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A water audit is an assessment of current, andipated water availability and demand. This repoe pre-
water audit that is defined as the preparationttferwater audit by determining the available anglsing data
for the work and a proposed step-by-step work plamow the water audit can be executed. The prerwat
audit study was executed for the Komadugu-YoberBasBSudan-Sahel zone of northeast Nigeria and
southeast Niger.

The study (12 working days) relied substantially existing sources of data, articles, short fields,
discussions with experts working in the basin,dbmesultants previous working experience in therbasid his
database for the basin. The study: 1) providedvanvew of the water audit relevant and accessiblta
(water availability and water uses); 2) gave atiahimpression of the quality of the availablealand made
recommendations on more elaborate data qualitykeh83 added relevant hydrological and meteorokigic
data, reports and articles from the consultantalieste, 4) identified data gaps that need to tesl fithr the
water audit, 5) assessed the hydrometric netwrirdposed a step-by-step work plan (surface and
groundwater) on how the water audit can be execufgddentified a number of consultancy firms whay be
considered for the water audit, 8) estimated tlyetired time (workdays) and personnel for the a8jitnade
an inventory of accessible water quality studi€y, executed ~20 surface water quality field teki3,prepared
a work plan for a surface water quality study, d23essed briefly the rainfall data for the basin.

The identified information gaps for the surfaceevatudit are:
The availability of recent (1999 to date) rivendlaata.
The availability of data on water uses and hydrpliog Niger.
Information on the Komadugu River (water uses aradlability).
Information on in- and outflow rates from the tvaade dams and the Hadejia Barrage.
Prediction on the impact of climate change scesanothe rainfall and river flow in the basin.
Information on environmental river flow requiremgnt
The scale of the landuse change in the basin armmitsequences on the river flow (in the Basement
Complex area) and the groundwater recharge (wradimp

Key-findings concerning surface water, groundwated water guality

The ongoing work of the KYB Project and visits &davant institutions for this assignment revealéot af
unexpected relevant hydrological data, especialfyoing river level and groundwater level monitoribyle to
a lack of funds and access to gauging equipmenntiretored recent (1999 to date) river levels haeebeen
recalculated into actual discharge data. In thet laf the most urgent requirements for the watelitavecent
river flow data, it is recommended that the KYB jBecb sets up a ‘fire-brigade’ team to do as mawgrri
discharge measurements as possible during therapge@t-season at the identified sites with rectageslevel
data. The KYB Project can also encourage the retemaganisations to do water level measuremenitseat
identified crucial sites in the basin.

Generally, there are no indications for a long-telearease in shallow groundwater level in the basin
Expansion of existing shallow groundwater monitgriretwork in the basin may be required dependinthen
outcome of the water audit. Emphasis for locatiainadditional monitoring wells should be put onasevith
significant groundwater abstractions and areas evttez river flow reductions have been or are exquetd
decrease.

No water quality monitoring network has been idiedi for the basin. Only some ad-hoc water quaitidies
have been carried out. These studies have indieapedr shallow groundwater quality (nitrate cohtgmto

500 mg 1) inside villages and towns. This is probably du@dor sanitation. Especially, in the upstream part
of the Hadejia River the available studies showar gurface water quality. The analysis revealdteexely

high (sometimes more than 100 times the WHO liniéegls of toxic wastes. The main pollution souiamethe
toxic waste is discharge from industries. Urbantejdarge and small irrigation projects also cdntté to the
worsening of the water quality in the basin. A vimyited water quality survey is recommended, t@hgied
out by KYB Project staff, in order to get a cleapature of seriousness of the water pollutionha basin. This



will hopefully help the Ministries of Environmenhd Water Resources (national and state) in making
informed decisions on the need for the enforcergtite environmental laws.

Key-findings concerning institutional aspects

The most essential participating partner of the Kdogu-Yobe Basin Project is the Federal MinistrMafter
Resources because they are responsible for thdination of the development of the water resouicele
basin. It is therefore recommended to involve tWB\RR very closely with all the stages of the comimater
audit.

For the water audit it is also important to stagliose contact with the DFID-JWL Project on theiogosed
and ongoing interventions in the basin. Especi#iiig,proposed and partly executed improvementben t
intake works of Kano City Water Supply is a cru@abgress for the sustainable water managemehein t
basin that should be continued after the DFID-JWihjeet ends (December 2006).
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1.1.1 Description of the Komadugu-Yobe River Basin

The Komadugu-Yobe River Basin (Figure 1) is sitdatethe Sudan-Sahel zone of northeast Nigeria,0¢&b
km? WRECA, 1972) and southeast Niger (~63,006;kByebande, 2001). Most of the flow (~80%) in the
Hadejia River system, which is a tributary of theb¥ River, is controlled by the upstream Tiga Dam
(completed in 1974) and Challawa Dam (completeti9®?2, Figure 1). The Jama'are River is presently
uncontrolled but plans exist to build a dam at Kafaki (Figure 1). The Komadugu River, anotherutiy of
the Yobe River, forms a wide floodplain downstreaihDapchi. The confluence of the Komadugu and Yobe
rivers is largely silted up. This river thus praesdonly a small and unreliable contribution to Ytobe River.
All three tributaries of the Yobe River are effluemtil they reach the geological boundary betwisenlargely
impermeable rocks of the Basement Complex andehagable sands, gravels and clays of the fluviatile
lacustrine Chad Formation. The Hadejia River sjiits three channels in the Hadejia-Nguru Wetlands
(HNW): the northern channel (Marma Channel) flomwithe non-returning Nguru Lake, the southern
channel (Old Hadejia River) joins up with the JamaRiver to become the Yobe River and the relgtive
small channel in between is called the Burum GaimarRFigure 1). In the eastern part of the bakim Yobe
River forms the border between Nigeria and NigérerE are no major tributaries to the Yobe RiveNiger.
The Yobe River empties into the northern pool dié.&€had and is the only river flowing into the rantn
pool. The present contribution into the Lake Chieshas estimated at less than 2.5% of the totaltiGgNEP,
2004). The river gradients in the upper part oftihsin are up to 5 m kin The average gradient of the
Hadejia River in the middle part of the basin 3m km* (IWACO, 1985). In the flat middle and lower
parts of the basin, the river spills onto the flplaihs during the wet season (June to October).rib&t
extensive floodplain areas in the basin are the Hd¢iWween Hadejia and Gashua (Figure 1).

The mean annual rainfall ranges from over 1,000imthe upstream Basement Complex area to
approximately 400 mm in the middle part of the basid less than 300 mm near Lake Chad. However,
climatic variability has resulted in these meanwimainfall values being unrepresentative foregight
periods. Hess et al. (1995) calculated an averagkne in annual rainfall of 8 mm Ytbetween 1961-90 for
the north-eastern arid zone of Nigeria (i.e. thddtg and lower part of the basin). Since the mi€lakdthe
decreasing trend in annual rainfall seems to haea bbeversed.

The dams at Tiga and Challawa supply water to amgd, partly finished, formal irrigation schemeaprely
the Kano River Irrigation Project (KRIP) and Hadéjialley Project (HVIP). The dams also contribute t
Kano City Water Supply (KCWS). The traditional fang system in the basin is predominantly rain-fed.
Small-scale irrigation, which uses pumped watemftbe shallow aquifers, rivers and inundated flpins
has been stimulated through grants since the 1$80mers in the middle and downstream parts ob#sin
depend largely on river flow because the rainfalbiv and unreliable. Flood based rice farming ot
recession farming provide an important supplemerthé HNW and along some parts of the Yobe River.
Furthermore, the floodplains serve as a fishing ared a grazing area for cattle in the dry seaBbe.
ecosystems of the wetlands are very rich when cosdp@ the surrounding dry uplands (Okali and Baliy
1998). The Marma Channel and Nguru Lake are detgriRamsar sites. Another important function of
floods, for local farmers and village wells, in tHBIW is groundwater recharge (Goes, 1999).

1.1.2 Water management problems in the basin

The hydrological issues of concern in the Komadvgbe River Basin are:

1. Uncoordinated surface water uses. The potentifaiwater requirements in the Hadejia sub-basin
are 2.6 and 1.8 times larger than the mean aveilbfface water resources, for the Hadejia and
Jama’are Rivers, respectively (IUCN-HNWCP, 1999).

2. The invasion of aquatic weeds, notabjypha domingenjsn the Hadejia sub-basin. The consequences
of which are: a) macrophyte and silt blockagesisn HINW which prevent the Hadejia River from
contributing to the Yobe River; b) hindrance foe tlise of surface water bodies for fishing, navaygti
etc.; ¢) the creation of a favourable environmentlie multiplication of vectors of waterborne
diseases; and d) a reduction in biodiversity.



Extremely large and small floods (e.g. 1998 an@12@nd 1992 and 1993 respectively). The
extremely large floods resulted in the displacenoéiseveral hundred thousands of people in 1998.
The floods in 2001 took the lives of over 200 pecghd displaced over 35,000 (HR Wallingford 2002;
Niasse et al., 2004). Furthermore, contrary to wrest expected after the completion of the dams the
timing of the floods in the HNW became less preabite and even resulted in dry-season floods (Goes,
2002). Along the Marma Channel in the Hadejia-NgWretlands the flooding has become more or
less permanent since ~2001. Some villages had irolved (e.g. Dabar Margini to the west of Nguru
Lake) and the Hadejia-Nguru road is almost complébaccessible during the wet-season.

The irregular and low flows in the Yobe River haffected the small and large irrigation schemes
along this river; many of these schemes are nowddzed (Chiroma et al., 2005). With the exception
of 2001 the flooding of the floodplains along thebé River have been very limited in the past five

years (A. Barde NEAZDP, pers.com).

5. The shrinking and splitting of Lake Chad at the dstseam part of the Yobe River (UNEP, 2004).
Although the historical contribution from the YoBéver to Lake Chad had been small, under the
present circumstances any little increase in infloiw the lake would be significant.

6. A suspected degradation in water quality.
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The Project for improving land and water resouingfhe Komadugu Yobe Basin (KYB) is a joint initixa of
the World Conservation Union (IUCN), Nigeria Feddvhnistry of Water Resources (FMWR) and the
Nigerian Conservation Foundation (NCF). The Pragat its initial phase (early 2005 to May 2007#jhathe
objective of improving the institutional framewdide managing water resources in the Komadugu-Y csrB
(see IUCN-BRAO & FMWR, 2004 for a complete outliofethe Project). This will be done through consensu
on key water management principles and institutisad consultation and coordination mechanisms.

A major component of the KYB Project is the builgliof a ‘Decision-Support Knowledge Base’ so thaterva
management options and other resources managerwmsiods are taken on the basis of up-to-date
information on water audit, socio-economic and egigial conditions in the basin.

C )

A water audit is an assessment of current, andipated water availability and demand. This repoe pre-
water audit that is defined as the preparationtferwater audit by determining the available angsing data
for the work and a proposed step-by-step work plamow the water audit can be executed. The KYBeBro
gave an assignment with the objective to carntloatpre-water audit. The itinerary can be founéapendix
1. The scope of this study was modest in termsraf {12 working days) and relied substantially onessible
data sources (articles and reports), discussiatisexperts working in the basin as well as the glhast’s
previous working experience and his database obaki.

The activities for the assignment consisted of:

. Examining the by the KYB Project identified souraermation for the water audit and determining
the adequacy of the sources. If not adequate, meeo a modified list and/or a list of additional
sources of information and appraise the same.

Pooling additional information from the consultanthowledge base (e.g. consultant’s library) anthfr
other sources in the basin (such as study repid3,together with information currently availabte
the KYB Project office, for an initial review exése.

Providing an overview of relevant and accessibta flar the water audit (water availability and wate
uses)

Giving an initial impression of the quality of thgailable data and make recommendations on more
elaborate data quality checks for the water audit

Identifying data gaps that need to be filled fo ttater audit

Making for the water audit relevant recommendatiomshe hydrometric network (surface and
groundwater) in the basin.
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A CD containing data is also submitted with thigsae to the Project Coordinator of the KYB Projedst

information on the CD is from the consultant’s pera database. The CD includes:

. all hydrological data (daily river flow, river gaings, rating curves, groundwater levels, etc.) from
IUCN - Hadejia-Nguru Wetlands Conservation Proj¢ttiWCP),
the IUCN-HNWCP surface water model developed ferwater management options,
all hydrological reports from IUCN-HNWCP,
about 40 scientific papers on the basin in a pahéd,
monthly rainfall data for Nguru (1942-98, from Deaent of Meteorological Services - Nguru),
meta-data files on river flow,
a fairly complete monthly river flow database foetbasin (based on Diyam, 1996, IUCN-HNWCP,
WRECA and JICA, 1995).

The following analogue data from the consultanésspnal database were also given for photocopyirilget
Database Coordinator of the KYBP:
the Diyam (1996) report on river flow data,
monthly river flow data (1967-90) for Bagara DiffaNiger on the Yobe River (UNESCO, 1995),
the JIUCN-HNWCP hydrology reports,
a map from Kano State Agricultural and Rural Depalent Authority (KNARDA) with locations of
boreholes in Kano and Jigawa States,
about 20 scientific papers on the basin.

+ )

Chapter 2 discusses the meteorological data (meaihyall). Chapter 3 presents information on scefaater
availability in the basin (current and predictegeriflows). The hydrological characteristics of tivers and
the hydrometric network are also discussed. Chaptantinues with the groundwater resources irbdsn.
The different aquifers and groundwater rechargeistuare summarised. Chapter 5 examines the desided
of the water audit; the present and potential fituater uses. Chapter 6 is on surface and grourdwa
quality. The sediment in the rivers is also briefigcussed. Chapter 7 proposes a work method dow#ter
audit. The last section of chapter 7 proposes & wmthod for a surface water quality study in thsib.
Chapter 8 comprises a summary of the executed worlclusions and recommendations.
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Figure 1 Map of the Komadugu-Yobe River Basin (prepred by M. van der Valk for Goes, 2002).
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The following governmental organisations monitort@oeological parameters in the basin:

. The Federal Department of Meteorological Servicesthe following synoptic meteorological stations
(e.g. rainfall and evaporation) in or near the akiguru, Maiduguri, Potiskum, Kano, Jos, Zaria and
Bauchi (the last two stations are just outsidebdsin). The data can be bought for a relativelynhig
price. The stations situated in the upstream Base@emplex area (the four latter stations) are the
most interesting stations for the water audit beegbey may be useful for rainfall-runoff modelling
may also be worthwhile to purchase the few misgi#ays of Nguru rainfall data (1999 to date) in orde
to get a complete long-term data set for the migdie: of the basin.

The Bauchi State Agricultural Development Proj@a$ADP) runs nine meteorological stations
(rainfall, evaporation, etc.) within the whole cdiihi State.

The Jigawa State Agricultural Development ProjddR®) collects meteorological data for 21 stations
within their state (JSMWR, 2000).

The Hadejia-Jama’are River Basin Development Auth¢HIJRBDA) and Kano State Ministry of
Water Resources (KSMWR) have meteorological statairthree large reservoirs in the basin (Tiga
Dam, Challawa Dam and Hadejia Barrage). Theseatatémportant for the water audit in order to
determine the direct rainfall on the reservoirs trelevaporation from the reservoirs. The evapanati
pan for Challawa was taken away for repairs duangvisit (20 August 2005).

The North East Arid Zone Development Programme (KER) runs a meteorological station (rainfall,
evaporation, wind, temperature, humidity, etc.hvittheir compound at Garin Alkali. In addition gth
run 17 meteorological stations in their projectaaftlie northern part of Yobe State).

KSMWR has 15 meteorological stations within Kanat&t Many of the stations are at the sites of small
dams.

Meteorological data are most likely also colledtedhe part of the basin that is situated in Nigdre
data may be obtained through the Lake Chad Basinn@ssion (LCBC, contact: Mohammed Bila).

The following organisations have a database onangltmical data:
School of Agriculture Food and Environment, Craldfigniversity, Silsoe have rainfall and evaporation
data for the stations in Nigeria (see Hess et361Hess 1998). The data are probably also avaikth
Centre of Arid Zone Studies (CAZS) and Universityaiduguri (UNIMAID).
International Crops Research Institute for the S&nd Tropics (Niamy, Niger) has rainfall data for
Maine Soroa in Niger (see Hess et al. 1996).
Meteorological data (evaporation and rainfall) weottected from the Meteorological Services Agency
(for Nguru) and also measured by IUCN-HNWCP (avdéaon enclosed data CD).

Selected reports and publications with meteorokigiata are:
Older meteorological data for northern Nigeria barfound in the agroclimatological atlas (Kowal and
1972).
Mean monthly evaporation data for Kano and Nguneravided in Hollis et al. (1993).
Yearly (1970-1989) and mean monthly rainfall datiarfine stations in the basin is presented in JICA
(1995).
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There have been many publications that analyséathin the Sahel (Hote et al., 2002; Ozer et 2003; Dai
et al., 2004). All these publications agree that¢hhas been rainfall deficit in the Sahel durimg 1970s,
1980s and the first half of the 1990s. Hess gt18195) calculated an average decline in annuafathiof 8
mm y* during 1961-90 for the north-eastern arid zonMligéria. In the literature, there are some disanssi
on whether or not the rainfall deficit continuedtire Sahel during the second half of the 1990sbeydnd. A
very recent publication (Nicholson, 2005) compafedthe West African Sahel, 1998-2003 rainfalladat
(satellite estimates) with older rain gauge data.tRe southern Sahel, in which the Komadugu-Y@=rbis
situated, the paper concluded that the rainfa®82003) has returned to pre-drought levels ofl®&0s and
1960s. Still, August remained relatively dry during period 1998-2003. The rainfall data for Maidrig



confirms this positive trend from the late 19902883 (UNIMAID, 2004). Another interesting obsetieatis
the fact that large multi-year oscillations appeaibe more frequent and extreme after the late 4 9B@i et
al., 2004). This may result in large inter-annuaiiations in river flow.

Hess (1998) has shown for three meteorologicabstsin the middle and lower part of the basin (Ngu
Potiskum and Maiduguri) that over the period 19@1tftere has been an increase of abodClis mean air
temperature during the growing season, dominatexhbimcrease in minimum temperature. Still, thegpap
concludes that the observed increase in temperhtig@ot be great enough to result in a significacrease
in reference evapo-transpiration.
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The following sources on river flow data for therkadugu-Yobe Basin have been identified:
The Diyam report (1996). The former Kano State \WRcourses and Engineering and Construction
Agency (WRECA) took up daily stage board monitorargl regular river gaugings in the basin in 1963.
In the early 1970s approximately 20 stations weoaitored. From the late 1970s onwards the number
of river flow monitoring sites and the quality bfet collected data started to decrease due to atredu
in available resources. In the late 1980s the rodnig of the hydrometric network had ceased almost
completely. The ‘old WRECA was dissolved in 1991dahe ‘new’ WRECA has no longer been
involved with hydrological data collection. Publesh(WRECA 1970, 1972, 1974, FMWR) and
previously unpublished river flow data collectedtbg former larger (including Jigawa) Kano State ar
presented, using upgraded rating curves, by Diyams@ltants (1996). The WRECA archives have been
searched thoroughly for this study. Furthermore,rtter flow data have undergone extensive quality
checks. Therefore it is recommended to use thabdae as the base for the water audit. The digital
daily rivers flow database from Diyam (1996) wasdeavailable to FMWR, Petroleum Trust Fund
(PTF) and Federal Ministry of Environment (FME d&HRA). It should be noted that the stations on the
Yobe River downstream of Gashua and on the Koma®ixggr are not included in this database. So for
these data the WRECA yearbooks, unpublished data the WRECA archives and JICA (1995) have
to be consulted.
The Hadejia-Nguru Wetlands Conservation Project\((W\P) re-initiated river flow monitoring in the
early 1990s (Morgan 1994, Goes and Zabudum 1998, 11099), but mainly in the middle part of the
basin. The HNWCP database includes the stage-hlaaadrom NEAZDP (mainly Gashua) and Jigawa
State Ministry of Water Resources (JSMWR, Hade[a)e to a lack of funds HNWCP stopped river
flow monitoring in the late 1990s. The HNWCP riflaw database, including the rating curves, is
made available to the KYB Project from the consultapersonal library (on enclosed CD). The 1994-
98 data for Bunga are, until high discharge gaugerg carried out and the rating curve is updéesd,
reliable. The remainder of the HNWCP river flowaladise is considered reliable because it is based on
regular gaugings. All the river flow data, includithe gaugings, are available on the enclosed CD.
Niger also monitored (and possibly still does) tiver flow in the Yobe River. For one river flow
station, Bagara Diffa (~25 km east of Damasak), thigrriver flow data (1967-90) have been located
(UNESCO, 1995) and made available to the KYB Ptdjacthis assignment. It is recommended to
contact the relevant institution(s) in Niger in erdo find out if more (daily) river flow data are
available for this and other sites on the Yobe RiVéis may be done through the LCBC (contact:
Mohammed Bila).
Julius Berger (Kano) may have been monitoringdast in the 1990s) the water level on the Jama’are
River downstream of the proposed Kafin Zaki dara @8unga near Ningi). The status and accessibility
of their data are unknown. It is probably most appiate to make the request for the data through th
HJRBDA.
Based on a rainfall-runoff model (IHACRES) Afremed&999a) generated a complete 33-year (1950-
83) monthly inflow series, in a situation of naw for the four major sub-catchments (Bunga,
Challawa, Chiromawa and Wudil) that form the heaéwgof the Hadejia-Jama’are River Basin. The
generated natural runoff series were comparedtivittmeasured runoff for the period 1963-72. It
should be noted that the relevant graphs that coerthe measured (WRECA data) and the modelled
runoff are not included in the draft report fronré&hedev, which was available for this assignment. A
first comparison (not in this report) reveals tttet Afremedev estimates tend, especially for tlyerdr
years, to be a bit higher than the measured anivealflow data from Diyam. The generated
Afremedev data should be compared more elaboraitifythe measured ‘Diyam data’ in order to
examine how useful it will be to fill in the datams, especially for the pre-Tiga (<1974) years. The
Afrmedev data are available on the enclosed CDe@dimg more recent data with the same rainfall-
runoff relation will be difficult because the raatifrunoff relation has probably changed due tallsse
changes in the basin.

For recent river flow data the following organisais should be consulted:



The FMWR installed automatic stage level recorders2001 near Chiromawa Bridge (on Kano River
downstream of Tiga and Bagauda dams) and Auyo Brfdg Hadejia River upstream of Hadejia). The
availability of the data from the recorders is @acl

In early 2005 the FMWR (department of Hydrology a#dirogeology) installed automatic stage level
recorders at Dabi (Hadejia River downstream of Wwadid Jorda (on a tributary to Hadejia River near
Gezawa). The HIRBDA installed automatic stage lem@brders: downstream of Tiga Dam (Kura-
Karaye Bridge), downstream of Challawa Dam, at W(difortunately the site of the recorder is
wrongly placed), Kafin Hausa and Hadejia. The JSM&18® collaborated in this exercise. The FMWR
is the only organisation that has the interfacestdeve the stage level data from all the (ninéotal)
automatic recorders. Plans exist to buy an additiorterface next year for the JSMWR and/or
HJIRBDA.

The HIRBDA has reported to have daily data on vegelevels and rough outflow rates (based on the
characteristics of the release structures) fotlhee large reservoirs in the basin (Tiga Dam, @&
Dam and Hadejia Barrage). The HIRBDA also monitioesinflow into KRIP. The amount of water
coming from the spillways is not monitored.

The JSMWR (contact: Dr M. Idris) has stage-boaadlegs at sites on: the Hadejia River (Dabi,
Suntulmawa-Ringim, Nahuche, Marke, Haidin, Hadejilag Kafin Hausa River (Kafin Hausa), the
Marma Channel (Likori), a small river near Kaza(lfekarada) and a tributary to the Jama’are River
(Iggi). The water level data have kindly been madailable to the KYB Project.

NEAZDP has daily stage-board readers (since 1a8®4)%on the Yobe River (Gashua and Geidam) and
on the Komadugu River (Gada near Dapchi). NEAZD®ade quite some effort in trying to get
access to gauging equipment in order to recalctitetelata into daily discharge rates. Unfortunately
they did not succeed. The stage data will be maditadle to the KYB Project.

The Department for International Development - tio\Wetlands Livelihoods Project (DFID-JWL,
contact: Alh. M. Chiroma) is doing regular (oncemanth in the dry season and twice a month in the
wet season) river gaugings on the Hadejia RiveHéatejia), Marma Channel (at Likori) and Burum
Gana River (at Guri and Wachakal) since June 200d.data have kindly been made available to the
KYB Project (on enclosed Ch)

The Borno State Water Cooperation has been mongatage levels at Damasak from 1987 to date.
The data have kindly been made available to the Rv@ect.

The Borno State Ministry of Water Resources (BSMWBgd to monitor the stage level at Yau. It
should be verified if unpublished stage level da&available.

The KSMWR say they are currently monitoring thegstéevels at Tiga Dam, Chiromawa (Kano River),
Tomas Dam, Kafin Chiri Dam and at Wudil. The data @eported to be in the Challawa office. At this
moment it is not clear how accessible and completee data are. The Database Coordinator of the
KYB Project has collected some of the data.

The following current meters have been identifiedhie basin:
. The FMWR - Department of Hydrology & Hydrogeologgshtwo new current meters (contact: Olufemi

0. Odumosu - Deputy Director Operational Hydrology)
The equipment from HNWCP is now being used by DBWL (possibly faulty, contact: Alh. M.
Chiroma).
The JISMWR has two current meters, they are repootéé not in a good condition. One current meter
has been lend to the DFID-JWL Project. The JSMWiRddhe resources to do the gaugings themselves
(contact: dr. Muslim Idris).
The KSMWR has two old current meters (possiblytigul
The YS Water Cooperation may have current meterss(ply faulty).

Furthermore, it should be noted that the monitoohgver flow in the Lake Chad Basin under the
Hydrological Cycle Observing System (HYCOS) projsctinder consideration (WMO, 2004). An overview of
the available river flow data is presented in Aper?.

2.1.2 Observations on the river flow data and the h  ydrometric network

The following observations are made on the hydromaetwork in the basin:

 Some corrections are required in the way the fiald have been put into the spreadsheet thatatgisulischarge. | have informed the PC and
Hydrologist of the KYB Project on the required @mtions. | will also e-mail the suggested corretitn Alh. Chiroma from DFID-JWL.



From the early 1960s up to the late 1980s the flear have been monitored by the relevant
governmental institutions. The river flow databastairly complete and has, for the upstream pfrt o
the basin (down to Gashua), undergone variousqighty checks.

Most of the available data is on a monthly base @nclosed data CD). Daily river flow data stidked

to be obtained from the relevant institutions. Paiver flow data from the IUCN-HNWCP is available
on the enclosed CD (from the consultants persoaialése).

After the 1980s the monitoring of the river flonshlaeen done mainly by Non-Governmental
Organisations (NGO). This is not a sustainableasibn because: the projects have a limited time spa
usually only focus on a limited part of the basird &top the river flow monitoring when they run ofit
funds. The most notable consequence is the fatthkee are, as far known, no stage level data from
1999 to present on the Jama’are River becausattténiy for the IUCN-HNWCP became minimal after
April 1998. For the continuity it is therefore reemended that NGO’s with a limited time-span, like
the KYB Project, assist with capacity building daver flow monitoring within the relevant
governmental institutions, notably the two RiveisBaDevelopment Authorities (RBDA), NEAZDP and
the active State Ministries of Water Resources.

It is very encouraging that despite meagre fundioige organisations have continued the stage level
readings in some of the rivers. These organisatiogsently require assistance with river flow gaugin

in order to construct rating curves to calculatiéydiischarge. If there are time and budget constsat

is recommended to focus the river flow gaugingshanstations listed below (Table 1).When doing the
gaugings the existence of the following should deficmed: 1) a stage-board in a good conditiorth2)
identity of the stage-board reader and 3) the sheh the raw stage data. The gauging data a@atru
for the water audit in order to quantify the riflenwvs during the past six years is strongly
recommended that the KYB Project, possibly in cadjma with the DFID-JWL Project, takes up the
gaugings with the highest priority during the ormggpiwet season (starting August 2005).

The JSMWR is monitoring the stage levels at maagi@is between Wudil and Hadejia (Dabi,
Suntulmawa-Ringim, Nahuche, Marke, Haidin). Frolvaain-wide perspective these are not stations
with the highest priority for river gaugings. Stithe development of rating curves for these siitie
very useful to study the causes of the river fleductions between Wudil and Hadejia that has
frequently been discussed in the literature (eddliddet al. 1993; Thompson, 1995; Goes 2002).

It is strongly recommended to arrange backup infahm of a stage-board reader for the relevantrive
flow monitoring sites that only have automatic gesidrhis recommendation is made because, from the
consultants personal experience in this basin had/blta Basin, automatic gauges can and often will
malfunction and the resources may be limited toaektthe data in time before the battery runs out.
Furthermore, it is recommended that effort to belent® enhance the commitment of the readers to the
work by, for example, paying the readers in tinteyjaling them with a bicycle if they live far frothe
stage-board and letting them have annual resuttseaf work (river flow graph for the site).

The most important river flow monitoring statiomsthe basin and their present status are summarised
in Table 1.
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Table 1 Overview of the most important river flow nonitoring stations in the Komadugu-Yobe
Basin (see Appendix 1 for data availability)
Location River Priority | Present status Reason for ing important
downstream| Kano 1 FMWR/HJRBDA automatic stage| to monitor releases from Tiga Dam
of Tiga recorder installed in 2005, outflow
(Kano) estimated by HIRBDA, stage-boafd
reader KSMWR?
Challawa Challawa 1 FMWR/HJRBDA automatic stage to monitor releases from Challawa Dam (excluding
Gorge recorder installed in 2005, outflowy water from the spillway)
(Kano) estimated by HIRBDA
Wudil/Dabi | Hadejia 1 automatic stage recorder installedto monitor water availability in Basement Complex i
2 (Kano/ in 2005 in wrong location, stage- | Hadejia River System from the dams and uncontrolled
Jigawa) board reader KSMWR? flow, flows still well contained within river chaeh
Kafin Hausa| Kafin Hausa| 2 stage-board reader JISMWR, to monitor outflow from Hadejia River into Kafin iHaa
(Jigawa) FMWR/HJRBDA automatic stage | River, baseline data for proposed flow proportignin
recorder installed in 2005 structure at Miga
Hadejia Hadejia 1 stage-board reader JSMYWR to monitor river flow reductions between Wudil and
(Jigawa) FMWR/HJRBDA automatic stage | Hadejia (natural and HVIP uses), and to monitdioimf
recorder installed in 2005, four into HNW
recent gaugings by DFID-JWL
Likori Marma 1 stage-board reader JISMWR, severto monitor flow into Marma Channel to Nguru Lakedt
(Jigawa) Channel recent gaugings by DFID-JWL much water in recent years), baseline data forquegp
flow proportioning structure at Magujin Idi
Guri* Burum 2 no monitoring, seven recent to monitor effects of dredging & weed clearance,
(Jigawa) Gana gaugings by DFID-JWL baseline data for proposed flow proportioning dties
at Likori
Wachakal Burum 3 no monitoring, seven recent to monitor effects of dredging & weed clearanceflow
(Yobe) Gana gaugings by DFID-JWL of Hadejia River System towards Yobe River
upstream of | old Hadejia | 2 no monitoring to monitor contribution from Hadejia to Yobe River
Gabarua (very low in recent years due to weed/silt bloclgge
(Yobe) baseline data for proposed 3-way flow proportioning
structure at Likori or 2-way structure at Maguijé |
Bunga Jama’are 1 no monitoring to monitor water avaii@pih Basement Complex in
(Bauchi) Jama’are River (downstream of proposed Kafin Zaki
Dam), flows still well contained within river chagin
Katagum Jama’are 2 no monitoring to monitor river flow chgas (flow reductions and
(Bauchi) contributions from tributaries) between Bunga and
Katagum, and to monitor inflow into HNW
Kari Komadugu 1 no monitoring to monitor water availdpiin Basement Complex area
(Bauchi) in Komadugu River System (no discharge data fot pa
20 years)
Dapchi Komadugu 2 water level monitoring by to monitor river flow reductions between Kari and
(Yobe) NEAZDP Dapchi, and flow from Komadugu River towards Yobe
River (no discharge data for past 20 years)
Gashua Yobe 1 water level monitoring by to monitor outflow of HNW (mainly from Jama’are
(Yobe) NEAZDP River) and inflow into the Yobe River
Geidam Yobe 2 water level monitoring by to monitor river flow reductions and uses between
(Yobe) NEAZDP Gashua and Geidam
Damasak Yobe 2 water level monitoring by BS to monitor river flow changes and uses between @eid
(Bornof Water Cooperation and Damasak
Yau Yobe 1 no monitoring to monitor the outflow from @ River into Lake Chad
(Borno) (no discharge data for past 20 years)

2if no reliable recent stage data are availablé\fadil it is advised to focus the river gaugingstiea next station downstream of Wudil where
daily monitoring is taking place (Dabi)
3 it is not clear if the stage-board reader has beading the stage-board at Hadejia during thegpastonths because the recent embankment
works may have affected the stage-board, | haw@wext contradicting information on this issue.

4 Discuss with M. Chiroma from JWL on which sitetie Burum Gana, closest to the bifurcation with MarChannel, is most suited for a stage-

board

® One should select this site with care since diosshas been observed upstream of Gabarua bridgethe Jama’are to the Hadejia River
(Goes and Zabudum, 1998)
® Damasak becomes priority 3 if the discharge dat®&gara Diffa (Niger) pass the quality check Hiitds confirmed that the data are up to

date.
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3.2.1 Basin Characteristics

The main up- and downstream stations for the fim@rs in the basin are: for the Hadejia River eystWudil
and Hadejia, for the Jama'are River Bunga and Katador the Komadugu River Kari and Dapchi, andtfar
Yobe River Gashua and Yau (Figure 1). Hadejia, Buaigd Gashua are the only stations in the basm wit
long-term (1964-98) records. Table 2 presentstHfereight stations, an overview of the mean anfioaland
peak discharge before (1964-73) and after (197389¢onstruction of the Tiga Dam.

Table 2 Overview of the annual surface water resaaes in the Komadugu-Yobe River Basin
River Site Catchmer®re Tiga Dam construction Post Tiga Dam constractio
area Mean annual |Mean |Mean LPeriod Mean annual |Mean Period
flow annual |peak flow peak
rainfall |discharg discharge
#
[km? [10°m?] [mm] |[mm] |[m’s?] [10°m% [mm] |[m°sY
Hadejia Wudil 16,380 1,915 117 927 946 1964-13 4,0061 336 1979-89
Hadejia 30,430 718 24 99 1964-78 523 17 65 1979489
Jama'‘are Bunga 7,980 2,061 258 1,036 1,227 19641331 179 890 1979-89
Katagum 15,000 1,634 109 381 1979-89
Komadugu Kari 5,865 542 92 1964-7 176 30 1999-8
Dapchi 18,090 114 6 1973-74
Yobe Gashua 62,150 1,397 22 182 1964-73 925 15 143 1979-89
Yau 148,000 | 423 3 37 1964-72**

* excluding 1987

** excluding 1968, 1969

# Wudil: using weighted rainfall from Bauchi, Kaduand Kano

Bunga: using weighted rainfall from Bauchi, Jos &ano (Afremedev, 1999)

The four sub-basins (Figure 1) are discussed below.

The Jama’are sub-basin.

The flow in the Jama’are River is ephemeral (Jun®dtober) because there are no major dams irstihbis
basin. Plans exist to build a large dam at KafikiZsee Section 5.2.2). The river is a gainingriuetil the
geological boundary between the Basement CompléxteanChad Formation. In the Basement Complex area
the soils tend to be sandy though shallower thasetlin the Hadejia sub-basin. The upstream Basement
Complex region is hilly (up to 1700 m) with sigdint areas of bare rock. This implies that therritasv in
the upstream part of the basin responds relatfastyto rainfall. Furthermore, the Basement Complea has
retained more of its natural vegetation than inHladejia sub-basin (Afremedev, 1999). Downstream of
Katagum in the flat HNW the Jama’are River split®oia number of smaller channélypha domingeniand
other weeds did not invade the channels of thentnaltled ephemeral Jama'are River. The weeds cannot
survive in this river because of a lack of waterig the dry season and the high wet-season peak that
flush the main channels clean.

The Hadejia sub-basin.

The river flow in the Hadejia sub-basin is largety80%) controlled by the upstream Tiga Dam onKhao
River (completed in 1974) and Challawa Dam on thallawa River (completed in 1992). The dams lack
adequate operational information and are (in mases) operated based on the ‘rule of thumb’ (Charetral.,
2005). The third main river in the upstream parthef Hadejia sub-basin is the Watari River. Thierhas a
small dam that does not influence the river flogngicantly. The three rivers join upstream of Wudi
become the Hadejia River. The Hadejia River isiaigg river until the geological boundary betwebe t
Basement Complex and the Chad Formation. The wwstBasement Complex region is hilly (with peaks of
up to 1200 m). In the upstream area from 1980 odsvtirere has been a tendency for the tree-dominated
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savannah to be replaced by landuse for rain-feidw@gire and grazing (Afremedev, 1999). The midathel
downstream parts are, except for some ancientdanes, relatively flat.

The average annual flow in the upstream part oHhédejia River (Wudil) reduced by 33% after the
completion of Tiga Dam (1979-89). Furthermore, peak flow is reduced and the river regime has,tdwy-
season releases for the three large formal usetseam of Hadejia (i.e., KRIP, KCWS and HVP), cheahg
from ephemeral to perennial. Especially KCWS augm#re dry-season flow because a relatively high
minimum river flow is required before sufficient tea enters the intake-works (Diyam, 1996; Chiroralg
2005). A proposal on how the improve the intakeksdras been prepared by Neville (2005). Some teanpor
improvements (sand bags) have already been affedtith resulted in a decrease in dry-season flon&004
(M. Chiroma, pers.com.). The impact of the pealfteductions is probably limited in the upstrearcties of
the river due to the relatively high and more takarainfall, and the fact that flood rice farmirvghich
depends on peak flows, is not widely practisechis &rea. The annual runoff and peak flows further
downstream at Hadejia, just upstream of the HNW,mdit reduce (1979-97) as a result of the construacf
the control structures. This is due to the rel&jil@w river flow reductions upstream for low floves Wudil
and the fact that the formal large upstream watersiare not (yet) working at full capacity. Furtbeidy is
needed on the causes and the quantities of theseflaw reductions between Wudil and Hadejia. Radin
Hausa River between Wudil and Hadejia only takeemahen the Hadejia River flow at higher flows.igts
due to a sand bar in the Kafin Hausa. The threshlodae which the river carries water varies, depandn
whether the blockages have been (partly) clearewbrThe dry-season river flows at Hadejia inceelafsom
4% of the annual flow in the uncontrolled river3@% after the completion of the two dams. Thesesdason
flows: 1) create favourable circumstances for teeetbpment of aquatic macrophyte and silt blockagéke
HNW which prevent the Hadejia River from contrilmgito the Yobe River since at least the early 192ps
lead to dry-season floods which are disadvantageodarmers and herders ,and 3) waste water (28£%).
An increase in nutrient rich water probably conitédd as well to the development of the weeds.

Only one value (1,692 kihin 1969, Table 3) is available for the flood extenthe HNW for the pre-dams
period. 1969 was a wet year with above averagealrdischarges at Bunga and Hadejia. In 1974 thoeliflo
extent in the HNW was 1,369 Rt should be noted that some publications donmake a clear distinction
between the flood extent in the HNW (Gashua to #ama and Hadejia) and the flood extent upstream of
Gashua along the complete Jama’are and Hadejigsrivhis results in an over estimation of the histd
flood extents in the HNW for the misquoted figufiesn the Schultz reports for 1969 and 1974 (Tabldé-8r
the period 1990-93 a flood extent between 387 aridkdf was observed. In the second half of the 1990s
(1994-97) the flood extent was between 967 and6lkB. No recent flood extent figures are available but
generally the flood extent was large or extrematgé (e.g. 2001). Along the Marma Channel in thadjla-
Nguru Wetlands the flooding has become more orgessianent since ~2001.

Table 3 Wet season flood extent along the Hadejend Jama’are Rivers

Year Month Flood extent [km2] Method and source
Upstream | Had./Katag.
of Gashua | to Gashua

(HNW *)

1969 October 2,350 1,692** aerial photographs (8zh1976)
1974 September 2,004 1,369 aerial survey (SchLez6)

October 1,846 1,325 aerial survey (Schultz, 1976
1978 November 1,825 Landsat MSS (Brown, 1987 oitislet al, 1993)
1986 November 1,186 Landsat TM (Sule, 1993 inlislet al, 1993)
1987 September 700 field & aerial surv. (Benth&&88 in: Hollis et al, 1993)
1990 September 910 Landsat TM (Sule, 1994 in:islell al, 1993)
1991 September 893 aerial survey (HNWCP)
1992  October 545 aerial survey (HNWCP)
1993 October 387 aerial survey (HNWCP)
1994  October 1,728 aerial survey (HNWCP)
1995 October 967 aerial survey (IUCN-HNWCP)
1996 Oct./Nov. 1,567 aerial survey (IUCN-HNWCP)
1997 October 1,107 aerial survey (IUCN-HNWCP)
1998 October 1,806 estimated from river flow ofleextent relations (1991-97) (Goes and Zabudui®9)19

* Hadejia-Nguru Wetlands
** astimated on basis of total flood extent in 1%6% percentage of total flood in HNW in October49
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The Komadugu Gana (Misau River) sub-basin.

The river flow in the upstream part of the KomadiRjver at Kari is in the pre-dams period rough|y26f

the flow in the upstream part of the Hadejia (Wudil Jama’are (Bunga) rivers (Table 2). The pedbd
predominant flow is June to October (Kari) and Astgio December further downstream (Dapchi). Therris
a gaining river until the geological boundary beawéhe Basement Complex and the Chad Formation. The
river flow reductions are, compared to the Jamagar@ Hadejia rivers, relatively large. On avera#Q-77)
the river flow reduction between Kari and Dapchr88%. The river forms a wide floodplain downstreaim
Dapchi. The confluence of the Komadugu and Yobersivs largely silted up. This river thus providedy a
small and unreliable contribution to the Yobe Riveralmost all the studies on the Komadugu-Yobsi#his
river is neglected. So, for the water audit, sgestigention should be paid to filling in this infoation gap (e.g.
determining river flow relations).

The Yobe River.

The Yobe River is situated in a very flat ancidhiaal plain overlying the lake sediments of thake Chad
formation. Approximately 43% of the water that flomto the HNW flows into the Yobe River at GashDae
to the weed and silt blockages the contributiomftbe Hadejia to the Yobe River has been practicallsince
at least the early 1990s (see above). NEAZDP arim Btate Agricultural Development Project (YSADP)
reported a slight increase in the contribution fritva Hadejia to the Yobe River due to the cleadohgeeds
and silts in a part of the Burum Gana River. Tleadhg was initiated by DFID-JWL Project in the 2(®
dry-season. If the Gashua annual discharge is @a&ei®0% then roughly 70% arrives at Geidam, 45% at
Damasak and 28% at Yau. This relation was valithfi®63 to at least 1985. It is not known if this
relationship has changed since then (IUCN-HNWCR919The period of predominant flow is June to ®eto
(Gashua) and August to January at the downstrean(¥au). The Yobe River ends into the northern pdol
Lake Chad and is the only river flowing into thethern pool. The present contribution into the L&ktead
area is estimated at less than 2.5% of the topaitiiUNEP, 2004).

3.2.2 Influences on river flow

The four important factors that influence the riftew in the basin are: rainfall, water uses, waad silt
blockages and the landuse.

Rainfall. The rainfall in the upstream part of the basie, Basement Complex area, determines the water
availability in the rivers and the large reservoBs these data are relevant for rainfall-runoffieiting.
Rainfall in downstream part of the basin is impottfr: rain-fed agriculture, groundwater rechaagel the
filling of small depressions with surface water.

Water usesAn increase in water uses and large reservades $ection 5) lead to a decrease in river flow.

Weed and silt blockageFhe weed and silt blockages affect the river flodhe HNW and the contribution
from the Hadejia River to the Yobe River (see $ec8.2.1).

Change in landusé change in landuse can have a significant impadhe river flow. For example, in the
upstream part of the White Volta in Burkina Faseréhwas an amplified runoff (108%) despite a rédndn
rainfall. The increase was due to the followingroes in land use; namely, increase in cultivated,ar
increase in area with bare soil and a decreasee@mwith natural vegetation (Mahe et al., 2003 20@b). In

the upstream part of the Hadejia Basin there haea beports of a decrease in area with naturakatge
(Simon, 1997; Afremedev, 1999). Still, presentlgrihis a lack of information on the scale of change
landuse in the upstream part of the Hadejia andydam sub-basins and its possible effects on thawrinto

the dams and the runoff. Downstream of the gechbddioundary between the Basement Complex and thad Ch
Formation a change in landuse will have less efiacthe runoff because the river is no longer efflubut
infiltrating.

3.2.3 Future river flow
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The calibration of global climate models is strgnigilased to western countries in the northern heheaise,
where the data collection network is most densés iBha concern for developing countries whereittigacts
of climate change is expected to be the largedevthé information on the coming/ongoing changes is
generally poor. In the literature no informationsfaund on the impact of downscaled global clinsenarios
on the water resources in the Komadugu-Yobe Basiis lack of information has also been identifigd b
UNEP (2004). Most climate change scenarios for \Résta predict a decline in precipitation in thenge of
0.5 to 40% with an average of 10 to 20% by 202%¢hk, et al 2005). However, the impact of climatnge
does not always predict a reduction in future wagspurces for all river basins in West Africa; éoample for
the Volta Basin two out of the three available &agbredict an increase in rainfall and river fl@unstmann
and Jung, 2005; Andah et al., 2003; and Opoku-Argdgra000 cited in GEF 2002). What is importantdten
is that almost all the climate scenarios predicigd variability in rainfall and river flow. So fahe water
audit it is important to include scenarios withrerte (high and low) water availabilities.
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List of groundwater level monitoring and borehaigantory databases in the basin:
YSADP reports to monitor (4 times per year) 10 kivatube-wells in the whole of Yobe State since
1994.
BaSADP reports to monitor (once per month) appratéety 290 wells since 1994 (some of the data is
summarised in BaSADP, 2004).
BS Water Cooperation reports to monitor the groustdwlevel at ten sites in Borno State (a map with
locations is available at the KYB Project).
KNARDA reports to monitor (monthly) at least 46 Igelithin in Kano State. There are also 24 wells
with a data logger that are operated by the FMWRARDA is not able to retrieve these data
themselves because they do not have the right eguip KNARDA still has the groundwater level data
for Jigawa State from the time it was still parkafno State. KNARDA (Kano) also has, for the whole
of the former Kano State, an extensive databasmrhole information, with amongst others
lithological descriptions, and geo-electrical measuents. The locations and a listing of boreholigls w
hand pumps can be found on a printed map (KNARD®&ated).
The FMWR also has shallow groundwater levels froomitoring wells, equipped with a pressure
logger, in Jigawa State. The measurements were fake¢he ‘National Fadama Phase 1 Project’
evaluation report.
NEAZDP monitored the groundwater level along thé& ®iver and in the sand dunes north of Gashua
(Kaska) in the 1990s. Some of the analysed datdgedound in Carter et al. (1994) and Carter and
Alakali (1996).
From the early to the late 1990s IUCN-HNWCP hadell and later also a piezometer network in which
the water level was monitored regularly (13 weltsevmonitored daily and 27 wells were monitored 2
to 5 times per year). Some of the analysed datdedound in Goes (1999). All the water level data
available on the enclosed CD.
The FMWR has an unpublished borehole data inventory
The LCBC has facilitated several studies on theigdavater in the basin (UNESCO/UNDP, 1972 and
BRGM, 1993). The latter report selected 30 grourtdwenonitoring sites but as far as known the
groundwater monitoring programme has never mateeidl Later this year the Deutsche Gesellschaft
fir Technische Zusammenarbeit (GTZ) is likely arstogether with the LCBC a groundwater study for
the whole Chad Basin.

*% 0 " $

Based on various studies a summary of the mairactexistics from the aquifers in the basin has been
compiled in Table 4.

Table 4 Summary of the characteristics of the aqgters in the Chad Basin.
Description Depths EC [ S/cm] Yield | Recharge Remarks
[I/sec]
Phreatic aquifers (or| 0to 30 m 50-5,000 2-5 direct infiltration of | high nitrate concentrations have
Upper Zone aquifer) | (max. ~150 (mean 340) rainfall, river bed, | been observed, permeability 10-

143 m &, not exploited near Lake
Chad because sediment is too fine

floodplains and
Lake Chad

Quaternary sands andm)
clayey sands

D

Middle zone aquifer,| 200-400 m 700-4,000 5-10 none or minimal, confined, used to be artesian, well

Early Pliocene (generally 10 | (mean 856) possibly around exploited in Nigeria
to 40 m thick) outcrops of rocks
Lower Zone aquifers, 420-650 mean 708 max.| none or minimal, confined, used to be artesian
Continental 30 possibly around
Terminal, alternation outcrops of rocks
of clay and
sandstone,

Oligocene-Miocene

sources: Bunu 1999; Diyam 1987; Maduabuchi 200&dacet al. 1996; Olivry 1996; Olugboye 1995; UNEBR2
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In the wet season the groundwater head of the pbmaguifer generally dips away from the Komadugob¥
River and its floodplains, this in agreement whle fact that it is an infiltrating river system dwstream of the
Basement Complex Area (see Section 3.2.1). Mostnmdtion indicates that the phreatic groundwatesl Iz
the basin that falls within Jigawa, Yobe and Bauwsthtes has been, besides seasonal variationtsyeigia
constant for the past 15 years. This conclusidiased on experiences from the NEAZDP drilling team
(Ahmed Hamza, pers.com.), well monitoring netwdrksn the YSADP and BaSADP and close contacts
between the ADP’s and local farmers (pers.com.,Gashua form YSADP, M.A.Bello from BaSADP and dr.
M. Idris form JSMWR). During the period IUCN-HNWGRerated the well water level monitoring network
(1991-97) in the HNW, strong seasonal trends werasured but no long-term decline or increase in
groundwater level has been observed. Also a cosgamith scarce water level data from the 1970s188Ds
do not indicate a consistent change in groundwatet in the HNW (Goes and Zabudum, 1998). Stiliter
level monitoring data available at the FMWR is népd to indicate a shallow groundwater level drbpbm
y! within Jigawa State (data collected for an unmitgi report prepared for the Fadama 1 project).
Maduabuchi (2005) also reports a groundwater léragb in the phreatic aquifer (no data presentddim
publication). These contradicting reports needetalbrified in the water audit. There are geneoalcerns on
the shallow groundwater levels for the near fusinee the number of shallow groundwater abstractielhs in
the basin is increasing rapidly.

Using remote sensing and Geographical Informatisied (GIS) maps Leblanc et al. (2003) producechp m
with recharge and discharge areas for the phragtider along the Yobe River. Based on these diea t
improved a groundwater model for phreatic aquifethie area. The paper does not provide much infioma
on the level of detail of the model (e.g. how mamynitoring wells are used to calibrate the modate,
groundwater abstractions included?, how is theaeggh estimated?).

There is probably hardly any hydraulic connectietween the phreatic and middle zone aquifer. Bathfers
are, as far as known, separated by a clay lay¢htmin some places a thickness of up to 100 mi(&aal.,
2000). Based on a study in southeast Niger Le @& alle (1996) concluded that the two groundwateids
are well differentiated as regards both mineratisadnd isotopes.

The head in the deeper aquifers generally dip dway the Maiduguri area towards Chad (Oteze anad$&ay
1988). Near Lake Chad there are still some artesils in the 2nd, or middle zone, aquifer. Thaemany,
especially for the Maiduguri area, citations onamteolled over-abstraction of groundwater from khieldle
zone aquifer in the Chad Formation leading to pnesdecline and decline in yield (e.g. Olugboye93L9
Bunu, 1999; Akujieze et al. 2003; Hazell, 2004; Maluchi 2005; UNEP 2004; UNIMAID 2004). As far as
known there is no long-term hydrological monitoritmgsubstantiate this. Water points at Ala neartMar
(Nigeria) monitored by the LCBC have shown a dectfi~4.5 m within one year (UNEP, 2004). Gonilet a
(2000) estimated an average rate of decline irs¢laend aquifer for the area northeast of Maidugdi.5 m y
! over the period 1965-1995. There have also bgeortseof artesian boreholes wasting water contislyou
Normally the local authorities cap the artesianisyddut local people uncap them and allow watdiois and
cool so that their animals can use it (Bunu, 1999EP 2005). Isotope data indicate that the watehén
middle and lower aquifers are similar. This mayiégate the possibility of hydraulic connection betweboth
aquifers. Still, the connection may also have bednced by boreholes (Maduabuchi, 2005).

* ( / -
4.3.1 Recharge of shallow aquifer

The possible mechanisms for shallow groundwatdrakge in the Hadejia-Jama’are-Yobe River Basin @re:
direct infiltration of rain into the ground, (2)filtration through riverbeds, and (3) infiltraticghrough
inundated flood plains. Below is a summary of ratevstudies on groundwater recharge in the riveinba

In a sand dune area 60 km northeast of Nguru, Cetrt. (1994) observe a mean annual water-tabiaton
of 0.13 min 11 piezometers during a one-yearggerCarter et al. (1994) estimate the rechargagusimodel
simulating the shallow aquifer behaviour, to be® y*, which is 17% of the local annual rainfall. The
authors consider local rainfall as the most likelgharge source. The relatively high recharge eaexplained
by a high infiltration rate and a low vegetatiomsi¢y in the sand-dune area. For the same aretasimi
recharge rates, 14-49 mn,yare obtained from a chloride mass-balance matisity seven profiles from the
unsaturated zone in the semi-arid Kaska area (Edmenal., 2002). Based on six unsaturated zorfiggsro
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and rainfall records from Maiduguri Goni et al. firess) estimated a minimum long-term rechargefoatdE
Nigeria of 19 mm y. Edmunds et al. (1999) estimate the regional mgeheate in NE Nigeria at 60 mniy

Using an estimated mean gradient of 0.81 T lend a mean shallow aquifer transmissivity of 168
IWACO (1985; quoted in Carter and Alkali 1996) psite groundwater recharge along the Yobe River (286
km) between Gashua and Lake Chad (Figure 1) in 1®8é 17 x 106 th It should be noted that IWACO's
survey was carried out in 1984 during a period 2t88) of extremely low river flow. Studies in thebe
floodplain near Gashua (Carter and Alkali, 1996ss4m et al. 2004; Hassan et al., in press) conthade
especially in the floodplains north of the Yobe &ivthere is a significant clay layer that hampersical
infiltration through the floodplain and causes #uiifer to be locally confined. Still, there aradg ‘windows’
in the clay (parts where the clay is thin and csaiokthe clay) through which floodplain rechargews. These
papers highlight that, in order to assess the pialesf the groundwater resources in the floodpkieas, it is
crucial to know whether a clay cover is presematr According to the experiences of the YSADPligl

team there is no extensive clay layer in flood@aiong the Yobe River in Yobe State (A. Gashues.pem.).
Worries have been expressed that the riverbedranfiobdplain recharge may be decreasing along te
River due to a decline in runoff in this river (MAID, 2004).

On the basis of a water budget method, the me&81(2%) wet season unconfined groundwater rechartfeei
floodplain area between Hadejia and Nguru and énitimediate vicinity (1,250 kfnhas been estimated at
132 mm (range 73-197 mm). The studied floodplainifagqwas, unlike the floodplain near Gashua, not
covered by an extensive clay layer and therefooenimed (Goes, 1999).

4.3.2 Recharge of deeper aquifers

Based on isotopic and hydrochemical analysis afigdavater samples from the whole basin (Edmundk et a
1999; Maduabuchi, 2005) it was concluded that tleeigdwater in the Middle and Lower aquifers is
paleowater dating back from a wetter period betv@&000 and 40,000 years before present. Bothestudi
concluded that the current recharge to these aguffeninimal. However, it could be possible tha aquifers
receive meteoric inputs from outcrop areas (pogdHays Bas’ in Chad) relatively far away assodatéth

low groundwater flow velocities (Maduabuchi, 2006e lack of recent recharge in the deeper aquers
another indication that the thick (50 to over 100ahay layer between the phreatic aquifer and thedié
aquifer is extensive.

4.3.3 Future recharge

It should be noted that groundwater recharge mesedse if the climate in the basin becomes driertdu
climate change. The possible consequences araeadedn river flow and consequently a decreaswénbed
and floodplain recharge and a decrease in raimeelarge. Still, as discussed above not much i&kram the
consequence of climate change for the basin (sg®86.2.3). In Niger a change in land use (insecia bare
soail) is linked to a long-term rise in the groundevatable due to an increase in groundwater reeh@reduc et
al., 2001).
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The management of the water resources in the Easpread out over approximately 30 governmental
institutions. There are two federal authoritiesy tiver basin development authorities and fiveestgKano,
Jigawa, Bauchi, Yobe and Borno) responsible foetiging the water resources in the Komadugu-YolsrBa
Each state has at least three different institstibiat are involved in the management of the watsources.
The names and tasks may differ a bit per state.

The following governmental organisations have raspulity for the management of the water resouicdse

basin:
The Federal Ministry of Water Resources (FMWR)eisponsible for the formulation of the water policy
and the coordination of the development of the masources in the basin. The FMWR have delegated
some of their tasks to the two RBDA and the miigstof water resources for the states..
The Federal Ministry of Agriculture and Rural Dey@inent (FMARD) is responsible for the
agricultural production (including cattle rearingdafisheries) in Nigeria.
The River Basin Development Authorities (HJIRBDA fbe upstream states and Chad Basin
Development Authority (CBDA) for the downstreamtst) are, formally, responsible for the
development of groundwater and surface water ressuin reality their emphasis is on the
development of large-scale irrigation projects thatnly use surface water. The HRBDA manages the
large water structures in the basin (Tiga and @walldams and the Hadejia Barrage).
The State Ministries of Water Resources are resiplanfor the formulation of the water policy armbt
coordination of the development of the water resesiwithin their respective states. They are
responsible for the management of most small dams.
The State Water Boards (part of the State MinistoidWater Resources) are mainly responsible for
urban (domestic and industrial) and for Kano Stdée for rural, water supply (mainly groundwatedan
some small dams). Yobe State does not have a \Based.
Four states have separate organs for rural andwsdsan water supply. Borno and Yobe states have a
Water Cooperation for this task. In Bauchi Staie task is executed by a Ministry for Rural
Development. Jigawa State has a Small Towns Waigpl$ Agency and a Rural Water Supply Agency
(both under JISMWR) for this task. For Yobe State\Water Cooperation takes care of (semi)urban
water supply, while the Rural Water Supply and &ditn Agency (RUWASA) handles the rural water
supply.
The State Ministries of Agriculture are responsiblethe development of larger irrigation projects.
The World Bank assisted Agricultural DevelopmenigPams (ADPs, part of State Ministries of
Agriculture) promote, at the state level, the ussnmall irrigation pumps for the abstraction of ki
groundwater and surface water in the floodplaimsifoall scale irrigation.
The LCBC (contact: Mohammed Bila) and the FMWR @otor of Dams and Reservoirs) have
information on water uses on the part of the Kongad¥iobe Basin that falls within Niger. A visit to
the relevant governmental institutions in Niger rbayrequired to complete the data on Niger.
Transboundary water issues are also discussee ilNtherian-Niger Joint Commission’.

The following reports provide information on wateses for all sectors for the whole basin:

. The study on the National Water Resources Master far Nigeria (JICA, 1995). The report also
provides water uses details on existing and plamiaeas.
Water Management Options for the Hadejia-Jama'aeeYRiver Basin (IUCN-HNWCP 1999, Chapter
4).

+ % -

5.2.1 Current water uses

Tables 5 to 10 present an overview of the idemtifreajor surface and shallow groundwater uses aloag
Hadejia, Jama’are, Yobe and Komadugu rivers, reésgbe
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Table 5

Overview of dams and other major water use Hadejia sub-basin upstream of Hadejia.

Sites

Type of use

References

Tiga Dam (1974) and Ruwa
Kanya Reservoir on Kano
River

hlive storage 1,845 £ large scale
irrigation (13,300 ha, 1997) for Kano River|
Irrigation Project (KRIP), Kano City Water
Supply (KCWS), fishing

HJRBDA; Adams (1991); Adams et al. (1993);
Afremedev (1999d); Diyam (1986, 1996); IUCN-
HNWCP (1999); Oyebande (2003); Oyebande an
Nwa (1980); Simon (1997)

i}

Tudun Wada Dam (1977) or
Kano River

live storage 18 1n® irrigation

KSMWR; WRECA (1980)

Bagauda small dam (1970)
on a tributary to Kano River

live storage 21 1n® Kadawa Irrigation
Scheme; domestic water supply, dam
collapsed in 1988

KSMWR; Diyam (1996); Oyebande and Nwa (198
WRECA (1980)

Marashi Dam (1980) on
Challawa River

live storage 6 1%n>; irrigation

KSMWR; Diyam (1986, 1996); WRECA (1980

Challawa Dam (1992) on
Challawa River

live storage 904 fn* Kano City Water
Supply (KCWS), fishing

HJRBDA,; Diyam (1996); IUCN-HNWCP (1999);
Neville (2005)

Pada Dam (1980) on
Challawa River

live storage 10.5 fa® irrigation

KSMWR; Diyam (1986, 1996); WRECA (1980

Karaye Dam (1971) on a
tributary to Challawa River

live storage 16 1®n® urban water supply
(Gwarzo, Karaye, Keru and others)

KSMWR; Diyam (1996); Oyebande and Nwa (198
WRECA (1980)

Magaga Dam (1980) on
Challawa River

live storage 17 1> irrigation

KSMWR; Diyam (1986, 1996); WRECA (1980

Gunguzu Dam (1979) on a
tributary to Challawa River

live storage 22 1n® small scale irrigation;
domestic water supply (Garo, Gude)

KSMWR; Diyam (1986, 1996); WRECA (1980)

Watari Dam (1980) on
Watari River (tributary to
Challawa River)

live storage 93 1n°, irrigation

KSMWR; Diyam (1986, 1996); WRECA (1980

Kafin Chiri (1976) small
dam near Wudil on tributary|
to Hadejia River

live storage 24.6 P domestic water
supply, irrigation, dam partly collapsed in
2001 (HR Wallingford, 2002)

KSMWR; WRECA (1980)

Challawa, Tamburawa and
Joda

water treatment works for domestic water
supply

Wudil

domestic water supply Wudil (tubewells in
the river bank), Gari irrigation project

KSWB; KSMWR

Hadejia Barrage

Hadejia Valley Irrigation Projegt000 ha,
gross; 2,200 ha net. in 2008khing

HJRBDA; Diyam (1996)

floodplains along the Hadeji
River

a small scale irrigation in floodplains using
surface and shallow groundwater,
groundwater recharge, cattle, domestic us

ADP and WB Kano and Jigawa states

£S

cities and some villages in
the uplands of Kano and

rural and urban water supply, and
irrigation(?) using groundwater from 1st

Jigawa states

WB and Ministries of Agriculture of Kano and
Jigawa states

aquifer

Table 6 Dams on smaller rivers that are probably nbdirectly draining into the Jama’are or
Hadejia rivers
Sites Type of use References with information
Dambo small dam on Gari River near irrigation MA Jigawa State; Muslim & Umar (1995)

Kazaure

Gari Marke small dam (1980) on Gari Rive

near Kazaure

rlive storage 203 . irrigation

MA Jigawa State; KSMWR; Muslim & Umar
(1995); WRECA (1980)

Mohammad Ayuba Dam (19
River near Kazaure

75) on Watari
domestic water supply

live storage 4.3 1%n>. irrigation;

MA Jigawa State; WRECA (1980)

Ibrahim Adamu Dam (1974)

near Kazaure
water supply, irrigation

live storagelGm®, domestic

KSMWR; WRECA (1980)

Tomas Dam (1976) on Tomas River near

Kunya

live storage 57 1%n>. irrigation

KSMWR; WRECA (1980)

Jakara Dam (1976) on Jaka
Kano

ra River near

live storage 54 1%n>. irrigation

KSMWR; WRECA (1980)

Rimin Gado dam in Gwarzo
River (on Gwarzo Road)

LGA on Jakar|
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Warwade small dam on Warwade River n¢

rdive storage 9.7 18n® irrigation,

Dutse

domestic water supply

MA Jigawa State; Muslim & Umar (1995);
WRECA (1980)
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Table 7

Overview of major water uses in the Jamal® sub-basin upstream of Katagum.

Sites

Type of use

References with information

cities and some villages in
the uplands of Yobe and
Bauchi states

rural and urban water supply and irrigation(?)
using groundwater from 1st aquifer

WB for Bauchi and Yobe states

the floodplains along the
Jama’are River

small scale irrigation using surface and shallo
groundwater, groundwater recharge, livestock
fisheries

ADP for Bauchi and Yobe states

Kafin Gana/lggi
embankment (Kano-
Maiduguri road)

irrigation

MA Jigawa State; Muslim & Umar (1995

Birin Kudu Dam (1970) on
Dogwala River tributary to
Jama’are

live storage 1 1%n>; irrigation, domestic water
supply

MA Jigawa State; Diyam (1986, 1996);
Muslim & Umar (1995); WRECA (1980)

Galaga Dam (1985) on
Galaga River tributary to
Jama’are

live storage 20 Tn°

HJRBDA,; Diyam (1986, 1996); Ben-Mus
and Abubakar (1995)

Tsohowar Gwaram on a
tributary to Jama’are

Jigawa State

Dogola Dam on a tributary t
Jama’are

Jigawa State

Katagum Irrigation Project
(no dam)

irrigation, active?

HJRBDA; BaSMWR

Table 8 Overview of the major water uses in the Hagjia-Nguru Wetlands (Hadejia and
Jama’are rivers)
Sites Type of use References with information

Hadejia River, Marma
Channel and Burum

small scale irrigation in the floodplain using
surface and shallow groundwater

ADP for Bauchi, Jigawa and Yobe states;

Acharya and Barbier (2000); Chiroma (1996);

Gana River Goes (1999); IUCN-HNWCP (1999); Prat et
(1997)
HNW domestic water uses, livestock uses, groundwateWB for Bauchi, Jigawa and Yobe states,

recharge, ecological uses

Chiroma (1996); Chiroma and Polet (1996);
Goes (1999); IUCN-HNWCP (1999); Okali
and Bdliya (1998a & b)

Wachakal on Burum

formal irrigation project (70 ha)

YSADP; Adams ét@993)

Gana River
Table 9 Overview of the major water uses in the Kmadugu sub-basin.
Sites Type of use References with information

cities and some villages in
the uplands of Yobe and

Bauchi states

rural and urban water supply and irrigation(7
using groundwater from 1st aquifer

)YS WC & RUWASA, BaS WB & Ministry for
Rural Development

the floodplains along the

Komadugu river

small scale irrigation (less than along Yobe
River), livestock, fisheries, groundwater

ADP for Bauchi and Yobe states; NEAZDP

recharge
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Table 10

Overview of the major water uses in the Yae sub-basin.

Sites

Type of use

References with information

cities and some villages in the
uplands of Yobe and Borno
states

rural and urban water supply (usually ~10(
m deep wells) and irrigation(?) using
groundwater from 1st aquifer

Yobe and Borno State Water Boards and
Ministries of Agriculture; NEAZDP (1990);
Carter and Alkali (1996)

the floodplains along the Yobe
River

small scale irrigation using surface water g
shallow groundwater; YSADP has drilled
4892 shallow (max.~12 m) tube-wells that
use ~239 10n’y* (July 2005); at Abadam
~200 ha (CBDA), groundwater recharge,
livestock, fishing

n@obe and Borno State Ministries of
Agriculture and ADP’s; CBDA; NEAZDP
Village Water Supply; NEAZDP (1990);
Carter and Alkali (1996); Diyam (1996);
Wardrop (1993)

Diffa Irrigation Project (Niger)

1,200 ha (1997)

leeant authorities in Niger, LCBC?, IUCN
HNWCP (1999)

Magura (150 ha), Bolorum (100
ha), Bululu (100 ha YSADP ~2(
ha CBDA), Laba (~20 ha),
Gashua (142 ha, 1997),
Kellori/Balle (50 ha, 1997),
Geidam (50 ha, 1997), Damasg
(40 ha, 1997), Duiji (500 ha,
1997), Yau

formal irrigation projects along the Yobe
River (many projects are no longer active
during past 5 years due to reduced flow
quantity and flow period)

x

YSADP, BSADP, CBDA, IUCN-HNWCP
(1999)

Baga Polder Project, water from
Lake Chad

formal irrigation, problems with water
supply, now concentrating on recession
farming

UNEP (2004)

South Chad Irrigation Project
(SCIP), water from Lake Chad

formal irrigation, problems with water
supply, not functioning (2004), dried up
irrigation canals are taken over by Typha

LCBDA; Adams (1991); Adams et al.
(1993); IRIN (2003); UNEP (2004)

The most prominent anthropogenic water uses atteeimiddle and upstream part of the Hadejia River
System. These uses are: Kano River Irrigation Br@i€RIP), Hadejia Valley Irrigation Project (HVIRNd
Kano City Water Supply (KCWS). The main reasondevelopment of large formal irrigation projects is
Nigeria’s wish to be self-sufficient in food prodion. KRIP, KCWS and HVIP depend for their wateriga
and Challawa dams (Figure 1). Most reservoirs @ @sed for fisheries (a secondary benefit). Thtew
demand for the KRIP has been higher than expe2#&600-30,000 rina* as compared to the planned figure
of about 18,000 Ama®. Originally 355 16m®* was embarked for irrigating 22,000 ha, but for therent area
of 13,285 ha almost the same quantity is used (Eagaure, pers.com. in Oyebande, 2003). The higher
demand is explained by changes in cropping paftée irrigation instead of wheat) and excessigsés in
the secondary and tertiary irrigation channels. fot@ water loss throughout the system was eséichat
about 50% (Simon, 1997). Some measures to imptevevater use efficiency have been undertaken entec
years: 1) desiltation of irrigation canals, 2) fansin each section have to pay before water iseted to their
section, 3) no water is released into the irrigasections if it rained the night before,4) thexréess water
logging of soils because farmers realise now thaffécts the yield of the crops negatively (engz&ure,
pers.com.). It should be noted that accurate cigld gata, whether irrigated or rain-fed, are extety difficult
to collect and that some authors (e.g. Adams, 18@4pect that most data are overestimated. Sofigases
need to be treated carefully when the used wat@ntifies are calculated.

The water demand per ha for the HVIP is also highan planned due to a high percent of rice cuitiwaand
higher evaporation and lower rainfall than antitgob(Oyebande, 2003). No information was obtaimed o
water losses within the HVIP.

The consequences of the poorly designed and ongipgpvements of the intake structures of KCWS are
discussed above (Section 3.2.1). The efficiendhefdelivery system of KCWS within Kano is not etkac
known but it is probably not very high.

Along the Yobe, Jama’are and Komadugu rives no &farge water uses are present with a similar
magnitude as the three projects in the HadejiarRBystem. Small-scale irrigation that uses surfeater or
shallow groundwater is the largest water use ifflduelplains along these rivers. Other importantevaises
are livestock, fishing and ecological uses.
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Olugboye (1995) provides cited estimates on tataligdwater abstraction rates in the (entire?) (Bexin for
the three aquifers for 1985 and 1990. On which data the estimates are based is not clear. Gahi €000)
provide tables with boreholes and yields that aastwater from the second aquifer. Maduabuchi (2005
provides abstraction rates for the middle and Icaegrifers (the source is not specified).

5.2.2 Possible future developments on water uses

In order to develop water management scenariahéobasin the possible future water uses need to be
identified and quantified. The following possiblgdre uses and expansions of current uses arefident
(roughly ranked in order of likelihood, Table 11):
The continuation of the ongoing expansion of sraedlle irrigation in floodplains.
Significant expansion of rural (domestic) and urf@omestic and industrial) water uses (notably in
Kano). With this respect the millennium developmgodls (‘reduce by half the proportion of people
without sustainable access to safe drinking watg2di5") can be considered
(www.un.org/millenniumgoals). For a longer timesctiie complete fulfilment of the domestic water
requirements is the goal.
Completion of KRIP Phase 1 and HVIP Phase 1.
The change to less water demanding crops at theafarrigation schemes.
Subsidising farmers for implementing water conseomameasures (option suggested by UNEP, 2004).
The construction of new small dams (notably thek@iam on the Komadugu river) and its associated
uses.
The development of the smaller formal irrigatiohemes along the Yobe River (if the water availapili
allows it).
Full and downscaled versions of Kafin Zaki Dam (@100, 70 and 40% of its originally proposed
capacity) and its large-scale irrigation schemes.
Increased evapo(transpi)ration from reservoirkeftemperatures rises in the basin due to climate
change.
Completion of KRIP Phase 2 and HVIP Phase 2 (fugdn these projects is extremely unlikely at the
moment).

In an appraisal of KRIP Afremedev (1999d) recomnaeghithat a decision on whether or not to proceeld wit
the completion of the planned KRIP 1 area (21,880dmould be left until: a) the availability ofigation
water is confirmed and b) the existing command & saccessfully operated and maintained. Based on
economic analyses Barbier (2003) concludes thagxpansion of the existing irrigation schemes witthie
river basin is effectively ‘uneconomic’ due to ing&on the floodplain uses downstream.

Figures on the population growth in the basin (¥2r year), the level of development and the mean
domestic water uses are required to estimate fukomeestic water uses. These figures are genenaijahle
for both countries (e.g. United Nations Populatwision, Gleick, 2002). Akujieze et al. (2003) g&/
estimates on the urban and rural water needs (Z00a)l the states in Nigeria.
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Table 11

Overview of possible expansions of curremitvater uses and proposed water uses

Sites Sub-basin Type of use References with inforrtian on
quantities
KRIP Hadejia expansion from 13,300 ha to 20,30(HJRBDA; IUCN-HNWCP (1999);
ha (Phase 1) and 62,000 ha (Phas¢ $imon (1997)
and 2)
HVIP Hadejia expansion to 7,000 ha (Phase 1) HIJRBDA
Kunza Dam on Kano River | Hadejia Hollis and Thompson (1993)
(proposed)
Shimar Dam on Kano River | Hadejia Hollis and Thompson (1993)
(proposed)
Garanga Dam on Kano River Hadejia Hollis and Thompson (1993)
(proposed)
Kango Dam on Challawa Hadejia Hollis and Thompson (1993)
River (proposed)
Kafin Zaki Dam (proposed, | Jama’'are capacity 2,700, irrigation of HJRBDA; Adams et al. (1993);
suspended) 84,000 ha Schultz (1976)
Kawali Dam (proposed) Jama’are Schultz (1976)abDiy1986, 1996)
Kiyako River Dam Jama’are Diyam (1986, 1996)
(proposed)
Iggi River Dam (proposed) Jama’are Diyam (198®6)9
Dogwala River Dam Jama’are Diyam (1986, 1996)
(proposed)
Marra Dam (proposed) Jama'are Hollis and Thom$6a3)
Kafin Gana Dam (proposed Jama’are Hollis and Tiyson (1993)
Kukuri Komadugu formal irrigation (50 ha), contract | YSADP
has been handed out in mid 2005
Missau Dam (proposed) Komadugy HIJRBDA
Gulka Dam (proposed) in Komadugu urban water supply for Jama’are, | BaSWB
Giade LGA Azare and Misau, proposed capacity
48 10m®
Balle/Kellune and others Yobe revitalisation of formal irrigation YSADP, BSADP
(see above) projects
in the vicinity of all rivers the whole | expansion small-scale floodplain ADP’s from the states; Diyam (1987
basin farms using shallow groundwater | WARDROP (1993); JSMWR (2000)
and surface water
Formal irrigation on shores | Lake Chad revitalisation of SCIP and Baga LCBDA; Adams (1991); Adams et al.

of Lake Chad

Polder irrigation projects (if Lake

(1993); IRIN (2003); UNEP (2004)

Chad expands again)
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The following governmental organisations have rasfulity for monitoring the quality of the watemn the

basin:
The FMWR is responsible for the water quality irg&lia. The ‘Water Quality Laboratories and
Monitoring Network’ Department has done a groundwajuality assessment study in 2005 (supported
by World Health Organisation (WHO) and UNICEF). Tétady includes approximately 35 groundwater
samples from Yobe State. The samples have beepsadand the interpretation of the data is ongoing.
The two RBDA's have the function to control polhuiin rivers, lakes, lagoons and creeks (Adams,
1985).
The Federal Ministry of Environment (FME) has tleeponsibility to protect and to develop the
environment, and to enforce environmental quatiéiyndards.
The State Ministries of Environment have the resflity to protect and to develop the environment,
and to enforce environmental quality standardsiwitheir respective states.
The State Water Boards are the most active on aegudter quality checks since they supply water to
the most critical water use (human consumptiong filkers of the WB boreholes are usually in the
deeper parts (>50 m) of the first aquifer. The BauBtate Water Board (BaSWB) generally only tests
the water quality of newly drilled boreholes. Thart¢ State Water Board (KSWB) reports to monitor
the quality of the surface water for the intake&aho City hourly.
The JSMWR monitors the surface water quality tvaiogar at three sites (Kazaure, Birnin Kudu and
Hadejia).
The ADP for Bauchi State has commissioned two stutliat include water quality tests on shallow
tube-wells: a study done by Alkachem (roughly 128®2) and an ongoing study that is being executed
by Endotech.
There are some ad-hoc groundwater quality teste tgmrilling contractors for the CBDA.

The following research institutions have analydeglquality of the surface water in the basin:
In the late 1990s UNIMAID (Dr Alkali) did some grodwater quality tests in collaboration with
NEAZDP within the NEAZP Project area (northern YpbEhe data are not available at NEAZDP.
The ad-hoc water quality measurements and studéesa far a known, summarised below.
3% - 0
For this assignment, field water quality tests wergied out on 24 surface water samples from uario
locations in the basin. An overview of the watealify tests is presented in Table 12. It shoulshbied that

the survey is a one-time measurement and therefireonclusive as the water quality is, amongstrth
things, a function of human activities upstrearthef sampling sites, which change with time.
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Table 12 Water quality parameters tested for this asignment.

Water quality Explanation Results of field tests Accepted
parameter*** limits
Electrical Conductivity| indication for the amount of ions in the water 01®/cm, most 750 to 1500
(EC) samples even < 505/cm Slem*
pH acidity of the water, 7 is neutral 6.4 to 7, getigre6.4 6.5-8.5 (WHO)
Nitrite (NOy) indicates the presence of biological waste such as| <0.5 mg/l 0 mg/l (WHO)
manure, nitrite is broken down by bacteria into 0.5 mg/l (EV)
nitrate
Nitrate (NQ) indicates the presence of biological waste sisch a | 20 to 70 10 mg/l (WHO)
manure 50 mg/l (EVU)
Total hardness sum of ions which can precipitatdasl particles’; | 18 to 89
calcium, magnesium and sometimes iron
Carbonate (CaC4p sum of calcium ions which can precipitate as ‘hard 9 to 179 500 mg/I
hardness particles’; influences pH and GO (WHO)
* or roughly 500 to 1000 mg/I Total Dissolved Sisli
*x measured with an EC meter from Hanna Instrum¢bSA)
rkk measured with HS test strips

All the results from the water quality test aresameted in Appendix 3. Except for one small tribytam the
Hadejia River (sample 3) all nitrate values arevalibe accepted WHO limits of 10 mg/l. The riveithvthe
least population and the least agricultural a¢gsitthe Jama’are and the Komadugu, have the lovieate
content (20 to 30 mg/l). The Hadejia and Yobe R{arGashua) have a slightly higher nitrate content
(generally ~40 mg/). The highest nitrate contergsewneasured in upstream part of the Hadejia Fystem
(50-65 mg/l at Wudil, Kano-Kura Bridge, and in Clasla reservoir) and in the main drainage canal from
HVIP (70 mg/l). Upstream of Challawa Reservoir aret of small-scale farms. Wudil and Kano-Kuradgyé
are downstream of KRIP and Kano. These resultzateithat the large and small scale irrigationgotsjand
most likely also urban waste are contributing te deterioration of the water quality in the bagdihe nitrite
values are low in all the tests (<0.5 mg/l). Thedglical Conductivity is low (<100S/cm and often even <50

S/cm). In some of the samples the Ph is a bit Khightly acidic. pH=6.4). The Ph value is simila a
measured in the rivers by Schultz (1976). The hesslis well within the recommended limits.

3 -0

The potential sources for surface water pollutiothie Komadugu-Yobe basin are mainly in the Hadmjia
basin, which has the largest irrigation projectestiindustries and the most densely populated .aféss
potent|al pollution sources are:
Drainage water from large (KRIP and HVIP) and srsablle irrigation projects (for sites see Section
5.2.1) may contain insecticides and nutrients ffertilisers. Especially rice and cotton requireighh
dosage of fertiliser.
Waste water discharges from urban areas. Orgaséegge collection and/or wastewater treatment is
virtually non-existent. The largest urban areas tiea rivers are: Kano, Wudil, Ringim, Hadejia, Ngu
(Hadejia River System), Gashua, Geidam, DamasalDifed(Yobe River). The towns along the
Komadugu and Jama’are rivers are relatively small.
Industries, especially tanneries, textile mills abdttoirs, in Kano and other urban areas. Abot @0
Nigeria’'s tanneries are located in Kano (World Bat®95). At Kano's three industrial estates
industrial sludge and liquid waste are routinelgpaigted in open drains, sewer systems and
watercourses without treatment. The waste treatfaeilities that do exist are either inadequatear
functioning (Binns et al., 2003). The waste by-prd from tanneries have high concentrations of the
heavy metals chromium and cadmium.

It should be noted that pollution of surface watéh nutrients (nitrate, phosphate) is a favourdatgor for
the development of aquatic weeds such as Typha.

Ahmed (1998 cited in Doody 2000) found in the Hadgjer system concentrations of trace elemenish as
copper, cadmium and iron that were higher than fsibie levels for irrigation and he concluded tthas was
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a result of industrial discharge upstream. A 1988y which monitored the activities of 15 tannstie Kano,
found that in all cases permissible levels forugfiit discharge were violated, with the exceptioptband
temperature (World Bank, 1995). Binns et al. (2008psured the surface and groundwater qualityffetreint
times at four sites in and near the Jakara Rivéaino (40 samples in total). The analysis revealdétemely
high (sometimes more than 100 times the WHO liméegls of toxic waste in most of the surface waied in
some of the shallow groundwater samples (e.g. C2B.@mg 1 and Cr up to 49 mg'). Although, the Jakara
River does not directly drain into the Hadejia Riitds not likely that the water quality of thettutaries to the
Hadejia River originating from Kano will be muchttee. For example, it has been observed that tiseae
drainage canal on Challawa River, near KCWS intakeb, that empties thick black sludge into theri{Dr
H. Bdliya, pers.com.). The KSWB reported that thiekes for KCWS are upstream of the drainage canals
from Kano. Still, the shallow (~10 m) tubewellsthre bank of the Hadejia River for the domestic watgply
of Wudil are downstream of the drainage canals.

Further downstream in the Hadejia River System,dy¢@000) carried out a surface water quality syatethe
end of the dry season (May/June) covering 20 Bitdse Marma Channel and Nguru Lake in the HNW. The
conductivity varied between 100 and 218m*. Nitrate (<2.5 mg?1) and phosphate (<1 mg)llevels were

low at all the sample sites. Arsenic (mean 0.018 mgnaximum 0.03mg?) was the only trace element
recorded in concentrations higher than the WHOLtI{®i01 mg t). The most likely source was pesticides on
crops or birdsQuela quel® The conclusion of the study was that the sudeyaters were unpolluted but that
there are indicators of threats to the water quafithe wetlands from agrochemicals such as ieetis and
pesticides.

As far as known there are no surface water qustlitgties for the three other major rives in therbasi
3* [/ - 0

The most important factors that can cause a de&ion in the groundwater quality in the basin are:
the presence of natural minerals especially irdémper aquifers;
the use of fertilisers and agrochemicals for laage small scale agriculture;
leakage due to poor sanitation and waste dumperisaly populated areas;
leakage from industrial waste.

A shallow groundwater quality field survey on 7Zhidgpump equipped wells in and around the HNW had th
following worrying conclusion (Goes and Zabudum98p More than half (57%) of the surveyed wells in
Nguru and Gashua, and 11% of the surveyed villagjks were polluted (nitrate content: 50 to over 58§,
Electrical Conductivity (EC) 600 to 3,008/cm’). The high nitrate concentration, which exceeds &ver 50
times the accepted WHO drinking water limit (10 hly is a potential health hazard. The most important
cause for the high nitrate levels in the surveyellsns probably poor sanitation because, genertig/wells

in densely populated areas are the most pollutécatll contamination of shallow aquifers in nortsteldigeria
was also observed along the Yobe River by IWAC@EH. Out of 85 samples taken from mainly open svell
in the phreatic aquifer north and south of the YBbeer, 51 samples showed nitrate level of 10 0 @y I*.

In 7 samples values above 100 nfgére measured. Even the eight village wells intagsin measured in 1974
showed a high nitrate content (mean 90 thgdnge 7-374 mg't Schultz, 1976). In shallow boreholes used
for irrigation at the HVIP also high nitrate levelere found indicating groundwater contaminatianmfr
fertilisers (Essiet et al., 1995 cited in Doodyp@p

The water from some of the boreholes from the deageifers have a high (natural) iron, sulphate/and
manganese content (Bunu, 1999; Oteze and Fayd3®;, Wduabuchi 2005).

3+

In the reviewed literature there is not much infation on the sediments in the rivers. The meanendsgal
sediment concentration in the headwaters of theeji@ystem (Wudil) was higher (3072 pprthan in the in
Jama’are River (Bunga 1760 ppm, Oyebande 1979 kit@dofin 1985). The sediment in the rivers hdve t
following positive and negative impacts:

" In the citation of the reference it is not cldahe measurements were done before or after Taya Das built (1974).
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Deposited sediments in the floodplains make this &sitile for flood and flood recession farms.

The ecology of the river and the growth of aquatants. In the Volta River clearer water as a rtesuh
decreased sediment load due to dam constructioelie/ed to be a favourable circumstance for the
development of weeds (Chisholm and Grove, 1985).

Siltation of river channels in combination with thevelopment of weeds (notably in the HNW). Part of
the channels of the old Hadejia River are now cetepy filled up with weeds and silts (Section 3)2.1
A small gradient of the river channel and reducealfiows are also favourable circumstance for
sedimentation in the HNW.

Filling up of reservoirs with sediment. The cappdit the reservoirs of some of the smaller dan (e.
Gunguzu, Marashi, Pada and Tomas) is decreasingisaptly due to siltation problems (KSMWR).
The sedimentation rate of Challawa Reservoir i®@bly higher than of Tiga Reservoir because the
Challawa River is more turbid (HR Wallingford, 2Q0Zhe filling up also reduces the water availapili
for the uses of the dams. Still, siltation occurgvery reservoir. An important factor influencitig
siltation rate is the land-use upstream of thervese

The control of flash flows by the Tiga Dam resultedhe contraction of the braided Kano River, whic
is within the Basement Complex just downstreanhefdam, into a narrower meandering channel
(Olofin, 1984).
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A water audit consists of an assessment of cueedtanticipated water availability and demand. &lae two
important choices to be made before doing a watdit:a
The time scale of the audit (annually or monthlyveekly or daily),
The spatial scale or the size of river sectionsivfioich the water audit is executed (whole basiar fo
sub-basins, four sub-basins each divided into8gections, all first order tributaries to the rivall
second order tributaries, etc.).

The factors that influence the choice of time apatisl scales are:

1) The aim for the water audit, in other words, tWK#B Project plans to do with the information. For
example, a detailed time and spatial scale arenegfjwhen the outcome of the water audit is gombe used
for the management of dams and reservoirs in teimbahe first aim of the water audit is to helgipo
makers in the basin to take informed decisions atermvnanagement planning. Advice on the daily
management of the dams would also be very usefause they are (in most cases) operated a ‘ruteuafib’
basis (Chiroma et al., 2005). Furthermore, theuisioh of flood extents in the water audit also feggia
relatively detailed time scale.

2) The available data for the water audit. An intaot attribute of the presently available datahat there is
more monthly than daily river flow data. This unlifees the importance of obtaining the digital ddiliyam
(1996) river flow database from the FMWR, FME o PT

3) The available financial budget for the wateriauthe smaller the budget, the less detailed thtemaudit
will be. For example, a water audit based on aruahtime scale for the basin as a whole requinedaively
small budget, while a water audit on a daily time aetailed spatial scale would require a largeiget:

Basin wide annual water audits mask intra-annudllacal variations on water availability and watiees and
is therefore not very appropriate. Consideringutgent need for advice on daily management of gresdand
the need for the inclusion of flood extents in wWeter audit it is recommended to build a model eveakly
time-scale (the same as the IUCN-HNWCP river flondel). A monthly model may be considered if thé/on
goal of the audit is to assist policy makers in mgknformed decisions.

4% & -

The following consultancy companies, with an officeNigeria, have executed water related projects i
northern Nigeria before and may be consideredifertater audit (the list is not exhaustive):
- Afremedev - Abuja,
Diyam Consultants - Kano,
Enplan - Abuja,
Jofral - Maiduguri,
Olapedo Adenle (self-employed consulting hydroggisk).

At first Royal Haskoning was also considered aaradate but one of the partners did not feel coralfite
with that suggestion. It should be noted that mibsiot all, the above mentioned consultant compsugio not
have permanent qualified staff that can executevdter audit. The companies will most likely temgudly
hire people from the same limited ‘market’ of expen Nigeria. The team should at least compriseraor
surface water expert, a senior groundwater eXpend two young keen and talented juniors. Furtheemiois
recommended that the team also consults a hydiogésbon the issue of environmental fldwA water audit
is a dynamic process that requires regular updateshe long-term capacity building of in-housgests
within the FMWR it would be useful to look first thiin the Ministry for the keen and talented junidfs

8 Itis up to the Consultant Company to propose rpstill, it is worth to note that a shallow gralwater expert for the Chad Formation has
been identified at UNIMAID (Dr. M. Hassan)
° IJUCN has in-house experts on environmental flavg.(Dr. G. Bergkamp)
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successful than hopefully these trained experts fite FMWR can take the lead in future updateb@ftater
audit and in advising the senior staff of the FM\Rthe management of the water resources in the.bas

In order for the work to become a real team eftat recommended that Terms Of References (TOR)i@tty
reflect that the experts physically share an officeat least two thirds of the time. This shouldfacilitated by
providing them a room in the KYB Project officekano. This also ensures close collaboration withKivB
Project staff.

Another aspect that should be monitored, espedfaitany part-time university staff are hired, limt the work
remains practical and does not go too deep intdeamir details that do not have a large impact en th
outcome of the scenarios that are going to be dpedlwithin the water audit.

4( & )# -
7.3.1 Relevance of current activities in the basin

As shown above (Chapters 2 and 5), there is alradatyof work being done on water resources inbdn.
The situation is a big advantage, as existing veark be used as building blocks, thereby releasiog mnergy
that can be channelled into filling the informatigaps. Hopefully this will produce a better outcoitvse
cooperation with other organisations is also imguatrin order to prevent policy makers from being) féth
competing systems for the sustainable managemehe aefater resources. The projects that do waak @he
most relevant to the water audit are: the LCBC/haldnvironmental Facility (GEF) Project who plaonset
up an Integrated Water Resources Management Rldhg&had Basin, including Komadugu-Yobe, and the
DFID-JWL Project which is active in initiating watenanagement improvements at various locationgen t
basin (e.g. Gabion flow proportioning structuré_ixori and improvement of intake works of KCWS).o08é
collaboration with the relevant governmental orgations, notably the FMWR, is also essential ireotd
pave the ground for acceptance of the outcomeeoivtirk.

7.3.2 Relevant experiences and studies for the wate  r audit

A crucial factor for the acceptance of the watatitis that the outcome be not a water managenpéau™ but
water management ‘scenarios’ or ‘options’ for tlasih. The scenarios and their consequences for wate
availability for the uses in the basin will asgisticy makers to make decisions based on soundttfaie
knowledge. The Water Management Options report fild@N-HNWCP was not received very well by the
FMWR, it was perceived as focussed on wetland e¢gatien only (FMWR, 2000). This experience undeztn
that, in order to have outcome of the water auctiepted, it is very important for the coming watadit to be
executed by consultant(s) who are considered uedbibg all stakeholders in the basin and that regula
communications with the stakeholders take place. ["CN river flow model (IUCN-HNWCP, 1999) and its
upgraded version Afremedev (1999b) are digitallgilmble (on enclosed CD). The models need to beaaiegl
further (see Section 7.3.5) but they can servelssetul starting point for building the Decisiongport System
(DSS) for the coming water audit. Dyson et al. @00rovide a guideline on determining environmefital/
requirements.

7.3.3 Exclusions from the water audit

Some issues need to be excluded form the watet imudlider to make sure that the consultants haealéstic
workload given the available budget. If too muchkus put in the TOR than the risk on low qualitgnk will
be high. It should be noted that the topics deedritielow are all important issues that merit thghostudies.

It is recommended to exclude the groundwater irddeper (2nd and 3rd) aquifers from the audit bezau
thick clay layer separates the second from thedigsifer, and because the deeper aquifers measy lidon’t
receive recharge (if they are recharged at alhfidthin the Komadugu-Yobe Basin (see Section 4.3).
Furthermore, the LCBC plans to launch a groundwstigy for the entire Chad Basin in 2005.

A water audit generally focuses on water quan8till, the water quality is important to determiifiehe
available water is good enough for all the uses.seweral reasons such as the facts that: 1) doimgter
quality study requires a different discipline themater quantity study, 2) the most relevant wateglity
studies have already been summarised in this répeetChapter 6), 3) paying much more time on stgdye
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identified water quality problem may just proveb®an academic exercise since the environmental dagv
not being enforced on the polluters, and 4) thadaxf the proposed limited water quality study Wil more
location specific (mainly downstream of potentigiglluting activities) than the quantitative wagerdit (basin
wide); it is recommended that the water qualitylgtbhe separated from the water audit (see Sectln Still,
the predicted impact of water management scenanidhe water quality should be included in the watelit
and the outcome of the water quality study cambkided as a separate chapter in the water ayxdittre

Unless new studies come available it is recommendédb include the prediction of rainfall and nivlow in
the basin as a result of climate change. Investigahe impact of downscaled global climate scessaon the
water resources in the Komadugu-Yobe Basin is hlfigpecialised assignment and more suited for a
university or a research institute than a constiltdowever, the water audit should take into act@xtreme
events for the water availability in the basin (dnd wet) since almost all regional climate scevsapredict a
high variability in rainfall and river flow (see &eon 3.2.3).

It is recommended to exclude inter-basin trandfera the water audit unless the environmental ihpéthe

inter-basin transfer on the river basin from whilck water is taken is included as well. Studyingdditional
basin will imply a lot of unforeseen extra work.elmost suggested inter-basin is the ‘Dindima’ tranthat is
proposed to carry water from the Gongola Riveh®sKomadugu River (Diyam, 1986). The transfer isveny
likely to happen since there are already two damthe Gongola River.

It is recommended to exclude the small rivers tltahot have surface drainage into the Hadejia mralare
rivers from the DSS Model that is going to be bfdgftthe water audit. These rivers are mainly ledatorth of
Kano near Kazaure. The small rivers are only aillamportance and do not directly affect the runofthe
Komadugu-Yobe river system. Furthermore, not mudemt data are available for these rivers. Stilire is a
hydrological connection through groundwater flovdahe small rivers form a part of the total watatance
for the basin. So it is recommended to recognissedthivers, their dams and their uses in the veatdit but
not to study them in detail.

7.3.4  Strategy for minimizing delays during watera  udit

In the light of the most urgent data requiremenmttfe water audit, recent river flow data, it isc@mmended
to do at least four wet-season and three dry-seaisen gaugings at the following important curramter flow
monitoring sites (Table 1): downstream of Tigadifent stage data available at KSMWR), Wudil or iDab
Kafin Hausa, Hadejia, Likori (some gaugings alreathne by DFID-JWL at the two latter sites), Dapchi,
Gashua, Geidam and Damasdlhe water audit consultants can use this datartetauct rating curves and to
update the river flow database. If the gaugingshatedone than the work of the water audit willdetayed
until the end of the next wet season, or the watielit will only include the old (up to 1998) rivéow database
that have already been analysed in various pregtudges (e.g. IUCN-HNWCP, 1999).

7.3.5 Water audit components
It is suggested that water audit comprises theviolig components:

1) Collect, in close collaboration with the Datab&voordinator of the KYB Project, all relevant hgidgical
(see sections 3.1 and 4.1), water use (Sectionahd yneteorological (Section 2.1) data from allabeve
identified sources. Special attention should be pati
. Data on water uses, river flow, groundwater andear@iogy for Niger. The data may possibly be
collected through the LCBC, or directly from théer@ant authorities. It is known that Niger measured
(and probably still measures) the river flow in Yabe River at Bagara Diffa (near Damasak).
The collection of the digital daily river flow ddtase that was submitted with the Diyam (1996) riepor
The monthly data are available on the enclosedT¢ie.database should be available at the FMW, FME
(formerly FEPA) and PTF.
Published and unpublished WRECA data on river #tations on the Komadugu River and the Yobe
River downstream of Gashua (since these stations m@ included in the Diyam study).
Information on in- and outflow rates from the tveode dams (Tiga and Challawa) and the Hadejia
Barrage.
The data from the well monitoring networks in ttessim (Bauchi, Yobe, Borno and possibly also in the
other two states).
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Evaporation and rainfall data for the reservoirs.
Rainfall data for the Basement Complex area anente@infall data for Nguru.

2) Construct rating curves and calculate dailyhtisge data for the sites with only water level datd recent
gaugings. Fill data gaps in runoff series when treylimited and/or other data (e.g. dischargesaghbouring
stations or rainfall-runoff modelling) are availablThis can for example be done by using a proesthat was
especially developed for rivers in West Africa (@yBoyake and Schultz, 1994).

3) Execute data quality checks.

. Special attention should be given on quality chexfksver flow data that has not undergone elalmrat
data quality checks in the past (most river flowadat does not originate from the Diyam or the
HNWCP databases). Notably the data from 1999 onsvand the modelled Afrmedev runoff data
require quality checks. The check can for examplddne by comparing data from up- and downstream
stations
For the water uses as much as possible differemtaes on the same use should be used. Especidly da
on size of irrigated areas and crop yields shoaldelviewed critically (Adams, 1991).

A sound estimate should be made on the percenfafyéled boreholes that are active. Also the
abstraction rates should be reviewed critically.

It should be established which meteorological stetiprovided reliable data with relatively little
interruptions.

It should be established which monitoring wellsvided reliable data.

4) Determine the environmental river flow requirertseof the HNW, Lake Chad and other ecological able
areas. The starting point for the determinatioarofironmental flows can be historical (before hurmaduced
changes in the river) daily hydrographs for sitestteam of the ecological sites. Collaboration &hbe

sought with an hydro-ecologist to examine the immpadow removal from the hydrographs on the estay.

5) Divide, on the basis of the available hydroladjidata, hydrological characteristics and numbewvaier
uses, the four sub-basins into at least four sotieses that will form the basis for the water audihe proposed
subdivision should be presented in the form ofteestatic diagram with motivation and overview ofalat
availability per element of the diagram.

6) Analyse the shallow groundwater data (first &gliin the basin. The analyses should at leasipc@ea the

following components:

. Interpret the data from the above identified maniig well networks in the basin on long-term treirds
water level (increase, decrease or stable). Thescese should clarify the contradicting informatiam
the long-term trend of the shallow water level (Seetion 4.2).
Prepare a GIS map that contains: the monitoringswéth the identified long-term trends, the shailo
groundwater abstraction points (with abstractidespand areas where the number of wells tappiag th
first aquifer will increase significantly.
Compare, per sub-section, the estimated annuahrgetof the shallow aquifer (river bed, floodplain
and rain-fed) with the present and projected shedjooundwater abstractions.
Identify, based on the above map, critical areasrevlover-abstraction from the first aquifer mayuncc
Propose locations of wells (and depths) that nedst tincluded in the existing monitoring networks.

7) Determine the weekly surface water availabilgry-dry year, dry year, normal year, wet yearyweet
year, standard deviation, etc.) for all the watetiasections in the basin on the basis of statisanalyses of
river flow data. Estimate the annual shallow gromatér availability, or recharge rates, for the watedit
sections (very-dry year, dry year, normal year, yeetr, very-wet year).

8) Quantify, on a monthly basis, the present wases for all water audit sections in the basinygdwater in
the first aquifer and surface water). Estimaterfetwater uses for the water audit sections foretfiueure years
(e.g. 2010, 2020 and 2030) for at least eight whffe development scenarios. Rank the future wetes u
scenarios on the basis of their likelihood. Fordbeeelopment of the scenarios the following shdaddaken
into account:
The rainfall distribution over the basin. For exdengreas that have a low potential for rain-fed
agriculture are more dependant on river flow thezaa with a high potential for rain-fed agriculture

32



Include extremely low and high water availabilittesaccount for the anticipated high annual valitgbi
in available water resources due to climate chaAlg® include series (~5) of dry years and serfes o
wet years.

The cultural practices of the farmers in the fldadlps (flood and flood recession agriculture).

The environmental flow requirements (notably in HNWH Lake Chad).

Include scenarios with the above identified possfbture trends in water uses (see Section 5.2.2).
Include scenarios with the proposed engineeringavgments (see Table 13).

Interpretation of all meteorological data collechsdthe Database Coordinator of the KYB ProjectisEhould

at least comprise:

. GIS maps (long-term mean and mean for the pasyésaes) with isolines for rainfall and evaporation.
The maps should also indicate all reservoirs inbdmen.
Tables with (measured or estimated based on tisestioneteorological stations) current and long-term
monthly evaporation and rainfall rates for all teeervoirs in the basin.
Work done on the rainfall-runoff relations for tBasement Complex area on the three main rivers.

9) Build a Decision Support System (DSS) that dates water balances on weekly, monthly and anbasik
for all the water audit sections in the basin alhth@ combinations of the above mentioned presaeuit future
water uses and water availabilities. Create theipitisy in the DSS for a non-technical user togaee his/her
own scenarios. It is recommended to build the DS& format that is easily accessible to all thewvaeht
organisations in the basin. The DSS should inciirdphical presentations of the data and scenaritisei

form of graphs and GIS based maps. The chosenaseftior the DSS should be approved by the KYB Btoje
At least the following software formats (in orddpoevalence) should be evaluated for its suitghit develop
water management scenarios:

. WEAP (Water Evaluation And Planning, software frtime Stockholm Environment Institute). The
software is based on monthly data, available ffedharge (www.seib.org/weap) and communicates well
with GIS. Unfortunately WEAP is a monthly modelripaf it may need to be adjusted to a weekly time
scale in order to include flooding.

MS-Excel in combination with GIS. The advantagthist almost everybody with a computer has MS-
Excel and that it is very flexible. The disadvargag that it does not have a nice graphical interfand
that it requires quite a lot of programming. Spstekts have also been used for the IUCN River flow
Model and the updated model from Afremedev.

The IUCN-HNWCP (1999) and the Afremedev (1999) niedbould form the starting point of the DSS. At
least the following updates should be made on théets:
Improve river flow relations between all up- andwistream stations.
Include the Komadugu River.
Include the Kafin Hausa River.
Include the small reservoirs that have a relatilaige active storage (~1010°m?). Smaller reservoirs can
be lumped together.
Include flood extent estimates. For the HNW a rilew-flood extent relation was already developed
(1991-97, Goes and Zabudum, 1999). For this apita small time step is probably required (1 week
or less).
Pay more attention to the Yobe River downstrea@ashua; notably the outflow from the Yobe River
into Lake Chad.
Include shallow groundwater recharge.
Include groundwater uses from the first aquifer.
Have the option to choose between the presentisituand a situation with one or more proposed
engineering improvements (Table 13) combined wiglarance of weeds and dredging.
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Table 13 Overview of proposed engineering improvenmgs in the Komadugu-Yobe Basin.

Proposed engineering improvements Sources

KCWS improved water intake for low river flows Diya(1996); IUCN-HNWCP
(1999); Neville (2005)

A second valve at outlet of Tiga Dam Diyam (1996); IUCN-HNWCP
(1999)

Raising Tiga Dam to its original design level fldd control HR Wallingford (2002)

Flow proportioning structure at Miga (Hadejia Riwerd Kafin Hausa River) DFID-JWL; Chiroma et al0(8)

Flow proportioning structure at Maguijin Idi (Marr@annel and old Hadejia | DFID-JWL; Chiroma et al. (2005)
River)

Three-way flow proportioning structure at Likori/@usum (Marma Channel, Diyam (1996); IUCN-HNWCP
Burum Gana River and old Hadejia River) (1999)

Two-way flow proportioning structure at Likori/Gusum (Marma Channel and | Neville (2003)
Burum Gana River)

10) Write a report that should at least contain:

. An executive summary for policy makers.
Description of the work done.
An overview table with river flow and water usesalased to build the DSS (including an indicatién o
their reliability, in an appendix).
A manual on how to use the DSS (in an appendix).
The limitations of the DSS.
The outcome of the all the scenarios in tablesgaaghs. The tables should at least include therwate
availability and the water uses in all sectionthef river. The smaller rivers and its reservoiiat itho
not drain directly into the Jama’are of Hadejieersvshould also be included in the tables (seédbect
7.3.3).The scenarios should be ranked in ordeecafedising likelihood.
Discuss the expected impact on all downstream (lesege projects, floodplain farmers, cattle rearers
fisheries, ecology, shallow groundwater recharge),evater quality, human health (notably,
Onchocerciasis and Schistosomiasis, see e.g. @f@&202) and the prevalence of invasive aquatic
weeds of all the scenarios.
Discuss the consequences of two different viewadaage the reservoirs in the basin (lowering
reservoir levels for anticipated floods or leave thservoirs fairly full for anticipated droughsge
Kazaure, 2003).
An elaborate evaluation of the impact of all thegmsed engineering improvements (Table 13).
The pros and cons of gabion (proposed by Nevil@32 and concrete (proposed by Diyam, 1996) flow
proportioning structures.
An assessment on the efficiency of the large formsak in the basin and recommendations for
improvements if required.
The outcome of the above described shallow groutetveand meteorological data assessment.
A section on surface and groundwater quality inltasin (to be provided by the KYB Project).

11) Compile a CD that at least contains:
a database on all the data that have been us#t:fassignment (MS-Excel),
the report (word),
maps as described above (GIS shape files),
the scenarios,
the DSS and its manual.

12) Organise, in cooperation with the FMWR andKW& Project, a workshop for the stakeholders in the
basin in which the DSS is presented and the outa®hated. Write a summary report on the outcome and
recommendations of the workshop.

Regular evaluation moments are required at whiehgtrality of the consultants work up to that pdint
thoroughly checked and approved by three techeidrts representing each of the project partievB\(R,
IUCN and NCF). It is recommended to keep the evalngurely technical, the political aspects camedn
during the workshop. The evaluation can be dorer afeps 3, 6, 8, 9 and 11.
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It may be worthwhile to also consider organisingraterim workshop for the stakeholders betweenss&pand
9 in order to get input on the scenarios that afegyto be developed. Furthermore, it may be ugefaplit the
contract for the consultancy work into two partsedor the building of a high quality databasefste to 3)
and one for the actual water audit (the remaintegs). The separation gives the opportunity to-fime the
TOR on the basis of the available data (e.g. chméteeen weekly and monthly DSS depending on the
availability of daily river flow data) and the tinsehedule for the actual water audit.

4* -

It is envisaged that two Nigerian water resourcgeeds (surface water and groundwater), an ecdlagid two
juniors will carry out the water audit. Table 14pents a rough estimate of the time required ty cart the
water audit components. The estimate does notdediata related delays such as obtaining diffectessible
data or transferring analogue data into a readdpl&al format. Furthermore, the water audit teageds an
office space for a period of ~7 montfjsa licence to use GIS and access to a vehicle f@riod of
approximately 6 weeks.

Table 14 Estimated time required to carry out the Water Audit in working days.
Water audit Surface Groundwater | Ecological Assistant - Assistant -
component water expert | expert flows expert | surface water | groundwater
1 3 3 - 8 8
2 10 - - 10 -

3 5 5 - 5 5
4 3 - 6 3 -

5 2 2 1 2 2
6 - 10 - - 10
7 4 4 - 4 4

8 5 5 1 6 6

9 15 5 1 15 5
10,11 15 15 2 10 10
12 2 2 2 2 2
unforeseen delays 9 6 1 9 6
Total 73 52 15 74 58

4+ - 0

First it is recommended to try to obtain the wapeality data from the relevant organisations andiss
(Section 6.1) and to put them in a database. Seeowety limited water quality survey is recommehde
order to get a clearer picture of seriousnessefihter pollution in the basin. It is recommendaditiie study
to be carried out by staff from the KYB Project,diose contact with federal and state environmeantdl water
resources ministries.

As described in Section 6.2 simple and cheap fiedts can easily give a rough indication of theawguality.
So it is recommended to complement the surveytthatbeen carried out for this report with morestasng
the Yobe River (Geidam and Damasak) and in theegst part of the Hadejia River System (main dragnag
canal from KRIP and on small tributaries and drgaeanals from Kano City). It is also recommenaed t
repeat the survey at the beginning of the dry-sea§tonsequently it is recommended to select fowight
sites with the most elevated pollution rates (mghate and/or EC) and to take additional sampeshalyses
in a laboratory. It is recommended to have samgbedysed for at least the following parameters: |,
dissolved oxygen, BOD, nitrates, phosphates, comimmms (Na, K, Ca, Mg, Cl, HCQSQ, F), BOD, Total
Coliforms, pesticides and trace elements (Arsdrmgad, Zinc, Aluminium, Iron, Nickel, Cadmium,
Chromium, Cobalt, Manganese, Copper). Prior tostitmission of samples information should be obthiore
how the selected laboratories ensure quality of therk. It is also recommended that at least tithe
samples be analysed at different laboratoriesderoio ensure reliability of the result.

10 Assuming that some of the consultants may onlydveime available.
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The following laboratories for analysing water séesphave been identified:
. FMWR Department of Water Quality Laboratories andnloring Network, Minna and Akure.
Bayero University, Kano (Binns et al. 2003 used thboratory).
KSWB at Challawa.
FME in Lagos and possibly Abuja.
NAFDAC in Kaduna and Abuja.
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The identified information gaps for the surface evatudit are:
The availability of recent (1999 to date) rivendlaata.
The availability of data on water uses and hydrpliog Niger.
Information on the Komadugu River (water uses aradlability).
Information on in- and outflow rates from the tvaode dams (Tiga and Challawa) and the Hadejia
Barrage.
Prediction on the impact of climate change scesanothe rainfall and river flow in the basin.
Information on environmental river flow requiremgnt
The scale of the landuse change in the basin armmitsequences on the river flow (in the Basement
Complex area) and the groundwater recharge (wtadimp

Data on surface and groundwater uses is in theepsaaf being made available, thanks to the ongoing
committed work by the Database Coordinator of tiy&8KProject. The task is very laborious since thame
many institutions at national, regional and statel (about 30 in total) that have tasks relatmthe
management of the water resources in the basim Enoe to time the task is also a bit confusingssinames
and tasks of institutions tend to differ a bit fretate to state. Furthermore, the task is comglithy the fact
that most recent data is only available in analdguaat.

The ongoing work of the KYB Project and visits &bevant institutions for this assignment also réacta lot
of unexpected relevant hydrological data (espgcaiboing river level and groundwater level moriiig). It
is encouraging that some organisations in the basitinue river level monitoring (Hadejia, Yobe and
Komadugu rivers). Due to a lack of funds and actesguging equipment the monitored recent (199%ate)
river levels have not been recalculated into adtisdharge data.

The ongoing work of the DFID-JWL Project, espegidiie active involvement in initiating water managst
improvements at various locations in the basin (mapment of intake works of KCWS, dredging and weed
clearance in the Burum Gana River, Gabion flow prtipning structure at Likori), is also an exerdBat is
very relevant for the water audit.

There is a lack of continuity on sustainable watanagement related activities in the basin sudbras
example the organisation of regular stakeholdertimgeand the execution of river gaugings. Theswities
require quite some resources, which are mostly amdylable at projects. The lack of continuity &sised by
the fact that the projects have a limited time-spad because they do not always overlap in timeekample,
now there are at least three projects that havaitheo assist the relevant institutions with thstainable
management of the water resources in the basin (Ridgect, DFID-JWL and LCBC/GEF Project). While
from the late 1990s to early 2000 no water managématated project with sufficient funds was actinghe
basin.

Generally, there are no indications for a long-telearease in shallow groundwater level in the basin
(confirmed for Yobe and Bauchi states). For Jigatede there is contradicting information on thegkdarm
groundwater level. Still, there is concern for fhire since the number of shallow tubewells alositng
groundwater is increasing fast. Over-exploitatiesulting in a water level decline is more ramparthie
second aquifer.

No water quality monitoring network has been idiedi for the basin. Only some ad-hoc water quaitidies
have been carried out. A number of studies havieaed a poor shallow groundwater quality insid&ages

and towns; an extremely high nitrate content (upa® mg ") was measured in a number of hand pump
equipped wells. The elevated nitrate content isaity due to poor sanitation. A surface water qualirvey
carried out for this assignment revealed that tétrsgenerally present in all the four riverstie basin (20 to

70 mg ). The highest nitrate contents were measuredenistream part of the Hadejia River System (50-65
mg ") and in the main drainage canal from HVIP (70 g These results indicate that the large and small
irrigation projects and urban waste are contritpitmthe worsening of the water quality in the ba8iinns et

al. (2003) measured the surface and groundwatéitygumand near the Jakara River in Kano. The gsial
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revealed extremely high (sometimes more than I08githe WHO limits) levels of toxic wastes in mokthe
surface water and at some of the shallow groundvgatmples (e.g. Cd up 28.9 mgand Cr up to 49 mg’).
The main pollution source for the toxic waste sctiarge from industries. Although, the Jakara Rivoas not
directly drain into the Hadejia River it is notdily that the water quality of the tributaries te tHadejia River
originating from Kano will be much better (e.g.mitdiage canal emptying black sludge into ChallawamR
has been observed). There are no signs for imprenesince the environmental laws are not beingreafb
on the polluters.

A very recent publication (Nicholson, 2005) con@ddor the southern Sahel, in which the KomadugbeYo
basin is situated, that the rainfall (1998-2003) returned to pre-drought levels of the 1950s &6&04. This
is confirmed with recent rainfall data for Maidugur

5% #
8.2.1 Technical recommendations

In the light of the most urgent requirements fa Water audit, recent (1999 up to date) river fttata, it is
recommended that the KYB Project sets up a ‘fiigdate’ team to do as many river discharge measureme
as possible during the ongoing wet-season at ablewtified sites (Table 1) with recent stage leleta. If the
gaugings are not done than the work of the watdit auill be delayed until the end of the next weason, or
the water audit will only include the old (up to9B) river flow database that have already beenyaedlin
various previous studies. For the longer term efhpuld be spend on assisting and building thaagpof
the organisations that have continued the rivegllmonitoring in the basin. This can be done byialiag
them access to gauging equipment, assisting théimtiaé actual river flow gaugings and organisimmparse
on the interpretation of the data. It would be hélfo build a more user friendly version of tHd 6INWCP
spreadsheet that can interpret the gauging datlftire different types of gauging equipment aafalié in the
basin. It is recommended to collaborate with théPWL Project on this issue since they have hamds
experience with river flow gaugings in the HNW. TRRWR or JSMWR can be approached to borrow the
equipment. By the end of the life-span of the piojecan be decided which organisation can tale tve
coordination of the use of the gauging equipment.

The KYB Project can also encourage the relevardriggtions to do water level measurements ataat,lthe
following crucial sites in the basin: downstreaniT@a and Challawa dams, Wudil, Guri, a site atehd of
the old Hadejia River (Hadejia River System), Burigatagum (Jama’are River), Kari (Komadugu River)la
Yau (Yobe River). It should be confirmed whetheg tage-board at Hadejia is still being read ambment
or not. Because of the limited time-span of the KRi®ject it is not very sustainable for the projectake care
of the water level measurements themselves.

It is strongly recommended that the relevant ingtihs arrange backup in the form of a stage-boaader for
the relevant river flow monitoring sites that ohlgve automatic gauges. This recommendation is ieckuse
automatic gauges can and often will malfunction #redresources may be limited to extract the datarie
before the battery runs out. Furthermore, it isnemended that effort to be made to enhance the conemt
of the readers to the work by, for example, pravidihem with a bicycle if they live far from theage-board
and letting them have annual results of their work.

Some specific suggestions for the KYB Project idsyigestionnaires on hydro-meteorological and wases
data have been given to the Database CoordinatbedfYB Project. The main suggestions are to phiy a
more attention to: proposed new uses and futuraresipns of current uses (required to develop fuliater
management options) and water quality aspects (seyof fertilisers, drainage from large water ugesr the
collection of rainfall data, that requires paymehis recommended to focus on the upstream Basemen
Complex area of the basin because these data moeg fr be useful for rainfall-runoff modelling.

Expansion of existing shallow groundwater monitgriretwork in the basin may be required dependinthen
outcome of the water audit. Emphasis for locatiainadditional monitoring wells should be put onasevith
significant groundwater abstractions (to be idéediin the water audit) and areas where the riosv f
reductions (partly groundwater recharge) have loeare expected to decrease (mainly between Wadil a
Hadejia).
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Concerning the water quality it is recommendedydd obtain the water quality data from the retgva
organisations and studies and to put them in ebelaga Furthermore, a very limited water qualitwsyris
recommended, to be carried out by KYB Project stafbrder to get a clearer picture of seriousréske
water pollution in the basin. This will hopefullglp the Ministries of Environment and Water Resesrc
(national and state) in making informed decisiongte need for the enforcement of the environmdates.

In order to prevent the loss of lives as happendtié 2001 floods it is recommended to promoteaaty élood
warning system in the Hadejia and Jama’are subiba$his can for example be combined with automatic
river flow monitoring stations at Wudil and Bungéese sites are very suited because downstreamess t
sites the rivers are no longer gaining water. Hsé teleases from 1996 revealed that the travel ¢iftthe
water between dams and Hadejia is ~13 days (GakZaoudum, 1996). Flood flows will take less tratiee.
Still, there will be at least several days notfoe the people living in the area with the greaftesid risks
(Hadejia-Nguru Wetlands).

Other relevant water related activities in the bdkat are worth doing:

. The effect of landuse change on the river flonhie tipstream part of the basin (Basement Complex
Area). Collaboration on this issue can be sougtt thie LCBC who are interpreting monthly satellite
data for the whole basin for a period of ~20 ye@&t®e KYB Project can contribute with the updated
river flow database.

The JSMWR is monitoring the stage height at maatiais between Wudil and Hadejia. The
development of rating curves for these sites vellvbry useful to study the causes of the river flow
reductions between Wudil and Hadejia.

A study on the second and third aquifer in the CBasin (recharge, abstractions, monitoring of water
level). A groundwater study for the whole Chad Bdsialready in the pipeline (LCBC with support
from the GTZ).

A water quality monitoring network is recommendétts the ad-hoc water quality studies show high
pollution rates of shallow groundwater in urbanagrand at large irrigation projects, and of surface
water in the upstream part of the Hadejia sub-b&iH, monitoring of water quality will only beseful
if there are realistic prospects that measureshsilaken to improve the water quality by enfording
environmental laws on the polluters. Otherwise adewquality network will only be an academic
exercise resulting in a more detailed analysek@pbllution.

A study on the efficiency of the large formal watises in the basin (the irrigation projects andd<an
City Water Supply).

8.2.2 Collaboration and networking related recommen  dations

The most essential participating partner of the KfBject is the FMWR because they are responsiblth&
coordination of the development of the water resesiin the basin. It is therefore recommendedvolve the
FMWR very closely with all the stages of the commater audit, which are: the finalisation of theRQhe
selection of the consultant and the quality condfdhe work.

Besides on the river gaugings it is also importargtay in close contact with the DFID-JWL Projenttheir
proposed and ongoing interventions in the basipeé&ally, the proposed and partly executed impr@msion
the intake works of KCWS is a crucial progresstifar sustainable water management in the basirstivaid
be continued after the DFID-JWL Project ends (Demem2006).

On the building of the information database itdasammended that the KYB Project collaborates with t
LCBC GEF Project since they are doing a similaivéagtfor the whole Chad Basin. The hydrologicadan
water uses data for Niger can possibly obtaineoluidn the LCBC.

It is recommended that the KYB Project alreadytstpracticing the principle of ‘data sharing’. Dugithe
visits to the institutions in the basin it was abee that their willingness to cooperate increassitly after
we also gave them relevant publications. For exanthe KYB Project may start compiling CD’s withtala
and scanned publications that are distributed @yalar basis among all stakeholders in the basin.

The LCBC also plans to prepare an Integrated WWRespurces Management Plan for the Chad Basin

(including Komadugu-Yobe), which is similar as thater audit. The LCBC has a longer time span averig
interested in using the outcome of the coming KY¥Bjé€tt water audit as a base for their activitiestee
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sustainable water management in the basin. In ¢odemsure that the outcome of the water audithelused
it important to keep the LCBC informed on the pesy of the water audit exercise.
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41



H -

Acharya, G. and E.B. Barbier (2000). Valuing growater recharge through agricultural productionhe t
Hadejia-Nguru wetlands northern Nigeria. AgricudtlEconomics 22, p. 247-259.

Adams, W.M. (1985). River basin planning in Nigergplied Geography, 5, p. 297-308.

Adams, W.M. (1991). Large scale irrigation in Nanth Nigeria: Performances and ldeology. Transastain
the Institute of British Geographers, V16, 2, p7280.

Adams, W.M., G.E. Hollis and I.A. Hadejia (1993)aagement of the river basin and irrigation. inllio
G.E., Adams W.M. and Aminu-Kano M. (eds.): The HadBlguru Wetlands, Environment, Economy and
Sustainable Development of a Sahelian Floodplaitiaid. IUCN, Gland, Switzerland, p.119-148.

Afremedev Consultancy Services (1999a). Regionabland Water Resources Development Planning Study,
Hydrology and Water Resources Modelling, Part 1d#Miing the headwaters of the Hadejia-Jama’areftDra
Report. Federal Government of Nigeria, Petroleupe¢&l) Trust Fund.

Afremedev Consultancy Services (1999b). RegionaldLand Water Resources Development Planning Study,
Hydrology and Water Resources Modelling, Part 2VRM model. Federal Government of Nigeria, Petroleum
(Special) Trust Fund.

Afremedev Consultancy Services (1999c¢). RegionadLand Water Resources Development Planning Study,
Rehabilitation of distressed dams Tiga Reservaderal Government of Nigeria, Petroleum (Special)st
Fund.

Afremedev Consultancy Services (1999d). RegionadLand Water Resources Development Planning Study,
Irrigation Project Appraisal: Kano River Projecta®k 1 (KRIP 1). Federal Government of Nigeria, dtetim
(Special) Trust Fund.

Ahmed, K. (1998). Water quality for irrigation ing Hadejia River Catchment. Arts and Social Science
Research, V1, Sept., p. 119-129 (cited in Doody0200

Akujieze, C.N., S.J.L. Coker and G.E. Oteze (20@3pundwater in Nigeria - a millennium experience -
distribution, practice, problems and solutions. kgkology Journal, 11, p. 259-274.

Andah, W.E.I., N. van de Giesen and C.A. Biney @00Vater, climate, food and environment in thet&ol
Basin. Contribution to the project ADAPT, Adaptatistrategies to changing environments.

Barbier, E.B. (2003). Upstream dams and downstneatar allocation: the case of the Hadejia-Jama’are
floodplain, northern Nigeria. Water Resources Resgea/39, No.11, 1311.

BaSADP (2004). Five year reports on groundwateritoong (1998-2002). Compiled by Water Monitoring
Unit of Fadama & Engineering Department.

Ben-Musa, S. and A. Abubakar (1995). Operatingmegdf existing dams in de Hadejia-Jama’are RivesirBa
in: M. Aminu-Kano, the Critical Water Resourcedioé Komadugu-Yobe Basin, proceedings of a
NIPPS/HNWCP Workshop, p. 84-92.

Binns, J.A., R.A. Maconachie and A.l. Tanko (200&gter, land and health in urban and peri-urbad foo
production: the case of Kano, Nigeria. Land Degtiada& Development, 14, p.431-444.

BRGM (1993). Monitoring and management of groun@wagsources in the Lake Chad Basin. Study report
for the Lake Chad Basin Commission.

Bunu, Z. (1999). Groundwater management perspadireBorno and Yobe States, Nigeria. Journal of
Environmental Hydrology, 7, Paper 19.

42



Carter, R.C. (1995). A policy framework for surfagater and shallow groundwater allocation, withcsgle
reference to the Komadougou Yobe River Basin, mashNigeria. Public Administration and Development
V15, p.103-120.

Carter, R.C. and A.G. Alkali (1996) Shallow grourader in the northeast arid zone of Nigeria. Quérter
Journal of Engineering Geology, 29,p.341-355.

Carter R.C., E.D. Morgulis, J. Dottridge and J.\gha (1994) Groundwater modelling with limited dada:
case study in a semi-arid dunefield of northeageNa. Quarterly Journal of Engineering Geolody, @5-94.

Chifana Consultants (1983). Improvement of rivesrahels along River Hadejia between Geidam and kadej
progress report no. 2. Federal Republic of Nigdtegeral Ministry of Water Resources, Lagos, Naeri

Chiroma, M.J. (1996) The 1995/6 dry-season wates sarvey of the Madachi floodplain area. HadejiansN
Wetlands Conservation Project, [IUCN - The World &mwvation Union, Nigeria.

Chiroma, M.J., Y.D. Kazaure, Y.B. Karaye and A.&sBua (2005). Water management issues in the ieladej
Jama’are-Komadugu Yobe Basin: DFID-JWL and Stak#grsl experience in information sharing, reaching
consensus and physical interventions. DFID-Jointi&kes Livelihoods Project. Paper presented aE#met
African River Basin Management Workshop, Morogdranzania.

Chiroma, M.J. and G. Polet (1996) Population Esténdthe Hadejia-Nguru Wetlands, Nigeria. Hadejia-
Nguru Wetlands Conservation Project, [IUCN - The M/@onservation Union, Nigeria.

Chisholm, N.G. and J.M. Grove (1985). The lowertsoln: A.T. Grove (ed.). The Niger and its neighits
Balkema, Rotterdam.

Dai, A., P.J. Lamb, K.E. Trenberth, M. Hulme, PJones and P. Xie (2002). The recent Sahel drosgieai.
International Journal of Climatology, 24, p.1323313

Diyam Consultants (1986). Dindima Transfer PlanrfiRegort. Federal Ministry of Agriculture, Water and
Rural Development, Nigeria.

Diyam Consultants (1987). Shallow aquifer studypBimes. Kano State Agricultural and Rural Develepin
Authority, Kano.

Diyam Consultants (1996). Yobe Basin water resaistedy report on Stage 1la. Federal Environmental
Protection Agency, Nigeria.

Doody, D. (2000). Water quality in the Hadejia-NgWetland's: it's role in the sustainability of thetlands.
Master of Science dissertation for the UniversftiMales Bangor.

Dyson, M., G. Bergkamp and J. Scanlon (2003). Ftbe,essential of environmental flows. IUCN - Thend
Conservation Union.

Edmunds, W.M., E. Fellman and I.B. Goni (1999). ésikgroundwater and paleohydrology in the SahNIEof
Nigeria: evidence from hydrochemistry. Journalhaf Geological Society, London, V156, p. 345-355.

Edmunds, W.M., E. Fellman, I.B. Goni and C. Prudh@(2002). Spatial and temporal distribution of
groundwater recharge in northern Nigeria. Hydroggplournal, 10, p. 205-215.

Essiet, E. and A. Ajayi (1995). An evaluation obgndwater quality of shallow boreholes used foafad
irrigation in the Hadejia Valley Project (Phaseliawa State, Nigeria. Paper presented at the &tidial
Workshop on Land Administration in Northern Nigergayero University, Kano (cited in Doody 2000).

Federal Ministry of Water Resources (undated). Higdyical Year Book 1977-78.

43



Federal Ministry of Water Resources (2000). Nigerieans-boundary water policy for the Lake ChadiBaA
paper presented by the Honourable Minister of WRtsources, Col. Mohammadu Bello Kaliel (RTD) & th
2nd World Water Forum, The Hague, The Netherlands.

GEF (2002). Volta River Basin preliminary transbdary diagnostic analysis, final report. Global
Environment Programme Project Facility.

Gleick, P. (2002). The World’s Water, The BienriRaport on Freshwater Resources 2002-2003. IslagssPr
Washington.

Goes, B.J.M. (1999). Estimate of shallow groundwegeharge in the Hadejia-Nguru Wetlands, semi-arid
north-eastern Nigeria. Hydrogeology Journal 7,931-304.

Goes, B.J.M. (2002). Effects of river regulationagjuatic macrophyte growth and floods in the
Hadejia-Nguru Wetlands and flow in the Yobe Rivesrthern Nigeria; implications for future water
management. River Research and Applications, Vplsk8ie 1, p. 81-95.

Goes B.J.M. and Zabudum A.N. (1996). Hydrologyhaf Hadejia-Jama'are-Yobe River Basin: 1992-1995.
Hadejia-Nguru Wetlands Conservation Project, [IUCThe World Conservation Union, Nigeria.

Goes B.J.M. and Zabudum A.N. (1998). Hydrologyhaf Hadejia-Jama'are-Yobe River Basin: 1996-1997.
Hadejia-Nguru Wetlands Conservation Project, [IUCThe World Conservation Union, Nigeria.

Goes B.J.M. and Zabudum A.N. (1999). Hydrologyhef Hadejia-Jama'are-Yobe River Basin: 1998/9.
Hadejia-Nguru Wetlands Conservation Project, [IUCThe World Conservation Union, Nigeria.

Goni, I.B., M. Kachallah and M.M. Aji (2000). Anath look at the piezometric head declines in middiee
aquifer of the Chad Formation in the south westénad Basin. Borno Journal of Geology, V2, No.2 1g68.

Goni, I.B., Y. Travi and W.M. Edmunds (in press§tibhating groundwater recharge from modelling
unsaturated zone chloride profiles in NE Niger@urdal of Mining and Geology.

Gyau-Boakye, P. and G.A. Schultz (1994). Fillingpgan runoff time series in West Africa. Hydrologjic
Sciences Journal, 39, p. 621-636.

Hassan, M., R.C. Carter and K.R. Rushton (2004ye@ement of conceptual groundwater model of river-
aquifer interaction using limited data in a semdamone: a case study of Yobe River Basin, NortstEa
Nigeria. Zuma Journal of Pure and Applied Scieré¢é3, p. 184-187.

Hassan, M., R.C. Carter and K.R. Rushton (in pr&ag)undwater modelling with limited data: a casaly of
Yobe River Basin, North-East Nigeria. Arid Zone dwal of Engineering Techn. & Env., UNIMAID,
Maiduguri, Nigeria.

Hazel, R. (2004). British hydrogeologists in Wedtida - an historical evaluation of their role and
contribution. in: Geological Society, London, Spgd?ublication 225, p. 229-237.

Hess, T.M., W. Stephens and U.M. Maryah (1995)nfadlitrends in the North East Arid Zone of Nigeria
1961-1990. Agricultural and Forest Meteorology @&7-97.

Hess, T.M. (1998). Trends in reference evapo-traagpn in the North East Arid Zone of Nigeria, 1961.
Journal of Arid Environments, 38, p. 99-115.

Hollis G.E., Penson S.J., Thompson J.R. and Suke @.993). Hydrology of the river basin. in: Holl&E.,

Adams W.M. and Aminu-Kano M. (eds.): The HadejiadNgWetlands, Environment, Economy and
Sustainable Development of a Sahelian Floodplaitiaid. IUCN, Gland, Switzerland, p.19-67.

44



Hollis, G.E. and J.R. Thompson (1993). Water resesidevelopments and their hydrological impacts. in
Hollis G.E., Adams W.M. and Aminu-Kano M. (eds.hé'Hadejia-Nguru Wetlands, Environment, Economy
and Sustainable Development of a Sahelian Floaumétland. IUCN, Gland, Switzerland, p.149-189.

I'Hote, Y., G. Mahé, B. Somé and J.P. TribouletQ2)) Analysis of a Sahelian annual rainfall indes
1896 to 2000; the drought continues. Hydrologicaéices Journal, 47(4), p.563-572.

HR Wallingford (2002). Assessment of the 2001 fadd flood mitigation measures for the HadejizeRiv
Basin. HR Wallingford in association with the Jigatate Government Ministry for Water ResourcepoRe
EX 4605.

IRIN (2003). Replenishing Lake Chad. UN Office the coordination of Humanitarian Affairs
(www.scienceinafrica.co.za/2003/march/chad.htm).

IUCN-BRAO & FMWR (2004). Improving land and watersources management in the Komadugu Yobe
Basin, northern Nigeria - south Niger. Phase | pdoving The Institutional Framework For Water
Management.

IWACO (1985). Study of the Water Resources in tloeiddougou-Yobe Basin. Nigeria - Niger Joint
Commission for Cooperation Niamy, Niger Republic.

IWACO (1985b). Study of the Water Resources inKbmadougou-Yobe Basin. Technical Report No.5:
Groundwater Resources. Nigeria - Niger Joint Corsioisfor Cooperation Niamy, Niger Republic.

IUCN-HNWCP (1999). Water Management Options for Haglejia-Jama’are-Yobe River Basin. [UCN-
Hadejia-Nguru Wetlands Conservation Project, Nigeri

JSMWR (2000). Feasibility study report on irrigatagticultural potentials of Jigawa State, Nigedigawa
State Government of Water Resources, Ringim.

Kazaure, Y.D. (2002). Roles of dams/reservoirs wwithe Hadejia River Basin. Paper in appendix of HR
Wallingford (2002) report.

KNARDA (undated). Handpump sites, map for the faridano State, 1:250,000. Cartosat Production LTD.,
Kano State Agricultural and Rural Development Auityo

Kowal, J.M. and D.T. Kabe (1972). Agroclimatolodigdlas, the northern states of Nigeria. Ahmadul®el
University Press.

Kunstman, H. and G. Jung (2003). Investigatioreeflback mechanisms between soil moisture, landnie
precipitation in West Africa. in: Water Resourcest8ms - Water Availability and Global Change, IAHS
publication 280, p. 149-159.

Le Gal La Salle, C., J.C. Fontes, J.N. AndrewsT@hiz and A. Karbo (1996). Study of old groundwater
circulation in the Lake Chad Basin (Niger) usingt@pic tracers. International Atomic Energy Agency,
Proceedings Series, p. 475-477.

Leblanc, M., C. Leduc, M. Razack, J. Lemoalle, Bgbrne and L. Mofor (2003). Application of remote
sensing and GIS for groundwater modelling of |asgmiarid areas: example of the Lake Chad Basing#fr
in: IAHS Publ. no. 278, p. 186-192.

Leduc, C., G. Favreau, and P. Schroeter (2001)giterm rise in a Sahelian water-table: the Contialen
Terminal in South-West Niger. Journal of Hydrology¢3, p. 43-54.

Maduabuchi, C. (2005). Isotope-based investigatiotee Chad Basin Aquifers - IAE TC Project NIR)86.
Federal Ministry of Water Resources, Departmertyafrology and Hydrogeology, Abuja.

45



Mahe, G., C. Leduc, A. Amani, J.E. Paturel, S. fir&. Servat and A. Dezetter (2003). Augmentation
récente du ruissellement de surface en région saustzhélienne et impact sur les ressources erireau.
Hydrology of the Mediterranean and Semiarid RegidABIS publication 278, p. 215-222.

Mahe, G., J.E. Patruel, E. Servat, D. Conway anBéxetter (2005). The impact of land use changsoin
water holding capacity and river flow modellingtire Nakambé River, Burkina-Faso. Journal of Hydrg|o
300, p. 33-43.

Morgan M.J. (1994). 1993 Hydrological report. Haadjiguru Wetlands Conservation Project, Nigeria.

Mott MacDonald (1993). Mathematical Model of thedryiogical Behaviour of Lake Chad and its Feeder
Rivers. United Nations Development Programme - L@kad Basin Commission.

Muslim, I. and I. Umar (1995). Water Resources Agdculture Development in Jigawa State. in: M. Aun
Kano, the Critical Water Resources of the Komadw¥ighe Basin, proceedings of a NIPPS/HNWCP Workshop,
p. 49-62.

NEAZDP (1990). Groundwater resources report. N&mist Arid Zone Development Programme, Gashua,
Nigeria.

Neville, D.F.J. (2003). Flow control and diversistnucture at Likori. ITAD, Report to DFID Joints lands
& Livelihoods Project (DFID-JWL).

Neville, D.F.J. (2005). Scoping study of the KarieeR Raw Water Supply Intake Structures. ITAD, Rejto
DFID Joints Wetlands & Livelihoods Project (DFID-0)V

Niasse, M., A. Afouda and A. Amani (2004). Reducilgst Africa’s Vulnerability to Climate Impacts on
Water Resources, Wetlands and Desertification. IUR&lgional Office for West Africa.

Nicholson, S. (2005). On the question of the “recgVof the rains in the West African Sahel. JourmfaArid
Environments 63, p. 615-641.

Odada. E., L. Oyebande and J. Oguntola (2003).feque and lessons learned brief for Lake Chad
(www.worldlakes.org).

Ofoezie, I.E. (2002). Human health and sustainablier resources development in Nigeria: Schistoasiin
artificial lakes. Natural Resources Forum 26, @0-1560.

Okali D. and Bdliya H.H. (eds.) (1998a). Biodiveéysif the Hadejia-Nguru Wetlands: report of a syrwels
1, 2. Hadejia-Nguru Wetlands Conservation ProjeEN - The World Conservation Union, Nigeria.

Okali D. and Bdliya H.H. (eds.) (1998b). Guidelifeswise use of Hadejia-Nguru Wetlands. Hadejia:Ng
Wetlands Conservation Project, [IUCN - The World &mwvation Union, Nigeria.

Olivry, J-C, et al. (1996). L'Hydrosystéme PhysigDessier Diagnostic, Gestion Intégrée du Bassihatu
Chad, Project RAF/95.G48 (cited in Odada et al.3200

Olofin, E.A. (1985). Climatic constraints to watesource development in the Sudano-Sahelian Zone of
Nigeria. Water International, 10, p.29-37.

Olugboye, M.O. (1995). Groundwater monitoring netwas an aid to averting some ecological disaser:
case for Chad Basin area. Water Resources, JonirMajerian Association of Hydrologists, V6, No&12,
p.57-60.

Oteze, G.E. and E.A. Fayosse (1988). Regional dpr@tnts in the hydrogeology of the Chad Basin. Wate
Resources, Journal of Nigerian Association of Hialists, V1, No. 1, p.9-29.

46



Oyebande, B.L. (1979). Sediment transport and thasin management in Nigeria. Paper presentedat th
International Institute of Tropical Agriculture,dfdan, Nigeria (cited in Olofin 1985).

Oyebande, L. (2001). Streamflow regime change anbbgical response in the Lake Chad basin in Nigen:
IAHS Publication 266, p. 101-111.

Oyebande, L. (2003). Appraisal of hydrological imfation on the Hadejia Jama’are Komadugu Yobe Biasin
light of JEWEL Projects needs. DFID - Jigawa Enlement of Wetlands Livelihoods Project.

Oyebande, L. and E.U. Nwa (1980). Effects of drdwgid water projects on the water balance and fegime
in the Upper Hadejia basin, Nigeria. in: IAHS Pahtion 130, p. 215-220.

Ozer, P., M. Erpicum, G. Demarée and M. Vandiepeck¢2003). The Sahelian drought may have ended
during the 1990s. Hydrological Sciences Journal3)%8

Prat, N.D., A.C. Bird, J.C. Taylor and R.C. Car{#&®897). Estimating area of land under small-saalgation
using satellite imagery and ground data for a sarég in N.E. Nigeria. The Geographical Journa63/1
No.1, p. 65-77.

JICA (1995). The study on the National Water ResesiMaster Plan. Japan International Cooperation
Agency, Federal Ministry of Agriculture, Water Rastes and Rural Development.

Schultz (1976). Hadejia River Basin Study. Sch@ensultants, Canadian Development Agency.

Simon, E. (1997). Environmental impact assessmrip River irrigation project (Phase 1) extension,
Nigeria. IAHS Publication 240, p. 185-192.

Thompson J.R. (1995). Hydrology, Water Managemedt\Wetlands of the Hadejia-Jama'are Basin, Northern
Nigeria. Ph.D thesis, University of London.

Thompson, J.R. and G.E. Hollis (1995). Hydrologitaldelling and the sustainable development of the
Hadejia-Nguru Wetlands, Nigeria. Hydrological Sdes Journal, 40, p. 97-106.

UNEP (2004). Lake Chad Basin, Regional Assessnign/dited Nations Environment Programme, Nairobi,
Kenya.

UNESCO (1995). Discharge of selected rivers of@driStudies and reports in hydrology, no. 52, heonal
Hydrological Programme (IHP), UNESCO, Paris.

UNESCO/UNDP (1972). Study of the water resourcatiénlLake Chad Basin. 1966-1970 Technical Report,
Lake Chad Basin Commission. (cited in Olugboye 1995

UNIMAID (2005). Towards a water balance of the L&l{tead - research report. Centre for Arid Zone Ssidi
University of Maiduguri, Unesco Virtual Laboratasi€roject.

WARDROP Engineering Inc. (1993). Study of irrigatipotential of shallow aquifers in fadama areaBaho
and Yobe States. Borno State ADP and Yobe State ADP

WMO (2004). PowerPaint presentation on Hydrologg &viater Resources Programme. Dakar, November
2004.

World Bank (1995). Nigeria: strategic options fedressing industrial pollution. Volume 1. Enterpris
Development and Public Sector Management Divisi@ast Central Africa Department, Washington DC.
(cited in Binns et al.)

WRECA (1970). Hydrological Yearbook 1963-1967. WaResources and Engineering Construction Agency,
Kano State, Kano.

a7



WRECA (1972). Hydrological Yearbook 1968-1970. WaResources and Engineering Construction Agency,
Kano State, Kano.

WRECA (1974). Hydrological Yearbook 1963-1967. WaResources and Engineering Construction Agency,
Kano State, Kano.

WRECA (1980). Main project data of dams and resesvdWater Resources and Engineering Construction
Agency, Kano State, Kano.

WRECA (1985). Groundwater monitoring and imbalaimc&ano State. Resources and Engineering
Construction Agency, Kano State, Kano.

48



Appendix 1: Itinerary

Date Day | Activities
July/August Literature search in university libraries (the Netherlands) and on the Internet.
2005 Obtain visa in The Hague (2 trips).
Aug.7th 1 travel from Amsterdam to Kano
Aug.8th 2 Meeting with staff from KYB Project (Dr Daniel Kwesi Yawson - Project Coordinator, Mr. Anthony Ekpo
Monday - Database Coordinator, Engr. Peter Y. Manjuk - Water Resources Expert, Mal. Garba Hallai - Social
Science Specialist) on the Water Audit.
Travel from Kano to Dutse and water quality checks at 4 sites in the upstream part of the Hadejia
River.
Meeting (together with Anthony Ekpo, Peter Manjuk and Garba Hallai from KYB Project) with:
DFID-JWL Project (Alhaji M. Chiroma).
Aug. 9th 3 Travel from Dutse to Gashua via Hadejia and Nguru (car got stuck due to flooding of Nguru road).
Tuesday Short conversations with Isah Dutse and John Rowley at DFID-JWL office in Hadejia.
Visit to HNWCP library in Nguru.
Ten water quality tests at sites along the river.
Aug.10th 4 Travel from Gashua to Maiduguri via Damaturu.
Wednesday One water quality test at a site along the river.
Continued meetings:
NEAZDP (Ahmed Barde - Head of Agricultural Production Component, Eng. Ahmed Hamza - Head of
Village Water Supply).
Yobe State Ministry of Water Resources (Eng. Idi Mamman Dapa - Director Water Supply and Quality
Control).
Yobe State Ministry of Agriculture (Director of Irrigation - Audu Audu Daya) & Yobe State ADP (Eng.
Mohammed M. Mustapha - Programme Manager, Abba Jambo Goohua - Director of Planning
Monitoring and Evaluation).
University of Maiduguri (prof. F.A. Adeniji).
Aug.11th 5 Continued meetings:
Thursday CAZS (Dr. Bukar Babe - Director).
UNIMAID (Dr. Muhammed Hassan - snr. lecturer, geophysicist).
UNIMAID (Dr. Goni - Professor in Geology).
CBDA (E. Dumbai - Executive Director, Eng. Baba Alkali, Modu Sulum - Assistant Director/Drilling).
LCBC/GEF (Eng. Dr. Zaji Bunu - Project Coordinator Nigeria, Mohammed Bila - IT Scientific Officer)
Travel from Maiduguri to Bauchi.
One water quality test at a site along the river.
Aug.12th 6 Continued meetings:
Friday BaSADP (Musa A. Bello - Acting director irrigation).
Ministry for Rural Development BaS (A. Jumba - Director Water).
BaSWB (Eng. Saidu Wambai - Director Engineering Services, A.A. Salau - Deputy Director, Garba B.
Magaji - DA).
Travel from Bauchi to Kano.
Make suggestions for the database manger of the KYB Project on the issued questionnaires for the
relevant institutions in the basin.
Five water quality tests at sites along the river.
Aug. 13th 7 Report writing.
Saturday
Aug. 14th 8 Report writing.
Sunday Meetings (together with Daniel Yawson) with:
Dr. Muslim Idris (JSMWR).
Dr. Hassan Bdliya (DFID-JWL).
Aug. 15th 9 Travel from Kano to Abuja.
Monday Various meetings (together with Peter Manjuk) at the FMWR:

Engr. Joe Kwanashie - Director KYB Project and Engr. Razaq A.K. Jimoh (Deputy Directors at
Irrigation & Drainage Department).

Olufemi O. Odumosu, John A. S. Hamonda and C. Maduabuchi (Deputy Directors at Hydrology &
Hydrogeology Department)

C.O. Ikelionwu - Project Manager (Water Quality Laboratories and Monitoring Network).




Aug. 16th 10 Continued meetings at FMWR:
Tuesday Eng. I.K. Musa (Director of Irrigation and Drainage Department).
Eng. M. Gundiri (Director of Dams and Reservoirs)
Travel from Abuja to Kano via Kaduna.
Meeting with Dr Salisu Abdulmumin (Director NWRI).
- Two water quality checks at sites along the river.
Aug. 17th 11 Meetings with institutions in Kano (together with Anthony Ekpo, Peter Manjuk and Garba Hallai from KYB
Wednesday Project):
KSMWR (Eng. Danladi Mohammed - Director of Irrigation, Eng. Ayuba A. Balarabe - Director of
Hydrology and Hydrogeology)
KSWB (Eng. Umaru R. Karaye - AGM Planning and Design, Eng. | U. Dederi).
HJRBDA (Alh. Shehu D. Abdulkadir - Managing Director, Eng. Y.D. Kazaure).
KNARDA (Adamu Ali Wudil - Director RID, D. Maikarofi - Deputy Director Water Resources, Bashir M.
Foggi - Assistant Director Irrigation).
Report writing.
Aug. 18th 12 Report writing.
Thursday Brief explanation to relevant project staff (Anthony Ekpo, Peter Manjuk) on: the interpretation of river
gaugings, the construction of rating curves and the calculation of discharge data (within Ms-Excel).
Aug. 19th 13 Report writing.
Friday
Aug. 20th 14 Submission of: draft report, equipment for water quality tests, CD with collected information (Project
Saturday Coordinator) and photocopies of reports that are not digital to KYB Project (Database Coordinator).
Field visit to Challawa Gorge Dam.
Aug. 21st 15 Preliminary discussion with Project Coordinator of KYB Project (Dr. Daniel Yawson) on draft report.
Sunday Travel from Kano to Amsterdam.
November Reception of written comments on draft report from the Project Coordinator of the KYB Project.
1st
November Revise report.
7th

Submission of final report to KYB Project (Dr. Daniel Kwesi Yawson - Project Coordinator).




Appendix 2: Metadata for river flow stations draining into the Komadugu-Yobe Rivers

No. | Station River Sub-basin |Catchm. |Coordinates Data source(s) Hydrological year (April-March)

R T N R R R R R R R R R = I T s B
1|Gwarzo Bridge W atari Hadejia 1,450]12°00' 08°24' || Sanyu (1993); WRECA | | | x Ix Ix |Ix
2| Dawakin Tofa W atari 12°06' 08°20' [WRECA x Ix Ix Ix
3]|Challawa Gorge Challawa 3,860[11°42' 08°02' || Diyam (1996) mIm Im Im |m |m
4| Challawa Bridge Challawa 6,890[11°43' 08°23' | Diyam (1996); Afremedev (1999) m m |m |m |m |m |m |m |m |m |m |m |m |m |x mlx, m]x, m|x, m]x, m|x, m
5] Tiga Dam Kano 6,553]11°28' 08°24' || Diyam (1986); WRECA?; HIRBDA mIm In In I In
6] Chiromawa Kano 6,975[11°43' 08°23' | Diyam (1996); Afremedev (1999) m |m |m |m |m |m [m Im |m |m |m |m |m |x m{x m]x, mlx, mlx, m]x, m]x, m
7| Tamburawa A&B Kano 11°50' 08°32" |WRECA I e T
8| wudil Hadejia 16,380]11°49" 08°50' | Diyam (1996); Afremedev (1999) m m |m |m |m |m |m |m |m |m |m |m |m |x, m]x mfx, m]x, m|x, m]x, m|x, m
9| Dabi Hadejia JSMWR

10] Suntulmawa-Ringim JHadejia WRECA; JSMWR
11]Nahuche Hadejia JSMWR
12|Gaya Gaya 11°37' 09°02' |WRECA < Ix Ix I«
13| Chai Chai Gaya 1,710)12°01" 09°15' | Diyam (1996) x Ik Kk Ik Ix Kk
14| Marke Hadejia JSMWR
15]Haidin Hadejia JSMWR
16|Hadejia Barrage Hadejia HRBDA
17|Hadejia Hadejia 30,435|12°26' 10°04' | Diyam (1996); HNWCP;JSMWR o Ix Ix Ix Ix Ix Ix
18|Kafin Hausa Kafin Hausa 30,435, Diyam (1996); HNWCP; JSSMWR
Diyam (1996); HNWCP, JWL Project
19| Likori Marma Channel (gaugings); JSSMWR
20[Kasaga Marma Channel HNWCP
21{Gabarua Hadejia HNWCP
Diyam (1996); HNWCP; Afremedev (1999);
22|Bunga Jama'are Jama'are 7,980{10°56' 09°39' |Julius Berger? m m |m |m |m [m [m |m |m |m |m |m |m |m |x, mfx, m]x, m|x, m]x, m|x, m
23] Foggo Jama'are 9,840]11°25' 09°55' | Diyam (1996) x Ix Ix Ix Ix I
24| walai Jama'are 11°55' 10°09' [WRECA | |
25Birnin Kudu Dogwala 1,891|11°26' 09°35' |Sanyu (1993); WRECA x Ix Ix Ix
26|lggi Bridge lggi 1,334]11°32' 09°20' |Sanyu (1993); WRECA; JSMWR X X X X
27|Katagum Jama'are 15,000 Diyam (1996); HNWCP
28||Kari Komadugu Komadugu 5,86511°15' 10°33' |Sanyu (1993) x Ix Ix Ix Ix Ix
29| Dapchi/Gada Komadugu 18,090|12°30° 11°30 | Sanyu (1993); WRECA; NEAZDP [N (€9
30{Gashua Yobe Yobe 62,150]12°52' 11°94' | Diyam (1996); HNWCP; NEAZDP x Ix Ix Ix Ix Ix Ix
31|Geidam Yobe 12°05' 11°55' [Sanyu (1993); WRECA; NEAZDP x Ix Ix Ix Ix Ix Ix
Sanyu (1993); WRECA; IWACO (1984); BS
32| Damasak Yobe 13°28' 12°31' |Water Cooperation x Ix Ix Ix Ix Ix Ix
33|Bagara Diffa Yobe UNESCO (1995); Niger ) |x X
34|Gashagar Yobe 13°22' 12°48' [WRECA « Ix Ik Ix I«
Sanyu (1993); WRECA, WACO (1982,
35|Yau Yobe 148,000 13°34' 13°15' |[BSMWR? x Ix x Ix |x

x: measured river flow data; (x): incomplete or unreliable river flow data; m: modeled (rainfall-runoff) runoff for a situation of no dams; I: water level data only; ?: possibly available but not confirmed
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Station Hydrological year (April-March)

[ [ [ [ [ [
Gwarzo Bridge X X X X X X
Dawakin Tofa
Challawa Gorge m |x X X X
Challawa Bridge X, mIx,m|x,m|x,m|x, m|[x, m
Tiga Dam m m m m m m
Chiromawa X, mIx,m|x,m|[x,m|x, m|[x, m
Tamburawa A&B
Wudil X, mIx,m|x,m|x,m|x, m|[x, m
Dabi
Suntulmawa-Ringim
Nahuche
Gaya
Chai Chai X X X X X X
Marke
Haidin
Hadejia Barrage
Hadejia X X X X X X
Kafin Hausa X X X
Likori X X X
Kasaga
Gabarua
Bunga X, m |x, m|x,m|x, m]x milx m
Foggo X X
Walai
Birnin Kudu X X
Iggi Bridge X X X X X
Katagum X
Kari X X X X X X
Dapchi/Gada X X ) |x X
Gashua X X X X X X
Geidam X X X X X
Damasak X X X
Bagara Diffa X X X X X X
Gashagar
Yau X X X ™ |Ix




Appendix 3: Results of field surface water qualitytests
No [Site River Date EC Temp. |Ph [Hardness [Hardness [NOs; |NO. |Observations
(at carbonate [general
25°C)
[uS/em] |[°C] [ma/l] [ma/l] [mg/1] [[mg/l]
1|Wudil Bridge Hadejia 8-8-05 97| 26.2 71 89 50|<0.5 |old faded stage-board
2|Bridge just before Dambale (W udil-Kari [small tributary to Hadejia River 8-8-05 42| 24.2(6.6 36 71 35(<0.5 [probably downstream of a small dam (Kafin Chriri)
road)
3|Bridge between Dambale & Panda Durun Kaya (tributary to Hadejia 8-8-05 7| 22.5]|6.5 36 54 10{<0.5 [no stage-board
(W udil-Kari road) River)
4|Panda Bridge (W udil-Kari road) Durun Kaya (tributary to Hadejia 8-8-05 33| 24.9(6.5 36 71 35|<0.5
River)
5|Kafin Hausa Kafin Hausa 9-8-05 39| 26.1(6.6 125 89 40]<0.5 [green box (automatic water level meter?)
6|Auyo Main drainage canal from HVIP 9-8-05 72| 256 7 179 89 70(<0.5
7|Auyo Northern main supply canal HVIP 9-8-05 46| 26.8(6.5 36 54 40(<0.5
8|Hadiyo Bridge Hadejia 9-8-05 45| 26.8(6.4 36 54 35(<0.5 [old gauging station with lock (formerly operated by Jigawa State?)
9|Hadejia Bridge Hadejia 9-8-05 47| 27.3(6.4 89 71 45]<0.5 [new (~June 2005) FMWR automatic gauge (green box)
10|Gashua Bridge Yobe 9-8-05 23| 29.7(6.4 18 36 40]<0.5 [stage-board in good condition (maintained by NEAZDP)
11|Dapchi Bridge Komadugu Gana 10-8-05 20| 30.6(6.4 18 36 30|<0.5 [stage-board in good condition (maintained by NEAZDP), stage level 2.62 m
12|Kari Bridge Komadugu Gana 11-8-05 19| 29.8(6.4 18 36 25(<0.5 [old automatic recorder, no stage-board
13|Bunga/Geider Maiwa Bridge Jama'are 12-8-05 24| 29.9(6.4 18 36 20[|<0.5 |old painted stage-board on bridge (HNW CP), low water level
14| Chiako Bridge (W udil-Kari road) R. Kiyako tributary to Katagum 12-8-05 26| 32.4(6.4 18 36 30|<0.5 |very wide, sandy and shallow
River
15|Birnin Kudu Bridge (W udil-Kari road) R. Dogwala tributary to Katagum 12-8-05 25| 325(6.4 9 18 30|<0.5 |no stage-board
River
16| Tsaminyar Bridge (W udil-Kari road) Katagum River that tributes to 12-8-05 40| 31.1(6.4 18 36 25(<0.5
Jama'are R.
17|Wudil Bridge (same as location 1) Hadejia 12-8-05 44| 29.9(6.4 18 36 60(<0.5
18|Garon Malam/Chiromawa Bridge (Zaria - |[Kano River 16-8-05 16 2616.4 18 36 40]<0.5 [just downstream of Tiga Dam
Kano Road)
19|Bridge between Kura and Kano Hadejia River 16-8-05 20| 25.1|6.4 36 36 65(<0.5 [just downstream of where Kano and Challawa rivers meet; KRIP
20|Gunguzu Reservoir tributary to Challawa River 20-8-05 69| 31.2(6.4 27 36 45]<0.5
21|Spillway of Magaga Reservoir tributary to Challawa River 20-8-05 32| 28.7(6.5 36 36 40]<0.5
22|Challawa Reservoir Challawa River 20-8-05 28| 30.3/6.4 36 36 55(<0.5 [reservoir level ~518.6 m, reported release rate by HIRBDA 10 m°/s
23|Source close to Challawa Release Gates|spring from Challawa Reservoir 20-8-05 41| 28.6(6.4 18 36 45(<0.5 [local people believe that the water is very pure
24|Challawa Bridge (K.Agur-Kano road) Challawa River 20-8-05 28| 31.9(6.4 27 36 40]<0.5







