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Introduction

This hydrogeological atlas was prepared under the Hydrogeological assessment project (HAP) of the
northern regions of Ghana as a complement for the final technical report. The purpose of the atlas is to
provide a graphical overview of the regional hydrogeological context of northern Ghana. Maps and
thematic plates present data compiled and interpreted during the implementation of the HAP. Maps
presented in this atlas only provide regional data trends and may thus not be accurate locally. For
specific information pertaining to each map/plate, the reader should consult the final technical report.

Project summary and objectives

The HAP was designed to contribute to the collection and analysis of scientific data on groundwater
with the long term objective of improving groundwater resource management and development in the
three northern regions of Ghana. As such, the HAP would contribute towards achieving the WATSAN
targets set within the Ghana Poverty Reduction Strategy through an enhanced knowledge base and
understanding of the hydrogeological conditions in the north of Ghana. The HAP was implemented
between February 2006 and December 2011. The SNC-Lavalin Inc. and Institute National de la
Recherche Scientifique (INRS) Joint Venture was selected by the Canadian International Development
Agency (CIDA) as the Canadian Executing Agency (CEA) for the HAP. The project was implemented in
conjunction with the Water Resource Commission (WRC) of Ghana, the key project stakeholder.

The project goal was to improve groundwater resource management and development in the north of
Ghana. The project purpose was to improve the knowledge base and understanding of the
hydrogeological setting in the north of Ghana, and to contribute to the capacity development primarily of
the personnel of the Water Resource Commission (WRC) and its partner institutions in technical and
institutional aspects of groundwater planning and development. As such, targeted project outcomes
were:

¢ Increased access, by Ghanaian water resources institutions and other relevant agencies, to
accurate groundwater resource information for the north of Ghana;
e Enhanced technical and institutional capacity of Ghanaian water resource institutions in the
collaborative management of groundwater resources.
The approach of the project was to achieve the expected results through two main thrusts:

¢ A hydrogeological assessment consisting of synthesis of existing data and contribution to the
collection and analysis of additional data through dedicated, consensus-driven pilot projects
such as:

o Data collection
0 Borehole test drilling
0 Aquifer parameter testing

o0 Groundwater sampling and analyses
o Thematic Mapping
0 Workshops and trainings

o Capacity Building comprising technical capacity building focusing primarily on database
management and resource development, but also including non-technical capacity building
focusing primarily on enhancing the capacities of WRC in networking and in communicating.
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Map format

All maps are presented in A3 format with a scale of 1:1750000 unless otherwise specified. The
following coordinate projection is used for all maps:

Name: Ghana Metre Grid
Projection: Transverse Mercator
Datum: D_Leigon (1978)

Units: Metre

Latitude of origin: 4.67
Longitude of origin: -1.00
Scale factor: 0.999750
False Easting: 274319.51



Table of content

11 0 o LT £ o 3
o Tok= A Yo a 1= Ta Lo IF=To b0 g FT 0T EST A= LR =N 1T 0 TSP 5
0 To= 10 ] 0 =] (0L L=V T 6

o L 01T T3 1= LY=o 7

e N ST oo L= ok g YA =T a Yo B UL oI g Lo B =T = 1= A o USSP PUPPPPPP 9
0] 10T | = 10 1) 10

] (o] o= TP PP PP PPPPPPP 11
0= T T 1= R 12
Y= 011 = o 13

L A Z0 Lo T 1= 0] 1)Y= T o I ol 1132 = U= 15
(1Yo oo T =T o] 0} Y= T To I g F= L0 g F= LS 1 R 16

F NV = (o TSR LT U= U = 1T )= | o F= 1A (T o PSP 17
Average monthly profiles fOr SEIECIEA CIIMALE VAIADIES ...........uuiieiiiiiiiiiiiiietiie et eeeeeeee e e e s e eeaeesseessesssssssesssesesesssesssese s s es s s e e sse s s se s ss 8888858885888 8ss 888888 s 8888888 ss 88888 s s 5555555555555 s 555880 e e s e e e e e e e enennnennnennnnn 18
GEOIOGY ANA SOOIl i 19
S 1] = L0 =] o T Y2 20
Y0 | PP PP 22
120 10 T =0 ] o o Y20 23
(R4=To o] at=T N £)Yo [ daToT=To [ To | Tox= 1IN oto ] o |11 To] o TR 25
LT LT T = o o 26

(Y lolqTio) gl qlo VY] | W loTor= uTo g I= T lo [ o)V e [0 e ] £=T o] o S ST PP P PP PPPPPPPP 27
[RYCTo (o] at= 1 0)Y/o [ eToT=To] (oo | Tor= LN oto] ] 1= q K= 28

BN o L= LI 1Yo (01T 1= 4T | r= Vo] Lo U o) (PP 29
Regional hydrostratigraphiC Cross SECHON - NAVIONGO-BAWKU ..o et e e e 31
Regional hydrostratigraphic cross section - SAvelugu-GUSNIEGU ANG Wa-BOIE ..........oio ittt oo oo 4ottt et e e e o4 4 a e a b et ettt e e e e 444 s R b et e e et e e e e 4444 s R b e e e e e et e e 4444 R R R b b e e et 44444444 R bbbt e et e e e e e e e e e et e e e e e e nnnbbbnneeaeeeens 33
L0 [0 11 1 T2 1= R 34
Potentiometric SUITACE TOFr NBDOGO DASIN ...t 35

(o] =] ol o] p g =] (oYU g = Vot 30 o] N IF- Vg 01 L= TN o = V] o U 36

(€T CoT0T o \TYr=Y (=T g o] oo [N Tod Lo o T o ] (=] o1 = NP 37
LAY 7 =1 SR 38
(o1t o F= Ul o T £= aTo Lo U oo LT = (= PP PP PSPPI 39

LT o T0 T o NTY = (=T gl = Tod = o = P 41
ST T 10T 8T g =N o= F= VLot o (011 42
(g1 o] g o [cR g P TSIl o T 1 F= L Lot OIS = LU =L =T 0T L= o £ ] 111 43
Distribution of estimated recharge (chloride mass balance and SOil MOISTUIE DAIANCE)..........uu i ittt e e e e e 4o s b bttt et e e e e oo e s a b b e ettt e e e e 444 a R h b e e ettt e e e eh kb b e e e e £ 4444444 n R bbb e e et e e e e e e e e n s bbb be ettt e e e e e e nnnbnreeeeeens 44

LT 0T8T o 1LY =T o |1 = 1 2P 45
LT o TU T To ATV =T o U F= L] YA ] o 46
1o o NT ot (=T e (U= A ] o FO PO PP PP TP P PPPPPPPRPPPN 47

LT CoTu T o AT Y = Lo o U F= 1A 1V = 0 = =S 48

(T o1 aTo VY=Y =T o [U =111 YA @ ] (o] 4 o = 49

LT o TUT o ATV =T o TU E= L] Al 11T £ o = 50
1o (o NT ot (=T e (U1 A L = L OO PP PP PPPPPPPPRPPPN 51

(T o1 aTo AV T =T g0 [U =117 YA @ T [ L] 1LY 52

LT Lo TU T To ATV = o U E= 1L YA AN 651 53
1o (o) NT ot (=T o (U= A =T T H PP PP PPPPPPPPPRPPRN 54

LT CoTu T o NTYr= =T o T=To Yot aT=T o T Tox= | Ie | 0] 0L 55

] = = 1 1= TR 57



Location and administrative limits
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Climate variables
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Data source: Monthly rainfall data (1961-2005) obtained from the
Ghana Meteorological Services Department.
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A i Cross section trace (N.B.: cross sections presented in
the following pages)

Data source: Well data from the HAP consolidated database, hydro-
geological contexts based on geology from Ghana Geological Survey
(revised map from 2009) and all base map layers from SWERA.

Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
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Precambrian basement

General hydrostratigraphy Thickness General lithology
Possible perched aquifer <5m Residual soil (see note)
Leaky semi-confining layer Unconsolidated material with little
possibly unsaturated locally or structure preserved
during dry season 0-20 m
Leaky aquifer with productive zone | : — Highly weathered rock (relatively
in lower part i oo consolidated with structure mostl
5-15m = o Q preserved)
Lk
g@@'@
Leaky fractured aquifer (productive 1 Fractured/weathered rock
zone mostly associated with sub- — (moderately to slightly weathered
horizontal fractures) — rock with fracture density
== decreasing downward)
15-20 m 1
\\

Fractured aquifer (variably
productive, mostly associated with
sub-vertical fractures)

Note:

Residial soil includes surface material (transported and in situ material
often undissociated) and indurated layer (e.g. ferricrete) in some places.

Fresh rock (largely unweathered
and variably
fractured)

Voltaian sedimentary basin

Thickness

General hydrostratigraphy

<5m

Possible perched aquifer

2-15m

Usually unsaturated zone that can
act as a leaky semi-confining layer
depending on parent rock and
groundwater level

10-80 m

Leaky fractured aquifer (highly
variable productive zone
depending on lithology, weathering
depth and structure)

Fractured aquifer (variably
productive, mostly associated with
sub-vertical fractures)

Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
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Cross section

]
]
]

Residual soil
Upper part of weathered layer
Lower part of weathered layer

Fractured rock (N.B.: average thickness based on
statistical analysis of deep boreholes)

Fresh rock

East Y Static water level (N.B.: only available for some wells)

(385630 E, 706721 N)

Borehole trace (N.B.: screened section shown in dark
grey when available)

Abuokulaga rivea Nahau rive

_ﬁl lMowgo river] [Tamne rive/] Kulupielugu ri@

Data source: Borehole data from HAP consolidated database and
all base map layers info from SWERA (N.B.: the relative horizontal
distance of boreholes, rivers and communities displayed on cross
sections is a projected distance. ).

Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
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Hydrostratigraphic cross section
Navrongo-Bawku (Precambrian basement)

Project Hydrogeological Assessment
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Scale File name
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Vertical exaggeration: 100x atl_xsect_nb.mxd
02 November 2011 Final M.-A. Carrier| R. Lefebvre
01 August 2011 Preliminary M.-A. Carrier -
No. Date Description Drawn Reviewed
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Residual soil
Upper part of weathered layer

Lower part of weathered layer

Fractured rock (N.B.: average thickness based on
statistical analysis of deep boreholes)

Fresh rock

Static water level (N.B.: only available for some wells)

Borehole trace (N.B.: screened section shown in dark
grey when available)

Data source: Borehole data from HAP consolidated database and
all base map layers info from SWERA (N.B.: the relative horizontal
distance of boreholes, rivers and communities displayed on cross
sections is a projected distance. ).

Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
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Hydrostratigraphic cross sections
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(N.B.: 1) Left symbol color (brown scale) represents Precambrian basement
and right symbol color (green scale) represents Voltaian). 2) This map is a
regional representation of regolith thickness variation in Northern Ghana;
given the variability of regolith thicknesses over short distances, it is possible
that thicknesses encountered in some areas will differ from those estimated
here. 3) Regolith thickness was interpolated by ordinary kriging using only
boreholes that end in bedrock; kriging was carried out separately for the two
major geological provinces (i.e. Precambrian basement and Voltaian).)
Boreholes
TOgO @& Existing boreholes used for interpolation (total of 801;
g see table for details)
+ 3
>
Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
Title
Regolith thickness
Project .
N - i Hydrogeological Assessment
, o A Py { of the Northern Regions of Ghana
\ ~ < A 7 I Yeed (< 0 = | Project Director Map edited by Verified by
4 i 2 PN ‘ + g . :
Regolith Thick by Hydrogeological Contexts in Northern Ghana (from consolidated database) ) PR 2 &y © Daniel Malenfant M.-A. Carrier R. Lefebvre
All Precambrian Basement Voltaian Supergroup \;«{ ﬁ & .
Hydrogeological Contexts Al Al Birimian &| Intrusive B Pendjari- [ Kwahu- $ 2 [ ) Client Consultant
N uem All Obosum " A =
Tarkwaian rocks Ofti Morago x é AL SNC+LAVALIN
Total boreholes " 7874 4195 2019 2159 17 3679 828 2065 786 102,/ > A Q) Intecnational
Boreholes with data lith @ 801 348 174 173 1 453 173 236 44 Water Resources
R re<g1oolm 218 53 Py PR 0 165 7 84 70 Cumulative distribution of regolith thickness Distribution of regolith thickness for selected Commission I N R S
Distribution reaofith 1222 197 59 2 30 0 138 50 72 16 - by hydrogeological contexts F ranges by hydrogeological contexts Univrsie davant gerde
Distr g 20-30 m 216 130 57 73 0 86 21 54 1 o0 S Siaom Scal .
3040 m 114 77 35 42 0 37 17 17 3 o 88 wn «2030m cale File name
>40m 56 29 1 17 1 27 14 9 4 S B o E8 o iom 0 10 20 40 60 km SLI
Total reg. thickness range (m) 0.5-100 | 1-100 1-57 2-100 B 0.5-83.5 | 18-835 | 05-625 | 3-72 %? oo 85 o 604138 )
Probable reg. thickness range (95%) (m) ® | 2-48 2-475 | 1-447 | 6.4-613 B 3-49 | 29-51.9| 3-45 6-47.9 % 5 s BE 1 e ™™™ e atl_regolith.mxd
Mean reg. thickness (m) 20.8 25.2 222 28.1 43.4 17.5 17.5 17.0 20.3 % § 20% :.::% 20%
Median reg. thickness (m) 20 25.1 24.0 26.5 - 14.5 12.2 15.0 15.2 22 zg ™
Std deviation (m) 135 133 12.7 13.4 - 12.7 14.5 11.0 13.9 3° gg ™ . :
o A mbran basement § > 02 November 2011 Final M.-A. Carrier| R. Lefebvre
Notes & Voltaian 5
(1): Onlyunique Wit liable i were i /o i i T .
2): Or::;/bo?ehc\es penetrati‘:g1heentireregolithareccnsidered'orcalculaticns (N.B.: regolith includes the residual soil and the variously weathered material above bedrock (from slightlyto completly weathered)) o 0 10 R 2n|_!h thick 30 - 40 50 Al P';?;:g::n Voltaian 01 August 2011 Prellmlnary M.-A. Carrier -
(3): Regolith thickness range for the middle 95% of the distribution egoli ickness (m;
r— 7 iz 7 7 — Z 7 —x X 7 No. Date Description Drawn Reviewed
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A€ 180 Potentiometric surface
0 ] .
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o o
S g .
E 3 7 Project Hvd logical A t
J J ydrogeologica ssessmen
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T T of the Northern Regions of Ghana
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5 r=d < . . . o
Elevation Geology Nabogo basin - General information Nabogo basin - Compl itary information PI"OjeCt Director Map edited by Verified by
Intrusive rocks N -0.98° to -0.25° Station name Tamale ) .
Mesozoic (mafic intr) Location (approx. extent) 95310 10.02° Location and elevation (approx.) | -0.85°,9.5° (173 m) Daniel Malenfant | M.-A. Carrier R. Lefebvre
+ Eburnean Plutonic Suite Basin area_ 2901 km? Avg. annual precipitation ¢ )1 1040 mm
" Tamnean Plutonic Suite Avg. elevation 152 m Annual precipitation range 791 - 1269 mm Client Consultant
. ) ) Basin Elevation range 106 - 269 m Avg. annual pot. evapotr. ) 1944 mm
%Voltalagzedlmerga basin Avg. slope 0.87° ‘Near?st. | |Annual pot. evapotr. range ®) 1900 - 1986 mm ’ SNC+LAVALIN
oﬁ?;:r:réjarrioé‘:oup Slope range 0°-10.7° iy Ava. annual actual evapotr. (2’2 862 mm Water R International
ot S comiar ooy | St Aol ol gt e 458 Commission INRS
. - - .
Precambrian basement i Number of wells 108 Annual runoff range ? 99 - 159 mm ommission Université d'avant-garde
Buem Structural Unit Avg. well depth 44.0m Avg. annual recharge ® 48 mm
Togo Structural Unit Well depth range 24-99m Annual recharge range 0-123 mm Scale File name
Tarkwaian Group Avg. depth to gw 9.1m Station name Nabogo SLI
Birimian Supergroup Depth to gw range 21-325m ing station Location and elevation (approx.) | -0.82°, 9.74° (110 m) 0 5 1 O 20 km 41
Vole. Sed. Group Avg. well yield 102.6 L/min g Area upstream of station 2093 km? 604138 .
Volc. Plutonic Group Available wells [Well yield range 7 - 720 Limin Avg. annual streamflow © 10.8 mfs e — atl_piezo_nab.mxd
Synvole. intrusives inside basin ® [Avg. specific capacity 102.6 L/min m
Metamorph. Protoliths Specific capacity range 0.3-720 Umin m Notes:
Avg. regolith thickness 16.5m (1) : Taken from daily climate dataset for 2000-2005 ical Service Dep )
Regolith thickness range 27-40m (2) : Evapotr., runoff, recharge at station were estimated from soil moisture balance 02 November 2011 Final M.-A. Carrier| R. Lefebvre
Gulf p Gulf of Avg. screen depth (midpoint) 31.8m (3) : Estimated from streamflow dataset for 1962-2004 period at Nabogo gauging station (Ghana
u o . Screen depth range (midpoint) 2.0-68m Hydrological Service); avg. only considers years with <30 days of data missing P _ . _
Guinea Guinea Avg. screen length 11.3m (4) : Only wells with reliable coord. & data on lithology, gw level or yield are considered 01 AUQUSt 2011 Pre“mmary M.-A. Carrier
No. Date Description Drawn Reviewed
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Elevation = . Geology Tamne basin - General information Tamne basin - Compl tary information PrOJeCt DII'eCtOI" Map edlted by Verlfled by
880m \ q " o g i
T Intrusive rocks : -0.37° to -0.04' Station name Navrongo
i S e Location (approx. extent; = = " - 3 o . o
vt Mesozoic (mafic intr.) (@pP ) 10.77° to 11.07 Location and elevation (approx.) | -1.1°, 10.9° (201 m) Daniel Malenfant | M.-A. Carrier R. Lefebvre
» * " Ebumean Plutonic Suite Basin area_ 848 km? Avg. annual precipitation “:1) 963 mm
- Tamnean Plutonic Suite Basin é;lg ?llevatlon 16921%:18 Annual precipitation range(z) 75(1&;(;31 38 mm Client Consultant
Voltaian sedimentary basin cevation range -0 M Nearest |Avg. annual pot. evapotr. o mm
Obosum Group Avg. slope 1.04 " Inieal [Annual pot. evapotr. range 1879 - 2087 mm ’ SNCLAVALIN
: o Slope range 0°-21.0° g Avg. annual actual evapotr. @ 758 mm International
Oti-Pendjari Group Eons Const Gramion @ 657 - 867 Water Resources
. [ Kwahu-Morago Group Dominant lithology | -ape Coast Granitoids | w%tr.&gg - 867 mm nes
Precambrian basement Intrusive rocks |Avg. annual runoff 120 mm Commission I N R S
s e Number of wells © 40 Annual runoff range @ 94 - 142 mm Université d'avant-garde
Buem Structural Unit Avg. well depth 372m Avg. annual recharge ® 84 mm .
y Togo Structural Unit Well depth range 226-55m Annual recharge range 0-162 mm Scale File name
3 ;?fkwa'ag Group Avg. depth to gw 6.1m Nearest . Station name Yarugu SLI
V:)rl'g"g’; b ‘g’fgg;"“" Depth to gw range 06-12.7m atation Location and elevation (approx.) | -0.4°,10.98° (170 m) 0 25 5 10 15 km 604138
’ -~ Avg. well yiel 46.7 L/mi . ann. streamfl. (Tar @ am? .
v S i Avatale wols [Wal e renge 2 177 Lini o uaonn. seamt famne) s4mis — atl_piezo_tam.mxd
0 s ’?Ayr:volc. ":n}fwfsl‘th inside basin ' [Avg. specific capacity 7.1 Limin m 1°tvesT. ken from daily climate dataset for 2000-2005 (Meteorological Service Department
- { etamorph. Protoliths Specific capacity range 1-27 Uminm (1) : Taken from daily climate dal se. for - ‘ ( eeorooqlca .ervn:e epartment)
2 p 4 - n (2) : Evapotr., runoff, recharge at station were estimated from soil moisture balance
o ffl‘w »-/ AVg' reQOmh thickness 27.4m (3) : Estimated from streamflow dataset for 1966-1990 period (Global Runoff Data Centre)
S G/l v ] y Regolith thickness rarl‘ge . 7.8-37m 4) © Ann. avg. streamflow was estimated from difference between downstream (Pwalugu) and 02 November 2011 Final M.-A. Carrier| R. Lefebvre
Gulf of ¥ 5 5 ,+ Gulf of Avg. screen depth (m'd.po'n.t) 29.0m upstream stations (Nangodi & Yarugu), weighted with ratio of basin area (848 kmz) over area
) ¥, Guinea Screen depth range (midpoint) 19-50m drained between upstream/downstream stations (4785 km?) 01 AugUSt 2011 Preliminary M.-A. Carrier -
Guinea Avg. screen length 11.7m (5) : Only wells with reliable coord. & data on lithology, gw level or yield are considered

No. Date Description Drawn Reviewed

\PROJ\604138-Hydrogeo-Ghana\Carto\ArcGIS\1ProjetMXD\Cartes_de_travail



Groundwater production potential



700000

650000

600000

550000

500000

450000

400000

350000

300000

3°0'0"W 2°0'0"W

1°0'0"W

0°0'0"

1°0'0"E

Page 38 of 58

Burkina Faso /.\’
\V » +
Benin
Jr
Saboba
Togo
Jr
4 \
Representative Borehole Yields by Hydrogeological Contexts in Northern Ghana (from consolidated database) i \
All Precambrian Basement Voltaian Supergroup + VOIta } +
Hydrogeological Contexts Birimian & Intrusive Pendjari- | Kwahu- : §
All All . Buem All Obosum A ( ,
Tarkwaian rocks Oti Morago
Total boreholes 7874 4195 2019 2159 17 3679 828 2065 786
Dry or tech. negative boreholes @ 1916 423 238 185 0 1493 485 812 196
Boreholes with yield data 1444 576 322 242 12 868 143 579 146 \ 5
<13 L/min 235 63 44 19 0 172 55 94 23
Distribution 13-70 L/min 855 393 217 171 5 462 66 318 78 Cumulative distributi.on of yield Distribution of yield valugs for selected
of yield 70-180 Umin 236 %5 27 yr 7 1 2 102 27 . values by hydrogeological contexts - ranges by hydrogeological contexts
> 180 L/min 118 25 14 11 0 93 10 65 18 0% 90% Y fam-neg:
Total yield range (L/min) 1-830 2-300 7 - 300 2-300 30-130 1-830 4-720 1-830 5-360 e E £ aow :;g:g;ﬁl“r:‘m
Probable yield range (95%) (L/mi| 8 - 338 10 - 200 10 - 200 10-230 | 30-127.3 8 -300 6.6 - 338 9-304.4 7-240 o Eg 70% § “g” 0% 8> 180 Limin
Mean yield (L/min) 62.0 52.2 50.4 53.3 78.3 68.5 54.6 72.2 67.2 §§ 60% 8 g :j
Median yield (L/min) 30 30 28.9 30.0 90.0 30 16.7 30.0 36.0 E g 50% ;.‘-; 40.,/:
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Note: Produced with financial help from the Canadian International
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databases consolidated under the HAP, representative success rates were
estimated from collected local hydrogeological or water supply reports.
2) The success rates presented here may however not be representative
everywhere in the districts considered as they were derived from local studies.
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Note: Produced with financial help from the Canadian International
Development Agency (CIDA) (project no.: 7038883)
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Not ] ]
(10) :ei)nly unique boreholes w ith reliable coordinates w ere considered. 02 November 2011 Final M.-A. Carrier| R. Lefebvre
(2) : Dry and technically negative boreholes sometime have yield data (from bh constr.) even though they are now considered unsuccessful.
3): Rej tatiy t timated from local hydrogeological t ly project reports collected under HAP. L .
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(5) : The report numbers refer to the HAP report metadabase created during the collection of existing reports. This metadabase can be obtained through the Ghana Water Resources Commission.
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