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ABSTRACT 

On May 1 3 ,  1982 a Chemecology Ccrporation source t e s t  team, under t h e  supervis ion  
of L e s l i e  Johnson, t e s t e d  a t  Lonestar I n d u s t r i e s  in Davenport, Ca l i fo rn ia  ceaeiit 
p l a u t .  The t e s t i n g  was done t o  determine p a r t i c u l a t e ,  :;Ox and SC2 (NSiS w-:1 %'c) 
compliance with both EPA and Monterey Bay Unified APCD. Observiog f o r  EPP. was 
Robert Bishog with Monterey Bay Unified APCD obser-?ers being Kenceth Kitts and 
Fred Thoi t s .  

T r i p l i c a t e  EPA Method 5 tests were performed a t  both the  !4511i and C l i ~ k e r  Cooler 
Stacks.  T r i p l i c a t e  h a l f  hour NOx, SO2 and 02 continuous ~ o n i t o r ~ g  t e s t s  were 
done a t  t h e  Main Stack 

Tfie following t a b l e  l is t  app l i cab le  r egu la t ions  and a c t z a l  eiziesions: 

Emission Limits Actual Bzissions 

Main Stack - 
NO, 165 ppm 129 

182 l b / h r  214 

P a r t i c u l a t e  Matter 0.30 lb / ton  of  feed C . C 6  
40 l b / h r  20.3 

Clinker  Cooler 

P a r t i c u l a t e  Matter 0.10 ib / ton  of feed  G.02 

~ 
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Client :  Lonestar I n d u s t r i e s  

S i t e :  - Main Stack 

Dete: -- : ? a ~  13, 1982 

Time: - 1032-1201 1301-1426 

Procass Conditlcns: - 
Kiln Faed Rate; TPH: 165 165 

ACPM: 226,100 226,000 

SDCFM: 156,600 155,2110 

Td; O F :  19'1 19 8 
b COP: 1 4  .2 13.4 

$ 02: 14.3 13 .8  

$ Ii23: 12.9 13 .1  

P a r t i c u l a t e  Fmissions: 

F i l t e r  Co;  graks/SDCF: 

Probe & Xczxle Co: 

Condensables Cc:  

Total  Co: 

E .R.  l b / h r :  

Z.R. l b / t o n  of k i l n  feed:  

Average E . R .  1b/hr: 

Average E.R.. lb / ton:  

Constant Monitoring: 

% 02: 14.2 

?I%; ppm: 189 

NO,; l b / h r :  214 
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SELECTED RESULTS 

Cl ient :  Lonestar I n d u s t r i e s  

S i t e :  Clinker  Cooler Stack 

Date: May 13, 1982 - 

Time : - 1014-1134 1250-1356 1457-1604 

Process Conditions: 

Kiln Feed Rate; TPH: 165 165 165 I L  \l 

ACFM: 107,500 107,430 104,500 

SDCFM: - 
71,300 70,800 71, j00 1 1 .  -,CG 

Td; OF: 317 293 - .  . 
317 ,,. : r 

$ C02: 0 0 0 

% 02: 21.0. 21.0 21.8 

$ H2O: 1.1 1.6 1.1 

P a r t i c u l a t e  Fbissions:  

F i l t e r  C o ;  grains/SDCF: 0.0058 0.0069 0.0042 

Probe & Nozzle Co: 0.0003 0.0008 0.0012 

Condensables Co: 0.0036 0.0017 0.0041 ' .  . 
Tota l  Co: 0.0100 0.0094 0.0095 0. L,LI 76 3 

E.R.  l b /h r :  5 .93 5 .71  5.83 

E.H.  l b / ton  of k i l n  feed: 0.02 0.03 0.02 

Average E.R.  l b /h r :  5.82 

Averaee E . R .  lb / ton:  0 9 2  0.03.' 

b 
- ~- 
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VEJ.OCITY TRAVE3SE MID VOLWE: FTDbl RATE 

REF: Environmental Protec t ion  Aeency, Code of Federal Regulations, 
T i t l e  40, Par t  60, Ap~endix  A ,  r'ethod 1 and 2 ,  1981 

: Bay Area AQW, Manual of Procedures, Sar~  ~ r a n c i s c o ,  CA, Method St-17 
January, 19e2 

: AS?.!E: Performance Test  Code #27, New York, NY, 1957 
: ASTM 0-2928-71 
: Western P r e c i p i t a t i o n  Division of  Joy M a n u f a c t u r i n ~ ,  \I?-50, 1968 

Duct temperature and ve loc i ty  were read a t  each o f  severa l  t r ave r se  oo in t s  
wi th in  the  duct .  The number and loca t ion  o f  t r ave r se  poin ts  w;is chcsen 
t o  a i d  i n  t h e  e x t r a c t i o n  of a r ep resen ta t ive  sample ( i . e .  by E V A  hletbod 1) .  
Velocity head was determined usine; a c a l i b r a t e d  t,ype "S" n i t o t  tube ar.d 
Vamehelic  d i f f e r e n t i a l  pressure  eaure .  Duct temnerature was measured by 
means of a thermocouple a t tached t o  t h e  p i t o t  tube.  S t a t i c  oressuri3 gas 
measured with the  Magnehelic and one l e g  of t h e  p i t o t  tut,??. Using the  
molecular weight and t r ave r se  d a t a ,  v e l o c i t ! ~  was ca lcu la t e , i  a t  each t r a v e r s e  
poin t .  From the  average ve loc i ty ,  duc t  a r e a ,  temperature, D!-essuve and 
composi.tion, a c t u a l  and standard a s  volume f lou  r a t e  wt?.re calculated f o r  
t h e  d ~ c t .  

CALCULATIOEIS : 

Performed by computer based on the fol lowin? equat ions :  

Symbol I d e n t i f i c a t i o n :  

Ad = duct  a r e a ,  square  f e e t  
Cp = p i t o t  tube co r rec t ion  f a c t o r ,  u n i t l e s s  
D = duc t  diameter ( c i r c u l a r  d u c t s ) ,  inches 
k = number o f  t r a v e r s e  poin ts  on D o r  I-! 
L = d u c t  dimension having p o r t s  ( r e c t a n ~ l a r )  , inches 
End = molecular weight (wet) 
n = t r a v e r s e  poin t  number on a diameter  
Ap = v e l o c i t y  head, "Y20 
PL = number of p o r t s  on dimension L 
Pd & Pstd = duct  (barometric  + s t a t i c )  and standard nressure ,  "Hg 
Od = volume f lou  r a t e ,  a c t u a l  CFM 
Qstd = volume f l o u  r a t e ,  s tandard condi t ion  (wet o r  d r v ) ,  SCFM 
Td & T3td = duct  and standard temperature,  O R  

t . p .  = t r a v e r s e  poin t  (d i s t ance  from sample por t  w a l l ) ,  inches 
vd = ve loc i ty  a t  duct  condi t ions ,  f p s  
W = second duct  dimension ( r e c t a n e l a r ) ,  inches 
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VELOCITY TRAVERSE AND VOLLR3E FLOW RATE (con t )  

E a u a t i o s :  

Location of Traverse Points:  

C i rcu la r  Duct: 

t . p .  (1st h a l f )  = D/2 - (D/2k) $ 4  k(k+l -2n j  

t . p .  (2nd h a l f )  = D/2 + (D/2k) * d  k(2n-1) 

Where n = 1 t o  k/2 

Rectangular Duct: 

t . p .  = W/2k + (n-1) * W/k 

Where k - (W,'L) ?"PL) 
n = l t o k  

Veloci ty '& Volume Flow Rate: 

I J ~  = 85:49 't 

SCFM 

I Qstd(d ry )  = Q s t d ( u e t )  * (1 - %H20/100) = SDCFM I 
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DATA: Main Stack I 
Date 5/17/87 T h e  - lp& Rum # 1 I 
Descript ion:  Four 4 Fnch female p o r t s ,  proper ly  loca ted ,  approximately 
2 diameters a f t e r  and 8 diameters before  d is turbances .  

Duct Diameter 120.0 inches Area 78.54 f t 2  

R e c t a w l a r  duct  X 

%H20 12.9 W 29.19 

Duct S t a t i c  Pressure -0.80 Inches H20 . P i t o t  Tube # - 5292 

Standard Conditions 60 OF & 29.92 "Ha M ~ E  Box # 

P i t o t  T u b e c o e f f i c i e n t  0.78 Handitemp # 

RESULTS : 

Averace Veloci ty (Vd) 48.0 FPS Averape duct  terno. 194 OF 

A v e r a ~ e  Volume Flow Rate Qd 226,100 CFH a t  194 OF & 29.92 "Hg 

Volume Flow Rate Qs td (we t )  179,800 CFM a t  s tandard condi t ions  

Volume Flow Rate Qstd(dry)  156,600 - CFM a t  s tandard condit ions 
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DATA: Mair? Stack - I 
Date 5/13/82 Time -- 1301-1426 Run # 2 

Descript ion:  Four 4 inch female p o r t s ,  proper ly  located,  approximately 
2 diameters a f t e r  and 8 diameters  before  d is turbances  ir! flow. 

Duct Diameter 120.0 inches Area 78.54 f t 2  

RectaWlar duct  X - 
%H20 13.1  IIW 29.04 

Duct S t a t l c  Pressure -0.80 inches H20 

Standard Conditions 60 OF & 29.92 "HF 

P i t o t  Tube Coeff ic ient  0.78 - 

P i t o t  Tube # 5292 

M ~ K  Box # - 373 

Handiternp # 555 

RESULTS : 

Average Veloci ty (Vd) 48.0 FPS Average duct  t e m ~ .  198 OF 

Average Volume Flow Rate Qd 226,000 CFM a t  198 OF & 29.92 "Hg - 
Volume Flow Rate Qstd(wet)  178,600 CFM a t  s tandard condi t ions  

Volume Flow Rate Qstd(dry)  155,200 - CFM a t  s tandard condi t ions  
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DATA: Hain Stack 

Date 5/13/82 Time 1508-1628 Run # 7 

Descript ion:  Four 4 inch female p o r t s ,  proper ly  loca ted ,  approxbaLely  
2 diameters a f t e r  and 8 diameters before  disturbances i n  flow. 

Duct Diameter 120. inches Area 78.54 f t2  

R e c t a ~ l a r  duct  X 

ZH20 12.5 HW 28.81 

h c t  S t a t i c  Pressure -0.80 inches H z 0  P i t o t  Tube # m& 
Standard Conditions 60 OF & 29.92 "HE Mar BOX h' -= 
P i t n t  Tube Coefficl.ent 0.78 Henditemp # 

RESULTS : 

A v e r a ~ e  Veloci ty (Vd) 48.5 FPS A v e r a ~ e  duct  temo. 195 OF 

AveraEe Volume Flow Rate Qd 228.400 CFM a t s  OF h 2 Q:, "Hg 

Volume Flow Rate Q s t d ( v e t )  181,300 CFM a t  s tandard condi t ions  

Volume Flow Rate Qs td (d ry )  158.700- CFH a t  s tandard condi t ions  I 
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DATA: Clinker  Cooler Stack - 
Date 5/13/82 T h e  1014-11'14 Run # 1 

Descript ion:  Two 4-inch female p o r t s ,  properly loca ted ,  approximately 
2 diameters a f t e r  and 8 diameters before  disturbances i n  flow. 

Duct Diameter 101.0 inches Area 55.61, f t  2 

Rectangular duct  X 

bH2O 1.1 MW 20.72 

Duct S t a t i c  Pressure -.18 inches H20 P i t o t  Tube # 

Standard Conditions 60 OF & 29.92 "Ha Map: h x  # 376 

P i t n t  Tube Coeff ic ient  0.81 Handitenp # 556 

I 

I 

RESULTS : 

Average Veloci ty ( ~ d )  32.2 FPS A v e r a ~ e  duct  t e m ~ .  317 OF 

Averap:e Volume Flow Rate Qd 107,500 CFM a t  317 OF & 29.97 "Hg 

Volume Flow Rate Qstd(wet) 72,100 CFH a t  s tandard condi t ions  

Volume Flow Rate Qstd(dry) 71,300 - CFM a t  s tandard condi t ions  

L 
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DATA: Clinker  Cooler - I 
Date 5/13/82 T h e  1250-1356 Run # 2 I 
Descript ion:  Two 4 inch female p o r t s ,  proper ly  located,  approximately 2 
diameters a f t e r  and 8 diameters  before  d is turbances  i n  flow. I 
Duct Diameter 101.0 inches Area 55.64 f t 2  I 
R e c t w l a r  duct  X 

%H2O 1.6 Hu 28.66 

Duct S t a t i c  Pressure -.I8 - Inches H2O P i t o t  Tube # 53C2 1 - 
Standard Conditions 60 OF & 29.92 "Hp Mag BOX # 3 I - 
P i t o t  Tube C o e f f i c i e ~ t  0.81 
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DATA: Clinker  Cooler - 
Date 5/13/82 Time 1457-1604 Run # 3 

Descript ion:  Two 4 inch female p o r t s ,  proper ly  loca ted ,  approximately 
2 diameters  a f t e r  and 8 diameters before  d is turbances  i r ~  Flow. 

Duct Diameter 101.0 inches Area 55.64 f t2  

R e c t a w l a r  duct  X 

%ti20 1. i b~w 28.72 

Duct S t a t i c  Pressure -. 18 Lr.ches H2O Pitct nlbe # 

Standard Conditions 60 "F & 29.92 "HF M ~ E  BOX # -- 376 

P i t o t  'hbe  Cooffic1er.t 0.81 Hsnditemp # L;56 

RESULTS : 

Averace Veloci ty (Vd) 1 .  FPS Average duct  temo. 9 OF 

Averace Volume Flow Rate Qd . 104,500 CFM a t  - 293 O F  & 29.97 "Hg 

Volume Flow Rate Qstd(wet)  72,300 CFM a t  s tandard condi t ions  

Volume Flow Rate Q s t d ( d r y )  71,500- CFM a t  s tandard condl t lons  
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PARTICULATE EMISSIONS .- 

REF: EPA, Code of Federal Repul.ations, T i t l e  40, Pa r t  60, Appendix A ,  
Method 5 ,  1981 

: South.Coast A Q Y D ,  Source Tes t ing  Yanual, 1.0s A n ~ e l e s ,  C A ,  Aor i l ,  1981 
: S t a t e  of Ca l i fo rn ia ,  A i r  Resources Board, Draf t  S t a t i o n a r : ~  Source Test  

Methods, Method 1-5, June, 1979 

SAMPLING PXOCEDLIRE: 

The aoparatus cons is ted  of a nozzle,  h e a t e r  wrapoed probe and heated f i l t e r  
holder  ( s e e  d a t a  s h e e t s  f o r  tyoe o r  nozzle,  probe and f i l t e r .  h o l d e r ) .  A 
s e r i e s  of imoinger-absorbers ( s e e  d a t a  shee t  f o r  t.me and con ten t s )  were 
connected i n  tandem and immersed i n  an i c e  bath.  The absomtiorl  t r a i n  was 
followed by a gas drying tube c o n t a i n i n  i n d i c a t i n c  s i l i c a  e e l ,  a diauhragm 
pump, dry t e s t  meter and a c a l i b r a t e d  r e s t r i c t i o n  o r i f i c e  fitted with a 
mamehelic  d i f f e r e n t i a l  o res su re  eauee. 

The computer was used in s e l e c t i o n  of s u i t a b l e  sampline po in t s ,  nozzle size.,  
and o r i f i c e  cons tant .  The apparztus was leak t e s t e d ,  the  probe heat;eI.s 
were brought t o  temperature and the  nozzle uas posi t ioned a t  the  f i r s t  saqpling 
poin t .  The pump was immediatlev s t a r t e d  and adiusted t o  ob ta in  t h e  i so l - ine t ic  
samplinR r a t e .  

Duct condi t ions  were monitored throuphout the  sampl in~ :  period with a t.vpe 
"S" p i t o t  tube and a themlocouple s imultaneously pos i t ione6 a t  th.5 t r a v e r s e  
po in t .  Conditions a t  t he  s a m p l l n ~  aopara tus  and meterinq device were 
cons tant ly  monitored and r e m l a r l y  recorded on t h e  da ta  shee t .  I s o k i n e t i c  
sampllng r a t e  in t e n s  of o r i f i c e  d i f f e r e n t i a l  pressure  was ca lcu la t ed  by 
computer f o r  each s e t  of duct  and samp1ir.r a n ~ a r a t u s  condit ions.  Data was 
relayed between the  computer and s i t e  by radio .  

On completion of samplinr: from a l l  usable  t r a v e r s e  po in t s ,  t h e  a p ~ a r a t u s  
was removed, leak-checked, sea led  from poss ib le  contamination and transnorted 
t o  t h e  labora tory .  Repl ica te  samples wore taken as indicated bv t h e  d a t a  
shee t s .  

Concurrent with each p a r t i c u l a t e  samplinp, an in tegra ted  pas samole was 
withdrawn from the  summation of t h e  t r a v e r s e  po in t s  t h r o u ~ h  t h e  t r a i n  and 
co l l ec ted  a t  the  o u t l e t  of t h e  meter i n t o  a sample bae. 

The weiuht o r  volume inc rease  of t h e  imniwers  was measured and recorded 
f o r  c a l c u l a t i o n  of percent  water. 

m e  con ten t s  of the  sample b ladder  were analyzed bv Orsat  f o r  f ixed  ,?as and 
molecular weipht determinat ion.  
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Analyt ica l  Frocedure (cont  ) 

The f i l t e r  s ec t ion  was recovered, placed i n  a 10S°C d r y i w  oven and des icca ted  
t o  constant  weiqht. The weight inc rease  was determined from t h e  t a r e  weiuht 
and recorded on the  indiv idual  d a t a  shee t .  I 
Sample was recovered from the  nozzle and probe sec t ions  with d i s t i l l e d  water 
and/or acetone and a rubber policeman o r  nylon b r i s t l e  brush.  A t a red  d i sh  
was used f o r  subsequent evaporat icn,  des i cca t ion  and weiqht determinat ion.  

I f  ana lys t s  of the  condensable f r a c t i o n  of the  p a r t i c u l a t e  ( ' : imp.in~er catch" o r  
"back h a l f " )  . was requi red ,  an a l i q u o t  of the  i m o i n ~ e r  l i q u i d  was poured 
i n t o  a ta red  d i sh .  me l i q u i d  was e v a ~ o r a t e d  t o  drvness and t h e  resid~!e was 
des icca ted  t o  a cons tant  w e i ~ 5 t .  

Aliquots of blank impinger and/or probe wash reagents  werc evaporhted t o  
dryness i n  ' tared d ishes .  The res idue  was des icca ted  and ueished f o r  sub t rac t ion  
of the  blank residuc: from the  t o t a l  probe wash o r  confiensables r e s i d ~ e .  I 
An es t lmate  of sampling accurac,v was pe r fo rm4 b y  ca lcu la t ion  of '  Dercent 
i s o k i n e t i c  r a t e  over the  e n t i r e  s a m ~ l i n p  periorl. I 
CALCULATIONS : 

Performed by computer based on t h e  following equations:  

Symbol I d e n t i f i c a t i o n :  I 
Subsc r ip t s  d ,  m and n denote duc t ,  dry pas meter and nozzle r e spec t ive ly  
Subscr ip ts  s t d ,  ba r  and avg denote s tandard ,  barometric an(\ averape I 
A = a r e a ,  square f e e t  
Co = p a r t i c u l a t e  concent ra t ion ,  grains/SDCF 
Cp = p i t o t  tube co r rec t ion ,  u n i t l e s s  
E . R .  = emission r a t e  of p a r t i c u l a t e ,  l b / h r  
A H  = o r i f i c e  d i f f e r e n t i a l  p res su re ,  inches H20 
I = percerit of i s o k i n e t i c  samplinp 
km = o r i f i c e  cons tant ,  u n i t l e s s  
Ef = mass of p a r t i c u l a t e  c o l l e c t e d ,  m i l l i ~ r a m s  
MU = wet molecular weight of duc t  Eas, g/mole 
P = absolu te  p res su re ,  inches Fm 
~p = v e l o c i t y  p res su re  head, inches 1?20 
Q = volume flow r a t e ,  CFM 
Qo = parameter of volume flow r a t e  t h r o u ~ h  t h e  o r i f i c e  
T = abso lu te  temperature, OR 

t = time of samplinp ~ e r i o d ,  minutes 
V = gas volume, CF 
v = ve loc i ty ,  feet /second 
bl = water c o l l e c t e d ,  crams 
5; H20 = duct  gas water  content ,  percent  volume 
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Calcuiat ions ( con t )  

I 

Duct Eas ve loc i ty  a t  any t r ave r se  point  ( s e e  Velocity 5 Volume Flow Ra te ) :  

I s o k i n e t i c  sampl.ing r a t e  a t  any t r a v e r s e  p o i n t :  

" (1 - % H20/1@0) 

where Qn = 60 " vn " An and f o r  i sok ine t i c  samnlirit~, vn = 

[MJ - (0.18 " % H20)1 

( 2  - ?,) i where go = 1.23 " Q, - 0.23 i' 0, ( f o r  non-l i nea r  o r i f i c e )  1: 

Percent of i s o k i n e t i c  s a m p l i n ~ :  I: 
!0.0@267 ?' W + V,/T,(avg) " (Pba, + 1>H:ava)/13.6)] 

t " v d ( a v ~ )  " Pd <f A, 60 

Sampled Volume: 

(Pbar + nH(av,q)/13.6) 

P a r t i c u l a t e  Concentration: 

h i s s i o n  Rate: 

E.R. = 8.58 * 10-3 " Qstd(dry)  " Co 

i 

! 
! 

i 
I 

I 
I 



Impinger # Contents 

100 mls D i s t i l l e d  Water 
100 mls D i s t i l l e d  Water 
E ~ P  t y  
250 grms S i l i c a  Gel (8 mesh) 
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PAFLTICUIATE EMISSIONS 
TEST MONITOR DATA 

Date 5/13/82 Run 1 - Nozzle & Probe Mat. S.S. 
Client Lonestar Industries SampleTrainTemp.: F i l t e rHolderMat .  S.S. 
Unit Main Stack - Probe 765 uF F i l t e r  # 2 
Ambient Temp. F F i l t e r  2 O F  Nozzle # I .  6 mm 
Press.bar 29.9 in. Hg Sample p i to t  # -F@- ~p 
Press .s tut ic  -0.80 in. H2O Post-Test Leak Check: Temp. U n i k 5 5 5  
Press.duct 

+in. Ha 
Leak Rate Vag. # 31 ~rxerff 621- 

Assmed MW -6 H20 17.6 % 8 i n .  Fg Vac. -- 0r:fice-km 0.7 

, 

L 
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I 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PARTICULATE EMISSIONS -- 
- DATA & RESULTS: 

S i t e :  Main Stack - Run: 1 

Date: 5/13/82 Time: 1032-1201 

Sn, Grnbrr Sm. 6% H ~ O ?  100 

-- 

I 

l i q u i d  t r a p  -- - empty .- 0 

s i l i c a  g e l  257.1 1 250 7 .1  -LC. G l n b ~ .  

TOTAI. 115.1 

F i l t e r  Sampie: Type F l a t  F i l t e r  (86mm) 

02 14.3 $ v o l u m e ( d r y )  MW (wet) 29.19 
CO % volume (d ry )  Excess Air $ 
N2 71.5 % volume (d ry )  Sampled Volume 3> .9b SDCF 
H20 12.9 % volume I s o k i n e t i c  Rate YU.8 5 

P a r t i c u l a t e  Concentration: 
60 OF and 29.92 "HE 

Co 0.0119~rains/SDCF Dm Basis  

Emission Rate: 
156,600 SDCni E . R .  39.1 l b s h r  Qs td (d ry )  

E . R .  0.10 lbs / ton  of k i l n  feed 

I 
I 
I 
1 
I 
1 

I 
I 
i 
I 
! 

I 
I 

i 
I 
I 
I 
I 
1 
i 
I 
I 
i 

i 

i 
I 

I 

i 
I 
I 

1 
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PARTICUUTE EPIISSIONS 
TEST MONITOR DATA 

Date 5/13/82 R u n  2 
Client ~ o n e s t a r ~ ~ t  '7 i s 
Unit in *tack c 

h b i e n t  Temp. - 60 - "F 
Press .bar 79 -98 in. Hg 
Press .s ta t ic  -0.80 in. H20 
Press. duct -29-9 in. Hg 
Assumed MU - 5 ~ 1 2 0  j? 9 

Nozzle & Probe Mat. SS 
F i l t e r  Holder Mat. 7 
F i l t e r  rY 4 
Nozzie # -- i d .  6 mm -- 
Pi to t  il 5 9 -  Cp 0.78- 
Temp. UnJt , 
Mag. # 3~ El&?% -a- 
Orifj.ce km 0 .7  

I I 

Total bo Minutes - 
?!ax. TOTAL 

Averaae 206 48.2 Averaee 7 1  1 . 4 3  35.76 A 
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PARTICULATE EMISSIONS - 
DATA & RESULTS: 

S i t e :  Main Stack --- 
Date: 5/13/82 

Run: #2 ----- 
Time : 1301-1426 

Net m l s  Hz0 ' - c o n t e n t s  _C Yib b---I Lg. Cmba. Smit D i s t i l l e d  H20 I -- 
Sn. G r n b ~ .  Smit 6% H,O, l O ( j  

.- - 
empty 1 - 1 

Lg. Gr~ibg. s i l i c a  g e l  257.4 250 7.4 

TOTAI. L 114.i1 
I 

- 
F i l t e r  Sampie: Type F l a t  F i l t e r  (86mm) - 

Sample Frac t ion  F ina l  W t .  Tare W t .  Net mgram C o , g r a i n s m r  

I 
F i l t e r  1 4  0.3996 0.3864 13.2 0.0058 

, Probe & Nozzel Last 53.4007 53.3985 2.2 0.0010 
Condensables 

(100/206) 52.7300 52.7191 (10.9)22.5 0.0098 

Gas Composition: 
CO2 4 I volume (d ry )  

TOTAL 37.9 0 ..0166 

02 13.8 % volume (d ry )  M4 (wet) 29.04 
CO % volume (dry)  Ekcess A i r  ,% 
N2 72.8 % volume (dry)  Sampled Volume 35.22 SDCF 
H20 13.1 % volume I s o k i n e t i c  Rate 98.4 % 

P a r t i c u l a t e  Concentration: 
Co 0.0166 gralns/SDCFe - 60 OF and 29.92 "HE 
C -grains/SDCF -is 

Emission Rate: 
E.R.  27.1 l b s h r  % Q s t d ( d r y )  155,200 SDCRI 

E . R .  0.05 lbs / ton  k i l n  feed  
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PARTICITATE EMISSIONS 
TEST KONITOR DATA 

Date 5/13/82 Run 3 Nozzle & Probe Mat. S.S. 
C l i e n t  _ ~ a ~ ~ ~ . k ~ ~  - l n d p s . k r -  Sample Train Temp. : F i l t e r  Holder Mat. S .s. 
Unit k Probe 250 -OF F i l t e r  # 6 
Ambient- 60 OF F i l t e r  255 OF Nozzlea# 1.d. 6 mm - 
Press .bar  7 q . q ~  in. Hg Sample Line a ° F  p i t o t  # 2 2 ~p 0.78 
P r e s s . s t a t i c  -0 80 in- H2O Poet-Test Leak Check: Temp. U n i g 5 5 5  
Press .duct  2. 2 w. HR 

Leak Rate 0 . 0 0 C p  Mag. # H- 
AssumedMW_29.0 H20 13 .1  @ _ l _ i n - k V a c .  O r i f i c e  km 0.7 
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PARTICULATE EMISSIONS 

DATA & RESULTS: 

S i t e :  Main Stack 

Date: 5/13/82 

Run: 3 

Time: 1508-1628 

Sample Frac t ion  I F ina l  W t .  I Tare W t .  
I I 

Absorber Type 

Lg. Gmbrg. Sm. 

Sm. Grnbrg. Sm. 

l i q u i d  t r a p  

LR. Grnbg. 

I F i l t e r  #6 0.4004 0.3900 

Probe & Nozzle Wash 53.4161 -- 53.1t151 

Condensables (100/20 ) 68.3263 68.3157 

Gas Composition: 
C02 11.3 % volume (d ry )  TOTAL 32.8 0.0142 

02 1 3 . 5  % volume (dry)  Mcl (wet)  28.81 
CO % volume (d ry )  Excess Air 
N2 75.2 % volume (d ry )  

F 
Sampled Volume 35.66 SDCF 

H20 12.5 % volume I s o k i n e t i c  Rate 97.4 % 

-- 
Contents 

D i s t i l l e d  H20 

65 H202 

empty 

s i l i c a  g e l  

P a r t i c u l a t e  Concentration: 
Co o.o142grains/SDCF @ 60 OF and 29.92 "HE 
Co oOoo49grains/SDCF Dm Basis  

TrJTAI. 

Emission Rate: 
E.R. 9 . 3  l b s / h r  @ Q s t d ( d r y )  158.700 SDCFM 

- 
I'inaJ. -- 

202 

100 

-- 

258 

110 ---- 

E.R.  0.04 lbs / ton  k i l n  feed 

F i l t e r  Sample: Tfle F l a t  F i l t e r  (86on) -- 

.- 
Tare --- 

100 

100 

- 

Net D L S  H20.- 

102 

- - 

- 

250 

- 

8 
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PARTICULATE EMISSIONS 

DATA & RESULTS: 

S i t e :  Clinker  Cooler Run: 1 

Date: 5/13/82 Time : 1014-1134 

F i l t e r  Sample: Type F l a t  F i l t e r  (86mm) 

Gas Composition: 
CO2 o % volume (d ry )  

TOTAL 28.2 0.010 

02 1 . 0  % volume (dry)  M4 (wet) 28.72 
CO % volume (dry)  Excess A i r  $ 
N2 79.0 % volume (d ry )  Sampled Volume 41.64 SDCF 
H20 1.1 % volume I s o k i n e t i c  Rate 100.1 

P a r t i c u l a t e  Concentration: 
Co n nv 60 OF and 29.92 "HE 
C 0.0061grains/SDCF a Basis 

h i s s i o n  Rate: 
E .R .  5.93 l b s h r  @ Qstd(d ry )  71,300 SDCFII 

E . R .  0.02 lbs / ton  k i l n  feed 
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PRWICULATE EYISSIONS 
TEST KONITOR DATA 

Date x q / R ?  2 Nozzle & Probe Hat. SS 
Cl ien t  -tar I n d u s t r i e s  Sample Tra in  Temp. : F i l t e r  Holder Hat. - ss 
Unit Clinker  Cooler Probe 290 -- F F i l t e r  # 3 
Ambient Temp. 60 OF F i l t e r  300 OF Nozzle # i . d .  8 mm 
Press .bar  29.98 i n .  Hg sample Line m ° F  P i t o t  b' 7 Cp 
P r e s s . s t a t i c  -0.18 in. HilO Post-Test re& Check: Temp. Unit 

Leak Fia t e  O m C W  
1.1 8 1 0  -- i n .  Pg Vac. O r i f i c e  km n .h 



Average 293 
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PARTICULATE EMISSIONS 
TEST KONITOR DATA 

Date 5/13/82 Run 3 Nozzle & Probe Fat.  S.S. 
Client ~ n n p s t ~ r  Sample Train Temp. : F i l t e r  Holder Mat. S.S. 
Unit Probe u~ F i l t e r  # 5 
A i ~ ~ b i e n t F ~ ~  'F F i l t e r  780 OF Nozzle f f  i . d .  8 mm 
Press.bar 2q.qg h . H g  Sample Line -OF Pi to t  f f  5352 C 0 8 1  
Press .s ta t ic  -0.18 in .  H2O Post-Test Leak Check: Temp. u n i T 5 5  
Press.duct 

% -  
-=?rh. Ilrr 

Leak Rate m F "  Mag. # t4eter-a 6 3 0  
Assumed MW -6 Hz0 1 . 6  @ F i n .  Fg Vac. Orif ice  km 0 .6  
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PARTICLiL-TE EMISSIONS -- 

DATA & RESULTS: 

S i t e :  Clinker Cooler 

Date: 5/13/82 

Run: - 3 -- 
Time : --- 1457-1604 - 

-- 

Gas Composition: 
C02 0.0 % v o l u m e ( d r y )  

TOTAL 25.6 1 -  0.0095 1 
02 21.0 % v o l u m e ( d r y )  MU (wet) 28.72 
CO % volume (dry)  Excess Air % 
N2 79.0 $ volume (d ry )  Sampled VO~G~Z'T~T~---SDCF 
H20 1.1 $ volume I s o k i n e t i c  Rate 100.1-$ 

-- -- 

Sample Frac t ion  

. F i l t e r  15 

?robe & Nozzle Wash 

P a r t i c u l a t e  Concentration: 
Co 0.009- 60 OF and 29.92 "HE 
Co -grains/SDCF n,, 

Emission Rate: 
E.R. 5.83 l b s h r  % Qstd(d ry )  71,500 SDCFX 

e 

T 

Condensables ( a l l )  67.3569 - 67.3458 - 0.3041 -- 

Fina l  W t  . 
0.4021; 

53.6902 

E.R.  0.02 lbs / ton  of kiln feed 

. - -. -. . . 
T a r e T  Net- 

:OO 
I 

Contents T i n a 1  

Tare W t  . 
0.3912 

53.6869 

S I 6% A707 101 1 
I 

I 

I 1 
-7 

0 - !! i- - 

256.7 1 290 
. 

1 3  
C .  i -- -- I 

1 

TOTAI, 9 . 7  ! ----I-] 
F i l t e r  Sample: Type F l a t  F i l t e r  ( 8 6 m )  - 

Le. Grnbrr.  Sm. D i s t i l l e d  A20 102 

hTet mgram 

11.2 

3.3 

Co,grain= 

0.0042 -- 

0.0012 - 





TITLE -- M0AI'C:D TIME 0 4  DATE 08.-04-82 TI415 REPORT DEMANI>CD 

ENGR. PREVIOUS R IIOIIRLY AVERAGES FOR I4OUR DEGINNING 

i 
OCSCR I I 'TION IIN1:rS 

7 
2300 0000-  01C10 020C1 C13UC1 C140U OSO0 0600 i 

TPII 151. 155. 196. 157. 1 53. .I &l . 160. .I 63. 
TPll Y.42 9.20 0.67 8.89 8.90 8.57 0.07 8.15 

1E .< 2- $% 7 - I  n 11 7 9- 2 < 7 . 3  .. - ... .I-?. " . . 
A.. 

IRON I'EED RATE 1'FIi 3.76 3.83 3.80 3.04 3.78 3.85 3.80 3.03 I 

i 
0.39 0.37 0.39 0.39 0.39 O.38 0.30 0.:1o 

200.--206-~20~1-F-;10~1-,- %0&---- .l.S9,- 2CIU1---- 2€1€&. ! 
.-0.10 .-0.16 .-0.13 .-0.12 .-0.12 -0.12 a -0.12 .-0:12 

INLllT I TIiMI'.-RH I'RCCII' DEG F 187.  186. 186. 186. 187. 186. 186. -186. 
1 
i 

0- .+R7-.--I 87--.--- .18-187?--- 187. 
INLET [)RAI-T-RM I'R1::I';ll' I N  ti20 32.2 3L!.2 32.3 1 .1  . 9  31.t1 4 .  32.4 32 .:!I 

34.0 33.9 34.2 34.:i 24.7 
B I-3-.---- 7.13.---- , ,-. v.13,-2j1.-4 :;+3 --- 

VOl.1' 462. 465. 468. 470. 4.7CI. 470. 470. 470. 
i 

VOLT 384. 384. 384. 2114 . 3EL. 304. 384. 384. 
U O I ; F - 4 B 7 - 7 4 0 F ~ - 4 @ f  407-.---- 4€l%-Cl7---4077----~-~- 

RVT[)l!i? I T I C I . i !  5 Kt1 I'PtiCll' 0OI.T 359. 357. 35Y. 359. .> rn ,- .,> Y . 355'. 357. 395'. 
A T ' I  t13 OPACITY R M  I'P.ECII' STACK 9'rACK 1.77 2.02 2.05 2.00 I . P 5  2.00 2.37 1 .65 
ACk184-- NBX-RM-IIREGII1-STAG&-~$1 AGK--243-;t4ffr-24b2:jifiiii- -254i--24Yi- %45~--- 236 

INL.II1' 1 TElIr-CD 1ObIER I)EG F 645. 648. 648. 643. 64Y. 65C1. 650. 149 .  
OUTI.I[T 1 TI'HI'-CI) TOLlER DEG F 4/70. 420. 406. 410. 437. 4C12. 393. 379. 

-ALP1 O L W - S l ~ R A Y - I ~ C R U R & ~ 6 - S L T 1 . I & G l ~  E1d7-,-6--4%r5--@& L 44-.4--- -- 30.4-4hD-- 48 .-F---5-1-..9-.---- 
~11'1'507 11. SI'RAY FLOCl ROTE CiPH !iY.R 59.9 60.3 59 .5  59.6 00.3 59.4 511.5 I 
A15CIS INLET 1 1'CtIP~~IlYI' CI? TblR I)llli I- 860. 061. 860. 861. SAl . Q60. t160. 060. 
A ~ S U b - - O U - S C L . ' C 1 T I I H I ~ ~ l L Y l ~ C ~ D - 1 ' W R - l C - L - O . - l O Q  4 0 L - - - : l o 0  300 .- 3 0 ~ ~ , - - a ~ ~ . , ; t s s - a ~ . / ~ - ? 1 _ u ~ 8 - - .  - 
AWT357 1:'EI:DRATE TO MILL--COAL T I ' I I  14.4 14.2 14.4 14.3 14.7 14:i 15.3 14.0 (r , s-8 
AUT360 FEEORATC COAL TO PRECALC COAL 6.59 6.56 6.52 6.54 6.59 6.5Y 6.62 6.65 
A U T 3 Z L I : : E l i 0 R & L G W C F O - & & b N - 6 O A I , - 4 . - Z . ~ ~ & 7 ~ - 4 , i ~ - i i - 7 t ~ ~ ~ ~ ~ ~ ~ ~  2 7  ""' -4a.L.L 
AWT401 KILNTEED RATE TPll -1 7t1. 170. 1711. 170. 170. 170. 170. 17U. r l . 7 . 6  ' T O  

.......... ...................................... i 4 ~ 1 5 3 0  CI.INKIIR DI:L.T S C A L E  T P I ~  
hLiA4L~-KlLNl iX.LLGACCIZF61' -  0 %YRLK----~,~LL~LL~~- 1- . -3-L--4 .  : I ( r - - l - . - i i f r - - L . - 2 C 1 - - 4 9  -- 
AT449 KILNEXIT GAS TEMP D r C F  2338 2378 23Y0 239E 23YO 2390 23Y8 2378 
AGA425 I'Kl:HCA1'R IIXIT GAS CO CO Cl.4:! 0 .42 0.44 ' 4  0.44 0.44 0.43 0.43 

i 
A G ~ 4 - - 0 L - l ~ R E ~ T I ) - l i X & F G F I F t P P R F , I I T G 6 L - F 1 - l - - 2 - - 7 2 - L Z - - l - G - - + 5  - 1 - ... . . . .  . . . .  
ATSIlO ~JPAC:XTY .-COOLER STACK COOLER 4.54 4.70 4.82 4.84 4.56 4.4C1 4.80 4.57 
ADI'T4t15 C001.R 0C l)l.TF. I'RLSSIlRl: 0TFI:I'R 7.61 7.7.1 0 . ~ 3  0.02 7.08 7.57 ;..70 7.00 



ITNGR. I'REVIOLIG O HO1IRL.Y AVCRAGES TOR 11011R IIEGINNING jl l  
D E B C ~ I ~ L I O N - - I I N L I ~ B O L C ~ O ( C - ~ 1 - 1 0 ~ Q t ~ . l " " l 4 ~ ~ ~ ~ ~  ;>I 

1! 
TPII 163. .I S5 . 159. 164. 161. 156. 140. ,162. 

UIOO!LLOWILHLEECD-UTI~ Z C I . L L ~ ~ ~ - L ~ L L ~ I ~ C ~ . ~ R ; ~ . L . . € W I P ; ~ O -  
EillALC ICED RATE 11'11 I 7 . i 2Cl. 1 19.0 lS.E 18.3 .l8.:! 16.0 2.1.1 
IRON 1-EED PATE 1'1'11 3 .88 3.74 3.82 3.84 3.02 3.74 3.20 3.119 

W I I I U L ~ I I I C C U _ G & Z L T T l ~ ) I D D 3 C C 0 . 3 - U  2.L-  t i . - 3 L - - @ . - 3 L U .  
TI'II 201. 200. 200. :!DO. 200. 200. 177.* 200. # 

.-0. 16 --0.20 -0.22 .-11.22 --U.23 -0 .25 ! 13 --0.25 
1 a&.---I 8(- 104+.- 1fl5.-lClZ.---l$l7.--- 184. 

AT 147 
I .! 

O I I T  r t  c I I 187 . 1 8 ~ 1 .  100. IF~II. 187. I OEI. 1 09.  1 ~ 7 .  II / 
I ;4l3Tl:i:1 II4LCT Dl?lrl'l -I?)< 1'RC:CII' 1N 1120 :33.;? 3:l.l 33.7 33.0 I .  4 :1.1.5 30.1 

c- 
I / - 1 - - 0 U ~ L T - U 1 T t C .  I N 2 3 5 ~ 1 - - - L -  . . 3 f~~ -L - . : 14 . / , - - 34 . . 4 . - - 33 -b - -3 .?  v aj 

r . .  BVTOI5:I I I L  I F!H I'F:ECI15 1.lOL.T 513. 513. 5-13. 213. 51 3. ~113.  505 .  505. '.I BVTI,156 1111.1 ! RE1 1'F'ECI:I' VOLT 470. 470. 470. '170. 47'0. 407. i h 7 .  467. 
I :  

" 1  _ ~ ~ ! / . T ~ ~ ~ L . . . ~ ~ ~ L L O . . ~ - . R M - ~ ! I : L C I L  V O L L - I l B 4 . 3 8 4  304.-. 3 8 4  3 0 4 . - - 3 0 4 . : ) ( ( 4 . 3 8 4  [>I . 
1 ' P U T O I : ~ ~  I:ICLI! .i K M  I'PIICII' IIQI.T 407. 407. .;0i. .;07 . .'.cI?. .;[)i . 407. 4117. ,_.i 

PVTl)l5? 1:ICLO :I Ctl I'P1:CII' 0OL.T ::5S. 359. 35P. :IS?. I , <  350. I : 
l~.€ l ; . . .~fa-~.@-;-  a.ePLer..kickh@.;. : 

AGAl84 NOX P M  VFECIP s ~ ' A ~ K  WACK .1:.!5. 237. .,.:., ,..,,. 242. ;!&I . 224. :!57. 274. y: 
I N I I T  I 1 1 1  T O  O f O  1- 6 4 & .  644. 644. 643. 641 . 641. 6-4 .I . L39. :.., 8 

..AT.IUS BU~LU-LICI4lLCU-1'OWI:P-.l)EG-II--3EII.-.-L05.--i~a.-- 371 .--.:;Ell .--- 410.36:1_--39?L-.---- - - ... --- 
' 1 b l .  91'RAY I:I..OWRATC:..[:D.1'b11: FISH .i?.fl 43.0 45.5 !i[l.S 48.1 42.Y 91.9  44.7 

W . K FL!lI.I K AT[: C ~ M  9 .  (,0.7 61.5 ! . I  61.0 60.5 I 61.7 ,.. : . a  . 
.n I5O' i__- INLCT-UEMlLUYLL CO-TWR. OCG. 11- - LiLU.. E 6 0 . 8 6 0 - -  126~1. ULU D6cl 860--06aF-. - . -- .. . ~-~- a 

!. I 
.,'! ,>.I 5Cl6 9lIl'LET 1 TEM1'-IIYI' [:O TblR OK13 1' :!00. 101.  277. 100. 30C1. :, : 5 l C l C l .  311C1. 2?9. I, ! 
I  *'rWI:157 FEE.l)RATI: 1'0 t1ILI.-COAI.. 1.1'11 13.3 13.0 14.6 lli.[l 14.E) 14.3 15.3 14.5 ! 1 I A W 1 3 6 ~ - t C C L I P A l L C O k L - ~ L l ~ ~ E C A L C C O A L  -. 2r.LS . . . 4 . d ~ . k C - - ( t - . 6 L L , - 6 9 - - b  t.:? t~-drL&..:;l----.--- - ----1 ' 

'T-AWTDZO ICEINATE C ~ I .  T Q  KII-N Conl.. 4.70 3 4.05 4.85 1.85 4.05 4.85 4.84 . , A  . 
"( AW1401 KIL.NFI:CI> R A l I L  ' T P l i  170. 1711. 170. 170. 170. IZO. 170. 170. , < i ?  
"L .~LW.T .~~U_-CL~NKI :L -UCLLSC~LT 1:1111 . . . -- . . , . . . . . . . . . . . . . . . . . . . . . . . . --.-A,.. -. .......... .......... - -- -. __1 

AGA440 KILNIZXIT BAS 02 I'CT OXYGllN 1.321 1 . I 6  I . 3' 1 . 20 I . I 1 . 7 1 . 0 6  I . .il 'I I /  

+IT447 KILNEXIT GAS TIItIP 2 3 ' 2 0  2398 23PO 2:IPEI 2300 23Ytl 23Ytl 2398 ,' . i f  

A G ~ 4 2 ~ ~ I ? R l ; l l E & T + T P I X L L F ~ ~ P C ( > -  60 U.-4~~irl--O.Cl--R~Q-O.-39--O-..4Cl0-4€~-~-. - .  : j- AGA424 02 I'REtITR l'.):IT GAS I'l!l:llTR 1.72 1.71 1.74 .I .73  1 .73 1.74 1.70 1.74 
1 1 .  

AT500 OPACTTY -COOLCR STACK COOLER 4.63 4.54 4.36 4.22 4.14 4 .77 4.56 4.00 .' 

-WLIT.&DI :C&OLLDCLU IIC.-l~E~~Ii5i41CF7LlT.l:FllR .. -. ., . 3 ?  ? . ~ 2 L S L " n 7 . 2 2  7 . LG&.~-& F:I--~ !< I 
AGAIOS SOX-MAIN STACK I' I'M 14.0 21.5  10.7 17.6 l h .6  21.1 23.5 X ;Z!.2 j/! 
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CONSTANT MONITORIYC 

REF: Bay Area AOMD, Manual of Procedures, San Francisco,  CA,  qethods ST-5, 
ST-6, ST-13A, ' - 4 ,  ST-19A, January, 1582 

: S t a t e  of Cal i forn ia ,  Air Resources Board, Draft  S t a t i o n a m  Source 
Test  Methods, Method 1-100, June, 1979 

METHOD SLWRY: 

A r ep resen ta t ive  sample of duct 4as was extacter:  t;hrourh a   robe, f i l t e r ,  
condenser and sample l i n e  by a pump. The sample uas then cluwe!: i n t o  a 
samplinp mani.fold f o r  d i s t r i b u t i o n  t o  one o r  more sample anclyzers .  The 
analyzers  output  a continuous analop record in^ o f  the  concant ra t ions  of the  
analyzed gases i n  t h e  saug1.e. A l l  ana lyzers  were c a l i b r a t a i  with EPA Protocol 
cases  ( t r a c e a b l e  t o  National Bureau o f  Standards SRMsj o r  with rece?l t lv 
analyzed Fases ( a n a l y s i s  by EPA Reference Methods). 

SAPLING SYSTM: 

A ?yrex g l a s s  o r  s t a i n 1 . e ~ ~  s t e e l  probe w i t h  a Pvrex wool o r   lass f l b r e  mat, 
f i l t e r  was pos i t ioned i n  t h e  duct .  The end of the    robe wrs located a t  a 
point o f  averaee duc t  flow and av.erarre ~ o l l u t a n t  concent ra t ions .  The prcbe 
was connected with a s h o r t  (about 2 f e e t )  Teflon l i n e  t o  a samnle c o n d i t i o n l n ~  
t r a i n .  The condi t ioning  t r a i n  included t h r e e  c l a s s  knockout t r a p s  comected 
in s e r i e s  with Teflon l i n e s  and Lmmersed in an i c e  ba th .  The t r a i n  was 
connected with a Teflon l i n e  (+ inch o.d.1 tcs t h e  pneumatic d e l i v e r v  sys ten  
whirh was housed i n  t h e  monitoring van. 

PNELMATIC DELIVERS SYSTEM: - 
The Teflon sample l i n e  de l ive red  sanple,?as i n t o  a smal.l a l a s s  knockout, t r s o .  
then through an i n - l i n e  Balston f i l t e r  and a Yoke four-uav s e l e c t o r  valve t o  
theTef lon- l ined  d i a p h r a g  sample pump (see accompany in^ diasram).  The f 1 . o ~  
r a t e  of the  sample pas was r e m l a t e d  with main and bypass-flow needle vajves 
and was read on t h e  main flow meter ( t y p i c a l  setting 1OSCF!T). A 10 PSI 
p res su re - re l i e f  valve kept  t h e  e n t i r e  system pressu re  a t  a s a f e  l e v e l .  The 
manifold pressure  was r e m l a t e d  with an  exhaust needle valve and was read 
on t h e  oressure  gauge ( t y ~ i c a l  set tin^ 1 PSI) .  The s a m ~ l e  i n  the  mm.ifold 
was de l ive red  throu:h needle valves and flow meters t o  t h e  var ious  anal.,vzers. 

LFAK CHECK PROCEDURE: 

The sampling system was checked f o r  l eaks  by p l u ~ ~ i n e  the  end o f  t h e  probe. 
The exhaust needle valve was closed and the  e n t i r e  samole flow was d i r ec ted  
t h r o u ~ h  one ana1,yzer flow meter ( r a n ~ e  0-1.0 SCFH). The b w a s s  valve was 
closed u n t l l  t he  vacuum eauge showed a t  l e a s t  15 inches HP  vacuum. The leak 
r a t e  was observed a t  t he  analyzer  flow meter (maximum al lowable 2% of t o t a l  
sample f low).  The system was checked f o r  leaks  be fo re  and a f t e r  s a m p l i n ~ .  
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CALIBRATION PROCEIICRE: 

Each analyzer was calibrated before and a f t e r  each sample run. The Roke 
four-wag selector  valve was used t o  d i r ec t  the flow of the various cal ibrat ion 
Rases in to  the sample manifold. Each analvzer was calibrated w i t h  a zero 
gas ( typical ly ,  ambient a i r  o r  zero crade Nitropen) and u i th  a span eas 
( typicalspan cas concentration 60 t o  90 percent o f  analyzer f u l l  sca le  and/or 
s imilar  t o  expected sample concentration). A l l  zero and span checks uere 
recorded and noted on the recorder s t r i p  charts.  

S T R I P  W A R T  DATA REDIJCTION: 

The analop recordings were averaged over t h e  periods as  sho7m on the data 
pages ( typ ica l ly  5 minutes, 15 minutes o r  30 minutes). The data for each 
averaeinq periorlwasdigltizea and recorded as  averaee percent of  full sca le .  
These sample readings were then compared ui th  the zero and man iras r e a d i n ~ s  
for  calculat ion of the average concentration for each averalrine aerlod.  

1/ .Any d r i f t -  of the zero and span readinqs from the be~ inn ing  t o  the end of a 
sampling period was corrected by calculating apparent zero and span r ead inp~  
fo r  the midpoint of each a v e r a ~ i n g  period. m e  sample averaee concer.tratlo~is 
uere then calculated from the sample readings and the apparent zero and sDan 
~ e a d h ~ s .  
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CALCULATIONS ( S t r i p  Chart Analys is ) :  

Cal.cu1ations were performed based on t h e  foll.owinw erjuations; 

Symbol I d e n t i f i c a t i o n  - 

Subsc r ip t s  i and f  i n d i c a t e  i n i t i a l  and f i n a l  resnec t ive lv  ( b e r i q n i n e  
and end o f  sampline oe r iod )  

z = zero r ead in r ,  5 f u l l  s c a l e  
s = spar1 I-eadine, $ f u l l  s c a l e  
t. = a v n ~ . a ~ l n ~  time period ?umbcrc(l 1 t o  n 
n = number of t ' s  in the  s a m p l i w  period 
a z = r a t e  of  change of zero readjnq,  5 f u l l  sca le / t ime i n t e r v a l  
A s = r a t e  of  channe of snan readin!, % f u l l  s ca l e / t ime  in t e rva l  
R t  = averare  ssmple readine  over  time t ,  % f u l l  s c a l e  
z t  = correcked (apparent )  zero r ead in r  f o r  l n i d ~ o i n t  o f  t ,  % f u l l  s c a l e  
st = correc tad  (auparent )  span reading f o r  midooint o f  t ,  X f i l l?  s c a l e  

I C s  = span eas concent ra t ion ,  npm o r  % v o l .  ( a s  sho;.n on da ta  s h e e t )  
C t  = averare  samp1.e concent ra t ion  f o r  t h e  t ,  onm o r  % vol . ( a s  inciicaied) 

Equations : 

Apparent Zero: 

c z  = ( z f - z i  )/n 

For each t from 1 t o  n ,  

z t  = f i z /2  + L I Z '  (t - 1) 

Apparent Coan: 

For each t from 1 t o  n ,  

S t  =  AS/^ + A S  " ( t  - 1) 

Average Sample Concentration I 
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CORPORATION 3 

ANAT,YZERS : -- 
Monitor Labs 8430 Nitrogen Oxides Analyzer 

l'he Monitor Labs chemilminescent  analyzer  is used t o  measure u a r t s  
per  mi l l ion  dry  volume o f  Nitronen Oxides in the san~nle  gas.  The 
analyzer  measures the  concentrat ion o f  NOx by conver t inr  Ni7x t o  NO 
and then measurinp the  l i c h t  emit ted by the  reac t ion  o f  NO with 
ozone. 

The samvle qas i s  drawn i n t o  the analyzer  b:r a vaculmlul pump which 
partial1.y evacuates the reac t ion  chanber. The sawnit! flows !,hrouph a 
N02-to-NO c o n v e r t e r l l  f o r  NOx a n a l v s i s  o r  may bypass the  conver ter  
f o r  NO a n a l y s i s .  The sample the:l flows throuph a temperature 
con t ro l l ed  c r i t i c a l  o r i f i c e  i n t o  t h e  p a r t i a l l y  evacuated r eac t ion  
chamber. 

Ambient a i r  i s  a l s o  d r a m  i n t o  t h e  analyzer  a s  an ozcne c % ~ . r i e r .  The 
a i r  flows throuqh a des iccant  c a r t r i d p e  f o r  d ry in r .  then t h r o u ~ h  an 
ozone qenera tor  which converts  some o.f t he  oxypen in  ;he a i r  t o  ozone. 
The czonated a i r  then flows throueh a temperature-control led c r i t i c a l  
o r i f i c e  i n t o  the  r eac t ion  chamber. 

The sample Eas and the  ozonated a i r  a r e  mixed in  t h e  r eac t ion  chamber, 
where the  followirrg reac t ion  t a k e s  p lace :  

NO + 03 --, NO2 + 02 + hV 

The i n t e n s i t y  o f  the  ciiemiluminescence is  propor t ional  l;o t h e  concen- 
t r a t i o n  o f  NO i n  t h e  reac t ion  chamber. The l i ~ h t  emitted by t h i s  
chemiluminescent r eac t ion  sh ines  t h r o u ~ h  a window i n  the  chamber ont:, 
a photomul t ip l ie r  tube (PHT). A s p i n n i n e l i ~ h t  chopper wheel between 
the  r eac t ion  chamber and t h e  PHT al lows the  PMT output  w i t h  no l i q h t  
t o  be compared e l e c t r o n i c a l ? ~  with the  PMT outnut  with l i ~ h t .  The 
s i g n a l  is processed e l e c t r o n i c a l l y  and output  f o r  r ecord in r  o f  t h e  
concent ra t ion  of NO ( o r  N D x  i f  t h e  conver ter  i s  used) .  

1/ E i the r  of two t,ypes o f  conver ter  may be used-a 300°C Molvbdenm- - 
c a t a l y s t  conver ter  o r  a 900°C s t a i n l e s s  s t e e l  conver ter .  

\ 



CONSTANT MOEIITORING 

DuPont S e r i e s  400 S u l f u r  Dioxide Analyzer 

l'he DuPont 400 analyzer  i s  used t o  measure p a r t s  ner  m i l l i e n  d r y  v o l u ~ e  
o f  S u l f u r  Dioxide Ln t he  sample pas.  The ana1:jzer measures t h e  concen- 
t r a t i o n  of 202 by measuring i ts  a b s o m t i o n  o f  u l t r a v i o l ~ t  1 . i ~ h t .  

The sample Kas f l o v s  throud! a  t u b u l a r  c e l l  50.8 cm long.  .4n ~ : l + r ; ~ v i o l e t  
lamp shines  a l i e h t  beam through t h e  sanple  c e l l  t o  a  beam s ~ l i t t e r  at, 
t h e  o t h e r  end. The s p l i t  beam sh ines  t h r o u ~ h  o p t i c a l  f i l ters  onto r:hots- 
tubes which rceasure t h e  bean i n t e n s i t y  a t  t h e  f i l t e r &  wavelenrths ( s e e  
diagram). 'The r e fe rence  phototube measures a t  a  uavelerwth (5?8 nm) t h a t  
is no t  absorbed by S02. The measurinp phototcbe measures a t  a  w a v e l e n ~ t h  
(280 rim) t h a t  is s t r o n p l y  absorbed bv an SO2 i n  t h e  samole. Each ~ h o t o -  
tube  conducts n c u r r e n t  t o  t h e  l o ~ a r i t h m i c  a m p l i f i e r  t h a t  is  p ro3or t iona l  
t o  the  lielit i n t e n s i t y  s t r i k i n r  t h e  phototube. The s i m a l s  a r e  l i n e a r i z e d  
and compared e l e c t r o n i c a l l y  t o  determine t h e  absoi3;.ition a f  209 n! wave- 
lenpth l i g h t  and t h e r e f o r e  t o  determine t h e  concent ra t ion  of SO? i n  t h e  
sample gas.  

SEMI-  I R L N ~ P L P C N ~  
U l R l l O R  S Y P L E  L IGHT 

(BEnM S P L I T I E R I  f g  C U T  SCURCE 

- - - - - -  
- - - - - -  

OPTiCAL 
FlLTER S A u P C f  

111 

I I ,  0 
, A  I * 

iL.- 

I "  

OPTiCAL 
' I  

FlLTER S A u P C f  
111 

Figure I. Analyzer Block Diagram 

, , I ,  

. I '  

P H O l O l U B L  

- 

RECOROER - CCNTROL 
STATION 
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CORPORATION 

CONSTANT MOH ITOP.INC - - 

Taylor  Servomex OA250 o r  0 ~ 5 8 0  Chry~en Analyzer 
-2 

The Taylor paramamet ic  analyzer  is used t o  measure the  percent  d r y  
volume of oxyqan i n  the  sample iras. This  analvzer  conta ins  a  quar tz-  
g l e s s  "dumb-bell." t h a t  is f i l l e d  with n i t ropen and susoe~ided i n  a 
non-uniform magnetic f i e l d .  ' h e  S ~ h e r e s  a t  t he  ends o r  t h e  d m b - b e l l  
a r e  r epe l l ed  from the s t ronges t  p a r t  of t h e  f i e l d  by t h 5 i 1 .  li.?msi-netic 
proper ty .  The dumb-bell t 3 e r e i o r e  r o t a t e s  t o  a pos i t ion  where the  
r e p e l l e i t  fo rce  and t h e  torque-res is tance  of t h e  suspension a r e  i n  
e q u i l i b r i ~ u n .  

Tne sample gas f'lows i n t o  a  sample c e l l  which encases the  fiuru:--beli. 
The parama,mefism of  any oxypen i n  the  samnls pas  reduces t h e  in t en -  
s i t y  of the  f i e l d  and the re fo re  a l t e r s  t h e  Dosi t ion o f  the  dunS-Se?.l.. 
k small  mirror  a t  t h e ' c e n t e r  of the  dumb-bell r e f l e c t s  a bealn or 
l i p h t  onto twi r l  phc toce l l s  (see  schematic d iacram) .  !'he outrjilt o r  
t h e  oho toce l l s  i s  amplif ied and fed back t o  a  c o i l  arour,d the  d.mb-. 
b e l l .  The c u r r e n t  required t o  keep t h e  dumb-bell a t  t,he zero o o s i t i o n  
is a  d i r e c t  measure of the  magnetic f o r c e  and i s  t h e r e f o r e  a  measure 
of the  oxyEen content  o f  t h e  sample nas .  

G o &  
Fig. 2 .  Taylor Servomex Oxygen 

Analyser - Schematic 
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CORPORATION 

CONSTANT FONITOR 

Pneumatic System 

All liner a r c  7;flon o r  Stm:n/ r rg  S t r e l .  

A l l  u m ~ ' y z c r ~  outp-f e l r ~ i r . " o I t ~  t p  Q,,~,,,~ rp(urd.r,, 

s l r ~ l s r k j c  

I ,  
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CORPORATION 3 

DATA & RESTnTS 

C l i e n t :  Lonestar ,  Davenport, CA Analyzed Gas N@K 

Unit :  Main Stack  Analyzer Ranrre 0 t o  500 ppm 

Date: 5/13/82 Recorder Ranqe 0 t o  :GO ppm - 
Ze-o Gas : Zero Grade N2 /hb ien t  A j r  

Span Gas: 302.5 ppm NO u i t h  SO2 i n  N2 

\ 

Time 

1205 

i 1213 

L 

t o  
1245 

1255 

1315 
t o  

1343 

1400 

1420 
t o  

1502 

1520 

Zero 

0.05 

-0.05 

-0.05 

- 

Zero 

0 .1  

. 

$sCP.IX 
1ni t ; le l  

Span 

61.1 

Zero 

0.0 

-(I.l 

0.0 

Apparent ~ 

"an 
F i n a l  

Span 

61.4 

63.5 

65.0 

61.25 

62.45 

64.25 

40.5 

38.8 

i 
37.8 

I 
178 

200 I 

188 

I 

I 
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CORPORATION \ 

- DATA & RESULTS 

Cl i en t :  Lonestar,  Davenport, CA Analyzed Gas - 02 
Unit:  Main Stack Analyzer Ranne 0 t o  25% 

Date: 5/13/32 Recorder Ran?e -1.25 t o  23.759 

Zero Gas : 

Span Gas: 

- --- 
E e  race 

Concentration 
% 32 

I I 
1 4 . 1  

1 

i 
14.2 

I 

14.2 
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P I  TOT TURE CA1,IERATION . - ~ . ~ ~ .  . 

DATA SUMMARY .- -- 

I DATE: . zs Iq82 . - 

PERSONNEL:  -- QI~L'H~ 
I' C o n d i t i o n s  

PS t d  

P p i  t 

c P 

P s  t d  

P p i t  

P 

P s t d  

P p i t  

c P 

P s t d  

P p i t  

c P 

P s t d  

P p i t  

c P 

P s t d  

P p i  t 

CP 

P s  t d  

P p i t  

P 

P s t d  

P p i t  

c P 

Ps  t d  

P p i t  

C~ 

2 6  .LI(I ,CI( /.%I P s t d  - 
=i f t  Glw5 -- -- ? p i t  -- . 3'3 3 2.65 - 
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D 's.'l = I D - = = D ?at 5 ~ ~ l ~ ~ % e ~ ~ , , ~  Envtrono 61. Technology I", 

PLUMSTEADVILLE PA 18949 PHONE 215-766 8861 TMX 510 665 9344 Date Shjpped 12/22/81 

Our Project No :  314740 

C H D E C O M G V  C O R P O W T I O N  Your PO.  NO: 225 

ATTN : JOE'ITA Page 2 o f  I 
690 GAFFCIA A m W  
PITTSBLIRG, CA C E R T I F I C A T E  O F  A N A L Y S I S  - EPA P R O T O C O L  GASES'  

IConcenrra~ions are in  mole ?b or p p m l  

Cylinder Number CAI,-2450 Certif ied ~ccuracy>?b NBS Traceable Analysis Dales: First / / 8 L a s  12/21/81 

PRIMARY REPLICATE 
CERTIF IED EXPIRATION A N A L Y T I C A L  STANDARD CONCENTRATIONS 

COMPONENTS CONC D A T E  PRINCIPLE NBS,SRM's FIRST SECOND 

1 5 T R I C  O X I D E  91.08 urn 6/21/82 C h e i r i l u r i n e s c e n c e  16843, 1683F 91.22 ppm 90.93 pun 

S U W  D I O X I D E  48.12 ~ p n  E c o l y z e r  1694.4, 1 6 9 3 A  48.10 ppm 48.14 ppm 

Cylinder Number C A L - 4 3 2 8  Cert i f ied Accuracy % NBS Traceable Analysis Dates: First 2 / 1 8  L~~~ 12/21/81 

P R I M A R Y  REPLICATE 
CERTIFIED EXPIRATION A N A L Y T I C A L  S T A N D A R D  CONCENTRATIONS 

COMPONENTS CONC D A T E  PRINCIPLE NBSISRM's FIRST SECOND 

N I T X I C  O X I D E  302.5 Dun 6/21/82 C h e d l u n i r . e s c e n c e  1 6 8 7 ~ 5 ,  1686a 301.8 ppm 303.1 pun 

nnc  - Ecolvzer--- 
- 1  - .,I W N C E  

according to  EPA Protocol N o :  1 

Approved B y  
P a h e l a  Tr i l l i ng  Fm Nevi11 

n ,  l o r  e.1 wnqcn r u n s  to  comolr witn  this r n r o r s i ~  s n r o  D. r . p ~ r c r m . n t  thereof by  the cornoror w i t n o u t  .rtrr c o s ~ .  

CERTIF IED R E F E R E N C E  MATERIALS EPA PROTOCOL GASES B ACUBLEND? CALIBRATION & SPECIALTY GAS MIXTURES 
PURE GASES B ACCESSORY PRODUCTS CUSTOhl A r A L Y T I C A L  SERVICES 

- - . . , . , - - . . 
r 

.- ........................... ~ . .  - 
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I COMMERCIAL TESTING & ENGINEERING CO. 
GENERAL O F f l C E S  220 NORTH L A  SALLE STREET. CWICAGO, ILLINOIS a0601 A R E A  CODE 312 7 Y E 4 4 3 4  

€STERN OIVISION MANAGER 

I 
>AIL 0 PALMER 

TOiER RESOCRCES INC. 

I Kind of sample 
reported lo us Oxd 

PLEASE AOORESS ALL COURESYOr*DFhCE T O  a 
F e l n a w  10, 1 9 8 2  224 South Carbon Avenue 

Prlce. Utmh 84501 
Phone: (801) 637.7540 

Sample identification 

by m r  Resources, Inc.  

e 
'ample taken at Wildcat I 

r * . - - . , , f ,  . . ~  :.. 
c . ,. . . - . . .-* 

;ample taken by 'bier Resources, Inc. 
F E ~  1 1 1902 1 Date sampled 2-2-82 

Date received 2-3-82 '3c$;-.r ~ r ~ a u r c r e  2:ic- 

I - - 

As Reeived Dry Bas i s  

% Air  Dry I A S ~  = 5.86 
Ebistue, Ash-free m u =  14124 

Ftun* of SO2 per 10-6 Btu = 1.01 
mist, Mireral matter free Btu = 11)31 

(Based a7 a s  rec'd maisture) + 

b n &  of =fur per 10-6 Btu = 0.51 

O V E R  4 0  B R A N C H  L A O O R A T O R I E S  S T R A T E G I C A L L Y  L O C A T E 0  IU P R I Y C I P A L  E O A L  M I W I N O  A R E A S .  



j CHGR. 
* I N 1  [!ESCF Y T I O N  1INITS 

TOOL 
TO04 
TOO;! 
~ r l p  :' 
1000 
r 1 n l  
T 120 
1 :*2 
147 
T 152 
T I  L6 
101 5; 
10.1 56 
10157 
l 0158  
r D-I ;T 
183 

.A 184 
103 
105 
(104 

1 r :,@-,' 
'505 
1 0 6  
1 2 5 7  
r 2 6 2  
r37n  
r 40.1 
(538 
\440  
;49 
1422  
1424 
i0@ 
, TLg;: 

IIILIME 1 FIEQ E+TC TPI~  
L O W  LInE FEE# F : A T C  T P t i  

I.IIAL.E IFCEP( P ~ T C  TFtl 
Ir:rlId ICEP, P A T E  TF'II 
r . :!nNL! FEED! R A T E  T F t l  

fFCFI!EATC. $:A? EIILL. 1FtI 
W .  ? ? K A Y  I - L ~ w P A T E . - ~ : A w ~ ~ I L  GFI.1 
IIJI.ET 1 T E ~ ~ . - R I . I  rr:tzcIr o ~ r ;  r 

OUTLCT ~ k ~ t ' - R t l  PPECIP DEG f 
INL.C1 DRAFT-RH P K C C I P  I N  t:20 
OUTLET DRAFT-RH' PEECIP I N  I120 

FIELD .I PH PRECIP V O L T  
F IELD 2 RH P R E ~ I P  VOLT 
F lCLD 3. En PRECIP VOLT 
f ICLD 4 R M  PRECIP VOLT 
F IELD 5 RH PRCCIP VOLT 
O P A C I T Y  E l l  PRECIf  

N O X  R M  PRECIP STA K STACK STACK 
INLET I TCMP-:CD ..TOUER DCG t- 
OUTLET 1 TEIIP..CO TOUER DEG F 
U .  SF'EAY fLOWRATE-.CD. 1 UP GFFI 
U.  SPRAY FLOW RATE GFM 
IIJLET I T E M P - B Y P  ce TUR D E ~  r 
C1'-ITLET 1 TCI.IP--GYP CD TUF: DCG F 
T E E D R A T C  T O   ILL - -COAL. T P ~ I  
~ ~ E D R A T C  O O A L : T O  P ~ E C A L C  COAL 
FCCDPATE COAL,' TO K I L H  COAL 
KILNFEED FATC TPH , 
CLINKER BELT 'SCALE TPtl 
K ILNEXIT  GA4 '02  f c T  OXYGEN 
KILNEXIT  G4S T C M ~ ,  DEG F 
PPEHEATE E X I T  GAS: CO CO 
0 2 FEEt:TR C'IJIT GAS PPEHTR 
OPAClT'i .-COOI.Et STACK COOLER 
!:'?r:LE C:C O I I ' F  . PF:ESC.lIFE LBIFFPE 

T I H L  DATE e . l 2 . . G 3  THIC RCPC,C 
b 4 t . A  - 

PPEVIOUS 8 HOUR1.Y AVCEAGCS FOR tIOlJP O C C  INNING 
D?00 - I O O D  - 1100 - 1200 - 1300 

-- 
1400 1500 - \ .1600 

r 

157 .  ' ' 160. 175. 1 5 9 .  167.  144.  1 48.. 16;'. 
0.12 0.0: 0.15 5 .43  I. 1.1 1 4 .  1 4 . 50  ( I  . I?; 

7 c  .$ 2 8 . 2  L - > . L  l c . 5  16.5 1 y . 5  23. I 2:. 6 26 .  ;: 
1.53 I . -,' 4 1.56 1 . 3 ?  1 .51  1 .40 1.4'5 1.5; 
0 .38  0 . 2 8  0.38 0 . 3 8  0 . 3 3  0 .36  0 . 3 8  -" 2 .  -2 

200.  20  I. Z O O .  I ? ? .  200. 179. 201.  ;:gIJ . 
--0.09 . -0 .11 -0.12 -0 .13  . 0.  I 4  .-0.14 . - ( I .  I t ,  - - ( I .  15 

181. 180. 180. 180. 180 .  180. 160. 1 C 1 .  
18;. 1 ~ 2 .  185. IE;. 18;. 1 ~ 4 .  la;. l o t .  
32 .5  31.4 a = .  3 32.6 3 2 . 2  33.1 33 .1  21 .4  "" 
35.3  34.1 34.9 35.2 34 .9  35.0  . 3 5 . 9  34 .1  

434.  434.  434. 434.  434 .  434. ,434.  ., - 434 .  
467.  467. 467. 467 .  467.  4L7. '4L7. 457. 
391 .  391. 391. 391 .  30.1. 29.1. 391. 391.  
422.  422.  422. 422.  422.  422. '. 422 r 422 .  
391.  39.1. 391. 391 .  371'. 291. 391 37.1. 

1 .7-1 -1.60 1.58 1 . 5 7  1 .93  1 .41.  1.36 I .:l. 
208.  2.1L. 210. 206 .  20.1. 188 .  197,. 20;. 
672.  672. 672. 672 .  6 2 1 .  670 .  . 670. 6 3 1 .  
, -7  

- I  I . 452. 42.1 . 4.1 4. 407 .  42C. 474. 447 .  
40.  I3 49 .4  50.4 42.7 .,. 34.6 36.4 48.5 3 . ,? 

30 .8  32 .2  31.1 30.5 -.I .6 22 .0  ' 35.5 24 .  I -. 

748. 766. 759. 721.  7 5 0 .  : I J .  i 9 P .  778 .  -7.2 

304.  300.  300. 300 .  30.1 . 3U0. . XI@. - %  -.no. 
-13.2 12.T 13.2 13:1 1 3 . 3  14. Ii 12.E 13. 1 

6.05 6.04 6.03 6 .02  . 6 . 1 6  5,29 6.17 6. 13 
4.35 4.35 4.35 4.37 4 .44  4 j 50 4.5'5 4 .50  

1 65.  165 .  .145. -1 65. 165 .  -165. 165 .  165 .  
97.9 88 .8  93.2  5'1.8 76.8 91:. 3 83.8 79 .4  

1 .78  1.85 1 .  E3 .I. 7 2  1 .63  1 .56 , I .  7 6  ' 1 .89  
. - T - ~ K W C J V ~ ~ L  b * r n e h . . - e  t . :.-. ... -. .-  21 

. - 
0.40 0 .39 0 .38 0.38 0 .37  0 .37 0.37 0 .37% 
5.0.1 5.09 5.14 5:14 5 . 0 5  4 ;4.?5 5 . 0 2  
3 3 . 5 1  3 . 4 L  4 .08  4 .22  : " ,.02 ., > . 1 ? C  
5. C? k J - '  

r n .  .' . * C 
.= r . ,  5 .70  .- . -  
,.PC\ , . '1, ? . l o  ' :*.a?, 

,i . . / -2 
1: 

I ul 
MOT ~ ' A L ~ D  ul 

M A W ~ E R  C\ALFUJ.ICT,,J - . . - -  i 
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