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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION I
SUMMARY AND CONCLUSIONS

Pursuant to Sections 301, 304, 306, 307, and 501 of the C(Clean
Water Act and the provisions of the Settlement Agreement in
Natural Resources Defense Council v. Train, 8 ERC 2120 (D.D.C.
1976) modified, 12 ERC 1833 (D.D.C. 1979), EPA has collected and
analyzed data for plants in the primary and secondary tin
subcategory. EPA has never proposed or promulgated effluent
limitations or standards for this subcategory. This document and
the administrative record provide the technical  basis for
proposing effluent limitations based on best practicable
technology (BPT) and best available technology (BAT) for existing
direct dischargers, pretreatment standards for existing indirect
dischargers (PSES), pretreatment standards for new indirect
dischargers (PSNS), and standards of performance for new source
direct dischargers (NSPS).

The primary and secondary tin subcategory is comprised of twelve
plants. Of the twelve plants, three discharge directly to
rivers, lakes, or streams; two discharge to publicly owned
treatment works (POTW); and seven achieve zero discharge of
process wastewater.

EPA first studied the primary and secondary tin subcategory to
determine whether differences in raw materials, final products,
manufacturing processes, equipment, age and size of plants, or
water usage, required the development of separate effluent
limitations and - standards for different segments of the
subcategory. This involved a detailed analysis of wastewater
discharge and treated effluent characteristics, including (1) the
sources and volume of water used, the processes used, and the
sources of pollutants and wastewaters in the plant; and (2) the
constituents of wastewaters, including toxic pollutants. As a
result, ten subdivisions have been identified for this
subcategory that warrant separate effluent limitations. These
include:

Tin smelter SO, scrubber,

Dealuminizing rinse,

Tin mud acid neutralization filtrate,

Tin hydroxide wash,

Spent electrowinning solution from new scrap,

Spent electrowinning solution from municipal solid
waste,

Tin hydroxide supernatant from scrap,

Tin hydroxide supernatant from spent plating solutions,
Tin hydroxide supernatant from sludge SOlldS, and

Tin hydroxide filtrate.



EPA also identified several distinct control and treatment
technologies (both in-plant and end-of-pipe) applicable to the
primary and secondary tin subcategory. The Agency analyzed both
historical and newly generated data on the performance of these
technologies, 1including their nonwater quality environmental
impacts and air quality, solid waste generation, and energy
requirements. EPA also studied various flow reduction techniques
reported in the data collection portfolios (dcp) and plant
visits.

Engineering costs were prepared for each of the control and

treatment options considered for the subcategory. These costs
were then used by the Agency to estimate the impact of
implementing the various options on the subcategory. For each

control and treatment option that the Agency found to be most
effective and technically feasible in controlling the discharge
of pollutants, we estimated the number of potential closures,
number of employees affected, and impact on price. These results
are reported in a separate document entitled "The Economic Impact
Analysis of Proposed Effluent Limitations Guidelines and
Standards for the Nonferrous Smelting and Refining Industry."

After examining the various treatment technologies, the Agency
- has identified BPT to represent the average of the best existing
technology. Metals removal based on chemical precipitation and
sedimentation technology is the basis for the BPT limitations.
Steam stripping was selected as the technology basis for ammonia
limitations and cyanide precipitation was selected as the basis
for cyanide 1limitations. To meet the BPT effluent limitations
based on this technology, the primary and secondary tin
subcategory is expected to incur capital and annual costs.
However, these costs are not presented here because they are
based on information claimed to be confidential.

For BAT, the Agency has built upon the BPT technology basis by
adding filtration as an effluent polishing step to the
end-of-pipe treatment scheme. To meet the BAT effluent
limitations based on this technology, the primary and secondary
tin subcategory 1is estimated to incur capital and annual costs.
However, these costs are not presented here because the data on
which they are based has been claimed to be confidential.

NSPS, which are based on best demonstrated technology, are
equivalent to BAT. 1In selecting NSPS, EPA recognizes that new
plants have the opportunity to implement the best and most
efficient manufacturing processes and treatment technology.
However, the technology basis of BAT has been determined as the
best demonstrated technology for this subcategory.

The technology basis for PSES is equivalent to BAT. To meet the
pretreatment standards for existing sources, the primary and
secondary tin subcategory is estimated to incur a capital cost of
$341,700 and an annual cost of $119,900. For PSNS, the Agency



selected end-of-pipe treatment and in-process flow reduction
control techniques equivalent to NSPS.

The mass limitations and standards for BPT, BAT, NSPS, PSES and
PSNS are presented in Section II.
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION II
RECOMMENDATIONS

EPA has divided the primary and secondary tin subcategory
ten subdivisions for the purpose of effluent limitations and

standards. These subdivisions are:

B e e e T e N )
eSO MO OO O
— N e Nl N T i e St e

2.

Tin smelter S0, scrubber,

Dealuminizing rinse,

Tin mud acid neutralization filtrate,

Tin hydroxide wash,

Spent electrowinning solution from new scrap,

Spent electrowinning solution from municipal solid waste
Tin hydroxide supernatant from scrap,

Tin hydroxide supernatant from spent plating solutions,
Tin hydroxide supernatant from sludge solids, and

Tin hydroxide filtrate.

BPT is proposed based on the performance achievable by the

application of chemical precipitation and sedimentation (lime and
settle) technology, along with preliminary treatment consisting
of ammonia steam stripping and cyanide precipitation for selected
waste streams. The following BPT limitations are proposed:

BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(a)

Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 62.190 27.740
Lead 9.102 4.334
Nickel 41.610 27.520
Cyanide (total) 6.284 2.600
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 106.600 47.240
Total suspended 888.500 422.600
solids

pH

Within the range of 7.5 to 10.0
at all times



BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN

SUBCATEGORY

(b) Dealuminizing Rinse

Pollutant or

Pollutant Property

Maximum for

Maximum for
Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

101
.015
.067
.010
.666
.225
172
.435

— O~ 0000
OO0OONOOOO

. 045
. 007
.044
.004
.051
.700
.076
.683

W1th1n the range of 7.5 to

at all times

BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN

SUBCATEGORY

(c) Tin Mud Acid Neutralization Filtrate

Pollutant or

Pollutant Property

Maximum for Maximum
Any One Day

for

10.

Monthly Average

mg/kg (lb/million lbs) of neutrallzed dewatered tin

mud produced

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

14.490 6
2.120 1
9.690 6.
1.464 0

672.800 295
176.700 101
24.830 11
206.900 98

.460
.010

410

.606
.800
.000
.000
.420

0

W1th1n the range of 7.5 to 10.0

at all times



BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(d) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of tin hydroxide washed

Antimony 34.310 15.300
Lead 5.020 2.391
Nickel 22.950 15.180
Cyanide (total) 3.466 1.434
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 58.810 26.058
Total suspended 490.100 233.100
solids
pH Within the range of 7.5 to 10.0

at all times

BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of cathode tin produced

Antimony 48.220 21.510
Lead 7.056 3.360
Nickel 32.260 21.340
Cyanide (total) 4.872 2.016
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 82.660 36.620
Total suspended 688.800 327.600
solids
pH Within the range of 7.5 to 10.0

at all times



BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN

SUBCATEGORY

(f) Spent Electrowinning Solution from Municipal Solid

Waste

Pollutant or
Pollutant Property

Maximum for
Any One Day

Maximum for
Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as

raw material

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

OO OOO

.342
.050
.229
.035
.860
.165
.585
.879

MOMOMNODOOO

. 152
.024
. 151
.014
.973
.380
. 259
. 321

Within the range of 7.5 to 10.0

at all times

BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN

SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap

Pollutant or
Pollutant Property

Maximum for
Any One Day

Maximum for
Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

159.
23.
106.
16.
7,417.
1,948.
273.

2,281

700
370
800
140
000
000
700

.000

71

3,261
121

from scrap

.220
11.
70.

6.

130
660
677

.000
1,113,

000

.300
1,085.

000

Within the range of 7.5 to 10.0

at all times



BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from spent
plating solutions

Antimony 109.000 48.610
Lead 15.950 7.596
Nickel 72.920 48.230
Cyanide (total) 11.010 4.557
Ammonia (as N) 5,062.000 2,226.000
Fluoride 1,329.000 759.600
Tin 186.900 82.790
Total suspended 1,557.000 740.600
solids
pH Within the range of 7.5 to 10.0

at all times

BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum fof Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered‘from
sludge solids

Antimony 477.500 213.000
Lead 69.870 33.270
Nickel 319.400 211.300
Cyanide (total) 48.240 19.960
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 818.500 362.700
Total suspended 6,821.000 3,244.000
solids
pH Within the range of 7.5 to 10.0

at all times



BPT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 71.880 32.060
Lead 10.520 5.009
Nickel 48.090 31.810
Cyanide (total) 7.263 3.005
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 123.200 54.600
Total suspended 1,027.000 488.400
solids
pH Within the range of 7.5 to 10.0

at all times

3. BAT is proposed based on the performance achievable by the
application of chemical precipitation, sedimentation, and
multimedia filtration (lime, settle, and filter) technology along
with preliminary treatment consisting of ammonia steam stripping
and cyanide precipitation for selected waste streams. The
following BAT effluent limitations are proposed:

BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640

10



BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

»

Antimony 0.068 0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051

BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(c) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4,341
Lead 1.413 " 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370
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BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(d) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin hydroxide washed

Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450

BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 ~2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530
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BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(f) Spent Electrowinning Solution from Municipal Solid
Waste

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million 1lbs) of MSW scrap used as
raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174

BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from scrap

Antimony 107.400 47.850
Lead 15.580 7.233
Nickel 30.600 20.590
Cyanide (total) 11.130 4.451
Ammonia (as N) 7,417.000 3,261.000
Fluoride 1,948.000 1,113.000
Tin 182.500 81.230
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BAT LIMITATIONS FOR THE PRIMARY AND

SECONDARY TIN

SUBCATEGORY

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

plating soultions

Antimony 73
Lead 10
Nickel 20
Cyanide (total) 7
Ammonia (as N) 5,062
Fluoride 1,329
Tin 124

.300
. 640
.890
.596
.000
.000
.600

32.

4.

14,

3.
2,226.
759.
55.

BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY

SUBCATEGORY

(i) Tin BHydroxide Supernatant from

Pollutant or Maximum for
Pollutant Property Any One Day

Maximum

from spent

660
937
050
038
000
600
450

TIN

Sludge Solids

for

Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

sludge solids

Antimony 321
Lead 46
Nickel 91
Cyanide (total) 33
Ammonia (as N) 22,180
Fluoride 5,823
Tin 545.

.100
.580
.500
.270
. 000
. 000
700

143.

21
61

14

from

100

.630
.560
13.
9,749.
3,327.
242.

310
000
000
900



BAT LIMITATIONS FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Averaage

mg/kg (lb/million lbs) of tin metal produced

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin ) 82.140 36.560
4. NSPS are based on the performance achievable by the

application of chemical precipitation, sedimentation, and
multimedia filtration (lime, settle and filter) technology, along
with preliminary treatment consisting of ammonia steam stripping
and cyanide precipitation for selected waste streams. The
following effluent standards are proposed for new sources:

NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640
Total suspended 325.100 260.100
solids
pH Within the range of 7.5 to 10.0

at all times
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NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.068 0.030

Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700

Tin 0.115 0.051
Total suspended 0.525 0.420

solids
pH Within the range of 7.5 to 10.0

at all times
NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(c) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Anvy One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4,34
Lead : 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) ©672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370
Total suspended 75.710 60.570
solids
pH Within the range of 7.5 to 10.0

at all times
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NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(d) Tin Hydroxide Wash

Pollutant or Maximum for _ Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin hydroxide washed

Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450
Total suspended 179.300 143.500
solids
pH Within the range of 7.5 to 10.0

at all times
NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

‘mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530
Total suspended 252.000 201.600
solids
pH Within the range of 7.5 to 10.0

at all times
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NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(£) Spent Electrowinning Solution from Municipal Solid

Waste

Pollutant or

Pollutant Property

Maximum for
Any One Day

Maximum for
Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as raw material

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

.230
.033
. 065
.0238
.860
.165
.390
.785

— O UNOOO0O

— OMNONOOOO

.102
.015
.044
. 0095
.973
.380
174
.428

Within the range of 7.5 to 10.0

at all times

NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap

Pollutant or

Pollutant Property

Maximum for
Any One Day

Maximum

for

Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

107.400
15.580
30.600
11.130
7,417.000
1,948.000
182.500

834.600

47.

7

3,261

81

from scrap

850

.233
20.
4.

590
451

.000
1,113,

000

.230
667.

700

Within the range of 7.5 to 10.0

at all times
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NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from spent
plating solutions

Antimony 73.300 32.660
Lead 10.640 4.937
Nickel 20.890 14.050
Cyanide (total) 7.596 3.038
Ammonia (as N) 5,062.000 2,226.000
Fluoride 1,329.000 759.600
Tin . 124.600 55.450
Total suspended 569.700 455.800
solids

pH Within the range of 7.5 to 10.0
) at all times

NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from
sludge solids '

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900
Total suspended 2,496.000 1,997.000
solids
pH Within the range of 7.5 to 10.0

at all times
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NSPS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
Total suspended 375.700 300.500
solids
pH Within the range of 7.5 to 10.0

at all times

5. PSES are proposed based on the performance achievable by the
application of chemical precipitation, sedimentation, and
multimedia filtration (lime, settle and filter) technology, along
with preliminary treatment consisting of ammonia steam stripping
and cyanide precipitation for selected waste streams. The
following pretreatment standards are proposed for existing
sources:

PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640

20



PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.068 0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051
PSES FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(¢) Tin Mud Acid Neutralization Filtrate
Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced '

Antimony 9.741 . 4.341
Lead 1.413 . 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) : 672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370

PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(d) Tin Hydroxide Wash

Pollutant or Maximum for - Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million 1lbs) of tin hydroxide washed

Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450
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PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Anv One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride : 588.000 336.000
Tin 55.100 24.530

PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(£) Spent Electrowinning Solution from Municipal Solid

Waste
Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million 1lbs) of MSW scrap used as raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 - 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174
PSES FOR THE PRIMARY AND SECONDARY TIN

SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap
Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from scrap

Antimony 107.400 47.850
Lead 15.580 7.233
Nickel 30.600 20.590
Cyanide (total) 11.130 4.45]
Ammonia (as N) 7,417.000 3,261.000
Fluoride 1,948.000 1,113.000
Tin 182.500 81.230
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PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or ' Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from
spent plating solutions

Antimony 73.300 32.660
Lead 10.640 4,937
Nickel 20.890 14.050
Cyanide (total) 7.596 3.038
Ammonia (as N) 5,062.000 2,226.000
Fluoride 1,329.000 759.600
Tin 124.600 55.450

PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from
sludge solids

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900

PSES FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
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6. PSNS are proposed based on the performance achievable by the
application of chemical precipitation, sedimentation, and
multimedia filtration (lime, settle and filter) technology, along
with preliminary treatment consisting of ammonia steam stripping
and cyanide precipitation for selected waste streams. The
following pretreatment standards are proposed for new sources.

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pocllutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 B.018
Cyanide (total) 4,334 1.734
Ammonia (as N) 2,889,000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (1b/million lbs) of dealuminized scrap produced

Antimony 0.068 0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051
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PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(c¢) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4.34]
Lead 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(d) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin hydroxide washed

Antimony 23.070 . 10.280
Lead 3.347 - 1.554
Nickel 6.574 4,423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(e) Spent Electrowinning Solution from New Scrap

Pollutant or i Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530
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PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(£) Spent Electrowinning Sclution from Municipal Solid
Waste

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as
raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(g) Tin Hydroxide Supernatant from Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from scrap

Antimony 107.400 47.850
Lead 15.580 0 7.233
Nickel 30.600 20.590
Cyanide (total) 11.130 4.451
Ammonia (as N) 7,417.000 3,261.000
Fluoride 1,948.000 1,113.000
Tin 182.500 81.230
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PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from
spent plating solutions

Antimony 73.300 32.660
Lead 10.640 4.937
Nickel 20.890 14.050
Cyanide (total) 7.596 3.038
Ammonia (as N) 5,062.000 2,226.000
Fluoride 1,329.000 759.600
Tin 124.600 55.450

PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from
sludge solids

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900
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PSNS FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY

(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal produced

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.7890 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION III
INDUSTRY PROFILE

This section of the primary and secondary tin supplement
describes the raw materials and processes used in the production
of primary and secondary tin and presents a profile of the
primary and secondary tin plants identified 1in this study. A
discussion of the purpose, authority and methodology for this
study, and a general description of the nonferrous metals
manufacturing category is presented in Section III of the General
Development Document.

The largest total use of tin is in solders which are manufactured
from both primary tin and secondary tin. The low melting point
of tin (2320C) makes it ideal for this application. Tin plated
steel products represent the second largest use of tin. Only
primary tin is used for this application.

Tin is also used in a number of alloys including brass, bronze,
and white metal alloys including babbit. White metal alloys are
low melting point alloys consisting primarily of tin or lead.
These alloys may also contain lesser amounts of copper, zinc and
antimony and are used primarily in bearings.

DESCRIPTION OF PRIMARY AND SECONDARY TIN PRODUCTION

Primary tin 1is . produced by smelting tin concentrates with
limestone and coke. The crude tin 1is then electrolytically
refined and cast. The process 1is presented schematically 1in
Figure III-1.

Secondary tin may also be produced by smelting tin residues,
particularly detinners mud from secondary tin recovery
operations. Most secondary tin, however, 1is produced by
dissolving tin from tin plated steel scrap, and recovering the
tin by electrowinning. Tin may also be recovered from solution
by precipitation of tin as tin hydroxide, Sn(OH),. A smaller
amount of secondary tin is recovered from tin plating sludges
which are generated by tin plated steel production operations.
Secondary tin production can be divided into four major
operations: alkaline detinning, electrowinning, tin hydroxide
precipitation, and reduction to tin metal. These operations are
shown schematically in Figure III-2.

RAW MATERIALS

Tin concentrates used in primary tin production are produced as a
by-product from molybdenum mining operations in Colorado or from
gold placer mining operations in Alaska.
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The principal raw material for the secondary tin industry is tin
plated steel scrap. Virtually all of this scrap comes from
fabrication plants which produce cans and a variety of other tin
plated steel products. Such scrap may include punched sheets,
rolls and bundles. One producer also reported tin recovery from
tin plated steel separated from municipal solid waste. Two
producers reported that they recovered tin from spent tin
electroplating solutions and plating sludges.

TIN SMELTING

There is currently one tin smelter in the United States. Tin
concentrates and residues are smelted in a reverbertory furnace
with limestone and coke at 1200 to 1300¢°C. Sulfur dioxide
emissions from the smelting furnace are controlled with a caustic
scrubber. Crude molten tin 1is removed from the furnace, fire
refined and cast into anodes. The anodes are consumed in an
electrolytic refining process and the purified tin is cast into
ingots.

"ALKALINE DETINNING

The first step in recovering tin from tin plated scrap 1is hot
alkaline detinning. Tin plated scrap is loaded into perforated
steel detinning baskets and placed in a detinning tank which
contains a solution of sodium hydroxide and sodium nitrate. The
solution is heated to near the boiling point and the tin
dissoives into solution as sodium stannate, Na,Sn0O4. The
chemical reaction (not balanced) is as follows:

Sn + NaNO; + NaOH + H,0 --> Na,SnO; . H,O + NH; + N,

The detinning cycle is complete after 4 to 12 hours. Scrap
containing aluminum is pretreated in a solution of sodium
hydroxide, in which the aluminum dissolves. After rinsing, the
dealuminized scrap is sent to the detinning tanks.

There are two variations of the alkaline detinning process: the
saturated process and the unsaturated process. In the saturated
process, the sodium stannate solution 1is allowed to become
supersaturated and sodium stannate c¢rystals precipitate from
solution. The sodium stannate is recovered from the solution in
a filter press and the solution 1is returned to the detinning
tanks. The sodium stannate filter cake may then be sold as a
product or redissolved 1in water for further processing or
electrowinning.

In the unsaturated process, the sodium stannate concentration in
the solution is kept below the saturation point and the solution
is pumped directly to further processing or electrowinning. In
both the saturated and the unsaturated process, the sodium
stannate solution 1is purified by adding sodium sulfide, Na,S or

30



sodium hydrosulfide, NaHS, to precipitate lead and other metal
impurities as insoluble metal sulfides. The precipitated residue
is called tin mud or detinners mud and is sold to tin smelters.

Detinners mud may also include residues removed from the bottoms
of detinning tanks. This mud contains 3 to 5 percent tin and is
sold as a by-product to tin smelters. The tin mud is usually
rinsed to recover any soluble tin which may be present. The
rinse water is recycled to the detinning tanks. One producer
reported an acid neutralization step in which sulfuric acid is
added to the mud. The neutralized mud is then dewatered in a
filter press and sold as a by-product containing approximately 10
percent tin.

When the detinning cycle 1is complete, the detinned steel |is
removed from the detinning tanks. The steel is then rinsed to
recover any tin solution which may be adhering to it, pressed or
baled, and sold as a product. The rinse water is recycled to the
detinning tanks to recover tin.

ELECTROWINNING

The purified sodium stannate solution is sent to electrolytic
cells where pure tin metal is deposited onto cathodes. The tin
is then removed from the cathodes, melted and cast. The

electrowinning solution is then recycled to the detinning tanks.
A blowdown stream must periodically be discharged from the
electrowinning circuit in order to control the concentration of
aluminum, carbonates, and other impurities in the solution.

One producer reported the use of tin hydroxide, Sn(OH),, as a raw
material. The tin hydroxide is first washed with water and then
dissolved in a solution of sodium hydroxide. The resultant
sodium stannate solution is then purified and added to the sodium
stannate solution from alkaline detinning and the combined
solution enters the electrowinning tanks.

PRECIPITATION OF TIN HYDROXIDE

As an alternative to electrowinning, tin can be recovered from
solution as tin hydroxide, Sn(OH),. Sulfuric acid is added to
lower the pH to 7 and sodium carbonate is then added to raise the
pH to 7.8. At this point tin hydroxide will precipitate from the
solution. One plant which uses this process precipitates tin
from a solution which is a mixture of alkaline detinning solution
and a solution generated by dissolving tin electroplating sludge
in water. The other plant which precipitates tin hydroxide uses
spent tin electroplating solution as a raw material and
facilitates precipitation throuch the addition of ammonia.
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REDUCTION TO TIN METAL

The tin hydroxide is dried and calcined in a furnace to produce
tin dioxide, SnO,. The tin dioxide 1is then charged to a
reduction furnace with carbon where it is reduced to tin metal.

PROCESS WASTEWATER SOURCES

Although a variety of processes are involved in primary and
secondary tin production, the process wastewater sources can be
subdivided as follows:

Tin smelter SO, scrubber

Dealuminizing rinse,

Tin mud acid neutralization filtrate,

Tin hydroxide wash,

Spent electrowinning solution from new scrap,

Spent electrowinning solution from municipal solid waste
Tin hydroxide supernatant from scrap,

Tin hydroxide supernatant from spent plating solutions
Tin hydroxide supernatant from sludge solids, and

0. Tin hydroxide filtrate.
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OTHER WASTEWATER SOURCES

There are other waste streams associated with the primary and
secondary tin subcategory. These streams include, but are not
limited to: .

1. Noncontact cooling water,
. 2. Stormwater runoff, and
3. Maintenance and cleanup water.

These waste streams are not considered as a part of this
rulemaking. EPA believes that the flows and pollutant loadings
associated with these waste streams are insignificant relative to
the waste streams selected, or are best handled by the
appropriate permit authority on a case-by-case basis under
authority of Section 403 of the Clean Water Act.

AGE, PRODUCTION, AND PROCESS PROFILE

Table III-1 shows the relative age and discharge status of the
primary and secondary tin plants. the average plant age is
between 16 and 25 years. All of the plants have been built since
1940. Table III-2 shows the 1982 production for primary and
secondary tin. The 11 secondary tin plants have production
levels less than 1,000 kkg/yr. The only primary tin producer has
a production level between 1,000 and 5,000 kkg/yr from both
primary and secondary materials.

Table 1I1-3 provides a summary of the number of plants with the
various production processes and the number of plants which
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generate wastewater from each process. The one plant which
practices tin smelting is the only domestic primary tin producer.
Alkaline detinning is practiced by 10 of the 11 secondary tin
plants. Of these 10 plants, eight also practice electrowinning.
Figure III-3 shows the geographic locations of the primary and
secondary tin facilities in the United States by discharge
status.
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Table I1I-2

PRODUCTION RANGES FOR PRIMARY AND SECONDARY TIN
PLANTS FOR 1982

Discharge 0-100 100-1,000 1,000-5,000

Type (kkg/yr) (kkg/yr) (kkg/yr) Total
Direct* 3
Indirect 2 0 0 2
Zero 3 4 0 7
TOTAL* 12

*Direct dischargers production ranges have been withheld because
the information on which they are based has been claimed to be
confidential.
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION IV
SUBCATEGORIZATION

As discussed in Section IV of the General Development Document,
the nonferrous metals manufacturing category has been
subcategorized to take into account pertinent industry
characteristics, manufacturing process variations, and a number
of other factors which affect the ability of the facilities to
achieve effluent limitations. This section summarizes the
factors considered during the designation of the primary and
secondary tin subcategory and its related subdivisions.

FACTORS CONSIDERED IN SUBCATEGORIZATION

The following factors were evaluated for use in subcategorizing
the nonferrous metals manufacturing category:

Metal products, co-products, and by-products;
Raw materials;

Manufacturing processes;
Product form;

Plant location;

Plant age;

Plant size; ’

Air pollution control methods
Meteorological conditions;
Treatment costs;

Nonwater quality aspects;
Number of employees;

Total energy requirements; and
Unique plant characteristics.

WD —~0O0WVooJOWUMPeLN -~

— ot ek —

Evaluation of all factors that c¢ould warrant subcategorization
resulted in the designation of the primary and secondary tin
subcategory. Three factors were particularly important in
establishing these <classifications: the type of metal produced,
the nature of raw materials used, and the manufacturing processes
involved.

In Section IV of the General Development Document;, each of these
factors 1is described, and the rationale for selecting metal
product, manufacturing process, and raw materials as. the
principal factors used for subcategorization is discussed. On
this basis, the nonferrous metals manufacturing (phase 1I1I)
category was divided into 21 subcategories, one of them being
primary and secondary tin.
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FACTORS CONSIDERED IN SUBDIVIDING THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

The factors listed previously were each evaluated when
considering subdivision of the primary and secondary tin
subcategory. In the discussion that follows, the factors will be
described as they pertain to this particular subcategory.

The rationale for considering further subdivision of the primary
and secondary tin subcategory is based primarily on differences
in the production processes and raw materials used. Within this
subcategory, a number of different operations are performed,
which may or may not have a water use or discharge, and which may
require the establishment of separate effluent limitations.
While primary and secondary tin 1is still considered a single
subcategory, a more thorough examination of the production
processes has illustrated the need for limitations and standards
based on a specific set of waste streams. Limitations will be
based on specific flow allowances for the following subdivisions:

Tin smelter SO, scrubber,

Dealuminizing rinse,

Tin mud acid neutralization filtrate,

Tin hydroxide wash,

Spent electrowinning solution fron new scrap,

Spent electrowinning solution from municipal solid waste,
Tin hydroxide supernatant from scrap,

Tin hydroxide supernatant from spent plating solutions.
Tin hydroxide supernatant from sludge solids, and

10. Tin hydroxide filtrate.

W o0 ~IO Ui W —
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These subdivisions follow directly from differences within the
five distinct production processes which may be used in the
production of primary or secondary tin: tin smelting, alkaline
detinning, electrowinning, precipitation and reduction.

The smelting of tin gives rise to the first subdivision. The
control of sulfur dioxide emissions from smelter flue gases |is
accomplished through the use of a wet caustic scrubbing system.
Blowdown of caustic scrubbing solution comprises the wastewater
stream associated with this subdivision.

Although alkaline detinning is a net consumer of water because of
evaporation losses, a number of wastewater streams may be
generated. When tin scrap containing aluminum is used, the scrap
is leached with a sodium hydroxide solution prior to entering the
detinning tanks. The aluminum dissolves in the caustic solution
and the scrap 1is then rinsed with water. The spent caustic
leaching solution and rinse water are discharged as a waste
stream.

Another wastewater stream associated with alkaline detinning is
tin mud acid neutralization filtrate. Tin mud may consist of

42



residues from the detinning tanks, precipitates formed when
sodium sulfide or sodium hydrosulfide 1is added to the sodium
stannate solution to precipitate base metal impurities, or a
combination of the two. This "detinners mud" typically contains
from 3 to 5 percent tin by weight. The mud is rinsed with fresh
water to recover soluble tin compounds which are returned to the
detinning tanks. The rinsed mud is filtered and eventually sold
to smelters. One producer neutralizes this mud with sulfuric
acid prior to dewatering 1in a pressure filter. The filtrate
cannot be returned to the detinning tanks and 1is therefore
discharged as a waste stream. The mud has been upgraded to a
product that is approximately 10 percent tin.

Electrowinning is the principal means of recovering tin from the
sodium stannate solution which is generated in alkaline detinning
operations. One producer reported the use of tin hydroxide as an
additional raw material to the electrowinning solution. Prior to
being dissolved in the sodium stannate solution the tin hydroxide
is washed with water to remove impurities. The wash water is
then discharged as a wastewater stream. The most significant
wastewater stream associated with electrowinning 1is spent
electrowinning solution. The partially depleted sodium stannate
solution 1is recycled to the detinning tanks where additional tin
is taken into solution. A bleed stream is required, however, 1in
order to control the buildup of impurities, particularly aluminum
and carbonates, 1in the solution. This bleed stream comprises a
wastewater stream associated with the electrowinning operation.

When municipal solid waste is used as a raw material to alkaline
detinning operations, a much larger discharge of spent
electrowinning solution results. This larger blowdown stream 1is
necessitated by impurities which are introduced into the sodium
stannate solution by the raw material. Consequently, spent
electrowinning solution from municipal solid waste processing is
identified as a separate subdivision.

As an alternative to electrowinning, tin may be precipitated from
solution as tin hydroxide. The tin hydroxide sludge is dewatered
in a filter press, dried and sold or calcined to tin oxide 1in a
furnace, and reduced with carbon in a reduction furnace to
produce tin metal. The supernatant and filtrate streams
associated with tin hydroxide precipitation comprise wastewater
streams associated with this operation.

The flow rates and characteristics of the tin hydroxide
supernatant stream vary significantly depending on the raw
materials used. Because of this, separate subdivisions have been
identified for tin hydroxide supernatant from each of the three
possible raw materials: tin plated steel scrap, spent plating
solutions, and tin plating sludge solids. Tin hydroxide filtrate
from dewatering the precipitated tin hydroxide is also designated
as a separate subdivision.
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OTHER FACTORS

The other factors considered in this evaluation either support
the establishment of the 10 subdivisions or were shown to be
inappropriate bases for subdivision. Air pollution control
methods, treatment costs, and total energy requirements are
functions of the selected subcategorization factors--metal
product, raw materials, and production processes. Therefore,
they are not independent factors and do not affect the
subcategorization which has been applied. As discussed 1in
Section IV of the General Development Document, certain other
factors, such as plant age, plant size, and the number of
employees, were also evaluated and determined to be inappropriate
for use as bases for subdivision of nonferrous metals plants.

PRODUCTION NORMALIZING PARAMETERS

As discussed previously, the effluent limitations and standards
developed 1in this document establish mass limitations on the
discharge of specific pollutant parameters. To allow these
regulations to be applied to plants with various production
capacities, the mass of pollutant discharged must be related to a
unit of production. This factor 1is known as the production
normalizing parameter (PNP).

 In general, for each production process which has a wastewater
associated with it, the actual mass of tin product, ' intermediate
or raw material processed will be used as the PNP. Thus, the
PNPs for the ten subdivisions are as follows: .

Subdivision ’ PNP
1. Tin smelter SO, scrubber kkg of tin metal produced
2. Dealuminizing rinse kkg of dealuminized scrap
produced

3. Tin mud acid neutralization kkg of neutralized, dewatered
filtrate tin mud produced

4. Tin hydroxide wash kkg of tin hydroxide washed

5. Spent electrowinning solution kkg of cathode tin produced
from new scrap

6. Spent electrowinning kkg of MSW scrap
solution from municipal used as raw material
solid waste

7. Tin hydroxide supernatant from kkg of tin metal recovered
scrap from scrap

8. Tin hydroxide supernatant from kkg of tin metal recovered
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spent plating solutions from spent plating solutions

9. Tin hydroxide supernatant from kkg of tin metal recovered
sludge solids from sludge solids
10. Tin hydroxide filtrate ' kkg of tin metal produced
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION V
WATER USE AND WASTEWATER CHARACTERISTICS

This section describes the characteristics of the wastewaters
associated with the primary and secondary tin subcategory. Water
use and discharge rates are explained and then summarized in
tables at the end of this section. Data used to characterize the
wastewaters are presented. Finally, the specific source, water
use and discharge flows, and wastewater characteristics for each
separate wastewater source are discussed.

Section V of the General Development Document contains a detailed
description of the data sources and methods of analysis used to
characterize wastewater from the nonferrous metals manufacturing
category. To summarize this informaiton breifly, two principal
data sources were used; data collection portfolios (dcp) and
field sampling results. Data <collection portfolios contain
information regarding wastewater flows and production levels.

In order to quantify the pollutant discharge from primary and
secondary tin plants, a field sampling program was conducted. A
complete 1list of the pollutants considered and a summary of the
techniques used in sampling and laboratory analyses are included
in Section V of the General Development Document. Samples were
analyzed for 124 of the 126 toxic pollutants and other pollutants
deemed appropriate. (Because the analytical standard for TCDD
was Jjudged to be too hazardous to be made generally available,
samples were never analyzed for this pollutant. Samples were
also not analyzed for asbestos. There is no reason to expect
that TCDD or asbestos would be present 1in wastewater in the
primary and secondary tin subcategory. 1In general, the samples
were anlayzed for cyanide and three classes of pollutants: toxic
organic pollutants, toxic metal pollutants, and criteria
pollutants (which includes both conventional and nonconventional
pollutants).

As described in Section IV of this supplement, the primary and
secondary tin subcategory has been split into 10 subdivisions or
wastewater sources, so that the proposed regulation contains mass
discharge limitations and standards for 10 unit processes
discharging process wastewater. Differences in the wastewater
characteristics associated with these subdivisions are to be
expected. For this reason, wastewater streams corresponding to
each subdivision are addressed separately in the discussions that
follow. These wastewater sources are:

1. Tin smelter SO, scrubber,

2. Dealuminizing rinse,
3. Tin mud acid neutralization filtrate,
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Tin hydroxide wash,

Spent electrowinning solution from new scrap,

Spent electrowinning solution from municipal solid waste,
Tin hydroxide supernatant from scrap,

Tin hydroxide supernatant from spent plating solutions,
Tin hydroxide supernatant from sludge solids, and

10. Tin hydroxide filtrate.

O 3 O\ Ui
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WASTEWATER FLOW RATES

Data supplied by dcp responses were evaluated, and two
flow-to-production ratios, water use and wastewater discharge,
were calculated for each stream. The two ratios are
differentiated by the flow value used in the calculation. Water
use is defined as the volume of water or other fluid required for
a given process per mass of tin product and is therefore based on
the sum of recycle and make-up flows to a given process to
further treatment, disposal, or discharge per mass of tin
produced. Differences between the water use and wastewater flows
associated with a given stream result from recycle, evaporation,
and carryover on the product. The production values used in
calculation correspond to the production normalizing parameter,
PNP, assigned to each stream, as outlined in Section IV. As an
example, tin smelter SO, scrubber water flow is related to the
production of tin metal. As such, the discharge rate is
expressed in liters of scrubber water per metric ton of tin
produced (gallons of scrubber water per ton of tin metal).

The production normalized discharge flows were compiled and
statistically analyzed by stream type. These production
normalized water use and discharge flows are presented by
subdivision in Tables V-1 through V-10 at the end of this

section. Where appropriate, an attempt was made to identify
factors that could account for variations in water use and
discharge rates. These variations are discussed later in this

section by subdivision. A similar analysis of factors affecting
the wastewater flows 1is presented 1in Sections X, XI, and XII
where representative BAT, NSPS, and pretreatment flows are
selected for use in calculating the effluent limitations.

The water use and discharge rates shown do not include nonprocess
wastewater, such as rainfall runoff and noncontact cooling water.

WASTEWATER CHARACTERISTICS DATA

Data used to characterize the various wastewaters associated with
primary and secondary tin production come from two sources--data
collection portfolios and analytical data from field sampling
trips.
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DATA COLLECTION PORTFOLIOS

In the data collection portfolios, the tin plants that discharge

"wastewater were asked to specify the presence or absence of toxic
pollutants in their wastewater. Three of the five discharging
plants responded. The responses are summarized below:

Pollutant Known Present Believed Present

antimony
arsenic
cadmium
chromium
copper
cyanide
lead
mercury
nickel
selenium
silver
zinc

~ O~ O~ —~-0O0-~-000N

FIELD SAMPLING DATA

In order to quantify the concentrations of pollutants present in
wastewater from primary and secondary tin plants, wastewater
samples were collected at four plants, which represent one-third
of the primary and secondary tin plants in the United States.
Diagrams indicating the sampling sites and contributing
production processes are shown in Figures V-1 through V-4 (at the
end of this section). ;

Raw wastewater data are summarized in Tables V-11 through V-15
(at the end of this section). Data from samples of treated and
partially treated wastewater streams are presented in Tables V-16
through V-20. Note that the stream numbers listed in the tables
correspond to those given in 1individual plant sampling site
diagrams, Figures V-1 through V-4. Where no data are listed for
a specific day of sampling, the wastewater samples for the stream
were not collected.

Several points regarding these tables should be noted. First,
the data tables include some samples measured at concentrations
considered not quantifiable. The base-neutral extractable, acid
extractable, and volatile organics generally are considered not
quantifiable at concentrations equal to or less than 0.010 mg/l.
Below this concentration, organic analytical results are not
quantitatively accurate; however, the analyses are useful to
indicate the presence of a particular pollutant. The pesticide
fraction 1is considered not quantifiable at concentrations equal
to or less than 0.005 mg/1.
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Second, the detection limits shown on the data tables for toxic
metals and conventional and nonconventional pollutants are not
the same in all cases as the published detection limits for these
pollutants by the same analytical methods. The detection 1limits
used were reported with the analytical data and hence are the
appropriate 1limits to apply to the data. Detection 1limit
variation can occur as a result of a number of
laboratory-specific, equipment-specific, and daily
operator-specific factors. These factors can include day-to-day
differences in machine calibration, variation in stock solutions,
and variation in operators.

Third, the statistical analysis of data 1includes some samples
measured at concentrations considered not quantifiable. For data
considered as detected but below quantifiable concentrations, a
value of zero is used for averaging. Toxic organic,
nonconventional, and conventional pollutant data reported with a
"less than" sign are considered as detected, but not £further
quantifiable. A value of zero is also used for averaging. If
one of these pollutants is reported as not detected, it |is
assigned a value of zero in calculating the average. Finally,
toxic metal values reported as less than a certain value were
considered as below gquantification, and consequently were
assigned a value of zero in the calculation of the average.

Finally, appropriate source water concentrations are presented
with the summaries of the sampling data. The method by which
each sample was collected is indicated by number, as follows:

one-time grab .

manual composite during intermittent process operation
8-hour manual composite

8-hour automatic composite

24-hour manual composite

24-hour automatic composite

[\ WO LI VRN 8 B )

WASTEWATER CHARACTERISTICS AND FLOWS BY SUBDIVISION

Since primary and secondary tin production involves 10 principal
sources of wastewater and each has potentially different
characteristics and flows, the wastewater characteristics and
discharge rates corresponding to each subdivision will be
described separately. A brief description of why the associated
production processes dgenerate a wastewater and explanations for
variations of water use within each subdivision will also be
discussed.

TIN SMELTER SO, SCRUBBER

There 1is one facility which produces tin metal through the

smelting of tin concentrates and residues. This facility
reported the use of a wet scrubbing system to control SO,
emissions in the smelter flue gas. The scrubber uses a
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recirculating caustic solution. A portion of the solution must
be discharged in order to maintain effective SO, removal. The
water use and wastewater discharge rates for this stream are
shown in liters per metric ton of tin metal produced in Table
V-1,

The one facility reporting this stream is a direct discharger
after treatment consisting of chemical precipitation and
sedimentation. There are no analytical data for this waste
stream; however, it is expected to be similar to SO, scrubber
blowdown which was sampled at a secondary lead facility with
treatable concentrations of several toxic metals present. Also,
the one facility reporting this waste stream indicated that
nickel was known to be present in the waste stream and that
copper, lead, zinc and antimony were believed to be present based
on the raw materials and process chemicals used in the operation.

DEALUMINIZING RINSE

Aluminum present in tin plated steel scrap may be removed by
leaching in a sodium hydroxide solution prior to alkaline
detinning. The aluminum dissolves in the caustic solution and
the scrap is then rinsed and charged to the alkaline detinning
tanks. One plant reported this practice. A portion of their raw
material is tin plated steel scrap separated from municipal solid
waste. The spent caustic leaching solution and rinse water are
discharged as a waste stream. The one facility reporting this
waste stream 1is a direct discharger. The dealuminizing waste
stream is treated with sodium sulfide to precipitate metals,
chlorinated to destroy cyanide, and neutralized with sulfuric
acid. Solids are removed from the neutralized stream in a
sedimentation pond prior to discharge. The water use and
discharge rates are presented in Table V-2 in liters per metric
ton of dealuminized scrap produced.

There are no analytical data for this stream; however, it is
expected to be similar to the spent electrowinning solution with
a very alkaline pH and treatable levels of c¢yanide and certain
toxic metals including arsenic, lead, nickel and selenium.

TIN MUD ACID NEUTRALIZATION FILTRATE

One facility reported neutralization of tin mud with sulfuric
acid prior to dewatering 1in a filter press. The neutralized,
dewatered mud is sold as a by-product. The filtrate from the
dewatering step is discharged as a wastewater stream. Water use
and discharge rates are presented in Table V-3 in liters per
metric ton of neutralized, dewatered tin mud produced.

Although there are no analytical data for this specific stream,
data are available for samples of tin mud pond supernatant which
were collected at a facility which stores tin mud in open ponds
prior to sale to a tin smelter. These data are presented in
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Table V-15. The same pollutants found in the mud pond
supernatant are expected to be present in the tin mud acid
neutralization filtrate. It can be seen that treatable levels of
toxic metals are present including antimony, arsenic, lead,
nickel, thallium and zinc. Treatable levels of cyanide are also
present. The one facility reporting this waste stream is an
indirect discharger with no treatment in place.

TIN HYDROXIDE WASH

One facility reported the use of tin hydroxide, Sn(OH),, as a raw
material in their electrolytic tin production process. The tin
hydroxide is washed with water to remove impurities, dissolved in
a sodium hydroxide solution and mixed with the tin solution from
the alkaline detinning operation prior to entering the
electrowinning cell. The tin hydroxide wash water is discharged
as a waste stream. The one facility reporting this stream
achieves zero discharge through the use of an evaporation pond.
The water use and discharge rates are shown in liters per metric
ton of tin hydroxide washed in Table V-4.

There are no analytical data available for this stream. It is
expected to have an alkaline pH and a treatable 1level of total
suspended solids. Also, some toxic metals may be present if they
are present in the tin hydroxide.

SPENT ELECTROWINNING SOLUTION FROM NEW SCRAP

Electrowinning 1is the principal method for recovering tin from
the alkaline detinning solution. After the tin has been plated
onto the cathode and the solution has been depleted, the solution
is either recycled to the detinning tank or discarded depending
on the amount and type of impurities present. Of the 10 plants
which practice alkaline detinning, eight recover tin from
solution via electrowinning. Of these eight facilities, six
achieve zero discharge through various combinations of recycle,
evaporation, contractor disposal and sales. Of the two remaining
plants one is a direct discharger; and the other is an indirect
discharger. Water use and discharge rates are presented in Table
V-5 in liters per metric ton of cathode tin produced.

Table V-11 summarizes the raw wastewater sampling data for the
toxic and selected conventional and nonconventional pollutants.
It can be seen that there are treatable concentrations of several
toxic metals present including antimony, arsenic, lead, nickel,
selenium, thallium and zinc. Also, treatable concentrations of
cyanide are present. This wastewater stream has a very alkaline
pH (approximately 12) and high concentrations of total suspended
=olids.
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SPENT ELECTROWINNING SOLUTION FROM MUNICIPAL SOLID WASTE

When tin plated steel scrap which was recovered from municipal
solid waste (MSW) is used as a raw material for alkaline
detinning and electrowinning, a significantly larger discharge of
spent electrowinning solution is necessary because of additional
impurities introduced into the solution. There is currently one
facility wusing MSW as a source of raw material. The water use
and discharge rates for this stream are shown in Table V-6 in
liters per metric ton of MSW scrap used as raw material. This
flow rate is estimated using a procedure described in Section IX
of this document.

The one facility reporting this extra discharge of spent
electrowinning solution is a direct discharger after treatment
consisting of chlorination, acid neutralization and
sedimentation. The characteristics of this wastewater are
assumed to be similar to the characteristics of spent
electrowinning solution as discussed previously.

TIN HYDROXIDE SUPERNATANT FROM SCRAP

Tin may be recovered from solution by precipitation as tin
hydroxide, Sn(OH),. Tin 1is present in solution as sodium
'stannate, Na,SnO;. Tin hydroxide will precipitate when the pH is
lowered to 7.0 with sulfuric acid and sodium carbonate 1is added

to pH 7.8. The characteristics and production normalized flow
rates of the resultant supernatant stream are dependent upon the
raw material used. The three possible raw materials are tin

plated steel scrap, spent plating solutions, and plating sludge
solids. |

The water use and wastewater discharge rates for tin hydroxide
supernatant from scrap are shown 1in Table V-7 in 1liters per
metric ton of tin metal recovered from scrap. The one facility
reporting this stream is a direct discharger after treatment by
sedimentation. Table V-12 summarizes the raw wastewater sampling
data for the toxic and selected conventional and nonconventional
pollutants. It can be seen that treatable levels of toxic metals
are present, particularly antimony at 4.4 mg/l. This waste
stream has a pH of 8.3 and treatable levels of 0il and grease and
total suspended solids (TSS).

TIN HYDROXIDE SUPERNATANT FROM SPENT PLATING SOLUTIONS

Two plants reported the use of spent tin plating solutions as raw
material. One facility recovers tin as tin hydroxide from both
spent plating solutions and plating sludge solids. This facility
dissolves tin from the sludge solids into the plating solution by
adding additional water, while heating and lancing with air. Tin
hydroxide is then precipitated from the resultant solution. The
second facility uses only spent plating solutions. The liquids
are decanted from the solids, which are rinsed and dried in an
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oven. Tin hydroxide 1is precipitated from the spent plating
solution and rinse water by the addition of ammonia. Water use
and discharge rates in 1liters per metric ton of tin metal
recovered from spent plating solutions are presented in Table
v-8.

Sampling data for tin hydroxide supernatant from tin plating
solutions and sludges is presented in Table V-13. The samples
were collected at the facility which uses both spent plating
solutions and tin sludge solids as raw materials to tin hydroxide
precipitation operations. The data are assumed to be
representative of both tin hydroxide supernatant from spent
plating solutions and tin hydroxide supernatant from plating
sludge solids. It can be seen that treatable concentrations of
toxic metals are present, particularly antimony which was
detected at a maximum concentration of 3.1 mg/l. Cyanide is also
present with a maximum observed concentration of 16 mg/l. Very
high concentrations of fluoride are present 1in this wastewater
with concentrations from 12,000 to 15,000 mg/l. This fluoride
originates from tin fluoroborate and fluoroboric acid which are
used in the tin plating baths. This wastewater has a
nearly-neutral pH and treatable concentrations of suspended
solids.

TIN HYDROXIDE SUPERNATANT FROM TIN PLATING SLUDGE SOLIDS

One facility reported the use of both tin plating sludge solids
and spent plating solutions raw materials for tin hydroxide
precipitation operations. Water use and discharge rates are
presented in Table V-9 in liters per metric ton of tin recovered
from sludge solids. The flow attributable to production of tin
from tin sludge solids was calculated by subtracting the £flow
expected from tin production from spent plating solutions from
the total tin hydroxide supernatant flow from both sludge solids
and spent plating solution. This wastewater stream |is
characterized by treatable concentrations of antimony, c¢yanide,
fluoride, and TSS.

TIN HYDROXIDE FILTRATE

When tin hydroxide slurry 1is separated from the supernatant
stream, it may be further dewatered in a filter press prior to
drying. The resultant filtrate 1is discharged as a wastewater
stream. Water use and discharge rates are presented 1in Table
V-10 in liters per metric ton of tin metal produced.

The one facility reporting this stream is a direct discharger
after treatment by sedimentation. Table V-14 summarizes the
sampling data for this waste stream. Treatable concentrations of
cyanide and toxic metals are present including antimony at 2.4

mg/l. Treatable concentrations of fluoride and TSS are also
present.
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Table V-1

WATER USE AND DISCHARGE RATES
TIN SMELTER SO2 SCRUBBER

(1/kkg of tin metal produced)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1118 50 43,340 21,670
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Table V-2

WATER USE AND DISCHARGE RATES
DEALUMINIZING RINSE

(1/kkg of dealuminized scrap produced)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1047 0 35 35
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Table V-3

WATER USE AND DISCHARGE RATES
TIN MUD ACID NEUTRALIZATION FILTRATE

(1/kkg of neutralized, dewatered tin mud produced)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1046 0 5,047 5,047
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Table V-4

WATER USE AND DISCHARGE RATES
TIN HYDROXIDE WASH

(1/kkg of tin hydroxide washed)

Production

Production Normalized

Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1049 0 11,953 11,953
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Table V-5

WATER USE AND DISCHARGE RATES
SPENT ELECTROWINNING SOLUTION FROM NEW SCRAP

(1/kkg of cathode tin produced)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1047 0 NR NR
1049 0 24,069 24,069
1048 NR NR 21,982
1054 0 16,609 16,609
1046 0 15,145 15,145
1056 0 12,489 12,489
1057 0 10,498 10,498
1144 NR NR NR

NR = Data not reported.
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Table V-6

WATER USE AND DISCHARGE RATES
SPENT ELECTROWINNING SOLUTION FROM MUNICIPAL SOLID WASTE

(1/kkg of MSW scrap used as a raw material)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1047%* 0 119 119

*Calculated from estimates of both MSW and scrap flow combined at
plant.
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Table V-7

WATER USE AND DISCHARGE RATES
TIN HYDROXIDE SUPERNATANT FROM SCRAP

(1/kkg of tin metal recovered from scrap)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1036 0 55,640 55,640
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Table V-8

WATER USE AND DISCHARGE RATES

TIN HYDROXIDE SUPERNATANT FROM SPENT PLATING SOLUTIONS

(1/kkg of tin metal recovered from spent plating solutions)

Production
Percent Normalized
Plant Code Recycle Water Use
1014 0 37,978
1036 0 NR

NR

= Data not reported.
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" Table V-9

WATER USE AND DISCHARGE RATES
TIN HYDROXIDE SUPERNATANT FROM SLUDGE SOLIDS

(l/kkg of tin metal recovered from sludge solids)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1036 0 166,362 166,362
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Table V-10

WATER USE AND DISCHARGE RATES
TIN HYDROXIDE FILTRATE

(1/kkg of tin metal produced)

Production
Production Normalized
Percent Normalized Discharge
Plant Code Recycle Water Use Rate
1036 0 25,044 25,044



anN anN { 968
aN aN 1 1%/AY]
anN N | cqy
aN aN L 968
aN aN L £v8
aN anN l GG
an aN l 9G8
N N l £v8
anN aN l GGY
£00°0 aN l 9G8
L90°0 N l £Eve
160°0 £10°0 { GGy
aN aN l 9¢8
aN aN 1 £Ev8
aN an l GGy
anN aN [ 968
anN aN l £ev8
aN aN L GG
aN anN l 9G8
aN aN l £y8
aN aN { <Gl
€ Aeq 7 Ae(Q L Leq 22an0g 1od{], 9pod
(1/3w) suo13lrIjzuadUO) a1dues weaalsg

VIVAd ONITAWVS YHILVMILSVM MVY
NOILNTOS ONINNIMOYLOATH ILNAIS

LL-A 2T9BL

9UL22UuaqoIoTYd

9pTiOoTYoBIID] uUOqaABD

aulpizuaq

auazuaq

311a31uoidaoe

urajoaoe

auayjydeuaoe

L

!

sjueani1od OIXOJ]

jueanyiod

65



aN anN l 968

aN anN l £v8
anN aN l GGh 2UBYISOIOTYDITAI-Z Ll °¥}|
anN aN l 968
aN anN l 1VAY )
anN anN l GGy 9UBY3IB0aA0TYITIP-1 | °¢I
anN anN { 968
aN an l €8
aN aN L aGY auazuaq °7|
anN aN l 9GR
aN anN l £v8
990°0 aN l GGY 91Ti13TUOTAIdOR  ° ||
an anN l 968
an aN l £v8
an an l GGY urajoade Q|
anN anN l 968
aN aN L £v8
aN aN l GGh auayjydeusoe °§
an anN l 968
aN anN l £y .
anN anN l GGy ) 3uU92zZuaqoaoTYOTIAI-H‘Z‘l °8
(penuijuo)) sjueanirod OTX0J
€ AeQq 7 Aeq | Aeq 90anog§g 19dL], 2poH juelinyT1od
(1/3w) suoijeajuaduo) o1dumeg wea13sg

VIV ONITAWVS YHALVMIALSVM MVY
NOTINTOS ONINNIMOYLOATI LNIdS

(penuI3u0)) | |-A dTqBL

66



aN aN { 9¢8
aN aN l g8
aN aN | GGy
aN aN 1 9G8
an aN { £v8
an aN l cGY
aN aN { 968
aN aN { £v8
an aN | GGh
anN aN 1 9G8
aN aN L £h8
anN anN { GGy
anN aN l 968
aN an 1 1023
aN aN l GGY
an aN L 9GR
aN aN l g8
aN aN l GGY
an aN L 9G8
aN anN l £ve
aN anN | GG
¢ Leq 7 Keq | Kkeq 20anos§ NEGYSA 9pod
(1/3m) suoflrIjuUadUOY o1dueg wealls

VIVA ONITdWVS YAILVMALSVM MVYE
NOIINTOS ONINNIMOIIOHTH INAAS

(penuiluod) ||-A d1qBL

1ousydoaofyo1ai-9‘4‘y
susateyaydeuoaoyo-g¢

a9y3le T4uia TLYyisoaolyo-g
“msumAH%num090ﬂ£oanmHn
a9y3aa (T4y3lawoaoIyos)siq
3UBYIL80I0TYD

AUBYID0I0TYDBIAIBI-Z 7 1|

“1?

‘0¢

‘61

‘81

Ll

‘91

‘Gl

(penutiuo)) sjueiInTlod O1X0]

juejny1od

67



anN an l 968
an an l €98
an anN l GGY
anN anN i 968
anN aN 1 £vs
aN anN 1 GGt
an anN l 9G8
an an I £v8
anN anN l GGy
anN an l 968
aN aN 1 1AVA]
anN an | GGy
an an { 968
anN aN l £v8
aN anN I GGY
an LEO"O l 968
aN aN l £v8
aN 8¢0°0 l GGy
an an l 968
an aN l £v8
aN aN L GGY
€ AeQq 7 Aeq | Leqg aoanog NELES ] 2poYH
(1/8m) suoT3leI3jUdOUO) a1dueg weaals

VIV4A ONITAWVS YALVMALSVM MVH
NOTLNTOS ONINNIMOUIDHETI INHIS

(penutiuo)) [ |-A 9TqEL

UIPTZUSQOIOTYDIIP-,E €

aUazuUaqoaoTYIIp-H* |

2U9ZU3qOAOTYDIIP-€“ |

2U8ZzuaqoIoTYIIP-7° |

1ouasydoaoyo-7

WIOJOIOTYDO

10s3i10-w-0x0yo-d

*8¢

x4

*9¢

‘62

‘vt

RYA

X4

(penutijuo)) SJueIN]104d OIXO]

JueaInyog

68



aN aN 1 9G8

an an ! £48 .
an aN | GGY aUdNT030a3TUIP-4 7  °G¢
an aN l 968
an an l €8 .
600°0 aN l GGh Touaydi4yzauip-v‘z °4¢
an an L 968
an aN L €48
an an L GGh auadoadoaoTyoip-¢‘| °g¢
an an L 968
an an | £€h8
an an 1 GGh auedoxdozoyo1p-7‘| ¢
aN aN L 968
an an 1 €8
an an 1 GG TouaydoaoTyoip-v‘g °|¢
an an L 968
an an L €98 _
an aN L GGY ausTAyleoioTydIp-suLII-z‘| °*Q¢
aN an | 968
an an L €48 .
an an L GGY duaT4AY32010TY2IpP-1°‘|l °6¢
AﬁmﬁﬁquOOv mucmuﬁ.ﬁﬁom OHNO.H
€ Nma 7 Nmo | Aeq 90aIN0§ J9dA] apo) jueaniiod
A.__\msv SuUOTJIBIJUDIOUOYH wamamm weaxlsg

VIVA ONITdWVS ¥dILVMILSVM MVY
NOILNTOS ONINNIMOYLOHATA INAIS

(penut3juo)) ||-A STqEL

69



an anN l 968
an anN l £v8
anN anN l GGh
an aN i 9GR
aN aN l £v8
aN an l GGY
anN anN l 968
aN an l 1A
anN anN l GGY
(| an l 968
%00°0 anN l £v8
aN anN l GGY
anN aN i 968
aN anN l £v8
aN aN i GGY
aN an l 9468
dN an i £ve
dN an l GGY
anN an l 9¢8
dN anN l £v8
anN aN i GSY

€ Aeq 7 Aeq | Aeq 901N0§ 19dA], apod
(I/8w) suoT3lBI]UIOUO) a1dues weailg

aoyla(1AdoadostoaoTyo-g)s1q

x9y3ls TLusayd TAusydowoaq-4

aoyle 1Lusyd 7Lusydoaoryo-+

auayjueaoniy

suazuaqT4yls

autrzeapAyrLuaydip-z°|

2USNT03013TUIP-9°7

A

"y

‘0

‘6¢t

"8¢

A

‘9¢

SJUBINTTO0d OIXO0J

JueInI1od

VIVA DONITAWVS YILVMILSVM MVY
NOILANTOS ONINNIMO¥LOATH INIdS

(panuTluod) |i-A O1qBL

70



aN anN l 968

aN anN l £v8

aN anN { GGy

aN aN l 9¢8

aN (N l £ve

aN anN l GGy

aN aN I 968

aN aN i £ve

aN aN 1 GGy

aN aN { 968

aN aN { ¢hv8

aN aN L GGy

anN aN { 968

dN aN L €8

aN aN i cGY

. G20°0 L20°0 L 968
. aN aN ! £ve

1€0°0 6L0°0 l GGy

an anN | 9G8

aN aN | €8

aN aN l GGy

€ Ae(q 7 Aeq L Leq 90anog 19dA], 2p0O)
(1/3w) suoT3leIjU’dUO) a1dueg weaaxls

2UeY3IdWOIONTJOIOTYD 113

aUBYIdWOWOIGOIOTYO 1P

(dueylswowoaqril) WIOFOWOIq

(surylowowoiq) aprwoiq TAyiauw

(dueylswoioTyd) IpraoTyo TAylsuw

3pTIOTYD duaTdyrau

aueylam(£X0Yylao0ao01yo-¢7)s1q

‘6%

‘8%

LY

‘9%

‘GY

“hYy

‘tY

(peanuiljuo)) sjuelIniiod O9IXOJ

jueaniiod

VIV ONITAWVS YALVMALSVM MVY
NOIILNTOS ONINNIMOYIDIATA INUdS

(PeNUTIUOD) | |-A OTqEL

N



an aN l 968

aN anN l €8
aN aN l GGy auazuaqoialIu  °9g
an anN l 9G8
aN aN l £v8
aN aN l GGh suaTeyaydeu °Gg
an (L l 9G8
an anN { £v8
anN aN l 1% auoaoydosT *%¢
aN anN L 968
aN aN l €8
anN aN | GGH auatpeluadoo4Ld0a0Tyoexay °¢€G
an anN l 968
aN an | £v8
aN aN | GCH 9UaTpPBINGOIOTYDIBX3AY °ZG
an aN l - 96R
aN aN l £v8
an ¢00°0 l GGY aUBYI2WOWOIQIPOIOTYD ° |G
an aN { 968
an anN l £v8
anN aN { , GGY auBYylawWwoIonNTFIpoOIOTYITIP  *Q§
(panuTijuo)) sjueanyiod OIX0]
€ Ae(q 7 Aeq 1 Leq 901IN0g 19d<Ly, 2po) jueany1od
(1/3w) suo13lvIlU3DUOY 91dueg weails

VIV ONITAWVS ¥YILVMALSVM MV
NOIINTOS ONINNIMOMIDITI INILS

(panutjuo)dy) ||-A @1qBL

72



anN anN L 968
aN aN 1 £Eve
aN aN l GGY
anN anN l 968
aN anN l €8
an an { GGY
an anN L 968
an anN L - EY8
an anN l GGY
an aN l 968
anN aN l €8
aN aN l y GGY
an anN l 968
an aN 1 £v8
anN aN l 1
anN aN l 968
aN aN l 19%/4°]
an aN l GGy
an an i 968
090°0 aN L €8
anN aN l GGy

¢ Ae(q 7 Aeq 1 Aed 92aN0g 19dA] 3pon
(1/3w) suorjeijuaduo) a1dueg weails

VIVA ONITAWVS YILVMILSVM MVY
NOILNTOS ONINNIMOIILOATH INHLS

(penutijuod) ||-A 2TqEL

sutmeTAdoad-u-1posoaaIu-N

sutweyAusydiposoxiTu-N

sutwe1£AYylawIposoalITu-N

108910-0-013TUTIP=-Q‘Y

Tousydoaayuip-+°g

1ouaydoxitu-v4

Tousydoalytu-g

‘€9

°C9

‘19

‘09

"66

‘86

"LS

(panutiuo)) sijuelnijod O1IXO0],

jueanyyod

73



aN aN 1
aN aN L
aN aN {
aN aN l
aN aN i
aN aN l
aN aN 1
aN aN |
aN aN L
anN aN |
aN aN L
aN anN i
aN 700°0 l
aN %¥60°0 l
anN 900°0 l
020°0 aN l
oeLto aN l
L10°0 anN l
aN aN l
aN aN 1
aN aN l
€ Aeq 7 Aeq 1 Ae(q 902aN0g +meH

(1/9w) suor3jeajuaouo)

a1dueg

968
£v8
GGY

968
tv8
GGY

968
€98
GGy

968
£v8
GGY

968
£ne
GGy

968
£v8
GGy

968
£v8
GGY

2poD

weails

ajeteyayd 1Lyastp °0QL
a3eTeyayd TL300-u-1p °69
93eTeyayd TLanq-u-1p °g9
o3eTeylyd 1dzueq 143anq /9
a3eTeyayd (14xayiLyas-g)siq °99
Tousyd -g9
1ouaydoaogyoeiuad °49
(penut3iuo)) sjuelaniiod OIXO0]

jueaniiod

VIVAd ONITAWVS YHALVMALSVM MVY¥
NOTILNTOS ONINNIMOJLOHATH INAdLS

(penutiuo))

L1-A @TqEL

74



anN anN l 968

anN aN i £yv8
anN anN l GGh auoTAyzydeusde °*//
aN an L 968
aN aN | £v8
an an L GGy ausshiyd °9/
aN anN | 968
an anN L £ev8
aN aN L GGy duayjueionyy(q)ozusaq °G/
aN an 1 9G8
aN aN l £v8
an an | GGY dusyjueIoNTF(q)0zudq °¥/
aN anN l 9GQ
aN aN L £v8
aN aN l GGh suaikd(e)ozuaq °¢/
aN aN 1 9G8
aN aN 1 £ev8
aN aN | GGY¥ ausdeayjUER(B)OZUdq °T/
anN aN | 9GR
aN anN l 19741
an aN | GGy o3eTeyayd 1Lyiswip |/
(penuTiuo)) sjuelaniiog OIXO],
€ Aeq 7 Aeqg | Aeq 20anog 12d£], 2pod jueiniiod
(1/3w) suo1lBIjUaOUO) 91duweg weaxls

VIVA OSNITdWVS YALVMALSVM MVY
NOIINTOS ONINNIMO¥IOHATI ILNIdLS

(ponuT3uo0d) |-A 91qE]L

75



£€90°0 N l 968
£00°0 an l €98
aN aN L GGY
aN aN i 9¢8
aN aN i £h8
aN aN l GGy
anN an l 9G8
aN aN 1 €8
aN anN l GGy
aN aN L 9Gg
aN aN l £h8
aN aN L GGy
aN aN { 968
aN anN l £vg
anN anN { GGY
aN anN l 968
aN aN i £v8
aN aN i GGy
aN aN l 9G8
aN aN l £v8
aN aN l GGy
¢ Aeq 7 Aeq | AeQ 22anog 19dA] 2po)
AH\MEV suoljrIjuaouo) mamamm weails

VIVAd ONITAWVS ¥ILVMILSVM MVY
NOILNTOS ONINNIMOJLOATH INAdAS

(penuTluo)d) ||-A @IqBlL

ausaaAd

suaxkd(p‘o-¢‘z‘1) ouapur

auaoeayjue(y‘e)ozuaqip

() ausayjueuayd

auaxonty
auatLaad(tysd)ozuaq
(®) ausoeIYJUE

48

‘E8

"C8

“18

‘08

‘6L

1A

(panuiluo)) s3jueInTTod OIXO]

JueaIny1od

76



an anN l 9G¢8
anN aN l €8
anN anN l GGy
anN dnN l 968
aN aN L £evs
aN an 1 1%
anN an t 9GR
aN anN L £v8
anN anN i GGY
anN anN l 968
anN anN l €8
aN anN 1 GGYy
600°0 L00°0 l 9¢8
aN aN i £v8
aN dN { GGy
S00°0 S00°0 I 968
L10°0 £60°0 l €8
810°0 100°0 t GGy
66£°0 dnN l 968
an anN i £he
aN aN l GGY
€ Ae(Qq ¢ Aeq | AeQ 30aAN0S 19dLy 3po)
(1/3w) suoTieIjuUdDUO) 91dueg weailsg

aUBPIOTYD

Utipiatp

utapie

(duaT4AylsoaoTy2) op1aoIyo TLuila

CHERFAIREToR (o} fib) S &

auanyo3l

9uaT£Ly3la010TyorIlal

“16

"06

‘68

‘88

‘L8

‘98

‘G8

(ponutjuo)) sjueaniiog OIXOJ

JueIny104d

VIVAd ONITAWVS YALVMALSVM MVi
NOILATOS ONINNIMOYIOETH INHIS

(panutluo)) |1-A 21qe]

77



aN aN L 9G8
aN aN i £h8
aN aN i GGY
aN aN L 9¢8
aN aN l 19 74°]
aN aN | Gay
aN aN 1 9G8
aN aN L 194"
aN anN l GGy
aN aN l 9G8
aN N l £v8
anN aN | GGY¥
aN aN l 968
anN aN l (R
aN aN L GGqY
aN aN 1 9G8R
aN aN l £v8
an anN l GG
aN aN | 9GR8
aN aN l £ve
anN aN l GGh
€ Aeq 7 Aeqg 1 Leq 90aN0g +wMNH 2po)d
(T/3w) suoTileIluadUO) a1dueg weaiIls

VIVQ ONITAWVS ¥YILVMALSVM MV

NOIIATOS ODNINNIMOYLOATH INEdS

(PPNUT3U0D) ||-A OT9EL

uiapua

23BJINS UBJINSOpPUd

uejInsopua-elaq

uejinsopua-eydie

aaa-.%‘y

qqd-,v‘y

Iaa-.v‘v

‘86

‘L6

‘96

*G6

‘%6

"6

*C6

(panutTiuo)) sjueiniiod O9TXO0]

Jueaniiod

78



anN aN 1 9G8
aN aN l €8
aN N | GGy
anN aN l 9G8
anN aN l £ve
anN an L GGY
aN anN I 968
anN aN { 1A
anN anN 1 GGy
an an l 968
aN aN l £v8
aN N l GGy
aN aN L 968
aN aN | £v8
aN anN l GGY
aN aN l 9468
aN aN 1 £v8
aN an { 139/
an anN { 9G¢8
an aN { £v8
an aN i GGy
¢ Leq 7 Ae(Q | Aeq 90aNn0g 19dAy ?po)
(1/9m) suoTjeajuaduUO) 21dueg Wea13g

VIV SNITdWVS YIALVMALSVM MVi
NOILNTOS ONINNIMOVLOATH INHdLS

(penutjuo))

LL-A @TqEL

OHA-B3T2P

JHY -euwed

OHg-©139q

OHg-eydre

spixoda 1oyyowviday

101yoeaday

apAysapTe urapua

"GO0l

*v0l

‘€0l

*Col

‘1ol

‘001

‘66

(panuTluo)) sjuejxInIyog OIX0]

Jue3ny1od

79



anN an l 968

aN aN l (/23

an an L GGY (@) 9101-92d °Tl!

aN aN l 968

aN aN | £v8

aN an L GGy (®) 09Z1-92d °L1}

anN anN { 9Gg

aN aN I £v8

aN aN l GGY (@) 8%21-90d °O0lL1

an dN l 968

aN aN l £v8

aN aN l cGqYy (@) 2€21-90d 601

aN aN L 968

aN N l £h8

an aN L GGY (q) 1Z2Z1-929d °801

aN daN l 968

aN aON l £v8

an an L GGY (q) ¥GZ1-90d L0

anN aN L 9G8

aN anN ! £Yv8

aN aN L GGy (9) ZvZ1-92d  °901
(penuTluo)) s3juelInNITod O1X0]

€ Aeg 7 Aeq | Aed 29anog J9dA]T 2po) juelniiod
(T/3mw) sSuoTlIrIIUIOUO) o1dueg weaxls

VIV ONITdWVS YIIVMILSVM MVY
NOILNTOS ONINNIMONLOHTH INAJS

(ponut3uo)) ||-A dTqERL

80



Iv°0 910°0
0€°0 7170
06°0 800°0

96°0 %00°0
0€°0 £00°0
%6°0 £00°0

6C°0 100°0
VARV 100° 0>
AN 020°0

0¢°0 100" 0>
S00° L00°0>
80°0 100" 0>

L00°0
800°0
¢00°0

9'9

6°1

0°¢

i%°0 L00° 0>
6°0 100" 0>
0°§ 100°0
aN aN
aN aN
an anN

€ Ae(q ¢ Aeq | Aeq 92anog

(1/3w) suoT3BIIUIOUOYD

VIVA HSNITIWVS YHLVMALSVM MVY
NOTILNTOS ONINNIMOULOATH INHJS

l 968
L £y8
L GGy

l 968
l £y8
l GGY

l 968
l £v8
t GGY

l 968
i £v8
L GGY

l 968
{ €v8
l GGy

I 968
| £v8
I GGy

l 9468
l £v8
l GGY

$3d4], 3apo)d
o1dueg weailsg

(penuI3u0)) |1-A dIqE]

aaddoo

(1Te201) uwniwmoayo

uniuped

unt11La8q

oTudsae

Auow1jue

auaydexo3l

‘071

‘611

‘8lL1

AN

‘Gl

‘il

‘el

(panuTluo)) S3juEBINTTOJ OIXOJ

jue3ny[od

81



’

o.
Oo
F.

AN N

0€e°0
Ge"0
ov 0

$00°0>
(A3
0%0°0

L°€
L°Yy
¢°¢

9¢0°0
z200°0>
¢00°0>

0°6
1Q°
9°¢

e
anN
9°¢

AR S | £eq

¢00°0
100°0>
71°0

100° 0>
¢0°0
100°0>

S00°0>
1°t
£€0"0

£00°0
100°0
t00° 0>

L00°0
¢00°0>
¢00° 0>

1to°o
1000
610°0

%00°0
anN
¢00°0

901N0g

968
£y8
GG%

9¢8
€8
GG

968
£v8
6GY

968
£ev8
GGh

968
Y8
GGy

968
£en8
1%

968
£y8
GGy

(1/8m) suorjeajusouo)

VIVQ ONITIWVS ¥YILVMILSVM MV
NOILNTOS ONINNIMOJLOITH INHAIS

2poD
weailg

(ponuTIU0)) ||-A OTqEL

wnITeY3

I9ATTS

wniusa1as

190 1U

Kinoaom

peal

(Te303) aptTurAhd

XA

‘9C1

YAl

AL

YA

AL

‘izl

(panutiuo)) sjueiniTod OTIXO0],

juelnyiod

82



[43
0¢

000°‘€!L
000°02¢

g€ Aeg

7 Aeq | Aeq

100°0

¢00°0

L10°0

G°G

[AN!

0%
Ll

61
06°1
09

%C°0

90°0
80°0

201n0g

(1/3u) suoi3zeizuaouon

VIVA ONITAWVS YIILVMALSVM MVi
NOILNTOS ODNINNIMOJLOHTH INIAS

yodLy,
o1dumeg

968
£%8
GGY
GGY
GGY
GGY
GGh

968
£v8

GGY
GGY

968
£v8
GGY

2po)

weailg

(penutluo)) |i-A 974EL

so1Touayd
untsaudeu
apTaonty
(@oD) puewap ud3Lxo TeOIWAYD

unioTed

uadoajiu elUOWWE
wnuiunge

Lfatutrteyie

S3jueIniiod TEUOTJIUSAUODUON

oulz  *g7|

(penutiuo)) sjueln]10d OIXO]

juean{10d

33



+1ay3a8o3 pajaoday (2) ‘(q) ‘(®)

qeasd suwil-suQ - | :3po) adL] 21duesi

L l 9G8
6?1 G*'9 I £v8
€€l 2°9 | GGy (s3tun paepuelis) Hd
00lL‘s 6 l 968
00006 61 l £v8
000°‘€e 1 | GGy (sSl) sp11os papuzdsns Tel03
sjuejn]iod TruoIluaAuUO)
008°‘8 L1 { 968
009°C 8C°0 l £ev8
09/ 9°1 | GGY utrj
(ponutyuo)) s3uURINTTOd TBUOTIUDAUODUON
€ AeQg Z Ard 1 AeQg 92IN0§ +mmNH 3pod jueanitod
(1/3mw) suoi3lealjuaduo) a1dueg weails

VIVA HSNITAWVS dHALVMILSVM MV
NOILNTOS ONINNIMOYIOATA INIdS

(penurjuo)d) [|-A 3TqBL

84



aN an l G6¢

aN an | G6¢E

aN anN I G6¢

aN an | G6¢

anN aN | G6¢

aN aN l G6¢

aN an l G6¢

aN an l G6¢

aN aN I G6¢

an an I G6¢

anN aN I G6¢

aN an | G6¢

anN aN I S6¢

aN an l G6¢t
¢ Leq g Keg | keq __@oanos jaddL  apo)
(1/3wm) suoizeajzuadouo) a1dues weails

VIVAd DONITAWVS YALVMILSVM MVY

9UBY120I0TYDTII-Z“ ‘|
9UBYIS0IOTYITIP-1°|
aueByl13010TYydoBXaY
2UBYII0IOTYDITAI-|“ ‘|
9UBYJS0IOTYIIP-C‘ 1
3U3ZU3QOIOTYOBXIY
9USZU3qOIOTYDITII-H*Z* |
2U?zuaqoIOoTYo
SpPIAOTYOBIID] UOQABD
aulprzuaq

auazuaq

9T1a131UOTLao®
uraoaoe

ausyjydeuaoe

v
‘tl
*Cl
"1l
‘0l
°6
‘8
'L
‘9
'S
'Y
't
°C
1l

s3jueIn{od OFXO],

jueanyiod

(dV¥0S WO¥4d) INVIVNYAdAS NOILVIIJIOEYd AAIXO¥AAH NIL

Cl-A @1qe]

85



aN an i G6¢

an an l G6¢

an anN l G6¢t

aN an l G6€

dN aN I G6¢

an aN l G6¢€

aN an l G6¢t

aN anN l G6¢

aN anN i G6t

aN anN l G6¢

aN an l G6¢

aN aN l S6¢

anN an I G6¢

an anN l G6€
€ Keq 7 Led 1 Leq 201n0§ ELRISH “@po)
(1/3w) suorjleajzuadouo) a1dues wea1lsg

VIVA ONITAWVS YALVMALSVM MVY

dUTPTZUSQOIOTYDIP-,E €
2U9zZU8qOIOTYOIpP-H‘|
2UdzUuaqOIOTY2IP-€ |
2UdzZUuaqoIO0TYOIpP-C¢ |
Touaydoaoyo-g
Ww10joio0TYyo
T0s®ao-w-oxo1yod-d
Toudydoao1yo113-9°‘%‘g
susteyiydeuoaoyyo-g
a9yze TAutA T4Lylao0aoTyo-g
a9y3a (14yars0101Yyd-¢)s1q
19y39(14yzswoaoTyo)siq
2UBY390I0TYD

2UBY390I0TYORIIII-C T L |

*8¢
*LT
*9¢
*6¢
A
‘te
*¢
‘¢
‘0¢
‘61
‘81
A
‘91
"Gl

(penutjuo)) siueiniiod

jueanitod

(dV¥DS WO0¥d) INVIVNYHdAS NOILVLIAIDIYd HAIXOYAAH NIL

(ponuy3uo)d) zl-A @TqeL

OIXO],

36



anN an l G6¢

aN an l G6¢

anN anN l G6¢

dN aN { G6¢

110°0 anN | 6t

10" 0> anN L G6¢

anN anN ! S6¢

aN an l G6¢

an an l G6¢

anN aN l G6¢

anN anN l G6¢€

aN aN l G6¢

an anN l G6¢

10°0> 10°0> l G6¢
€ Keq 7 Keg 1 £eq @0anog IFEL:LSH "8poy
(I/8m) suorjeajzuaduo) a1dwesg wearls

19y33 (1LdoadostoaoTys-g)s1q
a9yl TAusayd jLusydowoaq-+
19y3s TAusayd TLusaydoaoTyo-¥
suayjueaontj

auszuaqrdyis
autzeapAyrLuaydip-z*|
ausanioloalzIulIp-9‘yg
2USNT030I3TUIP-4°Z
Tousydidylrauip-4‘g
auadoadoioTyo1Ip-€ ‘|
auedoadoaoTyo1p-z‘|
TousydoIoTyd21Ip-+*g
2uaT1£Yy39010TyYdIp-5UBII-Z* |

U9 T4AY12010TY21IP~1°|

A
"1y
N
"6¢
‘8¢
A%
*9¢
‘GE
‘he
‘te
KA
“le
*0¢
*6¢

(ponuijuo)) s3UBINTTOJ OIXOL

jueiny1od

V1Vad ONITdWVS YHLVMALSVM MVY
(dV¥0S WO¥d) INVIVNYIINS NOILVIIdIOAYd FAIXO¥YAAH NIL

(ponui3uo)) z|-A 91qEL

87



an anN L G6¢

an an l G6¢

aN an l G6¢

an anN l G6¢

aN aN l G6¢

anN aN L G6¢

anN aN i G6¢

aN anN L G6¢

dN aN l G6¢

aN anN l C6¢€

anN anN l G6¢

aN an i G6¢t

10°0> 10°0> l G6¢

aN anN l G6¢

€ Leq Z Keq 1 Leq 3%anog JodLy, 2po)
(1/3w) suoTjeajuaouo) a1dues weaix3ls

2uazuaqoalu

ausTeryaydeu

auoaoydost
auaipeiuadoyohooaoTyoexay
2uaIpeINqOIOTYOoEBXaY
2UBY3IdWOWOIqIPOIOTYD
aueylawWoIONTIIPOIOTYDIp
‘aueylawoaonTJoioTYoTil
aUBYIdWOWOIGOIOTYOIP
(sueyjswowoiqIil) wiojowoiq
(sueylawowoiq) aprwoiq TLyjsuw
(3ueylawoIoTyo) IPIIOTYO TAylauw
aptaolyo a2uaifylsu

aueylam(Axoyirso0ioyo-7)siq

"9
1
"G
"€
"6
"16
"06
"6
"8
LYy
"9
"Gy
"y
gy

(penuijuo)) sJUBIATTOJ 2IXO]

jue3niiod

VIVAd ONITAWVS YILVMALSVM MVY
(dVd0S WO¥d) INVIVNIIdNS NOILVIIdIDHYd FAIXOYAAH NIL

(penuijuod) zi-p 319BL

88



anN
aN
anN
an
10°0>
anN
10°0>
anN
an
anN
aN
980°0
9¢0°0
l€0° 0

£ 4Aeq

7 Aed | £eq

anN
anN
anN
aN
10°0>
anN
anN
an
an
aN
aN
anN
L0° 0>
aN

?01nog

(T1/3m) suoT3BI1U3IOUOD

G6E
G6t
G6¢E
G6¢
G6t
G6¢
G6¢
G6¢
G6¢
G6¢
G6¢
G6€
G6¢
G6¢€

apo)
weaailg

saeteyayd 1Lyisip -0/
a3eTeyayd 14300-u-Ip ‘69
aaeteyayd 1Langq-u-Ip °g89

ajeTeyayd 1hzusaq j4LInqg °/9
a3eTeyayd (TLxay1Lyas-¢)siq 99
Tousyd °g9

1ouaydoaofyoejuad °4g
sutweyLdoad-u-1posoa3Tu-N °€9
sutweTduaydiposoaliu-N °79
auTweTAYylsawIposoazfu-N °19
108810-0-013TUIP-9‘%  °(Q9

Tousydoaatuip-%‘z *6G

1ousydoaztu-4 *gG

Tousaydoaztu-g /G

(ponutaluo)) S3uBINT[OJ OTXO]

juelIni1od

VIVAd ONITdWVS ¥JdLVMALSVM MVY
(dVIDS WO¥d) INVIVNYAJNS NOILVLIAIOHYd AQIXO¥AAH NIL

(PenUTIUO)) Z|-A BTqEL

89



aN aN l S6¢

anN an l G6¢

an aN I S6¢€

aN an | G6¢

an an | - G6€

an an l G6¢

anN aN | S6¢

aN an {  G6€

an aN L G6¢€

an anN l G6€

an aN I G6¢t

" QN anN | S6€

aN aN L G6¢

anN anN L G6¢

€ Leqg 7 Aeq | Keq 921N0Gg 1adAg, apo)d
(1/3w) suoijeajuaduo) a1dueg wueailsg

VIVA ONITAWVS YIAILVMALSVM MVY

suaakd
ouoikd(p‘o-g‘z*‘1) ouaput
suaoriyiue(y‘e)ozuaqip
() suaayaueuayd
ausaonyJ
sustkaad(1y3d)ozuaq

(®) ausoeiyaue
auatLyaydeuaoe
aussfayo
aueyjuerioniJ(3)ozuaq
suayjueaonyy(g)ozuaq
auaidd(e)ozusq
auaodeayjue(e)ozuaq

a3e1eyzyd 1Ayasmip

‘%8
€8
*Z8
‘18
‘08
‘6L
‘8¢
A
‘9¢
T4
‘vt
Ry
‘L
Yy

(penutluo)) sijuelnl{od 9TXO0L

jueiniiod

(dV¥0S WO¥A) INVIVNYAJNS NOIIVIIJIDAYd FAIXOYAAH NIL

(ponutauod) zl-A @1qel

90



aN aN l G6¢

aN anN l G6¢

anN an i G6¢

aN anN l G6¢

aN aN l G6¢

an anN l G6¢

aN anN 1 G6E

anN anN L S6¢

an anN l G6¢

aN anN L G6E

9€0°0 aN I G6¢

L0° 0> an l G6E

aN dN l G6€

anN anN | G6¢€
€ Leq Z Keq 1 Keq 92iInog VLS “apody
(1/3w) suoTjeajuaduo) o1dueg weails

1oTyoeaday

23BJINS upjINSopud
uejInsopua-eiaq
uejinsopua-eydie
aaa-.v*‘y

4qa-.v‘y

1aa-.v‘y

auBpIoTY>

utrapfiatp

utapte
(suaTdyisoaolyo) apiioTyo TLula
auat4dylsoaoqyo1al
auanyol

auaT4Aylso0ioTyoealal

"86
"L6
‘96
‘66
“v6
“£6
°T6
“16
*06
‘68
‘88
"L
‘98
‘68

(ponutTjluo)) Ssjueini{od OIXO]

jueaniiod

VIVA ONTITAWVS JYHALVMALSVM MVd
(dV¥0S WO¥A) INVIVNYALNS NOILVIIAIDAYd JAAIXOYAXH NIL

(penutjuo)) g|l-A dTqBlL

91



aN an | G6€ (@) 9101-92d °Tll

an an ] G6¢ (®) 09Z1-90d "Ll
an an l G6¢ (@) g¥Zi-90d “0ll
an an | G6¢ ) Z€TL-90d  "601
an an l G6¢ (D 1ZZ1-99d4 801
an an L G6€E (@) #Ge1l-49d (0l
an an | G6€ (@ IvT1-90d °901
an an L G6¢ OHE-B3IT3P °G0l
an an | G6¢ OHg-BUWE3 4|
an an ] G6€ OHd-®32q €0l
an an | G6E OoHg-eydie °zol
an an | G6€ aprxods aoTyoeaday ° ||
aN an L G6€ aoTyoeadsy Q01
an an ] G6E apAyspie ulrIpus ‘66

(penutjuo)) sijuelNII0d OIXO0],

¢ Keq 7 Aeq | AeQ 90anog 12d{L7, 2po)H jueani1od
(T/3w) sSuoTlBIIUDDUO) a1dueg meaIls

VIVA SNITIWVS YAILVMALSVM MV
(dV¥DS WO¥J) INVIVNIIAINS NOIIVIIAIDHYd HAIXOWAAH NIL

(ponut3juo)) gi-A 2T49elL

92



066°0 LO0" 0> i G6¢

G90°0 100°0 l G6¢

800°0> 800° 0> l G6¢

0vGe* 0 G207 0> l G6¢

2000°0> C000°0> l G6¢

0¢€°0 cL°o l G6¢

8%°0 0%0°0 { G6¢

i11°o 1£€0°0 l S6¢

890°0 ¢e0°0 l G6¢

o%1°0 100° 0> L G6¢

100°0 G000° 0> l G6¢

GELT0 100" 0> l G6¢

VAN 900°0 l S6¢

an an L S6¢

£ Ae(q 7 Leq | Aeq 90anog }9dAj, apo)H
(1/3wm) suo1lrIjzU3dUOC)H maaamm wea’xls

VIVA DONITAWVS YIIVMILSVM MV

untireyl
I9ATTS

WNTUa T3S
19%01U

Lanoaawm

peat

(T®23031) °2p1uekd
aoddoo

(Te303) wniwWoayo
uniwped
untT14LI9q
dTuasae
Auowtiue

auaydexoq

AA!
‘9?71
‘61
Al
XA
A
A
‘0¢Cl
‘6Ll
‘8Ll
AN
‘Gl
AN
‘tll

jueanyiog

(dV¥DS WO¥A) INVIVNIAANS NOIIVIIJIDA¥Yd AAIXOYAAH NIL

(penuTauod) Zi-A 919RL

(panutjuo)) sjuelnyjy1od OIXOJ

93



€ Aeq

L8 1> l G6¢t

000°€1L 091 l G6¢t

8°¢ G207 0> l G6¢

0002 6¢ ! S6¢

¢00°0 9¢0°0 L G6¢

08°0 (AN l G6€

0ce %6°0 l G6€

0L1 1> l G6€

91°0 Ll l G6¢

L°1 A L G6¢

00Z°T LL | G6€

0lz°0 G0°0 l G6¢

7 Keq T Xeq ?0anog NELYSH apon
(1/3w) suoTjerajuaduo) o 1dueg wea13§

VIvVd ONITIWVS YILVMILSVM MVY

9se2a3 pue 10

SJUBINTTO0J [BUOTIUSDAUOD
(SAl) sp1TOs paaToSsIp Tel01
url

?je3Ins

sot1ouayd

unysaudeuw

optIonijy

(009) puewsp us8LxXo TeoTWIYO
unioTed

u93013Tu BIUOWWE

L£aturiedre

S]UBINTIO0d [BUOTIIUDAUODUON

ourz °gQz|

(ponuiluo)) SJIuBINT[OJ OIXO]

jueanyiod

(dvd0S WO¥d) INVIVNYAINS NOILVIIdIOA¥d FAIXOWAAH NIL

(ponutluod) z|-A °19eL

94



"19y3a803 paixzodsy (o) ‘(q) ‘(e)

qead swrl-sauQ - | :3po)n adL] o1duegy

£°8 €L l G6¢ (s3tun paepuels) yd
¢? 6 1 G6¢ (SS1) spt1ios papuadsns Te303
(penutluo)) sjueINi{0g [EUOTIUSAUOY
£ feq AR I £eq ?91nog T 49dLy 2po) JuelnTiog
(T/3m) suorlerI3zu3aoUO) 91dweg weaixlg

VIVQ ONITAWVS ¥ILVMALSVM MVH
(dV¥DS WO¥A) INVIVNYEANS NOILVII4IDHYd HJAIXO¥AAH NIL

(penuiluo)d) z|-p @1qe]

95



aN aN aN { 66¢
aN aN anN 1 96¢
aN an aN l 66¢
aN (N anN i 96¢
aN an aN | 66¢
anN an an l 96¢
aN aN anN { 66¢€
N aN aN l 96¢
aN anN aN l 66¢
aN aN anN { 96¢
dN anN aN L 66¢€
aN aN anN l 96¢
anN aN aN l 66¢€
aN aN anN l 96¢€
aN aN aN l 66¢
aN (N aN l 96¢
aN aN aN i 66¢
aN aN aN l 96¢

€ Leq 7 Keq 1 Aeq 92anog JRdAg 2p09n
(1/3w) suoTlrIlUadUO) a1dues weails

VIVA OSNITAWVS YIALVMALSVM MVY

2UDZU2qOIOTYORX3AY ‘6
auazuaqoaoTyoral-v‘'zg‘y °§
2uszuaqoIoTyd °*/
8pTIaOTYoeBIID] UOQIBD °Q
aulptzusq °G
auazuaq °%
971a3TUOTLAa0® °¢
UI9TOIDOE °7
auayaydeusoe |
Sjue3InNiI0J °IXO0]
JueIn{10d

(SA9AN'TIS ANV NOILNTOS ONIIVId INIAS WO¥A) INVIVNIAINS NOIIVLIIAIDAYd ACIXOIAAH NIL

€l-A STq®elL

96



daN aN aN l 66¢

an an aN | 96€ 19y3a (14y3soio1yo-g)siq °8|
aN aN an | 66€
aN an an | 96¢ 19y3a (TAyaswoaoTyd)sIq *[|
an an aN L 66€
aN aNn aN | 96¢ aueyla0a0Tyd °9|
an an aN | 66€
an aN aN | 96€ auBY3d0I0TYORIIBI-CZ Ll °GI
aN an an i 66€
an an an | 96¢ 2UBYIP0I0TYDTAI-Z‘ L L °*¥|{
aN aN an 1 66€
an aN an l 96¢ 2UuBY3IB0IOTYITP-L‘l °¢€1
an aN an l 66€
an an aN | 96¢ aueylsoioTycexay °gl|
aN an aN | 66€
aN an an | 96¢ dUBYJS0AOTYITII-L L °|1I
an an an 1 66€
aN an an L 96¢ 2uBYy120I0TYITIP-Z‘1 01

(penuT3uo)) sjuelniiod OIXO]

€ Aeq 7 Aed | Aeq 90ano§g 12dL], apo)d jueanitod
(1/3um) suorirajzusaduo) a1dues wes13s

VIVAd ONITAWVS YALVMILSVM MVY
(S¥5ANTIS ANV NOILATOS HNILVId INAJS WOdA) INVIVNIAINS NOILVIIdIOIYd AAIXOYAAH NIL

(ponutjuo)) g -A 31qEL

97



aN anN aN l 66¢

an aN an l 96€ aUazuaqoIoTYIIpP-%*‘| LT
an an an | 66€
aN an an | 96¢ 3Uu2zU3qOIOTYITIP-€‘ L °9¢
aN aN aN | 66€
aN an an | 96¢ 2U2ZUaqoIOTYITP-Z‘ | °*GC
an aN aN | 66€
aN an an l 96€ TousydoaoTyo-g *%¢
aN aN an | 66€
an aN aN l 96¢€ UWIOJOIOTYD °€7
an aN aN { 66€
aN aN aN | 96¢ 10sa10-w-0x0TyYyd-d *ZT
an an aN | 66€
an aN an l 96€ TousydoaoTyotal-9‘%‘g ° |
an an an { 66€
an an an | 96€ suaTeylydeuoioyo-g °0¢
an aN an | 66€
an aN an | 96€ aayla TAuta T4y3Lsoroqyo-z °61|

(penutiuo)) saueiniiod OIXO0]

€ Aeq ¢ Aeq | Ae(Q 92ano0g 12dL], apo) jueaniiod
(1/3w) suoTjzeijuaduo) a1dumeg weails

VIVAd ONITdWVS YALVMILSVM MVY
(SE5AMIS ANV NOIINTOS ONILVId INIdS WOdd) INVIVNIHANS NOILVLIAIDA¥d HAIXO0ddAH NIL

(penutiuo)d) €l-A d19qelL

98



anN
aN

anN
aN

aN
aN

anN
aN

aN
an

dN
anN

anN
anN

aN
aN

anN
aN

€ Aeq

Tz Aeq

aN
an

aN
aN

anN
aN

anN
anN

aN
an

aN
aN

aN
an

aN
anN

aN
an

| Leq

(1/8u) suoljeizuaouo)

anN l 66¢
anN l 96¢
anN l 66¢
anN l 96¢
anN l 66¢
anN l 96¢
an l 66€
anN l 96¢
anN L 66¢
anN l 96¢
anN l 66¢
anN l 96¢
aN l 66¢
aN l 96¢
10°0> | 66¢
10°0> l 96¢
anN l 66¢
an L 96¢
20anog 19dLy, apo)
a1dueg weails

VIV ONITAWVS YILVMILSVM MVY

auaNJTo0310IITUTIP-9 7

auanToloA3IUIP-4 ‘T

Tousydi4ylauip-4‘g

auadoadoaoTyoIp-g‘|

suedoadoioTyo1p-z“1

TousydoIoTys1p-4‘g

2uaT4yla2030TYdIp~-SuUrII-7 ‘|

9uaTAy120I0TY2Tp-| ‘|

SUIPTZULQOIOTYDTP-,€ ¢

‘9¢

‘G

‘ve

‘te

A

‘le

‘o€

‘6¢C

‘8¢

(penutluo)) sijuelaniiogd

jueIniiod

(SE9aNTs ANV NOILNTOS HNIIVId INAAS WO¥Jd) INVIVNIAAAS NOILVIIAIDIYd HAIXOWAXH NIL

(p@nutjuod) ¢|l-A 3Tqe]

21IXO0],

99



aN aN anN l 66¢
dN aN aN l 96¢
aN N aN l 66¢
aN aN aN l 96¢
aN 10°0> 10° 0> l 66¢€
aN el 10° 0> l 96¢
aN aN aN | 66¢€
aN aN anN 1 96¢
anN aN anN l 66¢
aN aN dN ] 96¢
aN aN aN 1 ‘ 66¢
aN anN aN | 96¢
anN aN an l 66¢
adN aN aN l 96¢
an aN anN { - 66¢
aN aN aN l 96¢
an aN aN i 66¢
aN (N aN l 96¢
aN 10°0> anN l 66¢
aN aN anN l 96¢
€ Xeq Z Leq | Aeqg 901N0g 19dAg, 2po)H
(1/3m) suoljeIjuadUO) a1dueg weails

(2ueyzswowoiq) o9piwoaq TAylsu °*9g%
(dueylSaWOIOTYD) °pTIOTYo TAYyjlsw °GH
9pTIIOTYD auaTdyaau “°Hty
aueyjlom(£xoylsoioyo-7)sIiq °‘¢¥
19yye (1Adoadostoa0oTyo-g)s1q °7¥
aayia TLuayd TLuaydowoaq-4 *|H
19y3za T4usyd TALusaydoiroryo-4 Q¥
auayjuerioniy °6¢€
auazuaqT4iyia °g9¢
sutzeapAytAusydip-z‘| */¢
(psnutluo)) s3juelniiod OIXO0]J

jue3niiod

VIivVd ONITAWVS ddIVMIILSVM MVY
(S29anTS ANV NOIINTIOS HNILVId INAAS WOdd) INVIVNIEZINS NOILVIIJIDHYd JAIXOYAAH NIL

(PenuUTIU0)) gl-A dTqBL

100



100> 10°0> an 1 66¢€

10°0> 10°0> an | 96€ duateyiydeu  °gg
an aN aN l 66¢
an an aN l 96€ suoaoydost *4g
aN aN anN l 66¢
an an an L 96€ suaipeiuadooLo010TyoEXdYy °€G
an aN anN l 66¢
aN aN aN ! 96¢ 2u21pEINQGOIOTYdBXAY °*Z7G
an anN aN l 66¢
an an anN i 96¢ auBylBWowWoIqIpoIoIyYys ° |G
an aN aN l 66¢
anN aN (N l 96¢ SUBYI2WOIONTITPOIOTYITP  °06G
aN anN anN L 66€
an aN an l 96¢ aUuBYyJ]oWOIONTJOIOTYDIAI °*6h
anN aN an L 66€
aN anN aN L 96¢ auBYlI2WOWOIqOIOTYD TP *8Y
anN an aN | 66¢
anN aN anN L 96€ (pueyjawowoiqial) waojowolaq /4

(panutjuo)) sjurINT10d 2TX0J,

€ Ae(Q 7 Aeq 1 Aeq 3201N0g [ELY S apo)H Jue3INT 104
(1/3w) suoTjeIjULADUO) aTdues wesailg

VIVA ONTTdWVS ¥ALVMALSVM MVY
(SAHANTS ANV NOILNTOS HNILVIA INIAS WONA) INVIVNIAINS NOIIVIIAIOA¥d AAIXO¥AAH NIL

(penutTiu0)d) €L-A TQRL

101



anN anN aN { 66¢

an an an l 96¢€ Tousydoxoiysejuad 49
an an an L 66€
an aN aN L 96¢€ autuetAdoad-u-1posoalTu-N ‘€9
10°0> 10° 0> an L 66€
L0°0> 10°0> an L 96€ sutweT4Ausaydiposoartu-N °79
an an an l 66€
an an aN l 96¢ dUTWETAYIdWIPOSOAITU-N * |9
an an an L 66€
aN an an L 96€ 105219-0-013TUTP-9‘% °09
an an an L 66€
an aN aN L 96¢ TousydoilTuip-%‘yg 66
an an 10°0> L 66€
an 10°0> 10° 0> L 96€ Tousydoaltu-4  °8¢
an aN an L 66€
an 10°0> an | 96€ Touaydoantu-z /G
an an an l 66€
aN an an L 96€ 2U9zUsqoaITuU  *9¢G

(pPenutiuo)) s3UBINTTOJ DIXO]

€ Ae(q 7 AeQ | Leq 20aIN0g 19dA] apo)d Jjuejani1od
(1/3w) suoTjeijuaduo) o1dmeg weailsg .

VIVAd ONITAWVS YILVMALSVM MVY
(STOANTS ANV NOILNTOS HNIIVId INIAS WO¥d) INVIVNYHAJNS NOILVLIIAIDHEd HQIXOUdAH NIL

(panutluo)d) ¢l-A dT9elL

102



aN aN aN l 66¢€
aN aN aN l 96¢
aN aN anN l 66¢
aN anN aN l 96¢€
aN aN aN | 66¢
anN aN aN { 96¢
aN aN aN { 66¢
aN aN aN { 96¢
an aN anN l 66¢
N aN aN L 96¢
10°0> 10°0> aN l 66¢
L10°0> 10° 0> anN l 96¢
10°0> 10°0 anN l 66¢
11L0°0 620°0 anN | 96¢
10°0> 10°0> 10°0> l 66¢
10°0> 89¢7°0 10°0> l 96¢
aN 10°0> aN l 66¢
anN 10° 0> aN 1 96¢

€ Ae(Q ¢ Aeq 1 Keq 90anog 12dLy, 2po)H

(1/3wm) suotjeajusaouo) o1dues weailsg

auaidd(e)ozuaq

auadeiyjue(v)ozuaq

e3eTeylyd TLy3zsuip

a3eTeyayd 14yaatp

23eTeyayd 1£300-u-1p

@3eTeylyd 1L3ang-u-tp

93eTeyayd 1Lzuaq TLang

o3eTeyIyd (T4x3YrdYyas-g)siq

Touayd

RYA

"L

YA

‘0L

‘69

‘89

*L9

*99

‘69

(penutiuo)) sjuejiniiod

JueInT1od

VIVA ONITAWVS ¥ILVMALSVM MVY
(SZ5aNTIS ANV NOIINIOS HNILVId INAJS WO¥d) INVIVNIAINS NOILVIIAIOA¥d AAIXO¥AAH NIL

(p@nuijuo)) ¢L-A @7qB]

JIXO0],

103



aN aN an l 66¢
anN aN aN l 96¢
anN 10°0> aN | 66¢
aN aN aN l 96¢€
aN aN anN | 66¢
aN aN anN { 96¢
anN an anN i 66¢
aN aN aN l 96¢
aN 10°0> aN l 66¢
anN aN aN l 96¢
aN dN aN l 66¢
aN aN aN | 96¢
anN aN dN l 66¢
anN aN aN l 96¢
anN aN anN l 66¢
aN aN aN | 96¢
aN aN aN X 66¢
aN aN aN | 96¢
€ Ae(q 7 Aeq L Leq 92a1nog +mmNH 2po)
(1/3m) suo13leIlUu3adUO0) 91dueg weails

VIVd ONITdWVS ¥YHAILVMALSVM MVY

ausoeayjue(y‘e)ozuaqip °*Z8
(®) susayjueuayd ¢|g
auaaoniy °08
ausaT4Lxad(1y8)ozuaq °g/
(®) ausoriyjue °Q/
suaT4yaydeusade °//
sauaskiyo 9/
aueyjueaonyty(3)ozuaq °G/
ausyaueionij(q)ozuaq ‘4/
(ponutljuo)) sjuelni(od OTX0J

jue3aniiod

(SIOANTIS ANV NOILNTOS OHNILVTId INAAS WO¥d) INVIVNYEANS NOILVIIAIDIYd dAIXO¥dAH NIL

(penuyjuo)) gl-A TqeL

104



¢ Aeg

aN
anN

aN
an

aN
aN

anN
aN

aN
aN

aN
anN

anN
anN

an
(N

anN
aN

AT

N anN l 66¢
aN aN | 96¢
aN aN l 66¢
aN aN l 96¢
aN aN I 66¢
aN aN l 96¢
aN aN l 66¢
aN aN l 96¢
aN aN 1 - 66¢
N aN l 96¢
aN aN | 66¢€
aN aN 1 96¢
aN aN l 66¢
aN aN l 96¢
aN aN 1 66¢
aN aN l 96¢
an aN { 66¢
aN aN l 96¢
| Aeq 201N09g FEGYSH apo)
a1dueg weailsg

(1/3w) suoijeajusouo)d

aUBPIOTYD °* 1|6
UTtapiaIp °06

utIipie °68

(puaTdyiso0aoTyo) aprIOoTyYo TAUTA °gg
auaT4AylooioTyot1al °/g

auanyol °gg

auaTdyiao10Tyse11a331 °GQ

suaakd -4g

suaakd(p‘o-¢‘g‘|) ouspul °¢g
(panutluon) SJUBINT[OJ OIXO]

jueIny1od

VIVA ONITAWVS JALVMALSVM MVH
(SA9aNTS ANV NOIINIOS HNIIVId INIJS WO¥A) INVIVNY¥HANS NOILVIIAIOHAYd AAIXO0HAAH NIL

(ponutlucd) gi-A 219l

105



aN anN aN l 66€

an an aN l 96¢ zotyoeaday °Q0l
gN an aN { 66€

aN an aNn . | 96¢ apAyspIe utiIpua ‘g6
an an aN | 66€

aN an an | 96€ uripus °g6
aN aN aN l 66€

an an aN | 96€ ?3BJTINS UBJINSOpPUd °/§
aN an aN | 66€

an an aN l 96€ uejinsopua-eiaq °94
an an an l 66€

aN an an 1 96¢€ uejinsopua-eydie °G6
aN aN aN | 66€ .

aN an an L 96¢€ aaa-,v‘v  °%6
an aN an 1 66€ .

an an aN l 96¢€ daa-.,%‘y  °€6
an an an 1 66€ .

an aN an | 96€ 1ada-.,%‘y  °76

(penuTjuo)) SIUBINT[OJ OTXO]L

€ Keq 7 Keq | Aeq 901no0§ J9dAT apo) jueany1o0d
(1/3w) suofleijuaduo) a1dueg weails

VIVA HSNITAWVS YILVMALSVM MVY
(SF9aMIS ANV NOIINTOS HNILVId INAAS WO¥A) INVIVNYEINS NOILVIIJIDA¥d HATIXO4AAH NIL

(penu13uo)d) ¢i-A dT9BlL

106



aN
aN

an
aN

anN
dN

an
aN

an
aN

an
aN

anN
an

anN
aN

anN
aN

€ Aeq 7 Aeq

aN
aN

aN
an

aN
anN

aN
aN

an
aN

anN
aN

an
anN

aN
anN

an
anN

I Keq

aN l 66¢
aN L 96¢
aN L 66¢
anN l 96¢
aN l 66¢
aN l 96¢
aN l 66¢
aN l 96¢
aN | 66¢
an l 96¢
an l 66¢€
anN L 96¢€
aN L 66¢
aN l 96¢
aN 1 66¢
anN 1 96¢
aN 1 66¢
anN l 96¢
90an0g ELYSH apod
a1dues weails

(1/3w) suorjeajuaouo)

VIVA ONITdWVS ¥JdLVMALSVM MVY

®)

(D)

(a)

(@)

apixoda aofyoeiday

¢eCl-40d 601
1Z21-90d °801
%671-92d ° L0l
Z%T1-90d 901
OHE-BAT2P °GOl
JHg-vumES 40|
OHd-®3I2q °¢0l
OHg-eudie °Z0|
‘10l

21IXO0],

(penuTiuo)) sjuelniiod

Jueani1od

(SAOANTS ANV NOIINTOS ONIIVId INAAS WO¥A) INVIVNYAINS NOILVIIAIOAYd AAIXO¥AAH NIL

(penuT3u0)) €l-A OTqEL

107



820°0 I1E0°0 ¢e0°0 i 66¢

7€0°0 070°0 7€0°0 l 96¢€ (Te303) wniwoayd °61|
80°0 0L°0 100 °0> | 66€
80°0 €0°0 100 0> 1 96¢€ uniwped °g||
G000°0> 70°0  S000°0> l 66€
L00°0  G000°0> S000°0> L 96¢€ uniiTAasq  */y1)
0€°0 €1°0 100°0> L 66€
¥€°0 Z1°0 100°0> 1 96¢€ dTu’siI®  *Gl|
7°C GL"0 900°0 1 66€
L°€ 0% °0 900°0 L 96¢ KuowTiue ‘4|
aN an an 1 66€
aN aN aN l 96¢€ suaydexol °g||
an an aN L 66€
aN aN aN i 96¢ () 9101-490d ‘71l
an an an l 66¢€
an aN aN 1 96¢ (@) 09Z1-90d “itt
aN aN an L 66€
aN an an { 96¢€ (@) ghzL-90d ‘01!l

(psnuTluo)) sjuelINTIog Dd1IXO0]

¢ Leqg 7 Keq | Aeq 301IN0g yodAy 3apo) Jue3Iny10d
(1/3wm) suoileIluU3dUO0) a1dueg weaals

VIVd ONITAWVS JHALVMILSVM MVY
(SEOANTS ANV NOIINTOS ONIILVIA INAIS WO¥A) INVIVNYHAOS NOILVIIAIOHYd JAIXOYAAH NIL

(penutjuo)) ¢l-A 2TqEL

108



6G°0 91°0 S0°0 { 66¢
71°0 90°0 60°0 | 96¢ outz  tgyl
8C°0 €€ 0 100° 0> 1 66¢
100°0> t00°0> 100°0> { 96¢ untyieys /71
100°0 S000°0> 100°0 l 66€¢ .
100°0 G000° 0> 100°0 1 96¢ A9ATTIS  *97|
¢9°0 £€0°0 800°0> l 66¢
800° 0> G0°0 800°0> l 96¢ uniusias Q7|
$%°0 I%°0  §20°0> | 66€
se’0 91°0 620" 0> l 96¢ To¥2TU 47|
¢000°0> 7000°0> 7000°0> l 66¢
¢000°0> 7T000°0> <T000°0> l 96¢ Landzsw g7
£EL°o £€0°0 ¢L°0 l 66¢
GL0°0 G/0°0 AR { 96¢ pesT *¢7l
0°91 9°¢ 0ov70°0 ! 66¢
6%°0 A/ 0%0°0 l 96€ (Te303) apruekd * |7}
91°0 eL°o 1€0°0 1 66¢
L0 60°0 1€0°0 l 96¢ aaddod -0zt
(panuTluo)) SJUBINTJOJ OIXOJ
¢ Aeqg Z Aed | AeQg 201N0¢G 19dAg 2pod queanT{od
(1/3u) suoillerijuaduo) a1duesg weaals

VIVAd ONITdWVS ¥ILVMILSYM MVY
(SAHaNIS ANV NOIINTIOS HNIIVId INAAS WO¥L) INVIVNYIINS NOIIVIIAIDA¥d ACIXOYAAH NIL

(PenuTlu0)) €|-A dTqElL

109



87 €1 GZ0° 0> | 66€
81 09 GZ0° 0> L 96¢
00L°1 00Z°1 6C L 66€
006°1 00L°1 67 l 96¢
900°0 220°0 920°0 | 66€
810°0 810°0 970°0 1 96¢
L%°0 Gh*0 rANA l 66€
€%°0 %2°0 rANA 1 96¢
000°Z1 000°GL %6°0 l 66€
000°21 000°Gl %6°0 L 96¢
0¢1 6€ 1> L 66€
oLl ¢ 1> L 96¢
%9°0 LG°0 L] L 66€
6G5°0 LZ°0 L L 96¢€
10° 0> 1°t T { 66€
10°0> 8°0 r4 l 96¢
000°ILE 000 ‘6€ LL l 66€
000°0€ 00T ‘8¢ LL L - 96€¢
€ Aeq 7 Aeq ] Keq 32anog +mmNH apon
AH\MEV SUOTJIRIJUIDUOD mamamm wesaals

VIVA ONITdWVS YILVMALSVM MVY

23eIINS

so1Touayd

unisaudew

op1IONTJ

(qoD) puewap udILxXo TBOITWAYD

umToTeo

u98o0a31u BTUOWWER

LAyturreyie

S3UBINTTO04 [BUOTIJIUSAUODUON

Jueaniiod

(SIHANTS ANV NOIINTOS ONIIVId INIAS WO¥d) INVIVNYIINS NOILVLIIAIOA¥d FAIXO¥AAH NIL

(penuyluod) ¢l-A d1qelL

110



7°8 8°L €L I 66¢

8°L 9°L €L l 96¢

Ge 19 6 | 66¢

0% 9¢ 6 l 96¢

L1 €1l > l 66¢

1G 6°C 1> l 96¢

000 ‘8¢ 000°9Y 091 I 66¢€

000°LE  000°97C 091 | 96¢

€ Aeq 7 Ae(q { Leq 920anNno0g +meH apon
(T/3m) suoT3jealuaduo) 91dweg weaxls

*a19yze8o3 padaoday (2) ‘(q) ‘(®)
qead swIij-auQ - | :9po) adLy o1dwesgy

(satun paepue3s) Hd

(SS1) sp110s papuadsns [e303

2seai1d pue T10

sjueiniTod JBUOTIIUDAUO)

(SAlL) SPITOS PaATOSSIP Te303

(ponutluo)) SjueIni{{oq [BUOTIUSAUOOUON

JueaIny1og

VIVA ONITdWVS YHLVMALSVM MV
(SEIOANTS ANV NOILNTOS ONILVId INEJS WO¥d) INVIVNYIANS NOILVIIAIDHYd AAIXOUAXH NIL

(PenuTlU0)) €L-A 9TqBL

m



aN an | 86€ aUBY120I0TYOTAI-T L %I

aN an | 86¢€ duBYILOIOTYITIP-L 1L €I
aN an l 86¢€ aueyjlaoIoTyoeXaYy °T|
an €00°0 L 86€ 9URYIS0IOTYITAI~L L L °1I
an an { 86¢ Jueyla0I0TYITP-2‘1L ‘01
aN anN l 86¢ 9U9ZU9OIOTYOBX3aY °*6
aN anN l 86¢ 2U9ZU9qOIOTYOTII-H‘Z‘|l °8
anN an l 86¢ 2uazuaqoIoTyYo */
anN an l 86¢ ap1IoTyoeBII8] UCqABD °9
N aN l 86¢ auiprZuaq °¢
an an | 86¢ auazuaq ‘Y
an aN i 86¢ 31ta3iuoikaoe °¢
an anN I 86¢ uiafoaoce °g
aN aN l 86¢€ auayjydeusoe °*|

sjueinTiod O1IXO0],

€ Aed ¢ Aed | Aeq 30a1N0§ 19dA] 2p0) jueaniiod
(T/8w) Suo13BIJUIDUO) a1dwes weails

VIVA ONITdWVS YdIVMILSVM MVd
JLVILTId AAIXQYAAH NIL

71-A 9T19BL

112



aN
aN
aN
aN
aN
an
dN
an
anN
aN
anN
an
anN
dN

€ Aed

aN
aN
aN
daN
UN
aN
aN
aN
aN
aN
aN
aN
aN
aN

{ 86¢
I 86¢
I 86¢
l 86¢
l 86¢
| 86¢
l 86¢
| 86¢
l 86¢
| 86¢
i 86¢
I 86¢
| 86¢
| 86¢

7 Aed 1 L& 99JIN0§ 1adL], apo)H

(1/3u) suorleijuaduo)

a1duweg ueails

VIVAd ONITdWVS ¥dLVMHLSVM MVY
JIVILTId dAIXO0ddAH NIL

(penut3uo)) #|-A @1qeL

9UIPIZU3qOIOTYIIpP-,£ €
9UdZUdQqOAOTYOIpP-H* |
9Uu22ZU3qOIOTYIIP~E€° 1
9UaZU3qOIOTYIIP-C‘ |
Tousaydoaoqys-g
WI0JoaoTYyo
10s910~-w-oxojyo-d
TouaydoaoTyorai-9‘y‘g
2uaTeyaydeuoioTyo-g
19yas TAuia TLyYyisoaolyo-g
asy3e (14y3a20101Yyd-2)s1q
aayza(1LylawoaoIy2)siq
2UBY3120I0TYD

aUBY390I0TYO®IIBI-T T 1“1

'8¢
"Lt
*9¢
*6T
*¥e
Y
A
"ic
*0¢
‘6l
‘81
Ll
‘91l
‘Gl

(panui3uo)) sjuelanT[od OIXO0]

jueaniiod

13



an aN L 86¢

an anN l 86¢

an an ! 86¢

an anN l 86¢

an anN l 86¢

an anN l 86¢

anN aN l 86¢

aN anN l 86¢€

an anN l 86¢

an anN l 86¢

an an l 86¢€

anN aN l 86¢

anN aN L 86¢

an 10°0> I 86¢

¢ Kea 7 £eq | feq ___39In0g yodLy 5p6)
(1/3w) suOT3IeI31UIDUO) 91dueg weails

a9yla (1LdoadostoaoTyo-g)s1q
asyls 1Lusyd TLusydouwoiaq-y
19y3ls TAusayd TLusydoioryo-4
auayjueaontj

auazuaqiiyis
auizeapAyyAusaydip-7°‘ |
2UaNT03033TUIP-9°Y
suanyojoxlrulip-+%°‘g
Touaydidyzawip-+v‘g
suadoadoaoTyoip-¢‘ |
auedoadoaoTyoip-7°‘ 1|
TouaydoaoTyoip-+‘¢
susTAy3r2010TYoIp-SUBII-Z* |

U9 TAYI20I0TYDTIP-1| ‘|

A
Y
‘0%
‘6¢
‘8¢
“Le
‘9¢
‘GE
‘ve
‘te
KA
“le
‘0¢
'67

(penuTluO0)) SJuBINTIOJ OIXO]

Jue3Iny 104

VIVAd ONITdWVS JIIVMALSVM MVY

AIVILTIA FAIXOYAXH NIL
(penutluod) Hi-A 919qeL

114



an aN i 86¢ 2U3ZUaqoIlIu  °9¢
anN aN l 86¢ auaieyaydeu °G¢
an anN L 86¢ suoaoydost ¢
anN aN L 86€ auoTpelusdooAooa0oTyoeXay °€¢
an an { 86¢€ 2USTpPEBINGOIOTYOBXIAY °*ZG
aN aN l 86¢ dUBYIdWOWOIqTPOIOTYD  * |G
aN anN { 86¢ 2UB{313WOIONTITPOIOTYIIP °06
anN aN L 86¢€ SUBYIBWOIONTFOIOTYDITAI  *6%
an an L 86¢€ 2UBYISWOWOIGOIOTYDIIP ‘g%
aN aN L 86€ (eueyjsmowoiqiil) uwWIOFOWOlq °/b
aN aN L 86¢€ Amcmzwmaoaounv 2pTWoOIq TAYylaw °gy
an aN L 86¢€ (3ueylswoIoTyd) 3pTaoTyd TAYyzaw °G4H
anN aN l 86€ ap1aoTyo auardyiauw °Hy
an aN ! 86€ dueylaw(£X0Yls010Yyo-7)s1q ‘g4
(panutTiuo)) siIuelinTiod °IX0]
€ Aeqg 7 Keq | Keq 201n0S ELY.ST 3apo) JueInT{o4
(1/3w) suoT3leIjuadUO) a1dwmeg weails

VIVA ONITdWVS JAILVMALSVM MVY

dIVILTIA HAIXOYAAH NIL

(ponutIuo)) #|-A 27qBL

115



an an | 86€

aN anN | 86€

010°0> an | 86¢

010°0> an | 86€

010°0> 10° 0> | 86¢€

an aN 1 86€

aN aN ! 86¢

an an ! 86€

010°0> aN ! 86€

an aN | 86€

an an | 86¢

€€0°0 an [ 86¢

$20°0 10° 0> | 86¢€

010°0 an L 86€
£ Leq ¢ feq 1 Keq ?9Inog INELLS7 “8pod
(1/3w) suoTjeajuaouo) o1dumeg weails

a3eTeyayd 14yastp
?ajeteyaud 1L300-u-1p
a3eTeyayd 14anq-u-1p
ajeteyayd 1Lzuaq TLang
azeTeyayd (1£Lxaytdylrs-g)siq
Touayd

1ouaydoaoyoeiuad
autueyAdoad-u-Tposoiltu-N
sutweyAuaydiposoilru-~-N
autweTAylawIposoilTu-N
1082310-0-013TUIpP-9°‘Y
TouaydoaaTuip-+‘g
1ouaydoaatu-+

1ousydoaatu-¢

‘0L
‘69
‘89
‘L9
‘99
'G9
‘%9
‘t9
A
*19
‘09
*6S
‘86
"LS

(penutluoc)) sijuelinyiod IIXOJ

juejanyiod

VIVA ONITAWVS YALVMILSVM MVH

HIVILTId HAIXOWJAH NIL

(PeNUTIU0D) ¥ |-A dTqEL

116



aN dN l 86¢€

aN aN l 86¢

aN aN l 86€

aN anN i 86¢

aN aN 1 86¢

aN anN L 86¢€

an an l 86¢€

anN an l 86¢

anN anN l 86¢

an anN l 86¢

aN an L 86€

aN an ! 86¢

an anN l 86¢€

anN anN l 86¢
€ Leq ¢ £Leg | feq  @®danog " jadky  "8pod
(1/9w) suoTleIjuUsOUO) a1dweg weaxlsg

VIVA ONITAWVS YIALVMALSVM MVd
JIVILTIA dAdIXO¥QAH NIL

(ponuUI3uU0)) #|-A @Tqel

auaakd
duaikd(p‘o-g‘z‘y) ousapurt
auaoriaylue(y‘e)ozuaqip
() suaayjueuayd
auaaontyjg
auaTLaad(1y3)ozuaq

(e) auaodoeviyjue
ausat14dyaydeuaoe
auasLayo
aueyjueaonT3(3)ozuaq
ausyjuraoniy(q)ozuaq
auaifd(e)ozuaq
auadeaylue(L)O0ZU3q

e3eTeyayd 1Lylraurp

‘w8
‘E8
*Z8
"8
‘08
‘6L
7
‘LL
‘9L
‘6L
‘wL
‘el
‘Tl
YA

(pPnuTluo)) sjurINTIO0d OIXOJ

JueIny1od

117



aN aN l 86¢

an aN L 86€

an anN l 86¢

aN anN l 86¢

an anN l 86¢

an an l 86¢

an anN l 86¢

aN anN L 86¢

an aN L R6¢

an anN l 86¢€

aN aN l 86¢€

aN aN 1 86¢

an an l 86¢

an aN l 86¢
£ 4&eq 7z keq | Keq __3%anog " 49dLL = ®pod
(1/3w) suo13leI]luadUO) 91dues weails

ao1yoeaday

93BJINS UBJINSOpPUd
uejInsopua-e1aq
uejyinsopua-eydie
aad-.% ‘v

4ad-.v Y

1aa-,v‘y

auBpaoTyd

utripiatp

utapie
(uaTAy3la010Tyo) 8pTIOTY> TAUulA
2uaT1£y32010TYd2113
auanyo3l

2uafdyizaoioyoealal

‘86
‘L6
‘96
‘66
‘%6
‘€6
°T6
*16
‘06
‘68
‘88
“L8
‘98
‘68

(panuiluo)) s3juelInTTod OTXO[

jueaniiod

VIVa HONITAWVS YILVMALSVM MV
JIVALTI4 HAIXOYdAH NIL

(ponUTIU0)) #H|-A DTqEL

18



anN anN { 86¢

an an L 86¢€

anN an l 86¢€

aN aN l 86¢

an aN l 86¢

anN an l 86¢

aN an l 86¢

an anN | 86¢

an aN l 86¢€

anN aN l 86¢

an anN l 86¢

aN aN l 86¢

an anN { 86¢

anN aN 1 86¢
€ £Leq z Leq 1L feq  dd5anog  4adAL  "8po)
(1/3w) suo1leiluaduo) 91dueg wesaails

VIVA ONITAWVS YJLVMALSVM MVY
HILVILTIA AAIXOYdAH NIL

(penut3uod) 4|-A @Tqel

(®)
(®)
(®)
(®)
(@)
(q)
(@)

9101-904d
0971-904d
8%C1-90d
¢eC1-490d
L2Z1-90d
%67 1-490d
¢YT1-904d
OHd-®81T3Pp
JH{ ~-euwed
DH4-®39q

oHg-eydre

spixoda zofyoeaday

aoTyoeaday

apAyspTe utapud

AN
1Ll
‘0Lt
‘601
‘801
At
"901
‘601
‘h0l
A
AN
*101
001
‘66

(psnutiuo)) s3juelINITOd OIXO0]J

Jueanyfog

119



07e°0 100" 0>
¢10°0 100°0
0€Ew 0 800° 0>
08¢°0 GT0° 0>
¢000°0> 7000°0>
LEO"O ¢1°0
0°01 0%0°0
08¢0 1€0°0
%0°0 ¢€0°0
¢00°0 100° 0>
¢00°0 G000°0>
%20°0 100°0>
7°C 900°0
anN anN

€ Aeg

7 Aeq 1 Aeq 90IN0g

(1/3uw) suoT3leajuaduo)

VIVA ONITIWVS YEILVMILSVM MVY
JIVILTIA AAIXO¥AAH NIL

19dL],
91dueg

86¢€
86¢€
86¢€
86¢
86¢
86¢
86¢€
86¢
R6€E
86¢€
86¢
86¢
86¢€
86¢

2p0D

weails

(penutljuo)) #H]-A 3IqEBIL

untiTeya

IBATTS

UNIuaIas

190 1U

Ainoasum

pes

(Te3023) aptueko
aaddoo

AamuOuv wunTWwoaIyd
untuped
uniyyLiaq
dTu9sie
Luowtjue

auaydexol

XA
‘971
Al
AN
RYA
RAA!
“1et
AL
‘611
‘811
WAN!
‘Gl
‘7l
el

(panuTjuo)) SJUBINT[OJ O1XO],

jueIniiod

120



9¢ 1>
000°06 091
8° L GZ0° 0>
000°2 62
rAS 0] 97°0
6%°0 L
000°L1 %60
081 1>
9%°0 Ll
10°0> . 4
000 ‘%€ Ll
02Z°0 Go*0
€ Aeq 7 Ae(q | Aeq 20aN0¢g

(1/3u) suorjeajusouo)

VIVA ONITAWVS YALVMALSVM MVH
JIVILTIA ddIXO3AAH NIL

TET:V S
91dueg

%

86€

86¢
86¢€
86¢
86¢€
86¢€
86¢
86¢€
86¢
86¢
86¢

86€

apo)

weai13g

(PenUTIU0)) H|-A OTqe],

9se218 pue T10

sjuelInT104d [BUOTJIUIAUO)
(SAl) SPTITOS pa2ATOSsSIp Te302
uil

23eJINS

sotTouayd

unisaugeu

optraoni3y

(d02) puewap usld4Lxo TeOTWAYD
wnidTed

us3oxlIu BIUOCWWE

Lytutreyre

S3UB3INT]0J [BUOTIJIUDAUODOUON

outz -8zl

(pPnuiluo)) sJuBINT[OJ OIXO]

jue3Ini1o4g

121



-1ay392803 psajaoday (2) ‘(q) ‘(®)

qead awil-auQ - | 3pOD adL] o1dueg}

1°8 €L l 86¢ (s3tun paepuels) Hd
A 6 { 86¢€ (SS1) SpP1I1Os papuadsns Te301]
(panutjuo)) sjueiINTIod TBUOTIUSAUO)D
¢ Keq 7 Keq 1 Keq 20an0§ BVELYSH Tapod Jueaniiod

(1/3w) suoT3ieIjuaduo0)h

a1dues weails

VIVAd ONITJWVS ¥ALVMALSVM MVY
AIVYIT1IA AGIXOYAAH NIL

(penutauod) Hi-A 2T14BL

122



an an | 9G¥

aN aN i 9G¥

dN an l 9G¥

£€00°0 anN l 96

aN aN i 9G¥

%00°0 G100 l 96Y

aN an i 96Y

anN an l 9G¥

aN an | 9G¥y

aN aN l 9G¥y

800°0 €10°0 l 9G¥

aN anN i 9G¥

aN aN l 9GY

aN an l 96Y
€ £eq Z £Keq T Kkeq  3oanog  4adLy  “e@popy
(1/3w) suoilrijuaouod 9 1dues weails

VIV ONITdWVS ¥Y4dLVMIALSVM MVY
INVLVNYAdNS dNOd dNW

Gl-A @TqelL

2UBYIS0IOTYOTII-Z ‘]
aueyl2010 Yo IpP-1°‘1
2uBy31a010TYoEBXIY
dUBYIS0IOTYDTIAI~|“ 1|
aueyia0Io0TY2Ip=-2°‘1|
9U3ZU9qoI0TYOBXaY
2USZUdQOIOTYITII~-H T |
9UaZUaqoao Yo
9p1I0TYOBI}D] UOQIABD
auipizuaq

au2zuaq

@T11a31uoLaoe
uiafoaoe

auayaydeuaoer

vt
‘el
‘el
"1l
‘01
)
‘8
L
‘9
‘S
'Y
't
A
1

s3jueani[od OIXO],

juelnyyod

123



an aN l 96%

aN anN l 9G¥y

aN anN I 9G¥

an aN l 96Y

an an l 9¢Y

S00°0 8¢0°0 l 94Y

aN an l 9G¥y

an anN l 96%

aN aN { 96%

an aN l 96%

aN aN I 96Y

an anN I 9sY

an aN l 9GY

aN aN l 96Y

€ Keq z _Keq | keq _ 392inog 19dLy, 2poD
(1/3w) suo1jeBI3zUDOUOY) 91duweg weaxls

VIvVad ONITAWVS JIALVMIALSVM MVd
INVILVNIHdNS INOd dNW

(penuijuo)) Gl-A °IqelL

3UIPTZUdGOAOTYOIP-,E°¢€
aUuazuaqoIoTYIIP-¥%' |
QuazuaqoIoTyoIp-€‘1|
9UaZU2qOIOTYIIP-Z° |
Touaydoioiyo-g
WI0J0I0TYDd
10s@1o0-w-oxoyo-d
TouaydoaoTyo1al-9‘%*g
auaeyaydeuoaojyo-g
asyzs TAutna TLyasoaoTyod-g
19Yy39(14y3=030Tyo-7)s1q
19y3a(T4y3zawoIoyo)sIq
auey3la0101Y2d

2URY12010TYORIIBI-Z T 1 1

*8¢
*LT
*9¢
*G6¢
‘¢
XA
A
"¢
*0¢
‘61
‘81
Ll
‘91
‘Gl

(penutiuo)) sjuelniiod OIXO]

jueaniiod

124



an anN l 9G¥

an an t 9G%

anN anN l 96%

an anN l 9¢Yy

aN aN ! 9G%

anN anN l 9G%

an anN l 9G¥

aN aN l 9G¥

%00°0 aN l 96%

an anN l 9sY

an anN L 9G¥

anN an l 9G¥y

aN an l 9G¥

aN aN L 9s%
¢ Leq 7 Keq 1 Keq 201Nn0§ INELYSH “8pon
(1/3w) suoijealuaduo) 91dueg weaxls

a19yaa (1AdoadostoaoTyo-g)s1q
I9yia fLuayd tLusydowoaq-4
19y3ls t1Auayd T4Lusydoaoiyo-+¥
ausyjueaontj

auazuaqrLyle
aurzeapAyyLusydip-z|
3UaNT03013TUIP-9°Y
3USNTO030AITUIP-H 7
Tousydi4ylauip-4 ‘g
susdoadoaoTyotp-¢“ |
auedoadoaoTyo1p-7° |
1ousydoxoTyo1p-+°‘g
suaTLyla010TyoIp-sueai-g* |

oua14y39010TY2TpP-| ‘|

A
“iYy
‘0%
‘6¢€
‘8¢
“LE
‘9¢
‘GE
‘ve
‘te
A
‘i€
*0¢
*6¢C

(panuTluo)) sjueInNiiog OIXOJ

JueIniiod

Vivd ONITAWVS ¥YILVMALSYM MVY

INVILVNIAdNS ANO4d danKn

(pPnutiuo)) ¢Gl-A 19}

125



aN an l 9G¥

aN an L 9G¥

aN aN l 9GY

aN anN L 96t

an anN i 9G¥

aN ¢00°0 I omw

aN aN L 9GY%

aN aN l 9GYy

aN anN l 9GY

anN anN l 9¢Y

aN anN l 9GY%

an aN L 9GY%

G00°0 061L°0 l oGy

anN aN 3 9G¥

€ Aeq 7 Keq | Keq 20a1N0g 1ad{£y, 3po)
(I/3w) suoljeijuadouo) 91dueg weaxls

auazuaqoilTu

auateyiydeu

auoaoydost
sustpeluadoiolooroTyoexay
dUaIpeINqOIOTYOBXIY
aurylswowoIqIpoIoTyd
aueylawoIonIJIpOIOTYOIp
9UBYIdWOIONTFOIOTYI 13
3UBYISWOWOIGOIOTYI TP
(oueyjsuwowoiqriil) wiojowoaq
(aueyisuwowoaq) apimoiq TAylau
(dUBYIaWOIOTYD) SPTIOTYD T4Lyiauw
3pTIOTYD PuaTdylsuw

auerylawm(£xoyrsoaoyo-z)siq

‘96
*66
A"
‘€S
KA
‘1S
‘0§
‘6%
*8Y
A
‘9%
'GY
A
‘e

(pPnutluo)) s3juelInTTod OIXO]

juelInyiogd

VIVAd ONITAWVS YALVMILSVM MV
INVLVNY4dNS aNOd dani

(penutjuo)d) G|-A 9T9elL

126



an an | 9GY a3eTeyaud 1Lyastp o/

an an { 9GY a3eTeyiyd 1L3d00-u-1p 49
an aN L 9G¥y 23eTRY3lyd T4Inq-u-1p °g89
an aN | 9G¥ ajeteyayd 1dzusq 14inq /9
200°0 900°0 | 9GY a3eTeyayd (1Lxayrdylrs-z)siq °99
£00°0 an { 9G¥ Tousyd g9
an an | 9GH Tousydozoiyoeiuad °49
an aN { 9GY sutweiddoad-u-1posoalTu-N °¢9
an aN | 9G% sutweTAusydiposoiltu-N °z9
an an | 9GH suTwe1£y3ldwIiposoaltu~-N ° {9
an an { 9GY 108212-0~013TUTIP-9‘%  °(9
an an | 9GY TousydoxlIuIp-%‘z *6¢
an aN | 9G¥ Touaydoaltu-4  °gG
020°0 an | 9y Tousydoalrtu-z */g

(penutiuo)) sjurjaniiod OIXOJ

€ Ar(q 7 Aeq I Aeq 9oanog }9d&T |apo) juelnyiod
(1/3w) suoTleijzuaduo) a1dueg weaxls

VIVA ONTTAWVS YHIVMELSVM MVY
INVIVNYAdNS ONOd ank

(PenuUTIU0)) G-A OTqE]L

127



aN aN l 9GY

anN aN 1 9GY

anN anN l 9GY

an anN l 9G%

aN an l 9GY

aN anN l 9G¥

aN aN l 9¢Y

an an i 9GY

aN anN l 9G¥

aN an l 9G¥y

an anN l 9G¥

an aN i 9G%

aN anN l 9GY

aN anN l 9G%
¢ Keq 7 Keq | Leq 20aIno§ 12dL&y, “apony
(1/9w) suorjeIjuadUO0) a1dueg wesils

VIiVd ONITAWVS YALVMILSVM MVY
INVIVNY4ddNS dNOd dNK

(penuT3U0)) G|-A dTqE]

auaaid
susakd(p‘o-¢g‘z‘|) ouapur
auaoeriyjue(y‘er)ozuaqip
(e) ausayjueuayd
auaaonyJ
auatfaad(1y3d)ozuaq

(e) audoeayjue
auaTdAyaydeuaoe
auaskiyd
aueyjueaonyJ(3)ozuaq
ausyjueaonyJ(q)ozuaq
ausakd(e)ozuaq
ausorayjue(e)ozuaq

s3eTeyayd TLy3autp

‘w8
‘€8
‘¢8
‘18
‘08
‘6L
‘8L
“LL
‘9.
‘6L
A
‘tL
R4
YA

(panuTluo)) s3uelni1od O1IXO0]

jueaniiod

128



aN aN | 9G¥ aoTyoeaday -g6

an an | 9G¥ 231BJINS UBJINSOpPUdD /6
an an | 9G¥ ueyinsopus-e1aq °96
an aN | 9G¥ uejinsopus-eydie °gg
aN an L 9Gh aaa-,v‘v  °%6
aN an L 9GY qqd-,%‘%  "€6
an aN L 9G¥ 1aa-.v‘v "6
an an L 9GY dUBPIOTYD |6
an an | 9G¥ utapIaIp  °06
an an | 9GY uripie °68
an an | 9G%  (duaTdy3rsoaoTyo) spraoTyo TAuta g8
an an | 9G¥ 2u9TAy3ra010TydT113 */8

%#00°0 100°0 | 9G¥ sauaniol -9g
an an ! 9G¥ ouaTfylsoiroTyorilal °Gg

(penuTluo)) sjueaniiod O1X0]

¢ Aeq 7 Aeq | Aeq 90IN0S§ 13dAjg, apo) Jueinyiod
(1/3w) suoTleIjU3IDUO) a1dues weails

VIVA ONITAWVS ¥ILVMALSVM MVY
LNVILVNJI3dNS ANO4d dnik

(penutjuo)) Gi-A 3TqBL

129



aN an l 9¢Y%

an an l 9G¥

aN aN { 9GY%

aN anN l 9GY

an an L 9GH

anN aN | 9G¥y

aN anN l 9G¥

aN aN l 9GY

aN anN l 9q%

aN anN l 9G¥

an an l 9G¥

anN aN l 9G¥

an anN l 9G6%

aN anN | 9GY
€ Aeq 7 Keq T Xeq 201N0g NELYSA “@po)y
(1/3w) suor1lrIjUdDUOY) a1dumeg weails

VIVA ONITAWVS YHAILVMALSVM MVY
INVIVNIHddNS ONOd 4Nk

(panurjuod) G|-A 3TqeL

(®)
@)
)
(®)
(D)
(4)
(@)

9101-490d
09¢1-90d
8% 1-490d
¢eC1L-490d
1¢21-90d
%62 1-90d

¢ -40d

OHE-©3ITaP

JHg~euwed

OHE-B33q

OHd-eydie

apixoda aoTyoeaday

Io1yoeaday

apAysp1e ulipus

AN
Ll
‘0Ll
‘601
‘801
A
‘901
‘G0l
‘hol
‘€0l
AN
*101
‘001
‘66

(penutiuo)) sjueinylog OIXOJ

jueaniiod

130



G°¢ 71°0
0%°0 100°0>
0s0°0 £€€0°0
L°¢ 100" 0>
%000°0 ¢000°0>
L 610°0
006° 1 ¢700°0
(A 800°0
%00°0 €00°0
o%°0 ¢0°0
%790°0 100° 0>
VAR ¢00°0

¢l 100°0
an aN
€ Ae(q ¢ Aeq | Aeq 920anosg

(1/3w) suorleIijuaduo)

VIVAd ONITdWVS YILVMILSVM MVY
LNVIVNYHdNS dNOd danKk

TELTS
91dueg

964
9GY
9G4
954
9G¥
9G¥
95¥
9%
9%
95y
964
95%
9GH
95

2pod

weailsg

(p@nur3uo)) ¢G|-A dTqB]L

untiieyl
I9ATTS
uniuafes

192 1U

Aanoaau

pPeal

(1Te303) apiuedd
aaddoo

(1e3031) wWNIWOayd
wr Twpeo
unty1L1aq
oTuasae
Auoutjue

auaydexo)

A
‘9Tt
RTA!
Al
RYAL
RAA
YA
‘0C1
‘6Ll
‘811
Ll
‘Gl
‘7l
el

(penuTiuo)) s3juelnTiod O1X0]

Juelniiogd

131



£ Leq

1>
ove 91
110°0 110°0
210 G*¢g
VARY) (A
00L°S 0y
1°0> Li
8L°0

000°0€ 06°1
000°06 09

061 80°0

7 Leq | Aeq 901IN0g

(1/3uw) suorjzeajuaouo)

VIVAd DONITAWVS ¥ILVMILSVM MV
INVLVNYddNS dNOd dNW

19dA]
o 1dumeg

96

9GY
9G¥
96Y
9%Y
96Y
96%
96%
96Y
9G¥

9¢Y

2po)H

wea11ls

(penut3luo)) Gl-A @1qelL

osea2a13 pue TI0

sjueanyi1od TBUOTIUDAUOD

uil

sojTouayd

unisaudell

|Sptioniy

(d0p) puewap U33LX0 TeOTWAYD
1108 S8 §-10)

u9230131u BTUOWWE

unuiunye

L3utienie

sjueanT1od [BUOTIUSAUODUON

outrz  °*g¢l

(penuijuo)) sjuelaniiod OIXO0]

jueaniiod

132



*a19y3as303 psjxoday (o) “(q) ‘(e)

qead awijl-suQ - | :9apo) 92dL] oTdueg)

VAR ¢°9 l - 9GY (s3tun paepueis) Hd
00y | l 9G¥ (SSL) spr1os pspuadsns 1e3jo3

(ponurjuo)) sjuein]iod [BUOIJUIAUO)

g€ Ae(Q

7 Aed | Aeq 90INo0g JodAg T 9apod juelIniiod

(1/3u) suorjeajuadouo) 91dueg wesals

VLV ONITdWVS YdLVMALSVM MVY
LNVLVNIIdNS dNOd dNKW

(penur3uo)) G|l-A 3TqeL

133



an anN l 6%8 UBYIL0IOTYITII-T L1l °¥I

aN an | 6%8 UBYJD0IOTYITP-L‘| °€I
aN aN I 648 auBy3la0a0TYOEX3dYy °7|
aN aN l 6478 aueylaoIoTYITII-1 |l °II
an an L 6%8 auBY1a0IOTYOIP-T‘L °0l
aN anN l 6%8 9UdZU1qOIOTYOBXaY °6
an anN | 6%8 2U22U8qoI0TYOTAI-%‘CT L °8
aN an i 678 QdudzuaqoaoTys °*/
an an l 6%8 ap1I0TYoeBIAI®] UOQqABD *9Q
an anN l 6%8 aulpIzZuUaq °¢
anN aN | 6%8 auazuaq *¥
anN aN I 6%8 9T1I3TuUOTLadoe ¢
aN anN l 6v8 ugafoaoe °g
100°0 anN | 6%8 auayaydeusoe *|

sjuejiniiod 91X0]

€ Aeq 7 Aeq | Aeqg 90IN0§ 19dLL apod jueaniiod
(1/3w) suorjeajuaduUO) a1dueg wealls

VIVAd ONITdWVS YdLVMALSVM (ALVIYL
O INVId - NOILVNIYOTHD ¥idLdV NOILNTOS ONINNIMOYLOUTH

91-A 91qelL

134



g Aeg

aN anN
anN aN
an aN
anN aN
an aN
an aN
aN anN
aN aN
an anN
aN aN
aN aN
aN aN
anN anN
an anN
7 Aed | Aed 90aNn0§

(1/3m) suoijzeiljusduo)

O INV1d

| 6%8
| 648
| 6%8
I 6%8
{ 648
| 648
l 648
I 6%8
| 6%8
l 6%8
| 648
| 648
I 6%8
l 6%8

ELVSH ®po)

o1dumes weailsg

3UTPIZU9QOIOTYIIP-,£°¢€
3UdZU3qOIOTYOIP=-H° |
2U8zZuaqoIoTYOIpP-€‘ |
2U8zZUaqOIOTYOIP-Z ‘|
1ousydoaoTyo-¢
UI0FOIOTYD
Tos@i1o-w-oxoTyo~-d
1ouaydoaoyo1ilz-9 %y
auaTeyaydeuoaoyo-g
asyls TAuta TLyirsoaoTyo-g
asy3a(14yasoioqyo-g)siq
I9ylo (TAYyaamwoIoTyo)s1iq
9UBY320I0 YD

2UBY3ID0I0TYOBIIDI-Z T ||

'8¢
“LT
*9¢
'6¢
"4t
‘e¢
‘et
"1¢
*0¢
‘61
‘81
A
‘91
‘Gl

(ponutjuo)) sjueaniiod OIXOJ

jueaniiod

VIVd ONITdWVS YdILVMILSVM dALVIYL
- NOILVNIYOTHD ¥HLAV NOILATOS ONINNIMOYLIOATH

(penut3iuo)) 9|-A 21qe]

135



an anN ! 648 19y31a (14doadostoI0TY2-2)S1q °CY

an an { 678 19yza 1Ausyd TLusydowoiq-# |y
an an | 648 19y3za TAuayd thusydoioiyod- °0¥%
£00°0 aN | 648 dusylueionTy ¢
an an | 648 auszuaqr4iyis -gg
an an | 648 sautzeapAyrduaydip-z‘{ °/¢
an an | 648 2UanT03013TUTP-9°7  °9¢
an an l 648 2UdINT030IITUIP-H‘g °GE
an an | 648 TousydiLyzsutip-4‘z *y¢
aN an | 648 suadoadoioTyo1p-¢‘ 1l €€
an an I 648 suedoadoroTysa1p-z2‘1 °7¢
an an ! 6%8 TouaydoIofysIp-%‘z 1€
an an | 648 2uaTAyls0i0TYo1p-sUBII-Z | °0F
an an L 648 dUaTAY3190I0TYdTP-1‘| *67

(ponutluo)) sJUBINT[OJ OIXO]

€ Aeq 7 AeQg 1 £Leq 201IN0S§ ELYS? ?2po) jueanyiod
(T/3w) suoTlrIjU3IDUO) 91duweg mweaxlsg

VIVAd ONITAWVS YILVMALSVM ddIVIYL
O INVId - NOILVNI¥YOTHO ¥dLAV NOIILNTOS ONINNIMOMLOHATH

(penutjuo)) 9|-A 219E]L

136



an an 1 6%8 2U9ZU3qOIITU  *9G

¢00°0 aN | 6%8 auateyaydeu -°Gg
aN aN l 68 auoaoydost 4G
aN anN 1 6%8 aualpejuadooLo0I0Tyoex9y *€G
an an 1 6Y8 2U9TpBINQOIOTYIEXAY 7§
anN anN 1 6478 aurYyjawowoIqIpoaoTyd |G
aN an L 6%8 2UBY3lawWOIONTITIPOAOTYITP *06G
aN aN 1 68 3UBYI2WOIONTIOIOTYDTIAI *6Y
an aN l 648 aueyJloWOWOIGOIOTYDIp 8+
aN aN l 698 (sueyjswowoliqiil) wIojowoirq °/¥
anN aN 1 6Y8 (dueylawowoiq) aprwoiq TAylaw °94
an an L 6v8 (surylawoIoTyYo) 2p1I0TYd TAylsw °G¥
G10°0 an t 6%8 OpTIOTYd dudTLylsw 4y
an aN L 6%8 auryjlom(£X0Yyla0a0ys-7)sI1q ‘€%

(ponutijuo)) sjuelniiod OIXO]J

€ Ae(Q 7 Aeq | Aeq 90aN0g 19dA] apo)d jueaInT10d
(T/3u) sSuoileI3U3DUOY 91dueg weaxlg

VIV ONITdWVS YdLVMILSVM QHIVIYL
O INVId - NOILVNIYOTHO ¥idI1dAV NOILNTOS ONINNIMOYIOHTH

(panuTluo)d) 9|-A @19e]

137



an an | 68 a3eTeyayd 14yas1p 0/

an an | 648 sjeteyayd 1L300-u-1p ‘69
an an L 648 ajeteyayd 1£3anq-u-1p -89
aN an | 6%8 23eTeyayd 1dzuaq 1L3anq  °/9
an %50°0 ! 6%8 o3eteyayd (14xayrLyas-g)siq °99
80°0 an l 6%8 Tousuyd °¢9
an an 1 648 TousydoaoTyoezuad *#9
aN aN 1 68 sautuetAdoad-u-TposoalTu-N *€9
an an | 6%8 sutmel4Ausydiposoaltu-N °z9
an aN | 648 sutwe14y3owIposoalju-N {9
an an L 648 108919-0-013TUTP-9‘Y  °09
an an | 648 TouaydoalTuip-#‘g 66
an an L 68 Tousydoiltu-+ °QG
020°0 an L 648 Tousydoaztu-g °/¢

(panuTtjuo)) sJuelINTI0g OTXO],

€ Aeq 7 Aeqg | £eq 901N0S§ 19dLy, 2pod jueinyiod
(1/3w) suoTjraIjuU3OUO) o1dueg weails

VIV ONITAWVS ¥IdLVMALSVM GALVAIL
O INVId - NOILVNI¥OTHD ¥HLAV NOILNTOS ONINNIMOIILOITH

(ponutjuod) 9|-A 2TqEL

138



€00°0 daN l 6%8 suaafkd -°ug

an an ! 648 duaakd(p‘o-¢‘z‘|) ouspul “°gg
an an 1 648 PUdOBIYIUB(Y‘B)0ZUSQIP °Z§
aN an | 6%8 (®) susayjueusyd -jg
an aN ] 648 2usioniy °Qg
an an | 6%8 suatdaad(1ys)ozusaq “*6/
aN an ] 6%8 (®) Juddeiyjue °g/
an an l 6%8 susaTdyaydeusoe -//
an an ! 6%8 dusskiyo g/
an an . 648 sueyaueioniy(})ozuaq g/
an an L 648 sudyjueionyy(q)ozusq ‘#/
an an | 648 susihd(e)ozuaq °g/
an an | 648 Susdeayjue(®)O0ZUD]Q °7/
an an 1 678 a3eteyayd tdyrsuwip |/

(panuriuo)) sjueINTIod OIXO0J]

¢ Leq 7 £eq | Keq 90aNn0Sg 49dAg, apo)y juelIny104g
(1/3w) suo13jerajluadUO) o1dueg weails

VLVA ONITIWVS ¥HLVMILSVM dILVIYL
O INVId - NOIIVNI¥YOTH) ¥dIdV NOILOTOS ONINNIMO¥LOITA

(penuIluod) 9|-A @1qel

139



aN anN t 6%8 aoTyoeaday °g6

an an ! 648 21BJINS UBJINSOPUd */6
an aN | 648 ueyTNSOpUd-BIAq 96
an an L 648 ueyinsopusa-eydie °G6
an an ! 648 aaa-, %'y °v6
aN an l 648 q0d- . €6
an an l 648 Iaa-.%‘v 6
an an | 648 | auepaoTuUd ‘16
an an ! 648 UtapIdTP ‘06
an an | 648 urapie ‘68
an an | 6¥8  (dudTdylsoioyd) BpraoTyd> TAuTA °88
910°0 an | 648 2ua1AYls010TYoTa3 /(8
100°0 €60°0 ! 6%8 sausniol ‘98
an an | 6%8 susTdyisoioyoeilal °Gg

(pPnuT3uo)) s3iueINTTO0d O1XO]

¢ Ae(Q 7 Aed | Aeq 90aIN0g $9dA], 2po) jueaniiod

(1/3w) suo1jleiljuadouo) a1duesg weails

VIVQ ONITAWVS YIILVMALSYM AALIVAYL
D INV1d - NOIIVNI¥OTHD ¥dLdV NOILATOS ONINNTMOYLOIATH

(penutjuo)d) 9(-A 37qEBL

140



anN an l 6%8 () 9101-920d Tt

an an | 698 ) 09Z1-90d " 111
an an l 6%8 (®) 8%Z1-90d °011
an an l 6%8 () ZE€Z1-90d °601
an an ] 678 (D) 1ZZ1-90d *801
an aN ! 648 (2) TR H L SR
aN an ! 6%8 (9) TyCi-90d 901
aN aN L 6%8 OHE-®B3T2P °GO|
an an l 6%8 OHg-BUWES *%(|
an aN | 6%8 OHg-®B3I9q ‘€0l
an an ! 6%8 oHg-vydie °70l
an an l 6v8 apixods 1oTyoeadsay - |Q|
an an ! 6%8 ITotyoeaday Q0|
an an | 648 opAyspTe UTIpUd ‘66

(penuTluo)) sjuelINTTo0g O1IXO0]J

€ Aeq 7 Aeq | Aeq 90aN0§ }9dLy apo) Jjueany1odg
(1/3m) suoileajuaduo) o1dmeg weaxls

VIVA ONITdWVS YILVMALSVM QIALVAYL
O INVId - NOILVNIYOTHD ¥d4I4V NOILNTOS ONINNIMOYLOITH

(penut3uod) 9|-A 91qeL

141



6°1
0€°0
6¢€

€'Y
¢00° 0>
86°0
9°Y
9¢°0
l€°0
(AR
Z10°0
81
L00° 0>

aN

€ 4eq

Z Aeq L 4eg

100°0>
¢0°0
1°¢
100°0
¢00° 0>
100°0
G00°0
71°0
€00°0
100° 0>
100°0>
800°0
L00" 0>
anN

?01Inog

(1/3m) suoTlleijuaduo)

O INVId

VIVA ONITdWVS YHIVMILSVM (ILVIEL

| 6%8
l 6%8
l 6%8
l 6%8
l 6%8
! 6%8
L 6%8
l 6%8
l 6%8
l 6%8
{ 6%8
{ 6%8
1 648
l 6v8

1adiy apod
weailsg

a1duesg

untiTey’
IDATTS

UNTUa T3S
101U

Lanoasm

pesT

(T®303) opTuBAD
1addoo

(Te303) wninoayd
untuped
uni114La9q
o1uasae
AuowTtiue

auaydexoq

LT
‘9¢1
BTA!
At
YA
1A
17l
At
‘611
‘8Ll
AN
‘6Ll
AN
‘el

jueaIniiod

- NOILVNI¥OTHD ¥HIAV NOILATOS DNINNIMOALOUTH

(penuijuody) gi-A 3IqBL

(panuiluo)) siuelniiod OTXO]

142



€l
000°GZ
an

00€‘?

€00°0

0¢

et

£ Aeq

Z AeqQ t £eq

¢*9
61l
9°¢

8C°0

¢00°0

G 1

90°0

20anog

(1/3mw) suo13jeIluaduo)

yadky,
a1dueg

6%8
6%8
6%8

6%8

6%8

6%8

648

apo)

weailg

*19y3zadol palaoday (2) ‘(q) ‘(e)

qea8 swmil-aug - | :9poy adLy a7duegy

(satun paepueas) pd
(SS1) spi110s papuadsns Te303}

9se213 pue 110

slueINT[04 [BUOIJUSAUO)
ural
so11ouayd

usdoalTu eTUOWWR

SJUBINTTOd TBUOTJIUSIAUOODUON

outz  *gyy

(pPnutijuo)) sjuriniiod OIXO]

JuelIny1o0g

VIV ONITdWVS YIILVMIALSVM qdIVIVL
O INVId - NOILVNI¥YOTHD ¥IIJIV NOIINTOS HNINNIMOILOITH

(penutiuod) 91-A d1qel

143



an anN l 068 UBY3IBOIOTYITII-T L L ¥l

aN anN l 068 2UBYIS0IOTYIIP-1‘l ‘€I
anN aN i 068 auey3la010TyYoBX3Yy ‘7|
an aN l 068 2UBYISOIOTYITII-L 1L "1
aN an | 058 auRylIL0IOTYIIP-2°L ‘01
anN aN l 068 2uazZuaqoIoTYIeXadYy °6
an aN l 068 2u2zuaqoIOTYdTII-H‘Z‘ |l °8
aN aN | 068 auazuaqoiolyos °/
aN anN i 068 2p1a0oTyoea1la] uoqaed °9
aN aN l 0S8 auIpIZUaq °G
100°0 anN l 068 auszuaq °¥
an aN l 068 aT1a3TuUOoTLaoe °¢
aN an l 0s8 uraoIde  °g
aN an ! 0S8 auayjydeusde |

sjuejnyiod °IX0]

€ Aeq 7 Aed | Aeq 201INn0§ 19dAL apo) jueiniiod
(1/3u) suoijeajuaduo) 9 1dues weails

VIV ONITdWVS YIIVMALSVM CQHLVIEL
D INVId - NOILVZITVYLNIN ANV NOILVNIYOTHD ¥HIJV NOILATOS ONINNIMOALOATH

L1-A 3T9®BL

144



an an - 058

aN aN I 0s8

anN anN l 0S8

anN aN l 068

aN aN l 068

dN aN l 068

. aN anN l 0S8

anN aN | 0S8

anN aN I 0S8

aN an | 068

aN aN l 068

dN aN l 0S8

aN aN l 0S8

an an i 068

€ Aeq A 1 Leq 20anog 1odLy, “apo)
(1/3w) suo1leBIjUIDOUO) o1dues ueaals

O LNV1d

dUIPTZUDQOIOTYDITP-,E°¢E
2U9zuU3aqOIOTYOIpP-¥* |
2UdZU9qOIOTYIIP~-€* |
2UdzUuaqoIOTYOIP-Z° |
Tousaydoaoyo-g
WI0FOIOTYD
10s?@ao-w~0x0Tyo-d
TouaydoaoTyoTai-9‘Hyg
auaTeyjydeuoaoyo-g
aay3zs TLura pLyaLoaoiyo-g
134313 (T4Yy32010TYy2-7)s1q
a9yaa(14yaswoaoTys)siq
2UBY3IDO0IOTYD

9UBRYIS0I0TYIBIAIDI-T T ||

*8¢
*LT
‘9¢
‘6T
‘e
‘eC
A
XA
*0¢
‘61l
‘81
Ll
‘91
‘Gl

(ponuTjuo)) saiueaniiod OTX0]

jueiniiod

VIVA ONITIWVS YdLVMALSVM d4IVIIL
- NOILVZITVALNAN ANV NOILVNIYOTHD ¥dLAV NOILNTOS ONINNIMOALOHATH

(penutauo)) Ll-A dTqBlL

145



g€ Aeq

7 _Aeqg

anN
anN
an
aN
anN
anN
aN
aN
aN
anN
aN
aN
aN

aN

| £Leq

aN
anN
aN
aN
anN
anN
anN
anN
anN
aN
aN
aN
anN

anN

201n0g

(1/8w) suolleIjuadUO)

O LNV1d

| 058
L 0S8
| 058
| 0S8
l 068
| 058
| 058
! 068
| 058
| 0S8
1 058
| 068
L 0S8
| 058

{9d&y 2p0oD

o1dmeg weaxls

19y3ia (1€doadostoa0Tyo-g)S1q
a9yla T1Lusayd 1Lusydowoiq-+
19yaa TAuayd fLusydoioiyo-¥
auayjueaonyj

auazuaqiAyl?d
aurzeiapAyrAuaydip-7 ‘|
aUeNT03013TUIP-9°‘g
2U3aNT03013TUIP-H T
Touaydrdyssuip-%°g
susdoadoaoTyoip-¢ ‘1|
auedoadoxoTyoip-z ‘1|
TouaydoaoTyo1p-4‘g
auaTAy39010TYdIP-SUBI-Z° |

auaTAy3so01oTyaTp-|°|

Ty
at
0%
"6€
‘8¢
L€
*9¢
"Gg
"¢
€€
¥4
"lg
*0¢€
62

(p2nuiluo)) s3jurINITOJ OIXO0]

JuelnT1od

VIVd ONI'TdWVS YHLVMILSVM CILVHIL
= NOILVZITIVIININ ANV NOILVNI¥YOTHD ¥ALAV NOIINTOS ONINNIMOILOHATH

(penutjuo)) /[|-A °IqEL

146



an aN L 068 2UdZU3qOoIITU  °*9(¢

anN anN | 068 ‘ auateyaydeu °gGg
aN aN l 068 auoaoydost *#¢
anN aN l 068 susipejuadoToLoo0I0TyoBX3aYy °€G
an an l 068 auatpelinqoioTyIeXay °*7G
aN aN l 068 aurRyl2WOWOIQTIPOIOTYD *|¢
aN aN L 068 3UBYISWOIONTITPOIOTYIIP °*06
anN anN 1 0S8 9UBYIBWOIONTFOIOTYDITAI °6¥
anN anN L 0GR aueylawowoiqoaoTyd2Ip °8Y
aN an l 068 (Pueylamowoaqiil) wiojowoiq “*/4
aN an L 068 (sueylswowoiq) aprwoiq [Ayiauw °9g4
aN aN l 068 (sueylswoioTyo) apTIOTYd TAylaw °Gy
S%0°0 an | 058 SPTIOTYD SudTdyzam ‘4
aN aN l 068 sueylaw (LAX0Y19010Yd-7)ST1q ‘€4

(penuTiuo)) sjueiInyTod OIXO]

€ Aeqg 7 Aeqg | Aeq 321nog J9dA] ?2po)n ' jueanyiod
(T/3m) suoIjeajuaduo)d o1dueg weaa13lsg

VIVAd ONITdWVS YHLVMILSVM HLVIVL
D INVId - NOILVZITVILOIN ANV NOILVNIYOTHO ¥dILdV NOILATOS DNINNIMOYILDATH

(penutluo)d) [l-A TqBL

147



aN an 1 068 a3eTeyayd 1dyastp 0/

an an | 068 a3eteyayd 1£300-u-1p 69
an aN | 068 ajeteyayd jLanq-u-1p 89
an an | 068 a1eTeylyd 1dzusq 1Inq °/9
£00°0 %60°0 ] 058 areTeyayd (14xayrdylrs-z)siq ‘99
GEO"O an | 068 Tousyd °gg
an an | 068 1ouaydoxoyyoezuad °49
an an L 058 sutweTAdoad-u-1posoalTu-N ‘€9
an an ! 068 sutweyAuaydiposoazTu-N °Z9
an an | 068 duTwe1Ay3aswWIposoIITu-N 1|9
an an l 068 108910-0-013TUTIP-9‘%  *09
an an { 058 TouaydoalTulip-%°z 66
an an | 068 Tousydoxltu-% °8¢
an aN | 068 Tousydoaatu-g /g

(penuiluo)) sjuelIn]10g O1IX0],

¢ Leq 7 Aeq | Keq 901N0g }9dL], 2poH jueanyiod
(T/3w) suoTleraIjUaOUOY 91dueg weails

VIVQ ONITAWVS ¥YALVMALSVM (ILVAdL
O INVTId - NOILVZITVIINAN ANV NOILVNIYOTHD ¥dIdV NOIINTOS ONINNIMOJILOHATH

(penutiuod) [|-A dTqB]L

148



aN aN 1 068 auaiakd 4@

an an | 058 susikd(p‘o-¢‘z‘|) ouspur ‘g8
an an ! 068 susdeiyjue(y‘e)0oZUaqIp °78
an an | 068 (e) susayjueusyd - g
an an | 068 susioniy °(08
an an ! 068 suatdiad(ry3d)ozuaq g/
an an L 068 (®) suadeIyluR °8/
an an | 0S8 susaTAyjydeusde °//
an an 1 058 | suasfiyo °9/
an an | 068 sueyjueioniy(})ozuaq °G/
an an ! 068 dusyjueaoniy(q)ozuaq 4/
anN aN i 068 susakd(e)ozusaq g/
an aNn - | 058 dusdeiyjue(®)0o2Ulq “°7/
an an | 068 o3eTeyayd 1Lyisuip |/

(penuT3juo)) sijurINTIO0d OIXO0],

€ AeqQ 7 Aeq 1 Leq 92aN0Sg ELVSH apo)d jueaniiod
(1/3w) suoTlIBIlU3OUO) 91duweg weaaxlsg

VIVA ONITdWVS ¥IdILVMALSVM QHELVAIL
O INVId - NOIIVZITVIININ ANV NOILVNIYOTHD ¥HIAV NOILNTOS ONINNIMOYLOHATH

(PoNUTIUOD) /|-A @TqEl

149



an an 1 068 ioTyoeaday °g6

aN aN | 058 231BJINS UBITNSOPUD /6
an aN | 068 uejInNsopus-e312q ‘96
an an L 068 ueyinsopua-eydie °g6
aN an L 0GR aaa-.%‘'y %6
aN an l 068 q040-,%%  "€6
an an L 068 laa-.%v‘v  °z6
an an ! 058 2UBPIOTYD  * |6
an aN | 068 utapia1p ‘06
an an | 068 utipie ‘68
an an | 068  (PudT4y3’doioTyd) apraoTy> T4uis °8g
120°0 aN | 058 dusTAy19010TY2T13 */8
10°0 €60°0 l 068 ausniol  °98
an an | 068 dua14y190107ydeII3]1  °C8

(penuTljuo)) Ss3UBINTIOd OIXO],

¢ Leq Z feq | Aeq 921N0g J9dAT ?apo) JueaIniio4d
(1/3m) sSuoIlrIIUIDUO) 21dueg weaiasg

VIVd ONITAWVS ¥ILVMILSVM AHILVIUL
D INVId - NOILVZITVIINAN ANV NOILVNIMOTHD ¥ALAV NOILNTIOS ONINNTMOWLOATH

(penutiuod) [|-A @1qElL

150



9101-490d
0971-904d
8%21-490d
¢€C1-4904d
1¢¢'.-940d
%GT1-490d
¢vC1-4904d
OHE-BIAT2P
NHg-ruwed
OHg-®33q

oHg-eydie

ap1xoda aofyoeaday

xo1yoeaday

apAysapiTe utipu?

‘Ll
Ll
0l
‘601
‘801
A
"901
"GO0t
A
‘€0l
"0l
‘101
‘001
‘66

(penutiluo)) sjueIniTod OIX0J

JuB3INT10d

an an l 068 )
an aN | 058 (@)
an aN 1 068 )
an an | 068 (®)
an an L 068 (@)
an an l 068 (q)
an aN ! 0658 ()
an aN | 058
an an L 0S8
an an L 068
an an | 068
an an L 0S8
an an { 0S8
an aN 1 0S8
€ Leq Z_Leq | _Leq 3%1nog TELLSH 3pod
(1/3u) suoTleIjuULdUO) 21dweg ueailg

O LNVId

VIVAd ONITdWVS YALVMALSVM (ILVIYL

NOIIVZITIVIINAN ANV NOILVNIYOTHO ¥ALAV NOIINTOS ONINNIMOYLOHATH

(p2nutiuocd) [|-A 2TIqBL

151



8L°0 100 0> l 068 untyieys /el

80°0 Z0°0 l 058 19ATTIS  °97|
o€ 1€ l 058 unTuaTas G|

0°¢ 100°0 ! 058 ToM2TU *HT|
Z00°0>  Z00°0> | 068 Lindasw g7l
16°0 100°0 | 068 peat 7zl
0L*Y G00°0 ! 058 (T®303) apruekd 171
0L°0 %1°0 | 0S8 aaddod> -0zl
200°0 €00°0 | 058 (1e3031) uwniwWolIyd °6i|
€L°0 100°0> L 058 unjuped ‘gl |
£L00°0 100° 0> | 068 uniyiding /]
84 800°0 I 068 orussie G|
LL°0 100°0> | 068 Luowtaue 4|
aN aN L 0S8 ausaydexol °g||

(ponuTluo)) sJUBINTTO4 O1X0]

€ Aeq 7 Aeq | &eq 22aN0g 19dL], apo) Jjueaniiod
(1/3m) suo13leIiluaduo) a1dueg weaalg

VIV HSNITAWVS ¥YAIVMALSVM (ILVAYL
D INVId - NOIIVZITVILNAN ANV NOILVNIYOTHD ¥dIdV NOIIATOS ONINNTIMOYLOHTH

(panut3uod) [|-A 2Tqel

152



*a19y3sdo3 peodioday (2) ‘(q) ‘(e)

qead swt3-auQ - | :9pon adL] aydueg)

000°0%1 61 | 068 (SS1) sp110s papuadsns Te103
anN 9°G { 068 aseaa3 pue 110

SJuUBINT[O0J [BUOTIUSAUO)

Gl 8C°0 l 068 uta
G°0 ¢00°0 l 068 so170uUayd
£C Gl l 068 ua80131u BTUOWWE

SJuUeINTTIO0d TEUOTJIU3AUODUON

¢1°0 90°0 i 068 outz g7l
(panuTluo)) sJjueINTTO0d OIXO0]
€ Aeq 7 Aeg | Leqg 90aN0g 19dfy ?2po) juelnyTod
(1/3w) suoTleiIjuaduo0) 91dueg weails

VIVA ONITIWVS ¥YHALVMALSVM QIIVAIL
O INVId - NOLLVZIITVILNIN ANV NOILVNIYOTHD dALAV NOILNTOS ONINNIMOYIOIATH

(ponutiuo)) (|-A 9T9BL

153



an an anN an l %8 2uBY30I0TYDITII-Z Ll °¥I

an aN an an | S¥8 aueylsoioTyYotpP-1°1L ¢l
an an an an { o8 sueylsoiaoTyoexay °¢g|
aN an 0lz*0 anN l ¢y 2UBYJD0IOTYITII-|L“ 1L °|1I
an aN an aN l Gv8 9UBYJI0IOTYITP-Z‘L ‘0l
anN an aN aN L G%8 2UaZuaqoIOTYoRXaAYy °6
aN an aN an l G¥8 9UazuaqoIOTYOTII~HZ L °8
an an an an | S48 auazuaqoIoyd °/
an aN an aN l Gy8 ap1IoTyoeIII] uUOQABD °9g
aN aN aN anN l Gv8 aulpizusq °G
aN aN aN aN l %8 suazuaq *¥%
an anN an anN l %8 9T1T13TUOTAIOR °¢
aN aN aN aN l GHv8 uiajoIoe °g
aN aN an aN l 2] auayjydeusaor *|

sjuejn]1od O1X0]

Aeq 7 Aed | Aed 99In0S 19d{L], 2pod juejaniiod
(1/3w) suo13rIjUdOUO) aTdueg weails

VIV ONITAWVS ¥ILVMALSVM QALVAYL
0 INVId - NOILVINAWIAIS ANV ‘NOILVZITVILAAN ‘NOILVNIYJOTHO ¥HLIV NOILNTOS ONINNIMOJLOETH

81-A @19l

154



an aN an aN | Sv8 2UTpPTZU8qOIOTYIIP-,£'€ °*8C

an an an an | G8 3UaZUdqQOIOTYIIP-% 1l */L¢
an an an aN | GH8 2UaZU3qQOIOTYIIP-€* 1L °9¢C
an an an aN | Gy8 2UBZU9qOIOTYITP-Z L °GT
an an an an ] G%8 Touaydoxorys-z °%g
an aN an an ! SY8 WIOJOIOTYD ‘€7
an an an an ! S48 T0s210-w-ox07ydo-d 77
an an %00°0 an [ cH8 Tousydo1oTyota3d=-g‘y‘g *|g
aN an an an ! G%8 auaTeyjydeuoioiyo-z *0¢
an an an an | S¥8 a9y3zs TAuta TLyiLsoioIyo-g 6l
aN an an an | Gy8 19y39 (1£y3aeoaoTyo-z)s1q °8i
an an an an | SH8 a9y3la (T£y3lduworoTys)siq */L|
an aN an an | S%8 auey3d0I0TYd> °9|
an an an an I Sv8 aueyld2010TyoRAIdI-Z ‘T 11l °G|

(penu13uo)) sjueaniiod 2TXO]

Aeq ¢ Aed | Aeq 90anog +adA] ?po) juelniiod

(1/3u) suorileajxuaduo) a1dues wueails

VIVQ ONITdWVS YHALVMILSVM (HIVIYL
O INVId - NOIIVINAWICQIS ANV ‘NOILVZITIVILNAN ‘NOILVNINOTHO ¥4I1AV NOIIATOS HONINNIMOJILOATH

(penutiuo)) 8i-A 31qRL

155



aN an aN anN l %8 19yla(1LdoadostoaoTyo~g)s1iq °zv

an an an an ] S8 ady3s TAusyd fAusydowoaq- |y
aN aN aN an | GH8 19y3s 1Ludyd 1LusydoroTyd-# "QY
%00°0 G00°0 900°0 an | S48 susyjueioniy °6¢
an an an an | Gh8 suszuaqr4iyla -gg
an an an aN 1 SH8 sutzeapAyrdusydip-z‘| /€
an an an an ! GH8 9uanNT031013TUIP~9°Z °9¢
aN an an an l chH8 auanioljoxlTuIp-#°‘z °C¢
an an an an L Gh8 TousydyAylrsuwip-4‘g °#¢
an an an an L cH8 suadoadoroTya21p-€‘| ‘€€
an an an . aN { G48 suedoadoioTyd1p-z‘L °Z¢€
an an an an L c%8 TousydoaoTya1p-%‘7 L€
an an an aN | GH8 sus14yiso10TyoTp-sUBII~Z‘ | °0F
an an an an L cY8 auaTAylaoxoTyo1p-L‘{ °67

(penuTiuo)) siueliniiod 91IX0]

¢ Aeq 7 Aeq | Aeq 92an0g L19dAT apo) JueaInyiod
(1/8w) suoT3eIjuU3dUO) 91dumeg ueaxls

VIVAd ONITAWVS YILVMELSVM QALVIYL
0 INVId - NOILVINAWIQES ANV ‘NOIIVZITVMINEN ‘NOILVNIYOTHD ¥3IIV NOILNTOS ONINNIMOULOITH

(penutluod) gi~-A 21qBL

156



anN dN dN aN
aN an an anN
aN anN an an
aN aN an an
aN aN an an
an anN aN anN
anN aN az anN
an an an aN
an anN an an
anN dN aN anN
anN aN aN aN
an aN an dN
1%0°0 %20°0 8€0°0 an
an aN an aN
¢ Keq 7 Leq | &eq EFEGER

(1/3m) suot3rajuadouo)

L %8
! %8
L %8
l 8
l e
l %8
| Y8
l Y8
l a8
l %8
l %8
l %8
{ 698
1 Y8

JodA] apoD
a1dueg Wweaals

2U9ZuaqoiITU

susaTeylydeu

auoaoydost
austpeluadooLo0a0TYdEXaY
auUaIpeINqOIOTYIBXIY
duBRYldWOWOIqIPOIOTYD
9UBYIBWOIONTITPOIOTYDIP
auBylawWoIONTJOIOTYOTII
dUBRYJOWOWOIGOIOTYI IP
(aueyjawowoxqTil) uwrojowoaq
(sueyjswowoaq) spiwoaq TAyiauw
(sueylawoioTys) apTaoTyod TLyzaum
9pTIOTYo 2duafyzaum

auryjam(£xoyira010yo-g)sIiq

*9G
'6¢6
*H¢
"¢
KA
*LS
*0¢
‘6Y
‘8Y
LY
‘9%
*GY
"Wy
€Y

(panuTluo)) s3jur3INIIO0g OIXO0]

jueanyiod

VIVd ONITdWVS ¥ILVMALSVM (IIVIYL
O INVId - NOIIVINAWIQAS ANV ‘NOIIVZITVIINAN ‘NOILVNIYOTHO ¥AIJAV NOILNTOS HNINNIMO¥IOHTH

(penutiuod) g|-A 21qe]

157



aN an an an 1 68 ajeteyayd 1dyastp -0/

01L°0 an an an | S8 a3eTRYy3lyd TL£300-U-TP °49
an aN an aN 1 S48 o3eTeyayd 1£3ing-u-Tp 89
0LL*O an an an l C#8 a3eTeyauyd 1Lzuaq 1hanq /9
00€° 1 an an #G0°0 ! 648 a3eTeylyd (14xay14yas-g)siq 99
L00°0 an aN an [ G%8 Tousyd g9
anN an aN an 1 S48 1ouaydoaoTyoeliuad -49
an an an an [ cvg sautweTAdoad-u-1posoalzTu-N °€9
an an an an | 648 sutmeyAusydiposorlTu-N 79
an an an an | S8 sutweTAyYlawWIPosoIITU-N 19
aN an an aN | a8 108310-0-0131TUTP-9‘%  °Q9
an an an an ! SY8 fousydoalTuip-%‘z *6G
an an an an | G%8 Tousydoaatu-4 °8¢
an an an an | S%8 fousydoalru-z /G

(penuiluo)) s3juelnTIod OIXO]

£ Ae(q 7 Aeq | Aeqg 32aN0S§ 19dXL], ?apoH jueaniiod
(T/3w) suoT3leajU3DUO0) a1dmeg weails

VIVAd ONITAWVS YHALVMALSYVM QILVIYL
D INVId - NOILVINAWIGIS ANV ‘NOIIVZITVIINAN ‘NOILVNIYOTHD ¥IIAV NOILNTIOS ONINNIMOHLOHTH

(penutauo)) g1-A 2T9EL

158



an %00°0 600°0 an | S8 suaaxkd -°ug

an an aN an | GH8 susakd(p‘o-g‘z‘)) oudpur ‘gg
an an an an | ch8 suddBiIyjUB(Y‘®)O0ZU3QIP °Z8
an an an an | c¥8 () susayjueusayd g
an aN an an } cv8 auaioniy ‘(8
an an an an I G#8 suatdzad(tyd)ozuaq ‘g/
an an aN an L GH8 (®) sduddeiyjue °g/
an an an an [ SH8 suatdyaydeusoe °//
£10°0 an an an ( G#8 sussfiyo  °g/
an an an an I cH8 sueyjueioniy(y)ozusaq °G/
an an an aN | G¥8 dusyjueioniz(q)ozusaq %/
an an an an | S¥8 susadd(e)ozusaq g/
€10°0 an an an | ch8 susdeIyjuUR(®)0ZUS] *7/
an an an an | o8 e3eTeyayd TAy3asuip |/

(pPnuTiuo)) sjuelNI1od OTXOJ

¢ Aeq 7 Aeq | Aeq 20an0g 12d{y, 2po) juelnyiod
(1/3m) sSuoTIleijuaduo) o1dueg weaxls

VIVA ONITAWVS ¥HLVMALSVM QIIVIIL
D INVId - NOILVINAWIQAS ANV ‘NOILVZITVIINAN ‘NOILVNI¥OTHO ¥AIAV NOILNTOS HNINNIMOYILOATH

(penutjuo)d) gl-A 219BL

159



aN anN anN aN
an an an aN
anN anN an aN
aN an an an
aN aN aN an
aN aN an anN
anN anN aN an
an an an an
an aN anN anN
anN anN aN an
aN an aN aN
6200 anN G10°0 an
710°0 100°0 600°0 €60°0
aN aN an anN
€ Keq 7 Keq | Keq ERERGTS

(1/3w) suotrjeizusouo)

L 48
l %8
l %8
l %8
l %8
2 %8
| %8
l %8
l Y8
{ %8
| %8
1 S8
1 58
l %8

19dAT 2po)
a1dueg weails

aoTyoeaday

a3eJINS uUBJINSOpuUd
uejnsopua-e13q
uejinsopua-eydie
aad-.,%‘vy

AAa- %Y

Iaa-,%‘y

auepaoIyo

UutrIpTatp

urapye
(duatfylsoaoryo) apraofyo TLuia
suatfy3soaoTyos 113l
auanyol

suaTdyrsoaoqyoealal

‘86
‘L6
‘96
*66
‘w6
*€6
°C6
)
*06
‘68
*88
*L8
‘98
‘68

(penutiuc)) siuelaniy{od OIXO]

jJuejny10d

VIVd ONITAWVS YILVMALSVM (ALVAIL
O INVId - NOILVINAWIAES ANV ‘NOIIVZITVYINAN ‘NOILVNIMOTHD ¥HIAV NOIINTOS DONINNIMOELDETH

(penut3ucd) gi-A dTqel

160



anN aN anN
anN aN an
anN aN aN
an aN aN
anN aN aN
anN aN aN
an aN aN
an aN aN
an aN anN
anN anN aN
an an an
anN anN anN
anN aN aN
anN anN an
Aeqg Z Aeq 1 Aeq

anN
aN
an
aN
aN
an
aN
aN
aN
anN
anN
anN
an

anN

20aN0§

(1/3w) suoileIJUdOUOD

VIV ONITAWVS ddIVMALSVM dqIIVAIL

l %8
l "8
3 98
3 %8
l Y8
I At
l "8
l 78
t a8
L - %8
L 8
| %8
L %8
l %8

TELIS 9pod
21dues weaals

(@)
(@)
(@)
(®)
(9)
(@)
(q)

9101-9Dd
09¢71-490d
8%C1-490d
¢€C1-490d
12¢1-490d
%62 1-90d
¢hT1-90d
JOHd-®e3T9p
IHY ~euued
OHg-®32q

OHg-eydie

apixoda i1o1yoeaday

aoTyoeaday

apAyapTe utapua

‘Tl
!
‘0Ll
‘601
‘801
AV
‘901
‘S0l
‘Y01
RA
‘¢ol
"101
‘001
‘66

(penuIjlu0)) S3UBINT[OJ OTXO]

jueanyiod

0 INVId - NOIIVINIWIQIS ANV ‘NOTIVZITVIINAN ‘NOILVNINOTHO ¥IIAV NOILNTOS HONINNIMO¥IOHATH

(PonuUTIIU0)) §l-A OTqBI

161



96°0 VAN (A4
0L°0 0Z°0 ¢ 0
0t 0¢ 6¢
[ 0°9 9°¢G
2000°0> 7000°0> T000°0>
0L°0 16°0 £6°0
G8°0 18°0 9°1
91°0 6T°0 9¢°0
710°0 £00°0 %00°0
L1°0 £C°0 8C°0
%00°0 100°0 710°0
0°9 VAR £
8C°0 1670 100" 0>
aN
¢ Keq 7 Aeq | Aeq

100° 0>
c0°0

1°¢
100°0

¢000° 0>

100°0
G00°0
7170
£00°0
L00° 0>
L00° 0>
800°0
100°0>
an

20a1nN0§

_ S8
! c¥8
- cv8
_ 68
| S48
_ c¥8
| 548
F c¥8
_ S48
_ 548
| S48
| Gv8
_ cv8
| 548

(1/8w) suoTleIjU’IdUO)

VIVAd 9NITIWVS YHELVMALSVM dILVAYL

19dA], apo)d
a1dueg

weails

uniyieyld
I9ATIS
(LI ER T
19M°1U

£anoxauw

pesT

(Te303) 9pTURLD
xaddoo

(1®303) uwnitwoayo
mniuped
uni{iL1aq
OTuasie
Auowtue

auaydexo?

LTl
‘971
RTA
vl
XA
RAA!
XA
‘0cl
‘6Ll
‘811
AN
‘Gl
ANt
el

juelnTiod

(penutluo)) sjuelInT[od OIXO]

D INVId - NOIIVINIWIQEAS ANV ‘NOIIVZITIVIINAN ‘NOILVNI¥NOTHD ¥HIIV NOILNTOS ONINNIMO¥ILOITH

(panurluo)d) gQ|l-A @19BL

162



6°8 6°8 ¢°9
00€°‘1 0€¢S 009°1 61
0¢ A 6 9°¢
91 [AA 61 87°0
0c°0 £C°0 Q07" 0 7200°0
€1 9°1 € Gl
8°0 0°1 9G°0 90°0
£ Ae(Qq ¢ Aeq | Leq 90INn0g

%8
%8
%8

G%8

G¥8

%8

a8

(1/3uw) suorleazuaouo)d

LadAg,
a1dweg

3pon
weails

*aayiado] pajzaodeay (9) “(9) ‘(e)

qea8 awil-aduQ - | :9pon 2dAy °71duegy

(s3tun paepuels) Hd
(SS1) spiios pepuadsns Te303

9sea18 pue 10

S3UuBINT]O0J [BUOTJIUSAUO)H
ural
sotyouayd

us8oalTu eIUOWWE

S3UBINTTO0d [BUOTIUSAUODUON

outrz  *871

(pPnuiljuo)) sjurINTIOd OIXO]

Jueany1od

VIV ONITdWVS dHLVMILSVM QIALVIIL
O INVId - NOIIVINAWIQAS ANV ‘NOTIVZITVIIAAN ‘NOILVNIMOTHD ¥AIAV NOIINTIOS HNINNIMOYIOATH

(Penutlu0)) gl-A STARL

163



an aN an an { Vark] aueylaoaoTyotald-g‘ 1L "%l

aN an aN an | %8 duey120I0TYITP-1‘1L €l
an an an an l 748 auBRYyld010TYoEXdY °¢|
anN an aN aN I %8 aUBYIS0IOTYITAI-L 1L 11
an anN anN an l 748 aueyla0Io0TYd2IpP-2‘L ‘01
anN aN an aN I vark] 2UdZUu9qoIOTYOoRXdYy °§
an an an an ! Vad: 2UdzuaqoIOTYDTAI-HZ |l °8
aN aN an an { 98 2UazZuaqoioTyo °*/
anN aN an an l Uard’; 2p1ioIyoealal uoqaed °9
aN aN aN aN l VAR 2ulpIZUdq G
¢00°0 ¢00°0 aN aN | %8 auazuaq °¥
aN an an an l 748 arrajTuoidaoe  °¢
an an aN an l 7498 uraoIde  °g
aN an aN an l %8 suayiydeusadoe °|

sjueanilod OIXOJL

¢ Aeq 7 Aed | Aed 90ano0§ 1adA], ?po) jue3iniiod
(1/8u) suoTiealuadUO) a1dueg weaxls

VIVAd DONITIWVS ¥HLVMILSVM QMH<MMH
O INVId - ININTA4d TVNIA

61l-A @IqeL

164



aN anN aN anN l 7%8 2UTpPTZUdQOIOTYDITIpP-,€°C °8T

an aN an aN | Y48 |UdZU3qOI0OTYOIP-%*| * [T
an an an an | 748 dU9ZU3]OIOTYDITIE-E‘ | 97
an an an an I 7498 Ud2zUudqOIOTY2IP-¢‘ |l °G¢
an an an an | 798 TousydoaoTyo-g *%g
an an an an | Y48 Wi0joIolyos “€g
an an an an | %8 1oss1d-w-oxoTys-d g7
an an an an ! %8 TouaydoaoTys113-9‘%‘g 1|7
an an an an ! 748 duaTeyaydeuoroydo-g °07
an an an an | 48 a19y32 TLuta T4y3asoioTyod-z ‘61
an an an an { %8 a9y3as (14yasoroyd-g)s1q °g|
an an an aN | 748 I9y3a (TAy3rswoaoTyod)s1q °/|
an an an an l 748 aueylLsoioyd °9}
an an an an | %8 PUBRYIS0I0TYOBIIAI-T T Ll °G|

(penuTijuoc)) sjuejn]lod 2IXO],

€ Aeqg 7 AeQq 1 Aeq 901N0S 19dLy 2po) jueaniiod
(1/3m) suor3lrijuadu0) a1duesg wesals

VIVAd ONITAWVS ¥YdLVMALSVM GILVIYL
J INVId - ININTALE TVNIL

(PenuI3luo)) 61-A 21qBL

165



aN anN an anN L 748
an aN aN anN i %8
an anN anN aN l %8
anN dN aN aN l %8
an an an anN I 748
aN dnN anN aN l %8
aN an aN aN l %8
an anN anN anN L 498
aN an an anN l %8
aN anN dN anN I w498
aN anN aN anN | 748
an an an an L v
aN an aN an l 748
an an an anN L %8
¢ AeQq 7 AeQ i Aeq ?0anog 19dAg, Iapoo
(1/3u) suoraeijusduU0) a1dueg weaxls

19y3a (1Adoadostoio1yd-7)s1q
19yza TLuayd fLusydowoaq-+
19y3a TAuayd fLAusaydoioiyo-4
auayjueioniy

auazuaqiLyl®
surzeapAytduaydip-z ‘|
ausNT03013TUIP~9°‘Z
ausanjojljoaltTuIp-%‘yg
Touaydi4ylrsmip-‘g
auadoadoxoyoip~-€‘|
auedoadoxoTyoip-7 ‘|
1ouaydoaoTyoip-+%‘g
aua1dy3soi0TyoIp-sueII-T ‘|

uaT4y19010TyYd1p- ‘|

KA
iy
‘oY
"6¢
‘8¢
‘LE
‘9¢
‘Ge
"ve
%
A
‘1€
‘0¢
‘6¢C

(panur3uo)) sjuelniTog OIXO0],

jue3ni1od

VIVA ONITAWVS YHILVMALSVM QAdLVIdL

D INVId - ININTAAA TVNIJ
(penuriuo)) 61-A 2TqBL

166



anN
aN
aN
anN
anN
anN
aN
(N
aN
anN
aN
aN
aN

anN

€ Leq

aN
aN
aN
anN
an
aN
aN
an
aN
aN
aN
aN
aN

aN

¢ £eq

an
aN
aN
aN
aN
anN
aN
an
aN
aN
aN
aN
aN

an

| Leq

an | 48
an l W48
anN l %8
anN | w48
anN l 748
an l w48
anN l %8
aN l Y98
aN l VAR
anN l VAR
anN l %8
an l 748
an L %8
an l w498
20anog TELLSH “apon
a1dueg weaxlg

(1/8m) suoijleijusaduo)

auazuaqoillu
auaTeylydeu

auoaxoydosT
auatpeiuadoohooioTyoexay
auaTpeINqOIOTYOBXdY
aurylamowoIqIpPOIOTYD
aueYyl3WOIONTJIPOIOTYIIpP
aueylawoaonTJoIoTyotal
surylswowWoIqoOIOTYOoIp
(dueylswowoaqyiil) uwiojouwoaq
(surylswowoiq) apiwoiq JAylsuw
(suryjawoaoIys) apilaolyo f[LAyisuw
9pTaIOTyYo dudTLAyjsu

aueylam(£xoyisoaoyo-z)siq

"9
"G
"G
€S
"7
"1g
"0S
"6
"8
Ly
"9y
"Gy
"y
X

(panutjuo)) s3juelInyTog 91XO0]

juelny10d

VIVA ONITAWVS YIdILVMILSVM QILVAYL
O INVId - INdNTIAH TVNIA

(PoNUTIUCD) 6|-A OTQEL

167



anN anN L00°0 anN l %8
aN an anN aN | %8
aN anN ¢00°0 anN l 748
anN anN aN aN l %8
Gv0°0 %80°0 €00°0 %60°0 l %8
aN aN aN aN | 748
an aN aN an l w98
aN aN an anN l 48
aN aN aN anN l %8
anN aN aN an l 98
an an an an ! . uvg
an anN 100°0 an l 748
anN an %00°0 an l %8
aN aN aN aN i VAR:]

g Keq Z_keq 1 Keq 90inog yod&], “9po)
(1/3uw) suotr3jealuadU0) a1dueg weails

a3eTeyayd 14yaatp
ajeteyayd fLaoo-u-1p
a3eTeyayd 14ang-u-1p
areteyayd 1Lzuaq TLang
o3eTeyayd (14xayrdyas-z)siq
Touayd

1ouaydoaoyoeauad
autwe]Adoad-u-1posoaatu-N
autwefuaydiposoaltu-N
auTweTAYla2wWIPOSOIITU-N
108910-0-013TUTpP-9‘H
fousydoalTuip-+°g
Touaydoaatu-4

Touaydoaatu-g

0L
°69
‘89
*L9
‘99
*69
‘%9
“£9
'79
19
*09
*6S
"8G
*LS

(penutTluo)) s3juelIn]Tod OIX0]

JueInT104d

VIVA ONITAWVS YIAILVMILSVM QIdIVAIL

D INVId - ININTIAH TVNIA

(penutiuo)) 61-A dTqelL

168



an an an an L 748 susakd ‘4g

an aN an an | VAL auaxzkd(p‘o-¢‘z*|) ouspur ‘gg
an an an an | 48 susdeiyjue(y‘e)ozuaqIip °78
aN aN an an | VAR (®) susayjueuayd - |g
an an an an | VAL susionTy 08
an an an an | 748 susThrad(Ty3d)ozuaq °6/
an an an an L 498 (®) ausdevayluR °Q/
an an an an | 748 sausTdyjydeusase °//
an an an an | VAl suaskiydo 9y
an an an an | %8 sueyjueionijy(y)ozusq °G/
an an an an | VAR dusyjueioniy(q)ozuaq “4/
an an aN an | H48 susakd(e)ozuaq g/
an an an an | w48 susdeiyjue(B)OZUSaq 7/
an an an an | %8 @rereyayd 1dyrsuip |/

(panuTluo)) sjuelnyiod OIXO0J

€ Ae(q 7 Aeq | AeQg 90anog TELV.SH apo)d ‘ jueaInyiod
(1/3w) suoTlBajzUdOUO) aT1dmeg wesilsy

VIVAd SNITdWVS dILVMALSVM dILVAIL
O INVId - LNINTdAd TVNIJA

(PoNUTIUCD) 6|-A OTqEL

169



an an an an
an an an an
an an an an
an an an an
an an an an
an an aN an
an an an an
an an an an
an an an an
an an an an
an an an an
an an aN an

800°0 an an €60°0
an an an an

£ Leq Z Leq L Aed ®01nog

3 a%8
L GH8
l %8
l Sh8
l Gh8
L Gh8
L A
l GH8
l %8
{ G%8
i 98
{ Gy
l GH8
l %8

(1/d8w) suorieiju’adUO)

a1dwesg weails

+odL], 3poD

1o1yoeaday

9]BJTNS UBJTNSOpPUd
ueJINSOpuUs-813q
uejynsopua-rydie
aad- vy

aada- . vy

Iaa-.v‘y

auepaoTyo

utriIpiaip

urapie
(suaTLyisoaoTyo) apraoTyo jLuia
auaTLyisoaoTyo1a1]
auanto3l

auaTAyaraoioTyoealal

‘86
‘L6
‘96
‘66
‘%6
‘€6
‘T6
‘L6
‘06
‘68
*R8
“L8
‘98
‘68

(penu13juo)) sjueINT{od O1XO0]

Jueaniiod

VIVAd ONITAWVS YHLVMALSVM QHLVHIL
O ILNVId - INAQTALA TVNIA

(PNUTIUOCD) 6|-A ITGEL

170



an aN an aN
an an an aN
anN anN an anN
aN aN anN aN
an aN aN aN
aN aN an aN
an an an aN
anN anN aN aN
anN anN aN an
aN aN anN anN
an an anN aN
anN an aN aN
an aN aN aN
aN aN aN aN
€ Aeq 7 Aeq | Aeq 22aIN0§

(1/3w) suoyaeajusouo)

VIVAd ONITAWVS YIILVMALSVM HIVIIL

! #98
L 98
1 48
! #498
) y98
! w98
1 ¥h8
| 2498
! w98
L 8
! w98
, 798
! 798
1 98

49dL], 2pod
o1dues weails

O INVId - ININTIAA TVNIA

(ponutiuc)) 61-A Tqel

(®) 9101-90d

() 09Z1-90d
() 847 1-940d
() €T 1-€90d
(q) 122 1-90d
() %6Z1-40d
(@) Zve1-90d
OHg-8119p
g -euwed
OHg-®33q
OHg-eydie

aprxods aoryoeaday
JoTyoeaday

opAyspTe uIlIpUd

‘Tl
AN
‘011
‘601
‘801
A
‘901
‘GO0l
‘Y01
‘€0l
"T0l
“101
‘001
‘66

(panutluo)) sjuelnyiog O9IXO0]

JueInT1o4d

171



L00°0>  100°0> 800°0 100" 0>
€0°0 100°0>  100°0> 200
0°¢ L°2 8° 1 L€
£20°0 %0°0 0L°0 100°0

200°0> 200°0> 000> T00°0>
S10°0 010°0 S10°0 100°0
120°0 1€0°0 G10'0 S00°0
0Z°0 %1°0 0Z'0 710
£00°0 200°0 200°0 €00°0

20°0 100°0>  100°0>  100°0>

£00°0>  100°0> 100°0>  100°0>
190°0 120°0 890°0 800°0

100°0>  100°0>  400°0 100° 0>
aN an

g Leq z Keq 1 Leq 3o1nog

(1/9u) suorjeijusouo)

VIVAd ONITdWVS YIIVMALSVM Q4LVIEL
0 INVId - INANTALE TTVNIA

L 748
l 748
l 748
L 748
l %8
l 748
l 748
i 748
l 748
l %8
l 748
l %8
l 748
l %8

19d&],
a1dueg

2pod
weails

(penuT3U0)) 61-A OTqEL

uniTrTeyld
I9ATIS

unTua T3S
19¥oTU

Lanoaaum

peaT

(Te3023) aptTueko
aaddoo

(Te2303) wniwoayo
uNTWped
uniy14a9q
JTuasae
LuowTtjue

auaydexol

A
XA
BTA
Al
XAt
‘et
YAt
‘071
‘611
‘811
AN
‘Gl
‘il
‘el

(penuiluo)) s3juelnyi{og OIXO0],

jueaniiod

172



L*L 6°9 G¢*°9
62 [4% 1€ 6l
9°f [A} va) 9°¢
el 68°0 G6°0 82°0
¢00°0 £€00°0 £€00°0 ¢00°0
8°0 9°0 ¢°0 G
20°0> #0°0 G0°0 90°0
€ Ae(Qq 7 Aeq L Leq 82anog

(1/9w) suorjeijuaduo)

$9d&y,
91dueg

VAL
%8
748

748

98

48

48

apod

wealilg

*asyisdo3 pajaoday (9) ‘(q) ‘(e)

qeas8 awil-auQg - | :3pon a3dLy ajdueg,

(s3tun paepuels) Hd
(SS1) spri1os papuadsns Tel03l

9seaad pue {10

SIUBINT[Og [BUOTIIUSBAUO)
ura
soTTouayd

usdoajliu erUOWUR

SjupiINTTO04d TEUOTJUIAUOOUON

outrz ‘gz

(penutTljuo)) sjueiniTod OIXO0]

Jue3INT104d

VIVA ONITAWVS ¥YIIVMALSVM QHIVAEL

0 INVId -

INANTILH TVNIA

(panutluo)) 6l-A @19BL

173



an anN l 868 2uBYIL0IOTYITII-Z L L ‘vl

an aN | 848 2UBYISOIOTYDIP-1 L ‘€l
aN aN l 868 aueyjzaoaoyoexay °gl|
an aN I 868 dueY3lL0IOTYITIAI-L L L 1}
aN anN l 868 2UBY120IOTYIIP-Z2‘1l ‘01!
aN aN l 868 2U2ZUDqOIOTYOBXdY ‘6
an aN ! 868 9uazuaqoaoTyo1I3-%‘z‘|L °8
aN aN [ 868 sauszuaqoaoys */
aN aN l 868 apIIOTYOBIIS] UOQABD °Q
aN aN l 8G8 dUIpIZU®q °G
aN an l 868 auazuaq ‘Y
aN aN ! 868 911a31uo1Laoe °¢
anN aN l 868 uiaToIor *g
aN anN i 868 auayjydeusaoe *|

s3UBINTI0d OTIXOJ

€ AeQq Z Aed 1 Aeq 90INn0g 1odL1 2po) jueiniiod
(1/3w) suolleIjUdOUO) a1dwmes weails

VIVA ONITAWVS YEdIVMALSVM (dLVAYL
d INVId - NOILVNOEYVD ¥ILAV NOILATOS ONINNIMOILOATH

0¢-A @TqelL

174



anN
an
aN
aN
an
aN
aN
aN
aN
aN
aN
aN
aN
anN

£ A®eq

7 Xeq | Xeq

aN
aN
aN
aN
an
LEO"O
aN
(N
aN
an
anN
aN
aN
anN

20an0g

(1/3u) suoTjlealuadouo)

a INVId

1 858
! 868
1 858
! 858
| 858
1 858
! 858
! 858
! 858
L 858
[ 858
! 858
1 858
L 858

}odLy, 3pod
91dmes mWeails

3UIPIZU9QOIOTYDIIP-,E£°¢€
9U8ZUaqoIOTYIIp-4v° |
9UdZuaqoIOoTYITP-€ ‘|
9UDZUdqOIOTYOIpP-Z° |
Tousydoioyo-g
WI0JOIo YO
10s9a0-w-0x0T1Yyo~d
TouaydoaoTyo113-9°%*g
auaTeyaydeuoaoTyod-¢
I3y3ze TAurA T4y3asoioTyo-g
19439 (T4yas0101yd-g)s1q
19y3a (TAy32woa0TYd)s1q
2UBYIDOIOTYD

9UBY3IS0I0TYORIFII-Z T  |' |

*8¢
*LT
*9z
*6¢
A
"te
‘¢c
‘e
*0¢
‘61
‘81
"L
‘91
‘6l

(ponut3luo)) sjuelaniiod O1XO]

jue3anyiod

VIVd ONITAWVS ¥YILVMILSVM (HLVIYEL
- NOILVNOEYVD ¥d1d4V NOILATOS ONINNIMOJLOETH

(penur3iuo)) QZ-A @1qelL

175



an anN | 858 19419 (1£doadostor0TY2-7)s1q °Z%

an an | 868 19y3la 1Ausyd jAusydowoiaq- |y
an an [ 868 19y3s 1husayd 1Lusydoaoyyo-y 0%
an an | 868 duayjueroniy °6¢
an an 1 858 auazuaqriyis °gg
an an | 868 sutzeapAyriusydip-z‘y /¢
an an l 868 3udNT03013TUIP-9°Z *9¢
an an I 868 ausnjolo01lTuUIp-%°y  °Gg
aN an | 858 TouaydrLyisuip-v‘z “%¢
an an l 8GR suadoadoaoTydip-¢‘| ‘€€
aN an L 858 suedoadoaoTydTp-z‘l °7E€
an an | 868 TousydoaoTyoIp-%‘Z L€
an an L 868 aus1A4312010TYDIP-SUBII-Z | °0f
an an | 848 2ueTAYId0I0TYSIP-1‘1 6T

(penutluo)) sjuein(iog OIXO0]

€ Aeqg 7 Keq | Aeq 22anog 19dAy, 2po)d jueanyiod
(1/3u) suoTjeailuaduo) a1dueg weaals

VIVA HSNITAWVS YIILVMALSVM (dLVAIL
d INVId - NOILVNOEY¥VD WALAV NOILATOS ONINNIMOVLOATH

(PenuTIU0)) 0Z-A PTqEL

176



an aN L 868 aUdZUaqoIITU  * QG

an an { 868 suateyaydeu °gg¢
an aN l 868 suoaoydost %G
an aN { 868 aua1peyuadoodooaoTyoexay °¢g¢
an aN } 868 2U3aTpRINGOIOTYIBXDY °7G
an anN L 868 3UBYIDWOWOIQTIPOIOTYD °* |G
aN an L 868 2UBY3SWOIONTITPOIOTYITIP *(O6
an aN l 868 3UBYIAWOIONTJOIOTYDITII °*gH
aN aN { 868 3UBYIdWOWOIqOIOTYDI TP °8%
an aN l 868 (duryjswowoiqiil) waojowoirq °/+4
aN aN 1 868 (oueyiswowoxq) Ipiwoxq TLYiaw -9y
aN an L 868 (dueylawoioTyd) apTaIoTyd TAyiauw °G4
S%0°0 120°0 | 868 ap1aoTyYd dusTLylaw 4y
aN aN l 868 aueylaw (£xXoyla010yd-7)s1q °g¥

(panutiuo)) s3jueInTiod O1X0],

€ Ae(q 7 Aeq | Aeq 90aNn0g 19dA], 2po) JueaIni1od
(1/3w) suorilrIlU3IOUOY a1dueg weaalg

VIVAd ONITAWVS ¥YILVMALSVM QILVIHIL
d INVId - NOILVNOYYVD ¥YALIV NOIINTOS ONINNIMOYLOHATH

(panuTIU0D) 0Z-A TqeEl

177



an
an
anN
an
anN
870°0
anN
anN
anN
aN
anN
anN
anN
anN

€ 4Aeq

z_Aeq | &eq

anN
an
anN
aN
%00°0
anN
anN
aN
aN
anN
an
anN
an
anN

20aN0g

(1/3w) suor3zeajusouo)

a INVId

I 868
l 868
l 868
l 868
I 868
l 868
l 8G8
l 868
l 8G8
l 868
L - 868
I 8G8
l 8GR
i 868

42dLy, 2pod
91dueg weailsg

a3eTeylyd 14Ly3atp
a3eTeYyayd T1L300-U-TPp
ajeteyayd -74anq-u-1p
ajeTeyayd tLzusaq 14ang
a3eTeyIyd (T4x9Yy1dyls-z)siq
Touayd

1ouaydoaotyoejuad
sutweyAdoaxd-u~-1posoajztu-N
sautweTAuaydiposoaliu-N
autTweT1AYlawTposorJTu-N
108210-0-0a3TUIP-9‘H
TouaydoalTuip-+°g
1ouaydoaitu-+

1ouaydoaiiu-g

‘0L
‘69
*89
‘L9
‘99
'G9
‘%9
‘t9
‘Z9
“19
‘09
‘66
‘8¢
*LS

(panuTiuo)) sjuelInyiod OFXO0]

JueIniiod

VIVd ONITAWVS YHIVMALSVM Q3LVAYL
- NOILVNOGYVD ¥YAIIV NOILNTOS ININNIMOILOHTH

(PeNUTIU0D) 0Z-A OT4EL

178



aN aN L 868 ataikd -4g

an an | 868 ouaifd(p‘o-g‘z‘|l) oudspur ‘¢g
an an L 868 suddeIYjUEB(y‘®)OZUBQIP 78
an an L 868 (®) susayjueusyd g
an an L 868 susroniy ‘(08
an an ! 868 sustkaad(1y8)ozuaq 6/
an aN | 868 (®) ausdBIyIUE g/
an an l 868 suatdyiydeusse *//
aN aN L 868 suasfkiyd -9/
an an | 868 sueylueionyy(d})ozuaq G/
an an | 868 suayjurioniy(q)ozusq “‘#/
an an | 868 susakd(e)ozusq g/
an an | 868 dusorIyjUEB(B)0ZUA]q *7/
an an | 868 ajeTeyayd 1dyzauip |/

(pPnuIluo)) s3jUBINT[OJ OIXO]

€ Aeq 7 AeQ | Aeqg 30aN0S§ 19dAg, ET k) JueinI 104

(1/3w) suo13leIjUaOUO) a1duesg wea13s

VIVAd ONITAWVS ¥YIILVMULSVM QIALVIIL
ad INVId - NOILVNOSYVD ¥ILIV NOILNTOS ONINNIMOYLIATH

(penuT3u0)) 0Z-A T4l

179



aN an L 868 1oTyoeaday °ge

an aN | 868 d3BJTNS UBJINSOPUd /6
an an L 868 uejInsopus-ei1aq 94
an an ] 868 ueyinsopua-eydie °Gg
an aN ] 868 aaa-.%‘'y ‘%6
an an l 868 40a-,%‘% €6
an an | 868 laa-.v‘'v  °26
an an ] 868 suepioyd °16
an an | 868 urapiaIP ‘06
an an L 868 utipie 68
an an l 868  (PudTdylsoioTyd) apTaOTY> TAUTA °88
£20°0 £00°0 L 858 aus7LyasoioTysTiz °/g§
100°0 S00°0 | 868 auaniol ‘98
aN an | 868 dua14y12010TYydoeIId]1 °GQ

(pPnuTluo)) s3UBINTTOg OIXOJ

€ Keq 7 Leq | Keq 991nN0§ TEL VS 2po) jue3nI1od
(1/3w) suoTaeIjuULEOUO) a1dues weails

VIV ONITAWVS ¥YIIVMALSVM QILVIYL
d INVId - NOILVNOEYVD ¥ALIV NOILNTOS ONINNIMOYILOIATH

(penutauod) 0Z-A 19l

180



an an
an an
an an
an an
aN an
aN an
an an
an an
an an
an aN
an an
an an
an an
an aN

¢ Leq Z &=q L _£eq @01nog

(1/3u) suoraeijuaouon

d INVId

VIVa ONITAWVS ¥ILVMILSVM QILVIAYL

l 868
{ 868
l 868
l 868
i 868
l 868
1 8G8
! 868
l 868
I 868
l 868
l 868
l 868
I 868

TELY S 2pO)
a1dueg weailsg

(®)
®)
®)
)
(a)
(q)
(a)

9101-90d
0971-90d
8%¢C1-90d
¢eC1-490d
L1271-490d
%6Z1-490d
¢ 1l-90d
OHd-®e3T9p
JHY ~euwed
OHg-®39q

OoHg-eydie

apixoda aoTyoeaday

ao1yoeaday

opAyap1e UuTaApUd

AN
"L
‘01l
‘601
‘801
AR
‘901
‘6ol
‘01
‘e0l
‘20l
‘10l
‘001
‘66

(penuijuo)) sjueinyiog O1IXO0]

jueanitod

NOTILVNOEEVD ¥ALAV NOILNTOS ONINNIMOIIDATH

(ponurjuo)) (0Z-A °T9BL

181



88°0
%1°0
S00°0>
v°z
2000°0>
06°0
000° L€
GL°0
LE"O
02°0
€00°0
9°7
00£°0
an

¢ Aeg

T 4eg L 4eq

G00°0
100°0>
S00°0>
£00°0

L0000

110°0
%00°0
910°0
%00°0
1006°0
100° 0>
L0000
100° 0>
an

30aN0g

l 868
l 8¢8
l 868
L 868
1 868
t 868
i 868
l 868
l 868
I 868
| 868
I 868
{ 8G8
l RG8

(1/3uw) suo13jeajusduo)d

VIVd ONITAWVS YALVMILSVM (HLVIRL

19dAg, ?2po)d
o1dueg

weails

uniiTeydl

ABATTS

uNIudTas
19321U

Aandasm

peat

(Te3031) apruekd
aaddoo

(1Te3031) wniwWoayd
wuniwpeo
unijpLasg
o1udsie
Auowtjue

ausydexoy

Ll
‘9¢1
‘Gzl
A
RXA!
‘cct
‘et
‘0cCl
‘611
‘8Ll
AN
‘Gll
AN
el

Jue3ni1od

a INVId - NOILVNOZYVD ¥ilLAV NOIINTOS ONINNIMOYLOHATH

(panutluoy) 0Z-A 219BL

(panutjuo)) sIUBIATTO4 O1XOJ

182



000°S¢C 6 868

9¢ L7l 868

£000°0 100°0 868

9°0 £°0 868

#1°0 ¥C°0 868

€ Aeq 7 Aed | Aeg 90anosg apo)d
(1/3w) suoTleIluaduo) wea121g

a INvV1d

-19y31af03 paaaodsy (9) ‘(q) ‘(®)
qead swy3l-auQ - | :9pon adLl o1dwegy

(SS1) spiyos papuadsns Te303

sjueany10d [BUOTIIUSAUO)
url
sotTouaud

u928ox31Uu BUOWWE

S3UBINTTO04d TEUOTJIUDAUODUON

b

ourz °g7|

(penuijuo)) sjuejnijod OIXO]

jueIniiogd

VIVQ ONITdWVS ¥YILVMALSVM AILVIYL
- NOILVNOGEVD ddl4V NOILNTOS ONINNIMOYLOATH

(penut3uc)) 0Z-A 2198l

183



Tin
Hydroxide
Supernatant

From Scrap

-3 Lagoons

l

Discharge

Precipitation . .
to River

Supernatant

Tank No. 1

(Sludge and
Plating Solutions

Y

Precipitation
Supernatant
Tank No. 2
(Sludge and

Plating Solutions)

Y

Tin
Hydroxide
Filtrate

> B> O Bf

Source
Water

Figure V-1
SAMPLING SITES AT SECONDARY TIN PLANT A

184



Source @

Water
Spent @
Electrowinning @ » To Sales
Solution

Mud Pond

Figure V-2
SAMPLING SITES AT SECONDARY TIN PLANT B

185



Source
Water

NaOCl

Spent
Electrowinning Q ; > Chlorination

Solution

HZSO4 eeem——ppt Neutralization

50

Sedimentation

Ponds

Noncontact
Cooling
Water //A\\
844
Discharge
to River
Figure V-3

SAMPLING SITES AT SECONDARY TIN PLANT C

186



Source
Water
Na{Iﬁ
856
Spent :
Electrowinning @ »| Carbonation
Solution
858
Discharge to
Surface Water
Figure V-4

SAMPLING SITES AT SECONDARY TIN PLANT D

187



188



PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION VI
SELECTION OF POLLUTANT PARAMETERS

Section V of this supplement presented data from primary and
secondary tin plant sampling visits and subsequent chemical
analyses. This section examines that data and discusses the
selection or exclusion of pollutants for potential limitation.

Each pollutant selected for potential limitation is discussed in
Section VI of the General Development Document. That discussion
provides information concerning the nature of the pollutant
(i.e., whether it is a naturally occurring substance, processed
metal, or a manufactured compound); general physical properties
and the form of the pollutant; toxic effects of the pollutant in
humans and other animals; and behavior of the pollutant in POTW
at the concentrations expected in industrial discharges.

The discussion that follows describes the analysis that was
performed to select or exclude toxic pollutants for further
consideration for limitations and standards. Pollutants will be
considered for limitation if they are present 1in concentrations
treatable by the technologies considered in this analysis. The
treatable concentrations used for the toxic metals were the
long-term performance values achievable by lime precipitation,
sedimentation, and filtration (see Section VII Of the General
Development Document - Combined Metals Data Base). The treatable
concentrations used for the toxic organics were the long-term
performance values achievable by carbon adsorption. Also,
conventional and nonconventional pollutants and pollutant
parameters are selected or excluded from limitation.

CONVENTIONAL AND NONCONVENTIONAL POLLUTANT PARAMETERS

This study examined samples from the primary and secondary tin
subcategory for two conventional pollutant parameters (total
suspended solids, and pH) and three nonconventional pollutant
parameters, (ammonia, tin and fluoride). Fluoride is known to be
present in certain of the raw materials used by secondary tin
facilities and ammonia is used as a reagent in some tin recovery
operations. Also, ammonia its generated 1in the alkaline tin
dissolving reaction.

CONVENTIONAL AND NONCONVENTIONAL POLLUTANT PARAMETERS SELECTED

The conventional and nonconventional pollutants or pollutant
parameters selected for limitation in this subcategory are:

° ammonia
® fluoride
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° tin
° total suspended solids (TSS)
® pH

Ammonia was found in six of the eight raw waste samples analyzed
for this subcategory in concentrations ranging from 1.1 to 92
mg/1. One of the values recorded is well above the 32.2 mg/l
concentration attainable by the available treatment technology.
Also, one facility which uses ammonia to precipitate tin
hydroxide supplied wastewater analytical data with their dcp
response which indicated that 3,000 mg/l of ammonia nitrogen was
present. Consequently, ammonia is selected for limitation in
this subcategory.

Fluoride was detected in all eight raw wastewater samples
analyzed for this study. Five of the eight values are egqual to
or greater than 12,000 mg/l. These high concentrations of
fluoride are found in wastewaters associated with secondary tin
production from tin plating solutions and sludges. The fluoride
originates as tin fluoroborate or fluoroboric acid which are
constituents of tin plating baths. For these reasons, fluoride
is selected for limitation in this subcategory.

Tin was analyzed for in all ten raw waste samples, and was found
in concentrations ranging from 5.8 mg/l to 8800 mg/l. All ten
values are greater than the 0.80 mg/l concentration considered
achievable by 1lime, settle and filter technology. Also, tin is
expected to be present in the wastewaters from this subcategory
because -of its prevalence in the process and its solubility. For
these reasons, tin is selected for limitation in this
subcategory. ’

TSS concentrations ranging from 25 to 50,000 mg/l were observed
in the 10 raw waste samples analyzed for this study. All 10
concentrations are well above the 2.6 mg/1 treatable
concentration. Furthermore, most of the specific methods used to
remove toxic metals do so by converting these metals to
precipitates, and these toxic-metal-containing precipitates

should not be discharged. Meeting a limitation on total
suspended solids helps ensure that removal of these precipitated
toxic metals has been effective. For these reasons, total

suspended solids are selected for limitation in this subcategory.

The eight pH values observed during this study ranged from 7.6 to
13.3. Two of the eight values were outside the 7.5 to 10.0 range

considered desirable for discharge to receiving waters. Many
deleterious effects are caused by extreme pH values or rapid
changes in pH. Also, effective removal of toxic metals by

rrecipitation requires careful control of pH. Since pH control
within the desirable limits is readily attainable by available
treatment, pH is selected for limitation in this subcategory.
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TOXIC POLLUTANTS

The frequency of occurrence of the toxic pollutants in the raw
wastewater samples taken is presented in Table VI-1. Table VI-1
is based on the raw wastewater data from streams 455, 456, 395,
396, 398, 399, B43, and 856 (see Section V). These data provide
the basis for the categorization of specific pollutants, as
discussed below. Treatment plant samples were not considered in
the frequency count.

TOXIC POLLUTANTS NEVER DETECTED

The toxic pollutants 1listed below were not detected in any raw
wastewater samples from this subcategory; therefore, they are are
not selected for consideration in establishing limitations:

1. acenaphthene

2. acrolein

3. acrylonitrile

5. benzidene

6. carbon tetrachloride (tetrachloromethane)
7. chlorobenzene

8. 1,2,4~-trichlorobenzene

10. 1,2-dichloroethane

12. hexachloroethane

13. 1,1-dichloroethane

14. 1,1,2-trichloroethane

15. 1,1,2,2-tetrachloroethane

16. chloroethane .

17. bis (chloromethyl) ether (deleted)
18. bis (2-chloroethyl) ether

19. 2-chloroethyl vinyl ether
20. 2-chloronaphthalene

21. 2,4,6-trichlorophenol

22. parachlorometa cresol
24. 2-chlorophenol

25. 1,2-cichlorobenzene

26. 1,3-dichlorobenzene

27. 1,4-dichlorobenzene

28. 3,3'~dichlorobenzidine

30. 1,2-trans-dichloroethylene

31. 2,4-dichlorophenol

32. 1,2-dichloropropane

33. 1,2-dichloropropylene (1,3-dichloropropene)
35. 2,4-dinitrotoluene

36. 2,6-dinitrotoluene

40. 4~chlorophenyl phenyl ether

41. 4-bromophenyl phenyl ether

42. bis(2~-chloroisopropyl) ether
43. bis(2-chloroethoxy) methane

45. methyl chloride (chloromethane)
46. methyl bromide (bromomethane)
47. bromoform (tribromomethane)
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. dichlorobromomethane

. trichlorofluoromethane (deleted)
. dichlorodifluoromethane {(deleted)
chlorodibromomethane
hexachlorobutadiene
hexachlorocyclopentadiene
isophorone

nitrobenzene

4,6-dinitro-o~cresol

. N-nitrosodimethylamine

. N-nitrosodi-n-propylamine

. pentachlorophenol

. di-n-octyl phthalate

. diethyl phthalate

. dimethyl phthalate

. benzo(a)anthracene (1,2-benzanthracene)

benzo(a)pyrena (3,4-benzopyrene)
3,4-benzofluoranthene

. benzo(k)fluoranthene (11,12-benzofluoranthene)

. Chrysene

. acenaphthylene

. benzo(ghi)perylene (1,11-benzoperylene)

. dibenzo(a,h)anthracene (1,2,5,6-dibenzanthracene)
indeno(1,2,3~-cd)pyrene (w,e,-o~phenylenepyrene)

. tetrachloroethylene

. aldrin

. dieldrin

. chlordane (technical mixture and metabolites)
4,4'-DDT

. 4,4'-DDE(p,p'DDX)

4,4'-~DDD(p,p'TDE)
. a-endosulfan-Alpha
. b-endosulfan-Beta
endosulfan sulfate
endrin

. endrin aldehyde

. heptachlor

. heptachlor epoxide
. Alpha - BHC

. Beta ~ BHC

. Gamma - BHC (lindane)

. Delta - BHC

. PCB-1242 (Arochlor 1242)
. PCB-1254 (Arochlor 1254)
. PCB-1221 (Arochlor 1221)
. PCB-1232 (Arochlor 1232)
. PCB-1248 (Arochlor 1248)
. PCB-1260 (Arochlor 1260)
. PCB-1016 (Arochlor 1016)

. toxaphene
. asbestos
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
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TOXIC POLLUTANTS NEVER FOUND ABOVE THEIR ANALYTICAL
QUANTIFICATION CONCENTRATION

The toxic pollutants 1listed below were never found above their
analytical quantification concentration in any raw wastewater
samples from this subcategory; therefore, they are not selected
for consideration in establishing limitations.

9. hexachlorobenzene

11. 1,1,1-trichloroethane
23. chloroform

29. 1,1-=dichloroethylene
34. 2,4-dimethylphenocl
37. 1,2-diphenylhydrazine
39. fluoranthene

55. naphthalene

62. n-nitroscdimethylamine
68. di-n-butyl phthalate
78. anthracene

80. fluorene
81. phenanthrene
87. trichloroethylene

TOXIC POLLUTANTS PRESENT BELOW CONCENTRATIONS ACHIEVABLE BY
TREATMENT

The pollutants listed below are not selected for consideration in
establishing limitations because they were not found in any raw
wastewater samples from this subcategory above concentrations
considered achievable by existing or available treatment
technologies. These pollutants are discussed individually
following the list.

117. beryllium
123. mercury

Beryllium was detected above its analytical quantification level
(0.1 mg/1) in four out of 10 raw wastewater samples. The
observed concentrations ranged from 0.02 mg/l to 0.20 mg/l.
Three of these values are below the treatable concentration for

beryllium (0.20 mg/1). One 1is right at the treatability
concentration and would therefore not be reduced by available
treatment technology. Beryllium 1is therefore not selected for

limitation.

Mercury was detected in two out of 10 raw wastewater samples.
The two observed concentrations are .026 mg/l and .0004 mg/1,
both below the concentration considered achievable by identified
treatment technology (.036 mg/1). Mercury 1is therefore not
selected for limitation.
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TOXIC POLLUTANTS DETECTED IN A SMALL NUMBER OF SOURCES

The following pollutants were not selected for limitation on the
basis that they are detectable in the effluent from only a small
number of sources within the subcategory and they are uniquely
related to only those sources.

4. benzene
38. ethylbenzene
44. methylene chloride
57. 2-nitrophenol
58. 4-nitrophenol
59. 2,4-dinitrophenol
65. phenol
66. bis(2-ethylhexyl) phthalate
67. butyl benzyl phthalate
84. pyrene
86.. toluene
88. wvinyl chloride

Although these pollutants were not selected for limitation in
establishing nationwide regulations, it may be appropriate, on a
case-by-case basis, for the local permitter to specify effluent
limitations.

Benzene was detected above its treatable level of 0.01 mg/1 in
two out of 10 raw wastewater samples. The observed treatable
concentrations are .051 and .047 mg/1, just slightly higher than
the treatability concentration. Because these values are only
sllghtly higher than could be achieved by treatment and only two
in 10 samples showed benzene at a treatable concentration,
benzene is not selected for limitation.

Ethylbenzene was detected above its treatable concentration of
0.0 mg/l 1in only one out of ten raw wastewater samples. The
observed treatable concentration is 0.011 mg/l. Because it was
found at a treatable concentration in only one out of ten samples
and because the observed value 1is only slightly above the
treatable concentration, ethylbenzene 1is not selected for
limitation.

Methylene chloride was found above its treatable concentration of
0.01 mg/1 in three out of 10 raw wastewater samples. Methylene
chloride is a common laboratory reagent often detected in blank
and raw water samples. The treatable concentrations observed
(0.031, 0.025 and 1.724 mg/1l) are probably due to 1laboratory
contamination. Methylene chloride is therefore not selected for
limitation.

2-Nitrophenol was detected above the concentration considered
achievable by identified treatment technology (.01 mg/1l) in three
out of 10 raw wastewater samples. The treatable concentrations
observed were .031 mg/1, .06 mg/1 and .02 mg/l. The Agency has
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no reason to believe that treatable concentrations of
2-nitrophenol should be present in primary and secondary tin
wastewaters. For this reason, and because it was detected in
such a small number of samples, 2-nitrophenol is not selected for
limitation.

4-Nitrophenol was detected above its treatable concentration of
0.01 mg/l in two out of ten raw wastewater samples. The observed
treatable concentrations are 0.026 and 0.025 mg/l. Because it
was found at a treatable concentration in only two out of ten
samples and because the Agency has no reason to believe that
treatable concentrations of 4-nitrophenol should be present in
primary and secondary tin wastewaters, 4-nitrophenol is not
selected for regulation.

2,4-Dinitrophenol was detected above its treatable concentration
of 0.01 mg/l in ¢two out of 10 raw wastewater samples. The
treatable concentrations observed are .033 mg/l and .086 mg/l.
Because very little removal could be expected with treatment and
because it was detected at treatable concentrations in only two
out of 10 samples, 2,4-dinitrophenocl 1is not selected for
limitation.

Phenol was detected above the concentration considered achievable
by available treatment technology (.01 mg/l) in three out of 10
raw wastewater samples. The observed treatable concentrations
are 0.017, 0.02 and 0.13 mg/1. Because it was detected in only
three of 10 samples, and because the Agency has no reason to
believe that treatable concentrations of phenol should be present
in primary and secondary tin wastewaters, phenol is not selected
for limitation.

Bis(2-ethylhexyl) phthalate was detected above its treatability
concentration of .01 mg/l1 in only one out of 10 raw wastewater
samples. The observed treatable concentration is 0.268 mg/l.
This compound is a plasticizer commonly used in laboratory and
field sampling equipment, and 1is not used or formed as a
by-product in this subcategory. For this reason and because it
was detected at a treatable concentration in only one out of 10
raw wastewater samples, bis(2-ethylhexyl) phthalate is not
selected for limitation.

Butyl benzyl phthalate was detected above the concentration
considered achievable by available treatment technology (.01
mg/l1) in three out of 10 raw wastewater samples. The observed
concentrations are .011 mg/1, .012 mg/1, and .025 mg/l. This
compound is a plasticizer commonly used in laboratory and field
equipment, and is not used or formed as a by-product in this
subcategory. For this reason, and because it was detected in
only three out of 10 samples, butyl benzyl phthalate is not
selected for limitation.
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Pyrene was detected above its treatability concentration of .01
mg/l in only one out of 10 raw wastewater samples. The observed
treatable concentration 1is .063 mg/l. The Agency has no reason
to believe that treatable concentration of pyrene should be
present in primary and secondary tin wastewaters. For this
reason, and because it was detected at a treatable concentration

in only one out of 10 samples, pyrene 1is not selected for
limitation.

Toluene was detected above its treatable concentration of 0.01
mg/l in two out of ten raw wastewater samples. The observed
treatable concentrations are 0.018 and 0.017 mg/l. Because
toluene was detected in only two out of ten raw wastewater
samples at concentrations only slightly above treatabilty and
because it was detected in the source water sample at 0.093 mg/1,
toluene is not selected for regulation.

Vinyl chloride was detected above the concentration considered
achievable by identified treatment technology (.01 mg/l) in only
one out of 10 raw wastewater samples. The treatable
concentration observed is .036 mg/l. Because it was detected in
only one out of 10 samples, vinyl chloride is not selected for
limitation.

TOXIC POLLUTANTS SELECTED FOR FURTHER CONSIDERATION IN
ESTABLISHING LIMITATIONS AND STANDARDS

The toxic pollutants 1listed below are selected for further
consideration in establishing limitations and standards for ‘this
subcategory. The toxic pollutants selected for further
consideration for limitation are each discussed following the
list.

114, antimony
115. arsenic
118. cadmium
119. chromium
120. copper
121. cyanide
122. lead
124, nickel

125. selenium
126, silver
127. thallium
128. zinc

Antimony was detected above the concentration considered
achievable by identified treatment technology (0.47 mg/1l) in
eight out of 10 raw wacstewater samples. The treatable
concentrations observed range from 0.9 mg/1] to 12.0 mg/l.

Antimony 1is therefore selected for further consideration for
limitation.
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Arsenic was detected above the concentration considered
achievable by identified treatment technology (0.34 mg/l) in four
out of 10 raw wastewater samples. The treatable concentrations
observed range from 1.9 mg/l1 to 6.6 mg/l. Arsenic 1is therefore
selected for further consideration for limitation.

Cadmium was detected above the concentration considered
achievable by identified treatment technology (0.049 mg/1l) in
eight out of 10 raw wastewater samples. The treatable
concentrations observed range from 0.08 mg/l1 to 0.42 mg/l.
Cadmium is therefore selected for further consideration for
limitation. ;

Chromium was detected above the concentration considered
achievable by 1identified treatment technology (0.07 mg/l) in
three out of 10 raw wastewater samples. The treatable
concentrations observed range from 0.30 mg/1 to 0.94 mg/1l.
Chromium is therefore selected for further consideration for
limitation.

Copper was detected above the concentration considered achievable
by identified treatment technology (0.39 mg/l) in three out of 10
raw wastewater samples. The treatable concentrations observed
range from 0.41 mg/1 to 0.52 mg/l. Copper is therefore selected
for further consideration for limitation.

Cyanide was detected above the concentration considered
achievable by identified treatment technology (0.047 mg/1) in all
nine raw wastewater samples analyzed for this study. The
treatable concentrations observed range from 0.22 mg/l to 24
mg/l. Cyanide is therefore selected for further consideration
for limitation.

Lead was detected above the concentration considered achievable
by identified treatment technology (0.08 mg/l) in six out of 10
raw wastewater samples. The treatable concentrations observed
range from 1.0 mg/1 to 11 mg/l. Lead is therefore selected for
further consideration for limitation.

Nickel was detected above the concentration considered achievable
by identified treatment technology (0.22 mg/l) in nine out of 10
raw wastewater samples. The treatable concentrations observed
range from 0.35 mg/l to 4.1 mg/l. Nickel is therefore selected
for further consideration for limitation.

Selenium was detected above the concentration considered
achievable by identified treatment technology (0.07 mg/l) in
three out of 10 raw wastewater samples. The treatable
concentrations observed range from 0.43 mg/1 to 32 mg/l.
Selenium is therefore selected for further consideration tfor
limitation. Selenium was detected at 3.1 mg/l in the source
water sample associated with the wastewater sample in which
selenium was observed at 32 mg/l.
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Silver was detected above the concentration considered achievable
by 1identified treatment technology (0.07 mg/1) in four out of 10
raw wastewater samples. The treatable concentrations observed
range from 0.30 mg/l to 0.40 mg/l1. Silver is therefore selected
for further consideration for limitation.

Thallium was detected above the concentration considered
achievable by identified treatment technology (0.34 mg/l1l) in five
out of 10 raw wastewater samples. The treatable concentrations
observed range from 0.59 mg/1 t0 3.1 mg/1. Thallium is therefore
selected for further consideration for limitation.

Zinc was detected above the concentration considered achievable
by identified treatment technology (0.23 mg/1) in five out of 10
raw wastewater samples. The treatable concentrations observed
range from 0.24 mg/1 to 190 mg/l. Zinc is therefore selected for
further consideration for limitation.
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION VII
CONTROL AND TREATMENT TECHNOLOGIES

The preceding sections of this supplement discussed the sources,
flows, and characteristics of the wastewaters generated in the
primary and secondary tin subcategory. This section summarizes
the description of these wastewaters and indicates the 1level of
treatment which is currently practiced for each waste stream.

CURRENT CONTROL AND TREATMENT PRACTICES

Control and treatment technologies are discussed in general in
Section VII of the General Development Document. The basic
principles of these technologies and the applicability to
wastewater similar to that found in this subcategory are
presented there. This section presents a summary of the control
and treatment technologies that are currently applied to each of
the sources generating wastewater in this subcategory. As
discussed in Section V, wastewater associated with the primary
and secondary tin subcategory is characterized by the presence of
the toxic metal pollutants, cyanide, ammonia, fluoride, tin and

suspended solids. This analysis 1is supported by the raw
(untreated) wastewater data presented for specific sources as
well as combined waste streams in Section V. Generally, these

pollutants are present in each of the waste streams at
concentrations above treatability, and these waste streams are
commonly combined for treatment. Construction of one wastewater
treatment system for combined treatment allows plants to take
advantage of economies of scale, and, 1in some instances, to
combine streams of differing alkalinity to reduce treatment
chemical requirements. Three plants in this subcategory
currently have combined wastewater treatment systems. One has
cyanide oxidation with chlorine, followed by acid neutralization
and sedimentation. One has lime precipitation and sedimentation
and one has sedimentation lagoons only. Two options have been
selected for consideration for BPT, BAT, NSPS, and pretreatment
in this subcategory, based on combined treatment of these
compatible waste streams.

TIN SMELTER SO, SCRUBBER

The one plant which practices tin smelting from concentrates and
residues uses a caustic scrubber to control SO, emissions from
the smelting operations. The facility reported practicing 50
pcrcent recycle of the scrubber 1liquor. The scrubber liquor
contains treatable concentrations of toxic metals and suspended
solids. This stream 1is directly discharged after treatment
consisting of lime addition and sedimentation.
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DEALUMINIZING RINSE

The one facility which reported the use of municipal solid waste
as a raw material uses an alkaline leaching and rinsing process
to remove aluminum from the scrap prior to detinning operations.
The spent leachate and rinsewater have a very alkaline pH and
contain treatable concentrations of c¢yanide and toxic metals.
The one facility reporting this stream discharges it directly
after treatment consisting of sulfide addition to precipitate
aluminum, cyanide oxidation with sodium hypochlorite, acid
neutralization, vacuum filtration and sedimentation.

TIN MUD ACID NEUTRALIZATION FILTRATE

Tin mud may be neutralized with sulfuric acid and dewatered in a
filter press prior to sales to a tin smelter. The filtrate
contains treatable concentrations of toxic metals and cyanide.
The one facility reporting this waste stream is an indirect
discharger with no treatment in place.

TIN HYDROXIDE WASH

The one facility which reported the use of tin hydroxide,
Sn(OH),, as a raw material, washes the tin hydroxide with water
prior to dissolving it in a caustic solution. This solution |is
then mixed with the sodium stannate solution from alkaline
detinning and tin 1is recovered from the combined stream by
electrowinning. The spent wash water contains treatable
concentrations of toxic metals and suspended solids. The one
facility reporting this waste stream achieves zero discharge
through the use of evaporation ponds.

SPENT ELECTROWINNING SOLUTION FROM NEW SCRAP

New tin plated steel scrap is used as a raw material at 10 out of
11 secondary tin plants. After alkaline detinning, the tin is
recovered by electrowinning and either all or a portion of the
spent solution is discharged as a waste stream. The spent
solution has a very alkaline pH and contains treatable
concentrations of cyanide, toxic metals, and suspended solids.
Of the eight plants which practice electrowinning, six achieve
zero discharge by contractor disposal, sales or evaporation
ponds. Of the two plants which discharge this stream, one is an
indirect discharger with no treatment in place and the other is a
direct discharger with treatment consisting of cyanide oxidation
with chlorine, acid addition, vacuum filtration and
sedimentation.

SPENT ELECTROWINNING SOLUTION FROM MUNICIPAL SOLID WASTE

The one facility which reported the use of municipal solid waste
as a raw material to alkaline detinning and electrowinning
discharges a spent electrowinning solution waste stream. This
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stream has a very alkaline pH and contains treatable
concentrations of cyanide, toxic metals, and suspended solids.
This stream is discharged directly after treatment consisting of
cyanide oxidation with chlorine, acid addition, vacuum filtration
and sedimentation.

TIN HYDROXIDE SUPERNATANT FROM SCRAP

Tin hydroxide may be precipitated from alkaline detinning
solution as an alternative to electrowinning for tin recovery.
Sulfuric acid and sodium carbonate are added to the sodium
stannate solution and the tin hydroxide forms an insoluble
precipitate which 1is separated from the 1liquid phase by
sedimentation. The supernatant waste stream contains treatable
concentations of c¢yanide and toxic metals. The one plant
reporting this waste stream 1is a direct discharger after
treatment in sedimentation lagoons.

TIN HYDROXIDE SUPERNATANT FROM SPENT PLATING SOLUTIONS

Tin hydroxide may be precipitated from spent plating solutions
generated from tin plated steel manufacturing operations. Either
sulfuric acid and sodium carbonate or ammonia is added to the
solution and an insoluble precipitate of tin hydroxide is formed.
The precipitate is separated from the liquid phase by
sedimentation. The supernatant stream contains treatable
concentrations of cyanide and toxic metals as well as high
concentrations of fluoride. ‘Treatable concentrations of ammonia
may also be present if ammonia is used as the reagent causing the
formation of tin hydroxide. Of the two plants reporting this
waste stream, one is an indirect discharger with no treatment in
place and the other is a direct discharger after treatment in
sedimentation lagoons. :

TIN HYDROXIDE SUPERNATANT FROM SLUDGE SOLIDS

Tin plating sludge solids are dissolved and the resultant
solution is treated with sulfuric acid and sodium carbonate to
precipitate tin hydroxide. The resultant supernatant waste
stream contains treatable concentrations of antimony, cyanide,
fluoride, and suspended solids. The one facility reporting this
waste stream is a direct discharger after treatment in
sedimentation lagoons.

TIN HYDROXIDE FILTRATE

Tin hydroxide slurry which has been separated from the
supernatant stream may be further dewatered in a filter press

prior to drying. The resultant filtrate waste stream contains
treatable concentrations of antimony, cyanide, fluoride, and
suspended solids. The one facility reporting this waste stream

is a direct discharger after treatment in sedimentation lagoons.
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CONTROL AND TREATMENT OPTIONS

The Agency examined two control and treatment technology
alternatives that are applicable to the primary and secondary tin
subcategory. The options selected for evaluation represent a
combination of flow reduction, pretreatment technology applicable
to individual waste streams, and end-of-pipe treatment
technologies.

OPTION A

Option A for the primary and secondary tin subcategory requires
treatment technologies to reduce pollutant mass. The Option A
treatment scheme consists of ammonia steam stripping preliminary
treatment applied to the tin hydroxide supernatant from spent
plating solutions waste stream. Also, preliminary treatment
consisting of cyanide precipitation is applied to the combined
stream of dealuminizing rinse, spent electrowinning solution from
new scrap and municipal solid waste, tin hydroxide supernatant
from scrap, tin hydroxide supernatant from spent plating
solution, tin hydroxide supernatant from sludge solids, tin
hydroxide filtrate, and tin mud acid neutralization filtrate.
Preliminary treatment is followed by chemical precipitation and
sedimentation applied to the combined stream of cyanide
precipitation effluent, tin smelter SO, scrubber and tin
hydroxide wash. Chemical precipitation is used to remove metals
and fluoride by the addition of lime or sulfuric acid followed by
gravity sedimentation. Suspended solids are also removed by the
process. N

OPTION C

Option C for the primary and secondary tin subcategory consists
of all control and treatment requirements of Option A (ammonia
steam stripping, cyanide precipitation, <chemical precipitation,
and sedimentation) plus multimedia filtration technology added at
the end of the Option A treatment scheme. Multimedia filtration
is used to remove suspended solids, including precipitates of
metals and fluoride, beyond the concentration attainable by
gravity sedimentation. The filter suggested is of the gravity,
mixed media type, although other forms of filters such as rapid
sand filters or pressure filters would perform as well. The
addition of filters also provides consistent removal during
periods in which there are rapid increases in flows or loadings
of pollutants to the treatment system.
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION VIII
COST OF WASTEWATER TREATMENT AND CONTROL

This section presents a summary of compliance costs for the
primary and secondary tin subcategaory and a description of the
treatment options and subcategory-specific assumptions used to
develop these estimates. Together with the estimated pollutant
removals presented in Section 1IX, X, XI, and XII of this
supplement, these cost estimates provide a basis for evaluating

each regulatory option. These cost estimates are also used in
determining the probable economic impact of regulation on the
subcategory at different pollutant discharge levels. In

addition, this section addresses nonwater quality environmental
impacts of wastewater treatment and control alternatives,
including air pollution, solid wastes, and energy requirements,
which are specific to the primary and secondary tin subcategory.

TREATMENT OPTIONS FOR EXISTING SOURCES

As discussed in Section VII, two treatment options have been
developed for existing primary and secondary tin sources. The
treatment schemes for each option are summarized below and
schematically presented in Figures X-1 and X-2.

OPTION A

Option A consists of preliminary treatment consisting of ammonia
steam stripping and cyanide precipitation where required and
chemical precipitation and sedimentation end-of-pipe technology.

OPTION C

Option C consists of Option A preliminary treatment consisting of
ammonia steam stripping and cyanide precipitation where required
and chemical precipitation and sedimentation with the addition of
multimedia filtration to the end of the Option A treatment
scheme.

COST METHODOLOGY

A detailed discussion of the methodology used to develop the
compliance costs 1is presented in Section VIII of the General
Development Document. Plant-by-plant compliance costs have been
estimated for the nonferrous metals manufacturing category and
are documented in detail in the administrative record supporting
this regulation. The costs developed for the proposed regulation
are presented in Tables VIII-1 and VIII-2.
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Each of the general assumptions used to develop compliance costs
is presented in Section VIII of the General Development Document.
Each subcategory also contains a unique set of waste streams
requiring certain subcategory-specific assumptions to develop
compliance costs. The five major assumptions specific to the
primary and secondary tin subcategory are discussed briefly
below.

(1) The generation of calcium fluoride (CaF,) during chemical
precipitation was accounted for in cases where significant
amounts of fluoride were present. If the sludge resulting
from chemical precipitation was mostly composed of CaF, (>
50 percent), it was assumed to be suitable for resale for
use as a fluxing agent. Thus, annual costs for contract
hauling of these sludges were not included in these
instances.

(2) Ammonia removal costs were not included for treating the tin
hydroxide supernatant from spent plating solutions waste
stream, which contains treatable 1levels of ammonia. The
ammonia 1is present as a precipitating agent for tin
hydroxide; however it was assumed that sodium carbonate may
be used instead of ammonia. It was further assumed that the
transition to sodium carbonate <c¢an be accomplished at
negligible costs.

(3) All sludges produced from wastewater treatment are
considered to be nonhazardous except for those resulting
from cyanide precipitation, . which contain cyanide. Such
cyanide bearing sludges are disposed separately based on
hazardous waste contract hauling costs.

(4) The sampling values for TSS and aluminum concentration in
spent electrowinning solutions were revised. It was assumed
that the values reported were in error by a factor of 1000
based on conversations with personnel at one of the two
sampled plants and evaluation of the reported data. The
concentrations were revised as follows:

0ld New
TSS 36,500 mg/1 36.5 mg/1
Al 28,700 mg/1 28.7 mg/1

(5) The lime and settle treatability value for tin is 1.07 mg/1,
which is based on the average of two sampling values for the
effluent at a particular plant.

(6) Cost estimates for cyanide precipitation for plants 1014,
1046, and 1047 do not include costs for a reaction tank and
agitator. This was done because in each case the low total
flow rates 1into the treatment system resulted in retention
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(or holdup) times in the chemical precipitation tank large
enough to allow both cyanide precipitation and chemical
precipitation to occur without significantly increasing the
tank size. For example, the retention time in the chemical
precipitation tank for Plant 1014 was two days or 48 hours.
Since’ the required batch duration for cyanide precipitation
was 8.5 hr. and 16 hr. for <chemical precipitation, both
processes could be accomplished within the time available.
The above procedure resulted in a significant reduction in
capital investment. Information on the wvariation of
retention times in the chemical precipitation unit operating
at low flow rates, is contained 1in Section VIII of the
general development document.

NONWATER QUALITY ASPECTS

A general discussion of the nonwater quality aspects of the
control and treatment options considered for the nonferrous
metals category 1is contained in Section VIII of the General
Development Document. Nonwater quality impacts specific to the
primary and secondary tin subcategory, including energy
requirements, solid waste and air pollution are discussed below.

ENERGY REQUIREMENTS

The methodology used for determining the energy requirements for
the various options is discussed in Section VIII of the General
Development Document. Energy requirements for Option A are
estimated at 790,000 kWh/yr. Option C, which includes
filtration, is estimated to increase energy consumption over
Option A by approximately one percent. Further, the total energy
requirement for Option C is approximately one percent of the
estimated total plant energy usage. It 1is therefore concluded
that the energy requirements of the treatment options considered
will have no significant impact on total plant energy
consumption.

SOLID WASTE

Sludge generated in the primary and secondary tin subcategory is
due to the precipitation of metals as hydroxides and carbonates

using lime. Sludges associated with the primary and secondary
tin subcategory will necessary contain quantities of toxic metal
pollutants. Sludges from primary operations are not subject to

regulation as hazardous wastes since wastes generated by primary
smelters and refiners are currently exempt from regulation by Act
of Congress (Resource Conservation and Recovery Act (RCRA),
Section 3001(b)), as interpreted by EPA. Wastes from secondary
metal operations can be reaqulated as hazardous. However, the
Agency examined the solid wastes that would be generaged at
secondary nonferrous metals manufacturing plants by the suggested
treatment technologies and believes they are not hazardous wastes
under the Agency's regulations implementing Section 3001 of RCRA,
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with one exception. This judgment is based on the results of
Extraction Procedure (EP) toxicity tests performed on similar
sludges (i.e. toxic-metal-bearing 1lime sludges) generated by
other industries such as the iron and steel industry. A small
amount of excess lime was added during treatment, and the sludges
subsequently generated passed the toxicity test. See CFR
8261.24. Thus, the Agency believes that the wastewater sludges
from both primary and secondary operations will not be EP toxic
if the recommended technology is applied. The one exception is
that sludges produced as a result of cyanide precipitation are
expected to exhibit hazardous characteristics, and have been
treated as such in our analysis.

Although it 1is the Agency's view that most of the solid wastes
generated as a result of these guidelines are not expected to be
hazardous, dgenerators of these wastes must test the waste to
determine if the wastes meet any of the characteristics of
hazardous waste (see 40 CFR 262.11).

If these wastes should be identified or are listed as hazardous,
they will come within the scope of RCRA's ‘"cradle to grave"
hazardous waste management program, requiring regulation from the
point of generation to point of final diposition. EPA's
generator standards would require generators of hazardous
nonferrous metals manufacturing wastes to meet containerization,
labeling, recordkeeping, and reporting requirements; if plants
dispose of hazardous wastes off-site, they would have to prepare
a manifest which would track the movement of the wastes from the
generator's premises to a permitted off-site treatment, storage,
or disposal facility. See 40 CFR 262.20, 45 FR 33142 (May 19,
1980), as amended at 45 FR 86973 (December 31, 1980). The
transporter regulations require transporters of hazardous wastes
to comply with the manifest system to assure that the wastes are
delivered to a permitted facility. See 40 CFR 263.20, 45 FR
33151 (May 19, 1980), as amended at 45 FR 86973 (December 31,
1980). Finally, RCRA regqulations establish standards for
hazardous waste treatment, storage, and disposal facilities
allowed to receive such wastes. See 40 CFR Part 464, 46 FR 2802
(January 12, 1981), and 47 FR 32274 (July 26, 1982).

Even if these wastes are not identified as hazardous, they still
must be disposed of in compliance with the Subtitle D open
dumping standards, implementing Section 4004 of RCRA. See 44 FR
53438 (September 13, 1979). The Agency has calculated as part of
the costs for wastewater treatment the <cost of hauling and
disposing of these wastes. For more details, see Section VIII of
the General Development Document.

It is estimated that 467 metric tons ner year of sludge will be

generated as a result of these proposed BAT and PSES regulations
for the primary and secondary tin subcategory.
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AIR POLLUTION

There is no reason to believe that any substantial air pollution
problems will result from implementation of ammonia steam

stripping, cyanide precipitation, chemical precipitation,
sedimentation, and multimedia filtration. Ammonia steam
stripping yields an agueous ammonia stream. The other

technologies transfer pollutants to solid waste and are not
likely to transfer pollutants to air.
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TABLE VIII-1

COST OF COMPLIANCE
FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
DIRECT DISCHARGERS

Compliance <costs for direct dischargers in this subcategory are
not presented here because the data on which they are based has
been claimed to be confidential.
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TABLE VIII-2

COST OF COMPLIANCE
FOR THE PRIMARY AND SECONDARY TIN SUBCATEGORY
INDIRECT DISCHARGERS

(MARCH 1982 DOLLARS)

Total Required Total
Option Capital Cost Annual Cost
A 333,400 112,200
C 341,700 119,900
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION IX
BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE

This section defines the effluent characteristics attainable
through the application of best practicable control technology
currently available (BPT), Section 301(b)(1)(A). BPT reflects
the existing performance by plants of various sizes, ages, and
manufacturing processes within the primary and secondary tin
subcategory, as well as the established performance of the
recommended BPT systems. Particular consideration is given to
the treatment already in place at the plants within the data
base.

The factors considered in identifying BPT include the total cost
of applying the technology in relation to the effluent reduction
benefits from such application, the age of equipment and
facilities involved, the manufacturing procCesses used, nonwater
quality environmental impacts (including energy requirements),
and other factors the Administrator considers appropriate. In
general, the BPT level represents the average of the existing
performances of plants of various ages, sizes, processes, or

other common characteristics. Where existing performance is
uniformly inadequate, BPT may be transferred from a different
subcategory or category. Limitations based on transfer of

technology are supported by a rationale <concluding that the
technology 1is, indeed, transferable, and a reasonable prediction
that it will be capable of achieving the prescribed effluent
limits (see Tanner's Council of America v. Train, 540 F.2d 1188
(4th Cir. 1976). BPT focuses on end-of-pipe treatment rather
than process changes or internal controls, except where such
practices are common industry practice.

TECHNICAL APPROACH TO BPT

The Agency studied the nonferrous metals category to identify the
processes used, the wastewaters dgenerated, and the treatment
processes installed. Information was collected from the category
using data collection portfolios, and specific plants were
sampled and the wastewaters analyzed. In making technical
assessments of data, reviewing manufacturing processes, and
assessing wastewater treatment technology options, both indirect
and direct dischargers have been considered as a single group.
An examination of plants and processes did not indicate any
process differences based on the type of discharge, whether it be
direct or indirect.

As explained in Section IV, the primary and secondary tin

subcategory has been subdijvided into ten potential wastewater
sources. Since the water use, discharge rates, and pollutant
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characteristics of each of these wastewaters 1is potentially
unique, effluent limitations will be developed for each of the
ten subdivisions.

For each of the subdivisions, a specific approcach was followed
for the development of BPT mass limitations. The £first-
requirement to calculate these 1limitations 1is to account for
production and flow variability from plant to plant. Therefore,
a unit of production or production normalizing parameter (PNP)
was determined for each waste stream which could then be related
to the flow from the process to determine a production normalized
flow. Selection of the PNP for each process element is discussed
in Section IV. Nonprocess wastewaters such as rainfall runoff
and noncontact cooling water are not considered in the analysis.

Production normalized flows for each subdivision were then
analyzed to determine the flow to be used as part of the basis
for BPT mass limitations. The selected flow (sometimes referred
to as the BPT requaltory flow or BPT discharge rate) reflects the
water use controls which are common practices within the
category. The BPT regulatory flow is based on the average of all
applicable data. Plants with normalized flows above the average
may have to implement some method of flow reduction to achieve
the BPT limitations. ‘

The second requirement to calculate mass limitations is the set
of concentrations that are achievable by application of the BPT
level of treatment technology. Section VII discusses the various
control and treatment technologies which are currently in place
for each wastewater source. 1In most cases, the current control
and treatment technologies consist of chemical precipitation and
sedimentation (lime and settle .technology). Ammonia steam
stripping 1is applied to streams with treatable concentrations of
ammonia and cyanide precipitation is applied to streams with
treatable concentrations of cyanide.

Using these requlatory flows and the achievable concentrations,
the next step is to calculate mass loadings for each wastewater
source or subdivision. This calculation was made on a
stream-by-stream basis, primarily because plants in this
subcategory may perform one or more of the operations in various
combinations. The mass loadings (milligrams of pollutant per
metric ton of production - mg/kkg) were calculated by multiplying
the BPT regulatory flow (1/kkg) by the concentration achievable
by the BPT 1level of treatment technology (mg/l) for each
pollutant parameter to be limited under BPT. These mass loadings
are published in the Federal Register and in CFR Part 400 as the
effluent limitations guidelines.

The mass loadings which are allowed under BPT for each plant will
be the sum of the individual mass 1loadings for the various
wastewater sources which are found at particular plants.
Accordingly, all the wastewater generated within a plant may be
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combined for treatment in a single or common treatment system,
but the effluent limitations for these combined wastewaters are
based on the various wastewater sources which actually contribute
to the combined flow. This method accounts for the variety of
combinations of wastewater sources and production processes which
may be found at primary and secondary tin plants.

The Agency usually establishes wastewater limitations in terms of
mass rather than concentration. This approach prevents the use
of dilution as a treatment method (except for controlling pH).
The production normalized wastewater flow (1l/kkg) is a 1link
between the production operations and the effluent limitations.
The pollutant discharge attributable to each operation can be
"calculated from the normalized flow and effluent concentration
achievable by the treatment technology and summed to derive an
appropriate limitation for each plant.

INDUSTRY COST AND POLLUTANT REMOVAL ESTIMATES

In balancing costs 1in relation to effluent reduction benefits,
EPA considers the volume and nature of existing discharges, the
volume and nature of discharges expected after application of
BPT, the general environmental effects of the pollutants, and the
cost and economic impacts of the required pollution control
level. The Act does not require or permit consideration of water
quality problems attributable to particular point sources or
industries, or water quality improvements 1in particular water
quality bodies. Accordingly, water quality considerations were
not the basis for selecting the proposed BPT. See Weyerhaeuser’
Company v. Costle, 590 F.24 1011 (D.C. Cir. 1978).

The methodology for calculating pollutant removals and compliance
costs 1is discussed in Section X. Table X-1 shows the pollutant
removal estimates for each treatment option for direct
dischargers. Compliance costs for direct dischargers are
presented in Table X-2.

BPT OPTION SELECTION

The technology basis for the proposed BPT limitations is Option
A, chemical precipitation and sedimentation technology to remove
metals, fluoride, and solids from combined wastewaters and to
control pH, with preliminary treatment consisting of cyanide
precipitation and ammonia steam stripping. Chemical
precipitation and sedimentation technology is already in-place at
two of the three direct dischargers in the subcategory. The
pollutants specifically proposed for regulation at BPT are
antimony, cyanide, lead, nickel, tin, ammonia, fluoride, TSS, and
pH. The BPT treatment scheme is presented schematically in
Figure IX-1.

Implementation of the proposed BPT limitations will remove
annually an estimated 1,169 kg of toxic metals, 144 kg of
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cyanide, 237,220 kg of fluoride, and 58,600 kg of TSS. Capital
and annual costs for achieving BPT are not presented here because
the data on which they are based has been <claimed to be
confidential.

More stringent technology options were not selected for BPT since
they require in-process changes or end-of-pipe technologies not
demonstrated in the subcategory, and, therefore, are more
appropriately considered under BAT.

Ammonia steam stripping is demonstrated at seven facilities 1in
the nonferrous metals manufacturing category. These facilities
are treating ammonia-bearing wastewaters associated with the
production of primary tungsten, primary columbium and tantalum,
primary molybdenum, secondary tungsten and cobalt, secondary
molybdenum and vanadium, and primary zirconium and hafnium. EPA
believes that performance data from the iron and steel
manufacturing category provide a valid measure of this
technology's performance on nonferrous metals manufacturing
category wastewater because raw wastewater concentrations of
ammonia are of the same order of magnitude in the respective raw
wastewater matrices.

Chemical analysis data were <collected of raw waste (treatment
influent) and treated waste (treatment effluent) from one ‘'coke
plant of the iron and steel manufacturing category. A contractor
for EPA, using EPA sampling and chemical analysis protocols,
collected six paired samples in a two-month period. These- data
are the data base for determining the effectiveness of ammonia
steam stripping technology and are contained within the public
record supporting this document. Ammonia treatment at this coke
plant consisted of two steam stripping c¢olumns in series with
steam injected countercurrently to the flow of the wastewater. A
lime reactor for pH adjustment separated the two stripping
columns.

The Agency has verified the proposed steam stripping performance
values using steam stripping data <c¢ollected at a primary
zirconium and hafnium plant which has raw ammonia levels as high
as any 1in the nonferrous metals manufacturing category. Data
collected by the plant represent almost two years of daily

operations, and support the 1long-term mean used to establish
treatment effectiveness.

We are transferring cyanide precipitation technology and
performance to the primary and secondary tin subcategory from
coil coating plants. We believe the technology 1is transferable
to these subcategories because the raw wastewater concentrations
are of the same order of magnitude as those observed 1in coil
coating wastewater. In that cyanide precipitation converts all
cyanide species to complex cyanides and that precipitation of the
complexed cyanides is solubility related, we believe that the
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techneology will achieve 1dent1cal effluent concentrations in both
categories.

WASTEWATER DISCHARGE RATES

A BPT discharge rate is calculated for each subdivision based on
the average of the flows of the existing plants, as determined
from analysis of dcp. The discharge rate 1is used with the
achievable treatment concentrations to determine BPT effluent
limitations. Since the discharge rate may be different for each
wastewater source, separate production normalized discharge rates
for each of the 10 wastewater sources are discussed below and
summarized in Table IX-1. The discharge rates are normalized on
a production basis by relating the amount of wastewater generated
to the mass of the intermediate product which is produced by the
process associated with the waste stream in question. These
production normalizing parameters, or PNPs, are also 1listed in
Table IX-1.

Section V of this document further describes the discharge flow
rates and presents the water use and discharge flow rates for
each plant by subdivision in Tables V~1 through V-i0.

TIN SMELTER SO, SCRUBBER

The BPT wastewater discharge rate for tin smelter SO, scrubber
water is 21,670 1/kkg (5,210 gal/ton) of tin metal produced.
This rate 1is allocated only to those plants which use wet air
pollution control to control SO, emissions from tin smelting
operations. Only one facility reported tin smelting operations
and the use of wet scrubbing. Water use and discharge rates are
presented 1in Table V-1. This facility reports a recycle rate of
50 percent in their smelter scrubber. The BPT flow allowance is
based on the wastewater discharge rate reported by this facility.

DEALUMINIZING RINSE

The BPT flow allowance for dealuminizing rinse wastewater is 35
1/kkg (9 gal/ton) of dealuminized scrap produced. This rate |is
allocated only to those plants which practice dealuminizing of
tin bearing steel scrap prior to alkaline detinning. Only one
facility reported this practice, which 1is apparently only
necessary when municipal solid waste is used as a raw material.

The water wuse and discharge rates reported by this facility are"

presented in Table V-2. The BPT flow rate is based on the
wastewater discharge rate reported by this facility.

TIN MUD ACID NEUTRALIZATION FILTRATE

The BPT wastewater discharge rate for tin mud acid neutralization
filtrate is 5,047 1/kkg (1,210 gal/ton) of neutralized, dewatered
tin mud produced. This rate 1is allocated only to those
facilities which neutralize tin mud with sulfuric acid and
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dewater the neutralized mud. One facility reported this
practice. Water use and discharge rates are presented in Table
v-3. The BPT flow rate is based on the production normalized
flow reported by this facility.

TIN HYDROXIDE WASH

The BPT wastewater discharge rate for tin hydroxide wash water is
11,953 1/kkg (2,869 gal/ton) of tin hydroxide washed. This rate
is only allocated to those facilities which use tin hydroxide as
a raw material in tin electrowinning operations and wash the tin
hydroxide prior to dissolution in a caustic solution. One plant
reported this practice. The water use and wastewater discharge
rates reported by this facility are presented in Table V-4. The
BPT flow rate is based on the wastewater discharge rate reported
by this facility.

SPENT ELECTROWINNING SOLUTION FROM NEW SCRAP

The BPT wastewater discharge rate for spent electrowinning
solution from new scrap is 16,800 1l/kkg (4,029 gal/ton) of
cathode tin produced. This rate 1is allocated only to those
plants which produce tin metal by electrowinning. There are
eight facilities which produce tin by electrowinning. Six of
these eight plants reported sufficient information to calculate a

discharge rate from this process. The BPT flow allowance is
based on the average of the production normalized flows reported
by these six facilities (see Table V-5). These production

normalized flows ranged from 10,498 1l/kkg to 24,069 1l/kkg.
SPENT ELECTROWINNING SOLUTION FROM MUNICIPAL SOLID WASTE

The BPT flow rate for spent electrowinning solution from
municipal solid waste is 119 1/kkg (29 gal/ton) of MSW scrap used
as a raw material in alkaline detinning operations. This rate is
allocated only to those plants which recover secondary tin from
municipal solid waste by alkaline detinning and electrowinning.
One facility reported the use of municipal solid waste as a raw
material in addition to new scrap. This facility discharges four
to five times as much spent electrowinning solution per mass of
electrolytic tin produced than the average of the other six
plants which reported flows for this waste stream. The large
flow is a direct result of impurities which are introduced into
the electrowinning solution from the municipal solid waste.

This wastewater flow allowance for facilities which process
municipal solid waste was calculated by subtracting the
facility's BPT flow allowance for spent electrowinning solution
from new scrap from the total spent electrowinning solution flow
rate reported by the facility. The difference represents the
flow due to municipal solid waste processing. This flow was
divided by the amount of municipal solid waste scrap which the
facility uses as a raw material to alkaline detinning operations.
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The resultant production normalized flow rate is 119 1/kkg of
municipal solid waste scrap used as a raw material, as shown in
Table V-6.

TIN HYDROXIDE SUPERNATANT FROM SCRAP

The BPT wastewater discharge rate for tin hydroxide supernatant
from scrap 1is 55,640 1/kkg (13,354 gal/ton) of tin metal
recovered from scrap. This rate 1is allocated only to those
facilities which precipitate tin hydroxide from tin solutions
generated from alkaline detinning of tin plated steel scrap. One
facility reported this practice. Water use and discharge rates
are presented 1in Table V-7. The BPT flow rate is based on the
production normalized flow rate at the one facility currently
generating this waste stream.

TIN HYDROXIDE SUPERNATANT FROM SPENT PLATING SOLUTIONS

The BPT wastewater discharge rate for tin hydroxide supernatant
from spent plating solutions is 37,978 1/kkg (9,115 gal/ton) of
tin metal recovered from spent plating solutions. This rate is
allocated only to those facilities which recover tin from spent
plating solutions by precipitation of tin hydroxide.

Two facilities reported this practice. Water use and wastewater
discharge rates are presented in Table V-8. Only one of the two
facilities reported sufficient information to calculate a flow
rate for this stream The BPT flow rate is based on the production
normalized flow rate reported by this facility.

TIN HYDROXIDE SUPERNATANT FROM SLUDGE SOLIDS

The BPT wastewater discharge rate for tin hydroxide supernatant
from sludge solids is 166,362 1/kkg (39,927 gal/ton) of tin metal
recovered from sludge solids. This rate is allocated for those
facilities which recover tin from tin plating sludge solids by
dissolving and precipitating tin hydroxide. One facility
reported this practice. Water use and discharge rates are
presented in Table V-9, The BPT flow rate is based on the
production normalized flow rate reported by this facility.

TIN HYDROXIDE FILTRATE

The BPT wastewater discharge rate for tin hydroxide filtrate 1is
25,044 1/kkg (6,011 gal/ton) of tin metal produced. This rate is
allocated only for those plants which dewater tin hydroxide
slurries from tin hydroxide precipitation operations in a filter

press. There 1is currently only one plant which reported this
practice. Water use and discharge rates are presented in Table
v-10. The BPT wastewater discharge rate for tin hydroxide

filtrate is based on the value reported by the one facility which
currently generates this waste stream.
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REGULATED POLLUTANT PARAMETERS

The raw wastewater concentrations from individual operations and
the subcategory as a whole were examined to select certain
pollutant parameters for limitation. This examination is
presented in Sections VI and X. A total of nine pollutants or
pollutant parameters are selected for limitation under BPT and
are listed below:

114. antimony

121. cyanide

122. lead

124. nickel
tin
ammonia
fluoride
TSS

pH
EFFLUENT LIMITATIONS

The treatable concentrations achievable by application of the
proposed BPT are discussed in Section VII of the General
Development Document and summarized there in Table VII-19. These
treatable concentrations (both one day maximum and monthly
average values) are multiplied by the BPT normalized discharge
flows summarized in Table 1IX-~-1 to calculate the mass of
pollutants allowed to be discharged per mass of product. The
results of these calculations in milligrams of pollutant per
kilogram of product represent the BPT effluent 1limitations and
are presented in Table IX-2 for each individual waste stream.
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Table IX-2

BPT MASS LIMITATIONS FOR THE PRIMARY
AND SECONDARY TIN SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony " 62.190 27.740
Lead 9.102 4.334
Nickel 41.610 27.520
Cyanide (total) 6.284 2.600
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 106.600 47.240
Total suspended 888.500 422.600
solids
pH Within the range of 7.5 to 10.0

at all times
(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.101 0.045
Lead 0.015 0.007
Nickel 0.067 0.044
Cyanide (total) 0.010 0.004
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.172 0.076
Total suspended 1.435 0.683
solids
pH Within the range of 7.5 to 10.0

at all times
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Table IX-~2 (continued)

BPT MASS LIMITATIONS FOR THE PRIMARY
AND SECONDARY TIN SUBCATEGORY

(¢) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced

Antimony 14.490 6.460

Lead 2.120 1.010

Nickel 9.690 6.410

Cyanide (total) 1.464 0.606

Ammonia (as N) 672.800 295.800

Fluoride 176.700 101.000

Tin 24.830 11.000

Total suspended 206.900 98.420
solids ‘

pH Within the range of 7.5 to 10.0

at all times

(d) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin hydroxide washed

Antimony 34.310 15.300
Lead 5.020 2.391
Nickel 22.950 15.180
Cyanide (total) 3.466 1.434
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 58.810 26.058
Total suspended 490.100 233.100
solids
pH Within the range of 7.5 to 10.0

at all times
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Table IX-2 (continued)

BPT MASS LIMITATIONS FOR THE PRIMARY
AND SECONDARY TIN SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 48.220 21.510
Lead 7.056 3.360
Nickel : 32.260 21.340
Cyanide (total) 4.872 2.016
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 82.660 36.620
Total suspended 688.800 327.600
solids
pH ’ Within the range of 7.5 to 10.0

at all times

(f) Spent Electrowinning Solution from Municipal Solid

Waste
Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as
raw material

Antimony 0.342 0.152
Lead 0.050 0.024
Nickel 0.229 0.151
Cyanide (total) 0.035 0.014
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.585 0.259
Total suspended 4.879 2.321
solids
pH Within the range of 7.5 to 10.0

at all times
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Table IX-2 (continued)

BPT MASS LIMITATIONS FOR THE PRIMARY

(g)

Pollutant or
Pollutant Property

Tin Hydroxide Supernatant from Scrap

Maximum for
Any One Day

AND SECONDARY TIN SUBCATEGORY

Maximum for
Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

(h)
Solutions

Pollutant or
Pollutant Property

159.700 71
23.370 1
106.800 70.
16.140 6.
7,417.000 3,261
1,948.000 1,113,
273.700 121.
2,281.000 1,085.

from scrap

.220
.130

660
677

.000

000
300
000

Within the rangé of 7.5 to 10.0

at all times

Maximum for
Any One Day

Tin Hydroxide Supernatant from Spent Plating

Maximum for
Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

plating solutions

Antimony

Lead

Nickel

Cyanide (total)

Ammonia (as N)

Fluoride

Tin

Total suspended
solids

pH

109.000 48.
15.950 7
72.920 48.
11.010 4.
5,062.000 2,226.
1,329.000 759.

186.900 82:
1,557.000 740.

from spent

610

.596

230
557
000
600
790
600

Within the range of 7.5 to 10.0

at all times
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Table IX-2 (continued)

BPT MASS LIMITATIONS FOR THE PRIMARY
AND SECONDARY TIN SUBCATEGORY

(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from
sludge solids

Antimony 477.500 213.000
Lead 69.870 33.270
Nickel 319.400 211.300
Cyanide (total) 48.240 19.960
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 818.500 362.700
Total suspended 6,821.000 3,244.000
solids .
pH : Within the range of 7.5 to 10.
at all times
(j) Tin Hydroxide Filtrate
Pollutant or Maximum for Maximum for
Pollutant Propertv Any One Day Monthly Average
mg/kg (lb/million 1lbs) of tin metal produced
Antimony 71.880 32.060
Lead 10.520 5.009
Nickel 48.090 31.810
Cyanide (total) 7.263 3.005
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 123.200 54.600
Total suspended 1,027.000 . 488.400
solids
pH Within the range of 7.5 to 10.

at all times
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION X
BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE

The effluent 1limitations which must be achieved by July 1, 1984
are based on the best control and treatment technology used by a
specific point source within the industrial category or
subcategory, or by another industry where it is readily
transferable. Emphasis is placed on additional treatment
techniques applied at the end of the treatment systems currently
used, as well as reduction of the amount of water used and
discharged, process control, and treatment technology
optimization.

The factors considered in assessing best available technology
economically achievable (BAT) include the age of equipment and
facilities 1involved, the process used, process changes, nonwater
quality environmental impacts (including energy requirements),
and the costs of application of such technology (Section

304(b)(2)(B) of the Clean Water Act). At a minimum  BAT
technology represents the best available technology at plants of
various ages, sizes, processes, or other characteristics. As

with BPT, where the Agency has found the existing performance to
be uniformly inadequate, BAT may be transferred from a different
subcategory or category. BAT may include feasible process
changes or internal controls, even when not in common industry
practice.

The statutory assessment of BAT considers costs, but does not
require a balancing of costs against effluent reduction benefits
(see Weyerhaeuser v. Costle, 11 ERC 2149 (D.C. Cir. 1978)).
However, in assessing the proposed BAT, the Agency has given
substantial weight to the economic achievability of the selected
technology.

TECHNICAL APPROACH TO BAT

The Agency reviewed a wide range of technology options and
evaluated the available possibilities to ensure that the most
effective and beneficial technologies were used as the basis of
BAT. To accomplish this, the Agency elected to examine two
technology options which could be applied to the primary and
secondary tin subcategory as treatment options for the basis of
BAT effluent limitations.

For the development of BAT effluent limitations. mass loadings
were calculated for each wastewater source or subdivision in the
subcategory using the same technical approach as described in
Section IX for BPT limitations development. The differences in
the mass loadings for BPT and BAT are due to increase treatment
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effectiveness achievable with the more sophisticated BAT
treatment technology.

In summary the treatment technologies considered for BAT are
presented below:

Option A (Figure X-1) is based on

° Preliminary treatment with ammonia steam stripping and
cyanide precipitation
° Chemical precipitation and sedimentation

Option C (Figure X-2) is based on

° Preliminary treatment with ammonia steam stripping and
cyanide precipitation

® Chemical precipitation and sedimentation

) Multimedia filtration

The two options examined for BAT are discussed in greater detail
below. The first option considered 1is the same as the BPT
treatment which was presented 1in the previous section. The
latter option represents substantial progress toward the
prevention of polluting the environment above and beyond the
progress achievable by BPT.

OPTION A

Option A for the primary and secondary tin subcategory is
equivalent to the control and treatment technologies which were
analyzed for BPT in Section IX. The BPT end-of-pipe treatment
scheme includes chemical precipitation and sedimentation, with
ammonia steam stripping and <c¢yanide precipitation preliminary
treatment (see Figure X~1). The discharge rates for Option A are
equal to the discharge rates allocated to each stream as a BPT
discharge flow.

OPTION C

Option C for the primary and secondary tin subcategory consists
of all control and treatment requirements of Option A (ammonia
steam stripping, <cyanide precipitation, chemical precipitation
and sedimentation) plus multimedia filtration technology added at
the end of the Option A treatment scheme (see Figure X-2).
Multimedia filtration 1is used to remove suspended solids,
including precipitates of toxic metals, beyond the concentrations
attainable by gravity sedimentation. The filter suggested is of
the gravity, mixed media type, although other filters, such as
rapid sand filters or pressure filters, would perform as well.
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INDUSTRY COST AND POLLUTANT REMOVAL ESTIMATES

As one means of evaluating each technology option, EPA developed
estimates of the pollutant reduction benefits and the compliance
costs associated with each option. The methodologies are
described below.

POLLUTANT REMOVAL ESTIMATES

A complete description of the methodology used to calculate the
estimated pollutant removal, achieved by the application of the
various treatment options 1is presented 1in Section X of the
General Development Document. In short, sampling data collected
during the field sampling program were used to characterize the
major waste streams considered for regulation. At each 'sampled
facility, the sampling data was production normalized for each
unit operation (i.e., mass of pollutant generated per mass of
product manufactured). This value, referred to as the raw waste,
was used to estimate the mass of toxic pollutants generated
within the primary and secondary tin subcategory. The pollutant
removal estimates were calculated for each plant by first
estimating the total mass of each pollutant in the untreated
wastewater. This was calculated by first multiplying the raw
waste values by the corresponding production value for that
stream and then summing these values for each pollutant for every
stream generated by the plant.

Next, the volume of wastewater discharged after the application
of each treatment option was estimated for each operation at each
plant by first comparing the actual discharge to the regulatory
flow. The smaller of the two values was selected and summed with
the other plant flows. The mass of pollutant discharged was then
estimated by multiplying the achievable concentration values
attainable with the option (mg/l) by the estimated volume of
process wastewater discharged by the subcategory. Finally, the
mass of pollutant removed is the difference between the estimated
mass of pollutant generated by each plant in the subcategory and
the mass of pollutant discharged after application of the
treatment option.

The pollutant removal estimates for the primary and secondary tin
subcategory are presented in Table X-1, for direct dischargers.

COMPLIANCE COSTS

In estimating subcategory-wide compliance costs, the first step
was to develop a cost model, relating the total costs associated
with 1installation and operation of wastewater treatment
technologies to plant process wastewater discharge. EPA applied
the model on a per plant basis, a plant's costs - both capital,
and operating and maintenance - being determined by what
treatment it has in place and by its individual process
wastewater discharge (from dcp). The final step was to annualize
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the <capital costs, and to sum the annualized capital costs, and
the operating and maintenance costs, yielding the cost of
compliance for the subcategory (see Table X-2). These costs were
used in assessing economic achievability.

BAT OPTION SELECTION

Our proposed BAT limitations for this subcategory are based on
preliminary treatment consisting of ammonia steam stripping and
cyanide precipitation when required, and end-of-pipe treatment
consisting of chemical precipitation and sedimentation, and
polishing filtration.

The pollutants specifically 1limited under BAT are antimony,
cyanide, lead, nickel, tin, ammonia, and fluoride. The toxic
pollutants arsenic, cadmium, chromium, copper, selenium, silver,
thallium and zinc were also considered for regulation because
they were found at treatable concentrations in the raw
wastewaters from this subcategory. These pollutants were not
selected for specific regulation because they will be effectively
controlled when the regulated toxic metals are treated to the
concentrations achievable by the model BAT technology.

Implementation of the proposed BAT limitations would remove
annually an estimated 1,260 kg of toxic metals, which is 91 kg of
toxic metals more than the estimated BPT discharge. Capital and
annual costs for this subcategory are not presented here because
the data on which they are based has been claimed to be
confidential.

WASTEWATER DISCHARGE RATES

A BAT discharge rate was calculated for each subdivision based
upon the flows of the existing plants, as determined from
analysis of dcp. The discharge rate is used with the achievable
treatment concentrations to determine BAT effluent limitations.
Since the discharge rate may be different for each wastewater
source, separate production normalized discharge rates for each
of the wastewater sources were determined and are summarized in
Table X-3. The discharge rates are normalized on a production
basis by relating the amount of wastewater generated to the mass
of the intermediate product which 1is produced by the process
associated with the waste stream in question. These production
normalizing parameters (PNP) are also listed in Table X-4.

The BAT wastewater discharge rate equals the BPT wastewater
discharge rate for all of the waste streams in the primary and

secondary tin subcategory. Based on the available data, the
Agency did not find that further flow reduction would be feasible
for any of these wastewater sources. The rationale for

determining these regulatory flows is presented in Section IX.
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REGULATED POLLUTANT PARAMETERS

In implementing the terms of the Consent Agreement in NRDC v.
Train, Op. cit., and 33 U.S.C. 1314(b)(2)(Aand B) (1976), the
Agency placed particular emphasis on the toxic pollutants. The
raw wastewater concentrations from individual operations and the
subcategory as a whole were examined to select certain pollutants
and pollutant parameters for limitation. This examination and
evaluation was presented in Section VI. The Agency, however, has
chosen not to regulate all 12 toxic pollutants selected in this
analysis.

The high cost associated with analysis for toxic metal pollutants
has prompted EPA to develop an alternative method for regulating
and monitoring toxic¢ pollutant discharges from the nonferrous
metals manufacturing category. Rather than developing specific
effluent mass limitations and standards for each of the toxic
metals found in treatable concentrations in the raw wastewater
from a given subcategory, the Agency is proposing effluent mass
limitations only for those pollutants generated in the greatest
quantities as shown by the pollutant removal ‘estimate analysis.
The pollutants selected for specific limitation are listed below:

114. antimony
121. cyanide

122. lead

124. nickel
ammonia (as N)
fluoride
tin

By establishing limitations and standards for certain toxic metal
pollutants, dischargers will attain the same degree of control
over toxic metal pollutants as they would have been required to
achieve, had all the toxic metal pollutants been directly
limited.

This approach 1is technically justified since the treatable
concentrations used for 1lime precipitation and sedimentation
technology are based on optimized treatment for concomitant
multiple metals removal. Thus, even though metals have somewhat
different theoretical solubilities, they will be removed at very
nearly the same rate in a chemical precipitation and
sedimentation treatment system operated for multiple metals
removal. Filtration as part of the technology basis is likewise
justified because this technology removes metals
non-preferentially.

The toxic metal pollutants selected for specific limitation in
the subcategory to <control the dischargges of toxic metal
pollutants are antimony, lead, and nickel. Cyanide is selected
for limitation because the methods used to control antimony,
lead, nickel and ammonia are not effective in the control of
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cyanide. The following toxic pollutants are excluded f£from
limitation on the basis that they are effectively controlled by
the limitations developed for antimony, lead and nickel.

115. arsenic

118. cadmium

119. chromium (Total)
120. copper

125. selenium

126. silver

127. thallium

128. zinc

EFFLUENT LIMITATIONS

The concentrations achievable by application of BAT are discussed
in Section VII of the General Development Document and summarized
there in Table VII-19. The treatability concentrations (both one
day maximum and monthly average values) are multiplied by the BAT
normalized discharge flows summarized in Table X-3 to calculate
the mass of pollutants allowed to be discharged per mass of
product. The results of these calculations in milligrams of
pellutant per kilogram of product represent the BAT effluent
limitations and are presented in Table X-4 for each waste stream.
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Table X-2
COST OF COMPLIANCE FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY DIRECT DISCHARGERS

Compliance costs for direct dischargers in this subcategory are
not presented here becuase the data on which they are based have
been claimed to be confidential.
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Table X-4

BAT MASS LIMITATIONS FOR' THE
PRIMARY AND SECONDARY TIN SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640
(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of dealuminized scrap produced

Antimony 0.068 ©0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051
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Table X-4 (continued)

BAT MASS LIMITATIONS FOR THE
PRIMARY AND SECONDARY TIN SUBCATEGORY

(c¢c) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4.341
Lead 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370
(d) Tin Hydroxide Wash

Pollutant or Maximum for. Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin hydroxide washed

Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.4590
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Table X-4 (continued)

BAT MASS LIMITATIONS FOR THE
PRIMARY AND SECONDARY TIN SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530

(f) Spent Electrowinning Solution from Municipal Solid
Waste

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as’
raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174
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BAT MASS LIMITATIONS FOR THE

Table X-4 (continued)

PRIMARY AND SECONDARY TIN SUBCATEGORY

(g)

Pollutant or
Pollutant Property

Tin Hydroxide Supernatant from Scrap

Maximum for
Any One Day

Maximum for
Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

Antimony

Lead

Nickel

Cyanide (total)
Ammonia (as N)
Fluoride

Tin

(h)
Solutions

Pollutant or
Pollutant Property

107.400 47.

15.580

30.600 20.

11.130 4
7,417.000 3,261
1,948.000 1,113.

182.500 81

Maximum for
Anvy One Day

7'

from scrap

850
233
590

.451
.000

000

.230

Tin Hydroxide Supernatant from Spent Plating

Maximum for
Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from spent

plating soultions

Antimony

Lead

Nickel

Cyanide (total)
Ammonia (as N)
Fluoride

Tin

73.300 32.
10.640
20.890 14.
7.596
5,062.000 2,226.
1,329.000 759.
124.600 55.
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Table X-4 (continued)

BAT MASS LIMITATIONS FOR THE
PRIMARY AND SECONDARY TIN SUBCATEGORY

(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from
sludge solids

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900

(j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property = Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION XI
NEW SOURCE PERFORMANCE STANDARDS

The basis for new source performance standards (NSPS) under
Section 306 of the Act is the best available demonstrated
technology (BDT). New plants have the opportunity to design the
best and most efficient production processes and wastewater
treatment technologies without facing the added costs and
restrictions encountered 1in retrofitting an existing plant.
Therefore, Congress directed EPA to consider the best
demonstrated process changes, in-plant controls, and end-of-pipe
treatment technologies which reduce pollution to the maximum
extent feasible.

This section describes the technologies for treatment of
wastewater from new sources and presents mass discharge standards
for regulatory pollutants for NSPS in the primary and secondary
tin subcategory, based on the selected treatment technology.

TECHENICAL APPROACH TO NSPS

New source performance standards are equivalent to the best
available technology (BAT) selected for currently  existing
primary and secondary tin plants. This result is a consequence
of careful review by the Agency of a wide range of technology
options for new source treatment systems which is discussed in
Section XI of the General Development Document. This review of
the primary and secondary tin subcategory found no new,
economically feasible, demonstrated technologies which could be
considered an improvement over those chosen for consideration
for BAT. Additionally, there was nothing found to indicate that
the wastewater flows and characteristics of new plants would not
be similar to those from existing plants, since the processes
used by new sources are not expected to differ from those used at
existing sources. Consequently, BAT production normalized
discharge rates, which are based on the best existing practices
of the subcategory, can also be applied to new sources. These
rates are presented in Table XI-1.

Treatment technologies considered for the NSPS options are
identical to the treatment technologies considered for the BAT
options. These options are:

OPTION A

° Preliminary treatment with ammonia steam stripping and
cyanide precipitation (where required)

° Chemical precipitation and sedimentation
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OPTION C

° Preliminary treatment with ammonia steam stripping and
cyanide precipitation (where required)

[ Chemical precipitation and sedimentation

° Multimedia filtration

NSPS OPTION SELECTION

We are proposing that NSPS be equal to BAT. Our review of the
subcategory indicates that no new demonstrated technologies that
improve on BAT technology exist. We do not believe that new
plants c¢ould achieve any flow reduction beyond the allowances
proposed for BAT. Because NSPS is equal to BAT we believe that
the proposed NSPS will not pose a barrier to the entry of new
plants into this subcategory.

REGULATED POLLUTANT PARAMETERS

The Agency has no reason to believe that the pollutants that will
bé found in treatable concentrations 1in processes within new
sources will be any different than with existing sources.
Accordingly, pollutants and pollutant parameters selected for
limitation under NSPS in accordance with the rationale of
Sections VI and X, are identical to those selected for BAT. The
conventional pollutant parameter TSS and pH are also selected
for limitation. :

NEW SQURCE PERFORMANCE STANDARDS

The NSPS discharge flows for each wastewateér source are the same
as the discharge rates for BAT and are shown in Table XI-1. The
mass of pollutant allowed to be discharged per mass of product is
based upon the product of the appropriate treatable concentration
(mg/1) and the production normalized wastewater discharge flows.
The treatable concentrations are listed in Table VII-19 of the
General Development Document. The results of these <calculations
are the production-based new source performance standards. These
standards are presented in Tables XI-2.
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Table XI-2

NSPS FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640
Total suspended 325.100 260.100
solids
pH Within the range of 7.5 to 10.0
at all times
(b) Dealuminizing Rinse
Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.068 0.030

Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700

Tin 0.115 0.051
Total suspended 0.525 0.420

solids
pH Within the range of 7.5 to 10.0

at all times
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Table XI-2

(continued)

NSPS FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY

(¢) Tin Mud Acid Neutralization Filtrate

Pollutant or
Pollutant Property

Maximum for
Any One Day

Maximum for

Monthly Average

mg/kg (lb/million lbs) of neutralized dewatered tin

mud produced

251

at all times

Antimony 9.741 4.341
Lead 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride 176.700 101.000
Tin 16.550 7.370
Total suspended 75.710 60.570
solids
pH Within the range of 7.5 to 10.0
at all times
(d) Tin Hydroxide Wash
Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average
‘'mg/kg (lb/million lbs) of tin hydroxide washed
Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450
Total suspended 179.300 143.500
solids
pH Within the range of 7.5 to 10.0



Table XI-2 (continued)

NSPS FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY.

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530
Total suspended 252.000 201.600
solids
pH - Within the range of 7.5 to 10.0

at all times

(f) Spent Electrowinning Solution from Municipal Solid

Waste
Pollutant or Maximum for Maximum for
Pollutant Property Any One Davy Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as raw material

Antimony 0.230 0.102

Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380

Tin 0.390 0.174
Total suspended 1.785 1.428

scolids
pH Within the range of 7.5 to 10.0

at all times
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Table XI-2 (continued)

NSPS FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthlyv Average

mg/kg (lb/million lbs) of tin metal recovered from scrap

Antimony 107.400 47.850
Lead 15.580 7.233
. Nickel 30.600 20.590
Cyanide (total) 11.130 4.451
Ammonia (as N) 7,417.000 3,261.000
Fluoride - 1,948.000 1,113.000
Tin 182.500 81.230
Total suspended 834.600 667.700
solids
pH Within the range of 7.5 to 10.0

at all times

(h) Tin Hydroxide Supernatant from Spent Plating

Solutions
Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from spent
plating solutions

Antimony 73.300 32.660
Lead ~10.640 4.937
Nickel 20.890 14.050
Cyanide (total) 7.596 3.038
Ammonia (as N) 5,062.000 2,226.000
Fluoride 1,329.000 759.600
Tin 124.600 55.450
Total suspended 569.700 455.800
solids
pH Within the range of 7.5 to 10.0

at all times
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Table XI-2 (continued)

NSPS FOR THE PRIMARY AND
SECONDARY TIN SUBCATEGORY

(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or
Pollutant Property

Maximum for
Anv One Day

Maximum

for

Monthly Average

mg/kg (lb/million lbs) of tin metal recovered from

sludge solids

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900
Total suspended 2,496.000 1,997.000
solids
pH Within the range of 7.5 to

(j) Tin Hydroxide Filtrate

Pollutant or
Pollutant Property

Maximum for
Any One Day

at all times

Maximum

for

10.

Monthly Average

mg/kg (lb/million lbs) of tin metal produced

0

Antimony 48.340 21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
Total suspended 375.700 300.500
solids
pH Within the range of 7.5 to 10.0

at all times
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION XII
PRETREATMENT STANDARDS

Section 307(b) of the Act requires EPA to promulgate pretreatment
standards for existing sources (PSES), which must be achieved
within three years of promulgation. PSES are designed to prevent
the discharge of pollutants which pass through, interfere with,
or are otherwise incompatible with the operation of publicly
owned treatment works (POTW). The Clean Water Act of 1977
requires pretreatment for pollutants, such as heavy metals, that
limit POTW sludge management alternatives. Section 307(c) of the
Act requires EPA to promulgate pretreatment standards for new
sources (PSNS) at the same time that it promulgates NSPS. New
indirect discharge facilities, 1like new direct discharge
facilities, have the opportunity to incorporate the best
available demonstrated technologies, including process changes,
in-plant controls, and end-of-pipe treatment technologies, and to
use plant site selection to ensure adequate treatment system
installation. Pretreatment standards are to be technology based,
analogous to the best available technology for removal of toxic
pollutants.

This section describes the control and treatment technologies for
pretreatment of process wastewaters from existing sources and new
sources in the primary and secondary tin subcategory.
Pretreatment standards for regulated pollutants are presented
based on the selected control and treatment technology.

TECHNICAL APPROACH TO PRETREATMENT

Before proposing pretreatment standards, the Agency examines
whether the pollutants discharged by the industry pass through
the POTW or interfere with the POTW operation or its chosen
sludge disposal practices. In determining whether pollutants
pass through a well-operated POTW, achieving secondary treatment,
the Agency compares the percentage of a pollutant removed by POTW
with the percentage removed by direct dischargers applying the
best available technology economically achievable. A pollutant
is deemed to pass through the POTW when the average percentage
removed nationwide by well-operated POTW meeting secondary
treatment requirements, 1is less than the percentage removed by
direct dischargers complying with BAT effluent limitations
guidelines for that pollutant. (See generally, 46 FR at 9415-16
(January 28, 1981)).

This definition of pass through satisfies two competing
objectives set by Congress: (1) that standards for indirect
dischargers be equivalent to standards for direct dischargers
while at the same time, (2) that the treatment capability and
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performance of the POTW be recognized and taken into account in
regulating the discharge of pollutants from indirect dischargers.

The Agency compares percentage removal rather than the mass or
concentration of pollutants discharged because the latter would
not take into account the mass of pollutants discharged to the
POTW from non-industrial sources or the dilution of the
pollutants in the POTW effluent to lower concentrations due to
the addition of large amounts of non-industrial wastewater.

INDUSTRY COST AND POLLUTANT REMOVAL ESTIMATES

The industry cost and pollutant removal estimates of each
treatment option were used to determine the most cost-effective
option. The methodology applied in calculating pollutant removal
estimates and plant compliance costs is discussed in Section X.
Table XII-1 shows the estimated pollutant removals for indirect
dischargers. Compliance <costs for indirect dischargers are
presented in Table XII-2.

PRETREATMENT STANDARDS FOR EXISTING AND NEW SOURCES

Options for pretreatment of wastewaters from both existing and
new sources are based on increasing the effectiveness of end-of-
pipe treatment technologies. All in-plant changes and applicable
end-of-pipe treatment processes have been discussed previously in
Sections X and XI. The options for PSNS and PSES, therefore, are
the same as the BAT options discussed in Section X.

A description of each option is presented in Section X, while a
more detailed discussion, including pollutants contrclled by each
treatment process is presented in Section VII of the General
Development Document.

Treatment technologies considered for the PSNS and PSES options
are:

OPTION A
) Preliminary treatment with ammonia steam stripping and
cyanide precipitation (where required)
' Chemical precipitation and sedimentation
OPTION C
[ Preliminary treatment with ammonia steam stripping and
cyanide precipitation (where required)
) Chemical precipitation and sedimentation
° Multimedia filtration
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PSNS AND PSES OPTION SELECTION

We are proposing PSES equal to BAT for this subcategory. It is
necessary to propose PSES to prevent pass-through of antimony,
cyanide, lead, nickel, tin, ammonia, and fluoride. The four
toxic pollutants and fluoride are removed by a well-operated POTW
achieving secondary treatment at an average of 17 percent while
BAT technology removes approximately 97 percent.

The technology basis for PSES thus is chemical precipitation and
sedimentation, with preliminary treatment consisting of ammonia
steam stripping and cyanide precipitation, and filtration.

Implementation of the proposed PSES limitations would remove
annually an estimated 152 kg of toxic metals, 6,282 kg of tin, 32
kg of cyanide and 25,105 kg of fluoride. Removals over estimated
raw discharge. are the same as removals over current discharge
because neither of the indirect dischargers in this subcategory
has any treatment in-place. Capital cost for achieving proposed
PSES is $341,700, and annual cost is $119,900. The proposed PSES
will not result in adverse economic impacts.

We are proposing PSNS equivalent to PSES, NSPS and BAT. The
technology basis for proposed PSNS is identical to NSPS, PSES,
and BAT. The same pollutants pass through at PSNS as at PSES,
for the same reasons. We know of no economically feasible,
demonstrated technology that is better than PSES technology. The
PSNS flow allowances are identical to the flow allowances for
BAT, NSPS, and PSES.

There would be no additional cost £for PSNS above the costs
estimated for BAT. We believe that the proposed PSNS are
achievable, and that they are not a barrier to entry of new
plants into this subcategory.

REGULATED POLLUTANT PARAMETERS

Pollutants selected for limitation, in accordance with the
rationale of Sections VI and X, are identical to those selected
for limitation for BAT. It is necessary to propose PSES and PSNS
to prevent the pass-through of antimony, cyanide, lead, nickel,
tin, fluoride, and ammonia, which are the limited pollutants.

PRETREATMENT STANDARDS

Pretreatment standards are based on the treatable concentrations
from the selected treatment technology, (Option C), and the
discharge rates determined in Section X for BAT. A mass of
pollutant per mass of product (mg/kg) allocation is given for
each subdivision within the subcategory. This pollutant
allocation is based on the product of the treatable concentration
from the proposed treatment (mg/l) and the production normalized
wastewater discharge rate. The achievable treatment

257



Eoncentrations for BAT are identical to those for PSES and PSNS.
These concentrations are listed in Tables XII-19 of the General
Development Document. PSES and PSNS are presented in Tables XII-

4 and XII-5.
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Table XII-2
COST OF COMPLIANCE FOR THE
PRIMARY AND SECONDARY TIN SUBCATEGORY
INDIRECT DISCHARGERS

(March, 1982 Dollars)

Total Required Total
Option Capital Cost Annual Cost
A 333,400 112,200
c 341,700 119,900
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Table XII-4

PSES FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 1.734
Ammonia (as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640

(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.068 0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051

262



Table XII-4 (continued)

PSES FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(¢) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4.341
Lead 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride . 176.700 101.000
Tin 16.550 7.370
(@) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for

Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin hydroxide washed

Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4.423
Cyanide (total) 2.391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418.400 239.100
Tin 39.210 17.450
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Tablé XII-4 (continued)

PSES FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of cathode tin produced

Antimony 32.430 14.450
Lead 4.704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239.000 984.500
Fluoride 588.000 336.000
Tin 55.100 24.530

(f) Spent Electrowinning Solution from Municipal Solid
Waste

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of MSW scrap used as raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174
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Table XII-4 (continued)

PSES FOR THE PRIMARY AND SECONDARY TIN

(g)

Pollutant or
Pollutant Property

SUBCATEGORY

Tin Hydroxide Supernatant from Scrap

Maximum for Maximum

Any One Day

for

Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

Antimony

Lead

Nickel

Cyanide (total)
Ammonia (as N)
Fluoride

Tin

107.400 47.
15.580 7.
30.600 20.
11.130 4

7,417.000 3,261
1,948.000 1,113,
182.500 81

from scrap

850
233
590

.451
.000

000

.230

(h) Tin Hydroxide Supernatant from Spent Plating

Solutions

Pollutant or
Pollutant Property

Maximum fof
Any One Day

Maximum

for

Monthly Average

mg/kg -(lb/million 1lbs) of tin metal recovered
spent plating solutions

Antimony

Lead

Nickel

Cyanide (total)
Ammonia (as N)
Fluoride

Tin

73.300 32
10.640 4.
20.890 14
: 7.596 3
5,062.000 2,226.
1,329.000 759.
124.600 55.
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Table XII-4 (continued)
PSES FOR THE PRIMARY AND SECONDARY TIN
SUBCATEGORY
(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from
sludge solids

Antimony 321.100 143.100
Lead 46.580 21.630
Nickel 91.500 61.560
Cyanide (total) 33.270 13.310
Ammonia (as N) 22,180.000 9,749.000
Fluoride 5,823.000 3,327.000
Tin 545.700 242.900

{3j) Tin Hydroxide Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 48.340 '21.540
Lead 7.013 3.256
Nickel 13.780 9.266
Cyanide (total) 5.009 2.004
Ammonia (as N) 3,338.000 1,468.000
Fluoride 876.600 500.900
Tin 82.140 36.560
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Table XII-5

PSNS FOR THE PRIMARY AND SECONDARY
TIN SUBCATEGORY

(a) Tin Smelter SO, Scrubber

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony 41.830 18.640
Lead 6.068 2.817
Nickel 11.920 8.018
Cyanide (total) 4.334 . 1.734
Ammonia {(as N) 2,889.000 1,270.000
Fluoride 758.500 433.400
Tin 71.080 31.640

(b) Dealuminizing Rinse

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million lbs) of dealuminized scrap produced

Antimony 0.068 " 0.030
Lead 0.010 0.005
Nickel 0.019 0.013
Cyanide (total) 0.0070 0.0028
Ammonia (as N) 4.666 2.051
Fluoride 1.225 0.700
Tin 0.115 0.051
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Table XII-5 (continued)

PSNS FOR THE PRIMARY AND SECONDARY
TIN SUBCATEGORY

(¢) Tin Mud Acid Neutralization Filtrate

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (1lb/million 1lbs) of neutralized dewatered tin
mud produced

Antimony 9.741 4.341
Lead 1.413 0.656
Nickel 2.776 1.868
Cyanide (total) 1.009 0.404
Ammonia (as N) 672.800 295.800
Fluoride 176,700 101.000
Tin 16,550 7.370

(d) Tin Hydroxide Wash

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (1lb/million 1lbs) of tin hydroxide washed

.Antimony 23.070 10.280
Lead 3.347 1.554
Nickel 6.574 4,423
Cyanide (total) 2,391 0.956
Ammonia (as N) 1,593.000 700.400
Fluoride 418,400 239.100
Tin 39.210 17.450
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Table XII-5 (continued)

PSNS FOR THE PRIMARY AND SECONDARY
TIN SUBCATEGORY

(e) Spent Electrowinning Solution from New Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of cathode tin produced

Antimony 32.430 14,450
Lead 4,704 2.184
Nickel 9.240 6.216
Cyanide (total) 3.360 1.344
Ammonia (as N) 2,239,000 984,500
Fluoride 588.000 336,000
Tin 55.100 24,530

(£) Spent Electrowinning Solution from Municipal Solid

Waste
Pollutant or Maximum for Maximum for
Pollutant Property Any One .Day Monthly Average

mg/kg (1b/million lbs) of MSW scrap used as
raw material

Antimony 0.230 0.102
Lead 0.033 0.015
Nickel 0.065 0.044
Cyanide (total) 0.0238 0.0095
Ammonia (as N) 15.860 6.973
Fluoride 4.165 2.380
Tin 0.390 0.174

269



Table XII-5 (continued)

PSNS FOR THE PRIMARY AND SECONDARY
TIN SUBCATEGORY

(g) Tin Hydroxide Supernatant from Scrap

Pollutant or Maximum for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (1lb/million 1lbs) of tin metal recovered from scrap

Antimony 107.400 47,850
Lead 15.580 7.233
Nickel 30.600 20.590
Cyanide (total) 11.130 4,451
Ammonia (as N) 7,417.000 3,261,000
Fluoride 1,948,000 1,113,000
Tin 182.500 81.230

(h) Tin Hydroxide Supernatant from Spent Plating
Solutions

Pollutant or Maximum .for Maximum for
Pollutant Property Any One Day Monthly Average

mg/kg (lb/million 1lbs) of tin metal recovered from
spent plating solutions

Antimony 73.300 32.660
Lead 10.640 4,937
Nickel 20.890 14.050
Cyanide (total) - 7.596 3.038
Ammonia (as N) 5,062.000 2,226,000
Fluoride 1,329.000 759,600
Tin 124.600 55.450
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Table XII-5 (continued)

PSNS FOR THE PRIMARY AND SECONDARY

TIN SUBCATEGORY

(i) Tin Hydroxide Supernatant from Sludge Solids

Pollutant or
Pollutant Property

Maximum for Maximum

for

Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal recovered

sludge solids

Antimony

Lead

Nickel

Cyanide (total)
Ammonia (as N)
Fluoride

Tin

321.100 143,
46.580 21
91.500 61
33.270 13.

22,180.000 9,749.
5,823.000 3,327
545.700 242

(j) Tin Hydroxide Filtrate

Pollutant or
Pollutant Property

Maximum for Maximum

from

100

.630
.560

310
000

.000
.900

for

Any One Day Monthly Average

mg/kg (lb/million lbs) of tin metal produced

Antimony

Lead

Nickel

Cyanide’ (total)
Ammonia (as N)
Fluoride

Tin

48.340 21.
7.013 3
13.780 -9
5.009 2.
3,338.000 1,468.
876.600 500
82.140 36.
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PRIMARY AND SECONDARY TIN SUBCATEGORY
SECTION XIII
BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY
EPA is not proposing best conventional pollutant control

technology (BCT) limitations for the primary and secondary tin
subcategory at this time.
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