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V1.0 INTRODUCTORY SUMMARY

2.0

Wheeling Pittsburgh Steel Corporation (WPSC) retained BetzeConverse.
MurdochsInc. (BCM) to perform a compliance evaluation of the particulate
emissions from the Coke Works Boiler Baghouse Outlet Stack at their
Steubenville East Coke Plant in Follansbee, West Virginia. The program
was conducted on December 22 and 23, 1980 and consisted of three (3) EPA
Method Five particulate emission tests. The following Table 1 sumnarizes

the results:

Table 1

Particulate Emissions

Date Time gr/DSCF Tbs/hr Gas Volume (DSCF)

Run 1 12/22/80 1313 .0325 23.29 83477
Run 2 12/23/80 0909 .0417 27 .51 77033
Run 3 12/23/80 1316 .0367 24.50 717374

SCOPE AND OBJECTIVES

The scope of this project was defined in a letter dated December 8, 1980,
BCM Proposal No. 18-8239-06, a copy of which appears as Appendix A of
this report. In summary, sampling was conducted to determine:

Gas Flow - ACFM and SCFM
Volume Gas Sampled - DSCF

Gas T.mperature - Of

Moisture Content - % by Volume

(ST RS L A
M . . . .

Gas Stream Molecular Weight - Orsat Analysis - Volume % COZ’

Volume % 0,, Volume % CO and Volume % N, (by difference)
6. Particulate Concentration - gr/DSCF :
Particulate Emissions - 1bs/hr

The project involved three (3) EPA Method Five particulate samples.
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3.0 PROCEDURES

A description of the procedures used to conduct the sampling program is

given below:

3.1 Field Work
22 -i;
A1l field work was performed on December & and 17, 1980 by a BCM
field crew consisting of the following personnel:

Douglas E. Seely "_ project Scientist
Daniel R. Petrovay - Technician
Jeffrey P. Bishop - Technician

Coordination between BCM and WPSC was provided by:
T. S. Landon - Corporate Project Engineer

The following methods, using procedures established and approved by
the U.S. EPA, were employed during the program:

1. Sampling and traverse locations were determined as per Method
One of the Federal Register, Volume a4, April 19, 1979, as
amended, which is outlined in Appendix B, page B-1.

5. Gas flow, gas temperature and static pressure,measurements were
made as per Method Two of the Federal Register , volume 24,
April 19, 1979, as amended, -which is outlined in Appendix B,
page B-1.

3. Excess air and molecular weight determinations were performed
as per Method. Three of the Federal Register, Volume 44,
April 19, 1979, as amended, which is outlined in Appendix B,
page B-1.
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4. Particulate matter and associated gas stream moisture were col-
lected according to procedures of EPA Method Five as presented
in the Federal Register, Volume 44, April 19, 1979, as amended,
which is outlined in Appendix B, pages B-2 through B-4.

3.2 Equipment Calibration

In accordance with accepted procedures published by the United
States Environmental Protection Agency (EPA), all gas velocity
measuring equipment, volume metering equipment, temperature measur-
ing equipment and flow rate metering equipment had been calibrated
within 60 days of the actual test date. Calibration data is listed
in Appendix B, pages B-23 and B-24.

3.3 Analytical Methods

Samples collected during the test program were analyzed by the BCM
Laboratory in Plymouth Meeting, Pennsylvania. Refer to Appendix C,
page C-1 for a detailed description of the methodologies used in the
analysis of the samples. Table C-1, page C-8 of Appendix C lists
the breakdown of the laboratory results.

3.4 Calculations

A1l calculations were performed through the use of a Hewlett-Packard
3000 Series II computer. Raw data generated from the sampling pro-
gram were combined with the Taboratory results and developed through
the use of the equations presented in Methods Two through Five of
the Federal Register for all particulate samples. Computer input
and all other reduced data appear in Appendix C, pages C-8 through
C-10.  Pages C-3 through C-8 1ist the equations employed in the
calculation of test results.
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©.0 SUMMARY OF RESULTS

4.1 Particulate Results

A detailed listing of all svaluated parameters of the particulate
tests is found in Appendix C, page c-10. The following Tables II
and 111 summarize the results:

Table TII

Particulate Results

Run 1 Run 2 Run 3
Date | 12/22/80 12/23/80 12/23/80
Time 1313 0909 1316
Sample Volume (DSCF) _ 60.18 58.21 57.69
Moisture (%) 2.1 5.3 5.3
Gas Temperature (°F) ' 333 369 353
Gas Velocity (FPM) 1993 1986 1983
Gas Volume (DSCFM) - 83477 77033 77874
Isokinetics (%) 9.18 100.82 98.83
particulate Concentration (GR/DSCF) ~ .0325 0417 .0367
particulate Emissions (LBS/HR) 23.29 27.51 24.50
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Table III

Ogacitx Results

Emissions Emissions Average Maximum
Run No. Time » 20% (min.) 260% (min.) Opacity (%) Opacity (%)

1 1313-1343 0 0 0.1 5
1357-1427
1447-1517
1529-1559

2 0909-0939 0 0 3.1 5
0953-1023
1052-1122
1131-1201

3 1316-1346 0 0 3.8 5
1353-1423
1431-1501
1509-1539
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5.0 DISCUSSION OF RESULTS

5.1 Particulate Sampling Results

A11 sampling and analysis was performed in accordance with the pro-
cedures and specifications established or approved by the United
States Environmental Protection Agency (EPA). A1l isokinetic per- .
centages fell within the permissible limits of 90% to 110% as pre-
scribed. The following discussion describes relevant aspects of
isokinetic sampling theory.

The isokinetic percentage is indicative of the precision with which
the sample gas flow rate was adjusted to be jdentical to the actual
stack gas flow rate. It is the best criterion 1in determining the
validity of an individual test, presupposing all other test specifi-
cations were closely adhered to.

The dynamics of particulate motion is of interest in source sampling
because particle motion does not always coincide with gas stream
motion. Particles smaller than three to five microns in diameter
will follow gas flow streamlines irrespective of changes in direc-
tion. However, larger partic]es can be expected to deviate from
flow streamlines.

When the velocity of the gas stream into the samp]ing probe is dif-
ferent from that in the main stream, the size distribution and the
total weight concentration of the particulate matter collected will
be different from those in the main stream. The explanation lies in
the behavior of particles having sufficient mass and velocity to
possess appreciable momentum. At velocities less than main stream
velocity, all large particles in the path of the nozzle will be pro-
jected into the sample opening, while a portion of the air or gas in
this stream will be deflected around the nozzle. This results in a
sample stream entering the nozzle that has more Jarge particles than

are in the main stream aerosol. When sampling velocity is greater
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than main stream velocity, an excess of main stream air will enter
the nozzle. Smaller particles will follow the stream lines into the
nozzle, but larger particles, because of the inertia, will not be
drawn in. Various investigators differ as to the magnitude of error
produced by sampling at other than isokinetic velocity but agree
that it is significant for particles greater than 5 pm. Deviations
from isokinetic sampling rates probably do not significantly affect.
results for particles below 1 pm in size.

The average particulate emission for the three tests performed was
.0370 gr/DSCF, with the highest concentration being .0417 gr/DSCF.

The average emission rate is 95.10 bs/hr with the highest rate at
27.51 1bs/hr. Two of the three tests were below the compliance
limit of 24.98 Ibs/hr with one test, Run 2, over the compliance
1imit.

A1l three tests were well within the compliance limits for opaci-
ties, with all three tests showing 0 minutes > 20% opacity, and no
opacities greater than 5%.

a U meut g A e AL et i TR (A et R L s v b e Tl M CHLPLK Sy 1




A P e innanlin et il -

BCM PROPOSAL

i it G Pansa

APPENDIX A

~

[ V.

4

. e
B
. i
.
e
£
LY



Retz - Converse « Murdoch - Inc. (BQ\/U

Consuliing Engineers, Planners and Architects

DecemBer 9, 1980

Jheeling-Pittsburgh Steel Corporation..
2. 0. Box 118
®ittsburgh, PA 15230

“ttention Mr. Doug Mangus, Purchasing Department

Subject: Compliance Evaluation of

Coke Works Boiler -at
Steubenville East Coke Works of
Wheeling-Pittsburgh Steel Co.
WP P.0. No. 265-931

BCM Proposal No. 18- 4Q700

1§-7241-06

Zentlemen;

This Tetter will serve as the proposal for the zbove mentioned project. Betz.
“onverse-Murdoch«Inc. (BCM) will supply two (2) men for two (2) days with the
~zcessary equipment to sample, evaluate and report test parameters. The test-
"ng program is to be performed on the coke works boiler at Whe2ling-Pittsburgh
Cteel Corporation's (WPSC) Steubenville East Coke Works in Follansbee, MWest

‘irginia. The lump sum cost of this project, i performed on weskdays, tenta-

-ively Dacember 22 and 23, 1980, is If it is performed on one
ozkday and one weekend day, ten atively December 19 and 20, 1980, the Tump
=um ¢ost will be | Final scheduling is to be dac1ded by Mr. D. L.

.oush of WPSC and Mr. D. E. Seely of BCM on December 18, 1980.

=lays caused by conditions beyond BCM's control, such as unfavorable weather
onditions, partial or complete plant shutdowns, strikes, floods or forces
'11ch de1ay the project's completion, will be billed at an additional charge

n per delay hour for the field sampling crew.

very efiort will be made to obtain results and convey them' to WPSC by Decem-
zr 24, 1980, as requested by Mr. Roush.

“nould you have any questions concerning this proposal or otherwise, please
q p > P

dvise,
Yery truly yours,
BETZ CONVFRSE MU DOPH INC.
Doug]as E. Seely

=S/dc Project Sciantist

Messrs, P. R. Charrington, M. D. Mueller
B. M. Lalli, D. L. Roush, D. E. Secly

Threa Rivers Group
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.0 SAMPLING PROCEDURES

1.1 Test station and Traverse Location

The test platform was located on the Coke Works Boiler Baghouse

Qutlet Stack approximate]y ag feet above grade, abproxtmate\y 5

diameters downstream and at least 8 stack diameters upstream from

the nearest flow disturbance. To meet the requirements of EPA

Method One, the tests sample

pendicular diameters.

1.2 Gas Flow and Gas Teerrature Measurements

The flow rate and temperature profiles for the
measured by conducting simultaneous velocity an
verses. Gas yelocity D

pitot tube which wa
pressure wWas measured using the same Pito
Chromel—A\ume] thermocouple attached to @ THERMO—ELECTRIC

t tube and manometer.

CORPORATION digital potentiometer was used to measu
perature at each of the traverse points. The ¢

perature measurements

1.3 Molecular Weight Determination

A Fisher-type B No. 10-605 Orsat analyzer was use

molecular weight of the
measured 1in order 1o calculate molecular weight:

carbon dioxide (COZ), volume percent oxygen (02), and volume

d 40 points, 20 along each of two per-

gas gtreams were
d temperature tra-
eads were neasured with a calibrated "S" type

S connected to an inclined manometer. The static

re the gas tem-

ac flow and gas tem-

fo11owed Method Two of the Federal Register.

d to determine the

£lue gas. The following parameters were
volume percent

percent carbon monoxide (C0); the volume percentagé of nitrogen

(NZ) Was determihed'by difference. These parameters were measured -

using the princip1e of gas absorption 1n specific a

bsorbing soiu-

tions. A 100 ml flue gas sample was drawn through the glass mani-

fold to the sample chamber by the use of the 1eveling bottl
ing aspiration of the sampling line. The system was the
adjusting +he stopcock at .the inlet of the manifold.

r-1

e follow-
n closed by




1.4

The sample was bubbled through three absorbing solutions which
selectively collected different gaseous components of the stack gas
in the following manner: carbon dioxide was collected in a potas-
sjum hydroxide solution in the first absorber, oxygen was collected
in a potassium pyrogallate solution in the second absorber, and car-
bon monoxide was collected in a saturated cupric chloride solution
in the third absorber. The volume of a specific gaseous component
collected in an individual absorbing solution was determined by the
change in volume of sample gas in the sample chamber after the bub-
bling process through that solution was complete. Since the origi-
nal sample volume was 100 m1, any change in volume was also the
percentage of the specific gaseous component found in the stack gas
stream. Temperature effects in the sample chamber were minimized by
a water jacket which surrounded it, maintaining the temperature at a

constant level throughout the duration of the Orsat analysis.

Moisture Content Sampling

Sampling was conducted employing the principles presented in EPA
Method Four and concurrently with_particu1ate sampling. Parameters
evaluated in order to determine the gas siream moisture content
were: sample gas volume, sample gas temperature, sample gas pres-
sure, impinger moisture gain, and silica gel moisture gain. Some
minor modifications were made to the Method Four train to allow con-
current particulate and moisture content sampling; these modifica-
tions involved no deviations from sampling principles. Such modifi-
cations as the substitution of a glass fiber filter for Pyrex wool
as a filtering medium and the substitution of a calibrated orifice

for a rotameter as a flow metering device were incorporated.

B-2




. 1.5 Particulate Sampling

ATl sampling procedures and equipment utilized in the test program
were those outlined in Method Five of the Federal Register. The
size of the nozzle required to maintain isokinetic sampling was cal-
culated from the results of the initial temperature and velocity
traverses through the use of a nomograph. The sampling train
utilized a stainless steel probe which was heated to 250°F by an
internal heating element contained within a stainless steel sleeve.
A nozzle of the calculated size was attached to the end of the probe
which was inserted into the stack. A calibrated "S" type Pitot tube

and a Chromel-Alumel thermocouple were clamped to the probe and were
used to monitor the velocity head and the temperature at the tra-
verse points during the sampling period.

Sample gas passed through the nozzle and the probe to a glass fiber
filter for the removal of the suspended particulates., The filter
was housed in a heated chamber whose temperature was maintained at
about 250%F. The sample gas then passed through a transition line
to the impinger train. The first two impingers each contained 150

ml of deionized water. The third impinger contained no reagents and
was the knockout impinger, The fourth impinger contained approxi-
mately 200. grams of coarse silica gel which collected any moisture
and/or vapors which had not been captured in the preceding impingers.

The second impinger was a standard Greenburg Smith, while the other
three were modified by replacing the tip with a 1/2-inch glass
tube. It should be noted that the entire impinger train was main-
tained at less than 70°F for all sample runs.

The sample gas was conducted from the impinger train through an
umbilical cord to the control console, a Model 2343 RAC Stack _
Sampler, which contained the following pieces of equipment (1listed
in the order in which sample gas passed through them): a main

B-3




2.0

valve, a by-pass valve for flow adjustment, an air-tight vacuum
pump, a calibrated dry gas meter, and a calibrated orifice., The
orifice was equipped with pressure taps which were connected across
an inclined manometer used to insure that isokinetic sampling condi-
tions were maintained during the test. A schematic diagram of the
sampling train is on page B-5 of this Appendix.

The sampling train was subjected to an optional leak check prior to
each sample run. The entire sampling system was assembled and the
probe and filter heating systems were allowed to stabilize at the
desired operating temperatures. The nozzle inlet was plugged and a
15-inch mercury vacuum Was pulled, The system was then checked and
a leakage rate of less than 0.02 cfm was insured.

Upon completion of the test or at any time when a system component
change, e.g., filter, was necessary, the system was subjected to a
mandatory leak check. The procedure was jdentical to that stated
above except that the leak check vacuum equalled or exceeded the
maximum vacuum obtained during the test run. If the leakage rate : |
was no greater than 0.02 cfm or four percent of the average samp1ing |
rate, the results were acceptable and no volume corrections were
necessary. However, if a higher leakage rate was found, a volume

correction was performed utilizing the criteria of Method Five.

Field Data Sheets

The gas velocity head, gas temperature, inlet and outlet gas meter
temperatures, orifice differential pressure, sample volume, time and
opacity were recorded during the testing program. Copies of these
data sheets follow on pages B-6 to B-22 of this Appendix.

B-4
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VELOCITY DETERMINATIONS
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Pressure:

~etric Pressure:

Sample Port Location:
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~t | Distance Portfj_ Port_F,,__ Port_ﬂ Port Port
. (Inches)
+ e’ AP T |AP T |bP T |AP T |&P
194 14 1370 | A8 24
22,2 1% A7 35
2S.2 A7 18 2
26.5 1B 18 3y
20.9 IT: 14 33
L b 13301 19 1]
4t 0 3¢
45 24
51.0 A3
(0.0 Y
(AL .
3. 8

B-6




e g PR it e e . T et i S bt o

Be12 . Converse - Murdoch « Inc. (BCMJ

NOMOGRAPH DATA

PLANT | \NP g‘\’m <§9€€
DATE \ZZ\Z(‘@Q

SAMPLING LOCATION ‘B?_‘; i [@Y

CALTBRATED PRESSURE DIFFERENTIAL

ACROSS ORIFICE, in. H,0 AHg 1.9
AVERAGE METER TEMPERATURE (AMBIENT+ T, 0
20°F), °F avg | 50F
VOLUME PERCENT MOISTURE IN GAS B0 ]Oj%
BAROMETRIC PRESSURE AT METER,in.Hg Py

STACK STATIC PRESSURE, in.Hg

(Py¥0.073 x STACK GAUGE PRESSURE) P,

PITOT CALIBRATION FACTOR Co g
AVERAGE STACK TEMPERATURE - - T, ?33()
AVERAGE VELOCITY HEAD,in. Hy0 APavg . \8
MAXIMUM VELOCITY HEAD,in. H,0 - APpax 00
C FACTOR 96
CALCULATED NOZZLE DIAMETER, in. %)
ACTUAL NOZZLE DIAMETER, in. v
REFERENCE AP, in.HZO , 261

B-7




5¢ €7 Z o 85 L17 0g 1 0¢ bo~ 5%b'oZh L1l | 09 1
Se 542 7 04 bS 55¢ A 9p ht 1'olh bthf | L] T
56 Kz ¢ | LE 19 alg il 7T Q'ulth 17ht | bS] €
o 567 & bE 79 Llg¢ b | by Lt LLth $rky 3 ISt R
St 557 + L bG bl b | Bb 0¢ - RIE sihy | 3R] 5
i bt S 7 y I Le | 9s 124 o] | 0 e L hih vh S g
he 027 b 2 | hs $72¢ SPU | 81 T AR bopi [ Th] L
he 0¢z ¥ ¢ | bh (75 1l 1! cg’ hith N
s 0tz b 7€ | kb 8l H v 7¢ b bo) Lokl T9€] }
fi¢ S57 7 AN 443 so'l | 50l e ¢ 50k Gokl €] 0/-4
i) oo bZ9 90k L5¢% 0F
he sz 7 S€ €5 L0g ce'| ¢¢ ol L7271 90b CH LI 0¢ :
he 5572 s St 95 S\e 95| 05 S ¢ G o 0be | r] 1
he 0€? S¢] €¢ 9s 0€¢ LT 9L £z 4 b 0b Leql bz \
hs 057 | ss| £5¢ | s 9ts | 3h | b og - SRR Feer | gz b
he Qsz 1 2€ as 155 sol| so°] ¢ Sio¥y 1E¢ 1 g1 [3
hs 057 3 3 8h ocg 0! 0°) - L bb¢ 8¢l sl 9
€% $1Z + 0% Sh 333 1 I} £¢’ hobs 52¢1 71 L
ss Szz + 0¢ oy 2¢< | svl] s he L 9be gl bol ¥
cE ¥4 ss | O¢ he O¢g S0’ | s0°1 7¢ ["5be gl | 991 L
£e 3527 ¥ Bz | o¢g 1L U] i ¢¢’ S ebg | 9lg1 [ €ol o]
PR IR WNIOY | 03MISI0 053 '1bE AN
137100 137 s 7., ool o8 [TIPRE TR
M da Iy w EFNA Y W0°H U1 (R OCH “b1 AT " 3072 NIVIIYS yI8WON
"IYNLYHILWIL | TIBNAVEILKIL | pnnava JHALYEILNIL JENtyHIdwal BEITUERERELD) av3H m: Al LT 4] ' 1H10d
EERLIEL X08 37dWYS i diknd HIL1IW SYDAHD HIVLS JUNSSIHL 3D14140 ALIJ0T3A ONIGYIH H3L13INW SYD WL H3I0TD ISHIAYHL
, SILNNIN IW|§Z YLV QUOII NV OVIY g A @i«uo LI
"ON anv “2 LoLld Freie L (sy¥3agunH 1439
0% 3ON34943Y 09 Lhed ™, '®1y38unyu3in
cQf ONIL13S X089 HIIYIK YA ("d} 'IUNSSIUL MIVLS
gQi  ONILL3S HILY3IH 3804d ° o.dql () IYNSSIH DML 3WONYE
b - HO13¥4 D z U..Om.. FEMALYHIWIL IHNDW
Lkt THT HILIW o - [e] ’ 1} HOLYHILO0
m. HIGWNN X086 ¥3L3W k \m M m_mnm__q.wwﬁM HIBWNN NNY
r Y3IDUNK XO8 I1d¥S FLVSUO 21v V2 11 VP) 3dAl ITauYS
LYY % T IRNISI0N GIUNSSY Svio& HOILY 20T DNMdHYS
T @iz~ CTON aNv 013727I0M 3iv0
£ 3441 ONY ¥IGRNN 38044 - LEEHS wiva dT1d1d ova%wﬂﬂm_o:_, a M LN

o=

B-8




) N e e -
- 3% 4
S 45
L ol gl @0, Al e AH2 37
SN IS SO e !
hs sz? 7. 0h 95 She £ | ¢g° 0)° 801 Lph L551 0
hs $27 Z 9r | 8s | 2% 95~ | os” st "8hh 2551 Ln
hs $22 < oh | bs |Teis T T €T I Lk (55 bl
+2 | S2z c oh |8 T Tii¢ 2L | b 3" L5hh 55 1]
ke °¢2 A Y ne | 2b |75 R {hhh Thal T 940
<< 0$7 1+ 2% 95 l/< sal| So7] 26 | 3% pg T Sof
£ 0¢ 2 H 33 hs blg Il 1! ¢’ I 1hh 1ol 20
ce 0%7 + 8 | 95 7% T g Siih 3¢ LL,
Y S52 b 73 bh 2/5 sol | go'] 75’ LLSh 593 a,
Z< 07 S Ls oh i3 S0 159 28 $9¢h 2¢5) £b
e 250} 5h Lz3l ol,_
_ _ _

S | esZ A bs 75 Hhsg £ | €%’ ar Zil peh LT4; oh
s¢ $772 g 0n | 85 5t 1 9| 9h b g<eh hIS] L3
Py <27 KA LS % gl< L9 L9 oz §2¢h hsl 1 ko

/< 0572 Pl te | 45 Lig ¢ ) ¢p | ST S 1% Ses1 113
b 07 1 28 | £5 | alL NS bZ” T-o¢ 15 i

Pe 0l b 8¢ | 25 | lig 18 | 15 Ly S g 106 By
<7 siT | 8¢ | 25 e V7o | 72h XA | 'Lh bShi 1L

ss | sé2 S N T N A 1 YA 7 5zh TSk b9
Ss 587 & o5 ¢h WZ So1 | 5ol 7% 0 by L5h 29
D20 s 2 N 2 L A A 1S e heth | oshl | ¢9
g™yl M Wy ewnsle f SebtoZh /erw._/_/ou.

N T T B I TNL tolyi iy ot T




h ey ——- e A T BT T T
i :

ong 40 Tyt

“hi cse | 7T Th 15 EXS e heT 0} - 00L 9th 1oy SERE
+§ S47 2 7h 09 L 5% 15 i3y K L°ELlh 0z1o] Ls] 7
J <37 7 'k LS L€ 77 | 2 b1 g LT Lo P i ¢
he ohr F3 Oh LS 379 AR TAR YA 3 ¢Lh | Blel 5+
RS S$7 3 o 75 hig SRS SE 7 7Lh Ml Tih] 5
3 3% s oF 25 [Lt 19’ 1 b8” [’ [T0lh gea) 1 Shi 9
SE SsZ £ | ok | hS L€ ST L’ 2°h7% sop) | Ih] L
%3 <57 s l¢ oS big s | 5L ac’ gLk To0! I
5§ <52 s | i¢ hn lis I bt 719t SRR
2< VezZ £ 35 Jh 2/ ¢ 56 1 9b oS LR R IE

Gted by Flaoh | £8b9 | o4 |
25 Ssz2’ 7 g5 75 ¢ < EaIL 01 Fil'gqk LELD ﬁ W
< S27 Z 8< hS € 1 b | K Rl 79k | R0 T
i< 077 |_¢ (< hs 20E |l |wilh BT Zik felo | Rt |
L Siz £ 7€ <5 cLf NS 97’ § b N1E R
| 1< S < ¢ <5 43 LS ] 1% [y’ Fash Leh3 511 ¢
o< Sl < ¢ a5 Sie 6] sh gz Ltk e ST
¢ 2l e < Lk i SET s hz h-csh e AN
7€ 017 | ¢ pe ¢h jLe £h ] LT 3t b ESk Qo [ Lol 8
he Sz ¢ ke $¢ L€ SEsAT hi L rgh IVEFRR
fs ST e [ ps | sel mee T Sh ] s by’ g osh |yl | %o |9 -8
LT TR RS Wwn1v | o3us3g 9 bhh ho——Q)
._.MAZ..DO ._.qu; 3 N ' . N . .5 _.:E m___ .
1o do 4 U 4,771 (DH ™ YD ot ‘u PeT) MI072 TIPS $3IBWNN
‘JUR1YEIGNIL | JUNLYEINIL | ‘pnnava JYNIVHINIL JYNLVEINIL | IVILHIEIING Ov¥IH ARy W3 JUILE
KERLEF ¥09 31duvs dind HILIW SYOAHO ‘ HIYLS JYNss3dd 3141HO AL1201 u>L ONIQY3Y YIL3W S¥D IWIL 20D JSHIAVHL
dol, O Ju\u 1725 SN T NINIVIVO TN QUODBONY OV e Shw v2epar

77 “on anv 95 10114 =ZT (S)¥Iawnn 730

T 0% JININ 434 oD — T AulQlIln IS HIYWNN B33

it ONILLI3S %08 HILYIK 1 57 T_ h.mn: "IYNSSIUL J1IVLS

77 9ONIL13S ¥ALY3K 38904d 0 ~B ! NO JHNSS3Yd JNHLIN0HYE

b T HOLAYI D z WSe ux:h.c.mun_su_. 1Ny

[b1 BUAIETED 0S. 02 103&& wuaﬂ HOIVYHIJ0

,hu HIWNN XO0B BILIM HIGUNN HNY

) HIOWNH X08 31divS FLYSYO Jgﬂ?n:‘lﬂw Jdal 3TdWvs

77 37 4, IUNLSION QIWNSSY j ToTheq  NOLLYIDT ONIIJWYS

T el¢T "ON ONY O INZZON I3IHS ¥Ivd dTAId e — Tl

3441 OHY HIBINK 380

NOE |

Il ]247 Jan 1w

o 10




. femt ey

e el . i et et =i ot I . b L

PN P A LR LR L bia e mtm

11

. g PR . _
B R |} @ ™7 wlo” I
. hs “Tie 0h< 598 — il l*.|34_|;__.l )
Z £s 957 S O3 gsn | L] 2
g s T YA P [$3) f il f
e |5 g 1708 4] DL h
e | s RS 9°00< ANIRETE
£ oS 5 L3bh It | S0 2
€ _|_bh 212 FLbh ST K720
—F 8k | £¢ 2 3hh ORI AL |5
r | _8h Stz ¢ F5h a1 | b
L |tk 59% 7 ZLh T T 3E |0y
_ 05 Ik Tl 1o
7 bh Y 950°1b A 770 | 0L !
Vi gh is¢ 2 0bh bt g2
< gh $7¢ 168 h 2l hs | ¢
¢ | Lk e REL ¢l e | -
¢ Lh e I Cia8h oh) L | 5
g | _9h _ T Ne 5 FSh ot | KL |9
£ Sh 5L Fesh Lol Ty
TR kR TTgLE 313k fotl SRE
TRk che ¢ 05k gso! 29 1 b
o |Lh S 3°8Lh S<ol | ¢9 |0
e Qobylh | zmeb—ial i
By W e | T ;uo/ﬁe.uz: I0NNN
_ g YH LI POV | T AR W ..3:.:___;; LHIGI




e . R R L

o \ o r————— = ¢ SR e e i

iy by

_ T 057 7 A Te het | he or- hee bS T TTht 10777
_ Is S¢x 2 15 7L [5¢ S St N1E G TI5 17
s $97 T 15 gL e e e L°71G Jht [ hs b ¢
3 ¢S N 5¢ 18 hL Ls (8 | <§ S L PR s TR
- ¢S S¢rt 57 15 L LLe AMIES Ly hhys h] tnl s
¢ ohy h | < 2] e St Sy bY ° +8ts Johl ShT o9
: 2s 0 he h 5 L3 §Lé g5 1 55’ ¢’ Loors S0M (k] ¢
S 0hr h | 0s +9 Lt Bh | &b 0f’ £ sts b |53
% < <gr P IS 1 9 [ Jis NRIE I “Lets YN KN
! 05 S¢7 h h# e [E}3 PO e l"txs 95¢) | ¢ o -
. | HYG e TEXERS ¢ser | og
1 : i< pft -1 0s 7} 19¢ Oh’ 0)° IR stk org Ih¢ | ot ||
i 0s Ssv Z 05 L 09¢ €5 | ¢8 1" S'his £hij x| 7
B bt L£7 £ | bk L 7es AL §T’ Fegls | {1 T ¢
i g 9£T < gh 47 Lif £y | € 87 " 0 lig A OEAR
gh 2¢v < Lh L9 (i€ IYSED bv 5SS b4 311 s
i 8h 0¢r h )4 h9 [ts ‘TS a¢’ L¢ls gl s1 9
Lok Sh STY RN g T e b 218 TN
] C sh 077 p 2 S4 Lis NN 1¢° Liolg $Z2¢7 bo | 3§
Ak PNZs b 2k bh 1/ NIRRT I bog 761 | 90 | &
hh Sic n Sh 7t {95 1) 1] 22" §°Los Ligt [ sa ] o -4
PRILLITR IR WALV | 03u1S30 98 "s05 —_09 |
. 137100 | L3WI s PRV T T
: EN do Y EFRY W0°H v (HY) O°H ur 420713 HIBNNN
M IYNLVHIKIL | IUNLYUIANIL | pnagya | J6NIVEISKIL | JWNLVHIANIL | IWILNIWIL4NG - D RIS Wb R Y
_m EEREIRT] | X048 IS dind _ HIL3W SYDAHO HIYLS JHNSSIHY I141H0 i ALJ0T3A ONIOY3H HIL3N Syo WL N30 ISHIAVYL
_._-.
m
!
I

, SILNNIW |M AYIAT Y10 1Y QN0 IY ONY QSH.* y e ,\wh hog:
“on auv 95 sorld £/ 4+ il (s)u3gunu 139
9% 30N34943Y _ 03 35-d 151 YIBKAN HIL S
i T ONILI3S X08 HIIVIH 79T d) INSSIHd D1 VIS
w, T Wl DNILLIS WILVIK 3toMd < 9) to IUNSSIUS DY L3tOH VY
i B ~H010V3 D z ok IUNIVYIWIL IH3IBIY
AL HY HIL[3IW 0'E 03 &Mm:M Y HOIVH3Id40
h YIBWNK X08 ¥3L 30 e HIBUNN NNy
; ¥IPUNK XO8 I1JVS 1LVSYO Y rﬁa\w IdAL 3Tdivs
27 % JUNLSION QIWNSSY _ ETEREINE KOILYI0T ON1TdHYS
YR TON GNY '¢'131220M LIAHS YIVQ QTaTJ 75-57-71 31V

JJAL ONY HIGWNN 38044

4 S e=)

nvm_ms_u:zn.w o:/) 1nyid




. T ! |
S el i
@ [2le”
I SEy 2 Ls 21 LY ps' | 0% Lo’ 91¢{ 75 Le st 07) | |
ih 0¢ Y 7 |58 bl gl¢ oh | ok B 5195 3¢ ¢! ol
- h 037 <. 9.5 bl 9 [ 571 L8 AN 57095 £{) NINES
Sh I 5 Ss | %L 37¢ IR hRSS gl | Mgk
37 ngY ¢ Ls (A 20¢ L | ¢t eY’ £Lss LT 5] by | 4
Lh n§$Z h £$ L hit 1S4 | sb by’ F 945 Y S cal| g
_Sh DY h §s 7L AR [¢- 8 hsS fegl T | L
K i1 h 25 39 Rl | sb | £l 24 ¢ {55 EL by 1 F _
7+ Ssr T 1< | 19 Si¢ b’ 15 0e! [ 158 515) M | b
¢h 0gr 5 s | a5 158 EHEN 77 s 15T | g6 |ol-4
vy WD [SP&RS TREED
, %
OF €27 7 75 | S$9 hZ e 7| ga Sk 3h5 lesl 0, |
0k 572 2 ¢s b9 {he e | hs 01" 7'Lhs g Sh th 1 2
=2k 04T < Zs ) Tie {s7 ] bs el 9 9hs $Shl by | ¢
$h 1§ T kN3 h5 77 Sic {2 | £2° T S sha 25 b _ h
Sh 0f2Z h b5 hi Bl SHIETE <y’ 2 hhS BRTREINE
g h oh? h h5 7 9L L SRS 5% L YhS NNV R
e <c2Z h hs 7l Llg st | Sb L2 7ihs thot 7o | L
g f StY h ¢s 9 0TE gL | &L e’ 2be s Ohi! L 1 b
LA or f7 £5 | h? Lig | 2L | 8t | of’ S ORT [ a9 |,
L osC i rs 9 FoS. T 76" Lags hEhl | 89 1 01D
od®uyy |y wn1ov | 03us30 FeLhts ~Fr—-09
1311N0 137 s I oo 8 . uiw 3L )
du do T 40’0 1) OCH "1 He) oty w Cdw w 142017 onauys | U3EHAN
: O fIMnivyIdNaL “3ENLYHISNIL | wanavA JUNLYHIINIL YN E34N3L AVIENIY3SI0 Q¥ 3N m: At IR T4 IXICd
4 HITNAN ¥0R 314NYS Jwnd .:u.EE SYD A0 zuf..- B M@:mmumm wuc_mo x>w@ouu> OHIOYIY L3N SYD u.._H: %2012 _luw.z m_|>_.£_.|_




e T T B - P Y L - e 4 mrot=or
B [N e e R TR ok B

- it o R e i . e A8 b e st 1 st 4L RN

i e e A AP« - it 1oty S § B S Pmah mrW i A A= T

il

" Befz - Converse - Murdoch -+ Inc. BQVIJ

Consulting Engineers, Planners and Architects

Date )"”7/9”"/‘2/—"‘7 ' Location Name peewwa- PiTr S 7ecee,
cerver ). RyeHo= Address forzipds peE= . W, VA
“eie—e  Comments - Comments
o2 Point ooy rexe e ALen o | 15| 30| ssfl 0 15| 30 45 |
. : Tons
;ani:Lgrﬂomﬁ&aight&: °1o 0 e lo 30 101 o O 2 ;
o -1 Direction l1Yoljo]l o lo ll3]l Jo] o} o o
stallation Re/lee <vack slolotoleols2lolololeof
- ' slolololo ol ol olo
n‘;Began‘Ln_,g_@__Ended :[ 4|lo1o o S !34 olololo
t 5jojlojo lo lissloloi ol o
l slolololoallsslol ol ol e
ARTIvw (LOODPU  Sly faom ! o . © e = 133730 = = = =
T R A N | 8lololo loll38 jlolol ol o
! BlOlOol o |lo |39 0 o olo
Wlolo o o |40 Ol o I X } x
(NN1olo O 1o 15 {(XI X1 ° |o
12010 O lolldiz ol ol ot o
READING 3 START ACAIN AT 13315 13lolootlo lo '4333“; ol X lolo
o & clos covsr 14lolo lo lo s lololo o~
SEY oF STacy OBTRuCTED By ;Z z o2 = l.ls X2 .O =
STEAMA plupe Olpn e 46 |0l 9 1 o @)
17l ltolo 1o |-;7 ol c |l o o
1Blolole lo £8" olo o |o
180 lo |o o ‘49 Ddiojio o
20010 lo ol |30 JOolo | S S lwaire
Smoke Density /3411 olololallstlsle 1o |a
2210 |O o jo |52 19 €1~ 1O
X% ololo o ll5lol ol ol o
4 lojololoibsa lolo]l olo
25lolo|lo lols lolc ol O
26 |lolole ol JlOlolo | ©
2710l o lo 57 |01 010 | ©
20 o. oJ o | o snolo| o o1 O
: 201010 { o |o v OO ]o )
Three Rivers Group

- P Y L. T T O T S S S . - g gy g g e



" Betz - Converse - Murdoch «Inc. | BCM

Consulting Engineers, Planners and Architects

‘Date /,Ql/aa‘/@ ' ‘ Location Name | pyceeipe= PITT, ST&EC
server . BisHnpP Address foirads REE W, VA
e Comments T Comments
. o i T *' )
on Pointorb dope svEy AREA 0 (15| 30| 45 0y 15 30 ] 43 1
bf Roiler STACL “tlolol ol e 50 |0l ol ol ok
Etance f:omlﬁ‘o# oHeightges’ 1 ) {
d p-5 Direction _ 1folol o to i31 olololo
‘nstallation Rnlep <TAcY 2|1 O o Ol o322 ol O o) D
. 1355 N {l‘%iS‘ ) .
Ny Iy X X O to I'33 lolo O 1o
on.Began)z g Ended s S ! {lololo Jo %34 ol o a e
: '
I Slololo |olids Ol loa o
L slolololo li3 ol 1o lo
L 1lalolololaniolo o lo
5% Clovp  coJer o | % <o 35a ol aolelo
} R
| 8loOIO O jo 139 o) OO o
iololololollwlolololo
1Hjiolelo { o ll4 oclolala
R2iplolo o2 1010 O 1 O
[7eo £ %3S
X VIEW oaRSTeveTeD B’j STEAM Plome 13} 0 o Ol o Hs [l o) () O
14jo0lo Vo o g 12lo o 1o
15|loplolo |lo 45 1010 O O J
| 16lolo o o 6 1ol o ) s
17{ol @ o 1o 4 o fas) () o
/o l4%0
18jleclolo o Jl48 lo | © ()] ()]
18lololo|lojis ol o lo (O
wloloelo ol ol ol ol o
. N 1 .
%) Smoke Density 21lplole lollsl 1Ol ©Olo | ©
2210 1o |lo o |12 ol © Ot o
/345’. éﬂf
slololo la |53 {joleo ol
28|10l oY Lo 34 1010 1o O
251019 1o lo bs {olo lolo
26| O A 1O | [56 e Ke O far)
271l lao lo |7 lo o |8 A
i3 <
WFlolo lo o B8lolo lo o
2lolo (o O In olo lo o

Three Rivers Group

5 A T S I o ot AEEYEY™ T o b s AAT YA AR




it

- Belz - Converse » Murdoch -_lnc,

Consulting Engineers, Planners and Architects

B A Y R b i

S0M)

Date /Q/aa/ o

-server  J . [S.c,,.m]p

‘on Pointoip coxe pvrey ARsA

OF Trilee STAe)L

ztance from;son Heightioe!
do-- Direction sw
‘nstallation RprtE” < Tack

=

-on .Began/4sa Ended )s 5 3

<o Y 'P‘Art—r:__>1 QLovby
; /

S

} Smoke Density

Location Name wheeciwe- Pirr  STEEL
Address rForLavspee W, Ja,
Comments B Comments
o }1s} 30 .;sﬂ o} 15| 30| 45
“lolelealallnlol olalo
1fololo to 21 o] o olal
2o oldlo l32 ol o Ol o
W TE 37 ols 1513 lé;'}ﬂ ol o ol o
Sl sleg g <7 sz 1o o (@)
i slslolololsinlolalo
lslelololo ‘35 ol o O 10O
| 1lolololo 37 J?‘s O lo o
lolololao 55°| o Ol olo
L slolole lolls lolnla lo
10jolololollt0loiolo o !
njololo ot lol®lo 1o |
}2 oo o lo l42 o |l o s I
5 olo lo o llElolol olo
l4j]ol o o o {{#% O Dl oo
slololole lslololoe jo |
wlololololisloleo]lole
1710l o 1o W8T 1010 O o
lolo |o o ’4{8%@' A -
19l 0| o [« 3 Kv) l-‘.g oK) o) o
2010 ot o le 50 Al lO |
21 ol el ol & &
22le lo | o la {152 lolo O |Hh
(5o lolo lo lI39a]l ole lo
24l |lO oo lo 34 lolao lo (o ’
siolololollss b lololo
26l ol ol ol o E olo o |2
21lolol il Bt 121l olO 1O
350 oclolo lo ol o] olo
2021010 lo |l |©@10 |9 i_

Threé Rivers Group

S0 Cantre Cikv Tower « &50 Senithfield Street « Pittsburah Pennsvivania 4152722 » Telephone -




T i e T

et e o il - -
P U AP PSR .- AP/ P P SO
. i g e A s

e AL i ¢ o et S . i b L8 4 I b VRMNS - Sl A AL e b b

e s A M o 1. g PP~ B Al 41 Y T T P B R ks 3 o <8 0 mm T

L =

" Betz « Converse - Murdoch - lnc BCM

Consulting Engineers, Planners and Architects

Dat -
ate —13//@7\//%0 Location Rame jyucry e

dserver ). {3,5%? Address fFa)1 anares

;--—  Comments I Comments
15| 30 as]]

118

-
L5,

.}

» ) ]
Zon POint oib tnve aved Apom
- oF orLek’ < TAC ' ‘7/16
stance from /€0 wnBeight nen’

LaHT Ba, -7

o IN |°

P Y Ry

Hh
59

2D
Three Rlvers roup

U AR tre ity Trvarmr . AL C o bl oot O & s o

0 30 | 45
O 1o o ol 5 S| =
2d o-= Direction <y 1y Slo ol jolo o |o
Installation Ry vep  <qpcy 2jolololotnzlolea!l o o ;
N - 3| O o_ 9D 1o !33 =l e -y o) 3
ion_.Begangcv jn _Endedgs jam N “:‘ﬂ Ol oo !34 Ol 1o A .. i
Plg OO o o ggs o2 IR = = i
1elolololo s lsl | o014 !
DUERCAST Sy, l__7 e = SOMEL 1< = = = a
7 lslololololjlololal 4 R
L slololo o s lole | & A N
TClolololol®ls]|s < | = '
L]l Olaolo 1o |$! |56 | o () ;
wire L12]lolo Jotgs 2 lolo o | -
Blsislglsllislololalo .
415 o O o |44 Ol o () (@] ..
717:35 OO O o ng OO o (o)
6lolololes M6 ol o o )
17jclofo Jo 47 ol o Ol o
sev| 18]l slclsls s (o] olo ] o
plslslslelelolo Lol
20)gls s Isilsolo]l ool o
) Smoke Density 2lisistsisisl 1s)ls el £ Jwere
215151l |s|s2 | g =Y S | 4
2)s)lslolo I3 ]lolols|<.
2Zilofo O o (54 S|l slgsls
I35 1008
2g .O olo o |38 g g L -
T 26jojolols it lcsls | s =
v seu 211518 g |S b1 ls]|s s | <
BI|S1s 15 1o s1s |5 |S
Slo{lo |o sls Is |5




Betz - Converse - Murdoch - Inc. {

Consuliing Engineers, Plonners and Architects

Date 1;3/93'/ 2o

erver A\ B 1SHAP

-y —

a PointoLn ooge o ed Abca

—

s RervL &L S’.i‘Ac,'_'

ance from,g,, Heightho,’
p-5 Diredtiongw :

tallation Eon_ep 57A¢-ﬁ¢'

a Beganjoss  Ended ) o

—

LTIy CLdUby /QD’/::)
1 TN /s

Smoke Density

INTERFEREMNELE FRo™M STEA= PLUME

BCMJ

Three Rivers
Centre City Tower - 650 Smithfield Street « Pittsburgh. Fennsylvania 15222 « Telephone: 412 -394-4757

roup

Location Name ueeiwe-PiTT _STEEL
Address Fouuauvsgee, uw).Va,
Comments Comments
o |1s] 30] 4] o] 15| 30 45 §
we | 0 lsls 15 1g 30 |ls| = < | o Juwiis
1aitesl=lzlsinlslsls |5
2l slslslel2lsis s g
slglcle 1o o3 Ixix tx | s
'[_44 SIS 1S s !34’ sl 5 lx 11X
"slsl sls o Flsl g | x| <
lslcisls sl |lsilgsis)s
2|l lsiginnlslis s ls
‘ 3 B e Y q B isl sls |5
elsleclslgsllslslsls s
Wislsls lclilsls s |5 ¢
nislelslslalslsls 15 |
Rigslg | 1542 155 |5 15
Blals|s s 43 lgls | 51X
Hlglgs lg s It XISl S
Elol s s Flclslsls |
(16ls|ls|lsisg e sl 1SS
17lslelglaglsn gl x X | X
1l 1S s 1 48 IX I8 11X 1 X
vlslel s is e IX1 518 V&4
olslels B8 =lslsls
21|16 lg s Vg llst |51 X K, pRyPAss
w|s| ol glglsz Ixls g g Bacs
ls|lclsls sz gl S is VS '
ulslsle lgs e lsl gls | x (97
Wlsls| s Is I lsls ls 1 g
wls|lslslglbs (sl s5ls
21ls|ls|l glslpris|sls s
w|s|Slglgibs |slgis |5
2wlslsls g Isls IS5




e e et . . = AV, PPk i M o - beo e Pt e T T

-t

- Betz « Converse « Murdoch ~'Inc. (BCM]

Consulting Engineers, Planners and Architects

Date IR/&@J‘ZD location Hame ueerws- Par  STELC
server Qﬁ&sao? Address roLiawspes . ul _JUn
- - 4 ——  Comments - Comments
on Pointais cons v aEn o |1s| 30] 15 o} 15| 30 ¢5 |
c¥  Borler,  swAcic wwe 'olsls) ela 3 ix 1 x 1o | x
zance frorfx_!ﬁ_ur‘_‘._ﬂeight_clq_o;: T - | _
2 o-;0 Direction su _ 1Ysi <15 15 i31 O)l SIS |5  jwinre
nstallation veLen  <Trere 2islsls |6 £32 15l s VS 1
., . | 3|3 '§ S 1S5 gz Ix I x | X | =
t;_n_.Beganl\lo EI)dE:_d .'[”fs Ll g ‘S"isjg st 5 ) £
Pslslis|lslsfissislgl ol
| slslsl gl slisslolois s
L ilclsls lslnlsisls s
CLEAR sy slclcls el lslslolo
L elgslglslsllzslololo lo
i“ﬁ})} ISl < 4\39 ol O Is) < warte
nNigisligisiisi isiX 15 15
12isls g (g4 515 | X t O
TWTERFERESNCE FRoM s TZAm prome 1Bl 15 | S8 1010 15
uliglflglgiss1sls s o
Elslsl<cls i lololnlo
16 5“5’ s g5 lol X 1 X 1 X
1711lolo lo g W7 11l o |5 1 & jwne
lslsls (st ls| 8 |51 5
19)lsligs s |ls g 1s1e (o { O
"Wlalslx s lElololo | o
) Smoke Density 2a1lslglg tg (st 1010 1o 15 twwe
l22lslslg s 2 15515 15
2|5l ls g3 1SI5 1S 1S
AUlslgig s lis4 ‘
Y lsls | s |s I5S7
26 | XX | X IX |b6
27|XIx |15 15 57
20 IX | (@) O O {58
20 X1 & { X | X |59

Three Rivers Group
4200 Centre City Tower » 650 Smithfield Street « Pittsburgh, Fennsylvania 15222 - Telephone: 412+-391-4757




.Beiz - Converse » Murdoch - Inc. {

Consulting Engineers, Planners and Architects

=1

Date !a/ R'%/ﬂo

erver J. Bisne?P

LT
ba PointoLD fogE ovzal
TH oF BoleR  <yTAe
ance fromjsy.p Heightaan'
> 5~ (0 Direction sw :
stallation ®oiree  sTAex

L

“n.;Began\ggﬁ Endt_ad;lr;;\o

= RE){ OJeEReA < T

INTERFERZENCE  FRoM STEAN Plume

) Smoke Density

Location Name yuepepwwWe-PriT STEEL

Three Rivers

roup

Address fo Lraws s | ). Ya
Comments Comments
L o |1s]| 30] a5 o) 15| 30 a5

Blololalolflsl sls g e
| 1fojolole sy |s| sls = 1
2lojlolole 2|l s Vsl
slol ol olalnnlsisisis
1Aa.45§<5!34 siStigs =
Pilslslslslwlsisliasls
lelslsls s lss lsls i XX
L ilzlgls sl XX Sis
| sls]lelglalss|six | x5
L elslgsls g lsls ls 1 g
Blololola i lslis | g &
NnNijololo ot lsts I X 1 X
12jolo o o255 {51 S
13lololo lollzisls s | 5
uinoldololollsdisls 1 s 1 &5
lolole loliElsle ]l | s
wlololelslelgsis |51 s
prewn| 17| ls g g 47 1515 15 1| S
1Sz i I x 48 451 S V5 15
wixlsls g isigls (5
Solslsls g0 |sls |s |
alzlslclslsl (XX 15 |5
2|glsls s 2 ls)s 15 1 5
wlsls|lsislsslslsl sig
24|l<slsls Is s i8lsls s
Flslsls = i¥lsls sl s
wlsls s g s | 51 X X1 X
2lslslslslilsls sl s
wlsls |olsbs lzslsis|s
HIEIES S NI X1 STix | X

200 Centre City Tower - 650 Smithfield Street « Pittsburgh, Pennsylvania 15222 « Telephone; 4123914757




R Ll [ e S T R A N AT - i
. . FLTT T Al . N " —
ot b i [y R T A VP PV IST PR el e

_—

" Betz - Converse -« Murdoch - Inc. [BCI\/]]

Consutting Engineers, Planners and Architects

Date _La/;n/ 20 Location Name yueerige-piar  Sterc
.s.er‘ver‘ d. B\sl‘\_—g_? _ Address _F_DU-EUSE’EEZ__}_M_L- Jn
S .+ —  Comments o Comments
o = e
oo Pointoin coe mpew 151 30) 45
cJUTH __ 6F RaLER  <TA) 14,:.6: )
: 30 -
zance from!s’a#DBelghtﬁo' X WHITZ
0—10 Direction sw l wages | 10 o 1131
astallationpgpicl  grpex 2 '~ g32
|
f ) 3 S |33
>n .Began)4zp Ended czo L4 |34
) B R3S 25z
i 5 35
16 35
- | 2 37
Ao bsyYs = 1 }
; [ AN ] g 38
i
| B 29
=5 :
|70 0

12 42

INTER Eepenees FROM STEAM PLUME 13 43
4
RAG loq

15 1

16

17 47
18 £8 .

19 49
el 20

20 50

Smoke Density 21 51
22 52

| 23 53

24 54
NAS ETES

25
26
27
2B

29
Three Rivers Group
00 Centre City Tower - 630 Smithfield Street » Pittsburah, Pennsvivanic 159797 « Talombmme - A49 2094 ATET

thMWv]XXmU]mmU\U\U\U\U\U\U’\W“’\Wtﬁvﬁu\tﬁ“&‘

L
(=]

AT A A o oy [y oy (e oy fon o b T f oy oy B o T B T T 1% (o
mmmU\mU1u\mmd’xk/\m|(ﬂb'l‘>‘fﬂU'\UlUlU'lU\P\U\U\U\U\.U‘.'J\U\-U\
GRUNRLR O URORORSE HR AN AY 2NN A AR N P Al L I S I T T P P A

W U\Ulujm't"\ﬁﬂv\(f]_k/_\ﬁx“\U\U\U\U\XU\U]U\U\U“\

O P POy [ XTI fuy ([ DA [y [y 3 [y [ [ ey o i by e [y oy vt e
U\U\kk*mmmm(ﬂxmv\mYuw‘“md\uwuwwiwvwmmu_ytﬂ“\‘e:
O Y Pt by o e Xy [y oy o 1k y ey g R fe oo s

A




e i, T T T - L e e o iy i =

. . 3 AR A & :
ek i A - e r—— i —— AL 2, Yy § b+ A AR i k. 1yl -

0 b i e -l o e Al Gl Ak ae . b D dmen e i A shtrrn e i dm v Tl i Soae

Betz - Converse - Murdoch -« Inc. {

Consulting Engineers, Planners and Architects

=l)

Date 12-3x»-30

Location Name ueewige-poyr svecs.

Coserver ). Bisupe
£

Address foucwspees . w. Va.

. e caT — Comments Comments
Cion Point acp eove puew frea 0 §15] 30} 45 01 15| 30 45
H_bF RBeLER STAc N _ PR
-stance fromuy, pHeight oo were L 051X 1% 1o liz0
0-10 Dlreétion5! 11X s | x I5 !31
Installatlon Roitep <Tacs _ 2l s | s |z [l
S 3lsls|s |s |3
ion ~Began)sag Ended P 4 IXIX I s ls !34
EEYS
LFSIX 5] 515 [iss
Pelsix | X |w llss
| 7ls|c | s 37
CREY _OVeELaAs T . =2
7 | 8|5 x| x 15|z
|
L 81 I X | X | X ({38
A0
10X IX |5 15 {140
NIsis I X | X |IIN
12|55 15 | g |42
{ "IN TERFEREWNCE FROM STEAM Prume 13{5 1 5 o = |43
14X IX Ix |5 lla4
33xg -
15|55 |s |5 |las }
161 |5 | x Ix (48 ‘
17{x | X | X I x |la7
18 | X I X | X Ix {las .
19 IX | X 1 X 1 X (49
ide
20 | X I X 1 x |IX |50
) Smoke Density 22 S—|L2
22 ' 52
23 53
24 54
25 55
T 26 56
27 57
20 50
20 59

Three Rivers Group

XY Cantre ity Trurer o ALY Craidn o ol O b VA e b o b e o e




- — -5 TS

Tt T PITO’I‘ é;\iia'm;ﬁ_g& LTI T e T : .
Firod wol (-7 - TR 1571520 miimeer’  BRP TE A
b v . A SIDE B SIDE ' — o : i
Range Rur: YVo. - Aps.t-d _Arp CP DEV. - AP CP DEV. DIF. CT v
y Y olioas| o5 ] | o3 i ;
1 2 025 | oz 0z 1 3
1 T3 T eis [ oz | 03 A
A s ] 9y o c90d | | ece] i
Lt /e | ge _o2¢| sor| ] SR
2 |2 A7 | as | L8z 20| ggrl - T .
s 7 120 ). 8oy <257 .8/
AVG, ; a1 ,_goé“ PR 27 R7)
1 M| L3 | .z 4| S0z
3 2 Iz | .3 508 62 | 908
-3 H2 ey | gt .6y &It
AvG. | :8¢7| | 507 . 002
1 27 | 85 | Fyas 2t | 20 - .
« | 2 [ 5955 [gs5 €5 | pay L
3 |59 |35 | sac 55| ‘gas N
. ave. g5 WK Y _ _,Fiﬁ
B L5203 .79/ L rzo | 791 | | !
5 2 220 1.2 | V79 20,79 ' 3 i
NN AR Lo | 59 p
Ave. 781 79 70

= ¥

s | 2 [/ 20 145 ) guy R NEZE
- S /2N IS ol B2 [C ) 89y

-

Y r20] 4| ey L5 | ey - S

ava. ‘  THY F93 : . 0d /,
n - ,..al'!:
1 |20 190 9y .85 §13 |
T2l rFe | ta ] e 90| . gm |
3 1.2 /.?/[ Ay 154 . 719 |
= 1
ava, : L i
; - L8/ f,2;a| L.« ;
P ' ) 1
Cp = 0.99 &Tste - DEV. = C_ - CC DIF. = - b

APese ) P p cp(A)- Cp(B)

DIF. £ 0.01%




wux b BN ‘ii‘]]l*ll-!i!i‘!' el

4 . YL i A= S et

.J {09V + } (Lvtto + ) / o9y 1t )
.. LG | 02 . 90,7102
{09y + ) {LeLoto # ) (09F + -}
04 | ot _ . 0861 g1 -
' {o9r } X < toow kT Licoto |
(09v + ) (89€0°0 + } 83 )
680 G* : y bro s G -
o9y + ) . X T o9y + © §8510°0
m ‘ : .
. 9O(J1I0 Tuv- v
D) -
A ucp . » v .:52
{09y + *3ae _u.H.u Q& .,.hU ﬁof. (2217140 "uew) L1€0°O
- ———r—s _
‘7 - %g'l - 9t =Y .
"t - 00°1 - 66°0 = X : : .
15 aoUCLD O], ZAV T | ot 0°g
: . g I cuiay m 5
Q10 0007 039U qudT LI CUT Lpr wnnOuwA ‘XU - 294D yudT o
| 77 ouyxun D gsoydaymg AT sayubyr Fo youoyduy ) 0t 0k
-.I\%Iw WY J5 $G IO Jg o UI A EESTEILITECIRS ST 568 el L5 18517550/ dmnw.o... (2
"oy {vyaog ¢l <98 DUINTOA A a0y nun Lag o5 L |5/ «I»ﬁ.cd! mm;\m % .mu%mwm ; Y
soaTEA” /P oBun umnoes o7 O 93100UU0] 3OO o= 5 ﬁm s CEi Loy
: . . . K < L ‘ 280°S .
futany Yo 110 Y sqouy 2O sasjowouny G mm \m%.r.r 50
opN Tmraog dung T o1y AP 110 For dung oL *day P P Mo P M 22110
- : P, ; 1O LT T, Io a0 _ ey
. i

‘M\V_\Q\ ] 0100adouy T *oN xo( CkQQ 23ug




LABORATORY ANALYSIS AND CALCULATIONS

APPENDIX C
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.0 ANALYTICAL METHOD

The following is a discussion of the methods employed by the BCM Labora-
tory in analyzing all samples generated during the testing program.

1.1

1.2

Moisture Content

The total volume of the impinger solution minus the original volume
of reagents in the impingers plus the volume of moisture and/or
vapors collected by the silica gel equalied the total moisture gain
of the sampling train. This volume was used as the basis for per-
cent moisture by volume calculations. The laboratory results of the
moisture analyses appear concurrently with the results of the par-
ticulate testing program.

Particulate Samples

A1l glass fiber filters used in the particulate sampling program had
been tare-weighed following a 24 hour desiccation period prior to
their use in the field, Upon their return to the laboratory, they
were again desiccated for 24 hour§ and reweighed to a constant
weight. The weight difference was the amount of sample collected on
the filter.

Nozzle, probe, and front half filter holder acetone washings were
evaporated to dryness in a tared beaker. Any residue was the amount
of particulate matter collected at these locations in the sampling
train.

Acetone blanks were evaporated to dryness in tared beakers. Any
residue which remained was a contaminant in the reagents and was
considered as a blank weight in subsequent calculations. Laboratory
results of the particulate sampling program are listed on page C-8
of this Appendix.

C-1




2.0 COMPUTER INPUT SHEET

The reduced data calculated from the field data sheets were combined with
the laboratory results on the following Computer Input Data Sheet to
facilitate programming. See page C-9 of the Appendix.

c-2
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3.0 CALCULATIONS : - T
_ ;
The following series of equations were utilized to facilitate the calcu- 2

lations leading to the results of the test program.

Lt e e —

3.1 Particulate/Moisture

EQUATIONS FOR PARTICULATE/MOISTURE CALCULATIONS

i ‘
1. No system Teakage ; f
V_ (std) = 17.647 (V) (Y)(Py . + (& H/13.6))/T, é
la. Leékage with no component change, substitute for Vm in 1. -é
Vol = Vi - ((Lp -1,) 8) )
1b. Leakage with component change(s), substitute for V, in 1. E
Vmp = Vi - (L1 = Ly) 81) =& ((Ls - Ly) 85) - ((Lp - L) ©p)
2. Vy(std) = 0-04707 (Vy() = : }J
3. Bys = (My(std))/ Vimstd) + Vu(std)) : -%
i C, = (M) /((Vy)(Py) o
5. My 7 () (V) () - .
6 Csd = 0.01543 (Mn)/(vm(std))  ?’ -->/f
7. Cey = 0.01543 (My)/(Vm(std) * (V(std)) _ VA
8. Csc = 12 (Cgq)/(%C0p) :
9. Cec - (Cg,,)(528)(P)/((Tg) (29.92))
10,  %EA = 100 (%0, - 0.5(%C0)/(0.264(%Ny) - (%0, - 0.5 (%C0)))) “
1. My = 0.44 (% COp) + 0.32 (%0,) + 0.28 (%CO + % Ny) v

c-3




13.

14,

15,

16,

17,

i

Mg (1-Bws)'+ 18 (B,)

85.49 (C,) (( P)7"%) g (1) / P )05

60 (vs) (As)

1058.82 (1-B, () (vg) (Ag) (P)/(T)

= (Qgq) (Cg4) (60)/(7000)

(0.0985 (Tg) (Vygtq)))/((Pg) (vg) (A )(0)(1-

LEGEND

Cross-sectional area of stack

Cross-sectional area of nozzle

Water vapor in gas stream, proportion by volume

Acetone blank residue concentrations

Pitot tube coefficient, dimensionless

Particulate
Particulate
Particulate
Particulate

Particulate

concentration, dry basis
concentration, corrected to 12% (0,
concentration, stack conditions
concentration, wet basis

emission rate

Percent of isokinetic sampling

Individual leakage rate, from beginning of run until
first component change

Maximum acceptable leakage rate, 0.02 cfm or 4%
average sampling rate, whichever is less

Individual leakage rate, between two successive
component changes, beginning with second component

change

C-4

505))

ft2
ft2
%
mg/g

gr/DSCF
gr/DSCF
gr/ACF

gr/WSCF
1b./hr.

cfm

cfm

cfm




Post test leakage rate

Mass of acetone residue after evaporation
Dry molecular weight of stack gas

Total collected particulate matter

Wet molecular weight of stack gas
Barometric pressure at sampling site
Absolute stack gas pressure

Standard atmospheric pressure

Density of acetone

Stack gas vo]umetrif flow, stack conditions
Stack gas volumetric flow, dry basis, standard
Absolute average dry gas meter temperature
Absolute average stack gas temperature
Absolute standard temperature

Volume of acetone blank

Volume of acetone used in wash

Total volume of liquid collected in impingers and

silica gel

C-5

cfm

mg

1b/1b-mole

mg

1b./1b-mole

in Hg

in Hg

29.92 in Hg

mg/m}

ACFM

SCFM

ml

ml.




Vm - = Net test ggs volume at gas meter ft
Vm(std) = Net test gas vbﬁume at standard conditions DSCF
Ve = Stack gas velocity o fps
Vw(std) = Volume of water vapdr in gas sample, std. conditioﬁs SCF
Wy = Weight of residue in acetone wash mg
Y = Dry gas meter calibration factor
SEA =  Percent excess air . %
%C0 =  Percent carbon monoxide by vp]ume, dry basis %
%C0, = Percent carbon dioxide by volume, dry basis. %
%N, =  Percent nitrogen by volume, dry basis %
=0, =  Percent oxygen be volume, dry basis
A H = Average orifice pressure differentia]_ in Ho0
AP = Velocity head of stack gas | in H,0
°) = Total sampling time _ - min,
9y = Sampling time interval, from beginning of run until

first component charge min.
0; = Sampling time interval, between two successive!

component changes, beginning with interval between

first and second changes min.
ep = Sampling time interval, between last component change

and end of test min.
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Where:

3.2 Equations for Sampling Equipment Calibration

Pitot Calibration

The pitot tubes were calibrated by measuring the velocity head in a duct
with both a Type "S" pitot tube and a standard type pitot tube with a known
coefficient. This was done at several different velocities. The pitot
tube coafficient can be calculated:

— 0.5
Cp test = (Cpstd) ((Pstd)/(Ptest)) eq. 1

Cp test = Pitot tube coefficient of Type "S" pitot tube
Cp std - Ppitot tube coefficient of standard type pitot tube
Pstd = Velocity head measured by standard type pitot tube
Piest = Velocity head measured by type us" pitot tube.

Dry Gas Meter and Orifice Meter

The dry gas meter and orifice were calibrated using a wet test meter.
Gases were moved through the dry gas meter at A H's of 0.5, 1.0 and 2.0
inches of water. With the information obtajned, v, the ratio of the
accuracy of the wet test meter to the dry test meter, and AH @, the
orifice differential that gives 0.75 cfm of air at 20°C and 29.92 inches
of mercury, were calculated. The v has a tolerance of plus or minus 0.01
and the AH @ has a tolerance of plus or minus 0.15.

Where:

v = ((Vw)(Pb)(td+460))/((Vd)(Pb+H/13.6)(tw+460))
P, = Barometric Pressure
v, =  Volume wet test meter
ty = Average temperature of dry gas meter in OF
Vq = Volume dry gas meter
t, = Temperature wetztest meter in °F
AHE = ((t,+460)(8)/(V,)) ((0.0317)( A H))/({Py)(t4+460))
8 = Time in minutes
AH = Manometer orifice pressure drop

c-7




Potentiometer Calibration

The Thermo Electric Potentiometers were calibrated using a known
voltage source.

Table C-1

Laboratory Results*

Run 1 Run 2 Run 3
Filter Number D-53 D-58 D-49
Filter Final Weight .3039 .3261 .3258
Filter Tare Weight 2112 .2166 .2150
Front Half Acetone Wash .0345 .0480 .0267
Impinger Gain . 15 57 55
Silica Gel Number : 9 12 14
Silica Gel Final Weight 212.4 212.0 213.0
Silica Gel Tare Weight 200.0 - 200.0 200.0
Total Front Half Particulate .1272 ’ .1575 1375
Total Moisture 27.4 69.0 68.0

* A11 results are corrected for blanks and weights in grams

C-8
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