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Appendix 4-9B Regression Equations for Simple Method

Measurement of simple measurement data was carried ont from March, 1996 to March,
1997. For the first 2 weeks of Mareh, 1996, the data concentration obtained was for
the period of 1 week: “As a result of low concentrations collected, very few obtained
data was usable. To increase the frequency of acceptable data, the hourly data
averaged for each month was more reasonable for analysis. Therefore, from April,

1996, the collection period was extended to 1 month.

To equalize the daia duration of simiple data and automated continuoius measurement

data, hourly data was averaged by each menth, ~If monthly averaged hourly data for

both simiple and automated continuous measurement were available, the following

correlation regression was applied.

Regression equation is,
Y=BxX+A (L

where as,

S vHr 7]

B = 2)

[+ 7)]

i=]

A=Y-BxX ' (3)

n = Total number of samples.
= {" Month.

i
~ X, =Monthly averaged sirple measurement hourly data(y g).
' Y = Monthly averaged autoinated continuous measurement data(ppb).
X = Annually averaged X (1 g).
Y = Annually averaged - Y (ppb).

The following equation estimates regression coefficient.

o Sleen
| Jg[(xffﬁf)zlg[(ﬁ—-?y]

A4.31



" In the case of denominators be'ing'. zero for equation(2) and (4}, both values of Band &

was set to be zero as well.

To cdnvert:simple’ measured' data from unit of jt g to ppb, use the values A and B
calculated previously and apply X, of each month. If acceptable data was fot

available for i* month, X, was set as zexo concentration.
}fm=B'x'X,-+Ai o o (5)

"Where as,

Y, = Calculated 'concentrétion(ppb) of i”month of simple

measurement data.
Regression equations for 3 reagions are listed below.
NO:z: _
Candiota : Y=140x X -083 -
Charqueadas Y =079% X +131
Jorge Lacerda Y=091x X+ 179

If value Yis below zero for a special case 6f Candioi‘é’, the Y value was recorded as zero,

A4:32
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_ Appendix 4-114
Correlation graph of Rain and Dry Precipitation Data
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Appendix 411 C Catlon / Anion Ratios of Rain Samples
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Appendix 4-11D 'pH of Rain in Japaa

Noppor6
(4.8).7(4.5)./(4.6)
' Sapporo .

_ 48740747
‘Note : Parentheses indicate that the period
covered is not 4 full year due to lack of data

or-other reasons.

Legend :'1988 ' 1989 1990

Niigata ¢
1.774.474.7
Niitsu
4.5/4.574.5 Nonodake
4.8/4.8/4.17

. Sendai
Matsue 4.8/4.974.9
4.2/0.6/4.7 G
Ube '
41.8/74.7/4.9
_ L Tsukuba
“Kita Kyushu . ) _ _ .- . AbS1/80
(4.8).74.574.5 | - - Kashima
L » 5.1/5.2/4.9
Chikugo Ogoori y 1Y '
4.4/4.4/4.4 R lnuyama_
7 (4-4)/4.6/4.5 . Ichihara
p. S N §
Oomuta o Nagoya | 4.7/4.6/(4.6)
1.8/4.7/48 o 4.7./4.9/5.3 Tokyo
it &’ Kurashiki ' - C4.2/4.674.6
1.5/4.574.5 Kyoto Yawata -
T _4.574.5/74.6 Kawasaki
N ) ) 41.674.574.8
o &/ Kurahashijima Osaka’ LOAS/48
R 4;_3__/4.'4/4.4' 4.34.4/i;§_
. ' " “Amagasaki
. \ 4.37(4.4./7(4.71)
O Fiscal 1988
L4 Observations at Nopporo covered Fiscal 1989 | .
April through November. - Observations at Nopporo ¢overed Apri! through November.
- . ) Observations at Nagoya began Observations at Amagaszki were halted from September,
f . in June. Observations at Inuyama be?an_ from Avgust. ]
] O_bservations ar Kita Kyushu began from September,
 Fiscal 1590 '

_Ohsérvations at Nopporo covered April thiough November.
Qbservations at Amagasaki were halted from 16 May throogh 16 Avgust.
Observations at [chihara were halted from August.

k Cited. from *’Quality of the Environment in Japan, 1994",Envirenment Agency,
' "Government of Japan
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Appendix 4-12
Elemental Analysis of Particulate

{1} by the Local Laboratory

_ L PRO AMBIENTE
_ __Airborne Particulate A __Stack Gas Fly Ash
mglkg ‘Jorge  [Charqueadas | Candiota | Jorge  |Charqueadas '| Candiota
in sample Lacerda o Lacerda ‘ .
Pb* | 810 360 | 200 | o0 | -s00 | 760
Ni* - 40 <1 0w o<t <l ] 60
Co* 1«1 o« T« <1 -0 TR RS
Cr(Viy** <5 <5 <6 .} <5 LB <3
As” <1 . <l <1 <1 <1 - <1
Be <1 <1 | <1 <1 <1 : <1
o <5 | 340 | 620 | 1470 990 1420
C1* - 10 | <5 <5 - <5 <5 50
Analytical Method

3 Atomié¢ Absorption Spectrometry -
# % Absorptiometry

Note: The JICA Team replaced with supposed analybls limitations (with a mark of <) the NDs (not
detectwe) given by ProAmbient. : :

(2) by JICA Team

JICA TEAM .
mgke B Stack Gas Fly Ash L
in sample Jorge Lacerda Charqueadas - Candiota
"Pb 12,5 8.9 1.4
N i 630 | = 384 @ = C 635
Co 4.2 _ C 1.0 2.5
Be 0.7 26 0.3
Analytical Method
1CP-MS
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JORGE-LACERDA AIRBOR T A

Narca Antonlo Dexheimer Do R : - : .
CAITRBORNE - PARTICULATE
LQ - 054496
* March, 19", 1996.
'ANALYSIS REPORT
1. Sample Data
Malensl sendcd by JIKA BRAZII. COAL l’O‘WBR AMBIEN’I‘ AIR STUDY
TEAM identificd Ekc “Amostra 03 Estag$o Sﬂo chardo Mat, Part. Total - Amosttagmn dia 15. @
16.01.96". S , '
Recleved In March, 5™, 1906,
2. Results . :
Pb Atorde Ahsomhon Spectromcuy . 0981
Ni . Atomric Absorption Spectrometry - - 0,004
Co = . Alomi¢ Absorption Spectrometry _ . ND*
cr* Abscrptiomchry ~ ND*®
As Arseqic Hydride-Atomic Absord Spect!o. -~ ND*
‘Be . Atomic Absorption Spectromdry B ND* .
F ~ Absorptiometry ND*

o Absorptioractry R -~ 0,001
'ND* = Not Detected - | -

_ 3. Comhimts

The blank filter analysis indicates Fhior conccnmon
~ the final rcmn Other parameters are not detected in the blank,

, CREARS nt 81 .
[* Certificado pa I\mda;lo Fetadual dc Protg;!o Ambimhl FEPAM - sob n' 0*1!95 L, J

MALEOPOLDOB!ER.TBO « FONES: (06!)22‘&-3%2 -~ TRNESS 20090 - 21?-0?21 F‘M(ﬁ‘i)mié
PORTOALEGRE RS- CEP QOB20-100

Mm{s dos Smtow
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CHARQUREADAS - T

' Ma‘rcoﬁi:@b#s;helmn
o AIRBORNE PARTICULATE
LQ - 0542196
March, 10", 1998,
ANALYSIS REPORT
1. Samplel)ata

. Material sended by JIKA BRAZIL, COAL POWER AMBIENT AIR SI‘U‘DY
TBAM idr:nhﬁ_cd Bke “Amostra 01 - Fiftro I-II-VOLL Esti%0 Mranca-’l‘oco Data Amostragem

18.02.96".
Recieved in March, 5%, 1996
2. Resuits . }
' PARAMETER ANALYTICAL METHOD WRIGHT %
Pb . . Atomic Absorpticn Spectrometry 0,036
Ni* .. Atomic Absorplion Spcctrometry ND*
_Co " Atomic Absorption Spcclromcuy ND*
Cr®* . Absorptiorachry ND*
As ~'Arsenic Hydride- -Atomic Absorb Spectro. ND*
Be ~ ' Atomic Absorption Speﬂmnclxy ND*
F  Absorptiometry 10,034
@ | Ci Absorphomctly . ND*

ND* = NotDetected

3. Cominents

- The blank filter analysis indicstes Fluor concentration that d to obtzin
ﬁm finsl result, Other parsmcm are not dctcctnd in the l:-lank. A

[« Cemﬁcado na Fundaclo Esta&nl ds Prohw!o Ambieml FEPAM - sob n‘

‘ RUALEOPO(DOBER. 180. #’0!&&(%‘)223—3“2 2238085 < 223099 - 21!-072? FA!. (051)223—3105
. PORTOALEGRE-RS- CEPBOGEO-!DO .
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Maico Anonto Dexhdlmer

CANDIOTA ' nacowcncz‘

"AIRBORNE PARTICULATE
LQ - 054396
March, 197, 1996.
ANALYSIS REPORT |
1. Samp!e Data

: Mmml seﬂded b‘y JIKABRA.ZIL COAL POWBR AMBIBR"I'AIR S’I’U’DY. _
TEAM identificd ke “Amostra 02 - Fittro BI-VOLL - Localidade Candiota 1 - Ds!a Colotago
17.02.96 - setirada 18.02.96” '

Recieved in March, 5, 1996,
2. Results , |
PARAMETER __Mmg_ WEIGHT %
& o (Bitered Dust)
Pb  Atomic Absorption Spectromen'y L 000
Ni - Atomic Absorption Specirometry - 9,001
Co - Atomic Absorption Spectrometry ;' - ND*.
cr** - Absorptiometry ; ND*
As - Arsemic Hydride- -Atommi¢ Absord Spemo._ .. .. ND*
Be Atomic Absorption Spcctromdry .. ND*
¥ .. Abserptiometry - . 0,062

c Absorptiometry S ND*
ND* = Not Detected - B

3. Comﬁxmts

| ‘The blenk fitter snslysis indicates Fluor concentration
the finzl result, Other parameters are not detected in the blank, .

[ » C«uﬂcado Ba thda;io Estsdual d: Protecﬁo Ambicnm FEPAM . sob n' kmrss I)L _l

PORTOALEGRE -RE - OEPGOBZ'G-?DO
A4_72
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JORGE~LACERDA

Harca Antonlo Dexhalmar ] _ ?SSQU HICAS [3 m
: - pbyUsT |
LQ - 054016
March, 19™, 1896.
ANALYSIS REPORT
f. Samp_!eData

" Mateqial sended by JIKA BRAZIL COAL POWER AMBIENT AIR STUDY
TEAM n!cnuﬁed kke “Amostrss dc Cinza Leve - unidade T {46 wyw) - 1. Lacerda = P/P - 01/03/96™.

' Recigved in March, 5, 1996,
2. Results ‘
FARAMETER W :
-~ Pb " Atomic Absorphon Spectrometrty
Ni -~ Atomi¢ Absorption Spectrometry -
- Co - Atomic Absorption Spcmomety
Cr*Y - Absorptiometry :
As Arsenic Hydride-Atondic Absor'\‘: Spcdro :
. Be * Atomdc Absorption Spectrometsy.
F. Absorpliomety
a - Absorptiometry

ND* = Not Detected -

s dn Saﬁé\){dos

I v Ccruﬁcado na’ P\mdacﬁo Estadunl dt Proteglio Ambicatal « . FEDAM - sob ne Uﬁhﬁﬁs DY |

e m;eopomommm FONES: (051) 2233562 « 2234355 . 2230380+ znr-mar mcmsnz}l‘
, 1. PORYOAMLEGRE « RS - CEP XAN-100 |
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Mafco Antonio Dexholmor

‘CHAR Q UEADAS AlS oulnmr !l(mbcau.s

HD UsT -
LQ - 054186
March, 197, $096.
ANALYSIS REPORT
1, SampleData

.+ Material sended by JIKA BRAZIL COAL POWER AMBIENT AIR STU'DY
TEAM idmh.ﬁed kke “Precipitador 01 - 12h - 0403 Charg.™. - -

Recieved in march, 5%, 1996,

Z.lets

Pb - Atomdc Absorption Spccﬁvmctry S -

Ni © Atomnit Absorption Spectrometry
Co - Atomic Abserption Spcctrom:ctry
' Absorptiometry

As T Arscuic Hydndc-:\iomic Absorb Spectto
Be - Afomc Abso:puon Spécromenny
F Absorptiometry

G . Absorptiomeiry
ND* = Not Detected

ldus AYdos
ARSn'3 2

[ ¢ Certificade na P_\mdacﬁo Estadual & Protectio Ambicntal - FEPAM. - ob R°. dobﬁss DL ]

T RUALEOPOLDO BIER, 720+ FONES: (051) 223-3932 » 220-6055 - 2230950 « 2170727 - FAX: cosnmdtrs
PORTO ALEGRE - RS - CEP 90820100
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CANDIOTA

MErco Anlonlo Darhelmer

DU S_'I‘
LQ - 059196
March, 15", 1996.
ANALYSIS REPORT
1. Sample Data

Materia} sended by JIKA BRAZIL. COAL POWER AMBIENT AIR STUDY
TRAM identified ke “Semple 02,

Recieved in March, 12, 1996,
2. Results

Pb Atomic Absorption Specivometry 0,076

Ni Atomic Absorption Spectrometry 0,006

Co Atomic Absorption Spcctromchy ND*

o Absorptiometry ND*

As Arsenic Hydidde-Atomic Absorb Spéetro. ND*

Be ‘Atomidc Abtorption Spectrometry ND

F Absofptiometry 0,142

Ci Absorptiometry 0,043

ND* = Not Detected
dos Sant
CBE RS.n* 8t

[‘* Cemﬁcaf!o na Funda;ﬁo Estadual W Protccﬁo Arabientsl - . FEPAM - sob n® 00&1!95'- DL |

RUAlEOPClDOB«ER 180 - FORES: mumm - 28585 < 2309 « N1 4727 - EaX t&51)223-3|o§
PORTOALEGRE - RS - CEP 90520100 -
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Appenidx 5-1

Stack Gas Sampling Nozzle Location

(1) Jorge lLacerda 20m 20m
o ; F——
@ Plan View v .
' 6u 5u P 1u
2 e 2 u
T L
' : (Stac 24m
Y
%R | 3u
1:-53 szﬂ 1 4u
- ¥XLocation of li_ozzie's/l\ : - -
@ Duc't'Sec_tionéI'V'i.ew
1, 2, 4u 3u (a, b)
3 2 1 2 1
X X X :I A X X :' A
x X x :I B X x []e
| 3500 o
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Appendix 5-5 (1)  Varlous Cerrelation vs. Outputs
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Appendix 55 (2)  Various Correlation vs. Outputs
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Appendix 5-5 {3)  Varlous Correlalion vs. Outputs
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Appendix 6-7 : Heat Loss due to Excess Combustion Air

As 0: in exhaust gas increases in the boiler operation, the ovetall boiler thermal efficiency
" decreases due to heat loss accompanied with the exhaust gas. By assuming other factors are

not changed, the degreé of the efﬁcienf:y drop will be illustrated here.

'-By fakihg'as the standard operation to be 6% O: in exhaust gas, the boiler thermal efficiericy
will be changed depending on the increment of Oz (due to excess air for combustion) in the

‘exhaust gas as below,

The foriula used : L = Cng(Tg - Ta)

whiere;
L :Heat loss of dry gas keal’kg fuel
Cpg :Specific heat of dry gas 0.33Kcal/m?NdegC
G Volume of dry gas m3N/Kg fuel |
Tg  :Temperature of exhaust gas T
Ta  :Atmospheric Temperature T

First of all, the theoretical air volume, Ao, for the cOmbust-ic'n.i_s calculated as follows:
A0=889xC+26.T(h-0/8) +3.33xS m3N/kg. _
Where C = carbon, h = hydrogen, and S = sulfur, all in weight %
Using the average values at Jorge Lacerda Plant shown in Table 5.1.2,
C=47%h '='2'.9%, 0=6%, and S=1.8% ‘
Ao =889%0.47 +26.7 x (0.029 - 0.06/8) + 3.33 x 0.018 = 4.81

' Next, the theoretical volume of dry gas (Go) is calculated as follm#_‘s:
Go=889xC+21.1(h-O/8)+3.33x S +0.8n m3Nrkg
‘Where n = nitrogen in weight % anid n= 1.6% as taken from Table 5.1.2,
Go=8.89 x 0.47 +21.1 x {0.029 - 0.06/8) + 3.33 x 0.018 + 0.8 x 0.016.
=4.70

_ Then, the actual volume of the exhaust gas, G, in the both cases of 6% Oz and 8% of exhaust gas
is calculated with the following formula: |
‘G=Qo+ (m - DAo _
e 'I‘_hé combustion air ratio (h:l) is obtained from the following simple formula:
‘m= 21_!(2'1. - 02}
‘Where 02 is the voluﬁie % of oxygen remaining the exhaust gas

A5-17



Inthecase of “Or = 6%" :me=21+15=14.
Ge=4.70+ (1.4- 1) x 4.81 =6.62 m3N/kg
In ths case of “O = 8% rmg=2]+ 13 =1.62.
Ge =470 + (162 1) x 4.81 = 7.68 ‘m3Nikg

Heat loss of dry gas is calculated with the following formula:
L = CpgG(Tg - Ta)
Where,
Cpg =033,
Tg = 120C and
Ta=12T

In the case of “O; = 6%”,

)
Lo =033 6.62x (120- 12) = 235.9 kealfkg. B ' o

" In the ecase of ‘;02 =8%",
Ls=033%7.68 x (120-12) =273.7 kealkg.

Ls and Ls are converted to boiler efficiency.
On the assumption that the high calorific value of coal is 3,000kealkg,

in the case of "0z = 6%", the heat loss of dry gas is:
Ls = (235.9 + 3600) x 100 = 7.86%, and

in the case of "Q; = 8%", the heat loss of dry gas is:
La = (273.7 + 3000) x 100 = 9.12%.

Therefore, if 02 in the exhaust gas iricreasés by 2%, from 6% to 8%, the decrease of the boiler
thermal efficiency is: R ' SR o
(9.12 - 7.86) = 1,26%.

“Similar ealeulation is done for 10% Oz, ' If the percentagé of 0z in the'éxh'ai.l's't.' gas ini‘:fééses

from _6% to 10%, the decrease of the boiler thermal efﬁ(_:ienc'y' is:
(10.78 - 7.86) = 2.92%.
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Appendix 5-8

- Ratio of Emissions from Existing Units / National Standard - Pseudo-situation

Power Plant Unit W - "~ Ratio W "Ratio
1,226 0.82 9,389 - 1.88
Al 817 0.55 $3,290 2.66
1,642 100 11,050 2.21
A2 970 085 10,580 2,12
480 0.32 15,140 3.03
Jorge Lacerda - - 9,572 1.81
A3 e _ - 9,650 1.93
1,564 1.04 10,370 207
Ad .- - 9,122 - 1.82
' ‘ 436 ‘0,29 9,230 1.85
BS - 2,480 . 3.08 11,390 570
- 1,014 1.27 12,120 6.06
B5 166 0.21 - 12,630 _B8.27
529 0.66 12,290 6.15
_ . - 9,199 1.84
1 520 0.35 - 4,694 0.94
748 0.50 4,976 1.00
.- . - 7,769 1.55
2 105 -0.07 5,463 1.09
Charqueadas - 142 0.09 5,386 1.08 -
810 0.54 7,544 "~ 1.51
3 477 | 0.32 4,028 0.81
- 585 0.39 4,212 0.84
4 643 .43 - 4,330 0.87
. 762 0.51 4,778 0.96
Al t,254 0.63 ' - ~
. 1,871 '1.25 15,050 3.01
A2 - 1,461 0.97 . 9,624 1.92
Candiota 1,484 - 0.99 9,658 1.93
Bi - 2,870 - 3.59 8,516 - 4.26
' - - 7.904 3.95
B2 : - - 11,720 - 5.86
' 2,108 2.64 12,220 6.11

Note: W = Measured emission rate (¢/10° keal)
‘Ratio = W7 (CONAMA #008)
CONAMA #008 = Emission rate allowed in CONAMA #008

'=1,500 g/10° keal for TSP < 70 MW
"800 g/10° keal for TSP > 70 MW
5,000 g/10° keat for SO, < 70 MW

= 2,000 g/10° keal for SO, > 70 MW
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Appendix 6-2  Hourly Concentration Profile under the Current Condition
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