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II. INTRODUCTION

Atmospheric emissions of fluorides and phosphorus
pentoxide from stauffer Chemical Company's elemental
phosphorus plant in Mt. Pleasant, Tennessee, were sampled

to form a data base for New Source Performance Standards

"“as authorized by Clean Air Act of 1970. Tests were made

to determine fluoride and phosphorus pentoxide (P205)
concentrations at the inlet and outlet of the venturi
scrubber serving the furnace slag tapping operations.
Stack gas velocities, temperatures, and moisture in
addition to the carbon dioxide, oxygen, and carbon mon-
oxide content were also measured. Table 1 summarizes the

test locations, dates, and the measurements made.

" At this piant, the slag tapping ports in the electric
arc furnace were covered by a movable hood system which
vented fumes during slag tapping through a venturi scrubber
and out the stack. Stack gases were sampled before and
after this scrubber as shown by points E and F in Figure 1.
Scrubber water samples were also taken as designated by

points G and H.

This report only presents the results of the emission

tests. Process weight data are not included. This data was

however, obtained by the EPA personnel participating in the

test program.,
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ITI. SUMMARY AND DISCUSSION OF RESULTS

Slag tapping is an intermittant operation, and on the
étauffer #5 furnace the slag taps occurred approximately
every 96 minutes. Each slag tap or ferrophosphorus tap

lasted approximately 14 to 17 minutes. Concentrations of

2°5

the ducts leading to and from the venturi scrubber. Sampling

fluorides and P,.0_. were determined by simultaneously traversing

was conducted only during the tapping operations. Table 2
summarizes the data obtained at these sampling sites. Detailed
sampling data are included in the Appendices. Various opera-
tional problems must be noted before interpreting the sampling
results. These operational problems and their effect on the

results are summarized in Table 3.

On Test #1 a fourth slag tap was necessary to obtain an
hour long sample on the inlet while three taps were sufficient
to obtain an hour sample on the outlet. During Test #1
there was a problem.with the electrodes retracting from the
furnace; this is normally caused by excess coke in the furnace.
The excess coke causes an increase in emissions during the

slag tapping. Also in Test #1 the venturi throat of the

s¢crubber was discovered half-full of water'due to the drain

being plugged.




"S93NUTW 96 AIDAD paIaInooo sdey ‘°sajnuTw G Jo poTiad butddej bBeys obexsar ue uo peaseg

q
BH., 76°62 puv d,0. O3 pPa3naiIon ‘sTseq Axp ‘8jnutw 1ad 3893 ODIQND pIepueis e

LEE"OlL£0° 0| OZTO{IETO0 | OST’ET A TTT L 6b T 38T3INno z/9 €

6€ T Ly 9°0| ¥S507F 65207 | T69'TT £°0 121 T°9v }aTul z/9 £ _ r
Zh9 0 8zo°0| 09TO0(E0T00°| LLB'CT AR 11T L°8¥ 39T3IN0 1/9 z _

LT |[gzg* 0| T990°7 91¢€0°| EPTI‘ZI Lz TET 6°6% I9TUI ~ T/9 Z
S6€°0lzzo 0] OpPTO(9L000 | ¥9CT’ET §'C €TT T°09 39T3IN0 T1€/S T

09°T pos8 0| z8S0 ¥620° | 608°ZT 9T 86T Z'vs IsTuI T€/S T

So¢d[ 4 | socd E] | TL6T

qd¥L/SHT ADS/SNIVID | eWIOS % do Sdd dLIS ALVa *ON LSAL

* ONOD dWNTOA FUNLSIOW * WAL ALIDOTAA
SNOISSIWA SYILIWRIYS SYD MIOVIS
ITTLNO ANV IaINI ¥IFEN¥DS - ONIAJYL OVIS
JASSANNAL ‘INVSVAId *IW - *0D TVOIWIHD UTIINVLS
ZdVWKWOS YIVA NOISSIWE * 2 d7I9VL
' . . éﬁ&ﬁ:

S g Zowen
KRS ]
O ; .

.o Ve s
A . . - N » . ) - ., -y ) .- T
ll S N od N B s R U N TN BN SA B Iy BE T EE e




*Arrewaou butrjeasdo sasm I3aqnIos
TANJUSA pUBR I103BINIES SY] SE SUOTSSTWS TBWION . 327300 - €

‘At1ewrou Butrjzeaado saxom I94qUUaADS
TINJU2A pUR I03RIANIES 8Y]} Se SUOTSSTWS TEewiIoN 387{3InN0 - ¢

*Isjem JO TInI-FTeY puUnoy sem

IaqqniIos 3yl JO IroIYyl TaAnjusa syl pue pesbbuid
sem IojeaInjes ayl I0J uTeIp ayl eyl joel syl _ [
03 °np pojloadxe 2IB TRWIOU UBYL SUOTSSTWS JI3MmOT . 3873In0 ~ T w0

cI1otem dn butyotd - '
pIoA® 03 ISpIO ut pardwes sI8M SUTTIDIUSD 3onp
2yl MO[3q 3SI2A®RIJ TeEOT3I3A @yl uo sjutod oN 39TUIl -~ ¢

‘xo3em dn buryotd
pToae 03 Isepao ul poTduwes sI5m SUTTISIUSDO 3ONp
2yl MOTagq 9SIdAeI] [EDT3I3A 9yl uo sjutod oN 38TUI - 2

-aqoad ut psjoadsns
I33eM PSUTeIjU3 Swos ‘uni Jo j3aed xs3jjel butanp

pobueys I93[T4 °~I2PUINI BY3 UT YOO SSIDX3 |yl
03 anp pojloedxe 8Ie TRWIOU UeBY} SUOISSTWS JIaybTH JoTuUIl - 1
S3USUIOYD) : SUOTSSTWH apTIonTtd

SILINSHY ONITIWYS ONILOTAAVY SHOLOVL & HTIEVL

b u.l..:r.‘d.n-.v b

Ster D@
Ry

+ o

. LI .
* * * - ’ - - 2 - - - -! - -
I l ' ’ ' ) I ) ' - ' l ' ’ l ) - l l ’ ' - I. l - l l




A T
-.\‘-ol;\"ﬁ B i

The furnace was shut down on June 1, 1972, in the morning
prior to Test #2, in order to add segments to the electrodes.
The inlet sample of this test was found to contain approxi-

mately 150 mls of entrained scrubbing water from the saturator.

For Test #3, after tﬁe discovery of the 150 mls of
entrained scrubbing water from Test #2, it was decided to
omit the sampling points on the vertical traverse below the
duct centerline. The amount of sampling time at the other

points was increased proportionally.

The outlet samples were collected with no unusual occur-
rances. Due to the partially flooded venturi on the first

test, the fluoride ocutlet results are unusually low.

Based on the data in Table 2 and the observations in.Table
3, the following conclusions were drawn:
Fluoride concentrations before the venturi
scrubber are generally in the range of 0.026 to 0.029

grains/sC¥. P,0_. concentratioens will range from abcut
0.055 to 0.066"g¥ains/SCF.

After the scrubber, fluorides range from

0.00103 to 0.00131 grains/SCF and P 05 concentrations
are in the 0.012 to 0.016 grains/SC% Yange.

Table 4 presents the analysis of the scrubber water samples

collected during the test periods. Water from the slag vpit.
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TABLE 4.

SCRUBBER WATER ANALYSES

. Scluble PZOS
pDate Test Fluorides
1972 No. mg/ml = Avg. mg/ml Avg. pH Avg.
5/31 1 347 3.70
Discharge 371 380 1.0 13.60 3.50
423 ) 3.21
6/1 2 222 3.94
Discharge 279 262 1.2 |3.56 3.65
285 3.44
6/2 3 244 i 4.03
Discharge 236 249 ‘ 0 1.0 |4.07 4.03
266 3.98
5/31 sSlag pit® 126 6.19
6/1 Slag pit? 130 131 0.6 |6.27 6.40
6/2 Slag Pit? 136 6.73

a) The slag pit water is used for

scrubber water make-up
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was used as make-up for the scrubber. This water had an
average pH of 6.4. Water from the scrﬁbber discharge was
in the 3.2 to 4.0 pH range, and had a temperature of

63-66° F.
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IV. PROCESS DESCRIPTION

Elemental phosphorus is produced from phosphate rock

by reduction in an electric arc furnace. Typical ores contain

10-13% phosphorus so that about 10 tons of rock must be
processed per ton of phosphorus produced. Considerable
guantities of coke, silica, and recycled materials are fed

to the furnace with the beneficiated cre.

Prior to being fed to the furnace, the rock is agglomerated

and heat-~hardened in a kiln. The partially fused product
is cooled and crushed to a specified size before being fed to

the furnace as shown in Figure 1.

Phosphate feed is carefully proportioned with silica and
coke before being transferred to feed bins directly above the
furnace. The feed mixture then moves by gravity from the bins

down into the furnace as the furnace feed is consumed.

The reaction within the furnace is approximated by the

following egquation:

(2300-2700°F) P

2 Ca (PO4)2 + 10 C + 6 5102

v

3 4

Elemental phosphorous and carbon monoxide leave the furnace

as gases. Dust is removed from the stream by an electrostatic
precipitator and the phosphorous vapor is later condensed out
in direct-contact water condensers. Waste CO gas is used as a

fuel in the kiln operation.

- 10 -

+ 10 C + & Casio
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The non-gaseous by products -slag and ferrophos (FeP4)

are periodically tapped from the furnace. Furnace slag is

.t;pped to open-pits and cooled with water. Ferrophos is

tapped into melds and allowed to cool.

Furnace tapping operations are a source of particulate
emissions in the form of PZOS and coke smoke. This operation

is also considered to be a major source of fluoride emissions.

At Mt. Pleasant, Stauffer has installed a fume collection
and scrubbing system to control emissions from this operation.
A movable hood extending over one taphole is moved into place
over the hole which is being tapped and the fumes are vented
to a venturi scrubber. A separate hood covers the pouring

box into which ferrophos is tapped. These fume hoods are also

connected to the venturi scrubber. The scrubbing system is kept

acid to improve the P205 pick-up. The water system has a
continuous, constant rate of water make-up and acid purge.

Acid make-up is via the absorption of P205.

Make-up water to the system is not measured. Water
discharges from two points in the system - a drain on the
venturi scrubber throat, and a drain on the knockout chamber.

The former, by visual observation, seems to drain 3-5 gpm
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from thé'system. The latter operates through a discharge
valve. Design make-up rate is 15 gpm.A The discharge valve
is a timer-operated 4" plug valve which opens for 30 seconds
out of every 14-15 minutes. Wet discharge head is about 8

feet of water.

~ 12 -
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V. LOCATION OF SAMPLING POINTS

Figures 2 and 3 show the samplin§ ports and the number
of sampling points at the inlet ana outlet sites used to
determine emissions from the slag tapping process in Mt.

Pleasant, Tennessee. As shown, the inlet samples were

. collected at 24 points (12 along each diameter) in the 29.5

inch circular horizontal duct leading to the venturi scrubber.
The inlet sampling site was less than one diameter downstream
from a bend and was not a very good sampling site. However,

the configurations of the vent system did not allow for a better

choice.

Outlet samples were taken in the final exit stack after
the fan, by traversing 12 points along each of two diameters.
This site was 7.2 diameter downstream from a bend, and 1.8

diameters from the top of the stack.

- 13 -
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SAMPLING PORTS

KNOC KOUT
CHAMBER

|

FROM
VENTURI

SCRUBBER
\

TRAVERSE POINT -
DISTANCE FROM
INSIDE OF STACK

FAN (INCHES)
EXIT
1. 1.0
STACK | 2 20
N ! 3. 3.5
. 4. 5.3
{ i
¥ 6. 0.6
3 7. 19.4
B. 22.5
9. 4.7
0. 26.5
11, 28.0
12, 29.0

Figure 3. §Slag Tap Scrubber Outlet Sampling Site
Stauffer Chemical Co., Mt. Pleasant, Tennessee
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VI. SAMPLING PROCEDURES

2ll sampling procedures were seleéted by EPA prior to
field sampling. All analyses of collected samples were also
performed by EPA. Field data sheets and associated velocity

and sampling volume calculations are included in Appendix,243

Velocity and Gas Temperature

All gas velocities were measured with a type S pitot
tube and inclined draft gage. In all cases velocities were
measured at each sampling point across the stack diameter to
determine an average value according to procedures described

in the Federal Register1 - Method 1, Temperatures were

measured by long stem dial thermometers.

Molecular Weight

An integrated sample of the stack gases was collected
during each run by pumping gas into a Mylar bag at the rate
of approximately 0.5 liter per minute. This bag sample was

than énalyzed with an Orsat apparatus for C02, O2 and CO.

Fluorides & Pzgs

The basic train for all total fluorides and phosphorus

pentoxide samples is shown in Figure 4 and consisted of three

1. Federal Register, Vol. 36, No. 247, December 23, 1971

- 16 -
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standard Greenburg-Smith impingers containing 100 ml each of
10% sodium hydroxide, one empty straight tip impinger, a 3"

ér 4" unheated Whatman No. 1 paper filter, and an impinger
containing approximately 200 grams of accurately weighed
silica gel. The impingefs were contained in an ice-water
bath. A stainless steel nozzle and unheated glass lined probe
were used in all cases. A Teflon connector between the probe
and first impinger was used in all tests to facilitate

traversing.

In all cases sampling was conducted under isokinetic
conditions by continually monitoring the velocity with a

pitot tube and adjusting the sampling rate accordingly.

Sample récovery consisted of measuring the volume increase
of the impinger contents and silica gel weight gain, a triple
water rinse of all components from nozzle tip to filter holder,
and a. triple acetone rinse of all components. The impinger
contents, filter, and the water rinse were combined in one

glass sample jar, and the acetone rinse was placed in another

sample jar.
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APPENDIX A
Emission Data Summary

and Sample Calculations
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TABLE A-1

Run No.

Test Date, 1972

Samplihg Time, 24 hour clock

Sampling Location

MW

Sampling Nozzle Diameter, in.

Net Time of Test, Min.

Barometric Pressure, in. Hg
Absolute

Average Orifice Pressure
Drop, in. H,0

Volume of Dry Gas Sampled at
Meter Conditions, DCF

Average Gas Meter Temperature,

°F

Volume of Dry Gas Sampled at
Standard Conditions®, DSCF

Total HEO Collected in Impin-

gers ahd Silica Gel, ml

Volume of Water Vapor Collected
at Standard Conditions®, scF

% Molsture in Stack Gas, by
Volume

Mole Fraction of Dry Gas

Volume % Dry

L=

Volume Dry
Volume % Dry
Volume % Dry

Percent Excess Rlyx

Molecular Weight of Stack Gas,

Pry Basis

1l In

5-31
0838-1641
Inlet
0.1875
60.0

29.90
0.67
30.815
65.5

31.133

10.6
0.502
1.59

0.9841
0.2
20.8
0.3
78.7

NA

28.86

1 Out
5-31
0837-1510
Outlet
0.1875

60.0

29.91
0.65
30.416
69.5
30.506
16.7
0.792

2.53

.9747
.27

21.2

78.0

NA

28.89
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TABLE A-1 Continued

Run No.

i

Molecular Weight of Stack
Gas, Wet Basis

Pitot Tube Coefficient

Average Stack Tewperature,
=}
F

Net Sampling Points

Static Pressure of Stack
Gas, in. Hg

Stack Gas Pressure, in. Hg
Absolute

Stack Gas Velocity at Stack
Conditions, fpm

Stack Area, in.2

Dry Stack Gas Volumetric Flow

Rate at Standard Conditions,©

DSCFM

Stack Gas Volumetric Flow Rate
at Stack Conditions, ACFM

Percent Isckinetic
Percent Opacity

Unit Production Rate -

Particulate - Probe, Cyclone,
and Filter, mg

Fluoride - Total, mg
P05

Impinger Catch

Particulate - Probe, Cyclone,
and Filter, grains/SCF,

Fluoride ~ Total, grains/SCF
P20s

1l In

28.69

158

20

29.16
3252

689.3

12,809

15,567

101.1

NA

59.27
117.4

NA
NA

.0294
0.0582

1l Out

28.61

0.85

113

20

-=0.05
29.85
3006

706.9

13,264

14,756

98.1

NA

1.5
27.5
NA
NA

. 000758
10.01391
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No.

TABLE A-1 Continued

Particulate - Probe, Cyclone,
and Filter, grains/ACF

Particulate - Total, grains/ACF

Particulate - Probe, Cyclone,
and Filter, lb/nr.

Fluoride - Total, lb/the~t5=#in, tap
P,0sg

2
Particulate - Probe, Cyclone

and Filter, lb/ton

Particulate - Total, 1lb/ton

NA

NA

NA

0.806
1.597

NA

NA

a ny standard cubic feet at 70°F, 29.92 in. Hg.

b

Standard conditions at 70°F, 29.92 in.

C

Hg.

Dry standard cubic feet per minute at 70°F, 29.92 in. Hg.

1l Out

NA

NA

NA

0.0215

. 0.39528

NA

NA
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TABLE A-2

Run No.

Test Date, 1972

Sampling Time, 24 hour clock

Sampling Location

MW

Sampling Nozzle Diameter, in.
Net Time of Test, Min.

Barometric Pressure, in. Hg
Absolute

Average Crifice Pressure

Drop, in. H20

Volume of Dry Gas Sampled at
Meter Conditions, DCF

Average Gas Meter Temperature,
o
F

Volume of Dry Gas Sampled at
Standard Conditionsa, DSCF

Total H,O Collected in Impin-
gers ahid Silica Gel, ml

Volume of Water Vapor Collected
at Standard Conditionsb, SCF

% Moisture in Stack Gas, by
Volume

Mole Fraction of Dry Gas
Volume % Dry

Volume % Dry

Volume % Dry

Volume % Dxy

Percent Excess Air

Molecular Weight of Stack Gas,
Dry Baslis

2 In

6-1
1048-1800
Inlet
0.1875
54.0

29.96

26.386

76.5

26.158

15.6

0.739

2.75

0.9725
0.13

20.1

76.67
NA

28.82

2 Out

6-1
0955~-1634
Outlet
0.1875
60.0

30.00

30.873

80

30.423

22.6

1.071

0.9660
0.15

20.23

79.08
NA

28.83
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TABLE A-2 Continued

Run No,

W

o5
ol
o]

Molecular Weight of Stack
Gas, Wet Basis

Pitot Tube Coefficient

Average Stack Temperature,
°
F

Net Sampling Points

Static Pressure of Stack
Gas, in. Hg

Stack Gas Pressure, in. Hg
Absolute

Stack Gas Velocity at Stack
Conditions, fpm

Stack Area, in.2

Dry Stack Gas Volumetric Flow
Rate at Standard Conditions,®

DSCFM

Stack Gas Volumetric Flow Rate

at Stack Conditions, ACFM
Percent Isockinetic
Percent Opacity

Unit Production Rate -

Particulate - Probe, Cyclone,

and Filter, mg

Fluoride. - Total, mg

P10

% Imbinger Catch

Particulate - Probe, Cyclone,

and Filter, grains/SCF,

Fluoride - Total, grains/SCF

P,0¢

28.53

131

15

29.06

2994

689.3

12,143

14,332

99.5

NA

53.60
112.0

N2&

NA

0.0316

0.06607

2 Qut

28.46

111

20

-0.06

29.94
2822

706.9

12,878

14,344

100.7

NA

2.03
31.6

NA

NA

0.00103
0.01603
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TABLE A-2 Continued
Run ilo.
Cat Particulate - Probe, Cyclone,
and Filter, grains/ACF
Cau Particulate - Total, grains/ACF
Caw Particulate - Probe, Cyclone,
and Filter, 1lb/hr.
Cax ilgcsaride - Total, lb/h-&lj'-ma’n.ta’o
272,
Ptf Particulate - Probe, Cyclone
and Filter, lb/ton
Ptt Particulate - Total, lb/ton
¥
a Dry standard cubic feet at 70°F, 29.92 in.

b

C

Standard conditions at 70°F, 29.92 in. Hg.

2 In
NA
NA
NA

0.8226
1.7189

NA
NA

Hg.

Dry standard cubic feet per minute at 70°F, 29.92 in. Hg.

2 Out

NA

NA
NA

0.02840

. 0.4422

NA
NA
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TABLE A-3

Run No.

Test Date, 1972

Sampling Time, 24 hour clock

Sampling Location

Sampling Nozzle Diameter, in.
Net Time of Test, Min.

Barometric Pressure, in. Hg
Absolute

Average Orifice Pressure
Drop, in. Hzo

Volume of Dry Gas Sampled at
Meter Conditions, DCF

Average Gas Meter Temperature,
o
F

Volume of Dry Gas Sampled at
Standard Conditions®, DSCF

Total H,0 Collected in Impin-
gers and Silica Gel, ml

Volume of Water Vapor Collected

at Standard ConditionsP, scFr

% Moisture in Stack Gas, by
Volume

Mole Fraction of Dry Gas
Volume % Dry

Volume % Dry

Volume % Dry

Volume % Dry

Percent Excess Air

Molecular Weight of Stack Gas,
Dry Basis

6-2
0700-1200
Inlet
0.1875
54.0

29.96

0.59

25.918

68.5

26.083

0.076

0.9971

20.7
0.4
76.0

NA&

29.29

3 Out

6-2
0707-1203
Outlet
0.1875
60.0

29.96

0.65

30.879

74.5

30.732

21.7

1.029

3.24

0.9897
1.9
20.1
0.6
77.4

NA

29.11
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TABLE A-3 Continued

Run No,

MW

“ﬁ%ﬁyh

Molecular Weight of Stack
Gas, Wet Basis

Pitot Tube Coefficient

Average Stack Temperature,
Q
F

Net Sampling Points

Static Pressure of Stack
Gas, in. Hg

Stack Gas Pressure, in. Hg
Absolute

Stack Gas Velocity at Stack
Conditions, fpm

Stack Area, in.2

Dry Stack Gas Volumetric Flow
Rate at Standard Conditions,®
DS5CFM

Stack Gas Volumetric Flow Rate
at Stack Conditions, ACFM

Percent Isokinetic
Percent Opacity

Unit Production Rate -

Particulate - Probe, Cyclone,
and Filter, mg

Flubri&ew?.Total, mg

P05

Impinger Catch

Particulate - Probe, Cyclone,
and Filter, grains/SCF

Fluoride - Total, grains/SCF
P05

3 IN

15

-0.90

29.05

2766

689.3

11691

13241

103.1

NA

43.7
93.7

NA
NA

0.0258
0.0554

3 Out

28.75

111

20

.=0.06

29.90
2982
706.9
13,149
14638

38.7

NA

2.6
23.8

NA
NA

0.001305
0.01195
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TABLE A-3 Continued

Run woo.

Cat Particulate - Probe, Cyclone,
and Filter, grains/ACF

Cau Particulate -~ Total, grains/ACF

Caw Particulate - Probe, Cyclone,

and Filter, lb/hr.

€ glgzride - Total, lbﬁhraL51nﬁmin?
2
Ptf Particulate - Probe, Cyclone

and Filter, lb/ton

Ptt Particulate - Total, lb/ton

% Dry standard cubic feet at 70°F, 29.92 in.

b Standard conditions at 70°F, 29.92 in. Hg.

c

Dry standard cubic feet per minute at 70°F, 29.92 in. Hg.

3 IN
NA

NA

NA

0.6475
1.3884
NA

NA

Hg.

3 Out

NA

NA
NA

0.03678
0.3367
NA

NA
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AEXAMPLE CALCULATIONS
TEST 1 - SCRUBBER OUTLET

-

1. Volume of dry gas sampled at standard conditions®, DSCF
| 17.7 x ¥ (P, + Pn)  17.7 x304y¢ e+ _0.65)
v - ‘3.6 _ : 12,6
 Bstd T (T E A (67.5 #4E0 )
2. Volume of water vapor at standard conditionsb, SCF
V-r = 574 - = i y 7 o= .
. ‘%gas 0.0474 x \r’W 0.0474 x /6.7 0,77.; SCF
3. Percent moisiure in stack gas
100 x Vw e
- . - ' . 0-' Z
Sen = ; " gas . _100 X, =2 53
| CMoed o Mg 30.5 ‘*o.7%
4. Mole fraction of dry gas
_lon - e 00 <253
T v B 0T = 0.97H7
5. Mo]eculaf weight of dry stack gas
e . o ﬁ'd 1, L __?_"_g__ (44 [443 28
,'lltld - (..COZ X _W) E (1.0'2 X ]C-r] ) + [(..CO+ 132) X ]OO
44 32 , 28
—) —_— — = .
(2.27 x 5t (2.2 x ]00) + (7253 Tl } = 28 87.

= 30,5 DSCF
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6. Molecular weight of wet stack gas

e My x M +18 (1 - Hy) =28.87 xe.2747+18 (1 -é’-?7%‘7)-=29-57 -

7. Stack gas velocity at stack conditions, fpmC© 12 .
. : )

. -‘Vs = 5128.8 x Cp x v APS X (TS + 460} [P X MW ] -
.. 5128.8 X .85 x"z;g_/ 3 1/2 w000 fom

e i 29.85 X26.6/ 7 o

. 8. Stack gas volumeiric flow rate at standard conditicnsd, DSCF!!

0.123 x V_ x X-x 1, % P 0 123 7_3006 X 76,7 x,pf/747 22%85' :

Q= —=2 s 4" s =/3_3oo
' Mg (T¢ * 4&C) .| - /_/.3, +460)

°. Stac} gas volumetric f1ov rate at sta’P corcitions, ACFM

. 05645 x QS (TS +450) : 05645 x/gjsoo {//__‘-‘-} + 560)

% P, X T, 29.85 X 0. 7777

10. Percent isokinetic

= 1,032 x (T, + 2€0) x v

<1 = Meed  1.032 (//.> + asow 30.5 o
L Vg x T xP_x ty x (D )¢ 3ooex b0 XR7.ES XOTHTX (c./f/ff
S - . 5" n o .

DSCFH

= /4,800 | pCEY
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11. Particulate - probe, cyclone, ard filter, gr/DSCF /\/.24

-

" - gr/DSCF

T, = 0.01583x g~— = 0.01543x =
Metd
J2. Fluoride - total, or/DSCF
m ’ o )
C.~= 0.01583x ——t— = 0.01543x 22> =.p0075€ 9r/LSCF
aO Vm 30_
std
]

. 13. Particulate - probe, cyclone, and filter at stack conditions, gr/iCF /V'Al,

177 xT; x PLox iy 177 % x X

Cat = (T, + 4i0) s T ¥ 4rm) - | gr/RCE

14, " Fluoride- total at stack conditions, ar/ACF
_' 17.7 x Cao xPoox My i 17.7 X.ocovSEXZ9E5 % g ¢ 74T . o

Cave = (T, + 0] B U 772+ ac0) =.00068f ar/ACF
15, Particulate - proba, cyclone, and filter, 1b/hr N.A,

C,,, = 0.00357 x C__ x'os = 0.00257 x X - 1b/hr

.
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16, Fluoride - total, 1b/hr

C,y = 0.00257 x €, x'QS = 0.0C857 x,00075¥x13,3%  =0.086 1b/hr

17. Particulate - probe, cyc]oné,'and filter, 1b/ton feed ﬂ/./4.

p = Caw - B ; ' “1b/ton feed
tf T
c
18, Fluoride - total, 1b/ 15 min. tap

~ . -

C. , . -
p = -3X_ = 0..0§_§4 = p.p2,5 VP/15 min. tap

—= —= 2.
“ % .

e -4 taps/hr ~

—

a Dry standard cubic feet at 7CG°F, 22.°2 in. Hg.

b Standard conditions at 70°F, 29.82 in. Hg.

¢ J’aPS X (TS + 400} 1s determined ty zveraging the scuare reot of the
product of tie velocity head {(:Ps) end the absolute
stack temperature from each sampling point.

d : : FR > -~
Dry standard cubic feet por minute at 7G°F, 29,92 in. Ig.
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APPENDIX &
Field Data

This Appendix contains copies of the original field
data sheets and the computer printouts used for
volume and velocity calculations.
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Laboratory Data
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TABLE F-1 ANALYTICAL RESULTS

SLAG TAPPING - MT. PLEASANT, TENNESSEE

Test Emissions Found?® mg/sample
No. b C
) Fluorides P205

Soluble | Insoluble | Total Soluble | Insoluble | Total
1a 58.1 1.17 59.27 117.0 | - 0.4 117.4
1B 1.4 0.1 1.5 27.3 0.20 27.5
2 A 52.2 1.40 53.60 112.0 <0.02 112.0
2 B 1.9 0.13 2.03 31.1 0.5 31.6
3a 42.6 1.10 43.70 93.1 0.6 - 93.7
3B 2.4 0.2 2.6 23.2 0.6 23.8
a) Water and acetone washings, impinger contents, and filter

b)

c)

Analysis by SPADNS reagent , fluorides expressed as F

Analysis by ammonium phosphomolybdovanadate colorimetric
method :

designates the scrubber inlet site

designates the scrubber outlet site
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' ANALYTICAL DATA

PLANT STAUEFER, ~ MT. PLEASANT  TEUL, COMMENTS:
DATE [ Suwe > ‘

_ SAMPLING LOCATION _S A& TRAP GCRUBBER IWLET

SAMPLE TYPE FLOoQRipDes.

RUN RUMBER 2

SAMPLE BOX NUMBER —

CLEAN-UPMAN ___ER A MK  VYWAENDO (v S

FRONTHALF

R TR L ae & st
L0 O L .

EPA (Dun) 23} |
412 !

LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER ____— - mg
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER 12 -332 12-335 CONTAINER T2-000 X a@u@ - mg
12 -333
773-33Y :
% FRONT HALF SUBTOTAL mg
‘*.\ .
- BACKHALF torme TRAw
" IMPINGER CONTENTS AND WATER WASH OF CONTAINER 3 2~ CC0~T'B Cﬂﬂ mg
IMPINGERS, CONNECTORS, ANB-BACK ETHER-CHLOROFORM
HALF-BF FILTER HOLDER | Prot> B EXTRACTION mg
TEF LI TOMVELTTOW
ACETORE WASH OF INPINGERS, CONNECTORS, CONTAINER T 2=000 <SG mg
~AHE-BACKHALFOF FILTER HOLDER
PROBE, TEPLON CONVRIDE BACK HALF SUBTOTAL mg
' TOTAL WEIGHT mg
- MOISTURE
7 \MPINGERS
FINAL VOLUME _ 3¢e ml
INITIAL VOLUNE __Zco __mi Moo H
NETVOLUME ____ O ml |
© gJLICA GEL "
- FFINAL WEIGHT 24783 ¢ g g
= £FINITIAL WEIGHT 25L.99 ¢ g B
- NET WEIGHT 1563 ¢ g g TOTAL MOISTURE 15, b g

a7

L

RCEe S st o o
R S
. AT .

R
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ANALYTICAL DATA

PLANT A wo {fer Chen COMMENTS:
. DATE | Tuwe 32 _
" SANMPLING LOCATION _S2AC TAP SCRUBEEZ OWUT L&

SAMPLE TYPE __Frao@ (DES

RUN NUMBER __ 2

SAMPLE BOX NUMBER —

CLEAN-UP MAN LAWK e D OIS
FROTHAEF

ACETONE WASR-BFNBZZEE-PROBECYCLONE(BYRASS), CONTAINER ___ —

S P P SR T P R

LABORATORY RESULTS

s

T e 1w
T R T T T ey
N - T t Tt o e
B N L £TUE A - T

EPA (Dun) 231

mg
FLASK, ERONT-HALFOF-FILTER HOLDER
FILTER NUMBER 22-390 CONTAINER 12~000 - ?.(M;ﬁ - mg
72 -369
FRONT HALF SUBTOTAL mg
_BACKHALF Tovnc TRA W
IMPINGER CONTENTS AND WATER WASH OF CONTAIER 122000 =71 (T mg
IMPINGERS, CONNECTORS, AHO-BACK ETHER-CHLOROFORM
HA=FOF FILTER HOLDER , PROBE EXTRACTION
Terwon CORNECTION ’
ACETOHNE WASH OF IMPINGERS, CONNECTORS, CONTAINER1A=C00 =113
AND-BACK-HALFOF FILTER HOLDER,
PROBE, TCFLoN €O MNUETION BACK HALF SUBTOTAL
' | TOTAL WEIGHT
NOISTURE
IMPINGERS
FINAL VOLUME _3/% ml
INITIAL VOLUME _3c0 _ml v~ OH
NET VOLUME _1Z= ml
DLICA GEL
- EFINAL WEIGHT 24238 ¢ g 2
& INITIAL WEIGHT 23L7% ¢ g 2 '
NET WEIGHT _[4¢& ¢ g g TOTAL MDISTURE 22,6

i,

-ﬂ,,..,.___.__‘..__.__‘..-__,_'
AT TN TR T
i T ot
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ANALYTICAL DATA

PLANT S1auf PG ~ ™MT. PLehs by T

DATE T 3N T

FLUOCRADES

SAMPLE BOX NUMBER -

CLEAN-UP MAN .

FRANK  WENRDALLS

FRENT-HALF
AGETONEVASH-OF-NOZZLE -PROBE-CYCLONEA(BYPASS,
P ASHFRONT_HALFOF FILFER HOLDER
FILTER NUMBER 12> 33%¥ 12:-33°77
12~ 240
13- 3306

BAGKHAEY ot Teaw

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AHB-BACK
HACF-OF FILTER HOLDER, PR.OBE,
TeEtlon (OLNECTOl

ACETONE WASH OF IMPINGERS, CONNECTORS,
ANB-BASKHALFGF FILTER HOLDER]
TROBE TER.LOWU (LULECTOR-

“MOISTURE

¥ :
% (MPINGERS -

T FINAL VOLUNE 200 __ ml
INITIAL VOLUME _300 __m! NaOth

COMMENTS:

© SAMPLING LOCATION Sihe YAP SCRuBEBCTR ILLET
. SAWPLE TYPE.
“RUN NUHBER 3

LABORATORY RESULTS | -

CONTAINER - — mg
CONTAINER 12~000 1375 — mg
FRONT HALF SUBTOTAL mg
CONTAINER13-£00-123 mg
ETHER-CHLOROFORM
EXTRACTICN me
CONTAINERT2= 0007124 ng
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg

NET VOLUME o m
' SILICA GEL
-. FINAL WEIGHT 256.0 ¢ ¢
"R INTIAL WEIGHT 2944 ¢ :
¢ NET WEIGHT Lire :
--'.
EPA (Dun) 231
412

-

g TOTAL MOISTURE .o

T T T I TN T TIIAT
. . . ‘... " . F ‘-.U;.I. 3

AV
i .

T T T T T e
ot .t A L LI "
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ANALYTICAL DATA

-
:

Ty v N N
ST S

l PLANT__STAULLLER T LLEASART  COMMENTS: Uot®'' T'p oF PROBE
. DATE 2 mAXY 97z LUAS et W HEY TRA
N o

l, SAMPLING LOCATION SLAE 7AHP NVeET wns CCERUED .

SAMPLE TYPE FrUoR tpes
" RUNNumMBer __/ '
SANMPLE BOX NUMBER —

. CLEAN-UP MAN___FRAL /X i A POWS - .
~ N
l FRONT HALE | LABORATORY RESULTS [~
KCETONEWASH-OF-NOZZLE-PROBECYCLONETBYPASS),  CONTAINER __— - ng

FEASKFRONT-HALFOFFHTER-HOLDER

o
l

FILTERNUMBER na-3272  _72=330 CONTAINER 72-£0p-20/ mg ko
. J2-328 Two ot wers ['"
m 2-329 F,
I | FRONT HALF SUBTOTAL - Mo
| -
A . ' Foo .
f reemr Teracaenin Flo
. IMPINGER CONTENTS AND WATER WASH OF " CONTAMIER J2-ceq=0{(rwe) -~ _ mg %
' ~x,  IWPINGERS, CONNECTORS, ANB-BAEK ETHER-CHLOROFORM
5 HALF-BFFILTER HOLDER, PROGE EXTRACTION mg
TEERO N COMNICTION )
B ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER JJ2=C00=702 mg-
‘ MiB-BAGKRALF-OF FILTER HOLDER, ]
PROFE, TEELON ConNECTIOW BACK HALF SUBTOTAL m2
l ’ TOTAL WEIGHT me
— a
§ posture ,
| % WPINGERS
' % FINAL VOLUNE _ 3 Q2 nl
* INITIAL VOLUME _30&_ ml /0% #a O
NETVOLUME 2 ml
' SILICA GEL
| FINAL WEIGHT X4 0.0 ¢ g 4
. “JNITIAL WEIGHT _S23/4<¢ ¢ 2 g
l " BNET WEIGHT S.& ¢ ] - g TOTAL MOISTURE [0: b g
"EPA (Du) 231 i
R
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ANALYTICAL DATA

‘l’ ' : ’ f”.‘ll"-‘::;.

PLANT __ S 7A1 FFER ' /)}fﬂL&fSMT CONMENTS: wATer wasw (13-000727, F1RST
' . T conTAINER) CONFA TS APPROKmATELY  E
DATE 3] MAY 1972 A CC oF ACETOAE . '
SAMPLING LOCATION _S4 A&  TAF OU FLES

- SAMPLE TYPE ___ FL&GORINES
RUN hUMBER ____/ ' , o
SAMPLE BOX NUMBER — ' ' L
CLEAN-UP MAN FRAVK __MEA PQuds

AN

!4

FRONTFHAR | ' LABORATORY RESULTS
I' ACETONEWASH-OF NOZZLE PRCBE CVGEONE(BYPASS),  CONTAINER _— — mg |
: " o _.

'. FILTER NUMBER 22-387 CONTAINER 22 -coo 2o - mg 5
17-388 .

-

-

FRONT HALF SUBTOTAL - mg

. BACKHALF ToTAL TRAIN

.,’-,I .
EW A o v Ty e
i

l 2" IPINGER CONTENTS AND WATER WASH OF CONTAINER 22 ~2c¢ 20 7(rw T mg pE
. T INPINGERS, CONNECTORS, AMB-BAGK- ETHER-CHLOROFORM
I HA=F-0 FILTER HOLDER, PROBE, EXTRACTION mg
' TEFLern cenvnns CTion .
ACETONE WASH OF IHPINGERS, CONNECTORS, CONTAINER 22 -c0022¢ _ m
AHDBASKALESE FILTER HOLDER, ]
= PROBE, TeFeon Commicnay BACK HALF SUBTOTAL -
"' A ' TOTAL WEIGHT mg
! /MOISTURE -
© IMPINGERS

FINAL VOLUNE _2 /7 _ml
INITIAL VOLUNE _S00  mlfoR MaOH
NETVOLUME __— [/ ml

© . gILICAGEL
C EEnaLwEIGHT 241 8 g g g
ﬁ%iNiTlALwEtGHT 236 [ ¢ g ]
“ NET WEIGHT 2.7 ¢ g g TOTAL MOISTURE .7 g

EPA {Dur) 231
Il/]?
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ANALYTICAL DATA P
A 5’
" [
PLANT _STOUFEEER — wT. PLENSANT COMMENTS: | f :
DATE Q. Tun Y %
~ SAMPLING LOCATION S\ A & TAC OUTVET P
© SAMPLE TYPE FLUCRADES g
RUN NUMBER 3 b
SAMPLE BOX NUMBER =~ i
CLEAN-UP MAN__EQ AWK wmERDoLLS i
FRONTHALF LABORATORY RESULTS |
ACETOREASH-OENOZZLE, PROBE, CYC! ONELBYPASS), CONTAINER _— — me !
ELASK—-FRONTHACFBFFH-TER-HOLDER-
FILTER NUMBER 72~37A CONTAINER 72~ 0130 — mg
92-39 -
FRONT HALF SUBTOTAL mg
BABKHATE  ToThv <RAIW |
IMPINGER CONTENTS ARD WATER WASH OF CONTAINER 12-004-73 2 mg
IMPINGERS, CONNECTORS, AND-BAGK , ETHER-CHLOROFORM
HALF-OF FILTER HOLDER | eT-0@K, EXTRACTION - mg
TEFLON (O NECITDRA
AGETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER I&Mﬁ g _
AHB-BACK-HALF-BF-FILTER HOLDER, ) o
TOTAL WEIGHT mg | i
"MOISTURE ' o .
T D EE
"% WPINGERS . ' B
“ FnaLvoLume 31C¢  m f.
INITIAL VOLUME _3CO __ ml NoOH o
NET VOLUME 1O __ml L
%
SILICA GEL ' &
L FINAL WEIGHT 2534 2 g @
"2 FINTIAL WEIGHT 2ui. 7 ¢ g g
2 NET WEIGHT (1.7 ¢ ¢ g TOTAL MOISTURE___ 21" g v
PA (Dur) 231
%
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APPENDIX ~&
TEST LOG

-

-:

Stauffer Chemical Company, Mt. Pleasant, Tennessee
Personnel: EPA - John Wilkens and Bill King

Stauffer: R. Brown

PEDCo: R. Amick, R. Gerstle, J. Geiger, R. Zimmer,
F. Meadows and W. Parker

State of Tennessee: Larry Langham

DATE TIME EVENT

5/29/72 Evening PEDCo crew flies from Cincinnati to
Nashville and drives to Columbia Holiday
Inn. PEDCo van driven by R. Zimmer.

II 5/30/72 1100-1800 Preparation for testing slag tap scrubber
) operation. Plant requested 1100 arrival
‘ time.
Il 5/31/72 630~-838 Preparation for testing slag tap scrubber
' operation.
I 838~1641 Fluoride slag tap scrubber Test No. 1.
’ 1311 This tap is a ferrophosphorus tap. All

other taps were slag only.

1641-2400 Clean up trains, run Orsat, perform %
isokinetic calculations, and set-up for
testing on 6/1/72.

1900 R. Gerstle leaves for Cincinnati.

6/1/72 800-1048 J. Geliger joins test crew. Set up for
fluoride Test No. 2.

1048-1800 Fluoride Test No. 2.

ST I .
] LR

i%, 1800-2200 Clean-up trains, etc. and prepare for
6/2/72 700-1155 Fluoride Test No. 3.
1155-1600 Clean-up trains and pack truck for trip

to Cincinnati.

1700 PEDCo crew leaves for Cincinnati.

o ‘%}mﬁn

- - g
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APPENDIX -, PROJECT PARTICIPANTS AND TITLES

STAUFFER CHEMICAL CO.
MT. PLEASANT, TENNESSEE

ok s B .
b

EPA (OQAP)

John Wilkens - Project Officer, EMB
Bill King - Chemical Engineer, SDID

Stauffer

R. Brown - Environmental Supervisor
L. Gabris - Plant Chemist, Tarpon Springs

PEDCo
R. Gerstle, P.E. - Engineering Supervisor and
Field Supervisor
R. Amick - Environmental Engineer and Field Supervisor
F. Meadows - Senior Technician
W. Parker - Senior Technician
J. Geiger - Technician
R. Zimmer - Technician
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APPENDIX F. TRACE ELEMEHT ANALYSIS RESULTS

The following sheets show the results of analyses for trace elements
by .optical emission spéctroscopy (OES). From each sample the impinger contents,
impinger water wash, and filter were combined. The filtrates (soluble portion)

and the filters (insoluble portion) from the flucride analyses were then

-analyzed separately for trace elements. The filter data are listed in Table 1

of Battelle's letter and the filtrate data are on the subsequent "Report of
Analysis" forms. A blank filter was analyzed and the trace element contents

are in Table 1.. Blanks of the sodium hydroxide solution and water, however,

“were consumed in the previous fluoride and phosphorus pentoxide analyses.

Therefore, the values on -the "Report of Analysis" forms include any trace

elements present in the impinger charge solution and water used in sample

cleanup.

‘1t should be emphasized that thz OES method is intended only as a
screening to determine what elements are present and their approiimgtﬁ
concentrations. Discretion should ‘2 applied in interpreting and applying

the data. Where the content of ‘an ~Tement is Tlisted as less than a certain

value, the element may or may noi i present; the true content at a minimum

is zero and at a maximum is the mir .num detectable Timit. A number following

a "less than" symbol is the minimui detectable limit.
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To estimate the amount of an element in the total raw sample,

apply the following:

If V = rew sample volume (ml); from "Request & Report" form

.Cf = filter concentration {ug/10ml.); from "Table 1"
be = blank filter concentration {(vg/10m1.); from “Table 1"
C, = filtrate concentration (ug/m1.); from "Report of Analysis" form

M = mass of element in total raw sample (ug)
Then o (Ce=Cp) C v

10

Concentrations and emission rates of the elements can be calculeted

by applying the flow parameters .in Appendix A (Tables A-1 through A-3}.
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Co
hugust 16, 1972 .

Dr. Rober:t E. Lee, Jr.

Divisiow of atmospheric Surveillance
Envireomiental Protoction Agency

Lesearcn Triangle Tark, Rorth (arolina 27711

_Daar Dr. Lee:

Contract No. 65~02-0447
Filter Samples 79 ooo-701, 72-000-707,
72000~ /l 72-000~713, 12“000 723,
0o0-732 . and blank

The siy filter samples plus blank, described in Mr. Lampe's letter dated July

20, 1972, beve bLeen analyzcd by optical cmission syoc: ocravhy(05S). The results
are given in Table 1, and are cxpressed as micrograms per total sample (=1G0 ml).
The volune of sach sample received was 10 21 nl.

analyzed voing atomic ashsorption spectrophote-

Three of the samples were also @
shot slemant was found in high concentrations

metry (4A8) to determine Ba, beeause
by O£S. The AAS wesults are noted in the iable. .
If you have any quostions, please call me.

Very truly yours,

’
W. M. lianvy, Chief
Enviromnuental and Haterials Characterizat on Division

Wil ees

cc:  Drr. Darryl J. von Lelmden
Mr. Robert Lampe &~
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TABLE 1. QPTICAL SWMTSZT0N SPROTHOCUAPHIC ARALYERIS

OF FILTIN SQLUTION SaMrlls
(Results in potal pg/Totnl os Received sample-

epproximztoly 10 ml)

Confract Mo, 68-02-0447

Determinetion: rogussted - Prioricy 1 and 2 clements <

Type of Analyscs - Optical fmission Spectroegraphy (OES) and

Atomic Absorption .Spectrephotonetry (AAS)

| Somnle besiconacion
; Blan!
Flempnt 72-000-701 72=000-707 72-000~712 72-0n0-718 72-000-723 72~000-7232 Filter

Be <0.1 <0.01 <0.01 <.2 <0.2 <0,01 <0. 0L
Cd <5, <0.5 <0.5 <12. <13, . <0.5 <0.5

As
v

in
Ni
Sb

Si
¥
ni
Co
Ge
o
B
) 'ﬁm
e
T
Lr
Ra
Al
l‘)

<2,

<0.1

0.1
6.
<b.
12.
Qaz,
36.
12,

<1,

60.

0.4

<l+.
24,
<.

23,000. (h)

2,400,
120.
120,

2.
<i.
<.
<b .
<l.

2.

<12.
<12,
<.

4.

120.
30,

<l.
<0,1
5'

-

PAY
OOoONVSWw

L3

L% ]

-

=
col o
L] L] -
Lt on 2

*

<]-'
<0.1
5-

QoW

FANIAN
o
B TN
R )

ggl\-’orf-\ﬂ:w
T e e . N
L1

Q3'
<2,

<70,
G.7
<.
hi,
7.

42,000, (b)

4,600,
230,
460,

5.
<2,
<,
<7.
2.

G

23,
<13,
2.
12.
230,
<70,

<25,
<.
3.
25,
<13.
125,
<Z25.
75,
13.

3.
<75.
0.8
<8.
50,
<8

45,000.(b)

5,000,
125,
250,

5.

so0

Vit Do
.an

.

AQ
L

AW
S e O

<l.
<0.1
10,
8.
<0.5
3.
4,
30.
3
0.5
<.
1.
0.4
100. -
<0.3
1060.
10,
150.

=
= o
n O

A A
wmo o oOoD
R S

-

wolfh
-_:nt -

30.
100,

BofBBooldn

o=

A
[ i
P

c:m'fc\;oa &
LY N
L

PAY
w

2o
wh

-

oo oo

R 3 LS

BnABAD, cBBAL
o

L
~

-l Wl W R N S B GEm BN Wy am
ty m
oo

L) AAS value,

a) Roi detueteble by technigue used.




-Tp Ay \q.«\m\\\huh\ﬁ\ \\?.F. EY

P

t &\r.:r\@ \\...cn.\#b\mmﬂ\ lmv..rm..

!
3
:
. . f ¢ 1 A R v
: Lo : . ;o coe C e oy
R ce i dedd e i ol i S I B I R A Sone oL ci
y
[
i
ity — Rt ne e M R - - - - R
, - Y
ST _ BRI
IS AAT e dElSandmi SISATYNY 4Ivd (oraeoriade 37) . i
. < vE uu.w\. YW\ =AAg() 4% : YL ZYLIND P
S0y Ad D THAIAZY E 7 d UH:.H.MU JO qhom& 7= ::.\\L.LR“Q uahi. ;
. C.»\,wb».\ i ,JJ:L\.J?A e N\\m ,».\\4.‘., ;e \ s ORITAAE i
\v BRI AR T s r. ».U(Nm ¥ " . . 4
= e " - " R W B . P it o
P — 4 : : SR ..
e - 3 5T = ~ Ilﬁ.\ﬁ.uillltﬂun LA Tl (X
T - >€¢e.&9\uu§h$¢%h831.~% oy 11
_— 3
4
i 2
| * ¥
aat]
- e LR Y TG E -T:t\ ré LTES .m.QNI.li-‘ ,
- : ! e B — . a
I " ¢ AM..‘..MUWMJ !ur\M Y hn.\: l«\n.\\q ..ﬂ.,.t.ﬁ — L.L\; ot
L u PR, 0 n (B \wn..f.?\ AN AT irY :Huhl.\.l\ X
= —— [ Pryr—— e g ]
— m\\..u....n.wen.,. h.H..hr..ll.ﬁun ‘\P’V\'ﬂ&q\n\ ﬁ\ po \.\n\«:\\,\w L?uuwm._\\\u n\\@?\?.ﬁb.h; ol
o8Z i A
e 1 s 4 - -
,l.|1.|||w.wmu \.u g7 aPpoI | ..b n.wl .w L.\\..iue\u‘ D \\.wlillw.. =Nk u._ Yl n\\taa ks\téq\q\h AT AT sk QF_.H_ ?um. azr- Wn.j
e — —_————— \U.ﬂ 'U)h)-a - L.M@CHU ﬁ “m N A A FL.H} i T TR COR dﬁjlli“r“ulhu“.‘wU”“l.-“l\lh% = g ”
{0pTo¥3ug uD s1sAlede DTITISGS B30T ] 10517 PI10S o meraeRad . ]
U7 RTUISECA-SUOTFLIJUAIUCD ~XOIAGT) ﬁm.v.mom T “.,....,uv 8 RITET uu. ”._,r.._:m e ”
Zon 1UdsusD - DBITLnLDY STSATREUY ' 2lcueg _ 76 WOTWLUSS LY o "HUIDT
_ 4
" v darEn AqCHLEN B
— JE mf. i qqomhow m.L M} pawno T PR . AT :
St = - — - 5 NI 3 ra wv_"...\ 3o 4 - PR S '
L o T O fm i (D 3 O¢ s s Al,wﬁ.m\u@\ TRTETRG ey f :
R A ssavaaY
£ — = A3 c.u__r_..HN LHESES {4/ Dol
P - 7 13 e . .
' Loy v ARTRTH I aasn 33nd 100
Rk i 5 T vTa AEd
A T AR LIRS TARAR ) TOWLEOD NOILATIOL VI VRN LEREER L PERES ST
Ol ttndiao VoG GCL O30 unengs
1 »._OH,H.r.MadnHC\.U.MLUG a LINA QII. *ﬂvl‘mw\unv\ \..J..uU.I..NQWUHQ AUVLGOON

At G e

IQGPJLH.NQ!%D pau

_AULDT 3sw

n "o

|

(1nT 3890 HMze IAT N0 -

.'n'..o

mQDTEI%D mu,u n
tax 7:: 94

BL oY *—v-

EL S

- *K‘.I.\Ti\nm”, ajeq .Uq.i.m\ g
ﬂau A .«ms,




‘ i
Vo e R TR T R "

-, s . (Kl

S A R T

. -
— i . r -
eatede B a0 L0 L Y

X7 DA SE aaisanday SISATYAY mivq . (o1 T
2dT1aae yv)

= A8 QT IATY = — - N — o o o et
\\J 1S 2atm g&mmouto 101008 \h\.‘uaumquwﬂl.wj&\mc zo,s,u%wexwu, . .
. HITany _

I SN ' !
W_ ] }\%.NNV.JN\IQ i 305 12077 u.WJ&ﬁ,%mw&.wlhﬂ(I: X FELIYII0N m
- !

-

r

e

TAmbe o Xbe o

e e Y et . M s

G s e e

H
T e i N
.Jlf.n.fqul.ltlli!.

e % _
| S Ry r.,urdw\\ll\m“
‘ «ﬁu.hr.. ..m.\nﬂnwﬁm.smulhvnwnbuwﬂ.uﬂmdﬁuww 7/

T e

N — «ﬂ\wﬂm-vﬁ\%ﬁu TASGUFT g \muuwwl.wwﬁll ..... -
. ” - \wmﬁu-dqnxﬂu;q_ﬁﬂum.&ml “
¢ PTISF NQ; Ql N m\ \ EEER \jc TGS 3D 77 yﬂﬂ&“wﬂwmwvﬁrlr?.ﬁuﬁﬁ.ﬁru\.wmn:uigﬁ; i

e i f Tt i v g n T e e

T uE Lol

(B2Te350g Co stgdieye 2131o00as 93eDTpury (-539 . T UOTIIuT
SEouaLzasuy C191SS0d-3ud T3 ea3usouns TXOzdae) (0rmor) | (e11og) ch_c.m,mm(r.ﬂ..”. ,
ST . . ' DiGueg
SJULLUD) {easusn . BOYSENDTY 5715 v e Ton 1 qy = E .
) [eEn P g ¥ sTsd{euy slcuieg i 30 ueIjaTIanLg TON CSUi i f

vy . nmu.,... HI "10a basmag) mmr_,..:,_bo
e L TTRGAT I , A7T4S g LR, A =
\ Y RRIST WS H3NNY0A Svn ‘ gﬁﬂx ,‘.Q.“\ﬂﬁ&vl«uﬂwﬂ&qm
do S ey ; JAINT e
o \.u?.... . g REXE = m~ .sM\mMn,m.w.Jﬂvm.w. xf\.a\shﬂb.uw.ta wn.\lﬂ..mw\ AT
10 SR aicn nang . o

\:f\?%:.
.,_, T e ——— o
e i St aerTer 10UINGD NOTINITO uIy NG e A a2 r e At ating

e 1LY

o0

= LT v T — oo eTquyr, ,
5 NOIL¥Ea0/552008a LIng JLQ%MW&\@%.@%@?@.@ RuIsany

M - 532 _ 20 pasn Con ‘r - L2zl oo o
. =L TN R - TAMiyip 3maT

(Unx 3593 yags a0y N0 parTry ogq Fong) el ;

o e




CE e T = I|4..I|.. LTE LT mSZ rmLsd RS o nTamT arsenT B T - By = g

. ﬂq; ‘P9 wiodeas peu soTdwes 25943 3T uoT3dunsse 23 uo wcurﬂ (rn
WL O PTNRTLIP 24977 [ 1 JTa7 S50 cuAﬂ;cco BUTOITIT uu.wuﬂmddm.u u.ﬁﬂuﬂxﬁmzdluqthd!nq onu:a 3D (TAGGE ULATOYTIST udurdu

Lhe

B3 Ul poIou b MWO3T) FOUNTOA DIUBTITA DUR IDESOY PAUTEIUCY n9Tus '307dwrs ysem oueivae J;u 2d90%a LaATDsRd —2 Tu §T_pOuLCiuod GUﬁmLmu ﬂ_m u ceﬁq
T RTATOED TILRET TR0 TTGI IO TS A.mﬂ,nﬁl.ﬁcun‘ﬁ GIEIRITED . TEI0 .uMi,.”u..._i,.JMNl:T R e Irvniratenib s T, mTmes T e -
- AL - [ R E VT ;

IO O I O O e e O e I e

- s B A= e

st e ey ad.h__w sTorosy 157o¥ w,,éull. et K
! -l.l'lunl-l.llll R .
wla [ lwiolsinl

o

4 R R T -
. - o S528 ol .ﬂ\.ﬂ.\r‘;.....i...{ L
- T L N Coa,

LX) a
prisntal sishleus sy1stds 10) {X) e e

\.\‘.s..\.x.. mpedf £ 3 E K..h\x\-c.\.\.u. { i

OTaEEE USRI

U T e podt

. :n.. ..r,_. 0D 2D d
ST U RO WS T BT BUETeTT »A.._}de FITOGITE IS WI..A LD
; 504 DUOIRDE Y3 2dOIRD POATDIND uaihs .mL..cﬁ pomTUILRD

ATTE T CTT TS ST ST
1va ?:. .Nu_.m.o.h poLLEIu0D |

LCh Pt .IO.H- oTpPTIN T I
w [L5] 3 TOIT) LAUMTOA J,T.
DAGaT fuion oy 49 &7

e 11T .13_

oy s iy

ﬂ H

damg TULLe - Lot

H‘
1

_ __.,.W;E

do n._.thrn..c_m, ﬁv n_:_«nu_aﬁ.\.ut_’
AR .ﬂLG_: wlo o {vy HACH

_..,.:_m_.m._ us._ ._..:\3:
Sop _; g
PO EETTR Lo it g

UMJMQ.W A 3 L.\.

LSRN




T E AT e QTISENDIE SISATWEY JING oy . (s1qeatiede 1)

ALl gromr 7o T LoEd S ETTR ) O3] LRI
YRR G OCTMNIARY - \Q\\\\l\ e Lo i VEAIISE0 LOILCEA P > =TS pore
) 5 IERADEE .

“l . = \.\QE\N\ o7 ST IE AR FITOT TN FSLLIT T

]
|

.- _-———-I ———
|

e e . AT T A= .m..n..\_.ﬁ.iwwNa!I{l-.

. 7 “F. i .
_ ’ — ' i | | ﬂ . ..n.\n\:m.c SHATFET LYJ:T ﬁ.»..\i.u.(.qu :
.ﬂ " O it # .\4..F....I..|ia ”
} ey 1t 1t e
| o SCLATTIDLTT TIRTN.

-l - ; it .y‘\a\:?o. C .1....h P Al e \.\.: .Cm.
R ORISR R - A R 4 PERTITII TV ) 7 ?.1,. / ) .
\m.\c\ ST ol “ \ wx_\ _— I LT.;-.Q
{
1

T e - 1 o’ o

I AT fn g e
o . - . -y I3 i A HSM.A 7S 53 Lf TISS AT -v.wul\: s v T. L~ aas-
i oz Ry O n N A ..,\..;..ua T OaTt SRR LR 7 Ne

—— — ————— —prwr—— R SRR PR R e — .
- av el B T i B i -

ﬂi} Liva

‘
e mamoTPU 5m 0 ) - . :
ITIoUS DREDTR (L.u . ' (pTInBT ] {PT10%) ovutiag S0 iLvEs M ,
- .y - \t- . n-/nOl.l [ & . . | - ) N ) ]
D33 UIFUDIUCD ) TOL L ape it _ 1o uCTREIAEINgG o -3ui:
BeASONDSYy STEATLUY anriueg :

. - N "
. " olael 05n) : .
i 7] hf_ i 7 W.LQU i .\
i . ! . Lo fv 4\ ..vh fe J
m -
* . - —_- N T —— e # = ey m———— ﬂ. -
- . ey e ' 24 - DA - J:‘..,n .mwf
.I|E1|I..Ll\ : EEE hG. h c2un or_ ‘ En A0 ,mc kS u.:. .
ST Mvgon . o b TV SN S e lltc .




-"- .1

.

SrELy AT Of QILsSAnlI¥ SISXIYNY FING

T T N - YN

2

{P1quoTidce 371) ;

..luﬂ\mm.wwv.ﬁ.m\..\.rv \\\f\;ﬁ»ﬁ% A9 m
T

/s
)
T

e O EE X~

more T avb\:\.\\m( au\u\\.\v\\\.\ \.\l\i‘ CXxy

GOTIDY NSPASH RD

(% 1aaul

ausn TEnd

TOULNOD HOIINTIOA HIV
NOILY m:aO\r.mluoE LItn

[2 Sorp uny. h“\N“ ~ 229~/ Pposn .Oi./:

T2ULPT s

‘ h.ﬁn,\?v TR T m&u Ad m&..ﬁwam ~ERTGIGIFY P/ dADI440 104L0ud JE TN T O 0LV, 00
= ISE00aY . RS G UTRE:
‘ ;
N . HOZY Go; 3077 Rz L RARSHINOS
| I
| !
T -.. LT ] j g xt_e\. @uw\.«ﬂ.\in‘%lﬁm\w_ rnwwwu\wll.l
I T S T i ,:.\Pﬂ-.\?we\\. Lm.n\w:s..ﬁ.!u.mwlnllf
v ,. (€2 P Riss A Fr T sy
A ¢ e " 1 e s L
_ i 0o . ! (i 3ilsy =g AHTPLE T
LT S naps — - -
_ 7] re o P Y] .INMMJ..I&.. q\\ﬂm.. /- .U.Q %MI
k- N R VAR L AL = S46 L S TF Y ,NEQg;tmn RSy \vdw EELRTA
(227855 UD sTsATRUR DIITR06E D12dTgul) {"2o39 .”,“.UH ACM u?..,.u.mu,m ) .
JTOUTS
SoRUTI oL aAGTuT ATCHSUCC-LUDTIUCIZULIUTD THoxacn) :“ .C +1) Amu.‘,__.. mv arafivg as C.MF_L.«‘

3L U0) TedLUg - PU3SONDTY sISAlnUYy 1on Q.M.NE..,..U.?.__ I0 UDIFuIAIsen oM TAuaN[
i T (oL MI “iIOA WARMH) (oo acilin
o fstaiis nnon syp o LETLNO 2N S v

T PP T

5 P33 uQ.n__w.\ n:u\h\}vm\ an\

TS IEIIEIT I AT ST EE A An03
(v 218921 2:n)

Lo DIty w:muumw\m.wm,

AGLEOL

e -.E»mb

SRITTANREST) Sy

..um ojug Busioorg

AT AMeapn 25T _ .m #n ..,
A \ [

i
1

PN R

——

..lll-'




. 3

] .ﬂ

, ! 1

: ) . OO UURNR SO ST SNL WOT-FL S SR FTP L R

i H ' . “

Db 1 oad L ' f B ' N . PRI . P _:.‘..‘.....L.h..

. - T i e — o - " -° - - - ’lv ..d

o e T + o— e L !
- N . .
lqh&\ SR of . a31sEndEY SISRIVAY FLVd (oTqeoTTade 371) . rﬂw

it 1 i -

= A QAMEILDE T 7 HIDIII0 IDAL0YH4S R A T75g EOLOVULNCD 1

LS AN = .s\wmd& 7 PPy EOLOVUL

: 1sz0ahay Q\ \AWNV\ UV G ETAN i

; : !

- : )

e LITEA] DL o] rsrwnaon b
- —— h __ H
] L
. j

— - ~.
_ oo !
L ! N

M L R I _ !

- - p " ?J.&&k 725 ANy A u\Hd_. .a\i . ‘

Al ) — —— - PR e

T o - - . B rﬁLar u\C r..&b AV \.{:_.d\k.{, Ve AR ! ._
T 77d ; (/7 57/eagy T g i AEES e T L

s 3] 3] _ . o :

o . h i h\\wﬁ.um\m\ H\vﬁbq\u S \ﬁ Iy _ }

i g —. e e e, i

T LT A ST O T T T T AR ET iy s s

aih - Tai il ——— e ’

{ :pis=ong ue STSATeur S13Td0vas s3edTpul) (TS50 (embtny | (pr708) o ueTRauds
SSOULILIAVIUT OTQISSOU-TUCTILIJUIIUOD "xoIdae) ...mob. am DijaMes 20 Hjouig N m
GauDmLoy ]uaousn - pojssnnoy sTsAieuy aaury 3O UDTFCT IS *0,7 CINSET ]
. :
—_—— i (.33 BI “70A ¥AIDH (. el i
bataws windos svo B aarano TS 757137 briftc.ns 1
e SR TR Z D AP AN .ﬁ& 2°0% (St AT "o ~P9R =) =
.:w-|-=~:|. 7, - LEMNT y o
\...\w.m\ avl \“\A\v.\\\h\‘.u.nmb‘w D =3 m..\ﬁ\.nn.::nv\ \.\@W.%m\% wﬁmﬁl gLt _.
ﬁk‘dm\\m%.,..cnm.c.a Gasn 130 R
(e aoted

AL I RS AL + OWINOD NOIINIICd Y1V

YTl .\,.\.N. RISIMNS
’ AN

s e ————
o £
e -
w- G
Ky iyl o 1]

\Unl.v\ il = M

S U\V\\N\\\\wn\ U.\\.N».axm..\\\m::\ﬂ.\ \...\h\ DL, \\MN

TOy ULY

NOILYUHAC/SSA00dd LIRN

By TS lawcaqwmw
v o1 0GUT C.:Z

l:msm\ﬁ \u\\ &) L\ S/ \N\mﬂ?ﬂs

Fulsn il

~ vl -2 -£¢ paIsn "o

AU ASuA - .

.M>D APN\ €4, posn o

L o TTU
a2 *.E

“Jony saT. w

ARAL

m Aullr_. u‘wrl&u..o, futieu

P VL T NI



f;.-@l.—.,.lmu T.L.,. Z.m.ui_u ek

— Illr,.wlnl.n [,

HOITGT ceoy W

:u.unfo%.{a poy monE:m CLENS

3r1] voradunssc ,uﬂ_u uo wUmunﬁ

2w LOYUTE 00T
oTus_ 'sajdies

~1,

UL GO0
T eSS RN O

S Bus3ase 93 qdodun

FoTdrinn S
Uiy

._nuw

i

By

paaAT

orsanmlz

JUC_.. 1

Yl Pt S et

-
“

0 H.._. .DH —..U_..n Suaa n.C.mL_ 4 .HH.Q B!

J.Muu..l..u.w.ﬂn gy

o

M ...* [3Y

R .

Fugnecabza

_ mo.ﬁmr,nm VSO 3 L

TpajudCidnan pu

R

Se TR Ere T el iy o
RN Y S O I O oy L

U, el ANt

BELENE T

S e L L L N s —
F RN s
F1S

EEERELS
E:ﬁoum aZ .:_o.uru .m,:&.,u...n w

v

MF.QF.

AL SOOI S Py LT

A 1

i, P

.. -
...nMiiﬂ..m.

ﬁ,..

1os 50 ok

T R N
5 =) Y

“Luvgson \.uh

:;W. uo wf:pcr: {E%
‘.vumH wo 3321 93 wsoijq ul Y ‘_..:E

; R R ST e LRt T LA A

l l 'lu?ll! llll'l'

A 2_3

o

oo _ M: _ nHIM.MMnM

A
P

Jrte s

ch u:\._....\.:: GL ..‘_...,\..fu

.mE o1 pRdriues serdwes 11v .“uo_,ﬁ:

ot i mm =y ewyan s ——— A T —

\.q::. am*_ﬁ._

LR F BT R

R N
= 11.1 S
LM h,t..,,.L..._mi_\.. ]

) e

vy b
te 2 _

Sy eEr e




P .

B ELS

ZZ gr QZIFENDIY SISAIYNY ZIvg

. (dTquoTiune 1)

4

: R T ToYT AG €InaIAZY TP r_\.wwxm\ Y3III20 Loaroud N:Jt\ G~ s g7
: jr - v 77 LSEN0RY ‘ T . (& yerae
! Y w3 . LIS LU _
w - = R me—— miss .
I R = AT T ST 3 URTTT ...mma\;xwlk...&ai T SRS
: : o i “
ﬂ_. ~ & h
P - - TR e P —— oo
1 i | T . ”.
_., | S
[P o — - — - aman : U
i ) ] B _ 37 Vt.bi ..\.u.?.t.:.mm ,\ Wh \\., A Y/ b
————— e “.

..rmm..l..llu\ ! "...xﬂ.,ql\j LTV

ST (T :r?.\u :.h...\.:..\.:i

I X

£y }Y R

Lo

—r Jl.ar\fl\n \\\\\,M\.u ﬁlll.\ <|.!\<_

T e ettt e b | i s e mars  ——————— T e L e a4 A b e

- m s.s\\ﬂt.m.,_.f_.

.E\ Pn!\..
3T Fi Tt

=

\ {(Pisioeg vo stsileun STIToous DausTy DUy ("7 0 p””uf .ﬁrmu Unrnona g
. TUSHCIEITORUT ATQIES0G-LUD T LITULSDUQD THoxdaL) (e[ (p1105 a1 S S I FEIGEITE
L » -y - T
DTUTWIDS oa i an | TOOUDT LTS
. ]
i 3 "
I
|
i
. | i
i ' 1 B I -
. ! _ (¢_a1ay, o2n)
: o | — Y3 mv\m\,UL.h\ SHITT 5T mxuu\.._‘
i T T T e e,
T e - S i
i
A i ! !
T A ~ ' ; = yecihs e
. - _ OSL - roo~ L7 sa.coq) | :\D FPT&\ Bl Tt S5 )

1u1.....;,....|.~ e \

ot

I “. T ...a.dla_,l.‘.v.\..._lﬂ...:\m\;%,l,.«...#l.\..\._.
T

N& -da:vnx:vg TR \.ﬁ..\.\.,- mardan

R e e A e e

Tt




TCAHT

AIQQ]JMLVI

e 7
h [

aglrsaniad
QnuEIAY

LE30FE]

Isantay

NI OF

13

SISATVHY dIWT

T

ik

d301dd0 Lou0oud

J

.

. ; 2

{o1qenITacie 3T)
FAIAF T TS TR S OLNELROD
ONL1doNE

o

— e SR
L - : —
|
— i i T T :\lcw:n SECTTT
: . +: 0o : [ - i =~ TR .m.. Fo T
T : . ) " (F 2Ty daon AP fee T
: o . « _ f.r.hn.q_.. = \\.\:Hn\v\y o .l\-\\ v.....le.lu.JD 1 iy Wh p Wﬁ _
b s#.ﬁ.:.. : 2 2 - = — Hv\um-i.,l\u\ FS I T e AR V¢l s
_ 7 d " il [ P . m. cwa— .|_
| = .,. .M\...n... w\b...,v..‘.u.. :\\ ) ﬁ i R F
_ " " Lo , " i . S h. fror : ....I..,.. gty
_:1 o M\ ?,.w R e ey n_w\. ﬂv.nw\u\.. RS ﬁwQﬂw [N THEEAT me,ﬁ\\ , t\__k...{»h PRI .. J.r EL-2dn wN.NQ
L. . e uuﬁ\ i e X o = run .t...”ﬂ-q-l...n.z&.; N T L R il adint
. 0 uysAleun ST7IO0GE S3UDIPUIL) (123D L . Lot oid i \\\
0o mfﬁ.wucolnnﬂﬂ.ur.uu.cr...ucou -xoxaa?) ?.ufnww |G “M.,.L SuGeg A0 Lloviug ;
g {ueicuty — peASEINIY sISATLUY 199 Lroueg ™t jO uoTIuIIDNLg cou tGuTaT
T T , ) - 4 HI oA ddrdw) ) -
1NN Ba# Al fy e
e e a!l&,h:rum BROGON SYD [aznaeo___ T (M EF AR E DRRGRUE
- S FLATAAT __n\wbﬁw 5 v : ﬂ%hm.\ e \ 24 . &)
— e — JAIHT ————. . . R r—
T w__ GV &L NHU”N‘GI .r.; It Y :.B_Hh k..&%xﬂe_\.\ 4 ﬁmm_ T4 BLINE4 KU

Ay,

=

P e B A WA
fel s

= 7

...\\\k.\?ﬂ‘d

] NF =y \..

FOULICD ROTIATINT

CHICLLLVURJC/SSHO0MA LN

ausn adnd

Wl

PRI \\H.J.»..._\w\.-
J.t .

LS Rl i

\ﬁb

s

povp Ton
S I al ..."u.—

“o o uny A .\Pnur.m
NN IO -

.E,_-l..r

P Y,

ST o g ¢




R R WL LR IR Rt ]

' H i i
. TR IR VR LI SR TLE EE VR SR I A R,
b ke g #Re mmashan s amas e maeaw . e s - S A S e L R LT R n.L 1||4'Dl-...|‘-|||.1| |olli|10.||||a.1<..|..-lti£ urtw-v. pﬁ“!&ﬂu o -y .. L-\
i -
- '
- .
- P -

(oTlauotieae 3T)

— vrmGE PF QuisEnim L 45,52.
T \J.J.,I.tl,.]l G qardiand anlld : s

i * \J i
’ \ Jgondad < '
)

i
. \aﬁ..ﬂd@.xl&dﬂﬁ. IG5 LIELITD / m
T ~ , :
— T m — . r ~
, | R U
- ) , T T Ml.. ¥ _ R
T = — '
S - (s sy TS FEG 4
- | i i .q\‘.?.ﬂwiww TS S -
- ] P 3 5 L RS _w,..mm.my - :
- A" Lw ||I‘||Irl.l€l:ﬂv.$. TRIEE --ﬂw.._l.w. ;
Ak : ! LA :
i ﬁ .\\ R S0 .h.lﬁ_.iu__ T ..Cﬁﬂ vH‘N .\m\hN bﬁh n\ i
. EF 77 L wnﬁw\.-ul.h.ﬁvux ..sw....\ 1N \ ; "
i _ e _ i R A S ittt _
i Tonm N b UOTEDR3 g :
[ sTu ..”.HFE.I. ST 000G Lo .mwuf..: ( .\....U Tu “._.\:u&..qu mmu._.m.monv.v “ op oS To nfawes ._
ve i OTATRSOA-SUBIR TR : “odusy) LT S .E..:...,.L | 3O UGTRUTIINLG rorp tAtRRL w N
g L Ltasy [RAUSD - PEASLDRDOY oo | ..M.
. qorir i
) - {131 131 :,"9.. PACHANIE) ] mm LE1L00 _— e 1
1 g R A TR UTe M AN — TR AT T }
L g TS O & ._

o ST R e L ity a1 ST ;
;. .ﬂ}\\-\\. v|n.~ - \,vw.vu l‘.\\ﬂ\ - et

[ 1
oA RS C auen 93 - - .
\Q.\ ~ 4 s . ~ . . . a7 \\;H\#.ﬂﬂ.w.-&v I\\.Mﬂ. APV N
%ﬂ\ \: 19 T . SIS ESE YT G jO3 1I1ICE BN : :

R Tz A m

[P

ey I L.

REESy oL IvEde/Seao0d XED

: W L]
g s . . !

. . s T P e~ Tl - ado- &EE "o




i SISATYNY HIVU , "
P - hu.azcu.m«.,ﬂn._m
“ELLETS .‘\W\\.\\\ .\\Wﬂb HMIOILED LDEp0ud NN\. Srresar e
i e oo R llllullul.nllnl.rlrﬂ.lwl S .

) e _ - ) \I\\Q |.\\ oIS RS

[} B [}
. - = : -—

: T 7

“_ ) | “ :
. ; e e e e e e _

rt » '
e . . ; - —

v o A ' 1 m

&N\\. e

e B It e R

AR

- \i P —

T . _ _:
. . | |

\
L
. ~
N
e

: DK R A e S e e i W e A
. . P - -~ 34 re memrm e L s e i e et L ;||.|. - ;
: ' LURTENDR UL SISAjuun STLIDLGS DAUITLUL) (C0an e o ST o, T T
R . . {(pinbia) Amu.:n:g |
. CUTRITUSIUGD : Ve STy s ; e . f
o trUg 20 5]y
134 0t { - - H_ '

ToSTaATeUy . . nﬂotzw | JO USTIYU ALy

. . : . ﬁ: 21aer osn

o | Ty

'
[

%lllll'-ll-l'l-lll’ial'll




ke Lo
a0t

'“ at

-

APPERDIX G.— VISIBLE EMISSIONS RECORDS

Visible emissions from the scrubber stack and the furnace building

vents were recorded during slag taps by William R. King, the EPA Project

Engineer during testing. The records are unsuitable for reproduction,

and a copy is on file in the office of the Emission Measurement Branch.
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APPENDIX H. PROCESS MATERIALS ANALYSIS RESULTS

_ Five furnaces material samples were analyzed by EPA for fluorides
by sulfuric acid distillation followed by thg SPADNS-Zirconium Lake

method. The results are given in Table H-1.

Table H-1. Fluoride Concentrations in Furnace Materials

— Sample 'Fluoride Concentration (mg./gm.)
Furnace Nodules 21.6 _
Furnace Coke <0.06

Furnace Silica <0.06

Furnace Ferrophosphorus 0.06

Furnace Slag 32.6






