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I. Project Status 

A. Test Summary 

A baseline test was conducted from November 11, 1991 through December 
15, 1991 at the Arapahoe 4 steam electric generating station. The purpose of 
this test was to document the emissions of the generating station with the 
original burners and auxiliary equipment which represents the unmodified 
boiler emissions. Testing showed that NO, emissions were high, in the range 
of 740 to 850 ppm (corrected to 3% O,, dry). Excess air level was the 
primary factor influencing the NO, emissions and other operating variables 
did not significantly affect NO, emissions. Baseline SO, is in the range of 350 
to 600 ppm (corrected to 3% 0, dry). 

A baseline urea injection test was conducted from February 3, 1992 through 
March 6, 1992. The purpose of this test was to obtain (1) NO, reduction, (2) 
ammonia slip emissions, and (3) nitrous oxide (N,O) generation of the urea 
injection system under the baseline conditions before any other boiler 
modifications had been completed. The urea system worked well at full loads 
and could remove approximately 30% of the NO, with an associated ammonia 
slip of 5 ppm or less. Not all of the NO, removal is conversion to nitrogen 
and water. Approximately 10 to 15% of the NO, reduction is a conversion of 
NO, to N,O. Much higher NO, removal could be obtained, however 
ammonia slip would significantly increase. 

A short test was also run during this period using aqueous ammonia as the 
injected reagent. Aqueous ammonia reacted faster and thus allowed lower 
ammonia slips at the same operating conditions. At full load aqueous 
ammonia allowed NO, removal of approximately 35% with ammonia slip of 
5 ppm. An advantage of the aqueous ammonia is that only 2 to 3% of the 
NO, removal is conversion to N,O. 

B. Summary of Environmental Monitoring 

The purpose of this report is to document the environmental monitoring that 
was completed as part of the two baseline tests completed. Monitoring was 
completed according the Environmental Monitor Plan for the Integrated Dry 
NO&SO, Emissions Control system dated February 1992. 

In general the testing went well and there were no environmental events of 
great importance in defining the baseline emissions. There were no 
excursions of any compliance monitoring except for opacity. Overall opacity 
was 99.9% in compliance over both quarters and there were only 47 
excursions over the 6 month reporting period. The excursions were likely due 
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to monitor problems and possibly startup conditions. Average opacity was in 
the range of 2 to 4%. 

A significant amount of supplemental monitoring was completed to define the 
baseline emissions. The major finding during this testing was that of the NO, 
removed through urea injection, approximately 10 to 15% of the NO, removal 
is actually a conversion to N,O. The major difficulty of the period was in 
obtaining an accurate method of measuring NH, emissions. Two techniques 
were used but it is believed that wet chemical analysis provides the most 
accurate results. A different continuous emission NH, monitor will be used 
during the remainder of the testing and it is believed that this new monitor 
will provide measurements closer to the wet chemical analysis. 

Particulate emissions were very low on the order of BOO7 grains/Dry Standard 
Cubic Ft. These low emissions are due to the very high removal efficiency of 
the installed fabric filter. PM,, emissions are slightly higher at JO43 
grains/Dry Standard Cubic Ft. The increase is due to the capture of 
condensable particulate emissions such as sulfur dioxide. 



II. Summary of Compliance Monitoring Results 

A. Sulfur Dioxide Monitoring 

Arapahoe 4 has a regulatory limit of a maximum emission of sulfur dioxide 
of 1.2 lb/MMBtu as defined by Regulation 1, VI.A.3.a.(ii) of the State of 
Colorado. Arapahoe 4 did not have continuous monitors installed for the test 
periods covered by this report. Sulfur dioxide emissions were calculated from 
the amount of sulfur in the fuel and any exceedance above the regulatory 
limit of 1.2 #/MMBtu are provided to the state on a quarterly basis. The two 
quarters covered during the test period were the fourth quarter of 1991 and 
the first quarter of 1992. During the forth quarter 1991 average SO, content 
of the coal was 0.862 lb/MMBtu. There were no exceedances during the 
quarter. During the first quarter of 1992 average SO, content was 0.872 
#/MMBtu. There were also no exceedances during this quarter. See 
Appendix A for copies of the reports documenting this information to the 
Colorado Department of Health. 

B. Opacity Monitoring 

Arapahoe 4 has a regulatory limit to not exceed 20% opacity due to any air 
pollutant as defined by Regulation 1, II.A.1. The unit uses a Lear Siegler 
RM41 continuous opacity monitor to measure and record opacity. There were 
47 opacity excursions above the 20% limit. See Appendix A for copies of the 
reports documenting this information to the Colorado Department of Health. 
The unit was in compliance 99.9% of the period and the average opacity over 
the period was in the range of 2 to 4%. 

C. Aqueous Stream Monitoring 

As required by Colorado Wastewater Discharge Permit No. CO-0001091, 
Arapahoe 4 must sample and report on various aqueous discharges. Reports 
provided to the regulatory agency for the November & December 1991 and 
February & March 1992 sample period are contained in Appendix B. Note 
that the unit was in compliance 100.0% of the period as there were no 
violations during any of the test periods. 
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III. Summary of Supplemental Monitoring Results 

A. Gaseous Species Monitoring 

Significant gas monitoring will be completed in order to determine the 
positive environmental affects of the Integrated SOJNO, Emissions Control 
System. Certain gaseous emissions such as nitrous oxide (N,O), ammonia 
(NH,) are important and are potentially a negative effect of the system. 

Appendix C contains a summary of all test data obtained during the baseline 
testing conducted in November and December 1991. During the baseline 
emissions testing, no additional chemical injection was completed. These 
gases were not measured during the baseline but were measured during the 
baseline urea testing as discussed below. Four batch measurements were 
obtained for sulfur trioxide (SO,) at the economizer exit during this test 
period. This data is shown below and the test number corresponds to the test 
numbers of the data shown in appendix C. 

s&-fLwd 
10 0.1 
35 0.1 
37 0.5 
38 0.7 

Appendix D contains a summary of all test data obtained during the baseline 
urea testing conducted February and March 1992. During this phase of 
testing samples were obtained for N,O and also NH,. It should be noted that 
the N,O measurements were very repeatable and it is believed they are an 
accurate representation of the test. However, note that two different 
techniques were used to measure NH, emissions, NDIR using gas filter 
correlation and also wet chemical. Note that the majority of the test data 
obtained for tests 58 through 100 show that the wet chemical method indicates 
much greater ammonia emissions than the NDIR continuous method. During 
this period a non-heated probe was used to collect the sample for the 
continuous NDIR analyzer. After discovering the differences between the two 
methods, a heated probe was added to the continuous NDIR system. There 
is much better agreement between the two test methods after this 
modification for the data for tests 107 through the end of the testing. It is 
still believed that the wet chemical method provides the most accurate results. 
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B. Particulate Monitoring 

C. 

During the baseline testing at Arapahoe EPA Method 17 was used to obtain 
both inlet and outlet particulate mass loadings at the fabric filter dust 
collector. The average inlet loading was 2.1 grains/dry standard cubic foot 
(gr/DSCF) and the average outlet loading was 0.0007 gr/DSCF. This relates 
to a collection efficiency of over 99.96%. It should be noted that the outlet 
grain loading was significantly lower than expected. In previous testing using 
EPA method 5, loads in the range of 0.0035 gr/DSCF have been measured. 
There is no difference between the two test methods used that would explain 
the difference in emissions. Both values are well below the emissions limit 
of the unit, however an additional test is planned later in the program to 
verify the outlet grain loading. 

A University of Washington Pilat Mark V cascade impactor with a precutter 
was used to size the inlet sample and determine the particulate size. The 
mass mean diameter of the inlet was 12 microns which agrees well with 
previous testing. The complete distribution including a graphical presentation 
of the data is contained in Appendix E. 

The minimum size particle that can be captured with the cascade impactor is 
9.3 microns. In order to determine the amount of smaller particulate 
emissions, EPA method 201A was used to determine the PM,, emission at the 
fabric filter dust collector outlet. The PM,, emissions show a concentration of 
0.0043 gr/DSCF. Note that this value is much greater than the emissions 
obtained from the impactor sampler. The increase is due to the fact that 
PM,, sampling includes condensable particulate emissions such as sulfates that 
can be captured in the ice and water bath used with the impingers to collect 
the PM,, sample. 

During the baseline urea testing conducted in February and March 1992, no 
additional particulate sampling was completed. 

Aqueous Stream Monitoring 

No supplemental monitoring of any aqueous streams was planned or 
conducted during the baseline or baseline urea test program. However, 
during the urea injection testing the consumptive water use of the system was 
recorded for informational purposes. Water use by month is shown below: 
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D. Solid Stream Monitoring 

Water Use 

January 1992 
February 1992 
March 1992 
TOTAL 

%%? %F 
1 Id,800 0:352 
42,300 0.130 
180,500 0.554 

Note that these water uses are significantly below those originally estimated. 
During the original testing it was discovered that the original system design 
used significantly more water than necessary. The system was modified and 
water use was cut by nearly 80% from the original design. 

Raw coal samples were taken on each test day during the baseline testing. 
Selected samples were submitted for proximate, ultimate and elemental ash 
analysis by an independent laboratory. Results from these analyses are 
contained in appendix F. In general, the individual coal samples were 
consistent although some variance in SO, occurred. Two different coal 
sources were used for the testing. The two coals are very similar in all 
respects except for SO,. Average higher heating value of the coal was 11,097 
Btu/lb and the average carbon was 62.00%. 

The other solid sample analysis completed during the baseline testing 
consisted of carbon analysis of both fly ash and bottom ash. Data for this 
testing is contained in Appendix C. Baseline carbon levels in the fly ash are 
in the range of 4 to 5% carbon although at low excess air conditions it could 
raise to the 10% level. Bottom ash carbon is always less than the fly ash 
samples and is generally less than 1% 

No solid sampling was taken during the urea baseline testing as there should 
be no effect on these values due to the urea injection. 
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Anaconda Tower 
N5 17th Stree:. Suite 1200 
LhwL co m202.1012 

January 24, 1992 

Hr. Roy Doyle 
Air Pollution Control Division 
Colorado Department of Health 
4210 East lith Avenue 
Denver, CO BO220 

RZ: Fo.xth Quarter, 1991 Emissions Report, Arapahoe Units 11-4 

Dear Roy: 

Attached is the emissions report for the fourth quarter, 1991, for the Public 
Service Cc--- ..+ny of Colorado Arapahoe Steam Electric Generating Station. 

‘ihe res-lts of the coal sampling and analysis for this quarter indicated an 
e.:ert:e SO, ccr,tent of 0.862 lbs SO,/MNBTU. No exceedance of the SO, emission 
s'ar.tard occurred at the Arapahoe Station during this quarter. L 

Dates r.ct repcried on the attached emissions report are those in which the units 
were R.CL running. The operating hours for these units this quarter are: Unit 
Pl - 652.7 hocrs, Unit 112 - 1,498.B hours, Unit 13 - 1,462.7 hours and Unit 14 - 
1,889.O hours. 

Feel free to contact me at 294-2810 with any questions in this regard. 

Sincerely, 

Peter J. Cohlmia 
Supervisor, Environmental Programs 

PJC: tc 

Attacrments 



Pa9e 1 of 4 

d ART Y X 

Fossil Fuel-Fired Steam Generstdrs,. Subpart D 
Suggested Format for Sources in Region VIII* 

Minimum Requirements Under Section 60.7 (see instructions) 

Part 1 - This report includes 111 the required information under section 60.7 for 

a. Ouarterly emission reporting period ending: 

March 31 June 30 September 30 (December 311 

b. Repottin year: 1991 

C. Reportin date: 1 I1 3/92 

d. Person completing report: Mark Sccmcr 

e. Station name: Araoahoe Station 

f. Plant location: 2601 South Plane Pver Drive 

8. Person responsible for review and inte)rity of 
repcn: Peter J. Cohlmia 

h. t.Cailinp address for person in l-p above: 

P.Q..Bpx EGO, Denyer, CO 80201 

i. Phone number for 1-g above: 294-2810 

Pa-t 2 - Iwrurnam information, complete for each instrument. 

a. @acity hlonitor: Unit 1 Unit 2 Unit 3 

0. 1Xanufacture: Lear Siegler L.S. L.S. 

C. Model No: RM4 1 RM4 1 RM41 

Unit 4 

L.S. 

RM41 

d. Serial No: 669 1409 1369 997 

e. Installation: II77 6J79 6179 7179 

Pan 3 - Excess emissions iby pollutant) 

Use Table I: Attach separate narrative per instructions. 



PaQe 2 of 4 

Part 4 - Conversion factors 

a. Zero and Cal values used, by instruments: 

Unit 1 Unit 2 Unit 3 Unit 4 
Zero s;eo.o-QLss 

Cal JiLEL51.6~Au. 

Part 5 - Continuous Monitoring System operation failures 

See Table II: Complete one sheet for g& monitor 
axi:h separate narrative per instructions. 

Part 6 - Certificstisn of report integrity, by per in 1-g above: 

THIS IS TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE. THE 
IliFORt~~ATION PROVIDED IN THE ABOVE REPORT IS COMPLETE AND ACCURATE. 

l Suggested Format for Subpart D sources in: 

Coloredo, Moniana, North Dakota, South Dakota, Utah, Wyoming 



Pape 3 of 4 

Date Time’ From - To 

TABLE I 

Excess Emissions 

Pollutant Maonitude’ LdllOb BTU 

so’ 

No violations 

Anached is additional information for ex;esses occuring during the Third Ouarter 

. As defined in the instructions form the applicable section of the Federal Register; attached 
narrative of causes, etc. 



JUL 22 ‘92 10:06 FROM 1225 l?TH STE 2000 TO 5-3291003 

a:e 

12.13-91 

TABLE II 

Continuous Morvtorirq System Operation Failures 

Tmr* Frcm - To lnsffumrnt Effect on Instrument 0~ 

0630 to 0660 Unit 3 Repair shurter 
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PUBLIC SERVICE COMPANY OF COLORADO 

STACK EXCESS EMlSSlONS REPORT 

UNIT OFERATINC HOURS m 

ARAPAHOE UNIT 14 

A.lhQ~rPal~ 

PAGE 1 OF 2 

1111 2.I 0 lllZ2 2.7 0 I 1208 2.6 0 

1112 2.) 0 11124 2.4 0 12/%@ 1.B 0 

1 1 A 2.7 0 11/2t 2.2 0 Ill17 2.4 0 

I 

I 
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PUBUC SERVICE COMPANY OF COLORADO 

STACK EXCESS EMISSIONS REPORT 

UNIT OPERATlNG HOURS 1,889.9 

ARAPAHOE UNIT 14 

4sho~ARaL~ 

?AGE 2 OF 2 
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~&fcdo* 
a& co mm- 08(0 

April 29, 1992 

Mr. Roy Doyle 
Air Pollution Control Division 
Colorado Department of Health 
4210 East 11th Avenue 
Denver, CO 80220 

RZ: First Quarter, 1992 Excess Emissions Report, Arapahoe Units #l-4 

Dear Roy: 

Attached is the excess emissions report for the first quarter, 1992, for the 
Public Service Company of Colorado Arapaboe Station, Units #l-4. 

Tkie results of the coal sampling and analysis for this quarter indicated an 
average SC, content of 0.872 lbs SO./tL%BTU. 

Dates net reported on the attached emissions report are those in which the units 
here ret running. The operating hours for these units this quarter are: Unit 
PI - l,i59.4 hours, Unit #2 - 1,297.g hours, Unit 13 - 1,06D.2 hours and Unit 14 
- 1,917.B hcurs. 

Feel free to contact me at 294-2810 with any questions in this regard. 

Sincerely, 

Peter J. Cohlmia 
Unit Kanager, Envircnmental Programs 

PJC: tc 

Attachments 
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PIOC 1 Of 4 

QUARTERLY EB EMISSIONS REPORT CfEBI 

Fossil Fuel-Fired Steam Genrretorr, Subpert D 
Su99ested Formrt for Sources in Region VW 

Minimum Requirements Under Section 60.7 (8ee instructions) 

Part 1 - This report includes l ll the required informrtion under raction 60.7 for 

a. Quarterly emission reponing period ending: 

(March 31) June 30 September 30 December 31 

b. Reporting year: 1992 

C. Rcponing date: 4/1 

d. Person completing repon: Mark SDomcr 

e. Station name: Araoahoe Station 

1. Plant location: 2601 South Platte River Drive 

9. Person responsible for review and integrity of 
report: Peter J. Cohlmia 

h. Mailing address for person in 1-o above: 

P 0 Box 640. Denver. Colorado 60201 

i. Pnone number for 1-g above: 294.2910 

Par: 2 . Instrument iniormation, complete for each instrument. 

a. Opacity Monitor: Unit 1 Unit 2 Unit 3 

b. Manufacture: Lear Siegler L.S. L.S. 

C. Model No: Rh141 RM41 RM41 

d. Serial No: 569 1409 1369 

e. Installation: lff7 6l79 6l79 

Part 3 - Excess emissions (by pollutant1 

Unit 4 

L.S. 

RM41 

997 

7l79 

Use Table I: Attach separate narrative per instructions. 



PIQC 2 Of 4 

Pan 4 f Conversion factors 

a. Zero and Cal values used, by instruments: 

Unit 1 Unit 2 Unit 3 Unit 4 
Zero 99siTLAaa 99 

Cd 9;tlaL4&eAm 

Pan 5 - Continuous Monitorinp System operation failures 

See Table II: Complete one sheet form monitor 
attach separate narrative per instructions. 

Part 6 - Cenifcation of report integrity, by per in t-0 above: 

THIS 15 TO CERTIFY THAT TO THE BEST OF MY KNOWLEDGE, THE 
INFORMATION PROVIDED IN THE ABOVE REPORT IS COMPLETE AND ACCURATE. 

NAME Peter J. Cohlmia 

SIGNATURE k??J * mda 

Title Unit bnager # Environmental Programs 

Date e/a/9> 

* Suazrsled Forrr,a: for Subparl D sources in: 

Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming 



7’ T, ” 
/’ 

Pate Time* From - ‘lo 

TABLE I 

Excess Emissions 

Pollutant Maonitude. Ml106 BTU 

so’ 

No violations 

Anached is addltional information for excesses occurring during the First Quarter 

Roe 3 of 4 

As defined in the instructions form the applicable section of the Federal Register; anached 
narrative of causes, etc. 



TABLE II 

Continwus Monitoring System Operation F8liurar 

DDte 

3!20.‘92 
thru 
3!26:92 

Tvne* From - To lnnument 

1403 to 0830 l6M Pa2 

Effect en lrutrumcnt w 

LOSS of power - no &ta 
(Used backup eircubr chmrts) 

3.‘20:92 oei= to 1015 w Unit I3 
1s. - RM4t 

Loss of power - no date 
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: ’ WKIC SERVICE COMPANY OF COLORADO ‘/ 
STACK EXCESS EMISSIONS REPORT 

UNITOPERATINGHOURS 1917,B 

ARA?AHOE UNIT N 

InO~lU2~ 

PAGE 1 OF 2 
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t PUBLIC SERWCE COMPANY OF COLORADO AMPAHOE UNtT 14 

STACK EXCESS EMISSIONS REPORT J&L0mraa2m 

UNIT OPERATING HOURS _1917.1 ?AGE 2 OF 2 



INTEGRATED DRY NOJSO, EMISSIONS CONTROL SYSTEM 

ENVIRONMENTAL MONITORING REPORT 

(Baseline and Baseline Urea Injection Test Periods) 
(November 11, 1991 through December 15, 1991) 

(February 3, 1992 through March 6, 1992) 

Appendix B 

Aqueous Stream Compliance Data 



2 9-i 

i 

l 

: 

I 

I I 
I 

g g . . 
l- - 9 : 0 

I- 1 - 

L 

1 
I 
e 
t : 
; : 
: F I 

6 a 
l 

e 
u 

b 

f 

z 

5 

t 

0 
* 

B 

t 

< 
: 

% 

t 

i ; 

f i 

-7 f 

- i 
I 
1; 

1: 

1 t 

f f 

t L 

8 $ 
- 

! ! 

C’ 

: 

z 

E 

P 

t 

1 
D 
: 
d 
; 
; < 
k 
I 0 
; 
2 
: r. 
E 
P a 
5 
; ’ 

R 

!?. - 
g i$$ 
0 m - 
2 f 
F *t 

t 

: * 5,: 6 
so: ! 

1 i;;i 

4 
YI E 
f 3 
5 2 
5 

! 

- f 
fi;j E 

<- . . WE I 
&3 
2: 

8 

F 

r- a : I.<:$ 0 ; : 
Cl ‘,” j$ i 
cl& < . 3 c.I:-- 0 L I;+; 1 

ic 
f :;:-,:,2= j 

L:7- s:, j 

’ /I 

$1 f ‘Z j 

i$r - 
i- 

( -‘?I’ 
: :.T 

,222 VI 
IO,;:: 5 
;z : --. 

r 
/ i:;TE r 

I- , / ; --;s, i i: jf 
7 jr:’ ; 

-‘m < 
>-, I : 

iI-- 
; 

=I l 

;’ = 
-z 

-: 
B 5 
r 
t I . 
: 
: 
f 
: c 
E e 
i 
E 
I 
r 

: mi 0, Y4 6: 
e: 
f: -6 I.- ;; 
m! :i j: 
;I .: 
L 
2 
5 E 7 R 8 
E 
2 < 

* $. F; . ..Q g j& 
‘,,O ,“..- - 

0 Q -0 . . 
c’ 

. ,:x, 1 g :“y 

g .P ;+ y 
: ._ ;;m 

-.., I 
‘, I l+ 

$ 
I . 

. ‘, A$ 

P g p 2 
. ” I, 1 ~j . 

g 9 0 4 ‘, .c,,. 
:i c c u : -C 

./I 

/i/l : 

/ ; Y 
2 * - : 
;s : 
de, : ;-- I 

‘- 

:;: Ei 
Ig I ‘ii 
i” I 
au 
,z 

g /I 

7 

-= I 
fz z.Ei 
l Y &) I 
:o=, r.Z’ 
ha-1 -.b/ 
2’ T;; 

ci, 
j; ‘Cl 
3 L I I 
: 

T - I : 

- 

- 

- 
: 

2; 
si 
$i 

E 
- 

z 

c 
,“- 
‘2 
I 
l 2 
C- 
: 



L 
1 

;i ;: .’ e 
B 
x 
s 
ei 2: t 
: 3 0 

Ii, 
-: : ; 
p- 

c ‘f 
is j-’ 

i 

.i HI k 

I B I ~ 

P 
3 
E 

.;. ~I 
2;:. i...,,’ j;, ‘ : 
I!.,,, ;: 

; 

I. 
,, 

:: 

^” 

.. ” 

/ ,< ; 

- 

- 

- - 

- 

- - 

- 

- 

w 

3 

E 
i I:/ 22 

& &J$ 

OJr ‘C: i% 

# b&; 

io 
/ L y 5 :-‘, 

ff ic--‘- 
c z 0 

5 0 
I-/ l 

xk. I 1 r =- a- ‘C ,I :r‘ ‘:(: ‘,::!qIl #Pi Ef 2: :z -4 ‘,C gw @ ,c- I :z $2 2 zc-. 1 $1: :<2 & /I s:: :I es 98 z; : i / jfi; fi 1 :; f;? f I, ; 

- 

- 

- I - 
I 

!5 : i : : 

- 

- 

- 

- 

5 
; 

: 
: 

: 
3 
0 

f 
L - 
-: 
i 
I 

\ 

1 

5 
E; IY c= 
,YS 

wo c - 



z ,’ 
.” 

) 
I 

f 
s 
Z r - 
: 
g 

f 
t- 

i 
H 
f 
5 
E ._ 

f 

i 
t 
: 
: 

: ; 

. : 
: 

,I; 

- 
:.f 

; 
c 
_I 

f 
.,L: 
.‘g 
1: 
I- 

I 
I 

b 

a 
z 

a r 3 
: 
i . 
; : Y 
i . 
! 
! 
,o 
i m 
f 
: 
i 

: )I ! =; 
:f 
e: I 2. Et c: 
:I vi 2: ;: Y’ :; 
E 
L 
i 
!I 
7 I 
s 
c 
: 

I 
I! 

5 s 
f 
2 

i 

I - 

- 

, - 

- 

I 

I 

I 

- - I I. 
T 

.’ 

I- 

d i $. 
3 -- 
i’y: 
,‘j‘ - 
r: 1” 

c 
I. 

: 
,). 

,-r “. 
I 

:..., 
>*.: . 

‘: 
~I d’ : 

,; ,%. 1 
-. i&:1 

_a 
:; 

‘.,. 
.*A 

., .;. 

:. _ 

, . 

---IT 

i _ 
.:, 
- , 
r; 
: : 

‘- 

5 

- 

” 

- - - 

:.: 
” 
.T.- 

2. 
= 
L! 
:,: 

z 

D 
Z 

: t; 
f: tj 
P II 



2 - kg ho 
1 3: % I) - 

4: 0 Y t r.4 0 * -2 0 . -: ‘. @:! 
.- :: G;;E 

P ::f 
b ;z 
il 

r.. 
z 
ri I ” 
: 

2 
! 
x 
D 
: I * L! 
f 
: I: 
E 
:! 
i 
c 
s 
i 
E 

& 2 
‘: 
E 
: ; E Y 
5 E 
t 
E 
f 
z 
i 
i c: R p: r, 
c 
yc r 

E’ 
E 
f Jz 
I .- 
4 
i Y 
9 
L 
E 
2 
; 
g 
4 
k 
c’ 
i 

z” 

I- 4 

t 
T - 
- 

- 

i.’ 
-,;‘: 
I. .I 
‘. 5 ,; 
:” 

- 
.., 

T 
-L - 

, : 

1 c z 
CI 
L 

: 
I 

I = r I - I ; z ; - ; 
1 _ z 5; z 51 E I l 

- 

, 

) 

1 

, 

I 

i 

) 

i 

I 

I 
1 

; 
c 

; * 

t 
? 

- 
c 
t; tr 

=2 tj ‘0 
r - x z ta !: 4;s i E - 

u ,I 
51 
L 

$1 = 
-1 

’ 00: ; I/ 
2 c Q 2 .’ 
5 c 

r!- : Z g-l ,i 
-C”- 
_Igz- 
iwc.: 73 CZIL 

12 

:ji ; 

d : 
‘: e 



w 
a 
.z 
H 

i 

r 
7 

I- 
: \ 
c L. 

3 
1- 

5: 
I 
Cl 

25 

i 

\ 
f; 

-7 - 

0 : 

i 
i 

I 
I 

? 
c 
5 
: 
H 
5 e 
i 
I 
: r: 
E 
,e 
5 
G 
: 
t 
E 

: 
f 
- 

! z 
2 
- 

a .’ 
: 
- 

f I I I 
- 
2 
z 

’ I.. 

. 
0. 

- 

T - 
- 

- 

0 
0 :*. a. 

. 
0 

- 

- 

z L? . 0 
- 

- 

1- 

1 

,I 

! ! 

II 

- 
:- 

F 
0 ‘: 

^ 1; 0 P 2; 0 : 
c( =\c 2 t,: $; 

OU“ 
z e z-- ?I,! i; 3* (1 -:. zlal-i: 
q:ji 
$4: 

151: 
: t 

- 
0 rl Z , ‘- 

- - - 
- - - 

I f- :. F rJ . 0 
‘. .‘. 

: 
=r 
u 
c 
z 
= 2 
0 .‘> 
I 
= 
Y 
4. 2. 

I ! 
I I 
I I 

I I 

I 1 
I I 
I I 

I I 
LLfj 
:I 
$1 
51 
Ll 
iI :I 
$1 01 4 I 

- 
i g’ f 

:i t; i: Eg ;i 

_:1 
$2 t3 !I 2.0 : .I =.;I : - 3 : ik 

- I 

-1 

: 
3-c 
fi 

p: 

c 
tl 

f u? 

i 

f : ES ii & L! 
0. 

4g ‘C 

0 * . = 

t 

I- c 
;= az 0 -* = ,L 

: 5; L-J i : 0 
g;! 
-2 C. ; A. _. 
gs 

L- . - 
> g-1 2 -. p & c. 
.‘c!iLc. . =’ 2, c 
; r 5;. -- t .t 



+ 

i 
> 
,- > 
I 

. < 

i 

~, 

3 

1* .’ 

i 

‘, 

I 

.I 

i 

. 

. . ‘, 

I 
-, 

^ ~. > 

i !. II 
.* ;.. 

~ 

VI 

I ’ 5’ 

~ < -.: 
!, a. 
*: 

‘ '< 

,' . 

- 

.: 

T 
I 

t 

5 t 
4 
:u ;j 
rf I+ (8 US "z =o 
I : 

i 
I 

- 
I 

’ ,’ 
< ,*.: 

;‘. ’ 
%” 

i ,’ 

. .; 

_ 

,: ::i, 

I’,.,,: 
“I 
r,,.-. 
j’ II 
,,. . 

i* 
j : 
$;;:, 
,, I; 

* : 
I ’ 
‘.:: 

., 

- 

. 

., 

I 

. 

* ,; my, I 

I>ti, 
;-; : 
:.&.” 

:.i$ I vI I, 
jq;, 

;r; , :: ‘a.: 
!: :$~~-* : 

I “p “Y : ’ 
;- :, li:. ;,. 

I .- 0’ <gi$ 

.>, .. i 
y. “, -i,’ 

. 
:> ; 

: .. x. 

. . L 
~ 

“. 
. . 

?, 

> 

- 

- 

2 
i 
L 

L 

C. -. 

‘. 

- - - 

- 

I ” 
::” 

‘I 

. . ‘; . .‘, ‘., , I ,‘. A<’ ,, : ; 
;: ; x 
, .‘ ~, ._ 

$ i . . 
2:: 

fi 

fl ;: 
tr 
I; 

-5 $7 ej LO 
.r J f I j 

- 

j. 
,. I ,::_ 

-- 

f 
2: 
f’; 

I I 

- 
5 

t: 
2 
cs 
9 

- 
: u: E* SE Sf 
f 

!i 
c: 
2: g5 
yo Ic - 

yc v 
s 
t l 

g ;:t 

:: 
c 

E 

I 
:: i 

Y ig,.’ i 
L 

i sz ; 
.’ 3 

Y 
L; c 

E -: z 
: 

L &I L : 

!j i* 

E 
iz 

P 

5 l 
&l &- 

z’ rk 



i 

i 

‘* . . 

‘> 

LJ 2 y 
+ 

2 
L, 
H 
cl 
3 
z 

-L - * 

- 
I 9 

z 
.r I ‘I 2 ci 
c1 
3 

,~ “. z >; 

i 
? 

! rF 

;I 

:a 
; CE yr 
: ho ma ;2 
; f.. 3 

E 2 J L B 

B 

i 
i 
i :: 
!i ** 
ia . g 
g 
!I ; It i :J : 
$ 1 
(’ 1 
q ; 
ES ; L! 
;I j 
:r Ir -’ i: -I 

ii 

i 

I 
L 

; 
; 
5 ; 
E < 
5 
E F 
: 
: 
4 
P 8. 

J 

5 
i 
8 I 

-: 
! , 
8 
E 
1: 3 15 
tf 
: I: 
it 
,O 
lb 
i: 

I= 
1: 

IS 
ip 
I- 

%, 
is : 
,r I 

1:i 
I- ; 
Ii ‘ 
!E ! 
i: ) 

1:; 
ig I 

I 
if. 
1.; 
et 

f 

2 
5 

B 

g 

i 
Y 

5 



G 2 
g 
P ‘= 
i e 
: .? 
s 
E 0 -z 
I : 
1 
3 
; 

F II 

- l - Ii I 
26 ; 5 ; ,I1 I/ 
z: ; j ) I I 

I I ;’ ! 
31 
:- 

:j i 
G :$ 

=. 2, ; / I 
= C. : : 3 ._,: I 
&i j 

‘pi 1 
t & 1 
&Cl;‘] Ik 
#g-i<\ 1; 
f$p’\ 1: 
s- ‘ .r’,,..!;l Ii 
$l-lG1 1 
2 El I I 
$!I 1 1 
:ct *I I 1 

I I 
/ 1 

/ 1 
I I 
i i 
I I 

;I I 
;I I 
?I I 

$1 I 
!iKI 
31 i!\ 

P 
: 
: 
i 

s 
3 

E 
; 2 

z ..,. 
7 

- 
3 

yl z-2 
” 4 
( = 
: 
: = Z 

t 

; 
2; 
:i 
p: 

; 

- 

- 

k 
s 

4 

- 

1 

6 
If 
I 
: 
‘0 :t 
jl 
!V !1 
II 
1; :! 
‘E 
I( i:. 
:; r: !: ‘Y .- 1’ 

;$ i::! 
‘ES I c! !: i :; t’ ;; ?: 
:t l 

ii i 

:a ! 

!E ; 

I :; 

‘:: 

I 
It 

IS 

I 

5 
. 

9 

gl 

i 

z 
w 



ta 
: : 
! : 

, : 
: y 

: 

1E 

t: 
i 

r l 

:: 
: 

5 
‘:m 
: ‘5 
if 

; 
w 

>- IT 
.- 

2 

,? 3 !I I ! * B <. : 2 
-2: 

i 

0 

i 

) 

i 

8 

,- 2 

i 

I 
. . : . .” I 

*\- .& ‘~ ‘.. .‘I . 
j : ^ * ‘* 

, ‘. :. 

4 . 

1 ‘i, 1 

.I’: q;g 

i’ 
I 
‘St’: f 

, . . -. ::. ;. 

1 
1 z’. 

j 

’ Iap;;Q; 

if;::, $4 
I 

: j 
- 

; .-. 
1: 

; ‘I $$i! I 

j ‘-. 
$$ ‘. 

‘,. = I 

I I’ 

jf$;E; i j 

.z ‘R’ t&,;j{ 
;I ... pt;;;;; 

I g/ .’ ~~~-Yqf~ 

; 1 ,; 
r 3 
f; E$ 

g i \i .J $$$g; 
i t&d 

‘$1 5; Q i 2: 
s? ’ 

ce : IE == 5 

.,I ; :j 
r’s 2 

= i g 
.I t 

_ . . ’ 0 
r ,I . . . -. -- =;1 z’u * 
d f. -: L_. -A* -:’ L 

1‘:; .- 5 ‘S -i <! 
:- - 2. . . .- 

T :!A ; 7 :. 
3; 5 

/ ,T :..; 
;: 

I/J- :.FJi;z / 
:.j = z :+, ..z 
-^;z A 

: ;,, ‘: L.- 
..,A :. 

; ,_.- 
-..I ; 

; <j =. :, c $1; 1 

i- 
- - Ta -,- 

5. $ f 2. 2 
- I 

I- I - 
- -, .- I- ._ = - 1,- - 

- ,‘i.’ + 
-- - 

7 

- =j -. - ; : 2 : 
- , .- 2 L 

_ = “-: . . : 
; _./ !- : :-. - - :‘ _ __., 

-, y;; . .y. -I-.. E ;s 
I lit 

= : 
- . . . . . -;. = 

.- -,:, ? ; :’ I:’ 5 i . ,: -: : F ‘; 
_. < _I_. -_ ., ._I_ :L c. . 
- ..-,-a 

. .: - : - i 
r,l- ‘= F _.I;.; ; +; ;y; i g ; 

$ 

L- 

11 i 
,f’ _ / I - 
I P 
;-I I ‘, 

=, c f ’ 
x i 

E; ; ) 

I 1 I 
T ,j j 

I; =’ 5 -/ ; :: , -, < 

\ r 
/T \ ;; 

/ iii ‘1 

2 = ._ 

- 

- 

ii 

g 
/ z-4 
iZj 
12 
jy 
, f 

.t; 
-’ < 
4: I ., - 

t. 

;/:. 
:- . 

i-t _ -.;I : ;:I; 
ri I . _- ._ - ,.. - ,- - .I - -.I - L ‘_ I- f:\ 7 



: 
j I 

T 

! e - 
i z 
5 ; 

: 
: 

,.. r .;z, _ 
= _: 1. c 1-1 . . 
:- :., 1 ! j lpj--yJy -* 
T . 

,! 
I 

. . . ; 
” ,% 

i 
.tt 5 
f’i ! ;; 
:c= 1 If r; 1 <; 
‘; i y 
1 

1 ,I t 
, 1 

i 

;j s/ 
;I -, ; I 
I 

- 
c 

k; 
.2 . 
ff L: 

s t - 

I 
2 

- 

- 

i 

i 
! -- 

$1 si 
f : 

I 

-Iu ‘, 2= ES ;; 8 g c i 

:-: ! 
2: 
: 

Ii; l)gfS/i 
- ,: -. r: 

.; “I 
,: .‘: .: I -- d h -.-em. 

I L ;i ‘-/ ;j 
;$q$ 

f$L.j j.Lj 
:1-j ,; k.1 it T.! -I 
$q j-1 

L$ , ‘7 -i t [ I I t, :* ‘W 
St* C’ 
ts3 a, 
:$Z o I 

(. I 

/ 

: I 

i , 

I I i 

1-i / 
;q j 

IG I 

- :, - .I .*: 
:.:. . . I 

j;j i 
f 

/ ;,;I 
; 2: 4; 

‘/ /I’:/’ 

_ .T. : 
:: ; -I :- 
;z -- :I 

:; z 
.: ; _’ 

.‘ 
=i 
c’ ,. -: 

I- ‘- I 

I 

-- 1-i : .- 
; :I:’ 

- ..: . . - 7 
1: ;a : : 

I 
gi : I - 

t; ; _t: 
2” 5 2 ;-; 
gj : :; 

;I : 
2 

1 -. . . . . I_ 
-7 ,[E 
:. 
& ;I 
-;. jr c :.. =I 
t e ‘6 

:- : 10 :*‘ 
*.. 1 t 

$ /- 

- 
-. 5. 
f rL I ‘I 

;’ !: 
p 

I 
E 

I 
?I - : 
2 

I! It 

I 
I - 



- 

- 

- 

.‘: 
2 

- 

- 

- 

- 

- 

( 

5. 
:. 

1. 
.I 

‘. : 

: . 
.‘, 

\ -1 

L 

\: 

- 

I 
1 

.‘. 
‘t 

I 

: I 
I -- ._ ,y 

: I . ,- I 
-. 15 

I. !: : 
I -. 

= i: 

z Ir 
: /= 1 

; + ‘s 5 
5: 
:E 

kf b; tp 

F’ 
g: ! f; -w 

v: 
ES 

:5 ; ;i ‘; 
et : 

: ‘1s Y 
-. 
-; 

t :: 
= .: - i 
::-. 
=. - : : : 
7: . 

7. - : _.. 
;. 

;;i : ! 

- . 

.y ‘: 
- ; .- 

‘L 

- 

1 - 

- 

- 

- 

- 

‘.*’ 
$ 
‘8. ‘“. 
:,C” ^’ 
:.i : .* 

~ 

! ., 

5i, . .*i: I 
“P . . ,I ‘:. . 

-I- 

- 

- 

- 

- 

- 5 i-’ t z ;c f L- 1 
- 
I : i I’ !- I i I : If - i :;I ; ‘2: ~ :- L i I - > :, 19 i: c : ; j L’ : i 

\ x 

1 
T 

3 
i 
i 
! 

I 
! Li : !T 
j& 
,: 

, . : 
i- 

./; 

LL 

ki 1 .i 
:sY 1 fg 
Et 1 f,f 
LS’ rC 

21 i 

‘.-. 
r _ : 
--..I 
_.I I 
-I : ; 

:. -I . - .e. _. 
2 e’ 
1 ,:-I 
iv. : 
‘2 -. 

I 1 
/ 

i i 
i ’ 

..I ., 1 
4 ;i f: 5 I 
-. -.: .1=! I ‘=-’ L’ -> I 
$11 ci -1 / 
:z,\ $3 ! if’; ’ .T , cc j-3 I ::- .I- L= ; ( :i :, j 
;; ;’ E, 

/: 
i ii 

:i,‘: 1 ,: 

: ) 
; ; 

I 
/ I 
I I 
I I 

:I I 

:/ ; 

I I ,’ :I 
; Oi 
! ; 
! u 
1: 51 

-: .’ , 

e t ; 5; CL 2 



J 
I 

d* 7 
zw 2 I 

I 

l- 
- 

- 

T- 

I 

v, : .i . 
.t 

6 
: a 
r 

i 
: I 
: 
t 
I 
: 
r: 
I 
: 
I 

i 
, 

.I : 
lr 
1: 
i‘ 
ii 
I! 
iL 
I 

I 
1: 
!L .- 
I: 
If 
I: n 

i 
it 
I- 
i: 

f ii 
!f 

i i: 

5 
: 

i 
f 

i 
: 

1:: 

; 
I 

5 1; 

: 
: 

I!, 
s 

I 
L 

: -, 
: 1: 

2 
z I-: 
‘2. 

i!i - c N 
;s 

QFP 

i .; 

&..~ -i i 
; 

$ &i; 

io a* 
;g 

I - 
ii ) ;f$;, 
:o if II, c! ‘- : :$p 

;wJr E .= 
~ 0 t .‘- : ‘. 8.. 
::;I :.- / 9 ;: I:. 
-(&; t ! ,; 
:= I’. f , r> 
;i ;+ / ‘i 2 

D : I c 

:( r 

I 
- 

I - 
I 

z 
I : : -, 
J /-.l, 

1s L 7 
ir I 

;I 
; ‘-’ 
;, L 
> < : 

/ , 
,Jz /J Ifi 
/ ,I”$ \ 

I 

- 

- 

-7 

;- 
. 

1. ‘I I I 1; 

! 

i -.I - 
;.. :. . 

I. .’ 

& 

.: t-i 
ft’ fS 
f 1 

$ 5 $ 
I 

; .:; 
&:’ -*r 

15 $. $ zp 
:e E3 
*’ e ! 

$ 
a 2% 

3. t I = 

- 
L 

! 

I - 
1 
I 
-I 
: 
I I 4 - 

i 
-m -_’ 

I ., 
-a -.. I 
e-t 4 
.J : 
.* I 

-.: 

; 1 ; 

- : ‘.- .-. ! ._. 
-.: *.i 
‘L. / _- ! 
:f ; I 

: 
= 
‘Z _. 

- 

- 
t 

c” 
: ? 
I= 
5: 

*’ 
z 

- 

- 

: 
t; 
;i 
L’ 

1 I 

- 

7 
$ 
r: =a :: 
; - 

- 

- 
c 

rP 
f : 
YS 

P t 

- 

T Y =r 
L* rE 
$; 

J s 

I t t 
t 
‘0 
r’ ,. 
3 >.I ” ;.. 
e 2. ‘I 1. , E; , ._ 1 
2 ;. z 
; - E. 
F . E r , 
:I: y .- ;= 
: ‘. . 7, h T? z’ r-L- 

i 1 

I_’ 
\‘Li 
.-., : -1 
If 
i ‘I 
1 ‘. 1: I -’ I 2. 
1 .: 

I 

- ;.j 
c . . Y 
t 2 

1 
x’: 1 

c; 

;:I-- -1 

!Z 
1:’ : : - 2 . . 

7 2.‘ - -. -. 
--:. 
; :. : - - 



t 
e 
f P w 
: .- 

1 
t 
0 
P 
.i 

5 
E .- 
R 
fz . . 

E 2 

:I 
l - 

; -, E 

F 
g,,^, 

. 

! 

CIC ‘- 
u ( 

s f 

z -2 

5’ . 

1 E 
e 

0 +,:L :i 

P i 4 

!- 
‘:‘g 

l-r. 
;:i 

: 
I. i’, 

I 

,o 
c 

1 i : 
c : I : 
f : i 
t ! 
z : : 
i E 

e s : E 6 ; 6 : 2 i 
E 
f 
I 
I- i; 
,f 

c WE, 
f, 9 ab: 0 
e : f 

5 
xw r: 

f. 
f 

: f 
! I 

t 

? 3 

Y 
5 ': 
5 > 5 

(: 

F’ .=. 
z:; :-’ 
-‘t 

I I 
- 

- 

- 

t 
x 

E 

- 

- 

- 

- 
: 

t : 
rl 
‘I 

I - 

! 

I 
i i i i t ; 

: 
w; : 
fg g 
0 Cm ts 
i c P 

: - . L: % ; 
5 

- ‘:- t i ,‘: :r: =,’ : .I c. : ZL-. * -‘ i ‘;; - ) ‘-L ; 
: ,; t,<: 0 LT . ‘CL?, ; .rr - i .-. -- - 

f ;I i ; Ei a 
I = 

t 

1 
5 : 

t: 4 
I: ih 
ys $ 

I 

& 0: 
t I . 
5 i c :Lj >. ;-. 

I 

i 
I 

l.1 :. 
I. :: 1 
I 

g 

4 . 
-I 
;I . 2 1 
1 
1 

. 

2 
.- 

c 
I- 

;:. :; ; 
c-: - 

C. 7 c 
_._c c: ,.. . 

- ,z c 

-- 
.- .:: .: 

z 
c . 

L 

z cL 
- 2 ; 

i 
. :. i-.i : 

L: c:. 
= i-. = i 
-! .= - L ,, - 

. -: ;x VC J,- 
z -c1 Lr’ ‘... . z 

.: - _. = i; c. 
:. _/ Y i r: 
7, ; k L7 
t: L., : r: c: . 7. -_ 

- - 
:, z 
:. 
:; L - 

I L 
f z c. 
1 :; c: - 



ti 
t-i 
> 

: 

~ 

. F 
c.. 

7 “.. 

: 

.- 

‘c.; 
‘f:, : 
!. , 
.8 
* 

~ 

, : ~ ‘: , ,,~ ‘A1 

.I’ ’ 2 il .< 
.:i: * : 

7, i. . . . .’ 

I,. c, 
_: ,’ . r “, ! 

._ ., 

I 
! 

- 
: 
z 
: 
t I 
: a I 
f I 
: 
i 

i 
: 

I 

! . 
i 
f 

e 
s 
x 
0 c 
f i 
i Y 
s 
P 
i 
: 

5 c 
: 
0 
c. 
5. 
f 
I’ 

f l 

6 z,i $ 

‘S so: : 
Et- 

B kg< d= t 

? 
zw ? 

! 

f j 

2 
z 

ig$ i 

a tz ! 
. . 

wt 
l-2 

pY - 

8 

II 
i 3 

: r 
i 

Y : 
: 
- 

: I E I 
- 
r 
: - 

I I Pi 
; 
- 

‘; 2 
r 
- 

k - 

- 

- I 

- 

- 

- 

2 
ZE 

I- 
v: 
z 

c 

- 

t 
;; 
t!z 
f5 

% 
7 - 

7 
: 

-i 

-. 

-- 
4 gr 
Yj e * - 

- 
5 

G 
2: 
E3 
e s - 

-r 
5; 

tw 
fi 

i3 

f 
- 

c 
6 

:; 
‘t ia ‘n 
“2 I - 

X 
” :‘r 7 ;. e 

,-, z 
7 .- - 
-- 

-- 
.- -; 
f-i L 
‘Z 2. .: z 

-c _ 
2 5, <. t 
- L C’ L 



f 

‘I 

i 

;‘? , 1 
,’ 

E : 
:, t a 
I 

~ 

I 

2: 2: Z! 
E 5 
Y 
8 . E 
0: 

I :, 
i 

; ; 
0 

a . 
:z 

2 
; 

-1 

io 

$ 

I 
/ rI 1 i SLg 
I8 Lri 

I 
I 
I 

! 

I 
, 

I 

I 
I 
I 

4 
I 

/ 

I 
I 
! 

E 

i 

: 

E 

: 
c 

E 

: 
3 
E 

: 

E 

i 
r 

5 

i 

j 

-TY 

I 
T 

i . c 
‘. * 

- 

- 

- - 

- 

- 

- 

2 e s-; : 
i 

g; 5 
9, : 

E: 

:, 

c - : 
:I g 

‘C > : 
!; ; ? Y 

:fi e 
iC 
ar 

:E 
:c- 
xz 
YO -, E 
EX z4c 
.’ y .r-; 5 
105 -‘z 

L 

be;. . . 1: c 

g ;if 

;o 
0 
: 

i J 

- 

v 
c 
3 _I 

I 
2 I :: 2 ; ,: :. m: ‘. 
3 f 

-. 
* 

4 

f 
2 

-i 
‘! 

1 
L 

‘7: 
:. 2. 
7 
z-. 
.- 
-: 
r 

: -. . . _, 
7. 
z- i 

:* 
-1 
2 

;’ 
i 

c c:t 
;J 
r’ i 

I z. 
-; 

1 
i: 

i 
i 

i 

: 
I 
i 

: I 
i 
i . 

E 
wr iw 15 (0 “s a - 
5; ‘5 i- 

c 
B 

ca 
f: 
q 

1 

-5: : 

. 
. t. 

zc 1 
-= ! i? 

c 
g, 
CCL 
y.= 

t ~ 
.- 

x . 
L! L 
+ . 
L> 
3 
i: . 
g,:r 

. -t ._ 
c 

..:. .- 
r L 
- .- 
---i - - 
:-- 
I.. = 
7.- .-- 
=-.- - _. - 2L: .,-:y: 

.<: 
i i 
c 

:> 
1 j 
-I 
7 :, 

&: L / 
.= : 

??Z i 
2 s& =, 
hC;m’ 
J :‘: M 1 
s 3 c, i 

<: 

= c: 



7 
e 
5 
I 
f 
i s 
% t 
! 
f 
,o 
: 
: 
ti 
: 
: c 

9 mf ?! 

r. : . . . 
c -_ 

:;- 
.r- 

27 -2 c 

25 - 
: - = _ i 

‘.- c <: 
=’ .j 

J ;: c: 

~ 
: 
i 
7s 
5 
:. 
: 
i.: -- 
?. ; 

i 

;: 

t- - 
T 
z. 
1 
L. 

- 

- 
+ 
i Cr SW 

‘H 
I: - 

- 
5 

t ; 
fr IS 

e w - 
: 
b 
t a. 
s 
g 
: 
: 
5 
P * 
E 
;;’ . 

:! - f . L. 
, =g 

i L.‘ 
:: ;L’ * 
, ,i 
p CL 
G 7 F; 

f u 
t $j 
ai-. 
c is 

Fir 
. 3 _. 

l 

. 



INTEGRATED DRY NOJSO, EMISSIONS CONTROL SYSTEM 

ENVIRONMENTAL MONITORING REPORT 

(Baseline and Baseline Urea injection Test Periods) 
(November 11, 1991 through December 15, 1991) 

(February 3, 1992 through March 6, 1992) 

Appendix C 

Burner Baseline Data Summary 
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Urea Injection Baseline Data Summary 
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Table 7-2 

AVERAGE BAGHOUSE INLET PARTICLE SIZE DISTRIBUTION 

Aerodvnamic Diameter Cumulative Weioh! I%) dMldLOO!D.,maISCFM.drv~ 
. 

0.20 (microns) 
0.25 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
2.50 
4.00 
5.00 
7.50 
10.0 
15.0 
20.0 
25.0 
40.0 
50.0 

0.4 

0”:; 

0”:; 
0.8 

::; 
3.0 
5.6 
6.6 

19.9 
36.2 
72.6 
90.6 
97.2 

100.0 
100.0 

25.7 
21 .o 

6.7 
17.9 
60.5 

111.0 
322.5 
419.0 
482.4 

1296.3 
2388.1 
5350.9 

12020.9 
10967.7 
5946.2 
2546.2 

48.9 
0.4 

Table 7-3 

AVERAGE BAGHOUSE EXIT PM,, RESULTS 

Parameter Averane Value 

Flow Rate (SCFM, dry) 254,864 
Temperature (‘F) 261 
PM,, Concentration (gr/SCF, dry) 0.0043 
Emissions (Iblhr) 0.5 
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Table 4-l 

PSCC ARAPAHOE UNIT 4 BASELINE COAL ANALYSIS 

Test Number 

Data 
2 

llf11191 

21 

iinm 
a5 

w4f91 Avomges 

Proximate Anafysis 

YMoiaturr 

Y&h 

%VoMilr 

KFnadCafbon 

Totd 

10.11 11.53 

10.39 7.75 

55.02 35.28 

41.48 45.44 

lW.W 100.00 

11% 

8.98 

34.9B 

44.70 

100.00 

10.99 

s.04 

55.09 

44.87 

1W.W 

HHV. BWib 11105 11076 11108 11097 

FC'V 1.27 1.29 1.28 1.28 

Prox Analysis MAF 

%Vclaclle 

%Foced Carbon 

HHV.B:u'lb 

44.05 43.71 43.90 43.69 

55.95 56.29 56.10 56.11 

13970 13722 13941 13677 

LIma:e ATa)% 

%Cawn 

?.Hysqen 

%Narogel 

?.Chldme 

%SuY.Jr 

%Oxygen 

?.AsCI 

?,Msisture 

Total 

61.96 61.94 62.07 62.00 

4.46 4.31 4.32 4.35 

1.37 1.53 1.63 1.46 

0.04 0.00 0.00 0.01 

0.46 0.58 0.43 0.49 

11.23 12.36 11.33 11.64 

to.39 7.75 8.98 0.04 
10 11 11.53 11.34 10.99 

100.04 190.00 1OO.W 100.01 

UR Analysis. MAF 

%Catin 

%Hydrogen 

%Nilrogen 

%Chlormo 

%Sutfur 

%Oxygen 

77.95 76.73 n.so n.53 
5.61 5.34 6.42 5.46 

1.72 1.90 1.92 l.BS 

0.05 0.00 0.00 0.02 

0.58 0.72 0.54 0.61 
14.12 15.31 14.22 14.55 

HafdQrovs Grind 42 u 43 

S.Ms6ture 2.64 2.38 2.61 

4-2 FERCe7030-R211 



Table 4-1 (continued) 

PSCb ARAPAHOE UNIT 4 BASELINE COAL ANALYSIS 

fast Number 

Date 
2 

11n1/p1 

21 

1111w91 

3s 

12l4tBl 

Fusionlemp Reduclng.DF 

lnlliil 

Sottoning 

Hemisphwiul 

FIUM 

2510 

2591 

2700 

2412 -2464 

2475 2527 

2529 2574 

2524 2660 

2462 

2521 

291 

266B 

Fusion Temp Dxldlzing. OF 

lnilial 

Sohenilg 

Hemispherical 

Flud 

2540 

2700 
2700 

2507 2549 2632 

2567 2566 2607 

2534 2654 2663 

2700 2700 2700 

Ash Anatys’s, % 

S!O, 

s A!,O, 

FqO, 

CaO 

N;O 

N+O 

K,O 

T<O; 

N70, 

P,O, 

SO; 
S!O 

6aO’ 

LiO 

Undetermined 

Total 

59.29 52.34 56.99 56.21 

23.62 26.15 24.41 24.73 

4.02 3.68 3.16 3.53 

4.16 6.32 5.00 5.17 

1.33 1.35 1.61 1.42 

1.04 0.52 1.27 0.W 

1.01 0.71 1.00 0.91 

0.74 0.77 0.75 0.75 

0.07 0.07 0.07 a.07 

0.72 1.64 0.97 1.11 

2.95 4.63 3.23 3.60 
0.24 0.41 0.26 0.31 

0.29 0.39 0.46 0.39 

0.50 
100.00 

102 - 0.76 076 - 
loo.w 1w.w lw.w 

Base'Acld Ratio 0.1364 0.1567 0.1466 0.148 

Shea Rat10 66 152 82.179 B5.34 64.557 

1 *SC 2900 2645 2900 2662 

Fouhg Index 1.04 0.52 1.27 0.94 

Slaggtng Index 2548 2435 2502 2495 
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