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1.0 EXECUTIVE SUMMARY I 
I 

Republic Steel  Corporation (RSC) re ta ined  Betz-Converse-Murdoch-Inc. (BCM) 
t o  evaluate i t s  No. 21 Envirotech/Chemico one spot  quench car i n s t a l l e d  
a t  the Coke Oven Bat te r ies  Nos. 6 and 7 a t  t h e  Cleveland 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  Environmental Protect ion Agency (EPA), t h e  State o f  Ohio, and t h e  
City o f  Cleveland. Three 24 push tes ts ,  incorpora t ing  both push and 
t rave l  modes, were performed by BCM. I n  addi t ion,  opac i ty  observations 
were noted f o r  each oven t h a t  was pushed du r ing  the  p a r t i c u l a r  t e s t i n g  
program. 

2.0 SCOPE AND OBJECTIVES 

The scope o f  the  p r o j e c t  was ou t l i ned  i n  BCM Proposal No. 00-4178-12 which 
i s  contained i n  Appendix 1. The f o l l o w i n g  parameters were determined f o r  
each test :  

Gas f l o w  - ACFM and SCFM 

Gas temperature - OF 

0 :  Moisture - % by volume 

Flue gas analysis - % by volume CO2, 02, CO + N2 (by 
d i f f e rence )  

P a r t i c u l a t e  emissions - gra ins /d ry  standard cubic f e e t  
(g/dscf), lbs/hr, lbs / ton o f  coke pushed, lbs/ ton o f  coal  
charged 

Opaci ty - X Opaque 

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 A p r i l  7 through 9 ,  1981. The sampling team 
consisted of  the  fo l l ow ing  BCM personnel: 

. 
1' 
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Robert Alfred - Scient is t  I1 
Nassar Oshkoohi - Scientist 11 
Jeffrey P. Bishop - Technician IV 

Mr. Gene John of Republic Steel acted as liaison between BCM and Republic 
Steel,  and Mr. Bill Weiss of Chemico ensured tha t  the scrubber car was 
operating normally dur ing  t h e  t e s t  periods. Mr. Joe Bryant of Chemico 
observed the tes t ing  performed on the  t e s t  car. 

The following methods of sampling were employed i n  the test  program: 

1. 

2. 

3. 

.. 
-4. 

5. 

Sampling and traverse locations were determined a t  a pre- 
t e s t  meeting on March 24, 1981, attended by personnel from 
the City of Cleveland OAPC and the EPA. 

Gas flow, gas temperature and s t a t i c  pressure measurements 
were made per Method Two of the Federal Register, Volume 42, 
Number 160, August 18, 1977; the  methodology is outlined i n  
Appendix 2. 

Particulate tes t ing  was conducted as per a modified Methods 
Five Federal Register, Volume 42, Number 160, August  18, 
1977. These procedures are out l ined i n  Appendix 2. 

Fyrite oxygen (02) and carbon d ioxide  (CO2) indicators 
(manufactured by the Bacharach Instrument Company) were used 
t o  determine the molecular w e i g h t  of the f l u e  gas. The 
Fyrite d i rec t ly  determines ‘percent carbon dioxide and 
oxygen. The volume percent CO p lus  nitrogen was determined 
by difference. All of these parameters were used to  calcu- 
la te  the molecular weight  of the dry flue gas. 

Moisture content sampling was conducted per Method Four of 
the  Federal Register, Volume 42, Number 160, August  18, 
1977; the  methodology is outlined i n  Appendix 2. 

3.2 Equipment Calibration 

In accordance w i t h  the  accepted procedures publ ished by the EPA, a l l  gas 
velocity measuring equipment, volume metering equipment, temperature 
measuring equipment, and flow r a t e  metering equipment had been calibrated 
w i t h i n  60 days of the  actual t es t  date. Calibration data are contained 
in Appendix 4. 

2 
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TABLE 1 

PARTICULATE EMISSIONS RESULTS 

Particulate Emissions 
Run Con cent r a t  i on Lbs/Ton of  Lbs/Ton of  

Number (Grains/DSCF) Pounds/Hour Coke Pushed* Coal Charged** 

1 -0139 7.81 0.026 0.020 
2 .0188 9.31 0.032 0.024 
3 .0169 8-97 0.028 0.021 

* Based on 280.8 tons of coke pushed during each 24'oven t e s t s ;  see 

** Based on typical yield of 0.75 tons of coke pushed per t o n  of coal 

Appendix 3 computation sheet 

- charged 
. 

5.2 Visible Emissions Procedure 

The opacity was observed d u r i n g  a l l  three t e s t ing  programs. All observa- 
~ t i ons  were recorded i n  accordance w i t h  guidelines established i n  EPA 

Federal Method Nine of the Federal Register, w i t h  the exception o f  the 
guideline tha t  the s u n  be located 140° t o  the  observer's back. T h i s  
guideline could n o t  be met because of the  location o f  the coke ovens; this 

' is. a well-established practice. A l l  observations were recorded by a 
cer t i f ied  BCM observer. 

Opacity readings were taken above the coke car w i t h  blue sky as back- 
ground. Observations began a t  the  s t a r t  of the push cycle OF the quench 
car and continued u n t i l  the quench car cycle completed i ts  r u n ,  which 
lasted two minutes. There were 24 pushes per t e s t ,  each push  occurring 
approximately eight minutes apart. 

4 
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3.3 Analytical Methods 

A l l  samples generated d u r i n g  the sampling program were returned to. the 
BCM Laboratory i n  Norristown, Pennsylvania. Laboratory data are contained 
i n  Appendix 3, Table 3-1. 

3.4 Calculations 

All par t iculate  concentrations, moisture content, gas flow, and molecular 
weight calculations were accmplished t h r o u g h  the use of a computer. Raw 
data gen,erated from the f i e l d  sampling program and the resu l t s  of the 
laboratory analyses were introduced in to  equations presented i n  Methods 
Two, Three, Four,  and Five of the Federal Register, Volume 42, No. 160, 
Augus t  18, 1977. Computer i n p u t  and a l l  other d a t a  appear i n  Appendix 3. 

4.0 SUMMARY 

4.1 Particulate Emissions Results 

The parameters evaluated us ing  the EPA and S t a t e  of Ohio testing methods 
are contained i n  the computer printout a t  the end of Appendix 3. Test 
results are l is ted i n  Table 1. 

4.2 _-Visible Emissions 

The opacity observations were performed i n  conjunction w i t h  Chemico, the 
City of Cleveland DAPC, and the EPA.. The readings are contained i n  
Appendix 2. 

5.0 DISCUSSION 

5.1 Par t icu la te  Testing Results 

The testing for  the quench car par t iculate  emissions was performed w i t h  
minimal f i e l d  d i f f i cu l t i e s .  The s t a r t i n g  time fo r  Test Run No. 1 was 
delayed approximately four hours because of d i f f i cu l t i e s  i n  hooking up 
e lec t r ic i ty  to  t h e  test car. After t h i s  problem was solved, tes t ing  went 
smoothly th roughou t  the  rest of the program. However, i n  Test Run No. 2, 
the ho t  coke began "sticking" i n  Oven No. 81. Therefore, the pushing  
machine was not able t o  p u s h  the coke out. The operator of the quench car 
who in i t ia ted  the scrubbing  cycle was unaware of t h i s  problem. After 
approximately 47 seconds, the  scrubber was turned off .  Because the 
scrubber was only scrubbing clean a i r ,  the  cubic f ee t  of gas samples and 
sampling time from t h i s  push  were subtracted from the appropriate to ta l .  
If they were to  be included i n  the calculations,  the gas flow (ACFM) and 
grains/dscf would drop i n  value and the isokinetics would rise approxi-  
mately one percent. 

? 
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. .I;-- f k  srojecf ;cope t o  ensure Republic and  SCPI w e  i n  - -  -00- 3+ c- I - _.*._., . 
. .  :-:rur$ x a t  t h e  sampiing s i te  i s  prepared for t e s t ing  (see 

i ;:ent %spons i j i l i t y  Sectior.) - - .  

. 
:...? 22 gut-of-stack glzss  Tiizr f i l t e r )  folloded by a f u l l  
i :-~:xy train (which consi:; of two dist ' :led water f i i l e d  

-> - -? i l i c6  :-. f inal  .iqpinger. 
. .  . -._. t q ~ r s ) ,  z ~ ? l o ~ ~ e d  by an ~ z z t y  impinger, acd' then a s i l i c a  

L 7 9 c  , .., ..ill k.2 used for the ! : s t ing .  
A g lass  lined prcbe heated t o  25OoF 
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S:.:T:;? >a:ici l ccz t ioc  and veloci ty  t r m e r s e s  wi i l  consis t  of 

:?A l i n t h c 1  5 samnpling yocedures  wi l l  52 folloded fo r  the 

!I) 

12: 

-f.,,. :-<.>r si:<-pc!<?t saia?iing t raverses .  

q2-yir.:? ,--. . 

.. 
-.. . C L ~  - A  

A sx:le rzte of zpproxirnately 0.3 scfm wi l l .  by us21  for  
cici: 

A b x k  hzlf pa r t<cu la t e  loading will  be generated by evapo- 

s.x?:lincj w i t h  the following exceptions: 

..=+: z . - - . n g  e11 water wzshes a t  105'JC t 5OC, and the residue 
..*2 1 Ish: -;'.?termin& 

L -, --  . - -  - .  TIC:? - ,rCr:.i - A C i X  and SCFi.1 

?:.s :3:?ci;iar weight - Crgat analysis - (CO2,  C2, C3 and 
:;/ . ? < f ' ~ e c z o )  - % by irolume 

.:~':stlir2 c c n t ~ n f  - % by volgme 

rs~:3llrir, ',rein reported separately).  

sax?ii:ic t r a in .  re?ortc..d separately)  . 
!l:siS;e emissions - % opaque (opt iona l )  

.. 
- .  c ? :  t:?TjerF.f:re -"F 
* .  .. 

.. . ' . . ? : r 2 < - * , : - & n  - . L L . . C C . .  concentration -gr/dscf (front-half  a n d  back-klf  of 

?z-+ic:Izte mjs s ion  r a t e  - lbs/hr ( f ront-half  and beck-half of . 

- -  -*,. 2.: ;.we:.:+ c a r ,  T-VI xi11 p r w i d e  two men on-site for fou r  izys with 

E:"SS~S;.S :re r fauired,  BCi*l wi l l  prcwide three men during t h e  
'.% ncc~ss??.: r x 3 i i n g  equipment t o  corp le te  the  t e s t ing .  

xcGr.-.7. 
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EUSIXESS SCOPE 

I t  ' 5  prcoxed t h a t  t he  ou t l ine i  project  scope be performed on a Lump Sum 
b a s i s .  ;n;s f 2 e  is  firm and cannot be changed unless i t  is mutually 
G v . , . : * +  ..-, th': :;;e s c o y  of the work h?is changed from what i s  out l ined i n  
?hi :  zrs,jcz:. 
2f 1:: :.ri :c:;!<eTe< as overtime. 

-. . 

. .  ',ssts are based on 10 h o u r  f i e l d  days and hours :n excess 

LUMP SUN COSTS 

. - i . _  - . 

.-!i:: .:x? ?r?-ie;t Yeetin?, completion of in ten t  t o  t e s t  foras. 

Je:,?;'s 'caLscd cy cmdi t ions  beycnd BCM's c o n t r o l ,  such as p a r t i a l  CT com- 

+:LY the prcj2:t's cmple t ion ,  ' cons t i t u t e  3 Change-of-Scope. 
- -  ;<:.., ....... .. 3 s i e  
r, - L. . I . . . .  2ct t2 c rw  saf&y andior sample qua i i ty ;  crrnsti tute a Chzn92-of- 
Sc2r: 2nd %.:i-; be charged a: the d?lay/overtime ra te .  In addi t ion,  t h e  
- - L - , : . < : .  . .  ' . , ~ .VO?X is k s 2 d  on a 10-hour day [excludigg t r ave l ) .  Any hours 

:E;* l y  v : ' : ,  be charcjed a t  the delay/overtime r a t e  described in  ine ccg- 
-.-..c - - , p  2.' 
+.=,,-<-:J 5iciio:. Any expenses incurred as a r e su i t  of p ro j ec t  delays/ 

, . r" .i .,-.: , ,  _ -, c f  : k i t ? :  as required, t o  minimize weather delays. If 
thc : r o j c :  :E. jmstgcnri within 72 hours o f  the  scheduled s t a r t  d a t e ,  you 
cay ix c3i?.;t?6 a fez  ( cc t  t o  exceed the  mcbilization charge).  

n:.?-- !,- .= ,rcce;1; ~ixt<ci.;ms cr i r r e g u l a r i t i e s ,  strikes, f loods or f i r e s  which 

;i?a;iier cor5'tions which Bci.1'~ F ie ld  Project Engineer considers 
A;so, un-  . -  

F , P ? - - : ? ! #  t t - - . . . , J - . ,  L- the  s x c e s s f u l  completicn of the pro jec t  in excess 3f LO 

9.,.=y- . . .  :: no x: be bi?;od a t  cost p l u s  10%. The 6CN Fieid Pro jec t  Engineer 
. .,, .. . nct i fy  ~ C : J  cf such Changes of Scoge. A t  your request ,  SCY will  o u t -  

. - -  
. - _  

. - .  
.. 

,. . ;icT:< Cn ?:":- .,.., ; -- 3:c-ct mi be s t a r t ed .x i th in  16ca lendar  days o f  ycur 
. .  ?!J';:?;ri%?..Cic,: t3 ;?rcc-.ed and can be rcr,p!eted x i t h i n  30 workin.5 dJys o f  

-, .,Ici.?.;. _ .  the :+el$ N o r k .  This zcheduie j r  our best estimate based 
b.t t h 2  time o f  

---... * A ' * -  .,< 
. .  . r n  n u -  ?n'ci-.?ated Izboratcr;! and. enc.iseering Sxorkload. 
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,-.-, .,̂ . .- ath,criz?i.tion ;3 >roceed, i t  may be gossible  t o  i rprove t h i s  sched- 
- e . , ,  -1 -  2.c i o  "ocPc. - -  ..-.-..--r~. !E the  other hand, an unexpected increase i n  our- ;ab- 

a r i  e a$ lnc~f ing  workload may cause a few days' delay i n  s t a r t i n g  
At.,. - ' -'.l,.'' . -  ~ 

-.-- ..,.-.. 
).,.= 9rszcx:. 

I i v c ~ c e r  ,xi?l 5s s u h i t t e d  mmthly f o r  work completed, w i t h  terms net 

.:I..' ;c? IT.; sn?-cuarter percent (1-1/4%) per month, e f f ec t ive  forty-five 
:cz' .- ,. ci?;;:. <:ftsr ++e cf invoice. This ' represents  an an'nual i n t e re s t  
..:..-. ..... -.. ce 5 f  ~:i:a:n ca-cent 

t:,' ., !r;.y L (33; d;.ys v:tith ?ast-aue balances subject   to i n t e re s t  a t  the r a t e  

_.. (is%)). 

- ...... " - . . .  . . .s ty  Gmage 

Statutory - 

S500,OOO Each Occurrence 
and Aggregate 

S5QQ,OOO Each Ocarrence 
and Aggregate 
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CLIENT ZESPONSI8ILITY 

- , c  ; c ~ e s ~ f u i i y  zmple te  t h e  f i e l d  t e s t ing ,  i t  shall  be t he  responsi- 3j  1:: ... -1 37 .?e?vb!ic S t e l l  t o  provide the following: 

1. A ? l?n t  l ia ison for the XI4 f i e l d  tes t ing  team during the f i e l d  
. . - > L l Z ?  ' . 

.:..:cess io. the  samplino location 

+>- * .  

.. 
L . 
- - -  . .  :iec:ric-poxer ( i l O V  2nd 20 m p  service)  t o  within 50' of t h e  - -.. :,$.?1 i ng 1 x ? t i  on 

'- . ,- \ 7 :  . . n 7 - r - + 4  r C c  z L . n g  data of the cjke oven bat tery d u r i &  f i e ! d  testin4 

i. 
I 
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QUAL!FICATIONS 

-.... . 
. : - : I  a.2 ?~:srx< w;fr 40 tes ts  on the  ENVIROTECH/CHE!~lICO Quench Car 
-.:: . . .g  ::e 92s:  two years. Provided below a re  the locations o f  t h e  
C-Ciectj .:rith p i x z  c s n t x t s  and phone numbers. which Republic should f e e l  
.. .L c.:r.t;rt. 

. .  "..... . .  
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APPENDIX 2 

FIELD SAMPLING PROGRAM 

1.0 SAMPLING PROCEDURES 

1.1 Test Station and Traverse Locations 

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

1.2 Gas Flow and Gas Temperature Determinations 

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 
calibrated "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 the 
principles presented in EPA Method Four. The following parameters were 
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. These modifications did not deviate from established 
sampling principles. 

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 the primary modifications. 

1.4 Particulate Samplinq 

The sampling procedures and sampling equipment used are outlined in Method 
Five of the Federal Register, Volume 42, Number 160, August 18, 1977. 
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The size of the nozzle r e q u i r e d  t o  maintain isokinet ic  sampling was calcu- 
lated fran the results of a previously completed velocity and temperature 
traverse. The .sampling t r a i n  used a glass-lined probe, which was heated 
t o  25OoF by an internal heating element. A nozzle of the calculated s i ze  
was attached to the end of the probe which was inserted into the stack. 
A calibrated "S"-type Pi t o t  tube and a Chromel-Alumel thermocouple were 
attached to the probe and used to  monitor the velocity head and the 
temperature a t  the traverse points dur ing  the  sampling period. Sampled 
gas passed t h r o u g h  the nozzle and the probe t o  a glass f i b e r  f i l t e r  for 
the removal of the suspended par t iculates .  The f i l t e r  was housed i n  a 
heated chamber whose temperature was maintained a t  248OF 225 degrees. 
F ra  t h e  filter, the stack gas passed t o  the  impinger t ra in .  The f i r s t  
two impingers each contained 150 m l  of deionized water. The t h i r d  
impinger contained no. reagents and acted as a knockout impinger. The 
f o u r t h  impinger contained approximately 200 -grams of coarse s i l i c a  gel 
w h i c h  collected .any moisture .and/or vapors~ which had n o t .  been captured i n  
the preceding impingers. 

The second impinger was a 500 m l  Greenburg-Smith inpinger, while the 
f irst ,  t h i r d  and f o u r t h  were 500 m l  impingers of the Greenburg-Smith 
design, modified by replacing the t i p  w i t h  a 1/2-inch ID glass tube. 
Note tha t  the -impinger t r a in  was imersed i n  an ice bath f o r  the en t i r e  
tes t .  period so t h a t  the exist gas temperature would not exceed 68OF. 

Frm' the impinger train,  the gas was conducted through an umbilical cord 
to  the control console, a Model 2343 RAC Stak Samplr which contained the 
following pieces of equipment ( l i s t e d  i n  the  order i n  which sampled gas 
passed t h r o u g h  them): a main valve; a by-pass valve for flow adjustment; 
an a i r t i g h t  vacuum pump; a dry gas meter; and a calibrated or i f ice .  The 
o r i f i ce  was equipped w i t h  pressure taps which were connected across the 
inclined manometer used to ensure t h a t  i sokinet ic  conditions were main- 
tained. A schematic diagram of the sampling t r a i n  is presented at  the 
end of t h i s  appendix. 

The sampling t ra in  was subjected t o  a leak check prior to and af ter  each 
sample r u n .  The inlet  of the nozzle was plugged and the pump vacum was 
held a t  the highest vacuum attained d u r i n g  t ha t  period of testing. In 
a l l  cases, the leakage r a t e  was minimal and d id  n o t  exceed the maximum 
allowable leakage rate  of 0.02 cfm. 

Upon completion of a t e s t ,  the  soiled glass f . iber f i l t e r  was removed from 
i ts  f i l t e r  holder and placed in a pe t r i  d i s h  which was .subsequently 
sealed. The probe and nozzle were washed internal ly  w i t h  acetone; the 

attached to  a polyethylene l ine.  The front half of the glass f i l t e r  
holder was also rinsed w i t h  acetone and the washings obtained were added 

1. 

part iculate  matter remaining i n  the probe was removed w i t h  a nylon brush . .  

. .  

. 
2-2 



t o  those collected from the  nozzle and the probe. A l l  washings were 
stored i n  sealed polyethylene sample bottles for t ransfer  t o  the labora- 
tory. The s i l ica  gel used i n  the f o u r t h  impinger was removed and stored 
i n  a sealed sample bottle. The contents of the f i r s t ,  second and t h i r d  
impingers were combined and measured volumetrically. 

1.5 Field Data Sheets 

The f lue gas velocity head, the f l u e  gas temperature, the inlet and outlet  
dry gas meter temperatures, the or i f ice  pressure d i f f e ren t i a l ,  the  sample 
volume, the sampling time, the  pump vacuum, the  . f i l t e r  temperature, and 
the impinger t ra in  out le t  , gas temperature were recorded dur ing  the 
sampling program. The f i e l d  data sheets generated d u r i n g .  the program 
f 0 11 ow. 

.. . 
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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 BCM 
Laboratory in Norristown, Pennsylvania. The following discussions 
describe the analytical methods employed. 

1.1 Particulate Samples 

All glass fiber filters used in the 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 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. The residue was desiccated and the 
beakers were reweighed to a constant weight. The weight difference was 
the amount of particulate matter collected at these locations in the 
sampl i ng train. 

Acetone blanks were evaporated to dryness in tared beakers, and were 
desiccated and reweighed. Any residue which remained was a contaminant 
in the reagent and was considered a blank weight used as a correction 
factor in subsequent calculations. The laboratory results of the particu- 
late sampling program are listed in Table 3-1. 

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 of the impinger solutions, 
minus 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 sampling train. This volume 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 combined with 
the laboratory results on the computer input data sheet to facilitate 
programing. The computer input data sheet follows Table 3-1. 
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3.0 EQUATIONS FOR THE CALCULATIONS OF TEST RESULTS 

The equations following the data i n p u t  sheets were programmed ' i n t o  the 
computer t o  f a c i l i t a t e  the calculation o f  the test program resul ts .  The 
equations were prescribed i n  Methods 2, 3 and 5 o f  the Federal Register, 
Volume 42, Number 160, August 8, 1977, appropriately amended, and used t o  
calculate the  .results of par t iculate  testing and flow, temperature, and 
s t a t i c  pressure testing. 

4.0 PARTICULATE TEST RESULTS 

The complete results o f  the computer analyses of the  data generated from 
the particulate t e s t  program are presented on the computer p r i n t o u t  a t  
the end of this  appendix. 

! 
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TABLE 3-1 

LABORATORY RESULTS* 

w I. 

(i 
E Run Number 

Particulate Results 
k i l t e r  P&C* Total Catch 

(mg1 

8.8 
10.5 
10.9 

14.8 
18.3 
14.0 

* Blank corrected 

-** P&C = Probe and cyclone; includes acetone 
cyclone, and front-half of f i l t e r  holder 

wash of 

23.6 
28.8 
24.9 

nozzle, probe, 
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