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A Study on Fouling Diagnostic Technology

in an Industrial Heat—-Exchange System

Sang Yeol Kim

Department of Computer Engineering,

Graduate School, Korea Maritime University
Abstract

Fouling causes serious maintenance problems on heat exchanger
tubes and process facilities. To avoid such fouling problems, numerous
efforts have been tried, e.g., diagnosis of fouling, reducing and
eliminating the fouling, etc.. The objective of the present study is to
develop an innovative diagnostic system of fouling, which can detect
the scaling attached to the wall non—homogeneously.

On the development for the fouling diagnostic technology, we have
used a new method which is changed multi-measuring points from a
single-measuring point with U-coefficient. The performance of the
diagnostic system has been evaluated with a scaling simulator that
generates scaling on the tested tube wall. The measured values with

the diagnostic system were compared with the amounts of the scaling



generated by the simulator. In addition to, we performed a field test
for a reliable qualification of the diagnostic technology and verified a
good performance and a stability of the diagnostic system.

The main conclusion is, that the proposed technology can feature
great performance under worst operating conditions, easy maintenance

and supervision, fast exploitation, and affordable cost.
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= RARS Ay 9% ATk AFHOE o FolArh o] A Ao
AAEZE Acrylic acid-hydroxypropyl acrylate copolymer, Styrene

sulfonic acid-maleic acid copolymer, Acrylic acid-sulfonic acid

copolymer % Phosphino/Acrylic acid-organo sulfonic acid copolymer”7}

Atk ojAES  ExEHoA ] Qs FAS WAAAES BN oty
il

g} iz BEe dHe 271E 3 ANA 27 HFS oA s
t}. o] 23k Copolymerd Ab-&5%E3+E= pH8~85, 500mg/L as CaCOs ¢ Z
#7%, 10mg/Le] POS ol&% % Z79AM 10~15mg/LA =0t Z4r
BEet Akl =7k St Algst= A Al =5 F7HAACk

stt), QA d s 2AY HAAAE 218k Copolymer X &7|& /= &

g RAAE A JANGE LHHOE AT 5 ok

gh. A7kt Akl &
Aol SlEEERA e o gdwTh
H.Si0; =  HSiOy + H' (2.15)
HSiO; Sio + H (2.16)
Ki = 10%" | kel Al el =
Ky = 107 | Fake] A28 2] 4=
% 24v o9 pH ®SelA wERTAR] EAHE BoFan vk Tt
2be dlel s A e AE s obAss pHS.0 u)ukel] A= HSiOs %7} v
S s FgEFTAA A slgEA @2 AR EA3

i
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1500 -

1000

500

Solubiity of siica (SI0; ppm)

Y 25 pHS S=o whe 397} g9

A2 v ol & Forsterite[Mg2SiO4], Chrysolite[MgsSiOs(OH)4l, Talc
[MgsSiO4(OH)2l,  Sepiotile[MgSisO750H 3H:013 22 47} TR/ &
27F Qo WA Tl dutd o g WMAEE AAYLS Tale(#Y) ¥
glojth, 1% 272 A7t &% vt w fAEvta A% vl
Hlgolx EAA Akl 2Alde] FAE = AE BT 9l
a9 252 B %9 pH7F F7iskd A

E
madls e Fee 20TolAE doe] A Folxe Fzo] x|
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kot 70CANAN= &2 Aol A E o] E=F7H7F JFAbel vl @
BEEE AEHANE AL & 5 Ao
l l

OH 0 oH 0 oH N

. I
—0—Si—0—$i—0—Si—0—Si—0—Si— \

oo | | T

0 0 0 0 S \

g .

o | FEAN
—0—8i—0 —Si— 0—8i— 0—S§i—0—S8i— s ~

] | on | OH g

0 0 0 5

AR T " A el N
—0—Si—0—Si—0-si—-0Eeo—gm M B B | [ : 1

L | | — i;’

0 OH 0 OH 0

0 : i
| | ‘ = T 20 30
T:me (day)

a9 26 At SEAY £ % 2.7 Akl Al o)
A 7bs = Wt
TAFZ 4 (CaSiOs)F TFAke 21Ul 5 (MgSiOs) =AY pHB.S5¢ 4o &7}
g8 oA PAEE= Aol Utk olfd ALY vl 2
xHoRRY AAG7] oyt Agste &ales pHS 7l
et FrFeAI N, drke]d Hetd el &si== pH Skl wet A

b AlESYAEAGN S gHE AesbsEE Jee e A o

Ao

N
i

S wxuk BHE 150mg/l. AEoltl nl1ulsF FE7F 50mg/Le] A%
o= AItE =7l 150mg/Lol™ FrAkulavlFo] ddgde] HAE 5
gt} movlEd AEte] fiE=4L 350000Mg”, mg/l as CaCOs x

SiOs, mg/L as SiOolEF 91 Aoz ke gtk ozARA shsobE
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W24 BHFARAL BAEF L WA A
W A u o o} ok o) A} =] =]
{50]' _1_1' RN o R84 [e] p=4 hud T Tl
Al G/T 79.4x5 79.4x4 100x5 100x3
S/T 200x1 160x1 200x1 150x1
MWx 7|4 Al 600 450 600 450
[ G/T 92. 4.30 92. 4.30 93. 2.28 93. 2.28
o S/T 93. 9.16 93.10.25 93.11.30 93.11.12
g 2 Wet/ Dry Wet/ Dry Wet/ Dry Wet/ Dry
<=3k | Counter flow | Counter flow | Counter flow | Counter flow
L 11 Cell 2 | 9 Cell 2 | 14 Cell B3 | 10 Cell B4
= 7 134.8m 110.6m 171.9m*x20m | 122.8mx20m
7 x20mx20.2m  |x21.9mx20.2m x24.64m x24.64m
A TETEF 34,060 T/H 28,030 T/H 43178 T/H 32,000 T/H
R - B 957 T/H 870 T/H 1,058 T/H 793 T/H
Basin& % 3,700 m’ 3,080 m’ 4,800 m’ 3,400 m’
P <O 25 | %57
S | nxuaaE | RewgAE | BxuaAE | REY4AE
PER Hamon Hamon MET MET
-sobelco —sobelco
AA FAFFE 2.8 2.4 5 5
> 3 & 1.8 1.8 2.04 2.04
PR oAt & 0.01 0.01 0.01 0.01
(%) vl & & 1 1.29 0.4 0.4
= A A 2.81 3.1 2.45 2.45
Wztew |Hybrid®7l] 3966 — 272 | 402 — 276 | 385 — 278 39.7 — 272
(C) Wet &7 447 — 33 448 — 33 44.86 — 34.1 | 448 — 34.1
TR 30,960 T/H 25,180 T/H 35,980 T/H 26,970 T/H
TS | B3 870 T/H 780 T/H 832 T/H 661 T/H
23 F | A3 AR | d3F AR | 3T AR | o3s ARE
W = T8 3,100 T/H 2,900 T/H 7,196 T/H 5394 T/H
W 7 2= B 87 T/H 90 T/H 176 T/H 132 T/H
B a5 T | A3 AHE | 3T AR | A3s AR | o3s AR
dwsly] | B F 7] Al-brass Al-brass SUS 304 SUS 304
FB54 | W Z ¥ |Cupro-Nickel |Cupro—Nickel SUS 304 SUS 304
UG Hg5sF 282-382 T/H | 264-353 T/H | 341-446 T/H | 255-333 T/H
w29, QAEgaEe SAANE L9
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¥ 25 SsEdrd s e de ds
. HAE | pgua | aguw| 2ung| wang
A5 A+ - & A [MeAFA] & B[ @+ A&
A+ A= m°x 7] 15,000x 1| 15000x 1| 7,500 2| 7500x 2
$3 "AZ | m’/hrx7) 660x 2 |  580x 2 660% 2 580% 2
a3 4 - FEA | qEA | gEA]  4E4
A% | m’/hrx7] 330x 4| 296% 4 330% 4 290% 4
A EE R L/7] 27,400 28,500 33,250 15,540
| AHEx m’x7] 15,000% 2 | 15,000% 2| 15,000% 2 | 15000% 2
2| AgEE | m/hrx 32% 2 28% 2 36x 2 30% 2
]
o | BHe L/7] 3,200 3,450 4,710 2,300
A % % | mY/Cycle 768 531 364 660
2| & sz B Dowex | Amberlite | Amberlite Dowex
ST HCR-S-H| IR-120 | IR-120 HCR-SE
B2 | 3 & L/7] 1,600 1,500 3,600 1,600
gdERier | (AA o) ©) O 0 O
3| o PR " Dowex | Amberlite | Amberlite] Dowex
j] Totenm SBR-P-Cl| TRA-420 | TRA-420| SBR-P
Telzn = L/7] 2,000 1,300 4,400 2,075
A+ F | mYCycle 4,480 4,032 5,184 5,040
Dowex Dowex
S Ambersep | Ambersep
] == — -Q- _ _
M| o | 1% 7 HCRBS M| R 120 R-120 |HCR SE M
KeX
Bl [T A % L/7] 400 400 550 400
° A B S;ﬁiﬁ%f Ambersep | Ambersep Dowex
Plog o™ B IRA-420 | IRA-420 | SBR-P-C
KeR
CE A L/7] 400 400 550 400
A E m°x 7] 1,700x 2| 1500x 2| 2,000 2| 1,500% 2
Al 2 B Al o4 o ,
N 7 Eng's | Eng'g |SolEng'g| 1 one'@
AAF - FEA5| 22| 2T | eEE
* w4, dAkEgtsle o] FAddH = 2 3ok
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7
No
pilg

izt
o

- Ammonias =

(TSS)
- Stabhility/scaling indices(RSI, LSI, PSI)
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AN F7tR AEste] £ BEroldS AAS & Wibse I H
st madegR Abgata o
%26 BEsUuds Y85 FAAY
TAL] - | Eanasa | agsgsd [ aangste | vAasgsty
BRI & 4 94 |95 |94 |95 |94 |95 |94 |95
o [ pH | 25C 76 | 74 | 70 | 70 | 70 | 72 | 71 72
o [Cond. [ut/em | 154 | 185 | 138 | 120 | 304 | 288 | 257 | 179
A FTU [+ 5 | (5.1 7 | @1 19 [(10.7) 3 |84
g
o NTU [+ 130 < 20 z 43 — 8 -
Ca” [PPMAS 14115 | 4420 | 3095 | 2850 | 50.48 | 4880 | 56.33 | 40.00
CaCOs
Mg” g 1473 | 770 | 1124 | 990 | 1831 | 22.30 | 2021 | 17.00
Na’ g 22.02 | 1790 | 1990 | 14.00 | 61.87 | 41.10 | 4630 | 32.00
%ol | K g 171 | 310 | 263 | 330 | 48 | 570 | 326 | 480
o | Fe" d Tr 020 | 076 | 030 | 126 | 050 | Tr 0.70
Al " Tr - i - 0.54 - Tr -
NH,' v 060 | 030 = 020 | 120 | 1960 | 3.00 | 810
FMA | 7 - [ 349 — | 2760 | 2920 | 7340 | 22.00 | 59.00
A ’ 80 | 108 65 74 | 168 | 211 | 151 162
HCOs | 7 37.00 | 3920 | 30.00 | 2860 | 59.00 | 64.30 | 51.30 | 50.00
so” | 1450 | 1820 | 1259 | 11.90 | 2161 | 2460 | 19.90 | 27.00
NO; v 640 | 600 | 335 | 550 | 478 | 950 | 11.93 | 9.10
Sol| CI " 099 | 1070 | 15.16 | 10.20 | 4863 | 39.30 | 32.87 | 19.00
e |POS | " 024 | - 049 | - 077 | - 3.80 -
HSiOs | 7 572 | 470 | 518 | 460 | 793 [310 | 622 | 370
A ’ 65 79 67 61 | 143 | 141 | 126 109
co, |PP 185 | 330 | 599 | 520 | 1177 | 850 | 813 | 840
71 as COq
g | COD als’pgi 42 | 300 | 38 | 270 | 36 | 310 | 26 | 160
ABS | mg/L (0029 | 002 [ 0052 | 003 | 0108 | 009 | 0044 | 030
9 =| 130 | 135 [ 5025 | 5025 | 956 | 9069 | 115 | 115
& 7 9 7Hel 3 | 2044 | 281.2 10281 | 97.99 | 1337 [123.03 | 410 | 380
(9/=) |A5A2] 6614 | 6684 | 1,154 | 1,623 | 953 | 960 | 1,400 | 1,330
steeR| 50 55 45 S I 70 70
¥ AlmAFH 222 FA, % () @ ppm as SiO;
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39 201 BALRY 3FA

U JZ4ASY Fo FAAEA
(1) &€ u 3 7]
dugr]= AFEEZHo wEl E7](Condenser), 7} 7] (Heater), 4

7] (Evaporator) 2 W¥Z}7](Cooler) S o2 EFHW, X watAds= v
&

o RARRA, %
Zol SARAT FHANL A fEo] =l 2AY, e S Fas
G AT W ohe, FREA v AP} A4 B4

2

7] Lq]{?'_—O] q[lO][ll]. b
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(3] UREA Zuset|
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=

28 7% ool £F $AE Hw

Anion —~

}Cation F~ ClI= Br~ I~ HCO,” OH- NOy~ CO¥- 807 $~ Cri0ofd~ POS-
Na*t s § § 8§ S s S ) s 5 S 8
K+ S § § s S 8 S 3 8 S S S
NH,* § § § 8§ S 5 S 5 5 S 3 3
H* s § § 8 cOo, H,0 § cO, $ H;S S S
Calt i § § 8 58 v8s § i VSS X 5 1
Mpg?* ves § 0§ 0§ 5 I § VsS S X 1 1
Bal+ ¥vs§ § § 8 vS§$ 3 S V&S ] X I |
Splt vsS S S 5 AT ss s i Vss X VSS |
Zntt s § S8 s vSS I S 1 s 1 VSS ]
Felt 8§ § S8 5 58 VsSs 5 VSS 5 1 X I
Fei+* 8§ S S 8 | I 5 I 5 X X !
Al s § §5 8§ X 1 5 X 5 X X I
Ag't 1 | 1 I 1 1 S V§S S 1 i i
Pbt ¥8S § S§ V3§ { V5SS S I | | H H
Heg'" 1 1 i I { H 5 5 VSsS 1 VsS !
Hg?* 8 s 8 | i i S 1 vSss 1 S§ I
Cu?t 8§ § S VS§§ | | S I S I i i

5—Soiubie, over 5000 mg/L.
$5—Slightly soluble, 2000-5000 mg/L.
V88— Very slightly soluble, 20-2000 mg/L.
l—Insoluble, less than 20 mg/L.
X—-Not a compound.
shehel 7oA ZwE Bo] wl7h Ho] s Aol 7l HEe
of 7159 dag LS &SAIA oF 10mg/Le 4hAet °oF 15mg/Le]
A2 FHal Gk AL F 09 B3 AEPoRA we 3B
o] Ca”, Mg? Na', CI, SOs% HCOs, SiO, 59| A&o]
FTol FTHEt sAE EEo UE AdT 2RSSR JA

YA, BIRAA, A A el o3 =R Sl ffsiM =
%

Q
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ALARMO 2 ¥ ojx] otk AMgAE Ap2le] Hao] wah 7hzhe] shd
S Melsle] B S 9t 3w As W MA 7 £ So nE SO
BHxxaagor w23t Trend= DAY, WEEKS MONTHE U o] A

itk BAHE #@e d4 Ld=0)we A FAFET Menus AHEA
Eaw R ALHEY SoR FAH

+ Monioning Panel
BREZ(0) SHEH SIS W) S/ Min.)
AHEE(C) F¥sHEuMhn  AEE Bl WmY )

NIRININ

 Fowear Supplys
HEH <10 VDC) anm
Label 7RER
g |[[Eaina]] = |

¥ 3.16 PC RYE ¥ 31H

B Ala"e A= RS-232 AlEld BAlS ol gdte] dA e RUH
d Az BE ARE ARSATE Aosts A4 oR RUE e,
ol AZAEHAE FEo AR AFstan vk FdEE A7 dHE
TEHE dATE vk G AR Sds AR 283, Aawo] 3
A7) s Aol Aol Agele olE H4% F gEE e

AN
Sz Az Zzade] 4 W@ Az AL ADAFE AT
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Belse] AE @ 5 BAUTY ol WES Tzade A4
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TR ada AA #@E 2AY A9 AREsth 193179 A sl A
EA 2

~Timer Seting

Logaing Interval : 20 Times/Min. =]

Updating Imerval : |1rm ms j
@iy | sz |

a9 317 BEYHE Z2a9 44 3
IH318E Ayt FEHE HolHE AFshe Egolt dde HE
Abger AAstdolM 24E FU12 AAdsta ok dukHQl sz
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[FOULING MONITOR]
s e

-.’(.’.'!!‘"’_"’J-‘ E

554

mell

29 42 AR sed AdgA e W=

(1) A%
(7h) D.C. Power supply : 0~100VDC
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(4}) Ni-Wire : 16.67Q, 600W(100VDC : 600W)

(th) Pt-Wire : 200Q, 571 21(200~400Q : 100~5007C)

(2}) Flow Temp Sensor(Pt 100Q) : =32 (0~50T)

(v}) Flow Meter(Paddle Wheel Type) : =43 21(0~30 ¢ /min)

(¥}) Display @ 3&d AMeE T34 9 A7, % 75,

A %(%), AE3H(W/aer or Btu/ft® - hr)
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(1) 2 dashr]

- 272 KVA 3% WSt71(1EA)
- 5 KVA &4 ®<st7](1EA)

- A¥g slH, "o 84% A7 0437, 560V, 5300W(3EA)
- 5A/560V 3ph/3 wire A= A(1IEA)

- 2555 A W7 (2EA)

- 2 NPT %4, 6~60 GPM(1EA)

- BFol M (1EA)

- Hi Limit Controller(1EA)

- 5547, 0~20 GPM; Egz=2da dHe §E5AA4; 544

Tee (3SET)

- pH #47], 0~14; pH AA(1SET)

- AEREE AV ARE AA, ARG 10 R 05(ISET)
- 74 E SAHACEA)

|
iz

3
!

E o =golH, =, ofgE FH(4SET)
VC 3 WHE(4EA)
- 9= AelA 2-1/2%, 0~100psi(4EA)

- Neptune Al2]= HX 2% (ZF 1EA)

|
.

- 1% &7 Alo]E M HE(3EA)

- 1% 48 =47 (3EA)
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- o]z {F 2 Fo]xZ F& AME F
- Thermistor(7EA), ‘T’ Type Thermocouple(7Set)

- AEE9 : Data Acquisition Syst.(1EA)

(2) Waee] 32 &A% B8
- Y2 (1EA)

- &4 2E A (1EA)

- ntade =eto]lB HEZ(2EA)
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- ZRE ~9x 2%&(7 2EA, 1EA)

B (1EA)

g mol= vl

A<
=

a

Fouling 219 )|= & Ms4&d &l 4k

COOQLING
TOWER

MODEL$VRFACE CONDENSER

1" XM TUBE1S1 KW @ @

Lo
Qesad (= ad [X0]a vane
Baezid Ddwead [ crom vinvm
Dass19 Oreadazn [2h]unzmnm vam

a
[==]rowoorteon v avE

) A=

o
=Ag

I 45 AA A
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T & T = = 4 #F (@l
oro) o CaClz-2Hz0 99 0.6444
MgSOq-7TH20 99 0.3962
sole NaxSOq4 9 0.3735
NaHCO3 100 0.6257

wEFAAZE &4 0 100 Gallonx 3.785(F) = 3785L(F & 4=420L)
(2) ¢FF FH=F A
(7F) M(Ca) : 40.0780 g/mol, CaCly-2H-0 : 147.02 g/mol

“Ca ¥% = ﬁ%xo.GM'——.o.l?Sg

=175 ppm as CaCOsz x 250 = 438 ppm

(th) M(Nap) = 459795 g/mol, M(Na204S) : 142.0431 g/mol, M(CHNaO3) =
84.0069 g/mol

Ny e o 45,9795 459195 porne
“Na L5 Oq5T *0-3735 + gi-0 83 <0.62570.465¢

».232 ppm as CaCO; x 2.18 = 505.76 ppm
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(th) M(OsS) = 96.0636 g/mol, M(MgO,S) : 120.3686 g/mol, M(H1407) : 126.1070
g/mol, M(Na:0,5) : 142.0431 g/mol

qof v - 98.0636 960636
-S04 120.3+126.1 0-3962+ 779" 0431

4071 ppm as CaCO; x 1.04 = 432.28 ppm

x0.3735=0.4071g

() M(Mg) @ 243050 g/mol, M(MgO.S) : 120.3686 g/mol, M(H14O7) : 126.1070

g/mol

. wo - 243 O B
~Mg &&= 1203+ 1%6.1 %0.396=0.039¢

.39 ppm as CaCOs x 4.1 = 159.9 ppm

(v}) M(CHO3) = 61.0171 g/mol, M(CHNaQO3) = 84.0069 g/mol
. ww - 610171 2
S HCO;3 3 840069 x(.6257=0.4546g
4546 ppm as CaCOs x 082 = 372.78 ppm

(M) M(Cl) = 35.4530 g/mol, CaCly:2H0 A}k : 147.02
SOl pw = 22403 =
5 14702 x().644=0.1552g
~.155.2 ppm as CaCOs x 141 x (22)2 = 437.7 ppm
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E 42 §HF 2AN GBS

Q gk ol4 Eolgk
S ) S%(%) A(]'g/L) 13 59% (g/L) (A]g?ﬂzg‘;} o)

| w0 |99 064 06HIXIL - 20645 0.6444x20L X107 = 128.888g
(e}

sl MgSO/7THO| 99 03962| 0.3962x420L = 166404g | 0.3962x20Lx104] = 79.240g
Lo Naso, 99 |03735| 03735x420L = 156870g | 0.3735x20Lx10%] = 75.700g
=20

el NaHCO; 99 |0.6257| 06257x420L = 262794g | 0.6257x20Lx10] = 125140g

() A Hedd =4
[e=]
=

2. 3, 183.54er (R A G H A
12000t /hr = WA ) - SR e

W=1.0187xQ(12, 000 Bt/ f£*| h») =12224 . AW

(Lh e AN GRs AN

.

2hr = A E)- 47 4801112(*31*1_@03%34)
12000 Br/fe/hr = ji( 2.4 CELE TR

W=0.0152xQ(12, 000 Btu/ f£*| hr) =182.28 W
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B U-coeff(Btu/ftz/hr)

| HOE 22

A 2EE(BuAirhr=108 ) B 2EZ(Bufiz/hr<10s )

A U-coeff{Btu/ft2rhr)

(5[t}

Ko
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Microsoft Excel - 9547 1RH0IH
) M BEE) 20 SE0 M0 ED HOED) W TSTH)
O

DEEeBE Ry iR S | v- o w: sdlsljmr 2= o B o%
T24
8 T ¢ [ o T & T % [ o T w [+ [ 4 T « [ T w [ w [ o T P T e r [ &
pH o COMEH g py Bflew | Ofw  Aintsmpe Bintemp, b onelHEshell HE shell | HE Shel A eur BOUT 4 TMD B LTMD A U-cosfh. B LU-cosft =
- w # #1 Aue, tamn tamn
2| soios  1.6675  29.084 21998 0.54978 23912 29047 6007  60.636  B0.598  G0.482 27061 27608 00.880  60.BBS 1105 108,08
| 3 | a216 1.8685 22 9328 21.838 064378 23.812 23 647 BB 268 ELACEL] A6.538 B6. 6545 27 BEB 27.864 B0 7N 60.823 108.1 108.4
4| ezis  1.65%0 22407 22556 0.54978 23912 20,847  ©6.259  86.253  08.992 A,30939  27.650  27.854  £0.439  B0.861  106.89  111.9
|5 | eoies  1.6592 22407 22,245 0.54978 23912 20,847 06,07  86.451  08.992 8A.80435 27661  27.522  80.489  50.883  107.50  109.4
| & | B.2185 1.8664 22.024 221686 064378 23.812 23627 BB 268 ELACEL] A6.382 B8R 49833 27 BEB 2767 B0.BAZ B0.B76 104.73 110061
| 7| ao21es  1.6543 22843 22321 066121 23612 23,847 8607  80.451  00.245 @A.26639  27.834  97.588  B0.484  B0.B4Z  108.89  110.35
|6 | ooies  1.6590 22685  21.998  0.54378 23912 20,847 06,07  86.644  08.588 @A.41739  27.658 27,57  B0.818  BO.TET  10T.70 109,08
| 8| ezis  1.6590 22407 22397 0.54978 2391z 23,647 8007  B0.64d4  60.598 E0.41799 27,094  27.538  60.825  00.803 108 110,41
| 10 | a216 1.8692 22,782 22 243 065121 23.812 23 647 BA. 07 8451 A6.538 A6 353 27 634 27.638 B0.561 60.739 107.84 108.78
|1 o215 1.6849 22407 21,57 0.54378 25,925 28,867 06,07  6A.830  00.245 £6.58439  27.601  27.802  60.862  80.728  10T.08  107.71
|42 o215 1.65%0 22649  22.008 0.54978 23,925 20,847 06,07  86.644  08.245 AA.51987  27.661  27.580  £0.497  BO.FO6 1089 108,89
| 19 | B.2185 1.8588 22,8935 1117 064378 23.826 23 647 BA. 07 BB Bdd A6.245 BA. 31887 27 681 27.864 60487 60858 108.7 10473
|44 ao21es 1885 22685 224 066121 23925 29847  @6.269  BA.6d4  B0.538 BA.48039  27.634  97.688  BO.881  B0.8E7  106.58  110.98
|45 e.2ies  1.68%8 22102 21.286 0.54378 23,925 20,867 06,07  86.644  00.992 8A.38087  27.650  27.854  B0.550  BO.TET 10495 104,07
|6 s.2195 1.6645  29.019  22B47  0.55171 23925 23,647 8007  60.644  60.997 EN.30607 27058  27.538  00.556  60.785  109.28 11274
| 17 | B.2185 1.8685 22 407 21.838 064378 23.839 23 687 B5. A81 BB 451 A6.538 A6.28 27 BEB 27688 B0 472 60842 10618 108.25
|48 a.2ies  1.6872 22407 22,248 0.54878 23,999 20,867 86,07  66.451  08.932 £A.30439  27.704  27.619  80.483  60.64  10T.51  111.88
|8 ezis 6705 22434 204 054978 ©5.939 28,667  05.892  BA.644  00.884  86.84 27600 27808 B0.511  80.892 10747 111.48
| 20 | a216 1.8718 22 488 Al hl 064378 23.839 23 687 B5. BE1 BR.258 A6.538 B6. 228 27.704 27.618 B0.385 60581 108.02 10815
| 21 | a216 1.8722 22 258 22 548 064378 23.826 23 BBTF BB 268 BR_451 A6.245 BB 91833 27 681 27.864 B0 496 60887 10648 111.28
|22 o215 1.6714 22719 21.407 0.54978 23,999 20,887 06,07  86.253  08.248 @A.19138 27661  27.57  B0.882  50.552  108.40  108.92
23 8.215 18617 22,995  ©1.774 0.54978 23,82 29,687  @0.07 _ BO.bdd 60064, 80408 27.004  27.554  00.008 00835 108.03 10474
B.2185 1.8848 22,782 21.867 0.64378 23.839 23 687 B5. 881 BB 451 A6.245 BA.18233 27.704 27.602 60351 60536 108.55 108,53
|25 o215 1.6894 22486 21.867 0.55121 23939 20,867 96,07  86.250  08.588  05.289 27661  27.802  A0.46  B0.883  10T.22  109.38
28| o215 1.6303 22784  21.867 0.54978  28.999 20,847 96,07  86.451  08.588 05,955  27.650  27.554  £0.536  B0.781  10T.84 108,39
| 27 | a216 1.8803 1.5 21.867 0.64378 23.839 23 687 BA. 07 88451 B6.982 B8R 30433 27 681 27688 B0 476 B0.BET 102.5 10887
| 28 | B.2185 1.881 22 484 22 ma 064378 23839 23 BBF BB 268 BB 258 B86.982 B8R 30333 27 658 27688 B0 486 60855 106.55 108.61
28| e2fs  1.0925 22857  21.957 0.54378 23,999 20,867 06,07  086.250  08.245 613139  27.704  27.505  A0.35  B0.543  10T.87 108,48
|80 215 1.69%8  so.4ee o299z 0.54978 28,999 29,887 96,07 68,451  05.957 A.15995 97861  27.B02 AO899  BO.503  107.45 11228
| & | a216 1.8985 22102 22 Bhhh 065121 23839 23 687 B5. A81 BA_Bdd A6.598 BA 35433 27.704 27688 60513 B0.706 106.85 11221
|'s2| o215 1.6976 22486 211089 0.55121,  28.955 20,897 06,07 66,250  08.392| 8A.24039  27.658  27.522  B0.416  BO.816  106.24 1029
s | o268 1.9 22,685 224 054378 25.939 23,667 06,07  06.451  00.245 06.25589  27.681  27.554  60.426  BO.814  107.99 110412
| 94 | a216 1.8027 22,8935 221686 0.64378 23.839 23 BB7 BB 268 ELACEL] A6.246 BA. 44733 27 858 27.638 BO0_BA 60824 108.98 108.7
| 95 | a216 1.808 22 407 21.3a7 065121 28853 23 687 BA. 07 ELACEL] B85.813 BB 24033 27 BEB 2767 B0 416 60801 106.87 106,88
86| o215 1.9115 22719 22705 0.54378  23.999 20,867 06,07  86.451  08.245 66.25538 27,704  27.802  80.414 B0.6 109.08  118.81
|82 215 19111 22289 21117 0.54978 29,999 29,867 _ @5.861  6e.h44 80.592 BA.80587 27661 27508  B0.476  BO.B48 10611  104.81
| a8 | a216 1.9113 22 9328 22 Bhhh 0.64378 23839 23 687 BA. 07 BR.259 A6.382 B8R 24033 27.634 2767 B0.435 60801 106.18 111.94
88| o.ies  1.91897 22407 22172 0.55121 23,999 23,87 96,07  66.451  08.332 @A.80439  27.650  27.554  B0.487  B0.878 10614  109.48
40| o215 1.9155 22102 21.998  0.54378 23,939 20,87 06,07 . 86,253  00.245 8A.13189  27.650  27.505  80.574  60.543  104.89 109,48
| ¢ | B.2185 1.9188 22.084 21.876 0.64378 23.853 23 687 BA. 07 80451 A6.538 A6 953 27 658 27.864 B0.529 B0.722 104.2 107.8
| 42 | B.2185 1.9184 23.m3 21.838 064378 23.839 23 687 B5. 881 BA._451 A6.382 BB 24133 27 BE5B 2767 B0. 424 60802 108.12 10887
48| ezis  1.9212 22102 22,248 0.54978 29,939 20,887 @5.882  86.451 08,992 8617039  27.650  27.505  80.881  B0.581 10491  110.97
| 42| o.oies  1.9226 22024 p2bpy  0.54978 29,999 99,887  BA.259  68.451  BB.588 O6.418 27856 27.530  80.539  B0.793 10418  111.02
EL] B.2185 1.9288 22 251 22 243 064378 23.826 23 687 BA. 07 BB 451 B6.382 BB 30433 27 634 27688 B0.506 B0.BET 106.08
|48 215 1.9292 22885 0.6 0.54378  ©5.939 28,867 BA.07  BA.253  BB.245 BA.13185  27.658  27.854  B0.5V4 G086 10T.42
| 42| o.oies  1.9501 22985 22556 0.55121 23,999 20,887  @A.259  B6.253  08.245 A.25439  27.694  27.854  £0.449  60.823  106.02
48 1.8308 22 835 22 243 0. 6511 23826 23 BAT BB 268 BR_Bdd Af_38: BB 43187 27 BEB 27638 60821 60808 108.8 b
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Ed Microsoft Excel - FMan01-12-06

(]

UFFZ HMZE 2EE

232 i 12 4979 267 01-12-03 165204
232 ] 113 4979 267 01-12-03 16:51:04
232 0 113 4978 267 01-12-03 16:50:04
232 0 112 4978 267 01-12-03 16:45:04
232 0 112 4978 267 01-12-03 16:45:04
232 0 112 4978 267 01-12-03 16:47:04
232 0 113 4978 267 01-12-03 16:45:04
232 0 0300 497al 267 01-12-03 16:44:04
232 O 2l | deyal 2.a7|01-12-03 16:43:05
232 o 113" T4s7e 1203 18:42:04
232 0p. 113 4978 287,00-12-03 16:41:04
232 i 2 87/ 01-12-03 16:40:04
737 lg WD 1 28?!0_1-12-03 16:39:04
232 A . 20701-12403 163605
B %y 0 | 267 01-12-03 16:37.04
Al | | 267 01-12-05,16:35:06
AN . 207 0151203 16:34:04
i 1

287 01-12-03 168:33:05
T |
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