

A total of five flue gas samples were submitted for
analyses to ENSECO-CAL. Each sample was comprised of a series
of components which were composited to create a single sample.
A summary listing of the five samples submitted for analyses is
provided in Table 6-3. This includes sample identification
numbers, sample codes and corresponding descriptions for c¢ach
component in a sample sét.

6.3.3 Analytical Procedures

Each of three sets of actual flue gas samples and two sots
of field-biased blanks were submitted to ENSECO-CAL Labs for
analysis of the PCDDs/PCDFs congeners listed.

Analytical protocols employed were consistent with those
contained in the draft ASME protocols entitled, "Analytical
Procedures to Assay Stack Effluent Samples and Residual
Combustion Products for Polychlorinated Dibenzodioxins (PCDD)
and Polychlorinated Dibenzofurans (PCDF)" (Draft, September 19,
1984). It was further understood that CAL would make use of
modifications contained in their methods manual entitled,
"Total and/or 2,3,7,8- Substituted Dioxin and Furan Analyses."

Sample preparation protocols proceeded as outlined in
Figure 1 of the Project Test Plan. As noted, the individual
components from each sampling train (particulate filter, front
half rinse condensate extract, impinger extracts,and XAD-2
resin cartridge) were combined such that a single sample
extract resulted for each sampling train. The particulate
filter was placed in the Soxhlet extractor thimble along with
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TABIE 6-2
PCDDs/PCDFs
"TARGET" CONGFNER LISTING

8
2

Mono CDDS (Total)
Di CDDS (Total)
Tri CDDS (Total)
Tetra CDDS (Total)
Penta CDDS (Total)
Hexa CDDS (Total)
Hepta CDDS (Total)

Octa CDD
2,3,7,8-TCDD

3

Mono CDFS (Total)
Di CDFS (Total)
Tri CDFS (Total)
Tetra CDFS (Total)
Penta CDFS (Total)
Hexa CDFS (Total)
Hepta CDFS (Total)

Octa CDF
2'3'7'8-TCDF
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the contents of the corresponding XAD-2 sorbent tcap. Bolh tLhe
front half probe rinse and the back half rinse were placed in
the solvent reservoir of the soxhlet extractor. The condensate
and impinger (2 and 3) aqdeous samples were combined and
extracted with‘methylene chloride. (Ph adjustments were made in
4 manner consistent with CAL's analytical protocol entitled,
"Total and/or 2,3,7,8- Substituted Dioxin and Furan Analyses."

Each of these solvent extracts were then combined and
transferred to the solvent reservoir of the soxhlet extraction
apparatus. Each sample was extracted for a period of 8-12
hours. The balance of the analytical scheme proceeded in
accordance with CAL's standard operating procedures refercnced
above. This included analyses of all extracts for l.he
PCDDs/PCDFs congeners listed in Table 6-2 employing combined
gas ch:omatography/mass Spectrometry (GC/MS).

Results for each of the three test runs are provided in
Tables 2-6 and 2-7. This includes values in units of ng/dscm
(m3) for each of the eight PCDD and PCDF positional isomer
categories, as well as 2,3,7,8-TCDD and 2,3,7,8-TCDF. Flue gas
concentrations provided in Tables 2-6 and 2-7 were generated
using ENSECO-CAL's data report provided in Appendix H in
conjunction with stack test data provided in Table 2-8.

Refer to Appendix G for a copy of the actual technical
work scope issued to ENSECO-CAL as part of their subcontract
with ERT.

6.4 Volatile Organics
6.4.1 “Target" Compound Listing

Volatile organic “target" compounds as defined in the
Project Test Plén (literature survey, Section 3) included a
comprehensive listing of components defined as the EPA
Hazardous Substances Listing (HSL). It was believed that this
approach would provide us with a listing of the more commonly
occurring organic solvents Potentially contained in industrial
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discharges and ultimately in wastewater influent to the MWWTP
facility. The EPA Hazardous Substances Listing is provided in
Table 6-4. Additional organic solvents not contained in the
EPA HSL that were selected as "target" compounds are also
listed in Tab1e~6-4.

6.4.2 Analytical Protocols

Primary Tenax sorbent cartridges were submitted to ERT's
Concord, Massachusetts laboratory to undergo analyses for cach
of 35 EPA HSL components listed in Table 6-4 as well as the 6
additional non-HSL compounds noted. Analyses weré conducted
using thermal desorption in conjunction with combined gas
chromatography/ mass spectrometry (GC/MS).

Thermal desorption analyses were conducted using a Nutech
Model 340 interfaced to a Finnigan OWA 1030B GC/MS system.
GC/MS calibration procedures and operating conditions were
consistent with those stipulated in the Project Test Plan.
Detection limits of 50 ng were achieved for the majority of the
"target" compounds identified earlier. Each of eight sorhent
tubes were submitted for analyses including four flue gas
samples and four field-biased blanks. Results are provided in
Tables 2-13 for the EPA HSL listing, while Table 2-14 contains
a summary of results for non-HSL "target" compounds and other
non-"target" volatiles identified in each sorbent sample. All
results which are provided in units of ug/m3 (ng/2) have
been corrected using the appropriate field-biased and
laboratory method blanks.

Also, please note that each of the GC/MS total ion
chromatograms were reviewed visually with the aid of an
automated peak searching program (Biller-Biemann) for the
presence of non-target volatile compounds. All non-target
compounds detected at a level above the method detection limit
(50 ng) up to a limit of 20 compounds were reported and
tentative identifications attempted based on an EPA/NBS MS
library search. OQuantitative data are provided for thogse
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VOLATILE ORGANICS
"TARGET" COMPOUND LISTING
EPA HAZARDOUS SUBSTANCES LISTING

Parameter

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane
Methylene Chloride

Acetone

Carbon Disulfide
l.1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene

Chloroform
1,2-Dichloroethene
2-Butanone
l.1,1-Trichloroethane
Carbon Tetrachloride

vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
trans-1,3-Dichloropropene

Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
Benzene
cis-1,3-Dichloropropene
2-Chloroethyl vinyl Ether
Bromoform

2-Hexanone
4-methyl-2-pentanone
Tetrachloroethene

Toluene
Chlorobenzene
Ethyl Benzene
Styrene
Total Xylenes

8832P-E081-500

TABLE 6-4

CAS Number

74-87-3
74-83-9
75-01-4
75-00- 3
75-09-2

67-64-1
75-15-0
75-35-4
75-35-3
156-60-5

67-66-3
107-06-2
78-93-3
71-__ -6
56-23-5

108-05-4
75-27-4
79-34-5
78-87-5

10061-01-5

79-01-6
124-48-1
79-00-5
71-43-2
10061-01-5
110-75-8
75-25-2
591-78-6
108-10-1
127-18-4

108-88-3
108-90-7
100-41-4
100- 42-5



TABLE 6-4 (Continued)
Parameter . CAS Number

Non-HSL Listing

Cyclohexane
Cyclopentane
Ethylbutyl Ketone
Di-isobutyl Ketone
Ethyl Dibromide

Hazardous substances I.isting (HSL.) U.S. EPA Contract l.aboratory Program.
Statement of work for organic analysis. 7/85 revision.
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compounds based on a response factor equal to 1.0 using the
total area response for the non-tarqet'compound and the nearest
eluting internal standard. Analytical results for these
compounds are provided in Appendix E of this Leport. Flue gasg
concentrations in units of ug/m3 for these compounds are

again provided in Table 2-14.

6.5 Semivolatile Organics
6.5.1 "Target" Compound Listing

Semivolatile organic "target" compounds as defined in the
Project test plan included a comprehensive listing of
components identified as the EPA Hazardous Substances List
(HSL). This listing as shown in Table 6-5 contains
constituents from each of the compound classes identified in
the project test plan (Section 3 Literature Survey) as well as
a variety of other semivolatiles generally regardoed as
hazardous by the EPA. Included in this listing are a variety
of polynuclear aromatic hydrocarbons (PAHs) commonly associated
with stationary combustion source emissions as well as
positional isomers of chlorinated phenols and chlorinated
benzenes, known to be precursors of polychlorinated
dibenzofurans (PCDFs) and polychlorinated dibenzodioxins
(PCDDs). While the EPA HSL List (see Table 6-5) contains a
number of these chlorinated phenol and chlorinated benzene
isomer categories not all of them are represented.
Accordingly., an additional series of these were also selocted
as semivolatile “target" compounds as listed in Table 6-6.
Table 6-6 also contains other non-HSL semivolatile organics
such as the Polychlorinated biphenyls (PCBs) selected as
"target" compounds for the flue gas monitoring program.
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Compound

Naphthalene
Acenaphthalene
Acenaphthene

Fluorene

Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benz(a)anthracene
Chrysene
Benzofluoranthenes
Benzo(a)pyrene
Indeno(1,2,3,cd)pyrene
Dibenzo(ah)anthracene
Benzo(ghi)perylene
Phenol

2-Chlorophenol
2-Methylphenol
4-Methylphenol
2,4-Dimethylphenol
2-Nitrophenol
2,4-Dichlorophenol
4-Chloro-3-nethylphenol
2,4,6-Trichlorophenol
2.4.5-Trichlorophenol
2.4-Dinitrophenol
4-Nitrophenol
4.6-Dtnitro—2—methylphenol
Pentachlorophenol
Benzoic Acid
N-Nitrosodimethylamine
Aniline
Bis(2-chloroethyl) ether
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol

3Hazardous Substances listing (HsI.
Statement of work for organic ana

TABLE 6-5
SEMIVOLATILE "TARGET" COMPOUND I.ISTING
RPA HAZARDOUS SUBSTANCES I.ISTING (HSL)?

No.

43
44
45
46
47
48
49
50
51
52
53
54
S5
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

) U.S. EPA Contract !

lysis.

Compound

1,2-pDichlorobenzene
Bis(2‘chloroisopropyl) ether
N-Nitroso-di—n—propylamine
Hexachloroethane
Nitrobenzene

Isophorone
Bis(z—chloroethoxy) methane
l,2,4-Trichlorobenzene
4-Chloroaniline
Hexachlorobutadiene
2-Methylnaphthalene
Hexachlorocyclopentadiene
2-Chloronaphthalene
2-Nitroaniline

Dimethyl phthalate
3-Nitroaniline
Dibenzofuran
2,4-Dinitrotoluene
2,6-Dinitrotoluene

Diethyl phthalate
4-chlorophenylphenyl ether
4-Nitroaniline
N-Nitrosodiphenylamine
4-Bromophenylphenylether
Hexachlorobenzene
Di-n-butyl phthalate
Benzidine

Butyl benzyl phthalate
3.3'-Dichlorbenzidine
Bis(2~ethylhexyl)phthalate
Di-n-octyl phthalate

7/85 revision. -

.aboratory Program.



TABLE 6-6
SEMIVOLATILE "TARGET" COMPOUND LISTING
ADDITIONAL NON-HSL COMPOUNDS

1-Methyl Naphthalene
Pentachlorobenzene
1,2,4,5-Tetrachlorophenol
1,2,3,5-Tetrachlorophenol
1,2,3,4-Tetrachlorophenol
2-Nitronapththalene
Biphenyl

Polychlorinated Biphenyls (PCBs)

Monochlorobiphenyls (Total)
Dichlorobiphenyls (Total)
Trichlorobiphenyls (Total)
Tetrachlorobiphenyls (Total)
Pentachlorobiphenyls (Total)
Hexachlorobiphenyls (Total)
Heptachlorobiphenyls (Total)
Octachlorobiphenyls (Total)
Nonachlorobiphenyls (Total)
Decachlorobiphenyl



6.5.2 Analytical Protocols

Each of five sets of Modified Method S (MMS) train samples
were submitted under chain-of-custody to the ERT Laboratory in
Concord, Ma foi subsequent analyses. This includes three flue
gas samples and two associated field blank trains. A complete
listing of the components in each sample set noting ERT
identification numbers and sample codes are contained in
Appendix E of this report.

Each flue gas sample set was composited to create a single
sample per procedures outlined in the Project test plan
(Figure 5-1). A brief synopsis of these protocols is provided
below. The individual components from each sampling train
(particulate filter, front half rinse, condensate extract,
impinger extracts and XAD-2 resin cartridge) were combined :uch
that a single sample extract tesulted for each sampling train.
The particulate filter was Placed in the Soxhlet extraction
thimble along with the contents of the corresponding XAD-2
sorbent trap. Both the front half probe rinse and the back
half rinse were placed in the solvent resecvoir of the soxhlet

‘extractor. The condensate and aqueous impinger (2/3) samples

were combined and extracted with methylene chloride. Each of
these solvent extracts were then combined and transferred to
the solvent reservoir of the extraction apparatus. A surrogate
cocktail containing predetermined quantities (70-200 ug) of a
series of isotopically labeled or halogenated semivolatiles was
then placed in the extraction thimble. (The surrogate cocktail
contained 2-fluorophenol, phenol-d 2,4,6-tribromophenol,
nittobenzene-d5 2-flurobiphenyl and benzo(a)pyrene- d )

Each composite sample was then extracted for a perlod of
16-24 hours. The extract was divided two-to-one at this point,
with each fraction being dried over sodium sulfate and
concentrated separately. The larger fraction wds concentrated
to 1 ml and submitted for analysis, and the smaller fraction
concentrated to 0.5 ml and archived. 1Internal standarcds of
1.4-dichlorobenzene-d4, chcysnne—d12, naphthalene-d8

6-14
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perylene- d12' acenaphthene- d10' and phenanthrene- d,o were
added to the concentrated extract.

Each extract was then analyzed for the aforementioned
"target" compound list provided in Tables 6-5 and 6-6 employing
combined gas chromatography/mass spectrometry (GC/MS).
Component identification and quantitation procedures for the
EPA HSL listing were consistent with those outlined in EPA
method 625. 1Instrument calibration for all single analytes was
provided using three serial dilutions of a stock solution
prepared from reference materials. This included analysis of
the EPA HSL compounds listed in Table 6-5 as well as the
additional non-HSL compounds listed in Table 6-6.

In the case of positional isomer classes such as
chlorinated phenols, chlorinated benzenes, and polychlorinated
biphenyls (PCBs) instrument calibration was provided using a
single representative isomer from each isomer class.
Polychlorinated biphenyls, for example, were quantitated as the
ten (10) respective positional isomer categories employing the
representative congeners listed in Table 6-7.

The results of these analyses are provided in Tables 2-10
and 2-11. All of these results which are provided in units of
uq/m3 have been corrected using the appropriate
field-biased and laboratory method blanks. Results for tLhe
corresponding quality control analyses are provided in
Section 7 of this report. The "raw" analytical data are
provided in Appendix E of this report.

Also, please note that each of the GC/MS total ion
chromatograms were reviewed visually with the aid of an
automated peak searching program, (Biller- Biemann) for the
presence of non-target semivolatile compounds. All non-target
compounds detected at a level above the method detection limit
(10 ug total) up to a limit of 20 compounds were reported and
tentative identifications attempted based on an EPA/NBS MS
libraty search. Quantitative data are provided for those
compounds based on a response factor equal to 1.0 using the
total area response for the non-target compound and the nearest

6-15
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TABLE 6-7

POSITIONAL ISOMER ANALYSES FOR PCBs -
IDENTIFICATION OF REFERENCE MATERIALS

Isomer Congener Group
2-Cl Cll
2.3-C12 C;z
2.4,5-C13 Cl3

2,2 .4.5’C].4 Cl4

212 ,3,4'5 —Cls Cls

2:2 '4a4 9506 -Cls Cls

202 '3'4 '506'6 —Cl7 Cl7
202'13'3.'415"6;6'-C18 C].a
2,2',3.,3',4,4',5,5',6,6 ‘Cllo Clg,Cllo

6-16

8822P-E081-500

Quantitative
Ion

188
222
256
292
326
360
394

430

464,498



eluting internal standard. Analytical results for Lhcese

compounds are provided in Appendix E of this report.

. . . 3 : . .
concentrations 1n units of ug/m- are again provided in
Table 2-12.

6-17
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7. QUALITY CONTROL DATA
7.1 Overview

Quality control measures implemented during the conduct of
this program were consistent with those outlined in the
aforementioned Project Test Plan. These included the use of a
number of discrete measures to monitor the quality of field
associated activities as well as subsequent laboratory
analyses. These included the following elements: field-biased
blanks, collocated field samples (PCDDs/PCDFs only), field
surrogate spikes (PCDDs/PCDFs only), method blanks, laboratory
control spikes, and laboratory surrogate spikes. A brief
discussion of each of these measures, including results for
each of the respective quality control categories, is provided
in the subsequent portions of this section.

7.2 Trace Metal Analysis

A §inq1e spiked glass fiber filter accompanied the sample
set through the complete analytical scheme. The filter was
fortified with a spiking matrix containing each of the 18 trace
metal parameters comprising the program "target" compound
list. The results of these analyses including quantities
applied (ug), quantities recovered (ug) and perceat
recovery data are provided in Table 7-1.

7.3 Semivolatile Organics
7.3.1 Laboratory Fortification/Spike Samples

Two laboratory fortified XAD-2 sorbent cargridges
accompanied the Modified Method 5 train samples through the
laboratory regime for the analyses of semivolatile organics.
Each of the two sorbent cartridges was fortified with
predetermined quantities of a Lepresentative mixture of those

7-1
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TABLE 7-1
TRACE METAL QUALITY CONTROL DATA
RESULTS OF FORTIF1ED FILTER ANALYSES
' (ERT SAMPLE No. LF 86 0448)

—1

Parameter Applied Observed :_Recovery
Antimony 30 22.7 76
Barium 30 25.1 84
Beryllium 30 19.2 64
Boron 30 24.7 82
Cadmium 30 24.8 82
Chromium 30 25.7 86
Cobalt 30 23.4 78
Copper 30 26.8 89
Lead 30 23.7 79
Manganese 30 23.8 79
Molybdenum 30 23.5 78
Nickel 30 24.1 80
Selenium 30 22.5 75
Silver 30 25.3 84
Strontium 30 27.5 92
Tin 30 49.8 166
Vanadium 30 25.1 84
Zinc 30 28.2 94
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semivolatile "target" compounds identified previously in
Section 6. The results of these analyses, including quantities

‘applied (ug)., measured values (ug) and percent recovery

data, are contained in Table 7-2.
7.3.2 Surrogate Spike Data

Each program sample consisting of a particulate filter and
a sorbent cartridge was fortified with a surrogate cocktail
just prior to commencing the sample preparatory scheme. It was
anticipated that these components would assess the behavior of
actual components present in individual program samples during
the analytical regime. The surrogate cocktail contained six
individual components, either halogenated or isotopically
labeled compounds. preselected to be representative in chemical
properties of those semivolatile target compounds listed in
Section 6. WNominally 100-200 ug of each surrogate was
applied to the XAD-2 sorbent cartridge just prior to soxhlet
extraction. The results of these analyses including quantities
(ug) applied, measured values, percent recovery data and
associated statistics (i.s;) are provided in Table 7-3.

7.4 Volatile Organics
7.4.1 Laboratory Fortification/Spike Samples

Two laboratory fortified Tenax sorbent cartridges
accompanied the VOST samples through the laboratory regime for
analyses of volatile organics. Each of the two sorbent
cartridges was fortified with predetermined quahtities of a
representative mixture of five volatile components selocted
from the target compound listing identified previously in
Section 6. The results of these analyses, incld&ing quantities

applied (ug), measured values (ug) and percent recovery
data, are contained in Table 7-4.

8773P-E081-500
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7.4.2 Surrogate Spike Data

Each solid sorbent cartridge was fortified with a
surrogate cocktail just prior to analyses. It was anticipated
that these coﬁponents would assess the behavior of actual
components present.in individual program samples during the
analytical scheme. The surrogate cocktail contained four
individual components as follows: 1.2-dichlo:oethane—D4,
benzene—Ds. toluene-Da. bromofluorubenzene (BFB) nominally,
150 ng of each surrogate was applied to the Tenax sorbent
cartridge just prior to the thermal desorption sequence. The
results of these analyses, including quantities (ng) applied,
measured values (ng), percent recovery data and associated

statistics (i‘si)‘ are provided in Table 7-5.

7.5 Polychlorinated Dibenzodioxins (PCDDs) and Polychlorinated
Dibenzofurans (PCDFs)

7.5.1 1Introduction/Overview

Flue gas samples were submitted to ENSECO-CAL Labs for
analyses of selected PCDDs/PCDFs isomers. Quality control
protocols pertinent to these measurements, as noted earlier,
included specific field and laboratory measures. QualilLy
control measures pertinent to the field monitoring program
included the use of field-biased blanks, collocated sampling
trains and isotopically labeled TCDD isomers which were applied
under field conditions. Analytical quality control measures
were consistent with those outlined in the Project Test Plan
and contained in the ENSECO-CAL Quality Assurance Manual
(January 1986, Version 3.3). These measures included at a
minimum the use of laboratory method blanks and laboratory
matrix spikes. For a complete listing of QA/QC-fequisiLes
pertinent to these analyses, Please refer to the ENSECO-CAL
Work Scope provided in Appendix G of this report. The results
of these and other critical quality control analyses are
provided in the discussion to follow.

7-7
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7.5.2 Field-Biased Blanks

Two sets of field-biased blanks, one per each of the two
PCDDs/PCDFs sampling sessions, were submitted for analyses. No
measurable levels above the stated analytical detection limit
were noted in either of the samples examined. The results of
these analyses as provided to ERT by ENSECO-CAL Labs are
contained in Appendix H of this report.

7.5.3 Field Surrogate Data

Each PCDDs/PCDFs sampling train was fortified in the field
with a surrogate mixture provided to ERT by ENSECO-CAL Labs.

The surrogate cocktail, which contained Cl -2.3 7,.8-TCDD and
013-1.2.3.4—TCDD at concentrations of 1,000 picograms and

3,000 picograms, respectively, was applied directly to the
XAD-2 sorbent cartridge just prior to commencement of the
respective flue gas sampling session. The results of these
analyses including quantities applied (pg). quantities
observed., percent recovery data and associated statistical data
(X.S ) are provided in Table 7-6.

As shown, percent recovery data for C1 —2 3,7,8-TCDD
and C113-1 2.3,4-TCDD resulted in means (X) of 114% and 79%
for each of the two analytes, respectively. These values are
commensurate with existing EPA guidelines which suggest
acceptable recovery efficiency data in the range of 70-120% for
the combined sampling and analysis scheme. The latter values,
however, reflect recovery data collected using an actual spiked
flue gas matrix (2,3).

The surrogate data reported here are also consxstent with
the target surrogate recovery range of 50-120% reported for
labeled TCDDs by Radian Corporation during previous PCDDs/PCDFs
flue gas monitoring at the MWWTP facilicty (1). ‘in the case of
the previous Radian monitoring campaign, the surrogate recovery
data reflect the analytical measurements only and not the
combined sampling and analysis scheme as is the case here.

8773P-E081-500



TABLE 7-6
PCDDS/PCDFS QUALITY CONTRO!, DATA -
RESUILTS OF FIFI.D APPI.IFD SURROGATE SPIKES
(c137-2,3,7,8-1coD and C5-1:2,3,4-TChD)

ERT c137-2,3,7,8-1c00  ¢3-1,2,3,4-TCOD
Sample CAl, Lab T.D. (1000 pg Applied) (3000 pg Applied)
% Recovery % Recovery
FBB-1 24894-2¢C 106 82
FBB-2 24894-18cC 106 68
Run 1A 24894-1C 112 77
Run 2A 24894-10C 127 74
Run 28 24894-11¢ 117 96
N =5 5
X =114 79
S_ = 8.8 11
X

a. Surrogate recovery data reflect accuracy of combined
sampling and analysis scheme. The surrogate spiking mixture
which contained 1000 pg of c1’-2,3,7,8-TchD and 3000 pq
of C13-1.2.3.4-TCDD was placed in the sorbent cartridge of
each of the respective sampling trains prior to commencement
of each sampling session.
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7.5.4 Collocated Sampler Data

Collocated samplers were operated during Run 2 using the
#8 incinerator unit to provide a measure of precision for the
combined samplfng and analysis scheme. The results of these
analyses including measured values for each of the designated
PCDDs/PCDFs isomer categories and sampler precision expressed
as a percent deviation between the two data sets are summarized
in Table 7-7. As shown, the precision of the combined sampling
and analysis scheme for the majority of the congener categories
represented ranges from 1 to 25% expressed as a percent
difference between two measured values. This is pacticularly
true for each of the following positional isomers or isomer
categories: 2,3,7,8-TCDF, mono CDFS, tri CDFS, tri CDDS and
CDFS. Precision data for the remaining catego:iés for which
measured values are reported range from 46% up to a maximum of
69%. Present EPA guidelines suggest a data precision goal of
t50% for collocated flue gas sampler data. The majority of
the values reported here are consistent with these guidelines.

7.5.5 Laboratory Method Blanks

A single laboratory method blank was prepared and
accompanied the three PCDDs/PCDFs sample sets through the
complete analytical scheme. Analytical results for this sample
(CAL ID #24894 MB) are contained in Appendix H of this report,
which contains ENSECO-CAL Labs PCDDs/PCDFs data sheets. As
noted in the ENSECO-CAL report, with the exception of the
hepta-CDD and octa-CDD classes no measurable quantities of any
of the PCDDs/PCDFs congeners were reported above analytical
lower limits of detection. Measurable quantities of hepta CDD
(2.5 Ng) and octa CDD (10.0 Ng) were applied as.correction
factors for each of the respective program samples as staled in
the ENSECO-CAL report. This naturally resulted in elevated
detection limits for the hepta CDD and octa CDD congener
classes in actual program samples.
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TABLE 7-7
PCDDS/PCDFS QUALITY CONTROL DATA
RESULTS OF COLLOCATED FLUE GAS SAMPLES® (Run 2A/2B)

NG/DSCM
_ %a.d
congener Run 2AP Run 2B€ X Difference

PCDFS
Tetra CDFS (Total) 2.00 2.03 2.02 1.5
Penta CDFS (Total) 0.31 0.58 0.45 47
Hexa CDFS (Total) 0.04 0.13 0.09 69
Hepta CDFS (Total) 0.04 0.10 0.07 60
Octa CDFS (Total) 0.11 0.07 0.09 57
Mono CDFS (Total) 0.19 0.19 0.19 0.0
Tri CDFS (Total) 0.78 0.84 0.81 7.1
2,3,7,8-TCDF 0.27 0.30 0.29 10
PCDDS
Di CDDS (Total) 2.40 1.94 2.17 24
Tri CDDS (Total) 0.13 0.17 0.15 24

a. Results provided here for Runs 2A/2B reflect precision of
combined sampling and analysis scheme. Precision of
measured values and not ND are reported here for
simplicity. In instances where only a single measured value
(> detection limit) is reported the detection limit for the
second value has been selected to calculate the % difference.

b. Values provided based upon a sample collection volume of
13.17 oscM (m3).

c. Values provided based upon a sample collection volume of
11.57 pscM (m3).

X, - X
d. %D = (-l——-—3> x 100 .
X
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7.5.6 Laboratory Matrix Spikes

A pair of laboratory matrix spikes'accompanied the flue
gas sample sets throughout the complete PCDDs/PCDFs analytical
scheme. The épikinq cocktail contained representative
PCDDs/PCDFs isomers from each of the "target" congener
categories identified earlier in Section 6. Analytical results
for these samples (CAL ID #24894 MBNS) are contained in
Appendix H of this report. A summarcy of these results
including quantities applied (Ng). quantities observed (Ng) and
percent recovery data for each of the PCDDs/PCDFs congeners are
provided in Tables 7-8 and 7-9.
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TABLE 7-8
PCDDS/PCDFS QUALITY CONTROL DATA
RESULTS OF LABORATORY MATRIX SPIKE
" (CAL ID NO. 24894 MBNS)

Ng
Congener Applied Observed % Recovery

PCDFS

2,3,7,8-TCDF 10.0 11.7 117
112131718'?CDF 10-0 9-4 94
1,2,3,4,7,8-HEXCDF 10.0 1L.5 115
102031406'718'HEPTACDF ].0-0 9-5 95
OCTA CDF ' 50.0 62.3 125
PCDDS

2030708-TCDD 10.0 12-1 121
11203.7'8-pCDD 10.0 6-4 64
1.2.3.4.7'8-H8X cDD 10-0 12-3 123
1,2:304;6:718-HEPTA CDD 10-0 15-5 ].55
OCTA CDD . 50.0 65.2 130
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TABLE 7-9
PCDDS/PCDFS QUALITY CONTROL DATA
RESULTS OF LABORATORY MATR1X SPIKE
| (CAL ID NO. 24894 MBNS)

Ng
congener Applied Observed %_Recovery

PCDFS

203'708‘TCDF 10.0 7.3 73
2,8-DCDF 10.0 ---2 a
PCDDS

2,3,7,8-TCDD 10.0 8.5 85
2-MCDD 10.0 1.1 11
2,7-DCDD 10.0 2.5 25
1,2,4-TRI CDD 10.0 3.6 36

aChemical interference precluded quantitation of this isomer.
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METHOD 8 -

PARTICULAT: CLEAN-UP SHEET

date ( -)> 7 6

le No. ! .m&“spé‘ .
Sample Recovered by ¢ m,//,

Client MR

WO No.

Plant M TS

Sample Box No. EnN_ 513 )
PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash

Cyclone § Flask Acetone Wash

Lab No.
Lab No.

Residue:

Residue:

—_

—_

Filter No. Lab No. Weight
=] /s mg Total Filter Particulate
— mg
mg
mg Front Half Total
MOISTURE
Impinger No. Final Weight Initial Weight Net Weight
! gk §lsl2) ~27
2 -, 7620} _J
3 1Y &) /e
Total Imp. Gain ||
SILICA GEL

Container No.

Final Neight

—0. 7
.. 920

Initial Height Net Weight
30/.G —=Z7
4927 L9323

Total Si. Gel Gain

SY. .

mng

mg

Total Moisture

(.0
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PARTICULATE CLEAN-UP SHEET

Y ey eyl o to; £
Sample Recovered by Plant _ Ao /S
Sample Box No. " ;
PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash Lab No. ____ Residue: —___m
Cyclone § Flask Acetone Wash Lab No. __ Residue: —_mg
Filter No. Lab No. Weight
mg Total Filter Particulate mg
—_— ng
—_— ng
mg Front Half Total mg

i |I1H

Impinger No. Final Vol. Initial vol. Net Vol.

[ /50 1] Neo) sTAl Roce
- S LYs Pl -4
2 e D LS
Total Imp. Gain e, ¢y

SILICA GEL

Container No. Final loiﬂt_ " Initial Woiﬂt Net 'oig/ht
T 36 ’79: _L_Q g

-
Total Si. Gel Gain /.5 g

Total Moisture 1Y, 6 g
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METHOD

8 - PARTICULAT: CLEAN-UP SHEET

date ¢ - (- 7
Run No. * AT
Sample Recovered by

Client /o=
WO No.
Plant Y2

)

Sample Box No. <=
——

PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash

Cyclone § Flask Acetone Wash

Lab No. Residue:

—_—s

Lab No. Residue:

mg

Filter No. Lab No. Weight
B- (71 mg Total Filter Particulate mg
mg
mg
mg Front Half Total mg
MOISTURE
Impinger No. Final Weight TInitial Weight Net Weight
] 90 200 -10
—_— 433 lro ~43
. la o L )
Total Imp. Gain Y g
SILICA GEL i
Container No. Final Weight Initial Weight Net Weight

Sik.l;

343.8

Total Si. Gel Gain 53 5 g

Total Moisture 9T g
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Date S-2D-2b

Run No. lﬂ" ;_))‘l!y\g-ﬁé
Sample Recovered by

OO -B

PARTICULATE CLEAN-UP SHEET

Sample Box No.

PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash

Cyclone § Flask Acetone Wash

Client .M frren, £

WO No.

Plant MW 5

Lab No. Residue: mg
Lab No. Residue: mg

ml

Filter No. Lab No. Weight
'4 mg Total Filter Particulate
—_— mg
—_— —_— ng
mg Front Half Total
MOISTURE
Impinger No. Final 'Vol. Initial Vol. Net Vol.
— L Ao 2504 5SS
PSS Yoo 2775 120 9
Total Imp. Gain /?‘ ,S
SILICA GEL
Container No. Final Weight Initial Weight Net Weight
L 335.0 25T, 7, TY.3
2 3837 3% A _239
Total Si. Gel Gain ___ /J.6
S . Total Moisture 215 [
¢ mge LSl e
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METHOD 8 - PARTICULATE CLEAN-UP SHEET

Date &e Client
Run No. {ﬂ—MMF'&hﬂ¢ WO No.
Sample Recovered by Z.& Plant
Sample Box No. )
PARTICULATE - FRONT HALF
Nozzle & Probe Acetone Wash Lab No, Residue: mg
Cyclone & Flask Acetone Wash Lab No. Residue: mg
Filter No. Lab No. Weight
| 73X mg Total Filter Particulate mg
—_— —_ g
—_— —_— —___mg
mg Front Half Total mg
MOISTURE
Impinger No. Final Weight Initial Weight Net Weight
' —— PO
2+ kv/k's 079 ¢
Total Imp. Gain g
SILICA GEL A
Container No. Final Weight Initial Weight Net Weight
Total Si. Gel Gain g
Total Moisture - g
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METHOD 8 - PARTICULAT: CLEAN-UP SHEET
date T -~ 27 L Client vl €.
Run No. 2 vy © - ?Q oW WO No.
Sample Recovered by Plant ERON
Sample Box No. . 2\ I.U7)
PARTICULATE - FRONT HALF
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Filter No. Lab No. Weight
12\' - IL~[ mg Total Filter Particulate mg
S T
—_— —_—M
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Fetle 7 28 'Zr}-
MOISTURE /-.x‘“ Ve S L
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R yy— {/a-ojT s,z -279.2
1“/3 T 0T v 38§80 zg‘/’"
: - : < T
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Total Imp. Gain 7(’. 1 g
SILICA GEL
Container: No. Final Weight Initial Weight Net Weight
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METHOD 8 - PARTICULAT: CLEAN-UP SHEET

date 5 -2 . P
Run No. I SRR W VE >
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Sample Box No.

PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash

Cyclone § Flask Acetone Wash

Filter No. Lab No.
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METHOD 8 - PARTICULATE CLEAN-UP SHEET
Date -7 . .y "Client . \vicc  oov,.
Run No. | = S WO No.
Sample Recovered by s Plant
Sample Box No. s ke;-_<<.¢ ’
PARTICULATE - FRONT HALF
Nozzle & Probe Acctone Wash Lab No. Residue: mg
Cyclone & Flask Acetone Wash Lab No. Residue:

Filter No. Lab No. Weight
B S mg Total Filter Particulate mg
—_g
—_—— ——— —_— g
mg Front Half Total mg
MOISTURE
Imginger No. Final Weight Initial Weight Net Weight
;= Y o x
o -
2 X g /& &
. e
Total Imp. Gain = . g
SILICA GEL \
Container No. Final Neight Initial Weight Net Weight
2191 213 L 2¢ )
Total Si. Gel Gain :‘:Q } g
Total Moisture 675—; 1 g
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METHOD 8 - PARTICULATE CLEAN-UP SHEET
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Date L e = Client ' ...
Run No. : - 0 v ,-Nw - /,‘«;fi WO No.
Sample Recovered by A Sy Plant

Sample Box No.

PARTICULATE - FRONT HALF

Nozzle § Probe Acetone Wash Lab No. Residue: mg
Cyclone § Flask Acetone Wash Lab No. Residue: mg
Filter No. Lab No. Weight
(-1 mg Total Filter Particulate mg
mg
—_— mg
mg Front Half Total mg
MOISTURE
Impinger No. Final Weight 1Initial Weight Net Weight
Total Imp. Gain g
SILICA GEL b
Container No. Final Weight Initial Weight Net Weight
Total Si. Gel Gain

Total Moisture
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METHOD 8 - PARTICULATE CLEAN-UP SHEET

Date  C - i\ -
Run No.  ~°C =

Sample Recovered by =
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Sample Box No.
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Nozzle § Probe Acetone Wash
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"METHOD 8 - PARTICULATE CLEAN-UP SHEET

Date S/2//5¢C Client ace
Run No. -3 sSmmsS- Blank WO No.
Sample Recovered by 2 & Plant _weo iy e X
Sample Box No. )
PARTICULATE - FRONT HALF
Nozzle § Probe Acetone Wash Lab No. Residue: mg
Cyclone § Flask Acetone Wash Lab No. Residue: mg
Filter No. Lab No. Weight
Z:ij mg Total Filter Particulate mg
—_— —_— —_ g
—— —_— —_— g
mg Front Half Total mg

MOISTURE
Impinger No. Final Weight Initial Weight Net Weight

Total Imp. Gain g
SILICA GEL \
Container No. Final Weight Initial Weight Net Weight

Total Si. Gel Gain g

Total Moisture - g
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METHOD

8 - PARTICULATE CLEAN-UP SHEET

Date §” . 21- 5% Client .hW.noC AL b,
Run No.§';”,,,\s - : WO No.
Sample Recovered by 12003 N //(;L Plant
Sample Box No. -
PARTICULATE - FRONT HALF
Nozzle & Probe Acetone Wash Lab No. Residue: mg
Cyclone & Flask Acetone Wash Lab No. Residue: mg
Filter No. Lab No Weight
fl\’7s: mg Total Filter Particulate mg
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- _ mg

mg Front Half Total mg
MOISTURE
Impinger No. Final Weight Initial Weight Net Weight

[ == 20 7 ‘70;‘»7
- - =
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Total Imp. Gain 7@?&5}7 g
SILICA GEL b
Container No. Final Weight Initial Weight Net Weight
Total Si. Gel Gain 3 g
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Total Moisture
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ATIN: RICH VACHEROT

Scott Specialty Gases

PLUMSTEADVILLE, PA 13949  PHONE: (215) 766-8851  TWX: 510.535.3344

Date: ___5/8/85

METRO WASTE CONTROL COMM.

METRO PLANT Our Project No.: 317129
2400 CHILDS ROAD L
ATTN: JIM BROWN Your P.O. No.: 28310

ST. PAUL, MN 55106

Gentlemen:

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

ANALYTICAL REPORT

Analytical Analytical o«
Cyl. No. AAL-9864 Accuracy 2% Cyl. No.__AAL-12054 Accuracy 2%
Component Concentration Component Concentration
Carbon Monoxide 494 .2 PPM Carbon Monoxide 1003 PPM
Nitrogen ‘ Balance Nitrogen Balance
Analytical Analytical
Cyl. No. AAL-1015 Accuracy 2% Cyl. No. AAL-15389 Accuracy = 2%
Component Concentration Component Concentration
Carbon Mcnoxide 4032 PPM Propane 10.04 PoM
Nitrogen Balance Aip Balance

Ved
.

/ / / . - .
. Analﬁt\\ ;; 1w V‘/J’a dc = Approved By J//{éﬂé’ 2
4 ¥

The caly lability of this Compasy for sas which fails to comply with this analysis shall be replacement thazeof by the Compaay without extra cost.

CERTIFIED REFERENCE MATERIALS EPA PROTOCOL GASES
ACUBLEND?D CAL!BRATION & SPECIALTY GAS MIXTURES PURE GASES

e A O M AR A SR S B R AR e e k. e s e e




ANALYTICAL REPORT - cont'd

Analytical
Cyl. No. AAL-12959 Accuracy;zi
Component Concentration
Propane 50.44 PPM
Air Balance
Analytical
Cyl. No. Accuracy
Component Concentration
Analytical
Cy!. No. Acgcuracy
Component Concentration

N/

Date:
Our Project No.:

PAGE =2
5/8/86

917139

Your P.O. No.: 56310

Analytical
Cyl. No. AAL-7310 Accuracy 2%
Component Concentration
Propane 80.12 PPM
Air Balance

7 ‘ Aﬁalytical

Cyl. No. - Accuracy
Component Concentration

Analytical
Cyl. No. Accurany___
Component Concentration

_Approved By




APPENDIX C
CONTINUOUS EMISSIONS MONITORING DATA

8725P PE 081-500



Continuous Emissions Monitoring Data Summary

Values listed below are the average of the 3-minute averages

each respective sampling run.

May 20, 1986

for

Run - SMMS -1 Run MMS5-1
Time - 1245-1630 Time 1139-17%54
co = 4445 PPM co 4530 PPM
4220 PpMa 4305 PPM4
0> = 13.4% 02 13.1%
THC = 7.3 PPMb THC 7.3 ppMb
May 21, 1986
Run - MS5+SMMS -2 Run MS5+SMMS -3
Time - 0818-1130 Time 1309-1630
co = 2990 PPM co 2400 PPM
2830 ppMa 2280 ppM4
0 = 15.2% o 11.1%
THC = 10.4 PPMD THC 6.4 PPMD
May 22, 1986
Run - MMS-2A Run MMS -2B
Time - 1139-2100 Time 1139-2200
co = 2705 PPM co 2700 PPM
2560 PPMa 2555 PPM3d
02 = 9.3% 02 9.3%
THC = 11.1 PpMmb THC 11.0 PpMb
Note: a. Corrected for volume of CO; removed from sample
as determined by ORSAT Analysis.
b. Value reported as propane.

57279 PEOB81-500



MWCC CARBON MONCXIDE DATA
DATE: ™MAY 20,1986

FPPM FFM FPM FFM FFM
TIME co TIME ‘co TIME co TIME co TIME Cco
900 2750 1100 2300 1300 38350 1500 43550 1700 47%0
P03 2730 1103 - 1303 3850 1S03 4550 1703 47350
06 2750 1106 - 1306 3800 1506 4550 1706 47%0
909 2450 1109 - 1309 3800 1509 4550 1709 47350
912 2450 1112 - 1312 3800 1512 4550 1712 4750
915 2450 1113 2850 1315 3800 1515 4550 1715 47350
918 2450 1118 26850 1318 3700 1518 45350 1718 4750
921 2600 1121 2900 1321 3800 1321 43530 1721 4750
924 24600 1124 2900 1324 3700 1524 4350 1724 4750
927 2600 1127 3250 1327 3700 1527 44650 1727 47%0
930 2600 1130 3250 1330 3800 1530 4650 1730 S4%0
9II 2600 1133 3530 1333 3800 1533 S4350 1733 S300
936 2650 1136 3350 1336 3800 1536 3S900 1736 35300
939 2600 1139 3300 1339 3800 1539 4550 1739 S7350
42 2600 1142 - 1342 3800 1542 44350 1742 S7350
943 2500 1145 - 1345 38350 1548 5900 1745 S750
48 2650 1148 - 1348 3850 1548 S900 1748 S730
951 2650 1151 - 1351 38%0 1551 S300 17%1 S300
954 2400 1154 3850 1354 3850 1354 3300 1754 5200
957 2300 1157 4250 1357 38%0 1587 S300 1757 4350
1000 2400 1200 4250 1400 38350 1600 5300 1800 4550
1003 2300 1203 4250 1403 39350 1603 3300 1803 4530
1006 2300 1206 4330 1406 3930 1606 5430 1806 4550
1009 2300 1209 4330 1409 3550 1609 5300 1809 4530
1012 2300 1212 4230 1412 3800 1612 35300 1812 4350
1015 2300 1215 4330 1415 3950 1619 5430
1018 2300 1218 4330 1418 35350 1618 47350
102t 2250 1221 4330 1421 3830 1621 3300
1024 2250 1224 4330 1424 3850 1624 4750
1027 2230 1227 38350 1427 4250 1627 3300
1030 2250 1230 38350 1430 4250 1630 5300
1033 2230 1233 4330 1433 4250 1633 47350
1036 2250 1236 4330 1436 4230 1636 4630
1039 2230 1239 3830 1439 4250 1439 4730
1042 2600 1242 4330 1442 4230 1642 4730
1043 2600 1243 4250 1445 42350 1645 4750
1048 2600 1248 3830 1448 4230 1648 4730
1031 2250 1251 42350 14351 4150 1651 4730
1054 1950 1234 4230 1434 43530 1654 4750
1057 1930 1257 3830 1457 4550 1457 4750
AVERAGE CO VALUE FOR: RUN #: SMMS-1i AVERAGE CO VALUE FOR: RUN #: MMS-1
DATE :3-20-86 DATE:15-20-86
START: 1243 START: 1139
END 131630 - END: 1754
AVERAGE ANALYZER AVERAGE ANALYZER
RESPONSE: 4445 PPM RESPONSE: 43530 FFM
ACTUAL AVERAGE ACTUAL AVERAGE
CO VALUE (#)3: 4220 PPM CO VALUE (#): 205 PPM

(#) CORRECTED FOR THE VOLUME OF CO2 REMOVED FROM SAMPLE AS DETERMINED
BY ORSAT ANALYSIS



MWCC CARBON MONCXIDE DATA
DATE: MAY 21,1986

PPM
co

PPM

——--———-._____..___._-_-———————————-—-_.—_-———-———_—-—--_—_—————————_————-—-__

824
827
a30
a33
836
839
842
8435
848
851
854
837
900
903
906
09
912
915
918
921
924
927
930
933
936
939
942
943
948
931
934
957

1700
2250
2600
2830
2850
2830
2900
2900
2900
2900
2900
2900
2900
2950
2900
2900
2830
3230
3230
3230
3250
3250
3130
3150
3130
3230
3250
3230
3230
3230
3230
32350

32%0
3150
3250
2900
2900
2900
2900
2900
2900
2950
2900
2650
2650
29%0
2950
29%0
2950
3300
2950
32%0
2850
3250
2850
28%0
3150
3850
3150
2750
2750
2750
2730
2750
2450
27%0
2730
2300
2450
2500
2600
2850

AVERAGE CO VALUE FOR: RUN #:

AVERAGE ANALYZIER
RESPONSE:

ACTUAL AVERAGE

CO VALUE

(%)

DATE :
START:
END

2990 PPM

PPM
TIME co
1400 2600
1403 2600
1406 2600
1409 2300
1412 2300
1415 2300
1418 2300
1421 1950
1424 19350
1427 1950
1430 1950
1433 1930
1436 1950
1439 1950
1442 1930
14435 1950
1448 2300
1481 2300
1454 2230
1457 2250
1500 2250
1503 2250
1506 2250
1509 2250
1512 2200
1513 1900
1518 1900
1521 1900
1524 1900
1527 1900
1530 1900
1533 18350
1836 1850
1539 1850
1542 1830
1545 1830
1548 1850
1551 1830
1554 1830
1357 18%0

PFM
TIME co
1600 1600
1603 1600
1606 1600
1609 1600
1612 1600
1615 1650
1618 14650
1621 14650
1624 14650
1627 1950
1630 2050
1463 1950
163 1950
163 1950
1642 1950
1645 2250
1648 2250
1651 2230
1654 22%0
1657 2250
1700 2250
1703 2830
1706 23500

AVERAGE CO VALUE FOR: RUN #: MIS+SMMS-C

AVERAGE ANALYZER
RESPONSE 1

ACTUAL AVERAGE
CO VALUE (#)1:

DATE: S5-21-86
START: 1309
END: 1630

2400 PPM

(#) CORRECTED FOR THE VOLUME OF CO2 REMOVED FROM SAMPLE AS DETERMINED
BY ORSAT ANALYSIS



MWCC CAREON MONOXIDE DATA
DATE: MAY 22,1985

PPM PFM FFM PPM PFM
TIME  CO TIME  CO TIME  CO TIME  CO TIME  CO
1000 1200 1200 3800 1400 2300 1600 - 1800 2300
1003 1150 1203 40%0 1403 2200 1603 - 1803 2650
1006 1100 1206 4050 1406 2200 1606 1700 1806 32%0
1009 1050 1209 40S0 1409 2200 1609 1790 1809 4350
1012 1000 1212 4150 1412 2100 1612 1900 1812 3400
1015 1000 1215 4150 1415 2100 1615 18%0 1815 43%0
1018  9%0 1218 4230 1418 2200 1618 1900 1818 4450
1021 9%0 1221 42%0 1421 2200 1621  19%0 1821 3600
1024 900 1224 4050 1424 2200 1624 19%0 1824 2850
1027 900 1227 42%0 1427 2200 1627 2200 1827 2900
1030 8350 1230 40%0 1430 2200 1630 2250 1830 3300
1033 1750 1233 4250 1433 2200 1633  22%0 1833 3850
1036 19350 1236 4250 1436 2100 1636 2050 1836 4350
1039 1500 1239 43%0 1439 20%50 1639 19%0 1839 43%0
1042 1230 1242 43%0 1442 2030 1642 1730 1842 35%0
1045 1200 1245 44%0 1445 2030 1645 1730 1845 3150
1048 14630 1248 4450 1448 2100 1648 1730 1848 32%0
1051 2430 1251 4450 1451 2100 1651 2100 1851 4050
1054 2300 1254 4550 1454 2200 1654 2900 1854 3500
1057 2300 1257 4550 1457 2100 1657 2600 1857 2450
1100 2300 1300 4550 1500 2200 1700 30%0 1900 2600
1103 2300 1303 45350 1503 20%0 1703 3800 1903 3300
1106 2950 1306 4450 1506 2600 1706 30%0 1906 3130
1109 32%0 1309 4450 1509 2400 1709 3150 1909 2300
1112 3300 1312 4430 1512 2430 1712 3230 1912 2100
1115 3300 1315 3550 1515 3050 1715 2300 1915 1950
1118 3500 1318 3030 1518 27%0 1718 2100 1918 1900
1121 3700 1321 27%0 1521 2300 1721 2050 1921 1850
1124 3800 1324 3530 1524 2100 1724 2250 1924 1850
1127 3600 1327 4350 1527 2100 1727 2200 1927 17%0
1130 3530 1330 27%0 1530 2100 1730 3030 1930 1700
1133 3800 1333 27%0 1533 2050 1733 4150 1933 1700
1136 3800 1336 29%0 1535 2250 1736 2830 1936 1700
1139 39%0 1339 2400 1539 2050 1739 2300 1939 17%0
1142 3830 1342 27%0 1542 1950 1742 2900 1942 1750
1145 3800 1345 4150 1545 1950 1745 2450 1945 18%0
1148 3700 1348 3830 1548 1830 1748 2050 1948 18%0
1151 3600 1351 2730 1551 17%0 1751 2200 1951 17%0
1134 3700 1354 2500 1554 - 1754 2200 1954 17%0
1157 3700 1357 2400 1557 - 1757 2200 = 19%7 17%0
AVERAGE CO VALUE FOR: RUN #1 MMS-2A  AVERAGE CO VALUE FOR: RUN #: MMS-2B
DATE 1:5-22-86 ' DATE:S5-22-86
START: 1139 ) START: 1139
END :2100 END3: 2200
AVERAGE ANALYZER AVERAGE ANALYZER
RESPONSE: 2705 PPM RESPONSE: 2700 PPM
ACTUAL AVERAGE ACTUAL AVERABE
.CO VALUE (#): 2560 PPM CO VALUE (#)3 2555 PFM

(#) CORRECTED FOR THE VOLUME OF CO2 REMOVED F OM SAMPLE AS DETERMINED
BY ORSAT ANALYSIS



MWCC CARBON MONOXIDE DATA
DATE: MAY 22,1986
(CONT INUED)

PPM
TIME co
2000 17%0
2003 1700
2006 14650
2009 14650
2012 1600
2015 14600
2018 13550
2021 1550
2024 1550
2027 1600
2030 1600
2033 1350
2036 1550
2039 13550
2042 1400
2043 1600
2048 1600
2031 1400
2054 14600
2037 1630
2100 1430



MWCT TOTAL HYDROCAREON CATA
DATE: Mav 20,1984

FFEM FEm
TIME THC TIME THC TIME
00 ) 11006 & 13Q0
0z & 1103 ) 1303
04 & 1104 - 1306
09 & 1109 - 1309
912 s 1112 - 1312
1S - 1115 - 1315
218 b6 1118 ) 1318
921 é 1121 é 1321
924 & 1124 & 1324
92 & 1127 & 1327
3 7 1130 7 1330
933 & 1133 &6 1333
934 & 113 & 1336
939 -y 113 ) 133
P42 & 1142 & 1342
94S S 1149 7 1345
948 & 1148 7 1348
9S1 s 1151 7 1381
9%4 7 1154 & 1354
957 7 1157 7 1357
1000 2 1200 7 1400
1003 & 1203 10 1403
1006 2 1206 & 1406
1009 2 1209 ) 1409
1012 -y 1212 - 1412
1015 & 1215 & 1415
1018 & 1218 & 1418
1021 é 1221 é 1421
1024 & 1224 7 1424
1027 s 1227 7 1427
1030 - 1230 7 1430
1033 - 1233 7 1433
1036 b 1236 & 14346
1039 & 1239 & 1439
1042 7 1242 6 1442
104S -y 1249 -} 1445
1048 6 1248 (Y 1448
10351 & 125% 7 1451
1084 2 1234 10 1454
1057 & 1237 7 1457

AVERAGE THC VALUE FOR: RUN #31 SMMS-1
DATE : 5-20-8&
START: 124%
END : 1430

AVERAGE THC (AS FROPANE) : 7.3 PPM

00‘00~&(ﬂﬂ‘0\JUD‘QO‘GO‘GO‘Q\J&O*WO‘U\JMO‘G\J&O‘&O‘Q\JN\J00~M

10
7
&6

11

10

10
7
6
-

FeM
TIME ThC
1700 7
703 3
1706 s
1709 s
1712 &
1718 &
1718 &
1721 7
1724 )
1727 &
1730 6
1733 10
1726 10
1739 1o
1742 1
1745 9
1748 10
17381 10
17284 10
1757 10
1800 10
1803 10
18046 &

AVERAGE THC VALUE FOR: RUN #: MMS.

AVERAGE THC

DATE:S5-2¢-
START: 1139
END:17%

(AS FROPANE): 7.2 FEM



MWCC TOTAL HYDROCAREON DATA
DATE: MAY 21,1986

FFPM

TIME THC
800 10
303 10
806 7
809 10
812 10
B1S 10
a18 10
21 10
82 10
82 10
83 10
33 10
836 11
839 10
842 10
845 11
848 11
851 11
854 10
8357 11
900 10
903 10
06 10
909 10
912 10
915 10
918 11
921 10
924 10
927 11
930 11
933 it
936 11
939 11
42 9
43 11
948 10
931 i1
9S4 11
937 11

1000
1003
1006
1009
1012
101S
1018
1021
1024
1027
1030
1033
1036
1039
1042
1045
1048
1051
1054
1057
1100
1103
1106
1109
1112
1118
1118
1121
1124
1127
1130
1133
1136
1139
1142
1145
1148
1151
1154
1157

10
11

7
10
10
10
10
10

AVERAGE THC VALUE FOR:

AVERAGE THC (AS PROPANE) :

™M FFM

C TIME THC
1200 10
1203 10
1206 10
1209 11
1212 11
1218 11
1218 11
1221 11
1224 10
1227 15
1230 19
1233 15
1236 24
1239 24
1242 24
1245 24
1248 i9
12381 15
12354 14
1237 13
1300 15
1303 1S
1306 15
1309 15
1312 11
1315 11
1318 7
1321 7
1324 7
1327 7
1330 7
1333 -
1336 b
1339 &
1342 -
1345 &
1348 -
1351 Y
1354 &
1357 b

RUN #: MS+SMMS-2
DATE : S5-21-86&
START: 0818

END : 1130

H
o
-
w
NOCOGOCOCO00ore

000000000 NCrrCNNGCOIrCOCOCrC0CO0r00C0C000C0000NND

AVERAGE THC VALUE FOR: RUN #: MS+

AVERAGE THC

DATE:S-21
START: 1309
END: 1670

(AS PROFANE): 6.4 FFM



MWCC TOTAL HYDROCARBOM DATA
DATE: MAY 22,1986

FPM FEM

TIME THC TIME THC TIME
1000 24 1200 15 1400
1003 24 1203 1S 140%
1006 24 1206 24 1406
1009 - 1209 2 1409
1012 - 1212 19 1412
1015 - 1215 19 141S
1018 - 1218 19 1418
1021 - 1221 19 1421
1024 - 22 24 1424
1027 - 1227 19 1427
1030 19 230 19 1430
1033 19 1233 19 1433
1036 20 1236 24 143

1039 10 1239 24 1439
1042 7 1242 2 1442
1045 6 1245 24 1445
1048 -] 1248 2 1448
1051 -] 1251 2 1451
1054 -] 1254 24 1454
10357 é 1257 30 1457
1100 11 1300 2 1500
1103 11 " 1303 30 1503
1106 15 1306 30 1506
1109 1S 1309 24 1509
1112 19 1312 20 1512
1115 19 1315 1S 13515
1118 19 1318 10 . 1518
1121 19 1321 10 1521
1124 24 1324 10 1524
1127 24 1327 19 1527
1130 19 1330 13 13530
1133 24 1333 10 1533
1136 24 1336 11 1536
1139 24 1339 11 1539
1142 20 1342 10 1542
1145 20 1345 15 13545
1148 15 1348 20 1548
1151 13 1351 11 1551
1154 15 1354 10 15354
1157 15 1357 11 1357

AVERAGE THC VALUE FOR: RUN #: MMS-2A
DATE : S5-22-86&
START: 1139
END : 2100

AVERAGE THC (AS PROPANE): 11.1 FPM

[ -

S -
CO~COrNNCOr~ONCOEDO0 NN~

L
[+ e

coocooro0rNOGOOCD

FFEM
TIME THC TIME
1600 ) 18¢Q0
1603 & 1803
1606 & 1806
1609 ) 1309
1612 6 1812
1615 &6 1819
1618 ) 1818
1621 13 18212
162 ) 1824
1627 7 1827
1630 10 1830
1633 10 1833
1636 7 1836
1639 7 1839
1642 1) 1842
1645 & 18495
14648 & 1848
1651 & 1351
16S4 10 1854
1657 7 18357
1700 10 1900
1703 11 1903
1706 135 1906
1709 10 1909
1712 10 1912
1713 10 1915
1718 10 1918
1721 10 1921
1724 10 1924
1727 10 1927
1730 10 1930
1733 15 1933
1736 1S 1936
1739 10 1939
1742 11 1942
1745 11 1945
1748 11 1948
1751 11 19351
17354 10 1954
1757 7 1957

10

20

cocoo0o0cocoror0co0coo

AVERAGE THC VALUE FOR: RUN #: MmS

S

AVERAGE THC (AS PROFANE):

DATE:5-22
TART:1139
END: 2200

11.0 FFM



MWCC TOTAL HYDROCAREON DATA
DATE: MAY 22, 1984
(CONTINUED)
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G
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NN 00000C0C0CC0C0C0CCrrNCECOO O



MWCC FERCENT OXYGEN DATA
DATE: MAY 20,1986

TIME %02 TIME 402 TIME %02 TIME %02 TIME %02
P00 15.8 1100 14,3 1300 14.8 1300 13.0 1700 11,z
903 15.8 1103 - 1303 14.5 1503 13.0 1703 11.5
06 15.8 1106 - 1306 14.5 1306 13.90 1706 11.73
909 15.8 1109 - 1309 14.3 1509 12.8 1709 11.32
?12 1S.8 1112 - 1312 14.3 13512 3.0 1712 11.3
215 1S.8 1115 12.3 1315 14.3 1S1S 3.0 1715 11.3
718 15.8 1118 13.5 1318 14.3 1318 13.0 1718 11.72
921 16.0 1121 14.3 132 14.3 1521 11.8 1721 11.3
24 16.0 1124 14.8 1324 14.3 1524 12,0 1724 12.95
927 16.0 1127 14.8 1327 14.3 152 12.0 1727 11.5
30 14.0 1130 14.8 1330 14.3 1830 12.0 1730 12.3
933 15.8 1133 14.8 1333 14.3 © 1833 12,5 1733 11.3
936 16.3 1136 14.5 1336 14.3 1336 12.5 1736 11.3
3 16.0 1139 14.5 133 14.3 1539 12.5 1739 11.3
942 16.3 1142 - 1342 14.3 1542 12.5 1742 11.3
945 1S5.5 1143 - 1345 14.35 1545 12.S 17435 11.C
748 15.5 1148 - 1348 14.5 1548 12.8 1748 11.0
P51 14.S5 1151 - 1351 14.8 155t 12.3 1751 1.0
954 14.5 1154 12,9 1354 14.8 1554 12.3 1754 (1.9
957 14.3 1137 13.3 1357 14.8 1357 12.3 1737 10.8
1000 14.3 1200 3.3 1400 1t4.8 1600 12.3 1800 9.8
1003 14.3 1203 14.5 1403 14.8 1603 12.3 1803 3.8
" 1006 14.3 1206 14.5 1406 14.8 1606 12.3 1806 9.8
1009 14.3 1209 14,5 1409 14.5 1609 12.3 1809 9.8
1012 14.3 1212 14,5 1412 14.8 1612 12.3 1812 9.8
1015 14.3 1213 14.5 1415 14.8 1615 12.3
1018 14.3 1218 1i14.8 1418 14.8 1618 12.3
1021 14.0 1221 14.5 1421 14.5 1621 12.3
1024 14.0 1224 1t4.8 1424 14.5 1624 12.3
1027 14.0 1227 14.5 1427 13.3 1627 12.3
1030 14.0 1230 14.8 1430 13.3 1630 12.3
1033 14.0 1233 14.95 1433 13.3 1633 12.3
1036 14.0 1236 114.8 1436 13.3 1636 12.3
1039 14.0 1239 14.8 1439 13, 1639 12.3
1042 5.3 1242 14.5 1442 13.3 1642 11.3
1043 15.3 1245 114.5 1445 13.3 1645 11.3
1048 15.3 1248 14.%5 1448 13.0 1648 11.3
1051 15.3 1231 14.9 145f 13.0 1651 11.3
1054 14.3 1234 14.5 1454 13.0 1654 11.3
1037 14.3 1237 14.5 1457 13.0 1657 11.3
AVERAGE 02 VALUE FOR: RUN #: SMMS-1 AVERAGE 02 VALUE FOR: RUN #: MMS-|
DATE :5-20-86 DATE:S-20-86
START: 1245 START: 1139
END :14630 END: 1754

AVERAGE FPERCENT 02: 13.4 % AVERAGE PERCENT 02: 13.1 %



MWCC FERCENT OXYGEN DATA
DATE: MAY 21,1986

TIME pAu TIME 202 TIME yAnpel TIME %02 TIME %02
1000 1S.5 1200 14.3 1400 12.0 1600 9.5
1903 15.3 1203 14.5 1403 12.0 1603 9.5
1006 15.3 1206 14.5 1406 12.0 1606 9.8
1009 15.5 1209 14.5 1409 12.0 1609 9.8
1012 15.5 1212 14.5 1412 12.0 1612 2.8
1015 15.5 1215 14.5 1415 12.0 1615 9.8
1018 1%5.5 1218 14.% 1418 12.0 1618 9.8
1021 15.5 1221 14.5% 1421 12.0 1621 9.8
824 13.0 1024 15.5 122 14.8 1424 12.0 162 11,0
827 14.3 1027 15.5 1227 14.5 1427 11.0 1627 11.90
830 14.3 1030 1S.5 1230 14.8 1430 12.0 1630 11.90
833 14.3 1033 15.5 1233 14.8 1433 11.0 1633 11.9
836 14.3 1036 15.8 1236 14.8 1436 11.0 1636 11.0
839 14.3 1039 15.8 1239 14.S 1439 11.0 1639 11.0
842 1=.3 1042 15.8 1242 14.5 1442 11.0 1642 11.0
84S 1%5.3 104% 15.8 124% 14.5 144% 11.0 1645 11.0
848 1%5.5 1048 15.8 1248 14.5 1448 11,0 1648 11.90
8%1 15.5 105t 15.8 1251 14.5 14%1 11.0 1651 11.0
8%4 15.5 10%4 15.8 1254 14.3 1454 11.0 1654 11.0
857 15.5 1057 15.5 1257 14.3 1457 11.0 1657 11.0
900 15.5% 1100 15.3 1300 14.3 1500 11.0 1700 11.90
903 15.5 1103 15.3 1303 14.0 1%03 10.8 1703 12.0
906 16.0 1106 15.3 1306 14.0 1506 10.8 1706 12.0
909 15.5 1109 14.0 1309 14.0 1509 10.8
912 1%5.% 1112 14.0 1312 12.8 1512 10.8 -
1S 15.3 1115 15.0 1315 13.0 1515 9.5
918 15.3 1118 15.0 1318 13.0 1518 2.5
921 15.3 1121 13.8 1321 13.0 1521 9.5
924 1%.3 1124 13.8 1324 13.0 1524 9.5
927 15.3 1127 13.8 1327 13.0 1527 10.5
930 15.3 1130 13.8 1330 13.0 1530 9.5
933 1%.0 1133 14.0 1333 13.0 1533 10.5
936 15.0 1136 14.0 1336 13.0 1536 10.5
939 15.3 1139 13.8 1339 11.8 1539 9.5
942 15.3 1142 14.0 1342 13.0 1542 9.5
94% 15.3 1145 14.0 1345 13.0 154% ?.5
948 1%5.3 1148 14.0 1348 12.0 1548 9.5
9%1 1%5.3 1151 14.0 1351 12.0 1551 9.5
9%4 15.3 1154 14.3 1354 12.0 1554 9.5
9%7 15.3 1157 14.3 1357 12.0 1557 9.5
AVERAGE 02 VALUE FOR: RUN #: MS+SMMS-2 AVERAGE 02 VALUE FOR: RUN #: MS+SMMS-
DATE : 5-21-86 DATE: 5-21-86
START: 0818 START: 1309
* END : .1130 END: 1630

AVERAGE FPERCENT 02: 15.2 %4 AVERAGE FERCENT 02: 11.1 %



MWCC FERCENT OXYGEM DATA
DATE: MAY 22,1986

TIME %02 TIME %02 TIME %02 TIME %02 TIME pAT I
1o00 15,3 1200 9.5 1400 9.5 1600 8.3 1800 ¢.8
1063 15.3 1203 9.5 1403 ?.5 1603 8.3 1803 ?.8
1006 15.3 1206 9.5 1406 ?.5 1606 8.3 1806 7.8
1009 1S.3 1209 9.5 1409 9.5 1609 8.3 1809 11.9
1012 1S5.3 1212 9.5 1412 ?.5 1612 8.3 1812 7.8
1015 1S.3 1215 9.3 1415 9.5 1615 -3 1813 7.8
1018 1S8.3 1218 9.3 1418 5.8 1618 8.3 {1818 11.0
1021 18,3 1221 9.3 142 9.8 1621 8.5 1821 ?.8
1024 1S5.3 1224 ?.3 142 9.8 1624 8.5 1824 9.8
1027 5.3 1227 9.3 142 7.8 1627 8.5 1827 10.90
103 15.3 1230 ?.3 1430 9.8 1630 8.5 1830 7.8
1033 14.3 1233 9.5 1433 9.8 1633 8.5 1833 2.8
1036 1.0 123 9.5 1436 9.8 1636 g8.8 18386 2.3
1039 10.0 1239 9.5 1439 9.8 163 8.8 1839 10.8
1042 10.0 1242 ?.5 1442 5.8 1642 8.5 1842 9.8
1045 10.0 1243 %.8 144% 10.0 16435 8.8 184S 9.8
1048 11.0 1248 9.8 1448 10.0 1648 8.8 1848 9.8
1031 11.3 2351 9.8 14351 2.0 1651 8.8 1831 .5
1054 11.3 1254 9.8 1454 0.0 1654 10.0 1854 9.5
1057 10.90 1237 10.0 14357 9.0 1657 9.0 1857 7.3
1100 10.3 1300 10.0 1500 8.8 1700 8.8 1900 9.3
1103 10.3 1303 10.0 13503 8.8 1703 10.0 1903 9.3
1106 11.3 1306 10.3 1506 8.8 1706 10.0 1906 ?.3
1109 10.3 1309 10.3 1509 8.8 1709 10.0 1909 9.3
1112 11.3 1312 9.8 1512 8.8 1712 10.0 1912 8.0
1115 10.3 1315 8.5 1515 5.8 17185 10.0 1915 8.0
1118 10.3 1318 9.8 1518 8.5 1718 8.5 1918 8.0
1121 10.3 1321 9.8 1321 8.5 1721 9.8 1921 8.0
1124 11.3 1324 9.5 1524 8.5 1724 8.5 1924 9.3
1127 10.0 1327 9.8 1327 8.5 1727 9.8 1927 ?.3
113 10.0 1330 8.5 1330 8.5 1730 8.5 1930 9.3
1133 10.0 1333 8.3 1333 8.3 1733 9.5 1933 ?.3
1136 10.0 1336 9.5 1336 8.3 1736 9.5 1936 9.3
1139 10.0 1339 8.3 1539 8.3 1739 9.5 1939 ?.5
1142 10.0 1342 9.5 13542 8.3 1742 9.5 1942 9.5
1145 9.8 1345 9.5 1545 8.3 1745 9.3 1945 9.8
1148 9.8 1348 ?.5 1548 8.3 1748 8.0 1948 9.8
1151 9.8 1351 8.5 15351 8.0 1751 9.3 1931 9.5
1154 2.8 1354 8.3 1554 8.0 17354 ?.3 1954 ?.5
1157 9.8 1357 8.3 15357 8.3 1757 9.8 1957 9.5
AVERAGE 02 VALUE FOR: RUN #: MMS-2A AVERAGE 02 VALUE FOR: RUN #: MMS-IH
DATE :5-22-84 DATE:S5-20-84
START: 1139 START: 1137
END :2100 END: 2200

AVERAGE PERCENT 02: 9.3 % AVERAGE PERCENT 02: ?.7 %



MWCC FERCENT OXYGEN DATA
DATE: MAY 22,1984
(CONT INUED)

TIME “02
2000 ?.3
2003 9.5
2006 ?.5
2009 9.8
2012 9.5
201% ?.5
2018 9.8
2021 9.8
2024 9.5
2027 ?.95
2030 7.8
2033 ?.5
2036 9.8
2039 9.9
2042 9.5
2045 9.8
2048 9.8
2051 ?.5
2034 .8
2057 9.8
2100 °.8
2103 9.8



APPENDIX D
CHAIN OF CUSTODY RECORDS

8725P PE 081-500
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APPENDTX E
ERT ANALYTICAL DATA REPORTS

¢ HEAVY METALS
® VOLATILE ORGANICS
e SEMIVOLATILE ORGANICS



METAL ANALYSES ON FILTERS

Summary of Analytical Results

Method Blank Results

Quality Control Check Sample Results



PARAMETER

ANTIMONY
BARIUN
BERYLLIUM
BORON
CADMIUN
CHROMIUM
COBALT
COPPER
LEAD
MANGANESE
MOLYBDENUM
NICKEL
SELENIUM
SILVER
STRONT I UM
TIN
VANADIUM

ZINC

ERT NO
FLD ID

ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS

33812

METALS SCAN

1-M3-PF-B143

RESULT
ug/filter

14
13
8DL
BDL
1100
KRY )
BDL
410
1300
"
12
110
13
13
BDL

200

5200

DATE SAMPLED
SAMPLING SITE

05/20/8¢
TWIN CITIES, MN

DETECTION LIMIT

ug/tilter




PARAMETER

ANT IMONY

BARIUM

BERYLLIUM

BORON

CADMIUM

CHROMIUM

COBALT

COPPER

LEAD

MANGANESE

MOLYBDENUM

NICKEL

SELENIUM

SILVER

STRONTIUM

TIN

VANADIUM

ZINC

ERT NO
FLD 1D

ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS

33514

METALS SCAN

2-M3-PF-B17Y

RESULT
ug/tilter

YR
18
80L
BDL
1500
300
34
840
2000
“
11
W0

81

3

110

11000

DATE SAMPLED
SAMPLING SITE

05/21/84

© TWIN CITIES, MN

DETECTION LIMIT

ug/tilter




PARAMETER

ANT IMONY

BARIUM

BERYLLIUM

B0RON

CADMIUM

CHROMIUM

COBALT

COPPER

LEAD

MANGANESE

MOLYBDENUM

NICKEL

SELENIUM

SILVER

STRONTIUM

TIN

VANADIUM

ZINC

ERT NO
FLD 1D

ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS

3§518

METALS SCAN

J-MS-PF-BL7]

RESVULT
ug/tilter

13

BDL
BDL
1700
72
BOL
600
1100
33
3.2
64
74
12
BOL

9000

DATE SAMPLED
SAMPLING SITE

0S/31/8¢

TWIN CITIES, MN

DETECTION
ug/ti

LIMIT
Iter




EAT NUMBER 35314
[ MB861402

PARAMETER

ANT [MONY
BARIUM
BERYLL!IUM
BORON
CADMIUNM
CHROMIUM
COBALT
COPPER
LEAD
MANGANESE
MOLYBDENUNM
NICKEL
SELENIUM
SILVER
STRONTIUM
TIN
VANADIUM
ZINC

ERT ANALYTICAL LABORATORY

SUMMARY OF ANALYTIZAL RESULTS
QUALIT? CONTRCL CHECX SAMPLES

PRIORITY POLLUTANT METALS

ANALYTICAL RESULTS
ug/tilter

BDL
80L
8DL
1.8
BOL
BOL
BDL
BDL
BOL
BDL
BDL
BODL
8DL
DL
8OL
i
BOL
$.§

DETECTION LIMIT
ug/filter

L IR B L Y B L B Y RV NPT Y'Y PPy PSP S par Py
0000 00O 0000V 0CoOo o O



SEMI-VOLATILE ORGANIC COMPOUND ANALYSES ON MMS TRAINS
Summary of Analytical Results
Non-EPA 625/HSL Target Compounds (Quantitated) Results
NON-Target Compound Results
Method Blank Results

Quality Control Sample Results



ERT ANALYTICAL _ABORATCRY
. MALCOMN PIRNIE
FIELD [(DENTIFICATION

iRT NO- 35504 33508 37504 33%07 35508
SAMPLE TYPE RUN ! RUN 1 RUN 2.3 RUN 2 RUN 3
FIELD FIELD
BIAS BlAS
BLANK BLANK
FRONT t/2 i-SMMS - 1-SMMS - 1-3MMS- 2-SMMS- 3-SMMS -
RINSE FHB FH fH BLANK FH FH
FILTER 1-SMMS3- 1-SMMS - 1-3MMS- 1-SMMS- 3-SMMS -

FBB B177 PF BLéS PFBB B!74 PF BL7S PF 8174

XAD 1-SMMS3 - 1-SMMS- 1-SMMS- 1-SMM3- 3~-S5MNMS -

IRD 1529 XR 1514 XRB 153§ XR 15230 XR 1523

CONDENSATE 1-SMMS - 1-SMMS- 1-5MMS- 2-SMMS - I-SMMS -
IMP 1B coD IMP 1BX cd cD

IMP 2.3 1-SMMS - 1-SMMS- 1-5MMS - 2-S5MMS - 3-SMMS-

CATCH IMP 2BK INP 2,2 IMP 2BK IMp 2.3 IMP 2.3



ERT ANALYT!CAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
SEMI-VOLATILE COMPOUNDS ON MMS TRAIN

ERT NO 3508 CLIENT - MALCOMN PIRNIE

FLD ID FH,PF,XR,CD, IMP243 SAMPLING SITE - TWIN CITISS. MN

JATE ANALYZED 07/03/78¢ DATE SAMPLED 05/20/8¢
PARAMETER RESULT PARAMETER RESULT

total ug total ug

NAPHTHALENE 11 1,3-DICHLOROBENZENE (10
ACENAPHTHYLENE 10 1,4-DICHLOROBENZENE 58
ACENAPHTHENE (10 BENZYL ALCOHOL 10
FLUORENE (10 1,2-DICHLOROBENZENE 'E]
PHENANTHRENE (10 BIS(2-CHLOROISOPROPYL)ETHER (10
ANTHRACENE (10 N-NITROSOD!-N-PROPYLAMINE 10
FLUORANTHENE (19 HEXACHLOROETHANE (10
PYRENE (10 NITROBENZENE (10
BENZ (A)ANTHRACENE (10 [SOPHORONE (te
CHRYSENE (10 BIS(2-CHLOROETHOXY)METHANE (i0
BENZOFLUORANTHENES (10 1,2,4-TRICHLOROBENZENE <10
BENZO(A)PYRENE (10 4-CHLOROANILINE 190
INDENO(123CD)PYRENS (10 HEXACHLOROBUTADIENE (10
DIBENZ (AH)ANTHRAGENE (10 I-METHYLNAPHTHALENE (10
BENZO(GHI)PERYLENE (10 HEXACHLOROCYCLOPENTADIENE (10
PHENOL 12 2-CHLORONAPHTHALENE (10
2-CHLOROPHENOL {10 2-NITROANILINE {10
1-METHYLPHENOL (10 DIMETHYLPHTHALATE (10
4-METHYLPHENOL (10 J-NITROANILINE (10
1. 4-DIMETHYLPHENOL (10 DIBENZOFURAN (10
2-NITROPHENOL 54 2,4-DINITROTOLUENE (10
2.4-DICKLOROPHENOL (19 . 3,6-DINITROTOLVENE 10
4-CHLORO-3-METHYLPHENOL (10 DIETHYL PHTHALATE 68
1,4, 4-TRICHLOROPHENOL (10 4-CHLOROPHENYLPHENYL ETHER (10
2,4,3-TRICHLOROPHENOL (10 4-NITROANILINE (10
2,4-DINITROPHENOL (10 N-NITROSODIPHENYLAMINE (10
4-NITROPHENOL (10 4-BROMOPHENYLPHENYL ETHER (10
4, 6-DINITRO-2-METHYLPHENOL (10 HEXACHLOROBENZENE A (10
PENTACHLOROPHENOL (10 DI-N-BUTYL PHTHALATE (10
BENZOIC AC:D (10 BENZIDINE (10
N-NITROSODIMETHYLAMINE (10 BUTYL BENZYL PHTHALATE 10
ANILINE (10 3,3-DICHLOROBENZIDINE (e
BIS(2-CHLOROETHYL)ETHER (10 BIS(2-ETHYLHEXYL)PHTHALATE 22
DI-N-OCTYLPHTHALATE (10

-----‘--------—-—------------------------------------—-------------- -----------

SURROGATE RECOVERY, %

2-FLUOROPHENOL 32 PHENOL,DS '3
2,4,6-TRIBROMOPHENOL 32 NITROBENZENE,DS #1
2-FLUOROBIPHENYL 80 BENZQ(A)PYRENE,D!2 _ 1t

NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
SEMI-VOLATILE COMPOUNDS ON MMS TRAIN

ERT NO Jé714 CLIENT MALCOMN PIRNIE

FLD 1D MBaso4alt SAMPLING SITE TWIN CITIES, MN

DATE ANALYZED 971321784 DATE SAMPLED 06/27/8%6
PARAMETER RESULT PARAMETER RESULT

total ug total g

NAPHTHALENE (19 1,3-DICHLOROBENZENE <10
ACENAPHTHYLENE (10 1,4-0ICHLOROBENZENE (ie
ACENAPHTHENE <10 SENZYL ALCOHOL 10
FLUGRENE (10 1,2-DICHLOROBENZENE {10
FHENANTHRENE (10 B1S(2-CHLOROISOPROPYL)ETHER «l0
ANTHRACENE _ €10 N-NITROSODI-N-PRQPYLAMINE (10
FLUQORANTHENE 19 HEXACHLORQETHANE 19
PYRENE (10 NITROBENZENE <10
BENZ(A)ANTHRACENE 1o ISQPHORONE (10
CHRYSENE 10 BIS(2-CHLOROETHOXY)METHANE (10
BENZOFLUORANTHENES (10 1,2,4-TRICHLOROBENZENE 1
BENZO(A)PYRENE (10 4-CHLOROANILINE (10
INDENO(123CD)PYRENE (o HEXIACHLOROBUTADIENE 10
DIBENZ(AH)ANTHRACENE 10 2-METHYLNAPHTHALENE (10
BENZO(GHI )PERYLENE (19 HEXACHLOROCYCLOPENTADIENE (10
PHENOL (10 2-CHLORONAPHTHALENE 10
2-CHLOROPHENOL (10 2-NITROANILINE (10
1-METHYLPHENOL (10 DIMETHYLPHTHALATE (10
4-METHYLPHENOL (10 J-NITROANILINE (10
2. 4-DIMETHYLPHENOL (10 DIBENZOFURAN <10
2-NITROPHENOL (10 2,4-DINITROTOLUENE (10
2,4-DICHLOROPHENOL (10 2,4-DINITROTOLUENE 19
4-CHLORO-3-METHYLPHENOL (10 DIETHYL PHTHALATE 10
2,4,6-TRICHLOROPHENOL 10 4-CKLOROPHENYLPHENYL ETHER (10
2,4,5-TRICHLOROPHENOL (10 ¢-NITROANILINE (10
1, 4-DINITROPHENOL (10 N-NITROSODIPHENYLAMINE 10
4-NITROPHENOL (10 4-BROMOPHENYLPHENYL ETHER (10
4,4-DINITRO-2-METHYLPHENOL (14 HEXACHLOROBENZENE A (19
PENTACHLOROPHENOL (10 DI-N-BUTYL PHTHALATE (10
BENZOIC ACID (10 BENZIDINE {10
N-NITROSODIMETHYLAMINE (10 BUTYL BENZYL PHTHALATE (i
ANILINE (10 3,3-DICHLOROBENZIDINE (10
BIS(2-CHLOROETHYL)ETHER (10 BIS(2-ETHYLHEXYL)PKTHALATE (10
DI-N-OCTYLPHTHALATE {10

SURROGATE RECOVERY, %

2-FLUOROPHENOL 63 PHENOL ., DS 47
2,4,6-TRIBROMOPHENOL 101 NITROBENZENE,DS 77
2-FLUOROBIPHENYL 76 BENZO(A)PYRENE D12 71

NA = NOT ANALYZED



ERT ANALYTICAL LASORATORY
SUMMARY OF ANALYTICAL RESULT]
SEIMI-VOLATILE COMPOUNDS ON MMS TRAIN

ZRT NO 3504 CLIENT MALCCMN PIRNIE

FLD ID : FHB,FBB,XRB,IM!, K6 IM2 SAMPLING SITE TWIM CITIES, MN
DATE ANALYZED 07702786 DATE ZAMPLED 05/20/86
PARAMETER RESULT PARAMETER RESULT
total ug total ug

NAPHTHALENE 10 1,3-DICHLOROBENZENE €13
ACENAPHTHYLENE 10 1, 4-DICHLOROBENZENE 10
ACENAPHTHENE 10 BENZYL ALCOHOL 10
FLUORENE 10 1.2-DICHLCROBENZENE (10
PHENANTHRENE 10 BIS(2-CHLOROISQOPROPYL)ETHER - (10
ANTHRACENE 10 N-NITROSCDI-N-PROPYLAMINE (10
FLUORANTHENE (10 HEXACHLOROETHANE 10
PYRENE (10 NITROBENZENE 19
BENZ (A)ANTHRACENE (10 [SOPKCRONE (10
CHRYSENE <10 BIS(2-CHLOROETHOXY)METHANE L0
BENZOFLUORANTHENES (10 1,2, 4-TRICHLOROBENZENE (10
BENZO(A)PYRENE (19 4-CHLOROANILINE (10
INDENO(123CD)PYRENE (10 HEXACHLORQBUTADIENE (10
DIBENZ(AH) ANTHRACENE (10 2-METHYLNAPHTHALENE (10
BENZO(CHI)PERYLENE . (10 HEXACHLOROCYCLOPENTAD!IENE 10
PHENOL (10 2-CHLORONAPHTHALENE (10
2-CHLOROPHENOL (10 2-NITROANILINE (10
2-METHYLPHENOL (10 DIMETHYLPHTHALATE 10
4-METHYLPHENOL (10 3-NITROANILINE (10
2,4-DIMETHYLPHENOL (10 DIBENZOFURAN (10
1-NITROPHENOL (10 2,4-DINITROTOLUENE (10
2,4-DICHLOROPHENOL (10 ) 1,6-DINITROTOLUENE (10
4-CHLORO-3-METHYLPHENOL 190 DIETHYL PHTHALATE (10
2.4,6-TRICHLOROPHENOL 10 4-CHLOROPHENYLPHENYL ETHER (10
2,4,5-TRICHLOROPHENOL (10 4-NITROANILINE (10
2,4-DINITROPHENOL (10 N-NITROSODIPHENYLAMINE (10
4-NITROPHENOL (10 4-BROMOPHENYLPHENYL ETHER (10
4, 6-DINITRO-2-METHYLPHENOL 10 HEIACHLOROBENZENE (10
PENTACHLOROPHENOL (10 DI-N-BUTYL PHTHALATE » {10
BENZOIC ACID (10 BENZIDINE 10
N-NITROSODIMETHYLAMINE (10 BUTYL BENZYL PHTHALATE (10
ANILINE (190 3,3-DICHLOROBENZIDINE (10
BIS(2-CHLOROETHYL)ETHER (10 BIS(2-ETHYLHEXYL:PHTHALATE (10
DI-N-OCTYLPHTHALATE (10

SURROGATE RECOVERY, %

1-FLUQROPHENOL 30 PHENOL, D3 33
2,4,6-TRIBROMOPHENOL 102 NITROBENZENE, DS 64

2-FLUOROBIPHENYL 77 BENZO(A)PYRENE D12 71

NA = NOT ANALYZED



ERT ANALYTITAL LABORATORY
SUMMARY GF ANALYTICAL RESVLTS
SEMI-VOLATILE COMPOUNDS ON MMS TRAIN

EXT NO 35505 CLIENT MALZCMN PIRNIE

FLD ID FH,PF,XR.CD, IMP! SAMPLING 3ITE TWIN CITIES. MN

DATE ANALYZED - 07/02/8s DATE SAMPLED 05/20/78¢
PARAMETER RESULT PARAMETER RESULT

total ug total ug

NAPHTHALENE 20 1,3-DICHLOROBENZENE {10
ACENAPHTHYLENE (10 1.4-DICHLOROBENZENE 49
ACENAPHTHENE 10 BENZYL ALCOHOL 10
FLUORENE 10 1,2-DICHLOROBENZENE 12
FHENANTHRENE (10 BIS(2-CHLOROISOPROPYL)ETHER 110
ANTHRACENE (10 N-NITROSOD!-N-PROPYLAMINE (10
FLUORANTHENE (10 HEXACHLOROETHANE (10
PYRENE (10 NITROBENZENE . e
BENZ (A)YANTHRACENE (10 ISOPHORONE 10
CHRYSENE (10 BIS(2-CHLOROETHOXY)METHANE (10
BENZOFLUORANTHENES (10 1,2,4-TRICHLOROBENZENE 190
BENZO(A)PYRENE <10 4-CHLOROANILINE (10
INDENO(123CD)PYRENE (10 HEXACHLORQOBUTAD!ENE Lo
DIBENZ (AH)ANTHRACENE (10 1-METHYLNAPKTHALENE (10
BENZO(GHI)PERYLENE (10 HEXACHLOROCYCLOPENTADIENE (1¢
PHENOL (10 2-CHLORONAPHTHALENE (10
2-CHLOROPHENOL 10 2-NITROANILINE (10
I-METHYLPHENOL (10 DIMETHYLPHTHALATE 10
4-METHYLPHENOL (10 - J-NITROANILINE (1
2,4-DIMETHYLPHENOL (14 DIBENZOFURAN (10
Z-NITROPHENOL 160 1, 4-DINITROTOLUENE {10
2,4-DICHLOROPHENOL (10 2,6-DINITROTOLUENE (10
4-CHLORO-J-METHYLPHENOL (10 DIETHYL PHTHALATE (10
2,4,6-TRICHLOROPHENOL (10 4-CHLOROPHENYLPHENYL ETHER (10
2,4,5-TRICHLOROPHENOL (10 4-NITROANILINE 190
2,4-DINITROPHENOL (10 N-NITROSODIPHENYLAMINE <10
4-NITROPHENOL (10 4-BROMOPHENYLPHENYL ETHER (10
4,6-DINITRO-2-METHYLPHENOL (10 HEXACHLOROBENZENE (10
PENTACHLOROPHENOL (10 DI-N-BUTYL PHTHALATE (10
BEN2QIC ACID (19 BENZIDINE (10
N-NITROSODIMETHYLAMINE (10 BUTYL BENZYL PHTHALATE 12
ANILINE (10 3,3-DICHLOROBENZIDINE (19
BIS(2-CHLOROETHYL)ETHER {10 BIS(2-ETHYLHEXYL)PHTHALATE 3%
DI-N-OCTYLPHTHALATE (10

SURROCATE RECOVERY, %

2-FLUOROPHENOL (6.8 PHENOL ., DS i1
2,4,6-TRIBROMOPHENOL 5 2 NITROBENZENE, DS 98
2-FLUOROBIPHENYL 120 BENZO(A)PYRENE, D12 it

NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY CF ANALYTICAL RESULTS
SEMI-VOLATILE COMPOUNCS ON MM:T TRAIN

EAT NO 3155046 CLIENT - MALCOMN PIANIE

FLD D FH,PFB,XRB, IM!, M2 SAMPLING SITE TWIN ZITIES, MN
DATE ANALYZED 37/1G2784 DATE SAMPLED : 05/20/3%
PARAMETER RESULT PARAMETER RESULT
total ug total ug

NAPHTHALENE : (10 1,3-DICHLOROBENZENE (10
ACENAPHTHYLENE (10 1,4-DICHLOROBENZENE (10
ACENAPHTHENE (10 BENZYL ALCOKOL (10
FLUORENE (10 1,2-DICHLOROBENZENE (10
PHENANTHRENE 10 BIS{2-CHLOROISOPROPYL)ETHER (10
ANTHRACENE (10 N-NITROSODI-N-PROPYLAMINE {19
FLUORANTHENE (10 HEXACHLOROETHANE 10
PYRENE {10 NITROBENZENE (10
BENZ (A)ANTHRACENE {10 [SOPHORONE (10
CHRYSENE (10 BIS(2-CHLOROETHOXY)METHANE (10
BENZOFLUORANTHENES 10 1,2,4-TRICHLOROBENZENE (10
BENZO(A)PYRENE (to 4-CHLOROANILINE (10
INDENO(123CD)PYRENE (10 HEXACHLOROBUTADIENE (10
DISENZ(AK)ANTHRACENE 10 2-METHYLNAPHTHALENE (10
BENZO(CHI)PERYLENE (10 HEXACHLOROCYCLOPENTADIENE (10
PHENOL (10 2-CHLORONAPHTHALENE (10
2-CHLOROPHENOL 10 2-NITROANILINE (10
1-METHYLPHENOL (10 DIMETHYLPHTHALATE 10
4-METHYLPHENOL (10 J-NITROANILINE (19
2,4-DIMETHYLPHENOL (10 DIBENZOFURAN (10
2-NITROPHENOL (10 2,4-DINITROTOLUENE (10
2,4-DICHLOROPHENOL (16 - 2,6-DINITROTOLVENE (0
4-CHLORO-3-METHYLPHENOL (10 DIETHYL PHTHALATE (10
2,4,6-TRICHLOROPHENOL (10 4-CHLOROPHENYLPHENYL ETHER (10
2,4, 5-TRICHLOROPHENOL (10 4-NITROANILINE (10
1,4-DINITROPHENOL (10 N-NITROSODIPHENYLAMINE (190
4-NITROPHENOL (10 4-BROMOPHENYLPHENYL ETHER (10
4,6-DINITRO-21-METHYLPHENOL (10 HEXACHLOROBENZENE _ (10
PENTACHLOROPHENOL (10 DI-N-BUTYL PHTHALATE (10
BENZOIC ACID {10 BENZIDINE (10
N-NITROSODIMETHYLAMINE (10 BUTYL BENZYL PHTHALATE (10
ANILINE (10 3,3-DICHLOROBENZIDINE (10
BIS(2-CKLOROETHYL)ETHER (10 BIS(2-ETHYLHEXYL)PHTHALATE 10
DI-N-QCTYLPHTHALATE (to0

SURROGATE RECOVERY, %

2-FLUORQPHENOL 37 PHENOL . DS 43
2.4, ¢-TRIBROMOPHENOL ?0 NITROBENZENE,DS 71
2-FLUOROBIPHENYL 30 BENZO(A)PYRENE, D12 73

NA = NOT ANALYZED



ERT ANALYTIZAL LABORATORY
SUMMARY CF ANALYTICAL RESULTS
SEM!-VOLATILE COMPOUNDS ON MMS TRAIN

ZRT NO 35507

FLD ID
JATE ANALYZED

PARAMETER

NAPHTHALENE
ACENAPHTHYLENE
ACENAPHTHENE

FLUORENE

PHENANTHRENE
ANTHRACENE
FLUORANTHENE

PYRENE
BENZ(A)ANTHRACENE
CHRYSENE
BENZOFLUORANTHENES
BENZO(A)PYRENE
INDENO(123CD)PYRENE
DIBENZ (AH)ANTHRACENE
BENZO(GHI)PERYLENE
PHENOL

2-CHLOROPHENOL
2-METHYLFHENOL
4-METHYLPHENOL

2, 4-DIMETHYLPHENOL
2-NITROPHENOL
2,4-DICHLOROPHENOL
4-CHLORO-3-METHYLPHENOL
2,4,6-TRICHLOROPHENOL
2,4,5-TRICHLORQPHENOL
1,4-DINITROPHENOL
4-NITROPHENOL
4,6-DINITRO-2-METKYLPHENOL
PENTACHLOROPHENOL
BENZOIC ACID
N-NITROSODIMETHYLAMINE
ANILINE
BIS(2-CHLOROETHYL)ETHER
DI-N-OCTYLPHTHALATE

SURRIGATE RECOVERY. %
2-FLUOROPHENOL
2,4,6-TRIBROMOPHENOL
2-FLUOROBIPHENYL

NA = NOT ANALYZED

BENZO(A)PYRENE, D12

TLIENT MALCOMN PFIRNIZ
FH,PF,XR,CD, IMP28&3 SAMPLING S:T TWIN CITIES. MN
07/03/8¢ OATE SAMPLED 05/:50/86
RESVLT PARAMETER RESULT
total ug total ug
11 1,3-DICHLOROBENZENE (1¢
(10 1,4-DICHLOROBENZENE qi
(10 BENZYL ALCOHOL 10
(10 1,2-DICHLOROBENZENE 39
(10 BIS(2-CHLOROISOPROPYL)ETHER (10
(10 N-NITROSODI-N-PROPYLAMINE (10
(10 HEXACHLOROETHANE (10
<10 NITROBENZENE 10
<10 ISOPHORONE <10
(10 B!S(2-CHLOROETHOXY)METHANE (10
(10 1,2,4-TRICHLOROBENZENE (10
(10 4-CHLOROANILINE (10
(10 HEXACHLOROBUTADIENE (10
(10 2-METHYLNAPHTHALENE 190
(10 HEXACHLOROQCYCLOPENTADIENE (10
(10 1-CHLORONAPHTHALENE (10
(10 1-NITROANILINE (10
(10 DIMETHYLPHTHALATE (10
(10 3-NITROANILINE (10
(10 DIBENZOFURAN (10
70 2,4-DINITROTOLUENE {10
(10 2.6-DINITROTOLUENE (10
(10 DIETHKYL PHTHALATE 34
<10 4-CHLOROPMENYLPHENYL ETHER (10
{10 4-NITROANILINE (10
(10 N-NITROSODIPHENYLAMINE (10
<10 4-BROMOPHENYLPHENYL ETHER (19
(10 HEXACHLOROBENZENE (10
(10 DI-N-BUTYL PHTHALATE (10
(10 BENZIDINE (10
(10 BUTYL BENZYL PHTHALATE (10
(10 3.3-DICHLOROBENZIDINE (10
{10 BIS(2-ETHYLHEXYL) PHTHALATE (10
(10
4 8 PHENOL,DS 1%
6.3 NITROBENZENE,DS 90
89 {11



SEMI-VOLATILS ORCANIC CIMPOUNDS ON MMS TRA:N

CLIENT' MALCOMN PIRNIE

ERT NUMBER LF840474
DATE FORTIFIED 4/27/8¢
ODATE ANALYZED 7/2/8¢

PARAMETER

1-FLUOROPHENOL
PHENOL D-¢
2,4,6-TRIDROMOPHENOL
NITROBENZENE D-$
2-FLUOROBIPHENYL
BENZO(a)PYRENE

EAT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICZAL RESULTS
CUALITY CONTROL CKECK SAMPLES

SURROGATE
% RECOVERED

7%
7%
127%
8%
1%
78%



EAT ANALYTICAL LABCRATORY
SUMMARY OF ANALYTICAL RESULT3
QUALITY CONTROL CHECK SAMPLES

SEMI-VOLATILE ORGANIC CCMPAUNDS

ERT NO' LF860474

DATE FORTIFIED "67/27/8¢

JATE ANALYZED 7.2/84

PARAMETER

4-CHLORO-3-METHYLPHENCL
4-NiTROPHENOL
2-CHLOROPHENOL

PHENOL
PENTACHLOROPKENOL

1,2, 4-TRICHLORODENZENE
2,4-DINITROTOLVENE

1. 4-DICHLOROBENZENE
PYRENE

NAPHTHALENE
DI-N-BUTYLPHTHALATE
ACENAPHTHALENE
2-CHLGROBIPHENYL
DECACHKLOROBIPHENYL

FCRTIFICATION
% RECOVERY

77
63
71
4%
85
113
77
"1
108
87
83
9?7
103
173



ERT ANALYTICAL LABORATORY

SUMMARY CF ANALYTICAL RESULTS

QUALITY CONTROL CHECK SAMPLES
SEMI-VOLATILE JRCANIC COMPOUNDS IN MMS TRAIN

CLIENT MALCOMN PIRNIE

ERT NUMBER. LF860477
OATE FORTIFIED  6/27/8¢
DATE ANALYZED: 7/2/84

SURROGATE
PARAMETER % RECOVERED
¢-FLUQOROPHENOL 66%
PHENOL D-¢ $4%
2,4, 6-TRIBROMOPHENOL 126%
NITROBENZENE D-§- 77%
2-FLUOROBIPHENYL 4%

BENZO(a)PYRENE 7%%



ERT ANALYTICAL LABCRATORY
SUMMARY OF ANALYTICAL RESJULTS

NON-ZPA 41S/H3L TARGZIT COMFOUNDS GUANTITATED

CLISNT MALCIMN PIRNIE
DETECTION LIMIT 10 ug

ERT NO:

PARAMETER

I -METHYLNAPHTHALENE
PENTACHLOROBENZENE
TETRACHLOROPHENOLS
2-NITRONAPHTHALENE

BIPHENYL

ALL CHLORINATED PCB CONGENERS

38509

BDL
8DL
BDOL
BDL
BIL
BOL

35507

BDL
8pL
BOL
BDL
80L
DL

BOL
BDL
BDL
80L
BDL
BOL



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
QUALITY CONTRCL CHECKX SAMFLES
NGCMN-EPA 525 HSL TARGET CCMPOUNDS QUANTITATED

CLIENT MALCOMN PIRNIE
DETECTION LIMIT: 10 ug

ERT NO- 36714
10: MBO&O4L!L
PARAMETER

1<METHYLNAPHTHALENE BOL
PENTACHLOROBENZENE BDL
TETRACHLOROPHENOLS BOL
2-NITRONAPHTHALENE BOL
BIPHENYL DL

ALL CHLORINATED PCB CONGENERS BOL



VOLATILE ORGANIC COMPOUND ANALYSES ON TENAX

Summary of Analytical Results

Non-EPA 624/HSL Target Compounds (Quantitated) Results

NON-Target Compound Results

Method Blank Results

Quality Control Sample Results



ERT ANALYTICAL LABORATCRY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS ON TENAX

ERT NO - 35310 CLIENT : MALCOMN PIRNIE

FLD 1D : B-201 SAMPLING 8ITE : TWIN CITIES, MN

DATE ANALYZED : 4/23/8¢ DATE SAMPLED : 05/16/8¢
PARAMETER RESULT PARAMETER RESULT

ng/tube ng/tube

CHLOROMETHANE a0t TRANS-1,3-DICHLOROPROPENE 80L
BROMOMETHANE . BDOL TRICHLOROETHENE BDL
VINYL CHLORIDE BDL DIBROMOCHLOROMETHANE BDL
CHLOROETHANE BDL 1,1,3-TRICHLOROETHANE BDL
METHYLENE CHLORIDE BOL BENZENE BOL
ACETONE BDL CI8-1,3-DICHLOROPROPENE BDL
CARBON DISULFIDE BDL 1-CHLOROETHYL VINYL ETHER BDL
1,1-DICHLOROETHENE B8DL BROMOFORNM BDL
1,1-0ICHLOROETHANE BDL 1-HEXANONE BDL
TRANS-1,2-DICHLOROETHENE BDL 4-METHYL-2-PENTANONE 0L
CHLOROFORM BDL TETRACHLOROETHENE BOL
1,2-DICHLOROETHANE BDL 1,1,2,2-TETRACHLOROETHANE BDL
2-BUTANONE BDL - TOLUENE BOL
1,1, 1-TRICHLOROETHANE BDL CHLOROBENZENE BDL
CARBON TETRACHLORIDE BDL ETHYL BENZENE BOL
VINYL ACETATE BDL STYRENE BOL
BROMODICHLOROMETHANE  }1] A TOTAL XIYLENES BDL
1,1-DICHLOROPROPANE BOL

SURROCATE RECOVERY. %

1,2-DICHLOROETHANE, D4 8 -
BENZENE, D¢ 11

TOLUZNE, D8 4

BROMOFLUOROBENZENE 119

BDL = BELOW DETECTION LIMIT, S0 .00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS ON TENAX

ERT NO : 35484 CLIENT : MALCOMN PIRNIE

FLD ID : B-20¢ SAMPLING SITE : TWIN CITIES. MN

DATE ANALYZED : 4/24/38% DATE SAMPLED : 05/20/86
PARAMETER RESULT PARAMETER RESULT

ng/tube ng/tube

CHLOROMETHANE” BDL TRANS-1!,3-DICHLOROPROPENE - BDL
BROMOMETHANE - , 8DL TRICHLOROETHENEY DL
VINYL CHLORIDE” BDL DIBROMOCHLOROMETHANE BOL
CHLOROETHANE” BOL 1,1,2-TRICHLOROETHANE" BDL
METHYLENE CHLORIDE/ BDL BENZENE 8oL
ACETONE. 80L C18-1,3-DICHLOROPROPENE~ BDL
CARBON DISULFIDE " 8DL 2-CHLOROETHYL VINYL ETHER. BOL
1,1-DICHLOROETHENE BDL BROMOFORM v BOL
1,1-DICHLORQETHANE " BDL 2-HEXANONE - DL
TRANS-1,2-DICHLOROETHENE" BDL. 4-METHYL-2-PENTANONE “ BOL
CHLOROFORM~ B8DL TETRACHLOROETHENE - BDL
1,2-DICHLOROETHANE" BDL 1.1,2,2-TETRACHLOROETHANE o 160
2-BUTANONE v : BDL TOLUENE BOL
1,1, t-TRICHLOROETNANE BOL CHLOROBENZENE - 80L
CARBON TETRACHLORIDE - BDL ETHYL BENZENE - BOL
VINYL ACETATE BOL STYRENE DL
BROMOD ICHLOROMETHANE v BDL TOTAL XYLENES - 190
l,z-D!CHLOROPIOPANl,/’ BDL

SURROCATE RECOVERY, %

1,2-DICHLOROETHANE, D4 1" -
BENZENE ., D¢ 117
TOLUENE, D8 34
BROMOFLUOROBENZENE 184

BOL = BELOW DETECTION LIMIT, 350.00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS ON TENAX

ERT NO 35484 CLIENT MALCOMN PIRNIE

FLD ID B-208 SAMPLING SITE . TWIN CIT!ES., MN

DATE ANALYZED : 6/24/8¢ DATE SAMPLED : 05/20/84
PARAMETER ‘ RESULT PARAMETER RESULT

ng/tube ng/tube

CHLOROMETHANE 140 TRANS-1,3-DICHLOROPROPENE BOL
BROMOMETHANE BDL TRICHLOROETHENE §0
VINYL CHLORIDE BDL DISROMOCHLOROMETHANE BDL
CHLOROETHANE 80L 1,1,2-TRICHLOROETHANE BDL
METHYLENE CHLORIDE 19000 BENZENE ste
ACETONE 490 CI8-1,3-DICHLOROPROPENE BDL
CARBON DISULFIDE 1100 1-CHLOROETHYL VINYL ETKER BDL
1,1-DICHLOROETHENE BDL BROMOFORM BDL
1,1-DICHLOROETHANE BDL 1-HEXANONE BDL
TRANS-1,2-DICHLOROETHENE BDL - 4-METHYL-2-PENTANONE BOL
CHLORQFORM 110 TETRACHLOROETHENE 170
1,2-DICHLOROETHANE 460 1,1,2,2-TETRACHLORQETHANE BDL -
2-BUTANONE BDOL TOLUENE BDL
1,1,1-TRICHLOROETHANE BDL CHLOROBENZENE BDL
CARBON TETRACHLORIDE BOL ETHYL BENZENE 80L
VINYL ACETATE BDL STYRENE BDL
BROMODICHLOROMETHANE BDL TOTAL XYLENES BDL -
1,2-DICHLOROPROPANE BDL

SURROGATE RECOVERY, %

1,2-DICHLOROETHANE, D4 114 -
BENZENE . D¢ 34

TOLUENE, DS 94

BROMOFLUOROBENZENE 129

BDOL = BELOW DETECTION LIMIT, $0.00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LASORATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS ON TENAX

ERT NO - 135490
FLD ID : B-212
DATE ANALYZED

L R R R I IR e i R L L L R L L R L T N

PARAMETER

CHLOROMETHANE
BROMOMETHANE

VINYL CHLORIDE
CHLOROETHANE
METHYLENE CHLORIDE
ACETONE

CARBON DISULFIDE
1,1-DICHLOROETHENE
1,1-DICHLORQETHANE
TRANS-1,2-DICHLOROETHENE
CHLOROFORM
1,2-DICHLOROETHANE
2-BUTANONE
1,1,1-TRICHLOROETHANE
CARBON TETRACHLORIDE
VINYL ACETATE
BROMOD!CHLOROMETHANE
1,2-DICHLOROPROPANE
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SURROGATE RECOVERY, %

1,2-DICHLOROETHANE, D4
BENZENE . D¢

TOLVENE, DS
BROMOFLUOROBENZENE

BDL = BELOW DETECTION LIMIT,
NA = NOT ANALYZED

CLIENT : MALCOMN PIRNIE
SAMPLING SITE

§/123186 DATE SAMPLED 05/21/86
RESVULT PARAMETER

ng/tube

BDL TRANS-1 ,)J-DICHLOROPROPENE
BDL TRICHLOROETHENE

BDL DIBROMOCHLOROMETHANE

8DL 1.,1,2-TRICHLOROQETHANE

BDL BENZENE

§6é CIS-1,3-DICHLOROPROPENE
BDL 2-CHLOROETHYL VINYL ETHER
BOL BROMOFORM

BDL ¢-HEXIANONE

BOL 4-METHYL-2-PENTANONE

BDL TETRACHLOROETHENE

80L 1,1,2,2-TETRACKLOROETHANE
BOL TOLUENE

80L CHLOROBENZENE

BDL ETHYL BENZENE

éé STYRENE

BDL TOTAL IYLENES

80L

84 -
129

101

168
50.00 ng/tube

TWIN CITIES, MN

RESULT
ng/tube

BDL
BDL
BDL
BOL
8DL
BDL
BDL
BDL
8DL
BOL
BDL
BDL
BOL
8DL
BDL
BDL
80L



ERT ANALYTIZAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS CN TENAX

ERT NO 35492 CLIENT : MALCOMN PIRNIE

FLD ID : B-214 SAMPLING SITE : TWIN CITIES. MN

DATE ANALYZED . 46/24/8¢ DATE SAMPLED : 05/21/8¢
PARAMETER RESULT PARAMETER RESULYT

ng/tube ng/tube

CHLOROMETHANE 0L T3ANS-!,3-DICHLOROPROPENE 80L
BROMOMETHANE IoL TRICHLORQETHENE 120
VINYL CHLORIDE BDL DIBROMOCHLOROMETHANE - BOL
CHLOROETHANE BDL 1,1,2-TRICHLOROETHANE 8DL
METHYLENE CHLORIDE ?100 BENZENE 77
ACETONE BOL - C18-1,3-DICHLOROCPROPENE BOL
CARBON DISULFIDE 3%0 2-CHLOROETHYL VINYL ETHER BDL
1,1-DICHLOROETHENE BOL BROMOFORM BDL
1,1-DICHLOROETHANE BDL Z-HEXANONE oL
TRANS-1,2-DICHLOROETHENE :1:] 4-METHYL-2-PENTANONE 8oL
CHLOROFORM 110 TETRACHLOROETHENE 4350
1,2-DICHLOROETHANE 330 1,1,2,2-TETRACHLOROETHANE BDL
2-BUTANONE 4 TOLUVENE 56
1,1,1-TRICHLOROETHANE 340 CHLOROBENZENE BCL
<ARBON TETRACHLORIDE 74 ETHYL BENZENE BDL
VINYL ACETATE BDL -~ STYRENE BDL
BROMODICHLCROMETHANE 8DL TOTAL XYLENES BDL
1,2-DICHLORCPROPANE 8DL
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SURROGATE RECOVERY, %

1,2-DICHLOROETHANE , D4 109 -
BENZENE, D¢ 746

TOLUENE, DS 137

BROMOFLUOROBENZENE 130

BDL = BELOV DETECTION LIMIT, $0.00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY CF ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS ON TENAX

ERT NO : 35494
FLD ID : B-214
OATE ANALYZED
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PARAMETER

CHLOROMETHANE
BROMOMETHANE

VINYL CHLORIDE
CHLOROETHANE
METHYLENE CHLORIDE
ACETONE

CARBON DISULFIDE

{1, 1-DICHLOROETHENE

1, 1-DICHLOROETHANE
TRANS-1,2-DICHLOROETHENE
CHLOROFORM
1,2-DICKLOROETHANE
2-BUTANONE

1,1, 1-TRICHLOROETHANE
CARBON TETRACHLORIDE
VINYL ACETATE
BROMODICHLOROMETHANE
1,2-DICHLOROPROPANE

SURROGATE RECOVERY, &

1,2-DICHLOROETHANE, D4
BENZENE, D¢

TOLUVENE. D8
BROMOFLUOROBENZENE

BDL =« BELOW DETECTION LIMIT,

NA = NOT ANALYZED

CLIENT - MALCOMN PIRNIE

SAMPLING SITE : TWIN CITIES. MN

6123186 DATE SAMPLED 05/21/8¢
RESULT PARAMETER

ng/tude

54 TRANS-1,3-DICHLOROPROPENE
BDL TRICHLOROETHENE

BOL DIBROMOCHLOROMETHANE

BDL 1,1,2-TRICHLOROETHANE
6100 BENZENE

190 - CIS-1,3-DICHLOROPROPENE
150 2-CHLOROETHYL VINYL ETHER
BOL BROMOFORM

80L 2-HEXANONE

BDL 4-METHYL-2-PENTANONE

BDL TETRACHLOROETHENE

120 1,1,2,3-TETRACHLOROETHANE
BDL TOLUVENE

BDL CHLOROBENZENE

BDL ETHYL BENZENE

170 - STYRENE

8DL TOTAL IYLENES

BDL

86 -
93

130

94

$50.00 ng/tubde

RESULT
ng/tube

BOL
aDL
BDL
8oL
57

BDL
DL
BOL
BDL
3DL
60

BDL
8DL
BDL
EDL
BDL
BDL



ERT ANALYTICAL LABQRATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE ORGANIC COMPOUNDS ON TENAY

ERT NO : 35498 CLIENT : MALCOMN PIRNIE

FLD ID : B-220 SAMPLING SITE : TWIN CITISS., MN

DATE ANALYZED - 4/23/8¢ DATE SAMPLED 05/22/84
PARAMETER RESULT PARAMETER RESULT

ng/tube ng/tube

CHLOROMETHANE 0L TRANS-1,3-DICHLOROPROPENE BDL
BROMOMETHANE BDL TRICHLOROETHENE BDL
VINYL CHLORIDE BDL DIBROMOCHLOROMETHANE BDL
CHLOROETHANE BOL 1,1,2-TRICHLOROETHANE 8DL
METHYLENE CHLORIDE - 18000 BENZENE 49
ACETONE 140 CI8-1,3-DICHLOROPROPENE BDL
CARBON DISULFIDE 210 2-CHLOROETHYL VINYL ETHER 3DL
1,1-DICHLOROETHENE BDL BROMOFORM BDL
1,1-DICHLOROETKANE BOL 2-HEXANCONE BDL
TRANS-1,2-DICHLOROETKENE BOL 4-METHYL-2-PENTANONE BDL
CHLOROFORM BDL TETRACHLOROETHENE 78
1,2-DICHLOROETHANE 170 1,1,3,2-TETRACHLOROETHANE BOL
2-BUTANONE BDL TOLUENE BDL
1,1,1-TRICHLOROETHANE $3 CHLOROBENZENE BDL
CARBON TETRACHLORIDE BDL ETHYL BENZENE BDL
VINYL ACETATE ’ 130 STYRENE BDL-
BROMODICHLOROMETMANE BDL TOTAL XYLENES BDL
1,2-DICHLOROPROPANE BDL '

SURROGATE RECOVERY, %

1,2-DICHLOROETHANE, D4 70 -
BENZENE, D¢ 74

TOLUENE, DS 136

BROMOFLUOROBENZENE 149

BOL = BELOW DETECTION LIMIT, 50.00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
VOLATILE QRGANIC COMPOUNDS ON TENAX

ERT NO - 35500 CLIENT . MALCOMN PIRNIE

FLD ID : B-222 SAMPLING SITE TWIN CITIES, MN

DATE ANALYZED 67123786 DATE SAMPLED - 0S/22/84
PARAMETER ' RESULT PARAMETER RESULT

ng/tube ng/tube

CHLOROMETHANE BDL TRANS-1,3-DICHLOROPROPENE BOL
BROMOMETHANE 0L TRICHLOROETHENE BDL
VINYL CHLORIDE DL DIBROMOCHLOROMETHANE BDL
CHLOROETHANE BOL 1,1,2-TRICHLOROETHANE BDL
METHYLENE CKLORIDE 67 BENZENE BDL
ACETONE BOL CI18-1,3-DICHLOROPROPENE BOL
CARBON DISULFIDE BDL 2-CHLOROETHYL VINYL ETHER BDL
1,1-DICHLOROETHENE BOL BROMOFORM BDL
1,1-DICHLOROETHANE BDL 1-HEXANONE BDL
TRANS-1,2-DICHLOROETHENE BDL 4-METHYL-2-PENTANONE BDL
CHLOROFORM BDL TETRACHLOROETHENE BOL
1.,2-DICHLOROETHANE BDL 1,1,2,3-TETRACHLOROETHANE BDL
2-BUTANONE BDL TOLUENE EOL
1,1,1-TRICKLOROETHANE BDL CHLOROBENZENE BDL
CARBON TETRACHLORIDE BOL ETHYL BENZENE BDL
VINYL ACETATE 8DL STYRENE 240
BROMODICHLOROMETHANE BDL TOTAL XYLENES 130
1,2-DICHLOROPROPANE BDL

SURROGATE RECOVERY, %

1,2-DICHLOROETHANE, D4 73 -
BENZENE, D¢ 99
TOLUENE . D8 2
BROMOFLUOROBENZENE 70

BOL = BELOW DETECTION LIMIT, S0.00 ng/tube
NA = NOT ANALYZED



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
QUALITY CONTROL CHECK SAMPLES

VOLATILE ORGANIC COMPOUNDS

ERT NO LF8404512
ID- LAB FORTIFICATION
DATE ANALYZED  46/23/8¢

PARAMETER % RECOVERY
1,1-DICHLOROETHENE 73
TRICHLOROETHENE 34
BENZENE 71
TOLUENE 68

CHLOROBENZENE 92



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
QUALITY CONTROL CHECK SAMPLES

VOLATILE ORGANIC COMPOUNDS

ERT NO - LF8604$?
ID LAB FORTIFICATION
DATE ANALYZED 6/24/8¢

PARAMETER % RECOVERY
1, 1-DICHLOROETHENE 100
TRICHLOROETHENE 82
BENZENE 102
TOLUENE 78

CHLOROBENZENE 33



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
NON-EPA o24/HSL TARGET COMPOUNLCS QUANTITATED

CLIENT MALCOMN PIRNIE
UNITS: ng/tube

ERT NO: 3S484 35484 35490

ID: 8-20¢ B-2008 B-212

PARAMETER DETECTION

LIMIT

CYCLOPENTANE 80L BDL BDL 30
CYCLOHEIXANE BDL BDL BOL S0
:,3-DIBROMOETHYLENE BOL BDL BDL 50
J-HEPTANONE 2200 80L 8DL 125

2,6-DIMETHYL-4-HEPTANONE 17000 10 BDL 123



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
NON-EPA §24/HSL TARGET COMPOUNDS QUANTITATED

CLIENT MALCOMN PIRNIE
UNITS ng/tube

ERT NO- 35492 35494 3T498

ID: B-2114 B-21¢6 B-220

PARAMETER DETECTION

LINIT

CYCLOPENTANE oL BDL BDL 30
CYCLOHEXANE 80t BOL BOL i0
1,2-DIBROMOETHYLENE DL BDL BDL 30
J-HEPTANONE BDL BDL BOL 123

2,6-DIMETHYL-4-HEPTANONE 80L 700 BDL 123



ERT ANALYTICAL LABORATORY
SUMMARY OF ANALYTICAL RESULTS
NON-EPA §24/HSL TARGET COMPOUNDS QUANTITATED

CLIENT MALCOMN PIRNIE
UNITS. ng/tube

ERT NO: 33800

ID: B-222

PARAMETER DETECTION

LINMIT

CYCLOPENTANE BOL 30
CYCLOHEXANE BOL $0
1,2-DIBROMOETHYLENE ' BOL S0
3-HEPTANONE 1500 123

2,6-DIMETHYL-4-HEPTANONE 3400 123



SUMMARY OF ANALYTICAL RESULTS
NON-TARGET COMPOUNDS

CLIENT: MALCOM PIRNIE
ERT NUMBER: %492
CLIENT 1D: B-214

TENTATIVE 1D

1-ETHYL-4-METHYL-1,3-DIOXOLANE
UNKNOWN

NITROMETHANE
2-PROPENENITRILE
CYCLOHEXENE
2-2'-0XYBIS-PROPANE
TETRAHYDROFURAN
2,4(3H, SH) -FURANDIONE
1,4-DICHLOROBENZENE
UNKNOWN
2,5-DIMETHYL-1,4-DIOXANE
UNKNOWN

VOLATILE CRGANICS

BASE PEAK
SCAN § (M/2) CONC. (NG/TUBE)

448 8? 830
622 10§ Jq0
34 é1 420
151 33 340
333 67 130
g9 43 170
123 12 190
498 100 74
787 144 190
340 77 140
494 12 2460
704 69 20



SUMMARY OF ANALYTICAL RESULTS
NON-TARGET COMPOUNDS

CLIENT: MALCOM PIRNIE
ERT NUMBER. 35486
CLIENT 1ID: B-200

TENTATIVE 1D

1-PROPENENITRILE
Z-ETHYL-!-H!THYL-I,J-DXOXOLANE
UNKNOWN

2-4-DIMETHYLOCTANE HEPTANE
UNKNOWN

METHYL ESTER FORMIC ACID
DIMETHOXYMETHANE

UNXNOWN

CYCLOHEIENE
2,2'-0XYBIS-PROPANE

UREA

UNKNOWN
2,5-DIMETHYL-1,4-DIOXANE
UNKNOWN

UNKNOWN
2-(FORHYLO!Y)-I-PHENYLITHANONI
UNXKNOWN

UNKNOWN

UNKNOWN

VOLATILE ORGANICS

BASE PEAK
SCAN ¢ (M/2) CONC. (NG/TUBE)

159 33 5100
447 87 2200
3529 87 310
621 1 320
4 s - 870

82 60 1900
203 43 1900
167 49 8
3138 67 140
e 43 230
104 40 00
323 43 7.3
483 42 150
S01 100 82
760 144 42
71 77 16
398 57 .8
709 69 8.1
s 57 33



SUMMARY CF ANALYTICAL RESULTS
NON-TARGET COMPOUNDS

CLIENT: MALCOM PIRNIE
ERT NUMBER- 35498
CLIENT 1D 8-220

TENTATIVE 1D

DIMETHOXYMETHANE
BENZONITRILE
BENZALDEKYDE
CHLORODIFLUOROMETHANE
METHYL ESTER FORMIC ACID
UNKNOWN

UNKNOWN

CYCLOHEXENE
1,2'-0XYBIS-PROPANE
2-ETHYL-4-METHYL-1,3-DIOXOLANE
2,4(3H,5H)-FURANDIONE
UNKNOWN

UNKNOWN

1, 4-DICHLOROBENZENE

VOLATILE QRGANICS

BASE PEAK

SCAN ¢ M) CONC . (NG:/TUBE)
189 L] 2700
624 103 $00
§44 77 200
43 3t 120
39 60 1290
81 43 180
126 43 7%0
337 87 40
3 43 90
473 87 9?
49 144 72
S48 37 33
t 37 11
78S 146 L1



SUMMARY OF ANALYTICAL RESULTS

CLIENT: .MALCOM PIRNIE

ERT NUMEER 35494
CLIENT ID B8-214

TENTATIVE 1D

ETHANOL
DIMETHOXYMETHANE
UNKNOWN
UNKNOWN

"UNKNOWN

2-PROPENENITRILE
UNKNOWN
1.1-DICHLORO-1-NITROETHANE
CYCLOHEXENE
2,2'-01YBIS-PROPANE
UNKNOWN

TRICHLOROMETHANE

UNKNOWN

UNKNOWN

NON-TARGET COMPOUNDS
YOLATILE ORGANICS

BASE PEAK
SCAN # (M/2) CONC. (NG/TUBZ)

137 43 770
194 45 2400
4 52 110
ss 202 58
84 60 @0
145 s3 280
207 46 17
296 97 38
338 §7 Y]
390 as "3
“s 57 28
230 83 79
‘68 106 i
852 $7 21



APPENDIX F
JUSTIFICATION FOR TRECHNICAL APPROACH PROPOSED FOR
THE MEASUREMENT OF POLYCHLORINATED DIBENZODIOXINS (PCDDS)
AND POLYCHLORINATED DIBENZOFURANS (PCDFS)
PRESENTED AT MAY 7, 1986 TAP MEETING
‘ MWCC TREATMENT FACILITY
ST. PAUL, MINNESOTA
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Non-Criteria Emissions Monitoring Program
Technical Approach for the Measurement
of Polychlorinated Dibenzodioxins (PCDDs) and
Polychlorinated Dibenzofurans (PCDFs)
(ERT Project E-081 May 1986)

Background

A non-criteria emissions test program is presently scheduled to take
place in May of 1986 at a municipal sewage sludge treatment facility operated
by the Metropolitan Waste Control Commission (MWCC) in St. Paul Minnesota.
The emissions test program is comprised of monitoring for a variety of organic
and inorganic parameters in an effort to provide a baseline or initial charac-
terization of incinerator flue gas emissions at the facility. As is customary
in emissions monitoring programs of this type, the project work scope contains
provisions for monitoring of toxic organic emissions, including polychlorinated
dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). Previous
PCDD/PCDF testing conducted at the MWCC facility in 1985 by Radian Corporation
and sponsored by the EPA provided results that at the present time have not
been fully accepted by the MPCA and other interested parties. As a consequence,
it is the.intention of the present monitoring PCDD/PCDF program to provide data
to both supplement the existing EPA data and perhaps allay some of the reser-
vations that the MWCC and MPCA may have about the existing EPA data. Accordingly,
ERT's approach to the PCDD/PCDF monitoring issue will address each of these objec-
tives, while at the same time provide a data product of verifiable quality.

Scope Summary

ERT will collect two sets of flue gas samples while the incinerator is oper-
ating under normal or "steady state'" load conditions. One run per previous dis-
cussions with MPCA will consist of an extended 12 hour sampling period, while the
second run will consist of two (2) collocated sampling trains scheduled to oper-
ate for a 6 hour sampling interval. In all instances, the samples collected will
represent the combined particulate and vapor phases present in the flue gas emis-
sions. All samples, per the discussion contained in the ERT Test Plan, will be
collected using the ASME Sampling Train specified by the U.S. EPA for use in the
National Dioxin Strategy - Tier IV Combustion Source Investigation. All samples
will be transferred to California Analytical Laboratories (CAL) in Sacramento,
California, to undergo PCDD/PCDF analyses. So as to provide data consistent with
the existing EPA test data on the MWCC unit, as well as the majority of the state-
of-the-art PCDD/PCDF data in the open literature analyses will be provided for
tetra through octa PCDDs and PCDFs. Quality control measures peculiar to this
testing program will include the use of field blanks, isotopically labeled sur-
rogate compounds (applied to the sample collection system as a measure of accuracy
for the combined sampling and analysis system), a pair of collocated samples col-
lected simultaneously (as a measure of precision), and duplicate analyses of the
extended 12 hour sampling run (as a measure of precision for the laboratory anal-
yses scheme). The discussion to follow will further outline and substantiate
ERT's approach to the PCDD/PCDF monitoring program, including field sample collec-
tion, analytical requirements, including anticipated detection limits (pg/m ),
and. quality assurance/quality control measures. Particular attention has been

focused on those issues raised by written comments, and in previous discussions
with MPCA personnel.



ERT has opted to collect a total of five samples for PCDDs/PCDFs. These
will consist of three actual flue gas samples and two field blanks, resulting
in a total of six actual samples for analyses, as specified in the existing
Work Scope and Test Plan. All samples will be collected using the ASME samp-
ling train specified by EPA which actually is a Method 5 particulate train
modified to contain a polymeric sorbent cartridge for the collection of gaseous
components. In response to our discussions with MPCA, ERT has opted to extend
one of the sampling runs to an interval of 12 hours in an attempt to optimize
flue gas detection limits. ERT selected this approach in lieu of the alternative
of using the EPA Source Assessment Sampling System (SASS), as suggested by MPCA
for the collection of larger sample volumes. It has been ERT's experience that
the SASS train is not suitable for this sort of monitoring primarily because
of difficulties in establishing and maintaining isokinetic sample flow rates,
as well as difficulties in traversing the stack diameter, hence, resulting in
non-representative flue gas samples. Furthermore, the SASS train is not pre-
sently sanctioned by the EPA for use in programs of this nature.

In response to comments received on method precision, ERT has selected to
operate two (2) collocated sampling trains during the second PCDDs/PCDFs sampling
run. These will be operated simultaneously for a period of approximately 6
hours. It is anticipated that these samples will provide a measure of precigion
for the combined sampling and analysis scheme. A total sample volume of 8 m
is projected for each of these samples.

Additionally, per comments received from MPCA in direct response to the
existing Radian/EPA data, ERT will make use of two isotopically labeled surrogate
compounds as a means to measure both the accuracy (retention efficiency) and
the precision of the entire sample collection and analysis scheme. ERT is recom-
mending that the two surrogate compounds be placed directly in the glass sorbent
trap just prior to commencement of sample collection. The surrogate cocktail will
consist of c137 - 2,3,7,8-TCDD and C13 - 1,2,3,4-TCDD. It is recommended that
spiking levels of 3X and 10X the anticipated detection limits for native 2,3,7,8-
TCDD (30 pg/m”, see Table 1) be used for the two surrogates, respectively.

This corresponds to spiking levels of 60-9OPg/m3 for the C137-2,3,7,8-TCDD
and 300 pg/m3 for the Cj3 - 1,2,3,4-TCDD. ERT realizes that these levels of
sensitivity for TCDD are higher than those provided by the existing EPA/Radian
data set, and also that the recommended spiking levels are higher than those
requested by Ed Crowley of MPCA in his April 14, 1986 letter to Jim Brown of
MWCC. However, after a series of conversations involving ERT technical staff
and key technical members of EPA/RTP actively involved in the National Dioxin
Strategy for Tier IV combustion sources, it was concluded that spiking levels
of 2-3 times the anticipated lower detection limit (LDL) is more appropriate
and technically sound than spiking at or near the LDL to assess the recovery
efficiency of the sample collection and analysis system. ERT agrees with this
recommendation and, therefore, has incorporated it into the technical Work Scope.

As discussed previously, each of five field samples will undergo analyses
for PCDDs/PCDFs (tetra through octa). As requested by MPCA, the 12 hour extended
sampling run will be split into two identical portions immediately after extrac-
tion so as to provide a measure of precision specific to the analytical regime.



Anticipated detection limits (pg/m3) for each of the respective PCDDs/
PCDFs congener classes are provided in Table 1. Please note that these detec-
tion limits correspond to both the 6 hour samples, as well as the 12 hour
extended sampling run, since the latter sample will be divided in two parts
at the outset of the analytical scheme. Also, please note that the values pro-
vided here are conservative ones. In actual practice lower limits of sensi-
tivity may be achievable as dictated primarily by matrix complexity, background
interferences, and field and laboratory derived contamination. In some instances,
the LDLs provided in Table 1 are gomewhat higher than those achieved by the EPA/
Radian data (2,3,7,8-TCDD 38 pg/m” vs. 10 pg/m’) and in other instances, those
provided here are lower than those reported by EPA/Radian. This is particularly
true in the case of some of the higher molecular weight homologues. In any case,
the anticipated conservative detection limits for this program, as well as those
likely to be achieved in practice will not surpass the lower limit of detection
of 10 pg/m> reported by EPA/Radian for 2,3,7,8-TCDD. Furthermore, the LOLs for
the TCDDs/TCDFs in particular will most probably not satisfy the MPCA objectives
to provide actual measured values for these congener classes, particularly ig
actual emission values are well below the existing EPA/Radian LDL of 10 pg/m”.
ERT, however, does not feel that detection limits far below 10 pg/m” are fully
warranted and justified for combustion source monitoring. In our conversations
during the past several weeks with members of EPA/RTP, they agreed with this
conclusion. It has been ERT's observation on this issue that such LDLs are in
fact commensurate with existing or proposed air quality guidelines for PCDDs/
PCDFs in ambient atmosphere. A number of these are shown in Table 2. In our
opinion, it does not appear practical or prudent to impose what are recognized
to be stringent ambient air quality guidelines on emissions from stationary
combustion sources. Certainly even an LDL of 30 pg/m3 for TCDD when extrapolated
via dispersion modeling to a maximum ground level ambient concentration can be
expected to fall well below guidelines (AALs) such as those offered in Table 2.
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TABLE 1 MINIMUM DETECTABLE LEVEL FOR
PCDD/PCOF ANALYSIS BY GC/MS FROM STACK EMISSIONS

Volume Air Minimum Detectable
Minimum Picograms Sampled Level in Stack

Chemical Detectable ma MJ

2,3,7,8 TCDD 300 8 37.5
Other TCDD 300 ] $7.%
2,3,7,8 TCODF 300 8 37.5
Other TCOFP 300 8 37.5
Penta CDD 1,000 8 125.0
Penta CDF 1,000 8 125.0
Hexa CDD 1,000 8 125.0
Hexa CGDF 1,000 ] 125.0
Hepta CDD 2,000 8 250.0
Hepta CDF ) 2,000 8 250.0
Octa CDD 5,000 8 625.0
Octa CDF 5,000 8 625.0

A S————————

Volums of air samples calculation.

0.2 ft3/mi.n x 360 minutes + 35.3147 = 7.6 ~ 8




TABLE 2

Agency

New York DEC

Mass DEQE

Philadelphia

Dioxin Guidelines for MSW Incineration

Acceptable Ambient Concentrations Adopted

Parameter

TCDDS (Total)

PCDDS/PCDFS (total)

by Selected State and Municipal Regulatory Agencies (4-6)

Concentration

0.092 pg/m3

1.1 pg/m3
(Particulate)

2.2 pg/m3
(Gaseous)

35 pg/m3



APPENDIX G

TECHNICAL WORK SCOPE PROVIDED TO ENSECO-CAL LABORATORIES
BY ERT
FOR THE ANALYSES OF PCDDS/PCDFS
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Technical Work Scope
PCDDS/PCDFS Analyses of Flue Gas Samples
Non-Criteria Emissions Monitoring Program

MWCC Sewage Sludge Incinerator

Sample Summary Listing

A total of five flue gas samples have been submitted for
analyses. Each sample is comprised of a series of components
which will be composited to create a single sample. A summary
listing of the five samples submitted for analyses are provided
in Table 1. This includes sample identification numbers,
sample codes and corresponding description s for each component
in a sample set.

Analytical Protocols

Analytical protocols to be employed should be consistent
with those contained in the draft ASME protocols (copy

enclosed) entitled, Analytical Procedures to Assay Stack

Effluent Samples and Residual Combustion Products for
Polychlorinated Dibenzodioxins (PCDD) and Polychlorinated

Dibenzofurans (PCDF) (Draft, September 18, 1984). It is
further understood that CAL may make use of modifications
contained in their methods manual entitled, Total and/or 2, 3,
7, 8 - Substituted Dioxin and Furan Analyses. Such
modifications can be implemented provided they have been
sanctioned by the U.S. EPA for use in the analyses of flue gas
samples for PCDDS and PCDFS.

Sample preparation protocols should proceed as outlined in
the schematic provided as Figure 1. As noted, the individual
components from each sampling train (particulate-filter, front
half rinse, condensate extract, impinger extracts, and XAD-2
resin cartridge) will be combined such that a single sample

extract results for each sampling train. The particulate
filter is placed in the soxhlet extractor thimble along with
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the contents of the corresponding XAD-2 sorbent trap. Both the
front half probe rinse and the back half rinse are placed in
the solvent reservoir of the soxhlet extractor. The condensate
and impinger (2 and 3) aqueous samples are combined and
extracted with methylene chloride. (PH ad justments should be
made in a manner consistent with CAL's analytical protocol
entitled, Total and/br 2, 3, 7, 8 - Substituted Dioxin and
Furan Analyses). (The samples that remain after completion of
the extraction procedures should be returned to their

respective containers and placed in storage for future
reference. These samples should be retained until the
analytical data has been received and approved by ERT.)

Each of these solvent extracts are then combined and
transferred to the solvent reservoir of the soxhlet extraction
apparatus. The surrogate spiking mixture is placed in the
soxhlet thimble that contains the particulate filter and the
contents of the XAD-2 sorbent cactridge. Each sample should be
extracted for a period of 8-12 hours. The balance of the
analytical scheme should proceed in accordance with CAL's
Standard Operating Procedures referenced above. This includes
the analysis of all extracts for mono through octa
chlorodibenzodioxins and mono through octa chlorodibenzofurans
employing combined gas chromatography/mass spectrometry (GC/MS).

Resgults

Results are to be provided for each of the isomer
categories listed in Table 2. This includes values for each of
the eight PCDD and PCDF positional isomer categories, as well
as 2, 3, 7, 8-TCDD and 2, 3, 7, 8-TCDF. Results should be
provided in units of total picograms (pg) for each of these
categories in each program sample. It is assumed that all
reported data points will reflect method blank corrected
values. It is our understanding that at a minimum (at the
worst) the lower limits of detection stated in Table 2 will be
achieved for each of the respective isomer categories. (In
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conversations with CAL technical staff, it was brought to our
attention that detection limits lower than those provided in
Table 2 can probably be achieved in practice.)

Quality Control Reguirements

Quality control measures should be consistent with those
contained in CAL's Quality Assurance Manual (January 1986,
Version 3.3, copy attached). These should include, at a
minimum, the use of laboratory method blanks, laboratory
fortified spikes, laboratory performance check samples, and
isotopically labeled surrogates and internal standards in each
sample. Please note that in addition, the XAD-2 sorbent
cartridge from each sample train has been fortified in the
field with a surrogate mixture of C137-2.3,7.8-TCDD and
C13—1.2.3,4-TCDD. at concentrations of 1,000 picograms and
3,000 picograms, respectively.

Additional quality control requirements should include the
use of formal chain of custody and document control
procedurés. At a minimum, these should include the following
types of document control: custody records, sample tracking
records, analyst logbook pages, computerized raw data
summaries, and instrument logbook pages. In summary.
sufficient information should be provided sé as to permit ERT
personnel to derive the data points provided by CAL, as well as
verify sample handling and integrity.

Summary of Reporting Requirements and Deliverables

A summary of the reporting requirements, deliverables, and
other supplementary information, to be provided as part of the
contractor's obligations, are as follows: -
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° Total pg quantities in each sample reported for each
of the isomer categories listed in Table 2. This
applies to all method blanks, field blanks, field
samples, and laboratory derived quality control
samples.

° Results of all guality control analyses, including
spikes, replicates, and performance check/evaluation
samples. Spiked sample data should include ng

applied, ng recovered, as well as % recovery data.

° Results of performance evaluation samples recently
completed by CAL as offered in Section V of the CAL
QA Manual.

° Results of all field surrogate analyses to include
quantities of 37Cl4 - 2,3,7,8 TCDD and

Cl3-1.2.3.4—TCDD applied and recovered from each

and every program sample. Recovery data (%) for the
surrogate compounds should also be provided. Similar
results for laboratory introduced surrogate compounds
should also be provided.

® Results of all of the daily performance check samples
pertinent to the set of samples submitted for
analysis. The performance check solution and the
calibration solution data are needed to demonstrate
GC and MS resolution, sensitivity, response factor
reproducibility, as well as mass range calibration.

o Copies of actual selected ion current profiles
(SICPS) and raw and background subtracted spectra
pertinent to each sample.

° Copies of all calibrant response factor calculations,
plotted concentration calibration curves and computer
derived quantitation reports.
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° A chronological list of all analyses performed
including the data system file name, ERT sample
number for each sample blank, concentration
calibration solution, and performance check
solution. This shall include all labeled peaks for
PCDD/PCDF isomers, as well as the internal standards
and surrogates.

) The accompanying document control and chain of
custody package should include original sample tags,
custody records, sample tracking records, analyst
logbook pages, computer printouts, raw data
summaries, and instrument logbook pages.
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TABLE 2

CALIFORNIA ANALYTICAL LAB'S MINIMUM
DETECTABLE LEVELS FOR PCDDS/PCDFS

Isomer Cateqory

Mono CDD
Mono CDF

Di coD

Di CDF

Tri CDD

Tri CDF
2,3,7,8 TCDD
Other TCDD
2,3,7,8 TCOF
Other TCDF
Penta CDD
Penta CDF
Hexa CDD
Hexa COF
Hepta CDD
Hepta CDF
Octa CDD
Octa CDP

Quantity in

Picograms (pg)

300
300
300
300
1,000
1,000
1,000
1,000
2,000
2,000
5,000
5,000



APPENDIX H
ENSECO-CAL LABORATORIES
PCDDS/PCDFS DATA SHEETS
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Colfornia Analytical Loboratories, Inc.
2544 Industrial Boulsvard ¢ West Sacramento, CA 95691 o (916) 372-1393

August 7, 1335
Lao YNo. 24334
Ricnard 3Sraziano Raceivad: 5/24/33
Snvironmna2ntal Research & I=2cn Projact: 2-231
595 VYirgzinia Road
Concord, MA 201742

Iwenty-savan samples were raceivad und2r chain of custady in
various containers to be analyzed for amono-octa chlorodioxins
and furans.

CAL I.D. Sample I[.D.
233331 PCOD-1A-MM5-Xr-1520 XAD TRAP #152o
-2 PCOD-1-MM5-XR-8-1533 BLANK TRAIN #1533
-3 PCOD~-1A-MM5-CD
-4 PCDOD=-1A-MM5-IMP 2%3
-5 PCDD-1-1MM5-CD-8 BLANK TRAIN
-3 PCDD-1-MM5-IMP 2&3B BLANK IRAIN
-7 PCDD-1-MM5-PF-B BLANK #B-172
-3 PCDD-1A-MM5-PF #B-180
-9 PCOD-1A-MM5-FRONT ZIND
-19 PCOD-2A-M5-FH
-11 PCDD-2B-MM5-FH
-12 2A-MM5-PCDD-CD
-13 2B-MM5-PCDD-CD
-14 PCDD-2A-MM5-IMP 2&3
-15 PCOD-2B-MM5-IMP 2&3
-16 2A-MM5-PF #B-153
-17 2B-MM5-PF #B-151
-28 MMS5-PF BLANK #B-154
-13 PCDD-2-MM5-FHB
-20 PCDD-2-MM5-IMP 2&33
-21 PCDD-2-MM5-CDB
-22 PCDD-2-MM5-XRB XAD BLANK #1522
-23 PCDD-2A-MMS5-XR XAD TRAP #1510
-24 2B-MM5-XR XAD TRAP #1527
=25 PCDD-1-MM5-FHB BLANK
-26 PCDD-2A-MM5-CD#2
-27 PCDD-2B-MM5-CD#2
RESULTS

Samples were composited and analyzad per your lettar of June
13, 1936. . We did nave a low lavel of nepta and octa dioxin
prasent in the method blank, forcing us to report the low
levels in th2 samples as MPC values (maximum possible
‘concantration). It was not possible to run a dupliicate2 or
native spike analysis because of the natur2 of the saaplas, 30
only a m od blank spike was analyza2d and reportad.

ﬁ%;hael f?f;iille, Pns

Vice President

Jb
thnmhhrhsd-w.:wﬂwmdhmmum:lm.
- T o g e PR ol aaloos abham dee ras aebas)



California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: RUN 1A ' Date Analyzed: 7/25/86 Column: DB-5
CAL ID: 24894-1C Weight: EXTRACT
rumaxs BSOS T
tetra (total) 5.3 -
penta 0.65 -
hexa ND - 0.45
hepta ND 0.69
octa ND 2.5
DIOXINS
tetra (total) ND 0.19
penta ND 0.45
hexa ND 0.55
hepta ' MPC 3.2
octa MPC 11.3

ND = Not Detected .
MPC - Maximum Possible Concentration; See Cover lLetter

PREPARED BY: A
APPROVED BY: /Iﬂt'l DATE: __ &, /?‘/&C:

Califarnia Anahitical | aboratoriee lane



California Analytical Laboratories, Inc.

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

CLIENT ID: RUN 1A Date Analyzed: 7/29/86 Column: SP-2331

CAL ID: 2489%4-1C Weight: EXTRACT

AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
2,3,7,8=TCDF 0.94 -
Mono (total) ND 0.12
Di (total) ND 2.5
Tri (total) 0.25 -
DIOXINS
2,3,7,8-TCDD ND 0.11
Mono (total) ND 0.31
Di (total) _ 14.4 -
Tri (total) 0.55% -

ND = Not Detected

PREPARED BY: A
APPROVED BY: Lm DATE: 9/37(2@

California Analytical Laboratories

A DIVISION OF
ERICErr i




California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: RUN 2A Date Analyzed: 7/25/86 Column: DB=-5
CAL ID: 24894-10C : Weight: EXTRACT
rumans Rl g
tetra (total) 26.3 -
penta 4.1 -
hexa 0.56 -
hepta 0.50 -
octa 1.4 -
DIOXINS
tetra (total) ND 0.24
penta ND 0.22
hexa ND 0.50
hepta - MPC 3.9
octa MPC 15.0

ND = Not Detected .
MPC - Maximum Possible Concentration; See Cover Letter

PREPARED BY: J?{\
APPROVED BY: 7! DATE: § /?4%

California Analytical Laboratorles

A DIVISION OF
[(d Q] o ot aa? = ¥




California Analytical Laboratories, Inc.

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

CLIENT ID: RUN 2A Date Analyzed: 7/29/86 Column: SP-2331

CAL ID: 24894-10C Weight: EXTRACT
AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
2,3‘7,8-TCDF 3-6 -
Mono (total) 2.5 -
Di (total) ND 5.3
Tri (total) 10.3 -
DIOXINS
2,3,7,8-TCDD ND 0.14
Mono (total) ND 1.1
D1 (total) 31.6 -
Tri (total) 1.7 -

ND = Not Detected

PREPARED BY: A

APPROVED BY: 2) DATE: /e

Californla Analytical Laboratories

A OVISION OF
EBRICE,S




California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: RUN 2B Date Analyzed: 7,/25/86 Column: DB-5
CAL ID: 24894-11C Weight: EXTRACT
rouns ks R
tetra (total) 23.5 -
penta 6.7 -
hexa 1.5 -
hepta 1.1 -
octa ND 0.82
DIOXINS
tetra (total) ND 0.35
penta ND 0.28
hexa ND 0.34
hepta MPC 5.5
octa MPC 16.8

ND = Not Detected
MPC - Maximum Possible Concentration; See Cover Letter

PREPARED BY:

APPROVED BY: M¢I2 DATE: __ /7 / o

P bl mnmioa A aeacbh boml | Al saraboc.as o



California Analytical Laboratories, Inc.

CLIENT ID: RUN 2B
CAL ID: 24894-11C

FURANS
2,3,7,8=-TCDF

Mono (total)
Di (total)
Tri (total)
DIOXINS
2,3,7,8-TCDD
Mono (total)
Di (total)

Tri (total)

ND = Not Detected

PREPARED BY:

M

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

Weight:
AMOUNT FOUND
(ng/extract)

3.5

2.2

ND

ND
ND

ND

APPROVED BY:

EXTRACT

DATE:

Date Analyzed: 7/29/86 Column: SP=-2331

DETECTION LIMIT

(ng/extract)

0.85

22.4

@/Q@L

California Analytical Laboratorles

A DIVISION OF

ENSECH



California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: FBB-1 Date Analyzed: 7/25/86 Column: DB=-5

CAL ID: 24894-2C Weight: EXTRACT
FURANS (ng/extract) *(ngsaxtract) |
tetra (total) ND : 0.11
penta ND 0.56
hexa ND 0.21
hepta ' ND 0.42
octa ND 1.5
DIOXINS
tetra (total) ND 0.11
penta ND 0.45
hexa ' ND 0.48
hepta MPC 2.0
octa MPC 6.3

ND = Not Detected
MPC - Maximum Possible Concentration; See Cover Letter

PREPARED BY: x__
APPROVED BY: /ﬂLL DATE: f/ Wiz

Callfornia Analytical Laboratories

A DIVISION OF

. ENSECO




California Analytical Laboratories, Inc.

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

CLIENT ID: FBB-l Dgte Analyzed: 7/29/86 Column: SP-2331

CAL ID: 24894-2C Weight: EXTRACT
AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
2’3'7'8-TCDP ND 0.13
Mono (total) ND 0.15
Di (total) ND 7.6
Tri (total) ND , 0.14
DIOXINS
2,3,7,8-TCDD ND 0.14
Mono (total) ND - 0.37
pi (total) ' ND 2.2
Tri (total) " ND 0.098

ND = Not Detected

PREPARED BY: ., W

APPROVED BY: ASm DATE: Bz

California Analytical Laboratories

A DIVISION OF




California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: FBB-2 ~ Date Analyzed: 7/25/86 Column: DB-5

CAL ID: 24894-18C Weight: EXTRACT

AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
tetra (total) ND 0.14
penta ND 0.52
hexa | ND 0.43
hepta ND | 0.70
octa ND 2.0
DIOXINS
tetra (total) ND 0.24
penta ND 0.65
hexa ND 0.70
hepta MPC 2.9
octa _ MPC 11.0

ND = Not Detected
MPC - Maximum Possible Concentration; See Cover Letter

PREPARED BY: D28
diel]

APPROVED BY: DATE: f/? /%

Cabfarniaa Bamb itical | Almrabarioe as



California Analytical Laboratories, Inc.

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

CLIENT ID: FBB-2 Date Analyzed: 7/29/86 Column: SP-2331

CAL ID: 24894-18C Weight: EXTRACT

AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
2,3,7,8-TCDF ND 0.23
Mono (total) ND 0.43
Di (total) ND 4.9
Tri (total) ND 0.42
DIOXINS
2,3,7,8-TCDD ND 0.20
Mono (total) ND 0.81
Di (total) : ND 0.50
Tri (total) ND 0.26

ND = Not Detected

PREPARED BY: ____H .

APP.ROVED BY: AS% DATE: 2 9/_94

Cailfornia Analytical Laboratorles

A DIVISION OF
PRI D P S




SURROGATE RECOVERIES FOR 37Cl-2378-TCDD
_AND 13C1-1234-TCDD

TICKET NO. 24894

SRECOVERY YRECOVERY

CAL ID CLIENT ID 37C1-2378-TCDD 13C-1234-TCDD
24894-2C FBB-1 106% 82%
24894-18C FBB-2 106% 68%
24894-1C RUN 1A 112% 77%
24894-10C RUN 2A 127% 74%
24894-11C RUN 2B 117% 96%

PREPARED BY: M) —

APPROVED BY: /i DATE: y/:? /st

California Analytical Laboratories

A DIVISION OF

ENSECO




California Analytical Laboratories, Inc.

CASE NO: 24894

FURANS
2,3,7,8-TCDF

penta
(12378)

hexa
(123478)

hepta
(1234678)

octa (total)
DIOXINS

2,3,7,8-TCDD

penta
(12378)

hexa
(123478)

hepta
(1234678)

octa (total)

PREPARED BY:

QUALITY CONTROL SUMMARY

EPA ID: METHOD BLANK NATIVE SPIKE
24894MBNS

CAL ID:

ng/g Found
in Sample

ND

ND

ND

ND
ND

ND

ND

ND

ND
ND

ng/g Spiked

10.0

10.0

10.0

10.0
50.0

10.0

10.0

10.0

10.0
50.0

APPROVED BY:

1!

ng/g Found NS %

in NS Sample Recovery
11.7 117%
9.4 94%
11.5 115%
9.5% 95%
62.3 125%
12.1 121%
6.4 64%
12.3 123%
15.5 155%
65.2 130%
DATE: & /‘4 /J’L

D

California Analytical Laboratories

A DIVISION OF

ENSECO




California Analytical Laboratories, Inc.

CASE NO: 24894

FURANS
Tetra (2378)

Di (2,8-DCDF)

DIOXINS

Tetra (2378)
Mono (2-MCDD)
Di (2,7-DCDD)

Tri (124TricDD)

QUALITY CONTROL SUMMARY
MONO THRU TETRA

EPA ID: METHOD BLANK NATIVE SPIKE
CAL ID: 24894MBNS

* Chemical Interference

PREPARED BY:

APPROVED BY:

ng/g Found ng/g Found NS %
in Sample ng/g Spiked in NS sample Recovery
ND 10.0 7.3 73%
ND 10.0 - *
ND 10.0 8.5 85%
ND 10.0 1.1 11%
ND 10.0 2.5 25%
ND 10.0 3.6 36%
L DATE: %/?-/@
{

California Analytical Laboratories

A DIVISION OF

ENSECO




California Analytical Laboratories, Inc.
POLYCHLORINATED DIOXIN/FURAN ANALYSIS
TICKET NO. 24894

CLIENT ID: METHOD BLANK Date Analyzed: 7/25/86 Column: DB-5

CAL ID: 24894MB Weight: EXTRACT
AMOUNT FOUND DETECTION LIMIT

FURANS (ng/extract) (ng/extract)
tetra (total) ND 0.058
penta ND 0.23
hexa ND 0.13
hepta ND 0.56
octa ND 3.0
DIOXINS
tetra (total) ND 0.060
penta ND 0.19
hexa ' ND 0.28
hepta 2.5 - -
octa 10.0 -

ND = Not Detected

PREPARED BY: DA~

APPROVED BY: m DATE: 8’/ ?’/ ol

California Analytical Laboratorles

A DIVISION OF

ENSECO

INCORPORBATED



California Analytical Laboratories, Inc.

MONO THRU TETRA
DIOXIN/FURAN ANALYSIS

TICKET NO. 24894

CLIENT ID: METHOD BLANK Date Analyzed: 7/25/86 Column: SP=-2331

CAL ID: 24894MB Weight: EXTRACT

: AMOUNT FOUND DETECTION LIMIT
FURANS (ng/extract) (ng/extract)
2,3,7,8-TCDF ND 0.045
Mono (total) ND 0.028
D1 (total) ND 3.6
Tri (total) ND 0.034
DIOXINS
2,3,7,8-TCDD ND 0.035
Mono (total) ND 0.093
Di (total) ND 0.10
Tri (total) ND 0.034

ND = Not Detected

PREPARED BY: I
APPROVED BY: Am DATE: Yol

California Analytical Laboratories

A DIVISION OF

ERNICSEC,



APPENDIX I
ERT FIELD NOTES SUMMARY

(Memo from R. Graziano to Jeff Lauria May 30, 1986)



ENVIRONMENTA, RESEARCH & TECHNOLIGY ‘NC

1100 -1{1-78)

MEMORANDUM
MEMO NOQ.:
TO: Jeftf Lauria
FRAOM: Richard Gra:iano : FILE: EQ81-800
SUBJECT:  Non-Criteria Emissions Test DATE: May 30, 1986

Program of the MWCC Metro Plant
St. Paul, Minnesota

The following is a synopsis of daily events that transpired

during the sampling program the week of May 18-23, 1986.

Sunday, May 18, 1986

All field crew members departed Boston for St. Paul, Minnesota.

Monday, May 19, 1986

Field crew arrived on-site, Equipment was set up on stack 5T and 8.
MWCC personnel removed sections of the hand rails on stack 7 and 38 to
accommodate ERT's sample trains. A staff meeting was held at Ms.
Joanne Hart's request with the shift operations managers to discuss
the incinerators operation during this program and also what ERT's
test schedules will be. Sludge feed to the incinerators will be
started at 7:00 am Tuesday. The 3 am shift will ensure the incinera-
tors are ready. Natural gas readings will be recorded hourly. Roll

press, feed rates, etc. will be recorded by designated plant per-
sonnel,

The semi-volatile and the particulate/trace metals trains were
set up on unit #7. The CEM system, VOST and simultaneous Dioxin
trains were set up on unit #8,

The Dioxin resin traps could not be set out until the spiking

process was conducted on Tuesday morning. Also, no pPreliminary
velocity and temperature profiles were performed due to the in-
cinerators being down. This would be conducted Tuesday morning.

Tuesday, May 20, 1986

All ERT personnel arrived on-site. Surrogate spiking of the

Dioxin sample trains resin traps was conducted at Administration
Building recovery and storage area,

Velocity and temmerature profiles were performed on stacks 7 and 8.
The Dioxin trains were set up and initial leak check conducted.
There were delay problems in starting the test due to the initial
leak checks. These problems were resolved and the tests were
started by late morning.



Two hours into the Dioxin run, Dioxin train 1-B sample pump
maltunctioned resulting in the loss of that sample train. A
meeting was held with plant operations personnel to discuss
Wednesday's sampling program. Incinerator *8 will be used for
the remainder of the test program; #7 incinerator will be on
standby.

It was noted that the flue gas plume was quite clean during the
test program, C. McGinsley of McGinsley Associates also was aware
of the unusually clean plume.

All runs were completed and recovered. Sample trains were set up
for testing on Wednesday.

Wednesday, May 21, 1986

Conducted 2-3 hour semivolatile runs, 2-3 hour particulate/trace
metals runs, 2 VOST runs and CEM's.

A decision was made between Jim Brown and Steve Greenwood that we
will continue test on #8 stack if scum feed were to go down
again during the test. Sampling was put on hold for approximately
10 minutes due to excessively high velocities, This was due to
the 100% opening of dampers on #3 hearth.

* N
MPCA observer arrived on-site to witness sampling. She required that
back half analysis be conducted on the particulate train #2 and 3.

(This is out-of-scope.) Recovered samples and set up for pioxin
test.

Thursday, May 22, 1986

ERT was on site and ready to conduct the simultaneous 12-hour
Dioxin test. Testing was put on hold for 3 1/2 hours due to sludge
hopper feed problems. ERT remained set up on #8 stack because

it would have taken 3-4 hours to transfer to #7 stack. 10-hour
Dioxin test was started late morning.

Ed. Crowley, MPCA, arrived on site and we discussed dropping the

12-hour test and conducting a 10-hour test due to down time which
we agreed upon.

Sample trains were shut down after 9 1/2 hours of simpling due to

a high pressure drop in one of the trains. All samples were
recovered and stored.



Friday, May 23, 1986

All equipment was packed for return to ERT. Dioxin samples were
Federal Expressed to Cal Labs in California.

In general, ERT would like to thank the MWCC Metro Plant personnel for
assistance in moving equipment, providing additional electrical power, and
flood lights for the Thursday evening tests, Their response to our

needs was greatly appreciated.

ickard’Graziano

/im
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APPENDIX J
MWCC LETTER TO MALCOLM PIRNIE

(Bryce J. Pickart to
Jeff Lauria August 12, 1986)



August 12, 1986

Dr. Jeff Lauria

Malicolm Pirnie, Inc.

2 Corporate Park Drive

Box 751

White Plains, New York 10602

Subject: Metro Plant Non-Criteria Emissions Test
Project No. 85-56-318

Dear Or. Lauria:

I previously sent you copies of pertinent operating logs and strip charts
covering the May 20-22, 1986, non-criteria emissions tests on the Metro Plant
sludge incinerators. Also sent at that time were copies of the operating log
and strip chart for a similar period in February, 1986, to demonstrate that the
operating conditions during the non-criteria emissions test were representative
of normal operating conditions.

Table 1 presents information on sludge and scum feed rates and characteristics
for the non-criteria emission test period. This should provide you with the
remaining operating data that you need to evaluate the test results.

In your June 3, 1986, letter to MWCC, you requested a brief opinion/comparison
statement regarding test conditions and normal operating conditions. As
expressed in your letter, parameters of concern are:

1. Sludge feed solids (percent) ,

2. Sludge feed rate (dry pounds per hour)

. Stack oxygen (percent)

. Opacity (percent)

. Temperature profiles (°F)

. Air flows (shaft cooling, sludge and burner combustion) (cfm)
. Sludge BTU content (BTU/1b)

~NOoOvOr W

Table 2 compares long-term sludge incinerator operating data (May 1985 to June
1986) with operating conditions during the non-criteria emission test. General
observations: ’ ‘

1. Sludge cake was drier than average but within the range of-éonditions nor-
mally encountered.

2. Sludge feed rate was slightly higher than average but within the normal
operating range.

350 Metro Square Building, Saint Paul, Minnesota 55101 612-222-8423



pr. Jeff Lauria

page 2
August 12, 1986

3. Stack oxygen content that you gave us for non-criteria emission test as pre-
liminary data for review appears to be questionable for Run 3 on May 21 and
for both runs on May 22. Our mode of operation to use excess air for com-
bustion hearth cooling results in stack oxygen content of 12-16%. Please
check your data.

4. Opacity during non-criteria emissions test was about 5%, which is lower than
average but within our normal operating range.

5. Incinerator temperature profiles were well within the normal range. Hearth
0 temperature was above average, because the cake was drier than average.
The operating data for February, 1986, that was submitted to you earlier,
demonstrates that there are extended periods when hearth 0 temperature
exceeds 1200 deg. F. The non-criteria emission test operating conditions
were *normal®, though not “average".

6. Sludge heat content was normal during the non-criteria emission test.

7. Sludge mixture was normal during the non-criteria emission test.

8. Scrubber operating conditions were normal during the non-criteria emission
test ®

Conclusions regarding operating conditions during the sludge incinerator non-
criteria emission test are as follows:

1. Operating conditions were consistent with the approved test plan.

2. Operating conditions fell within the norma) range experienced during the
past year.

3. Operating conditions were representative of normal sludge incinerator
operation.

If you have any questions please call.
Sincerely,

Bryce J. Pickart, P.E.
Process Assurance Manager

BJP:hw

cc: Lou Bartscher Steve Greenwood Robert Polta
Joanne Hart &im Brown
Nadim Shamat Helen Boyer



Table 2. Comparison of Metro Plant Sludge Incinerator
Operating Data Ouring Non-Criteria Emission
Test and During Long-Term QOperation

Long-Term Qperation
Parameter ~Annual Monthly Darly Non-Criteria
Average | Min, Max., Min, Max. | Emission Test
|
Sludge Solids, %
Total 34 32 36 25 43 37-42
. Volatile 72 - - 50 81 67-68
" Sludge Feed, DTPH 2.6 2.2 3.0 1.8 3.7 2.8-3.2
Stack Oxygen, % (1) 14 12 16 - -
Opacity, % 9 7 13 4 20 -
Temperature, deg. F.
Hearth 0 1120 1080 1160 1000 1400 . 1210-1250
Hearth 1 1140 - - 1000 1400 1140-1230
Hearth 2 1450 - - 1200 1600 1410-1490
Hearth 3 1600 - - 1200 1700 1600-1620
Hearth 4 1000 - . - 600 1300 910-980
Subcooler 68 60 75 55 80 63-74
Flue Gas Flow, dscfm (1) 19,000 | 14,000 | 23,000 - - -
Sludge Heat Value, Btu/1b.0.S. (2) 7,400 - - 5,200 8,200 7050-7400
“ravity/Decant Ratio (3) /
Volume Basis 4 - - 1.0 8 3.8-4.0
Mass Basis . 2 - - 0.6 4 1.4-1.6
Venturi Pressure Drop, in.w.cC. 28 26 30 - 29-30
Scum Feed Rate, gph 25 20 30 0 70 24-33

Notes:

1. Based on 17 stack tests during 1985 and 1986.

tinuously measured.

2. Based on analyses of two samples per month,

Stack oxygen and flue gas are not con-

3. Ratio of gravity thickened primary sludge to thermally conditioned (decant) sludge.




TABLE 3. METROPOLITAN PLANT SLUDGE INCINERATOR STACK TEST RESULTS (1986)

3/6/1986 5/28/1986 6/4/1986 6/18/1986
Parameter
No. 8 No. 8 No. 10 No. 7
Air Emissions
Particulates, 1b.ton D.S. 0.86 1.08 0.91 1.15
Opacity, % 11 13 11 5
Odor Conc., odor units 103 273 133 290
Odor Rate, o.u./minute 2,400,000 5,600,000 2,400,000 6,400,000
Gas Flow Rate, dscfm 22,600 20,500 18,000 22,200
Temperature, deg. F.
Hearth 0 1140 1060 1230 1240
Hearth 1 1150 1100 1200 1190
Hearth 2 1380 1370 1490 1580
Hearth 3 1600 1640 1610 1600
Hearth 4 990 1150 840 910
Breech 1100 1050 1190 1210
Precooler 500 410 490 490
Venturi 110 120 120 140
Subcooler 60 75 71 70
Pressure Drop, in. w.c.
Venturi 30 30 30 30
‘Subcooler 5 3 3 5
Water Flow, gpm
Precooler 270 240 290 290
Venturi 270 290 300 300
Subcooler 1600 1800 1800 1400
Dampers, ¥ Open
Hearth 2 0 0 0 16
Hearth 3 54 60 49 36
Hearth 8 12 10 10 11
Sludge Feed Rate
Dry Ton/Hour 2.38 2.61 2.86 2.76
Wet Ton/Hour 7.28 7.52 7.52 7.56
Scum Feed Rate, gph 67 24 45 56
Auxiliary Burners 0 0 0 0
Gas Analysis, ¥ V/vV
Carbon Dioxide 5.2 4.9 6.4 5.5
Oxygen 14.9 15.1 13.4 14.4
Moisture Content 3.2 4.8 3.2 3.4




METROPOLITAN PLANT SLUDGE INCINERATOR STACK COMPLIANCE TEST RESULTS

: §/1/1985 |8/14/1985 18/28/1985 | 5/24/1985
Parameter No. 7 No. 8 No.9 | No. 10
Air Emissinns
Particulates, 1b/tonD.§.” 0.99 0.82 1.1 0.78
Odor Conc., odor units 153 671 208 31
3,300,000 [15,000,000! 3,800,000 { 700,000
Opacity, % 5 5 8 5
Temperature, deg. F.
Hearth 0 1110 1140 1210 1010
Hearth 1 1080 1170 1180 _1050
Hearth 2 1500 1420 1460 1360
Hearth 3 1610 1600 1610 1540
Hearth 4 1160 1130 1240 840
Breech 1050 150 1130 1000
Precooler 500 500 520 500
Venturi 140 120 140 130
Subconler 7% 13 18 10
¥ of
Yentyri _33 30 28 30
Subcooler 4 ] 3 3
Water Flow, gpm
Precooler 300 310 300 250
Yenturi 250 250 300 250
Subcooler 1400 NA NA 1000
Dampers, % Open
Hearth 3 42 51 £3 12
Hearth 7 2 0 S 0
Hearth 8 12 11 15 5
Sludge Feed Rate
Dry Ton/Hour 2.66 3.07 2.70 2.55
Wet Ton/Hoyr 1.8 8.5 8,3 8.6
Auxiliary Burners g 12 (HO, Run 1 0 2 (13)
as Analysis, % V/V
Carbon Dioxide 5.4 5.7 6.7 5.4
Oxygen 14.4 14,2 12.9 14.2
« f;__"_unisiJng_nnnIﬂnt 4,7 - 4.5 4.6 4.2
21,200 21800 1220017 500

r'Y¥£f w.» . _J 'Y
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METROPOLITAN PLANT 'SLUDGE INCINERATOR STACK TEST RESULTS

PAGE
Plraﬁet 5/30/1985 | 6/26/1985]7/11/1985 |7/25/1985 | 8/8/1985 | 8/23/1
er No. 8 No. 9| No. 8 | No. 8 No. 8 No. -
articulates, 1b/tonD.S}]  0.63 1.19 1.49 0.86 0.55 0.2
B‘m Canc., odar units 24 71 A4 45 e O N— 11
dor Rate, o.u./minute } 500,000 1,100,000 800,000 {400,000 200 0OC
T r _F.
Hearth 0 1060 1110 1200 1230 1020 100«
Hearth 1 1120 1100 | 1200 1240 1100 1084
Hearth 2 1410 1420 1400 _1490 1440 150¢
—Hearth 3 1610 1560 | 1600 ! 160015301 1641
Hearth 4 1100 1300 840 560 1080 105¢
Breech 1030 1030 1200 1240 1000 102¢
Precaoler 510 500 490 A80 -A80 £5¢
Venturi 140 140 120 120 120 14(
Subcooler 95 72 77 76 72 7t
Pressure Drop, in. w.cC.
" Yenturi 20 k{1l 2¢ 30 28 ki
Subcooler 5 3 4 4 4 ‘
ater Flow, gom
Precooler 300 350 240 240 250 24(
Yenturi 280 270 280 250 290 251
Subcooler 1000 1500 1700 1900 _NA 140(¢
n
Hearth 3 43 56 40 13 22 5:
Hearth 7 0 0 0 5 5 3
Hearth 8 11 10 9 10 10 1
Flgdgg Feed Rate
Dry Ton/Hour 3.0 2.1 2.3 2.4 2.3 2.;
Net Ton/Hour 8.3 £.8 6.8 1.0 7.1 2.
_EAJ.\WN 0 0 0 0 ] —
s Anmalysis, % V/V
Carbon Dioxide 5.0 5.4 55 6.1 4.9 5.
Oxygen 16.2 14,4 | 14.5 14.0 15.3 14 .
Moisture Content 1.2 7 4.5 4.1 4.0 4,
dscin 20800 18,100 20400 18,200 10,800, 2130
%“ _—

* Tests were conducted by MUCC Quality Control Department. Odon‘pinel members were
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TABLE 9. METROPOLITAN PLANT SLUDGE INCINERATOR STACK TEST RESULTS PAGE
#———
f 10/22/1985110/30/1985|11/7/1985
Parameter No. 9 No. 9 No. 9
Air Emissions I
Fart?cu‘atcs.ib/tonb.?. 0.83 0.46 0.60
) nits 143 256 261
Odor Rate, o.u./minute 2,700,000 |3,600,000 |4,000,000
Temperature, deq. F.
Hearth 0 1280 1200 1210
r 1270 1210 1120
Hearth 2 1510 1450 1450
Hearth 3 1600 1600 1500
Hearth 4 1180 1490 1280
reech 1250 1150 1200
Precooler 520 500 490
Venturi 110 120 140
Subcooler 11 £5 64
Pressure Drop, in. w.c. _
i - 30 30 28
Subcooler 3 2 3
Water Flow, gpm :
Precooler 330 300 350
Ventyri 250 250 240
Subcooler 1200 1600 1400
Dampers, % Open
Hearth 3 57 40 55
Hearth 7 4 2 0
Hearth 8 10 12 9
Sludge Feed Rate
Ary Tan/Hour 34 35— 8-
Met Ton/Hoyr 10.3 10.7 8 0
Auxiliary Burners 0 0 1
fas _Analysis, X V/V
4855995_9195199 1.4 8.1 £.9
ygen 12.4 11.5 12.8
_Moisture Content 4.0 34
Gas FlowRate  dscfm 18,800 13,900 15,500~
§ ware






