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Page 040.67-X10-1 46 06/93 
Page 040.68-Xl 0-1 46 06193 
Page 040.69-X10-1 46 06/93 
Page 040.70-X10-1 46 06/93 
Page 040.71-X10-1 46 06/93 
Page 040.72-X10-1 46 06/93 
Page 040.73-X10-1 46 06/93 
Page 040.74-X10-1 46 06/93 
Page 040.75-X10-1 46 06/93 
Page 040.76-X10-1 46 06/93 
Page 040.77-X10-1 46 06/93 
Page 040.78-X10-1 46 06/93 
Page 040.79-X10-1 46 06/93 
Page 040.80-X10-1 46 06/93 
Page 040.81-1 46 06/93 
Page 040.82-1 46 06/93 
Page 040.82-2 46 06/93 
Page 040.82-3 46 06/93
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Page 040.83-1 46 06/93 
Page 040.83-2 46 06/93 
Page 040.84-1 46 06/93 
Page 040.85-1 46 06/93 
Page 040.86-1 46 06/93 
Page 040.87-1 46 06/93 
Page 040.88-1 46 06/93 
Page 040.89-1 46 06/93 
Page 040.90-1 46 06/93 
Page 040.90-2 46 06/93 
Page 040.91-1 46 06/93 
Page 040.92-1 46 06/93 
Page 040.93-1 46 06/93 
Page 040.94-1 46 06/93 
Page 040.95-1 49 04/96 
Table 040.95-1 49 04/96 
Table 040.95-2 49 04/96 
Page 040.96-1 49 04/96 
Page 040.97-1 49 04/96 
Page 040.98-1 49 04/96 
Page 040.99-1 49 04/96 

Question 110 

Page 110.1-1 46 06/93 
Page 110.2-1 46 06/93 
Page 110.3-1 46 06/93 
Page 110.4-1 46 06/93 
Page 110.5-1 46 06/93 
Page 110.6-1 46 06/93 
Page 110.7-1 46 06/93 
Page 110.7-2 46 06/93 
Page 110.8-1 46 06/93 
Page 110.9-1 46 06/93 
Page 110.10-1 46 06/93 
Page 110.11-1 46 06/93 
Page 110.12-1 46 06/93 
Page 110.13-1 46 06/93 
Page 110.14-1 46 06/93 
Page 110.15-1 46 06/93 
Page 110.16-1 46 06/93 
Page 110.17-1 46 06/93
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Page 110.18-1 46 06/93 
Page 110.19-1 46 06193 
Page 110.20-1 46 06/93 
Page 110.21-1 46 06/93 
Page 110.22-1 46 06/93 
Page 110.23-1 46 06193 
Page 110.24-1 46 06/93 
Page 110.25-1 46 06/93 
Page 110.26-1 46 06/93 
Page 110.27-1 46 06/93 
Page 110.28-1 46 06/93 
Page 110.29-1 47 06/94 
Page 110.30-1 46 06/93 
Page 110.31-1 46 06/93 
Page 110.32-1 46 06/93 
Page 110.32-2 46 06/93 
Page 110.32-3 46 06/93 
Page 110.33-1 46 06/93 
Page 110.33-2 46 06/93 
Page 110.34-1 46 06/93 
Page 110.35-1 46 06/93 
Page 110.36-1 46 06/93 
Page 110.37-1 47 06/94 
Page 110.37-2 47 06/94 
Page 110.38-1 46 06/93 
Page 110.39-1 46 06/93 
Page 110.40-1 46 06/93 
Page 110.40-2 46 06/93 
Page 110.40-3 46 06/93 
Page 110.41-1 46 06/93 
Page 110.41-2 46 06/93 
Table 110.41-1 46A 11/93 
Figure 110.41-1 46 06/93 
Figure 110.41-2 46 06/93 
Figure 110.41-3 46 06/93 
Figure 110.41-4 46 06/93 
Figure 110.41-5 46 06/93 
Figure 110.41-6 46 06/93 
Figure 110.41-7 46 06/93 
Figure 110.41-8 46 06/93
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Figure 110.41-9 46 06/93 
Figure 110.41-10 46 06/93 
Figure 110.41-11 46 06/93 
Figure 110.41-12 46 06/93 
Figure 110.41-13 46 06/93 
Figure 110.41-14 46 06/93 
Figure 110.41-15 46 06/93 
Figure 110.41-16 46 06/93 
Figure 110.41-17 46 06/93 
Figure 110.41-18 46 06/93 
Figure 110.41-19 46 06/93, 
Figure 110.41-20 46 06/93 
Figure 110.41-21 46 06/93 
Figure 110.41-22 46 06/93 
Figure 110.41-23 46 06/93 
Figure 110.41-24 46 06/93 
Figure 110.41-25 46 06/93 
Figure 110.41-26 46 06/93 
Figure 110.41-27 46 06/93 
Figure 110.41-28 46 06/93 
Figure 110.41-29 46 06/93 
Figure 110.41-30 46 06/93 
Figure 110.41-31 46 06/93 
Figure 110.41-32 46 06/93 
Page 110.42-1 47 06/94 
Page 110.42-2 47 06/94 
Table 110.42-1 46A 11/93 
Page 110.43-1 46 06/93 
Page 110.43-2 46 06/93 
Page 110.44-1 46 06/93 
Page 110.45-1 46 06/93 
Page 110.46-1 46 06/93 
Page 110.47-1 46 06/93 
Page 110.48-1 46 06/93 
Page 110.49-1 46 06/93 
Page 110.49-2 46 06/93 
Page 110.50-1 46 06/93 
Page 110.51-1 46 06/93 
Page 110.52-1 46 06/93 
Page 110.53-1 46 06/93
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Page 110.54-1 46 06/93 
Page 110.55-1 46 06/93 
Page 110.56-1 46 06/93 
Page 110.57-1 46 06/93 
Page 110.57-2 46 06/93 

Question 112 

Page 112.1-1 46 06/93 
Page 112.2-1 46 06/93 
Page 112.3-1 46 06/93 
Page 112.4-1 47 06/94 
Page 112.5-1 47 06/94 
Page 112.6-1 46 06/93 
Page 112.6-2 46 06/93 
Page 112.6-3 46 06/93 
Page 112.7-1 46 06/93 
Page 112.7-2 46 06/93 
Page 112.7-3 46 06/93 
Page 112.7-4 46 06/93 
Page 112.8-1 46 06/93 
Page 112.8-2 46 06/93 
Page 112.9-1 46 06/93 
Page 112.10-1 46 06/93 
Page 112.10-2 46 06/93 

Question 121 
Page 121.1-1 46 06/93 
Page 121.1-2 46 06/93 
Page 121.1-3 46 06/93 
Page 121.1-4 46 06/93 
Figure 121.1-1 46 06/93 
Figure 121.1-2 46 06/93 
Page 121.2-1 46 06/93 
Page 121.2-2 46 06/93 
Page 121.2-3 46 06/93 
Page 121.2-4 46 06/93 
Page 121.2-5 46 06/93 
Page 121.2-6 46 06/93 
Page 121.3-1 46 06/93 
Page 121.4-1 46 06/93 
Figure 121.4-1 46 06/93
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Page 121.5-1 46 06/93 
Page 121.6-1 46 06/93 
Page 121.6-2 46 06/93 
Page 121.7-1 46 06/93 
Page 121.7-2 46 06/93 
Page 121.7-3 46 06/93 
Page 121.7-4 46 06/93 
Page 121.7-5 46 06/93 
Page 121.7-6 46 06/93 
Page 121.7-7 46 06/93 
Page 121.7-8 46 06/93 
Page 121.7-9 46 06/93 
Page 121.7-10 46 06/93 
Page 121.7-11 46 06/93 
Figure 121.7-1a 46 06/93 
Figure 121.7-lb 46 06/93 
Figure 121.7-2 46 06/93 
Figure 121.7-3a 46 06/93 
Figure 121.7-3b 46 06/93 
Figure 121.7-3c 46 06/93 
Figure 121.7-4a 46 06/93 
Figure 121.7-4b 46 06/93 
Figure 121.7-4c 46 06/93 
Page 121.8-1 46 06/93 
Page 121.8-2 46 06/93 
Page 121.9-1 46 06/93 
Page 121.10-1 46 06/93 
Page 121.11-1 46 06/93 
Page 121.12-1 46 06/93 
Page 121.13-1 46 06/93 
Page 121.14-1 46 06/93 
Page 121.15-1 46 06/93 
Page 121.16-1 46 06/93 
Page 121.17-1 46 06/93 
Page 121.17-2 46 06/93 
Page 121.18-1 46 06/93 
Page 121.19-1 46 06/93 
Page 121.20-1 46 06/93 
Page 121.21-1 46 06/93 
Page 121.21-2 46 06/93
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Page 121.21-3 46 06/93 
Page 121.21-4 46 06/93 
Page 121.21-5 46 06/93 
Page 121.21-6 46 06/93 
Page 121.21-7 46 06/93 
Page 121.21-8 46 06/93 
Page 121.21-9 46 06/93 
Question 123 
Page 123.1-1 46 06/93 
Page 123.1-2 46 06/93 
Page 123.2-1 46 06/93 
Page 123.2-2 46 06/93 
Page 123.3-1 46 06/93 
Page 123.3-2 46 06/93 
Page 123.3-3 46 06/93 
Page 123.3-4 46 06/93 
Page 123.3-5 46 06/93 
Page 123.3-6 46 06/93 
Page 123.4-1 46 06/93 
Page 123.5-1 46 06/93 
Page 123.5-2 46 06/93 
Page 123.6-1 46 06/93 
Page 123.6-2 46 06/93 
Page 123.7-1 46 06/93 
Table 123.7-1, Page 1 46 06/93 
Table 123.7-1, Page 2 46 06/93 
Table 123.7-1, Page 3 46 06/93 
Table 123.7-1, Page 4 46 06/93 
Table 123.7-1, Page 5 46 06/93 
Table 123.7-1, Page 6 46 06/93 
Page 123.8-1 46 06/93 
Page 123.9-1 46 06/93 
Question 130 
Page 130.1-1 54 10/99 
Page 130.2-1 54 10/99 
Page 130.3-1 54 10/99 
Page 130.4-1 46 06/93 
Page 130.5-1 47 06/93 
Page 130.5-2 46 06/94
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Page 130.6-1 46 06/93 
Page 130.7-1 46 06/93 
Page 130.8-1 46 06/93 
Page 130.9-1 46 06/93 
Page 130.10-1 46 06/93 
Page 130.11-1 46 06/93 
Page 130.12-1 46 06/93 
Page 130.13-1 46 06/93 
Page 130.14-1 46 06/93 
Page 130.15-1 46 06193 
Page 130.16-1 46 06/93 
Page 130.17-1 46 06/93 
Page 130.18-1 46 06/93 
Page 130.19-1 46 06/93 
Page 130.20-1 46 06/93 
Page 130.21-1 46 06/93 
Page 130.22-1 46 06/93 
Page 130.23-1 46 06/93 
Page 130.24-1 46 06/93 
Page 130.25-1 46 06/93 
Page 130.26-1 46 06/93 
Page 130.27-1 46 06/93 
Page 130.28-1 46 06/93 

Question 211 

Page 211.1-1 46 06/93 
Page 211.2-1 46 06/93 
Page 211.3-1 46 06/93 
Page 211.4-1 46 06/93 
Page 211.4-2 46 06/93 
Page 211.4-3 46 06/93 
Page 211.4-4 46 06/93 
Page 211.4-5 46 06/93 
Page 211.4-6 46 06/93 
Page 211.4-7 46 06/93 
Figure 211.4-1 46 06/93 
Page 211.5-1 46 06/93 
Page 211.6-1 50 07/96 
Page 211.7-1 46 06/93 
Page 211.7-2 46 06/93 
Page 211.8-1 46 06/93

Rev. 54, 10/99 Corrected LEP-223



SSES-FSAR

LIST OF EFFECTIVE PAGES

QUESTIONS

Revision Dated 
Page 211.8-2 46 06/93 
Page 211.9-1 46 06/93 
Page 211.10-1 49 04/96 
Page 211.10-2 54 10/99 
Page 211.11-1 46 06/93 
Page 211.12-1 46 06/93 
Page 211.13-1 46 06/93 
Page 211.14-1 50 07/96 
Page 211.15-1 46 06/93 
Page 211.16-1 46 06/93 
Page 211.17-1 46 06/93 
Page 211.17-2 46 06/93 
Page 211.17-3 46 06/93 
Page 211.18-1 46 06/93 
Page 211.19-1 46 06/93 
Table 211.19-1 46 06/93 
Figure 211.19-1 46 06/93 
Figure 211.19-2 46 06/93 
Page 211.20-1 46 06/93 
Page 211.21-1 46 06/93 
Table 211.21-1 46 06/93 
Page 211.22-1 46 06/93 
Page 211.23-1 46 06/93 
Page 211.24-1 46 06/93 
Page 211.25-1 46 06/93 
Page 211.26-1 46 06/93 
Page 211.27-1 46 06/93 
Page 211.28-1 46 06/93 
Page 211.29-1 46 06/93 
Page 211.30-1 46 06/93 
Page 211.31-1 46 06/93 
Page 211.32-1 46 06/93 
Page 211.33-1 46 06/93 
Page 211.34-1 46 06/93 
Page 211.35-1 46 06/93 
Page 211.36-1 46 06/93 
Page 211.37-1 46 06/93 
Page 211.38-1 46 06/93 
Page 211.38-2 46 06/93 
Page 211.39-1 46 06/93
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Page 211.40-1 46 06/93 
Page 211.41-1 46 06/93 
Page 211.41-2 46 06/93 
Page 211.42-1 46 06/93 
Page 211.43-1 46 06/93 
Page 211.43-2 46 0?/84 
Page 211.43-3 46 06/93 
Page 211.43-4 46 06/93 
Page 211.44-1 46 06/93 
Page 211.44-2 46 06/93 
Page 211.45-1 49 04/96 
Page 211.46-1 49 04/96 
Page 211.47-1 46 06/93 
Page 211.48-1 50 07/96 
Page 211.48-2 49 04/96 
Page 211.49-1 46 06/93 
Page 211.50-1 50 07/96 
Page 211.50-2 50 07196 
Page 211.50-3 46 06/93 
Page 211.51-1 46 06/93 
Page 211.52-1 50 07/96 
Page 211.53-1 46 06/93 
Page 211.54-1 46 06/93 
Page 211.55-1 46 06/93 
Page 211.56-1 46 06/93 
Page 211.57-1 50 07/96 
Page 211.58-1 50 07/96 
Page 211.58-2 50 07/96 
Page 211.59-1 46 06/93 
Page 211.60-1 46 06/93 
Page 211.61-1 46 06/93 
Page 211.62-1 46 06/93 
Page 211.63-1 46 06/93 
Page 211.64-1 46 06/93 
Page 211.65-1 46 06/93 
Page 211.66-1 46 06/93 
Page 211.67-1 46 06/93 
Page 211.67-2 46 06/93 
Page 211.68-1 46 06/93 
Page 211.69-1 46 06193
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Page 211.70-1 46 06/93 
Page 211.70-2 46 06/93 
Page 211.70-3 46 06/93 
Page 211.70-4 46 06/93 
Table 211.70-1 46 06/93 
Figure 211.70-1 46 06/93 
Figure 211.70-la 46 06/93 
Figure 211.70-2 46 06/93 
Figure 211.70-2a 46 06/93 
Page 211.71-1 46 06/93 
Page 211.72-1 46 06/93 
Page 211.73-1 46 06/93 
Page 211.74-1 46 06/93 
Page 211.74-2 46 06/93 
Page 211.74-3 46 06/93 
Page 211.75-1 46 06193 
Page 211.76-1 46 06193 
Page 211.77-1 50 07/96 
Page 211.78-1 46 06/93 
Page 211.79-1 46 06/93 
Page 211.80-1 46 06/93 
Page 211.81-1 46 06/93 
Page 211.82-1 46 06/93 
Page 211.83-1 50 07/96 
Page 211.84-1 46 06/93 
Page 211.85-1 46 06/93 
Page 211.86-1 46 06/93 
Page 211.87-1 50 07/96 
Page 211.88-1 46 06/93 
Page 211.89-1 49 04/96 
Page 211.90-1 46 06/93 
Page 211.91-1 46 06/93 
Page 211.91-2 46 06/93 
Page 211.91-3 46 06/93 
Page 211.92-1 46 06/93 
Page 211.93-1 50 07/96 
Page 211.94-1 46 06193 
Page 211.95-1 46 06193 
Page 211.96-1 46 06193 
Page 211.97-1 46 06193
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Page 211.98-1 46 06/93 
Page 211.99-1 46 06/93 
Page 211.100-1 50 07/96 
Page 211.101-1 46 06/93 
Page 211.102-1 46 06/93 
Page 211.103-1 46 06/93 
Page 211.103-2 46 06/93 
Page 211.104-1 46 06/93 
Page 211.105-1 46 06/93 
Page 211.105-2 46 06/93 
Page 211.105-3 46 06/93 
Page 211.106-1 46 06/93 
Page 211.107-1 50 07/96 
Page 211.107-2 50 07/96 
Page 211.107-3 50 07/96 
Page 211.108-1 46 06/93 
Page 211.109-1 46 06/93 
Page 211.110-1 46 06/93 
Page 211.111-1 46 06/93 
Page 211.112-1 46 06/93 
Page 211.113-1 46 06/93 
Page 211.114-1 46 06/93 
Page 211.115-1 46 06/93 
Page 211.116-1 46 06/93 
Page 211.117-1 46 06/93 
Page 211.118-1 46 06/93 
Page 211.119-1 49 04/96 
Figure 211.119-1 46 06/93 
Page 211.120-1 46 06/93 
Page 211.121-1 46 06/93 
Page 211.122-1 46 06/93 
Page 211.123-1 46 06193 
Page 211.124-1 46 06/93 
Page 211.124-2 46 06/93 
Page 211.125-1 46 06193 
Table 211.125-1 46 06/93 
Page 211.126-1 46 06/93 
Page 211.127-1 46 06/93 
Page 211.128-1 46 06/93 
Page 211.129-1 46 06/93
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Page 211.130-1 46 06/93 
Page 211.131-1 46 06/93 
Page 211.132-1 49 04/96 
Page 211.133-1 46 06/93 
Page 211.133-2 46 06/93 
Page 211.134-1 46 06/93 
Page 211.135-1 46 06/93 
Page 211.136-1 46 06/93 
Page 211.137-1 46 06/93 
Page 211.138-1 46 06/93 
Page 211.138-2 46 06/93 
Page 211.139-1 46 06/93 
Page 211.139-2 46 06/93 
Table 211.139-1 46 06/93 
Page 211.140-1 46 06/93 
Page 211.141-1 46 06/93 
Page 211.142-1 46 06/93 
Page 211.143-1 46 06/93 
Page 211.144-1 46 06/93 
Page 211.145-1 46 06/93 
Page 211.146-1 46 06/93 
Page 211.147-1 46 06/93 
Page 211.148-1 46 06/93 
Page 211.149-1 46 06/93 
Page 211.150-1 46 06/93 
Page 211.151-1 46 06/93 
Page 211.152-1 46 06/93 
Page 211.153-1 46 06/93 
Page 211.154-1 46 06/93 
Page 211.155-1 46 06/93 
Page 211.156-1 46 06/93 
Page 211.157-1 46 06/93 
Page 211.158-1 46 06/93 
Page 211.159-1 46 06/93 
Page 211.160-1 46 06/93 
Page 211.161-1 46 06/93 
Page 211.162-1 46 06/93 
Page 211.163-1 46 06/93 
Page 211.164-1 46 06/93 
Page 211.165-1 46 06193
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Page 211.166-1 46 06/93 

Page 211.167-1 46 06/93 

Page 211.168-1 46 06/93 

Page 211.169-1 46 06/93 

Page 211.170-1 46 06/93 

Page 211.171-1 46 06/93 

Page 211.172-1 46 06193 

Page 211.173-1 46 06/93 

Page 211.174-1 46 06/93 

Page 211.175-1 46 06/93 
Page 211.176-1 46 06193 
Page 211.177-1 46 06/93 
Page 211.178-1 46 06/93 

Figure 211.178-1 46 06/93 

Page 211.179-1 46 06/93 

Figure 211.179-1 46 06193 

Page 211.180-1 46 06/93 

Page 211.181-1 46 06193 
Page 211.182-1 46 06/93 
Page 211.183-1 46 06/93 
Page 211.184-1 46 06/93 
Page 211.185-1 46 06/93 

Page 211.186-1 46 06/93 

Page 211.186-2 46 06/93 

Page 211.186-3 46 06/93 
Page 211.186-4 46 06/93 
Page 211.186-5 46 06/93 
Page 211.187-1 46 06/93 
Page 211.188-1 46 06/93 
Page 211.189-1 50 07/96 
Page 211.190-1 50 07/96 

Page 211.191-1 46 06/93 
Page 211.192-1 46 06/93 
Page 211.192-2 46 06193 
Page 211.193-1 46 06/93 
Page 211.194-1 47 06/94 
Page 211.195-1 46 06/93 
Page 211.196-1 46 06/93 

Page 211.197-1 46 06/93 
Page 211.198-1 46 06/93
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Page 211.199-1 46 06/93 
Page 211.200-1 46 06/93 
Page 211.201-1 46 06/93 
Table 211.201-1 46 06/93 
Page 211.202-1 50 07/96 
Page 211.203-1 46 06/93 
Page 211.204-1 46 06/93 
Page 211.205-1 46 06/93 
Page 211.206-1 46 06/93 
Page 211.207-1 46 06/93 
Page 211.208-1 46 06/93 
Page 211.209-1 46 06/93 
Page 211.209-2 46 06/93 
Page 211.210-1 50 07/96 
Page 211.211-1 46 06/93 
Page 211.211-2 46 06/93 
Table 211.211-1 46 06/93 
Page 211.212-1 46 06/93 
Page 211.213-1 46 06/93 
Page 211.213-2 46 06/93 
Page 211.214-1 50 07/96 
Page 211.214-2 50 07/96 
Page 211.215-1 46 06/93 
Page 211.216-1 46 06/93 
Page 211.216-2 46 06/93 
Page 211.217-1 46 06/93 
Page 211.218-1 46 06/93 
Page 211.218-2 46 06/93 
Page 211.219-1 46 06/93 
Page 211.220-1 46 06/93 
Page 211.221-1 46 06/93 
Page 211.221-2 46 06/93 
Page 211.221-3 46 06/93 
Page 211.221-4 46 06/93 
Page 211.221-5 46 06/93 
Table 211.221-1, Page 1 46 06/93 
Table 211.221-1, Page 2 46 06/93 
Page 211.222-1 50 07/96 
Page 211.223-1 46 06/93 
Page 211.224-1 46 06/93
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Page 211.225-1 46 06/93 
Page 211.226-1 46 06/93 
Page 211.226-2 46 06/93 
Page 211.227-1 46 06/93 
Figure 211.227-1 46 06/93 
Page 211.228-1 46 06/93 
Page 211.228-2 46 06/93 
Page 211.229-1 50 07/96 
Page 211.230-1 46 06/93 
Page 211.231-1 46 06/93 
Page 211.232-1 46 06/93 
Page 211.233-1 50 07/96 
Page 211.234-1 46 06/93 
Page 211.235-1 46 06/93 
Page 211.236-1 54 10/99 
Page 211.237-1 46 06/93 
Page 211.238-1 46 06/93 
Page 211.239-1 46 06/93 
Page 211.240-1 46 06/93 
Page 211.241-1 46 06/93 
Page 211.242-1 46 06/93 
Page 211.242-2 46 06193 
Page 211.243-1 46 06/93 
Page 211.244-1 46 06/93 
Page 211.245-1 46 06/93 
Page 211.246-1 46 06/93 
Page 211.247-1 46 06/93 
Page 211.248-1 46 06/93 
Page 211.249-1 46 06/93 
Page 211.249-2 46 06/93 
Page 211.250-1 50 07/96 
Page 211.251-1 52 11/97 
Page 211.252-1 46 06/93 
Page 211.252-2 46 06/93 
Page 211.253-1 46 06/93 
Page 211.254-1 46 06/93 
Page 211.255-1 46 06193 
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Page 211.290-1 46 06/93 
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Page 230.3-1 46 06/93 
Page 230.4-1 46 06/93
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Page 281.2-1 46 06/93 
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Page 281.6-1 46 06/93
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Page 281.11-1 49 04/96 
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Page 281.17-1 49 04/96 
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Page 281.27-1 49 04/96 
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Page 312.1-1 46 06/93 
Page 312.2-1 46 06/93 
Page 312.3-1 46 06/93 
Page 312.4-1 46 06/93 
Page 312.5-1 46 06/93 
Page 312.6-1 46 06/93 
Page 312.7-1 46 06/93 
Page 312.8-1 46 06/93 
Page 312.9-1 46 06/93 
Page 312.10-1 46 06/93 
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Page 312.19-1 46 06/93 
Page 312.20-1 46 06/93 
Page 312.21-1 46 06/93 
Page 312.22-1 46 06/93 
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Page 313.3-1 46 06/93 
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Page 313.7-1 46 06/93 
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Page 321.3-1 46 06/93 
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Page 371.10-1 46 06/93 
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b. Horizontal Hydraulic Conductivity (Kh) 

As described in Subsection 2.4.13.2.3, different values of hydraulic conductivity 
characterize the different segments of the flow paths. Based on the pumping 
tests and packer tests performed in borings or wells located on or close to the 
flow path, the following conservative assignment of values has been made:

Flowpath 1 

Geologic Unit 
Upper 15 ft of bedrock 
Lower Pleistocene deposits 
Lower Pleistocene deposits 
Lower Pleistocene deposits 
Lower Pleistocene deposits 

Flowpath 2 

Geologic Unit 
Upper 15 ft of bedrock 
Lower Pleistocene deposits 
Lower Pleistocene deposits

Horizontal Hydraulic 
Conductivity (K)_ 

0.5 ft/day 
18.0 ft/day 
8.0 ft/day 

20.0 ft/day 
60.0 ft/day 

Horizontal Hydraulic 
Conductivity (Kh_ 

0.5 ft/day 
20.0 ft/day 
60.0 ft/day

c. Hydraulic Gradients (i) 

Hydraulic gradients were estimated based on the groundwater contours in 
October 1985 and on a river-level elevation of 491 feet, the latter serving as the 
groundwater elevation at the discharge point on the Susquehanna River. The 
elevation of the water table in the vicinity of the RWCU Phase Separator tank 
was taken as elevation 662 feet, based on water level readings taken in Boring 
305 and Boring 116.  

The magnitude of water-level elevations at the intermediate points (edge of 
buried-valley aquifer, Well TW-2, downgradient edge of buried-valley aquifer, 
and Lake Took-A-While) were taken from the groundwater level data for 
October 1985 shown on Figure 2.4-55. The calculated gradients follow: 

FLOWPATH 1

Flow Path 
Segment 

1 
2 
3 
4 
5

Hydraulic Gradient (I) 
(Dimensionless) 

0.060 
0.024 
0.042 
0.0388 
0.0081
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Segment 

1 
2 
3 
4 
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Flow Path 
Segment 

1 
2 
3
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FLOWPATH 2 

Flow Path Hydraulic Gradient (I) 
Segment (Dimensionless) 

1 0.055 
2 0.0388 
3 0.0081 

d. Total Porosity (n) 

As discussed in Subsection 2.4.13.2.3, based on 29 formation samples obtained 
from onsite borings, the values of total porosity of the more permeable Pleistocene 
deposits range between 0.13 and 0.41 with a median of 0.35. Using data from 
samples taken from borings in the vicinity of the groundwater flow paths, an 
average value of 0.30 has been selected for the porosity of the lower saturated 
Pleistocene deposits for the two flow paths. For the first segment of both 
Flowpaths 1 and 2 through the upper bedrock, a relatively high horizontal 
hydraulic conductivity (0.50 feet/day) has been estimated for the upper bedrock.  
Because of this, a relatively high fracture porosity of 0.02 seems justified for the 
upper bedrock, particularly as the upper 11 feet of bedrock at Boring 305 
(located close to the Radwaste Building) was described as severely fractured.  

e. Effective Porosity (ne) 

As described in Subsection 2.4.13.2.3, the effective porosity for the Pleistocene 
deposits was obtained by multiplying the total porosity by a factor of 0.90. This 
factor is an approximate ratio of effective to total porosity for such materials, based 
on column studies using non-reactive tracers (Ref. 2.4-86d). Thus, for the 
Pleistocene deposits, effective porosity is estimated as 0.30 x 0.90, or 0.27. For 
segment I of the flow path, the effective porosity of the fractured bedrock is taken 
as equal to the estimated total fracture porosity.  

f. Dispersivities ((L UT, a) 

The dispersivities in the longitudinal (x) direction, in the horizontal transverse (y) 
direction, and in the vertical (z) transverse direction are denoted, respectively, by 

cLL, cUT, and a. Table 4.1.2.2 of Reference 2.4-90 shows values for longitudinal 
and transverse dispersivities determined at different sites with different rock or 
sediment materials. Based on this information, the following conservative values 
for dispersivity have been estimated for the site: 

UL (ft) aT (ft) a,, (ft) 
Upland Flow Paths 10.0 0.5 0.001 

Flood Plain 30.0 2.0 0.05
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g. Size and Dimensions of the Slug 

The volume of liquid involved in the accident is 5,920 gallons or 791.34 cubic 
feet. It was assumed that the slug would have a thickness of 8 feet in the rock 
immediately, or very soon after, the rupture occurred. Then, assuming the slug 
would initially be square in plan view, and taking 0.02 as the upper bedrock total 

poro£sity., the initial x0 (or y0) dimension of the slug in the ground would be 
{791.34 cu. ft./[(8 ft.)(0.02)]}11 2 or, 70.3 feet.  

h. Radionuclides 

Seven radionuclides were selected for analysis--Mn-54, Fe-55, Co-60, Sr-90, I
131, Cs-1 37 and Pu-239. These are believed to be the most significant from the 
safety and public health point of view and those with half lives on the order of 
days or years. Table 2.4-35 indicates the radionuclides studied, their half lives 
and their presumed initial concentrations at the time of the accident.  

Distribution Coefficients (kd) 

The distribution coefficient (kd) defines the equilibrium ratio of the mass of a 
cationic species adsorbed on the exchange complex of geologic materials to that 
in the interstitial solution. The concentration of native cations adsorbed on the 
formation material (Q'), concentration of cations in the interstitial fluid (c), and the 
equilibrium exchange constant (E) for each species are the parameters uniquely 
involved in the process of adsorption through cation exchange and are related to 
the distribution coefficient by: 

kd = (Q'Ic)(E) 

Considering that the concentration of native cations adsorbed on the formation 
material would be large compared to that of radionuclide cations of concern here, 
for purposes of this analysis we have approximated Q' (concentration of 
adsorbed native cations on the formation) by Q, the total cation exchange 
capacity. Thus, we have 

kd = (Q/c)(E) 

It is recognized that this model of cation exchange will not strictly imitate the 
actual cation exchange process that would follow the postulated accident which 
would simultaneously involve many radionuclide cations from the RWCU Phase 
Separator tank. However, to minimize the complexity of the adsorption model it 
was decided to use this equation to model the process assuming a simple binary 
system of calcium-radionuclide cation and using the native groundwater cation 
concentration at the site. For conservatism, calcium was chosen as the native
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cation in solution in the groundwater rather than sodium, as calcium can displace 
strontium or cesium much more readily than can sodium.  

Cation exchange capacity determinations were performed previously on ten soil 
samples obtained from the lower part of the Pleistocene deposits, in borings, 
located on or very near the groundwater flow paths. Values ranged from 0.006 
to 0.05 milliequivalents/gram (meq/g).  

For Segment 1 of both Flowpaths 1 and 2, the cation exchange capacity for the 
fractured bedrock was assumed to be zero. For the remainder of the two flow 
paths, occurring in the Pleistocene deposits, estimated Q values ranged from 
0.016 to 0.026 meq/g, based on the values obtained for the borings located 
along the flow paths. An average value for Q for migration through these 
deposits of 0.021 meq/g was adopted.  

Water samples were obtained from observation wells onsite in three different 
seasons during 1977. Total cation concentration for overburden wells in the 
vicinity of the flow paths ranged from 7.4 x 10- meq/ml to 3.7 x 10' meq/ml. A 
value for C is unnecessary for the analysis of flow in Segment 1 of both 
Flowpaths 1 and 2, as the cation exchange capacity there is assumed to be 
zero. It was concluded that the average cation concentration in the groundwater 
in the Pleistocene deposits along the flow paths ranges from 2.1 x 10- to 3.7 x 
10-' meq/ml. An average value for C of 3.0 x 10-' meq/ml was selected for each 
segment of the flow paths passing through these deposits.  

Considering the case of Strontium-90 first, a simple binary system of Ca-Sr was 
assumed. Accordingly, an equilibrium exchange constant (Esr) was estimated 
from the literature for this condition. An E value of 1.0 was obtained for 
Strontium-89 and Strontium-90 from Reference 2.4-95a. Thus, the kd value for 
Sr-90 in the Pleistocene deposits was calculated to be: 

(0.021 meq/g) (1.0) / (0.003 meq/ml) = 7 ml/g 

Reference 2.4-95b indicates that the kd for cesium on less than 100-p fraction of 
sediments from the Savannah River Plant ranged from 18.3 to 130 ml/g. For this 
analysis, a kd of 18 ml/g for Cs-137 was selected, which was the lowest of this 
range.  

For Cobalt-60, the estimate for the kd was based on Table 1.11 of Reference 2.4
96a. In the table, the ratio [kd(Co-60)]/[kd(CS-137)] for adsorption at pH 6.0 on 
Clinch River Sediment in Tennessee ranged from 0.56 to 0.81. Applying the 
lowest ratio (0.56) to the estimated kd for Cs-1 37 of 18 ml/g, we obtain 10.0 ml/g 
for Co-60.  

For Manganese-54, Appendix B of Reference 2.4-96b indicates that the ratio of 
Mn-54 adsorbed to large colloids (pre-filter) to that of Co-60 ranged from 0.87 to
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2.04. For this analysis, the lowest ratio value, 0.87, was applied to the kd value 
estimated for Co-60 of 10 ml/g, to obtain an estimated kd of 8.7 ml/g for Mn-54.  

For Iron-55, Reference 2.4-96c indicates typical kd values for radioisotopes in 
desert soils. Relatively high kd values are given for Strontium, Cesium and 
Cobalt: 20, 200, and 75 ml/g, respectively. The value given for Iron is 150 ml/g.  
Using the principal of proportionality based on the values selected in the 
foregoing paragraphs, the estimated kd's for Fe-55 range from 13.5 to 52.5 ml/g.  
For this analysis, the lowest of these values, or 13.5 ml/g is selected for Fe-55.  

No kd values were estimated for Iodine-131 or Plutonium-239. 1-131 has a half 
life of only 8.04 days and its concentration would be expected to decline below 
the maximum permissible levels in a period less than the travel time to possible 
receptors. Because the concentration of Pu-239 in the RWCU Phase Separator 
tanks, as shown in Table 2.4-35, is only about ten times the limits for unrestricted 
areas, natural attenuation through dispersion in the course of the migration 
would be expected to reduce its concentration to acceptable levels without 
assuming adsorption due to cation exchange.  

j. Calculation of Mean Parameter Values to Each Receptor 

Because the SLUG3D program provides an analytical solution for the case 
where the groundwater parameters are assumed constant over the entire flow 
path, it was necessary to calculate a weighted average for each parameter 
based on the values from each flow-path segment. The parameter values for 
each segment of the flow path were weighted on the basis of the segment length 
or the time for water to travel over the segment, whichever was most 
appropriate. Time of travel was the weighting factor in determining the mean 
horizontal hydraulic conductivity (Kh) and the mean effective porosity (ne),.while 
the segment length was the weighting factor to determine the mean gradient, the 
mean dispersivities and the mean kd values.  

2.4.13.3.4 Numerical Model Simulation of Buried-Valley Aquifer 

The combination of the MODFLOW and MT3D96 model was used to simulate the 
effects of the continuous pumping of Well TW-2 on the fate of the radionuclides 
passing through the buried-valley aquifer along Flowpath 1. The domain of this finite
difference model was the entire buried-valley aquifer lying north of the plant, which is 
3,100 feet long (east to west) with an average width of approximately 500 feet.  

The aquifer was modeled as a single-layer water-table aquifer, and a finite-difference 
grid 3100 feet east to west and 1000 feet north to south was established. The grid 
consisted of 36 rows and 13 columns with cell widths ranging from 50 to 100 feet. The 
finer grid was set up for the area around Well TW-2 located on the eastern side of the 
grid domain. A series of cells on the northern and southern sides of the grid were set to
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be inactive so that the boundaries of the aquifer could be approximated as closely as 
possible. Constant-head boundaries were established at the eastern and western 
edges of the model. These head values were based on interpolated head values from 
the October 1985 water-table contour map (Figure 2.4-55).  

The flow model, using MODFLOW, was calibrated under steady-state conditions on the 
basis of the October 1985 static water-level data and it was verified, or the calibration 
task was completed, by transient simulations of a 7.11-day pumping test of Well TW-2 
performed in December 1992. In the process of calibration, recharge and hydraulic 
conductivity values were adjusted in several different zones making up the model until 
satisfactory matching to the measured water levels resulted. Hydraulic conductivity 
values in the final calibrated model ranged from 4 to 50 ft/day, with the zone in the 
immediate vicinity of Well TW-2 having a Kh of 18 ft/day. Recharge across the final 
calibrated model ranged from 0.0003 to 0.0085 ft/day. For the transient calibration, the 
specific yield, representing the primary storage coefficient, was 0.20.  

The calibrated flow model was run in the steady-state mode with Well TW-2 pumping at 
a series of different rates to determine the maximum long-term pumping rate possible.  
The maximum pumping rate was found to be 33 gallons per minute (gpm). It was 
decided to perform the simulations in which MT3D was to be coupled by having TVV-2 
pump continuously at a conservative rate of 31 gpm (average daily pump rate).  

The MT3D component in Visual Modflow was run in conjunction with the steady-state 
flow model by specifying a number of transport steps. A constant-concentration 
boundary cell serving as the contaminant source was established at cell (17,8), which 
was located approximately 680 feet north of the RWCU Phase Separator tanks and 
along Flowpath 1. This was the edge of the modeled buried-valley aquifer.  

A simulation with SLUG3D was employed to evaluate the transport of the slug of 
contaminated fluid from the tank to cell (17,8) of the numerical model. The duration of 
the appearance of the contaminants at that point lasted, for all intents and purposes, no 
longer than 500 days. Based on the results of the SLUG3D simulation, an average 
concentration for the 500 days for each of the seven radionuclides of concern was 
computed taking into consideration the rise and decline of concentration with time and 
the decline of concentration with distance from the center of the slug. These mean 
concentrations averaged over time and space are given in Table 2.4-37, which presents 
the parameter values used in the numerical model. The assumed values for 
dispersivities and kd's, consistent with the values given in Section 2.4.13.3.3, are also 
included in Table 2.4-37.  

Simulations with the MODFLOW/MT3D model were performed for all the radionuclides 
of concern except for 1-131, which was omitted because the SLUG3D simulation 
showed that its peak concentration at cell (17,8) was only 1.94 x 10' pCi/ml, well below 
the maximum permissible levels for unrestricted areas. MT3D was run primarily using 
the upstream finite-difference option, although in most cases parallel runs were made 
using the Method of Characteristics (MOC) option as well. The finite-difference method
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was preferred because it was more stable, it had much lower mass balance errors, and 
it gave peak concentration values comparable to the MOC method.  

An observation point was established in the cell where Well TW-2 was located and in 
the cell at the far downstream boundary of the model. Concentrations were obtained 
over time at these observation points, and the transport simulations were run in each 
case well past the time of the peak concentration for each radionuclide. As shown in 
Table 2.4-39, for those isotopes for which adsorption was included in the model (Mn-54, 
Fe-55, Co-60, Sr-90, and Cs-137) the computed time to peak at Well TW-2 ranged from 
3,100 to 19,140 days and that for the most downgradient cell 4,050 to 92,110 days.  
Plutonium-239, for which no adsorption was assumed, was computed to peak at 708 
days at Well TW-2 and at 1,740 days at the farthest downgradient cell.  

2.4.13.3.5 Discussion of Results of Analysis 

The results of the simulations are presented in Tables 2.4-38 and 2.4-39. Table 2.4-38 
gives the results of the SLUG3D simulations for the two flow paths. Of all the 
radionuclides evaluated, only the predicted peak concentrations for Sr-90 are higher 
than the 10CFR20 Appendix B (pre-1994) maximum permissible concentrations (MPC).  

As shown in Table 2.4-38, along Flowpath 1 at Well TW-2 the estimated peak Sr-90 
concentration reached after a predicted 12,010 days is 6.93 x 10. pCi/ml compared to 
the MPC of 1.0 x 10' pCi/ml for restricted areas. For Flowpath 1, the peak 
concentration of Sr-90 at the discharge point to the Susquehanna River is 7.27 x 10-7 

pCi/ml, and that for Flowpath 2 is 9.73 x 10-6 pCi/ml, compared to the MPC of 3.0 x 10' 
pCi/ml for unrestricted areas. The times to reach these peak concentrations are, 
respectively, 59,720 and 25,400 days.  

Table 2.4-39 provides the results of the simulations with the numerical model of the 
buried-valley aquifer based on MODFLOW and MT3D. These simulations all include 
steady-state pumping of Well TW-2 at 31 gpm, which was not simulated in the SLUG3D 
runs. The results indicate that of all the radionuclides studied, only Sr-90 exceeds its 
MPC, and that only at Well TW-2, not at the down-gradient boundary of the aquifer.  
The predicted peak Sr-90 concentration in Well TW-2 was 7.51 x 10' pCi/ml after 8,540 
days compared to the MPC of 1.0 x 10' pCi/mI for restricted areas. However, at the 
downgradient boundary of the aquifer, the peak Sr-90 concentration was predicted to 
be only 4.66 x 108 pCi/ml, well below even the MPC of 3.0 x 10' pCi/ml for unrestricted 
areas. Thus, most of the contaminated water is predicted to be captured by the well.  

Since Well TW-2 is onsite, access to drinking water can be restricted if well-water 
monitoring determines that drinking water concentrations exceed restricted MPC limits.  
As per Section 2.4.12.3, the nearest potable water system that utilizes the waters of the 
Susquehanna River is Danville, approximately 31 miles downstream of the plant.  
Dilution due to mixing of the contaminated groundwater with the river water is 
approximately 650 at Danville. Thus Sr-90 MPC limits for unrestricted potable water
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use are not exceeded at Danville; Sr-90 concentration equals 9.73 x 10.6/650 = 

1.50 x 10-8.  

It is believed that flow of groundwater from the RWCU Phase Separator Tanks is more 
likely to occur along Flowpath 1 rather than Flowpath 2. The bedrock contours shown 
on Fig. 2.4-42 lend credence to this belief. Thus, if the most likely scenario is for the 
slug of contaminated fluid to migrate along Flowpath 1 into and through the buried
valley aquifer, then the influence of the constant pumping of Well TW-2 is seen to have 
a profound effect on the concentrations of radionuclides migrating downgradient of the 
aquifer through the sediment-filled narrow valley toward the Susquehanna River. Plant 
records indicate that Well TW-2, sometimes in combination with nearby Well TW-1, 
withdraws an average of 30,000 to 45,000 gallons a day from the buried-valley aquifer, 
or an average of 21 to 31 gpm. Should this constant withdrawal be maintained during 
the months and years following the postulated accident, it should significantly enhance 
the attenuation of the radionuclides when they appear at the Susquehanna River.  

2.4.13.4 Design Bases for Subsurface Hydrostatic Loadings 

Plant safety-related structures were designed assuming subsurface hydrostatic loadings 
caused by a groundwater table at an elevation of 665 ft. This is higher than the expected 
maximum water table because the groundwater configuration in the region is primarily 
controlled by topography. At the site the natural topography has been modified by plant 
excavations. The modified topography in the vicinity of safety-related structures restricts 
the maximum elevation of the water table to approximately 660 ft. Groundwater levels 
are further reduced due to a decrease of the effective recharge area by placement of 
plant structures. These structures and paved other areas intercept rainfall and divert it, 
reducing infiltration in that area.  

At the spray pond, a liner has been designed to restrict the seepage rate from the pond to 
limit buildup of a groundwater mound in the glacial materials underlying the pond. The 
pond has been designed for a maximum groundwater elevation of 665 ft. Detailed 
description of design criteria for control of groundwater levels and seepage at the spray 
pond, and the stability of the pond, are found in Subsection 2.5.5.  

2.4.14 TECHNICAL SPECIFICATION AND EMERGENCY OPERATION REQUIREMENTS 

The possibility of adverse hydrologically-related events at the plant site is precluded due 
to the configuration of the plant site topography. Consequently, there are no emergency 
protective measures designed to minimize the water associated impact of adverse 
hydrologically-related events on safety-related facilities. In addition, there is no need for 
technical specifications for plant shutdown required by accidents resulting from these 
events. Further discussion may be found in Subsections 2.4.1.1 and 2.4.2.2.  

The ultimate heat sink, as described in Subsections 2.4.8 and 9.2.7, has been designed 
with appropriate consideration to adverse hydrologically-related events.
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