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3. Bunza on the Rima River
4, Jega on the Zamfara River

Discharge observation at these points was carried out continuously every
month throughout the period of the Study. |
Discharge is obtained by multiplying the observed area of the river by the
velocity of the river as measured by a current meter. In order to achieve
accurate results, current velocity and area were measured at many points
and depths in river cross sections.

77

Q = (A +.A2) « Vi o+ (As+ Az) vz

i
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3-3-2 Rating curve

Apart from dischargé observation, staff gauge height at the observation
points, except at Kainuwa, has been continuously read by SSWB and/or

TDWR three times every day. -

TR ! ' /

Gauge height (H)

4K

Y, A

Gauge height (H) and measured discharge (Q) are plotted tog'ether to
produce a rating curve, In general, the theoretical relationship between H

and Q is expressed as:

Q=a(H-HOb ... .............oiit. (3-1)

where HOQ is the gauge height at zero discharge, and ‘@’ and ‘b’ are
constants. The most suitable values for ‘a’ and ‘b’ to express the
relationship are chosen through mathematical trial. o
Once the equation is established, discharge can be translated from gauge
height without discharge observation, provided that the riverbed
morphology does not change significantly.
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Rating Curve
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3-3-3 Observatioh results

Observed discharge and unit discharge are given in Table 3-9 and Fig. 3-10
(1)-(4). The flow system is given schematically in Fig. 3-11. '

The discharge at every point for 1988, recorded as largest from the end of
September to the beginning of October. After that, the discharge decreased
until the end of April, 1989, when the value became the smallest for the
period of the observation. After May, 1989, the discharge again started to
increase became the largest for 1989,

Asis evident from Fig. 3-10, the largest discharge at each point recorded in
1988 is significantly greater than that in 1989. This difference apparently
reflects the difference in annual precipitation in 1988 and 1989.

Rating curves establitshed from the measured discharge and gauge height

are. . : :

Argung Q=0.001414 *(H-0) *%6.984 H)34m ......... (3-2)
 Q=1.209  *(H-0)*¥1.555 H(3.4m

Bunza  Q=0.84 * (H-0) #+3.93 e, (3-3)

Jega Q=2.376  *(H-0) #3021 H)L35m. ........ (3-4)

Q=4.990  *(H:0) ¥*0.4901 H(1.35m
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3“4. .

The least square method was used to determine the constants in the rating
curves, :

A set of rating curves is required to represent the relation between the
discharge and gauge height at Argung and Jega. :

Stream Hydrology

Stream discharges in the study avea are characterized by two types of rivers:
intermittent streams which dry up during the dry season and perennial
streams which keep flowing throughout the whole year.

Almost every river flowing in the basement complex area is intermittent. With
the end of the rainy season, their flow rapidly decreases until they dry up.
They resume flow with the beginning of the rainy season. Generally, the
re'spbnse of the stream discharge to the rainfail is very quick. Fluctuations in
river discharge is very high, in accordance with tropical precipitation in the
rainy season. Impermeable basement rocks underlying the area determine the
characteristies of the discharge.

Main rivers flowing in the lower reaches of the sedimentlary area, such as the
River Rima and the River Zamfara, are perennial, During the rainy season

their discharges consist of downflow from the basement complex areas and

overflow from their own catchment areas. Despite the fact that downflows
from the basement complex areas disappear during the dry season, their
discharges are maintained by groundwater baseflow. '

~ Thedischarges of the River;Rima at Sabon-Birni, the River Rima at ‘Wamako,

and the River Sokoto at Gidan-Doka, from 1965 to 1967, are shown in Fig.3-13.
Their locations and a schematic drainage system map are shown in Fig.3-14
and Fig.3-15 respectively. The discharge at Sabon-Birni, on the River Rima,

“and Gidan-Doka, on the River Sokoto, is intermittent, and the discharge

fluctuation for each is high. In contrast, the discharge at Wamako on the River
Rima, is perennial, and the discharge fluctuation is lower than that of the

others. The water balance of surface water calculated from the average

discharge and precipitation of 1965 and 1966 indicates that run-off ratios

' range from a low of 3.9% at Wamako to a high of 7.1% at Gidan-Doka (Table 3-

10). More than 92% of the water supplied by precipifation is assumed to be lost
to evapotranspiration or infiltration into the ground. Assuming that
infiltration is very small compared to evapotranspiration, it is evident that
most of the water is lost to evapotranspiration.
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As shown in the drainage system map in Fig.3-15, Wamako, on the River
Rima, is located downstream of both Sabon-Birni, on the River Rima and
Gidan-Doka, on the River Sokoto. Discharge at Wamako (Q2) ought to exceed
the sum of discharge at Sabon-Birni and Gidan-Doka (Q1), providing no water
loss takes place during the course of downflow from Sabon-Birni or Gidan-
Doka to Wamako. Ifig.3-16 compares monthly Q1 and Q2 from 1965 to 1968.
Contrary to the above assumption, Q1 exceeds Q2 from June to August,
implying some water loss in the course of downflow. Much of the water is
probably lost to the alluvium in the river bed, but part of this may recharge the
Rima Group aquifer because the rivers flow over the outcrop area of the Rima
Group. Q2 exceeds Q1 from August to May. The first two months conespond
to the rainy season, while the eight remaining months correspond to the dry
season. A possible explanation is that the water loss in the beginning of the
rainy season, which replenishes unsaturated zones of the alluvium river Bed,
may decrease when the zone becomes saturated. With the decrease of water
loss, Q2 accordingly becomes larger than Q1. Although Q1 dries up during the
dry season, Q2 is maintained, apparentiy by effiluence from a shallow
groundwater body. The springs issuing from the Kalambaina limestones are
consider ed to play an important role in maintaining the discharge at Wamako.,

The volume of the effluents from November to March, calculated from the
discharge data, is 31.35Mm3 (average volume from Nov. 1965 to Mar, 1967).

Discharge observation was carried out at Lake Kalmalo, which is fed solely by
the effluent from the Kalambaina aquifer. The total discharge from the lake -
frorn 12/7/88 to 27/6/89 is caleulated to be 6.34Mm3, which is almost equivalent

to the annual discharge. The drainage area of the lake is 24.987km?2.
Assuming that the drainage area of surface water for the lake is coincident

with that of the groundwater drainage system, the annual dlscharge per unit

of drainage area is roughly 0.254Mm3/km?2 (254mm/year). This value appears

somewhat excessive, suggesting that the drainage area of the groundwater

system may be greater than that of the surface water.
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These aSsumption's to explain characteristics of the discharge variation appear
applicable to the lower reaches of the River Rima. The discharges at Wamako
and Argungu, on the River Rima, from 1968 to 1969 aré given in Fig 3-17. The
dischérge fluctuation at Argungu is smoother than that at Wamako. The
diSchérges at Wamako exceed those at Argungu from May to the middle of
September. After this, the inequality is reversed. Effluence from groundwater
apparently takes place between the two places to maintain discharge in the
dry season. While the discharge in the dry season at Wamako seems to be
maintained largely by effluence from the Kalambaina aquifer, a large part of
the effluence between Wamako and Argungu is probably from the upper
- unconfined Gwandu aquifer and the alluvium deposit composing the river bed.
The integration of differences between the discharges at the two places, which
seems to be equivalent to the volume of effluence from groundwater between
the two, from 1/11/68 to 31/3/69, is 9.70Mms3, |
Monthly disch:argéobservations were carried out by the study team from July,
1988 to June, 1989 at Argungu and at Bunza in the River Rima.

As shown in Fig. 3-18, the discharges at Bunza, which is located about 100km
“downstream from Argungu, are larger than those at Argungu. This indicates
that groundwater effluence occurs between Argungu and Bunza as well. The
volume of the effluence from groundwater calculated from the measured
discharges from December, 1988 to May, 1989 is 24.0Mm3. Most of the
effluence is believed to stem from the upper unconfined Gwandu aquifer or
alluvium deposit. Discharge observations were also carried out at J ega, on the
River Zamfara, a pérennial river. The volume of effluence from groundwater
to the river from December, 1988 to May, 1989 is calculated to be 67.2Mm3,
The discharge at Jega in the dry season may be maintained partly by effluence
from groundwater in the Rima or Gundumi aquifers, since the river flows over

their outcrop areas.
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4-1

HYDROGEOLOGY

Hydrogeological Features

4-1-1 General features of hydrogeology

As mentioned in the introductory paragraphs, the study area in Sokoto State
is divided into two main geologic provinces, thatis, the Sokoto sedimentary
basin and the basement complex area. The Sokoto sedimentary basin, which is
part of the Iullemeden Basin centered in the Niger Republic, extends
northeast to southwest in Sokoto State and consists of semiconsolidated
deposits of the Cretaceous to Quaternary Periods. The basement complex area
is exposed in the southeastern part of Sokoto State and consists of varieties of
igneous and metamorphic recks of the Pre- cretaceous Period.

The principal Water—bearing beds in the Sokoto sedimentary basin are
unconsolidated alluvial deposits, sandstone and grit in the Gwandu
formation, limestone bed in the Kalambaina formatlons, sandstone in the
Wurno and Taloka formations and grit and sandstone in the Gundumi and Illo
formations.

The basement complex is generslly regarded as an aquiclude or aguifuge
forming a poor source of groundwater. In the basement complex area,
groundwater occurrence is limited to the weathered sandy overburden and the
decomposed zones with open jeints and fractures. '

The generalized stratigraphic section for the study area is sumomarised in
Table 4-1, and the general geological map is shown in Figure 4-1, Based on
the processing of the existing borehole data, some hydrogeological aspects,
such as static water level and specific capacity of the wells, have been

‘arranged and presented in Figures 4-3 and 4-4 . Figure 4-3 shows the

average water level and specific capacity of all existing wells in squares of
every 15 minutes of longitude and latitude, and Figure 4-4 is the iso-specific
capacity map derived from Figure 4-3. The groundwater potential by area is
believed to correspond well to the above elements, especially to the specific
capacity of the wells. In addition, differences in groundwater potential are
clear between the Sokoto sedimentary basin and the basement complex. The
contour lines of specific capacity are drawn only in the sedimentary area,

- because, since the movement or occurrence of groundwater in the basement

complex is irregular and in limited areas, such representation of interrelation
(contour lines) would have very little significance on a small scale map.
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Fig.4-2 HYDROGEOLOGICAL CROSS SECTIONS OF THE SOKOTO BASIN
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4-1-2

Features of hydrogeological formation

(1) Basement complex

The basement complex area occupies 42% (the southeastern part) of the
study area. The area is composed mainly of gneiss, migmatite and
granite, some of which are the oldest known rocks in northern Nigeria.
There are also extensive areas of schist, phyllite, and quartzite, with
sporadic distribution of amphibolite, diorite, gabbro, and marble.

The water bearing zones in the basement complex ares are generalized as
follows , and schematically represented in Figure 4-6;

a) Weathered sandy overburden,

b) Moderately decomposed coarse grained rocks,

c) Joints and fractures in poorly decomposed rocks, and

d) Fractured contact zones with pegmatite or aplite veins and dykes of
igneous rock.

fadama
(river channel)

7 @ (fresh basement rocks area)

Figure 4-6. Schematic profile for water occurrence in the hasement
complex area,

Although a variety of comparatively higher potential water bearing zones
is listed above, the groundwater potential in the basement complex area
is generally low, so the area is usually classified as a “difficult” area.

However, if careful investigation is done for the proper location of wells, it
will not be impossible to supply the necessary amount of water in or near
some of the villages. According to existing borehole data on the
basement complex area, the specific capacity of the wells is usually low,



(2)

(3)

(4

with less than 10 m3/day/m. However, in some parts of the area, such as
in Kaura Namoda L. G., 40 to 100m3/day/m is recorded.

Gundumi Formation

The Gundumi formation is the oldest sedimentary unit in the Sokoto
Basin unconformably overlying the Pre-cretaceous crystailine rocks of the
basement complex area. The outcrop of this unit forms a wide zone
striking northeast across the state and occupying about 14% of the study
area.

The Gundumi formation consists principally of lacustrine deposits of
continental origin inciuding semiconsolidated clay, sandy clay, fine- to
coarse-grained sand, and some conglomerate near the base.

The strata show generally lateral and vertical variation in lithology. The
Gundumi formation is recharged mainly by infiltration of rain water from
the surface, and partly by effluent seepage from streams. The
gmundwatei' potential in the Gundumi formation is generally high, and
1}hé average specific capacity of 175 boreholes is 57m3/d/m. The northern
part of Talata mafara has a particularly high potential, with an average
specific capacity of more than 150m3/day/m. On the eastern side of the
Gundumi formation, groundwatei' occurrence is chiefly free water. On
the other hand, water is pumped mostly from confined aquifers on the
western side.

o Formation

The outcrop of the Illo formation is limited to the southwestern area of the

Sokoto sedimentary basin, and is overlain by the Rima group and

interfingers with the Gundumi formation, at least at their surface
boundaries. ‘The lithology as well as groundwater potential of this
formation is similar to that of the Gundumi formation. |

Rima Group

The Rima group consists mainly of marine transgressive deposits
overlying the Gundumi- and Illo formations and partly being overlain by -
the Tertiary deposiis of the western part of Sokote State. An outerop of
the Rima group extends northeast to southwest across Sokoto State,
occupying about 10% of the study area. In the northern part of the



Sokoto Basin (north of the Sokoto River), the Rima group is divided into
three (3) formations : the Taloka Formation, the Dukamaje formation and
the Wurno formation, in ascending order. (Jones, 1948 ; Parker and
“others, 1964) |

The Taloka formation consists mainly of fine-grained sandstone
containing some thin intercalaied beds of carbonaceous mudstone or
shale. The Dukamaje formation consists of shale, mudstone, thin
limestone and some gypsum beds. '

The Wurno formation, the uppermost formation of the Rima group,
consists of semiconsolidated fine sand and some silt.

Groundwater in the Rima group occurs under unconfined conditions in
" the outcrop area. In a few cases, however, some beds are confined
between a plastic clay bed in the basal part of the Rima group and clay in
the Dange formation of the Sokoto group. The Wurno and Taleka
formations are the aquifers in the Rima group. The water bearing zones
are thin beds of semiconsolidated fine sand of the Wurno formation and
‘semiconsolidated fine- to medium-grained sand and sandstone of the
Taloka formation. Recharge sources of the Rima group are mainly
infiltration from precipitation, infiltration from streams during floods
and leakage from overlying perched water bodies in limestone of the
Kalambaina fotmat.ion_. | |

As seen in Figures 4.3, 4-4, and 4-5, the groundwater poténtial in the
_ Rima group' is divided into two (2) areas, thatis, the area northwest of the
SdkotoQ-Goronyo Road and the area south of Sokoto City. In the former
area of the Rima group, the aguifer consists generally of very fine grained
sand and silty sand, and average specific capacity is very low, with a
range of from 3 to 19 m3/day/m. Static water levels are quite deep (50m
~ to 70m from the surface), and water quality is generally poor. On the
other hand, the groundwater potential in the latter area of the Rima
~ Group is generally high, with average specific capacities ranging from 23
"to 63 m3/day/m. Static water levels are, however, quite deep, and water
‘quality is also generally poor.

4—-10 ..



(5)

(6)

Sokoto Group

The Sokoto group consists of the Dange formation as the lower unit and
the Kalmbaina formation as the upper unit of the group. .. Both are
considered to be marine or submarine deposits.

The outcropping area of the Sokoto_group forms a wide band extending
northeast to southwest, becoming narrower in the southwest until it
disappears near Jega. The area occupies about 3% of the study area.

The Dange formation consists mainly of a marine clayey shale.

The upper part contains phosphatic nodules and gypsum, and the lower

part is composed generally of calcarcous materials with some limestone

beds. The Kalambaina formation consists meinly of semiconsolidated
clayey limestone and marl, with some mudstone and plastic shale.

The main water-bearing bed in the Sokoto group is the semiconsolidated
clayey limestone of the Kalambaina formation, The Dange formation is
relatively impermeable and serves as a confining layer above the Rima
aquifer. Near the dutcrdp of the Kalambaina formation, itis known that
a large amount of groundwater is stored in the limestone as a perched
water body. Water springs here and there from the limestone escarpment,
and a number of water-table lakes have been formed on the dip slope of
the formation. The Kainuwa Lake in the north of Sokote City is one
example. As seen in Figures 4-3 and 4-4, it is quite evident that a high
specific capacity zone is formed along the escarpment of the outeropping
area of the limestone of the Kalambaina fonnatmn between Illela and
Jega.

Gwandu Formation

The Gwandu formation consists mainly of sediments of terrestrial origin
which are made up of interbedded semiconsolidated sand and clay
containing some limonite and lignite beds. The Gwandu formation
unconformably overlies the Kalambaina formation, and its outceropping

area occupies about 22% of Sokoto State, i.e., the western one third of the
Sokoto sedimentary basin. -



According to existing borehole data, the Gwandu formation is generally
subdivided into three (3) members. The basal member of the formation
consists of fine- to coarse-grained sand with some thin beds of clay. The
middle member includes mainly plastic clayey shale and silty clay which
serve as a confining layer above the basal aquifer of the Gwandu
formation, The upper member consists generally of fine- to medium-
grained semi consolidated sand interbedded with clay.

Groundwater in this formation is free water and some perched water
bodies in the upper member, and confined water in the basal member,

The groundwater potential in the Gwandu formation is generally high,
especially along the fadama area which extends northeast to southwest
from Lake Kalmalo, through Argungu and Birnin Kebbi, to Bunza.

The confined aquifer of the basal Gwandu formation increases in
thickness toward the northwest. However, toward the northwest, clay
and lignite beds become increasingly abundant in the basal portion, so
that the specific capacity of the aquifer generally decreases in the
northwestern area of Sokoto State, and static water levels become lower.

(7) Superficial deposits (Quaternary deposits)

Superficial deposits of Quaternary Age, consisting generally of
unconsolidated sediments of alluvial sand, silt and gravel,are found in the
fadama (valley floor) of the Sokotb and Rima Rivers and their
tributaries. |

The riverbed water in these fadamas is one of the most important water
sources for domestic use in the region.

4-1-3 Hydrogeological structure

The major'asjsec{:s of the hydrogeological structure in the study area are
summarized below.

(1) The study area in Sokoto State is divided into two main geologic
_-provinces, i.e. the Sokoto sedimentary basin in the northwestern half and
the basement complex area in-the southeastern half of the state.

(2) The Sokoto sedimentary basin runs northeast to southwest throﬂgh
Scokoto State and is composed of semiconsolidated deposits of the

4-12



Cretaceous to Quaternary Periods. The general formational strike in the
Sokoto Basin is about N30 °E and the dip is about 4.5m per 1.6km toward
the northwest {(0.2°NW),

(3) The principal water-bearing beds in the Sokoto Sedimentary Basin are

(4)

the alluvial sand, silt and gravel in the fadama, sendstone and gritin

the Gwandu format&on limestone beds in the Kalambama formatlon
sandstone in the Wurno and Taloka formatlons, and grit and sandstone in
the Gundumi and Illo formations.

Figure 4-2 shows hydrogeological cross sections of the Sokoto sedimentary
basin, and Figure 4-8 shows a schematic profile of groundwater
occurrence in the Sokoto sedimentary basin.

Accdidjng to these figures, the major aquifers in the basin can generally

 be divided into four (4) units ;

@ Unit I is the upper member of the Gwandu formation, with fine- to
medium-grained semiconsolidated sand. Groundwater is mostly
unconfined free water.

® Unit IT is comprised of the basal member of the Gwandu formation,
with fine- to coarse-grained sand, and the limestone beds of the
Kalambaina f_‘ormatioﬁ. Groundwafter is free water in the outcropping
areas and pressure-water where this unit is confined between the clay
of the Dange formation and the plastic clayey shale of the middle
member of the Gwandu formation.  In the outcropping area of the
Kalambaina formation, groundwater occurs mmnly as perched water
bodies.

® Unit I consists of semiconsolidated fine sand of the Wurno formation'

and fine- to medium-grained sand and sandstone of the Taloka
formation in the Rima group. Groundwater in the Rima group occurs
generally under unconfined conditions in the outcrop area. :'HoweVer,
in a few cases, the Rima group is confined between a plastic clay bed
in the basal part of the Rima: group and clay of the Dange formation in -
the Sokoto group. _ _

As mentioned above, ‘groundwater respurce potential in the Rima
group is divided into two areas . The lower potential area northwest of

4-13
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the Sokoto-Goronyo Road, and the high potential area south of Sokoto
City.

@ Unit IV are the aquifers of the Gundumi and Illo formations, with
semi-consolidated sandstones and grits. Groundwater in these
formations occurs as free water in the outcropping area. On the other
hand, in the northwestern area, groundwater is pressure-water
confined by intra-formational clay beds of the Gundumi, Illo, and
Taloka formations.

4-2  Geographical and Geological Features Interpreted on LANDSAT Image

- Since genersl geography and geology of the study area is described in the
former section and reference materials, only the peculiar features interpreted
on LANDSAT image and supplemental aerial photographs are to be discussed
here.

The LANDSAT data used in this Study are 12 scenes of 1/250,000 scaled
black-and_-white pictures of “Band 7” (spectral band of infrared) covering the
whole area of Sokofo State. The row-path n'umber of the images are:

Path 189 ---—-onn- Row 5i~53 3 scenes
Path 180 - Row51~53  3scenes
Path 191 ---ce-es Row 51~53  3scenes
Path 192 ---—-- -—-Row 51~53 3 scenes

The aerial photographs purchased in Lagos (Federal Dept. of Survey) were
about 1,000 pes. of black-and-white photos of 1/40,000 scale, which were
intended to be used for interpretation focusing on each candidate village and
its surroundings. | -

However, about half of the photos do not cover the target area due to mis
location of the sites on the given map, thus these photos were mainly used
supplementanly at the places for which information on IANDSAT images
“was not clear

The following are'_the points 'interpreb.ed on the pictures, and the matters
taken into account for the preparation of the preliminary hydrogeological
map. ' '

(1) Area classification by features in the basement rock area.

516



There are two classifications :

the “older granite” area and the “metasedlment” area, by the difference of
tone of the picture, different trends of lineament (linear structures) and
other features. The table below shows the points differentiated.

Table 4 - 2 Different patterns between older gramtes and
metasediments in basement rock area interpreted
on LANDSAT image

Characteristics of features
Item of A

interpretation

Older granite area Metasediment area

_ Generally light tone except | Generally dark tone

Tone of picture in the places of burnt field, |provided recks are mostly
due to sandy material exposed to the air
coverage

Vague Shadow pattern due | Sharp shadow patternis
to gently sloped topography, |predominated by the

Shadow pattern and |but characterized by range of mountains,
peculiar topegraphy | features of sporadically particulary north-south
exposed granite dome ranged mountaing
: | composed of quartzite
Lineament trend of N-S and | Frequent and clear
Lineament ENE-WSW with not so clear {lineament with
a pattern predominated north-south

|trend .

(2) Area classification by characteristics in sedimentary area

a: Gundumi Formation _ _

The outcrop area of this formation is bordered by basement rocks in
the east and by upper formation in the west. This area is characterized
by a dark tone and smooth surface apparent in the photo. The clear
and smooth curved boundary line with the basement rock area
mchcates that large sealed surface irregularity in the basement rock
did not exist before the basement rock became unconformably covered
with the Gundumi formation, '

4-17



3)

{4

b: Taloka and Wurno Formations
Both of these formations are characterized by a very light tone, which
indicates that the exposed zones of these formations are mostly
composed of sandy material. No difference in tone is found between
the two formations, but a faint steppe is recognized, which may
correspond to the boundary of upper (Taloka) and lower (Wurno)
formations. | |

¢: Dange and Kalambaina Formations

Tones of the photos in these formations are different from each other
and also different from other adjacent formations. The very dark tone
of the Dange formation suggests the composition of pelitic materials
like shale, or the water-saturated beds. The Kalambaina formation
shows a grey tone, which is lighter than that of the Gwandu formation,
and darker than those mentioned in “b”.

Two of these formations are characterized, not only by the tone, but by
the peculiar pattern derived from the escarpments.

d: Gwandu Formation o
This formation is characterized by a dark tone, and the pattern of the
escarpments not as remarkable as that in the Kalambaina formation,

Differentiation of alluvial deposit area along rivers

Areas of recent river deposits, which are usually called “fadama” in
Nigeria, is one of the most important water sources (underflow water) in
many places in Sokoto State.

The fadama is differentiated on the photos by a dark tone and flat area
along the rivers. The scale of a fadama, interpreted on LANDSAT image,
is generally small in the basement rock area. The large scale fadama
found in the sedimentary area reaches 5 to 10 km in width along the Rima
River,

Lineament interpretation in the basement rock area

‘In thé' basément rock area, the fractured zones or fissure.concentrated
- zones caused by tectonic movement or fault are generally accompanied by
_ groundwater

' 'Therefore, to Iocate such lmear strueture is parhculary effectlve for
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4-3

groundwater development. Large-scale lineaments with extension of
several tens to hundreds of kilometers are easily recognized on LANDSAT
images, and the minor lineaments of several kilometers or hundreds of
meters are interpreted on aerial photographs. The pattern of the
lineament (sharp or faint) is closely related to the weathering conditions

~which are also related to gmundv’?a_ter potential. The sharp and dense

lineaments suggest the possibility of fissure water.

On the contrary, the vague lineaments showing comparatively gentle
topographic features of the surroundings suggest deep weathering and
the probability of stored groundwater in decomposed por’f;mns as shown in
schematic section below;

clear lineoments foint Lineaments

fauits or fractures |

Figure4-9 Relation between lineament and weathering
conditions

Water Level Observation of Existing Wells

Groundwater level. at several boreholes and dug wells was observed in
order to defermine the conﬁg‘uratmn and fluctuation of the groundwater
table. :

In terms of water balance, mcludmg g‘roundwaber groundwater level data
is essential. Water level records were obtained from reports on some
existing studies and projects undertaken in the Sokoto basin. Many of the
borehole records in the area have static water level records as well.
Therefore it was possxble to determine the general conﬁguratmn of the
groundwater table from existing records. However, there are not records
available on every borehole. Furthermore, water levels measured earlier
may not equal receni water levels. Consequently, grdundwater
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observation, in addition to existing records, was congidered necessary to
obtain an up-to-date configuration of the water table. |

It was equally necessary to establish the fluctuation of the water table,
which is affected by seasonal changes in recharge, abstraction rate, and
other natural effects and/or artificial operations. Few long-term
continuous observation records have been found in the study area. Based
on these aspects, two types of water level observations were carried out:
simultaneous observation and continuous observation.,

The results of the observations have been discussed in Section 4-8.
Simultaneous observation

Sizty-two boreholes were chosen as observation boreholes out of many
boreholes visited through preliminary field reconnaissance, and a level
survey was carried out to determine the elevations of the borehole-casing-
tops. The locations and specifications of the observation boreholes are
given in Fig. 4-10 and Table 4-3, respectively. The criteria in selecting
these observation boreholes was as follows:

1. Observation boreholes should be equally distributed, both in place and
aquifer.

2. The casing head should have an open hole or slit to let the water level
probe be inserted into the borehole.

3. Areliable borehole record.should be available.
4. Access to the borehole should be good in all weather.

5. The owner and the operator of the borehole should be eooperative with
the study team.

Although the boreholes selected do not all necessarily satisfy all the above
criteria, the observation network established in the first stage study is
considered to be useful in determining the configuration of water tables
and practicalin carrying out observation over a long period of time,

_To be considered simultaneous, observations had to be carried out within

just & few days of each other in order to eliminate non-correspondence in
water level. - o
Simultaneous observations were carried out four times over the course of
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4-3-2

the study; 31/5/88-15/7/88, 19/7/88-1/8/88, 28/1/89-31/1/89, 17/5/89/-
21/5/89. The results of the observations are given in Table 4-4,

Continuous observation

- (1) Weekly observation

Four boreholes and two dug-wells wére chosen as observation
borehole/wells. They are: '

@ Yauri Road Borehole —1 in Sokoto City  Sokoto Group

@ Yauri Road Borehole —3 in Sokoto City  Rima Group

@ Kunawa (SSWB Borehole) Gundumi Formation -

@ Rabah (GGSS Borehole) Rima Group
® Dan Pasako (Dug-well, 70Km fromIsa)  Rima Group
® Rijiyar Hido (Dug-well) Rima Group

The boreholes and wells were visited weekly for measurement of their
water levels.

Criteria for selecting them was nearly the same as those for selecting
simultaneous observation boreholes. Since ohservation had to be carried
out every week, accessibility to the borehole/well was an espécially
important criterion, _ o

(2) Automatic water level recording

Butomatic water level recorders provided by JICA were installed at
the four boreholes shown in Table4-5.



Tabled-5 Automatic water level recording

No. Name Depth (m) Aquifer Type
1 Horo Birni 120 Rima Float
2 Tunga Arde 84 Basement Pressure
3 | Yauri Rd. No.1 331 _ Rima TFloat
4 | Yauri Rd. No.2 - Sokoto |  Float

Two types of automatic water level recorders have been used. One is
the floating type, in which the movement of the water table is
reflected in the up-and-down movement of the float. The other is the
pressure type, in which the movement of the water table is reflected
in the change in water pressure detected by a submerged sensor.
With both types, the movement of the water table is recorded
analogically on a recording chart. '

4-4 Chemical quality of water
4-4-1 Chemical quality of water for domestic use

Water samplés taken from boreholes and dug wells in several candidate villages,
and from spring-originated streams and lakes, were tested for potability by use of
a chemical quality test kit provided by JICA. The international standards for
drinking water recornmended by the World Health Organization are given in
Table 4-6. These standards are commonly used in Nigeria.

The chemical quality of water tested is generally good, as shown in Table 4-7.

However, some water samples taken from the Kalambaina Formation had a total

hardness exceeding the mazimum limit of 500 mg/liter. (Iron concentration

determined by the testing is not reliable because of the rapid iron precipitation in

stored samples. Higher iron concentration, than indicated by the testing, is
- assumed because the water sample was discolored when tested.)



Tab. 4-6 Drinking Water Quality Standard

Physical Condition

WHO
. Item Highest desirable Maximum permissible Japan -
Colour 15 50 -5
Taste not offensive not offensive not offensive
Odour ” ¢ 7.
Turbidity 5 25 2
PH 6.5 to B.5 6.5 to 9.2 5.8 to 8.6
(2)  Chemical condition
PrMm :
Highest Maximum Japan
Item disirable permiissible '
Total solids 500 1,500 .
Fe - 01 1.0 0.3
Mn 0.05 0.5 0.3
Fe + Mn - - -
Cu 0.05 1.5 1.0
Ca 75 200 -
Mg 30 150 -
804 200 400 -
1 200 600 © 200
F 0.5 - 0.8
NO3z 10 - 10
Alkylbenzal
Sulfohates, ABS - 05 - 0.5
Phenolic-substance
as phenol 0.001 - 0.005
Hardness 100 500 300




(3) Toxin

Item WHQ ~ Japan
Hg ' 0.001 None
Pb 0.1 0.1

As = 0.05 - 0.05
Se 0.01 0.01
Crbs+ . 0.05 o.l'os
CN 01 None
cd 0.005 0.01

(4) | Bacteriological condition

Item WHO Japan
Standard Plate count
(Coloines/cm3) - 100
MPN |
- None

(Colifoxﬁn' organism/100m3)

E.Coli.
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4-4-2 Jon component of the water

The results of chemical analyses of water conducted in the study area by several
investigators were collected. The results were classified according to aquifer and
combined with the results obtained by the JICA study team (Table 4-8). Trilinear
diagrams showing the ion component of the water were drawn from the results
(Fig. 4-11).

The water from streams is principally of the calcium-bicarbonate type. The
dissolved contents are from a low of 33 mg/f in the River Zamfara, at Jega, to a
high of 360 mg/£ in the River Rima, at Goronyo

The ion component of the water from the basement complex area is similar to that
of the streams. However, the number of water samples of the sodium-bicarbonate
type increases. The dissolved contents are from a low of 99 mg/€ at Maga to a high
of 1200 mg/f at Dauran,

The Gundumi aquifer is mostly of the calcium- blcarbonate sodmm—b:carbonate
or caleium-sulphate type. An exception is the sodium-chloride type present at Isa
and Kaloye. The dissolved contents are from a low of 27 mg/€ at Tureta to a high
of 2980 mg/f at Kaloye.

The Rima aquifers are mostly of ‘the calcium-bicarbonate or calcium-sulphate
type. The contents of sodium ion are low in general with the exception of those at
Kaloye and Horo-Birni, The calcium-sulphate type is more dominant than in the
Gundumi aquifer. The high content of sulphate in the water is probably caused
by contact with gypsum-bearing rocks; The dissolved contents are from a low of
44 mg/€ at Gusau-Sokoto-Road BH3517 to & high of 14000 mg/f at the Taloka
dug-well. This high content of dissolved solid at Taloka dug-well is exceptionally
high compared with that at other places. This is probably causéd By pollution of
the groundwater because the well is a shallow _weH, which is easily poillited by
waste water and other refuse, The water has a high nitrate content as well. With
the exception of that at the Taloka dug-well, the highest digsolved content i51088.
mg/f at Birnin-Kebbi BH3053. | |

The Sokoto aquifer is mostly of the calcmm~b1carbonate type as could be expected
from the fact that the aquifer consists of limestone and the water is probably
recharged directly by the infiltration of rain water. However, a hlgh potassium
content is found in a few places, and the ion component varies widely. This may
be connected to the fact that most water samples in the Sokoto group were
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Total area -

Fig. 4-11 (1) Trilinear Diagram

Fig. 4-11 (2) frilinear Diagram

Stream water

4-39




Fig. 4-11 (3) Trilinear Diagram
- Basement Complex area -

‘Fig. 4-11 (4) Trilinear Diagram
- Gundumi Formatlon -
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Fig. 4-11 (5) Trilinear Diagram
-~ Rima Group -~
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Filg. 4-11 (8) Trilinear Diagram
' ' - Kalambaina Formation -
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Fig. 4-11 (7} Trilinear Diagram
~ Gwandu Formatlon -

Table 4-9 Tritium concentration_

Place - : Aquifer Tr
Maga | Basement-Coﬁ?Iex 20.5
 Ruwan-Bbre Bagémént Complex 6.8
..Daﬁran.- o _Basement.Complex ' 10.5
Yambuki ':: Basement Complex 17.4
'Tﬁﬁga+arhb”  ':_‘Bésémént.Coﬁpiéi' B 4.6
ukﬁké#Kégé. | Ill§ F6fmati0n o 3,3

Horo-Birnni ‘Taloka Formation 3.5
Soro N Gwandu Formation 2.5
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satﬁpled from dug-wells, which are easily poiluted The dissolved contents range
from a low of 130 mg/¢ at one dug-wellin Sokoto City to a high of 2340 mg/€ at one
dug-well in Chimols,

The ion component of the Gwandu aqﬁif’er is similar to that of the Rima aquifer,:
" The calcium-bicarbonate type is the most dominant type. The dissolved contents
are very low ranging from a low of 22 mg/€ at Tangaza BH3059 to a high of 272
mg/¢ at Kurdula dug-well. :

~ The above discussion of ion components is regardless of the depth, place, or date at
which water samples were taken. In order to determine the details of the path
and cycle of groundwater flow, these factors must be investigated.

4-5 Tritium Concentration

Determiriing trithum (T) concentration is a useful technique to estimate the
resident time of the water underground.

Tritium is a radioactive isotope of hydrogen,'hdv'ing. a half life of 12.3 years. The
occurrence of tritium in water of the hydrological cycle arises from both natural
and man-made sources, Tritium is produced 'x’iaturally' in the earth’s atmosphere
by the interaction of cosmic-ray-produced neutrons with nitrogen. Until 1852,
the average natural fritium content of precipitation world-wide was in the range
of about Tr 5-20. With the beginning of large scale -atmospheric testing of
thermonuclear bombs in 1952, the tritium contents of precipitations rose greatly.
In 1962-1963, they reached a maximum of about T 8000 in some localities, over a
thousand times greater than that prior to contamination. With the restrictions of
atmospheric testing, tritium contents have been declining, but they still remain
in larger concentrations than naturally produced. Trltmm is widely used for
dating in the following context,s

(1) Verylow T concentrations, around the level of detectability, show that the
water principally stems from the pre—bomb period. Relatively high T
concentrations, (greater than Tr 10) -indicate that the water originates
partly or wholly from posb—bomb precipitation. ' '

(2) For more precise tritium dating the changmg activities of rainfall have to
be taken into account. Assuming that piston flow occurs, the dating of
water can be achieved by applying the follovnng equation of decay.



In(A) =In(B) ~Ah*I(2) ovvviriiiinrnrannn. (4-1)
where:

A : Tritium concentration of the sample

B : Tritium concentration in precipitation (t years ago)
t : Ageof the water

th : Half-life of tritium (12.262 years)

Agsuming that tritium concentration in precipitation in 1952 ranged from
Tr 5 to 20, and water movement in an aquifer follows the piston flow, the
geher’al tritium concentrations of water entering groundwater in 1952
and sampled in 1989 are presumed to range between Tr 0.6 and 2.5.

Tritium concentration of waters in eight boreholes in the study area are
shown in Table 4-9. The tritium concentrations of water in the basement
complex area are high, ranging from a low of 4.6 at Tunga-Ardo to a high
of 20.5 at Ma'ga. The high tritium concentration indicates the waters or a
large fraction of the waters entered the groundwater zone sometime after
1952. These results agree with the results of chemical quality analyses of
water that the ion component of groundwater in the basement complex
area and the stream water resemble each other, implying that the
resn&ent time of water underground has been short. Tritium
con_ce_ntratmns of waters in the sedimentary area (tested in the Illo
 formation, Taloka formation and Gwandu formation) are lower than those
‘in the basement complex area. However, they are relatively high
compared with the above presumption, regarding general tritium
concentrations, implying a mixture of pre-bmnb waters and post-bomb
waters. Despite geological age, water taken from the Gwandu aquifer had
the smallest concentration (Tr 2.5), whereas water frotn older age aquifers
— the Tllo and Taloka format.mns --, had larger concentrations (Tr 3.3 and |
3.5, respectively). An explanatlon might be that since the boreholes at
Kuka—Kogo and at Horo-Birni are drilled in the outcrop ares. of the Illo
formatmn and close to the outcrop area of the Taloka formatwn
respectlvely, the waters in the boreholes likely receive recharge from
precipitation directly. On the contrary, the borehole at Soro is drilled
down to the deeper confined aquifer of the Gwandu formation, which is
‘separated from the upper unconfined aquifer by clayey beds, which means
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