3C.7 NATIONAL WATER MASTER ACTION PLAN TOWARD'S 2000
3C.7.1 Selection of Priority Stations

‘ Among 1,772 ‘of hydro- meteorological gaging stations t6 be newly
erected or rehabilitated under the proposed NWRMP towards the year 2020,
priority for early nnplementatlon during the period form 1996 to 2000 is gwen
to the establishiment of the network of the BRCP (23 locations) to monitor the
status of water resources o've_r the country, the installation of new hydro-
meteorological gaging stations for the existing reservoirs (20 locations) with
the total storage capacity of more than §0 MCM, and the installation of new
hydro-meteorological gaging stations for the selected 20 priority SHAs where
there are high potentialities of large scale water resources development.

“The importance of the moniti':-'xfi'ﬂg‘ of the lafg'e_i'eservoirs' ;is clearly
observed in the northern region of the country, HA-I and VIII with less rainfall
and hlgh cvapotranspiration. A series of dams has been constructed on the
~ headwaters of the region; however; the reservoirs are bemg operated without
sufficient data and information on hydro-metorology, resultmg in low water
use efﬁc:encles For the selected 20 SHAs, hydro-metorological observation
should bé initiated as early as possible so as to collect data and information for

rational planning and deésigning of water resources development pro;ects
conceived in the SHAs. '

3C.7.2 PlanImplementation Program

At the BRCP and the existing reservoirs, four kinds of gaging stations
of rainfall, evaporation, river discharge and sediment discharge will be
installed, whereas three kinds of gaging stations of rainfall, river discharge and
sediment discharge will be installed at the selected prierity SHAs for water
resources development. The total number of hydro-meteorological gaging
stations to be installed under the National Water Master Action Plan towards
‘the Year 2000 is 232: 63 rainfall stations, 43 evaporation stations, 63 river
discharge stations and 63 sediment discharge stations, as given as follows:
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Distribution of Stations

: . - Unit: Nos. of Stations -
~ Station. .~ 1 . H m .

V.. VL VIl VI Total

- Rainfall .16 13 14 b 3. 8 . b .5 63
Evaporation 9 9 9 2 2 5 2 5 43
“River 10 13 14 B 3 '8 5 5 63
Sediment 10 13 14 5 3 8 5 B .63
Total 39 48 51 17 11 29 17 20 . 232

The total project cost is estintated at 208.3 million Naira consisting of
136.6 million Naira for the installation of gaging stations, 20.9 million Naira
for precurement of monitoring equipment and 50.8 million Naira for operation
é_md maintenance of the projects. The project cost by HA is summarized below:

Project Cost by HA _
: o - ' - Unit: Million Naira -
| Costltem 1 . I~ BI IV V VI VIl VIl Total
Installation 290 314 250 47 31 188 46 200 1366
‘Monit. Equipment 20 . 36 35 21 36 21 21 20 209
0&M 98 104 90 27 27 67 27 68 508

Total 408 453 3756 9.6 84 276 94 288 2083

Except for the evaporation stations, all the stations will be equipped
with automatic recerding gages and, for the existing reservoirs with the total
storage capacity' of 50 MCM, river inflow to the respective reservoirs will be
ohserved together with reservoir water levels, water release from the reservoirs
and sediment discharge. Water for analysis of sediment discharge is sampled
at the proposed river discharge gaging stations so that any particular facilities

are not required for the sediment discharge gaging stations. In addition to

measuring gages to be equipped at the stations, the project will provide eight
nos. of such equipment as current meters, vehicles of 4WD- car and pickup
truck, boats, sediment analysis equipment and micro computer for eight HA as
monitoring equipment. The procurement of monitoring equipment also

_includes echo-sounders to be provided at HA-I, Il and V for hydrographlcal

survey of the Rlver Niger and Benue.

The observation of hydro- meteo‘mlogi‘cal parameters and maintenance

‘of the gaging stations will be entrusted to the River Basin Development
'Authontles concerned under the control of the proposed Regional
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Administration Offices of the FMWRRD. Eight of field teams in total, one for
each HA, will be organized for periodical discharge measurement to prepare
rating curves and sampling of river water to estimate sediment discharge.
Sediment analysis will be done by the RBDAs concernéd with the equipment to
be procured under this project. To ensure continutous observation with
sufficient accuracy, the National Water Re'sdurceérlnstitlite.'.'v'ill provide
training courses of éngineering staff from water agencies for maintaining the
observation network, and knowledge and exp'efie‘nces gained through the
training courses will be transferred to staff working at the sites.
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TABLE 3C-1 MEAN ANNUAL RUNOFF IN THE 1980s AT SELECTED STATIONS

Cetchment’ ) Mean Annual Runoff

H_A Station River Area (k) MOM -
Yola - | Benue 108,400 14,167 131
Ibi | _ | Benue 258,700 49,158 100
Makucdi Benue o 305,500 . 15,085 246
| Umaisha "I Benue 335,000 75,668 - 229
Jiddere Bode Niger - 25,100 -
.| Kainji Dam - | Niger ) £69,860 22,422 39
Jebha llydropower . | Niger - 631,800 . 24319 38
Bare o INigee 730,300 43,345 69
Lokoja : . |Niger ) 1,089,500 131,909 127
Idah - | Niger | 1085100 141,292 135
Ogitsha - [ Miger. ] 1,100,800 141,900 129
I | Gusan . Sokoto ' 2,570 37 . 144 °.
‘| Bakolori Dant " | Sokato 4,800 €01 125
¥ Gorenyo Dam Rima 21,450 724 3
| Wamako Rima . 40,160 1,141 - 28
| Anka . YZamfara 4,140 528 125
i | Bananga Dain . jGulbinka 3,170 352 111
{MatendoBridge ° |Malendo 9,054 1,345 135
. | Xémi . Konlagora 2,250 : 283 126
|wuya Kaduna 59,180 14,881 _ “251
) Shirore Hydropower |Kaduna .. 36,100 | 1216 - |- 200
I . §Coinbe Abba Gongola : 17,650 2,062 17
Dadeo#a " §Gongela ] 30,460 2,491 82
" | Bali o |raraba - 10,850 6,324 583
Gassol Taraba : 20,700 ~ 9,518 460
Tela . ) Taraba o 22,350 - 11,628 520
Mbu/Tepkwar - | bonga 2,120 ©1,385 658
‘|Manya | . {Donga - . - 6,350 7,695 3,212
GindinDorowa . - [Denga . 18,800 - 15,535 825
Maisamari . : Ji_gwal L B 7] o215 383
Suntai Bakurdi . |Suntai '_ 2,600 2,522 70
‘| Bantaji Sunlai _ 5,350 2,788 521
" - | Katsina Ala . |KatsinaAla | 16,770 21,210 - 1,265
Sevav Katsina Ala 22,100 25,810 1,168
Sepeteri: ) : Ogun ‘ 1,660 253 239
Apdje - . 2" | Oshun 8,170 C 3,480 . 424
Haji- lleRGad © | Oyan 1,460 3 1 147
Awi -1fe Odan : .|Oba R 930 117 126
Oyo- Oglmmoﬂ-haRoad Oba 1,580 | - 258 164
Ofiki Town : Ofiki 438 137 313
‘| IgannafIwere . [Ohki 2,780 SRR -7 ¢ O - 232
i Chtkom Cross : 16,900 26,809 - 1,585
. 1 Adonatam - | Cross : 18.900 © 88,927 1,954
Obubra YCross . 35,800 T 41,148 1,149
Afikpo . |Cross 46,200 - 50,036 - 1,083
Tkot Okpara Ceress 48,300 51,011 1,056 .
UMINKPA E Eme - 230 71 © 309
Ndimokoe . - jlme - | 160 89 619
Umuna Imo 490 319 651
Uimuopara Jimo 1,450 1,238 852
Obigho Imo 5,600 - 4,061 728
- | utakwo : . {Oramiriukwa 795 64 81
Vi - |TigaDam Kano 6,653 695 106
- | Chiremawa | Kano - 8,975 664 95
ChallawaQerge . |Challawa - - 3,859 337 87
I Challawa Bridge .| Challawa 6,839 604 838
| wudit | Hadefia - 16,380 5,641 100
Hadejia . Hadzjia 25,900 933 36
Bunga Beldge Jama'are : . 1,380 1,265 1m
| Kard " [ Misau o 5,865 147 ) 25
§ChaiChai Gaya . 1,710 14 28
CGwarioRoad Watari : L 14507 197 . i22
" {Gashua: = - |Yobe _ 55,700 814 6
.| Getdan | Yobe $8,500 595 10
| Baina Bridge .| Yedseram . - 11 .
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TABLE 3¢-2 FI.UCTUATION OF MONTHLY DISCHARGE AT

SELECTED STATIONS

- Monthly Discharge (m¥s)

HA River Station CaFchment : - -
: o Arvea(km?) | Max. | Min. | Mean | Period

Niger Jiddere Bode -1 253 | 040 | 70-89
Kainji Dam 569,800 | 2,430 | . 400 900 | “70-89

Baro 730,300 | 5860 | 420 | 1,590 [ *t0-89
Lokoja - 1,089,500 | 22,800 | 860 | 4,820 [ 70-89

Benue Yola 108,400 | 3,650 40 | 550 | '78-87
Makurdi 305,500 | 10,960 | 150 | 2,610 | *73-89

I |Sokato Bakolori 4,800 170 0 23 | *10-85
Rima Wamako 40,160 310 0 39| *70-85

o Kaauna_ Wuya 59,180 | - 4,970 5| 410 | '80-89
il Gongola | Dadin Kowa 30,460 4.10 1 64 '81.-87
Taraba  |Tela 22,350 | 2,600 1 370 | *81-87
Donga Manya 6,350 960 12 250 | '81-87
v KatsmaAla Katsina Ala 16,77 3,540 a7 | 50 | 75-85
VI | Osun Apoje 8170 | 220 31| 110 | vs2-86
VI |Cross lkot Okpara 48,300 | 5,580 97| 1,670 | '80-86
M | Kano Tiga Dam 6653 [ 220 o 26| 70-85
" | Challawa Chal!awaBr:dge 6,889 290 0| 26 |*70-89
Hadejia Hadejia 25900 | . 140 o} 24| "0-88
Yobe Gashua 55,700 | = 410 0| 28| 10-88
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TABLE 3C-3 - ANNUAL RUNOFF COEFFICIENT AT SELECTED STATIONS

in | River Sfatios f)ét.cl;lmenf Annual. Runoff Coefficient
. . -Areéa (km?) Mean Range
I |Sokoto Gusau 2510 | o018 | 0a15-020
Bakolori Dam ag0o0 | 015 | 009-0.19
Rima Goronyo Dam 21450 | 005 | 0.04-008 -
Wamako 40,160 | 0.05 0.03-0.08
Zamatara - | Anka 4140 | 016 | 011-020
|Gulbinka | Banaga Dam ‘3170 | o015 | 009-023
Malendo . | Melendo Bridge 9054 | 013 | o06-016
I | Kontagora * | Komi 2,250 | 0.12 0.07-0.15
H |Gongola  |Gombe Abba 17,650 | 0.15 0.11-0.19
| Dadin Kowa' - 30460 | 008 | 0.05-010
Jigwal Maisamari oB62 | 023 0.16-0.26
‘M |0sun Apoje 8170 | - 034 0.31-0.37
~fova - |Aweife Odan 930 | 018 0.15-0.21 -
W | Tmo Umuna 490 | 0.27 0.22:036
' : Uriuopara 1450 | 0314 | 030-038
Obigbo 5600 | 032 | 030-035
W | Kano TigaDam 6553 | 013 . | 0.09-017
| Chiromawa - 6976 | 008 | 0.04-013
Challawa Challawa Gorge _ 3,859 0.15 '0710-0;29
| Challawa Bridge 6880 | 013 | 0.10-030-
Hadejia | Wudit | 16,380 | 0.04 | 0.05-026 .
-~ | Hadejia 25900 | 0.06 | - 0.04-0.09
Bunga  |BungaBridge 1,380 017 '0.08-0._.'22 ::'
Jama'are . |Kari 5865 | 004 | o001-008
Caya Chai Chai 1,70 | 003 | 001:006
Watari | GwarzoRoad 1,450 | 007 0.01-021
Yobe - |Gashua | 55,700 | 003 | oo1-011 -
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TABLE 3C-4 POTENTIAL SURFACE WATER.RESO“URCES

3042

A ant Gha bt - Catchment | River Runoff | River Yield
-~ HA andStation Area (kin®) MCM) | (mm)
(1} Niger and Benue River :
1. HA -1 {Kainji Dam) - | _ .
- Border wilh Niger 461,600 18 400 40
- Jiddere Bode 563,506 25,100 . 445 ]
- Kainji Dam Outflow 569,800 - | 22,400 -39 _
PO 17 | o )
- Jebba Dam Outflow 632,000 24.300 .38
- Kaduna ahd Niger Confluence 708,700 40,900 58
- Baro 730,300 . 45,500 ‘ 62
- Lokoja on Benue River ‘ ‘ 751,300 . _ 55,000 A
3. HA- 1 and v - SO :
< Border with Cameroon 98,000 12,800 130
- Yola ' 108,400 14,200 130
< Numan - .-168,000 22,000 130
- Agwan Taru 206,700 27,000 130
< Upper/ lower Benue Border 256,900 .- 55,000 214
- Makurdi ‘305,500 80,000 - 262
Confluence of Ni lger and Benue .‘ 338,200 | 83,000 245
4. HA-V _ '
- Lokoja: Niger and Benue * 1,089,500 © 138,000 . 127
- Onitsha 1,100,800 - 142,000 129
- Aboh _ . 1,112,890 - 148,000 - 133
< Potenial at River Mouth of R B
" River Niger To}al (1‘) _ 1,143,400 ‘ 158 009 . 138
(2) ' Riversin South West Region .
- HA - 1: South West Regmn 100 500 35,400 352
@) “Rivers in South East Reglon .
- HA - i : South East Region 73,200 65,700 898"
(4) Rivers in Lake Chad Basin :HA- 11 -
1. Komadugu Yobe . C Lo
- Hadejia River at Wudil 16,400 ] 640 100
- Igpi, Riverat Iggi 6,400 - 960 ‘150
-Jama'are River at Bunga 8,000 1,270 159
- K. Yobe River at Gashua £5,700. 810 15
- Misau River at Kari 5,810 180 30
- K. Yobe River at Damasak 82,600 540 1.
- LakeChad 99,500 0 0
: Sub total 99,500 5400 | 54
2. Yedaeram and Orher Rivers _ :
- Yedseram Upper Basm 1,700 170 - 100
- Alau Dam 4,100 200 50 -
- Komadugu Gama 11,300 830 - 78
- Other Rivérsin Desert Area - 46,660 0 0
 Sub-total 63,600 1,200 19 -
3. Rivers along Bordor with Niger 24,900 1,800 64 .
Total (4) ' 1_38,000 ' 8,200 44
Country Total : Total of (1} Lo (4) 1,605,100 267,300 178
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TABLE ;.";C—S - MEAN MONTHLY RAINFALL AND EVAPOTRANSPIRATION (ET)

(972)
_ (Unit: mm)
‘ " Bauchi _ Calabar Enugu
" Month | Rainfall ET - Rainfall - ET . Rainfall BT Remarks
~ Jan, 0 . 146 19 - 115 2 158  Averagefor5.
Feb. o 167 28 - 106 2 . 160 years(1986-
Mar. L2 198 152 127 42 . 180 90)
Apr. 22 . 204 211 126 138 168
May' 80 - 192 287 124 187 149
Jun. 133 174 - 408 105 205 - 120
© Jul, 216 161 . 516 . 90 :281 118
Aug. - 254 164 280 . 60 - 298 112
Sep. 129 - 165 1378 90 250 114
Oct. 99 Tt 315 99 196 140
Nov. 0 159 127 111 12 150
Dec. 0 149 42 115 B 155
Total 865 2,046 2763 . 1,298 1,618 1,724
orin 3 Kano  Maiduguri
Month - Rainfall = ET Rainfall ~ ET  Rainfall ' ET * Remarks .
“Jan. 18 143 0 127 0 192  Averageforb
‘Yeb, 0 1T 148 0 126 0 196 - years (1986 -
Mar,© - 66 183 0 164 0 205 90
Apr. - 68 . 7165 - 8 - 183 6 255
May - 109 . 180 20 195 15 - 248
Jun. . 192 . 188 - 90 165 55 210
Jul; o114 - 121 o211 148 161 - 202
S Aug. 143 118 262 0 136 179 146
Sep. 194 126 . 100 144 84 . 180
Oct. 102 . 146 13 - 164 8 220
o Nev. - B o141 0 141 0 198
Dec. g 140 0 124 0 185
fotal 1,024 146 713 1815 498 2,407

3043



MEAN MONTHLY RAINFALL AND EVAPOTRANSPIRATION (ET)

(2/2)
_ (Unit: mm)
Makurdi .Minn_a Sokoto |
Month - Rainfall ET  Rainfall ET  Rainfall  ET - = Remarks
Jan. 0 161 0 189 0 155 Averagefor5
" Feb, 0 154 0 202 0 146  years{1986-
Mar., T 198 12 223 6 220  90)
Apr, 61 183 © 65 219 S | 201 :
May 134 174 140 186 22 183
Jun. 124 138 150 141 86 - 180
Jul. 188 . 118 176 127 169 © 1133
Aug. 260 127 236 121 148 136
Sep. 921 132 232 129 S 135
Oct. 101 1149 89 164 11 174
Nov. 0 156 4 183 0 - 183
Dec. 6 174 0 174 0 1180
Total 1,002 1,864 1,003 2058 - 53 2,026
Yola - . Jos . . Kaduna
~Month  Rainfal .~ ET . Rainfall _ET  Rainfall BT Remarks
Jan. 0 149 0 - 233 0 245  Averagefor§
Feb, 0 148 0 218 2 230  years{1986-
© Mar, 0 192 21 276 . 6 .+ 285  '90)for Yola, -
Apr. 33 195 91 216 38 . 235 29 Year (1951-
May 107 183 163 174 78 180 79 fordesand .
Jun. 103 156 223 . 138 166 . ° 141 . .1byears
Jul, 231 - . 136 - 283 115 1186 127 - (1966-80) for
Aug. 192 146 272 . 112 393 "124  Kaduna
Sep. 159 144 197 - 132 247 . 129
Oct. 57 . 180 49 . 195 56 177
‘Nov. 4 . 165 0 . 218 0 - 222
Dee. 0 152 0 - 223 ¢ - 233
Total 886 1,946 1,209 . 2,248 - 1,102
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TABLE 3C-7 LIST OF BASIC REFERENCE CONTROL POINTS

SiA River ~ Locations SHA " River - Locations

1031 l‘_«tger ' Nf:ar Border 3120 Donga Manya

1032 Niger Jiddere Bode O B PO OO L O OO

1113 Niger Kainji Dam 4062 = Benue Makurdi

1052 Rima ~ Goronye Dam 4052 Katsma Ala Rlver Mﬁuth
2082  Niger Kadina Co_nl'lu. 5011 nger Lokoja

2032 Niger Jebba N 15 Anambra " Asaba

2]30 Kaduna Shirﬁl"o Dam ........ '...s.u....j ........................................... Benia

2122  Kaduna Kaduna South . 6023 . Ogun _ River Mouth
............................ ...'............ R T TR P 6080 Osse Rlver Mouth :

3021 Benue . . wurobﬁkl ) R X ""'“"“_"-". ........................ - .... .................. EY

3070 Benue Numan ' o m“ Crgss - Tkom

3030 Hawal Hawal ' : TGBGCross ........ IkotOkapara .......

3042 QGongola  Gonbe Abba " . ' Gashua

3111  Taraba Tela . 8092 Yohe _ Gashua-
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TABLE 3C-8 UST OF NEW STATIONS FOR PROPOSED DAMS

SHA River SHA River
1030 Gagere 4010 Shemankar
1100 Danzaki* 4030 . Ankwe*
........... 2040Awun‘ 4050 Katsina.Ala® -
2050 Oshin [T ST i N
2080 Kampe?* 5010 - Osod/Ebin
2090 “Tubo N 5020 - Upper Anambra
2110 Galma/Karam* 5030 Asa
2120  Uppér Kaduna : 5040 Mamu*
2140 Cbako® 6020 Ofiki/Ogun*
- 2150 Small Rivers . i
. 2160 “Gurara 6940 Omi/Ondo
eerieseiieeeberieeasseb b ieabiene frabr e s e rbeeeierniianneis 6050 Oshun*

3016 Kilange* ' 6060 Omi
3020 MoyoIne - 6080 Osse? o
2030 Hawalt e
3070 Mayo Belwa* 7010 Aloma? |
. L . 7020 Ayat
s1ie. Targba Upper Basin® 7030 Abo Inet
3120 - Suntai eemtee e e inetsrerernirereetaetsbeiainrebaesaninadand s nes
3140 ‘Donga* ' - 8140 Yedseram

‘Note:  Stations with * are recommended to be installed by
' 2_000 for early implementation'of projects.
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TABLE 3C-9 UST OF HYDRO-METEOROLOGICAL"GAG’lN'GisTAﬂo'Ns

Station I m NV i M W  Total

1. Rainfal] _ :
. BRCP 4 4 6 2 2 2 2 i 23
- Bxisting Dams 5 5 3 - . 3 -4 20
- Priority SHAs 2 9 7 I 5 3 i 35
- Supplement 106 190 122 718 107 252 71 145 . 1,071
Total 117 208 138 84 113 262 76 151 1,149
2. Evaporation =
- BRCP 4 4 6 2 2 2 2 i 28
- Existing Dams 5 5 3 - . 3 -4 20
- Priority SHAs - - - - - P -
-Supplement 2 3 5 2 R 3 p) 23
Total RS } 12 14 4 3 10 5 7 66
3. River Discharge :
-BRCP | 4 4 8 2 2 2 2 1 23
- Exisling Dams . 16 25 16 10 2 26 10 19 L 130
- Priority SHAs 5 20 16 . 12 8 .10 8 1 . 84
-Supptement 1 3 7 - 44 43 64 25 197
Total 39 62 0 45 24 63 - 81 84 46 . 434
" 4. Sediment Discharge : N
-BRCP 4 4 .6 2 2 2 2 1 23
- Existing Dams 5 5 3 - 3 - 4 20
- Priority SHAs 2 9 7 4 4 5 3 1 35
- Supplement - - - 1 g 19 .6 45
Total 11 18 16 6 17 19 24 12 123
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TABLE 3C-10 IMPLEMENTATION SCHEDULE OF HYDRO-
METEOROLOGICAL NETWORK

- Unit: Nos. of Stations -
19906-  2001-  2006-  2011- . 2016-

Statlon Total ) o Ny _
_ o - 2000 2005 2010 2005 2020
Ramf all Statlon .
“BRCP 23 23 - - . ;
* Existing Dam - ‘ 20 20 - - - -
- Priority SHA .35 - 20 i5 - . -
- Supplement 1,071 . 210 270 . 210 261
'I‘Glal B - 1,149 63 285 270 270 261
Evaporatwn Statlon _ _ -
- BRCP- : o 23 .23 - - _ - -
- Existing Dam 20 © 20 - - - -
- Priority SHA - Co- - . - -
- Suppléement .23 - .. 23 Co- - -
: Tota'l 68 43 23 - - -
Rn er Dlscharge Statlon : _
-BRCP : .28 23 - - - -
. - Existing Dam 130 20 ‘110 - - -
- Priority SHA = - _ 84 20 18 18 17 11
- Supplement Lo 197 - 50 80 50 47
'I‘otal - 434 63 178 68 67 58
Sednment Discharge Siatlon .
- BRCP . - 23 23 Lo - - -
- Existing Dam =~ ' 20 20 . - - -
- Priority SHA . 35 20 16 - - -
- Supplement 4 - 12 12 T 12 9
: - Total : 123 63 27 o 12 12 9
Grand Total 1,772 232 518 350 349 328
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PART 3D GROUNDWATER RESOURCES

3D.1 JICA-NWRIS AND DATASASE

' 3D. 1.1 Introduction

Groundwater has the following advantages as 4 water resource.

- 'The water quality is usually excellent,
- The investment required for exploitation is relatively small,

~ Compared to the water facilities using surface water as a water source,

" in the case of groundwater, users are very close to the water source. Therefore,

it is enoiigh to simply mstall a well equapped with a pump to act as a Water
dehvery faclhty

- Ttis easy to select the posrtton of water delivery and utilization
fac:ht:es

- The surface water extraction facilities rnust be mainly msta]led along
rivers, that is, a linear restriction is placed on their locations. On the other
hand, the groundwater facilities can be installed anywhere within the areal

' expanse of aquers, thereby prn\udlng an mf‘ mtely greater c¢hoice of posmble

water extraetlon sites. -
. - Thereare 'not So many séaéﬁnal réstri_étions on water éxtractions.

Fven ina dry area where a great part of the surface water dries up at

the end of the dry season, groundwater can be extracted, In places where
- surface water cannot be easaly obtained or the water quality is poor or in

vﬂlages where large quantities of water are not needed; groundwater has long

“been extenswely used because of the above mentioned advantages. Even now .
_ groundwater development 1s being prOmoted to & great extent, Upon execution
- of this NWRMP in- Nigeria, special emphasis was placed on the collection of
“data. rélated to. groundwater, partlcularly collect:on of data. reqmred ‘to
' 'understand the present sxtuatlon of groundwater utlhzahon and the nature of
groundwater resources m NWRIS

3P



3D.1.2 Existing 8orehole Wells
(1) Dimensions and Distribution of Borehole Wells
{a) Number

Table 3D-1 shows the results of NWRIS. The number of borehole wells
in the entire country totals 23,234, The number of wells separately obtained in
the water supply sector is 27,026 as s explamed in Tables 6. 1,63 and para,
6.13 of Chapter 6 “Water Supply and Sanitation”.

- The difference in totals is attributed to the fact that different data
sources were used to compile these ﬁgures and that the total number of wells in
the water supply sector includes a number of large diameter, hand-dug wells
that have been excluded from Table 3D-1, Information on the number of
privately owned wells was not available for this Study, and therefore these
wells are not included in Table 3D-1,

The number of borehole wells in each Region is shown below:

Number of Wélls in Region

Region : Stateslncluded o No.éfWeHs : Pereent

North-West  Kebbi, Sokoto, Katsina - 5,322 229
North-East  Kano, Jigawa, Yobe, Borno, Bauchi 6,764 - 291
Central-West Kawara, Niger, Kaduna, Kogi, F.C.T. 3,341 - 14.4
Central-East Adamawa, Taraba, Plateau, Benue 2,641 11.4
South-West  Oyo, Ogun, Oshun, Lagos, Ondo, Edo; Delta 4,081 178
South-East Anambra, Imo, Rivers, Enugu, Abia, . 1,085 T 49
Akwa-Thom, Cross River IR
“Potal - o wsP 1000

’I‘he number of wells in elght States of the North Regwn is12 086 and_
these States contain the majority of wells making up 62 percent of the total. As
is seen above, the irumber of borehole wells in the north dry area’ represents a
high percentage which clearly shows the 1mp0rtance of gmundwater ‘In the
North Region, groundwater is not only used as a domestie water: so'm‘Ce but also
large quantities are used by livestock and agrneultural activ:tles in the dry
season, : o T
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_ This Neorth Region has a drought-prone environment. The then
FMWR prepared a report “Borehole Data Inventory and Pumping Test
Analyses for Groundwater Development in Drought-Prone Area of Nigeria”
and investigated the groundwater situation related to the borehole wells of 10
Statesin the North Region. The number of borehole wells is almost the same as
that of this mvenbory survey. The number of wells in the Central and South
Regions is smaller than that in the above-mentioned North Region. This may
be due to an inercase in the use of surface water as rainfall increases as well as
the dwersﬁicatlon of water collection facilities such as spring water, dug wells,
rain harvest, ete.. However, among these regions the South-West Region has
high value in terms of both the n_umber of wells and the percentage of wells in
the entire country. Table 3D-2 shows borehole well density of a state basis.

‘Lagos State has a remarkably high borehole well density among these states,

followed by Osun State and North Ré’gion states.

~ (b) Depth'

Ameong the borehole wells all over the country obtained in the
mventory survey, the NWRIS adopted reported data related to depth and
unconfirmed mformatlon which was ¢onsidered to be approprlate in the case
where ne date was ofﬁolally reported, Well depths were classnfied mto four

elass ranges as shown in Table 3D- 1.

“The depth of a borehole well is closely related to geology The well
data on depth in sorme typmal states ‘by geology is shown below

sédimentary Formation Area

>181m . 101~180m - B1~100m - - §0m>

State No.of Wells' No. ratio ~ No. ratie -« No. ~ ratio ' No. ratio
' Sokete 1,692 82 5 350 - 22 700 . 43 490 30

Katsina ~ 456 - = - i .2 % 16 370 81

Kebbi 8500 16 2 12 8 389 46 3713 44
U Tetal - 2928 .98 3 . 433 15 1,164 - 40 1,233 42




Basement Complex Aréa

C>18tm . 101~150m _ 51~100m . B5Om>

State. No.of Wells No. . ratio No..  ratio No.  ratio . Ne. ralio-
Sokoto 450 1 . 4 1 B 11 370 82
Kebbi 187 : - 11 26 14 160 - 86
Katsina 132 : - 66 9 282 - 39 314 52
Jigawa 170 .-t o1 o852 133 18
Total 1,620 1 - 73° 5 - 418 . 27 . 1,037 . 68
Chiad Formation Aréa
| © S15im 101~150m . 51~100m  EOm>
State No.of Wells- No. 'ratio No. ralie - No. - ratio  No. . ratio .
Bauchi 100 14 14 T 9 41 41 . 38 38
Borno 716 525 73 3% 5 139 19 17 2
Jigawa 1,079 2 - 45 4 559 52 413 44
Total 1,895 541 . 29 87 5 739 39 528 28

The Wells in the sedlmentary formauon area are dlspersed down to
deep levels (101 to 150 'm, > 151 m), wh:ch shows that aq\u{‘ers are relatwely
deep in this area. On the other hand, the majorlty of the wells in the basement'
'complex area are as ‘shallow as 50 m or less, Wthh shows that. the weathermg
layer near the surface acts as an aquifer. In the basement complex area this
tendency is common all over the country. ‘The wells in the Chad formation area
are divided into two types: one is 100 m deep or less and the otheris 1560 m deep -
or more. These well depths indicate two different aquifer systems in this area.
The distribution of the wells in Borno State clearly shows this tendency. The
table below shows the well depth information in the South Region grouped into
areas in which the oldest sednments are of Cretaceous Age and inareain which
Quaternary Sediments are present_ ‘ '

Sedimentary Formation Area {Cretaceous and Tertiary Age)

Si6tm - 101~166m  Bi~100m . 60m>

State ‘No.of Wells  No. ratio No.  ratio . No. ratie = No.  ratio
" Enugu © 125 102 82_ 11 "9 1 g 1 1
Anambra 102 &8 86 10 10 3 3 1 1
Imo 8 32 41 3% 45 11 14 - X
~ Total 805 222 13: 66 18 % - 8 2. 1

- 8D-4



“Sedimentary Formation Aréa {Quatérnary Age)

: . >16lm 101~150m 51~100m 50m>
State -~ ‘Ne.of Wells No.  ratic No. ratio No. ratic No. . ratio
Irme 145 20 14 3 25 89 81 - - -
“Akwa-lbom 195 23 12 67 3 10 36 35 18
Rivers . 296 58 20 38 13 180 61 .20 7
Lagos 1,219 161 13 43 4 1m0 9 %05 4
Total 1,855 262 14 184 10 449 24 960 52

In areas where only Cretaceous and Tertiary Sediments are present
‘the deep borehole wells predommate and indicates the existence of a deep
aquer In Enugu and Anambra States the densely populated area are located
in topographically high positions and this tendency is acéentuated. In the areas -
in which Quaternary Sediments are presént the borehole wells concentrate at a
depth of 50 to 160 m in the regions along the Niger river or along the coast.
Both regions consist of an unconsolidated layer and groundwater is recharged
from rivers. These regions are rich in groundwater so that water can be
extracted from shallow borehole wells. In these areas the deep borehole wells
are those that supply water foriiﬁdu'striél uses reéquiring large quantities of
~water,

(&) WaterTable "

The water tablé is the distance from the ground surface to the water
levelina Well In the case of ﬁnconﬁned groundwawr ‘it means the water level
in the aqu:fer or phreatic level, In the case of confined groundwater, it means
the pressure head. The waber tabie has seasonal ﬂuctuatlon which is not taken
mto conmderatmn m the followmg dlscussmn.

- _ The water table has a close relat:onshxp to the reglonal geology _ The
; 'water table data in states grouped accordmg to geology isas follows

K] Y



Basement Complex Area

. >31m . 11~30m 10m>

State No. of Wells No. ratio No. 'ratio_ No. . ratio

" Sokota 451 25 6 - 257 57 169 37
Katsina 635 24 4 434 68 177 28

Kebbi 183 T 4 T4 .40 102 56

Bauchi 256 2 1 59 23 195 . 76

Osun 829 - . 2 0 '32? -100

Ondo 521 12 2 - - - bo9 93

Total 2,875 70 2 826 29 1979 69

‘As shown in this table, the water table is about 30m deep or less in the
basement conplex area where it exists in the weathéred layer. Of the states in
the basement complex area those in the South Region, namely, Osun and Ondo
States, have water tables that are 10m deep or less. Itis considered that this is
" due to the long rainy seasons and heavy rainfall in this area. The summary of
 the water tables in the sedlmentary formation area in the North Region is
shown in the table below. '

Sedimentary Formation Area (North Region)

>3im 11~30m 10>

Stale No.ofWells No. rato No. ratic No. ratio
Sokoto 1,592 721 45 590 . 37 281 18 .
Kalsina 329 119 36 181 55 29 9
Kebbi 812 223 27 .. 330 41. . 289 32 -

Total . 2,733 1,063 39 1101 - 40 ¢ 569 21

The water tables in the sedlmentary formauon area d:splay a trend
that is opposite to that of water tables in the basement complex area.: They
concentrate at a depth of about 30 m or more. There is a hlgh poss:blhty that
most of these deep water tables represent a pressure head of an aquer located

at a deep position. The table below shows water table data in the Chad
formation area,

3D6 -



Chad Formation Area

: >3Im

i1~30m

_ _ _ 10m>

State 1?3’. of Wells No. ralio No. ratio No. ratio
Borne 365 40 1n 136 37 189 - 52
Bauchi 88 14 16 40 45 34 39
Jigawa 856 272 32 431 50 153 18
‘Yobe 21 n 9 39 13 225 17
Total 1,600 33 22 646 40 601 38

"The trend of wells grouped by depth of water table varies in each state.
It is considered that the Chad Basin where the Chad formation is distributed
has three distinet aquifers and that most water is extracted from the upper
aquifer except for the densely-poputated urban areas. Judging from this
phenomenon, the water fables of 30 m deep or less represent that of upper
“aquifer. The following table shows well g:ouping according to their water
tables in the sedimentary formation area and quaternary sediment area in the

South Region,

~ Sedimentary Formation Area {South Region)

“11~39m

- >3lm 10m>
~ State  No.ofWells No. ratio No. ratio No.  ralio
Enugu 46 - 41 89 4 9 1 2
Anambra o4 51 86 10 1 3 3
Imo T8 1 91 6 ~ 8 -1 1
~Potal 218 193 89 20 9 5 2
' o QUatérnairy_Sedimént's Aréé
- | 53im 11~30m - 10m>
State  No.ofWells No. ratio No. ratio - No.  ratio
Imo 83 20 38 31 58 2. 4
Akwadbom 142 44 31 66 46 32 23
‘Rivers 169 1 - 60 36 108 64
Delta 144 114 10 21 14 109 - 16
508 79 16 128 35 - . 251 49

.':'To_tal

- Mostof the borehole wells have water tables of a depth of 30 m or more
~ in the sedimentary formation area of the South Region. This means that the
!) -~ aquifer is deep s mentioned in the preceding paragraphs. It is thought that

: N7



these water tables represent a pressure head. The wat_ér_ tables are si‘iall_ow in
the Quaternary sediment area, especially in Rivers and Delta States where
they are 10 m deep or less.

(d) Water Yield

The water yield here refers to the results obtamed from pumpmg tests.
Water yield data was obtained from various sourees. Where no reported ylelds
- were available, mformatlon was obtained from water uses and from estimates
of well discharge rates The results of the mventory survey by geology are
shown below:

- Basem’ent ComplexArea :

__ | © >101min__51~100&min 50 H/min>
State. No.ofWells No. * ratio No.  ratie No.  ralio

‘Sokoto 444 9 2t 75 1 276 62
Katsina 659 118 27 82 12 3% 61
Osun ' 877 18 2 I 1 848 - 97
Ondo 511 3 1 14 3494 o7
otal 2491 292 . 12 182 72,017 81

The water yicld in the basement complex area is 50 ¢/min or less and
most yield values are difficult to obtain. The following table shows a
distribution of wells according to yield i in the sedimentary formation area of the
North Reglon

Sedimentary Formation Area {North Region)

5101 &/min - 51~1008min 50 &/min>
State  No.ofWells No. ralio No. ralio . No.  ratio

~ Sokoto 1,258 . 953 176 91 7 a4 17
Katsina 310 . 88 28 46 15 176 57
Kebbi 816 804 99 2 0 10 1
© Total 2384 1845 77 139 -6 400 17

The North West area of Nigeria consists of a Sedimentary basin
extending to the Republie of Niger where several aquifer. layers or strata are
observed. The table above shows that the. wells with a reiatively large yne]d of
100 f‘/mm or -more are installed in these aquers A distribution of wells

- 83D-8



accordmg to yneld in the Chad formatlon aréa distributed in the North East
region is as follows: -

Chad Formation Area

- 5101 Gmin - 51~100 Gmin 50 &/min>

State -~ No.ofWells - No. ratic No. ratic No. ratw
Bozno B27 414 79 0 13 43 8
Yobe 211 4 16 12 4 9221 80
Jigawa 929 127 - 14 452 49 356. 38

Totat 1,733 585 34 534 31 614 35

b . “The :pﬂ_jportioﬂa of wells giouped by water yield varies from state to

state and . this ‘yield result does not show a clear trend well yiclds in the

sedimentary formation area of the Central Region as shown below. The

majority of the wells have yields of 50 /min or less in any state and it is
" concluded that yields in this area are relatively small.

Sediméntar_v Formation Area {Centrat Reqion)

>101 {/min -

51--100 &/min

e i 50 ¢/min>
. State No.ofWells No. ratio No. ratio  No.  ratio
" Bauchi 895 266 30 9 10 539 60
“Benue . 217 - . - 221 100

Niger = 283 86 30 ¥ | 13 160 57

~ Total- 1,405 352

25121 .9 926 66

 Woell ylelds in the sednmentary formatwn area of the South Region are

as fo]lows‘ .
Sedimentary Formation Area (South Region)
R | >101 ¢min__* 51~100é/min 50 &/min>
~ State  No.ofWells " No ratio .~ No. ratio  No.  ratio
Enugu 119 114 96 2 2 3 3
Anambra B 12 100 - . - L
Imo 11 6 97 2 3 -
268 261 97 4 1

Tolal
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~ The majority of the wells have yields of 100 ¢/min or more and the
groundwater yield is generally considered to be large. Yields of the wells in the
Quaternary sediment area are as follows;

Quaternary Sed'im'enté Area

| | | >101 ¢/min_ - 51~100 ¢/min- 50 &/min>
State . No.ofWells No. " ratio No. ratio  No.

ratio

imo 108 104 96 4 4 - .

‘Akwa- lbom 16 - 74 o7 - - 2 3
Rivers 105 s 100 - - -

Total 283 283 98 4 12 1

The majority. of the wells have yields of at least '100. £/min in the
Quaternary sediment area and the groundwater y:eld is generally considered to
be large.

3D.1.3 Database

‘The geological information is added to the results gro_up:éd according to
LGAs obtained in NWRIS and is shown as the borehole condition on state and
LGA basis in the Water Resources Inventory Surv'ey".' The well &é'nSity is also
presented according to LGAs as shown in the Water Resources Inventory
Survey in the same way. Furthermore; the following maps have been prepared |
based on the NWRIS and the data obtained in the field survey and are
incorporated in the Water Resources Database Maps.

- Hyadr ogeologlcal Map (1/4 4/4)

- Well Depth and Water Level Map on LGA Basns (174 - 4!4)
Well Density Map on LGA Basis (114 -4/4)

- Groundwater Potential Map

" 3D-10



302 HYDROGEOLOGICAL AREAS (HGAs)
3D 2.1 Division of Hydrogeological Areas

ngerlan geology can be roughly divided into two units; the basement
-::Omplex area composed of crystalhne rocks and the sedimentary formation
area. The basement complex area’is distributed in'a block in the North Central
arca, South West area, and East area corresponding to the border with the
Republic of Gameroon. The sedimentary formation area lies in the North West,
‘North East and South Central Regwns of Nigeria and form seven large basins.
The sedlmentary formatlon area is distributed in belts along the Niger and
Benue rivers, thlckly overlying the basement complex thereby: sepalatmg
adjacent regions of basement complex.. :

_ ‘These geological distributions can be divided into the following e'ight'
reggions as hydrogeological areas according to the geology, basin and aquifer

occurrence and nature. Those results are shown in Figure 3D-1, Hydrological
areas are also shown in Figure 3D-1. ’ -

Hgd:og" eological Areas

Regmn o . o Area(kh’)

L Sokoto Basin Area (Sokow Sedimentary Area) - - 63,700
'3, Chad Basin Area (Chad Sedimentary Area) : 120,400
3. Niger Basin Area - (Upper Niger Sedimentary Area) © 38,300 -
.4, Benue Basin Arca (Benue Sedimentary Area) 116,300
" B. South Western Area {Ogur/Osun Sedimentary Area) 110,500
6. South Central Area (Lower Niger Sedimentary Area) : o
: 7. South Eastern Area{Cross River Sedimentary Area) 29,700
. 8. Basement Complex Area (Crystalline Rock Area) - 445,100

Total | 923,800

13D.2.2 Featuresof HGAs
| S Soko'ﬁo Basin Area_ |
The Sokoto Basin’ shows an exposed successnons of sednmentary beds

yrunning from horth to south wnth Iower layers in the east and upper layers in
the west “The sequence is composed ofsnx mam sedimentary formatlons, 1) The
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and receives recharge from rainfall and rivers. The specnl' c capaczty of emstmg
boreholes averages 57 m®*day/m, and represents a-good aquifer, ii) The Illo
Formation is inter fingered with the Gundumi Fomlatlon and is dlstrlbubed in
the southwest area of Sokoto State. The nature of this aquifer is the same as
“that of the Gundumi Formation, m) The Rima Group is divided into three
formations and sandy portions of the lowermost Taloka and the uppermost
Waurno formation are aquifers. Aquers in this group show low specific
capacities of 3 to 20 m3¥/day/m i in the North area of Sokoto city but show a good
specific capacily of 23 to 63 m3!day.-'m in the South area. However, the water
‘table is low and the water quality is poor in both areas, iv) The Dange
Formation in the lower order of the Sokoto group is an aquiclude. The upper-
order of Kalambalna Formation is an unconfined aquifer in this region and a
lot of springs and lakes are distributed along hills ¢omposed of this formation,
v) 'The Gwandu Formation is a sediment of Terliary age and is divided into
three layers. Sandy portions in the uppermost and lowermost order form
unconfined and confined aquifers,. respechvely The speclfic capaclty of this
formation is 50 to 100 m®day/m and it i is a good aquifer, vi)’ The wetland of
Sokoto and Rima rivers correSponds to the Quaternary sediment. The
groundwater is utilized by means of shallow wells. In summary, the main
aquifers of the Sokoto basin are classified into four groups which are, from top
the upper portion of the Gwandu formation (first aquifer), the lower portion of
" the Gwandu Forination (second aquifer), the Wurno and Taloka Fermations
(Third aquifer), and the Gundumi and Tllo Formations (fourth aqulfer) The
Sokoto groundwater basin composed of these aqunfers forms a monoc]me
structure toward northwest. :

(2) Chad Basin Area

"The N ige’ria'sector of the Chad Basin accoxmts for only 6.5 percent of
the entire hydrographic Chad Basin. The Chad Formation occupies the
uppermost order of the sequence of the formation cOmposing the Chad Basin.

The Chad Formatlon consists’ of a succession of clays, sandy clays and
- siltsin which beds and lenses of sand and gravel occur af various levels, There
are three distinet aquemus zones partlcularly in the Maulugum area namely
the Upper, Mlddle and Lower aqulfers The Upper aquer ¢consists of
quatemary deposxts (alluvmm) which OVerhe the entnre basin except at the
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outcrop areas of the basement complex rocks. The thickness generally varies
from about 30-100 m but locally may be up to 180 m, The ylelds from the upper
aqulfer vary between 0.2 to b €/sec.

" The Middle aquifer is composed of a mass of a few meter to 30 m thick
sandy horizéns and is located from sbout 150 m below the ground surface. Itis
the most extensively used aquifer in the basin and has suffered greater head
decline than any other aquifer.” Many of the boreholes penetratmg this aquer
have been allowed o flow uncontrolled thereby addmg to the wastage of the
resource. ‘The unit exhibits both artesian and subartesian conditions with

artesian conditions partibuldrly‘preiralent in the area east and north-east of

Maiduguri. Free flow yield initially ranged from 21 £imin with 5.6 m head to

204 ¢/min with 15.2 m head,

The Lower aquer is about 100 m thick and has been identified in the
Maldugun area wnth the horizon between 450 and 700 m below ground level, It
was thought to be limited to this area but logs of boreholes drilled in recent
years have shown that it'extends eastwards of Maldugun to New Mart. The
artesian head i is between three and six meter above the ground surface with

yields of between 2 €fsee and 25 f’!sec. -Owing to the declining yield of the
‘Middle aquer in recent years, the Lower aquifer is now of mcreasmg

importance in groundwater exploration within Maidugun metropolls The
trend in decline in abstraction ratés and in the water table and p:emmetrnc
surface in the Middle and Lower aquifers is not encouraging and appropriate
steps should be taken to avoid irreversible damage to the aquifer,

3) -Nig‘er Bésin"Area

The nger Basin has three 1mp0rtant water bearing zones namely

| _'Bxdn sandstone, Nupe sandstone and Alluvium, ' The Bida soundstone has a
yield of 48 - 150 hnin with speeific capacity of 17 - 26 m¥day/m.- The. Nupe
"sandstone hasa yield of 42 - 800 €/min w:th specnfnc capaczty of 120 - 860 m¥/day

m. The Alluvium has a thlckness wlnch ranges from a few meters to 30 m, Itis

- the most prohl‘ic aquer with' a yleld of450 2,200 €/mm.
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{(4) Benue Basin Area

The Benue Basin is popularly referred to as the Benue Trough in view
of its tectonic evolution. The Benue Trough consists of a number of sub basins
and could be subdivided into Upper and Lower Benue Basing. The Upper
Benue Basin oc¢cupies’ the upper reaches of the Benue Tfough. In the
stratigraphical succession of this basin, the major aquiferous- formations are
Bima sandstone, Yolde and Gombe sandstone, but the'yiéld is believed to 'v':ary
considerably with the location, The yield ranges are estimated to be 60 480
¢/min, 114 - 300 &/min, 90 - 408 €/mm respectlvely. :

The Lower Benue Basin is geolo'gically relate_d to the Upper Benue
Basin described above. The mﬁlti-layer s&ndstoﬁé-l;eds of the forimation
constitute good aquifers but are usually ¢contaminated by brines from the
interbedded shale. Potable water could be obtained from boreholes in this area
if the saline horizons are properly identified by. geophysncal logging and
consequently cased off, The most important aguifers in the lower Banue Basin
are the Makurdi and Ezeaku formations and possibly the Keana sandstone.
Borehole success in the Makurdi formation is a chance event and it is advisable
that drilling should be preceded by systematic survey of the area of interest. In _
comparison with the other basms, there has been little groundwater
exploration in this basin.

(5) ‘South Westérn Bésin Area

The South Western Basin consists of Cretaceous, Tertiary and
Quaternary sediments deposited in a coastal basin, ‘The major formations are
Abeokuta, Ewekoro, Iloro and coastal plain sand.” The Abeokuta formation is -
an extensive and prollfic aquifer and is underlain by the basement complex.
The groundwater is confined in the Lagos area where it reaches a. target depth
of 600 m below surface (Agagu 1994). . On the other hand in the unconfined
area, depth to water table varies from 30 to over 100 m, The aquer is heavily
exploited at Ikeja arvea where one borehole has ylelded over some elght. years, a
quantity of water in the region of 14 ‘MCM thhout change of - pressure head
(Basil & Associates, 1980). The coastal plam sands and alluvmm constitute the
main aquifer and heavily exploited for domestic, industrial and institutional
water needs particularly in the Ikeja area. The aquifer is essentnally phreat:c
and depth to water table varies from a few meters to about 150 m,
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| (6)  South Central Area

The South Central (10wer N:ger) area is sometimes referred to as the
:nger Delta Basin and ‘consists of Tertiary and Quaternary sediment, A very
1mportant aqull‘er in this basin is the Benin Formation which is thick and
- éxtensive and consists of coastal plain sands with a few clay layers. Another
3:mportant aquifer is' the Alluvium containing shallow eccurrences of
groundwater and consists of gravels, sand and clays. With the potential
problem of saline intrusion nearthe surface, the wells need to be drilled to 300
m or more to reach fresh water. Boreholes tapping the aquers of the Benin
Forniation have high y1elds with little drawdown and an’ average specific
capacity of 650 cu.m/day/m. :

(1) South Eastern Area’

- In the South Eastern area the Anambra Basin is underlain by
Cretaceous sediments of which the false-bedded Ajali sandstone is the
~ dominant formation, There also exist sandstone and coal seams of the Nsukka
| and Mamu Formations. The Ajali sandstone aquifer is overlain by the
impervious shale of the Imo Shale Group and Nsukka Formation to the
southwest where deep boreh_oles meet artesian and subartesian conditions. A
* borehole at Uzouwani, 24 km north of Umumbo (some 50 km west of Enugu),
mtercepted the Ajali Formation at about 180 m below ground level and
produces a free flow of 33.7 &/sec from an uncontrolled borehole (M.E. Offidile,
1992). A number of perennial springs issue from the base of the Ajali sandstone
on the Enugu Escarpment at the contact with the Lower Coal Seam. Recharge
of the aqulfer is at its outcmp area around the Ietah- Nsukka Enugu
Escarpment ' - o g :

 The Cross River Basin on the other hand is underlain by dominant
_shale gruups in stralngraphlcal successnon There are Cretaclous shale groups
' that outcrop in the eastern partof the basm. R '

Generally, groundwater potential is low in the Cross Rwer Basm as
' obtammg exploitation is a'chance even being hmited to the sandstone lenses of
~the shale group partxcularly the Ezeaku and Nkporc which can best be mapped
_--'by geophyswal surveys Depth to water table is shailow, usually iess than 26
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(8) Basement Complex Areas

In the basement eouiplek r'bcks areas, groundwater occurrence is
limited to- fractured fi ssured and breceiated zones. In the northern states,
~ which is the approximate demarcation ‘of the drought-prone areas of the
country, rehance on groundwater for domestic and small scale lrrlgatlon is
heaviér in this region than in other parts of the country Unfortunately, most
of the area is covered by basement- complex rocks and in spite of the:poor
hydrogeologrcal characteristlcs of this formahon it is still a major source of
potable water supply. Many wells and borcholes penetrate the basement
complex especially in Kano and Oyo States.: The weathered: mantle and the
fraclure zone have formed moderate to good aquifers in many localities which
have been extensively exploited in these states. In the basalt of the Jos Plateau
area, many productive boreholes have been drilled into ancient river valleys _
that have been covered by lava flows. The depth of burial and guality of the -
underlying rock and its degree of weathering are salient points in groundwater
investigation in the basement complex. The average yield from basement
complex aquifers ranges between 45 and 108 ¢/min (David and Dewiest report,
1970), but very high yields of up to 240 &/min can be attained in fractured and
deeply weathered locations. Depth are usually a few meters or tens of meters
but rarely reach 100 m,

3D.2.3 Groundwater Quality

_Groundwatér quality is generally good. Tn some areas iron, nitrate or
fluoride coneentrations exceed the WHO recommended standards for potab:hty.
Using pH as an index of corrosion potential, about 20 percent of the country is
underlain by hlghiy corrosive groundwater with pH less than 6.5, 40 percent by
moderately corrosive groundwater with pH ranging from 6.b to 8. 8 and 40
percent by noncorrosive groundwater having pH exceedmg 6.8. + The
corrosiveness is important for choosing appmpmate ‘materials for water supply
~equipment. Groundwater quality in the vicinity of mine is oftén degraded by
the mining activity, resulting in low pH condltlon and abnormally’ hrgh
‘concentration of some metals. Water of very low pH as wrth mine water, carry
high concentralions of ferrrc and ferrous ions. “ Ferrous ions remain stable
" under this condition and will oxidise to ferric at hrgh pH and be preclprtated as
ferri¢ hydro-oxide. Above a pH of 5, abundant aluminum i ions are absent in
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solution, Some mine waters wzth a pH below 4 are known to have several
hundred to several thousand mgfhtre of Alummum Magnesmm ions are
“mostly prec1p1tated above pH of 10 5.

At the Onyeama Coal rmne, groundwater in contact wnth the Coal
bearmg Mamu Formation, has a pH of between 4 and 5 in contrast with a pH of
6 to 7 for water passmg through the sandstone of the Ajali Formation only. The
high acichty is attributed to the sulphlde minerals associated wnth the coal.
(Offodile 1992)

Furthermore saline groundwater is observed in the Central and South
regions. It is observed in the Lower Benue Trough in the Central Region and
- occurs when groundwaters encounter saline beds in the thick sedimentary
formation. - In many place'of Benue and Plateau States saline groundwater
occurs in deep wells. A lot of borehole wells are abandoned because of salinity
problems, Another 'pro'hlem' is saline groundwater obtained in 'c'oastal'aquif_‘ers.
‘It is evident that this is due to an intrusion of secawater penetrating deeply into
the coastal aquifer as & result of an excessive pumping. Some shallow wells of
the villages contain high concentrations of chlorlde and nitrate and lt is clear .
that these Wells are exposed to artnﬁc;al f:ontammatlon

3D.3 f’otential Groundwater Resources
3D.3.1 Hy’drogeological Mapping

The hydrogeologlcal map at 1 2 ,000 000 scale as attached has been
_ prepared in accordance with the mapping results of major _geologlcal structures
'~ based on Satellite image interpretation. The followings are the major
'objectives of tiie me;iping work: |

(1) Select:on of a rcgron which'is assumed to have a high groundwater
potentlal in the basement complex area. B

1) Itis assumed that faults and l‘raotures have deveIOped and weathering
s abserved deep inside the high potential area of groundwater.
~Judging from this assumptron a regions was selected where an
~ obsérved lincament in the bascment complex area of the geological
' structure map eoncentrates and mdrcated itasa hlgh potential area.
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ii) (enerally, there is a heavy rainfall and both temperature and
humidity are high in the South Region. Therefore, both depth and
degree of weathering in the basement complex area are great'
compared to the North Region. From this fact the South Region can be
expected to have a higher groundwater potential than North Reglon

iii) - The basement complex are can be d1v1ded into the followmg four major
- Suites.

. Youngér granites (Jurassic Age) :
- Older granites (Pre Cambrian Age)

- Meta sediments including quartzite (Pre Cambrian Age): commeon
in Eastern Nigeria

. Gneisse and migmatite (Pre Cambrlan Age)
- The hydrogeological correlation with these major suits is not elear, but

- - according to certain data quartute and granite are thought to have a
higher groundwater potential than other major suites.

~iv)  Selection of the areas cbve_rc’d by voleanic rocks
River channels covered by alluvial sediments have been further -
ovérlain by voleanic roacks of later age in Jos Plateau. Those areas are
limited in extent and are believed to bé of high groundwater potential.

(2) Sedimentary Formation Area

In the terrain underlain by sedimentary rocks, target areas high in
groundwater potential are selected on the basis of the results of past boreholes
which encountered aquifers, The target areas are shown on the
hydrogeological map. - e ' AR '

3D.3.2 Evaluation of Gr'0undWater Resou'rcé -

The total amount of groundwater G is expressed by the i‘ollowmg
equation: o _

G = GO+GR-GD
Where, - - |
©GO: - Initial groundwater resources,
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_ GR: Total quantity of groundwater recharge including rainfall and
~ recharge from surface water bodies,

. GD:  Total quantity of groundwater outflow and consumption,

 Ina stable groundwater reglon GR is equal to GD. GD, the outflow, is
considered to bé stable extractable groundwater reserve. Actually, the primary
groundwater reserves cOr_respondmg to GO also exist.” The estimation of
gi‘oﬁndwﬁte'r resources is made based on the typical hydrogeological unit area
divided i m geolbglcal areas. The groundwatér resourcesin each hydrogeologlcal
arca was estimated oh the. basis of annual ramfall and permeability. The
annual mean rainfall was obtained from the rainfall contour map prepared on

‘the basis of an average annual rainfall in a 10 year period from 1980 to 1989,

Originally, the permeability differs depending on various conditions
such as the climate (especially, different degree of weathering caused by a
difference of rainfall and temperature), topographic features, kind of rocks,
compaction, size of particles composing uncensolidated sediment, etc.
Therefore, an adjustment ration is adopted taking those conditions into
consideration. As aresults, the groundwater resources are estimated as 51,900
MCM as shbwn below. The study results for each hydrogeological unit are
shown in the Appendix.

" potential Groundwater Resources -

Groundwater

" Avea  Rainfall  Permeability ~Adjustment  Reserves
© Lithology- - -(km® {(mm). oy - (Ratio %) L X10%m?
. BasementC. . 442,900 1,087 10 - . 3 . - 17,230
Sedimentary F. 480,900 1,019 18 39 34,700
‘Total 923,800 1,081 | 61,930

in'Niger two previous nationwide estimate of groundwater resources
have béen made so far in 1978 and 1987. Estimatéd annual groundwater

~'resources are 87,000 MCM in the 1978 report and 49,400 MCM in the 1987
- report compared with 51,900 MCM in this report. Table 3D-3 shows
- groundwater resources b'y HA.

“As the mcan annual ramfall of ngena thh the land area of 923,800

--km"' is'1 051 mm the groundwater resources of‘ 51,900 MCM is equwalent to
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5.3 percent of the mean annual rainfall, or a recharge rate of 56 mm. This
amount of recharge is considérably lower than the amount of récharge obtained
in the local water balance study conducted by JICA in Soketo State. However,
taking into consideration of? the'éteep"mt)uritainéus topography of the central
and eastern areas (in the basement complex area) of the Central Region; the
~high pmportxon of surface water runoff, predicted from the widely developed
mselbergs, the thick w1despread distribution of low-permeability silt and clay
terrain alt_)ng the Cross _river} from the lower Benue river basin, ete., it is
© thought that the amount of recharge obtained in this study is not an
u_nreasqnable,vahie.- Previous estima&s of the amount of groundwater have
produced a wide range of results. A better value ought t0 be obtained through
‘repeated local water balance studies based on actual aguifer properties
observed in many hydrogeological arcas. It is expected that the
hydrogeological data necessary for these studies will be improved and an
‘estimation of higher accuracy can be made in the future. '

3D.3.3 Groundwater Resources in Regional Areas -
(1) - North West Region (HA-I, Sokoto-Rima River Basin) -

“The total amount of gfoudeater is 4,300 MCM (.33,.000 m¥km?),
‘which is rather smail because the basement complex area of this river basin
accounts for 50 percent of the catchment area, the rainfall is small, and the
amount of recharge is also small In the alluvium area near Sokoto City the

amount of groundwater per unit area is 46, 000 mﬁ’!km2 which is larger than the
average of the basin.

(2) North East Region (HA-VIH, North East Region) |
In th:s river basm the sedlmentary l‘ormatlon account for 70 percent of
the catchment area, but the ramfall is small and the total amount of
_groundwater is as small as 5,600 MCM (30, 000 m31km2)

(8) Central West Region (HA-II, Nigbr River Basin)

‘The bas‘,ment complex area accounts for 75 percent of thls reg:on. the
rainfall is large, and the alluvmm along the Niger Rwer has a large recharge
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(93,000 m¥/km?), Therefore, the groundwater volume i is 8, 200 MCM m? (52,000
malkmg) in the entire river basin,

(4) : Central EaSt _Regi_o_n (HAJ[I, Upper Benue and Lower Benue River Basin)

~ The upper Bonue river basm is OCCllpled by the mountaineus reglon
along the Cameroon border. Both basement complex and sedimentary
- formation areas are ¢omposed of massive rocks ‘The weathormg layer is thin
'and the groundwater volume is estnmated as 7,000 MCM (44,000 m3km?),
"whichis relatively small.

In the lower Benue rwer basin the sedrmentary formatlon is widely
dlstrlbuted and the alluvmm is well developed ‘I‘he unit groundwater volume
is 60,000 m"lkm2 whloh is larger than the uppér river basin.

(5 South West Reglon (HA VI South West Rwer Basm)

The basement complex areas account for about 60 percent of this
reglon In the south area an unconsolldated sedlmentary formatlon of hlgh
: _permeablhty is present and its umt groundwater volume is 148, 000 m¥km?,
whleh is remarkably hlgh Therefore, the total amount of groundwator in the
entlre south west river basm is as hlgh as 9, 000 MCM

(6) South East Reglon (HA-V and VH LoWer nger and Cross Rwer Basm)

| The majorlty of thrs river basm is composed of sedimentary
formations, Along the nger River the Quatemary sediment and delta deposits
of an unconsolldated sedimentary formation are wldely distributed. “ The
rainfall is heavy and the groundwater volume isaslargeas 13,400 MCM.

'3D.3.4 Groundwater Potentua! Map

: The results of groundwater resourc:es estlmatnons in the pmJect area
are shown in the Groundwater Potentlal ‘Mapat1tod mﬂhon scale as attached
in the separate volume “Database Maps To use this potentlal map, it is

necessary to l‘ully understand that an occurrence of groundwater. is locally
variable even in the same’ aqunfer so that gmundwater does not necessarlly
_ oxistumt‘Ormlyin the entire hydrogeological area, .. - :
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3D.4 ' CURRENT STATUS OF GROUNDWATER EXPLOITATION

Many governmental agencies are currently involved in the drilling of
water supply wells. The following is a list of the major agencies:

- Federal Mlmstry of Water Resource and Rural DeVelopment and '
* their Field Offices :
- Federal River Basin Authorities
- Staté Ministries of Agrlculture and Natural Resources or Water
Résources
- StateWaterAgenc:es
- Directorate of Food, Road and Rural Infrastructure (DFRRI)
-~ United Nations Internatlonal Chlldrens Emergency l*und
(UNICEF) '
- Japan Intematmnal Cooperatlon Agency (JICA)

Table 3D-4 shows the breakdown of mformatwn in 1990 of the total
number of boreholes operabed by the respectnre agencies m the respeétive
states. The National Borehole Programme (NBP) has been condueted by the
FMWR since 1981, According to the 1992 report 860 boreholes were drilled.
However, in most of these boreholes the mstallat!on of the equlpment Such as
generating sets, submersible pumps, elevated sborage tanks, ete. 11ece°-sary for
the borehole well funetion made slow progress. In the 1991 programme an '
empha31s was placed on the installation of these facilities and an effect was
made to speed up the completion including rehab:htatmn of broken
down/vandalized sites. . The 1991 completmnlrehab:htatlon of NBP
summarization is shown below:

" Rehabiitation of NBP

S/No. IterﬁbfWo_rks . Quantity Supplied
1 Generators : .85

2 Submersible Pumps 67
- 3 Elevated Tanks Co 44

4

New Bor¢holes Drilled .. . .. 2

Tn 1986 the DFRRI was established to energetncally instail rural water
supplies. Table 3D-5 shows the number of sites by state in'Phase I and I, This
number includes handdug wells ‘at 7 347 sites, Vanous types of wells are

' "3:)’:52



adopted depending on the number of persons who will use the water, the
situation of occurrence of groundwater, etc. An example of Benue State is
shown below:

Types of Wells and Thelr Percentaqe in Benue State

Ne. of Sitein. M::m-péwer Man-powered Borehole Drilled  Motorized " Rain
:_Phase 1 and 11 . Operated Well Hand Pump  Hand Pump Minischeme  Harvest
- 541" Sites - - 247 L2 159 132 1

100 % 457 04 294 24.4 0.2

- The man- powerd wells are manually operated with diameters of three
to four feet and depth generally 1éss than 50 feet. The type of hand pump in
operation is mostly the India Mal_‘k H model.

3D.5  PRESENT PROBLEMS AND NEEDS
30.5.1 Lack of Investigation before Drilling

- Groundiwater can be secured throughout the year even in dry areas of
the North Region and can be used as potable water without special treatment.
© Since it is obtained relatively easily, gro'undwaté‘r development is extensive
and has long history in the North Region, However, because rainfall is smallin
:thls region and the amount of rechavge is also small, there are often dry wells.
It is reported that the success rate of borehole drilling in the basement complex

area is 63 percent in Adamawa State, 74 peércent in Jigawa State, and 63
‘percent in’ Taraba State. The success rate obtained from the DFRRI is almost
" the same value. Furthermoreé, shallow wells may dry up in the dry season. Fo
: thlS ‘Féason, some places need deeper wells, It is necessary to abstract

groundwater from a prohﬁc aquer in order to secure a stable groundwater

“supply in the sedunentary formation arca. For this reason, in addition to a

geologlcal survey, effectwe investigations such as geophysical surveys are
required to determine borehote drilling sites w1th a high success rate.

| Ftﬁlfthermbré,' i_t is éssenti_al' to conduct pumping tests without fail after
drilling to ¢larify aquifer properties. This will provide important data not only
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to determine the capacity of the submersible pumps to be installed but also to
proniote subsequent groundwater development,

3D.5.2 Deterioration of Groundwater Quality |

-In the South-Western and Sbiith Central Hydrogeological'aréa:S large
~amounts of groundwater are extracted becausé the coastal plain sand-and
alluvium form a very good aquifer and’ the domestlc, industrial’ and
institutional water demand is hlgh TFor this reason, in a region. where
groundwater is pumped up in large quantltles problems of saline groundwater
have arisen due to an intrusion of seawater. In Ikeja and Apapa areas where
this problem is prevalent deeper dnllmg is conducted to obtain fresh water.
Even in coastal areas of Lagos State the groundwater abstraction is thought to
be nearly critical in terms of quantity. An intrusion of saline water into the
delta formation is also observed in coastal areas of Delta and Rwer States. The
continuation of such overexp]oltatmn will - trigger a senous ‘contamination
‘problem of saline water in wells from which large amounts of water for
domestic use are obtained. As a result of water quality analysis of a Nigerian

well now in use, ammonium nitrate was found. There is no reoimn for doubt that
~ thisis due to contamination of groundwater caused by an infiltration of surface
water. Ii is possible to prevent this contamination of groundwater to a great
extent through residents efforts to properly treat wastewater around a well and
" to maintain cleanliness, install a watering place for livestock, etc.

In addition, it is reported that nitrate nitrogen and nitrite nitrogen ave .
detected in well water extracted from shallow aquifers in parls of southeastern
‘Nigeria including Anambra, Imo, Akwa Ibom and River States (Egboka and
Ezeonu 1990, ijegbe 1990). Itis assumed that these substances orlgmate from
chemical fertilizers. : the factors leadmg tﬂ such contammatmn, whlch are

though to be caused by man, should be analyzed at an early stage of the
NWRMP study and approprlate countermeasures should be taken at the
earliest. : o b
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3D.5.3 Lack of Monitoting Wells and system

It is beheved that the groundwater table is lowering in the Chad and _
Sokoto basms and the following three reasons ave given:

. Decreasein the amm’nt, of :rainfall.-
- Groundwater exploitation,
-~ Decrease in the amount of recharge from surface water due to the

extraction of upstream water mcludmg the water storage,
1rr1gatmn and so forth. .

‘Data on the change of groundwater level give important clues to

~ understand the condi_tion ‘and behavior of the aquifer system. Recharge of

aquifers in the Sokoto basin is re’slricted and sig‘nificant'drai'&down
accompanies increased pumpmg rates. Further, in Chad basin, irrigation .
development is in progress along the Hadejla-Jama are river and decreased

- groundwater recharge is feared. In this sntuatnon the measurement of water

table fluctuations over long periods is considered to be an important factor in
deciding the future course of groundwater exploitation,  Even though

- monitoring wells exist in this area,’ data are not collected regularly, Data
" colected from these wells in the past has already been lost..

At present, the North East Arid Zone Development Programme is in
progress in cooperation with European Fconomic Community. This

- programuneé includes groundwater exploitation and irrigation development as

well as the construction of schools and medical elinics, - As it is necessary to

“obtain records of the change in water table for the above purpose, monitoring
- wells have been instéliéd, and observ'ations have been made for several years,

As mentloned above, observatmn of the water table condltlon is

mdlspensable for groundwater exploitation, and installation of a momtormg

system over a reglonal area’ls reqmred In Sokoto where there are numerous

'aquers, it is necessary to 1dentnfy the productnve aquifer and to measure the

change in water table in each. Also in Chad, respectWe water levels should be
obtained in all three aquifers. The ngmbe:f qi‘ wells and their depths needed for
the above purposé should be identified based on the distribution of the aquifers.

3D-26



3D.5.4 Need for Well and Shallow Groundwater Behavior Observation

- Fadama is scasonally waber-]ogged or completely flooded land. Often
ca]led a stream-side Fadama or flood plain Fadama (Turner 1985) :Fadama is
in a river terrace in the Quatemary sediment area. Therefore, Fadama,
espec:ally flood plain Fadama is 1mp0rtant for frrigation, '

This Quaternary se_dime_n't_is composed of gravel, sand and ¢lay. The
- groundwater exists in the gaps between sediment particles and it is unconfined.
Since this sediment is unconsolidated and has eﬁéellént‘-permeébility, it
~ absorbs rainfall and flood waters of swollen rivers in a short time during the
wet season so that the water table in the deposit rises sharply and the sediment
is completely saturated with groundwater whe'nrit_ is flooded. Then, when the
dry season séts in, the water level of the river drops and at the same time the
groundwater disappears or decreases. The groundwater level inf_f_;he dry season
is almost the same as the water level of the river in the area surrounding the
river. When the river dries up, the groundwater level along the river is
completely below the riverbed. As a result the groundwater level of Fadama
has a heavy seasonal fluctuation. The ground\véber level in the direction at
right angles with the direction of the stream drops slowly from the mountain
toward the river. The subterranean water also runs from mountain toward the
 river and groundwater is always gushing out into the river.

Qn the c'ontr:iry, if, for example, the Water ié'dié(:har;‘géd from an
upstream dam in a dried up river and the water level of the river is higher than
that along the river in Fadama, the rivei"water ends up by inﬁltratiﬁg and
flowing into the quaternary sediment and recharges the Fadama The
following figure shows the results above, '

“"“‘-—-.-1_55.._.._._.;—--‘:""_ Al;g‘vigl 'Sedimenl_ L

o : Bdse'rﬁmr'ﬁggk '
- = Waler i.eve! Durln'; Ra:ny Seoson

Beene Warer Leul During River FIG-’I‘ Recess;oﬂ Penod

—i—i Warer Levet Ourlhg bry' Season
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The development of shallow groundwater for small scale irrigation
was initiated within the scope of the Agricultural Development Programme
(ADPs) in the 1980s in many parts of the Northern States of Nigeria where
rainfed agriculture is subjeet to periodic drought. A trial and error method was
adopted and the flood plains of some the major rivers were found to be most
promising. However, full scale Fadama agriculture was hampered by tack of
_ reliable estimate of the areas with potential for exploitation of shallow
-groundwater. There were also no guideline establishing the quantity of water
that could be safely extracted by suitable tubewells,  In an effort to solve these
problems, the World Bank founded studies on shallow groundwater potential of
the Famada area in many states of Northern Nigeria which include Sokoto,
'Katsma, Kaduna, Bauchi and Kano. The studies were executed between 1985
and 1986 by the respective State ADP, under the contract with reputable
consulting firms, As explained above, the data on the shallow groundwater
potential and hydrauhc properties of aquifers in Fadama areas was collected

and greatly contributes to the deVelopment of Fadama,

- However, the development did not have the intended effect due to lack
of a basic mvestlgahons in many key areas that are reqmred in selecting a
drilling s1te For mstanee, geophysxeal surveys should be conducted
extensively to delineate the boundaries of potential Fadama areas and to assess

i - specific sites within the areas. Exploratory dnllmg should also be undertaken

where feasxble. Groundwater hydrology and water balance and recharge
¢stimates should be evaluated Understanding of these aspects is fundamental
to correct management of groundwater resources for intensive small-scale
lrrlgatlon
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3D.6  NWRMP TOWARDS THE YEAR 2020
3D.6.1 General Strategies and Priority

‘Nigeria is favored with abundant groundwater resources of high
quality. The resources, estimated at about 52,000 MCM in"total, are fully
utilized in the country because groundwater has various ‘advantages over other
types of water resources. Groundwater is unevenly distributed dependmg on
- topographic and geologxc factors.” For the purpose of e;tplmtatlon itisnecessary
to locate places vhere abundant groundwater is expected in shallow prolific
aquifers and then to determine favorable dnlimg sites. A balance between
human activities and natural ¢onditions must be taken mto account for
optimizing benefit of groundwater resource, Therefore careful management
will be required in exploitation of the resources to avoid less of the balance
between abstraction and natural recharge by limiting yield to a necessary
amount. However in reality some problems arise, including a sharp drop of
groundwater levels, infiltration of saline water, and deterioration of water
quality. Problems in: managmg and preservmg groundwater in Nigeria are as
follows: ' - ' '

- Lack of 2 uniform policy for grbundwatér development. |
- Inadequate mveshgatmn for determmmg drilling sites. |

- Drop of groundwater levels and mcreasmg sahmty due’ to over
exploitation, :

- Lack of adequate monitoring systems for measurmg ﬂuctuatlon of
water tables.

- Inadequate research and development for measures‘ to inérease the
amount of recharge in dry areas.

- Inadequate data collection systems and lack of comprehenswe
databases.

- Lake of comprehensive studles of behawor of shallow groundwater
in wetland (Fadama) '

It is desired that immicdiate action against these problems be taken.
The following three measurées have the hi ghest priority:
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i) To activate the menitoi-'ing syetexiis for measuring fluctuation of
- groundwater levelsin the Chad and Sokoto-Rima river basins
ii) Installation of monitoring wells for measuring salinity of
groundwater in Lagos and the rest of the coastal areas.

iii)  Installation of monitoring wells for wetland irrigation.

30.6.2 Groundwater Exploitation’in Response to the Demand

Gmundwater occursin aqunfers formed in strata or bed rocks and is
limited in ]ts y:eld for a unit time length. Therefore maximum scales of
groundwater development are dependent on geology of strants or bed rocks in
whnch aquifers are formed. Yield generally range from 120 to 180 €/min in the
basement complex terrams and from 150 to 300¢/min in the sedimentary
terrains excluding the Niger Delta and coastal plains of the South Region with
exceptionally large yields. These y':iield‘s are equivalent to demands of rural
water supply with limiting uses of 'ngun_dWater to domestic water.

Excluding the South Region, therefore, subjects of groundwater

development should be confined to those related to rural water supplies
'meludmg semi-urban water supphes in places Besides, it is one of the

essential subjects for management how to exploit groundwater in strata or bed

~ rocks keeping abstractions in suitable levels for yields of relevant aquifers. For
'groundwater management the fol!owmg pomts must be taken mto

conslderatmn

'i')"Condu'ctin‘g'e'ffe'ctive investigation to improve success rates of

drilling, if) Carrymg out a-pumping test for every completed drillhole to
‘determiné and opttmum yield. The pumpmg test partlcular is essential in case
'."that is’ abstracted from non renewable conf‘ned aqu‘ers in sedlmentary
'terrams R : B ' '

Groundwater supphes were often hampered in some places in nger:a

“dus to ovér eﬁlploitatlon It is reported that a speclal emphams has béen placed
“on'the’ mipc:rtance of atcurate ‘éstimatién of available ameunts of gr0undwater

suitable for: capacittes of aquifers, and regulatlon and protectlon for
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groundwater éuriplies in Nigeﬁa. ‘This is apparently remarkable advances in
the groundwater development policy of the country, - '
3D.6.3 Regional Groundwater Balance and Conservation

The 3D. 6 shows the comparison between suppiy and demand for
groundwater resources at present and towards the year 2020 by SHA.

Groundwater ____ .. Pregent e 'I_‘oward Ygafr"z(lz(l 3
HA Resources Demand  Water Use Rate - Demand Water Use Rate
- (MCM) (MCM) %) (MCM) . (@) '
I . 4340 20 04 290 I
1 -~ 8,180 - 20 0.2 260 3
m 6,990 15 0.2 300 4
A 4,390 S & 0.1 180 : 4
Y = 71,150 30 04 130 R 11
Vi 9,020 10 0.8 830 : 9 -
vii - 6,280 40 0.7 710 12
VIl 5,580 60 1.0 62000 1

Total = 51,930 C260 05 3,920 .8

| The estimated demand for groundwaber is about elght percent or 3 900
MCM agamst the tota] resources of 51,930 MCM :

_ The total gmundwater resources are well above the demands toward
the year 2020, 'Those with higher ratio of water use are in HA- \4 V1 and VILin
the South Region and HA-VHI in the Lake Chad Basin, Tt must be, however,
noted that the resources of HA—VIII are relatwely small for its slzabl_e demand.-

Some SHAs in the Basement Comp]ex tarrams in the Northern Regmn
indicate high water use rates for thelr relatwely small resources‘ It may

become difficult to maintain sumcxent water suppl:es if their demands grow
considerably.

Future prospects of groundwater supphes and demands ‘may be
antlcnpated as follows; as mentioned above, it will become dlfﬁcult to maintain
high water supphes in the Basement Complex terrams in the North Reglon :
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- The Central Region indicates low groundwater use rates in general

and has a good p0551b111ty for further exploltatlon Hydrogeological

, mvestlgatlon of this Region has been still very limited and should
be accelerated as groundwater development advances

- Groundwater use rates vary consulerably from one SHA to arother
~'in the South Regnon which suggests thata large amount of water is
’bemg abstracted in areas with prolific aquifeis. However, careful
' groundwater management will be required in coastal areas where
- groundwater use rates aré high and aqulfers are vulnérable to sea .
“water contammatlon :

- - The table 3D-6 predlcts the future groundwater demands and
‘resources in each SHA and provides useful data for future
groundwater development :

3D. 6’. 4 Groundwater' E:’(ploitation by Region
(1) North-West Reglon {HA I)

In thls river basm 5, 820 borehole wells (Water Supply Secbor) have

"been constructed. The number is the second largest next to that in the Lake

Chad Basin. More than fifty percent or 2,760 of them are in the alluvial plain

in Sokoto State, Annual groundwater supply capacity of entire wells in the

region is only 20 MCM. This is because about 90 pércent of wells are operated
by hand pumps with pumping capacity of each well of 1.2 m*hour.

. As mentioned above there are a great nur,nber of wells along the Rima -
river in Sokoto State and their water levels are beginning to drop due to
" 'oVerpumping It is necessary to control groundwater utilization called for in
this area. Goronyo dam may have caused decrease in river water that recharge
' groundwater in Sokoto Cxty area, Changesin groundwater levels in this area
should be watched by settmg up a membormg well, -

Wetland is developed alcmg riversin Sokoto Rima. In thls area private

. 1rr1gatlon is antlcnpated to expand, which wﬂl results in increase of shallow
groundwater uses. Investlgatlon of shallow groundwater is required.
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(2) North-Ea'stRegion (HA—VIII)

This regnon has been most. extenswely exploited for groundwater in
the country because avatlable surface water is scarce. The number of water
wells is 6,760 accounting for 30 percént of wells in the cmmtry Thirty percent

“of the wells are operated wnth mechamcal pumps, and 70 percent with hand
pump, While the capacities of wells in Kano State in the Basement Complex
terrains operated with mechamca‘l pumps, average at only about 12 m¥%hour for
one well, average capacltles for those in the alluvial plams of other states are
'estlmated at arbund 22 m3lhour for one well

In Yobe State '.where many moderate wetlands are developed, an
average capacity is as high as 40 m%hour for one well. Borno State, which has
been best exploited for groundwater in the region, has 1,630 wells with an
annual supply capacity of 21 MCM, which accounts for 35 pereent of anntial
supply capacity of 58 MCM in the entire Region. Of these, 400 to 500 wells
have been constructed to supply water for urban and rural water uses in
Maiduguri. Those wells which have been constructed to deep aquifers to supply
water to the \Jaldugun Metropohs, are suffering from decrease in their
capacnt:es and drop in their water tables and pressure heads due to
overabstraction.. Accordmgly, operation control for existing wells is requlred
by settmg up momwrmg weils to momh}r groundwater reservmr

Since this region has few surface water sources as metitiened above,
further exploitation of groundwater will be required. A careful study is needed
because the groundwater yield is as small as 80,000 m%km? in the sedimentary
formatien area. Particularly in areas far from"riVei“s, a careful investigation is
required for tocation of wells and pumpmg plan sinceé these areas are recharged '
only by rain water, '

In wetlands along rivers, part of rain water and runoff from: rivers
recharge groundwater. Investigation of sub-surface groundwater is reqmred in
wetlands where sub-surface water is used fm- f‘armmg and prwate 1rr1gat10n
‘systems aremcreasmg o ' :
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(3) Central West Region (I{A-TD)

_ There are 3;340 horehole wellsin this river basin, 1,790 wells of which
(53 percent) are in Niger State. Only a few borehole wells are in the other
states. This river basin consists of basement complexes and, therefore, many of
these borehole wells are operated by hand-pumps with lifting capacity of 1.2
m‘ﬁhohf'éach The amount of exploited groundwater in this basin {s 20 MCM,

“‘which is one of the smallest in the country and snmlar to that in the Soketo-

Rima basin.

Sit_iée further development of groundwater in this basin will be done

~ mainly in the Basement Complex area, careful investigation is required for the

oceurrences of groundwater and their potential resources in the Basement
Complex areas in order to attain effective utilization of groundwater.

. (4)* Central East Region (HA-MLand1V) -

Exploitation of groundwater in this basin is slow in progress and there

“are énly 2',64_0 borehole wells.. Many of them are operated by hand pumps with
small lifting capacities. Annual supply of groundwater is as low as 13 MCM.

_ This basin, consisting mostly of the Basement Compléx, is situated in
the plateau centering Jos and the mountains near the Cameroon border.

~ Recharge by rainfall is conmdered to be very small. A pariof the basin consists

" of sedimentary formations com_prlsmg ¢onsolidated sedimentary rocks partly or

‘silt and ¢lay, which are low in permeability. The Basement Complex and the

: sednmentary formations occupy 84 percent of the total area of the basin, whose
" groundwater resource for a unit area is ‘estimated at 45 000 m%kin? and small.

Groundwater exploitation by borehole ‘well appears to be of economically

_mf‘easnble. _ But the area has abundant surface flow, whlch will be of the first

chmce for domestic water supplye »

',(5) South WestRegwn (HA VI) =

- ’I‘h;s regmn is prowded thh 4 080 borehole wells, of which 76 percent
are operated wnth mechanical pumps, 2% percent with hand pumps. Mechanical
pump wells supply mainly urban water and hand pumps supply rural water

‘with annual abstracuon quantltaes of 78 MCM and 6 MCM, respectwely
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Lifting capacities of mechanical p'ump well range between 40 and 70 m%hour
with exceptionally high capacities in the suburbs of Lagos exceedmg 100
- m%hour. ‘Because of this high abstrachonate groundwater near Lagos is
polluted by the ingression of seawater. Abstraction of groundwater should be
controlled by setting up a monitoring well. Rural areas in the region,
extendmg over the middle stream basins are underlain by Basement Complex,

with and have a small potential groundwater yield of 50,000 m3/km‘3 Itisoften
economical to use surface water in hard and fresh rock area having-thin
weathermg layers. For future watel supply in rural area, therefore, the use of
surface water and groundwater should be studied for each LGA.

(6) South East Region

This region is provided with 1,090 borehole wells, 90 percent of which
are operated by hand pumps. Most of mechanical plimp wells are in urban area
of Anambra and Akwa- lbom States. 'I‘helr pumping capacities range between
70 and 100 m*hour.

_.Althoixgh the number of wells in the region is the smallest in the
country, g’r‘oun'd‘Water yield and capacity of each pump in _th‘e sedimentary
formation areas far exceed those in other regions. The énnual'gfou'ndwater
abstractmn is as large as 61 MCM in urban area, but is as small as 5 MCM n
rural area. ' '

_ * Both urban and rural areas are facing an extremely short supply of
~water now. Further exploitation of groundwater will be needed in future.
Eastern parts of Enugu and Anambra States and upper Cross river basin are
located in hllly country. Urban and rural areas are mostly developed near hill
tops and require wells more than 100 m deep for grounidwater exploitation.

Costs of drilling and operation-maintenance for such déep borehole
wells are anticipated to be considerably high in comparison with those for
shallow wells in other regions. A study must be made on the use of surface .
water and groundwater for each LGA from econom:cal pomt of view,
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3D.6.5 Installation and Operation of Monitoring Wells Network

- In the North Region water is mainly extracted from non-renewable
semi-confined and confined :aql_lifers when large quantities of water are
required. It is important to maintain a safe yield in extracting water from such
an aquifer. The safe yield can be obtained from a pumping test, but long-term
observation of water table though monitoring wells is required to obtain a wmore
~ reliable value: Itis beheved that in the Chad basin the recharge to an aquifer

decreased and the water table and pressure head of the entire aquifer dropped
' apprec:ably The decrease in recharge was due to a decrease in rainfall and a
‘dam development in the upstream reaches of rivers following into the basin,
‘However, there are no monitoring wells td correctly understand these
‘phenomena. Where monitor wells exist, their operation is not now being
performed adequately. In addition, it is reported that the water table dropped
in :the Sokoto-Rima river basin for the same reasons. Furthermore,
contamination of groundwster caused by seawater intrusion is reporied in
coastal areas of the South Region, Installatmn of monitor wel]s is also required
in these aréas. '

At present in Nigeria the ‘wetland development of shallow
groundwater for small scale irrigation has been enthusiastically promoted.
‘This shallow groundwater development involves the pumping of groundwater
- from shallow boreholés calléd tube wells or wash bores. In many cases a
pumping test is not performed after a borehole is installed so that there is some
doubt as to whether the required amount of groundwater can be obtained. For
this reason, it is necessary to clarify the drawdown effects associated with these
shallow extractions in wetland area and to understand the seasonal aquifer
fluctuation and their relationship to groundwater exploitation. Furthermore,
‘ the amount of groundwater available can be obtained from the difference
between the upper and lower levels of this seasonal water level fluctuation.
Accordingly, it is essential that a monitoring well network be established in
each région, The following plans should be carried out, -

§)) Mdniwring w_elis Netw'ork' i_n'Maiduguri'A'reas (HA'.-VIH)
A large amount of groundwater is extracted from the mlddle and lower

~aquifers to supply water to the Maiduguri metropolis and its neighboring areas.
For this reason, the pressure head of these conﬁned aquafers has dropped. The
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State Water Board recorded a drop of 6 m/year. in 1982, - At present, the
mOmtormg is not functioning in splte of such & sharp decline. The Momtonng
Wells Network Plan was made to immediately de_te_rmme, the current
groundwater condition as well as to monitor future changes. Three borehole
wells will be installed in each aqulf’er in ﬁve sites centered on the water supply
wells, ‘ L :

() Monitoring Wells Network in Chad Basin (HA-VII)

- As mentioned above, momtormg wells are mstalled in the upper and
- middle aguifers to determine the- long-term ﬂuntuatwn of water table and .
pressure head in the entire Chad basm They are installed in four sites around
Hadgjia, the center of Chad basin. Tn each site two borehole weélls are installed
for each aquifer.,

(3) Monitoring Wells Network in Sokoto-Rima Basin (HA-I)

Development of groundwater résources in this region is mainly for
rural and semi-urban water supplies, and there is no intensive pumping in
~ large quantities for urban requirements. However, the number of wells is the
Iargest next to the Chad basin. Like the Chad basin, it is believed that the
groundwater level is dropping due to a decrease in ram{‘all anda dccrease in the
amount of recharge caused by water supply, dam construction, ete.’ There are
three main aquifers and monitoring wells are installed for the aquifers,
although wells are installed separately in the Basement Compiéx Area.

(4) Monitoring-Wells Network in Lagos Areas (HA-VI)

As a result of an intrusion of seawater due to excessive pumping of
industrial water in Lagos Area, especially, around Ikeja, groundwater
contamination has been highlighted. For this reason, monitoring wells will be
installed to observe a fluctuation of the water table as well as to collect and -
analyze samples. In this region installatibn of fom‘, wells is planned. |

(6) Momtormg wells Network in South East Reglon (HA \Y and VII)

Contamination of groundwater caused by seawater mtruswn has
occurred due to excessive pumpmg in coastal areas in Ondo Rwers Delta and
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'other states. Installation of monitoring wells is planned at 30 sites to collect
samp]es of groundwater in this area.

(G) MOnftOring Wells Neﬁmrk in Wetland Areas

Pumping tests can be used to define safe yields in shallow boreholes in
wetland area. On the other hard, monitoring wells are required to observe
lbn"g'-tgrni fluctuations of groundwater to help determine the available .
groundwater potehtial, and to ‘establish appropriate pump discharge rates.
. Measurement of the seasonal fluctuations of groundwater in wetland area is
mdlspensable for the future wetland development. Plans are being drawn up
throughout the country for the development of irrigation in wetlands.

" Monitoring Wells Network should be st up to investigate shallow groundwater
resources for the development. The number of monitoring wells needed for each
area of development as one well in 25 km? are shown in the following table.

Present New ' Total " No.of

HA Scrwce Area Development . Areas Monitoring .

S {1,000ha) " (1,000ha} - (1,000ha) Wells
NorthWest -~ I 85 68 - 103 40

North East ] %8 . 94 192 80
Central West i T 10 B . 147 - 187 - 60
Central East i 0 .. 90 - 90 35
o VY -3 74 77 30
- South West Vi 0 42 42 20
© - South East . v 1 S8z . 33 - 10
) 3 63 ] .25
Total L 160 . 600 . - - 950 - . 300

3D.6.6 Remark oh'FIood Retention Dams for Groundwater Recharge

“'The north regwn of‘ngerna isa dry area but it has an annual rainfall
between 500 and 600 mm. In dry area, varmus eﬁ‘orts have been taken to store
rainwatér as long and as much as possnble The basic méthod is to minimize
~ rainwater’ runoﬂ“ and to have'it permeate mto the ground to minimize
: evaporatmn. Some of the methods are déscrnbed in the followmg paragraphs
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(i) Flood Retention Dam . -

" Rain water runs off rapidly over the surface and dries up in a short
period of time. The surface water during the rainy season is stored in a
retention dam. A sketch of retention dam is showh in the figure below,

This dam has two functions: one is to retain water and another is to -
disperse the flow. A retention dam has a function for collecting groundwater
and then allowing the retained water flow out through pipes constructed
downstream. Runoff is also retained as groundwater for long periods. If the
geophysmal condition permits, a retention dam supphes surface water to other
dispersion routes accelerating recharge of groundwater,

‘Water in a retention dam is used directly. Water in rétéhtioh dam is
used by connecting the retention dam to a storage pond, constructed inan area
where the water is used, with pipe lines. The capacity of a storage pond must be
sufficient to store water required during the dry season. Another method is to
use water of the dam or groundwater recharged by water from the dam by
constructing a well downstream of the dam. Water may be used after storage in
a farm pond or by pumping directly from the well.:

(ii)  In gently inclined are¢as that become a lakes or ponds durmg the rainy R
season, a large and shallow body of water is created which caused a large
amount of water to.evaporate. It will be wise to reduce evaporatwn hy
minimizing the surface area to ret,am water for lon g periods.. One method is to-

dig holes in part of the lake or pond created during the rainy season, or deeply
excavate the entire area of lake or pend.
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(i)  Another method ueed in the area described in (|1) abmre, is to
‘accelerate recharge during the rainy season and use the water during the dry
season This is done by digging shallow wells to accelerate recharge during the
rainy scason. After the rain when a lake or pond dries up and water level of
wells fall below the ground level, recharged groundwater seeps out, and can be
used for long penods This method is defective in area’ where these are
weathered and cracks layers '

(w) " Inthe vnclmty of scascnal rivers, river water may be stored during the
ramy season, In this method a nuinber of ponds are dug along rwers and ponds
and rivers are connected with a channel. '

(v} In gently inclined areas ‘where pond are created during the rainy
season, storage ponds are constructed In this method holes are dug and earth
s plled up around the holes in ¢ircular or rectangular shapes

(vi) In ai‘éas where there are rivcrs;‘ri\"rers are 'dammed up. The size and
number of dams are determined by the size and in¢lination of a river and hy the
amount of rainfall. It is suited for rocky regions.

(vii) . Tn areas where gravel layers are developed and water is not retained,

~ for long periods, barrier walls shi:iilld bé constructed in gravel layers, which is

“called an undergrcund dam.’ Barner walls need nét be a perfect barrier, It
would be sufficient if barrier walls can control the flow rate of groundwatcrs
The shape of barner walls is deterimined by the cOnfiguratlon of the ground and

“the shape of. foundation. “Unlike other methods, the construction of an
underground dams reqmres a careful study and a large seale mvestlgatnon in

_ '_plannmg and execution of works: Sinte stored surface water is likely to
- deteriorate in quahty, borehole and dug wells are recommended. It would be

| R even mote eﬁ‘ectwe if the above metheds that accelerate recharge and borehole

drnllmg are combmed in the basement complex areas. -
3D.6.7 lnté’r'- Government Coordination

Mam programs and agencles in nger:a related to the groundwater
deveXOpment are as follows'
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-" Consecutive implementation of National Bbrehole’ Program _by
" FMWRRD.

. 'Establlshment of wells and boreholes for rural water supply by
DFFRI

- Establlshment of borehole wells by Rural Water Supply Prcgect a
part of Agrlcultural Development Pm]ect

. Establishment of wells and boreholes by UNICEF and JICA

- Establishment of boreholes by State Water Boards, State
 Ministries of Waler Resources, River Basin Development
‘Authorities and prwat,e individuals and Organizations.

Two problems are pomted out concermng executlon of these rural
water supply projects. '

(i) It scems that each of these agencies and organizations is executing the
groundwater supply development separately and independently.
Consequently, unnecessary repetition and confusion is caused in executing the
programs. As for the rural water suppiy.p‘roject, the type of pumps to be
installed, scale, priority, ete. of-the water su;iply developnient should be studied
on both LGA and state levels. The data should then be gathered by the

FMWRRD and finally put together into one plan, Afterwards, this project will

‘be executed at the state and :LGA levels based on that unified plan.
Responsibilities for executing this plan will be allotted to sther agencies.

(ii) Valuable hydrogeological data can be obtained though the ex&éﬁt_ion of

a project. The executing agencies keep to themselves the obtained data such as

~ depth of wells, water table, yield obtained from an':‘aquifer'test,‘rgaquife'r'

properties, ete., and in some cases the data has been scattered andlost. . -

This problem has been alrcady pointed out and a par of this data
collection has been executed, However, the coordination of data collection
among the executing agencies is still poor. A more through and nation- wide

“data collection system including ali agencms and orgamzatlons related to
groundwater development should be made to establish a databank.
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3D.6.8 - Groundwatér Management and Administration

'As an example, foreign countries have the following legislation which
regulates the management and administration of groundwater.  Many
countries have laws called Water Acts or Groundwater Acts. The groundwater
can be classified into two types from the legal point of view; One with a public
nature, whzch is regarded as pubhc witer” and personal possession is not
allowed $0 that “m principle its use is prohlblbed” and the other with a prwate
nature, which is generally regarded as a form of land ownership so that “
prmcnple its use is free”.

Nigeria promulgated Water Resources Decree 1993, Decree No.101 in
Federal Republic of Nigeria Official Gazette No.27, Vol.80, prescribing
groundwater as a water resource. According to this law, although water
resources are regarded as “public water” and personal possession is not allowed,
it does allow groundwater to be taken freely based on the provision that “Who

“has a statutory or customary rlght of occupancy to any land may take and use
‘water from the underground water resources”. Furthermore, a secretary, is

authormed to c0ntrol groundwater extraction and the follownng is prov:ded in

the ]aw.

.-_ Proper mtake of groundwater du rmg waler shortage -

- Suspensmn of use of groundwater when it i is recognized as harmful'
to health . : : :

- _Revocahon of a right to use or take water when such a r:ght is
hkelytﬁovemde the pubhcmterest S ‘

' This water resource decree give strong support to the master plan

 related to water resources and it is expected that this law w:ll be strlctly
“observed.

-BD 6.9 Planlmplementation Program :

Prograrns until the year 2020 are descnbed in3D.6.5. The penods and

' estlmated costs of there are shown in"the table, The eshmabed costs iriclude
- codts for charges in equipment and maintenance up to 2020 as required. -
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 3D.7 NATIONAL WATER MASTER ACTION PLAN i-TOWAﬁDS THE YEAR
2000

3D.7.1 General

The plan' for'éroudeater for the year 2000 involves hi‘gh priority
problems and measures to solve the problems. The problems are descrsbed in
the following sections.

3D.7.2 [Installation and Operation of Priority Monitoring Wells Network
(1) Maiduguri Aréa - | T @

‘The purpose is to monitor the drop in the water table and/or pressure
head in the Maiduguri area as described in 3D, 6. 5. The network shall be
installed at five sites, a central site is located next o the water supply wells and
the other four sites are arranged at equal distance to the notth, south, east and
‘west. Three monitor wells at each site will measure water levels in'the Upper,
Middle and Lower aquifers, 15 wells in all, The well depths shall be 50 meters
for the Upper aquifer, 250 m for the Middle aquifer, and 500 m for the Lower
aquifer. The diameter of wells shall be six inchés. A 4-inch casing shall be
‘inserted after dri'lling. A water pressure-type level meter shall be used and
wells shall be installed in a monitoring shelter. Pumping tests shall be
conducted afber the completion of drnllmg, geoléglcal logging and the insertion. 8
of the casing. An accurate leveling survey shall be conductéd for each well. '

Maintenance of wells and water ]evel data collectmn shall be the respons:blhty
of NWRL

@ Chad Basin

Monitoring well shall be set up to check long'term variations in the
water table of the Upper aquifers and the pressure head of Middle aquers '
‘Wells shall be installed in four sites near the center of the Chad Basin and the
vicinity of Hadejia, Each site shalt have two wells. ‘The depth of wells shall be
40 m for Upper aquifer and 200m for Middle aquifer, Pre$sure type water level
meters shall be installed in momtormg huts. - After drilling, tests shall be
conducted and mamtenan(:e shall be done by NWRI as in the case of Madugur:. : -8
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(3) - Sokoto-Rima River Basin

Asin the case of the Chad Ba_sin, _gmundﬁater levels are believed to be
low because of the decréas'e in recharge due to the decrease of rain, the
‘construction of dams, and excessive pumping.

- Strata of the Sokoto Basin run in the direction north-east to south-
west in the north of Sokoto and Kebbi States. ‘Monitoring wells shall be drilled
‘into the three ‘major aqulfers, three borehole wells for one aquifer, nine
borehole wells in all. Each borehole well shail_ be 160 meters in depth. One
monitoring well shall be set up in the Basement Complex Area, Positions of
‘monitoring wells are shown in the following figure.

Schematic Plon

T AS€ IMajor Aquifer
O I Moanitoring Well

+ .
J L I'.Bc.semtnl Complex

(4) L.agos Area

The purpose is to monitor the contamination of groundwater. A
pressure-type water level meter shall be installed to monitor the change in the
water table and to collect samples to observe changes in salt content with time.
The depth of wells’ sha]l be 100 m. This area has a high yield of fresh
-groundwater but the portion near the surface containssalt. Before detenhining
' the site of the momtormg wells, thé changes and extent of salt content, and
: depth shall be mvestlgabed using existing we)ls '

(5) MonitbringWells Network in Wetland Arca
Moni&)'f_ihg_ﬁvélis network for small scale irrig’"aiim‘n are essential,
Forty wells in the Sokoto-Rima river basin of HA-I and 60 wells in the Lake

Chad basin, 100 wells in all are needed by the year 2000. The depth of wells
~ shall be 15 m. = :
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3D.7.3 Guideline and Criteria for Groundwater Investigation, Exploitation
and Monitoring '

(1) Pre:drilling Invéstigation

A large number of borehole wells have been dug and, according to
~ some reports, the success rate of borehole drﬂlmg is between 63 and 74 percent
dueto probabiy to madequate pre- dnllmg mveshgatwn. :

GrOundwater is sou ght in"sliallow'prohﬁc aqui fersin sed'imenta'r'y‘ rock
areas.. A large amount of groundwater is likely to exist in weathering layers
that extend down due to the development of fracture zones in the basement
complex areas. -

Drilling sites should be selected from the above areas, which calls for
effective investigations. - Recently, various investigation technique have been
employed in the country. A very promising and feasible one is the electrical
resistivity (ER) method. This technique has been effective in detérmining the
continuity of aquifers and depth of weathering layers in the basement complex.
" 1t is reported that a JICA program has been e’l‘féctiirely carried out in north-
western Nigeria. Electro-magnetic (EM) method is also sald to be effectwe in
the basement complex area,

Flow of a groundwater investigation is as follows:

Analysiéof B o R .
Field Géologica K sl : T e 1
feconnaissance _ o ) mpll!g.
Collection _ ' e _
Anaiysis Défermination | * | Borehote |/ - o Groundwater
“of ' : LOf NG el ) Development
Exicting Drilling Site Britling Waler_ : Plan
Data . : R T Quahty -
Electric C ' ‘| Analysis
Sounding
(ER)
" Electro-
Magnelic .
Methad (EM)
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' _Analysis of aeriatph_oto's'is also an effective and necessary means for
determining drilling sites in the basement complex area.

2 Pumping Tests

Pumpmg tests are essentlal to eshmatmg yield and acqumng various

: .'; aqml‘ers propertles Most of the pumping test records in ngeria are

~ incomplete. Accordmg to one report, “in most of the data analyzed only one-
stage test pumpmg was done, which lasted only a few hours. Thisdid not allow
- for quahtatwe _analysns and appraisal of ellfaquer characteristics”.
‘Pumping test analysis questionnaire and standard pumping test data format
sheets from the “Borehole data inventory and pumping test analysis for
. grduﬁdWater development in drought-prone areas of Nigeria” carried out by
3 FMWR in 1991, are descnbed in the appendix. From now on the presentatmn of
' pumpmg test results should be requesbed 0 that each column of the above
- questionnaireis filled out.

(8) Training of Investigation Engineers

'I"rain'ed' personnel are required for the analysis of aerialphotos, ER
" and EM used in pre-drilling investigations and pumping tests, The training

* should be done by instructions who teach the method of the investigation and
' an orgamzatlon well-versed with mvestlgat:on equipment. ‘At present, NWRI |
in Nigeria is the most proficient organization. A crew of trained engineer may'
conduct investigations under contract and in cooperation with local
: groundwater development agencnes Or the erew may train personnel l‘rom
‘agencies under contract An orgamzatmn for trammg should be established, -

3D.7.4 Plén Implementation Prog'ram ‘

_ Programs for the year 2000 are as described in 3D. 7. 2. The pro,;ected
' startmg and estlmated cost, location of the works are shown in Pable 3D 9 and
10, and Flgure 3D.2.
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TABLE 3D-2 WELL SITE DISTRIBUTION DENSITY

e

DT

Atea Population | Borehole Density
No. State - (sq. ka) Co(x10% ) Tells (No. of
e . o Jwells/sq. ka)
"1 | Sokolo 68,090 | 4,393 2,765 0.041 |
2 | xeboi 31,250 2.:05% 1,292 0.035
3. | Xalsina 23,950 3,879 1, 265 0.053
"4 | Kvara 34, 7100 1. 568 543 0.0%6
5 { Niger 72.340 2,481 1,789 0.025
6 | Kaduna 44,390 3.968 - 886 0. 020
7 | xogi 28, 810 2,100 113 0. 004
3 [rc 6,960 319 10 0.001
9 | Kano 21,680 [ 5,638 {375 0.063
10 | Jigawa 24,210 2,132 1,438 0.058
i1 | Yobe 45,240 [ n41l 886 0. 020
12 | Borno 76,050 | 2,595 1,627 0.021
13 | Bauchi 66,310 | 4,291 1,438 . 0. 022
14 | Adanawa 38,220 2,123 534 0.014
15 | Plateau 53,870 | 3.285. 1,307 0.024
16 - | Taraba . 56,860 1, 480 190 0. 003
17 | Benue 340 | 2 610 0.019
18 | cross River| 21,990 1,866 51| . 0.002
19 |Enuge | 12,510 3. 162 140 0.011
90| Anaabra 1,690 2,168 | 107 0.023
91 | imo ° 5,430 2, 488 191 0.035
22 | Abia - | 6,380 | 2,298 14 0.012
23 | Akva-Ibon | 6,780 2,360 215 0.032
24 | Rivers © 18, 600 3,984 307 0.016
25 | Oyo 21140 | 3,489 820 0. 039
26 | ogun. T30 | 2,339 204 0.012
27 |lages | 3.130 | 5,687 1,288 0. 345
28 | petia [ amgso | 2,569 110 0.010
29 | edo 9100 | 2,159 103 0.005 |
30 | 0sun e300 | 2203 910 | 0.103 |
31 | Ondo. TTd0.810 | 3.884 | ses | 0.025
" |'10tal - 923.800 | 88,417 93,234 . 0.025
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TABLE 3D-4 NUMBER OF EXISTING BOREHOLE WELLS
BY EXECUTING AGENCY

FMWR | 1
State = |RBDA|STATE | WICEF | LGA | DFRRI | OTEERS | TOTAL
NBP[DRP
Katsina 19 25 -1 8 - - - -1 . 508
Sokoto - 40 25| 4.6881 450 - - - -l 5203
Abuia w| - S IR - 10
Kaduna 24 5 -1 - -1 15 - 431
Niger - 46 15 - - - - - - 61
Kwara ' 54 - -| | dor - - px; 658
Bauch i | | ws| 8 - - -1 10 385
Gongola 31 B B 325 - - 13 5 462
Plateau 19 - - - - - - - 49
Benue 33 -l 50| 8 - - 3] -] 0
Oyo . S R 3 - -1 s8] 4 165
Ogun 41 - - - - -1 - - 41
Ondo 55 -1 B 13 - - -1 -6 81
Bendel 48 - 23 - - - - - 1l
Lagos 58 - - - - - - - 58
Anambra 19 -1} 108 -] s
imo 52 -l s - - - - - 61
River - 55 | 49y s - S 2 328
Akwa-lbom 29 - -1 s 51 w| 12| 5] 3
JCross River IQ - 31 - - 2 - 1 %
Kano BT R - - - - % R X
‘Borao: {0 25| 538 - 1] 31 2 2| Lo
Total o6 | 160| 6.3m| 2ti0| ass| 43| o 16| 1L

: f(%hb;lourh§y so far 1985-1991)
"*NBP}NaIiohél_BOréholg Programme
DRP:Dfdught'Relibr-Prog?ammo

Uab4y




- TABLE 3D-5 SUMMARY OF DFRRI'ACHIEVEMENT
IN RURAL WATER SUPBLY AS OF 14/4/93

PHASE—1 - PHASE--H
State No. B/Hs completed XNo. B/Hs. _@bléted Remark
passed FCI* passed Fﬁ[*
1 Akwa-Idom | 165 673
2 Anambra e 312 277
3 Enugu k—/ :
4 Bauchi | 399 572
5 Edo : 89 -
6 Delta T Phase Il is in progress
7T Borno : 250 325
'8 Yobe ::T__ _ 285
9 Cross River 73 =
10 Adamawa 250 38T
11 Taraba _:; 115
12 fmo 250 168 -
13 Abia 169
14 Kaduna | 153 696
15 Kano | - —— 252 627
L6 Iigawa w—f 739
17 Katsina 197 5117
18 Benue 268 273
19 Kogi 566 681
20 Kwara QJI _ :
21 Lagos 252' 2602
22 Niger - 250 282
23 Ogun 250. 416
24 Ondo 296 526
25 Oyo —— 293 796
26 Osun ::] :
27 Plateau '359: 545
28 Rivers 268 603
29 Sokotao - 276" 2617
30 Kebbi j— - |
31 V. C. T, 251 |
Toial 5. 689 10, 191

*FCl:Federal Comprchensive Inspection -
- 3D-50 o
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TABLE 3D-7 DEEP BOREHOLE WELLS FOR MOHITOﬁING SYSTEM

" 3D-58

‘ _ Cost  Estimation N.X10% fo - R
Region [HA] Name of Areas [No. of Well TOTAL 1996 ~ 20002001 ~ 2005/ 2006 ~2010}201 1 ~ 201312016~ 20
Term - et — AL
North West | 1 [Sokoto Rima 10 [iostaltation | 130 110! o 1oF o1 10
River Basin “|Monitorcing 4.4 0.41 1.01 10: "1.0: RS )]
Sub Total 174 14 Lo 200 1@ lag
Terr e
Maiduguai 15 Instaliation 23.7 21.5} 1 bip s 0, . olLi
Monitorring] 1.6 0.5 1.0} 1.0 1.0 1.0
North East { VI Sub Tetal 28.3 221, L0y 21 Loy i
o Y e
Lake Chad Basin 5 Instaliation . 7.8 6.6 o 06: o ‘0.6
Monitorring 28 0.4} 0.6} 0.6; 0.46) ; 06
Sub Volat 10.6 7.0! 0.6} 12) 006 G1z2
Tern : ] 3 :
Lagos 5 Installation 4.8]" 38! R 1} 0.5} ol 109
Monitorring | 2.2 0.2) 05 05 - 050 - 05
Sub Tetal 10t 05! 101 03 10
Tern _ ! ek '_ 4 .. . t .
|Ogun 3 Instaliation 13 0! 3.8, o) 0.5! 0
Monitorring 1.8 0l 0.3) 0.3, . 03! 0.5
South West { 11 Sub Total 6.1 0.0 EWH 0.5 1.0} 0.5
Term i . e - H :
Ondo 5 |lnstabiation | 43 0l 381 [
Monitorsing 1.8 0} 0.31 - ¢3! - 0.5 05
Sub Tetal 6.1 0.0! 110 03! 100 105
_ Term N ) et 4 -
Delta 3 Instaliation 13 0, 01 38 o T05
Monitorring 13 o 0 0% 03 .05
Sub Tetal 5.6 0.0t 0.01 1 05 10
V {Rivers 3 Instattation 4.3 o 0l 3.5} o 0..5 :
Monitesring 1.3 o! N 0.3! 05! 103
Sub Total 56 0.0} 0.0} 4100 031 10
N Term H o Ty '“"—"“':“'"_"’-"
Souih East Akwalbom 5 lastallation KR OE OE : _ OE : 3.'85 ’ 0
Monitorring 0.8 0: 0: 0_: 03: : 0.5 .
) Sub Total 16 00f g0 e 4l toes]
Term ' o o B e aars e =
Gross Rivwe 3 frstallation 33 0! RtH o) 38! Coo)
Mouniterring 05 v} Nl X 03, 05
Sub Total 16| 00 001 . 00 4l 0.5
Term : i o - ' : 2o
TOTAL 63 |instalation | 7aA| 4291 76l 108 861 42
Monitorring 21.8 . 1.6¢ 3. 1.7 390 0161
|TOTAL 95.9 143! 11.3! 15,3} 143! - 1103




'YABLE 308 MONITORIMG 'WELLS FOR WETLAND IRRIGA“O.N

N 3 " Cost Estimation N X 10° |
- Region HA |No.of Wells - : — : - g : -
_ . ' Total ~2000. | 2001~2005 { 2206~2010 | 2011~2015 | 2016~2020
Terihs _ 40 = _ ‘
o _ Installation | 69 69 0 00 0 0.0
North West | 1 40 L ; ‘ '
Maonitoring 5.4 06 12 12 L2 1.2
Sub-Total | 123 75 12 12 1.2 1.2
Term 7 60 ==
B Installation | 13.8 10.3 35 ] ] 0
North Fast VHI 80 o _ . _
Monitering: | 7.2 038 16 L6 1.6 16
‘Sub-Total | 21.0 11 5.1 16 16 16
Term 2B " 40 :
: ‘Installation | 10.3 63 35 0 0
Central West | I 60 ] o ,:
_Monik_mng_ 49 0 05 1.5‘2 16 1.6
Sub-Total - | 152 0.0 1.3 47 16 16
Terim - : 15
Installation 6.1 0 G 0 26 35
1 35 : . '
_ o Monitoring | 0.8 0 0 0.0 0.1 01
Central East Sub-Total | 69 0.0 0.0 0.0 2.7 42
Term : 30
v ' 30 -xn‘sfgl:lguo';i- 5. 0 5.1 0 0
Monitoriog 26 : 00 0.6 1.0 10
‘Sub-Total | 77 00 0.0 57 10 10
: Term : . _ 10~ -
N | tostallation | 3.4 0 0 0 17 1.7
South West VI 20 T e
_ Monitoring - | 0.5 0.0 0.0 0.0 0.1 04
' Sub-Total - | 3.9 0.0 0.0 - 00 1.8 2.1
. Term . . ‘10
.'V' 10 Instaliation RE 0 o 11 0 _o
: -} Monitoring | 1.3 0.0 00 03 0.5 0.5
o '] SubTotal © | 3.0 0.0 0.0 2.6 05 05
South Kast |[— ’ ' '
Term o _ 15
vii o5 | Installation | 43" 0 L0 0 26 17
Monitoring . | 05 0.9 00 0 0.1 04
Sub-Total | 48 0.0 0.0 00 27 2,1
Tetn ‘ ‘
Total 30p - | Installation &1 1?.2_ 103 103 69 6.9
_ Monitoring | 28.2 14 33 49 6.2 14
“Total - 748 186 136 15.2 131 143
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