- amy

i

WA

A







e
Lotehar
e

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

ARUSHA REGIONAL DEVELOPMENT DIRECTORATE
THE UNITED REPUBLIC OF TANZANIA

THE FEASIBILITY STUDY

ON
MONDULI TOWN
AND
THE SURROUNDING AREA WATER SUPPLY
IN

ARUSHA REGION

FINAL REPORT ;

A SUPPORTING REPORT

Jlig U;\ LIBRARY

ﬂHwIM IillilﬂHﬁ!lﬂllFllll
2738316]
_MAacH 1996

SANYU CONSULTANTS INC,
JAPAN ENGINEERING CONSULTANTS CO., LTD.






CONTENTS
CONT T ENT S e e e e i i 1
L ST OF TABLE it e e e ettt e e 11
LIST OF FIGURE ................. e, e ettt ittt er et iaiaaaran v

CHAPTER A HYDROGEOLOGY AND GROUNDWATER

A-1
A-2

A3

A4

NATURAL CONDITIONS ovoeoveeeeeeeeeeeesesvessosssesssesssesssssresesssssenssessasesenssssessssnssrene A= 1

ATl TOPOUBPAY orierceiiireccireecirsec et seseesines s erenesresersss sass reses resesanssbennerntse A-1
A-1-2 GEOOGY wooiveireemeereeriosses S e SRR A-2
A-1-3 Hydrogeology and Groundwater ...t A-2
HYDROGEOLOGY AND GROUNDWATER .............. rrerereestre e e rnaenaans RO W
A-2-1 Objectives of the Survey ........... T S O TOTIOI A-7
A-2-2 The Hydrogeological Units of the Study Afea ....ccceeeveerreereencrnneiesinas A-7
A-2-3 Selection of Potential Five VIHages ... ieecissicecrnenssasnons A-9
A-2-4 Hydrogeology of Monduli Town ...... eertemernrnnsions eretrest s "A-10
A-2-5 Hydrogeology of MONUN JUU iw.veiiiimeiiniansiissse e sseismsessnisesinns A-10
A-2-6 Hydrogeology of 18 Viltages ..., e AT
A-2-7 Hydrogeology of Ardai BASIN 1.t s e itrenes AT
GEOPHYSICAL PROSPECTING -.vcsetrvesiasrairmmnssnriescscsnesres vt A-23
A-3-1 Methodofog-y ....... . AL23.
'A-3-2 Results of Resistiviiy Pfospéctin’g SR P A
A-3-3 Results of PLMT Prospecting ........ SO et s e snas A-35
EXPLORATORY WELL DRILLING .ot cnrcnesnceeninnens SO SENRICIN A-72
A=4-1 OULIING O the WOTK cevscccssevrrssscmsrssmsesssssssssssesesssssasssmscssasesarnnesicen AT 2
A-4-2 Results of Drilling ........... I ..................... e AT2
A-4-3 Results of Pumping Test «.....ccovinnicn. reeretsentresien Ve ninds AT 6
WATER QUALITY ANALYSIS o.vvccrmreennecereseccssncsinensn srvsssciensssnmenseninesensassssss A9
A-5-1 Objectives of Water Quality ARalYSIS ovconneonenn.. errene e b s A-91
A~5r2 I=STEUTESE vovuerenrsrercenerarsenrmsesmensnssesmesesssnensessesssosssmssresessasenssivs. A91
A-5-3 Laboratory Test ....coriveivesnimemiscrsenns et remsaerebet st aebe e s et e v ramees A-92
i

H273 836



A-6 GROUNDWATER RESOURCES EVALUATION ..oucvvireeremresesesenesenisssenssressarensssene A-105
A BT GONEIAL 1ot v e e e e e en e e bbb e pen e A-105
A-6-2 Evaluation of Aquifer POTENTIal .....cvvivireeeinnerninerresenescsesessresienn: A-105
A-6-3 Evaluation of Aquifer Potential

in Engare Olmotoni Area near AIrport ..., A-108
A=B=4 WALEr BAlANCE ..ooivevieeivcesecrenstereere e e mm et e s A-108

A-7 GROUNDWATER DEVELOPMENT PROPOSAL ccoivvv e senn e seresseenenens A-122
A-7-1 Well Yield ......... tetsresE e bt eeet e Ea R ee e e R L e RS SRR s e s A-122
A-7-2 Groundwater Bevelopment Plan ... essesinsasiesissssisresionns A-123
A-7-3 Implementation of Groundwater Supply Scheme ..o A-124
A-7-4 'Design of Praduction Wel ..o e e smesseninii e A-128

CHAPTER B PROJECT ENGINEERING .....ccoiiciiiiiiiiicieccnenens B-1

S -




LIST OF TABLE

CHAPTER A HYDROGEOLOGY AND GROUNDWATER

Table A-2-1 SUCCESSFUL BOREHOLES IN THE STUDY AREA,
MONDULI DISTRICT ovevvonns A-19

Table A-3-1 INTERPRETATION OF VES CURVE IN ARDAELUANATA ovcorvornc... A-38
Table A-4-1  SUMMARY OF EXPLORATORY WELLS ..ovuviivcsmicommueesssnsssressseees A-78
Table A-4-2  SUMMARY OF PUMPING TEST  .ooorrverereereee e ssunse et svarrons A-79
Table A-5-1 RESULTS OF IN-SITU WATER QUALITY TEST .ccovovenrvriviirenssnins A-97
Table A-5-2 RESULTS OF WATER QUALITY ANALYSES ......ovvrrererne.: S A-98
Table A-5-3 WHO DRINKING STANDARDS... ORI W 1
Table A-5-4 PHYSICAL AND CHEMICAL DRINKING WATER STANDARD ............ A-100
Table A-5-5 WATER QUALITY TYPE IN MONDULI DISTRICT oovoveriereneveernsranns A-101
Table A-6-1 GROUNDWATER POTENTIAL
: IN RESPECTIVE HYDROGEOLOGICAL UNITS......covuo.cen, A-113
Table A-6-2 - DATA SUMMARY OF EXPLORATORY WELLS |
: | IN ENGARE OLMOTONI, ARUSHA ......ccvrvrre A-114
Table A-6-3 DAILY RAINFALL OF MONDUL! : a
DISTRICT STATION, STN. No.9336014 .......... reeee A-115
" Table A-6-4 SUMMARY OF ANNUAL RUNOFF RATE w.ucevivninnvessssiscesinsiverienssnnrs A<116
“Table A-6-5  SUMMARY OF DISCHARGE MEASUREMENT wo.covcevvercrerercsssone i A117
Tahle A-G-6 AVERAGE DAILY POTENTIAL EVAPOTRANSPIRATION T
| IN ARUSHA REGION IN mn/day (ARWMP, 1994) woccnivrs A-118
Table A-G-7 MONTHLY EVAPOTRANSPIRATION IN THE STUDY AREA ...t A-118
Table A-6-8 SUMMARY OF GROUNDWATER BUDGET IN THE MONDULI AREA ... A-119
Table A-7-1 EVALUATION OF WELL YIELD FOR DEVELOPMENT PLAN ..ovivvvnco. A-127
Table A-7-2 SUMMARY OF GROUNDWATER IMPLEMENTATION SCHEME ......... A-128 -
Table A-7-3  SUMMARY OF PUMP SPECIFICATION .....covemnnnersivivmmninscnnion v AS129
Table A-7-4 ENTRANCE VELOCITY BY DISCHARGE ....cocivinrerivnniniionsinienns i AS130
Table A-7-5 QUALITY LIMITATION FOR CORROSION ' |
AND INCRUSTING IN 18/ 8 oo . A-130

Table A-7-6 PROPOSED WATER SQURCES DEVELOPMENT PLAN ....ccoveriieeriers A=131

<dii - -



CHAPTER 8 PROJECT ENGINEERING

Table B-1
Table B-2
Table B-3
- Table B-4
“Table B-5
Table B-6
Table B-7

INVENTORY OF EXISTING WATER SUPPLY FACILITIES «..ccvvvvrvvnnnne B-1
EXISTING DAM AND RESERVOIR .voucvuesesuneesmmnminesreccsssseoninersessssmans B-3
EFFECTIVE RESERVOIR STORAGE IN 2014 ovevsicvcvnrecerssssenenns B-4
WATER DEMAND [N 2014 oovcirreermivmrsran s ssssssssssssssssissscsss B-5
WATER BALANCE (PRESEMNT CONDITIONS) w.occivvverevvmseninsnsisnions B-6
WATER BALANCE (AT TARGET YEAR-1) .ooororecisscssrresineereenes o B-20
WATER BALANCE (AT TARGET YEAR-2) +evvverevrevmersnecrenne S B-30

.1V -




LIST OF FIGURE

CHAPTER A HYDROGEOL.OGY AND GROUNDWATER

Figure A-1-1 'HYDROGEOLOGICAL MAP OF THE STUDY AREA ..o
Figure A-2-1 LOCATEDN MAP OF HYDROGECLOGICAL CY 1V10) (I

Figure A-3-1  LOCATION MAP OF GEOPHYSICAL PROSPECTING

iIN MONDULI TOWN AND ARDA! BASIN .......

Figure A-3-2 RESISTIVITY PROFILE OF LINE
' NO. 1, NO.2 AND NO.3 IN MONDULI TOWN
Figure A-3-3 RESISTIVITY PROFILE OF LINE |
NO.4 AND NO.5 1N MONDULI TOWN
Figure A-3-4 RESISTIVITY PROFILE OF
LINE NO.6 AND NO.7 IN MONDULI TOWN

Figure A-3-5  RESISTIVITY PROFILE OF LINE

| NO.3 AND NO.2 IN ARDAI BASIN
Figure A-3-6  LOCATION MAP OF GEOPHYSICAL

PROSPECTING IN MONDULI JUU ......

Figure A-3-7 RESiSTIVITY PROFILE OF LINE

- NO.1 AND NO.2 IN MONDULI ..
Figure A-3-8  RESISTIVITY PROFILE OF LINE NO.3 IN MONDULI JUU ...
Figure A-3-9  LOCATION MAP OF GEOPHYSICAL PROSPECTING IN TUKUS!
* Figure A-3-10 RESISTIVITY PROFILE OF LINE NO.1 AND NO.2 IN TUKUS!

F!gure A-3-11 RESISTIVITY PROFILE OF LINE NO.3 IN TUKUSI
Figure A-3-12 LOCATION MAP OF GEOPHYS!CAL o
PROSPECTING IN NAITGLIA
Figure A-3-13 RESISTIVITY PROFILE OF LINE

NO.1, NO.2 AND NO.3 IN NA!TOLIA .

- Figure A-3-14 LOCATION MAP OF GEOPHYSICAL

PROSPECTING IN MBUYUNI .

A-39
....... A-40
....... A-41
...... A-42
....... A-43
A-44
. A-45
A-46

..... A-47
s A48
e A48
i A-50

civeeer A5

e A52

Figure A-3-15 RESISTIVITY PROFILE OF LINE NO.T AND NO.2 IN MBUYUNI . A-53

~ Figure A-3-16 RESISTIVITY PROFILE OF LINE NO. 3 INMBUYUN! ........

Figure A-3-17 LOCATION MAP OF GEOPHYSICAL _

PROSPECTING IN ARKATAN WEST
Figure A- 3 18 RES!STNITY PROFILF OF LINE

NO.1 AND NO.3 IN ARKATAN WEST ..

ey -

....... A-54
o ASS5

.. A-56



Figure A-3-19 RESISTIVITY PROFILE OF LINE NO.2 IN ARKATAN WEST
Figure A-3-20 LOCATION MAP QF GEOPHYSICAL

..........

* PROSPECTING IN ARKATAN EAST ..........
Figure A-3-21 RESISTIVITY PROFILE OF LINE NO.1 IN ARKATAN EAST ............

Figure A-3-22 RESISTIVITY PROFILE OF LINE
© NO.2 AND NO.3 IN ARKATAN EAST
Figure A-3- 23 LOCATION MAP OF GEOPHYSICAL
PROSPECTING IN OLTUKAI
Figure A-3-24 VES CURVE IN OLTUKAL......coommeernevcr it seesmsesssrenereessens
‘Figure A-3-25 LOCATION MAP OF PLMT PROSPECTING ........ S
Figure A-3-26 RESISTIVITY PROFILE OF PLMT PROSPECTING A-A” ......
Figure A-3-27 RESISTIVITY PROFILE OF PLMT PROSPECTING B-B” ...
Figure A-3-28 LOCATION MAP OF RESISTIVITY
PROSPECTING IN MSWAKINI .
ngre A-3-29 LOCATION MAP OF RESISTIVITY
PROSPECTING IN MAKUYUNI ..
Fagure A-3-30 LOCATION MAP OF RESISTIVITY
: - PROSPECTING IN ENGARE OLMOTONI ..
Figure A-3-31 RESISTIVITY PROFILE IN ENGARE OLMOTONI..................

..........

..........

..........

Figure A-3-32 RESISTIVITY DISTRIBUTION CONTOUR MAP AT 50 MBGS .........

‘ Flgure A-3- 33 RESISTIVITY DFSTRIBUTION CONTOUR MAP AT 100 MBG
: Figure A4-1  EXPLORATORY WELL LOG OF EX-1, NAITOLA .................
Figure A-4-2 ‘EXPLORATORY WELL LOG OF EX-2, MBUYUNI e

. Figure A*4-3  EXPLORATORY WELL LOG OF EX-3, TUKUSI ........ oo

Figure A-4-4  EXPLORATORY WELL LOG OF EX-4, NGARASI ......o.o.......
Figure A-4-5 EXPLORATORY WELL LOG OF £X-5, LASHAINE ...............

S ..

..........
..........
..........
..........

..........

 Figure A-4-6  EXPLORATORY WELL 1L0G OF EX-6, LENDIKINYA .......... [ET,

. Figure A-4-7  EXPLORATORY WELL LOG OF EX-7, EMAIRETE ...............
“Figure A-4-8  EXPLORATORY WELL LOG OF £X-8, SINON ...covvvvvcernvvccnne

'Figure A-4-9° ExpLoﬁATORY WELL LOG OF EX-9, ARKATAN-WEST ...
Figure A-4-10 EXPLORATORY WELL LOG OF EX-10, ARKATAN-EAST ...

Figure A-5-1  TRILINEAR PLOTTING OF

WATER SAMPLES OF SURFACE WATER-1 ............. _

Figure A-5-2 - TRILINEAR PLOTTING OF

WATER SAMPLES OF SURFACE WATER-2 ...

-y -

.........

..........

Figure A-4-11 EXPLORATORY WELL LOG OF £X-11 ) TAROSERO .............

.........

---------

---------

A-58
A-59

A-60
A-61

A-62
A-63

A-G4_

A-65

A-66



Figure A-5-3
Figure A-G-1
Figure A-G-2
Figure A-7-1
Figure A-7-2
Figure A-7-3

TRILINEAR PLOTTING OF WATER SAMPLES OF BOREHOLES ..... A-104

EXPLORATORY WELL LOGOF BH 75/86 v A-120
EXPLORATORY WELL LOGOF BH 164/95 ... A-121
'PROPOSED PRODUCTION WELL SITE IN ENGARE OLMOTONI ..... A-132
PROPOSED PRODUCTION WELL SITE IN MONDULI JUU ............ A-133
PROPOSED PRODUCTION WELL SITE IN MSWAKINL................... A-134

CHAPTER 8 PROJECT ENGINEERING

Figure B-1

Location of Vi1lagé Water Facilities ........coc e B-47

- vii -



CHAPTER A HYDROGEOLOGY AND GROUNDWATER



A-1 NATURAL CONDITIONS
A-1-1 Topography

The United Republic of Tanzania is situated between the great lakes of
Central Africa and the Indian Ocean and lying just south of the Equator. Tanzania
lies on the east Afvican coast between and 1° and 11°45° south, and 29°20' and 410°35'
cast. It is bordered by Kehya and Uganda to the north, Rwanda, Burundi and Zaire |

to the west, and Zambia, _Malawi and Mozambique to the south. It covers an area of
945,166 kd, which is one of the largest countries in sub-Saharan Afvica.

The study area, a part of Monduli District, has roughly a rectangular feature
located in between latitude 3°34" and 3°40" south, and 1011gitude from 35°55' to 36°35'

east. The average axes ave approximately 70 kni in cast-west and 85 kin in north-
south, with approximate total area of 5,950 k.

The northern part of the study area is bordered by three major voleanic

- mountains of D.-_ionduli (2,660 mamsl), Burko (2,110 mamsl) and Essimingor (2,300

mams}). The eastern part is bordered on Arumeru District where an remarkable

- escarpment with north southerly direct.ion‘_'extend on the western edge of the

' Engare Olmotoni river basin. The southern part is bordered by the Hill Oldonyo

Lolkisale (2,130 mams)) and th_e western part is bordered by the Great North Road.

' The physiogy dphic features of Monduli District is mainly related to'volcanic: _
acthty, and only the southern pait of the district is'characterized by an elevated

3plateaus of Precambrian rocks. The Neogene Lake Sediments were deposnted ina

former wide extension of Lake Manyara and eccupy much of the southwestern part’
of the district. ' '

Pronounced volcanic mountains; the Menduli, Bur ko and hssumngor dtam

sev eral number of ephemeral rwers to the south. These river system join cach othm

- near Makuyuni and dlscharge into Lfake Manyara.

A major part of the study avea is characterized by the flat lava plateau with
associated volcanic cones. The plateaus are edged with the tectonic scarps extending

north southerly direction,

A remarkable fault-scarp with east westerly direction locates in the



northern edge of the plateau. A large scale broad valley were cut in the north of the
scarp that is the Ardai Basin, where a bare land extend between the scarp and

Mondiuli mountains. The land is subject to recharge from the mountains,
A-1-2 Geology

The study avea is underlain by four major geological units, the Basement,

the Older Extrusives, the Younger Extrusives and the Manyara 1.ake Beds.

'The Basement is referved to the Usagaran Group of the Precambyrian. It is
composed of a varied type of gneisses, granulites, amphibolites, quartzites, meta-
cale-silicates rocks, marbles and meta-igneous rocks, and oceupiés the southern part

of the study area.

The different type of voleanic activity have resulted into different

topographical feature in the northern half of the study area. The Older Extrusives
comprise the Monduli Mountain and the faulted tevrain of the lava plateau. The
former forms forest covered dissected mountains of olivine. basalt, b_asaltié
conglomerate and trachyte rising 2,660 m height and the latter forms lava plateav of

hasaltic lava and pyroclastic beds with fault scarps in the edges of plateau.

Tho Younger ]ﬁxlrusnes are associated wnth the main phase of faulting. The
;hsmmmgm ‘and the Burko are main eenter of this extrusives with c}ueﬂy of
nephelinitic and phonolitic lavas associate with pyr oclastic beds. The small voleanic

‘conesless than 200 m height are located in the lava p]_ateau.

The Mauyara Lake Beds were depositéd in the southwestern part of the
study area. The beds are composed of fine grained calcareous mudstone, marls and

calcarcous sandstones with mainly horizontal beddings.
A-1-3 ;Hy‘drogeology and Groundwater

"~ Four hydmgcologlcal units underlie in the Monduli District; the Basemenit,
the Plateau Lava, the Colluvial Depoq:ts and the Lake Manyara Beds. The Basement
" is chiefly composed of metamor phie rocks and their weathered and fi ractured facies
are expected for the aquifers. Deptﬁ to groundwater table show quite deep, more
~ than 60 mbgs based on the exploratory wells drilled by RDD and the Study Team.
Tested data in Tukusi reveals that well yield was 1 € /imin. by aquifers of weathered

gneiss.

A-2

TH




.
.z
=)
s

The Plateau Lava is composed of an alternating layers of basaltic lava,
voleanic cinders (scovia), tuff and tuff breccia. Although fresh lavas underlic in the
plateau, they are subjected to heavy weathering in broad wide valley. Groundwater
is probably developed in these weathered beds. An exploratory well, EX-2 in
Mbuyuni shows that depth to groundwater table in fractured voleanic rock indicates

more than 60 mbgs.

The exploratory well drillings reveal that the Ardai and Eluanata Basins ave
underlain by same lithological beds of the Plateau Lava which arve composed of

alternating layers of heavily weathered basaltic lava, scoriatic lava, tuff and volcanic

*breceia with several meters thickness of single bed. Seven exploratory wells in the
" Ardai and Eluanata Basin were encountered cavern lavas rich in gas with non-

" flammable, non-radio-active and non-poisonous natures resulted on in-situ test by

Tanzanian Pesticide Resarch Institute. Depth to these cavernlavas ranges from 85 to

150 mbgs in the Ardai Basin and it is shallower, 44 mbgs in the Eluanata Basin.

The Colluvial Deposits underlie in foot hill of the Youriger Extrusives, in
Monduli Juu, and in the Avdai and Eluanata Basins. The deposits are composed of

unconsolidated pervious and impervious beds and have a thickness of less than ten

‘meters in the Ardai Basinand move than one hundred metersin Monduli Jun: Depth

to water level in Monduli Juu shows 72 mbgs and tested well yield, specific capacity
and transmissivity in EX-7 indicate 20.7 ¢ fmin,, 6.3 ¢ /min/m and 10 wf fday.

respectively.

The Lake :h'lanyar?a Beds is mainly composed of unconsolidated pervioilsi
beds and groundwater potential in the beds is compératively good according to the
cexploratory wells drilled by RDD in Mswakini and Makuyuni. Depth to water levels

ranges from 24 to 31 mbgs and éverage specific capacity and transmissivity show 12
¢ /min./m and 23 ni/day respectively.

Hydrogeological Map:of the study area is shown in Figure A-1-1.
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Figure A 1- 1 HYDROGEOLOGICAL MAP OF THF STUDY AREA

X
) -m]
N AT =
PN [529§‘g§]g§33[§?ﬂs 7]
3 ?§ * 1 \:-
a- ' \
A A | "
20, MANYARA
4
2'1{
Ly -
¥ Manyar S
X ¢ Teeee oW
| o @Oltukai

P

LOCATION MAP OF HYDROGEOLOGICAL SURVEY

Lu-:;-m*r:—w‘ TR e

1
¥

oA e

/AN

Srrud

3 o
QS z*f]”*

poseiom. 5 u-ﬁ-m;-:,—.. e

B KA

[@ 164/95]@ Ei-11 |
T (0736

~ N&Gllmli @ Bi- 8

QLendikinya_L‘;H/,,__

o -‘L-—f-,yj— e

p A LAt .
Vool OMonduli Urbané

m-—ﬂv-’--rw
lt

ui{g) EX- {+J7‘§:§( :

‘L\: : “,t,q,E_EK S:IGNengungu v

-

eMesorani Juugf_\

"l

u‘\ Q*'Ee‘

’.\ OHMPSambU :

=+ wh

SRR N, * Eij:::F:] 1 N
T g Bt !';ﬁ‘—i e
e - 1@ 10/51 ) -
@Jﬁiﬁ = SZ@Makuyuni
g R | ¢-Q§_-g _]).ﬂmx .

7 el SR
ONailolia "

- ng&mg
. i

|© ?/sz |

r"/_,—\f-%
' "@Mesera

e

«

Pt

7

-

-
-

)
PR,
. (\0* ‘

;L\!.i’%-

EELY SN

ﬂ\ ‘v

~Rerw

[© EX-10] Exploratory Well. 1ICA/RDD

LEGEND

[© 11%/89 Exploratory Tell. RDD

A 4
m

Laboratory Water Quality Tes)
River, Spring and Reservoir

Borehole

R

/./"’/
_— .
P = Y

CLolkisa{eﬂ

Pt

flllI/L@ Ex3 I

< e ¢8-6 |EQB 3_"
/r QS lj :

,OTukusi ’













T

A-2 HYDROGEOLOGY AND GROUNDWATER
A-2-1 Objectives of the Survey

Prior to the geophysical prospecting and exploratory well dvilling,

hydrogeological survey was conducted to obtain the following:

1) to understand the geology of the study arvea,

92) to identily the hydrogeological units based on the geology and existing
well information, |
3)to evaluate the grmmdwat.er potential of respective hydrogeological

units and

' 1) to prepare the hydrogeological map of the study area.

Location of hydrogeological study and prepaved hydrogeological map are
shown in Figure A-1-1 and A-2-1.

A-2-2 The Hydrogeologlcal Units of the Study Area

Four hydrogeological unit was identified based on the field survey, these ave

the Basement, Plateau Lava, Colluvial Deposits and Lake Manyara Beds.
(1) The Basement

The Baseme nt is composed of chiefly various type of gneisses associate with
quarlzite and meta-igneous rocks. These rocks underlie in the south of Naitolia in

the west, Lolkisale in the south and Tukusi in the east of the Area.

Main aquifers in these rocks are fractures and heavily weathered geologic
material in the upper part of the rocks. Ingeneral, granite and granitic metamorphic

rocks are easily _altered to loose sandy matcrial' by superficial weathering.

The area which is underlain by the Basement, is subjected to low raiﬁfall,
however, aquifers can receive recharge by the surface runoff from forest covered
areas of Lolkisale Game Conirolled Area and Tarangire Game Reserve where
subjecting large amount of rainfall in the rainy season. Tukusi and Lolkisale villages

ave located in the basement area,



(2) The Plateau Lava

Geological sequence of the plateau lava is complex with wide variety of
volcanic lithological facies. Quterops reveal that the lava flow consists mostly of
" basaltic vocks with few meters thick, but contains some intercalated tuff and

- pyroclastic rocks.

In general, the plateau lava forms gentle undulated hitls extending north-
southerly direction with the escarps in both sides of edges. Broad and shallow valleys

were cut between the escarps.

Main aquifer in the Plateau lava seems to pyroclastic rocks, however,
fractures in basaltic rocks also can be expected an aquifer if the rocks are heavily

subjected to fracturing by tectonic movement.

_ The avea is located between volcanic mountains and the Basement. The
aquifers are mostly subjecting recharge by swrface river runoff from the

.mountainous area, but magnitude of it depend on the distance from the mountains.

The resultsofexploratory well drilling reveals that groundwater table in the
plateau lava indicates so deep, more than 250 mbgs, according to BX-6 in the Ardai
- Basin. ‘ '

‘I‘he following eight villages ave Iocatcd in the plateau lava avea; Arkatan,

Lepnuko Lossmnngm Mbuyum Mesemu Juu, Meserani Bwawani, Moita Kiloriti

and Moita Bwawam
(3) Colluvial Deposits

The small scale colluvial deposits underlie in the areas of Basement and the
Plateau Laan however, thick and widely extended bedsis only underlain in Monduli
~ Juu. The exploratory well of BX-7 and existing wells reveal that total thickness of
- ‘Unconsolidated colluvial hcds which derived from voleanic matenal exceeds more
than 100 meters in Monduh Juu.

The colluvial deposits c6nsists mostly of clay and veleanic sand with volcanic

rock fragments which were derived principally from the extrusives.

An expected aquifers in the deposits are voleanic sand, according toa record




of exploratory well of X-7. Emaireti village is located on Monduli Jun.
(4) Lake Manyara Beds

A broad flat land extend from the south of Makuyuni to District Boundary
along the Highway. The distribution of the Lake Manyara Beds isin good agreement
with the area of this flat land. [t consists of weak consolidated calcarcous mudstone,
marls and calcarcous sandstone with fow ten centimeters thickness of single beds.
Existing well record in Mswakini roveals that total thickness of the formation is more
than 100 meteis(see Figure B-1, Exploratory Well Log in ANNEX).

Expected lithology of aquifer is calcarcous sandstone and electrical

conductance of groundwater from this aquifer shows ranging from 1,000 to 1,400
2 Stem. '

A-2-3 Selection of Potential Five Villages

Five potehtial villages were sélected accordihg‘ to followirig 'sclection criteria;

- appropriate groundwater potential can be expected fm the explomtoxy
well drllhng,

- sufficient potable water sources are not found near by -_ville{ges within
Sevcral kilometers and i

- selected villages shall be Yocated on dlft”erent hydrogcologlcal units.

The hydrogeoiogical condition of selected villa‘g_es is sunﬁnarizéd as follow:

Name of village Hydrogeological Unit Eﬁcpected Aquifer
Naitolia Lake Manyara Beds Sandstone
Mbuyuni : Plateau Lava ‘Fractured rocks
’1‘uku$i Collm;iaUPlateau Lava - Pyroclastic rocks
L'ehd.i_kinya ' Colluvial/Plateau Lava -Pyr(':-clastic rocks

Prior to the exploratory well drilling, geophysical prospecting were
conducted in the selected villages. Objectives of the prospecting are toconfirmand to
identify the aquifer conditions arid to lecate drilling sites.



A-2-4 Hydrogeology of Mondull Town

Monduli town is located on a foot hill of Monduli Mountain and is underlain
by colluvial deposits derived from the Older Extrusives of Monduli Mountain, Three
exploratory wells, No. 2/36, 3/36 aud EX-11, were drilled by RDD and JICA in
Tarosero avea in northwestern partof th_o town and their yield were 38 £ /min,, but
no drawdown were recorded. The geological well log in EX-11 réveals that
wnconsolidated colluvial bed as much as 39 melers thick covers fractured voleanic
rocks. The former act a part of aquifer, but not good potential, and the latter contains

pressure gas in an cavern volcanic rock.

_ An iliterpretation'of an aerial photograph estimates that the depth to the
- extrusive thickens abruptly in the south of the Monduli Mountain due to cast-
westerly faulting. The exploratory well record of EX-4 which was diilled near
Ngarash, supports this estimation. The record indicates that the well didn't
-encountered distinct hard voleanic rocks until 150 mbgs. Water level in EX-4

indicates 122 mbgs in aquifers of voleanic sand.
A-2-5 Hydrogeology of Monduil Juu

Monduli Juu is composed of two calderas, ‘inner. and outer ones with
. diameter of 3and 7 km respectively. The inner caldera has a distinct caldera wall, but
it of the outer one is not clear due to dissected and eroded works.

A test well of87/79 :was drili_ed up to Ql_mbgs by RDD in the outer caldem but
it was dry. Thick unconsolidated beds of clay with gravels and clayey rock fragments
underlie in the hole and it was encountered volcanic rocks at 88 m depth where

circulation mud was lost.

'I‘he dullmg logof BX-7in the inner caldera reveals that the upper partoflog
consists of colluvaal deposits of clayey beds with thickness of about 68 m, and the

- lowey part of it consists of medium to coarse sand with more than 30 m thick wh_nch _
play an aquifer. Tested specific capacily and transmissivily are 6.34 ' ¢ /fmin./n and 8
m’/day respectively.




A-2-6 HYdrogeology of 18 Villages
(1) Oltukai Village

The village is located in few kilometers east of Lake Manyara, the
southwestern part of the study arvea and is underlain by Lake Manyara Beds more
than 100 mecters thick. A sand-floored plain slopes gently westward to Lake

Manyara.

The villager are dependent surface viver for their water source duving vainy
season. Water quality in terms of electrical conductance is excellent, that is 400
s¢ Sfem, but with high rate of turbidity. A reservoir was constructed in the Oltukai
River near by village, but it was flushed out due to inadequate construction

technique.

The groundwater potentiat of Lake Manyara Beds seems excellent but the
analysis of water quality indicates that it has a high concentration of dissolved
solids(ARWMP, 1994). Results of resistivity prospecting in the village supports the

 qualitative inferiority.
{2) Mswakini Village

" The village is located in the éastbf()ltukai village aind is underlain by Lake
Manyara Beds more than 100 meters thick. A sand-floored plain s_lopes gently.
westward to Lake Manyarasame as Oltukai aid the cast and_so!uth'e'ast ave bordi;rci:d
" by Tarangire Game Reserve and Lolkisale Game Controlled Area whichact a paft of

recharge arca.

An exploratory well of RDD, No.110/79 reveals that tested yield was b27 (
fmin. at 43 m drawdown and calculated specific capacity is 12.3 ¢ IminJm{see Table

A-2-1; Suceessful Boreholes in the Study Area). Although electrical conductance of
groundwater in the well shows 1,400 x Sfem which exceed limitation of WHO -

‘drinking standard, butcencentration of other chemicalitems is within the standard,

Groundwater quality in Lake Manyara Beds in the south and eastern partof
village have been improved by the fresh water flowing from the forest covered
reserved areas. The villagers will be depend on theiy d';'i nking water by groundwater,
however, it is required power driven pump because of water level indicates more
than 30 mbygs. -



(3) Naitolia Village

The village is locatedin the cast end of Old L.ake Manyara depositional plain
and is underlaim by Lake Manyara Beds in lowland. The lake Manyarva Beds is
underlain by the Basement in undulated hill. Depth to the basement in the lowland
was confirmed by the exploratory well drilling of EX-1 that was 80 mbgs near a
Charko(see Figure A-4-1, Exploratory Well Log of Naitolia).

" Major aquifers in the lowland is sandy material of the Lake Manyara Beds
and water quality of the aquifers infer have high concentration of total dissolved

solid.

Groundwater potential in the Basement was not precisely evaluated in the
study area, but an exploratory well No. 54/55 yeveals that it was struck groundwater
at about 150 mbgs and yield was 18 ¢ /min. with static water level of 104 mbgs, but no

record of drawdown(see Table A-2-1 Successful Boreholes in Monduli Distaict).
(4) Makuyuni Village

The village is located in the east fringe of depositional plain of the Lake
Manyara Beds where the Makuyuni Riw:'er flow out from hilly area to the plain. The
Lake Manyara Beds s restrictedin dlstrlbutlon due to the Plateaw Lavasurr oundmg
the wllage except the west. ‘

Three e:\plmatony welts wele dnlled by RDD and they are ut:llzmg fcn the

v:llagerb

Major aquifers underlie in calcarcous bed of the Lake Manyara Beds

according to the exploratory wells of RDD. Tested yield and static water level range
from 37 to 76 ‘¢ /min. and 24 to 31 mbgs respectively, however drawdown were not
f obser ved(see Table A-2-1 Successful Boreholes in Monduli District). The study team

: canled out pumping test in the exploratory well of IOI52 The test neveals that
- discharge, spemﬁc capacity and t:ansmlsswlty are 78.2 ¢ /min., 10.4 ¢ hmin/m and

nifday 1espcctwely
(D) Mbuyuni Village

The village is located on the Platean Lava and the Buani River flows from

" the Essimingor drainage area in the eastof it. Although record of existihg wells ave



not available near the avea, fractured voleanie yocks and intercalated tu ffbreccia ave

possibly developed for the aquifers.

Resistivity prospecting reveals that a center of the Buani River course is
underlain by low resistivity layers which is a sign of clayey impervious beds or highly
concentrated total dissolved solid in the beds. The prospecting and geological features
suggest that there is a zone of fractured volcanic rocks in the west of river bed(sce
Figure A-3-15 and A-3-16, Resistivity Profiles in Mbuyuhi).

The exploratory well of EX-2 reveals that tuff breccia wnderlies with 3 m
thick and heavily fractured voleanic rock is overlain by it. Depth to static water level
was 57 mbgs, but no enough discharge is observed by the test.

(6) Lossimingor Village

The village is located in foothill of Mt. ‘Essimingor and is underlain by
colluvial deposits and volcanic rocks. Anexploratory well was drilled to 56 m depth by

RDD near the village, but it was unsuccessful.

The area is drained by the streams from Mt Essimingor_which is well
reserved forest area, and groundwater potential is promising cqn'sidering from
hydrogeological point of view. Two reservoirs are located in the village, but one 61‘

them was flushed out by a foc}d.
(7) Lepruke Village

© The village is loca_fed on the ;vélcanié plateém, south of Mt. Burko and is
underlain by the Plateau Lava. No existing information of the exploratory wells near

the village, however, it is difficult to obtain grouhdwater resources in the Plateaun

" Lava from hydrogeological peint of view.

_ There is a large possibility to develop groundwater in the Eluanata Basin,
east of the village. Nevertheless an exploratory well of RDD was unsticeessful. It
might be inferred that the area is drained from the catchment of Mt. Burko and
Kosiki Mountains which dischargeinto the Eluanata Naﬁjd Swamyp. The swamp can

drain to the Loikumashi River when water level rise more than the river floor.

It can be inferrved that a depth to the voleanic rocks in the Eluanata Basin

estimates so deep resulted on faulting along the northern edge of the plateau.
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Water sources for the viilage can be supplied by a reservoivin the upper pavt

of Eluanata Basin.
(8) Arkatan Village

The village is located on the voleanicplateau and is underlain by the Plateau
Lava. It is difficult to eobtain groundwater resources in the'p!ateau, but there is &
possibility to develop groundwatér in the Ardai Basin, the north of it, but depth to

aquifer cstimates move than 250 m.

- Avreservoirin the Ardai Basin is the only major water sourees for the viltage.
However, a plan to introduce water from TMA by pipe is under construction by the

villagers but progress is too slow due to financial constraint.
(9) Lendikiaya Village

The village is located on the southern slope of Lendikinya Mountain to tho
west of Monduli Mountain and is underlain by the aliernating beds of scoriatic
volcanic rocks and pyroclastic beds. Although hydrogeological information is not
obtained by the existing well, only the groundwater souvces is available in the Ardai
Basin based on the hydrogeological poiht of view, however depth to the aquifer

system scems more than 200 m.

' Ngamuriaki and Ardai Dams are their water sources but the latter was
. flashed out by a flood on 1995;. ' S

An exploratory well of BX-5 reveals that it was not struck él‘dunld\vater up to
250 meters depth but was encountered volcanic cave at 114 meters, '

(10) Nengungu Village

" The village is located to the south of Monduli Town and is underlain by the
‘ Plateau Lava. No exploratory well drilling was tried by RDD, but the villagers are
receiving domestic water by a diverted pipe water from TMA.

Expected aquifers is in the Plateau Lava. The exploratory well, EX-5 and
EX-8 near the village reveals that it was no sign of groundwater up to 200 meters

depth.




(11) Emairete Village

The village is located in the inner caldera and is underlain by colluvial
deposits. Two exploratory wells of RDD were drilledin the inner caldera and one well
was drilled in the outer caldera: Tested data of well in the inner caldera reveals that
well depth and static water level were 29 and 5.2 mbgs respectively, and discharge
was 36 ¢ /min. from colluvial beds, but no drawdown was recorded. A well in the
outer caldera had a 92 m depth and heavy water loss was encountered at 87 m depth

and the well was abandoned.

An exploratory well, 15X-7 was drilled in the inner caldera up to 100 m depth.

Tested data indicate that static water level, discharge, specific capacity and
transmissivity are 72 mbgs, 20.7 £ /min, 6.34 ¢ /min/m and 8 n'/day respectively.

Based on these information of existing wells, depth to volcanic rock was

more than 100 meters and voleanic sand was expected as an équifer.
(12) Enguik Village

The village islocated on the mountain slope of Mt. Monduli and is underlain
by volcanic rocks. No available information of drilling wells except in the outer
caldera as stated in Emairete Village. A spring from the northern slope of Mt.

Monduli is the only water sources to the vn!lage Measured dxscha:ge of the spring
ivas 0 76 ¢/son ‘%eptembel 1995.

Groundwater development in the village ‘iz difficult basdd' on

hydrégeologic’al point of view.
(13) Meserani Juu Village

The village is located in the lowest part of Muso riv'er: and is underlain by
pyroclastic rocks. The Muso River is drained from the eastern part of Monduli

Mountain joining several number of tributaries.

Although no drilling record is available, there is a great possibility for
groundwater development because the avea is subjected to recharge from the Musa
River.

A resexvoir and TMA pipe are supplying domestic water to the village.



(14) Mescerani Bwawanm Village

The village is located in the alluvial plain of Loolera River, which is the down
stream of Muso River and is underlain by unconsolidated alluvial beds and pyroclastic
vocks of the Plateau Lava. Depth to volcanic rocksis more than 60 meters according
to existing wells No. 7/82 and 129/84.

“Tested data of well No. 129/84 indicates that well depth and static watex level
are 107 m and 90 mbgs respectively, and discharge is 28 ¢ /min. by 7.3 meters

drawdown.

Broad shallow valley of the Ardai and Loolera Rivers narrows at Liviseki
where a range of voleanic cones intercept their river courses. The topographic
feature described above suggests that the streams are stagnated and stored in the
upper part of this voleanic range. Distribution of swamp and marshy land support this

infeverice. Groundwater potential seems excellent in the upper part of the voleanic

range.
(16) Moita Kiloriti Village

The village is located in the western slope of the voleanic platean and is
underlain by the Plateau Lava. Record of existing wells was not available near the
village, however, there is a possibility ‘of groundwater development near :the
Nadaare_Rivcf basin. | |

Areservoirin (ributary‘of the Nadaare River can be stored water all the year

‘around.
(18) Moita Bwawani Village

The village is located in the eastern edge of the voleanic plateau and is
undellam by pymclastlc rocks and Plateau Lava. 'The plateaun is bordered by tectonic
. scarp to the lmgare Olmotoni River. Although record of existing wells was not
available near the village, it is di.fﬁ_cult to develop groundwater resources because of

. limited recharge avea.

A reservoir near the village can be stored water all the year around.



&
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(17) Tukusi Village

The village is located in the undulated hill and is underlain by Basement
Rocks. The exploratory well of I'X-3 reveals that depth to the Basement is about 90
meters and is ovet_'laih by unconsolidated clayey and sandy material as a result of

weathering of the Basement Rocks.

Tested data shows that well depth and static water level are 79 m and 51.56
mbgs and obtained yield is 1 ¢ /min, respectively.

Water sources for the village is an underflow in Oloibor river which drains
from the Basement. Measured dischavge was 0.89 ¢ /s on September, 1995. The

most of rivers in the Basement Rocks have a pervennial stream because drainage

area is covered by thick forest and it act a part of recharge area.
(18) Lolkisale Village

The village is located at the foot hill of Mt. Lolkisale and is underlain by the

Basement Rock. Two exploratory wells were drilled up to more than 160 meters near
the village, but obtained discharge was solittle, 1.5 ¢ /min. Groundwater potentialof

" the aquifer in the fractured gneiss seems not enough for development. -

Two spring sources in Mt, I..olklsale are major water sources of the Village.
Measured dlschatge of these springs is 0 45 and 0.1 £/s respechwly

" A-2-7 Hydrogeology of Ardai Basln i

"The Ardai Basin covers about 130 sq.kra in the south of Monduli Town and
includes moderately sloping alluvial surface and nearly level wide valley floor. All
streams in the Monduli and Lendikinya mountain ranges drains into the basin and it
filled with drained water because the southern edgeiof the basin is limited .by the

“uplifted lava plateau. Only. two outlets drain into the lava plateau, From this

topographic feature it may be inferred that groundwater can be stored, transmlt{ed
and released in colluvial beds and heav;ly fractured volcanic rocks aqunfe;s in the
zone of saturated subsurface. But the exploratory well drillings reveal that they
couldn't attain the zone of saturated subsurface until 250 meters in £X-6, the middle
course of the basin. Lithology of well log indicates that there are several beds which
can act a part of aquifer in fractured scoriatic rocks.



The most striking feature of subsurface geology is the presence of pressure
gasinthe cavernvolcanic rocks. The drilling is required to seal the cave by cementing
when it try to drill nore deeper part. Four exploratory drillings reveal that the
pressure gas find at the depth ranging from 86 to 150 mbgs which is equivalent ata

horizon ranging from 1,190 to 1390 mamsl,

The Ardai Basinis underlain by alteindtive beds of tuff, tuff breccia, scoriatic
lava and basalt with few meters of the colluvial beds in the surface according tethe
exploratory well drilling. It appears from the above that the geology in the basin is

same as the lava plateau, that is the Plateau Lava.
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A-3 GEOPHYSICAL PROSPECTING

A-3-1 Methodology

(1) Resistivity Prospecting

Two methed ofelectrode array, Wenner and Schlumberger were applied for
the prospecting. The former was a;iplicd in Mondwli Town and the latter was applied

in the rest of study area.

A maxinium spacing of current electrodes for Wenner array was 230 m. The
prospecting in the Ardai and Eluanata Basins was conducted by Schlumberger avray
with 1,000 m of maximum 2/AR spacing. An instrument applied pmspect'ing was
SYSCAL-R2, BRGM. |

Inversion analytical method were applied for interpretation of vesistivily

models which were approximated by the observed VES curves.

(2) Magneto-Tellurie Prospecting{PLMT)

Electro-Magnetic Prospecting by VLF-MT method was initially programmed
to detect rock fracture in the study avea, however, it has not effective in the area
because the thickness of overburden attains more than a prospecting limitation and
resistivily was toolow té construct the model. An httempt wasmade to verify the use

of VLF-MT method in Mbuyuni vi'lla:ge ﬁ:h_eré thinner overburden was detected by -

~ the resistivity prospecting. The prospecfing show thétho proper interpretation of

resistivity structure couldnt nnde because of the exttemely high devnation of the

observed data due to weak signal ﬁom GBR.

On the other hand, PLM¥ method was introduced to study large-scale
resistivity structure in the Ardai Basin where potential aquifer system is expected for
Monduli Town and neighboring villages. PLMT system is’ to explore subsurface
electrical resistivity distribution by measuring both’ electric and magnetic ﬁelds

generated by electric power line.

Although the signal source of the method depends on both electric and
magnetic fields from a cemmercial high-vbltage power line it was so weak and often
interrupted, therefore, artificial power sources by a generator was introducedinthe
Ardai and Elianata Basins. The generator emits high signal in frequencies of at 60
Hz and its harmonices, e.g. 120, 180, 240, 300, 360, 420, l480,‘ 540, 600 and 660 Hz.



Prospecting sites are covered the Eluanata and Arvdai Basins in a grid
approximately of every 2 ka. The total number of prospecting is at 95 sites (Figure

A-3-25 Location Map of PLMT Prospecting).

Of the measured data obtained by PLMT, are analyzed by the one-
dimensional inversion miethod to derive the theoretical curve which fits to apparent

resistiviiy and frequency.

A-3-2 Results of Resistivity Prospecting

Resistivity prospecting were made in the following town and villages:

Name of Village No. of Site Max. AB/2 (m) Array

Monduli Town 17 230 Wenner

Monduli Town 37 200 Schlumberger

Monduli Juu 30 200 "

- Ardai Basin 21 200 "
Pukusi 4 200 Wenner
Tukusi. _ 12 200 Schlumberger
Naitolia 15 200 "
Mbuyuni 15 200 S

Arkatan West - 17 200 _ “

Arkatain East _ 18 200 .

Oltwkai 2 o .-
Mswakini . 5 2000 e
Makuyuni S 5 200 "

© Ardai and Eluanata 7 1,000 N

Total 205

(1) M_onduli"l‘:own

" Seven prospecting lines with east westerly divection were set up from the
northern edge of the town to the Ardai Basin(see Figure A-3-1, Location Map of

Resistivity Prospecting in Monduli ‘Town and Ardai Basin), The results are shownin -

resistivity profiles and these interpretation is summarized as follows:



<Line No.1 and No,2 in Figure A-3-2>

The profiles are composed of 3 to 4 resistivity layers, but they can be divided

into upper, middle and lower resistivity layers for the convenience of interpretation.

Results is summarized in the following table:

Layers W Resistivity Thickness I.ithological correlation

- (Q-m) (m) L
Upper 10 - 490 2- 30 clayey, coarse sandy matervial
‘Middle 10- 30 40 - 150 clayey impervious material
Lower 80 - 370 - fractured voleanic rocks, scoria,

pyroclastic beds

‘A depth to surface of the lower layer thickens to the east in opposition to

gradient of surface topography.

<Line No.3 in Figure A-3-2>

Three to six resistivity layers were observed in VES curves, but

interpretation was made by two layers.

Layers Resistivity ' Thickness: ' Lithological correlation

(Q-m) " {(m)
Upper 6-170 - 50-180 sand, pyroclastics niétcl‘ial
LOWOI‘( 80 - 570 . fra{cturéd to compacted volcau.'ic i‘dcks,i

~ scoria, pyroclastic beds

The upper layer isvirhia!ly divided into two to four layers, but their

thickness seems very thin. An extinct underground valley is found in site 11 where

depth to surface of the lower layer shows 175 mbgs. Depth to the lower layers thins -

" to west.

- Resistivity of the lower layer indicates comparatively higher in both sides of _

" the line.



<FLines No.4, 5.and 6 in Figure A-3-3 and A-3-4>

The lines were set up just the south of the town. An mterpretation of the
profiles were made by two resistivity layers, however, VES curves ave composed of
three to five resistivity layers. Results of interpretation is summarized in the

following table:

Layers Resisti#ity Thickness Lithological corvelation
(Q3-m) ©(m)
Upper 5- 60 25 - 120 clayey, coarse pyroclastics beds
Lower | - 80-510 - fractured to compacted voleanic rocks,
' scoria, pyroclastic beds

The middle layer are found in sites 18 to 22 with 5 to 26 0-m vesistivity. The
profiles shows typical two resistivity layels in the southern part of the lines,
Resistivity of the lower layel increase to the south where consolidation of layer

become more hard and compact. The exploratory well, EX-4 and EX-8 were located
near sites No.23 and Neo.27 to expect fractured aquifers in 180 and 110 Q-miayers.

<Line No. 7 in Figure A-3-4>

[‘he line was set up the SOutheasteﬂy direction and east end of the line
connect with the line which was conductecl by RDD on 1981(890 Flgme A-3-1,
Location Map of Resnstmty Pnospectmg in Mondult 'Iown) '

An interpretation of the profiles were made by two wswtmty layels
however, VES curves are composed of two to four resistivity layers. Results of

interpretation is summarized in the following table:

!;a},"e rs Resistivity | Thickness Lithological correlation
(Q-m) (m)
Upper 65- 30 25 - 120 clayey, coarse pyroclastics
Lower 45 - 260 - pyroclastics in central to east liart and vol.
' rocks in west edge

" As casily visnalized from Figure A-3-4, resistivity of the lower layer is quite
different between west group of sites 52,53 and 54 and east group of sites 47,48,49,50,
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and 51. The west group indicates more than 200 Q-m, however the east group

ranges from 35 to 64 Q-m. The former can be correlated with fractured volcanic

rocks and the latter is correlated with unconsolidated pyroclastic material.

An exploratory well, EX-6 was located on No.39 to expect fractured aquifer
in 130 - layer.
{2) Avdai Basin

"Pwo prospecting lines of Avdai Basin ave set up to conuneet with seventhline
of Mondult Town(see Figure A-3-1, Location Map of Resistivily Prospecting in
Monduli Town and Ardai Basin). The results are shown in resistivity profiles and

interpretation is summarized as follows:

<Line No.1 and 2 in Figure A-3-5>

Although observed VES curves ave composed of 3 to 5 resistivity layers, the

interpretation was made by two layers.

Layers Resistivity Thickness .~ Lithological correlation | |
(Q-m) (m) _
Upper 5- GO - 30-100 claycy, impervious material is dominant
Lowef 20-430 - ‘pyroclasties and/ox heavily fractured .
: : voleanic vocks '

Undulated surface is chserved in the lower layer and it shows less fractured
lithology compared with central and eastern part of the lines. An cxploifatoi'y well,
EX-5 was located on No. 5 to expect fractured aquifer in 75 (1-m layer.

(3) Monduli Juu

" Three prospecting lines were set up in Monduli Juu, onein the inner caldera .
and two near reservoir in the outer calderalsee Figure A-3:6, Location Map of

Resistivity Prospecting in Monduli Juu).

<Line No.1 and No.2 in Figure A-3-7>

The lirie No.1 isin upper part of reservoir and No.2is in lower part ofit in the
outer caldera. The profiles are composed of 2 to 4 resistivily layers, but interpretation
was made by three layers. Results is summarized in the following table:



Layers Resistivity Thickness Lithological correlation
~ {Q-m) {m)
Upper 5. 20 10- 30 clayey material
Middle - 10- 40 20 - 120 clayey impervious material
Lower a0 - 650 sandy or pyroclastics, harvd rocks in upper
N part of reservoiy ]

- The upper layer thickens in the center of a valley. The middle layer shows
transitional lithological facies from the upper to lower. The lower layer can be

. correlated with hard voleanic rocks in the upper part of reservoir.

“<Line No.3 in Figure A-3-8>

The line was set up in the i_nher caldera. Depth to the lower layer ranges

from 40 to 110 m with an average of 60 m.

An exploratory well, EX-7 was located on site No 25 to expect sandy aguifer
in 120 -m layer.

Layers Resistivity 'i‘hiékne‘ss Lithological correlation
C(Qem) (m) ”
Upper § = 10- 30 |5 30 “clayey maternl
Middle | - 25 - 40 | 20i- 100 clayey to semi- perv:ous materlal
CLower | 55-120 - | sandy or pyroclastics, and/or fractured
' volcanic rocks

(4) Tukusi Vlllage

The site is located in the undulated hill mth three prospectmg lines(see

hgmc A-3-9, lncatlon \lap of Resnstwnty Prospecting in Tukusi). As showsin Figure

©A-3-10 and A-3- ll tlnee to G 1es;stw1£y layers were observed in VES curves, but

'mterp:etahon was made by three layers. Results is summarized in the following
table:




Layers Resistivity Thickness Lithological correlation
(Q-m) (m)
Upper 20 - 140 10 - 50 sandy matevial
Middle - 80 - 500 35 - 105 . |weathered and fractured basement rocks
Lower 11 - 300 weathered and fractured basement rocks

An exploratory well, EX.3 was located on site No.4 to expect aquifer in

-weathered basement of 83 (2-m layer.

{(5) Naitolia Village

Three prospecting lines were set up with east-westerly direction, neav
reservoir fo the west part of the village(see Figure A-3-11, Location Map of

Résistivity Prospecting in Naitolia). Although VES curves are composed of 3 to 4

resistivity layers, they were divided into two layers for the interpretation. Resultsis

summarized in the following table:

Layers | Resistivity - | Thickness : Lithologic’al. correlation
N (€2-m) () ‘
Upper 2- 50 15 - 90 clayey to sandy material

Lower | -~ 10-130 ‘|sandy and heavily weathered basement

rvocks

The upper layers indicate very low resistivily in the western part of lines due

" to salty water in the 'a(iuifers of Lake Manyara Beds. As shown in Figure A-3-13,

Resistivity Profile in Naitolia, there is large difference of depth and resistivily inthe
lower layers between sites 13 and 14, and 7 and 8. It presumably resulted from the
faulting. '

An exploratory well, EX-1 was located on site No.1 to expect aquifer in 130
1-m layer. ' '
(6) Mbuyuni Village

Three protecting lines were set up in Buani valley with northeasterly
direction, east of the village(see PFigure A-3-14, Location Map of Resistivily
Prospecting in Mbuyuni).' An interpretation of the profiles were made by two



resistivity Jayers, but VES curves are composed of 2 to 4 layers(see Figure A-3-15 and
A-3-16, Resistivity Profiles in Mbuyum). Results of interpretation is summarized in

the following table:

‘Layers Resistivity Thickness Lii]mlogicél correlation
{Q-m) (m) o
Uppei‘ 1- 300 8-60 © clayey and fractured volcanic
Lower | 10-4000 : - weathered and fractured voleanic, havd
compacted voleanic rocks

The upper layer has considerable variation in vesistivity and they thicken to
the west. The lower layer also has considerable variation in vesistivily, especially a
high resistivity zong at sites 4, 9 aid 15 ranging from 2,600 to 4,000 1-m near the

platean. The zone extend to northwesterly direction along the plateau.

Aﬁ exploratory well, EX.2 was located on site No.13 to expect fractured
aquifer in 130 (0 -m layer, but it was dry.

- (7) Al'k'at.an West

The prospectmg site is located in tho Eluanata Nanja Swamp, to the west of
: Azdal Basin where the Looloikumashi river is discharging from the Swamp. Three
- prospecting linés were set up in the swamp, the first two lines have a t:eudmg

northw esterly duection and the last lme vas setup w1th nor theastelly divection(see
- Figure A 3-117, Incat1011 Map of Resmtwny Pmspectmg in Avkatan West.

I ing No,1 and No.3 in Figm A-3-18, _l_{f,‘_sistivitv Profile>

- These two lines arc located at the central part of the Swamp and VES curves

_ aré composed of 2 to 4 resistivily layers. An interpretation was made by three

-~ resistivity layers as shown in Figure A-3-18, Resistivily profile Line No.1 and No.3.
‘Results of resistivity profile No. 1 & No.3 is summarized in the following table:




Layers Resistivity Thickness Lithological correlation
(Q-m) (m}

Upper 3- 11 5- 45 clayey material

Middle 5- 20 10 - 100 ‘clayey, saturated by sally water

Lower 10 - 150 clayey, fractured volcanic

Resistivity of the upper and middle layers show low because of high

electrical conductance of groundwater water in these layers.

<Line No.2 in Figure A-3-19, Resistivity Profile>

The line is located at the upper streamn of Nanja Dam. Aninterpretation was

" made by two 1csmuv1ty layers and results is summar med in the fo]lowmg table:

Layers Resistivity ' Thickness Lithological correlation -

O {Q-m) (m) .
Upper S 3- 9 40 -105 clayey material and fractured volcanic
Lower 400 - 900 hard compacted voleanic rocks

ltis eésily‘ assumed by Figures of Ileéistivity Profiles that resistivity of the
lower layeris qulte dlfferent between the line No.1 and No.2. The former shows low
resistivity ranging. from 12 t0 120 Q2 -m and the latter shows high resistivity rangmg

“from 430 to’ 710 - m duc to htholog:cal change flom the Swamp to the Eluanata
"Nanja Dan.

An exploratory well, EX-9 was located on site No. 7 to expect a fractured
aquifer in77 (2-m layer, but it was encountered pressure gasin cavern voleanic rock

at 48 mbgs, and hole was abandoned.

:(8) Arkatan East

The site is located in an outlet of the Ardai river which drain from the Avdai
drainage area including the Monduli Mouuntain(see Figure A-3-20, Location Map of
Resistivity Prospecting in Arkatan East). Three lines were set up with northeast by
easterly direction. First line set up in river basin and second and third line in the
plateau. Althotigh VES curves ave composed of 3 to 5 resistivity layers, interpretation
was made by two resistivity layers. Results is summarized in the following table:

CA-81



<Line No.1 i Figure A:3-21, Resistivily Profile of Line No. 1>

Layers Resistivity Thickness Lithological correlation
(Q-m) {m) B
Upper 9- 140 20 - 90 clayey material and fractuve voleanic or

pyroclastics rocks

Lower 100 - 700 - " | fractured and compacted volcanic rocks

The lower layer can be correlated with volcanic rocks which have been

prabably subjected to fracluring except site 1 in the east end of Line.

<Line No.2 and No.3 in Figure A-3-22, Resistivity Profile No.2 and No. 3>

Layers Resistivity Thickness Lithological correlation
(-m) m) '
Upper 10 - 100 20:120  |clayey material and fractured volcanicor

pyroclastics rocks

Lower 20- 700 - " | fractured and compacted volcanic rocks |

_The lower layer can be corrélated with voleanic frdcks which have been
_ probably subjected to fracturing in thb western part of lines. Great difference of
- resistivily is observed betwcen s:tcs 12 and 13, and 8 and 9 which mlght have been
 resulted in faulting.

An exploratory well, EX-10 was located near site No. 2 to expect fractured
aquifer in 250 {2-mlayer, however drilling was encountered pressure gas in cavern

rock at 44 and 152 imbgs.

(9)  Oltukai Village:

“The site is located in the old Lake Manyara depositional plain (sce Figure A.
- 3-23, Location Map of Resistivity Prospecting in Oltukai). Two prospecting
were tried to verify resistivity of saturated water in the aquifers. Results arve
shown in VES curves that resistivity of layers 2 to' 3 mbgs indicate belaw 2
2 -m which is equivalent to more than 5,000 g Siem of electrical
conductance (see Figure A-3-24, VES curve in Oltukai). -



(10) Ardai and Eluanata Basin

Schlumhcrger prospecting with 1,000 meters electrode spacing was

conducted in the Avdai and Eluanata Basin to verify the resistivity models

“constructed by PLMT prospecting. Prospected sites show in Figure A-3-25.

Five sites ave located tiv the Avdai Basin and two sites are in the Eluanata
Basin. Results of interpretation is shown in the Table 3-3-1, Intérpretation of VES

curve in Ardai-Eluanata.

Resistivity profiles resulted by Schlumberger and PLMT prospecting are
shown in Figure A-3-26 and A-3.27.

As shown in above figures, the basin is mainly underlain by x‘eéisti\;ity layers
with 100to 150 1 -m and it can be correlative with the Plateau Lava according to the

obtained drilling record of the exploratory wells. Although.lithology of a low
resistivity layer with 13 Q-m at site S4 is not confivined by the exploratory well

drilling, it may be correlative with the heavily weathered Basement. Depth to the low
resistivity layer ranges from 210 to 370 mbgs(see Figure A-3-26 and A-3-27).

(11y Mswakini

- The purpose of prospecting is to idontify'locatibn of production well for

. potable water suppiy in Mswakini village.

The site is underlain by the Lake Manyfna Bed andis located mnan outlct of

‘ariver which is discharging from the Lollnsale Game Rcservmrwhmc play a part of
‘recharge area of the Bed(see Figure A 3- 28 Incatxoll Map of Resastmty Pmspc-ctmg

in Mswakini).

Although VES curves are composed of 3 t6 4 vesistivity layers in detail, three
major resistivity layers are underlain in the area. Results of interpretation is

summarized in the following table:



Layers Resistivity Thickness Lithological correlation
{Q-m) {(m)
Upper 3. 58 10 - £2 clayey material and unsaturated
calcareous sand
Middle 2. 16 43 - calcareous sand & gravel, saturated by
’ gmlmdwater
Lower 2. 68 90 + calcaréous sand & gravel, weathered
grahit.e and gneiss

The middle layer play a part of aquifer according to a well data of production
well for Phosphate Factory in Minjingu.

| (12) Makuyuni

The purpose of prospecting is to identify resistivity of aquifers in the
-production wells of Makuyuni village. The site is undevlain by the Lake Manyara
‘Bed(sce Figure A-3-29, Location Map of Resistivity Prospecting in Makuyuni).

- Although VES curves are composed ofd tod vesistivity layers in detail, three
major resistivity layers are undevlain in the-avea. Results of interpretation is
‘summarized in the following table: '

Laygré : Resiétiyity : Tl-liékness' " Lithological correlation
(Q-m) | . (m) '

Upper 15- 96 : 1:17 sand and gravel, unsaturated

Middle_ 4- 9 15 - 23 clayey material

Lower 6- 61 160+ calcareous sand & gravel, saturated by

groundwater

' The lower layer play apart of aquifer according toa well data of production
wells for Makuyuni vitlage. '

(13) Engare Olmotoni

 The purpose of prospecting is to identify resistivity of aqliif‘ers which were -

scieened by the existing production wellsin Burka Coffee Estates and Arusha Seed
Farm near by Avusha Aieport avea. Six sites, No.1, 2, 8, 5, 6 and 7, are located inthe
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