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CHAPTER 1
s

INTRODUCTION

Engineering-Science {ES) was contracted by the Green Bay Metropolitan
Sewerage District (GBMSD) to perform emissions testing on Incinerator No.
2 located at the GBMSD sewage treatment facility in Green Bay, Wisconsin.
The purpose of the testing was to measure the emission rates to the atmo-
sphere of particulate matter, sulfur dioxide (S0Op) and various heavy
metals during the incinceration of sewage sludge produced at the facility
and of solid wastes produced by American Can Company.

Testing of Incinerator No. 2 was performed during the period September
21 through 25, 1981. The ES test crew was composed of Messrs. Jonathan
Greenberg, Michael Gallagher and Jeffrey Coffin. During the testing GSMSD
personnel maintained records of the incinerator operating rates and condi-
tions. The testing was cbserved by Mr. Tom Ponty of the Wisconsin Depart-
ment of National Resources (DNR). Prior to initiating the test program,
ES reviewed the procedures for sampling the emissions with the DNR.

A total of nine emissions tests were conducted, three on each of three
different days. Each set of three tests was conducted for a different in-
cinerator feed composition. The emission samples were collected using an
EPA Reference Method B type sampling train with the exception that a heated
particulate filter was installed prior to the first impinger to allow col-
lection and measurement of particulate matter. The results of the testing
program are presented in this report along with a description of the incin-
eration process, sampling locations, sampling procedures, and analytical
methods. The appendices to this report contain copies of the field data
sheets, example calculations, eguipment calibration data, laboratory data,
and incinerator process data. ' :




CHAPTER 2

PROCESS DESCRIPTION

The Green Bay Metropolitan Sewerage District operates tandem seven
hearth incinerators that have been on line since 1975. During normal
operations, only one of the two incinerators is operated at a time. Emis-
sions from each incinerator are controlled by a wet scrubbler. Figure 2.1
is a diagram showing the incineration process.

Basic to the incineration of sludge in an efficient and cost effec-
tive manner is its preparation for combustion. Incoming raw sludge is
thickenﬁand-then subjected to a pressure and heat conditioning process
which breaks down the sludge solids producing smaller particles that are
more easily dewatered. The sludge is then fed onto drum-type vacuum
filters where a sludge cake is produced. This cake is then moved by con-
veyor belt and deposited into the top of the incinerator chamber on a
continuocus basis. The burning sludge is then moved downward through each
hearth by an intermittently rotating rake assembly. The rakes move the
sludge from inner tc outer areas of one hearth then back toward the center
of the next hearth as it passes downward insuring more complete burning.
Combustion air is supplied to the unit via induced draft and controlled
by dampers around the chamber perimeter. Ash is removed to a landfill by
truck.

Exhaust gases from the incinerator are split into two streams, one
flowing through a precocler, and the other passing to a waste heat recovery
boiler. Steam from the waste heat recovery boiler is utilized in the
sludge thermal conditioning process. These twe gas streams enter the
scrubber from separate ducts. Scrubber exhausts then pass through an I.D.
fan and on to the stack. Prior to entry into the stack, center shaft and
shell cooling air enters the breeching just upstream of the smoke stack.

The normal wet sludge incineration feed rate ranges from 7,000 lbs/hr
during summer operations to 12,000 lb/hr during winter operations. During
the testing, the facility attempted to maintain the wet feed rate in the
range of 10,000 to 12,000 pounds per hour. Feed rates were measured usgsing
helt scales. Three different incinerator feed compositions were used.
Table 2.1 lists for each of the tests: the data, time period, feed composi-
tion and feed rates to the incinerator. Copies of the incinerator opera-
tion logs, and strip chart records indicating percent Oz in stack gas,
incinerator operating temperatures, belt scale readings, and percent
opacity are contained in Appendix E along with feed sludge analytical data
data for the tests.
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During the three tests, identified as Burn 1, the incinerator was
[. operated on GBMSD sludge only. During Burn 2, approximately egqual amounts
of GBMSD sludge and American Can solid waste were fed to the incinﬁerator.
During Burn 3, only American Can solid waste was burned.
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TABLE 3.1

EMISSIONS FROM INCINERATOR NO. 2
DURING BURN NUMBER 1 AT GREEN BAY
METROPOLITAN SEWERAGE DISTRICT

Emission Rate Per Ton Dry Feed

Concentration Per DSCF‘_

Particulate (1lbs)
Cadmium (mg)

,Copper (mg)

Chromium (mg}
Beryllium (mg)
Nickel (mg)

Zinc (mg)

Sulfur Dioxide (1lbs)

Particulate (grains)
Cadmium {ug)

Copper (Mg)
Chromium (ug)
Beryllium (ug)
Nickel (Mg)

Zinc (ug)

Sulfur Dioxide (grains)

1

2

3 mTest 1 excluded from average.

Dry standard cubic foot (68°F, 29.92 in. Hg).

Test 12  Test 2

Test 3

Average3

- 0.487 © 0.600

- 72

- 74

- <41

- <4

- <33

- <4
0.165

T 0.012
- 0.21
- 0.22
- €0.12
- <0.01
- <0.10
- <0.01
-0.003

0.454

0.

0.003

. 04527

0.164

L0.017

Corrected to 12% CO,.

2

Results for Test 1 are suspect due to an unacceptable final leak check
for the pitot tube and also a percent isokinetic sampling rate of 87 per-
ent.
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Emission Rate Per Ton Dry Feed

TABLE 3.5

EMISSIONS FROM INCINERATOR NO. 2
DURING BURN NUMBER 3 AT GREEN BAY
METROPOLITAN SEWERAGE DISTRICT

Particulate (1bs)
Cadmium (mg)

Copper (mg}

Chromium (mg)
Beryllium {(mg)
Nickel (mg)

Zinc (mg)

Sulfur Dioxide {lbs)

Concentration Per DSCF!

Particulate (grains)
Cadmium (ug)

Copper {Hg)

Chromium (Hg)

Beryllium (ug)

Nickel (ug)

Zine (ug)

Sulfur Dioxide (grains)}

1

Dry standard cubic foot (68°F, 29.92

Test 2

Test 3

Average

0.112 0.160

- <17

- <43

- <4

- <34

- <4
0.163 0.300

0.003 0.003

Co- <0.02
- <0.05
- <0.13
- <0.01
- <0.10
- <0.01

0.004 0.007

0.

0.

in. Hg). Corrected

151

0.141

0.238

to 12% COZ'




TAELE 3.6

TEST DATA SUMMARY FOR BURN 3 AT

GREEN BAY METROPOLITAN SEWERAGE DISTRICT

Wet Feed Rate (lb/hr)
Dry Feed Rate (lb/hr)

Scrubber Inlet

% CO2 (dry basis)
% 0o (dry basis)
% Excess Air

Scrubber Qutlet Test Site

COp {dry basis)

CCy (adjusted)

0o (dry basis)

H20

Excess Air
Volumetric Flow {acfm)
Gas Temperature (°F)
Volumetric Flow {dscfm}
% Isokinetic

9P P I P oo

Center Shaft Cooling Air

Volumetric Flow (acfm)1
Gas Temperature (°F)
Volumetric Flow (dscfm)

Test 1

11,763
3,905

15.93
3.50
19.7

5.17
5.28
15.20
3.40
261.1
25,860
173
20,740
100.3

14,926
232
11,244

Test 2

11,075
3,544

14.97
4.50
26.8

5.37
5.47
14.97
3.88
247.0
26,169
173
20,853
100.1

l 14,894

236
11,134

! Based on estimated moisture content of 1 percent.

Test 3

11,901
3,880

14.50
5-17

32.2

5.47
5,61
14.87
4.22
241.4
26,390
166
23,183
99.1

15,092
238
11,235




CHAPTER 4

SAMPLING LOCATIONS & PROCEDURES

Measurements were conducted at three locations during the sampling
program. Figures 4.1 is a diagram showing the location. Emission sampling
for particulate matter, SO and heavy metals was conducted at the outlet of
the wet scrubbler downstream of the center shaft cocling air duect. Velo-
city traverses of the center shaft cooling air duct were performed upstream
of its junction with the outlet duct. Integrated gas samples for deter-
mination of O3, CO» and excess air were collected upstream of the scrubber
prior to the point where the duct splits to the precocler and waste heat
recovery boiler. Each sampling location is described in more detail below.

Sampling Location = Scrubber Inlet

Combustion gases exiting from incinerator No. 2 pass horizontally
through a 102" x 85.75" refractory lined steel duct approximately 5 feet
to a vertically descending duct. The duct is then divided into two ducts.
One carries the gases to a pre-cooler and the other carries gases to a
waste heat recovery boiler. As illustrated in Figure 4.2 three 4" ports
are located 12" downstream and 53" upstream from the nearest flow distur-
bance. These port locations do not meet the minimum EPA Method 1 require-
ments, however for the purpose of collecting the integrated gas samples
the Wisconsin DWR approved the locations. Fiqure 4.3 is a diagram showing
the sampling points used for the collection of integrated gas samples.

Sampling Location = Scrubber Outlet

As the scrubber exhaust gases leave the I.D. fan they pass through a
38" x 46-1/2" horizontal breeching to the stack. Seven 4" ports were
located 83" {approximately 2 equivalent duct diameters) from the nearest
upstream flow disturbance and 16" (approximately 0.4 eguivalent duct dia-
meters) from the nearest downstream flow disturbance. Figqure 4.4 shows
the location of the sampling ports. The sampling site did not meet EPA
Method 1 requirements, however, the ports were installed at a location
selected by the Wisconsin DNR and were approved for the purpose of this
test program. Figure 4.5 is a diagram showing the location of the forty-
nine traverse points used during sampling.

Center Shaft cooling Air

A 26.5" diameter duct carries the center shaft cocling air to .the
scrubber outlet breeching. Velocity traverses were performed through two

4=1




FIGURE 4.1

Test Locations for incinerator No. 2
Green Bay Metropolitan Sewerage District
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FIGURE 4.2
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FIGURE 4.4
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FIGURE 4.5

Cross Sectional Diagram Showing the Scrubber Outlet

Sampling Point Locations
Green Bay Metropolitan Sewerage District
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ports located at right angles from each other. The ports were located
102" (3.85 diameters) from the nearest upstream flow distrubance and 59"
(2.23 diameters) from the nearest downstream flow distrubance. Twenty-
four traverse points, twelve on each port centerline were selected in
accordance with EPA Reference Method 1 for conducting the velocity tra-
verses.

Sampling Procedures

A standard EPA type particulate sampling train was used for collec-
tion of the particulate and SO;, samples. For collection of S03, the
train was modified by placing 1502 ml of B0% isopropanol in the first im-—
pinger followed by a high purity glasswool plug in the U-tube between the
first and second impingers. For collection of 505, the second and third
impingers contained 200 ml each of 6% hydrogen peroxide solution. The
fourth impinger was filled with approximately 400 grams of indicating
silica gel desiccant. Moisture determinations were accomplished by
weighing each impinger on a triple beam balance hefore and after a test.
Figure 4.6 illustrates the Method 5 sampling train employed.

A five-foot sampling probe was used for all tests except for Test 1
where a three-foot probe was used. The probe consisted of a stainlesgs
steel sheath having a heated borosilicate glass liner and a 0.245 inch
diameter stainless steel buttonhook sampling nozzle.

The probe assembly was equipped with a type "S" pitot tube for mea-
suring gas.velocity and a type K thermocouple for determining flue gas
temperature. The probe assembly was also equipped with a 1/4 inch dia-
meter gas sampling probe for collection of integrated Orsat samples.,

Velocity head pressure was measured using a.manometer with an in-
clined scale range of 0 to 1 inch of H0 and a full scale of 10 inches.
The sampling train incorporated a temperature sensor for measurement of
the sample gas stream in the filter holder. This temperature was racorded
as the sample box temperature on the field data.

Thermometers, pitot tubes, nozzles and meter boxes were calibrated
before testing according to procedures ocutlined in EPA Methods 2 and 5.

Seven traverse points were sampled through each of the seven ports
for a duration of 3 minutes each, resulting in a total sampling time of 2
hours and 27 minutes. Gas sampling for determination of dry gas molecular
weight and excess air was performed fcllowing the multipoint integrated
gsampling and analytical procedure of EPA Method 3. During each test a
variable speed peristaltic pump was used for collection of an integrated

- gas sample for subsequent Orsat analysis.

a
200 ml of B0 percent IPA was used in the first impinger for tests 1

through 4.




FIGURE 4.6
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Leak checks were conducted in accordance with procedures described in
EPA Methods 2, 3 and 5. The pitot tube, pitot lines, and Orsat lines were
leak checked prior to and at the conclusion of each test. The sample
train was leak checked prior to and at the conclusion of each test. all
leak checks except the final leak check of the pitot tube for test 1 were
acceptable. The impact and static sides of the pitot tube on the 3 foot
probe would not hold a steady vacuum of 3 inches H,0 at the conclusion of
the test. The velocity measurements made during test 1 however did not
appear to be significantly different than for tests 2 or 3.

Concurrent with each test at the scrubber ocutlet sampling site, an
integrated gas sample for determination of Oy, CO; and excess air was col-
lected at the scrubber inlet sampling site. The integrated gas sample was
collected for an egual amount of time at each of the three sampling points
within & port. Only cone of the three ports was sampled during each test.
A different port was sampled for each test during an incincerator Burn.

Due to a leak that developed in the stainless steel probe used for
collecting the gas samples at the scrubber inlet site during the first 3
tests (Burn 1), the gas samples were invalid. The Wisconsin DNR agreed
that it would be acceptable to repeat the samples while the incinerator
was operated under the same conditons. Three integrated samples, one
through each port were collected on 9/25/81. 'The average CO; and O, con-
centration for the three samples was used in calculating the excess air
at the scrubber inlet for Burn 1.

A velocity traverse of the center shaft coling air duct was performed
once during each test of the scrubber outlet. A single grab sample of the
center shaft cooling air was collected for determination of 02, CO7 and
dry gas molecular weight. The center shdaft cooling air was found to con-
tain no CO3.




CHAPTER 5§

ANALYTICAIL PROCEDURES

All analytical procedures for determining mass emission rates are
identical to those specified in EPA Method 5. A discussion of the
procedures for the filters and acetone rinses used is presented below. The
following general items apply to the discussion:

1., The term constant weight used in conjunction with tare weight
refers to a weight change not greater than 0.5 mg from the
previous weighing, with no less than six hours desiccation time
between consecutive weighings.

2. The term constant weight used in conjvonction with the exposed
filters or acetone residue means a difference of no more than
0.5 mg or one percent of the total weight less the tare weight,
whichever is greater, between two consecutive weighings, with
no less than six hours of desiccation time between weighings.

3. All glassware used for evaporation and residue determinations
are purchased new for this purpose. The new glassware is washed
and rinsed with deionized distilled water followed by oven

drying.
4. Anhydrous calcium sulfate is used for all desiccations.
Filters

Filters are checked visually against light for irregularities, flaws,
or pinhole leaks. Filters and petri dishes are numbered so that each
filter petri dish set has its own number; i.e., the numbered filters are
placed in their respective petri dishes, thus giving each filter-petri
dish set its own identification number. Each filter-petri dish set is
then desiccated, tare weighed, etc., as one unit.

The filters are desiccated in their respective petri dishes at 68°F +
10°F and ambient pressure for at least 24 hours and weighed at intervals
of at least six hours teo a constant weight. During each weighing, the
filter is not exposed to the laboratory atmosphere for a period greater
than tweo minutes or a relative humidity above 50 percent. After tare
weighing, the filter-petri dish sets are placed in plastic bags and
stored in the original petri dish cartons.

5=1




Rubber bands, approximately l-inch wide are used to secure the petri dish
lids. Handling of the filters or petri dishes is done only with latex
gloves or forceps.

After the samples are collected, the exposed filters in their respec-
tive petri dishes are desiccated for at least 24 hours. The filter-petri
dish sets are weighed to a constant weight and the results reported to
the nearest 0.1 mg.

Acetone Rinse

Only reagent-grade acetone is used. Prior to use, a blank is run on
the acetone to determine the blank residue. A measured amount of acetone
is evaporated to dryness in a tared 250 ml beaker on a steam bath. The
residue concentration is then calculated. At no time is acetone that has
a blank value greater than 0.001 percent used.

Numbered 250 ml beakers, prepared as noted in item 3 above, are desic-
cated for a minimum of 24 hours and weighed to a constant weight. Beakers
are stored in a desiccator prior to use.

The volume of each acetone rinse is determined gravimetrically, using
a triple beam balance and the following equation:

W We - W

D

i - r

= Yolume of Acetone

Where:

=
P.
|

= Weight of sample bottle and rinse, (g);

Wg = Weight of sample bottle empty (after acetone rinse has been
transferred to beaker, (g}:

Weight of sample residue after evaporation of the acetone, (g);
Density of acetone, (g/ml).

o
]

The contents of each acetone rinse bottle are transferred to a pre-
viously tared and numbered 250 ml beaker and evaporated to dryness on a
steam bath. Each bottle is rinsed with a known guantity of acetone, if
possible from the same lot as the sample. If acetone from another lot
is used, this necessitates the determination of another blank residue
value. The dry beakers are desiccated for at least 24 hours and weighed
toc a constant weight. Results are reported to the nearest 0.1 mg.

Sémples of acetone were collected at the test site from each lot
used during sampling. These are labeled acetone blank and were handled
in the same manner as the acetone rinses. Acetone blank values are
reported to the nearest 0.l mg. -

5-2




Heavy Metals (Cd, Cu, Cr, Be, Ni, Zn)

The analyses for heavy metals were performed using a modified method
for determination of lead in suspended particulate matter as published in
Federal Register, Vol. 43, No. 194 - Thursday, Qctober 5, 1978, pp.

46258 - 46261. The modifications were that the entire Methed 5 filter
and front half washings were digested using 3 M HNO3 and then brought to
100 ml. This was directly aspirated into a Varian model AA-5 atomic
absorption spectorphotometer fitted with the appropriate hollow cathode
lamps for each element. Minimum detection limits are taken from Table 1
as published by EPA in Methods for Chemical Analysis of Water and Wastes,
March 1979, pp. Metals - 3.

Sulfur Dioxide (soz)

Titrations for determination of S0, were performed on the combined
contents of the peroxide impingers and glasswool plug. The analysis pro-
cedure detailed in EPA Reference Method 8 was followed.

A summary of this procedure follows:
1+ 0.0100N BaC1y; is standardized using 0.0100N H»SO4.
2., An IPA blank is titrated with 0.0100 N BaCl; .

3. The volume of the peroxide sample (H20;) sample is noted.
An aliquot of the H0; sample is diluted with 100 percent
isopropyl alcohol to make an 80 percent solution. This
solution is titrated with standardized 0.0100N BaClp using
a thorin indication. Duplicate samples are titrated. The
duplicates must argree within 1 percent or 0.2 ml which
ever is greater.

The mg 1 sample is calculated as follows:

mg/sample = {32.03 mg/meqg) (Sample titer-Blank)(N BaCl»s)(Sample wvol.)
aliquot volume
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KUMBER (pg), inHy0 Ty, °F NUMBER
A= 12 [, ! 2¢7
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10 /o7 yAd
4 /. O ' zrs
8 N~ 2¥S
7 . g/ Z¥s
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ANALYTICAL DATA @

PLANT__Groen Bay Melry Sidy. Tocin. COMHENTS: L -

. 2 g Fg;’jeg,mff-p‘je’- *rﬂulﬂ ﬁ"
DATE q/ZZJS/ 15 mimvics at+ SN 61‘-15—
SAMPLING LOCATION _Zocimn. AMp. 2. - Scrvbbe~ Ouvtlier C"';e"‘;s"’a’;‘"” o 71

- " R -7 . ey P Dyl
SPLETYPE __Commbined Metosd S/8 First ? i
RUN NUMBER CBM —2 |
SAMPLE BOX NUMBER

CLEAN-UP HAN

FRONT HALF

ACETONE WASH OF NCZZLE, PROBE, CYCLONE {(BYPASS,

FLASK, FRONT HALF OF FILTER HOLDER

2-13(

FILTER NUMSER

BACK HALF

IMPINGER CCNTENTS AND #ATZR WASH OF
IMPINGERS, CONNECTURS, AND 3ACK
HALF OF FILTER HOLOER

ACSTTONE WASH OF NMPINGERS, CONNECTORS,
AND SACK HALF QF FILTER HOLDER

MOISTURE

MPINGESS
FINAL ¥SERME .i?..L._L:-H’ 9
INTIALNELNE S 65 .50 o

LABORATORY RE

CONTAINER

CONTAINER

FRONT HALF SUBTOTAL

CONTAINER
ETHER-CHLOROFORM
EXTRACTION

CONTAINER
BACK HALF SUBTQTAL

TOTAL WEIGHT

NETHEEIME 722G _af o

IMPINGERS 2 3 4
FINAL WEIGHT _§-’1‘3 g 637.2 42713 27143
INTIAL WEIGHT L22-8 3 (7.8 ¢ 3%o[25304
NET WEIGHT 30.7 3 19.94 ¢ SE3 2%6¢

. EPA(Dun 231

TOTAL #OISTURE __g8. €
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. ARELIMNARY VELOCITY TRAVEF

TEST 2
PLANT ree s St Lpmcs oy .
DATE ' S/z2 /s
LOCATION _Lacuaemtoe Mo, 2 - Coumfe- Sloa A Cools - .,_,
STACK 1.D. 26 57
BAROMETRIC PRESSURE, in. Hg . 7.3 >

STACK GAUGE PRESSURE, in. Hzo._ﬂi/ 4
OPERATORSCZL, (sl a0 Lo

/

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
HUMBER Bps), in.Hy0 (T *F
A- 12 =y = <3

i P A 4T
10 = A45
yi /. © S 4o
g e, 24 Y
7 &, 93 243
6 C.q0 ! 24y
s £ 89 .| 244
+ Ce 14 | 299
3 c. 1 | RvYq
Z g+ 95 | R Y9
! C - 943 XSG
B~ 12 fA 250
H /.2 R3S C
10 /.2 23
9_ [._{ A5 ¢C
8 /. C 249
7 .52 2 45
6§ 0-72 293
S .75 =2 51
4 7> 239
3 o- 7.3 2 27
2 Co 72 259
/ oL TR 2.3
AVERAGE  |4&a, ,.=0.973) 24S.

7
-
‘%&W-’/ Lenk chec O

TRAVERSE YELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (Aps), in.Hz0Q {T), °F

AVERAGE
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ANALYTICAL DATA

PLANT _Sreem Loy Metrp, Sidy. Loaciss.  COMMENTS:
DATE a9/z22 /g

SAMPLING LOCATION _Lizcin. Ao, 2 - Scrvbbe~ Ouflers
SAIPLE TYPE _ Combioad Mettod S/8

RUN NUMBER G BM-3

SAMPLE BOX NUMBER
CLEAN-UP MAK

FRONT HALr ) | ' LABORATCRY RE

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASSI, CONTAINER
FLASK, FRONT HALF OF FIL""..'R HOLDER

FILTER NUMBER L1332 CONTAINER

FRONT HALF SUBTQTAL

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFGRM
HALF OF FILTER HOLDER EXTRACTION
ACTTONS HASH GF WMPINGERS, CONNECTORS, CONTAINER
AND BACK HALF OF FILTER HOLDER o
‘ | BACK HALF SUBTOTAL
TOTAL WEIGHT
MOISTURE
IMPINGERS 1
FINAL VOESHE 5552 at o
INITIAL#EEME S89. 7 at o
NETVOEUWE ~32L:2 at o
IMPINGERS 2 3 4
FINAL WEIGHT _£3%° ¢ _W($2 ¢ z12.7 3
INTIAL ¥EIGAT L2 8 3 _S93.5 ¢ 532.2(23/4 -
NET WEIGHT 372 4 19.0¢ _358.2 ¢ TOTAL MOISTURE___B2. 7
_ E2A (Dun 31 _ , . ' .
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#R-E-L—HHNA-M VELOCITY TRAVEF’ 3
TEST

~ Ap. 2 — %saw— Cc:o/fo)

$CHEMATIC OF TRAVERSE POINT LAYOUT

DATE 2 e3/%7/
LOCATION. _Lozceme
STACK 1.D. _26.5 7
BAROMETRIC PRESSURE, in. Hg .27« 7
STACK GAUGE PRESSURE, in. Hy0 = 3/
OPERATORS _ 227 cql o
d
TRAVERSE YELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER @py), in.HyO Ty, °F
A- 12 /. ! L¥5
11 [ 2 7 S
1O /o2 2¥S
9 S 2¢ 5
8 /O 2¥S
7 78 z¥3
& .28 44
S P2 . Zrs
T+ s 256
3 S/ 2877
2 /. D 2rs
! .27 2ES
B -2 ¢ 3 2y 9
it /-3 250
Lo (-2 zs°e
9 /.7 <50
8 ./ 249
7 L9/ 145
6 | .27 eid
5 2¥¢ 37
+ » 7F 237
3 LB/ 237
2 - 76 238
J « 70 237
AVERAGE  |jZ,=0.995| 2715

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER @pg), inHa0 T,), °F
AVERAGE
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ANALYTICAL DATA

P.Aﬁ‘_ﬁmm%ﬁw

DATE g/22/8)

SAMPLING LOCATION _LToesmn. Mo, 2-
C o 6.4-1_5_;/ Aterizod S/8

SAMPLE TYPE

RUN NUMBER EBM- 4
SAMPLE BOX NUMBER

CLEAN-UP MAN

FRONT HALF .

ACETONE WASH OF NOZZLE. FROBE, CYCLONE (BYPASS),

FLASK, FRONT HALF OF FILTER HOLDER
FLTER Numser £ 135S

BACK HALF

MPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTCRS, AND BACK
HALF OF FILTER HOLDER

ACZTONE WASH GF IMPINGERS, CONNECTCRS,
AND BACK HALF OF FILTER HOLDER

MOISTURE
IMPINGESS 1
FINALyOLUME _3T7/.C o

2
INITIALveEonE _?Z]Lﬂ sl o
NE- 1148 : - . s 1{ 3

Secrvbbe~ Do/~

D
-7
COMMENTS:
P~ [S e
bs s
LABORATORY Rt
CONTAINER
CONTAINER

FRONT HALF SUBTOTAL

CONTAINER
ETHER-CHLORCFOAM
EXTRACTICH

CONTAINER
BACK HALF SUBTOTAL

TOTAL WEIGHT

IMPINGERS 2 3 4
FINAL WEIGHT £%8.Z ¢ __e3v ! 5329
INTIAL ¥EIGHT S7&28 3 __GO3 ¢ ¢ ._3_13_1_3:_!_-‘-_
NET AEIGHT §5-¢ 4 2l03 _Go7

r-F Wis!

g
g
¢ coTaL woistuRe. 70D
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ARELIMINARY VELOCITY TRAVE'”’:‘:

TEST <+ ~
PLNT__GCresn Boay Mefro Stdee Tiae)s.
DATE 9/23/81( T /0.0 AN STARTY
LOCATION. _Loc.remtor Ak, 2 - Comter Skat? Coolisy
STACK 1.0. 2.6
BAROMETRIC PRESSURE, in. Hz . #23..9 &
STACK GAUGE PRESSURE, in. Hy0 O. {7 Ros+ive

OPERATORS _&B_EA@EBﬁ_ﬂ__JLﬁ_ﬁM 3 EA £R

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (4pg), in. Hy0 (T, °F
Er_g-/a ] .3 235
{ /> 2 35
(O o 239
9 /L 237
8 /O 2 35
7 O .33 X35
& O, 7R 23 0O
g O .77 s O o 9
4 o.72 22 9.
3 o.75 1227
2 0. L& RS
! O. vt | 235
Al & 2 fo ] 2 3
- 11 [/ K Yo
Lo L/ 2 SO
9 -5 2 39
8 .98 | 238
7 o .14 237
g ©.%8 23.5
S O, 9 i 2395
4 . 97 237
3 [. 0 4 237
2 °, 97 237
; O. 38 2377
AVERAGE | 45p=0.958| z3%.¢

TRAVERSE VELOCITY STACK-
POINT HEAD TEMPERATURE
NUMBER @pg), inH0 ), °F
AVERAGE
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ANALYTICAL DATA

o

PLANT _Gramn Bay Metro. Sids Tovcis  COMMENTS:
DATE 9/e3/8/ :

SAMPLING LOCATION _Lmeimn, Alo. 2 - Scrobbe~ © 7/t
SAMPLE TYPE Cemmbined Metbed S/ ' {
RUN NUMBER CRM -5 5/\/\/
SAMPLE BOX NUMBER
CLEAN-UP AN 7. )&L&é hor

FRONT HALF ' . LABORATORY RE

ACETONE WASH OF NOZZLE. PROBE, CYCLONE (BYPASS), CONTAINER
FLASK, FRONT HALF OF FIL'?'ER HOLDER
("%

FILTER NUMBER [T - CONTAINER

FRONT HALF SUBTOTAL

BACK HALF
IMPINGER CONTENTS AND WATER WASH QF CONTAINER
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFGRA
HALF OF FiLTZR HOLDER EXTRACTION
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER

AND BACK HALF OF FILTER HOLOER
' ' BACK HALF SUBTOTAL

TOTAL WEIGHT

MOISTURE

MPINGESS 1

FiNALYeEuwE: TS558 af o
NITIAL¥etenE (0518 7t

NETveroms -7 7Y  ar o

.-_-' DMPINGERS 2 3 4

FINALWEIGHT Li8( g eSS . B2l gy
INITIAL WEIGHT L/2.© 7 2.8 ¢ Z205]2v00y 8% 7
NETWEIGHT @602 g _ 2.7 ¢ _¥9.0 ¢ TOTAL HOISTURE -/

£P4 (Dun 21
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. PRELBUNARY VELOCITY TRAVE" %
TEST &

PLANT _Gr=emr i@a-u Met-o Sid q—__r"'«t:;ﬂ

DATE. 9 /23/87/ “

LOCATION_ Lorcsnerator No. 2 = Cepter Shaft Coolims
STACK LD, 2.6.57

BAROMETRIC PRESSURE, in. Hg _2-3

STACK GAUGE PRESSURE, in. Hp0 _< % 2287

OPERATORS 22 A o £ S s i
f‘—l_ ¥ g .)Z‘-dﬂ CA.%Z—CA Ok_/

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK TRAVERSE YELOCITY STACK
POINT HEAD TEMPERATURE POINT HEAD TEMPERATURE
NUMBER apg), in. Hy0 (T °F NUMBER (apy), in.Hz0 T, °F
A~12 ’. 23%
¥ ) 233
10 /.o 233
9 .78 232
8 -2 P 233
7 232 232
& .6 Z 30
s .88 , | 232~
7 9T 2. %73
3 P> 225
2 53 732
! . 70 2773
B- 12 ! s T >
H ‘o2 z3%¥
i L. 7 Z235
C7 AR 23s
8 2.0 2:3)4
7 - BL L3/
6 773 zz5
g e S
< . 0¥ 25
3 7Y 2.2 5
Z .72 2s
{ LY Tls
AVERAGE 12,2095 | 230.9 AVERAGE

Gov Bt ot ok
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ANALYTICAL DATA

- £74 (Dup 23}

T LA _Gre etro . S/ COLMENTS:
DATE g/23/8/
SAMPLING LOCATION _Lmcis. Mo, 2 -Scrvbbgm OutieF
SAUPLETYPE __Comrbinof Metiod $/8 M.I;,,_Q Ub/gﬁ'“w'-"
SAMPLE BOX NUMBER
CLEAN-UP tAN 227 VQA«Z—(‘-JL_. _
rRONT HALr LABORATORY RE
ACZTONE WASH OF NOZZLE. PROBE, CYCLONE (BYPASS}. CONTAINER
FLASK, FRONT HALF OF FILTER HOLDER
FILTER Numser 130 CONTAINER
e - ———
- FRONT BALF SUBTOTAL
BACK HALF
MPINGER CONTENTS AND WATER WASH OF CONTAINER
IMPINGERS, CONNECTGRS, AND SACK ETHER-CHLOROFGRM
HALF OF FiLTER HOLDER EXTRACTION
ACTTONE WASH OF UMPINGERS, COHNECTORS, CONTAINER
AND BACK HALF OF FILTER HOLDER ' L
' BACK HALF SUBTOTAL
TOTAL WEIGHT
MOISTURE
IMPINGESS
EINAL MOLLmz- i‘fL?"__,ai’ 9
.mimwewiw 9
NET vt at 9
Ve el - ‘(
."- IM?DIGERS 2 3 A
ANALWEIGHT L2079 ¢ G X ¢ S$33.7
INITIAL #EIGHT &v2.B 1 _S7J5.5 ¢ 2yvoolzets g
NETWEIGRT 3B g4 _303 3 _52.G ¢ ToTaL sowsTuRe (O 7/




viol

un
0£z (ing) vd3

001/,

(3MavIY 09 WNLIY
SN 001 $1 1IN TN

001/gy

(oniavay 2o
WALIV SHNIE ONIaYIY
09 WRLOV 1 13N ()

8—\~n

LSt

9+l

1o .

2611 007

5 b

007

(ontavay oo
WNLIY SONIW IHIOVIY

20 wniav st 13nlp

8_\3

LE'S

5'S

s$.$

+'g $°<

5'¢

5SS

09

apu-g/q Py
(SISVA AuQ) SV HOVIS
40 119138 YV INIICH

LEIREINI]

AWNTOA
13N
JOVUIAY

13N

INIGVIY
WnLaY

ONIav3Y
w1V

13N

INIGVIY
waLY

Sv9

NNY

FI4°0 9~ gD o)y siuamwed

J > \%N)\\V..\ VAR 2 S0 \\.u...\m

401va3do
JUNLVHIJWIL ANTIORY

7

22
T

QOH13W TVILATYNY

(SNONNILNOD 'QTLVYDILN 'SV D) JdAL 11dHYS

A0 0990408

-2

ey =P NOILVIOT ONETJWYS
(420710 M-12) JWHL ONFILINVS

LAY

aiva

?\Un\lm, . ﬂ%o\(m.

NOILYNIWYZ130 LHOIIM YVINIITON Ada

7

NG/

GEBAZ ANV




Yo

Un

0£2 (ng) v43
ioL
0ot/ (9N1OYIY 02 WNLIV
B : SN 001 S1 1IN
. oniavay %
00t/ TALIV SINRY DNIQYIY
03 VALV S1 13N 9
. . , . . . (omiavay %03
001/2¢ '8 128 | 1bi 1’8 1O°bl | ('8 | 161 | wniovsonm smavay
_ g wnlav s1 13Nl
001/ T.n: b'0f bor. Lot b'ol O~_ o'l NOQ
o . . ONIV3Y INIQvIY INIOVIY Syv9
afow-qi/q) ‘P JWNT0A 13 2 134 | 13w
(stsve Asa) svawovas | wandionm 13N WALY [ VMY WRLDV
40 19134 WV INIT10W J0VHIAY ¢ N
10 .
SAD9H) WA IMT WY S LYSIO HOLV240
JUNLVHIWIL INTIOWY
[ Sl GONLAW TWIILAVNY
ll\nu\._.“ﬂmuxlnmnlgg__:zs 0Z1VHITLNI ‘va) IdAL I TJNVS
" . D1 = P T IEAGAIs = 0y E TR H0ILVI0 SN
YO YD o7 coahme VoSO e C 357 <027 (120719 14:¥2) Y11 SNINJWYS
_ . . ~ /37276 J1va
FE T P - weD ey SINTWHOD s A T AN =7 7 el R L= o R TR B

NOLLVNINYT 130 1H913M ¥VINDTTON ANG




e

- PRELIMINARY VELOCITY TRAVE"”"
TEST €

PLANT _Gree Bau,« MLL_é_Twcm

DATE - 9/z3/8/

LOCATION, Tocimerafor Mo, 2= Comher Slaadt Cooli i S

STACK LD,

26.57

BAROMETRIC PRESSURE. in, Hg

2987

STACK GAUGE PRESSURE, in. Hy0 2 - Z 2

SCHEMATIC OF TRAVERSE POINT LAYOUT

OPERATORS 27 o lon
. M chee L ?_1: :
287 Fert  eck chach Q{S
TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (apy), in.Hy0 T, °F
A-12 /. /7 233
T VA 233
10 /.2 233
g AT 233
8 AL 232
7 E7 z 32
& ) 36 2335 -
_g C;?/ ‘ 7,33
2 g3 2 335
3 , Fb 2 3Y
2 56 2.3¢
) .87 z3
B— 12 ). Z 237
/! =3 2377
10 /. T 235
9 7.7 235
= ;. OF 2325
7 .78 2133
6 __ 652 z
s b5 22
< | .70 225
3 | -2 2z s
Z L&/ 22 &
J N 225
AVERAGE |43, =0355) 2317

TRAVERSE YELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER @apg), inHz0 (T) °F
AVERAGE
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ANALYTICAL DATA

PLANT _ Creon Bay Mobo, Sids. Toacs, — CCHMENTS:
DATE 9/z¢ /27 '
SAHPLING LOCATION Trcsor. Mo 2 —Scubbe~ Outflef
SMIPLE TYPE __ Comr bomal Holind S5/8 P ,( j»w )
L
RUN NUMBER GBM - 7 } -
SAMPLE 80X NUMBER A [glm ;ﬁ A
CLEAN-UP MAN /
S SUA
FRONT HALF LABORATORY RE
ACETONE WASH OF NOZZLE. PROBE, CYCLONE (BYPASS), CONTAINER
FLASK, FRONT HALF OF FILTER HOLDER
SILTER NUMBER (B~ /3D CONTAINER
£ |
\‘v.a - -
T FRONT HALF SUBTOQTAL
BACK HALF
IMPINGER CONTENTS AND WATZR WASH OF ~ CONTAINER
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION
ACETONE 'WASH OF [MPINGERS, CONNECTORS, CONTAINER
AND BACK HALF OF FILTZR HOLDER . _
‘ o BACK HALF SUBTOTAL
TOTAL WEIGHT
MCISTURE
MPINGERS 1
FINALYSLIWE 3625 af o
i INITIAL YELNE _617.6  af o
L NET ¥oboHE L=l At o
A .
~ IMPINGERS 2 3 A
FINAL WEIGHT LeSui g La2B0 3 Sl 7 g
INTIAL REIGAT S72.8 1 o3l ¢ 37025
NET VEIGET pia 3 2359 3 2R g ToTaL moisTuRs (L O. %
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PRELIINARY VELOCITY TRAVE
TEST 7

PLANT @ree»y Boo Mefro Sidee Toacily.

DATE 9/2= /g7

LOCATION. Tocimcrator Mo 2  Cofe~ Sha"ic?""cao/u,_:
STACK 1.D. 2E.5 7

BAROMETRIC PRESSURE, in. Hg

STACK GAUGE PRESSURE. in, Ho0 2. 2T
oPERATORS £/ [kt 45 oA

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
HUMBER (pg), in.Ho0 (T, *F
A-12 /2 Z32L
l /e 1372
1O /. & 232
g ! 232
8 L7 z32
7 73 23
[ GO 25/
g 7 L -3
4 /-0 233
3 ! 2 32
e Xe 233
/ .97 2 3£
B—= 12 .3 237
1 /.3 23%
10 /3 237
3 /.t Z35”
= ).t 235
7 .96 239
& - s 22 7
S . 75 227
i . 75 22
3 =l 225
| < . D0 25"
@ ! .73 205
‘ AVERAGE |42 = 0.99F 2321.8

TRAVERSE VELOCITY STACK

© POINT HEAD TEMPERATURE
NUMBER (apy), in.Hy0 (T), °F
AVERAGE
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ANALYTICAL DATA

PLANT_Green e wo.  CONMENTS: _ @
DATE g/22/2
SAMPLING LOCATION _Lorcir. My 2 = Scrubbe~ Outlei
SAMP'_E TYPE Combzd‘ej Me‘fba;/ 5-/5 /j—--
RUN NUMBER cem=-8 M w/;ﬂ/la,«» o
SAMPLE 30X NUMBER @
cLzan-ue man L. /74/(1/71-/\/
FRONT HALF . LABGRATCRY 35
ACZTONE WASH OF NGZZLE, PROBE, CYCLONE (SYPASS), CONTAINER
FLASK, FRONT HALF OF FILTER HOLDER
FLTeR numser _R-1 39 CONTAINER
L
= - _
- FRONT HALF SUBTOTAL
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION
ACZTONE WASH OF IMPINGERS, CGHNECTORS, CONTAINER
AND BACK HALF OF FILTER HOLDER o
' ' BACK HALF SUBTOTAL
TOTAL WEIGHT
MOISTURE
MPINGESRS 1
FINAL ¥EERE— C53 5 o 3
_ NITIALYEERHE OS5 72— 5t
A NET wetaie r.:’_.?_;f 9
.j_—' IMPINGERS 2 3 4
FINAL WEIGHT ' 3 ¢ _56%3.3 ¢ 53]23’ ¢
INTIAL HEIGAT ‘21728 7 _Gi17.8 ¢ 248BJamg o
NETWEIGHT 9Gb g 25,5 ¢ _32.7 ¢ ToTaL wosTwRE 70, O

_EPA(Dun 2%




-

wiol

i
0£Z Gng) vd3

00t/

(on1av3Y 03 WALV
SNIW 001 1 13MV Y

001/

(antav3y 2o
WNLIV SONIW ONIOVIY
09 VALV St 13N)())

001/z¢

ST
L bt

05| g0z | oss

€Q2

i1} Lo

(onavay Lo
IVRLIY SANIW ONIGYIY

Z0 wntav st 1anlp

001/

L85

€S| ¢

'S €<

S |ss

AN

ajou-gy/q) Py
(SISVA AMQ) SV WOVLS
40 119138 UVINIIT0W

yandung

JUNT0A
13N
30VUIAY

ONIGVIY

I qypgy | AW

ONigvau
VALY

ONIgv3Y

1 vy

Ny

MO YS90 Y S “eRb ey puseg ety

£ +00 & ~pygDd cay

« Q&

HO1VUIdO
JUNLVUISWIL INIIOWY

Frs70

7= ST

QOHLIW TWILATYNY

(SNONNILNOD ‘QILVUDILNI ‘OVE) AdAL ITdWVS

FFTO

TIGGIIITT

o

L 2sS/-0S 2l

ZT TS N0IAVI0T ONTTJIVS
(430719 1%$2) IWNL OHITJWVS

. 7 m\.*&:u

lva

SINIWWOD

NOILVNIWYZL20 LHOIZH UV INIT 0N AUC

JNvid

——




¢

~

un

§ o€z (@) v43
eV Nl ey
0L N Q YT gy T :
: (3MI0V3Y 02 N1V
001/,
. SANIW 001 ST 1INV N
. omavan o
00t /gy WALIY SNNIY ONIaY3Y
02 WNLIV S1 13N
oc. _ . (ontavay Zoo
001/5¢ Sl SL | Sy | s ] e | S| gy TYNLIV SANIW DNIaYIY
: o wnlov st 13l
001/ Loy Lot ot | oay| ber | s1) oy 209
aou-gy/q Py - 3WNT0A 138 m._ﬂ__mwww_ 134 ﬂﬁ“w“ 13N @__.__."mmw SV
(s1Sva Aua) sV Hav1s yINALNK e .
40 1019134 WV
MIT10R JOVUIAV ¢ . ' NOY
e L= e YOLYHIJ0
- 09 JUNIVUIJWIL 1N310WY
el Q011N TYIILATYNY
7 EFTTCSTETT (SNONNILNGD "a3LVHIIINI ‘Ova) 3dAL 31dwvS
g 472d 2 FFIET  “3FF7708 = 2 O/ 273 NOILVI0T ONIdWVS

Lu\Q .WBU.-\QQ ..,_\J..Q.N I\n.wul\\,c\q«\ \.ﬁhxo

£/ T g-wgo

;\.\uv\

et

SIN3INWN0D

ST -052/

(420712 14¢:42) JvNL DNINJWYS

IR-YE T[>

v

s AR o NENNLE

NOLLVNINYTLIA 1HO1TH UV INITTOW AUG

INVd




T - L

PANT_Green Boy Metlro

™

~RELIMNARY VELOCITY TRAVER

TEST &
Sidy . T
o

DATE ‘gl/2e/e

LOCATION. I»cmem—*of Ao, 2 = Cemler Shat+ Caa/n'&z;

SCHEMATIC OF TRAVERSE POINT LAYOUT

STACK 1.0. S
BARGHMETRIC PRESSURE, in. Hg 29 7 °
STACK GAUGE PRESSURE, in.
opemroasmﬂﬂ;
TRAVERSE | VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (apg), in.#y0 (T, *F
A-(2 /.t 2.25
1 /! 235
10 /.0 23 d
g /.2 2738
8 ) 2306
7 . 95 235"
¢ PO 237
Y .Gl ol Z 3%
s 1.2 238
3 /.0 238
2 ;. O 2.38
i - Ty z?
B- 12 /.3 43
) P P
o) ;. 3 Cr L
9 . Lt
8 s O
~ .23 239
& o 72 233
s s 2B
¥ .74 231
3 o BO 3 35
Z .73 229
] .70 117
AVERAGE  |3p=0.9233 | 236.2

TRAVERSE VELOCITY STACK

© POINT HEAD TEMPERATURE
NUMBER @pg), inHz0 (1), °F
AVERAGE

wﬁaaéff’&w»é D £
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PLANT Croen  Bay Metrp,

St .
DATE G l2s/2r :
SAMPLING LOCATION _Loacir, A
SMPLE TYPE _Comb.nel Mets.d /8
RUN NUMBER G EEM-—-9
SAMPLE 80X NUMBER
CLEAN-UP AN
FRON ] HAL.
ACETONE WASH OF NOZZLE. PROBE, CYCLONE (ava
SLASK, FRONT HALF OF FILTZR HOLDER
FLTER Numeer R VDY
N
Saad

BACK HALF

IMPINGER CONTENTS AND ¥ATZR WASH QF
IMPINGERS, CONNECTGRS, AND SACK
HALF QF FILTER HOLDER

ACESTONE ¥ASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

MCISTURE

MPINGESS
FINAL ¥E56ns _5.::____ M 9
MITIALYCTTE (23 9 of 9
NETHEESHE =S L2 X 9

IMPTNGERS
FIKAL WEIGHT

-,
e
e

2 3
L7313 § LAl g

L. CONMENTS:

ANALYTICAL DATA

2= Scrvbbe~ Ootlor-

LABORATORY RE

CONTAINER

CONTAINER

FRONT HALF SUBTOTAL

CONTAINER

ETHER-CHLORCFORM
EXTRACTION

CONTAINER

BACK HALF SUBTOTAL

TOTAL WEIGHT

4
Y85 .| 4

INTIAL ¥EIGHT Lei2.2 3 _S33.5 ¢ 23092168y
NET WEIGHT __QO- g 9.4 ¢

TOTAL HOSTURE_Z6. &

&gl‘ 4

o

94 M 11
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e e e

AB.ELLM.MAB.‘{ VELOCITY TRAVEY‘
TEST 9

?LANTMQ%-_IM;/) :
DATE Glee/ 2/

LOCATION.  Tinciz @rntor Mo, 2- CovteorShad 7 Coolir
STACK 1.D. > £.5 7 =
BAROMETRIC PRESSURE, in. Hg _ 272
STACK GAUGE PRESSURE, in. Hp0 "o =7
OPERATORS 7 27 Lo Sadher

SCHEMATIC OF TRAVERSE POINT LAYOUT

J
TRAVERSE VELOCITY STACK TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE © POINT HEAD TEMPERATURE
KUMBER (Apg). . 4,0 Ty, °F NUMBER (Aps). inHa0 T, °F
A2 /.2 230
Y, 1.2 239
(6 {1 2.3¢ ’
@ /2 23
8 /. O 7. 30
7 97 229
é g7 229
5 & IR 229
e 2.0 729
3 /] 73
2 L) 2 %0
! /.0 2,2?’
A= 12 s 23 _
[ . 3 3¢
I P 32
9 /. Z 2327
8 [\ z %2
? . PS5 Z3:
6 - .78 25
g 77 22
4 . 25 2232
3 o B 222
2 .79 R
I s (0 % 277
AVERAGE  |13p= 1.00 228.C AVERAGE
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APPENDIX B

EXAMPLE CALCULATION FOR PARTICULATE MATTER
BURN 1, TEST 2 (RUN GBM-~2)

&

COMPUTER CALCULATIONS FOR ALL RUNS




sk e e e e e e ek e ek e deok ek e
* EXAMPLE CALCULATIONS *
* FIR *
* GBM=2 *
%ok e deke ek dkc ok ek ek e dek kK

t

SAROMETRIC PRESSURE P(R) teveescoees 2
STACK DIMENSTONS D(S) cieevacesasans 3
SAMPLING NOZZLE DIAMETER D(M) .eaesa
STACK GAS PRESSURE P(S) i ievevenesn 2
PITOT TUBE COZFFICIENT C(P) +sevenees

DrY GAS

METER CORRECTION FACTOR G(M)

(JPERATIONAL DATA

VOLUME OF DRY GAS SAMPLED, METER COND,

(UNCGRRECTED) v sesesssesenncas |
VOILUME OF DRY GAS SAMPLED, METER COND.

( CORRECTED) VM) sevesacccsvass |
WET TIME OF TEST T(T) ceeesccasonsoas |
YOLUME OF WATER COLLECTED VW) ......
PARTICULATES COLLECTED,

FQONT HALF  M(F) iieeeeeenscenonsvanas
PARTICULATES COLLECTED,

MUT) ceeeenvvonsssvasnasesssass NOT APPLICABLE

TOT AL

PERCENT
PERCENT
PERCENT
AVER AGE
A VERAGE
AVERAGE

CARB()P‘ DI()XIDE % C()2 a8 e % w0
CARRON MONOXIDE % CO sev'snves

()XYGEN. %()2 * 5 a8 8 & BB PSS s e e

Q.83 IN. HG

8.0 IN. BY
N.245 [N,

.81 IN, HG

0,850
¢.980

46.5

10.511 CU. FT.

N3.301 CU.
47 . MIN.
RB.6 ML.

33.0 MG.
4,67 %

0.0 %
15.10 %

GAS METER TEMPERATURE T(¥) .. 554.,6 DEG.

ORIFICE PRESSURE DROP P(M) ..
STACK GAS TEMPERATURE T(S) .. 41

ENGINEERING SCUIENCE INC,
HASHINGTCON, D.C.
10721 /91

1.733 IN.
7.20 DEG,

R
R

FT.

H20

N,




—

e B e B e B I e o B B T e I e R e B e B e I e I I e I e B e I I e B e B B e B e B e B e B e B e B e e N

FIELD DATA

FOR
GBM=-2

SAMPLING POINT I

————— — ——— —— T e o T o w— e Mo S W Yy S ———— ——

LJJ--JO\U'IALAN:CDOCD SO N —

N_.
20

NN PN
B N =

[\ I\ ¥ ]
ooun

[\C RN J\N
O X0~

30

——— A ———— T ———r o A ——— —— T — ——— T —— — i - T ——— - -

VELOCITY H

I

I N. 780
T ¢.940
1 0.860
I 0.780
1 0.670
1 0.630
I 0.520
I 1. 000
I 0. 730
I 0.580
I 0.580
[ 0,600
I 0.600
I 0.510
I 0.900
I 0.810
I 0.530
I 0.580
1 0. 640
I 0.580
I 0.480
I 0.740
I 0.490
I 0.440
I 0.460
1 0.450
I 0.520
I 0.470
I 0.620
I 0.420
I

ENGINEERING SCIENCE INC.

WASHINGTON ,

EAD

D, C.

10/721/81

I STACK TEMPERATURE

—t g P g b et b b b pmng b pg b b b b bd ot et o et e g e et bt —t P g by

184,
192,
200.
188,
187.
1883,
186.
182.
177,
178.
]76.
174,
174,
178.
16¢,
165,
162,
158.
156.
165,
159,
|62.
15,
147,
143,
135.
135,
1‘37.
155.
149,




FIELD DATA
FOR
GBM=-2
SAMPLING POINT I VELOCITY YEAD

1
31 I 0.330
32 1 0.290
33 I 0.310
34 I 0.340
35 I 0.440
36 I 0.510
37 [ 0.450
33 I 0.310
39 I 0.250
40 I 0. 300
41 I 0.300
42 I 0.380
43 I 0.520
44 I 0.530
45 I 0.560
46 I 0.500
a7 1 0.430
48 { 0..38G
49 I 0.250

1

I

I

I

I

[

I

I

I

I

1

[

I

|
1
|
]
]
§
]
]
i
]
]
]
|
|
I
I
}
|
l
1
H
|
1
I
)
]
|
]
|
|
|
1
I
|
|
1
!
|
|
|
|
t
I

I STACK

Pt et P g bl pred ot o b pmeg b b puag P de o by beoh i b b i bt et Pt e b ] e T bl

— . ——— L P S . ———— A —— ol . Al I S - S S S S 4 S e S ——

TEMPERATURE

138.
135.
130.
130.
132.
161.
148.
143.
[ 37.
138,
i34.
130.
149,
157.
153,
150.
152.
147,
137,

EMGINEERING SCIENCE INC.

WASHINGTON,
16721781

D

~
- o

el et b bt b ey Pt by P et Pt ey b bt =t P e e e g ey o g el P

— et bt et e et e bt bt R ey b by




DERIVED DATA

PERCEMNT NITROGEN

% N2 = 100 = ( %CO2 + %02 + %CO )
¥ N2 = 100 — ( 4.67 + 15.10 + 0.0 ) = 80.23 %
AVERAGS PRSSSURE AT TYE ORIFICE
P (M)
P()) = D(B) + —mm—me
13.6
1.733
P(D) = 20.83 + =—————n = 29.957 IN. HG
13,6
ARE 4 OF STACK -
LENGTH X WIDTH
MS) = — -—
4 X 144
38.0 X 46.5 |
A(S) = —m—emee—eecm——ee———— = 12.271 SQ. FT.
4 X 144
AREA OF NOZZLE
" PT X DIN) X D)
ACM) = mmmmem e
4 X 144
3.141591 X 0.245 X 0.245 - 4
AN) = e mm e = 3.27385 X 10 so. FT.

ENGINEERING SCIENCE INC.
WASHINGTON, D.C.
10721781




GAS ANALYSIS
VOLUME OF DRY GAS SAMPLED, STANDARD CONDITIONS
T(ST) PC)

VIMST) = G(M) X v X X -
T(M) P(ST)

AHEKE T(ST) 1S THE TEMPERATURE AT STAND ARD
CONDITIONS (528 DEG. R). P(ST) IS THE PRESSURE

AT STAMDARD CONDITIONS (29.92 IN, HG) .,

AND G(M) 1S THE VALUE FOR THE DRY GAS METER GAMMA.

V(#4ST) =0,980 X110,511 X —=——c==— X wmmam—— =
103.241 CU. FT.
VOLUME OF WATER VAPOR COLLESCTED, STANDARD CONDITIONS
VIWVSTY = ( 0,04707 ) X C V(W) )
WHERE 0.04707 1S THE VOLUME, MEASURED IN CU. FT. AT
STANDARD CONDITIONS, THAT 1.0 ML. OF LIQUID WATER
HOULD OCCUPY UPON SV APORATION,

VINVST) = ( 0.04707 ) X ( 88.6) = 4.182 ClU. FT.

PERCENT MOTSTURE IN STACK G4S

V(AVST)
A Bt -~ X 100%
VIMST) + VI(KVST)
4.‘82
A S -— X 100% = 3.89 % .

103,241 + 4,182
PERCENT DRY GAS IN STACK GaS

% VIM)

100 - %M

MP= % VM) 100 = 23.80 = 06,11 %

ENGINEERING SCIENCE INC.
NASHINGTON, D.C.
10721781




GAS ANALYSIS - CONTINUED

TOTAL GAS VOLUME COLLECTED, STACK CONDITIONS

T(S) P(ST)
VITS) = ( VIMST) + VIWVST) ) X ——w=e—s X ==—m—w-
T(ST) P(S)
617.2 29.92
VITS) = (103,241 + 4,182 ) X =———=w— X =—=——== ={26.035 CU. FT.
528 29.81

MOLECULAR WEIGHT OF DRY GAS

MA(DY = 0.44 X ( %C02 ) + 0.32 X ( %02 ) + 0.28 X ( %ZN2 + %CO )
MA(D) = 0.44 X ( 4.67 ) + 0.32 X ( 15.10 ) + 0.28 X ( 80.23 + 0,0 ) =
29.35)
_—
YOLECUL AR WEIGHT OF STACK G4S
MA = 0.01 X ( C MW(D) X BV(M) ) + ( 18 X %4 ) )
MW = 0.01 X ( 29.351 X 96,11 ) + (18 X 3,80) ) = 28,009 7

(
29.251%X.9481 F (9 (o0 )
PERCENT EXCESS AIR

% 02 + ( 0.5) X (%CO)
% T4 T mme——ee—ee e e e X 100%

(0.264 ) X ( %N2 } = ( %02 ) + ( 0,5 ) X { %CO )

% ZA S mmm e e e e X 100% =

N
'
20
-

(%)
(0% )
3%

EMGINEERING SCIENCE INC.
NASHINGTON, D.C.
10721781




GAS FLOW ANALYSIS
AVERAGE STACK GAS VELOCITY, STACK CONDITIONS

LET A ENUAL TWE SUM FROM 1| TO N OF THE SO ARE ROOT

OF THE PR0ODUAST OF T(S)* AND DELTA-P/, WHERE T(S)”’ AND
DELTa-P7 arfE INDIVIDUJAL VALUES OF N (BSERV ATIONS OF
STACK TEAPERATURE (IN DEGRFES R) AND STACK GAS
VELOCITY HEAD (IN INCYES 420) RESPECTIVELY

LET B SQUAL THE SQUARE ROOT OF THE PRODUCT OF
4N AND P(S).

( B5,49 X C(P) X A )

V(S) = eccecccme———- _—

( B XN

883.3506
29. 36

[ e

( 85.49 X 0.850 X 883.3506 )
V(S) = memcemseceso————————————————— = 44,619 FT. PER SEC. ¥
( 29.36 X 49 )

STAZKX GAS FLOW RATE, STACK CONDITIONS

Qcp)

60 X V(S) X A(S)

QCA) 60 X 44,619 X 12,271 = 32851, ACFM

ENGINEERING SCIENCE INC.
WASHINGTON, D.C,
10721781




GAS FLOW ANALYSIS - CONTINUED

STACK GAS FLOW RATE. STAaNDARD CONDITIONS

T(ST) P(S) 2V (M)
Q(DS) = WA X =—em—emmm X ——————— X —m————
T(S) P(ST) 100
528 29.81 96 .11
G(DS) =3285!. X =—==mmme X ——mme—m X —
617.2 29.92 100

= 26909. DSCFM

AVERAGE STACK CAS VELOCITY. STANDARD CONDITIONS

Q(DS)
VISST) = ——m———m—o—
60 X A(S)
26909.
V(SST) = —mc—weme—————e = 36.55 FT. PER SEC.
60 X 12.271

ENGINEERING SCIENCE INC,
N ASHINGTON, D,C.
10721781




. COMCENTRATION OF PARTICULATES IN SAMPLE

FRONT HALF, DRY GAS, STANDARD CONDITIONS

MCF) -
COAN) = 0.01543 X ===——wm=
V(MST)
33.0
C(AN) = 0.01543 X ===—=—=— = 0.005 GR./DSCF
103.241

"TOTAL. DRY GAS, STANDARD CONDITIONS

MOT)
ClAN) = 0.01543 X =———e——-
V(MST)

*x  C(A()) IS NOT APPLICABLE FOR GBM-2

FRONT HALF, STACKX GAS, STACK CONDITIONS

M(F)
COAT) = 0.01543 X =mm——m———e

V(TS)

33.0
C(AT) = 0.01543 X =—m————mee = 0.004 GR./ACF

126.035

TOTAL, ST#CK GAS, STACK CONDITIONS

ClAJ) = 0.01543 X ——=—==w=

** C(AU) IS NOT APPLICABLE FOR GBM=-2

ENGIMEERING STIFMCE THMC,.
NASHINGTON, D.C.

. : 10721731




LET

T(S) X 1.667 X ( 0,002667 X V(W)

617.2 X

T(T}y X V

147, X

PERCENT ISOKIMNETIC

VM)

T(M)

1.667 X ( 0.002667 X 88.60 +

(S) X P(S) X A(N)

44,619 X 29.81

I =

A

— ———

B
6262 .664

63.963

97.91

or
-]

6262 .664

X 3.27385 X 10

ENGINEZRING SCIENCE INC.

NASHINGTON,
10/721/81

D.C.

4

H

+ —meee= X P(0O) )

63.963




. EMISSION RATE

FRONT HALF

piorC
-4 MOF)
CUAN) = 1.323 X. 10 X ===mwe=e= X 0(DS)
V(MST)
— 7
-4 33,0 Jol ¢
CCAN) = 1.323 X 10 X w~—e——e———— X26909. =  1.135 LB./HR.
103,241
TOTAL
-d M(T)
ClAX) = 1.323 X 10 X =————e — X Q(DS)
V(MST)

%= C(AX) IS NOT APPLICARLE FOR GBM=2

M p = bo x2EE 1227/ =SS
| /4> 5257 0003227

ENGINEERING SCIENCE INC.
NASHINGTON. D.C.
16/721/%]1




DRY FEED RATE

Duration of Burn 1, Test 2 = 166 minutes
Total Pounds Dry Feed = 10,493 lbs
Dry Feed Rate = F(D)

F(D) = ( 10,493 1bs ) (60 min/hr)
2,000 lbs/ton 166 min

F(D) = 2.896 tons/hr

EMISSION RATE PER TON DRY FEED

Emission Rate Per Ton Dry Feed = C(DF)

C(DF) = C(AW)
F(D)
C(DF) = _1:135 1lbs/hr
1,896 tons/hr
C(DF} = 0.60 lb/ton dry feed




ADJUSTED OUTLET CO,5 CONCENTRATION

100 + (% EA)Q
(8CO2)agj = (30z)as 700 + (% EA)

where:

(%

(%

(%

(%

(%

(2

CO2)agj is the adjusted outlet CO; percentage,

C02)g4 is the percentage of COp, measured before the
scrubber, dry basis.

EA}; is the percentage of excess air at the inlet, and

EA), is the percentage of excess air at the outlet

(100 + 81.1) - o
CO2)agj = (9.09) (100 + 248.3) - -

CO2lagy = 4.73
CONCENTRATION PER DSCF CORRECTED TO 12% CO5

{12%)

C{AN)agj. 128c0, = ) X Traco ) .

(128)
= (0.0049 gr dscf) (T 73%)

= 0.012 gr/dscf
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o O O

Y

@

L

PARM

PART

PARTICULATE EMISSION DATA REPORT

Burn 1
GHREEN 8 AY METRODOLITAN SEWERAGE NISTRICT RUN GBM=1 9/22/81 0980TO12472

QAROMETAIC PRESSURE (IN. HG) . 29,49
AVG,., ORIFICE PRES. DROP (IM., H20) 1.517
VOLUME OF DRY GAS SAMPLED, METER COND. (DCF)

(UNCORRECTED) . 102.243
DRY GAS METRR TORRECTION FACTOR {(GAMMA) 0.980
VOLUME OF DxY GAS SAMPLED, MEIER COND., (DCF)

{CHRRECTED) i00.198
AVG. METER TEMP. (F) 85.3
VOLUKE OF DRY GAS S AMPLED (DSCF) 05.987
TOTAL H20 COLLECTRD (ML) 89,13
VOILUME OF H20 COILLECTED (SCF) 4,21
% MOISTHRE IN 3TACK GAS BY YOLUME - 4.21
MOLS FRACTION OF DRY GAS 0.958
% CARBOWN DIOXIDE 4,33
% OX YGEN 15.23
% CARBON MONOXIDE 0.0
MOLECULAR WNZIGHT OF DRY GAS 29.31
MOLECUL AR WEIGHT OF STACK (Gas 28.83
AVERAGS STACK GAS VELOCITY, STACK COND. (FP3) 45.0
AVER AGE STACK GAS TEMPER ATURE (F) 193.6
ABSOLUTE STACK GAS PRESSURE (IN. HG) 29.47
STACK GAS FLOW RATE ( ACEM) 32741,
STACZK GAS FLOW RATE (DSCFM) 26581,
NET TIME OF T=ST (MINJ) 147,
STACK DIMENSIONS (IN,) 3R.0 X 46,0
SAMPLING NOZZLE DIAMETER (IN.) 0.250
% ISOKINETIC 87.6
% EXCESS AIR 260.7

M ASS CONCENTRATION EMI SSINON RATE
(IN MILLIGRA4S) {GR/SCF) ({LR/7HR)
FRONT R ACK FRONT 8 ACK «  FRONT 3 AC

N.268E+02 N/A 0.430E-02 N/A ' N.9795+00 N/A
NZA 0.880E+DI N/ & 0.141E-02 N/a& 0.322E+0

502

TANDARD CONDITIONS 63 DEG F  x29.92 I[N, 4G

ENGINEERING SCIZNCE TWNC,
WASHINGTON, DC




GREEN

PARM

PART ..

502
oD
Cu
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MT
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. =<

e € 0.5ME-D3 N/A
cee 0,400F=02 N/A
e < NLEANZ-N3 N/A

PARTICULATE EMISSION DATA REPORT

Burn 1

BAY ME'I;E?()POLITAN STWERAGE DISTRICT RUN GRM-2 9/ /81 I515T0180]

B ARNMETRIC PRESSURS (IN, HG) 29.93
AVG. OrIFICE PRES. DROP (IN. 420) 1,733
VOLIJME OF DRY GAS SAMPLED, METER COND. (DCF)
. (UNCORRECTED) 110,511
DRY 5AS METSR CORRECTION FACTOR (GAMMA) 0.980
VOLUME OF DRY GAS SAMPLED, METER COND, (DCF)
(CORRECTED) 108 .30
AVG. METER TEMP. (F) 94,6
VOLUME OF DRY GAS SAMPLED (DSCF) 103.241
TOTAL 420 COLLECTED (ML) 28,6 °
VOLUME OF 420 COLLECTED (SCF) 4,18
% MOISTURE IN STACK GAS BY VOLUME 3.80
MOLE FRACTION OF DRY GAS N.%61
% CARRON DIOXIDE 4,67
% OXYGEN _ 15.10
% CARRON MONOX[DFE : 0.0
MOLECULAR WEIGHT OF DRY GAS 29,35
MOLSCULAR WEIGHT OF STACK GAS 28.91
AVERAGE STACK GAS VELOCITY., STACK COMD, (FPS) 44,6
AVERAGE STACK GAS TEMPERATURE (F) 157.2
ABSULUTE STACK GAS PRESSURE (INM. HG) 29,91
STACK GAS FLOW RATT (ACFM) 32851,
STACK GAS FLOW RATE (DSCFM) 26909,
NET TIME OF TEST (MIN.) 147,
STACK DIMENSIONS (IN.) 38.0 X 46.5
SAMPLING NOZZLE DIAMETER (IN.) 0.245
% ISOXINETIC 97.9
% SXCESS AIR - 248, 3
M 2S5 CONGENTRATION EMISSION RATE
(1N MILLIGRA%¥S) (GR/SCF) (LB/HR)
FRONT 3 ACK FRONT R ACK FRONT 3 aC
"N.330E+N2  N/A 0.492E-2 N/A D.1145+01 NZA
N/ A D.Q10E+01 N/ & 0.136E-02 N/ 0.3135+0
0.880E-02 N/A N.I3IE=N5  N/A 0.303T<03 N/A
D.O03E=02 N/ 4 0.135E=05 N/a 0.311E=03 N/ &
0.500E-02 h/A D.746E-06 /4 0. 172803 N/A

0.746E=07 /&
0.507E=N6 /A
N.746E=-N7 HN/A

0.172E=04 N/ &
0.1385-03 DN/A
0.1725-04 N/A

NANA
LY

STAMDARD COMNDITIONS *6R DEG F %20,92 [N. HG

ENGINEERING SCIENCE [INC,.
WASHINGTON, DC
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PARTICULATE EMISSIUN DATA REPORT

Burn 1

BAY METROPOLITAN SEWERAGE DISTRICT RUN GBM-3 9/22/81 1945702225

R AROMETRIC PRESSURE (IN. HG) 20,49
AVG. ORIFICS PRES. DROP (IH. H2M) 1.604
VOLUME OF DRY GAS SaMPLED. METER COND, (DCF)

(JHZORRECTED 105,670
DRY GAS MSTER CORRSCTION FACTOR (GaMMa) 0.980
VOLUME OF DRY GAS SAMPLED., METER COND. (DCF)

(CORRECTED) 103.557
AVG, METER TEMP. (F) : 01,8
VOLUME OF DRY GAS SAMPLED (DSCF) 98.050
TOT AL 420 COLLECTED (ML) R2.7
VOLUME OF 420 COLLECTED (SCF) 3.90
% MOISTURE IN STACK GAS BY VOLUME 3.33
MOLE FRACTION OF DRY GAS 0.962
% CARSCN DIOXIDE 4.63
% OXYGEN 14,73
% CARRON MONOXIDE 0.C
MOLECUL AR WEIGHT OF DRY GAS 29,33
MOLSCULAR WEIGHT OF STACK GAS 28.90
AVERAGE STACK GAS VELOCITY. STACK COND. (FPS)  42.R
AVERAGE STACK GAS TEMPERATURE (F) 156 .9
ABSOLUTE STACK GAS PRESSURE (IN., HG) . 29.47
STAZK GAS FLOW RATE (ACF#) 31521,
STACK GAS FLUW RATE (DSCFM) 25554,
MET TIME OF TEST (MIN.) ' 147,
STACK DIMENSIONS (IN,) 38.0 X 46.5
SAMPLING NOZZLE DIAMETER (IN,) 0.245
% ISOCINETIC 97.9
% EXCESS AIR 224.6

MASS CONCENTRAT TON EMI SSTON RATE
(IN YTLLIGRAMS) (GR/SCF) (LB/HR)
FRONT 3ACK FRONT RACK FRONT BAC

0.233E+02 N/A 0.366E-02 N/A 0.8015+00 N/A
N/A N.830S+01  N/A 0.130E-02  N/A 0.285T+¢

STANDARD ZONDITIONS %68 DEG F  *29.92 IN. HG

ENGIMEERING SCIENCE INC.
WASHINGTON, DC
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PARTICUL ATE EMISSION DATA REPORT

Barn 2

BAY METROPOLITAM SEWERAGE DISTRICT RUN GRM-4 9/23/81 1 000T0O1235
RAROMETRIC PRESSURE (IMN, HG) 29.95
AVG, 0O2I[FICE PRES. DROP (IH. H20) 1.596
VOLUME OF DRY GAS SAMPLED, METER COND. (DCF)

(UUNCORRECTED) 105,293
DRY GAS METER CORRECTION FACTOR (GAMYA) 0.980
VOLUME OF DRY GAS SAMPLED, METER COND. (DCE)

(CHORRECTED) 103.187
aVG, METER TEMP. (F) ©3.2
VOLUME OF DRY GAS SAMPLED (DSCF) e8.975
TOoTAL H20 COLLECTED (ML) 0.5
VOLUME OF 420 COLLECTED (SCF) 4,27
% MOTISTIURE IN STACK GAS Y VOLUME 4,14
MGILE FRQACTION OF DRY GAS N.959
¥ CARRON DIOXIDE 4,73
% OXYGEN 15.27
% CARRON MONOXIDE 0.0
MOLEZUILAR WEIGHT OF DRY GAS 29.37
MOLSCULAR WEIGHT OF STACK GAS 28.90
AVEQAGE STACK GAS VELOCITY. STACK COND. (FPS) 42 .0
AVERAGE STACK GAS TEMPERATURE (F) 151.7
ABSOI_UTE STACK G5 PRESSURE (IN, HG) 29,93
STACK GAS FLOW RATE (ACFM) 3N912.
STACK GAS FLOW RATE (DSCFM) 25588,
HET TIME OF TEST (MIN.) 147,
STACK DIMENSIONS (IN.) 38.0 X 44,5
SAMPLING NOZZLE DIAMETER (IN,) 0.245
% ISOCINETIC oR.7
% EXCSSS AIR 261.0

MASS CONCENTRATION EMISSION RATE
(IN MILLIGRANMS) (GR/SCF) {LB/HR)
FRONT 8ACK ERONT BACK FRONT 3AC

0.1225+02 N/A 0.190E-02 N/A 0.416E+00 N/A
N/ZA 0.,124E+n2 NZA 0.193E-02 N/ZA 0.4235+C

STAMDARD CONDITIONS *5R DEG F  *29,92 IN,., HG

ENGINEERING SCIENCE INC.
WASHINGTON, DC
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PARTICULATE EMISSION DATA REPORT

Barn A

B AROMETRIC PRESSURE (IMN, HG)

29.89
AVG. ORIFICE PRES. DROP (IN. H20) : 1.484
VOLUME OF DRY GAS SAMPLED. METER CUND., (DCF)
(UNZORRECTED) 101,148
DRY GAS MSTSR CORRSCTION FACTOR (GAMMA) 0.980
VOLIIME OF DRY $AS SAMPLED, METER COND. (DCF)
(CORKECTED) 99.122
AVG ., METER TEMP, (F) 05,6
VOLUME OF DRY GAS SAMPLED (DSCF) 94,446
TOT AL 420 COLLECTED (ML) RO 7
VOLUME OF H20 CNLLECTEDR (SCF) 4,23
% MOISTURE IN STACK GAS 8Y VOLUME 4,29
MOLE FRACTION OF DRY GAS 0.957
% CARBON DIOXIDE 4,67
% OXYGEN 15.23
% CARRON MONOXIDE 0.0
MOLECUL AR WEIGHT OF DRY GAS 29.356
MOLSCULAR WEIGHT OF STACK GAS 28 .87
AVERAGE STACKX GAS VELOCITY., STACK COND. (FPS) 40.5
AVERAGE STACK GAS TEMPERATURE (F) 153.9
ABSOLUTE STACK GAS PRESSURE (IN, HG) 20.87
STACK GAS FLOW RATS (ACFM) 298137.
STACK G AS FLOW RATE (DSCFM) 24518,
NET TIME OF TEST (MIN.) 147,
STACK DIMENSIONS (IN.) 8.0 X 46.5
SAMPLLING NOZZLE DIAMETER (IN.) 0.245
% ISOKINETIC 98,3
% EXCESS AIR 257.4
MASS CONCENTRATION EMI SSTON RATE
(IN MILLIGRAXS) (GR/SCE) (LB/HR)
FRONT BACK FRONT 3ACK FRONT RAC
e O.1ISE+02 N/A 0.192E-02 HN/A 0.4045+00 N/A
ee NZA N.330E+N] N/A 0.152E=02 N/A 0.3185+0
e 0,248E=02 N/A 0.404E-06 M/ A 0.850E~-04 N/A
.. N.333E-12  N/ZA N.543EN6 N/A N.114E-N3  N/A
e DLJBNOE-D2 N/ a < (Q,BI5E-06 N/& < 0,17T/E=03 N/&
e < NLBONFR-N3  N/A < N.8ISE-NT H/A < N.17IE-N4 N/A
P& 0 L,400FE=-02 N/ A < 0.652E=-06 N/& < 0.137E-03 N/a
L 0.5N0E-03  N/A < O.BI5E=07 /A < NJITIE=Q4 N/A
STANDARD CONDITIONS 68 DEG F #29,92 IM, HG

ENGINEERING SCIENCE INC.
HASHINGTON, DC

3AY METROPOLITAN SEWERAGE DISTRICT RUN GBM-5 9/23/81

1340T01613
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PARTICULATE EMISSION DATA REPORT
Burn

8 4aY METROPOLLITAN SEWERAGE DISTRICT RUN GRM=6 9/23/81 1720T01953
BAROMETHIC PHESSURS (IN. HG) 29.82
AVG. ORIFICE PRES. DROP (IN, H20) 5696
VOLUME OF DRY. GAS SAMPLED, METER COND. (DCF)

( UNCORRECTED) 108.8563
DRY GAS METER CORRECTION FACTOR (GAMMA) 0.980
VOLUME OF DRY 3AS SAMPLED, METER COND. (DCF)

( COOPRECTED) 106.086
AVG. METER TEMP. (F) 92.5
VOLUME OF DRY GAS SAMPLED (DSCF) 102.037
TOTAL 420 COLLECTED (ML) 106.7
VOLUME OF H20 TOLLECTED (SCF) 5.04
% MOISTURSE IN STACK GAS RY VOLUME 4,70
HOLE FRACTION OF DRY GAS . 0.953
% CARRBUN DIOXIDE , 5.47
% (XYGEN 14,57
% CARBON MONOXIDE 0.0
MOLECULAR WEIGHT OF DRY GAS 29,46
MOLECULAR WEIGHT OF STACK GAS 28,92
AVER AGS ST ACK GAS VELOCITY. STACK COND. (FPS)  43.4
AVERAGE STACK GAS TEMPERATURE (F) 151.9
ARSOLUTE STACX GAS PRESSURE (IN. HG) 29.80
STACK G4S FLOW RATE (ACFM) 31979,
STACK GAS FLOW RATS (DSCFM) 26192,
NET TIME OF TEST (MIN.) 147,
STAZK DIMENSIONS (IN.) 38.0 X 46.5
SAMPLING NOZZLS DI aMETER (IN.) - 0.245
% ISOKINETIC 99.4
% EXCESS AIR 222.3

MASS CONCENTRATION EMISSION RATE
(IN YILLIGR #MS) (GR/SCE) (L3/HR)
FRONT BACK FRONT BACK FRONT AC

0.940E+01 N/»2 0.142E=02 N/A 0.318E+00 N/&A

M/A 0.142E+02 M/A N.214E=N2 NZA N.481z+0

ST ANDARD CONDITIONS x68 DEG F  #*29,92 IN, HG

ENGINEERING SCIENCE INC.
WASHINGTON, DC
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P ARTICULATE EMISSION DATA REPORT
Barn 3

BAY MSTROPOLITAN SEWERAGE DISTRICT RUN GBM=7 9/24/81 090Q0TOI!137

BAROMETRIC PRESSURE (IN. HG) 29.81
AVG. ORIFICE PRES. DROP (IN. H20) 1,167
VOLUME OF DRY 5AS SAMPLED, METER COND. (DCF)

( UNCOKRRECTED) 87 .149
DRY GAS METER CORRECTIOM FACTOR (GAMMA) 0.980
VOLUMS OF DRY GAS SAMPLED, METER COND, (DCF)

{ CORRECTED) R5.406
AVG. METER TEMP., (F) 92.6
VOLUME OF DRY GAS S AMPLED (DSCF) g1.,534
TOTAL 420 COLLECTED (ML) 60.8
VOLUME OF H20 COLLECTED (SCF) 2.87
% MOISTURE IdM STACK GAS BY VOLUME 3.40
MOILE FRACTION OF DRY GAS 0.966
% CARBON NINXIDE 5417
% OXYGEN 15,20
% CARRON MONGXIDE 0.0
MOLECULAR WEIGHT OF DRY GAS 29.44
MOLECUILL AR WEIGHT OF STACK GAS 29.05
AVERAGE STACK GAS VELOCITY, STACK COND. (FPS) 5.1
AVER AGE STACK G AS TEMPERATURE (F) 173.2
ABSOLUTE STACK GAS PRESSURE (IN. HG) 29.7¢9
STACK GAS FLOW RATE ( ACFM) 25860,
STACK GAS FLOW RATE (DSCFM) 20740,
NET TIME OF TEST (MIN.) 147 .
STACK DIMENSIONS (IN.) 38,0 X 46.5
SAMPLING NOZZLE DI AMETER (IN.) 0.245%
% ISOKINETIC 100.3
% =XC=SS AlR 261 .1

MASS CONCENTRATION EMISSION QATE
(IN MEILLIGR a45) (GR/SCK) ’ (LR/HR)
FRONT 8ACK FRONT BACK FRONT BAC

0.6505+0) Ns/a ° 0.123E-02 MN/& 0.218E+00 N/A

N/A 0.950L+01 N/ZA 0,1 79E=02 N/A 03105+

STAMDARD CONDITIONS 63 DEG F  *29,92 IN, HG

SNGINZERING SCIENCE INC.
N ASHINGTON, OC
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PARTICULATE EMISSION DATA REPORT

Barn 3
GRESIN RAY METROPOLITAN SEWER AGE DISTRICT RUN GBM=8 9/24/81 1250T01523

BAROMETRIC PRESSURE (IN., 4G 29.77

AVG. ORIFICE PRES. DROP (IN. H2M 1.170

VOLUME OF DRY 5AS SAMPLED, METER CUONT. (DCF)

(UNCORRECTED) 88.240
NRY GAS METER CNRRECTION FACTOR (GAMMA) 0.98N
VOLJME OF DRY GAS SAMPLED, METER COND. (DCF)
{ CORRECTED) 86.475

AVG. METER TEMP. (F) 06.9

VOLUME OF DRY GAS SAMPLED (DSCF) 81.818

TOTAL 420 COLLECTED (ML) ' 0.0

VOLIIME OF H20 COILECTED (SCF) 3.30

% MOISTURE IN STACK GAS B8Y VYOILUME 3.88

MOLE FHACTION OF DRY GAS 0.961

% CaRBON DIOXIDE 5. 37

% 0X Y3EN 14,97

% C4R3ON MONOXIDE 0.0

MOLSCJLAR WEIGHT OF DRY GAS 29.46

MOLECUL AR WEIGHT OF STACK GaS 29.01

AVERAGZ STACK GAS VELOCITY. STACK COND. (FPS) 35.5

AVER AGE STACK G AS TEMPERATURE (F) 173.3

ABSOLUTE STACK GAS PRESSURE (IN. HG) 29.75

STACK GAS FLOW RATE ( ACFM) 26169,

STACK GAS FLOW RATE (DSCFM) 20853,

NET TIME OF TEST (MIN.) 147,

STACK NIMENSIONS (IN.) 38.0 X 46,5

SAMPLING NOZZLE DI AMETER (1IN .) 0.245

% ISOKINETIC 100,10

% EXCESS ALR ' 247 .0

MASS CONCENTRATION EMISSION RATS
(IN MILLIGH £MS) (GR/SCF) (LB/HR)
FRONT BACK FRONT BACK FRONT 34C

.« 0.840%+01 N/ A 0.158E=02 N/& 0.283E+00 N/A
e NZA 0.158E+0? NZA 0.297E=02 N/A 0.531=+r
.o N.7305=03 N/A 0.137E=06 N/A 0.,248E-04 N/ A
el DG2N0E~02 N/A < 0Q,374E=06 N/A < 0.673E-04 N/A
e NLBONE=N2 N/A < 0.941E5E-06 N/A < 0.168%=03 N/A
ve < D.500E=-03 N/ A < 0,941E=07 N/A < 0.168E=04 N/A
e 0.,4N0E-D2  Hl/A < 0N,753E=N6 N/ < 0,13%E-03 N/A
e < 0.HD0E-D3 M/ A < Q.941E=Q7 N/ A& < 0,168E-04 N/&A

Z

STANDARD CONDITIONS %68 DEG F  #29.92 IN. HC

ENGINEERING SCIENCE INC.
AASHINGTON, DC
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D ARTICUL ATE EMISSION DATA REPORT
Barn 3

GREEN RBAY MZTROPOLITAN SEWERAGE DISTRICT RUN GBM=9 9/24/8] 1635T01928

BARNOMETRIC PRESSURE (IN, HG) 29.73
aVG. ORIFICE PRES. DROP (IN. H20) 1176
VOLUME (OF NDRY 5AS SAMPLED, METER COND. (DCF)
{(UNCORRECTED) 88 .882
DPY $aS METER 7ZORRECTION FACTOR (GAMMA)D 0.980
VOILJMT OF DRY GAS SAMPLED, METER COND. (DCE)
(CORRECTED) 87.104
AVG. METER T=ZMP., {(F) Q7.1
VOLUME OF DRY GAS SAMPLED (DSCF) B2.272
TOTAL H20 COLLECTED (ML) 76.8
VOLLUME OF H20 COLLECTED (SCF) 3.62
% MOISTURE IN STACK GAS BY VOLUME 4,22
MOLE FRACTION OF DRY GAS 0.958
% CARBON DIOXIDE 5.47
% OXY5EN 124,87
% CARBOM MONOXINE 0.0
- MOLECULAR WEIGHT OF DRY GAS 29.47
MOLECUL AR WEIGHT OF STACK Gas 28.00
AVERAGS STACK GAS VELOCITY, STACK COND. (FPS) 3%.38
AVER AGE STACK 5aA5 TEMPERATURE (F) 165.6
ABSOLUTE STAZK GAS PRESSURE (IN. HG) 29.71
STACX GAS FLOW. RATE ( ACFM) 26390,
STAZK GAS FLOW RATE (DSCFM) 2HIB3,
NET TIME OF TEST (MIN,) 147,
STACK DIMENSIONS (1IN 8.0 X 46.5
SAMPLING NOZZLE DI aMETER (IN.? 0.245
% ISOCINETIC 09,1
% EXCZ2SS AIR » 241 .4
MASS CONCENTRATION EMISSION RATE
PARM (IN MILLIGK ad3) (GR/SCF) ({LLB/HR)
FRONT 3ACK FRONT BACK FRONT 3AC
PART .. 0.860E+)1 N/&a O.16TE=02 MN/# 0.292E+00 N/A
S02 .. HMN/ZA 0.1448+02 NZA 0.270E-02 NZA 0,480 +0

STAMDARD CONDITIONS #68 DEG F *29.92 IN., HG

ENGINEERING SCIENCE [4C.
NASHINGTON, DC
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APPENDIX C

EQUIPMENT CALIBRATION DATA




DRY ‘CAS MET=X AND ORIFICE

E'S ENGINREERING - SCIENCE

CALTRRATION

. TRsT lesT Gomma CHecle T

pate___9-28-38i : ; Box No. € =&~
29.70 ' o -7.
Barometric pressure, Py =___in. Hg - Dry gas meter lo. .78
. Temperature
. s Gas volume|Gas volume . ot
On.f:fe' wet test | dry gas’ tet test Dry gas meter
r.-igf:.?;l:er meier mcter Meter [InletjOutlet|Average | 4.,
Lt s
A, 8wy, Vq, s tais| tdor | tds. |,
in. H0 | 73 f13 °F °F| °F °F min | v 6Hp
0.5 | 7.29 1 7.87¢ ! T3 /o3 /1 19z
1.0 | 739 7999 | I3 tog |y 1.9%
2.0 b 7222 | 13 lto lio 1.9%
4.0 ]
.obz;ak,t T ) Average 9%
Calcvlations  leqhoribeumm B ""ﬂ’
h
. Yw Py (td + 450) 0.0317 sH  [(t, + 460) a] 2
—_ s SH (e
Al 13.5 Vd(Pb * 136 (;w + 450) ) Pp (tq + 460) Yy
0.5 | 2.0268 .q845. .
1.0 | 0.0737 .9809 "
2.0 |.0.147 | L9796
4.0 | 0.294 |
=X - - )
y = Raijo of accuracy of wet test meter to dry test meler. Tolerance = = 0.01
&Hp = Orifice prcssu}-e differential that gives 0.75 c-fm. of air at 70° F and 292.92
*  inches -of mercury, in. lz0. Tolerznce - = 0.15
L




——— e —— e, L e

és CNGINEEAING - sCiENCE

. ' DRY ‘CAS SE=TTR AND ORIZICT
CATLIR2ATION
- Date q-14L-F1 s . Sox No.__&'f
9.5, . : IR
Sarometric pr"ssur_, Py = __in. lig - Bry gas metar llo. 7&
. Temparature

orifice. G:‘i"’ol:: "Siyvgl‘s" "Cluet test Dry gas meter

RANCATLCT | oeter meter Meter f[Inlet{Outlet|Average | -.

s':'-'»}ng’ "‘ V . - t t e + - ] lme
s, AW g . Wws di: ~do» ~ds . 8,

fn. 50 | 73 i3 | °F °f | °F *f  |min | v sHa
0.5 490 4013 77 290 |ro 1921 i7s
1.0 | ge¢ | 5970 | 77 21 Lo 1zl 193
2.0 nes | 8.5 | 71 | g lya lagl 182
4.0 ieo0 | L4l 77 | 95 /o 1981 i &5

Average —1.95] [.§}

cajculations

¥ sHg
y Vy Py (tg + 450) 0.0317 aH [(-:w + 450) a} 2 .
: . _&H . . : — f
AH 13.6 \’d(?b - _]3._—6) (I-H g 450) . Pb (ud - 400) V\‘i’
0.5 20,0288 .9805 . i.1060 1
1.0 | 0.0737 | g2 - g3 %
2.0 | 0.147 | 9859 ‘ [ 8148
2.0 | 0.284 | L9834 | (-S43
K ‘ |
- | |

L -
L83 = Grifice prossure diTfarantial that gives 0.75 cim of &ir at 70° F and 28.°2
) hes -aT warcury, in. Hp0. Tolarznce - = 0.15
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ENCINEERING-SCIENCE, INC.

7903 WESTPARK DRIVE - McLEAN, VIRGINIA 22107 - 703/750-3300

CALIBRATED BY

SOURCE SAMPLING NOZZLE CALIBRATION

Boa/ \70‘/7564

DATE

s /5y

CALIBRATION INSTRUMENT /) (~¢ éaqp
<

CABLE ADDRESS. ZNGINSCI

TELEX: 29-24M1

Reading
"NOZZILE NUMBER NOMINAL SIZE 1 2 3 AVG.
-8 - A -l =Y A BV ox
-4 oYU 26| 24D | . 2¢G
A -3 w3677 ,3¢7 | .3l .36




APPENDIX D

LABORATORY DATA




L .

INGINEZRING~SCIZNCE

PLANT/LOCATION  Gorewn

Lo,

patrz O, # b 1981

J

PARTICULATE WEIGHT, FILTER

Run No./Tilter No. Vadp-i /21301 G b M2/ R131 | GBM-3 /R332 Gam-4 /Ri351 €8M-5/R 137
Filsar, Gress Wt., £ 23.8841 |28 6743 128,0357]1 29.927/ |.3/.45/ &
Initial We., g 2% 8hite | 25.6592 1 28 0104 29. 9186 3/.94/10
Her we., ¢ L.oWs | ©.02001 00193 ) 0 00351 0, 0106
RESIDUE WEIGAT, FRONT EALF ACETONE WASH
Run No. G EM-1/6 33 GBM-2/5237 GBH-3/5238] GBI /6239 G BH.5 /6 24
Lcetone Blank Vol., ml /p 9 ‘09 ki /09 L0099
lAcetone Blank Residue, g | O 004 0.00s4 0.00s4 0. 004 O ooy
Acetone Blank Conmec., g/1 | D.0/28 0.0r2¥ D af | ©6.012K 0.0128
Wash Volume, ml 34D 236 285 bleXS 290 |
Gross Residue Wt., g O.po%T | 0.0/40 o 00?27 0 0. 007 | D podY
Blank We.., g D.op4Y | O o030 0037 1 Q. 0039 Q.0037
Net Residue Wt., g Q0043 | 6.0130 |o 00401 £.0037| o, ool
Total Front tIf UF,g. 0.0ae¢ ©.0330 (0.0233 0.0/, 0.0 18
PARTICULATE WEIGHT, FILTER
un No, /Filter No. Gau-t /R 13¢l € aNn-T1/R138l GBM-B/R)Z GRH-/RIZY
Filter, Gross Wt., g 2%.9539 | 28,9930 4/.3019 | 27./637
Inicizl We.. g 28 9946 | _28.9898 | 2/.2997 | 33./602 ]
et Wec., g o op331 00032t P BOTD 0,0035
RESIDUE WEIGHT, FRONT HALT ACETONE WASE
Run No. : GBM-¢ /529l CBM-T/512| GEM 8 JG 250 CBN -F/524
[Acetone 3lank Vol., ml /09 /09 0e | 709
Acetone Blank Residue, ¢ |p oovd | apnosd | Opprd | 0.0p/d
cetone Blank Come., g/1 [ O/2R O 028 | O.0128 1 O.0I128
Wash Volime., ml 327 s34 S s 27!
Gross Residue We., g o bn43 | . 0076 1 D noS2 0. 0026
Blamk Wt., g 0. 0042 | p.oo43 | D oovo | 00035 |
Net Residue Wt., g ©.000] ) ©060331 0. ooixl 0005 |
Total Front Half Wi g. 0,009y 00,0065 ©.0084

0.0C8G
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TABLE 1

Atomic Absorption Concentration Ranges”

Direct Aspiration Furnace Procedure!?
Optimum Oprimum
Detection Concentration Detection Concentration
Limit Sensitivity Range Limit Range
Metal mg/1 mg/1 mg/} ug/1 ug/l
Aluminum 0.1 1 5 - 50 3 20 - 200
Anrimony 0.2 0.5 1 - 40 k! 0 - 300
Arsenic™” 0.002 - 0.002 - 0.02 1 5 - 100
Barium(p) 01 0.4 1 - 20 2 10 - 200
Beryliium 0.005 0.025% 0.05 - 2 0.2 1 - io
Cadmium 0.00% 0.025 0.05 - 2 0.1 0.5 - 10
Calcium 0.01 0.08 0.2 - 7 - - -
Chromium 0.05 0.25 0.5 - 10 1 5 - 100
Cobalt 0.05 0.2 0.5 - 5 1 5 - 100
Copper 0.02 0.1 Q.2 - 5 1 5 - 100
Gold a.1 0.25 0.5 - 20 i 5 - 100
Iridium(p) 3 8 20 - 500 30 100 - 1500
Iron 0.03 012 0.3 - 5 ] 5 - 100
Lead 0.1 0.5 1 - 20 ] 5 - 100
Magnesium 0.001 0.007 0g2 - 0.5 - - -
Manganese Q.01 0.05 Q.1 - 3 0.2 1 - 30
Mercury'” 0.0002 - 00002 - 0.01 - - -
Molybdenum(p) i 0.4 1 - 40 1 k] - 60
Nickel(p) a4 0.15 03 - 5 1 s - 100
Osmium 0.3 1 2 - - 100 20 %0 - 500
Palladium(p) 0.1 0.25 0.5 - 15 5 20 - 400
Platinum(p) 0.2 2 5 - 75 20 100 - 2000
Potassium a0l 0.04 0.1 - 2 - -
Rhenium(p) 5 15 50 - 1000 200 500 - 5000
Rhodium(p) Q.05 0.3 1 - o 5 20 - 400
Ruthenium 0.2 0.5 1 - 50 20 100 -~ 2000
Selenium'” (.0G2 - 0.002 - 0.02 2 3 - 100
Silver Q.01 0.06 0.1 - 4 0.2 1 - 5
Sodium 0.002. 0.015 0.03 - 1 - - -
Thallium 0.t 0.5 ! - 2 1 ~ 100
Tin 0.8 4 10 - 300 5 20 ~ 300
Titanium (p) 04 2 5 - 10 10 50 -~ 500
Vanadium (p) 0.2 0.8 2 - 100 4 10 ~ 200
Zine 0.005 0.02 0.05 - 1 0.08 0.2 - 4
(13 The concentrations shown are not contrived values and should be obuinable with any sanisfactory atomic absorption
spectrophotometer.
(2) Gaseous hydride method.
3 Cold vapor rechnique.
(4} For furnace sensitivity vaiues consult instrument operating manual.

(5)

The listed furnace values are those expected when using a 20 ul injection and normal ges flow except in the case of arsenic and
selenjum where gas interrupt is used. The symbol (p) indicates the use of pyrolytic graphite with the furnace procedure.

METALS-3
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