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1.0 EXECUTIVE SUMMARY 

Republ t c  Steel  Corporat ion (RSC) re ta ined  Betz -Converse.Murdoch .Inc. (BCM) 
t o  evaluate i t s  Envirotech/Chemico one spot  quench car i n s t a l l e d  a t  the 
Coke Oven Bat te r ies  a t  the Youngstown f a c i l i t y .  The emission data were 
evaluated i n  accordance w i t h  the  Envirotech/Chemico spec i f i ca t ions  and 
t e s t i n g  was performed as per the procedures establ ished by the Environmen- 
t a l  Protect ion Agency (EPA) and the  Sta te  o f  Ohio. 
incorporat ing both push and t r a v e l  modes, were performed by BCM. I n  addi- 
t i o n ,  opac i ty  observations were noted f o r  each oven tha t  was pushed dur ing 
the pa r t i cu la te  t e s t i n g  program. 
the  three runs comprising the t e s t  demonstrates compliance w i t h  the al low- 
ab le pa r t i cu la te  emission r a t e  o f  0.03 pounds per ton of coke pushed. 

Three 24 push tests,  

The rounded average o f  the r e s u l t s  o f  

2.0 SCOPE AND OBJECTIVES 

The scope o f  the p r o j e c t  was o u t l i n e d  i n  BCM proposal o f  January 2.9, 1981, 
a copy o f  which i s  contained i n  Appendix 1. The fol lowing.parameters were 
determined f o r  each t e s t :  

Gas f low - ACFM and SCFM 

- Gas temperature - OF 
. .  

. I  
: ' .  '. . . .  . .~ 

, . .  . 
Moisture - % by volume 

Flue gas analys is  - % by volume CO2, 02. CO, and N2 (by 
d i f ference)  

pushed 

Opacity - % Opaque 

'.1 .*IT.. 

- Pa r t i cu la te  concentrat ion - G/DSCF, Lbs/hr, and Lbs/ton o f  coke . 

3.0 PROCEDURES 

3.1 F i e l d  Work 

F i e l d  t e s t i n g  was conducted October 27 through October 29, 1981. 
sampling team consisted o f  the  f o l l o w i n g  BCM personnel: 

The 

Edward W. Blanar - Engineer I 
P h i l i p  C. Burg - S c i e n t i s t  I 
Daniel Petrovay - Technician 111 

. ..... 



Bak - Converse. Murdoch Inc. 'a I 
Messrs. P a t  Thomas and Don Monaco o f  Republic Steel  acted as l i a i s o n  be- 
tween BCM and Republic Steel  and Mr. Joe Bryant of Chernico ensured t h a t  
the scrubber car was operat ing normal ly  dur ing the t e s t  period. 
Mr .  Bryant a lso observed the  t e s t i n g  performed on the  t e s t  car. 

The fo l lowing methods o f  sampling were employed i n  the  t e s t  program: 

1 

2. 

B 4.  

Sampling and t raverse l o c a t i o n s  were determined as per 

Gas flow, gas temperature and s t a t i c  pressure measure- 
ments were made per Method Two o f  the Federal Register, 
Volume 42, Number 160, August 18, 1977; the  methodology 
is o u t l i n e d  i n  Appendix 2. 

P a r t i c u l a t e  t e s t i n g  was conducted as per Method F ive o f  
the  Federal Register, Volume 42. Number 160, August 18, 
1977. These procedures are o u t l i n e d  i n  Appendix 2. . 
F y r i t e  oxygen (02) and carbon d iox ide  (C02) i n d i -  
cators (manufactured by t h e  Bacharach Instrument Com- 
pany) were used t o  determine the  molecular weight of 
the  f l u e  gas. The F y r i t e  d i r e c t l y  determines percent 
carbon d iox ide  and oxygen. The volume percent CO p lus  

parameters were used t o  c a l c u l a t e  the molecular weight 

Moisture content sampling was conducted per Method Four 
o f  t he  Federal Register,  Volume 42, Number 160, August 

agreement w i t h  the Ohio EPA. .. 

n i t rogen was determined by d i f fe rence.  A l l  o f  these _, 

o f  the  d r y  f l u e  gas. 
: . 

, . . e .  , 
. .. 

. . . . ,  . : .* +r, ,, 

18,. 1977; the  methodology i s  o u t l i n e d  i n  Appendix 2. . .  

3.2 Equipment C a l i b r a t i o n  

I n  accordance w i t h  the  accepted procedures published by the U. S. En- 
vironmental P ro tec t i on  Agency (EPA), a l l  gas v e l o c i t y  measuring equip- 
ment, volume meter ing equipment, t e m e r a t u r e  ~ i 2 5 r ' n ~  -sni.',ximr, ,na 
= h ~  mte rmatwiry ~ ~ ~ ~ ~ r i t l ~ t  11.w uem ca l i b ra ted  w i t h i n  60 days of the 

ac tua t  t e s t  date. Ca l i b ra t fon  data are contained tn Appendix 4. 

3.3 Ana ly t fca l  Methods 

A l l  samples generated dur ing the sampling program were returned t o  the 
BCM Laboratory i n  Norristown, Pennsylvania. Laboratory data are.con,.-.,., 
ta ined i n  Appendix 3, Table 3-1. 

2 
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3.4 Calculations 

All particulate concentrations, moisture content, gas flow, and molecular 
weight calculations were accomplished through the use o f  a computer. Raw 
data generated from the field sampling program and the results of the 
laboratory analyses were introduced into equations presented in Methods 
Two, Three, Four and Five of the Federal Register, Volume 42, No. 160. 
August 18. 1977. Computer input and all other data appear in Appendix 3 . '  

! 

4.0 SUMMARY 

4.1 Particulate Emissions Results 

The parameters evaluated using the Enviromental Protection Agency (EPA)  
and State of Ohio testing methods are contained in the computer printout 

I 
l 

at the end of  Appendix 3. Pertinent test results are listed in Table 1. 

TABLE 1 

PARTICULATE EMISSIONS RESULTS 

_, . .  Run Concen t r at i on Emission Rate Emission Rate* .. 
Number (Grains/DSCF) (Lbs/Hr) (Lbs/Ton of  Coke Pushed) 

1 
2 
3 

.0149 

.0117 

.0107 

9.95 
7.57 
6.56 

- 

.a370 

.0309 

.0293 

* Based on 275.52 tons o f  coke pushed during each 24 oven tests. 

4.2 Visible Emissions 

The opacity observations were performed in aqreement with methodoloqv 
approved by Chemic0 and the Ohio EPA. The readings are contained ii" 
Appendix 2. . .. 

J 
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5.0 DISCUSSION 

5.1 Particulate Testinq Results 

The testing for the quench car particulate emissions was performed with 
minimal field difficulties. The starting time for Test No. 1 was delayed 
one hour while the temperatures and the pressures of the Chemic0 quench 
car were brought up to the proper settings. Tests No. 1 and No. 2 pro- 
ceeded smoothly with no further problems. Test No. 3 experienced a 1/2 
hour delay due to a break in the coke oven guide at push number D-6, oven 
C-23. Fortunately, this did not effect the testing results and the final 
test was completed with no further difficulties. 

The results of the testing program shown in Table 1 indicate compliance 
with the allowable emission rate of 0.03 lbs/ton of coke pushed. 

. .  ! 
tl 
rii 

T 
i 5.2 Visible Emissions Procedure 

7 a 
The opacity was observed during all three testing programs. 
tions were recorded in accordance with guidelines established in EPA 
Reference Method Nine of the Federal Register, with the exception of the 
guideline that the sun be located in a 140° arc to the observer's back. 
This guideline could not be met because of the location o f  the coke ovens 
with respect to the sun's location. All observations were recorded by a 
certified BCM observer. 

Opacity readings were taken above the coke car with blue sky as back,:;L.;c'a. 
ground. Observations began at the start of the push cycle of the.quench 
car and continued until the quench car cycle completed its run, which : 

lasted approximately two minutes. 
push occurring approximately 12 to 15 minutes apart. 

All observa- 

. .  
- 1  : 

E 
... . . .. ? . .  

i 

t 
5 
1 There were 24 pushes per test, each 

4 
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. .  REPUBLIC STEEL CORPORATION 

TECHNICAL SCOPE 

I t  i s  the des i re  o f  Republ ic S tee l  Corporat ion (Republic) t o  have t h e  
emissions from the  ENYIROTECH/CHEMICO Enclosed Quench Car Systems loca ted  
a t  the Warren and Youngstown p l a n t s  of the Republ ic Steel  Corporation 
evaluated and quant i f ied.  

request f o r  determining the  above in fo rmat ion .  

The .pro ject  w i l l  invo lve emission sampling f rom the  o u t l e t  o f  three 
Quench Car Systems i n  order t o  generate compliance data f o r  submission t o  
the Ohio Environmental P r o t e c t i o n  Agency (EPA). 
w i l l  be performed dur ing a four-day p e r i o d  a t  each loca t i on .  The p r o j e c t  
i s  subdivided as noted below. 

For ease o f  d iscussion and mutual  understanding o f  the BCM services t o  be 
provided, the sugges!ed scope i s  subdiv ided i n t o  the steps as noted below. 

The i n t e n t  of t h i s  proposal i s  t o  present 
Betz-Converse-Murdoch-Inc. 's (BCM) approach t o  f u l f i  1 l i n g  Republ ic 's - 

A maximum of three runs 

1.0 PROJECT PLANNING 

Upon acceptance o f  the proposal, t he  Sect ion Manager o f  the A i r  Q u a l i t y  
Section or the  F i e l d  P r o j e c t  Engineer w i l l  meet wi th  Republic Steel  t o  
accomplish the f 01 1 owing : 

.-;:$;. 
.+ . 

,. ., , , . , .. ..-..I , .. ...* 
' ':$ ".%+.. 

* Es tab l i sh  l i n e s  o f  communication f o r  the  t e s t i n g  r 

- 
. _, - 

. .  

.... . Discuss the p r o j e c t  scope t o  ensure Republ ic and ECM, are i n  
agreement 

Ensure tha t  the sampling s i t e  i s  prepared f o r  t e s t i n g  (see 
C l i e n t  R e s p o n s i b i l i t y  Sec t ion)  

2.0 SAMPLING AN0 ANALYSIS 

2.1 Test  Procedures 

A l l  p a r t i c u l a t e  t e s t i n g  procedures t o  be fo l l owed  dur ing the three 24 
push t e s t s  f o r  each car are those p resc r ibed  by the  Environmental Protec- 
t i o n  Agency (EPA) and the Ohio EPA. The procedures t o  be followed..:during . .. t e s t i n g  are o u t l i n e d  below:. . .  

Use an out -of -s tack g lass  f i b e r  f i l t e r ,  fo l lowed by a f u l l  
impinger t r a i n  (which cons is t s  o f  two d i s t i l l e d  water f i l l e d  
impingers), fo l?owed by an empty impinger,  and then a s i l i c a  
g e l - f i l l e d  f i n a l  impinger. A g lass  l i n e d  probe heated t o  250°F 
? 25OF w i l l  be used f o r  the t e s t i n g .  

four  s i x -po in t  sampling t raverses .  
Sample p o i n t  l o c a t i o n  and v e l o c i t y  t raverses  w i l l  cons is t  o f  
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EPA Method 5 sampling procedures will be followed f o r  the 
par t icu la te  sampling with the fol1 owing exceptions: 

(1) A sample ra te  of approximately 0.3 scfm wi l l  by used for  
each test 

'(2) A back half p a r t i c u l a t e  loading-will be generated by evapo- 
r a t i n g  a l l  water washes a t  105OC c 5 O C ,  and t he  residue 
weight determined 

2 . 2  Parameters 

The following parameters will  be evaluated and reported fo r  each of three 
t e s t  runs fo r  each Quench Car. 

Gas flow - ACFM - ACFM and SCFM 
Gas temperature - O F  

Gas molecular weight - Orsat analysis - ( C O 2 .  02, CO and 
N2 by d i f fe rence)  - X by volume 
Moisture content - X by volume 
Part iculate  concentration -gr/dscf ( f ront-half  and  back-half of 
sampling t r a i n  reported separa te ly)  
Par t iculate  emission r a t e  - lbs/hr ( f ront-half  and back-ha,lf .of.:..'. 

- Visible m i s s i o n s  - % opaque (optional)  

- 
. ...,. 

, .. . . sampling t ra in  reported separa te ly)  '.._ ...:..?. , 

2 . 3  For each car, 6CM wi l l  provide two men on-si te  f o r  four  days with 
the necessary sampling equipment to  complete the t e s t i n g .  
ble emissions are required,  BCM will  provide three  men during the 

If v i s i -  . . .  

program. . ., 

3.0 ANALYTICAL 

A l l  samples will be returned t o  ou r  laboratory in P i t t s b u r g h ,  PA f a r  
ana 1 ys i s. 

4.0 REPORT 

Five copies of the repor t s  (one report  f o r  each car)  wi l l  be submitted, 
w i t h i n  30 working days of f i e l d  t e s t i n g  completion. Preliminary data 
should be available within 15 w o r k i n g  days of the completion o f  the 
sampling. The repor t s  wi l l  include a l l  f i e ld  d a t a  shee t s ,  analytical  
reports ,  and  sampling rneghodologies from the tes t ing of the cars.  
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BUSINESS SCOPE 

COMPENSATION 

I t  Is proposed t h a t  the o u t l i n e d  p ro jec t  scope be performed on a Lump Sum 
basis. This fee i s  firm and cannot be changed unless i t  i s  mutual ly  
agreed t h a t  the scope'of the work has changed from what i s  ou t l i ned  i n  
t h l s  p ro jec t .  Costs are based on 10 hour f i e l d  days and hours i n  excess 
of 10 are considered as overt ime. 

LUMP SUM COSTS 

Mobi 1 i z a t  i on (1 
Report Preparat ion 
Each 24-push. t e s t  
Opacity Observer/lO-hour day 
Each OelaylOT Hour per 2-man crew 
Each OelaylOT Hour per 3-man crew 

. .. , 
- 1  . 

. . . . . . .  . .. . (1) Inc lude Pre- tes t  Meeting, completion of I n t e n t  t o  t e s t  forms:.",;. '.::. .,, 
'.> . .  

DELAYS/OVERTIME 

Delays caused by cond i t i ons  beyond BCM's c o n t r o l ,  such as p a r t i a l  or com- 
p l e t e  process shutdowns or i r r e g u l a r i t i e s ,  s t r i k e s ,  f loods  or . .  f i r e s  which 
delay the p r o j e c t ' s  completion, c o n s t i t u t e  a Change-of-Scope. Also, un- 
favorab le  weather cond i t i ons  which BCM's F i e l d  P r o j e c t  Engineer considers 
a t h r e a t  t o  crew s a f e t y  and/or sample q u a l i t y ,  c o n s t i t u t e  a Change-of- 
Scope and w i l l  be charged a t  t he  delay/overt ime ra te .  
f i e l d  work i s  based on a 10-hour: day (excluding t r a v e l ) .  
necessary f o r  the successful  completion o f  the  p r o j e c t  i n  excess o f  10 
per day w i l l  be charged a t  the delay/overt ime r a t e  described i n  the com- 
pensat ion sect ion.  Any expenses incurred as a r e s u l t  o f  p r o j e c t  delays/ 
overt ime w i l l  be b i l l e d  a t  cos t  p lus 10%. The BCM F i e l d  P r o j e c t  Engineer 
w l l l  n o t i f y  you o f ' s u c h  Changes o f  Scope. A t  your request,  BCM w i l l  out -  
l i n e  the type o f  she l te r ,  as required, t o  minimize weather delays. ..If,...... 
the  p r o j e c t  i s  postponed w i t h i n  72 hours of the  scheduled s t a r t  dat-e, you 
may be charged a fee (no t  t o  exceed the m o b i l i z a t i o n  charge). 

.. 

I n  addi t ion,  t he  
Any hours 

WORK SCHEDULE 

Work on t h i s  p r o j e c t  can be s ta r ted  w i t h i n  10 ca.lendar days o f  your 
au tho r i za t i on  t o  proceed and can be completed w i t h i n  30 working days o f  
completion o f  the f i e l d  work. This schedule ( 5  our b e s t  est imate !x:ed 
an a n  an;iciplized i:-sora:ory anG engineerin5 *,crr.-,a6z. kt K ~ E  :>m of 
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your authorizat ion t o  proceed, i t  may be possible to  improve t h i s  sched- 
u l e  if necessary. On the other hand, an unexpected increase in our lab- 
ora tory  and engineering workload may cause a few days' delay in s t a r t i n g  
the project. 

INVOICES 

Invoices wi l l  be submit ted monthly f o r  work completed, with terms net 
t h i r t y  (30) days with past-due balances subjec t  t o  i n t e r e s t  a t  the r a t e  
of one and one-quarter percent (1-1/4%) per month, e f f ec t ive  for ty- f ive  
(45) days a f t e r  d a t e  of invoice. 
charge of f i f t e e n  percent (15%). 

T h i s  represents an annual i n t e re s t  

VAL1 DIM 

This proposal is va l id  fo r  60 days. 
review the bas is  of payment t o  allow for changing cos t s  and a d j u s t  s t a r t -  
ing and completion dates t o  conform t o  our workload. 

Subsequent to  t h a t  date ,  BCM. may 

I El SUR ANC E 
. .. _' . .. : .. . . ..+. ' ,  ' 

. . .  . .~ . .  > ..: ..:T.. BCM wi l l  maintain insurance coverage i n  the following amounts and, .upon 
request of the c l i e n t ,  wi l l  provide a C e r t i f i c a t e  of Insurance so indi-:. 
c a t  i ng: 

Type of Policy Limits o f  L i a b i l i t y  
-. ( a )  Standard Worker's Compensa- Statu to ry  

t ion and Employer's L i a b i l i t y  

(b)  General L i a b i l i t y  
.Bodily In jury  

Property Damage 

$500,000 Each Occurrence 
and Aggregate 

$500,000 Each Occurrence 
and Aggregate 

( c )  Automobile L i a b i l i t y  
Combined Single Limit 
(Bodily In ju ry  and Property Damage) 

Sl,OOO,OOO Each Occurrence 

! 

SAFETY 

BCM personnel always endeavor to  conduct f i e l d  a c t i v i t i e s  in such a 
manner as t o  p ro t ec t  themselves and others from accidents  and injury.  
When spec ia l  s a f e t y  equipment i s  requi red ,  the cl ient  s h o u l d  SO specify.  
8CM 'personnel use t h e i r  own s a f e t y  equipment ( h a r d  ha t s ,  goggles) unless 
otherwise i n f t r w t e d .  
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PROJECT MANAGEMENT 

BCM will assign key personnel who are  f u l l y  qua l i f ied  and experienced 
w i t h  similar studies.  Their du t ies  are  b r i e f l y  described below. 

Section Manager - Air.Quality 

Mr. P. R.  C h a r r i n g t o n ,  P.E. ,  wi l l  be responsible f o r  a l l  
and analytical determinations. Mr. Charrington has been 
four-hundred source emission programs. 

Project Enqineer - Air Q u a l i t y  

ie ld  studies 
n v o l v e d  in over 

Mr. 0.  E.  Seely will be assigned as t h e  project  engineer for (he f i e l d  
sampling project. 
sampling system design. Mr. Seely has been involved i n  the J&L 
Pittsburgh Works Quench Car t e s t i n g  and several  Bethlehem Steel Quench 
Car programs. 

He wi l l  be responsible f o r  the data evaluation and 

. . ..... 
. .  
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CLIENT RESPONSIBILITY 

To successfully complete the  f i e l d  t e s t i n g ,  i t  shal l  be the responsi- 
b i l i t y  of Republic Steel  t o  provide the following: - 

1. A p l a n t  l i a i s o n  for  the BCM f i e l d  t e s t ing  team dur ing the f i e l d  
tes t ing  

Access t o  the sampling location 

'Electric power (llOV and 20 amp serv ice)  t o  within 50' o f  the  . 
s amp1 i ng 1 ocat i on 

All operating da ta  of the  coke oven bat tery duri,ng f i e l h  tes t ing  

2. 

3. 

4. 

. . .  . .  ... L j  

: .  ....... 

. - _.-. . . .  . .  
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REPUBLIC STEEL CORPORATION -7- JANUARY 29, 1981 

QUAL IF1 CATIONS 

BCM has performed over 40 tests on the ENVIROTECH/CHWICO Quench Car 
d u r i n g  the past  two years. 
projects  w i t h  plant contacts  and.phone numbers which Repub l i c  should fee l  
free t o  contact. 

- 
Provided below a re  the  locations of t h e  

Jones and Laughlin S tee l  Corporation - P i t t s b u r g h  Works 

. 

May - July,  1978 
August - September, 1979 
Mr. S. W .  Kretz - (412) 378-5447 

Bethlehem Steel Corporation - Bethlehem, PA 

February - March, 1979 
Mr. Ed Rekai and Nr. Robert Alpago - (215)  694-3878 

- Bethlehem Steel Corporation - Sparrows Point ,  MD 

October, 1980 
B i l l  Bogart - (301) 477-7886 

. Bethlehem Steel  Corporation - Lackawanna. N Y  

A p r i l ,  1981 - Tentat ive Schedule 
Ron Riefler - (716) 821-2504 

... . . . . . . .  . . ~  , . .  . .  
. . . . . C  , 

. ., . . . ,  
'.> .--<,. 

, . .  

- Jones and Laughlin S tee l  Corporation - Indiana Harbor Works.:'. 

November, 1980 
Andrew Wichlinski - (219) 391-2813 

. .. 
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APPENDIX 2 

F I E L D  SAMPLING PROGRAM 
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APPENDIX 2 

FIELD SAMPLING PROGRAM 

1.0 SAMPLING PROCEDURES 

1.1 Test Station and Traverse Locations 

The locations o f  the sampling stations and traverse points are critical 
to the performance of the project. A description of the sampling location 
follows. The outlet duct of the scrubber measured 72 by 64 inches. 
test ports each contained 6 test points, for a total of 24 points. 

1.2 Gas Flaw and Gas Temperature Determinations 

Four 

' .  The gas flow rate and temperature profiles were measured by conducting a 
simultaneous velocity and temperature traverse in conjunction with the 
particulate testing program. Gas velocity heads were measured with a 
calitrated "S"-type Pitot tube which was connected to an inclined mano- 
meter. A Chromel-Alumel thermocouple connected to a potentiometer was 
used to determine the gas temperature. 

1.3 Moisture Content 

Sampling was conducted concurrently with particulate sampling using;.tkei:':;:'. 
principles presented in EPA Method Four. 
evaluated in order to determine the gas stream's moisture content: sample 
gas volume, sample gas temperature, sample gas pressure, impinger moisture 
gain, and silica gel moisture gain. Some minor modifications were made to. 
the Method Four train to allow simultaneous particulate and moisture con- 
tent sampling. 
sampling principles. 

The substitution of a glass fiber filter for Pyrex wool as a filtering 
medium and the substitution o f  a calibrated orifice for a rotameter as a 
flow metering device were the primary modifications. 

1.4 Particulate Sampling 

The sampling procedures and sampling equipment used are outlined in Method 
Five of the Federal Register, Volume 42, Number 160, August 18, 1977. 

The size of the nozzle required to maintain isokinetic sampling was~~alccu- 
lated from the results of a previously completed velocity and temperature 
traverse. 

. .. _. : . ..;> 
I .  

The following parameters.'WeFe"- 

These modifications did not deviate from established 
I. 

The sampling train used a glass-lined probe, which was heated 
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t o  250°F by an i n te rna l  heat ing element. 
was attached t o  the end o f  the  probe which was inser ted  i n t o  the stack. 
A ca l i b ra ted  "S"-type P i t o t  tube and a Chromel-Alumel thermocouple were 
attached t o  the probe and used t o  moni tor  the  v e l o c i t y  head and the 
temperature a t  the t raverse po in ts  du r ing  the  sampling period. Sampled 
gas passed through the nozzle and the  probe. t o  a glass f i b e r  f i l t e r  f o r  
the removal o f  the suspended p a r t i c u l a t e s .  
heated chamber whose temperature was maintained a t  248OF 9 5  degrees. 

The f i r s t  
two impingers each contained 150 m l  o f  deionized water. 
impinger contained no reagents and acted as a knockout impinger. The 
four th  impinger contained approximately 200 grams o f  coarse s i l i c a  gel  
which co l l ec ted  any moisture and/or vapors which had not  been captured i n  
the preceding impingers. 

The second impinger was a 500 m l  Greenburg-Smith inpinger, wh i le  the  
f i r s t ,  t h i r d  and f o u r t h  were 500 m l  impingers o f  t he  Greenburg-Smith 
design, modi f ied by rep lac ing  the  t i p  with a 1/2-inch I D  glasz tube. 
t h a t  the  impinger t ra in  was i m e r s e d  i n  an i c e  bath f o r  the e n t i r e  t e s t  
per iod so t h a t  the e x i s t  gas temperature would not  exceed 68'F. 

From the  impinger train, the  gas was conducted through an umbi l i ca l  cord 
t o  the  con t ro l  console, a Model 2343 RAC Stak Samplr, which contained the 
fo l l ow ing  pieces of equipment ( l i s t e d  i n  the  order i n  which sampled gas 
passed through them): 
an a i r t i g h t  vacuum pump; a d r y  gas meter; and a ca l i b ra ted  o r i f i c e .  
o r i f i c e  was equipped w i t h  pressure taps which were connected acros%the?. 
i n c l i n e d  manometer used t o  ensure t h a t  i s o k i n e t i c  condi t ions were main- 
tained. 
of t h i s  appendix. 

The sampling t r a i n  was subjected t o  a leak check p r i o r  t o  and a f te r  each 
sample run. The i n l e t  o f  the nozzle was plugged and the pump vacuum was 
he ld  a t  the highest vacuum a t ta ined du r ing  t h a t  per iod o f  test ing.  
cases, the  leakage r a t e  was minimal and d i d  not  exceed the maximum al low- 
able leakage r a t e  o f  0.02 cfm. 

Upon completion o f  a t e s t ,  the so i l ed  glass f i b e r  f l l t e r  was removed from 
i t s  f i l t e r  holder and placed i n  a p e t r i  d i sh  which'was subsequently 
sealed. The probe and nozzle were washed i n t e r n a l l y  w i th  acetone; the 
p a r t i c u l a t e  matter remalning i n  the  probe was removed w i t h  a nylon brush 
attached t o  a polyethylene l i n e .  
holder was a lso r insed w i t h  acetone and the  washings obtained were added 
t o  those co l l ec ted  from the nozzle and the probe. 
stored i n  sealed polyethylene sample b o t t l e s  f o r  t rans fer  t o  the' labora- 
to ry .  The s i l i c a  gel used i n  the  fou r th  impinger was removed and stored 
i n  a sealed sample b o t t l e .  The contents of t he  f i r s t ,  second and t h i r d  
impingers were combined and measured vo lumet r i ca l l y .  

A nozzle o f  the ca lcu lated s i ze  

The f i l t e r  was housed i n  a 

From the f i l t e r ,  the stack gas passed t o  the  impinger t r a i n .  ... 
The t h i r d  

' Note 

a main valve; a by-pass valve f o r  f l ow  adjustment;,., 
The : 

A schematic diagram of the  sampling t r a i n  i s  presented a t  the :end 

, .  . 
. 

I n  a l l  

The f r o n t  h a l f  o f  the glass f i l t e r  

A l l  washings  were.^.. 
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1.5 Field Data Sheets 

The flue gas velocity head, the flue gas temperature, the inlet and outlet 
dry gas meter temperatures, the orifice pressure differential, the sample 
volume. the sampling time, the pump vacuum, the filter temperature, and 
the impinger train outlet gas temperature were recorded during the samp- 
ling program. The field data sheets generated during the program follow. 

... 

.. . 

. . .. .. 
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
DRIFICE. in. N20 

~ ~ 

AVERAGE METER TEMPERATURE (AMBIENT c ZO"F),'F 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hp 

STATIC PRESSURE I N  STACK, in .  Hp 

IPm?0.073 I STACK GAUGE PRESSURE in in? HzO) 
.. . 

, . ' . . .  . .  . . .  . . .. : ... -.. , :. .. 
RATIO OF STATIC PRESSURE'TO:ME~R~~~RESSURE :,. . .. 

.. 
AVERAEE STACK TEMPERATURE, pF * '  . 

Ps 1-3.1 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD. in. H20 

. .  
.I . .  

b ,30 c FACTOR 

CALCULATED NOZZLE OIAIETER. in. 0.250 * 

I). 203 ACTUAL NOZZLE DIAMETER. in. 

REFERENCE AP. in. HzO I .  b 

... 

. .  

. .. . _, . .: ;. 
, .... . . . .  

t .... 

.... :. . 

, .., - . ;. 
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F i e l d  Reading Chart 
I .  

f o r  
. .  Visible E m i s s i o n s ,  . , , , , , 

Date /o /27/g/ . -. . - - ,  F a c i l i t y  Name aFr4 d L , ' C  *TE€-ii C a t ?  , 

Distance from Stack 

Wind Speed 3=lrnftf 

Sky Condit ion 
(Presence & C 

Plume Background 

plume Colo r  

Observation began 

Source Descr ip t ion  

/o:oo 

Stack Descr ip t ion  

Total Minutes Observed 

Total  Minutes Equal to  or 
Above 2 0 %  Opacity 

Total Minutes Ab0 

-. -. - . . . -. . 
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Field Reading C h a r t  . .for . .  

V i s i b l e  Emissions 
Date & sto/.as/ ri . . ' F a c i l i t y  N a m e  ~ E f d E l  I_ C ' S7€EL Cok? 

Wind Speed 5.10mpq 

Sky Conditlon 
(Presence 6 C 

Plume Background 

Plume Color 

Observation began ogdo 

Source Description 

Stack Descrip 

Tota l  M i n u t e s  Observed 

Tota l  Minutes  Equal t o  or 
Above 20% Opacity 
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7 € S 7 - d * 4  

Seconds Seconds Seconds 
TimD .>I % t %  * %  . llllL 

o f  0pac.ity Opacity Opacity. Maxifium 
Quench Push Oven Per Push Per Push Per Push Opacity 3 0  Remarks ' 

I 5- 

8 J: 

- I  0 1 0  45 I.... b I5 . 
Lc_" 0 

3 / 5  rJ c.3J. 0 0 5 5 
. bBQ 5 X X Y loo X I X  I r r/U 

1 - c-u  l J v c  L 0 I r n I ' S s G 0  I p LJXM 

5 
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APPENDIX 3 

LABORATORY ANALYSIS AND DATA REDUCTION 

1.0 ANALYTICAL METHODS 

All samples generated during the test program were analyzed at the ECM 
Laboratory in Norristown, Pennsylvania. 
describe the analytical methods employed. 

1.1 Particulate Samples 

All glass fiber filters used in the sampling program had been tare-wei%~~?d 
following a 24-hour desiccation period prtor to their use in the field. 
Upon their return to the laboratory, they were desiccated and reweighed, 
The weight difference was the amount of sample collected. 

Nozzle, probe, and filter holder acetone washings were evaporated to dry-- 
ness In separate tared beakers. 
beakers were reweighed to a constant weight. 
the amount o f  particulate matter collected at these'locations in the s m p -  
1 ing train. 

Acetone blanks were evaporated to dryness in tared beakers, and were - j - .  

desiccated and reweighed. Any residue which remained was a contaminant ," 
in the reagent and was considered a blank weight used as a correc€4on:-:-..: 
factor in subsequent calculations. The laboratory results of the particu- 
late sampling program are listed in Table 3-1. 

The following discussions 

The residue was desiccated and the 
The weight difference was 

1.2 _Moisture Content 

Silica gel had been tare-weighed prior to its use in the field. Upon its 
return to the laboratory, the silica gel was reweighed. The entire weight 
gain was due to water vapor. The total volume o f  the impinger solutions, 
mlnus the original volume of water in the impingers, plus the volume of 
moisture and/or vapors collected by the silica gel, equaled the total 
moisture gain of the samplhg traln. This volurne.was used as the basis 
for percent moisture by volume calculations. 

2.0 COMPUTER INPUT SHEET 

The reduced data calculated from the field data sheets were cornbined-with 
the laboratory results on the computer input data sheet to facilitate 
programning. The computer input data sheet follows Tnhlc 3-1. 

. .  
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3.0 EQUATIONS FOR THE CALCULATIONS OF TEST RESULTS 

The equations fo l l ow ing  t h e  data input sheet were programed i n t o  the  
computer t o  f a c i l i t a t e  the  c a l c u l a t i o n  o f  the t e s t  program resul ts .  The 
equations were prescr ibed i n  Methods 2, 3 and 5 o f  the  Federal Register, 
Volume 42, Number 160. August 8, 1977, appropr ia te ly  amended, and used t o  
ca lcu la te  the  r e s u l t s  o f  p a r t i c u l a t e  t e s t i n g  and f low, temperature, and 
s t a t i c  pressure test ing.  

.. 

4.0 PARTICULATE TEST RESULTS 

The complete resu l t s  of the computer analyses of  the data generated from 
the p a r t i c u l a t e  t e s t  program are presented on the computer p r i n t o u t  a t  t he  
end o f  t h i s  appendix. 
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TABLE 3-1 

LABORATORY RESULTS* 

Run Number 

Particulate Results 
Fi 1 ter P&C** Total Catch 
(ms) (mg) (ms) 

9.4 
7.6 
7.5 

24.2 

19.4 
18.0 

33.6 
27.0 
25.5 

* Blank corrected 

)* P&C = probe and cyclone; includes acetone wash of nozzle, probe, 
a 

cyclone, and front-half of filter holder 

. ; ';. ... . .  .._... . ' . .  . . .  .. '.... . I . . . _ . , "  
..I ._ -*-. . 

.... 

. .. .. 
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EQUATIONS FOR PARTICULATE, MOISTURE AN0 FLOW CALCULATIONS 
(Based on Standard Conditions o f  6E°F and 29.92 inches Hg) 

l* Vw(std) 

'm( s td)  2. 

. ,  3. Bwo 

4. Md 

5. M, 

6. EA 

7. v, 

= 0.0471 Vu, 

+ (.07355 AH)] , 
Y 

= 17.64 V, [ 'bar- 
T, + 460 

= O.44(%CO2) + 0.28(%CO) + 0.32(%02) +%.28(XN2) 

. .. _ *  . . . : . .  . .  ,..... . . . .  . . .. '..I. . I . .  , 

= M (1 - Bwo) + 18 Bw0 ' ::: ,;-*,. d . .  

] 100 
( X O 2 )  - 0.5(%CO) 

- ( X O 2 )  + 0.5(%CO) 

= (85.49)(60)(C ) 
.P 

.. ...... 

... 
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9 .  

10. 

11. 

12. 

13. 

14. 

15.  

C ' S  

C ' C  

c ' a  

E 

An 

16. I 

Q,(1 - Bwo) 17.64. P, 
T, + 460 

= 0.0154 W t  

'm(std) 

u t  = 0.0154 

'm(std)  + "w(std) 

' =  12 C', 

. .. 

. .. _. .: ... :. . , . , , .. . . . ., . . .  
, .  . .  '. '..L . ;:.,, 

..L ..-s.. . .  

= ( 6 0 ) ( 1 . 6 6 7 ) ( T S  + 460)(0.00267 Vwc + Vm(std) 117.64) 

( e ) ( v s ) ( p s ) ( A n )  .. 

..... 

... 



LEGEND - 
An 

AS 

Bwo 

CP 

C'a 

C ' C  

C ' S  

C ' W  

Dn 

E 

EA 

A H  

I 

Md 

MS 

QS 

9s ( s td )  

Tm 

TS 

= Area o f  nozzle, f t 2  

= Area o f  stack, i n 2  

= Mo is tu re  content o f  gas stream, dimensionless 

= P i t o t  c o r r e c t i o n  fac to r ,  dimensionless 

= P a r t i c u l a t e  concentrat ion (s tack cond i t ions) ,  g r / f t 3  

= P a r t i c u l a t e  concentrat ion a t  12% COS (dry), gr /dscf  

= P a r t i c u l a t e  concentrat ion (d ry ) ,  gr /dscf  - P a r t i c u l a t e  concentrat ion (wet) ,  g r /sc f  

= Diameter o f  nozzle, inches 

= P a r t i c u l a t e  emission ra te ,  l b / h r  

= Excess a i r .  percent 

= O r i f i c e  pressure drop, i n .  H20 

* I s o k i n e t i c  r a t i o ,  percent 

ct 

= Dry molecular  weight o f  stack gas, lb / lb-mole 

= Molecular wefght o f  stack gas, lb/ lb-mole 

= Barometric pressure, in .  Hg ., 

= Stack pressure (absolute), i n .  Hg 

= Average o f  square roo ts  o f  P i t o t  pressure d i f f e r e n t i a l ,  

= Stack gas f low,  acfm 

= Stack gas f l o w ,  scfm 

= Average dry gas meter temperature, OF 

= Average s tack  temperature; OF 

in .  H20 

- . , .. 

! 
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Vm 

vm( s td)  

VS 

VWC 

"w( s t  d )  

u t  
e 

- Dry sample volume (meter conditions), f t 3  

Dry sample volme (standard conditions), f t3  

= Stack velocity,  f t / m i n  

= Volume o f  l i q u i d  collected in impingers and s i l i ca  gel ,  ml 

= Volume o f  liquid collected, f t 3  

= Total weight of particulates collected, mg 

= Duration o f  t e s t ,  minutes 



COMPUTATION SHEET 
J 

Sheet Number of 

Date 

J. 0. Number - - 
Cornputd by 

Checked by 

- - 

I 
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APPENDIX 4 

EQUIPMENT CALIBRATION 
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PITOT CALIBRATION 

The P i t o t  tubes 
w i t h  both an "S" 
This c a l i b r a t i o n  
tube c o e f f i c i e n t  

were c a l i b r a t e d  by measuring the  v e l o c i t y  head i n  a duct 
type P i t o t  and a standard P i t o t  with a known coe f f i c i en t .  
was performed a t  severa l  d i f f e r e n t  ve loc i t i es .  The P i t o t  
can be ca l cu la ted  as fo l lows:  

. .  

where: 

Cp( tes t )  

Cp(std) 

APtes t  

APs td  

Q P i t o t  tube c o e f f i c i e n t  o f  "5"  t y p e  P i t o t  

Q P i t o t  tube c o e f f i c i e n t  o f  standard P i t o t  

= V e l o c i t y  head measured by "5" typc P i t o t  

= Ve loc i t y  head measured by standard P i t o t  

Coef f i c ien ts  were determined f o r  each l e g  of the "5" type P i t o t . '  .No Cp 
m a y  dev iate more than kO.01 f r o m  the  average Cp, and the d i f fe rence 
between the average Cp for each l e g  must be <0.01. - 

. 
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WY GAS METER AND ORIFICE METER 

The dry gas meter and o r i f i c e  were c a l i b r a t e d  using a wet t e s t  meter. 
Gases were  moved through the dry  gas meter a t  o r i f i c e  pressure d i f f e ren -  ' 

t i a l s  (AH) o f  0.5, 1.0, and 2.0 inches o f  water. With the  in format ion 
obtained, y ,  t he  r a t i o  of the accuracy of the w e t  ' tes t  meter t o  d ry  t e s t  
me te r ,  and AH@, the  o r i f i c e  pressure d i f f e r e n t i a l  y i e l d i n g  0.75 cfm of L 

a l r  a t  68OF and 29.92 inches of mercury, were calculated. The Y has a 
tolerance o f  1.00 tO.01. and .the AHn has a to lerance o f  1.84 + 0.26 - 0.24. 

Y 

where: 

AH 

pb 

t d  

t W  

e 

vd 

"W 

The y .and AH@ &-e determined as fo l lows: 

P V,P, (t,, + 460) 
" V  " 

P + .07353(AH)] (tW + 460) mb 

- 0.0317 (AH) ((Tw +;6O)') * 
Pb (td + 460) 7 

= O r i f i c e  pressure d i f f e r e n t i a l ,  i n  H20 

= Barometr ic pressure, i n  Hg 

= Average temperature o f  dry gas meter, O F  

= Average temperature o f  wet t e s t  meter, OF 

= Dura t ion  o f  test,,  minutes 

= Dry gas meter volume. f t 3  

= Wet t e s t  meter volume, f t 3  

..... - 

. -. 



.. . .  .. 
‘@tz - Converse. Murdoch . Inc. 

POTENTIOMETER CALIBRATION 

The ..iermo-Electron potent ianeters  were c a l i b r a t e d  by using a known vc. :- 
age source as an input  t o  the potent iometer .  

PROBE CALIBRATION 

The probes were c a l i b r a t e d  by measuring the o u t l e t  temperatures a t  var i -  
able transformer se t t ings  w h i l e  passing a i r  through the probes a t  approx- 
imate ly  0.75 cubic f e e t  per minute. 

. , 
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