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Westlake CA&O Westlake CA&O Corporation 
2468 Industrial Parkway 
Calvert City, KY 42029 
(270) 395-3805 

July 8,1999 

Ms. Kavita Bhatia 
EC/R Incorporated 
2327 Englert Drive 
Suite 100 
Durham, NC 27713 

Dear Ms. Bhatia, 

Enclosed is the stack test reports you requested. The Mercury Fume Scrubber (End box ventilation 
scrubber) was tested in December 1998. The Hydrogen Vent (or No. 4 Boiler) was tested in 1993. 
The tests are coming in separate packages. If you need any additional information please call. 

Sincerely, 

Terry M. Stapleton 
Chlor-Alkali Technical Manager 
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FINAL TEST REPORT 
MERCURY FUME SCRUBBER 

EMISSION EVALUATION 
WESTLAKE CA & O CORPORATION 

CALVERT CITY, KENTUCKY 

1.0 INTRODUCTION 

FBT Engineering, Inc. (FBT), was retained by Westlake CA & 0 Corporation to perform an 
evaluation of mercury (Hg) emissions on the mercury fume scrubber at their Calvert City. 
Kentucky, chlor-alkali plant. This scrubber controls Hg emissions from the chlorine cells' end 
box ventilation system. The purpose ofthe evaluation was to demonstrate that the Hg emission 
contribution ofthe fume scrubber exhaust did not cause the plant's total Hg emissions to exceed 
the applicable limit. This requirement is specified in Title 40 Part 61. Subpart E ofthe National 
Emission Standards for Hazardous Air Pollutants (NESHAP). 

The FBT test team consisted of Chris Gottschalk and James Roberts. Bob Gold and Will Woods, 
Westlake Monomers, coordinated testing with plant operations. The test was observed by three 
representatives ofthe Kentucky Division of Air Quality. They were Gerald Slucher. Chief of 
Source Test Section. Stan Cook and Kevin Usher, Environmental Inspectors, Paducah Regional 
Office. 

2.0 SUMMARY OF RESULTS 

The average mercury emission rate from the mercury fume scrubber was 8.65 grams per day. 
Mercury emission results and stack gas conditions are summarized in Table 2.1. Scrubber process 
operating parameters, including facility production rate, are summarized in Table 2.2. 

Process rate for the chlor-akali plant is defined as kilo amperes of electrical current to the cells. 
This current is proportional to the chlorine gas produced. The current to the cells during 
sampling ofthe Hg fume scrubber stack was 303 kilo amperes. A current of 303 kilo amperes is 
equal to a chlorine gas production rate of 370 tons per day. 

Test data and results are presented in Appendices A through H. Sample calculations are 
presented in Appendix A. Sampling and laboratory procedures are described in Appendix B. 
Field data sheets are presented in Appendix C. Sampling site data is given in Appendix D. 
Calibration data is contained in Appendix E. Analytical laboratory data and results are presented 
in Appendix F. Process operating and rate data during sampling is contained in Appendix G. Hg 
sampling data and results are given in Appendix H. 

FBT 
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TABLE 2-1 
RESULTS SUMMARY 

MERCURY FUME SCRUBBER 
WESTLAKE CA & O CORPORATION 

CALVERT CITY, KY 

STACK CONDITIONS AND EMISSIONS: 
DATE: 

TIME: 

RUN#: 

Avg Gas Temp, °F 

H20, % 
Gas Velocity, fps 
Gas Flow, acfm 
Gas Flow, dscfm 
Mercury Emissions: 

grams/hour 
grams/day 

% Isokinetic 

12/15/98 

0847-1055 hrs 

1 

88 
4.6 

40.0 
2,563 
2,364 

0.371 
8.91 
97 

12/15/98 

1148-1354 hrs 

2 

92 
4.8 

41.1 
2,634 
2,409 

0.366 
8.79 
98 

12/15/98 

1454-1700 hrs 

3 

95 
5.2 

41.8 
2,680 
2,425 

0.344 
8.26 
99 

AVERAGES 

91 
4.9 

40.9 
2,626 
2,399 

0.361 
8.65 

S^Sisj^iSS^sSSi^sS;^;!^:^ 

KEY: 
fps = feet per second 
acfm = actual cubic feet per minute 
dscfm = dry standard cubic feet per minute 

[ 
c-

C 

u 
0 

J 

TABLE 2-2 
OPERATING CONDITIONS 

MERCURY FUME SCRUBBER 
WESTLAKE CA & O CORPORATION 

CALVERT CITY.KY 

\ 

PARAMETER 

PH 

8.9 

ORP 
(mv) 

549.2 

Water Flow 

(gpm) 

3.8 

Inlet Air Temp 

(°F) 
98.2 

Notes: 
1. These are average operating conditions during six hours of stack sampling. See Appendix G. 
2. Process rate of Chlor Akali Plant during sampling was 303 kilo ampheres (equivalent to 370 tons 

chlorine production per day). 

KEY: 
ORP = oxidation reduction potential 
mv = milivolts 
gpm = gallons per minute 

FBT 
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3.0 PROCESS DESCRIPTION 

Figure 3.1 is a flow diagram ofthe chlor-alkali plant's end box ventilation system Hg rume 
scrubber. The scrubber is a packed tower design and the scrubbing liquor is a sodium 
hypochlorite solution. Sodium hypochlorite combines with Hg to form mercuric chloride. A 
bleed stream of the circulating liquor removes Hg from the scrubbing process and returns it to trie 
feed brine going to the cells. Chlorine and sodium hydroxide are added and react to form the 
makeup sodium hypochlorite. The chlor-alkali plant and the Hg fume scrubber operate 
continuously. 24 hours per day, seven days per week. 

t 
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Figure 3.1 
Flow Diagram 

Chlorine Plant Mercury Fume Scrubber 
Westlake CA&O Corporation 

Calvert City, KY 
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4.0 TEST METHODS 

The sampling and analytical procedures used during this test were United States Environmental 
Protection Agency (USEPA) Reference Methods described in the Code of Federal Regulations 
•IU Fart 60 Appendix A and Fart 61 Appendix B. Following is a list of these Methods. Sampling, 
analytical, and laboratory procedures are described in more detail in Appendix B. 

• Measurement Sites (Method 0 
The location of measurement sites and the number of sample points were determined as 
specified in USEPA Reference Method 1, "Sample and Velocity Traverses for Stationary 
Sources." 

Velocity and Volumetric Flow Rates (Method 2) 
The duct/stack gas velocities and volumetric flow rates were determined using USEPA 
Reference Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate." 

Dry Molecular Weight (Methods 3) 
Dry molecular weight ofthe duct/stack gases was determined using USEPA Reference 
Method 3, "Gas Analysis for Carbon Dioxide, Oxygen, Excess Air, and Dry Molecular 
Weight." Grab samples were analyzed for carbon dioxide and oxygen with a Fyirite Gas 
Analyzer for molecular weight determination. 

Moisture (Method 4) 
The moisture content ofthe stack gas was determined using USEPA Reference Method 
4, "Determination of Moisture Content in Stack Gases." 

Mercurv Emissions (Method 101) 
Mercury emission rate was determined using USEPA Reference Method 101. 
"Determination of Particulate and Gaseous Mercury Emissions from Chlor-Alkali Plants 
(Air Streams)." 

t 
D 
C 
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Process Data 

H Mercury Sampling Data and Results 
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EXAMPLE CALCULATION 

CLIENT/PROJECT: Westlake CA & 0/461 
PROCESS Chlor Alkali Plant 
SAMPLE LOCATION: Hg Fume Scrubber Stack 
DATE: 12/15/98 
TIME: 0847-1055 hrs 
RUN 9: 1 

METER CORRECTIONS: 

Vmc = Vm-(Lp-La) x Time = Vm-(Lp-0.02) x Time = 

Vm(std) = 17.647 x Vmc x r ; (Pbar+AH/13.6)/TmCR) = 

STACK GAS CONDITIONS 

MOISTURE CONCENTRATION: 

Vw(scf) = Vwc x 0.04707 = 

Bws = Vw(scf)/(Vw(scf)+Vm(std)) = 

%H2O=Bwsx100 = 

MOLECULAR WEIGHT: 

Md = 0.44 x (%CO2)+0.32 x (%O2)+0.28 x (%N2+%CO) = 

Ms = Md x (1-Bws)+(18.0 x Bws) = 

STACK GAS VELOCITY: 

Vs(fps) = 85.49 x Cp x Avg(iP° *) x (Ts(-R)/(Ps x Ms)]0 5 = 

STACK GAS VOLUMETRIC FLOW RATE: 

Qa(acfm) = Vs x 60 x As(ft*) = 

Qstd(dscfm) = Qa x 17.647 x (1-%H20) x Ps/Ts('R) = 

ISOKINETIC SAMPLING RATE: 

%l = 0.0945 x Ts('R) x Vm(std)/[Ps x Vs x An x Time x (1 -Bws)) = 

EMISSIONS CALCULATIONS: 

Hg CONCENTRATION: 

Cs, (pg Hg/sample) = Hg in probe rinse and impinger sample 

126.47 

137.63 

6.684 

0.046 

4.632 

29.04 

28.53 

39.97 

2.563 

2.364 

97.10 

360.0 

Cs(lb/dscf) = 2.205 x 10-9 x Cs, (pg Hg/ml sample) / Vms= 5.7678E-09 

X 

Hg EMISSION RATE: 

Er(lb/hr) = Cs(lb/dscf).x Qstd x 60 = 0.0008183 

Er(g/day) = Er(lbrtir) x 24/0.002205 8.906 

FBT 
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APPENDIX B 
SAMPLING AND LABORATORY PROCEDURES 

Sampling and analytical procedures used during this test were USEPA Reference Methods 1, 2, 
3, 4, and 101. These methods were published in the Code oj Federal Regulations 4(1 Fan 60, 
Appendix A, and Fart 61, Appendix B, Revised July 1, 1998. Following is a summary 
description of these procedures: 

B.I Measurement Sites (Method 1) 

The location of measurement sites and the number of sample points were determined as 
specified in I'SEPA Reference Method 1, "Sample and Velocity Traverses for Stationary 
Sources." 

Method 1 recommends that sampling sites be located in straight runs of duct or stack eight 
diameters downstream and two diameters upstream from flow disturbances. As a minimum 
sampling sites may be located two diameters downstream and one half diameter upstream from 
disturbances. The mercurv' fume scrubber stack had a straight run of 4.5 diameters. Thus, two 
sample ports were cut 3.6 diameters downstream from the closest disturbance. This left 0.9 
diameters from the ports to the stack discharge. The number of traverse points selected was 24, 
12 on each of two diameters. 

B.2 Velocity and Volumetric Flow Rates (Method 2) 

The duct stack gas velocities and volumetric flow rates were determined using USEPA 
Reference Method 2, "Determination of Stack Gas Velocity and Volumetric Flow Rate.*' 
Velocity pressures were measured with "S" type pitot tubes and temperatures with calibrated 
type "K" thennocouples. Pressure differentials and static pressures were measured with inclined 
manometers. 

B. Drv Molecular Weight (Method 3) 
- N 

r 
L 

L 

The dry molecular weight ofthe stack gas was determined using USEPA Reference Method 3, 
"Gas Analysis for Carbon Dioxide, Oxygen, Excess Air, and Dry Molecular Weight." A gTab 
sample of gas was collected and analyzed for oxygen and carbon dioxide during each run with a 
Fyrite Gas Analyzer. 

B.4 Moisture (Method 4) 

The moisture content ofthe stack gas was determined using USEPA Reference Method 4, 
"Determination of Moisture Content in Stack Gases." A time integrated sample of gas was 
withdrawn during each Method 101 run. Moisture in the gas was condensed in impingers 
immersed in an ice bath and determined gravimetrically. Residual moisture was then removed 
in a column containing a known amount of silica gel and determined gravimetrically. Dry gas 

FBT 
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volume was measured with a dry gas meter. See Figure B-1. 

B.5 Mercurv Emissions (Method 101) 

Mercury emission rate was determined using USEPA Reference Method 101, "Determination 
of Particulate and Gaseous Mercury Emissions from Chlor-Alkali Plants (Air Streams)." Method 
101 is a modification of USEPA Reference Method 5, in which the filter is removed and water in 
the impingers is replaced with 0.1 Molar (M) iodine monochloride to absorb mercury. 

A sample of stack gas was withdrawn isokinetically through a heated glass probe and a set of 
four impingers. The first three impingers each contained 100 ml of 0.1 M iodine monochloride 
(ICI) and the fourth one was empty. The impingers were immersed in an ice bath. Volume of 
gas sampled was measured with a dry gas meter. A schematic ofthe sampling train is shown in 
Figure B-1. 

Prior to sampling all glassware, including probe and nozzle were rinsed with 50% nitric acid, tap 
water, 0.1 M ICI, tap water, and finally deionized distilled water. After each sampling run. the 
probe and nozzle were rinsed with 100 ml of 0.1 M ICI into a labeled glass container. Impinger 
contents were recovered into the container with the probe and nozzle rinse. Finally, the probe, 
nozzle, impingers and connecting glassware were rinsed with 400 ml of deionized water into the 
same glass container. Mercury concentration ofthe impinger solution and a blank sample of the 
0.1 M ICI were measured by atomic absorption spectrophotometry in the laboratory. 
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Figure B-1 
USEPA Method 101 Mercury Sampling Train. 
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1_ 

c 

ient / City: Wd<> +!*/•£. M $0/ ^^rf/^ pfobe Length / Type: 

ate: jz.1'5/*,? Run#: / ' " 4lozzleSize: , 

Client/ 

Date 

Location: 

H *ttm 
= . 5 1 ^ 

/A ^ e S c f ^ f S U ^ Meter Box #: d^v AH(5): £$3- v. ,, 0 
: ~ f k u r . A i pic**, - = = — ' • - i£ -L i 

Sample T y p e : _ ^ ! i Z ^ 5 _ Operator £6 /J«£ Assumed H;0: _J_ % T,: 

Pnjut: ty.^f Ambient Temperature: °F P.: * & ~* Reference AP: K-factor/LJ'' tf 

Pretest Leak Rate: e,<*\ ft1 (5) / ^ ' h o 

Postest Leak Rate: ft3 @ "hg 

Pitot Leak Check: f Orsat Leak Check: 

Filter #: Comments: 

&.LL-9_ V,: MWI avg JtP: /feTft avg AH: ^ 7 3 T,-.J[U T.: _$£..Mf Calculated By: C£> Checked By:. 
mi* 
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SAMPLE RECOVERY DATA 

Dale: /Z-jiT-98 

Client: Wesrt-AJCG C<4 JO 
t-tf -7— 

Location: TuAAf^ ££.&(*#££/£ /&&£'£. 

Site: J4*sc-k. 
Run //: _J_ 

PN: 

[ 

G 
D 

Filler No: ...XX..U. Glassware Set No: . '. Sample Box No: ]__ 

mil&GlilUlMA 

Gravimetric: Volunictric: 

1 ° i 

' 1' I D u l 

' Initial 
i 

: 4 * c l 

n 

ICI 

£3$ 

56 1 

T^ 

IM 

, —» " 1 1 

T"<7/ 

61Z. 

& & 

"P 

J l ~ j ;. / 
US', i : ( - ; 

/.-»-*» i ! 
Us I j ^ * 

ns 
sfi 

1 * 

£13 

5£* 

5 

rx. To; J 

SS" 

W 
C^ZS. 

£H-' / M ' Z 

RECOVERED SAMPLE 

Description of Particulate on Filter: _ 

Color of Silica Gel: _ 

Recovered By: N ^ < V / H 

Dale: M\^\^ 

c FBT 
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F I E L D D A T A SHEET 
Client/Cirv: d o t U b . CAi o / cJv«W C<k. 

Date: » l \ iS \«\J Run#: 

Location: l-̂ Q tv^t 

Sample Type: ^ o l / 4 «i 

P0An: JQ.»f Ambient Tempt 

'2-

Sc<v)?ruf ĉ  fe 

Operator tf 

jrature: °F P. 

Pretest Leak Rate: <o°°l ft3 (5) / Z 'ha 

Postest Leak Rate: - *« 2- ft3 (5) tS 'ha 

:-o. ^ 

Filter #: 

Pitot Leak Check: ^ Orsat Leak Check: ^ 

Fyrite Data: 

Or^r , , , 

CO,: 0.S. 

Moisture Data Total: i S ^ 

mlH20 g Sil. Gel 

Page of Record data every minutes 

Trav. 
# 

S H 
* - • 

2. 

3 
<-/ 

S 

4 

"") 

* 

S 
Ll 
tl 

i i 
4 / 

? 
-*> 

f 
S 
c 
*> 

2 
°) 
/o 
H 

• I 
ej 

Sample 
Time 

o> 
<; 

/« 

. < 

z^ 
7 0 

S° 
35" 

Cf« 

^ S 

<?J 

?s 
{, * 

>:*< 

to 

>s 
i* 
L<i 
?• 

tt 
40 
W< 

SC 

$ * " 

60 

Clock 
Time 

UW 

llSH 

-

" 

• -

i^5M 

Meter 
Reading 

v ^ 2 . 3 i " > 
<-ni.cib 

— 

Hi*.!* 
V ^ S , 6 Z 

-

5"c?.<-r* 

$/ ?^e? 

s / t f . m 
s 2 M, CJ r s 

S a f . 2,5 
W ^ , / 3 

m.m 
f ^ - ^ 2 
«T57,">4-

— 

w,«,n 
S^O ,1 Z 
5"?6.t^s 
S S ' , 6o 
S tf^.cO 
5 - ^ / . 31 

*<?*. 9^5 
60O , 3SS 

(oO^.^O 

Pilot #: 

AP 

.'H 
.5*7 
, i 7 

,ss 
*5<7 

, 5 * 
, 5S 

, 5 / 

, m 
/ • ^H 
-5? 
- ^ 

.<$ 7 

.n 
.64 

.6 5 

. 6 / 

>59 
W? 
,**3 

- V 
*)<f 
P>0 

.3 / 

AH(calc) 

5.» 

?/' 
r.̂ s 
^ 1 
S,i-

5. f 

* ,8 
V,S 

3 ,7 

• * . * > 

? . « / 

3.4 

I,** 
S. * 

5!? 

* •? 
M 
SV 
^ O 
J i * 
3, 1 

3./ 
2.~> 

2.S 

G:vVO V l W avqr/APi.'»^V avgAHiJf.^Vr, 

^ Probe Length/Type: 

Nozzle Size: 

Meter Box #: / } f « / 

Assumed H20: 

•t Reference AP: 

Comments: 

<t'£1*1% 

?»^ 

AH@: 1,1*7? Y * Ao37 

K-factor " 1 . ? ^ ^ 
• 

Traverse Schematic: 1 
1 

i 

TC #"s: 

AH(act) 

^ 0 

5.< 
5-. 5 

r,i 
S,Z 

S'.l 
«,? 
*+. s 
? 7 
} .<, 

>w 
3,6 

r.«» 
s.e 
SJ 
S. * 

r.7 
5-,/ 
v .^ 
3.S 
s. 1 
3, / 
?.") 

z.% 

Probe 

Z-Zo 

£ < • ! * 

^ 

^ 1 
Z l ^ 

Z ^ ^ 
* 7 $ j 

2,YS 

aS^S 
Z 2 . ^ 

2 , ^ 1 -

2-5*-
2 0 ^ 

2 1 0 

?24 
23^ 
Z Z * 
2 ^ 

z ^ 
2^1 
230 
Z?>L 

ZM 
13o 

Slack 

^ 

3̂ 
•1T -

1^ 
^3 
°\1-
°[1~ 

^ 7 

^3 
^ ^ 
93 
S3 
1«-
9x. 
*7 2. 
' I Z . 

T > . 
' / Z 
*)3 

?/ 
^z. 
11 
5J 
?2-

Tmln TmOut Filler 

r* 
tm-) 

S^ 
6 ( 
6 ^ 
^'Z 
^6 
(X? 

tn 
t ^ 
6<i 
Ll 
SC 

s^ 
s^ 
5 f 
91 
5 1 
l i 

<£' 
fc t 
6-x. 

fct. 
62m 

Wa 
%o 

^O 

Sz 
5^ 
S4> 

S6 
r> 
^ > 

S"̂  
5 ? 
5*7 
5"6 
ss^ 
^ 

^V 
5 ^ 
JW 
5H 

rv 
5"^ 

1 H 

if 
$i 

*v 
Z5S 

23~? 
i?~> 
i $ S 

i v -o . 

236 
^ i 

2 ^ 
ti*? 
i V " 
i *y/ 
i.<-/ 0 

z.53 
z^^ 
i ^S 

t^ 
^5«? 
& \ 

i\S 
2 6 4 
Z5Q 
iV" ) 

ZV6 

q i .k T : 5 & ' ° . Calculated By: Cf^ Checked E 

1 
1 • r n i •Li • ns 

Exit 

H9 
^ 

**9 
SZ 
S-/ 
*5 
^^r-

^W 

J" 5 

f M 
rv 
* * 

vs 
ftr-
S?-
S7-
^ 

S3 
W 

n 
5-3 
* Z -

55 

^ 

Pump 
Vac. 

us 1 
12- 1 

1 2. ! 

IT. 
1 z 
l * _ \ 

• I 1 
/ 0 i 

.? ! 

p 1 

7 f 
?.? • 
/3 ; 

^ : 

/? 
<2-
fL. 
i l 
/ t? 

/ 

^ 

6 ' 
^ $ 

6 *< 

Iv: 

1 1 ' 
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SAMPLE RECOVERY DATA 

Dale: / g * / 5 " - ? g 

Client: VVBSrLAfS CA j <£> 

Locatiop/^CV/i/fg ScgLtfP&Et. 71>tju£/C 

Site: 

PN: 

Run //: 2 

Filler No: ..._yLf\_ Glassware Set No: "?._... Sample Box No: [. 

.LMPJMLERJ)AIA 

Gravimetric: 
\y 

Volumetric: 

v / o n i c n . s 

| l*io/xl 

i 
ini t ia l 

i 

! > • 
t . . c » 
i 

.71 

IOO t*t-

XCL 

784-

6<?Z. 

°\X^ 

jit> 

/ 60 AO*. 

Tec 

71-z-

618 

^ 

,'.;.". 

XCL. 

lis 

6/0 

i 3 

a-. 

MT 

4-BZ. 

42Z 
O 

i!r> 

sc 

9z/ 

S77 

2^ 

I oinl 

)^3 

RECOVERED SAMPLE 

Description of Particulate on Filter: AUL 
Color of Silica Gel: b ^ 

Recovered By:. 

Dale: _^i5j°LL 

N 
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HLLU UAIA SHEET 
Client / Citv: nil 5 -#***> Probe Length / Type: 

Date: izl'Sb* Run#: 

Location: Hy FC^VLSI 

Sample Type: / W " < / ^ 

P^^O.CH Ambient Tempt 

5 

Operator C 

jrature: °F Ps 

Pretest Leak Rate: o.**1 tf@ <3 'ha 

Postest Leak Rate: ft3® "ha 

Nozzle Size: 

Meter Box #: 

£>/j(l Assumed H,0 

: - e , Z M Reference AP 

Filter #: 
/Xrr-t&m 

Pitot Leak Check: ^ Orsat Leak Check: ^~ 
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SAMPLE RECOVERY DATA 

Dale: IZ- IS-'iS 

Clicot: WES TuACc CA f O 

Location: 'f-qM£: SccypgeZ/l fc<.u£/i_ 

Site: 5-Uclc-

Run//: _J3» 

PN: 

l'Utcr No: .. Glassware Set No: . J Sample Box No: j 

Gravimetric 

LN1PJAGER DA1A 

•X Volumetric: 

i 

v - o n : r n . * 

1' l t i /* l 

j Uni'ml 

* 7 c 1 

//I 
/ OOM mm 

67O 

S*65" 

ioS 

/ OOML 

ZC--

69? 

dci 

3H 

J: .. 

LCL. 

S&7 

5 

•• *. 

M T 

573 

Slrt-

> 

iir> 

^0 

Vr 
948 

^ > 

Toul 

t . 6 * 

X 

Description of Particulate on Filter: _ 

Color of Silica Gel: 

RECOVERED SAMPLE 

b ^ 
Recovered By: 

Dale: M^\^ 

\ 

FBT 
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Traverse Point Locator Data 
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Outside of port to nearside of stack(b) 

Inside Slack Diameler(a-b) ' 4- " 
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APPENDIX E 
CALIBRATION DATA 

r 
This appendix contains test equipment calibration documentation and describes the specific 
QA/QC procedures employed by FBT in performing this test. The goal ofthe QA/QC activities 
for this project was to ensure, to the highest degree possible, the accuracy ofthe data collected. 
The procedures contained in the Quality Assurance Handbook for Air Foliation Measurement 
Systems: Volume I. Frinciples, EFA-600 9-76-005, and Volume III. Stationary Sources Specific-
Methods, EFA-600 77-027b were the basis for performance for all testing and related work 
activities. 

CALIBRATION OF APPARATUS 

The preparation and calibration of source sampling equipment is essential in maintaining data 
quality. Brief descriptions ofthe calibration procedures used by FBT follow: 

[ 

r 
Barometers 
FBT uses aneroid barometers, which are calibrated against a National Weather Service-type 
mercurial barometer. 

Temperature Sensors 
Bimetallic dial thermometers and Type "K" thermocouples are calibrated using the procedure 
described in Section 3.4.2 ofthe Quality Assurance Handbook. Each temperature sensor is 
calibrated over the expected range of use against an ASTM 3C or 3F thermometer. 

f 
[ 

f*i 

Pitot Tubes 
FBT uses Type "S" pitot tubes constructed according to USEPA Reference Method 2 
specifications. Pitot tubes meeting these criteria are assigned a baseline coefficient of 0.84 and 
need not be calibrated. 

Differential Pressure Gauges 
FBT uses Dwyer inclined/vertical manometers to measure differential pressures. These include 
velocity pressures, static pressures, and orifice pressure differentials. Manometers are selected 
with sufficient sensitivity to accurately measure pressures over the entire range of expected 
values. Manometers are leveled and zeroed prior to each run and checked periodically during 
the run. Manometers are primary standards and require no calibration. 

Dry Gas Meters and Orifices 
Dry gas meters and orifices are calibrated in accordance with Section 3.3.2 ofthe Quality 
Assurance Handbook. This procedure involves direct comparison ofthe dry gas meter to a 
reference wet test meter. The reference wet test meter is routinely calibrated against a bell 
prover. Before its initial use in the field, the metering system is calibrated over the entire range 

m 

U FBT 
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of operation. After each field use, the metering system calibration is checked at a single 
intermediate flow rate based on the previous field test. Acceptable variation for the average 
initial and final dry gas meter factor is 5%. Acceptable variation from the mean of individual 
meter and orifice calibration factors for a check is ± 0.02. 

ON-SITE MEASUREMENTS 

On-site QA/QC activities included: 

Measurement Sites 
Prior to sampling, all stack/duct dimensions are measured to determine measurement site 
locations, location of test ports, and stack inside dimensions. Inside dimensions were checked 
through all available test ports to ensure uniformity ofthe stack cross-sectional area. 

Verification of Absence of Cvclonic Flow 
In situations where the measurement site is near possible flow disturbances, the presence or 
absence of cyclonic flow must be determined. If required, FBT conducts an evaluation ofthe 
measurement sites to determine the presence or absence of cyclonic flow prior to testing. 
Acceptable criteria per USEPA Method 1 is an average angle of rotation required to achieve a 
null pitot reading of less than 20°. 

Velocity Measurements 
All velocity measurement apparatus was assembled, leveled, zeroed, and leak checked prior to 
each test run. The static pressure was determined at a single point near the center ofthe stack. 

Flue Gas Component Sampling 
During test runs gas samples were withdrawn from a single point near the center of each test site 
and analyzed with a Fyrite Gas Analyzer to determine percent concentrations of carbon dioxide 
and oxygen. The sample train was assembled and leak checked before sampling. 

c 

c 
0 

Moisture 
The sample trains were assembled, equilibrated to required temperatures, and leak checked 
before testing. During sampling, the gas exiting the condenser was maintained below 68'T to 
ensure complete condensation ofthe stack gas water vapor. At the conclusion of eachtest run, 
the sample trains were leak checked at the highest vacuum attained during the lest run. 
Acceptable leakage rates are 0.02 cfm or 4 percent ofthe average sampling rate (whichever fs 
less). 

FBT 
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Thermocouple Calibration Data 
Westlake CA &0 Hg Fume Scrubber Stack Emissions Evaluation 

December 15,1998 

r 
r 
[ 
f 

L 

E 

%Difference 
Reference # 
Sensor # 
Date: 

Mercury 
SS-6CM 
6/25/98 

Average % Difference 

%Difference 
Reference # 
Sensor # 
Date: 

Average % 

%Diffe 
Reference # 
Sensor # 
Date: 

Average % 

%Diffe 
Reference # 
Sensor # 
Date: 

Average % 

%Diffc 
Reference # 
Sensor # 
Date: 

Average % 

%Diffc 
Reference # 
Sensor # 
Date: 

Average % 

%Diff< 
Reference # 
Sensor# 
Date: 

Mercury 
Apex HB-1 
6/25/98 
Difference 

rence 
Mercury 
Apex in 
6/25/98 
Difference 

rence 
Mercury 
Apex-out 
6/25/98 
Difference 

srence 
Mercury 
DC-1 
6/25/98 
Difference 

> rence 
Mercury 
DC-2 
6/25/98 
Difference 

j rence 
Mercury 
DC-3 
6/11/98 

Ambient 
1.1% 
88 
87 

Ice Water 
3.1% 
32 
31 

Boiling Water 
0.5% 
208 
209 

Stack gas temperature 
0.8% 

Ambient Ice Water Boiling Water 
2.3% 3.0% 0.0% 
86 
84 

33 
32 

208 
208 

Filter oven temperature 
2.7% 

Ambient Ice Water Boiling Water 
2.3% 3.0% 0.5% 
88 
86 

33 
32 

208 
209 

Dry gas meter mlet temperature 
2.7% 

Ambient Ice Water Boiling Water 
1.1% 3.0% 0.0% 
88 
87 

33 
32 

208 
208 

Dry gas meter outlet temperature 
2.1% 

Ambient Ice Water Boiling Water 
1.2% 3.0% 0.0% 
86 
87 

33 
32 

207 
N 207 

Silica gel colume exit temperature 
2.1% 

Ambient Ice Water Boiling Water 
1.1% 3.0% 0.5% 
87 
86 

33 
32 

206-
207 x 

Silica gel colume exit temperature 
2.1% 

Ambient Ice Water Boiling Water 
4.5% 3.0% 0.5% 

88 
84 

Silica gel 

33 
32 

colume exit 

206 . 
207 \ 

temperature 

Hot Oil 
0.2% 
428 
429 

Hot Oil 
0.5% 
422 
420 

Hot Oil 
. #N/A 

Hot Oil 
#N/A 

Hot Oil 
#N/A 

Hot Oil 
#N/A 

Hot OH 
#N/A 

Average % Difference 1.8% 

FBT 



POST-TEST METER CALIBRATION 
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MB#: 

DATE: 

PLANT: 

PERFORMED BY: 

VACUUM ("Hg) 

AHd ("H20) 

Apex 

12/21/98 

Westlake CA&O 

CG 

RUN1 

13.00 

4.60 

BAROMETRIC PRESS: 
DGM PRETEST y : 

REFERENCE Yr: 

RUN 2 

13.00 

4.60 

29.98 in.hg 
1.037 

1.002 DGM#1 

RUN 3 

13.00 

4.40 

r 
r 

Initial Ref ft3 505.261 

FinalRef.fr3 517 411 

Initial DGM ft3 753.826 

Final DGM ft3 765.197 

RefTw°F 

DGM Tm °F 

Time (min.) 

60.0 

65.0 

10.0 

517611 

529.754 

765.197 

776578 

60.0 

68.0 

10.0 

529.954 

541.741 

776.578 

787.668 

60.0 

69.0 

10.0 

c 

c 
[ 

Net Reference, Vw (ft3) = 

Net DGM. Vd (ft3)= 

Y = 

AH@ = 

12.150 

11.371 

1.069 

1.697 

Pretest y = 
NewY = 

% A = 

\ 

\ 

1.037 , 

1.071 

3.3 

12.143 

11.381 

1.073 

1.689 

v 

11.787 

11.090 

1.072 

1.712 

\ 
Average AH@ = 1.699 

Calculations: \ 
Y = (Vw x Yr x Pb x (Tm + 460)) / (Vd (Pb + (AHd /13.6)) x (Tw + 460) 

AH@ = 0.0317 x AH / (Pb (Td + 460)) x ((Tw + 460) xtime / Vw)2 

COMMENTS: 

http://FinalRef.fr3


POST-TEST METER CAUBRATION 
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r 

MB#: 
DATE: 

PLANT: 

PERFORMED BY: 

VACUUM ("Hg) 

AHd ("H20) 

Apex 

10/25/98 

Polar Minerals 

CG 

RUN1 

12.00 

2.40 

BAROMETRIC PRESS: 
DGM PRETEST y : 

REFERENCE yr: 

RUN 2 

12.00 

2.40 

30.23 in. hg 
1.037 

1.002 DGM#1 

RUN 3 

12.00 

2.40 

r 
F 
r 
r 

Initial Ref. ft3 467.115 

Final Ref. ft3 476 066 

Initial DGM ft3 862.917 

Final DGM ft3 871.520 

Ref Tw °F 69.0 

DGMTm°F 78.0 

Time (min.) 10.0 

476.158 

482435 

871 436 

877 356 

69.0 

770 

482435 

492 238 

877 356 

886 667 

70.0 

79.0 

7.0 11.0 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * 

E 
c 
c 

?** 

. 

Net Reference, Vw (fr) = 

Net DGM. Vd (ft3)= 

Y = 

AH@ = 

8.951 

8.603 

1.054 

1.634 

Pretest y = 
New Y = 

% A = 

1.037 

1.064 

2.6 

6.277 

5.920 

1.072 

1.631 

9.803 

9.311 

1.067 

1.651 

\ 

Average AH@ = 1.639 

Calculations: 
X. Y = (Vwxv rxPbx(Tm + 460))/(Vd (Pb + (AHd /13.6)) x(Tw + 460) 

AH@ = 0.0317 x AH / (Pb (Td + 460)) x ((Tw + 460) x time / Vw)2 

COMMENTS: 

FBT 



r 
P 3 2 

f 
[. 
F 

S-type Pitot Tube Calibration 

Identification: &T - o~5 
Performed by: <?/»>»<•* C^H^rU^/A. 
Date: 6ly I's? 

i 
D - .ITS" 

J 

J PA-PB \ 
\ 1.05Dt < P < 1.50Dt J 

aii 

EQ 

B-slde plane 

a l = Q-Q^ 

a 2 = * • * 

.£• 
X 

1 B 

77pi o 
P l = 2 

y§j>2 p2= 

Pr 

b 0 
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DATA3 

CHEM 
Submitted To: 

Chris Gottschalk 
F3T Testing & Environmental Services 
'686C Stonepoint Court 
Pacucah, KY 
42C39 

1/5/99 

Reference Data: 
Sample Location: 
Sample Type: 
Client Sample No. 
PO J: 
Method Reference: 
Sample Set ID#: 
DATACHEM Lab No.: 
Preparation Date: 
Analysis Date: 

Westlake CA & O'Hg Fume Scrubber / 461 
Water 
461C-1 through 461C-5 
461-2 
EPA 101 
98-S-8314 
98-49200 through 98-49204 
01/04/99 
01/04/99 

The samples were prepared and analyzed in accordance with EPA 
method 101 using a Varian SpeccrAA 300 (AAS). 

The results are in the enclosed data table. 

>3tXfm<^tjj U U ^ y T 
Stephanie Wilcox 
Analyst 

UXLSXX U 
neviewer 

imi-m.:K.:r':F-Cm 
180 WEST L»vOYr.»ivF. 
VA.* LAK* zr'. '/TAH 34 Ml-it.! 
» i :«-r*:c. : * x 301 :««•»« 

C;NC:NNAT: VfKl 
UBS GL=HOAi;.Ml.=aF.O SCA c 
CINCXNAT o c - J w r : e 

313TT.-imM ti.t..«:;m-.VUT 

-EAIiNG ANALYTICAL CHEMISTRY :««?C THi 21S" :SM~.?.V 

^• ' . 'ACC-J^WEMIE 
". : : . " ' .•A-'/.AN: : : r . : 
: c :-2A--;6T ?.*x:n =>2-»--5c-

«s? 
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93-3-8214 

C 
[ 

Results 
ug/Sample 

C l i e n t # 
461C-1 (I^^K 
461C-2. (U'r.-L. 
461C-3 ( 7 . ^ 3 
4 61C-4 -rc\ 3t°., 
461C-5 vr u25 

LOD 

>k 

B(«*\m. 

DCL # 
98-49200 
98-49201 
98-49202 
98-49203 
98-49204 

Hg 
360.0 
360.C 
340 .0 

ND 
ND 

5 .0 
ND indicates the value is below the limit cf detection (T..OD) 

[ 

D 
C 
D 
0 

Stephanie Wilcox 
Analyst 

/&/?/ 
Reviewer 

U V \ 
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ANALYTICAL REQUEST AND CHAIN OF 
CUSTODY q , . s . S j , v 

FBT Engineering 

6860 Stonepoint Court 
Paducab, Kentucky 420U9 
(502^ 89ft-8782 Fan(S02) 898-8782 

LABORATORY: AH'« £j S i c e 

C , ^ ^ ; , ^ H 4 < ^ M " L 

OATtwiFrxo 
i l / . i / l t 

KM 

tOMAMPLO 

corfJACT ruuoN 
Chrii Gottschalk 

UMPUTYTI ~~ riOJICT*AMJt * MCMBIB 

V/"* ^ 

COMMENTS/SP8CIAL INSTRUCTIONS: 

SAMPL£ DATE 

q l o X 

<u 
PRIORITY 

NOBMAI sum tMEBT. 
• u s n 

SAMPLE 
RETURN 

Y13 1*0 

^<\ip<-i 

CONTAINER 
DESCRIPTION 

i j ii**yy 
J < l « / > 

ft 
'•/J> 

fia* -\-.cJoyly 

ANALYSES REQUESTED 

11 

SAMPLES DELIVERED BY: U.S. MAIL 
CHAIN OF CUSTODY REQUEST 

PURPOSE FOR CUSTODY 
CHANGE 

A«if1i*f 

FEDEX/UPS COURIER OTHER -"/ . 

RELINQUISHED BY: 
(SIGNATURB) 

TOU ^t 
RECEIVED BY: 

(SIGNATURE) 

^nssosss. 
FBT 

(Um^ 

file://-/-.cJoyly
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WESTLAKE CA&O CORPORATION 
Mercury Fume Scrubber Stack Test Parameters 
Date: 12/15/98 

P.38 

r 

Run 1: 
Time 

0900 
0915 
0930 
0950 
1000 
1015 
1030 
1045 

Start Time: 
PH 

8.70 
8.70 
8.80 
8 80 
9.00 
9.00 
8.90 
9.00 

0850 

Reading 
19 
19 
18 
18 
17 
17 
16 
15 

End Time: 
ORP 

Conversion 
x 10+ 400 
x 10+ 400 
x 10+400 
x 10+ 400 
X 10 +400 
x 10 + 400 
x 10+ 400 
x 10+ 400 

1058 

(mV) 
590 
590 
580 
580 
570 
570 
560 
550 

Reading 
35 
35 
35 
35 
90 
38 
35 
42 

Water Flow 
Conversion 
• 250 x 20 
• 250 x 20 
+ 250 x 20 
+ 250 x 20 
+ 250 x 20 
* 250 x 20 
+ 250 x 20 
* 250 x 20 

(flpm) 
2.80 
2.80 
2.80 
2.80 
7.20 
3.04 
2.80 
3.36 

Inlet Air Temp. 

m 
92 
92 
93 
95 
95 
96 
96 
96 

r Run 2: 
Time 

1200 
1215 • 
1230 
1245 
1300 
1315 
1330 
1345 

11355 

Start Time: 
PH 

9.00 
8.95 
8.90 
8.90 
8.90 
8.85 
8.85 
8.90 
8.85 

1148 

Reading 
14 
14 
14 
14 
14 
14 
14 
15 
15 

End Time: 
ORP 

Conversion 
x 10+ 400 
X10 + 400 
x 10+ 400 
x 10+400 
x 10+ 400 
x 10+400 
x 10+ 400 
X10 + 400 
X10 + 400 

1355 

(mV) 
540 
540 
540 
540 
540 
540 
540 
550 
550 

Reading 
55 
48 
47 
52 
50 
47 
47 
50 
50 

Water Flow 
Conversion 
+ 250 X 20 
+ 250 X 20 
* 250 x 20 
• 250 x 20 
+ 250 x 20 
+ 250 x 20 
•250x20 
* 250 x 20 
+ 250 x 20 

(gpm) 
4.40 
3.84 
3.76 
4.16 
4.00 
3.76 
3.76 
4.00 
4.00 

Inlet Air Temp. ! 
(°F) 
100 
100 
100 
100 
100 
100 
100 
100 
100 

LJ 

^ 5 

Run 3: 
Time 

1500 
1520 
1530 
1545 
1600 
1615 
1630 
1645 

Start Time: 
PH 

8.85 
8.90 
8.90 
8.95 
8.95 
8.90 
9.00 
9.00 

1454 

Reading 
14 
14 
13 
13 
13 
13 
13 
13 

End Time: 
ORP 

Conversion 
x 10 + 400 
x 10 + 400 
x10 • 400 
X10 + 400 
x 10 + 400 
X10 + 400 
X10 + 400 
x 10 + 400 

1700 

(my) 
540 
540 
530 
530 
630 
530 
530 
530 

Reading 
45 
50 
50 
48 
52 
53 
50 
50 

Water Flow 
Conversion 
* 250 x 20 
+ 250 x 20 
• 250 x 20 
• 250 x 20 
+ 250 x 20 
+ 250 x 20 
• 250 x 20 
• 250 x 20 

(gpm) 
3.60 
4.00 
4.00 
3.84 
4.16 
424 
4.00 
4.00 

Inlet Air Temp. 
(°F) 
100 
100 
100 
100 
100 
100 
100 
100 

I 

6 Hour Avg. 

PH 
(SU) 
8.90 14.92 

ORP 
(mV) 

549.20 47.56 

Water Row 
(flpm) 
3.80 

Inlet 
Gas Temp 

CF) 
98.20 
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CLIENT/PROJECT #: 

PROCESS: 
SAMPLE LOCATION: 

DATE: 
TIME: 
RUN#: 

STATIC PRESSURE("H20). 

BAROMETRICfHG) 

SAMPLE TIME(min) 

MOIST. SAMPLE VOLUME(ft3) 

AVG. SQ. ROOT DELTA P 

AVG ORIFICE DELTA H 

AVG STACK TEMP °F 
AVG METER TEMP °F 

Cp PITOT 

NOZZLE DIA.(inches) 
METER GAMMA 

LEAK RATE(0 IF<0.02) 

CIRC STACK? 1=Y,0=N 

DIA (in) IF 1 or AREA (in2) IF 0 

% 0 2 

% C 0 2 

CONDENSATE(g) 

ANALYTE # 1 
MOLECULAR WEIGHT 

micrograms Hg/sample 
PPM in stack gas 

Westlake CA & 0/461 

Chlor Alkali Plant 
Hg Fume Scrubber Stack 

12/15/98 
0847-1055 hrs 

1 

Mercury 

-0.24 

30.04 

1200 

126.467 

0.6959 

4.238 

87.8 
50.4 

0.84 

0.313 
1.037 

0 

1 

14.00 
22.00 

1.00 

142 

200.6 
360.0 

Ps 

Vm(corr) 

Sample, Vm(std) 

An 

As 

Dry Mole Wt 
Stack Mole Wt 

"fcHjO 

30.02 

126 467 

137.625 

547.8 

5.34E-04 

1 07 

29.04 

28.53 

4.63 

"Hg 

ftJ 

dscf 

°R 

ft2 

ft2 

. « *« * * * . . « * . «« . C A L C U L A T E D RESULTS* 

Stack Gas Conditions 

VELOCITY (Vs) 
VOLUMETRIC FLOW RATE(Qs) 

TEMPERATURE 
%H20 
%o2 

x % co2 

% ISOKINETIC: 

39.97 

2.563 

2.364 

88 

4.6 

22.0 
1.0 

\ 

ft/sec 
acfm 

dscfm 

°F 

% 
% 
% 

97.1 % 

Mercurv Emissions 

rx 

c 

CONCENTRATION (Cs): 

EMISSION RATE (Er): 

COMMENTS: 

5.77E-09 
2.62E-06 

0.0008183 

8.906 

lb/dscf 
grams/dscf 

Ib/hr 

grams/day 

\ 

FBT 
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CLIENT/PROJECT U: 

PROCESS: 
SAMPLE LOCATION: 

DATE: 
TIME: 
RUN.#: 

STATIC PRESSUREC'HjO): 

BAROMETRICfHG): 

SAMPLE TIME(min) 

MOIST. SAMPLE VOLUMEfft3): 

AVG. SQ. ROOT DELTA P 

AVG ORIFICE DELTA H: 
AVG STACK TEMP °F: 

AVG METER TEMP °F 
Cp PITOT : 

NOZZLE DIA.(inches) 
METER GAMMA: 

LEAK RATE(0 IF<0.02) 

CIRC STACK? 1=Y.0=N 

DIA (in) IF 1 or AREA (in2) IF 0 

% 0 2 

% C 0 2 

CONDENSATE(g) 

ANALYTE # 1 

MOLECULAR WEIGHT 

micrograms Hg/sample 
PPM in stack gas 

***************** 

VELOCITY (Vs) 
VOLUMETRIC FLOW RATE(Qs) 

TEMPERATURE 

% H 2 0 

% 0 2 

% C 0 2 

% ISOKINETIC 

CONCENTRATION (Cs) 

EMISSION RATE (Er) 

COMMENTS. 

Westlake CA & 0/461 

Chlor Alkali Plant 
Hg Fume Scrubber Stack 

12/15/98 
1148-1354 hrs 

2 

-0.02 

30.04 

1200 

132 373 

0.7119 

4.492 
91.6 
58.0 
0.84 

0.313 
1.037 

• 0 

1 

14.00 
23.00 

0.50 

153 

Mercury 

200.6 

360.0 

Ps 

Vm(corr) 

Sample. Vm(std) 

An 

As 

Dry Mole Wt 
Stack Mole Wt 

%H20 

Stack Gas Conditions 

41.06 
2,634 

2,409 

X 9 2 

4.8 

23.0 
0.5 

98.4 

Mercurv Emissions 

5.59E-09 
2.53E-06 

0.0008077 

\ 8.792 

ft/sec 
acfm 

dscfm 

"F 

% 
% 
% 

% 

lb/dscf 

grams/dscf 
Ib/hr 

grams/day 

30.04 

132 373 

142.026 

551.6 

5.34E-04 

1 07 

29.00 
28.47 

4.83 

"Hg 

ftJ 

dscf 

•R 

ft2 

f f 

* 

1 

u FBT 
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CLIENT/PROJECT *: 
PROCESS: 
SAMPLE LOCATION: 
DATE: 
TIME: 
RUN#: 

STATIC PRESSUREfHjO) 
BAROMETRICfHG) 

SAMPLE TIME(min) 

MOIST. SAMPLE VOLUMEfft3) 
AVG. SQ. ROOT DELTA P 

AVG ORIFICE DELTA H 
AVG STACK TEMP °F 
AVG METER TEMP 'F 

Cp PITOT 

NOZZLE DIA. (inches) 
METER GAMMA 

LEAK RATE(0 IF<0.02) 

CIRC STACK? 1=Y.0=N 
DIA (in) IF 1 or AREA (in2) IF 0 

%o2 
%co2 

CONDENSATE(g) 

ANALYTE # 1 
MOLECULAR WEIGHT 
micrograms Hg/sample 

PPM in stack gas 

VELOCITY (Vs) 
VOLUMETRIC FLOW RATE(Qs) 

TEMPERATURE 
% H20 
% 0 2 

% C02 

% ISOKINETIC 

CONCENTRATION (Cs) 

N EMISSION RATE (Er) 

Westlake CA&OZ461 
Chlor Alkali Plant 

Hg Fume Scrubber Stack 
12/15/98 

1454-1700 hrs 
3 

-0.24 
30.04 

120.0 

135.400 
0.7207 

4.617 
94.9 
63.5 
0.84 

0.313 
1.037 

0 

1 
14.00 
22.00 

0.30 
168 

Mercury 
200.6 
340.0 

""CALCULATED RESULTS 

Stack Gas Conditions 

41.78 
2.680 
2.425 

95 
5.2 

22.0 
0.3 

98.9 

Mercurv Emissions 

5.21 E-09 s 

2.36E-06 x 
0.0007587 

8.258 

Ps 

Vm(corr) 

Sample. Vm(std) 

An 

As 

Dry Mole Wt 
Stack Mole Wt 

% H20 

ft/sec 
acfm 

dscfm 
'F 

% 
% . 
% 

% 

lb/dscf 
grams/dscf 

lb/hr 
grams/day 

30.U2 

135.400 

143.79,1 

554.9 

5.34E-04 

1.07 

28.93 
28.36 

5.21 

Hg 

ft5 

dscf 

"R 

ft2 

tt2 

COMMENTS: 

FBT 


