Appendix 6 (73)

DAM AXIS PROFILE DATA.

STATION : No. 14 MUCHITO

- (LEFD) .
No. D H . ‘Remark - - |No. H - . Remark
BM. 0 111975 '
1 8.93] 1120.12
2l 17.25] U 1121.03
31 2646 - 1123.99
4 - 34.88] 112735
5| 43430 113141
6 53.54] 113620
7l 6451 412
8 73.02|  1146.69
.9 79.55| 115093
10 86.60| 1155.04

[u—
—

88.58

1156.25
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Appendix 6 (76} -

DAM AXIS:PROFILE DATA.

STATION : No. 15 KANAKANTAPA (RIGHT BANK).
No. D H Remark No. H Remark
BM. 0 1109.00
S 17.58] 1115.57
2 35.170  1115.86
3 5312 111867
4 69.07| 112143
5 26.59] 1124.39
TP. | 103.04]  1126.20
1l 12204 112840
2 142.71] . 1130.09
3| 161.50] 1131.67
4] asr21| o n3zm|
5 19495 113530
6 212.57| 1137.23
7 23164} . 1139.27]
T™.2|  247.84] 114038
1 266.32] 114141
2l 28435 n42.16
3 303.67| . 1142.60
4 321.14| - 1142.99
5] 338.08] 114317
TP. 3| 355.16] 1143.50
1 374.75| 114398
2] 391.80] 1144.80
-3 40679 114553

T-App.-133




Appendix 6 (77)

DAM -AXIS: PROFILE DATA.

STATION : No. 15 KANAKANTAPA.

- (LEFT BANK) '
No. D H Remark |No. | D H . “Remark
BM. 0 - 1109.00 - {BM. 33285 1118.68 -
1 5.96]  1108.53|Center of Road 1 337.57 1119.96
) 21.13] 1107.03 W=25M. | 2 338.94| - 1120.28]
3 37.09| - 1105.39 <3| -344.19 112174/ Ant Hill
4 52.00] 1103.65 4 34939 112095 -
5 67.17] 110204 o 5] 353220 112088
.6 73.30] - 1101.48|Farm -6l 359.27] 112113
i 83.85|  1100.59|Farm 9l 469211 112230
8 97.94]  1099.94 8| 48660 1123.85
| 9| 50420 1125.56
TP. 1 105.91] ' 1099.17 10| 51862 -1127.03
1 110.07|  1099.20|Water Surface 11 535.62| 112866
2 113.07|  1097.25 12| - 549.95] - 1129.96
31 114.68]  1096.00 13| - 566.13] 113135
4 116.00]  1096.00 . 14 582.76| 113240
5 117.78]  1099.19|Water Surface 15 600.86| 1133.60
6 120.95|  1099.20 ' 16 618.50] 1135.08
7 130,05  1099.77 17 635.75| 1136.52
8 139.69]  1100.79
9 151.60] - 1101.99
10 160.72|  1102.65]Center of Road
11 172.73] - 1103.46 W=2.5M.
12| 184.97] 110478
‘13 196.12]  1105.95
14 206911 1106.71
15 219.89] 1107.52
16 22977 1107.92
17] 24573 1109.88
T™.2| 25459 111095
1 266.17| 1112.37
2 279.02| 1114.00
3 29126 111536
4 30739 1117.24

T*App‘]?i-‘
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Appendix 6 (80)

DAM AXIS PROFILE DATA.

STATION : No. 16 CHONGWE. _ . (REGHT)
No. | ..D H C Remark  [No. | - D. H Remark
BM. 0 1050.823) ' 36| 32026] 1059.60 o
1 470}  1050.50] | 371 32284] 106173
C 2 8.91] | 1049.58 | 38] 32581l 106233
3] tool 104838 39| . 34149 1063.94
4 17.69] 104828} - 40| 356.74] - 1065.35
5 19.98|  :1047.49| Water Surface. at|  373.86] 1066.04
el 2131 104617 42|  391.54] 1066.80
7 26.87]  1046.45 | 43] 40891 '1068.00
.8 39.84| 1046.22| 44] 42797 = 1069.07
91 4229 104821 45 440.21] - 1069.61
10 52.48) ' 1050.82 | 46| 45492 107027
11 57.29] 1051.51 411 473.27] 1071.28
12 63.68(. . 1052.02 48]  488.43| 107218
13 73.43|  1052.68 490 502713 . 1073.12
, 14 8290 ' 105361 50} 52009  1074.29
;3 15| 93.12] 105464 si|  s36.85| 107548
16 102.31] 105572 52 553.28| 1074.48
17 113.71| . 1056.67 | s3] 56998 -1077.89
18 12897 = 1058.13 | s4] 58657 107870
F19]  138.86]  1059.18 : 55 603.90| . "1079.51
120 14949  1059.71 _ 56|  620.89] 1080.56
. 21 160.56) - 1060.30 s8]  638.42| -1081.83
22 168.54]  1060.55] - o 591  657.29| .1084.15
©23 174.36]  1060.76 60 670.71]  1085.42
L 24 187.43| ' 1061.15| . _ 61|  680.18| - 1085.54
125 20646| 106151 62| 69394 108561
[26F  22043] 106271 - S
27 231.81]  1062.82|
28  238.84] 106248}
.29 25504} 1062.53]
‘30|  267.10] 1062.82)
131 300.89]  1062.79]
‘32| 300.05]  106238]
X | 33| 31549 106197
4] 31697] 1061.56
35| 318.84| - 1059.91

CFeApp.131



Appendix 6 (81)

DAM AXIS PROFILE DATA.

STATION : No. 16 CHONGWE, - (LEFT)
No. D H Reniark No. D ~H Remark
BM | o 1050.823 36 45471 07277

1 8.39] - 1050.76 371 - 4722201 107288
2 13.96] 1050.73} 38]  487.33] 107328
3 22.55  1051.07 39 -
4 31.69] 1051.49
5 41.34]  1051.90
6 51,69 1052.25
7 60.02{ 1050.82 :
8 67.64] - 1053.67 JICABM. | 1118.198 = g
9 75.84] . 1054.97 , - -67.375|BAROMETER
10 84.07] © 1056.11 No.16 BM.| 1050.823
11 92.14|  1056.94 Sk
12 101.23| 1057.71
13 109.81] 1058.12
14 117.61] 1058.98
15 125.54]  1060.09
16 130.72| 1060.76
17 14349  1062.57
18] 15981 1064.27
19 17578  1064.27
20 193.90] 1064.89
21 211.75|  1065.53
22 23048 106636
23 250.84|  1067.41
24 259.22| 106770
25 27709  1068.16
26|  296.19  1068.39
27 312.77] 106972
28 329.33|  1069.79
29 34541  1070.25
30 361.84| - 1070.74
31 31792  1070.86
32 393.26]  1071.19
33 407.83] 107143
34] 422871 1071.86
35 437,741 107215

T-App138
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Appendix 6 (84)

DAM ‘AXIS PROFILE DATA.

STATION : No. 17 MWAPULA.

- 104171

260.91

ToApp-141

(RIGHT)
No. D H Remark - [No. D. | H Remark
BM. 0 1 1018.95 gl  272.22] 104236
1 5.74] 1019.19 9 284.40|  1042.92
2 13.87] 101971 10l 29903 1043.92
3 21.55| ' 1020.24 11 312.61] 1044.87
4 3009 0 1020.97 12 328.04] 104583
5 37.97) 102161 13 33622] 1046.26
6 -46.55] 102239 N ] -
7 $5.26| 1023.07 |TP3. 0 0

. 8 62.61| 1023.98 1 34346 104637
9 70.20]  1024.68 2| 35203 © 1046.11
10l 79.80] 102513 3| 361.21]  1046.16
11 89.94|  1025.58 '
12 101,18 © 1026.35

13 11370  1027.22
TP 1. 0 -0

t| 123670 1028.03

2 13042  1028.71

3 139.81]  1020.73

4 149.02| 1030.89

5 159.88) - 1032.30

6l 17031 1033.25

7 179.34]°  1034.22

8|l 18901 . 1035.11

9 198.83] -~ 1036.56

10| 21087 1038.08]

11 221.47|  1038.86
P2 0 0

22147 0 1038.86

2l 227.08] 103936

“ 3] 23046 103971

4l 23584 - 1040.62

sl T230.03] 7 104048

6l 24921 104107

B




Appendix 6 (85)

DAM AXIS' PROFILE DATA.

STATION : No. 17 MWAPULA. (LEFT)
No. D H Remark No. Do H ‘Rermark
BM. 0 0 10l 78.40] 1002.94] - |
1 1.58] 1018.87 11 81.57] - '1002.57
-2 4.19| - 1018.56 12 84.99] 1001.42
3 787 101827 13 83.16|  1000.38 |
4 13.91] - 1017.70 14 91.61] - 999.53|Water Surface.
5 20.81| 1017.32 15 94.26|  999.44| |
6 26.65| 1017.06 16} 9641 - 999.33
7 3277]  1016.65 17 97.57|  999.87
8 37.69] 1016.05 18 98.16] - 1000.53
ol 4274 1015.11 19/  100.17] 100091
'_ 200 102.13]  1002:18
TP L. 0 0 | )
1 45.92| 1014.74 P3| © 0
2 4594  1015.15|Stone Edge. i 103.85| 1003.34
3 46.34]  1015.43|Stone Edge. 2 105.84]  1004.92
4 46.76] - 1014.21 3] 10051 © 1008.07
5 4900 1013.65 4 114.21] 1013.12
6 49.75|  1013.19 | '
7 51.36]  1013.00 P4, 0 0
8 52.15| 101268 1 116.42| 1014.85
9 52.23|  1012.97|Stone Edge Start. | = 2 121.61] 101889
10 54.42|  1012.42|Stone. 3 124,29 1021.30
11 56.35|  1011.16|Stone. 4 127.82| . 1024.46
12 59.06| 1010.01|Stone. .5 130.30| ' 1026.86
13 59.91|  1008.82|Stone. 6] 13239] 1029.12
7 133.75) ' 1030.20]
TP2. 0 0 | :
1 '61.00] 1008.41|Stone End.
2 61.15|  1007.33
3 63.09| 100679
4 64.47] 100647
5 65.40] 100585
6 66.79] - 1004.85
71 69.35| 1004.19
8 71,78  1003.55
9 7455  1002.85
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Appendix 6 (88)

DAM AXIS PROFILE DATA.

'STATION : No. 18 LUNDAZI (RIGHT)
No. D "H  Remark No. D H Remark
BM 0 .| " 1021.00| ' 5 78.36]  1010.05 -
1 2.48| 102145 6 79871 10i0.14
2 805  1022.61 7 82,53  1010.05
3 .12 1023.90 8 83471  1010.06
-4 16.13]  1024.69 9 84.29]  1010.42
5 20571 ¢ 1024.33 10 84.84]  1011.16
el 2271 102416 11 85771 1011.81
e 2 12 88.27] < 1012.20]
TP.1| 0 0 13 90.78]  1012.39
N 271 101782 14| 100.59]  1013.21)
2 24.52| " 1017.10 15| 101.84]  1014.14
3 28.27) =~ 1015.84 16 109.26] 1014.74
4 - 30.80] 1015.05| 17 114.37] . 1015.81
5| 3920|  1014.27] 18] 118.07] 1017.86
6 4631 101348 19) 12221 | 1019.95
20 12431 102135
TP.2 0 0 _ 21 130.08]  1026.09
1 4837 1 1013.09 22| . 135.18)  1028.30
2] 56.03] " 101098 23 139.23]  1029.77
3] S6.16| 1010.06 24 14406  1032.01
4 57.50| . 1009.52 25 147,97  1033.88
sl 5897| 100944 26| 15127 103591
- 6] 6034]  1009.52 27 154.69|  1037.51
7l 6LT71| 100960 28] 160.02] 104121
8| 6387 100975 20| 164.23] - 1042.46)Top of the
S 9] 64.65 | 1009.86 , ' ' Mountain
10 64.99]  1010.66]|Water Surface.
‘11 67424 1010.89] = =
12 69.50; ~ 1010.70]
13 70.75] : 1011.10
.3 0o 0
S 7399 1010.69|Water Surface.
2 74.03] - 101051
3] 7587 101052
4

- 77.33

1010.24

T-App-145




Appendix 6 (89)

DAM AXIS PROFILE DATA.

~ 97.61

STATION : No. 18 LUNDAZI “(LEFT)
No. D H Remark No. " H Remtark
BM 0 | . 1021.00|
1 4.48| 102145
2 8.18] 1022.61
3 11.58] 1023.90
4 14.26] 71024.69
5 16.61| . 1102433
6 19.80] '1024.16
7| 23.44] - 1024.84
8| - 28.77] . 102595
9 36.61f 1027.50
10 43,69 1029.24
1 52.35)  1031.73
12 57.16]  1033.48
13 63.71] 1036.00
14 68.85| 1038.65
15 74.45| 1041.61
16 7944 1044.52
TP 1. 0 0
1 82.18] 1046.09
2 86.12] - 1048.70]
3 89.65| 1051.05
4 91.95| 105223
5 96.18] * 1054.83
6 1055.04

T-App.146
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Appendix 6 (92)

DAM AXIS PROFILE DATA.

STATION : No.

19 LUKUSASHI (RIGHT)
-|No. D H Remark  [No. H Remark
BM. 0 0
1 5.47 246
2 10.51 -5.43
3 16.93 187
4 26.84] -12.47
5 4007 © -17.85
6 55.16] © -24.05
TP. 1 0 0
1 64.64 -27.50
2 71.12 -30.59
3 80.28 31.34
4 82.63 -32.38] -
5 82.13 - -32.69]Water Surface.
6 82.87 3337 '
7 83.73 -33.74
8 86.23 -33.69
-9 190.23 -33.60
10 9423}  -33.63
1t 96.03 -33.25
120 9689 -32.69] Water Surface.
13 9797t - -31.3C
S14l 104.59) 2953
150 tiLes) <2751
16 117.64 24,15
tp.2 0 0 .
O 127.80 -23.02
2 140.66] - -18.50
3] t149.21F - -14.26
t4 1590.691 . -7.98]
5 173.07 0.70
6 177.74] 3.29
S 184.85] 780

ToApp.-149




Appendix 6 (93)

DAM AXIS PROFILE DATA.

- (LEFT) |

STATION : No. 19 LUKUSASHL
No. D H - Remark  {No. H Remark
BM 0 ¢ |
1 1282 378
2 25.22 7.39
3 33.17 10.16

T-App.-150
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Appendix 6 (96)

DAM AXIS PROFILE DATA.

' STATION : No. 20 CHIPARAMBA (RIGHT)
No.] D | H .| Remak J[No.| D | H Remark
BM. 0  844.00 - 280.19]  869.77
470 T 845.60] 290.94 870.35
848 = 847.21 304370 87097
1281] - 84875 315.82] 87150
17.88]  850.42 32802  871.89
2263] 85209
27.83[ . 853713
33.90| 85542
39.86|  856.72
TP.1f O 0
- 45.54| - 857.69
5398 858.79
64.63|  $59.78
76.64] . 860.51|
38.12[  861.20
. 9984} . 86l.64
112,06 861.93
124.56] 862.54
129.29] 865.83
TP.2 0 0
13575|  864.25
C141.67]  863.02
153.70} - 862.71
166.548 862,71
178.99] ' 862.82
19291] . 863.33
20633 - 864.34
TP. 3 0 0
1 219.56|  865.60
230.30] : 866.51
242790 86745
255.10] . 868.42
1 267.15] 869.28

T-App.-153




Appendix 6 (97)

DAM AXIS PROFILE DATA.

STATION : No. 20 CHIPARAMBA (LEFT)
No. D H Remark No. D H Rémark
BM, 0 844.00| o 29 129.57]  841.04
1 1.82)  843.55|Farm BP. 30 132,70] = 841.74
2 9.60] . 843.07 - 31 13387] 84245
3 19.39 842.79 32 140.51] '843.06
4 3211 - 84298 : - 33] 14934 84380
5 38.04] - 843.04|Farm EP.. 34 159.18]  844.65
' 35 162.08 845.28
TP, | 0 0
1 4190 842.73|
2 43.06]  842.53 TP. 2 0 0
'3 44.03|  840.61 1| 168.32] 84577
c4] 4559  839.24 2 172.19| : 84636
5| 4764 83858 3 176.714| ' 847.58
6]  5044|  837.66 _ 4 181.03| - 847.52
7 54.62 836.87| Water Surface. .5 187.84 848.48
8 5489 - 83594 6 193.47]  850.10
9 57.52]  83547|. 7| 19817  851.67
10 59.44 835.43 8] 204.28] - 85394
i 6139 83536 9] 20006 855.98
12 64.06| 83513 10| 216.08]  858.65
13 66.56] 835.65 1 22266 - 86152
14 67.22]  836.51 12 228.32 864.10
15 68.07]"  836.63 I
16 7141 © 837.00 ™3] 0 0 - |
17 7147 83696 1} 23287]  866.32
18 83.08] - 836.36 2| 237.09] 868.65
19 20.50|  $35.86 3| 242.96] 87138
.20 9273 83643 4 25062 87532
21 .96.95|  836.84 RS
22 99.55]  836.68
23 101.94  836.87|Water Surface. .
24 105.20]  837.48 |
25| . 10902 83813
26 114.64 318.92
27 121.04] . 839.72
28 12642  840.89

T-Apps133
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Appendix 6 (100)

DAM AXIS PROFILE DATA.

STATION : No. 21 KATETE

(RIGHT BANK)
No. | - D H Remark  [No. H Remark
BM. 0 " 1115.60[Tree :
5.13] * 1116.60|Road BP.
11.13] . 1116.60|Road EP.
12.00] - 1117.89|Tree
17,00§ - 1120.00]Tree

'l;iAp;').‘l‘S’l.- '




Appendix 6 {101)

DAM ‘AXIS PROFILE DATA.

” (LEFT) .

'STATION : No. 21: KATETE
No. | - D . H . Remark  |No. D: | H Remark
BM. 0 1115.60 12| 303.52| 109041
o 1471 101009 13] - 312.56) - 1090.37
2 18.24|  1110.40]Road Starts. 14| 32463 - 1091.62
3 24.88]  1110.79{Road Ends. 15]  336.11] : 1092.94] |
4]  29.03] 111061 16]  344.08]  1093,85|Farm Starts. ¢
5 38.79] 111257 17| 355.35] - 1094.82 |
- 18 370.24|  1096.21
TP. 1 38.79]  1112.57 = : R
1 45.53] 1109.36] TP.3] 37024  1096.21]
2 5432 1107.95 1 373.65] 109626 S
3 66.89] 1106.31] 2 375.40] ~ 1095.76|Depression(Hole
4 77.21  1105.03 -3 378.65] . 109528 -~ staarts) | -
s{ 9653 1102.94|Farm Starts. 4| 382.89]  1095.58|Depre. Ends(Hole) -
6 112.03| 110152 5| 384.60| 1097.06
7 128.52] - 1100.20 _ 6| 400.65| - 1097.99
- 8| 14938  1098.57|farm Eads. 7 419.22] 0 1099.08
9 161.11]  1097.59 8| 43831] 110032
10 176.25|  1096.36 9] 45655 1101.52
11 190.11]  1094.87 10]  487.09] 110291] |
12} 206.02| 1092.67 11 498.65| = 1103.96]
A3) 21775 1091.58 12| - 517.60]  1104.76
14 23095  1090.39 13| s53266] 110527
15 234.92]  1089.48 14]  547.28]  1105.87
TP.2| 23492 108948
1t 237.49]  1088.60
2| 240.70]  1088.12|River Staris(dry)
3| 247.44]  1087.90 B
4] 25096 1087.87
5]  255.04] 1087.80
6]  258.54| 1087.43
7| 263.09] 1087.97 3
8|  266.88]  1088.29|River Ends(dry)
9 274.87) 1090.34 -
10] 287071 1090.63
i 296.10] - 1090.31

T-App-158
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Appendix 6 (ioz)

" DAM AXIS PROFILE DATA.

STATION : No. 21 KATETE {LEFT)
INo. D . H Remark No. H Remark
TP. 4|  547.28] 1105.87
R 562.08] " 1106.56
2 579.14] 1107.36
3 596.74]  1108.12
4 609.91| 1108.67
S 624.52| 1109.42
6 624.891  1110.37
7] 654.26] 1111.10|Farm Ends.
8] 66773 1111.70]Farmi Starts.
9]  679.61] 1112.39
10 694.46| 111271
i 710.07]  1113.42
12| 72857 111437
13 74494} 1115.03
14 760.03] 1115.76
15 770.10] - 1116.37
16|  780.44| 1116.85|Farm End.
7| 79127 111722
teos|  7o127] 111722
1 804.97| - 1117.69
2 82022  1118.27
31 83283 1118.51
4 84535 1119.03
5 85943 1119.63|Road Begins Width
6 866.13| 111976 (3.0m)
7 868.94] 1120.03|
8| 87240 1120.11
TP 6| 87240 1120.11
1| 87981 112052
) 802.78|  1120.96}Farm Starts.
3] 90747 - 112142
4l 99251 112227
5] 93792 1123.05
6] - 95323 “1123.70

T-App-159
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Appendix 6 (105)

DAM AXIS PROFILE DATA.

T-Appi162

-STATION : No. 24 MUSONDA FALLS. (RIGHT)

- |No. D H |  Remark No. | "D H ‘Remark -
M. 0 0 6| 367.12] -49.61 '
1 544 - -034 7| 31399 4923
2l 1999 -131 8|  379.02 -49.91|
3] 3699 233 9| 38479 - -50.34

4 5403 -3.49 100 38069 -se04]
5 73.02 547 11 389.84 -48.65| Water Surface.
6 92.95 41 121 39007  -48.14
7 11146 941 13} 394.74 -47.55
8| 13024 1109 N o
| - ™4] 0 0
i 0 -0 1] 40012 -47.70
1 145.89]  -12.92| 2| 40163 -47.93
2 163.22] -14.99 3| 41151 -48,13]
3 180.92 -16.79 4| 4124s5|  -46.90|
4 197.42 -18.90 5| 42645 -46.28
5| 213.04]  -20.80 6] 44215 - -45.87
6| 22863 -23.15 7 459.08 -45.40
N 24275 -24.85 8|  475.24 -44.79
8] 254.80 -26.86 9| 4934t  -43.95
9] = 26055 @ -27.38 10] 511.63 -43.03|
10 27853 6.94 11 530.19] . 4242
b 296.68 -30.84| - 12| 348.34 -41.71
12| 31511 -33.29 13| - 55942] 4131
i3 327.44 34 41 ' k
. ™s5| 0 0
TP 2. 0 0 I 578.99 -40.90
i 330.73 -35.81 2| 59719 . -40.65
21 33930 -39.89 3] 61446 40.27|
3] 34530 -41.72 4] 63078 - 3977
: | 5| 649.74 -39.12|
P3| 0 0o 6| . 668.50 -38.39|
1 346.87 -42.37 N . -
2| 350.90 -47.24 TP6| @ 0
3|  354.14]  -48.65|Water Surface. 1} 687.36] - -33.08
4] 357.22] 4939 | 2| 70573 -37.63
s| 36298 49,96 3 12262 -36.97|




Appendix 6 (106)

DAM AXIS PROFILE DATA.

_'STATION : No. 24 MUSONDA FALLS. (RIGHT)

No. D - H Remark No. . D H ~ Remark
4 72929 -36.51| Ant Hill -
st 731.82]  -35.34|Ant Hill
6] 713343 -35.70

TP 7. 0 0o IR )
| 73694 -36.21{Ant Hill Finish.

2 73633] -36.05| |
3§ - 774.83 -35.44
4l 79403 -34.78
5| 81044 -34.10
6| 82792 -33.37
71 84238 -32.63
8| 85145 -31.57

TP 8. 0 0
| 903.04 -29.32
2| 93878 2776
3 9sss1| -26.87

- T-App.-163
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Appendix 6 (109)

DAM AXIS PROFILE DATA.

"STATION : No. 25 CHISHIMBA FALLS. (RIGHT)
No. D H . Remark " [No. | D H | Remak
BM. 0 i} L2l 25290 '1.25|Farm End.

1 143  -0.10|Road Start, 27 26402 1.60

2 4.00 -0.17|Road End, 28] 272.82 2.18]

3 15.10 -0.48 29| © 28355 259}
4 31.04 -0.54 _ - 30 294.65 272

5 45.31 -0.28]Rock Area. 31 303.14 296

6 55.19 -0.34 32 322.64 '3.51

7 65.31 -0.50 331 34L14] . 403

8 173.67| -1.64 341 - 357.84 4,50

35 373.64 4.94
TP1] © 0 36] 39144 543

1 78.48]  2» 371 - 40944 - 5934

2 87.43 -3.52 '

3 96.38] . -3.66

4 96.69 -3.79 ,

-5 96.71 -3.79{Water Surface
6l 9971 -4.24

71 10271 -4.39

8 105.71 -4.66

9 108.71 -4.69

10 11171 -4,84

11 11471 -4 81

12 116.71 -5.01

13 119.71 -4.68

14 12271 -4.12

15 124.64 -3.81|Water Surface. ..
16 124.63 -3.81

17 124.87 - -3.63

18 131.39 3.27

19 144.18 2.63

20 162.48 -1.76

21 180.31 -0.88|Farm Start.
22| 19827 0.06

23] 216.69 0.54

24| - 22623 0.64

25| 24336 110

T-App.-166
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Appendix 6 (110)

DAM AXIS PROFILE DATA.

'STATION : No. 25 CHISHIMBA FALLS. (LEFT)
No. D . H - Remark No. H Remark
- |BM. 0 0 ’
1o 353 - 0.21|Fanm Start.
2l 1562 1 0.71
3 30.95 - 0.54
4 46.04 0.39
5 60.79 0.88. o
6] 7168 1.04|Farm End.
7 78.38 1,20
8 1 88.93] 1.28|Rock Area.
9 106.74 2.00{Rock Area.
10| 123.60 2.53|Rock Area.
it 136.46 3.10|Rock Arca.
12 148.20 3.29|Rock Area.
13 156.05 2.88{Rock Area.
TP. 1 0 0
1 166.44) 3.34
2 185.05 371
3 203.40 3.63} .
4| 22128 0 420
s| 23722 434
6 255.95|. 433
71 27434 454
8 292.41 4.69
9 307.90| 5.66

~ T-App-167,
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‘Appendix 6 (113)

DAM AXIS PROFILE DATA.

STATION : No. 26 BWENGWA (RIGHT)
No. D H Remark No. H Remark
BM. 0 . 0 |

1 383 0.74]
2l 1024 -1.98|Road Starts.
3| 19.09] - -2.25}Road End.
4] 2158 28 :
S 3504 483
6 48.50 -6.60
7 65.03 -8.13
8 7589 . -9.16
9 89.16| 9.9
™i 0 0
1| 10821 -11.33 .
2 115.23 -13.00]River Starts
3 116.12] - -13.14
4 119.74 -12.13}Rock.(stone)
5| 121.03 -12.02|Rock (stone)
6|  121.80 -12.60{Rock.(stone)
7 12290)  -12.72{Rock.(stone)
-8 125.38] ~ -13.09{On the Sand. . -
9 12890 . -13.12 -
10 139.22 -13.90
11 144.95 -13.65
12 158.95 -13.72|Rock Area.
13 169.54 -13.82|Rock Area.
14 176.97 -13.13|River End.
15 183.90 -10.60
16 193.86 -3.99
170 20150 . -025
18 209.37 - 1.87
19| 22627 4,10
201 24217 6.46
21 259.56 7.55]
22| 27647 | o4
23| 287.76 9,78
24 29131 996

TeAppii?0’




Appendix 6 (114)

DAM AXIS PROFILE DATA.

.~ STATION : No. 26 BWENGWA

(LEFT)
_ No. . D H Remark  |No. H Remark -
BM. 0 0
S 1089 +1.79
2 23.58 +2.59
3] 3696 +3.24
4 48.15 +3.16
5 - 64.97 +3.94
6 80.37 +5.25
71 9352 - 4573
8 105.54 16.32

TsApplTl
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- Appendix § (117)

DAM AXIS PROFILE DATA.

STATION ¢ No. 27 XKALOMO.

442.07

(RIGHT)

‘INo. D H Remark No. | D | “H ‘Remark
BM. 0 0 | | 45724 2009 .

1 744 034 12y 4ng2| 2012

2 24.77 i.36 13 488.04]  20.16

3 43.45 333 - o

4 60.66 415

5 76.17 532

6 9229 6.20

7 107.54 7.15

8 126.01 8.57

9 14235 957

10 159.47 10.59

11| 17661 11.67

12 192,42 12.63

13| 206.96 13.28

14] 21435 13.77

15 233.01 15.06
™Il 0 0

1 249.58 16.20

2 266.54 16.87

“3| . 284.44 17.65

4 29239 18.02

5|  296.73 18.54]Ant Hill Finished

6] . 303.18 20.27]Ant Hill
12| o 0 |

1| 30876 19,15| Ant Hill Finished

2| 32524 18.88 S

3 342.18 19.26

4 358.72 19.62

5 374.47 20.10

6| 383221 2001

7 393.24 19.93

8  41024] - 2001

9 427.66 20.05

)

20.07

TeApp174
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Appendix 6 (118)
DAM AXIS PROFILE DATA.

STATION : No. 27 KALOMO.

(LEFT)
- [No. D "H Remark No. D H Remark
BM. 0 0 10 34790 8.39
i 16.06 -1.27 _ 1) 365.66 940
2 18.63 -2.95|River Starts (dry} | 12| 38243 10.49
3 21.82 2320 13 399.30 11.67
4 26.99 205 14 416.09 12.34 .
5 27.99 -3.03 15 433.04 12.94
6l . 36.19 -1.89 16] 45025 13.59
7l 39.93 3,73 17 468.23 14.74
8 41.35 -3.91
9 48.64 -2.76 TP 2. 0 0
10] 5220 -3.60 1 482.13 14.99
11 66.34 -3.65|End of the River | 2}  499.29 15.56
12 69.55 -1.20 3} 51649 16.27
13 8552 055 4] 53297 17.13
14 104.32 227 5 546.56 17.83
15|  108.06 3.31 6 564.65 18.86
6] 11079 2.80 7 580.93 20.00
17 127.36 3.51 8 598.62 20.00
18 143.89 4.65 9 617.58 20.38
19 . 162.90 5.70
20 179.16 6.39 R
21 196.26 6.81
22| 20078 6.87
23| 21690 7.40
24 21890 7.33
TP 1. 0 0
1| 23607 723
S 2 253.31]. 6.94
3| 271021 6.49} L
4| 287.29] - 6.32]Stream Starts
5| . 305.05 6.31
6| - 306.51 5.69
7| . 31246 5.91],
8] 31446 6.86|Stream Ends
9] 331.66 ~7.55| )

T-App-175
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"CHAPTER 1 INTRODUCTION
1.1 Scope

- This report summanses groundwates monitoring. Groundwater monitoring is divided into

two parts, one is nation-wide groundwater level observation, the other is groundwater
monitoring in the four main cities, Lusaka, Ndcla Kabwe, Mongu. All the results are

- mentioned in this report.

1.2 Contents of the report

The contents of the report are as foltows

Chapter 1 comprises an introduction.

Chapter 2 describes nation-wide groundwater level observation.

Chapter 3 describes groundwater monitoring in Lusaka, Ndola, Kabwe, Mongu.

Chapter 4 describes recommendation for groudwater monitoring.



CHAPTER2 NATION-WIDE GROUNDWATER LEVEL OBSERVATION

2.1 Purpose of observation

The purpose of nation-wide groundwater level observation is to oblain groundwater
“development potential in the whole of Zambia. Groundwater development polenhai is a part
of the groundwater storage in aquifers. Groundwater storage in aquifers consists of two
parts, namely, groundwater storage of shallow. aquifers which is provzded by rainfall ‘and
renewed every year, and groundwaler storage of deep aquers which is almost constant
every year. This concept is shown in Figure 2-1. :

Rain fall ' 'If‘!' o R _
JRRRARY lef-ll Shalow e
o - N Borehole
R Gr?und S o L well :
- surfa : rounawaler E .
A ' ﬁ?’_\flm“_m fluctyation —Z | 1.
N Fluctuation’ .
______ -8 rgt!r]siﬁ_\a_tsr_-.-.-‘-.-._._._.,._._._._.
<Shailow aquifer> 1 Groundwater flow  ame——p
Groundwater
leakage |
<Deep aquifer> :
<impermeable bed rock>
March December March B

(Dry season) (Rainy scason)
Figure 2-1 Concept of Renewable Groundwater

It is desirable to regard the renewable groundwater slorage as groundwatcr' development
potentla! in terms of sustainable groundwater use. Rainfall which infiltrates into the gmund
in the rainy season reaches the groundwater table and causes the groundwater table to rise.
But at the same lime some groundwater runs off into rivers as baseflow. In the dry season,
there is not rainfail and groundwater table falls only to run off into rivers as baseflow.

Total groundwater slorage in aquifers which is stored in aquifers in rainy season is
theoretically equal to the total groundwater run off into rivers in the dry season and it is also
equal to renewable groundwater. These relations are shown in Figure 2-1.

As shown in Figure 2-1, it is necessary to measure maximum groundwater fluctuation for
estimating rencwable groundwater volume. For this purpose, nation-wide groundwater
observation was carried out.

2.2 - Method of abservation
(1) Observation point

Observation points were selected so that the observation network might cover the wh’oh : z‘t '
country and the distribution of groundwater level fluctuation might be obtained with refiable
accuracy. 169 observation points were finally selected over the whole country.

U-2



(2) Observation period

' Observation penod i$ 8 months, namely, May, June, July September October, December

1994 and February, March 1995. Purpose of the survey was to obtain the maximum
groundwater fluctuation ovér one year.. Groundwater level is usually lowest between
February and May, highest between September and December. Therefore, these months
were included in the obsesvation period.

. Table 2-1 0bservatnon Penod
Veur R T S 1995
~ Month | Apr{May| Jun Jul [Aug[ Sep [ Oct [Nov Dec Jan | Feb [ Mar| Apr

Obxénfallon cmimi frmme o —eie

.- Note; - =+-= Observation Period

(3) Type of cbservation well

Shallow wells ‘are more suitable as observation wells than boreholes, because the

‘groundwater level in shailow wells is more sensitive to precipitation and much easier to

measuse.
The condition for choosing observation wells were as follows:

- Not to dry up even in the wet season
- To be easy to access by vehicle
- To be adequately used and maintained

According to the conditions mentioned abov_e, 2 wells were selected at each point. Location
of observation points is shown in Figure 2-3. Representative groundwater fluctuation at
each point was obtained from the resulls of two wells.

(4) Record Card

Record card shown in, Figure 2-2 was made for every observation well. The detailed
information on observation wells was recorded in the record cards.

2.3 Oudine of Observation Wells

The total number of 312 shallow wells (169 points) for rural water supply along main roads
were selected as observation wells based on the conditions mentioned above. Figure 2-3
shows the approximate location of these points. Site name, focation, elevation, grid
reference, scale of well, aquifer, etc. are attached at Appendices The total aumber of
observation points and wells by Province are shown in Table 2-2.
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RECORD CARD

No. .
ghserver D2até of ohsecvation
Provinee .. didrictoame - village dame
: S ; C T s
e of ¥ile . o A Weli catalopue tlo.
Geoléglcat suévay to.
Owrnse ) Fiédpotatferct, | Map rid ret.
Fivld potai - from grovnd ' :
Occupies Sistus
(G(om'\d fevel : S m ) Aqu“éi
Fired polnt kv el from ground’ m chaes -
- e - - Greund water depth . i ] = i - g
Ground wiler depth from fiacd point m from Gred potal Summnary of geological section .. | Thickness | Depth
i0ate ] ’
Consiruttion: Method Date
__Depth o, Linings {below well top)
e ) From To "Dia. Type
i
!
i Absliacllon rales [statle valts) Typ* of purnp
PN Chem.foack. anal, YES/NO

Remarks ( condition of the current use of the well, éti::-..) o

Diagram of the wel! structure indicating | Sketch of observation well

| : Plane figure around wetl’
" umeler, depth, length of well liner, efc.

indicating appropriate fixed | to distinguish later
point to measure S

S
a \\lr“'!

Figure 2-2 Record Card
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Table 2-2 Number of Observation Points

Number of Number of

Province observatlon points observatlon \\ells
Central - 30 57
Copperbelt 14 27
Fastern ‘ 15 30
Luapula - 14 .27
- Lusaka L 10 : 20
Northwestern 7 | 26 : 49
- Northern 21 35
_Southem : .20 : 37
Western . ¢ 19 . 30
“Total - 169 312

 *FEach point has 2 observauon Wells in principle

Depth of observation wells range from $m to 28 m. That depth is conmdered usual deplh of -

shallow wetls in Zambla

2.4 Qbservation Results

. Table 2-3, Figure 2-4 and 2-5, show the results of the observations. Table 2-4 and Figure 2-
6 show groundwater level dlﬂ‘erence between May and November 1994 by Province.
~ Characteristics of groundwater ﬂucl_uahqn by province are summarised as follows :

2.4.1 Average Groundwater Level

Average groundwater levels are different in each prownce as shown in Flgure 2-4. The
groundwater levels are tower in Northern Province, Northwestern and Southern Province.
-The average groundwater level in these provinces during the dry season was 10 - 1im
below the surface. The groundwater level is shallower in Western province. The average
groundwater level in Western province during the dry season was 5.5m below the surface.
The average groundwater levels during the dry season in Copperbell Lusaka, Central,
Eastern and Luaputa Province were between the groundwater tevel in two groups desmbed
above. They averaged 7- 9m below surface. :

Table 2-3_Groundwater Level at the Highest and LoWés(

May, 1994 October |, 1994 . March, : 1995
Province (GL-m) : (GL-m) " (GL- m)..

_ |Average Lowest  Highest A\crage Lowest  Highest Average Lowest Highest -
Lusaka 507 1710 050 | 744 1963 077 | 690 1217 079
Copperbelt . | 490 885 095 | 703 1271 287 | 620 1275 2120
Centzrat 547 2064 073 | 7.81 2098 232 | 223 2105 :1.06
Northwesteen] 887 2160 000 [30.48 23,08  5.32 | 610 2207 315
Western 319 9l 000 | 571 2874 098 { 559 2879 0.78
Southéin 812 2030 090 {1039 2040 220 | 992 2065 . 190 .

“Luapula 633 1374 000 | 888 1820  .300 | 525 1830 - 105
Northern 10.29 1861 347 1130 1925 - 388 | 781 1767 104
Eastern 528 820 230 | 848 1480 7.90°| 551 1060 340
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Table 2-4

Maximum Groundwater Fluctuation by District

Provinve District Distribution Arca ol Masimum Fluctuation {koy  Teust Area | Awwnge
0-1{m} 1-Xm) " 2-3m) 3.3(m) -8m)’ {\md) - Sh {m)
|Lussks Lusaha-Urban 353 83 ITL] R |
f usaha-Rural 3,663 3304 2327 1,568 2,488 17,783 25
Lusmzwa 233 1,376 sy asss] 09
Copperbeit  FNdola-Urbon 130 (35 E 993 23
Ndola-Rural ‘ 30,066 LRN opan| 2
Chitilabombue 704 do SR SL RN
Chingoda 1,08t 665 (RJ} i
Mufulira 1,71 Ll s
Katutushi 673 162 i,135 Iy
Kitne 131 151 kS
Luonshya 1" 159 373 14
Centrat Kabwe-Lrban _ 1353 175 R L b X3
Kabwe-Rural “1,568 19,021 3,61 ssa| s8] 26
Mumbws 13 14,593 1019 2,482 “L8n 29
Aaushi i8,554 1132 105 S 22,3958 27
9 Seicnje 6311] . 1700 B gl 22
Noahwestern [Sobvedd 48] 20507 5,846 30,122 28
Mwinlungs sl 0 sam 6350 “pogsa| 24
Zambed 9,233 4311 18,6 20
Kabtompo 1,200 12,299 LD32 : 14333 5
\Mumbié 5,891 6,308 3872 19018 332
K1 mpa 7,983 9,334 3418 1,138 21,908 24,
Westeen Moogu 9,561 504 ' ' : 18.0M 06
Lubuly 2,583 11,813 1,244 15.839 18
Nalabo 15,161 1,983 83 17,230 06
Jkaoma 5402 11,093 6,488 23,024 .5
Senznga 28,786 30N ; 31,857 06
|sesheke 26,388 3168 29,522 06
Sovthem ~ [Uhingstore 200 161 80 1LodL [
Namivala E 19,368 1,839 10 2447 L6
Mazsboka 3312 2312 6515 20
Monze 585 1,591 2679 1,856 29
Choma ‘ 1,208 5,995 7,008 a3
Kalomo 10,819 11,067 6,433 3,056 31,325 16
Sinongs “an 2201 ' 2,519 i
Gwembe 291 161 31 4279 19
Sinazongwe . 1,453 b 21 3,706 31
Luapula Mansa 2,206 4090 1,017 1619 5,991 1A |
" Ncbedomge 55 9ip 2,791 R 5,188 16
Kawambwa 5,432 2,189 1,054 355 9,040 21
Mwense 209 . 1912 1,438 4,027 6,656 1
Samfya 4014 T 1,408 _ 3417 10
Nonhern  [Kasama san| - oesat 8,133 2,999 0451 - 13
Kaputa 3,469 104 2,891 10,407 14
\fhats oo} 1013 3,606 2,408 $a7y - anse| 22
\Mporokoso 2029 9,228 616 13,933 24
Luwingu 3404 2,648 2017 756, R.823 25
Chitubi : L) 2346 1,393 tio] . 165] 27
tsoha 3,533 4,589 3671 1536 136 11,767 14
Chinsati 1,30 5,715 5,074 2518 “781 15,440 22
Mpika 3,603 12,053 16,232 2N 193 10,508 20
|Eastemn Chipata 2,16 9,413 12,159 3
Channa 1298 5,799 10,706, ' 17,801 10
Lundas ‘ 3,589 9,008 13,497 32
Chadiza 840 1,651 1502 A
Katete _ X IH 382 L%
* [petiuke R s “ranzlc T e R BRNast AT)) LY
Totad 125.825 118,533 270,55) 112,469 13,501 740,500 21 -
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The difterence between the highest and the lowest groundwater levels are shoivn in Table 2-
4 and Figure 2-6. As shown in Table2-4, the difference in groundwater levels between May
and October 1994 ‘is greatest in Eastern Province followed Central, Western, Luapula
Provinces. The groundwater level difference is smaller in Northern Province and

Northwestern Province. However, the groundwater levels differences betweea October

1994 and March 1995 are completely different from those between May and October 1994,
Moreover, the differences by province are greater betweén October 1994 and March 1995
than between May and October 1994, The groundwater table falls during the dry season
(May. to Oct.) and the difference is considered to be almost the same every year. On the
other hand, the groundwatér table rises during the rainy (Dee. to Apr.) season and the
difference is considered to be dependent on precipitation. If the groundwa!er level
difference during the dry seéason is much greater than that during the rainy season in some
provinces, draught is forecast in these provmces.

Table 2-5 Average Groundwater Level Difference

Province . ‘Average Groundwater Level Diffedence (m)
‘ : _ May = Oct, 1994 C Oct - Mar, I993
Lusaka ' 221 o 0.54
Copperbelt ‘ 213 . 0.83
Central : 264 : 0.58
Northwestern . L6l 4,38
Western 2 ‘ -.2.52 0.1t
Scuthern : 221 0.47
Luapula ' . 255 _ 363
Notthern : . X0 349
Easlern _ . ' 319 o . _ 2.96
Average ExT ' 1.89

(Note) Values shown in this Table is simple average of observed results. Thc:el'ore the values differ from
those shown in Table 2-4.

2.4.2 Relationship between Groundwater Level Fluctuation and Elevation

The relationship between groundwater level fluctuation and elevation is shown in F;gure 2-1.
This Figure shows the relationship between decline of the groundwater level during May
and November and the elevation of the groundwater table. The refationship is not clear from
Figure 2-7. -

243 Rélalionsliip between Groundwater Level Fluctuation and Lithology

The relauonshlp between groundwater level fluctuation and aquifer hihology is shown in
Figure 2:8. There is a fitil¢ difference in the seasonal groundwater level draw-down by
lithology, however, the differences are not so clear. Although, it seems that the groundwater
level decline in the Kalahari sand area is lower than in other areas.

Ui
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Figure 2-7 Relation between Elevation and Grouandwater Level
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CHAPTER3 - GROUNDWATER MONITORING IN LUSAKA, NDOLA KABWE
MONGU

3.1 Purpose of monitoring

This monitoring was ¢arried out to obtain fundamental data about groundwater table decline
caused by over pumping. :

Recently a groundwater table decline in large cities has been reported. Especially in Lusaka,
it is said that the trend of groundwater decline is remarkable and existing water supply
facilities wifl be damaged in the near feature. Groundwater table dectine is caused by over
pumping. It is generally recognised that groundwater table starts declmmg whea pumping
rate exceeds rainfall recharge into groundwater. Groundwater level monitoring was carried
out in this Master Plan to confirm the faét, because there was tittle evidence of groundwater
level decline. Other than Lusaka, a large quantity of groundwater are bemg pumped for
water supply in Nodal, Kabwe, MOngu Groundwater table in these cities is also forecast to
decline as in Lusaka. Over pumping causes collapse of the ground surface near boreholes.
Actually in Kabwe well field, several collapses occurred and some boreholes were
abandoned. :

3.2 DMonitoring Site

Seven monitoring points in 4 cities were se¢lected as shown in Table 3-1. Location of
monitoring sites are shown in Figures 3-1 and 3-2.

: Tab!e 3-1 Momtormg Statlons
No. | City Name of site | Depthof Ownership Date of starting{ Elevalion of

botchole | - monitonng | casing top
1 |Lusaka |Mass Media 65m |Lustka Water and Sewerage 12, Aug. 1265.0m
2 Lusaka |Mumbwa Road 39m . |Company / DWA 11, Aug. 1285.0m
3 |Lusaks |Shafl No.5 | 75m 15, Aug. 1274.4m
4 |Kabwe {Kalulu PS 100m _ |Kabwe Municipal Council 22, july 1187.9m
5 |Ndeéta  {Misundu St .1 80m |Ndola City Council/ DWA 17, Aug. | 12528m
6 |Ndota {MisunduSt.2 80m . - 23, Aug. - | 1247.0m
7 |Moengu {Br No.5 82m_ |Mongu Distnict Council /DWA} 29, Jun.. 1022.1Im

These 4 cilies are far more dee’nden_t on groundwater for water supply than any other
cities and reduction of water supply is serious if groundwater dectine occurs. Current
groundwater use for public water supply in these 4 cities is as follows:

“Table 3-2 Current Grovadwater Use in the Four Cities

Area Current Groundwater Use for Public Water Supply
Lusaka -40% of the water supply is provided by groundwater from about 40 wells
Ndola -52% of the water supply is provided by groundwater from 3 well fietds
Kabwe -75% of the water supply is provided by groundwater from 2 well fields
Mongu -100% of groundwater supply is provided by groundwater from 9 bOreholes

U-14
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