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COMMENTS ABOUT THE PROJECT

(ECONOMY , HERLTH EFFECTS, CROP-LOSS)

COMMODITIES HAVE BECOME COSTLIER (Yes)
COMMODITIES HAVE BECOME COSTLIER {No)
DETERIORATION IN HEALTH STATUS (Yes)
DETERIORATION IN HEALTH STATUS (No)
LOSS IN CROP - YIELD (Yes)

LOSsS IN CROP - YIELD (No)

FIG. 2-33




MBLE 2.37 (1)

SOCI0-ECONONIC PROFILE OF TME STUDY AREA - DEMOGRAPHIC STRUCTURE

S.No  Code Dist.Uttar Kannada Ares No. of Total Male Fesale SC ST literate Total Main
Tahsil - Ankola Hec., Houses  Popu- workers
Kame of the Village 1at10n  eeeemeememmeemseeemeeseeesssseeasessessssssatosioooos sssssses
L f ] F r f L] F

1 1 Hosgadde 217 158 820 418 402 24 23 - - 208 96 226 102
2 2 Navagadde 1014 6 3 14 17 - - - - 9 6 12 -
3 3 Xanchinmale 1473 U N1 NHRABT T ED -

4 ] Heggaraakkigadde 1431 38 M 106 111 - - - - 26 8 70 25
5 5 Marugadde 1671 19 9 54 43 - - - - 1 2 35 2
6 6 Kavalalli 4179 32 125 74 51 - - - - 19 8 52 14
7 i Hebbul 1627 56 250 147 103 13 7 - - 10 16 96 34
8 8 Kattinhakkal 2295 59 363 181 182 - - - - 108 59 114 54
9 9 Sunksal 2825 154 762 397 365 18 13 - - 214 131 229 24
10 10 Kodlagadde 2566 156 m 416 361 1 i - - 200 127 265 92
11 11 Shevakar 2003 42 298 148 150 - - - - 110 92 86 20
12 12 Heggar 1653 19 302 170 132 - - - - 105 69 108 11
13 13 Kalleshwar 1310 42 272 151 121 9 3 - - 67 a 93 17
14 4 Dongri 3254 98 523 286 YA 7 10 - - 87 36 170 123
15 15 Halvalli 3328 113 165 319 386 12 1l - - Yy 168 241 53
16 16 Karssani 1486 10 92 47 45 - - - - 20 9 25 10
17 17 Agsur 1454 309 1623 824 799 10 14 - - 428 246 505 222
18 18 Adlur 1219 84 526 255 211 6 7 - - 126 92 143 93
19 19 Bole 815 109 652 315 337 49 52 - - U7 158 149 60
20 20 vandige 190 291 1182 907 875 209 199 - - 129 495 393 3
2 21 Laxmeshwar 52 128 856 415 441 24 28 - - 318 298 183 16
22 28 Shirur 895 239 131 645 666 28 19 - - 330 184 219 93
23 29 Belse 1395 89 274 112é 105QL 80 12 - - 408 215 592 306
U 30 Talgadde 1253 106 640 336 304 - - - - 165 51 181 9
25 31 kodsan1 550 89 434 231 203 3 2 - - 116 40 127 46
26 32 Vasarkudrige 1114 158 928 476 452 b4 54 - - 321 204 238 93
27 33 Shirgunji m 129 146 3 m - - - - 220 130 222 34

Gundaballa 3040 132 708 163 345 28 21 - - 181 98 191 i

~a
(=]
4
FN

vgl



SOCI0-ECORONIC PROFILE OF TNE STUDY AREA - DENOGRAPHIC STRUCTURE (comtd...)

S.%0. Code Dist.Uttar Kannada Area No. of Total Male Female s Literate Total Main
Tahsil - Ankola Hec. Houses Popu- workers
Name of the Village tation  mememsemesssesssssssssresssoososcmsososeesssesseseemsosenonTes
M f " f N 3

29 5 Hillur 3389 345 1833 941 894 108 104 - 551 4 812 259
3¢ 36 kuntgani 2157 118 650 32 329 53 54 164 83 195 49
31 31 Manigadde 13 12 1N 40 A - - - 2 2 23 -
32 38 Achave 4616 199 1333 612 661 18 19 - 352 233 362 60
33 44 Moralli 105 n 394 204 190 - - - 124 T 125 66
3 45 Mogta 3719 125 688 354 334 61 51 - 3y 154 113 106
35 47 Bhasgod 50 66 316 149 167 - - - 124 116 T4 12
36 48 Belambar 307 541 329 1192 17%) t 3 - 147 296 899 389
Y 49 Madibag 45 11 413 215 198 - - - 88 U 10! 51
38 50  Bobruwada 29 B0l 4694 2301 2393 184 198 - 169 1254 916 250
39 51  Tenkankeri 120 211 1386 113 673 10 12 - 530 370 323 66
40 52 Paojgeri 81 80 481 24 240 - - - 127 59 99 8
41 51 Surve 170 8 361 180 181 4 34 - 143 197 90 28
42 54  Shetageri 440 131 627 319 308 34 35 - 228 145 164 14
4] 55 Kogre 44 51 215 106 109 18 78 - 61 3 64 1
1] 56 Kanagil 128 94 411 26 225 11 39 m 12 126 33
45 57 Richkad 231 204 1086 527 559 52 58 - 356 242 238 134
46 58 Hadav 246 124 687 348 339 - . - 195 ) 169 5
'} 59  Bilehoingi 64 3 213 96 1 - - - 68 39 57 55
48 63 Manjaguni 297 183 1084 556 528 12 8 312 131 260 120
49 64 Honnebail 110 121 812 403 409 t - - 195 84 167 113
50 65  Shinganmakki 48 18 282 113 119 - 1 - 99 2 Y] 19
51 67  Belekeri 296 583 3990 2204 1786 28 22 2 18 534 1354 426
52 68 Aversa 412 719 4061 2013 2048 129 123 YRR R YA 381 331 153
53 89  Harwada 612 36 %49 126 1288 50 52 - 718 ALY, 635 323
54 70 Sakalben 1813 198 1090 554 536 4 48 - 320 196 268 98
55 3! Varilben 795 9 19 37 42 - - - 18 -
56 72 Gale 2458 13 80 39 4] 17 -

g8l



TABLE 2.37 (1)

SOCI0-ECONONIC PROFILE OF TNE STUDY AREA - DEMOGRPHIC STRUCTURE (COMTD...)

S.No. Code Dist.Uttar Xannada Area No. of Total Male Female SC ST Literate Total Main
Tahsil - Ankola Hec. Houses Popu- workers
Name of the Village EAT e
N F M F M F M f
57 13 Lakkeguli - U NI XKHASBITITED -
58 74 KXondige 2014 6 46 27 19 - - - - 5 - 14
59 15 Shikliturli 1162 1 12 3 9 - - - - - 2 -
60 76 Mallani 2045 3 2 9 13 - - - - 2 - 4 ‘
é1 17 Shaveguli 2640 6 18 20 18 - - - - - - 14 -
62 18 Heggarnikotebavi 2720 3 18 10 8 - - - - - - 5 -
63 79 Mellurkanchiribail 1048 11 80 57 23 3 ! - - 3 8 28 2
64 80 Hattikeri {87 102 585 318 267 ¢ 1 - - 22 152 180 18
65 81  Berds 1451 s 30 15 15 - - - - 4 1 12 2
66 82  Bogribail 914 29 165 91 T4 2 2 - - \ 18 51 ?
61 83 Beleguli 180 S1 kYL 167 157 126 124 - - 111 68 65 23
68 84  Shirkuli 288 242 1306 671 635 4 51 - - 344 187 307 32
69 8S  Algeri 433 268 1500 132 168 4 59 - - 452 298 370 4

10 86  Bhavikori 494 1192 7102 3609 3493 128 104 - - 17585 926 111 891




TABLE 2.37 (I)

SOCI0-ECONONIC PROFILE OF THE STUDY AREA - DENDGRMIC STRUCTURE

S.No. Code Dist.Uttar Xannada Area No. of Total Male Female SC 5T Literate Total Main
Tahsil - Yellapur  Hec. Houses Popu- workers
Name of the village lation 0 ememmemmessssessmssssesosscssssosscsessosmssssosconoonomemsoesses
| f N f M F N F

1 1 Tatgar 603 36 260 133 127 4 3 - - n 53 80 8
2 2 Dongar 755 53 411 22 184 - . - - 144 81 141 22
3 3 Gopadmane 17 6 32 17 15 - - - - 12 1 9 {
[ ] Gharwas 16 8 b4 3 13 - - - - 29 20 14 2
5 5 Idgundi 480 120 634 346 288 16 15 - - 243 139 213 I}
6 6 Jogadmane 172 11 76 4 35 - - - - 34 18 21 1
7 7 Komadi 336 1 112 62 50 - - - - 41 20 12 -
8 8 Talangeri 1193 103 645 344 301 ¢ 2 - - 243 138 192 13
9 9 Vajralli 621 100 555 3 244 26 18 - - 212 107 159 10
10 10 arbail 3343 165 882 457 425 15 46 - - 308 181 284 Y
11 11 Dabguli 197 3 51 25 26 - - - - 19 17 16 2
12 12 Kelashi 1976 82 460 266 194 1 4 - - 106 46 141 7
13 13 Chikhumane 186 20 98 53 45 - - - - 19 10 26 -
14 14 Gullapur 669 130 645 332 I3 14 10 - - 175 102 193 65
15 15 Xodlugadds 435 45 290 153 137 - - - - 75 53 90 31
16 16 Asbagaon 908 19 1 94 80 1 { - - 71 50 50 7
17 17 Jogalepal 51 9 %6 3 23 - - - - 13 1t 22 é
18 18 Honagadde 383 21 228 112 116 - - - - 82 63 64 10
19 19 Mavinamane 5916 174 1169 646 523 - - - - 361 193 360 60
20 20 Benadguli 381 18 144 n 67 ¢ 1 - - A7 26 51 8
21 21 Marahalli 1457 19 143 83 60 - - - - 30 6 58 -
2 22 Bare 2918 89 569 272 297 - - - - IRy 99 162 20
23 23 Kanur 517 16 75 LY 41 - - - - 22 21 18 -
24 24 Kalche 2505 187 1203 646 587 30 22 - - 118 134 383 60
25 25 Targar 274 23 179 95 84 - - - - 66 47 50 S

Bigar 252 31 2158 107 108 - - - - 59 57 53 6

~o
o~
~a
o~
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SOCI®-ECONONIC PROFILE OF THE STUDY AREA - DENOGRAPKIC STRUCTURE (CORTD...)

S.%0. Code Dist.Uttar Kannads Area No. of Total Male Female SC ST Literate Total Main
Tahsil - Yellapur  Hac. Houses  Popu- workers
Nase of the Village lation  smesssmmesssssssessssssssoecomesssessmssesssoscomsoosmomoomTont
| f n F L] f ] F

21 7 Chimsalli 895 45 342 14 168 - - - - 110 87 93 7
28 28 Buginkatte 261 33 191 97 94 - - - - 60 30 57 26
29 29 Xodalli Jos 59 322 174 148 - - - - 108 73 116 12
30 30 Barballi 632 15 464 255 209 - - - - 174 119 143 19
kY 31 Balgar 1307 79 592 325 267 - - - - 225 139 168 28
12 32 Lingadbail 551 16 99 51 40 - - - - 3 13 28 7
33 33 Ransammadde 599 20 165 84 8! - - - - 64 49 56 9
34 34 HKiriyal 603 18 281 143 144 1 - - - 90 57 86 24
39 35 Kattige 2307 61 429 228 201 - - - - 138 92 137 18
36 16 Hutakmane 438 24 198 110 88 - - - - 64 19 57 10
Ry 31 Dehalli 1015 75 7 218 229 - - - - 118 %0 137 30
38 38 Augod 2407 122 851 434 417 - - - - 240 176 220 8
39 39 Bisgod 551 99 579 307 21 8 1 4 2 202 129 166 4]
40 40 Nagarkan 1486 23 132 70 62 - - - - 7] 24 $? 5
4} 41 Geral 610 00 133 680 643 kY 35 - - 206 83 435 345
42 42 Savagadde 4995 n 281 149 132 - - - - 82 43 91 29
43 41 Baragadde 270 13 91 48 Y] - - - - 28 36 26 1
“" 4 Hukli 139 16 102 50 52 - - - - 22 11 31 1
45 51 Shistamudi 593 25 220 120 100 - - - - 80 36 49 -
46 113 Holemadu B6 9 5 28 28 - - - - 13 8 20

47 114 Devargadde 532 26 243 126 117 - - - - 68 4 13 5
48 {15 Hegguabli 1136 1T un 639 540 28 kY| 3 5 473 304 185 42
49 116  Sulgar 216 16 118 64 64 - DATA NOT  AVAILABLE - 57 40 16 4
50 117 Hulgaon 391 19 117 59 58 - do - 48 28 42 4
51 118 Anaigar 76 7 105 56 49 - do - 38 22 2?2 1
52 119 Nandolh 475 65 449 230 219 - do - 170 118 138 18
53 120 Balekani 412 24 202 106 96 - do - 81 64 59 19
54 121 Hastakargadde 145 7 68 30 38 - do - 20 17 14 2
55 122 Chigeoal 28 6 5 3 23 - do - 2% 17 15 2
56 123 Xawdiker: 147 28 173 87 86 - do - 63 3 44 10
57 124 Belkhanda 3710 29 206 105 101 - do - 80 39 63 9

881



TABLE 2.37 (1)

SOCI0-ECONONIC PROFILE OF THE STUDY AREA - DENOGRAPHIC STRUCTURE (COMTD...)

S.No. (ode Dist.Uttar Kannada Area No. of Total Male Female 5C ST Literate Total Main
Tahsi) - Karwar Hec. Houses Popu- workers
Name of the Village JatioR  eeeesemssmessseessssesssessoesssossesemssossosmmssomoosfmmoenTes
M F A f | F M f

l 1 Todur 1430.22 195 1075 539 536 23 23 - - 122 180 301 41
2 2 Asdalli 2323.43 766 1989 1986 2003 90 14 - - 1107 594 862 146
3 3 Kodar 971.36 289 1749 86! 888 4 2 - - 429 184 363 64
4 4 Chendiye 1438.66 728 4194 2050 2144 26 29 1 2 1408 943 907 260
5 5 frga 710.39 450 2582 1303 1279 15 82 - - 836 519 623 m
6 8 Savantwada 263,31 8% 351 159 192 S 3 - - 121 121 13 14
1 9 Hadhewada 24,76 221 1229 559 670 5 1 - - 413 in 187 45
8 10 Kanasgiri 448.11 161 940 444 496 10 5 - - 254 228 147 8
9 15 Arav 406.77 166 851 397 454 14 ] - - 292 239 158 176
10 16 Xolga 257.2¢ 85 24 189 235 11 6 - - 144 134 59 42
11 18 Maiginl 1571.79 14 65 1 28 - - - - 26 1 22 13
12 19  Gopsitta 1056.68 142 846 427 419 30 25 - - 2145 141 228 193
13 20 Hankon 1237.28 304 1349 609 135 3 33 - - 398 366 229 199
14 21 Hotegali 981.31 297 1117 821 896 - - - - 460 291 306 32
15 22 Ghadsai 554,48 451 2251 1069 1182 7 6 - - 132 873 46 279
16 23 Bolsitta 289.22 160 Ha 340 431 - - - 264 218 132 87
17 24 Hankonjoog 253.07 87 517 239 218 - - - 194 135 99 3
18 25 Halgejog 174,13 173 960 44] 519 - - - - 292 216 147 102
19 26 Vlga 609.74 390 1826 87% 961 i 2 - - 637 455 162 192
20 27 Bhaire 2690.27 265 1436 695 T4l 5 9 - - 330 224 2 49
2 28 Goyar 2299.71 232 35 119 13 34 35 - - 6 3 67 rL
22 29 Kamargaon 1618.98 125 20 68 57 - - - - - - 40 1
23 30 Llands 2382.89 62 09 34 28 - - - - - - 22 1
24 K| totegali 364944 1350 263 638 112 7 8 - - 428 362 269 M
25 32 Kadra 3885.49 1165 132 654 511 - - - - 304 120 429 -
26 13 Balemane J496 .62 87 19 40 4 - - - - 10 8 27 9

681
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SOCI0-ECONONIC PROFILE OF THE STUDY AREA - DENOGRAPHIC STRUCTURE (CONTD...)

S.Ho. Code Dist.Uttar Kannada Area Mo, of Total Male Female SC 51 Literate Total Main
Tahsil - Karwar Hec. Houses  Popu- warkers
Name of the village lation  mememeemmemeseeeeemcememesencii et
] F ] f ] f ! f
27 4 Devkar 4067.65 455 83 228 227 2 - - 125 84 119 1
28 35 Xaiga 4055.88 480 n 244 236 ] - - - 99 48 132 63
29 36 Rartuga 1848.11 199 43 109 90 - - - - 4 16 59 1
30 31 Kuchagar 1787.41 140 29 n 63 1 5 - - 26 S 45 -
3 38 Virje 2080.26 445 105 23 214 - - - - 87 39 7 53
32 39 Mallapur 1259.83 1255 22] 653 602 3 J - - 197 240 323 81
33 40 Xerwadi $97.55 710 118 350 360 19 14 - - 188 11% 145 20
34 41 fadiye 305.94 547 104 214 293 - - - - 161 105 112 15
35 42 Katar 164,60 767 154 357 410 - - - - 240 11 144 17
36 43 Kinnar 1109.32 3399 681 1593 1806 i - - - 1080 757 696 718
3 4 Wilwada 491.62 1385 262 662 123 48 58 - - 417 304 292 125
38 45  Naitishvar 204.61 637 132 351 286 6 ! - - 210 112 174 103
39 46 Devalmakki 847.5¢ 11 138 332 399 12 13 - - 202 13 164 123
4 47 Shirve 2589.85 271 60 135 136 - - - - 45 15 60 17
4] 8 Nivli 160.91 135 26 69 66 - - - - 38 12 48 28
42 49 Nagskove 3954.03 %5 215 138 13 - - - - 54 19 73 52
43 50  Belur 1360.23 %9 368 179 189 - - - - 93 30 87 11
44 51 Bergal 451.5 13 387 178 189 - - - - 59 26 102 18
45 52 Siddar 111253 232 1074 490 584 - - - - 359 215 219 42
46 53 Shirsad 1974.06 261 1465 M2 753 5 8 - - W m 139 8¢
4 5¢  Makheri 80.46 196 893 404 489 - - - - 294 248 126 12
48 5% Kadwad 1081.64 665 3811 1892 1919 291 261 - - 329 917 824 192
49 5  Mandangodda 62.87 - UdH I NHABITI T ED -
50 57 Sunkeri 10.67 - U NT K ABTTED -

061



TABLE 2.37 (1)

SOCI0-ECONONIC PROFILE OF THE STUDY AREA - DEMOGRAMIC STRUCTURE

S.Mo. Code Dist.Uttar Kannada Area No. of Total Male Fesale ST Literate Total Main
Tahsil-Supa Hec. Houses  Popu- workers
Nase of the Village lation 0000 esseseeessessssssescesssssesssessmoscocosesssensmossocsEoRTereeTt
] F M f ] F ] F

1 62  Kateh 1749 211 1336 134 605 92 56 - - 406 191 418 129
2 o3 Katel 950 12 12 35 37 - - - - 6 - 15 )
3 65  Chapoli(kalsai) 2685 97 652 313 339 25 13 - - 147 103 191 2
4 66 Devulli (Joida) 250 4 29 17 12 - - - - 10 i 5 -
5 74 \usbheli 808 49 206 112 94 33 32 - - 26 3 88 15
6 75 Tinaikhand 92 3 4 16 18 . - - - ] - 1 5
7 76  Gangoda 21 91 510 300 200 23 21 4 6 96 42 203 14}
8 717 Awrli 1346 66 282 142 140 5 10 - - 35 18 96 59
9 78 Gund 2869 131 557 320 247 113 90 61 4] 18 13 218 8
10 79 Nandigadde 247 90 326 182 144 22 “ 8 99 51 109 19
11 80  Chinchkhand 128 12 67 36 i - - - - 23 i1 26 3
12 81 Kariyadi 738 30 179 98 8] - - - - 72 50 69 3
13 g2 Shevali 2126 82 331 196 13% 29 19 - - 85 42 137 i1
14 83 Yeraukh 2206 61 158 199 156 - - . - 121 45 1 2
15 84 Chafer 1219 10 85 143 142 52 82 - - 23 ? 100 75
16 85 Bheda Sgadde 244 6 45 25 20 - - - - 19 15 3 1
17 56  Vadkal 988 9 58 29 26 - ~ - - 7 3 16 2
18 87 Shivapur 389 16 145 80 65 - - - 49 16 44 {
19 88  Hebbal 1076 9 n 45 32 - - - - 22 9 21 2
20 89  Neturge 556 i 37 18 9 - - - 7 6 10 3
21 90  Ulvi 949 58 i 160 157 i 4 - - 98 67 112 7
22 91 Kodthalli 1056 16 104 50 51 - - - 18 15 3 2
23 92 Birkhol 3440 167 739 406 333 - - - - 175 1 254 83
24 93 Talasger) 710 6 42 22 20 3 4 - - 5 i 16 1
23 94  Bidoli 5097 43 r}] 13 134 ] 1 - 3?2 ygl 66 13
26 95 Anshi 8584 1 §76 242 234 2 - 17 28 142 14

161



TABLE 2.37 (1)

SOCI0-ECONONIC PROFILE OF THE STUDY AREA - DEMOGRAPMIC STRUCTURE (CONTD...)

S No  (oge Dist.Uttar Xannada Area Ko. of Total Male female ¢ ST Literate Total Main
Tahs11-Supa Hec. Houses  Popu- workers
Name of the Village latign 0 eemeeessmesssesseesoscscoeoscssesssessescsssssesosssoosooTeToooes
| f M £ N f | f
27 9 Aaboll 5139 84 57% 297 278 9 10 - - 24 10 140 5
28 97 Nigundi 2129 28 205 104 101 - - - - 43 29 85 23
29 98 Badpoli 1964 32 183 93 90 - - - - 34 3 58 23
30 99 Kalsai 3062 92 59¢ 293 303 - - - - 117 35 162 8
3 100 Ghodshet 590 35 230 128 102 - - - - 69 21 n 1
32 101 Nujji 6784 0 498 249 249 11 9 - - 92 4% 151 38
33 102 Kundal 3955 1L 20 116 12 - - - - 19 7 67 8
3 103 lalwali 435 75 394 250 144 46 25 - - 89 § 203 58

261



TABLE 2.37 (1)

SOCIO-ECONONIC PROFILE OF THE STUDY AREA - DEMDGRAPRIC STRUCTIRE

S.He  Code Dist.Uttar Kapnada #area No. of Tolal Male Female SC ST Literate Total Main
Tahsil - Sifi Hec. Houses  Popu- workers
Name of the Village lation  smmmemsesseeeessesesssesesnesssiniinns oo m s st s
L F L] £ ! F K f
! 17 Mashigadde 428.77 102 110 367 343 7 8 - - 280 213 212 16
2 18 Betkoppa 212,36 53 87 202 185 a 54 - - 148 2 10 23
3 19 Amblihonda 1372 24 154 76 18 - - - - 65 52 48 02
4 20 Karsolli 187.03 29 276 142 134 - - - - 112 9 85 05
5 146  Devananane 1018.27 18 17 62 55 - - - - 26 17 48 11
3 147 Kelginkeri 1502.85 3% 257 136 124 - - - - N 52 93 2
7 148 Mundganamane 273,48 7 456 239 217 - - . - 144 122 160 48
8 211 Gonsar 1382.07 ¢4 413 226 187 - - - - 119 10 138 19
9 214 Shirguni 12 20 143 65 18 - - - - 37 43 18 12
10 215 Muski 2345.09 9 331 173 158 - - - - 78 55 1 37
H 216 Kakkalli 558.78 25 263 153 110 - - - - 96 57 111 29

£61



TMaLE 2.37 (11)

SOCI0 ECOMOMIC PROFILE OF TNE STUDY AREA - BASIC AMERITIES

S.8G. Cods Dist Uttar Xannada  Yotal  Educa-  Medical Drinking  Post comauni- Approach  Power
Tahsil - Yellapur Popu- tional Kater ¢ cation Supply
Nase of the Village lation Telegraph
i N Tatgar 260 P8 -{~9) LIRE -{-%) 8BS PR
2 2 Dongar 41 P -(10¢) o -{-8} -(-%) KR
2 3 Gopadeane 32 -(-5) -(5-10) ¢ -(-3) 8s PR .
4 4 Gharwar &4 g -(5-10) ¢ -(-9) 83 R -
5 S 1dgundi 634 p.M ~(5-10) W PT0, PRONE BS PR ta
6 6  Jagadmane 76 ~{-9) -{5-10) ¢ -(~%) BS PR -
1 1 Komadi 112 ~{~5) 013 -(-9) 8S R -
8 8 Telangeri 645 P -{-5) W o 8S PR -
9 9 vajralli 555 P2NH  PHU W,C PO, PHONE  BS PR -
10 10 &rbail 882 P -(5-10) W PO 8S PR £a
11 11 Debaguli 13! p -{10%) 1%,¥ -(-9) -{-5) PR -
12 12 Xsbushi 460 P -{104) K% (-9} -{-%) kR -
13 13 Chikhumane 98 -(-%) -{10%) o -{-9) 89 PR A
14 14 Gullapur 645 [N ] -(10¢) ¥ PTQ,PHONE 8S PR EA
15 15 KXoalagadde 290 p ~{10¢) ¢ -{5-10) -{5-10) KR -
16 16  Asbagaon 174 p2 ~(-9) WL -{-9) -{-9) KR -
17 17 Jogalepal 5% -(-3) -{-9) W< -{-%) -{~5) KR -
18 18  HNonagadde 228 Py -(-9) W, -(-9) -(-3) KR -
19 19  Movinamane 1169 PeN -(10¢) ¢ -{19) 8s PR -
20 20 Benadguli 144 P -(10¢) ¢ -(5~10) -{-9) R -
21 21 Marahalli 143 P -{10¢) ¢ -(10¢)  -{10¢) R -
n 22 Bare 569 P3 -(10%) (A 4] 8% PR -
23 23 Xanur 15 P -(10%) ¢, -(5-10)  -{5-10) MR -
24 24 Kalche 1203 P3N -(5-10) ¢ p0 8S R -
25 25 Targar 179 PI M -(5-10) € i] 8% PR .
26 26 Bigar 215 pH -(-8) W, -(-5) (%) W -
7 7 Chimmalli 342 P -{-9) LY -{-5) -{-%) iR -
contd.....

b 6!



s £.37 (11)

SOCIO ECOMOMIC PROFILE OF THE STUDY AREA - BASIC AMENITIES (COMTO)

5.No. Code Dist Uttar Kannada  Total  Educa-  Medical Orinking P & T comsuni- Approach  Power
Tahsil - Yellapur  Popula-  tional Nater cation Supply
Nane of the Village tion

2 78  Buginkatle 191 P -(5-10) ¢ -(-95) 8$ KR -
29 29  Kodalli 322 P -{10+) c.n -(-5) 8s KR -
30 310 Barballi 464 ] ~{104) c.N -{-9 8s KR -
3 31 Balgar 592 P2 .M -(-9) ¢, PO BS kR £A
12 32 Lingadbail 99 -{-9) -(5-10) ¢ -(-9) -(-5) KR -
33 33 Hansammadde 165 P -(5-10) ¢ -(-5) -(-%) KR -
R 3 Hiriyal 287 p =(-5) (o -(-9) -(104) kR tA
35 35  Kattige 429 p -(5-10) C.¥ -(-5) -(-9) PR EA
RY3 36 Hetakumane 198 P -(5-10) W -(~9) -{-%) KR -
3 37 Dehalli ] PH PHY ¢ 1] BS PR A
18 318 Angod 851 4} -(-5) % £0,PHONE  BS m tA
39 39 Bisgod 579 P2,.¥ -{-5) ¥.C. PO, PHONE BS PR EA
40 40 Nagarkan 132 -{-9) -(-5) ¢ -(~9) -(-5) KR -
4] 41 geral 1323 P -(5-10) X ~-{~5) -(-9) KR -
42 42 Savagadde 281 P -(5-10) 1K -{-9) -{-9) xR -
43 43 Baragadde 97 P -(5-10) 1K -(-5) -(-5) R -
44 44 Hukli 102 -{-9) -{10%) W -{5-10)  -{5-10) KR -
45 51  Shistamudi 220 -(-%) -{104) N -(5-10) -(5-10) W -
4 113 Holemadu 56 P ~{104) W -{5-10) -{5-10) KR .
Y 114 Davargadde 243 P -(-3) N PO 8s ] £A
48 115 Hegguabll 1179 P -{5-10) ¥ -(-9) BS PR -
49 116  Sulgaon 118 P2 -(5-10) W ] 85 PR -
50 117 tulgaon 17 -{-9) -{-9) W -{-9) BS PR -
51 118 Analgar 105 -{-5) -(-5) X -(-5) -(-9) KR £A
52 119 Nandolli 449 P2,M.H PHC FPC W, TK P10, PHONE BS PR tA
53 120 Balekani 202 -(-9) -(-5) ] -(-9) -(-9) PR tA
54 121 Mashakargadde 48 -{-9) -(-9) W -{-9) -(-5) PR tA
55 122 Chigeoal 56 4 -(-9) (] -(-5) -(-%) PR -
56 123 Xawdikeri 173 p -(5-10) W -(5-10)  -{5-10) KR

57 125  Belkhanda 206 p -(5-10) W -(5-10)  -(5-10) KR

S61i




SOCIO ECONONIC PROFILE OF TNE STUDY AMREA - BASIC AMENITIES

.%o Code Dist Uttar Xannada  Total  Educa-  Medical Drinking Post and communi- Approach  Powar  Remarks Any place of
Tahsil - Ankola Popula-  tional Nater Telegraph cation Supply relegious historical
Name of the Village tion or archeological
interest
1 1 Hosgade 820 P2 -{-5) L] -{-5) -{-5) R A -
? 2 Navagadde M| -(-9) -{-5) (] -{-5) BS PR - -
3 3 Kanchinmale - UN I K AaBlI T AT E
¢ 4 Heggarmakkigada 2117 P -(5-10) W -{-5) -(5-10) PR - -
5 5 Margugadde 97 P -(5-10) ¥ -{5-10) -{5-10) R - -
6 é Kavalalli 125 p -(5-10) W,HP -{5-10) BS PR EA -
7 1 Hebbul 250 # -{104) W, HP -(5-10) 8 PR - -
8 8  Kattinhakkal 363 P2 -(10¢)  W,NP -{-5) -{-5) PR - -
9 9 Sunksal 162 P2 -(5-10) W, HP PO 8BS PR £A .
10 10 Xodlagadde m PI N b L] PO -(5-10) PR tA -
11 11 Shevakar 298 P2 -(5-10) W ~(-5) -(-5) R - -
12 12 Heggar 302 P -(5-10) W -(5-10) -(-9) PR - -
13 13 Kalleshwar 2 P -(5-10) W -(-5) -{5-10) PR -
14 14  Dongri 523 p -(104) L] -(5-10) -{5-10) PR - -
15 15  Havalli 765 | -(10¢4) ] ~(5-10)  -{104) PR - -
16 16  Xammani 92 p -(10¢) ] -{10¢) -(10¢) PR - -
17 17 Agsur 1623 PS5 N D N HP PTO,PHONE 8BS PR tA -
18 18 Adlur 526 PN -(-5) W HP -{-5) BS PR £A -
19 19 Bole 652 14 -(-5) W HP -{-5) BS PR 1] .
20 20 Vandige 1782 PUH -(-5) WP PTO, PHONE - (-5) PR £ .
2l 21 laxmeshwar 856 ~(-9) -(-5) WP ~(-9) -{-5) PR £A -
22 22 Batale 702 P2 RP W RpP PO, PHONE 85 PR A -
23 23 Ylware 806 P3 ~(-5) W HP -{-9) 8s PR 1] -
24 28 Shirur 131 PN RP W, HP PO,PHONE 8BS PR ta -
25 29  Belse AN Pé M. H -(-5) W HP PO 8s PR A
26 30 Talgadde 640 p -{-5) W HP -(-5) -(-3) PR tA
21 3 Kodsani 434 PN -(-5)  WHP PO 8S PR £A -
28 32 vasarkudrige 928 P3N -{5-10) W -(-9) -(-5) KR -
29 33 Shirgunji 746 P3 -(5-10) W, HP (-5} -(5-10) KR 73

.....

g6l



TALE 2.37 (I1)_

SOCIO ECONONIC PROFILE OF THE STUDY AREA - BASIC AWENITIES (COWTD...)

S Mo Code Dist Uttar Kamnada  Total  fduca-  Medical Orinking Post and cossuni- Approach  Power Reaarks Any place of
Tahsy) - Ankola Popula-  tional Nater Telegraph cation Supply relegious historical

Name of the village tion or aschoelogical
Interest

30 34 Gundabala 708 P2 RP W, HP PO BS PR A -
3 15 Hillur 1835 p7 .M -(5-10) W, WP PO BS PR EA -
32 36  Kuntgani 650 p.H -(104) ] -(5-10)  -~{5-10) PR - -
33 37 Manigadde 13 ~{5-10) -{10¢) ] -(5-10)  -(5-10) R - -
3418 Achave 1333 p2.M -(10¢) p0 88 PR - -
35 4 Moralli 3 4 ~{-5) W HP -{-9) 8s PR tA -
36 45 Mogla 488 p.M -(-5) W, HP -(5-10) 88 PR tA -
Y] 47 Bhasgod 316 P -{-9) W HP PHONE BS PR tA -
38 4§ Belambar 3529 p.u ~-(~9) W, HP PT0,PHONE -(-5) PR 1] -
39 49 NMadibag 415 P -{-8) L] -{-9) -(-5) kR tA -
40 50  Bobruwada 4694 Pl N -{-5) ¥ PO, PHONE -(-5) PR tA -
4 51 Tenkankeri 1386 PN -(-5) ] PO -{-%) kR 1] -
42 52 Poojgeri 481 4 -(-5) ¥ -(-5) 8s PR tA -
43 53 Surve 361 4 ~{-5) W, RpP ~(-%) -{-5) PR tA -
4 5¢  Shetgeri 621 P80 -{-9) ¥ PO, PHONE  -{-5) PR tA

45 55 Kogre 215 P -{-5) W hp -(-5) BS PR £A -
46 5  Kanagil 471 -{-$) PHY L] -(-5) -(-5) KR A -
47 57  Hichkad 1086 P3N -(-5) ¥ -(-5) 8s PR tA -
48 58 Hadav 487 P -(~%) W, HP po -{-9) kR £A -
49 59 Bilehoingi 213 P -{-9) " -(-9) -(-%) R th

50 63 Manjaguni 1084 ] -(5-10) W ] B8S PR £A -
51 64 Honnebail 812 P3 -{5-10) ¥ -{~9) BS PR tA -
52 65  Shinganmakk) 232 -{-5) -(5-10) W -{-5} BS PR £A

53 67 Beleker) 3990 PIN RP L P10, PHONE BS PR 1]

54 68  Aversa 4061 PI,M2,H  RP N7 PT0,PHONE BS PR A

poc
55 69 Harwada 2549 P3 K2 -(5-10) # PO -{5-10) PR A

56 70 Sakalben 1090 PMH RP 01 -(-5) BS PR kA -

L6l



TMLE 2.37 (11)

SOCIS ECONONIC PROFILE OF TNE STUDY AREA - BASIC ANENITIES (CONTD...)

S.M0 Cods Dist Uttar Xannada fota! Educa- Medical Orinking Post and communi- Approach Power  Remarks Any place of

Tansil - Ankala Ponula-  tional Nater Telegraph cation Supply relegious historical
Name of the Village tior or aschoelogical
Interest

57 11 Varilben 19 {-9) -{~9) ] -{5-) -{-9) PR - -

58 12 Gule 80 -{204) -(10%) L] -{10+) -(104) R - -

59 73 Lakkeguli UNI NHABLIT T A T E D -

60 74 Kondige 4 -(10¢)  -{10¢) W -(10¢4)  -(104) KR - -

6t 75 Shikliturli 12 -{-3) -{-5) ] ~(-9) -{-5) KR - -

62 76 Mallami 22 -{10¢) -{10¢) W -(10¢) -{104) KR - -

63 77 Sheveguli 3 -{10¢) -{104) ] -{10¢) -{10¢) KR - -

64 78 Heggarnikotebavi 18 -(10¢)  -{104) W -(10¢)  -(10¢) KR - -

65 79 Mellurkanchinbail 80 -(-9) -(-5) L] -{-5) -(5-10) o th -

66 80 Hattikeri 58% P FPC,PHC  W,T -(-5) CH] PR 3]

67 81 Berde 30 -(-5) ~(-9) R -(-5) -(5-10) PR tA -

68 82 Bogribail 165 X -(-5) W (-8} -(-9) PR £A -

69 8] Baleguli 324 p ~(5-10) W -(-5) 8S PR tA -

70 84 Shirkuli 1306 PN -(-5) W -(-5)  BS PR £A -

7185 Algeri 1500 PN RP N, BP PO -(5-10) PR £A -

12 86  Bhavikori 1102 P M3H -(-9) 1] PHONE BS PR 1] -




TMBLE 2.37 (11)

SOCIO ECOMONIC PROFILE OF TNE STUDY ARER - BASIC AMENITIES

Sr. Code Dist Uttar Xannada  Total  Educa-  Medical Drinking Post and communi- Approach  Power  Remarks Any place of
No. Tahsil - Xarwara popula- tional Nater Telegraph cation Supply  relegious historical

Name of the village tion or aschoelogical
Interest

1 i Todur 1075 Pi,M1 -{-5) ¥, HP PO B8S PR A -
2 2 fndally 3989 P9, M3 K, PHU N, HP P10, Phone 8S PR 1 -
3 3 Kodar 1749 P2, M -{5-10} W,HP PO -{5-10) PR A -
4 4  Chendiye 4194 p6 M5, 0 RP N, HP P10, Phone BS PR EA -
5 5 Arga 2582 P4, MI 0 -(5-10) W, HP PO -(-5) PR A -
6 8  Savantwada 351 9W, RP N HP P0,Phone 8BS PR EA -
7 9  MNadhewada 1229 PS,MH -(-5) W, NP PO, Phone BS PR fA -
8 10 Xanasgiri 940 P -(~5) L] -(~9) 8s PR 3] -
9 19 Arav 851 P2, ~(-5) W, HP -(~9) 89 KR EA -
10 16  Kolga 42 P3N ~-{-5) W, HP -(-9) 8S PR A -
1118 Maigini 65 P -(104)  W,HP -(-5) -(10t) KR - -
12 19  Gopsitta 846 PIN -{10+) W NP £0 8s PR tA -
13 20 Hankon 1344 P2,AE PHU ¥, HP PO 8 PR Eh -
i 21 Hotegali 11 pI M2 -(5-10)  W,HP PO 8S PR A -
15 22 Ghadsai 2251 P2, PRU,SHP W HP PO,Phone BS,NW PR, AR tA

1é 23 Bolsitta 771 P2, {-5) W, HP pPo BS PR A

17 24 Hankonjoog 517 P2, {-5) W, HP -(-9) -{-%) KR ta

18 25 Halgejoog 960 p2.4 -{-9) L] o0 -(-9) kR EA -
19 26 VYlga 1836 P3,MH,PUC -(-5)  W,HP PO 8S KR £a -
20 27 Bhaire 1436 P, M2 -(-5) W P0 BS, KW PANR - -
21 28 Goyar 232 -(-9) -(5-10} W, NP -(5-10)  -(-5) KR - -
22 29  Xamargaon 125 -(-9) -(10¢) W -(104)  -{10¢) KR - -
23 30 Lande 62 -(-9) -(10¢) W -{10¢)  -{104) KR - -
24 31 Gotegali 1350 P2, M4 -(10¢4) (] PO 8BS PR - -
25 32 Xadra 1165 P2 ] W, HP PO 8s KR -

26 33 Belemane 87 (104)  -(104) W -{104)  -(104) KR -

21 34 Devkar 455 P -(104) o PO -(104) PR -

2 35 Kaigs 480 P {104) ] ) -(104) PR -

29 36 Hartuga 199 P -{104) W -(104)  -(104) PR -

B 37 Kuchegar 140 P -(5-10) W -{5-10)  -{5-10) KR - -

66!



SOCIO ECONONIC PROFILE OF TME STUDY AREA - BASIC AMENITIES (COMTD)

TABLE 2.37 (11)

Sr. Code Dist Uttar Kannada  Total  Educa-  Medical Drinking Post and communi- Approach  Power  Remarks Any place of
No. Tahsil - Karwara Popula- tional Water Telegraph cation Supply relegious historical
Name of the Village tion or aschoelogical

Interest

I Virje 445 p -(5-10) -(5-10)  -(5-10) KR - -

32 319 Mallapur 1255 P2,M2 -(104) L] PO -{-5-10) R - -

33 40 Kerwadi 110 PN -{5-10) W PO +{5-10) KR -

3¢ 41 Xadiye 567 (] -{5-10) W -(5-10)  -{5-10) R - -

38 42 Katal 767 P -(5-10) W -(5-10)  -{5-10) kR - -

36 43  Kinnar 3399 P7, MK PHY N p10,Phone 8S PR -

3 44 Mailwada 1385 PN -(-9) ] PO 8S kR - -

I8 45 Naitishvar 637 p -(-9) ] -(-5) 8s KR - -

19 46  Devalmakki 131 PN PHU ] PO 8s KR - -

40 47 Shirve r3)! P -{104) (] -{10¢) B8S K& -

4 48 Nivhi 135 P -(104) W -(104)  -{104) KR

42 49 Nagekove 278 P2 -{-5) N -(10¢)  -(-5-10) KR -

43 50 Belur 368 ? -(-5-10) ® -{-9) -(104) KR - -

4 51 Bergal 367 £ -{5-10) W -(-9) -{10¢) KR -

M 52 Siddar 1074 P& MK -{-5) N PO -(10¢) PR - -

46 53 Shirwad 1465 P2 -{-9) L) PO B8S PR tA

47 54  Makheri 893 p? -(-9) ¥ -(-9%) BS PR £A

48 55  Kadwad 3811 P2 ,M24 RP ] P10,Phone 8S PR EA

49 56 Nandangadda Uninhabited

S50 57 Sunkeri Uninhabi ted




BLE 2.37 (11)

SOCI0 ECONOMIC PROFILE OF THE STUDY AREA - BASIC AMENITIES (COMTD...)

——

Sr Code Dist Uttar Nannada  Total fduca- Medical Drinking Post and communi- Approach  Power Remarks 4ny place of
No Tahs1l - Supa Popula-  tional Water Telegraph cation Supply  relegious historical

Name of the Village tion or aschoelogical
Interest

1 62  hkatel1 1336 PIM2 N D W, HPY L} 8S PR EA

? 63  Katel 2 -{-9) -{-5) ] -(-95) -(-5) xR -

3 65 Chapoly {Kalsa1) 652 P4 -(-5) R -(-5) -{-5) PR £0

4 66 Dewull: 29 P -(-5-10) W -(10+)  BS PR £A

5 74 Xumbhell 206 -(5-10)  -(5-10) W -(5-10)  -{5-10) KR -

6 75 Tinaikhand 34 -(-5) -(5-10) M -(5-10)  -{5-10) kR -

1 76  Gangoda 570 3 (%) N -(5-10) 8BS KR -

8 77 Avurli 282 p -(10¢) L] -(-9) 85 KR -

9 78 Gund 557 p PRU T,W.8 PO -{-5) KR -

10 79 Nandigadde 326 P, PHU 1,08 PO, Phone 8BS kR - -
1 80  Chinchkhand 67 -{-5) -{104) ] -{-5) -{-3) xR - -
12 81 Kariyady 179 P -(-%) L] -(-9) ~(-9) KR -

13 82 Shevali 331 -(-5) -{5-10) WM -(5-10}  -{5-10) kR - -
14 83  VYersukh 355 p2M -(5-10) W,N -(5-10} BS R - -
15 84 Chafer 285 -(-5) -(10¢) L] -(~9) BS KR

16 BS Bhedasgadde 45 {-5) -{10¢) N -(5-10)  -(5-10) XR

17 8 Vadkal 55 (-8} -(104) N (-5} -(-9) PR

18 87 Shivapur 145 p -(104) S -(5-10)  -(5-10) KR .

19 88 Hebbal n P -(104) N (5-10)  -(5-10) ®R A -
20 89 Neturge 3 -(-5)  -(104) S -(5-10)  -(-9) KR . -
21 90 Ulwa i p2 -(104) W, 1K P0 BS PR £A

22 91  Kodathalli 10] -(-9) -(10+) T {5-10}) -(5-10) PR -

23 92  Birkhol 139 p -{10¢) NN -{5-10)  -(-9) KR

24 91 Talsgen 42 -{-9) -(104) 0 -(-5) BS PR

2% 94 Bidoh 247 P (104) ¥ (5-10)  -(5-10) KR

26 95 Anshi 476 pPZ .M SKp W N PO 8BS PR

27 9  Ambolhy 575 P -(104)  WN -(5-10) 8BS PR e




SOCIO ECOMOMIC PROFILE OF THE STUDY AREA - BASIC AMENITIES (CONTD...)

TABLE 2.37 (II)

Sr. Code Dist Uttar Xannada Total Educa- Medical Drimking Post and communi- Approach  Power  Remarks Any place of
No Tahsil  Supa Popula- tional Kater Telegraph cation Supply relegious historical
Name ot the Village tion or aschoelogical

Interest

28 97 Migundi 205 p -(10¢) -(5-10)  -(-9) R - -

29 98 Badpoli 183 P -{-5) LN -(-5) -(-5) PR - -

10 99 Kalsai 59¢ P -{5-10) W 4] 8S PR £A -

3} 100  Ghodshet 230 P -{-5) X -(-5) -{-5) PR - -

32101 Mujji 498 P2 -(10¢) W PO 8S PR - -

3T 102 Kundal 231 p -{104) WM, ~{10+) -(10¢) KR - -

3103 lalwali 394 p -(5-10) WX -(10¢) -{5-10) KR - -

X4



TABLE 2.37 (II)

SOCIO ECONOMIC PROFILE OF THE STUDY AREA - BASIC AMENITIES (COMTD...)

Sr. Code Dist Uttar Xannada Total fduca- Medical Orinking Post and comsuni- Approach  Power  Remarks Any place of

No. Tahsil - Sirsi Popula-  tional Water Telegraph cation Supply relegrous historical

Name of the Village tiop or aschoelogical
Interest

1 17 Mashigadde 710 P -(-9) ] -(-%) 8S PR 1)

2 18 Betkoppa 187 p SHP N -{-5) -{-5) KR A

3 19 Amblihenda 154 -(-5) -(-5) L -(-5) -(-5) KR A

4 20 karsoll: 216 P -(-5) N -(-5) {-5) KR £A

5 146 Devananane i1 -(5-10)  -(-5) ¥ -{5-10)  -{5-10) IR -

6 141 Xelginkeri 257 p -(-5) ] -(104)  -(10¢) KR -

7 148 Mundganamane 456 P SHP (] -(104)  -(10+) kR

8 213 Gonsar 413 P -(5-10) -(5-10)  -(5-10) kR .

9 214 Shirguni 143 P -(104) W -{5-10)  -{5-10) KR -

10 215 Muski 331 P -(104) W -(-8)  -{-9%) KR -

1L 216 Kakkalli 263 P -(9-10) ¥ PO 8S KR -

HOTE :Refer Annexure IX

€02
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2.8 IDENTIFICATION OF IMPACTS

The major element involved in the process of
environmental impact assessment is identification of impacts
as it leads to other elements such as, quantification and
evaluation of impacts. Although in general, number of
impacts have been identified while describing existing
environmental status, it is necessary at this stage to
identify the critical impacts that are likely, due to
proposed Nuclear power plant at Kaiga, for various
components of environment.

A number of techniques are available for
identification of impacts. In the present case for the
activities proposed to be carried out under Nuclear Power
project, adaptation of ‘Network Method' which involves
understanding of cause-condition-effect relationship between
an activity and environmental parameters for identification
of impacts has been found to be most appealing tool.

The detailed list of activities and actions
described earlier in this report have been taken into
consideration for generation of cause-conditicn-effect
networks (i.e. chain of events). This type of method has
been basically advantageous in recognizing the series of
impacts that would trigger by the proposed activities.
Thus, this method has provided a ‘roadmap’ type of approach
to the identification of second and third order effects.

The idea was to account for the project activity and
identify the types of impacts which would initially occur.
The next was to select each impact and identify the
secondary and tertiary impacts which were induced as a
result. This process was repeated until all possible
impacts were identified. The greatest advantage of this
type of approach was that it allowed to identify the impacts
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by selecting and tracing out the events as they are expected
to occur.

The comprehensive network for Nuclear Power Project
is presented in Fig 2.34. which described the cause -
condition - effect.

The identified impacts for various Environmental
attributes are given in Table 2.38.

2.8.1 Radiological Exposure Pathways

The release of radiocactivity into the environment
can cause radiation exposure to the biosphere. This can be
effected by a number of possible routes or pathways. These
'environmental pathways' are illustrated in Fig 2.35.
Radiation exposure may be either external, internal or
both. External radiation exposure occurs when the source
of radiation is external to the body for instance if the
radioactivity has been deposited on the ground or passes
overhead as a cloud. Internal exposure will occur if some
of the radioactivity released gets inside the body. This
may occur directly by inhaling some of the released
radiocactivity or by ingestion of activity through

consumption of contaminated food. The latter may occur
through a ' food chain’ which may be a single stage, such
as direct contamination of leafy vegetables, or involve a
series of stages leading to human food material. The nature
of these food chains depends on ecological factors;
radicactive materials, because of their chemical nature,

may be concentrated by the flora and fauna exposed to the
contaminants.

Fig.2.36 generlises exposure pathways for atmosphere
releases. As a result of gaseous and liquid effluents,
radiation can be ingested or can act directly upon life
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forms. Fig.2.37 indicates these pathways for man.
Radiation exposure pathways for organisms other than man is
depicted in Fig.2.28.

2.8.2 Radiation Effects

The principal effects of exposure to radiation are a
consequence of alteration and destruction of cells in the
irradiation issues., The observed effects of non-fatal doses
are classified as somatic (affecting the individual exposed)
and genetic (affecting the offspring of the exposed

individual). The effects of radiation are also classified
as stochastic and non-stochastic (ICRP-26). Stochastic
effects are those for which the probability of an effect
occurring, rather than its severity, is regarded as a
function of dose, without threshold. Non-stochastic
effects are those for which the severity of the effect
varies with the dose, and for which a recommended exposure

level may therefore occur.

At the dose range involved in radiation protection,
genetic effects are regarded as being stochastic. some
somatic effects are stochastic; of these carcinogenesis 1is
considered to be the chief somatic risk of irradiation at
low doses and therefore the main problem in radiation
protection, The somatic effects which are non-stochastic
are specific to particular tissues, as in the case of
cataract of the 1lens, non-malignant damage to the skin,
cell depletion in the bone-marrow causing haematological

deficiencies, and gonadal cell damage leading to impairment
of fertility.

The prevention of non-stochastic effects would be
achieved by setting dose-equivalent limits at sufficiently
low values so that no threshold dose would be reached, even
following exposure for the whoie of a lifetime or for the
total period of working life. For stochastic effects, on
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the other hand, the situation is different. The mechanism
of induction of malignancies whether by radiation or other
agents, igs not known. For an individual case it is
impossible to establish a causative relation to a radiation
exposure, and therefore the principal available information
on radiation caroinogenesis in man stems from
epidemiological studies of irradiated population groups with

some confirmation from animal experiments. The induction of
malignancies 1is well established after high doses
approaching or exceeding 100 rad. However, the statistical

evidence for most malignancies is still iq/éufficient to

infer the shape of dose-probability curve at low individual
dose, which one anticipates in connection with the use of
nuclear power. In particular, it is not known whether a
threshold exists.

For radiation protection purposes it is generally
regarded as conservative to assume that there is a linear
relationship between dose and the probability of a

stochastic effect, within the range of doses encountered in
human exposures, A consequence of this prudent assumption
is that doses can be regarded as additive, in the sense

that equal dose increments equally increase the probability
of an effect by an amount which is independent of the
previously accumulated dose. It is also assumed that the
relevant slope of the linear relationship is that of a
straight line drawn from the points observed at high dose
and passing through the origin. If the relationship were in
fact to be sigmoid, as some animal experiments and
theroretical considerations suggest, this linear assumption
would be conservative because it would over estimate the
effect of low doses.

The same considerations apply to the genetic
effects, which are also stochastic, and are the result of
point mutations and chromosomal effects in the germ cells of
irradiated individuals. The severity of genetic effects
ranges from insignificant to lethal; slight defects will
tend to continue in the descendants for may generations,



208

while a severe defect will be eliminated rapidly by the
early death of the individual or zygote carrying the

defective gene. At present, there is no direct evidence of
radiation~induced genetic effects on man.
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FIG. 2-35 RADIOLOGICAL EXPOSURE PATHWAYS
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IMPACTS OF NUCLEAR POWER STATION, KAIGA

Environmental
Attributes

Population or
Resources Affected

Impacts

Alr Environment

Fogging
{caused by evapo-~
ration and drift)

Chemical discharge
to ambient air

Radionuclides dis-
charge to ambient
air and direct radi-
ation from radio-
active materials

{in plant or being
transported)

Ground Transpor-
tation

Air Transportat-
ion

Water Transpor-
tation

Vegetation

Air quality
chemical

Air quality
odor

People, external

Safety hazards may
be created in the
nearby regions in
all seasons

Safety hazards may
be created in the
nearby regions in
all seasons

Safety hazards may
be created in the
nearby regions in
all seasons

Damage to timber
and crops may occur
through
introduction of
adverse conditions

Pollutant emissions
may dimish the
quality of the
local ambient air

Odor in gaseous
discharge or from
effects on water
body may be
objectionable

Radionuclide
discharge or direct
radiation may add

to natural back-~
ground radiation
level
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Environmental
Attributes

Population or
Resources Affected

Impacts

Water Environment
Surface Water

Impingement or
entrapment by
cooling water intake
structure

Passage through or
retention in cooling
systems

Discharge area and
thermal plume

People, ingestion

Vegetation and
animals

Fish

Phytoplankton
and zooplankton

Fish

Water quality
excess heat

Radionuclide disch-
arge may add to the
natural radioacti-
vity in vegetation
and in soil

Radionuclide disch-

arge may add to
natural background
radioactivity of
local plant and

animal life

Juveniles and adul-
ts are subjected to
attrition

Plankton population
{excluding fish)
may be changed due
to machanical,
thermal and chemic-
al effects

All life stages
(eggs, larvae,
etc.) that reach

the condenser are
subject to attriti-
on

The rate of dissip-
ation of the excess
heat, primarily to
the atmosphere,
will depend on both
the method of disc-
harge and the state
of the receiving
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Environmental
Attributes

Population or

Resources Affected

Impacts

Chemical effluents

Water quality

Fish {(non-
migratory)

Wildlife (in-
cluding birds &
aquatic and am-
phibious mammals
and reptiles)

Fish (migratory)

Water quality
chemical

Fish

water 1i.e. ambient
temperature and
water currents)

Dissolved oxygen
concentration of
receiving waters
may be modified as
a consequence of
chages in the water
temperature, the
translocation of
water of different
quality and aerati-
on

Fish may be affect-
ed directly or
indirectly Dbecause
of adverse conditi-
ons in the plume

Suitable habitats
(wet land or water
surface) may be
affected

A thermal  barrier
may inhibit migrat-
ion, both hampering
spawning and dimin-
ishing the survival
of returning fish.

Water quality may
be impaired

Aguatic populations
may be affected. by
toxic levels of
discharged chemica-
ls or by reduced
dissolved oxygen
concentrations
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Environmental Population or Impacts
Attributes Resources Affected
Wildlife (incl- Suitable habitats

Radionuclides dis~
charged to water

Consumptive use

uding birds and
aquatic and amph-

ibious mammals and

reptiles)

People

Aquatic organisms

People, external

People, ingestion

People

Agriculture

Industry

for wildlife may be
affected

Recreational water
uses (boating,
fishing, swimming)
may be inhibited

Radionuclide disch-
arge may introduce
a radiation level
that adds to natur-
al background radi-
ation

Radionuclide disch-
arge may introduce
a radiation 1level
that adds to natur-
al background radi-
ation for water
users

Radionuclide disch-
arge may introduce
a radiation level
that adds to natur-
al background radi-
ation for ingested
food and water

Drinking water supp
lies drawn from the
water body may be
diminished

Water may be withd-
rawan from agricul-
tural usage, and
use of remaining
water may be degra-
ded

Water may be withd-
rawn for industrial
use
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Environmental
Attributes

Population or
Resources Affected

Impacts

Plant construction
(including site
preparation)

Ground Water

Raising/ lowering of
ground water levels

Chemical contamin-
ation of ground water
(excluding salt)

Radionuclide con-
tamination of ground
water

Water quality,
physical

Water quality,
chemical

People

Vegetation

People

Vegetation

People

Turbidity, color or
temperature of natu-
ral water body may
be altered i

Water quality may be
impaired

Availability or
quality of drinking
water may be decrea-
sed, and the funct-
ioning of existing
wells may be impair-
ed

Trees and other deep
rooted vegetation
may be affected

Drinking water of
nearby communities
may be affected

Trees and other deep
rooted vegetation
may experience toxic
effects

Radionuclides that
enter ground water
may add to natural

background radiation
level for water and
food supplies




Environmental Population or Impacts
Attributes Resources Affected
Vegetation and Radionuclides that
animals enter ground water
may add natural
background radiation
level for local
plant forms and

Land Environment

Site selection

Construction act-
ivities (includi-
ng site preparation)

Land, amount

People (ameni-
ties)

People (access-
ibility of his-
torical sites)

People (access-
ibility of arc-
heological sites)

Wildlife

Land (erosion)

animal population

Land will be preem-
pted for construct-

ion of nuclear
power station,
station facilies

and exclusion zone

There will be a
loss of desirable
qualities in the
environment due to
the noise and move-
ment of men, mate-
rial and machine

Historical sites
may be affected by
construction

Construction activ-
ity may impinge
upon sites of arch-
eological value

Wildlife may be
affected

Site preparation
and station
construction will
involve cut land
fill operations
with accompanying

erosion potential
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Environmental Population or Impacts

Attributes Resources Affected

Station operation People Noise may induce
(amenitie§) stress

Transmission route

People
{esthetics)

wWildlife

Land, flood
control

People

Vegetation &
animals

Property

resources

Land, amount

Land use and
land value

The local landscape
as viewed from
adjacent residenti-
al areas and neigh-
boring historical,
scenic and recreat-
ional sites may be
rendered esthetica-
1ly objectionable
by station structu-
res

wWildlife may be
affected

Health and safety
near the water body
may be affected by
flood control

Intrusion of salts
into ground water
may affect water
supply

Deposition of entr-
ained salts may be
detrimental in some
nearby regions

Structures and
movable property
may suffer degrada-
tion from corrosive
effects

Land will be premp-
ted for constructi-
on of transmission
line systems

Lines may pass
through visually
sensitive (that 1is




221

Environmental
Attributes

Population or
Resources Affected

Impacts

Transmission

People
(aesthetics)

Land adjacent
to rights-~of-
way

Land, erosion

wildlife

Vegetation

Landuse

Wildlife

sensitive to prese-
nce of transmission
lines and towers)
areas, thus impin-
ging on the present
and potential use
and value of neigh-
boring property

Lines may present
visually undesirab-
le features

Construction new
roads for access to
rights-of-way may
have environmental
impact

Soil erosion may
result from constr-
uction activities

Wildlife habitat
and access to habi-
tat may be affected

Vegetation may be
affected

Land preempted by
rights-of-way may
be used for additi-
onal beneficial
purposes such as
orchards, picnic
areas, nurseries,
and hiking and
riding trails

Modified wildlife
habitat may result
in changes
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3.0 PREDICTION OF IMPACTS

Many scientific techniques and mathodologies are
available to predict impact on physico-ecological
environment

Mathematical models attempt to guantitatively
describe the cause and effect relationship between sources
of pollution and different elements of the environment viz.
air, noise, water, land and socio-economic environment.

Prediction of quantitative impacts of radioactive
pollutants have been carried out using environmental dose
model for air route. Mass balance technique for aquatic
route and statistical technique is for other component of
environment.

3.1 AIR ENVIRONMENT

3.1.1 Radioactive Pollution

Releases of radiocactive material to atmosphere can
occur almost instantaneously or over a long period of time
from the nuclear power plants. The resulting downwind
exposure of people and objects to the air borne material
will be of short or long duration, depending upon the
release time, the wind speed, the nature of the radicactive
material, the geometry of the source and the spreading of
the cloud as it travels. The effects of a radiocactive cloud
on the receiptor are a function of the total radiation
received from the cloud with variations in concentrations
during exposure. In this circumstance the integral of the
concentration vs time curve at the point of receipt is a
measure of the total effect.
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Radiation can be received by a downwind receptor in

a variety of ways. The radiation received can be classified
as external and internal according to the location of the
radioactive material irradiating the tissue. External

radiation is received from the radiations emitted as the
cloud passes over the receptors, from material deposited on
surfaces around the receptors and from material deposited on
the body as the cloud passes. Internal exposure can result
from inhaling the radiocactive material in the air as the
cloud passes or by ingesting contaminated water or food
stuffs.

In nuclear industry the planning of the site
installations has to be done in advance since as per ICRP
and IAEA regulations, the sum of radiation dose to public
from all installations at the site and from all routes (air,
water and land) should not exceed the permissible limit
which was set at 100 mr/year. Thus the discharges from each
unit are limited to a predetermined limit to meet the above
permissible dose. This requires the planning of the site
use done well in advance and a reserve is kept for future
expansions. This is done by using the apportionment
approach where only a small fraction of 100 mr/year is
allocated to each plant depending upon its operational
characteristics. The apportionment of dose levels for
various nuclear installations at Kaiga site are as follows.

Kaiga - 1 & 2 (235 MWe) 20 mrem/year
Kaiga ~ 3 & 4 (235 MWe) 20 mrem/year
Kaiga ~ 5 & 6 (235 MWe) 20 mrem/year

Total 60 mrem/year

The relative locations of various plant units at
Kaiga have been shown in Fig.3.1. The normal convention in
nublear power plants in India is to connect two units of
same power generation capacity to a single stack for
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releasing the ventilation air during normal operations as

well as emergencies. That is why there are three stacks
shown in Fig.3.1 for s8ix units at Kaiga. The derived
release limits into atmosphere from each stack at Kaiga are
given below for normal operation conditions. However the

instantaneous or short term releases during accidental
conditions would be very high compared to the normal
operation condition.

3 220 ci/day
FPNG 665 ci/day
131 0.002 ci/day
Particulate matter -

< 0.2 u 0.015 ci/day
41Ar 80 ci/day

As mentioned above, the time integrated cumulative
radiation dose is an important factor to know the total
impact of radioactive releases from nuclear power plants.
The different kinds of radio isotopes expected in typical
atmosphere releases of Indian nuclear power plants (PHWR)
are given as above. Out of these isotopes the prediction of
impact due to tritium (3H) isotope has been carried out
using Environmental Dose Model (Air route). The impact due
to the other isotopes can be known by applying the
proportionality factor for source terms and a suitable dose
factor.

The time integrated concentration of tritium isotope
released continuously at a height of 100 m as point source
over a period of one year has been predicted using the
following equation. The total release due to 3-6 units at
Kaiga are treated as a single point source for simplicity.
The wind data recorded at concrete testing laboratory has
been used for wind direction frequency distribution. The
frequency of occurrence of different wind speed classes and
stability classes were assumed similar to Rajasthan Atomic
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Power Station site with more significance to stable class
because of valley effects.

Wij(x,0) = 22020 <Z y_u__) l { H2 >
iem- x-e \k Gy ) g exp{ 2 672

The term E:Nijk/uk can be evaluated from the triple
joint frequency distribution of stability, wind speed and
direction. The results are presented in the form of
isopleths of annual dose levels in Fig.3.2. This figure
shows the maximum impact (incremental rise) due to tritium
release from units 3 to 6 at Kaiga will be about 1 mrem/yr
during normal operation conditions assuming the site
location as flat terrain. The impact during normal
operations is negligible beyond 6 kms radial distance.

The radiocactive cloud dose prediction of accidental
conditions will be included in final report of this study.

3.1.2 Conventional Air Pollutants

The conventional industrial expansion is not
expected because of hilly terrain. The rise in SPM and NOx
is expected to be increased significantly above the present
levels of these pollutants during construction phase. During
construction phase of units 3 to 6, the number of heavy,
medium and light vehicle movement within and around plant
site will contribute to rise in NOx and SPM levels,
However, concentrations of these conventional pollutants
shall be within prescribed limits of CPCB as Kaiga units are
not air pollution intensive sources and present level of
these pollutants are very low. The impact of the
conventional pollutants during construction phase will be
studied after receiving the details of intensity of
véhicular movement, diesel o0il consumption within that area
and soil characteristics. The results will be included in
the final report.
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3.1.3 Thermal Pollution

Once the induced draft cooling towers are installed,
the local temperature and humidity will significantly
change, This may cause changes in micrometeorology of the
site and may require continuous monitoring. At this stage
because of local topography and presence adjacent water body
(resulting land/water surface breaze) the changes in wind
pattern can not be predicted. Hence, the proposed NPC should
study the impact of such changes.
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3.2 NOISE ENVIRONMENT

3.2.1 Prediction of Impact of the Proposed Power Plants

For prediction of impact of the proposed power
plants no. 3,4,5 and 6, the noise sources in these plants
are assumed to be approximately similar to the plants
working elsewhere in India. The noise scenario of two
plants 1 and 2 will be superimposed to generate background
and further projection of plants 3,4,5 and 6 will give
impact of noise generated by these proposed power plants

For hemispherical sound wave propagation through
homogeneous medium, one can estimate noise levels at various
locations due to different sources using model based on
first principle

Lp = Lw-20 Log r - Ae - 8

Where
Lp noise level at point located at the distance
r from the source with noise power Lw .

Ae 1is the excess attenuation due to environmental
conditions and other shielding effects.

Total noise pressure level Lp (total) due to all
the sources can be determined by summing them as

Lp(total) =10 Log (S 10LPi/10)
A

Fig. 3.3 gives the estimated noise pressure levels
due to plants 1 and 2 around them, the estimated noise
distribution due to plants 1 to 6.
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Although the transportation activity is likely to
increase, the estimated rise after construction is over,
will be at the most 400 heavy vehicle trips and about 600
light vehicle trips on the roads around the site per day.
Their impact is likely to be negligible particularly in the
light of the fact that the terrains are hilly and hence
vehicles cannot move with high speed, and further there is
thick vegetation on the sides of the roads. The expected
rise in traffic is very low since very little raw material
transport is expected.

3.2.2 Prediction of Impact on Community

There will not be significant direct impact due to
the plants on the human settlements around it since no human
settlement is permitted in exclusion zone (1.6 km from
reactor) and also in sterlisation zone (5 km from the
periphery of the exclusion =zone). The noise will not be
audible beyond it particularly due to thick natural forest.

Due to expected increase in traffic and expected
increase in human activities, villages on the road will be
slightly perturbed. However due to good forest cover and
low volume of traffic the impact will be negligible. Rise
in urbanization and population will also increase noise
levels slightly.

3.2.3 Prediction of Impact on Occupational Health

Turbines, compressors, generators , pumps and
chillers are the main sources of noise. Unprotected
operators can get exposures of 92-100 dBA near these
machines. However, operators cabins are partially insulated
to reduce the noise levels to 70-75 dBA. In the present
version of reactors about 15 operators per shift are
exposed to noise levels from 90-100 dBA for 0.25 to 2 hours
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per day. The integrated noise exposures, Leq (8 hrs),
however, normally lies well within 90 dBA - 8 hrs criteria,

while the plant is operating. Improved technology may
further reduce the same. The large number of employees will
be exposed to noise levels between 70 to 80 dBA for which no
hearing loss is expected. Proposed

improvement in
technology may reduce the noise.
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3.3 WATER ENVIRONMENT

Despite its small volumes the radioactive liquid
waste generated yearly at the proposed units (1 - 6) at KAPP
is expected to contains approximately 10240 ci of +tritium
activity and approximately 61 c¢ci for gross beta
activity{assumingon an average 324 days of full power
generation per year) . If let out into the surrounding
aquatic environment this activity has a potential to cause
problems of radiocactive pollution. A stringent check on
radioactivity let out in the environment is, however, kept
at the nuclear power plants. For instance, past operation
records of the plant at Rajasthan Atomic Power Plant (RAPP)
near Kota, show that since the commissioning of Solar
Evaporation Facility (SEF) in 1979, only twice the tritium
activity discharged to near by reservoir (Rana Pratap Sagar)
has exceeded 10 percent of a self-imposed limit of 5480
ci/year activity release set by NPC. Generally The tritium
activity discharged to the reservoir comprised 5 percent of
permissible yearly limit. For gross beta activity also,
since the commissioning of SEF, the discharge into the
reservoir had been less than 1 percent of the annual limit.

Since at this site SEF are not a feasible option
{due to the high rainfall and low evaporation) to contain
and divert the radicactivity from liquid effluents, a major
portion of radiocactivity generated at KAPP is expected to be
released inte Kadra reservoir. It is therefore necessary
that concentration of dominant radioactive pollutant in the
reservoir be projected for future and its impact on aquatic

life and human population using the reservoir water be
assessed.

3.3.1 Methodology for Prediction of Radioactivity Levels

A computer model based on the principle of mass
balanced superposed with radicactive decay has been used for
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prediction of reservoir radioactivity levels for tritium
which forms the major component of radioactive effluents,
for various waste disposal scenarios.

Beginning from the onset of monsoon the prediction
model first determines the average rate of rain water inflow
for each of six monsoon months into that part of the
reservoir in which the radicactive effluents are assumed to
get completely mixed. For ith monsoon month this quantity

Vin (i) is obtained by:

Vinli) = (Vy - V]IF/6 + V(i) + Vout (i) - V(i) e (1)

where,

F = fraction of reservoir in which effluent are
assumed to get completely mixed

Vh = Reservoir volume at the end of monsoon,m3

Vi = Reservoir volume at the beginning of monsoon,m3

Vabs(i) = Abstracted volume of water for consumptive uses
by the plant in ith month,m3

Vout(i) = Tail discharge of the reservoir in ith month and

Ve = Effluent volume discharged into the reservoir in

ith month

A variable Veff’ representing effective reservoir
volume in which complete mixing with effluents occur as a
fraction of total volume is then calculated by

Verr = V3F ca(2)
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The variable Veff’ at the end of every month, is
updated for all incoming and outgoing flows in the region of
the reservoir which retains this volume. The level of
tritium activity in the reservoir for ith month is then
calculated by following mass-balance equation:

(Veff~v0ut(i))cr(i-l) + Vin(i)cin(i) + Ve(i)ce(i)

Cy-
r(i - ; ;
() Vegs = Voutll) + Vipli) + V(i) (3)

where,

Cr(i—l) = Tritium activity in reservoir at the end of i-1
month, pci/m3

Cin(i) = Tritium activity in incoming rain water in ith
month, pci/m3

Ve(i) = Effluent volume for the ith month,m3

Ce(i) = Average tritium activity in effluents in ith

month, pci/m3

The calculations for activity levels for non-monsocon
months proceed by first calculating the monthly evaporation
losses based on projected average evaporation rates for the
reservoir for non-monsoon months., The average monthly inflow
rate into the reservoir is then calculated by performing
water balance calculations with the assumption that at the
onset of next monsoon reservoir volume acquires same value
as that for the previous year and is given by

V'in(i) = (Vh - Vl )F/6 +Vout(i) + Vabs(i) + Vel (i) + Ve(i)
ces (4)
where,

3
\Y in(i) = Inflow into the reservoir for ith non-monsoon
month, m3 and
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Vel(i) = Evaporation loss for ith month, m3

Tritium activity levels in reservoir are then
calculated by using following equation:

_[(Veff—Vel(i))~Vout(i)~VabS(i)]Cr(i—1)+V in(i)*Cin(i)+Ve(i)Ce(i)

Cr

Veff~vel(i) - Vout(i) - Vabs(i) + V’in(i) + V(i)
e (5)

where,

At the end of each month the reservoir activity 1level is
updated for the radiocactive decay by

C'r(i) - Cr(i) e” lambd&/lz e (6)
where,
C,r(i) = Updated value of tritium activity in reservoir

after accounting for radiocactive decay, pci/m3

lambda = Radioactive decay coefficient for tritium, value
0.056357"1

The average activity level for all months in a year
is finally obtained. The predictions can be made as a time
series of desired length.

3.3.2 Predicted Tritium Activity Levels in Kadra Reservoir
(1996 -2030)

In order to reach a set of predictions for tritium
radioactivity in Kadra reservoir, it is necessary to assign
a future operation schedule to all units at KAPP. The
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results presented herein therefore assume an operational
life of 30 years for each unit. It is further assumed that
units 1 and 2 of KAPP are commissioned by the end of 1995
and remaining units begin production by the end of year
2000. The operational life of each unit is assumed to be 30
years., With these assumptions the adopted scenario for the
operations of various units is described in Table 3.1. The
expected total tritium and gross beta activity in liquid
stream and its volume during the period 1996-2030 as monthly
average with the assumption of 324 day of full power per
yvear are described in Table 3.2.

Comparing the total annual radioactivity generated
at KAPP by the year 2000 and onwards with the maximum
permissible limit for release into environment (19440
ci/year or 1620 ci/month for tritium prescribed by BARC at

KAPP), it is clear from Table 3.2 that radioactivity
generated at KAPP will remain below the annual limit for
whole operational period of KAPP. Considering very large

dilution capacity available at KAPP (minimum assured tail
discharge from Kadra reservior being 100m3/s for all months)
which shall give rise to continuous flushing of Kadra
reservoir, there is therefore a possibility to permit the

release of total generated tritium activity into the
reservoir.

To examine this potential and to assess the effect
of such discharges on tritium activity in Kadra reservoir,
certain predictive scenarios were developed using the above
model. The input conditions for these scenarios in terms of
released tritum activity into reservoir as percent of
generated activity (liquid stream), percent of reservoir
volume considered for complete mixing of effluent and volume
of tail discharge from the reservoir are described in Table
3.3. The predicted tritium activity levels in Kadra

reservoir based on these scenarios are presented in Figs.3.4
and 3.5.
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Considering, a minimum monthly discharge of 100 m3/s
from Kadra reservoir a continuous downstream movement of
water is expected in the reservoir. Since the plant site is
located at approximately midway the length of the reservoir,
(Fig. 3.6) the mixing assumption for effluent discharge with
50 percent of stored volume in the reservoir appears most
reasonable.

The Model predictions with such assumption for 100
m3/s tail discharge ( representing the critical case) ie.
Scenario 1 to 4 (Fig. 3.4 and 3.5) indicate that the tritium
activity levels in Kadra reservoir during the operation
period (1996-2030) would remain below 5000 pci/l whereas the
annual average activity in the reservoir shall remain below
3000 pci/L even for 100 percent discharge of liquid active
waste. Background tritium radicactivity levels for incoming
water in these calculations were taken as 1460 pci/1l
(adopted from observed levels at RAPP plant site). Sudden
increase in predicted reservoir activity is observed for all
scenarios at the end of year 2000 which corresponds with the
commissioning of units 3-6 in that year. Similarly reservoir
activity levels exhibit a decrease after year 2025 which
indicates the reduction in activity release due to the
decommissioning of units 1 and 2 in that year. During the
vears of constant activity releases no accululation in
tritium activity levels is observed due to continuous
flushing of reservoir arising from the large amount of fresh
water inputs,

The equilibrium absorbed dose resulting from regular
direct consumption of Kadra reservoir water to humans, for
likely activity levels for scenarios 1 and 2 based on model
predictions (the case 100 percent of generated activity
mixing with half of the stored reservoir volume and 100 m3/s
tail discharge being the most critical) should not exceed
0.5 m rads/year ( é%onic intake of 1 uci/l results in a
equilibrium absorbed dose of 106 m rads/year, NCRP report
no. 62,1979, pp 67).
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3.3.3 Status of Non-radiocactive pollutants in Kadra
Reservoir (1996-2030)

Due to insignificant volume and low concentration of
chemical pollutants the quality of reservoir is not
expected to change in its chemical characteristics due to
the nuclear power units (1-6) at KAPP., Also due to large
dilution capacity available at the site the temperature
elivation of more than 5°C is not expected in the reservoir
at any location. The extent of the zone of elivated surface
water temperature ( based on the obervations at RAPP) is
not likely to exceed 1 percent of reservoir surface area.
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3.3.4 Biological Modelling of Radionuclides in Terrestrial
and Aquatic Food Chains

In the cases where either the radionuclide 1is
progressively accumulated by the organism or where the
radionuclide is eliminated from the biological system in the
terrestrial and aquatic food chains, the animal or organism
feeds on contaminated food, assimilates sthe radionuclide,
and progressively increases its body burden. Ultimately,
and condition from the organism. This equilibrium state may
be expressed by the relationship

I = (kQeM)/a
Where,

I is the input in appropriate activity units
(nCi/day), k is the elimination coefficient (day‘l)
determined from retention experiments, Qe is the equilibrium
radionuclide activity density (nCi/mg), M is the individual
mass (mg dry weight), and a is a proportionality constant
for the quantity of radionuclied ingested that is actually
assimilated. The rate of food consumption then can be
calculated by dividing intake (nCi/day) by the radionuclide
concentration in the food.

The assimilation coefficient, a is the ratio of
radionuclide assimilation from food to the initial quantity
ingested. Asimilation coefficients vary with species and
radionucliedes. The nature of food base can appreciably
affect the assimilation of isotope. Individuals with a
limited food suply exhibit a greater digestive efficienty
and tend to retain food in their alimentary tracts for a
longer periods of time than when food is in abundant supply.
With longer periods of food retantion and more complete
digestion, a higher assimilation of isotope con be expected.
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The biological half-life (Tb) of an isotope can be
determined by measuring changes in whole body rediocactivity
with time after the organism has been transferred to
uncomtaminated food. A simple, one-component retantion
system, i.e. linear relationship on a semilogarithmic scale,
is similar to physical decay of an isotope and may be
described by the equation

- ~kt
At = Aoe
Where,
Ay = Whole body radioactivity at time t
Ay, = Inittial body radioactivity
k = Elimination coefficient
For prediction of retention and accumulation of
radionuclide, k may be obtained from the equation
k = 0.693/’[‘¢L
Where,
TO = the biological half-life

The biological half-life is defined as the time
required for loss of 50% of the body burden. Multiple
component retention curves, however, are frequently
encountered in bioclogical systems, with each component
representing differential retention by different tissues or
organs. To separate the biological half-lives of such
composite curves, the linear portion of the longer
component is extrapolated back to time t = o and subracted
from the total apparent activity to yield the first
component. A weighted average elimination coeficient (k')
representing the interaction of each biological half-life
and the respective proportion of total activity (p) lost
through each component can be derived from the expression
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With the values of the proportions P being the
intersect of the ordinate axis by each half-life component

curve,

The elimination coefficient k 1is the turnover rate
of the radionuclide. As elimination progresses, the total
body burden (Q) decreases exponentially until al one day.
Q is equal to 50% of the initial body burden activity.
This relationship amy be described by the expression

dQ/dt = - k@
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TABLE 3.1

FUTURE OPERATIONAL SCENARIO FOR UNITS 1-6 AT KAPP

Period Units under Operation
1996-2000 1 and 2
2001-2025 1-6

2026-2030 3-6
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TABLE 3.2

MONTHLY AVERAGE RADIOCACTIVE EFFLUENT GENERATION AT kapp®

Period Units under Wastewater Activity Levels
Operation Volgme -------------------
m Gross B Tritium
ci ci
1996-2000 1 and 2 2416 1.7 284
2001-2025 1-6 7250 5.1 852
2026-2030 3-6 4833 3.4 568

¥ Calculation based on 324

days of full power per year
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TABLE 3.3

MODEL INPUTS FOR PREDICTIONS OF TRITIUM ACTIVITY LEVELS
IN KADRA RESERVOIR (1996-2030)

Scenario Activity Discharge Mixing Volume Tail Discharge
No. (X of Total in Reservoir From Reservoir
liquids stream) (X of stored (m“/s)
volume
1. 100 50 100
2. 50 50 100
3. 100 50 300

4. 50 50 300
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3.4 PREDICTIVE BIOMONITORING

Radiation, under certain conditions can damage
individual organisms by reducing the rate of growth,
chromosome aberrations, mutation, metabolic disorders,
shortening the life span, reducing fecundity, changing
behaviour or even death. Lethal levels of radioactive doses
to different types of aquatic organisms are shown in Table
3.4, The relationship at equilibrium between the
concentration of an element or radionuclide in an aquatic
organism and water is parameterized as the biocaccumulation
factor B; This parameter is estimated by

p.
Bip = Cf/cw’
Where
Cf = Concentration in the organism(per kg wet weight)
Cy = Concentration in water(per liter)

Values of Bip are specific for the edible tissues of the
fishes.

3.4.1 Hypothetical Radicnuclide Concentration in Fish

The concentration of radionnchides in fish exposed
to radicactive effluent from Yankee Nuclear Power Station

(PWR) was computed to indicate possible critical
radionuclides,

The prediction was based on an average daily intake

of 100 g fish, a tabular concentration factors(Bip) for
edible portions of fresh water fish, the radionuclide
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release and the assumption that the radionuclides in the
edible portion of all consumed fish had reached equilibrium
with radionuclide concentrations in circulating coolant
water at the point of discharge. Of these, the radionuclide
releagse estimates and many of the Bi 's are gquite
approximate, and it is improbable that radioactive
equilibrium is attained in all fish.

The total estimated intake of radionuclides by
eating fish, therefore, below 0.1X of the intake guide(Table
3.9). The dose rates from the listed radionuclides are 0.3
mrem '!'r"1 to the gastrointestinal tract (mostly from
95Nb),0.2 mrem yr-1 to bone(from 32?) and less than 0.1 mrem
yr-1 to the thyroid and whole body. The values are quite
low while comparing hypothetical daily intakes(column 4,
Table 3.5) to the maximum permissible daily occupational
drinking water intakes listed by NCRP that corresponds to §

rem Yr ! to the total body, 15 rem vr ! to the G.I. tract,
and 30 rem yr-1 to bone.

While comparing predicted values with analyzed
samples, it was observed that no 95Nb was found(<2 x 10"6
uci/100g wet weight) in fish tissues. While computing,
the average concentrations of zzNa, 137cs and 9osr measured
in fish tissues to annual radiation exposure at a daily fish
consumption of 100 g, the values too were observed to be far
below the standards(Table 3.6). Thus, the fishes grown in

the vicinity of proposed reactors can be used safely for
human consumption.

However, natural pepulations of fish that have
probably sustained the greatest exposure to man-made
radiocactive materials are those near major atomic energy
installations, for example, in the Columbia river nearv
Hanford; in white Oak Creek and White Oak Lake, near Oak
Ridge, and in the Irish Sea near Windscale, England. Small
fish which received chronic irradiation of about 10.9 rads
per day from radic isotopes in the sediments of White Oak
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Creek produced larger broods but with a higher incidence of
abnormal embryos. Chironomid larvae living in the sediments
and receiving about 5 rads per week had an increased
frequency of chromosomal aberrations but the abundance of
the worms was not affected. Similar effects are not
expected in Kali River since isotopes levels at sediments
will not be of alarming levels,

3.4.2 Warm Water Discharge :

Since warm water is dischared by the cooling system
of power stations, the question is often raised of possible
synergistic ecological effects of temperature and ionizing
radiations. No such synergism has been demonstrated except
that in some cases organisme grown in warm water have been
shown to absorb radionuclides as much as 50% faster owing to
increased growth rates. Maximum temperature of 37°C(during
summer) at collant outlet of Ranapratapsagar{(RAPP) is not
harmful to fishes. Probable explanations(Storr and

schlenker 1974) for attraction of fishes to the discharge
areas are .

(i) protection from wave activity
(ii) increase in gammarids because of thermal effects
(iii) residence of forage fish, plankton and
(iv) temperature preferenda for certain species.

Most of the fishes and food organisms in tropical
countries can grow upto 38-39 degree C. Since the
temperature of the wastes from proposed Kaiga plants will
not increase beyond 39 degree C, warm water discharge seems
to bhave no detrimental effects on aquatic organisms.

Storr, J.F. and G. Schlenker(1974) Response of
perch and their forge to thermal discharges in L.ontario.
Thermal Ecology 11, Tech. Inf. Centre, USAEC P-263.
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TABLE 3.4
ACUTE DOSE IN ROENTGENS CAUSING TOXICITY TO ACQUATIC
ORGANISM
Organisms 50% mortality 100X mortality
Algae 8,000-100,000 25,000-600,000
Protozoa 100,000-300,000 18,000-1,250,000
Mollusks 5,000-20,000 10,000-50,000
Crustacea 500-90,000 5,000-80,000

Fish 600- 3,000 370-20,000
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TABLE 3.6

ANNUAL RADIATION EXPOSURE TO MAN AT A DAILY CONSUMPTION OF 100 G
FISH GROWN IN RADIOACTIVE EFFLUENT FROM YANKEE NPS (PWR)

Radionuclide Average Radiation Critical
Concentration Dose Organ

in fish mrem/Yr

uci/ 100 g
225, 2.1 x 1077 0.005 Gastrointestinal

tract (a)

Mgy 3.2 x 1078 2.7 Bone (b)
137c4 2.4 x 1075 0.3 Whole body (c)
NCRP permissible limits are 15, 30 and 5 rem vr~! for (a), (b)

and (c) respectively.
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3.5 WASTEWATER

Depending on the radioactivity of liquid effluent,
waste management follows two routes; namely dilution and
dispersal and concentration and containment. While grass
beta activity generated from all the six units are well
within the annual discharge limits (for inland surface water

as well as release in the air) annual tritium 1level of
5.0567 x 103 is guite close to the annual limit of 5.48 x
103 ci for discharge to inland surface water. Hence, major

part of liquid effluents will have to be taken to the solar
evaporation pond where from tritium will be released and

dispersed in air. Since annual limit for discharge of
tritium in the air route 1is 23x106 ci, the impact of
tritium release, even if the total liquid effluent goes to

SEF, shall be well within the limits.

The treated sewage effluent will conform to the
standards stipulated by the local regulatory agency and
hence, will not have an adverse 1impact on the inland
surface water quality.
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3.6 LAND ENVIRONMENT

The area under consideration is a high rainfall
region with a topography typical of western ghats, soils
with a high proportion of divalent cations and water always
in a state of dynamic flow, except where it is checked in
concave depressions for paddy cultivation. The soils are
shallow and the whole area is profusely covered by forest
vegetation. There is thus little chance of any radionuclides
being retained within this ecocsystem for longer periods to
be absorbed by the vegetation. However it should be of
general 1interest to report here significant properties of
some of the radionuclides with correspondihg maximum
permissible levels in water for general population (Table
3.7) and values for concentration of different
radionuclides in different environmental components for
areas near a nuclear power station that has been in
operation for about twelve years (Table 3.8), It is clear
that the concentrations of the radionuclides in different
components and food stuffs are below permigsible limits.
Levels at Kaiga are expected to behave similarly.

Results of the analysis of the samples of different
components for areas around Rawatbhata Atomic Power Station
are presented in Tables 3.8 and 3.9.

It may be seen that rain water contains
significantly higher radio activity than most of the surface
waters at Rawatbhata. This is in agreement with the
statement of M.Ruf (1957) that the radiocactivity of surface
waters is about 1 to 10 %o of the rain water. From this, it
is clear that it should be the rain water and not surface
water that should cause more concern as far as radfoactivity
is concerned. Again, in the present context, rain water
could not stagnate at any place long enough to accelerate
plant uptake of the radionuclides.
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The reported concentrations in fish and lake weeds
are several fold less than maximum permissible levels in
water for general population reported in Table 3.8.

As far as the atmosphere outside the project, in the
immediate vicinity is concerned, a suitable green belt
design using conventional method may add to mitigate dust
and gaseous concentrations in the inner sparsely inhabited
area.,

The effectiveness of a green belt in attenuating the
pollution 1s given by the value of attenuation factor Af
which is defined as the ratio of mass flux of pollutants
reaching at a distance in the absence of green belt to the
mass flux reaching the same distance in presence of green
belt.

The efficiency of green-belt for ground level
concentration is determined by the following equation:

FD (X1 + X2)

Af = ————————— -

Fp (Xi )[erf{he /VZEr (X)) €AX2 +erf_c} he/\/'fo’z(x.)} Fof Xz)]

X9 = Width of green-belt ( m )

he = Effective height of green-belt ( m )

= Pollution attenuation coefficient ( m~1 )

Xl = Separation distance between green-belt and
the pollution source ( m )

&z = Standard deviation of concentration
distribution in vertical ( m ) at downwind
distance

V4 = Dry deposition velocity ( ms ™1 )

FD = Plume depletion factor for downwind distances

FD(XZ) = Plume depletion factor for distance above the

green-belt
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The pollution attenuation coefficient ( m~1 ) of the
green belt is given by

A = kpt Vd/uc
Where Pt = Foliage surface area density of a single
tree (mzm_B)
K = Pc/Pt

Where Pc is the average foliage surface area density of the
green-belt

Uo = Average wind speed inside the green-belt

It is estimated that plants of 10, 20 and 30 m
heights can reduce pollution inputs by 50, 70 and B0%
regpectively.

The data presented indicates adequate margin of
safety between the observed & permissible limits. There
will be, thus, negligible impact, if any, of the project on
land environment.

The question of optimization of the green belt wiil
be taken care of in the comprehensive report.



TABLE 3.7

SIGNIFICANT PROPERTIES OF SOME RADIONUCLIDES

Radionuclide  Type Specific Critical body part  Radicactive  Biological Effective Maximua per-
of activity half life half life half life aissible level
decay {Curies/q) {days) {days) in water for
general popu-
lation{pCi/l)
Hydrogen-3 8 9.78x105 Khole body & tissues 12.46 yrs. 19 18.9 leo6
Carbon- 14 B 4.61 Fat 5570 Vrs. 15 35 8x10°
Sodium-24 8,Y 8.74x106 Khole body & 61 15.06 hours. 19 0.61 2x105
tract.
Phosphorus-32 8 2.86x105 Bone 14.3 days 1200 14.3 210
Potassium-42  8,Y 5.96x106 eI tract 12.44 hrs. 1 0.51 3x105
Calcium-45 B 1.77x104 Bone 164 days 18000 164 9x103
Iron-59 B,Y 4.92x104 6l tract and spleen  45.1 days 65 26.7 6x104
Cobalt-60 g,y 1.14x103 Gl tract & total body 5.27 years. 9 9 5x104
Linc-65 BY 8.21x10°  Total body,lever & 250 days 23 21 1x10°
Strontive-90 & B 1.44x10°  Bone 28 years. 3900 2920 1x102
Yttrium-90
Ruthenius-106  8Y 3.39x10° G tract 365 days 2 19 wio!
Todium-131 BY 1.24x10 thyroid 8.08 180 1.7 10
Cesium-137 BY 98.5 Total body,liver, 30 yrs. 17172x104
spleen & muscle.
Barium-137 BY 98.5 61 tract 30 years 200 198 2x103
Cesium-144 B,Y 3.18x103 €I tract & bone 282 days 500 180 lxlo‘
Radium-226 B,Y. 0.98 bone 1622 yrs. 20,000 19,400 {
and daughters
Thoriuw-232  B,Y Lax10”7 bone 1,39x101% 40,000 40,000 210}
yrs
Uranium-238 B,Y. 5.34x10-7 61 tract and kidneys 4.51x109 yrs. 30 30 4x10‘

Source : Mcee, J.E. and Wolf, H.NW.(1963). Nater Quality Criteria. The Resources Agency of California
State Water Resources Control Board. Publication Mo. 3-A.

862
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TABLE 3.8

OBSERVED LEVELS OF IMPORTANT RADIONUCLIDES IN
VARIOUS ENVIRONMENTAL COMPONEBTS AND PRODUCTIVITYAT RAPP

SAMPLE PARTICULARS MAXIMUM CONCENTRATION
pc/l OR pc/Kg dry wt.

Cs 134 + 137 Sr - 89 + 90

RAPS Site area 3.7 0.52
water

RAPS Down Stream 0.86 0.20
water

Kota Barrage 0.27 0.14
water

Silt and Sediment 2586 100
Lake weeds 840 113.5
Vegetables 21.2 6.1
Maize 6.2 5.1
Rice 156.2 BDL
Wheat 35.9 BDL
Pulses 48.17 1.356
Milk 21.7 2.9
Fish 309.7 1.35
Grass 0.81 1.2
Plantain Leaves 0.75 0.36

A e A e A G G G G e S e S G v W e e W e he Wit M Am n e Gt S mm e S Vi i S Am e - o e e v Reb W N e e G G e = A -

BDL - Below Detectable Level
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TABLE 3.9

TRITIUM LEVELS IN SOME OF THE WATER SAMPLES NEAR NUCLEAR
POWER STATION AT RAWATBHATA (RAJASTHAN) in 1985.

SOURCE OF THE SAMPLE TRITIUM CONCENTRATION pc/ml
Saddle Dam 6.2
Discharge Canal 14.5
Bhainsrogarh Surface water 4.8

Jawahar Sagar Dam 4.3

Liquid effluent from HWPK before 23217

dilution

Liquid effluent from HWPK after 1165

dillution

Rain Water 29.5
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3.7 SOCIO ECONOMIC ENVIRONMENT

3.7.1 Employment Opportunities and Infrastructural
Facilities

The total strength of Kaiga project as on date 1is
429, Out of this, 61 are officers and remaining are in
supervisory and workmen category of employees. The
projected number of employees to be employed at Kaiga
project site in a phased manner is 1135 for the project
phase over 15 years.

During the construction phase, labour force is being
derived from the local rural and urban areas. Besides this
as a compensation for the land acquisitioned from the local
population, one job per family affected by the loss of land
is given. So far 113 out of 133 families have been
benefitted accordingly.

A township is being established with all the basic
amenities such as protected water supply, hospital, school,
shopping centre, community centre etc., This would result in
the general development of the local area much of which is
covered by forests.

3.7.2 Economic Analysis

The Nuclear Power Station at Kaiga would produce
electricity. Electricity is the most versatile form of
energy having use in agricultural, industrial and domestic
fronts. At Kaiga each unit of 235 MWe capacity (6 in
numbers) is expected to produce at 70% capacity utilization
over 1400 million units of electricity which would be
supplied to the southern electricity reagion.
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Karnataka depends mainly on hydroelectric power
generation. During last four years there has been
continuous monsoon failure and all the hydel stations were
operating at low power level causing acute power shortage in

the State. Recently a thermal power station has been
commissioned at Raichur. A few more thermal power stations
are under consideration. This would help to reduce power
shortage in the State. In this context it is necessary to

have an optimal mix of various form of power generation like
hydel therman and nuclear.

Prediction of impacts on socio economic environment
can be summarised as shown in Table 3.0.

Community Development Activities

(i) Employment opportunities, (ii) provision of
facilities at Karwar and other locations situated near Kaiga
and Mallapur.

i. Employment Opportunities

The land affected families were identified and have
been provided with employment at the rate of one per
family, and as on date, about 100 land-affected
employees are working at the project.

ii. Provision of Facilities in and around Karwar

An amount of Rs. 84,000/~ was granted to the 1local
municipal authorities for construction of toilet
facilities for the residents of Karwar town. About
35 number of schools were provided with teaching
aids and books, blackboards, recreation facilities
etc. situated in and around Karwar, Mallapur and
Kaiga.
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TABLE 3.10

IMAPCTS OF KAIGA PROJECT ON
SOCIO ECONOMIC ENVIRONMENT PARAMETERS

Parameters Possible Impacts

st LT RE IR L R
Employment + + + +
Education + +
Housing + +
Transport + + +
Water supply and + +

sanitation
Power availability + + +
Economic benefits + + +

Welfare and
recreational facilities

Health effects - - - - -
Ecological changes - - - -

Water pollution - - - -

NOTE: ST = Short term LT = Long term
RE = Reversible IR = Irreversible
L = Local R = Regional
{+) = Positive (-) = Negative
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4 .0 EVALUATION OF IMPACTS

4.1 BATTELLE ENVIRONMENTAL EVALUATION SYSTEM

Environmental quality assessment for the existing
nuclear power plant has been undertaken by evaluating 48
environmental component of environment viz. biological
environment, abiotic environment including air, water, land
and noise pollution, human interests and aesthetics.
Functionalities between parameteric values and environmental
quality have been established.

A weighting scaling checklist has been used for
assigning importance weight for each parameter by an inter-
disciplinary term of experts drawn from different fields.
Ranked pair wise technique has been used to arrive at the
Parameter Importance Units (PIU), presented with every
parameter in the Fig. 4.1.

For evaluating the impact, Battelle Environmental
Evaluation System has been recourse to. Functionalities,
which are also known as value function curves, refer to
graphical means of transforming environmental data (baseline
and predicted) into subjective evaluation. Typical value
function curves under each category have been presented into
a subjective interpretation of Environment Quality (EQ) on a
scale of 0 to 1.0, were 1.0 stands for excellent
environmental quality and 0.0 for poor quality. Typical
functional relationship (also calied value function graphs
under each category are illustrated in Figs. 4.2 to 4.5

An index is calculated in terms of Environmental
Impact Units (EIU) for each parameter and for different
environmental conditions.
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n
EIU = Z (EQ)ij (PIU)i
L=1
Where
EIU = Environmental impact units for ith
alternative
EQ = Environmental quality scale for ith factor
and ith alternative
PIU = Parameter importance units for ith factor

Total 48 environmental parameters have been
identified for the project area and have been distributed in
four broad categories. The changes in EIU have been
calculated for pristine environment and existing
environmental status with the status after implementation
of EMP.

4.1.1 Biological Environment

Impact evaluation of different attributes of
biological environment comprising terrestrial and aquatic
environment for KAPP is presented in Table 4.1. InKAPP
natural vegetation prevalence is very high and the area is
very rich in fauna and flora. Adverse impact on the
perrestrial ecosystem is expected due to increased
anthropogenic and industrial activities.

Species diversity, c¢rops will be affected to a
negligible extent due to radic nuclides, contributed through
all passways. 1In aquatic environment fishes and benthic

organisms will be adversely affected due to concentration of
radionuclides.
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The aquatic environment will show improvement if the
level of radionuclide to be discharged in the waterbody is
reduced below permissible limit. Thermal discharges will
also be minimized after EMP adoption leading tec improvement
in fish population and species diversity.

4.1.2 Abiotic Environment

In air environment the levels of radionuclied is
minimum and its background level will be affected to a very
small extent due to discharges. Air environment however
will be affected due to increased SPM generated due to
construction and transportation. Overall 1increase 1in
temperature of the area will also be evident.

ﬁ\\Surface water quality gets degraded dui\to
redionuclide discharges and thermal discharges, wissmever

there will not be any effect on ground water quality due to
the activity.

In land environment, soil will be exposed to

radionuclides which will travel through the food chain afhd-
. h ¥ R T A S

thus causing ﬁgiﬁéad?to animals and human beings] wwtogg
6‘—2@‘(0——“/(" B T A [ SOy PO ¥ v Cordfpoann L O N G N
Ve 0t 0"(/1.:.2;“ (/w

A minor increase in noise level is expected due to
the activity but after proper EMP adoption it will be within
acceptable;e limit. An overall impact on abiotic
environment is presented in Table 4.2.

4.1.3 Human Interest

An increase in the energy efficiency is expected due
to the proposed activity leading to cheap availability of
electricity and with little pollution load compared to any
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other power generating source. This proposed activity will
contribute to job opportunity but to a very lesser extent.
Education and transportation facilities will improve.
Rehabilitation of minimum number of people i.e. around 286
will be under taken.

—_ 1 /
kolese  oma presesfin, e btbs
LS PN

/N ghuman health 231 be adversely affected due to the
total radiation doses received through all passways viz.
air, water, land. thgshoyie total dose will be kept below
the permissible limitsﬁ;gts csnmiec effect canmk be ruled
out. The total score due to human attributes is given in
Table 4.3. indicating its status before EMP and without EMP.

4.1.4 Aesthetics

Aesthetic environment of the whole area is very good
and it will not be affected adversely due to the proposed
activity. Topographical features, however, will be affected
due to the structures. Water, air and land aesthetics will
show improvement and the results are presented in Table 4.4.

4.1.5 Overall Impact

Overail impact due to the proposed nuclear power
plant is found to be positive as is evident from Table 4.5.
Aquatic and terrestrial environments show minor negative
impact. A negative impact is also seen, however small, in
abiotic environment. Human interests and aesthetics
components of environment show a very good positive impact.
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4.2 ENVIRONMENTAL IMPACT STATEMENT

The Nuclear Power Industry produces a number of
environmental impacts similar to those which are caused by
fossil fuels. However, the principal concern with releases
from nuclear fuel cycle operations has been with radio-
activity and its effects on the biosphere and specially on
human health,

The impact statement focuses on the study area vigz,
30 Km. radius around the proposed nuclear power projects at
Kaiga. The four basic environmental components likely to be
affected are

Air environment

Noise environment

Water environment

Land and biological environment and
Socio-economic environment.

For each of the above components, the impacts are
identified, predicted and evaluated through Battelle
Environmental Evaluation system using Environmental value

function graphs, to classify the adverse and beneficial
impacts.

4.2.1 Air Environment

a) The design of reactors provide for ventilation
systems for the reactor containment building,
service building and other active system intended
for dilution and clean up of air within to ensure
that airborne activity levels in all areas are below
the derived air concentration values. Hence
pollutant emissions may not alter the local ambient
air quality.



b)

c)

d)

e)

f£)

g)
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Exhaust air from ventilation systems may contain
small amount of tritium and radio-iodines. The air
is passed through pre and high efficiency
particulate absolute (HEPA) filters. The levels will
be kept as per ICRP dose limits to members of the
public and may not have significant impact.

Authorised limits for releases are fixed by AERB for
each installation at the site and radiation
protection standards are followed based on ICRP
recommendations. (Ref. Annexure}.

Damage to timber and crops may not occur due to low
concentration of pellutants.

General meteorological data collected indicated that
conditions shall not change as the area is not
falling under industrial zone. All conventional and
unconventional pollutants are within the permissible
limits.

Impact during construction of the proposed project
on air quality shall be limited to marginal dust
emission of fugitive nature.

Net impact from changed scenario of emission due to
release of radiocactivity will be marginal and less

significant to cause any adverse impact on human
health and vegetation in and around 30 Km. radius.

Noise Environment

The impact of noise generated due to proposed plants

on general population is expected to be insignificant as no
human settlement is permitted in the exclusion and
sterlisation zones. The terrains are hilly and the
vegetation cover around is thick therefore impact of traffic
noigse also will be insignificant.
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Water Environment

Dissolved oxygen concentration of receiving waters
may not change as a consequence of the water
temperature and the translocation of water of
difference quality. Fish may not be affected
directly or indirectly because of the dilution to
condensed water. Often fish growth is increased at
warmer temperature because of enhanced physiological
activities.

Aquatic populations may not be affected by toxic
levels of discharge of chemiceals.

As Radionuclide discharge are well within the
permissible limits, it may not add to natural
background radiation for ingested food and water.
Since predicted radionuclide levels in fish tissue
grown in radioactive effluence are far below the
intake guidelines of NCRP, no significant impact on
agquatic organisms is expected.

Possibility of entering Radionuclides to ground
water 1is less due to safety measures in Rad waste
management and thus not affect local plant forms and
animal population.

1t has been contemplated that wastewaters containing
radioactivity are not to be discharged directly but
only through a treatment and monritoring system in
line with as low as reasonably achievable (ALARA)
principle and within the limits specified by AERB
authorities. There would be no significant impacts
due to the discharge of waste waters.
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4.2.3.1 Hydrogeological Issues

a) Beneficial Impacts

As a result of the present study significance of
the occurrence of laterite, and the type of formation they
represent in the study of hydrogeology of the Kaiga area
have been brought to light for the first time, taking Goan
lateritised lands of the adjacent district as the type area.
Indeed laterites have very high potential of ground water,
next only to that of coarse to medium grained sand.

Then the possibility of occurrence of limestones and
karst in association with the Proteozcic formations has been
brought into focus for the first time. Limestones are
invariably karstified on the pattern of the karst of the
type area in Chhattisgarh basin. Indeed with the
development of karst, they become secondary aquifers,
which when developed from the stage of water-yielding
cavities in both phreatic and confined zones are rendered
into medium grade aquifers, matching with the sandstones of
Neyveli Lignite mine area.

With a very high rainfall of 3180 mm in the instant
area covered with evergreen forest in the coastal midlands
of Karwar, all the formations starting with crystallines,
older sedimentaries of the Dharwarian sequence along with
associated karstic limestones, laterites and pebblebeds are
categorise rendered more rich.

Again with an intricate network of faults and
lineaments aligned in NNW~SSE, ENE-WSW and WNW-ESE direction
both regionally and in the immediate vicinity of instant
area the aquifers are rendered much more porous and
permeable with corresponding increase in the net potential
of ground water in the area.
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Adverse Impacts

With large number of lineaments and faults an
intricate network of fault geometry is established
in the immediate vicinity of the site. To this is
added the factor of parallelism of the Kalinadi
river along one of the major lineaments, rendering
the area vulnerable with necessity of adopting
higher factor of acceleration due to gravity 0.24 g
for the safety of the reactor, buildings and
foundation structures.

Then the occurrence of laterite in the phreatic zone
of the instant area and in depth upto a maximum of
about 15 m render the area still more vulnerable
for necessarily providing very high factor of
acceleration due to gravity for design purposes.

Land Environment

There will be negligible loss of forest vegetation
for construction activities. The local landscape is
however, preserved and the soil properties such as
basic structure and erodibility would remain intact.

Due to the proposed activity, the background
radiation levels would not be increased on account
of the typical topography, geography, vegetation and
the land use pattern around the project site. Since
proportionately a small rather negligible stretch
of the whole terrain is traversed due to the

project, the whole ecosystem would rather remain
unaffected.
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Because of the top 9 mw soil layer followed by
granite structure and calcarious nature of the scoil
above, poor lateral permeability is expected to keep
the constituents of the low or high activity solid
wastes in situ, without any adverse effects on the
adjoining soil strata.

Socio~economic

The site is situated in low populated area and
average population densities within 10 km and 5 km
radius.sq.km are 9 and 8 persons respectively. Only

population at Kaiga village have to be rehabilitated
by NPC.

The project has beneficial impact due to improved
infrastructure facilities for surrounding villages
in the form of drinking water, electricity,
community and health centres, schools.

The expected concentration levels of radiocactive
material may not increase more than 2 mrems/yr and
may not reach the population to the extent which may
cause radioactive health hazards.



ENVIRORNINTAL

IMPACT (1000)

f ' 1
— SIOU0GITAL ENVIRONMENT ;-AAEIOT:C ErVRONMERT ] [HUMAN INTEREST | AESTHETICS -
= TEIRRISTRAL Jrm AR 1 rH.mo'\ Health 75 " Topographic 1
[ ] 1 gnergy Economic b Character 20
{11 Nawral Vegetation 60( | kadionuchice: 6C " Benefits 50!
“_} Species Diversity 60| |4sPM 20‘ ; Renhabilitation 25! | Appecronce Of Water
! 1 Crops ‘30: ! Therma! Poluter 20 | Employment 20 Body 10 (]
C N zro- orgenise 40| . ’ Transporigiior 15, Visuc! Quentity Of i
; ~ WATER " Education 15 | Water 10
=i 5
! Surfoce Weice i ! Odour 5
P Fuen 60 11 | Rodronuzlta 141
} Spesras Diversity 501!! | Tomo-cture Bi ' Seund Quality 10 H
By ; )
vionlankicn 30‘ 4 Heavy Metais 8i LVrsibih’fy 5 H
} Zoopiankion 30; ph 5 |
Veeataic Gre-mem Oj}i!Tota' Rarénecs g Diversity Ct Ven:, ation
[Tos 5, Types |o
- Noative Foaura
Ground  Water ; Green Beifs J
Rodionuclide 10 ! -
‘ :
u Temperature 5 , Cultural/Recreational s
| pH 3, Certres 20 |
! i
Totc! Hardness 3|
TDS 3]
Land J
Radionuchdss 20
Sclid Wastc 20
Lond Use 5
Lorg  Fertilit to
Soil  Quar’it, 5
Soii  Erosicn 5
~Jmoise |
[Comuncation Efjec: 30
bl
[Physlologlcc: Effest 20
FIG. 4-1 ASSIGNID WEIGHT FOR  ENVIRONMENTAL PARAMETERS

QLS



€Q.

100

rof
o8}
o6}
04
0,2—
1 1 1 1 1 1 1 1 1 3
10 20 30 40 50 60 70 80 90
FIG. 42, %% OF TOTAL ACREAGE (ECOLOGY)

9.2



£Q.

os8r

o 4f

0-2r

Continuous
Unpleasant

Frequent
Irritating

Sound

Occastonal
Unplecsont

FiG. 4-3.

No Sound Occasional
Pleasant
SOUND (AESTHETIC)

Frequen!
Pleasant

L2



£EQ.

o8t
o6t |
[._____
0.4-
02}
A1 1 1 L d
None Low Low Medium High High
Medium Medium
FIG. 4-4. VALUE SIGNIFICANCE (HUMAN INTEREST)

04w



ENVIRONMENTAL. QUALITY

o087

0-61

0- 4

o-27

+

10 20 30 40 50 60 70 80 30
COST OF ENERGY PRODUCTION, %

FIG. 4.5 TOTAL FUEL CYCLE COSTS FOR NUCLEAR POWER HIGHER

6L2



TABLE 4.1

ENVIRONMENTAL EVALUATION OF KAPP : BIOLOGICAL ENVIRONMENT

Parameters Weight Prestine Without With Change Change
Environment EMP EMP
PIU EIU EI1U EIU EIU EIU
A B C C-B B-A

Terrestrial
Natural vegetation 60 60 50 53 3 -10
Species diversity 60 60 45 50 5 -15
Crops 40 40 30 30 0 -10
Microorganisms 40 40 30 30 0 -10
Aquatic
Fish 60 60 45 50 5 -15
Species diversity 50 50 40 45 5 -10
Phytoplankton 30 30 20 22 2 -10
Benthic organism 30 30 20 25 3 -10
TOTAL 400 400 300 327 27 -100
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TABLE 4.2

ENVIRORRENTAL EVALUATION OF KAPP : ABIOTIC ENVIRORRENT

Paraseters Weight  Prestine Nithout  With  Change Change
Environsent  EMP ENP
PIV 3] L 3] £IY )

A 8 (¥ c-8 8-4
dir
Radionuclidas 60 60 50 55 5 -10
SPH 20 20 10 15 S ~10
Thernal pollution 20 20 15 18 3 -5
Nater
Surface Water
Radionuclides 14 14 10 12 2 -4
Teaparature 8 8 5 é 1 -3
Heavy metals 8 8 5 1 2 -3
pH 5 5 L] S 0 0
Total hardness L] 5 5 5 0 0
Total dissolved solids S 5 5 S 0 0
Sround Water
Radionuclides 10 10 10 10 0 0
Teaperatura 5 5 5 S 0 0
Heavy metals é 6 6 é ] 0
] 3 3 3 3 0 0
Total hardness 3 3 3 3 0 0
Total dissolved solids 3 3 3 3 0 0
Land
Radionuclides 20 20 1 17 2 ]
Solid waste 20 20 5 8 3 -15
Landuse 15 15 10 12 2 -5
Land fertility 10 10 10 10 0 0
Soil quality 5 5 3 3 0 -2
Soil erosion 5 5 2 k| 1 -3
Noise
Communication effect 30 30 25 21 2 -5
Physiologicai effect 20 20 15 18 3 -5
ToTAL 300 300 225 256 31 -15

....................................................
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TABLE 4.3

ENVIRONMENTAL EVALUATION OF KAPP : HUMAN INTERESTS

Parameters Weight Prestine Without With Change Change
Environment EMP EMP

PIU EIU EIU EIU EIU EIU
A B C C~-B B-A
Human health 15 75 70 72 2 -5
Energy economic benefits 50 0 25 35 10 +25
Rehabilitation 25 25 15 20 5 -10
Employment 20 5 8 10 2 +3
Transportation 15 5 10 10 0 +5
Education 15 5 10 10 0 +5
TOTAL 200 115 138 157 19 +23
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ENVIRORNENTAL EVALUATION OF KAPP : AESTRETICS

TABLE 4.4

Parameters Weight  Prestine Without  With Change
Environment  EMP £Xe
PIV (3] 131]

A B ¢ B-4
Topographic Chowacter 20 20 10 10 -10
Appearance of waterbody 10 10 10 10 0
Visual quality of water 10 10 10 10 0
Odour 5 $ 5 $ 0
Sound quality 10 10 8 9 ~2
Visibility 5 5 S 5 0
Diversity of vegetation 10 10 5 8 -5
type
Native fauna 5 5 3 3 -2
Green belts ) S ] 4 -1
Cultural/Recreational 20 2 12 15 -8
centers
TOTAL 100 100 n M -28

.......................................................
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TABLE 4.5

SUMMARY OF ENVIRONMENTAL EVALUATION OF KAPP

Environmental Weight Prestine Without With Change Change
Components Environment EMP EMP

PIU EIU EIU EIU EIU EIU

A B C C~-B B-A

Biological environment 400 400 300 327 21 -100
Abiotic environment 300 300 225 256 31 -75
Human interest 200 115 138 157 19 +23
Aesthetics 100 100 72 79 7 -28
TOTAL 1000 9156 735 819 84 -180

-~ —— " A - —————_ . g - WL Wn Y WS W e e N G VR G FW GE G MM St A W A W N M M G e W T W me @m e W

v8cd



ENVIRONMENTAL MANAGEMENT PLAN



5.0 ENVIRONMEN{TAL MANAGEMENT
PLAN

5.1 CONSTRUCT1ON PHASE

5.1.1 Rehabilitation of the Displaced Population

The area is sparsely populated with population
densities of only 50 persons/sq.km and 9 persons/sq.kmn
within 60 km and 10 km zones around the site respectively.
The village Balamane and Hart.iga fall between 2 km and 5 km
radius (sterilized zone) arcund the site having totatl
population of 87 and 199 respectively.

Peoples frem Kaiga viilage with total population of
265 (8% families) falling under the exclusion gzone have to
be reh=bilitsred at Mallapur. These three villages salready
comwre under Kadra reservoir submergence. NPC with
cooperation of Karnataka State Govt. should rehabilitate
residents of these three villages by providing primary
infrastructural facilities such as shelter, jobs, land for
cultivation, supply of water, electricity, roads and
religioug structures. The proposed resettlement area is
very near to their old settlement and hence the present
civilization and culture of the displaced families is not
expzclted to be affected.

The present majoer occupation in the area is
agriculture and forestry worlk and displaced families can
continue their occupation in the proposed resettled area.
NP has informed that adequate compensation will be paid ta
the displaced {amilies for 2heir real estates and other
structures lire wells, houses a2nd horticulture etc. as por
State Gevt. rnoras,
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NPC has already employed people from Kaiga families
for construction work of unit 1 and 2. Skilled people and
ex~-servicemen are provided security jobs.

The project will improve the standard of living of
the displaced community

5.1.2 Environmental Management during Construction Phase

a) A compact layout shall be attempted for operational
convenience and to reduce bheavy water inventory,
without compromising access for maintainability and
in-service inspection.

b) The structures shall be designed on the basis of
their seismic classification.

c) All safety related systems should be housed 1in
structures designed for that duty. These structures
should be kept outside the influence zone of low
trajectory missiles from the turbine by orienting
the turbine building at an angle.

d) Spent fuel transport tubes through which shuttle
passes from reactor building to spent fuel storage
should be kept straight without any directional
change to prevent shuttle getting stuck in transport
tubes.

e) Calibration and maintenance facility (CMF) has to be
provided in each of the service building for
fuelling machine (F/M) heads. Each CMF will be
shared by two units, of a module. F/M airlocks and
tunnels should be provided for movement of F/M heads
between reactor buildings and CMF in the service
building of twin unit module.
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Sufficient space has to be provided around reactor
building for movement of tower cranes during
construction, equipment movement during erection and
positioning of special heavy duty crane for
installation of steam generators through the
openings provided in reactor building dome.

Each unit shall be provided with two station
auxiliary buildings, physically separated from each
other {(each housing 100X stand by power supply
sources).

Each spent fuel storage should hold fuel discharged
during ten reactor years.

In order to control spread of radicactive

contamination, the plant areaes should be divided into four

zones

Zone~1:

Zone-2:

Zone-3:

Zone-4:

Contamination free zone - Administrative offices,

Control building, station auxiliary buildings,
turbine buildings.

Normally free from contamination, but infrequent
possibility of contamination exists. (Service
building in-active shops, laboratories, change
rooms, wash rooms).

Areas containing potential sources of contamination.
(Service areas for active equipment and materials in
service building, spent fuel stoéage bay, active
waste management area, heavy water upgrading plant
and reactor auxiliary building).

Areas conlaining sources of contamination (whole of
reactor building and de-contamination centre 1in
service building).
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All inter-zonal transition points are provided with
contamination monitors to enforce proper radiation
protection procedures to control spread of contaminations.

The potential for environmental pollution during
construction phase is obwviously considerably less than when
the reactors are in operation. However, the control of
pcllution during construction is of considerable importance.
Wherever applicable detailed procedures should be developed
for control of pollution during the project execution phase.
The following aspects require control during the
construction phase.

5.1.3 Site Preparation

The clearance of site will involve removal of much
vegetation and woodland. Necessary care has to be taken for
replantation of trees or through compensatory forest
programmes. The top soil containing rich humus soil shall

be utilized for development of green belt development in and
around the area.

Substantial quantity of soil and rock will be
produced requiring stock piling and back filling. All the
disturbed slopes shall be stabilized before the onset of
monsoon. During dry weather condition, it is necessary to
control the dust nuisance created by the excavation,
leveling and transportation activities.

5.1.4 Sanitation

The sites should be provided with sufficient
sanitation facilities during construction like supply of
potable water, sanitary latrines, to allow proper standards
of hygiene.
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5.1.5 Air Environment

The engine exhausts from construction traffic, dust
and other sources of emission can affect air quality during
construction phase.

It should be ensured that both gasoline and diesel
powers construction vehicles are properly maintained to
minimise smoke in the exhaust emissions.

5.1.6 Noise Environment

During construction phase noise resulting from
blasting operations, operation of construction machinery may
constitute an additional environmental stress.

On site workers will have to adopt noise protective
devices like earmuffs. The total noise effect on nearest
villages during the construction stage will be negligible
due to surrounding forest area.

5.1.7 Water Environment

The stock piling of overburden can pose serious
problems of erosion and leaching which may have impacts upon
aquatic systems and/or ground water supplies. Enough care
shall be wrdertaken by so0il stabilization and providing
trenches all around the stock pilings.

The vehicle maintenance area should be located in
such a manner to prevent contawination of ground water by
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accidental spillage of oil. Unauthorised dumping of waste
oil should be prohibited.

Care should be undertaken in batch concrete plant so
that the water is conserved. The water arising from washing
platforms shall be collected separately and settled before
its discharge on land.

5.1.8 Land Environment

Ne solid wastes during consturction phase should be

disposed off on land. Combustible waste should be burnt in
a controlled manner. Construction must be examined with
regard to the aesthetic considerations. To prevent damade

to environment due to felling of trees by construction
workers, NPC is advised to provide fuel to the construction
workers at concessional rates.

5.1.9 Site Security

»

A construction site is a potentially hazardous
environment., To ensure that the local inhabitants are nnt
exposed to these hagards, the site should be secured by
fencinrg and manned entry points.
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5.2 POST CONSTRUCTION PHASE
5.2.1 Air Environment
The major non-radioactive pollutants viz; SPM, NOx

and SOZ from local domestic and. commercial sactivities are
not going too high and shall not cross the prescribed

CPCB limits.However, proper land use plan with transport
movement planning for the whole zone of 30 km from plant
should be prepared so that emergency evacuation can be
undertaken effectively. Random growth of the area should not
be allowed. During construction period, dust should be
supressed through chemical binders or frequent water
spraying.Trucks and bulldozers being used during
construction shall not emit significant levels of NOx, HC or
SPM hence, no specific measures are proposed.

Air airborne and gaseous activity from the plant
shall be routed to the atmosphere via a tall stack along
with wventilation exhaust air from the Reactor and Service
Buildings. Before entry into the stack, the air is passed
through high efficiency particulate air filters (HEPA) for
removsl of most of the particulate radiocactivity.

The environmental conditions obtainable at the aite
determine the quantum of annual dose limt apportionment to
each of the air, water and land environments, The
apportionment for the air route is then translated into a
set of derived working limits taking into account Lhe
following

a) External exposure {(due to beta and gamma emitters)
fromplume

b) Internal dose due to inhalation,
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c) Internal dose due to ingestion of agricultural
produce affected by deposition of radioactive
material on ground

d) Internal dose due to ingestion of ground deposited
radioactivity by animals and subsequent consumption
of milk, meat or eggs

The above derived working limits are further
apportioned for daily routine releases, and occasional
short term high releases, in such a manner that the annual
dose limit is not exceeded.

Radicactive effluents released from the stack are
continuously monitored for inert gas activity, particulate
activity, iodine and tritium, to ensure that releases are
within stipulated limits,.

5.2.2 Noise Environment

a) It is recommended that while procuring major
machines/equipments locw noise generating machines be
given preference. Proper installation of machines
reduce noise generation.

b) The machines should be maintained properly.
Particular attention should be given to mufflers and
silencers.

c) The operator’s cabins should be acoustically
insulated with special door and observation windows.

d) The operators working in high-noise area should be
provided with ear-muffs/ear-plugs and properly
trained to use the same.
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e) The duties of employees working 1in high noise area
be rotated systematically.

f) The green belt around the plant should be
maintained.

5.2.3 Water Environment

a) Thermal Regulation

The thermo-regulatory behavior is governed by
various factors (other than temperature) such as
availability of food and dissolved oxygen (D.O.), absence
of predators and parasites, limited gas pressures and
avoidance of high temperatures. Thermo-regulatory quality
prevents fish from long residence in adversely conditioned
waters,

70 % of heat produced in the thermal power station
is discharged as unutilized heat to the aquatic environment
in condenser effluents and coolant air. If cooling towers
are not set up, the waste heat appears largly as an increase
in temperature over intake waters to the condenser. The
heated waters mix with the waters of the receiving reservoir
and rapidly discharge its heat into the ambient waters. The
small rise in temperatures of the ambient waters at outfall
and downstream, nhas been concern to the ecoclogists, The
temperature should not raise 5°C so as to protect Aquatic
environment.

The temperature effects on fish behavior depend on

the nature of the environment, discharge practice and
species under observation. The acclimation temperature of
the fish, before it ventures into heated waters, decides

its ultimate preferenda. Conditions of unadulterated thermal
pollution do not exist in field conditions of _unadulterated
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thermal poltlution do not exist in field condftions and the
drive for fish behavior comes from its need to survive in a
safe environment, Thermal strains can lead to a chain of
events leading to antagonisms among the fish community.
Aggressiveness may increase predation and temperature
increase may reduce dissolved oxygen. Hence the temperature

at discharge point should be monitored and controlled.

b) Thermal Discharges

The monitoring requirements for thermal discharges
into lake waters are as follows :

a. Mapping and modeling of thermal plumes to varying
seasonal conditions; temperature, plume dynamics,
surface wind speed, currents are required.

b. Water quality for residual chlorine, dissolved
gases, air temperature, dissolved solids (fresh
water) shall be carried out,

c. Phytoplankton and zooplankton content in waters
near intake identification and estimates of

total magss in stressed and unstressed areas are to
be studied

d. Macrobenthos characteristics should be studied

e. Aquatic environment should be protected by

controlling radioactivity releases in to Kadra
reservoir

f. Discharge effects-density and distribution, density

in plume, are to be monitored. Effective steps
have to be undertaken
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c) Ground Water

With high rainfall pattern and evergreen forest in
the instant area coupled with intensive lateritisation of
the area, the water and groundwaetr in both phreatic and
confined zones have a tendency to leave by the shortest
trajectory possible to account for high runoff of the
perennial rivers and streams, with tendency of very low
mineralisation with the result that the water is chemically
of very high order of purity with its suitability for
potable and other purposes. This gives a very happy picture
with no shortage of water and groundwater even with the
expansion of nuclear power activities for all practical
purposes in the project area and the staff colonies.

d) VWastewater

The purpose of the liquid effluent management plan
{ LEMP) is to hold, control and dispose off all active
liquid effluents from the operation of the station. A
centralized effluent treatment system may be constructed to
process all the liquid effluents generated from reactors |
to 6.

Holding and disposal tanks should be designed in
such a manner that they can hold all liquid effluents
generated both under normal and off-normal conditions.
Provisions for holding the contents of these tanks may be
made in case of rupture on similar structural failures.

Monitoring of all effluents for radioactivity is
mandatory. Further, the final effluent should also conform
with the standards for nonradioactive parameters stipulated
by the local Regulatory board.
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Dilution and disposal routes are to be followed.
Keeping in view of annual limits set for tritium as well as
beta-gammas activity.

The design capacity for the units incorporated in
concentration and containment route should be adequate to
handle off-normal situations. The strength of the
solidified material should be greater than 32040 Kg/m3 after
48 hours. Also the permeability of the solidified structure
should be less than 1)1;10—5 cm/sec.

The treated sewage from the colony should conform
with the standards stipulated by the local regulatory Board.

5.2.4 Land Environment

To carry out the project avtivity some land has been
acquired by the NPC from the Karnataka Forest Development.
Details of this diversion of the forest land for the
development of the project are presented in Table 5.1. It
may be seen that 120 hectares of land is envisaged to be
used for construction of s8ix units of the nuclear power
generation. In addition to the land area actually occupied
by the reactors, offices, stores, workshop, other unitsa
and roads, there should be some area around these
gstructures available for green belt development. It ise
suggested that some of the local plant species listed au
naturally growing on the middle and upper canopies on the
hills, together with some ornamental species such as ‘'Gul-
Mohr', ‘Jacarranda’, ‘Babul’, ‘Amaltas', ‘Kanchan', 'Bel’,
and ornamental flowering shrubs such as Ixora, Jaminum,
Hibiscus, Roses, Mussanda, Nyctanthus, Lagerstroemia and
also lawns and seasonals may be considered for this.

A commpensatory afforestion plan for approximately
75C hectares of non forest land selected by the State Forest
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Department at Mandya and Chamarajanagar Divisions of Mysore
in liecu of forest land released for Kaiga Project has been
prepared by the State Forest Department covering a total
expenditure of Rs. 1.33 crores spread over 7 years from
1987~-88 to 1993-94.

5.2.5 Solid Wastes

The radiocactive solid wastes are grouted with cement
and bitumen in M.S. drums and these drums are contained in
RCCT or tile holes. There is a pcssibility of leaching of
radiocactive and non-radicactive pecllutants when it comes 1n
contact of water.

The system should provide for detection cracks or
crevices in these cement structures. The bore holes
provided around these tranches have depth only up to the
bottom of the trenches, \The downwgrd flowing leachat ¢sn
will never have acces to these bore holes. These holes are
located very close to the trenches., It is desirable 1o
space these bore holes at different depth and distances
The monitoring of leachates from these bore holes should bie
quite frequent following regular sequence.

In rainy season water if found ticklies ocut from rock
or in the form of small streams which may be comming frtom
waste storage yard. Such streams should be regularly
monitored and arny wate body close to solid waste management
facility should alsc be menitored regularly.

5.2.8 Socic-economic Environment

A critical review of the socio-economic profile of
the study area and the socio-eccnomic survey conducted in
the adj)oining rural area of Kaiga Project has brought forth
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following significant observations which need to be
considered for preparing the EMP. It is envisaged that such
an EMP would help in mitigating the adverse and unfavourable
reactions of the people in the area towards Kaiga Project.

The observations are

a)

b)

Because of poor transport and communication in the
area educational as well as medical facilities for
the rural population are very unsatisfactory. The
hospital which caters to the needs of the project
staff does not extend medical aid to the local rural
inhabitants excepting in case of emergency. People
expressed that they should be helped by NPC in this
regard tec some exitent by conducting medical camps,
mobile dispensary, donating funds to the local gram
penchayats for setting up dispensaries etc.

Some welfare activities in the rural area by way of
providing sports material, teaching aids etc. to the
schools have been taken up by NPC management. The

concerned people have expressed their happines over
this.

It is felt that such welfare activities should be
continued or intensified to win over the people’s
negative feeling towards the project.

The negative feelings of these people is mainly due
to the propoganda carried out by anti nuclear lobby
working in the area. This section of the people has
develioped a fear of cataztrophes like Bhopal and
Chernobyl and also the heslith hazards of radiation
in the minds of lecal people. It is necessary that a
proper strategy for safety training and awareness
about nuclear power amongst local people shculd be
planned out. To plan the stretagy it is necessary to
carry out a diagnosis of the basic education level



299

of the people concerned, their missapprehensions
about the nuclear power and also the inputs by the
interested activists. Based on these findings audio-
visual aids, exhibitions materials and other
educational inputs should be developed to create
proper awareness about the very concept of nuclear
power in the minds of people and also to mitigate
the fears related to accidents due to nuclear power
as well as health hazards due to radiation.

5.2.6.1 Community Development Activities

(i) Empioyment opportunities, (ii) provision of
facilities at karwar and other locations situated near Kaiga
and Mallapur.

i Employmant Opportunities

The 1anJ.affected families were identifies and have
been provided with employment at the rate of one per
family, and as on date, about 100 land-affected
enployees are working at the project.

ii Provigion of Facilities in and around Karwar

An amount of Rs. 84,000/~ was granted to the locel

municipal authorities for construction of toilet
facilities for the residents of Karwar town. About
35 number of schools were provided with teaching

aids and books in and around karwar, Mallapur and
Kaiga.

5.3 GREEN BELT DEVELOPMENT

Though it may be difficult to design and develop a
green belt, as is often done for other industrial projects,
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within the topography & landscape available in the present
project, certains guidlines have been presented here.

For reasons of general welfare and aesthetics, it is
essinetial that wastewaters from office, work-shop and
residential areas be separately collected treated and
recycled for development of gardens and resorts within the
boundary wall and around each administrative and process
wing within the project Fig. 5.1.

It is essential that a screen of sweet scented and
ornamental flowering plants in developed all arocund the
residential waste treatment units and evaporation ponds.
The recommended plant species for this purrpose are given in
Table 5.2, These plants should be planted in two rows as
indicated in this Table. The plants in the outer row should

be placed in a staggering orientation with those in the
inner row.

Recy<cling of wastewater from the residential areas
and office building can be effictively carried out for
plantations along and outgide the boundary wall of the
project. Around any noise generating units, thick growth of
plant species, suitable for this purpose, should be done.
Species from those listed in Table 5.2 should be s=zlected.

5.4 POST PROJECT RADIOACTIVE MONITORING AND SURVEILLANCE
PROGRAMME

Measurements are proposed using radio-activity
/radiation monitors and detectors. Measurements of external
radiation will be done using survey meters such as GM
counters, ionization chambers or ventilation detectors. Air
and surface contamination measurements will be done by
analysing the radio-activity content of samples.
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The analysis both in the plant and cutside premises
are recommended under a regular sampling/monitoring
programme by DAE personnel, who do not form part of the
plant O&M organization.

Procedures are to be established for normal
releases, anticipated abnormal occurrences and corrective
actions thereof. Alarm and isolation devices are also to be
incorporated in design to prevent uncontrolled releases.
The technical specifications shall prescribe the testing and

maintenance frequency of each monitoring equipment and the
agency doing this.

5.4.1 Area Monitoring

/

The area monitoring system in the plant provides
information to assess the radiation status of various areas
in the plant to aid in the setting of working time limits

for personnel and to warn personnel in case of high
activity.

Each of the monitors is connected to an alarm unit
which actuates a rotating fiash light and a hooter locally
and an audio~visual annunciator in thes control roomn. Two
alarm outputs, high activity which is twice the background

and very high activity, which is ten times the background
have been provided.

In addition to monitoring by fixed area monitoring,
dose rate measurements are made tc assess the radiation

field in the working environment. Besides, routine
measurements are made for assessment of air contamination
levels. These include assays for tritium, radio-iodines

and particulate radiocactivity.
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5.4.2 Personnel Monitoring

External dose measurement for all personnel in the
Stations done through use of film badges, direct reading
dosimeters and thermoluminescent dosimeters (TLD). Special
filme are used for measuring neutron exposures.

All internal exposures are assessed by assessed by
performing mainly body excretion analysis, i.e. by sampling

urine. Whole body monitoring is also done routinely in
which exposures to radioidines and other radionuclides
except tritium are measured. Internal doses assessed and

calculated as per internationally accepted techniques are
included in the personnel dose records under the supervision
of thg Health Physicist-in-charge. The biocassay programme
calls for both routine and non-routine analysis to meet all
eventualities. Exposure control philosophy of Kaiga Project
is shown in Fig. 5.2.

5.4.3 The Environmental Surveillance Programme

Assessment of doses to members of the public is done not by
individual monitoring but by assessments through sampling in
the environment and statistical calculations. In order to
achieve this, a comprehensive environmental surveillance
programme has to be established at all major facilities.
The programme shall have the following objectives

i. Baseline radioactivity measurements

ii. Pre-operational studies regarding identification of
critical pathways, radionuclides and foods to help
in the establishment of authorised limits
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ijii. Collection of data to assess the recipient capacity
of the environment

iv. Monitoring during normal operation of the plant

v. Provision of monitoring services in cases of
uncontrolled releases of radio-activity into the
environment

The surveillance programme is carried out on a
permanent basis by Health Physics Division , .BARC (which is
outside the control of the plant O&M Organization). The
personnel in charge of the surveillance programme are well
qualified and experienced. The results of all operational
aspects of the station are subject to review by a three tier
Safety Committee System of AERB implement safety
fégulations. The final review is by the Atomic Energy
Regulatory Board.

NPC states that experience during the last 15 years

of such programmes has given satisfactory results to contain
radio~activity within ICRP limits.
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5.5 BUDGETORY PROVISIONS FOR EMP

Adequate budgetory provisions have to be made by NPC
management for execution of environmental management plans.
The details of capital and recurring (per annum) budget
earmarked for pollution control/ monitoring equipments,
operation and maintenance of raidoactive waste treatment
plants and for green belt development will be -

i. Total investment Rs. 2376 Crores
ii. Radiocactive waste management

a. Non-recurring Rs. 10.0 Crores
b. recurring/ annum Rs. 75.0 Lakhs

iii. Radioactive Monitoring

a. Non-recurring Rs. 5.0 Crores
b. Recurring/ annum Rs. 50.0 Lakhs

iv. Green Belt Development

a. Non-recurring including Rs. 1.5 Crores
forest compensation
b. Recurring/ annum Rs. 15.0 Lakhs

v. Social Welfare Programme

a. Health Aspects

Non-recurring Rs. 50.0 Lakhs
Recurring/annum Rs. 5.0 Lakhs

b. Water Supply & Sanitation

Non-recurring Rs. 20.0 Lakhs
Recurring/ annum Rs. 4.0 Lakhs

vi. Total Investment on EMP

Non-recurring Rs. 17.2 Crores
Recurring/ annum Rs. 149.0 Lakhs
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FIG 5-1. MAUJOR AREAS FOR GREEN BELT DEVELdPMENT OUTSIDE THE PLANT, KAIGA
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TABLE 5.1

DIVERSION OF FOREST LAND APPROVED BY GOVERNMENT OF INDIA

Purpose of land acquired Area acquired in
Hectares
Construction of existing two units 40

of 235 MWe each

Mext two units 30
Further two units 50
Laying of proposed transmission line 612
Exclusion zone 545

TOTAL 1277

- — o — ———
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TABLE 5.2

RECOMMMENDED PLANT SPECIES TO BE PLANTED IN
TWO ROWS AROUND WASTE TREATMENT UNITS

Plant species for Plant species for
Outer Row Inner Row

Cestrum aurantiacum
{flower orange red)

Gardenia florida
{(flowers white)

Bauhinia corymbosa
(flowers white)

Hamiltonia suaveolens
(flowers white)

Sophora secundiflora
{flowers violet blue)

Cestrum diurnum
(flowers white)

Galphimia gracilis
(flowers golden yellow)

Cestrum nocturnum
{flowers white)

Nerium odorum
{flowes white; pink)

Cestrum paraqui
(yellow flowers)

Tecoma stans
{flowers yellow)

Nyctanthes arbor-tristic
(flowers creamy white)

Bauhinia variegata Jasminum sambac

(flowers white)

Bauhinia purpurea
{(flowers pink)

{flowers double white)

Osmanthus fragrans
(flowers vellow)
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6.0 NUCLEAR SAFETY ASPECTS

One of the most important questiens concerning
safety of a nuclear reactor is to ensure that adequate
cooling is provided for the nuclear fuel at all times
including periods when the reactor is in a shutdown state. A
description of the various heat sinks for the fuel available
in the PHWR design is presented in this chapter.

While the design and operation principles of plant
systems ensure that the likelihood of malfunctions leading
to unsafe situation is small, such failures are still
postulated, and safety systems provided to minimise the
impact of these failures. The safety systems to be provided
in PHWRs are i) reactor shutdown systems, ii) emergency
core cooling system, and iii) containment system. These
systems are described here.

The staticn service electric supply system, which
is an important safety support system has also been
described. Fire fighting systen, which has an obvious

safety role is also described.

6.1 REACTOR CORE HEAT SINKS

6.1.1 Steam Generators—-Feedwater System

The normal heat sink for the fuel in the core is
provided by forced circulation of primary coolant which
transfers the core heat to the secondary coolant in the
steam generators. The feed water is supplied to the steam
generators by 3 x 50% boiler feedwater pumps.
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The steam flow from the steam generators, the
normal path for which is through the turbine and condenser,
can also be directed under transient conditions through
steam dump valves to the condenser directly (provided
adequate vacuum is available in the condenser) or through
the atmospheric steam discharge valves to atmosphere. The
dump valves will have the capacity to pass 70 % full power
steam, while discharge valves will pass 100 %X steam flow.
Such provisions allow steam generators to serve as heat
sink for the core even under certain transient/ off normal
conditions when the turbine will not able to take all the
power generated by the reactor.

Under reactor shutdown conditions, cooling of core
to remove decay heat will be performed by natural
circulation of primary coolant (i.e. forced circulation will
not be necessary). On the secondary side, feed flow to
the steam generators, will be at a substantially reduced
rate i.e. (sbout 2.5% of normal feed flow) will be provided
by one of two auxiliary boiler feed pumps. These pumps are
powered by class II1 (diesel generatcr backed) electric
supply. The pipe from auxiliary boiler feed pumps will be
routed in such a way that auxiliary feed water can be
supplied direct to steam generators independent of main feed

lines. Thus in the event of failure of main feed water
supply either due to failure of main feedwater pumps, or
normal electric supply failure, or due to a break in the

feedwater line, while the reactor would be tripped (on low
steam generator level or high primary system pressurej,
decay heat removal would be ensured by the auxiliary feed
flow which will start automatically. The steam generators
normally contain an inventory of water with thermal capacity
equivalent to two full power minutes of energy. Because of
this, a few minutes delay in restoration of auxiliary feed
flow would tolerable.

The deaerator, from which the main and auxiliary
boiler feed pumps draw their supply, will have an inventory
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equivalent to about six full power minutes at the very low
level when reactor trip will initiate. This inventory will
be sufficient to maintain the reactor under hot shutdown
condition or to bring it to cold shutdown condition.
Besides, two full capacity condensate extraction pumps,
and two auxiliary condensate extraction pumps ( the latter
on class III power supply) will be provided for reliable
supply of water to the deaerator.

To cater for an extreme situation involving total
loss of feedwater, there will also be a provision for
adding water from fire water system to the steam

generators. This water will be however at low pressure,
and will enter the steam generators after they have been
depressurized by blowing steam. The auxiliary feedwater

system from the deaerator upto the steam generators is
designed for SSE conditions.

6.1.2 Shutdown Cooling System

An alternate heat sink for removing decay heat is
the reactor shutdown cooling system, which is normally used
for cold shutdown conditions. The system circulates primary
coolant water (by means of shutdown cocling pumps, powered
by class III electric supply) through heat exchangers,
which transfer heat to the process water system. While two
shutdown cooling trains will be provided, one on either
side of the reactor, one train will be adequate to remove
the decay heat. The shutdown cooling system is normally
intended to be valved in when primary coolant temperature
has been brought down to 150°C, However, under emergency
conditions, in case of necessity, it is possible to valve
in this system even at full system temperature and pressure.
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6.1.3 Process Water System

The process water system, during reactor operation,
removes heat generated in various reactor systems,
including moderator, end shields, calandria vault water,
reactor building atmosphere and sundry equipment, and also
enables cooling down of the primary coolant system bleed
flow in the bleed cooler and fueling machine return flow.

During cold shutdown conditions, apart from
providing the cooling for above systems (although at much
reduced heat generation rates), the process water also
removes core decay heat through the shutdown cooling system.
Under postulated loss of coolant accident conditions, the
process water system would also be called upon to remove
core decay heat through emergency core cooling heat
exchangers.

The individual systems reject heat in heat
exchangers to a closed loop process water system. The
process water will be in turn cooled in plate type heat
exchangers by a tertiary loop. This tertiary loop rejects
the heat to the atmosphere in induced draft cooling towers.
All parts of the system including the cooling towers
required for heat removal during reactor shutdown

conditions, or during accident conditions, will be
designed to safe shutdown earthquake conditions and will
have pumps powered from class III electric supply, with

adequate redundancy to satisfy the single failure criterion.

The induced draft cooling tower basin will be
divided into two halves will have enough water capacity to
dissipate reactor decay heat for more than 24 hrs without
make-up water. Normal make-up flow to the cooling tower to
compensate for evaporation, drift and blowdown losses,

comes from the plant water supply system, and is controlled
automatically.
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In the event of failure 1in process water
intermediate (closed) loop or tertiary loop due to pipe
rupture or otherwise, there will be a provision for
separate backup supply to heat exchangers of critical
equipment individually from fire-water system.

6.2 SHUTDOWN SYSTEMS

The shutdown function in PHWRs will be achieved by
shutdown systems which are capable cf completely terminating
any of the postulated reactivity transients in the most
reactive state of the core. The characteristic design
parameters specified for the shutdown systems are

* The sallowable delay between detection of the event
and initiation of shutdown,

x The speed of negative reactivity insertion, and

x The total worth of negative reactivity addition to
the core

The above requirements are specified based on the
worst postulated fast reactivity transients.

In PHWRs, the voiding introduced during large break
loss of coolant accidents gives rise to the highest rate of
positive reactivity addition. The delay in actuation and
the rate of insertion of negative reactivity provided by
shutdown systems should meet the requirements of terminating
the effects of the positive reactivity transients caused by
large break LOCA. In addition, loss of regulation where
all reactivity devices in the core could be moved at their
most reactive withdrawal rates also forms the basis for
choice of the design parameters for the shutdown systems.
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The total worth of the shutdown system is governed by
appropriate combinations of events which include complete

voiding in the core; cooldown of fuel, coolant and
moderator’ as well as decay of xenon poison in a prolonged
shutdown. In arriving at worth of the worths of the

shutdown system, consideration is given to the core neutron
flux pattern under various expected states of the core viz.
different levels of boron concentration in the moderator
positions of regulating and absorber rods and the fuel
burnup levels. These shutdown requirements are to be met in
235 MWe PHWR by the following systems :

i) Fast Acting

a) Primary shutdown system comprising 14 cadmium
shutoff rods

b) a redundant, diverse secondary shutdown system
comprising 12 liquid shutoff rods

ii) Slow Acting : automatic liquid poison system injecting
boric acid solution into the moderator

6.2.1 Fast Acting Systems

x Primary Shutdown System

This shutdown system is the primary means of
rendering the reactor subcritical by a-adequate
margin from all normal operating conditions and
postulated accident conditions for sufficient time

(till the automatic poison injection system is
actuated).

The primary shutdown system will have shutoff rod
mechanisms at fourteen loccations in the reactor.
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Each of the fourteen mechanisms has cadmium shutoff
elements. These rods will drop in the core under
gravity whenever a trip signal will be received.

*x Secondary Shutdown System

The secondary shutdown system is a fast acting back-
up system to the primary shutdown system. This
system provides sufficient reactivity worth by
promptly filling twelve vertical empty tubes in the
reactor core with a solution of neutron poison
material. This system is not only independent of
the primary shutdown system but is also divers in
function, and separate in physical location.

6.2.2 Liquid Poison Injection

This system automatically injects, on receiving
appropriate signal, controlled quantities of boric acid
into the moderator circuit to ensure guaranteed
subcriticality of the reactor for prolonged periods. The
boric acid solution will be held in poison tanks readily
usable at all times. Poison solution from these tanks will
inject automatically into the moderator :

% with a8 delayed action, if the reactor is held in
shutdown state by the primary shutdown system.

* immediately, if the shutdown is achieved by using
the secondary shutdown system

These provisions will ensure a large negative
reactivity insertion in the core accommodating all possible
reactivity transients including the slower ones like those
of xenon decay, cool down of the core to ambient conditions
etc.
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6.2.3 Trip Parameters

Reactor shutdown will be actuated by a number of
trip parameters selected to ensure that there will be at
least two parameters for detecting any serious malfunction

requiring a reactor shutdown. Triplicated sensors will be
provided for each of the trip parameters. These sensors
will be independent of those used in regulation, in

conformance with the philosophy of separation between
regulation and protection. The trip parameters include
reactor power, primary coclant high or low pressure,
temperature differential in the primary coolant systen
across reactor core, containment pressure, normal electric
supply failure, level in steam generators, low flow in
primary system etc.

Mention may also be made of the reactor setback
feature through the reactor regulating system, which will
be capable of effecting fast power reduction of the reactor
for abnormal situations which will not be severe enough to

warrant shutdown. Such provision will reduce reactor power
at the rate of 0.5 % / sec on detection of situations such
as high coolant channel outlet temperature, high bleed

condenser level etc.

6.3 EMERGENCY CORE COOLING SYSTEM (ECCS)

Because of the inherent safety features of PHWRs,
as mentioned before the consequences of a loss of coolant

accident, simultaneous with non-availability of emergency
core cooling system will be much less severe, compared with
those in pressure vessel type of reactors. This is because

of the presence of large body of low-energy moderator
surrounding the fuel channels of the open-lattic core.
Nevertheless, ECCS will be provided as an important safety



317

system in the Indian PHWRs to cool the core and thereby
limit core damage in the event of postulated loss of coolant
accidents.

The design requirement of emergency core cooling
system will be able to provide sufficient cooling of the
core following a LOCA, so as to limit the release
of fission products from the fuel and to ensure the
integrity of fuel channels.

The emergency core cooling system incorporated in
current Indian PHWRs involves the following stages :

i) High pressure Dy,0 injection.

ii) Intermediate pressure Hy0 injection.
iii) Low pressure H20 injection.
iv) Low pressure long-term recirculation.

Fig.1.5 shows a simplified schematic of the system.
The first two stages of high and intermediate pressure
injection are provided by a system of accumulators
containing water with nitrogen gas tanks to provide the

necessary pressure., The system is initiated at primary
coolant system pressure of 5.4 MPa. When the water in the
accumulators is exhausted, low pressure injection followed

by recirculation provided by pumps take over while the
initial low pressure injection is provided from an overhead
tank, the long~term recirculation is provided through the
containment suppression pool water.

The provision of D,0 accumulator for initial high
pressure injection permits its use during certain non-LOCA
transients to make up fast shrinkages in PHT system,
without downgrading the PHT heavy water.
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All motorized valves in the system will be
duplicated appropriately tc satisfy the single failure
criterion. For low pressure injection and recirculation,
X 50 % pumps will be provided for redundancy. They will be
powered from Class III electric power supplies (i.e. supply
backed by diesel generators). Operability checks for all
ECCs valves and pumps together with logic checks are
possible with reactor in operation. No operator action is
envisaged in operation of the ECCs following in LOCA, till
tong-term recirculation flow will be established. The
system is seismically qualified for 'SSE’ conditions.

For accidents involving very small break LOCA
{viz.instrument line break - which are within the capacity
of PHT pressurizing pumps) additional provisions shall be
made so that they can be handled without involving the ECCs
described above. These additional provisions involve
collecting the spilled/ 1leaked Do0 through appropriately
located drain lines, into a tank, and pumping it back to
the primary c<oolant system storage tank after cooling it in
a heat exchanger.

6.4 CONTAINMENT SYSTEM

While the inherent safety features, design
provisions and safety systems mentioned earlier will reduce
the chance of an accident to a very low probability, an
added level of safety shall be provided by the containment
building surrounding the reactor. The chief function of

containment system will be to 1limit the release of
radioactivity to the environment in the event of postulated
accidents involving the reactor, to within acceptable
limits.,
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6.4.1 Double Containment

A salient feature of this design is the use of
double containment principle. The annular space between
the primary and secondary containment envelopes is provided
with a purging arrangement to maintain a negative pressure
in the space,. This arrangement would prevent ground level
releases to the environment during accident conditions
involving radioactivity release into the primary
containment,

The containment structures will be of concrete. The
primary containment will be prestessed concrete structure,
consisting of perimeter wall topped by a flat roof (or, as
in later designs, by a dome). The outer, or secondary
containment envelope will be reinforced concrete cylindrical
wall topped by a reinforced concrete dome. The primary
containment uses epoxy/ vinyl coatings liner for added
leaktightness and ease of decontamination.

Care will be taken to see that provision of double
containment extends over all penetrations and leak paths.
For example, for airlocks, three closure barrier can be
provided; the space between the outermost and middle barrier
can be vented to secondary containment atmosphere.

Automatic isolation of the containment should be
initiated in the event of i) pressure rise or ii) activity

buildup in the containment. Typically, the primary
containment is designed for an internal pressure of 1.26
Kg/sq.cm. (gauge) while for the secondary containment, the

design pressure is 0.073 Kg/sq. cm {(gauge), The design leak
rate for each of the two envelopes is 0.1 % of the contained
volume per hour at its design pressure. However, the
radioactivity release calculations are conservatively done
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with three times the design leak rate to account for
possible deterioration in the building leakage rate during
the life time of the building.

6.4.2 Pressure Suppression

A pressure suppression system incorporating a
suppression pool will be used for limiting the peak pressure
in the containment following a loss-of-~coolant accident,
this system condenses the part of the steam released during
a postulated loss of coolent accident and thereby will limit
the pressure rise in the containment. To achieve this
function, the primary containment building will be divided
into two accident-based volumes, Volume VI (‘drywell’) and
Volume V2 ('wetwell’), separated by leaktight walls and
floors. Volume VI encompassing all enclosures housing the
high enthalpy primary heat transport system, and part of
the secondary system. The rest of the primary containment
building will constituteg’/ volume V2 and will include all
those areas of the building that will be accessible during
reactor operation. The lowest floor in volume V2 will be
filled with water upto about 2.4 meters height,
constituting the suppression pool, A vent system will run
from volume V1 and will submerge at the other end into the
pool. Thus the two volumes will be connected through the
water seal of the suppression pool. During a LOCA, the
pressure rise in volume V1 will cause steam-air mixture to
flow via the vent system to the suppression pool, where the
steam will condense, and air escape into volume V2.
Sufficiently large vent openings in the floor slab above the
suppression pool will be made for easy distribution of
released air in volume V2. During normal conditions, thin
plastic sheets will cover these openings and prevent
suppression pool moisture getting into areas in the
containment building.

Although the boundary between V1 and V2 will be
designed to be leaktight, an assumption of a leak path
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equivalent to 0.1 sq m will be made in analysis for
containment pressure/ temperature transient.

The pressure suppression system will be an entirely
passive system and will not perform any function during
operational states. However, during loss of coolant
accident conditions, the suppression pool water will form
part of the long term recirculation mode of emergency core
cooling.

6.4.3 Post-Accident Deppressurization

It is desirable to cool down and thereby
depressurize the containment following an accident in as
short a time as possible so that the integrated leakage from
the primary containment is minimised. During the post-LOCA
conditions, the heat sources are : i) enthalpy of steam
and hot air in containment atmosphere, ii) core decay
heat. The heat sinks, on the other hand are : 1)
containment building aircoolers, and ii) emergency core
cooling heat removal system.

The building air-coolers, distributed at varies
locations in the containment building are used both during
normal operation, as well as for accident conditions. The

coolers are supplied from a assured process water supply;
their fan motors are driven by power supplies backed by
diesel generators (Class III Supply). Furthermore, like
all other containment related engineered safety features,
these coolers are designed to work in post-LOCA containment
environment conditions, as well as under safe shutdown
earthquake conditions. Following a large LOCA, the core
decay heat will be removed by the recirculated emergency
core cooling water which in turn, will reject heat (Lo
process water in a heat exchanger. In order to achieve
further depressurization at low pressure (say below 0.5
kg/cmz. gm ) which may be difficult to achieve by cooling
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alone, there will be a provision for resorting to the
option of controlled gas discharge to stack via filters, if
the circumstances demand.

6.4.4 Containment Atmosphere Clean-up Systems

Two systems have been adopted for post-accident
cleanup of the atmosphere in the containment. these are

i) Primary containment filtration and pumpback system

In this system air flow 1s recirculated within the
primary containment through charcoal filters. The system is
designed to perform containment atmosphere cleanup
operations on a long-term basis after an accident, the
iodine removal half-life being about 3.5 hours. Thus, over
a period of 24-48 hours, significant reduction in
concentration of iodine in the primary containment would be
effected, so that the stack release due to controlled gas
discharge are low.

ii) Secondary containment filtration, recirculation and
purge system :

This system provides multipass filtration and mixing
by recirculation within the secondary containment space,
and also maintains negative pressure within the secondary
containment space. The negative pressure maintained in the
secondary containment space brings the net ground level
release down to virtually zero.
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6.4.5 Structural Design

The loads for which the containment structure is

designed include normal and construction loads, abnormal
loads (including pressure and temperature loads resulting
from the design basis LOCA) and extreme environmental loads
(wind and earthquake), The seismic design is based on

dynamic analysis for the safe shutdown earthquake,
Combinations of LOCA and SSE occurring simultaneously are
considered. Due consideration is given to suppression
pool dynamic loads.

6.4.6 Hydrogen Management

During postulated accidents involving LOCA
simultaneous with impairment of emergency core cooling, the
overheating of fuel cladding could lead to generation of
hydrogen due to oxidation of =zircaloy. Analysis indicates
that considering the large volume of the containment,
(35,000 cubic meters) the resulting concentration of
hydrogen in the containment assuming uniform distribution
would be less than the flammability limit of 4% V/V. To
avoid local pockets of high concentration hydrogen, design
provisions have been made for adequate mixing (i) from
fueling machine vaults/ pressure relief chambers to the rest
of volume V1 and (ii) between V1 and V2.

6.4.7 Containment Testing

To ensure compliance with the design specification

of the containment structure, it has to be subjected to a
pre-operational pressure test (at proof test pressure) and
leakage rate test (at design pressure). The proof test
pressure should be 115% of the design pressure. The pre-
operational leakage rate test also includes determination of
leakage rates at intermediate pressures, so as to able to

determine the correlation hetweern containment pressure and
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leakage rate. Subsequently, the containment should be
subjected to periodic (once in two years) leakage rate
tests, at reduced pressure (typically 30X of design
pressure) to ensure that the leakage rate does not exceed
the specified design limits.

Local leak testing provisions should exist for major
penetrations including access airlocks, ventilation main
inlet and exhaust ducts etc.

6.5 STATION SERVICE ELECTRIC SUPPLY SYSTEM

The station service electric supply system supplies
power to all station loads including safety related loads.
The system has to be designed to have adequate standby power
sources so that in the event of loss of normal supplies,
the essential equipment required for reactor safety can be
kept running. Essentially, the power sources for station
requirements are

i) normal supplies provided from two redundant sources.
viz. from the grid (off-site power) or from the unit
generator,

ii) standby diesel generator,
iii) storage batteries.

The station electric supply system, will be divided
into four classes depending on the importance of loads
connected from the point of view of reactor safety.

Class IV is the normal AC station service supply and will be
derived from the unit generator or from the grid. Loads
that can tolerate power supply failure without jeopardising
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reactor safety will be connected to Class IV buses. Class
IV is also the normal source of power for other class of
power for other class of powers

Class II1 buzes get their supply from Class IV and in the
event of its failure, from diesel generators. Three 100%
capacity diesel generators capable of starting and taking
full load in 30 seconds should be provided for this purpose.
Loads which are required for reactor safety but which can
tolerate short interruption should be connected to this
class (e.g. auxiliary boiler feed punp, emergency Pprocess
water pumps).

Class 11 is uninterrupted alternating current supply,
feeding the most essential loads that cannot sustain any
interruption {(e.g. fueling machine supply pump, various
valve actuators etc.). Class I1I draws power normally from
Class III bus and during unavailability of this source,
from lead acid storage batteries. The batteries should have
sufficient capacity to provide 30 minutes backup supply to
connected loads.

Class I is direct current source, powered normally from
Class II bus through rectifiers and in absence of Class III,
from lead acid storage batteries. All direct current

control power supply requirements are met from Class I
buses.

All the actions required to bring the standby power
sources 1including load shedding if necessary, and
restoration of power supply to safety related loads will be
achieved automatically.

Redundant safety related power supply equipment are
housed in separate rooms designed to withstand safe shutdown
earthquake conditions. All safety related equipment should
be seismically qualified for safe shutdown earthquake.
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Cables to safety related electrical equipment have to be led
through two separate routes upto the equipment to avoid
common mode failure.

6.6 FIRE PROTECTION SYSTEM

6.6.1 Fire Hazard

The major fire hazards in the plant are a) Oils in
fueling machine hydraulic and lubrication oil system in the

containment building; turbine lubrication and power oil
system in the turbine building transformer oil, b) Cables
all over the plant, c) Charceoal filter in the service and

turbine buildings and d) Diesel o0il in the turbine building
and C.W. pump house.

6.6.2 Fire Protection

The concentrations of inflammable material have to
be assessed areawise and suitable fire protection systems
commensurate with the hazard have to be provided in the
various areas, Efforts should be made to minimise the
combustible material usage, wherever possible, by adopting
fire-retardant material.

A fire influence approach as defined by IAEA has to
be adopted as a guideline for the primary containment
building housing all the reactor safety systems. This
approach requires that the effect of spatial distribution of
combustible material in a fire zcone is considered to ensure

that after a fire. The undamaged portions of the safety
system in the affected fire zone will be capable of
performing the required safety functions. Redundancy

should be provided in the system as well as power supplies
with physical separation to the extent possible to minimize
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impact of fire in one system on the other. Emphasis should
be laid on early detection and active fire protection by
fixed installations wherever feasible.

6.6.3 Fire Detection & Alarm System

For prompt detection of any fires, some detectors
shall be widely distributed in the Station. In addition,
thermal detectors will to be provided in cable trenches and
spreading rooms. Flame detectors shall be installed in high
radiation areas. The detection system shall be seismically
qualified to SSE requirements.

An annunciation system in the control room will be
actuated by detectors strategically located in the various
areas of the station. Local visual alarms will also to be
provided in the control equipment room and adjacent to the
signal source. The detection and alarm systems will be
powered by Class I1II power supply. Open circuit or short
circuit faults in the system to be annunciated.

6.6.4 Fire Fighting Systems

The entire plant area should be protected by a fire
hydrant system both indoors and outdoors. A ring main will
be provided covering all the main plant buildings.
Distribution headers will be so arranged that isolation of
any section of the ring main will not compromise the
availability of the fire water supply to any area. The
system will be designed to meet safe shutdown earthquake
requirements. Fire water pumps will draw water from basins
of natural draft cooling towers, which will have ample
water storage (about 12000 cubic metres) for fire fighting
purposes.
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All the major oil-filled transformers shall be
protected by automatic sprinkler systems. Cable tunnels,
cable vaults, and lubricating/ power o©il system of the
turbine will be protected by non-automatic sprinkler systenmn.
Standby power supply diesel generators, and turbine oil
storage tanks should be provided with carbon dioxide fire
protection systen.

In addition to fixed fire extinguishers, various
internal areas of plant building shall be provided with
portable fire extinguishers judiciously distributed taking
note of fire load in the concerned areas.

6.6.5 Fire Fighting Personnel

Each plant will be provided with a group of well
trained central fire brigade fully equipped with mobile fire
fighting equipment. In addition, plant O & M personnel
shall also be imparted training in firs-aid fire fighting
for initial action before the central team arrives on the
spot.
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ANNEXURE 1

RADIATION PROTECTION - ICRP GUIDE LINES (1979)

The recommendations of the International Commission
on Radiological Protection (ICRP) have been used for
development of radiation protection standards applicable to
nuclear power plant operations in our country. The
recommendations encompass not only close limitation to
workers in the nuclear power plant but also dose equivalent
limits to members of the public living in the neighbourhood
of such facilities and to the population at large in a
collective way. Limitation of dose is aimed at both for
normal conditions of operation as well as uncontrolled
releases.

An individual member of the public at the fence post
of the exclusion zone (1.6 km radius of NPP area) shall not
receive more than 100 mrem/year of life long, whole body
exposure (not including natural background and medical
exposures) from all sources and from all routes under normal
operating conditions and 10 rems under design basis accident
conditions. (ICRP states that it is permissible to use a
subsidiary dose limit of 500 mrem in a year for some years,
provided that the average annual effective dose equivalent
over a life time does not exceed the principal limit of 100
mrem in a year). To achieve this, in addition to engineered
safety features, a nuclear power plant should be surrounded
by an exclusion zone upto 1.6 km which is under the
exclusive control of the station and within which no public
habitation is allowed. In other words, the area within the
exclusion zone is ’'restricted to plant operations only'.

Surrounding the exclusion 2zone is an annular area
upto 5 km radius, called the "sterilized zone" in which



natural growth of public activities is permitted but any new
or expansion activities leading to an enhanced population
growth will be subject to review and appropriate regulation.
Since dose limitation to members of the public is achieved
mainly by assessment and not by individual monitoring, there
is new to keep a surveillance on the environment to enable
this assessment to be made. As a result, the option to
monitor all environmental matrices such as food and water,
air, milk, agricultural produce etc., and to exercise
control over expansion of public activities is kept with the
plant management.

In formulating the radiation protection
recommendations, ICRP has evolved a system of dose
limitation comprising three components as follows

1. No practice involving the use of ionizing radiation
shall be adopted unless its introduction produces a
positive net benefit.

2. All exposures (so justified) shall be as low as
reasonably achievable (ALARA) with economic and
social factors being taken into account.

3. The dose equivalents to individuals shall not exceed

the limits recommended by the ICRP for the
appropriate circumstances.

Of these three, component (2) namely the ALARA
principle is the most important requiring optimization of
risks and benefits. This requires the prescription of a
collective dose limit for the nuclear power plant. In
consonance with this provision, the sites for NPP are
normally chosen to be in low population zones.



Under normal conditions of operation, the total
collection dose in the population shall be restricted to 104
man rem in a year from all sources and from all routes
(excluding natural background and medical exposures) when
the population dose is summedup to an atmospheric dose of 1
m rem per year (the de minimis level).

Under severe accident conditions the total
population dose shall be restricted to 106 man rem when the

summation of the atmospheric dose is carried out to a value
of 20 mrem.

Methodology of setting authorized limits

It was mentioned earlier that dose limitation to
members of the public shall encompass dose contributions
from all sources and from all routes. Consequently, the
task of setting appropriate release limits consists of
identifying all the sources that contribute to dose to

individual members of the public and assess the respective
dose component thereof.

The doses comprise not only the present sources but
doses incurred in the future also. Further more, the local,
regional and global components of the total dose commitment
need to be assessed and accounted for. Such a task involves
consideration of many parameters some of which are difficult
to evaluate quantitatively. Pending this, provisionally, a
fraction of the total dose equivalent limit to members of
the public is assigned to the nuclear fuel cycle and to its
various components by further fractionation.,

In this exercise, all sites have been treated as
multifacility sites having a single exclusion perimeter.

Hence the dose limit as recommended by ICRP is apportioned
as follows



1. Apportionment to the pathway considered i.e. water
route, air route.

2. Apportionment of the above to the various facilities in
a given site taking into account the need to have a
reserve for the future.

3. Apportionment of item (2) abave to some of the
important radio-nuclides encountered in a facility.

From the point of view of waste management, the
practice adopted is to have a single point of collection of
wastes, treatment thereof and single point of discharge,
particularly from the point of view of handling liquid
wastes. The apportionment for the water route is the
assigned to then single point discharge, taking into account
all streams of liquid wastes that flow into this single
point treatment centre.

It should be noted that the apportionments referred
to above are expressed in terms of mrem per annum. For
purposes of practical usage it is necessary to convert these
into other limits. eg. ci/d, ci/ma, etc. These limits are
then known as derived secondary limits. The derivation of
such limits is a complex process, depending to a great deal
on the parameters which are site specific. It is therefore
necessary to study all the mechanisms of dispersal of radio
nuclides in the environment. In this exercise, it is found
that certain pathways and certain radionuclides and also
certain foods may be more significant in delivering dose to
members of the public than the rest. Experience indicated
that if these "critical” pathways, radionuclides and food
items are taken into account in establishing the derived
limits, then the dose contributions by all other pathways
and radionuclides can be held to be very insignificant.
Nevertheless, one of the aims of the environmental
surveillance programme is to assess the actual dose and to
monitor all site oriented parameters to provide assurances



that actual dose incurred by members of the public are well
below the limits set forth.

For purposes of the arguments set forth above, the
following example can be cited as shown in Fig.1 For each
of the compartments in the Figure, a transfer factor should
be established based on site investigations during the pre-
operational stages. Sone transfer factors may be in series
and some in parallel. The sum of all parallel transfer
factors and the product of all series transfer factors are
used in the relationship between the dose limit and its
derived counterpart.

Waste Management Practices

From the foregoing paragraphs it can be seen that
the ratio of the input activity into the waste management
facility and what is permitted out of it into the
environment is the decontamination factor that should be
aimed at. The facility should have sufficient capacity to
accommodate normal as well as surge volumes.

The achievement of the desired decontamination
factor depends highly on several parameters such as

1. the physical nature of the waste

2. the chemical and radio chemical properties of the waste
3. the volumes encountered

4. the treatment method chosen

The basic philosophy of waste management can be
classified into two broad classes namely

a) the C-C philosophy - concentration and containment
b) the D-D philosophy - dilution and dispersal



The various methods of waste processing are listed
below :

Solid Wastes

1. baling and incineration of all combustible wastes
2. baling of all compressible wastes
3. burial in

a) concrete trenches

b) concrete trenches lined with asphalt
¢) concrete trenches lined with SS

d) tile holes

Liquid Wastes

1. Direct discharge with filtration and/or dilution
2. Ion exchange

3. Chemical treatment

4. Evaporation

5. Storage in underground tanks

6. Fixing in

a) bitumen
b) glass matrix

Gaseous Wastes

1. Filtration and discharge through stack
2. Filtration, delay and discharge through stack.
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ANNEXURE 11

AIR QUALITY CRITERIA
CENTRAL POLLUTION CONTROL BOARD

AREA CATEGORY CONCENTRATION (ug/ma)
SPM SOZ NOx CcO

A Industrial/Mixed 500 120 120 5000

B Residential/rural 200 80 80 2000

C Sensitive 100 30 30 1000




ANNEXURE I11

EMISSION FACTORS FOR EXTERNAL COMBUSTION (BOILER) FOR

ELECTRIC GENERATION

FUEL : RESIDUAL FUEL OIL

*

Parameters Emission Rates

(Pounds/1000 gallons)

Emission Rates
{Kg/1000 1it.)

Particulate matter 8.00 0.80
S04 1567.50 16.67
NO, 105.00 10.48
HC 2.00 0.20
co 3.00 0.30
* Ref : Compilation of Air Pollutant Emission Factors

(AP-42 Part B) USEPA, Aug. 1977 Third Edition



ANNEXURE 1V

ACCEPTABLE OUTDOOR NOISE LEVELS
IN RESIDENTIAL AREAS

1S:4954-1968

LOCATION NOISE LEVEL

dBA

RURAL 25-35

SUBURBAN 30-40

RESIDENTIAL(URBAN) 35~-45

URBAN {RESIDENTIAL & 40-50

BUSINESS)

CITY 45-55

INDUSTRIAL AREA 50-60




ANNEXURE V
DAMAGE RISK CRITERIA FOR HEARING LOSS

OCCUPATIONAL SAFETY & HEALTH ADMINISTRATION (OSHA)

MAXIMUM ALLOWABLE NOISE LEVEL
DURATION PER' DAY, h dBA (SLOW RESPONSE)

8 90

6 92

4 95

3 97

2 100

1.5 102

1 105

0.5 110

0.25 or less 115




AREXURE VI

CLASSIFICATION OF INLAND SURFACE WATER

(CPCS STANDARDS )
Characteristics A‘ 8e CQ 0Q g
1. Dissolves oxygen, sg/l,Min 6 5 4 4 -
2. Biochemical oxygen desand, 2 3 3 - -
ag/l. Max
3. Total Colifora organisas,? 50 500 5000 - -
HPN/100 8], max
4. Total Dissolved Solids,msg/l, Max 500 - 1500 - 2100
5. Chlorides{as Cl), »g/l, Max. 250 - 600 - 600
6. Colour, Hazen units, Max. 10 300 300 - -
7. Sodiuam absorption ratic, Max. - - - - 26
8. Boron {as B) \, mng/l, Max. . - - - 2
9. Sulphates (as SO‘),lg/I, Max 400 - 400 - 1000
10. Nitrates { as NOS),ngll, Nax. 0 - 50 -
11. Free Asmonia {as ng, 8g/1, Max. - - - 1.2 -
12. Conductivity at 25°C, - - - 1.0 2.2%
sicromhos/, cm, Max.
13. pH value 8.5-  6.5- 6.5~ 6.5 6.0
8.5 8.9 8.5 8.5 8.0
14, Arsenic {as As),mg/l, Max. 0.05 0.2 0.2 - -
15. Iron (as fe) ag/l, Max. 0.3 - 50 - -
16. fluorides (as F), Mg/l, Max. L.5 1.5 t.5 - -
17. tead {as Pb),ng/l, Max. 0.1 - 0.1 - -
18. Copper (as Cu), mg/l, Max. 1.5 - 1.5 - -
19. 1linc {as In}, mg/l1, Max. 15 - 18 - -
$ 1t the coliform count is found to be more than the prascribed tolerance
lisits, the criteria for coliforns shall be satisfied if not more than 20
percent of samples show more than the tolerance limits specified, and not
aore than 5 percent of samples show values more than 4 times the tolerance
linits. Further, the fecal colifara should not be mare than 20 percent of
the colifors. Source: Indian Standard {15:229 - 1982).
& A - Drinking water source without conventional treatment but after

disinfection

B - Outdoor bathing (organised)

C - Drinking water source with conventional tireatment followed by
disinfection

D - Propogation of Wildlife, Fisheries

£ - Irrigation, Industrial cooling, Controlled waste disposal



ANNEXURE VII

INDIAN STANDARDS/SPECIFICATIONS FOR DRINKING WATER
IS 10500 - 1983

Sr. Substance Requirement/

No. or charac- desirable
teristics limit

1. Colour,Hazen Units, Max 10

2. Odour Unobjectionable

3. Taste Agreeable

4. Turbidity NTU, Max 10

5. pH Value 6.5 to 8.5

6. Total Hardness (as CaCOg) 300
mg/1 Max

7. Calcium (as Ca) mg/l, Max 75

8. Magnesium (as Mg) mg/l, Max 30

9. Copper (as Cu), mg/l, Max 0.05

10. Iron (as Fe), mg/l, Max 0.3

11, Manganese (as Mn), mg/l, Max 0.1

12, Chlorides (as Cl), mg/l, Max 250

13, Sulphate (as 804), mg/l, Max 150

14, Nitrate (as NO3), mg/1l, Max 45

15. Fluoride (as F), mg/l, Max 0.6-1.2

16. Phenolics (as CSH508), 0.001
mg/l, Max

17. Mercury (as Hg), mg/l, Max 0.001

18. Cadmium (as Cd), mg/l, Max 0.01

19, Selenium (as Se), mg/l, Max 0.01

20, Arsenic (as As), mg/l, Max 0.05




ANNEXURE VII (Contd.)

INDIAN STANDARDS/SPECIFICATIONS FOR DRINKING WATER
IS 10500 - 1983

Sr. Substance Requirement
No. or charac- desirable
teristics limit
21. Cyanide {(as CN), mg/l, Max 0.05
22, Lead {(as Pb), mg/l, Max 0.1
23. Zinc (as Zn), mg/l, Max 5.0
24, Anionic Detergents (as MBAS) 0.2
mg/1l, Max
25. Chromium (as Cr6+) 0.05
26. Polynuclear Aromatic Hydro- -
carbons (as PAH), mg/l, Max
27. Mineral 0Oil , mg/l, Max 0.01
28. Residual Free Chlorine, 0.2
mg/l, Max
29. Pesticides Absent
30. Radiocactive -
a) Alpha emitters uc/ml,Max 10”8
b) Beta emitters uc/ml,Max 1077




AREIIORE VIII

TUDIAN STANDARDS FOR IEDOSTRIAL AND SEWAGE SPELUENYS DISCHANI
I5:2490-1902

Sr.  Paraseter [ndustrial Efflueat
ho. [ato [aland O land for [uto Hariae [ato Public Sewage
Serfvce Hater Irrigpation Coastal Sewers Iinieyg
ireas

1.  Coloar/Odour - - ’ - . .

2. Suspended Solids, mg/1 100 N 1M (1]] 30
(For process
nste)
3. DParticle Size Shall pass - Tloatabie Solids -
Saspeaded Solids 350 aicroa I Im
[$ sieve Settleable Solids
Hax 850 aicroas
t.  Dissolved Solids 2100 Um - UN
(Inorganic) ng/l Max
5. pl Valae 5.5-9 5.5-9 5.5-9 5.5-9 -
6.  Temperature % Shall mot - 45 at the poiat 45 at the -
exceed 44 in of discharge poiat of
any sectioa of discharge

the streas sithin
15 sts domastrean
fros the effluent

outlet
1. 0il & Grease, ng/l Nax 10 10 u 0 -
8. Total Residual 1 - 1 - -
Chlorine, ng/1, Bax
§.  dmsonical Ritrogea 50 - 50 50

{as 1) ag/], Max

10, Total Kjeldahl Witroges 100 - 100 -
(as B}, ng/l, Nax
11, Iree dnsonja (as Bly) 5 - $ - -

/1, Nax




ARBEINRD VIID (Coatd.)

[UDIAN STAUDARDS POR [NDOSTRIAL AND STWAGE CFELOTUTS DISCHARGE

15:2490-1382

St.  Parameter Indastrial Ifflueat
lo. [ato laland Or laad for [ato Batiee [ato Pudlic Sewage
Surface Water lrrigation Coastal Severs Farwing
Areas
12.  Biochenicai Oxygea o b n 100 5 20
Demand (5 Days at 20°C)
Nax
13.  Chenical Oxygen Demand 250 - 250
ag/l, Bax
14,  Arsenic (as &s), ag/l 0.2 0.2 0.2 0.2
¥ax
15,  Bercury(as Hg), ag/l  0.01 §.01 0.0
L PV
16.  Lead (as Pb), ag/l Hax 4.1 - 1.9 1.0
17, Cadefun (as Cd}, og/l 2 - 2 !
. EV
18. lexava%;nt Chroaius 0.1 - 1 2
(ds Cr™ ), ng/l Nax
19.  Yotal Chroaium {as Cr}) 2 - 2 ]
/1, fa
20, Copper (as Cu), ng/l 3 - 3 3
¥ax
21, limc {as ln), g/l Max § - 15 15
22.  Selesium {as Se), ng/1 0.05 - 8.05 8.05
K
2).  Hickel (as M), sg/l 3 - 5 3
Bax
24, Boroa {as B), sg/l 2 2 2
Mz
2. Percest Sodium, Nax 1] 80




SEERIORE VIII Coatd.)

TUDIAN STANDARDS FOR [WDOSTRIAL AND SEWAGK SFPLOLETS DISCHARGE

15:2490-1982

St.  Parameter Industrial Effloent
bo. [ato {aland On land for [sto Barine [ato Paublic Sevage
Surface ¥ater [rrigation Coastal Sewers Faraing
dreas
26.  Hesidual Sodiue 50
Carbonate, ag/l, Mai
21, Cyanide{as C¥),ag/] 0.2 6.2 0.2 6.2
Yax
28.  Chloride fas Cl) 1600 509 1000
ag/l, dax
29.  Tluoride tas 1) 2 - 15 15
sg/l, Bax
30, Dlssolved Phosphate 5 - - -
{ds P}, ag/i, Max
M. Sulphate (as S04) 1000 1000 - 1000
/i, Max
32.  Sulphide tas §) 2 - 5
s/, Bax
3. Pesticides abseat shsent abseat absent absent
34.  Phenolic Compounds 1 - 5 6
(as Cgls0H)
ag/l, Max
3. Radioactive materfals _1 '
a)lpha enitters 10 10° 10’ 107"
ac/al, Nax
b) Beta emutters 168 0! 1976 198

uc/nl, Max




ANNEXURE IX

INDEX OF CODES USED IN TABLE 2.37 (II)

S.No. Agencies Code Description
1. Educat ional D Primary School
M Middle School
S Secondary School
PUC Higher Secondary/
Pre-University
C College
H Secondary School
2. Medical H Hospital
MCW Maternity and Child
Welfare
3. Adult Literacy AC Adult Literacy Class
Class
4, Medical ¢] Others
MH Maternity Home
CWC Child Welfare Centre
HC Health Centre
PHC Primary Health Centre
PHS Primary Health
Sub-centre
D Dispensary
RP Reigstered Private
Practitioner
CHW Community Health Worker
5. Drinking Water W Well Water
TK Tank Water
TW Tube Well
HP Hand Pump
R River
C Canal
L Lake
N Nullah
0 Other
6. Post & Telegraph PO Post Office
TO Telegraph Office
PTO Post & Telegraph Office
Phone Telephone Connection
7. Communication BS Bus Stand
RS Railway Station
8, Apprcach to KR Kutcha Road
Village RS Pucca Road







