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February 12-13, 1979 

INTRODUCTION 

Tests t o  determine p a r t i c u l a t e  emissions from the baghouse serving 

Coke Oven Battery E were conducted on the  above da tes  by technical  

personnel of Environmental Quality Control, Kaiser S t ee l  Corporation. 

Visual emission observations of t he  discharge s tack  were made du.?ing the 

same period by representat ives  of t he  South Coast A i r  Quality 

Management D i s t r i c t  (SCAQMD) and Kaiser S tee l  Corporation (KSC). 

The t e s t s  and observations were conducted pursuant t o  Paragraph X 

of t he  Amended Consent Decree entered on  September 30, 1977 a: the 

U.S. D i s t r i c t  Court, Central  D i s t r i c t  of Cal i fornia  (Case No. CV76-0675XXL). 

The baghouse was i n s t a l l e d  a t  Coke Oven Battery E f o r  control  of 
par t i cu la t e  emissions i n  the e x i t  gases from heat ing of t he  coke ovens. 

The control  equipment w a s  i n  operat ion about two weeks p r i o r  t o  these 

t e s t s .  

of having baghouses i n s t a l l e d ;  Battery E i s  the second to  be tes ted  

t o  determine the  e f f ic iency  of baghcuse control  of p a r t i c u l a t e s  o r i g h a -  

t l n g  from coke oven s tacks.  

1978.) 

PROCESS DESCRIPTION 

The remaining coke oven b a t t e r i e s  (B, C. F, G) a r e  i n  the  process 
\ 

(Battery D was tes ted  November 27-28, 
I ~ c W \ s . D k . - - ~  60- -..- 

6 2 ~ -  \w - 
&- 

Table 1 l is ts  per t inent  data  f o r  t h e  coke b a t t e r i e s  a t  KSC. 

oven is charged with about 14  tons of coal from an overhead l a r r y  car  

and heate.d f o r  16  t o  18 hours t o  complete t h e  coking process. A t  the  

end of t h i s  period, t he  incandescent coke is ho i i ton ta l ly  Tushed from 

the oven i n t o  a receiving ("hot") car  for  quenchiag and t r a n s f e r  t o  

t he  b l a s t  furnaces. 

on the s i d e  of t he  ovens opposite t o  the hot car .  Charging i s  dcne 

immediately a f t e r  the e v u l s i o n  of t h e  coked product. The sequence gf 

operations i s  shown schematically on Figure 1. 

Each 

The pushing is accomplished with a ram which t r ave l s  

, 
The ovens of Bat tery "E" a r e  heared with b l a s t  furnace g2s, using 

about 1,400,000 cubic f e e t  per hour of .8S BTUjft.3 heat content.  ("his 
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is in cont ras t  t o  180,000 scfh  of 500 BTU/scf of coke oven gas used f o r  

B a t t e r y  D.) The br ick  work surrounding the ovens is used f o r  regenera- 

t i v e  heating of t he  combustion a i r  being introduced, employing a reversa l  

cycle  every 30 minutes. 

coke ovens a t  KSC a r e  shown i n  Figures 2 (Bat te r ies  A-E) and 3 (Bat te r ies  

F-G). 

recovery processes. (Note: Figures 2-4 are intended f o r  general  infor- 

mation regarding these processes, and not  necessar i ly  s p e c i f i c  for  KSC 

operations.) 

The general  configurations of t he  two types of 

Figure 4 shows a s implif ied flow sheet  of t h e  coking and by-product 

Emissions from t h e  combustion of :he b l a s t  furnace gas used to  heat 

B a t t e r y  E ovens a r e  drawn through a baghouse by a 500 HP induced d r a f t  

fan and discharged t o  atmosphere through a 225-foot stack. 

manufactured by American A i r  F i l t e r  (AAF), cons i s t s  of s ix  sec t ions  with 

a t o t a l  of 1,080 "silicon-graphite' '  t r ea t ed  f ibe rg la s s  bags of 49,760 f t .  

t o t a l  a rea  (design a i r l c l o t h  r a t i o  f o r  100,800 ACFM i s  about 2 : l ) .  

baghouse is insulated t o  maintain operating temperatures near 350°F. 

baghouses being constructed f o r  t h e  o ther  b a t t e r i e s  appear t o  be  s imi la r  

t o  D and E. 

The baghouse, 

2 

The 

The 

Although the b l a s t  furnace gas f u e l  i s  f a i r l y  c lean,  mater ia l  d i s -  

t i l l i n g  from the coke oven charge can leak  through cracks i n  the br ick 

work i n t o  the combustion gases, introducing pa r t i cu la t e s  i n t o  t h e  coke 

oven s tack  gases, with consequent v i s i b l e  emissions ( i f  uncontrolled) 

that could vary from 10 percent t o  p rac t i ca l ly  100 percent a t  cimes. 

This v a r i a b i l i t y  is due t o  d i f fe rences  i n  the condition of the br ick  walls 

of ovens within a ba t te ry ,  and t h a t  the cracks,  i f  present,  w i l l  be sealed 

by fusion of the mater ia l  some f i v e  t o  ten minutes a f t e r  charging, for 

any individual  oven. 

SAMPLING .4ND ANALYTICAL PROCEDURFS 

The sampling was conducted a t  the o u t l e t  duct of the baghouse a t  

The gases t r ave l  a point upstream of t h e  induced d r a f t  'fan and stack. 

v e r t i c a l l y  domward with an approximate 26-foot run p r io r  t o  the sampling 

s t a t i o n  (an approximate 2-1/2 x 8-foot rectangular cross-section of duc t ) .  

Two sampling por t s  were used on the shor t  s ide ,  sampling a t  s ix  points  

along each t raverse  f o r  a one-hour t o t a l  sanplino, time for  each t e s t  (see 



c 
1, * 

data  shee ts ) .  Great care  was used i n  the introduct ion and removal of rhe 
sampling probe and nozzle i n t o  and from the duct due t o  the high negative 

s t t i t i c  pressure (10 tt 11" H20). 

The procedure followed EPA Method 5 equipment and procedures, a l so  

including the processing of "back-half'' (impinger) co l l ec t ion  t o  deter- 

mine t o t a l  pa r t i cu la t e  matter.  

with applicable l o c a l  regulat ions.  

This was necessary t o  determine compliance 

(See Discussion of Data and Results.)  

I n  addi t ion t o  p a r t i c u l a t e  sampling, samples of gas were asp i ra ted  

from the d u c t  a t  five-minute i n t e r v a l s  i n t o  a 2 cubic foo t  p l a s t i c  bag 

t o  obtain an in tegra ted  average gas  sample f o r  each one-hour test. The 

contents of each bag were analyzed a t  the laboratory using Horiba "A/ 

200 and MEXA/201 in f ra red  analyzers f o r  carbon dioxide and carbon monox- 

ide,  respect ively,  and a Teledyne oxygen analyzer. Yitrogen was determined 

by difference.  

The technique used by KSC personnel during the  sampling and sample 

processing (nozzle-probe, f i l t e r ,  impingers) appeared exce l len t  t o  t h i s  

observer. The personnel have many years experience i n  sampling f o r  pa r t i -  

cu la tes ;  a l so ,  t he  equipment was i n  excel lent  condition and shoved carefu l  

maintensnce. The weighing of t he  f i l t e r s  and determination of the impinger 

residue weights w a s  not observed due not  only t o  p rac t i ca l  l imi t a t ions ,  

but  a l so  deemed unnecessary because of the competence demonstrated by 

the  laboratory personnel. 

DATA AND RESULTS 

The test data ,  ca lcu la t ions ,  and resul ts  a s  submitted by Kaiser 

S tee l  Environmental Quality a r e  included i n  the Appendix. The pa r t i cu la t e  , 

matter concentration and emission rates were determined by th ree  methods 

due t o  the d i f f e ren t  i n t e rp re t a t ions  of pa r t i cu la t e  matter by (a) the 

former San Bernardino County APCD, and (b) the present SCAQMD r u l e s .  
These a r e  as follows: 

(1) Rule 52A: 

of the San Bernardino County APCD. Rule 52A, r a the r  than Rule 

404(a) of the SCAQMD (see (2) belQw), apparently is par t  of the 

Cal i fornia  SIP  a s  submitted t o  EPA, hence is st i l l  considered 

e f f ec t ive  for  compliance determinations. Rule 5?A requires  a l l  

This r u l e  was formerly i n  e f f e c t  during the  existence 
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collected particulate matter, liquid or solid, to be included 
in concentration calculations; i.e., "front-half'' plus total 

condensables in the "back-half'' of the Method 5 sampling train. 
The KSC summary sheet shows the Rule 52A test results and maxi- 

mum allowables. 

(2) Rule 404(a) : This, the present particulate matter concentration 
rule of the SCAQMD, requires exclusion of all liquid sulfur com- 
pounds from the particulate matter weight. In  practical terms, 

this excludes sulfuric acid which i s  known to exist as the di- 
hydrate (H2S04.2H20) when the impinger residue is evaporated to 

dryness and desiccated (the determination of H2SO4 is made by 
titration; this yields the mst conservative value, as has been 
.determined in analyses over many years by the Los Angeles County 

I APCD laboratories). 

(3) Rule 405(a): This, the present particulate matter mass flow 

rate rule of the SCAQMD, is based upon solid particulate matter, 
as defined by SCAQMD Rule 102. The latter defines solid parti- 
culate matter as "particulate matter which exists as a solid ac 

standard conditions". 

particulate matter which may be collected by the "back-half'' of 

EPA Method 5 train. Thus, solid particulate matter as defined 
by the SCAQNLI includes the total front ,and back-half collec- 

tion of the sampling train, less sulfuric acid dihydrate [as 

f o r  Rule 404(a)], unless the presence of other liquid parti- 
culate matter can be shown. 

On the above, the SCAQFfD and the writer are in agreement, as 
confirmed with both Xessrs. C. O'Malley and W. B. Krenz by tele- 
phone on March 22,  1979. 

The recalculation of solid particulate matter by SCAQ?m interpre- 
tation yields (as would be expected) higher emission rates than 
by the KSC calculation, which used only the "front-half'' coilection 

of the sampling train. The recalculated mass flow rates are 

shown as circled value2 on the KSC Summary and the various calcu- 

lation sheets. 

This definition does not exclude any solid. 
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Other than the  Rule 405(a) r e s u l t s ,  a l l  of the KSC ca lcu la t ions  

were checked and found t o  b e  accurate ,  with only one small di f fe rence  

in grldscf f o r  T e s t  2. 

PROCESS EQUIPMXNT OBSERVATIONS 

The following process equipment observations were obtained by the 

writer and by Gerald R. Brown, Research Engineer, KSC. 

Baghouse 

Date Gas Pressure Stack 
T e s t  & No. of No. of Reversal Drop Temp. Opacity 
NO'. Time Pushes Charges Times (in.H20) (OF) - (1,leter) 

1 2-12-79 4 3 0952 8 . 5  350 3% 

2 2-12-79 5 4 1322 8 . 3  355 0-1% 

3 2-13-79 O* 1* 0922 7 . 6  355 3% 

(0945-1047) 1022 

(1315-1418) 1352 

(0855-0958) 0952 

* 3 pushes and 2 charges j u s t  p r io r  t o  test. 

According t o  Kaiser personnel, t h e  baghouse f i l t e r  bags are c leaned .  

by reverse a i r  pressure when the pressure drop a t t a i n s  10 'inches of water. 

After about two weeks operation, t h i s  had not ye t  occurred, and very l i t t l e  

material (extremely f i n e  and f lu f fy )  had accumulated i n  the baghouse 

hoppers. 

VISIBLE EMISSIOX OBSERVATIONS 

M r .  R. Bean, Engineering Inspector 11, SCAQMD, was present t o  observe 

emissions from Bat te ry  E s tack  during the source t e s t s .  

a r e  included in the  Appendix. 

APCD and 401 of the SCAQMD limit v i s i b l e  emissions of 20 percen t  o p a c i q  

or grea ter  to  no more than three  minutes during any hour.) 

H i s  observations 

(Rule 50A of t h e  former San Bernardino 
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FIGURE 1 

CHbRGING, LEVELING AN0 PUSHING OPERATIONS 
IN ONE COKING CYCLE OF A BY-PRODUCT COKE OVEN 

a TM mrC FROM W E  W R T  HOPPERS WAD OROPPED INTO IWE OVEN CHAMBER. FORMING 
E W E 0  PILES, 

RAM OF PUSHER 
-TL_--- I 

" i U 1 l U l  

L THE R I M  OI THE PUSHER A0YaNCE.l TO PUSH THE INCIXOESCEIT COKE CUT OF THE O V U I .  
TWlOUol THE W X E  GUlCE &no INTO THE CUENCHL" CAR. 

Reference: "The Xaking, Shaping, snd Treating of Sceel", edited 
by Harold E. ?IcC;mnon, ?;lblished by U . S .  S tee l .  
Edition (December, 1 9 7 0 ) .  

Chapter 4 ,  Ninth 
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FIGURE 2 

! 

prduct cake oven. 
Company, 1°C.) 

.. (Courtesy. Koypcrr 

... . 
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FLC. 4-211. Transverse rectianr through a Koppen-Becker mmbination pm-flue type byproduct cuke-oven battery. (Cottrlesy. 
Kopperr Company. lnc.). 

Fzc. 4-2%. Langihdinal section (lek) through :'m nozzler and 
(right) through air ports oi a portion of il Koppcr~-BrcLrr 
mrnbination pin-flue type by-prodnct coke-oven battery. (Caar- 

Fic. 4-28. E n l ~ r y d  sections thratigh ~s nozzles iind air pnrtr 
of ti KupperrBecLer renibiuation 38"-llue type of Ihy-lmxltict 
coke oven. rhowing d e t d  of pmt of F i p e  +A%. (Cuunesv. 

tny.  Kopprs Catnprny. 1°C.) Koppm Cumparty. 1°C.). 

Reference: Same as for Figure 1. 
-9- 



Reference: Sane as for Figure 1. 
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APPENDIX 

Summary - KSC Coke Plant Battery E Compliance Tests 
Test 1 

Particulate Field Data 
Laboratory Analysis Data 
Calculations 

Test 2 
Particulate Field Data 
Laboratory Analysis Data 
Calculations 

Test 3 
Particulate Field Data 
Laboratory Analysis Data 
Calculations 

Visual Emission Observations 
Tests 1, 2, 3 - R. Bean SCAQHD 
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LA3ORATC;X PJ!ALXIS DATA 
PARTICULATE SOUWE SAEJLE 

Analysis Date(s) zhz -2 /cA. .~  Analytical Chemist 

MOXSTLPS DATA: 
1. Fina l  Vol. H20 i n  Imp. J?;'J ml.  5. F ina l  W. S i l i c a  G e l  gm. 

gm. 2. I n i t i a l  V o l .  H20 i n  Imp. 2 g O  ml. 6. I n i t i a l  Wt. S i l i c a  G e l  . .  

3. Vol. H20 Cor!densed 7 / d .  7. Weight Gain /40 gm. 

4. Vol. Wash H20 

PARTICLUTE DATA: 
Front Hall: Back FIalf: 

3. Fina l  F i i t e r  !.ieight 337** ng. 13. Total  Condensables 31.6 mg. 

.lo. F i l t e r  Par t icu la te  15. Net Comiensables 

-11. Probe Par t icu la te  a ,  yng. 
12. Tota l  Par t icu la te  3.6 mg. 

. .  
. .. , 

16. Acetone Wash 90 'd. ' 

= / / . 0 3  ' I  .18. $02 /a7 61 

Other 
21. 

22. 

23. 

I 



I. Necessary Data: 

A. No. cf t raverse  p i n t s  /2 

B. To ta l  test time, ( e)  Lo minutes 

C. l iater collected: 
1. Impinger H2Q; V ~ . g a f i .  

2. S i l i c a  Gel, kk2o. / f  gm. 

1. Front  H a l f ,  Mf 0.003d 0. 

2. Back Hal f ,  Hb & . 0 3 / L  @* 

3. Back Half H2SO4*2H20 f l , 0 / 7 /  €W. 

D. Par t icu la te  Wslght: 

E. Volums metered 

52.3 ' CF /. 0 v, = 523 CF x DGKCF = 

F. Average- 0.979 ("H20)' 

G. liverage AH 2,q9 "H20[13,6 = 0./8 "Hg 

H. Average meter t e q x r a t u r e .  Tm 

I.. . Average s tack  tenperature,  Ts 332 OF+UO= 79.7 or( 

J. Stack absolute pressure, P, 2x30 "Hg 

K. Stack static pressure --/O.L "E20 

L. Barcnetric p r e s i w e ,  Pb 29, OX  "Hg 

M. $ c02 / 49.5 : $ 02 //.03 i $ CO 0.44 

23 % i 4 6 0  = 543 OR 

. . 
i $ N 2  73. Sf 

N. Area of s tack,  As JL47 ft2 

0 .  Area of nozzle, o , a o 0 3 ~ /  f t2 

P. P i t o t  t ube ' f ac to r ,  cP 0 . w  
. .  



, ., 
' I  I 

II. Calculations: 

A. Staldard Volume l i e b r e d  
(pb +& 

X 
Tstd  

*std 
'm( s t d )  = vm x 

Tm ( J4!Zd "Hg) 
= 17.390 x ( 52.3 CF) x = +a?%' dscf 

'n( std)  ( <+? OR) 

B. Hoisture Content of Stack Gas 

1. 

2. 

3. 

H20 col lected i n  h p i T e r s  

Moisture Content o f  Stack Gas, 9,, 
'wc(Std) + 'wsg( s td)  

Bws = 
'wc(std) + 'wsg( s td)  + Vm( std)  

( 39.2 scf)  + ( 0.45 scf)  
Bws = = 0,078 

( 3.93 scf) 4. ( 0,&5 scf) + ( +X% scf)  

C. Molecular' Weight of Stack Gasl lbflb-mole 

D. Average Stack Gas Velocity 

= 6 x 9  f t / s o c  

.:- 
. .  

. . . .. .~ . . . .  . 

. . ~ ~ .  . 
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LA3GRATGRY AXALYSIS DATA 
PAFLTICLZATE SOE’.CE SMFLE 

Analysis Date( s) J / z  - 2/1,?/75 / I  Analytical  Chemist 

k!OIS’iW?E DATA: gm. 
.l. Fina l  Vol. H20 i n  Imp. 7.% ml.. 5. F i n a l  W t .  S i l i c a  G e l  - 

v. 2. I n i t i a l  Vol. H20 i n  Imp. 2 0 @ ml. 

3. Vol. H20 Cordensed 

6. I n i t i a l  Wt. S i l i c a  G e l  __ 
72 id.. 7. Weight G a i n  /2Jf gm. 

4. Vol.  Wash €I$ a x f  I&. 

PLlTICLL4TE DATA: 
Back Half: 

10.7 ng. 13. Tot21 Condensables - Front Half: / 
8. F ina l  F i l t e r  Keight 3VT1\ ng. 

10. F i l t e r  P a r t i c d a t a  9.6 mg. 15. Net Condensables 

ll. Frobe Par t i cu la t e  / , 3  mg. 

12. Tota l  Pa r t i cu la t e  1.7 ng. 

16. Acetone Wash 

, 

4 . .  18. $02 /o. 9 //* /3 ‘ I  . 

Other - 
21. 

22. 

23- 



RUN KO.- 

.. . .  I. Xecessary Data: 

A. KO. of t raverse  pints 12 

3. Back H a l f  HzS0$'2HzO ,o n I 4 - 2  P. 
. .  

E. Volume ketered 

F. 

G. 

K. 

I.. 

J .  

K. 

L. 

1.1. 

N. 

0 .  

P. 

. 

50.7 CF 
/. 0 vm = 50.7 CF x DG?iCF = 

Averase a 0.94$ ("H20)' 

**Hg Average AB 231 "Hz0[13:6 = 0-17 

Average meter teRperature,, T, 92 9 460 = 
Average s tack  t e q e r a t u r e .  T, 3 3  I 9 + 460 = 771 

Stack absolute pressure, P, 
Stack static pressure /0.4 "HzO 

1 

. .  

55.2 % 

OR 

2% 26 'PHg 

Baromtr ic  pres&=, Pb 22 02 "HE 

/% /3 : CO 0.32 ; I i ~ . ~ 3 . 7 0  5 co2 / d Y 7  1 $ 0 2  

Area of s tack ,  As 21.9'7 ft2 

f t2 Area of nozzle, d.000  3+/ 

P i t o t  tube fac tor .  Cp cz8'-/ 



11. Calculations:  

B. E1oisture Content of Stack Gas 
4 .  

1. H20 col lected i n  impingers 

( 3 . 3 Y  SCf) -+-(-- D.57 scf) 
c 0.677 

BWS = 
( 3.39 scf )  + ( 0.57 scf )  + ( 4 L O  scf)  

C.  14oleculz. \:eight of Stack Gas, lb/lb-nole 



L .... .* .- . .. 
, . . .  

$1.. 

E. Average Stack Gas Volumetric F l o w  Rate - Ts td  ps 
Q, = (3600 sec/hr)  Ts A, (1 - Bws) - - 

ps td  Ts 

. . .  . 

F. 

G. P a r t i c u l a t e  Concenkration 

1. Total P a r t i c u l a t e  ( R L  .c 4 

J.  

/ 7 /  

i 

.. . 
. .  

. '  ; 

' . . .  
. ,  . . ... . . .  

*\ .,. ;. 
.. .. . .  .. . .  . .. ~ , ., ,. . 

, .. _. 
. .  +'> . . .  . . .  \ . ,  , .  . , .. - 

' .i ... . . -: 
. .  . .  

. .  -. . . - 
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Analysis Date( s) 4 3  - d d 7 ' 7  Analytical  ChemFst 

~OISXJXE DATA: 
gTp. 1. F i n a l  Vol. H20 i n  Imp. gpfnit. 5. F ina l  W t .  S i l i c a  Gel 

e. 2. I n i t i a l .  Yol. H20 i n  1 n p . d  90 nit. 6. I n i t i a l .  W t .  S i l i c a  Gel 

3. Vol .  H20 CoEdensed Tynit. 7.  Weight Gain /3JS gm. 

4. Vol. Wash H20 &?v d. 

PARTICmSTZ DATA: 
Front Hali: Back Half: 

8. F i n a l  F i l t e r  Weight z ? Y ~ ,  7 mg. 13. Tota l  Condensables / 7, f icg. 

9. I n i t i a l  F i l t e r  'daight 3 Y L 0  mg. 14. H2S04'2tI26 J..t/ ng- 

10. F i l t e r  Pa r t i cu la t e  1.3 ng. 15. Net Condensables 13.1 ng. 

11. Probe Pa r t i cu la t e  a.4/ ng. 

12. T o t a l  Pa r t i cu la t e  3.7 mg. 

16. Acetone Wash / a2-d. 

Other - 
21. 

22. 

23- 
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1. R20 co l l ec ted  in inpingers 

3. 1,loiature Content of Stack Gas. B,, 
v ~ ~ c (  std) -b 'wsg( std)  - 

Bws - . 'wc( std) + 'wsg( std) + 'm( st.d) 

( 3.94 s c f )  + ( D.L/ scf) - - n.o4/ 
E, = 

( 3,9# S C f )  + ( G.G/ Scf) + ( qx%? S C f )  

I). Average Stack Gas Veloc i ty  - 



E. Average Stack Gas Volunetric F l o w  Rate 
Tstd  ps 

'std Ts 
= (3600 sec/hr) ys A, (I - Bws) - - 

F. 
. .  

G. 

. .  

. .  

. 
. , . .  

= 0.0 057 g:/dscf 

. .  3. Front Half P a r t i c d a t e  
Nf cf = - x 15.43 

vm( std) 

gr/dscf + 

( 0,0037 P) 
Cf = x 15.43 = 0 .00 /3  

( 4x92 dscf)  

. . .  
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( ) L e f t  Shoulder 
( ) Other 

SU? - 7 n  
Back of OSsemer  . .  

.' ( ) 'Right  Shoulder . 
9 mnac . of - 6&Ti1?i?y .E 
.. . Emission P o i n t .  5 

? 



Color- . Dispersion Description 

I =* Stack Height ZZ? (ft) Observer loca t ion :  Leo,--) S C  -of stack 

. .  sun 10c-" 
( 6% of Observer 
( ) Right Shouldar 

( ) . ];eft shou lde r  .. 
._ .( ) Other 

. .  :, . 

. .  
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. .  ft shoulZ2r sun location 
( -  ) Back of observer ( 1 Other 

. . _  i ( ) . R i g h t  Shoulder . _.. ... . , . _. . . .  . , .  . . . . . . . . .  . . . . . . . . . . . . . .  
&ssion. p o i i t  . -: 

. . . .  



C o l o r  D i spa r s ion  Descr ipt ion 
F 

Stack Height 2 2 5  ( E t )  Observer l oca t ion :  6 z ( f t )  S G  Of. Stack 

Sun l o c a t i o n ’  
. ( ) Rack of Observer  

( ) R i g h t  Shoulder 
. . i  . . .  . .  .. . .. . .. . . .. .. 

Emission Point - 

- . .  . -  ... . . .. . . _ .  _ .  . .. 
. .  . .  . . .  . .  

. .  
. <  . .  
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. .  ......... . . . . . .  . . .  . . . . . .  .. . . . . . . . . . . .  . . .  ...,-. . 
Syltbols' ' 

.%* - .  i .. _5 _, ..--. -._. , ... . .  . . .  . .  
. . .  . po in t  ;+here p>x& o5servea ..- - - .- - . ' ... . .  

. .  .... _ .  _.. 
. .  

s;n = g< . . 
pi,& d i r e c t i o n  '= -? . . Observer . .  = 4 : . '  ; . . . .  r.. . .  

. . .  s . , . . - . . .  . . .  . . .  . . . . . .  . F- . _  - ,'. . 7 . _: .. ._  . .  _ .  .. . .  . * .  

... _:--s 

. .  . .  ..., \ 
:_ -. .- . .  

k l a t e r  Vapor ConCensat2 
' 

. . . . .  _. ._.. ... . .  . . .  .-. 
. . .  ..... . ._. . . . . .  . . . .  , .  

. .  . .  . .  
- . . - .  .- ... . ::I 

__ 
. . . .  . .  - .  ' .. 

IIone ('..I 1 . . ...... . 
. . .  -. .- . .  ..; -. I . . . .  . . .  . . .  . . . . .  c : . ._-. 

Enclosed' ( 
. . .  . . . . . . . . . . .  . . . . . .  . . . . . . . .  . -.- - - - -i - . . . .  . .. . ...... .. ...I _ .  

pi-,o-kographs: S&A ;File. ( -). 
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~&any  \FA$gQL S I T E ~ ' ~  .- 

fate 13 F~, ,  79' (c,.f'd) Time F i r s t  Sighted P h m e  

rime Start 030.q Time Stop l h  30 
. . .  

Lir Tenperatcre "f Relative H u m i d i t y  070 

sky Condition ' a- Backqround 5- 

P l u m s  Characteristics: . .  

gind Speed o-Z-34 ~Wina Direction- 5.a - 

Continuous: ( ) yes . (<.no 

-color' Dispkrsion Descr ipt ion 

Stack  Height .?= (ft) Observer locat ion:  G=(ft) SLc . of s t a c k .  

Sun l o c a t i o n  
, ( ) Back or' O b s e k e r  ( ) Left Shoulder . .  

( ) Other 
' ( / n i g h t  . .  shoulder . .  

. .  . .  - . . . . . . .  

1 . .  
E m i s s i o n  Point.  G -.flf&rc& s TACL 

. .  

. . . .  
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, rmzs: --- 
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' cc . . .  . . .  . .  . . .  . . . . . . . .  Pd .., . . . :. 
SJmbOlS . .  

sa?..= *' . . . .  . .  
. . . .  ... . . . . . . . . . .  . . . . . . . .  . . . . . . .  .l- . . . . . . . . . . . . . . . .  .,;,.,, . - . 

point where' plG,ie observed = ..... - 
... . .  .. 

. .  
. . . . .  .- . .  

.... . . . . . . . . . . .  . .  . .  .. Obseryer.= 4 . .  
. . . . . . . . . . . . .  . . .  ... . .  .. . . .  .. 

.p1t-me direct ion = --P ' :  

.--: ..  

. . .  
r... . .  

. .  Vrater v&& cc&tekarg . .  
. . . . .  . .  - . .  . . . .  . 1  

... . . . . . . .  .. None ' (  1 '  . . . . . .  . . .  Enclose5 (. ) 
. . . . . .  . .  - I . . .. ... . :. . a,. . . . . . .  . . . . . .  . . . . . .  . . .  ~ -. . ..: . . . .  . .  

pi&ogra&s:. s&& F i i e  . (  , I  
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