Mt. Meru drainage arvea and thiee sites, No.8, 9 and 10, ave located in the Plateau
I.ava and No. 4 is located in Mt. Monduli drainage areafsee Figure A-3-30, Location
Map of Resistivily Prospecting in Engare Olinotoni).

Resistivily of major aquifers in the Mt. Meru drainage ranges from 14 to 32
f1-m and these layers are underlain by voleanic rocks with resistivity ranging from

27 to 528 (-m (see Figure A-3-31, Resistivity Profile in Engave Olmotoni).

Although a VES cwve of No’. 4 in the Mt. Monduli drainage shows same as
it of Mt. Mery, the curves in the Plateau Lava show different figure from both

volecanic drainages.

Results of interpretation is summarized in the following table:

<Results of Interpretation in Mt. Meru and Monduli Drainage>

Tayers | - Resistivity Thickness ' Lithological correlation.
(€1-m) () |
Upper 13 -2200 5-27 volcanic sand and gravel
Middle - 32 | 61-85 volcanic sand & gravel, saturated by -
_ _ | . groundwater '
Lower 37 - 528 100+ " volcanicrocks -

<Results of Interpr_etat'ion in Plateau Lava>

Layers Resistivity Thic_k ness ' Lithological eorrelation

(Q-m) () R : : S
Upper 31- 33 | 1-2 | . top soil "
Middle 5- 12 | 10-34 ~ clayey maierial
Lower 24 - 63} 145 + tuff breccia and volcanic rocks

A-3-3 Results of PLMT Prospecting

(1) Procedure (;)f.Ililterpretatio'n

The electromagnetic impedance caleulates by measured ratio between
induced electric and magnetie fields through FFT(fast fourier transform). An

appavent resistivily at respective frequencies can be represented following equation:



AR L_ml ([’x]
» f\ Hy

where AR : apparent resistivity(£2-m)
f : frequency(liz)
Ex : electric field(x V/m)
Hy : magnetic field(nT)

Final apparent resistivity of respeclive frequencies determines by steady

data which is selected from data anmong repeated measurement.

Measured resistivity model can be calibrated based on initial theoretical
niodel which was constructed by actual geological data. The theoretical model canbe
modified and reconstructed by computing iteration until it match with measured

~apparent resistivily model.

(2) Reésults of Prospecting

 Interpreted resistivity model is composéd of three different resistivity
layers; tow resistivity with less than 50 2-m, middle rvesistivity with 50 to 500 Q-m
and high resistivity more than 500 0-m.

The results are shown in two ploﬁles and resistivity distribution contour
“maps at 50 and 100 meters below glound sur f'lCQ asshown in Figure A-3-26, A-3-27,
"A-3-32and A-3- 33

: a) Resmtmty Proﬁles (A A'Y) in Figure A-3- 26.

" The ploﬁle trends east-w estelly direction from upper palt ofthe h.luanat'l
‘Basin to east end of the Ardai Basin along the northern edge of the escalpment of
Plateau Lava.

' As shown in Profile, two resistivity structure is interpreted in the Eluanata
Basin that is low 1'ésisl'i.vity' layer in the upper and high resistivity layerin the lower.
Resistivily of the upper layer ranges from 4 to 12 Q-m with less than 100 meters
thick aind the lower l'aym; ranges from 730 to 850 (2-m with 100 to 450 meters thick.
" The lower layer probably corresponds to basalt in Platean Lava. Only the site P12
indicates 150 2-m in the lower layer, It appears to be of fractured zone in the

Platean Lava due to north-seuth fault.

'The upper layer thins in P30 where a divide is located between two basins,
The divide is occupied by Plateau Lava.




Three resistivity structure is interpretedin the Avdai Basin asshown inthe
eastern paxt of profile. The upper layer indicates 8 to 44 {1-m resistivily with less

than 80 meters thick and it probably corresponds to colluvial beds and tuffercecus
beds in the Plateau Lava.
Resistivity of the middie layer ranges from 19 to 150 Q-m and thickness

attains a maximum of nore than 350 meters. The layer corvesponds to pyroclastic

“beds and fractured volcanic vocks(see Figure A-4.10, Exploratory Well Log of EX-10).

The lower layer were detected at P37, P54 and P71. Resistivily ranges from
13 to 17 Q-m. Although no drilling were tried more than 200 m depth in the

southern part of the Ardai Basin, there is a large possibility that it corresponds to

heavily weathered Basement rocks.

b) Resistivity Profiles (B - B) in Figure A-3-27.

The proﬁie trends north-southerly diréction from Tarosero Estate,
northwest of Monduli Town, to Arkatan village. '

As easily visualized from the figure, three major resistivity layers undevlie in
this proﬁlc.'Resislivity of the Upper layei ranges from 10 to 84 Q-m with a
maximum thickness of 100 meters. The middle layer have a resistivity ranging from
100 to 150 .Q-m with exception in P50 and P87, and thickness indicates move than

250 meters. The lower layer shows resistivity less than 21 O-m.

The upper 1ayel' is correlative with the cb!i_uyial beds, pyroelastic rocks and '

fractured volcanic rocks, and the middie layer is ciliéﬂy ccfntlative with fractured

" volcanie rocks. The ‘loivel‘iléyet' may be equivaleﬁt'to the '_hoavily-wea'thcred '

basement. The resistivity of these layers indicate that there are no thick massive

hard voleanic rock in this profile except at site PG8.
¢} Resistivity Distribution at 100 meters De'pt:h (F igure A-3-33)

An iso-resistivity contour lines map at 100 meters below ground surface is
presented in Figure A-3-33. A contour lines of move than 500 Q-m which is probably

indicated solid voleanic vock, distributes in accord with mountain slope from north of
Monduli to Kosiki Mountain via Lendikinya. Another 500 Q-m contour line draws

“on Plateau Lava along Arusha-Dodoma Highway. It is the most striking feature that

500 ()-m contour line is underiain on the divide between the Eluanata and Arkatan

Basins.
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Figure A-3 - 1 LOCATION MAP OF GEOPHYSICAL PROSPECTING
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TUKUSI

Figure A-3-9

LLOCATION MAP. OF GEOPHYSICAL PROSPECTING IN TUKUSE
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A-4 EXPLORATORY WELL DRILLING
A-4-1 Outline of the Wark

The objectives of the work are to obtain the hydrogeological conditions of

the Study Ares, including,

- to set up ll_ych'ogeologiczil units
- to obiain vertical/hovizontal extent of the aquifers,
- to obtain aquifer characteristics and potential and

- to obtain groundwater quality

Eleven (11) exploratory wells are located in selected five (5) villages and
Monduli Town (see Figure A-2-1, Location Map of Hydrogeological Study). Wellsite
and depth are decided based on results of hydrogeological survey and resistivity

prospecting. Drilling depth of the eﬁpioratory wells is ranging from 100 m to 250 m.

Three type of truck mounted rotary drilliné rigs, T-G4HB and T-985 of
Schramm, and Super Rock-1994 are used for the drilling, and water-based drilling
“fids with bentonite and CMC, and air pereussion are applied during the drilling

procedure,

~ Although full Columii of borehole loggilig are not conducted due to heavy

circulation loss, i‘dSl_llt's of iz‘esi:stivity logging are created to locate aquifers and
© aquicludes after ‘the drilling is completed. An interprétation of the lithologic logs
© assists in determination the location of the screens with the above borehole loggings.

After completion of the drilling, fiberglass reinforced pipe (FRP) casings of
150 mm diameter and horizontal slotted screens of FRP with twelve (12) percent

openings are installed in the borehole.

" The standard well structure of the= exploratory well is shown in Annex.
'A-4-2 Resuits of Drilling
(1) EX-1in Naitolia

Drilling aims to obtain aquifer potential in the Lake Manyara Beds. First



drilling work was commenced on Januvary, 1995 and.stop'ped it at depth of 84 mbgs
due to heavy mud loss. Casing installation was failed by hole collapse. Drilling

activities was ceased on March 24 due to time limitation of the Study Team.

Drilling work in Phase I starts on August, 1995 and it was completed at 76
meters depth. Casing was installed up to 74 meters with screeninterval from 52 to 72

mbgs (see Figure A-4-1, Exploratory Well Log, EX-1).

Drilled cuttings indicate that lithology of well log up to 58 metersis composed
of alternative beds of elay and, sand and gravel with calcareous fragments which is
correlative with Lake Manyara Beds. The hole is underlain by weathered grauite
from 58 to the boltom, '

- Préliminary test is tried by aiv lift pumping at static water level of 65 mbgs,

but very little amount of water is confirnied by it.
(2) EX-2 in Mbuyuni

Drilling aims to ebtain groundwater potential of the Plateau Lava. It was
commenced on February, 1995 and was stopped at depth of 64 mbgs due to heavy
mud loss. Screen was located on fractured volcanic rock after the bofehéle logging.

Exploratory well log is shown in Figure A-4-2,

Well was developed by a jetting and static water level was obtained at 53 -

mbgs. Pumping was bre]im_inarily tried by air lift pumping, but no enough quantity of

water was extracted due to low groundwater pote’alt.ia[. :
(3) EX-3 in Tukusi

Drilling aims to investigéte aguifer potential in the Basement Rocks. It was
commenced on March, 1995 and stopped at depthof 98 mbgs on the weathered gneiss
of the Basement. Casing was installed after the borehole logging. Exploratory well

log is shown in Figure A-4-3.

Well was developed by ajetting and static water level was obtained at 54.56
mbgs. Pumping was preliminarily tried by an air lifting and yield was 1 "¢ /min. but

drawdown was not recorded.



(4) EX-4in Ngarasi, Southwest of Monduli Town

Drilling aims to investigate aguifer potential in the pyroclastic rocks and
fractured volcanic rocks. Drilling was commenced onduly, 1995 and conipleted at 154
meters depth. Casing was installed up to 144 mbgs with 40 meters sereen ﬁ‘om_ 100 to
140 mbgs after the borehole logging (see Figuve A-4-4, Exploratory Well Log, EX.4).

Static water lever attains 122 mbgs. Preliminary test was tried by aiv hit
puinping, but no enough quantity of water was extracted due to low groundwater

potential.

(5) EX-5in Lashaine, South of Monduli Town

Drilling aims to investigate aguifer potential in the pyroclastic rocks and’

- fractured voleanicrocks. The site is located the northern edge of Ardai Basin. Drilling
was commehnced on August, 1995 and it was completed at 192 meters depth.

A heaiw civculation loss wias encountered at depth of 67 mbgs in fractured

volcanic rock. The loss causes in a dry cave with gas, and it was finally plugged by

cement. The hole was drilled by air drilling method up to 198 meters, but no sign of
water during drillihg procedure.

The hole is finally backﬁlled \Vlthout caqmg (see Figure A-4-5, Explon atmy
Well Log of F X 5 L‘ish'une)

: (G) EX 6 in Ardal Basm for Lendlkmya

' l}r_illing aims to investigate aquifer potential in the pyroclastic rocks and
fractured volcanic rocks. The site is located the middle course of Ardai Basin. Drilling
was commenced on September, 1995 and it was completed at 250 meters depth.

A heavy circulation loss was encountered at depth from 128 to 138 mbgs
where formation changes from thick clayey bed to fractured volcanic rock. The loss
causes in a dey cave with gas, and it was finally plugged by cement. '

l)x'illing was stopped at 250 meters depth, but no sign of water until the
bottom. The hole was backfilled without casing (sce Figure A-4-6, Explorvatory Well
Log, EX-6).

®



(7y EX-Tin Emairete, Monduli Juu

Drilling aims to invesiigate aguifer potential in the colluvial beds in Monduli
Jwi Caldera. Drilling was commenced on August, 1995 and it was completed at 102

meters depth.

Casing was installed up to 100 mbgs with 20 meters total length of screen

from 72 to 76 and 80 to 96 mbgs in a location of volcanic sand (see Figure :\-4;7,
‘Exploratory Well Log, 5X-7).

‘Static water lever attains 72.25 mbgs. Constant yield test was conducted to

cvaluate well potential. Tested yield and wmaximum drowdown by 24 hours
continuous pumping are 20.7 £ /min. and 3.26 respectively, and calculated specific

capacity and transmissivity are 6.34 ¢ fmin/m and 8 nf/day respectively.

(8) EX-8in Sinon, h‘IOl\(llllil Town

Drilling aims to investigate aquifer potential in the pyroclastic rocks and
fractured volcanic rocks. Drilling was commenced on August, 1995 and it was

completed at 126 meters depth.

A heavy circulation loss was encountered at depth of 126 mbgs where
formation changes from thick scoriatic breccia to fract_u!*_ed volcanic rock. The loss

causes in a dry cave with gas, and it was finally plugged by cement.

Casing was installed up to 100 mbgs with 18 metenrs total lengihbf screen
from 72 to 90 mbgs in a location of fractured volcanic rock (see Figure A-4-8,
Exploratory Well Log, EX-8).

Preliminary test was tried by air lift pumping, but the hole was dry.

{9) "EX-9 in Arkatan-west

Drilling aims to investigate aquifer potential in the fractured voleanic vocks
in the Plateau Lava, The site is located the southern part of the Eluanata Basin.
Drilling was commenced on July, 1995 and it was completed at 48 meters depth.

A heavy circulation loss was encountered at depth of 48 mbgs in fractured

volcanic rock. The loss causes in a dry cave with pressure gas.



Dritling was stopped at 48 meters depth and casing was nol instatled. Well
geologic log shows in Pigure A-4-9, Exploratory Well Log, EX-9.

(10) EX-10in Arkatan-cast

Drilling aims to investigate aquifer polential in the py_roclaslic and fractured
volcanic rocks in the Plateau [ava. The site is located the southern part of the Ardai
_l'}asiil.'Drilling was commenced on July, 1995 and if was completed at 152 meters

depth.

A heavy circulation loss was encountered at depth of 85 mbgs in tufferceous
pyroctastic rocks. The loss causesin a dvy cave with pressure gas, and it was finally

plugged by cement.

Drilling was stopped at 152 meters depth and casing was installed up to 140
- mbgs with 40 meters screen from 88 to 96 and from 104 to 136 mbgs (see igure
A-1-10, Exploratory Well Log, EX-10).

" After development, water level was measured but no water in the well,
Resulls of exploratory well drilling is summarvized in Table A-4-1.
(11) EX-11in Tarosero, Monduli Town

Dri lIing aims te investigate aquifer 1f)otenlial in the fractured volcanic rock of
Yoxinger Iﬁx'trusivc}. The site 15 located in the northeast of Monduli township. ]Jriiling
‘ was coniniencéd in October. A heavy cil'c;lllatio:n loss was éncountered at depth of 150
mbgs in the pyreclastic rocks. ‘The loss causesin a dry cave, and it was finally plugged
by cement. '

Results of exploratory well drilling is suinmarized in Table A-4-1.
Af4-3 Results of Pumping Test
(1) Methodology

Aquifer ave tested by three kind of pumping tests: preliminary lest, constant
yield testand recovery test. Tested well include one exploratory well and one existing
well of RDD,



The dischavge rate for the constant discharge test is usually decided by the
results of maximum dischavge in the preliminary test. Water is continuously pumped
for 24 hours, and when pumping stops, recovery of the water level is measured until

it attains a statie water tevel,

Submersible pump was used for testing. The capacity of the pump is 15 kw
and 300 £ /min. at 150 m of TDH respectively.

(2) Results of Test

Drawdown data is plotted versus the time to obtain the transmissivity, aind
the results are analyzed by Jacob's and recovery methods. Results of the test arve
% summarized in Table A-4-2.

Transmissivity from ecach formation is consistent with ' the lithologic

characteristics of the formations as shown below.

Name of formation  Transmissivity(m/d}  Name of tested wells
Colluvial Beds _ 8 o EX-7

Lake Manyara Beds 11 10452 .

The Lake Manyara Beds indicates comparatively good transmissivity where ‘

aquifers are subject to recharge by surface river and vainfall from wide alluvial plain.
The colluvial beds in Monduli Juu shows 8 nf/day of transmissivily in volcanic sand. -
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Flgure A-4-1

EXPLORATORY WELL LOG OF EX-1, NAITOLIA
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Figure A-4-2°  EXPLORATORY WELL LOG OF EX-2, MBUYUNI

0| FX-2 _|weAtioN | Mpuywunt, Mendwl! SITE MLT.| /270 vaest
BEPTH |70 |VRILL. D1AL20§~28)~215 wer[CASING DIAY /5D e RIG TYPE |Mydt dell
________ | 47 whgs|YIELD| Dry 1/s|DRAWDOWN | n|SPEC.CAP. | /s/m
sus/d |SCREEN - oS F 0 a-nDATE |Ma, 1995
Thick] Geologic Lithology Well Borchole Logging T
log /Formation Structure Resistivity(2-m) SPCwv)
)2 P 1T 199200 s o
2 22 T cayey st derk brn i
K C Ry, Yk ) .
=% 5 _°-|day e/caltaveous fraguent | -
B :
il g
o 7T
i !
. ;:,ﬁ: dork brs 9 v
2 | it wheol. fraqment ;f } 4
T, (9' ' . d . N
PRC AN Y L
' B ] L]
® T ;
/ - ” . ) l "
£, 0| buft brecein, dovk g7y | e A1
v/v v’ V | v l‘;' o -1 L :,? N
P v ‘ 1.0 :
wiv Sl ;‘ 1; T b “
. \\ v ’l:“ 1 - o
- ekt 1
N/ / IE|!| N g HE {
VAN i ISR SN A
Y| dark. g o i Lt f ,,-! e A
v iv v\ vdfcarlr't!_g_f__‘:,__ﬁmﬁféd ! _ ey R -1 1)
oy —an A . R I T N O T R b Y -
rar 28 {uff brecis : ' o | . b O A A g L
R . j . ‘ I . . B [
fviv V\ i . .Rg’:“;; et AR : (J .
FATANA ALY _ - : ' ff! e . : iRt E .
WL darke 307 - 11 t
@ W\ (veleanic vock, fvoctioed - : . ! i
£8m. pd (955 R NS S S 4 R




Figure A-4-3  EXPLORATORY WELL LOG OF EX-3, TUKUSI
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Figuro A-4-4  EXPLORATORY WELL LOG OF EX-4, NGARAS_E

EX-4_

GCATION

1‘/?& rach, rMMeondul:

| WELL No L SITE ALT. | 4390 mast]
CDEPTH_ | /%44w|DRILL.DIA] " 265 mn|CASING DIAJFRP /50 mulRIG TYPE | Mudchiy
S¥L | 27 _mbgsiYIELD w7 1/sIDRAVDORN | __1n|SPEC. CAP. ¥/s/nm |
LJIRANS. _squ/d JSCREEN | FRe slet op.2/2 % foe~fko mulD ATE V. (975
“Tepth T [ihick] GeoTogic Lithology Well TTUBovehole Tozging 7
log /Farmation Sincture @ sp o  Resistivity
{m) (m) 1oty ! S 200 Dnt
T | l ‘;T' e e e f e e e _____z_:.# Y D . _"_;""""r:j
P T L1 P ! :
) [T '-1 L
20 ] I I R I N -
il feme—mecliloy, fard, redbin.
o|ctayey s:tt, dorl¢ bra -
I volcanie breccta, gry , -
n-sp | % ;
. .?‘ ~ . .
| encountered 190 7 d : =
mﬂfﬂl {055 T —§ L Tt . ; i
b ( -
<. <\“\ "1 : Qi; -
B O | a1 G :
oo . 102 _ . Lt el velianic sang | N ,_-3 T N SN OS P E
_ : | ERRTHEE N I 7 G Bl B B S
- T ahy
- ; : til Ly
: I ' r, B
i Ao
B Ay ' Z& _
FEETY : ]
. ,u‘{ii L A N
0 N 1T AR
) o i t g il
[ 128 NMeleavie c.sand, dikagt 1o 1 ol ((_\- 5 2fem |
: SRHIENG s
_ T _ ‘ ‘
- :in:: I 1 | L2y
- siph | P — ] I
o 7 il (r_?_kﬁ é?f Ritopom
- A _ A 7 < -
Li'-o - .5'_ ';’ofuzu.‘c 59!4‘", darl’ fry ; o
ST
2 . i A B P




Figure A-4-5  EXPLORATORY WELL LOG OF EX-5, LASHAINE
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Figure A-4-6  EXPLORATORY WELL LOG OF EX-6, LENDIKINYA .
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Figure A-

4-7

EXPLORATORY WELL LOG OF EX-7, EMAIRETE
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Figuro A-4-8  EXPLORATORY WELL LOG OF EX-8, SINON
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Flguro A-4-9  EXPLORATORY WELL LOG OF EX-9, ARKATAN-WEST
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A-5 WATER QUALITYANALYSIS
A-5-1 Objectives of Water Quality Analysis

Water quality analyses were carried out for the Study Area by means of an

in-situ test and a laboratory analysis. Analyses were done following objectives:

- to interpret hydrochemical évolution of groundwater, and

- to evaluate surface and groundwater sources for water supply planning.

The in-situ test is composed of following parameters:

- electrical conductance,
T pl[)
" - water temperature, and

- bacteriological examination.

The physical and chemicai pammétcrs of laboratory test includes the

following: -
- ‘Color, Turbidity, Taste, Odor, Bacteria, pH, EC, TDS, NO2, NOs, €, Fe,
Mn, NH3, CaCOs, Cu, Cxg, Ca, Mg, S04, Na, HCO3, K, PS, F |
% : ' San’nﬁling sites are located in Figure A-2-1 ‘in Location ‘Map of

Hydrogeological Study.
A-5-2 In-situ Test

The tests were conducted for water samples from lake; reservoir, spung,
dug pit and bmeholes Tosted results is tabulated in Table A-5-1,

(1) Electrical Conductance

Electrical conductance ranges from 75 to 8,750 i Sfem and the highestone

was taken from Lake Manyara and the lowest was from a spring at the northera
slope of Monduli Mountain. The groundwater samples from Lake Manyara Beds
which are from boreholes in Mswakini and Makuyuni, indicate 1,406 and 1,032



st Sfen vespectively. From this, it may be inferred that Lake Manyava was subjected

to heavy evaporation conditions in it's expanding time,

Electrical conductance of surface rivers and reservoirs range from 119 to
669 s Sfem with an average of 410 z Slem and it is represented by rainfall in the

proceeding days. A sample of ‘surface river in Oltukai shows 423 w Sicm
nevertheless it flows in the depositional avea of the Lake Manyara Beds. Spring

sources in the northern voleanic mauntains show low electrical conductance ranging
from 75 to 802 s Sfem with an average of 260, u Sfem.

(2) pH

The value of pH indicates rather highin the Study Arvea ranging from 7.4 to
10. The samples from reservoirs and surface rivers show higllel' valtue which ranges
: flOl]] 7 8109.1 w:th an average of 8.5. The samples from springs show 1athe; low
ranging from 7.4 to 8.5 with 7.9 in an average. It shows almost same as pH from
boreholes.

A-5-3 Laboratory Test
. (1) General

_ The laboratory test was conducted for water samples from lake, reservoir,

spl.ing and borehole. - These samples' were ' ana[yzed by Hach Test Kit
- Spectrophotometer DR 2000 dlgltaltauator and in some instances drop pipette. Thc
results is tabulated in Table A 5.2, °

Water samples arve initially assessed for the drinking purpose based on a
maximum permissible level of WHO Drinking Standard {see Table A-5-3, WHO
Standards). Some of the more important physical and chemical drinking water
- qgualily criteria ale given in Table A-5:4, Physmal and Chemical Drinking Water
| “Standard.

"Res'ul'ts of the Iaborétory test are plotted on Trilinear Diagram (Piper
Diagram), Pattern Diagram (Stiff Diagram) and Wilcox Diagram {(see Figare A-S-l,
- A-5:2, and Volume 3, Data and Drawing). In Table A-5-5 is presented water quality
type ang, geology and aquifer of sampling sites,




(2) Water Quality Assessment for Drinking Purpose

Briefly discussed below are the vesults of assessment based on WHO

drinking standard.
a) pH

Pested result less than or more than the standard was recorded a sample from Lake
Manyara of 10.34.

b} Turbidity

Bigh turbidity values were mostly recorded from surface rivers, reservoirs
and lake. Samples from the Lashaine reservoir, the Makuyuni River and Manyara
Lake show extremely high values of turbidity, however these values except for the
Lake are highly variable in an intensity of rainfall. The most of sprihgs and boréholes

sources meet on the standard.

‘¢) Colour

High level of colour were recorded from the same samples which exceeded

‘turbidity. A sample of the Makuyuni River has a maximum values 0f 98,000 NTU and

minimum value was recorded zero NTU in the Mto wa Mbu River. Samples from
boreholes except EX-3 and Burko BH-14, are within the li:;mitatio:n of standard.

d) Total Solid

Only one sample from Lake Manyara exceced the standard.
e) Hardness

The collected samples were recorded within the value of the standard.

) Calcium, Magnesium

The collected samples were recorded within the value of the standard.

g) fron

Thice samplés from reservoirs, Nanja, Lendikinya and Mbuyuni, and one
sample from Lake Manyaraexcced the limitation. Samples from dug wells, Monduli



Juu and Oltukai, also exceed the limitation. The highest value is recorded in Oltukai
dug pit that is 6.0 mg/ £ .

I) Nitrate

Foui samples have a high concentration of nitrate. These ave Lake Manyara

with 364, Nanja Swamp with 299, Lashaine reservoir with 275 and the Makuyuni
River with 114 mg/ £ .

i} Chloride', Sulphate

A concentrationofchloride and sulphate in the Lake Manyara was recorded
at 2,500 and 1,200 mg/ ¢ respectively and a sample fiom Lashaine Reservoir is

slightly exceeded in Sulphate.
i) Fluoride -

_ - Three samples were recorded more than the standard. These are the Lake
Manyara with 36.45, Moita Kirolete Reservoir with 14.12 mg/ ¢ and Mswakini

“borehole with 9.54 mgl‘ﬂ Since high concentlahon of fluoride is a qualitative

problem of drmkmg water supply in Ay usha 1eg10n it may be caused groundwater in
“the Manyara Lake deposxts '

(3) I‘Iydtochemical Interpreta tioﬁ_

- Hydrochemistry has' greatly contributed - to “thé  understanding of
;gi‘Ot:ndiVﬂt&r ﬂdw. In an interpretation of the wéter Q11élity:daté, analyses must
correlated with one another and related information. As the surface flow begins
from shallow to deeper artesian groundwater, the water quality is altered by three
_modiﬁc‘ation'dissolution reditction, base exchange, and concentration. These
_changmg processes of watm quality is called the "hydrochemical evolution of

. gwundwatm

Groundwater flow may be traced chemically in highly different scale
ranging from a distance of a few meters to'several hundred kilometers. Regardless of
scale, chemistry is always a detective tool of research.

GenerallyISpeaking the subsurface water regardless of the material

through which it moves,starts out as a bicarbonate water deposited by precipitation




and changes through a sequence of bicarbonate plus chlovide to chloride plus

" bicarbonate to chlorite plus sulphate or sulphate plus chlovide finally to a

predominantly chloride water approaching the composition of the seawater.

As groundwater flows downin aquifer over a long distance, so increase the
vatio of HCO; to the total anion and NatK to the total cation due to an acceleration of
dissolution and base exchange. Therefore, it is casy to understand the hydrochemical
evolution of each samples when they are plotted on a graph of relation between two

ratio.

The Piper Diagram is a useful representation to indicate differences or
similarities among water, i.e., classification of water in terms of elapsed time afterit
has been recharged by the surface watey system.The Diagram can be divided into

following five hydrochemical area:-

1YCarbonate hardness
2)Carbonate alkali
3)Non-carbonate hardness
4)Non-carbonate alkali

" B)Intermediate

The carbonate alkali s zZone is genelally represented by water quality of
surface river and shallow gloundwatel and the carbonate alkali zone is reptesented

by it of dcep grounclwater

In general, the hydrochemical evolution of groundwater is directed from 1)

to 2), except for salt-contained and mineralized groundwater.

l*ollowmg 1z1texp1etat10n may be worked out bqsed on gnaphleal plotting in -
Figure A-5-1, A-5-2 and A-5-3.

Groupe 1: Avea of the carbonate hardness.
<Surface river, Spring and Reservoir>
Lolkisale Spring, Tukusi Spring, Kiliman Spring,
Lossimingor Spring, Mto Wa Mbu River, Kivurumo River
and Ingulpani River.



<Borehole>
Mswakini 10/29, Tukusi EX-3, Makuyuni 23/68 and
Monduli Juu EX-7.

Groupe 2: Avea of the carbonate hardness, but close to th car

bonate alkali zone.

<Surface river, Spring and Reservoir> _
‘Monduli Juu Spring, Mbuyuni Dam, Len&ikinya Dam,
Meserant Bwawani, Lepurko Dam, Enguik Spring and
Oltukai Dug well. -
<Borehole>
Selian BH and Burka BH-14.

Gloupe 3: Area of the carbonate alkali zone.
<Surface river, Spring and Reservoir>
Meru Spring(Emaoi Spring), Makuyuni River and Moita
Kiloreti Dam. '
<Borehole>

: : Makuyum 10/562 and Burko BH-2.

~ Groupe 4 Area of the noncarbonate ‘llkall Zone,
<Surface river and Reser voir>
‘Nanja Swamp and L.ashaine Dam.



@

Table A-5-1

RESULTS OF IN-SITU WATER QUALITY TEST
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Table A-5-3 WHO DRINKING STANDARDS

Substance or

Undesirable effect that

Highést desirable

Maximum

Characteristics may be produced level permissibie level |
Total solids © Objectionable taste 500 mgl/ ¢ 1,500 g/ ¢
Colour Discoloration 5 units 50 units
Suspended matter Turbidity 5 units 25 units
Substances causing OBjectionable taste | Unobjectionable | Unobjectionable
taste :
Iron(Fe) Taste, discoloration, 0.1 mg/é 1.0 mg/é
turbidity, deposits
Manganese(Mn) | Taste, discoloration, 0.05 mg/ ¢ 0.5 mg/ ¢
turbidity, deposits _
Copper(Cu) Faste, discoloration, 0.05 mg/ ¢ 1.6 mg/ ¢
_ corresion '
Calcium(Ca) Excessive scale 5 mgld 200 mg/ ¢
‘Magnesium(Mg) | Harduess, taste, 30 mg/ ¢ 150 mg/ ¢
' | ' gastrointernal
irritation
" Sulphate(SOys) Gastro-internal 30 mg/é 160 mg/ ¢
irritation ' :
Chioride(Cl) Taste, corrosion | 200 me/¢ 600 mg/ ¢
pH . ~ Taste, corrosion {  Tto85 - 65to 92
Totad hardness | Objectionable taste [ . 100 mg/¢ - 500mg/e
(Ca COz} | : ‘ S ' |
Mineral oil Taste and Odour after|  0.01mg/ ¢ - 0.3mgl/ ¢

chlorination




Table A-5-4 PHYSICAL AND CI{EMICAL DRINK!NG WATER STANDARD

Group Parameter Unit Criterion
Substances Total hardness ng/ ¢ <G00
which may (CaCOy)

affect Calcium(Ca) mg/ { n.m.
palatability Magnesium(Mg) mg/ ¢ n.m.

Sulphate(SQOy) mg/ ¢ <G00

Chloride(Cl) mg/ ¢ < 800

Substances Colour mgPt/ ¢ < 50
which may Turbidity NTU <10

- affect pH 6.5-92
palatability Taste n.o.

Qdour _ n.o. .
. Substances Iron{Fe) mg/ ¢ < 1.0
which may - Manganese(Mn) mg/ ¢ < 0.5
affect " Copper(Cu) mg/ ¢ < 3.0
palatability - Zinc{Zn) mg/ ¢ < 15.0
* Substances * Fluoride(® | mg/ ¢ < 80
 which may Nitratc(NOa) ' mg/ ¢ < 100
affcct |
“human health :
' Substanées_ - Lead(Pb) mg/ ¢ -< 010
which :m-ay . Cadimimn(Cd); ' ‘mg/ ¢ < 005
" be toxic . Arsenic(As) - mg/ ¢ < 005
Chromium(Cr) . mg/ ¢ < 0.05
Cyanide(CN) mef ¢ < 0.20
Silver(Ag) mg/ ¢ n.m,

- ‘Note: n.m. = not raentioned

n.o. = not to be rejected
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Table A-5-5

- 1)Surface River, Reservoir and Spring

WATER QUALITY TYPE IN MONDULI DISTRICT

A-101

Sample location Typeof | WaterTwpe | SAR Geology of
Koo 1 | _Sources | _stiff | piper 1 | . Draisage .
F15-1 Kil itmani Spring Mg-Bc Carb-Hard 0. 13 lYounger Extrusive
)52 lossimingor  ISpring So-Be Carb-Hard D.85 (Younger Extrusive
8-3  Monduli Juu  1Spring So-Be Caib-flard | 0.83 [Younger Extrusive
05-15  [Fnguik Spring So-Bc Carb-Hard 1.36 Younger Extrusive
S-16  [Lepurko Reservoir So-Be Carb-Hard 0.9 |Younger Extrusive
Ns-17.  [Lendkinya Reservoir So-Bc Carb-Hard 0.8 |Younger Extrusive
N5-19 - Mlereji Spring So-Bc Carb-Alka 1.97 [Younger Extrusive
S-10  Kiruruio River Mz-8c | Carb-Hard | 0.38 [Younger Extrusive
NS-12  Mto wa Mbu IRiver Mz-Be Carb-Hard | 0.3 |Younger Extrusive
NS-13  |ingulupani IRiver Mz-Be Carb-Hard 0.49 Younger Extrusive
)5-4  Nanja Swamp So-Ni Nonc-Alka 3.37 Plateau Lava '
NS-5 Lashaine Reservoir So-Ni Nonc-Alka 2.81 |Plateau Lava
0S-20  Meserani B.  Reservoir So-B¢ Carb-Hard | 1.Z3 Plateau Lava
N5-21° ikﬂ)uyuni !Reservoir So-Be Carb-Rard 0.88 |Plateau Lava
15-22 Moita K, Reservoir So-Bc Carb-Alka 2.09 |[Plateau Lava
S-5 Ib!akuyuni River So-Ni Carb-Alka 1.6 [Plateay Lava
0S-7  Meru Spiring So-Be Carb-Alka 1.9 Meru Volcanics
0S-18 Meru Spring So-Bec | Carb-Alka 1.17 Meru Volcanics
£S-9 Manyara Lake So-Bc Carb-Hard 2.64 |Lake Dep.
1S-23 {Oltul{ai g ¥ell So-Be ‘Carb-Hard 3.78 |Lake Dep.
0S-6 Tukusi Spring Mz-Be Carb-Hard 1.27 [Basement
0S-14 - [Tukusi "River D Mz-Be Carb-Hard 0.5] |Basemcnt
0S-11 _ iLolkisale Soring So-Be - Carb-Hard 0.56 [Basement
Mg-Be = Magnesium Bicarbonate So-Bc =  "Sodium Bicarbonate
So-Ni = Sodium Nirate Ca-Be = €alcium Bicarbonate
SAR = Sodiun Adsorption Ratio
D Borehole - - - o
Sample Location . Type of Hater Type SAR icology of
| __No.__ e b Solrces 1 Stff Piper : Aquifer .|

CJB-1  Mswakini 110/29 ' Mg-8c Carb-Hard : | 1.45 [Lake Dep.  © -

B4 Makuyuni 23/68 Mg-Bc | Carb-Hard | 1.08 lake Dep. .
0B~2  Makuyuni 10/52 ' So-Be | Carb-Alka | 2.6l jlake Dep.
NB-5 fonduli Jus  [EX-7 Mz-Bc Carb-Hard 0.37 [Younger Extrusive |
(1B-3 Tukusi EX-3 ‘Mg-Be Carb-Hard | 1.30 [Basement '
(1B-6 ~ [Burka Est. Burko BH-2 So-Be Carb-Alka 1.59 Meru Volcanics -

B Selian Selian BH Ca-Be Carb-Hard 0.6 [Meru Yolcanics
0B-8___1Burka Fst. __ [Burko BH-14 So~Be Carb-Hard 1.20 Meru Voicanics
Carb-Rar¢ = Carbonate hardness Nonc-Hard = Noncarbonate hardness
Carb-Alle = Carbonate alkali Nonc-Alka = Noncarbonate alkali




Figure A-5-1 TRILINEAR PLOTTING OF WATER SAMPLES OF SURFACE WATER-1
Project : ARUSHA WATER DEVELOPMENT

Organization : JICA/RDD ' '
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Flgure A-5-2  TRILINEAR PLOTTING OF WATER SAMPLES OF SURFACE WATER-Z

Project : MONDULI GROUNDWATER
Organization : JICA/RDD =
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Figuro A-5-3  TRILINEAR PLOTTING OF WATER SAMPLES OF BOREHOLES

Project : ARUSHA WATER DEVELOPMENT
Organizatlon : JICA/RDD

bl : 1 ! MSWAKINU BH 110/28
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A-6 GROUNDWATER RESOURCES EVALUATION
A-6-1 General

The size and extent of the aquifer systems vary in hydrogeological units as
stated in previous chapter. Although wellyield is most practical way for groundwater
resourcesevaluation, butit is remarkably variable due to inadequate well completion
techriiques, e.g. inadequate well development procedure and mismatching sereen
section. On the other hand, to provide maximum development of groundwater
resources for beneficial use requires thinking in terms of an entire groundwater
basin. In order to maintain the resource indefinitely, a hydrologic equiltbrium must
exist between all waters entering and ledaving the basin. Groundwater budget study

is one of evaluation method to keep sustainable resource development.

'Wel'l yicl for respective hydrogeological units and basin-wide groundwater
potential are evaluated by data of exploratory wells dvilled by RDD and J ICA Study

Team, and the climatologic water budget.

Distribution of respective hydrogeological units shows in Figure A-1-1,
Hydrogeological Map of the Study Area.

A-6-2 Evaluation of Aquifer Potential

Groundwater potential is initially evaluated by :e\{isiing'well data of RDD. -
T hesc data are summarized in Table A-2-1, Successful borehote in thc Monduh

.Dlstrict Well vield for respective hydmgeologmai units is show n in Tqble A-G- 1.

(1) Lake Manyara Beds

As is shown in the table, well yield of the Lake Manyara Beds ranges from 37
to 527 ¢ /min. and specificcapacity of Well No. 110/79 in Mswakini is12.3 ¢ /min/m.

Caleulated transmissivity in Makuyuni borehole indicates 23 ni/day.

Screens ave installed in calcarcous beds on the top of the basement. %tatlc

water level deepens from 24 mbgs at Makuyuni to 51 mbgs near the Lake.

The trend described above suggeststhat well yield of unconsdlidated aquifer

of the Lake Manyara Beds shows excellent among respective hydrogeological units

in the Study area.

A-105



The exploratory well £X-1 was drilled in Naitolia; the southwestern edge of
the Beds, but it was dry. From this it may be inferred that the well yield in the Beds
depenids only its location whether it drilled near by an oullet of river which is

discharging from rechavge area.
(2) Colluvial Beds

A well yield in the colluvial beds in Monduli Jun was {ested in the exploratory

well, EX-7. Results of 24 hours pumping test reveals that well yield and maximum
drawdown from static water level of 72 mbgs ave 21 ¢ Imin. and 3.3 mrespectively.

Talewated specific capacily and trvansmissivily are 6.4 ¢ /min/m and 8 n'/day.

- Lithology of major aquifer is quartzose volcanic sand which is located from 68 to 100
mbgs and screen was installed in this hed with 20 meters total length (see Fligure
A-4-7 Exploratory Well Log, EX-7).

There is a possibility to increase screenable length of permeable beds when
drilling depth increase up to 150 meters, according to results of resistivity prospeciing
“in Monduli Juu.,

(3) Younger Extrusive

No well records in the Younger Extrusive nearby the Study Area are
available. ‘ ' '

(4) Plateau Lava

Most of 'e'kplor;itory wells for water sources of Monduli Town are aimed at
providing aquifers in the Plateau Lava. Bxploratory well, EX-11 was drilled in an
immediate foothill of the Monduli mountain slope where probably Younger
Extrusive underlies, however drilling encountered pressure gas in cavern volcanic
i‘dcks at 150 mbgs. As well-known, the Plateau Lava ischaracterized by the presence
of pressure gas in cavern lava. So (he Younger Extrusive is only underlain in the

© mountainous terrain,

Although no record of drawdown is available from tested data of RDD wells
at Tarosero in No. 2/36, static water level and well yield indicate 26 mligs and 38 ¢

* fmin, réspectively. The lithology of aquifers is the colluvial beds which overlies the
Younger Extrusive according to the exploratory well, EX-11.
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Well record of exploratory wells in the Ardai Basin reveals that the Plateau
J.ava consists mostly of alternating beds of basallic lava and pyraclastic rocks with
some intercalated sandy tuff. Thickness of these beds indicate more loss within few
meters. The lava is characterized by the presence of pressure gas in a volcaniccave

where drilling have encountered heavy circulation loss.

Static water level show more than 250 mbgs at 13X-6 in the middie part of
Ardai Basin and it rises 122 mbgs in EX-4, the northern edge of the Basin.

The data of RDD well 7/82 in Meserani Bwawani, the soutl of Ardai Basin,
indicate that well yield and maximum drawdown are 28 ¢ min. and 7.3 m, and

-caleulated specific capacily is 3.8 ¢ /min./m. A slatic water level shows so deep, that

15 90 mbgs, by pyroclastic rocks.

Exploratory well of EX-2 in Mbuyumi, the southwestern part of Plateaun Lava

‘area reveals that drilling was not encountered saturated fractured volcanic rocksup

to 60 meters depth.

There is an impbriant'subject ioievaluated_gn‘oundwater potential m the
Ardai Basin because there are no pumping test data in it. Resulls of 1‘e°~istivily
prospecling suggest that high resistivily layers which canbe corr clative wuh MABSIVEe
voleanic rocks, is not detected until prospecting limitation of 1,000 metersdepth with
some exccpnon (see Figure A- 3-32 and A-3-33, Resistivily Profile of PL MY
Prospeclmg} '

~ (5) The Basement

Basement aquifers are of particular importance in the southern part of the

" Study Area hecause of their widespread extent in Arusha Region, The aquifer are

developed within the weathered overburden and fractured bedrock of crystalline
rocks of intrusive andfor metamorphic origin which ave manly of Precambrian age.

Resulls of borehole record by Arusha Region Water Mater Plan indicate that
static water lovel and well yield in an average among 97 wells show 31mbgsand 8 o’

/h respectively (ARWMP, 1994).

 LBxploratory well, 15X-3 was drilled up to 100 meters d_éplh in Tukusi,
Oblained static water level and well yield by air-lifting are 62 mbgs and 1 ¢ /min,

respectively. Static water level in RDI Exploratory Wellin Naitolia shows 104 mbgs
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and yield obtains 18 ¢ /min,, but no vecord of drawdown.

Above two wells were screened in weathered beds of gaeiss with resistivity
of 200 £1-m by borehole logging.

A-6-3 Evaluation of Aqulfer Potentlal in Engare Olmotonl Area
near Alrport

The study team of RDD led by Regional Water Engineer have been tried to
investigate supplemental water sources for Monduli Town since several yeaz‘s apo.
The survey covered Lakilaki Coffee Eslate, Kisongo and Arusha Airporl. Main work
was comprised of hydrogeological survey and resistivity prospecting. Prior to this
survey, several number of exploratlory wells were drilled in the tributary of Engave
River, southwestern slope of Mt. Meru. Tested well data is summarized in Fable A-
6-2.

“The ar ea is vniderlain by the Meru Voleanic Lava and it is covered by volcanic
“debris, Drilking log of BI 76/86 mvealo. that the debris has a thickness of more than
50 m (see Figure A-G-1, Exploratory Well Log of BII 75/86). The Lava is subjecting
‘theavily weathering and fracturing where may act a part of aquwfers. The Lava is
interbedded with coarse volcanic sand and it also expect to the aguifers.

Table A-6-2 'shows'lh'nt static water 'Ieveic; raiages froi 30 to 15 inbgs except
CBH 142479, and average we}l yield and (lmwdown mdlcate 33 n'/hr and 12 m

respectively. Calewtated maxmmm specuf:c capacily and lrancum%mly are 15.8 m'
ihu’m and 752 aflday 1espectwe]y The tested dala is h1ghly variable in bpemﬁc

capacily and lranqnuabwlly 1t is not due lo location of wells site but may be of

inadequate well completion techmques and mis-locating of screen interval.
 A-6-4 Water Balance
(1) General

- Along with the de\;.relonment'of groundwater resources, several types of
water balance studies have been crealed to evaluate the groundwater potential and
to obtain a reasonable limit for #s utilization.

As the global water balance, it must exist between the quantily of water
supplied to the basin and the amount leaving the basin. The equation can give the
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(g

static water balanee at a cerlain period very casily, but not the dynamic balance:

surface inflow + subsurface inflow + precipitalion + imporied walter

+ decrease in surface storage + decrease in groundwater storage
surface outllow + subsurface outflow + consumptive use
+ exported water + increase in surface storage + increase in
groundwater storage

I

Inadequate data base makes any assessment of water balance for the Study
Area more or less questionable, especially lack of data for change of groundwater

storage.

More simplified, but fundamental water balance equation which applies the

climatological and hydrological water balance, can be expressed as follows: -

P=R4AE+ 88 oot e e (D)

where: _ :
P = Precipitation
R = Runefl
£ = Evapoiranspiration

i}

08

Change in storages of surface and groundwater

Aparameter of change in slorage in the area'is the most doubtful one, butan

“important for the equation. A series of water level observation record is one of

parameier to calculate the change of gwundwaler storage, however, groundwaler

‘observation network is not yet set in the avea. So tlnl it couldn't be verified by the

measured data of groundwater table.

An initial caleulation of the groundwater budget is tried y monthly hasis in
the drainage area of Mt. Monduli where geophysical survey and dnlling works are
concentrated during the study. The area is topographically composed of volcamc

mountains and bread extended plain and is underlain by the Younger Extrusive and

the Plateau Lava. Total area of Monduli drainage is caleulated at 389 knt inclusive of

170 k& of mowuntain area.

- The mountain area act a parl of vecharge area and the plam is a part of
(hsch‘irgo area.
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{(2) Calculation of Paramecters
a) Meteorological Network

Four meteorological networks nearby the Study avea consists of Tenguri
meteorological station, Monduli District station, Magugu TPRI and Arusha Aivport.
These stations represent the physiographic chavacteristics of the Study Arvea which
are downpart of Mt. Meru and Mt. Monduli, Lowland and intermediate land between
Mt. Meru and Monduwli vespectively. The basic climatic parameters recorded at the
stationsinclude rainfall, evaporation, temperature, wind velocity, sunshine duration,

relative humidity, dew point and radiation.
The climatic data in Monduli Distriet on 1950 utilized for the calculation.
b) Precipitalion

Data from Monduli District on 1950 which is estimated 10 yearsrecurrence
intervals of annual rainfall, canbe used for the caleulation. A daily rainfall on 1950 in
Menduli District Station is tabulated in Table A-6-3.

c) Runoff

: Swrface runoff is composed of three comhonenls,' that is surface runoff,
flood runoff and base flow runoff. The suiface runoff occurs immediate after (he
rainfall, but rate of it vary depend on soil condition of the g':{}u'nd surface. Field
evulence shows that Momluh foothill were subjected to heavy soil erosion which is
causéd by a high ralo of surface runoff, -

Two ga'uging stationsare located in Arusha Region. Record of runoff data in
Station No. 24021 and 24031 which are located near Mto Wa Mbu, arve applied to
~_eslimate a runoff coefficient. Calculated average annual runoff rate by these two
station is 22.5 %(sée Table A-6-4 . Summary of Annual Runoff Ratein St. 24021 and
124031), |

‘Geologic conditions in the drainage area play the most important role to
estimale a rale of the runoff, especially it of base flow. For estimation of base flow
rate, discharge measurement was tried in the study avea during drought month of
September. Measured data is tabulated in Table A-6-5. Asis shown in Table, Engongo

Jmsereji Spring, Mferegi village discharge indicates that the base flow runoff from
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the volcanic mountaing is calculated at 0.08 mafday.
d) Lvapotranspiration

An averaged daily potential evapolranspiralion in five meteovrological is
calculatod by ARWMP as following Table A-6-6.

Anaveraged evapotranspirationis ajiplied for the estimation of total antount
of potential. Distribution of daily rainfall is an imporlant parameler to estimate
potential evapotranspiration. On a caleulation procedure, daily potential
evapolranspiration canbe subtractedfrom a daily rainfall, but a debt shouldn't carry

over to succeeding days. Tt can not be counted if no ramifall is recorded.

Calculation of monthly evapotranspiration based on the rainfall in Monduli
District Station en 1950 is tabulated in following Table(see Table A-G-7, Monthly

Evapotranspiration in the Study Aréa).
e) Base Flow Discharge

The surface river discharge which occurs during dry season, is called base
flow discharge. In other words, itis groundwater runoff. Discharge measurement in
surface river and spring were conducted near the study area on September, 1995
The measured discharge seems to base flow discharge because of no rainfall was
recorded a proceding month. '

The rate of base ﬂow dwchal ge vary in aenal extent and geologic conditions
of drainage area. anongo lumqorejl Spring, Mfe:ejlwllage is located northern qtope '
of Monduli Mountain and is widerlain by the Younger Extrusive. Measured
discharge of the spring is 3.12 ¢ /sec. flowing from drainage avea of 3.5 kd which
equivalent to 0.077 ma/day of specific discharge. - :

Calculated specific discharge canbe applied to the study arvea, northernslope
of Monduli Mountain, because of same amount of rainfall and similarity of geologic

conditions of drainage area.
(3) : Calculation of Groundwater Budget

An caleulation of groundwater budget in the Monduli Drainage Aveais tried
used by above parameters. Results is summarized in following Table A-6-8.
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Table shows that change in storage of groundwater is estimated at 156
mwfa year which is 29 % of total rainfall.

Groundwater recharge to the Ardai Basin can be estimated by following
equatiom

GR 6 SX mqmll'ain area
156.2 nm X 170 ka

26.6561 MCM

1

"

Major part of recharge induced during month of March and April and iteke
out during dry season, from Méy to November. Base flow discharge may probably
compensate deficient.

_ Major component of runoff in the Ardai Basin is a surface ranoff because
cdayey soil is underfain with more than 10 m thick according to the drilling record.
Presence of deep eroded gully on the surface support this assumption,

it appears froni above surface co‘nc_liﬁons that the evapotranspiration in the

Avdai Basin is greater than the mountain area and the groundwater runcff{change

~ in storage of groundwater) is hardly occurs in the Basin itself.
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DAILY RAINFALL OF MONDULI DISTRICT STATION, STN. No.93356014
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Table A-6-5 SUMMARY OF DISCHARGE MEASUREMENT
3 Nawerof - Naza ci Toctdinate | k1titude | Type of [Dlscharge] Praincge {Soecific foology of E.C. I. Turbidity| Celour | ¥casuicd )
Na | Yiklige Souree Lat. Source . Arei Ranofd {Oralnige . Oate
eno 4 (s |1 /) } Gad) l{endand ] Mes LlpSedl | S
1 [Iikiiarind [lololna 37304587  0.475 Fpring 3 Wers ol Tear  [05/09/85
p5° 41 1851 Slope
2 pbsivo Preikuriear 3* 20.7907 1,480 Fering 0.3 ey ¥ob. one elear 050955
6 41,7%] _ Shope
3 Wuiwo Lohishemar? | 3° 205007  1.450 Serine 33 Nera ¥o) . none rlear 105/09,/95
[365° 47011 Slope
4 Muivo Lekiskepurl 3* 21.5157 1,450 Fering 182 ery ¥ol. mane ktear 03/93
) [36' 12.0317 Slape
5 Neiwo Rekichemasr3 | 3" 2158567 1,450 Forlrg 13 cra ¥ol. Fons clear 5/09/95
* 47,0317 ) Slopa
& Eirdopi Fandnlosek 3° 11.060% 1,390 Sorieg FI ery Yol none klear 0/ 08/ 35
" 40,041 : Siope
T ®iraowl Sheleni 3" 15.2667 3.375 Poring I ory ¥:1, eone ke 1ear 06, 15/35
35* 10.0517 . ’ $lope
B [IIkidirga [Fgarensrck 3" BA.8MLY 1,600 River &1 eru ¥ol. ol k tear 06/ 08/95
%" 11.0797 . . L
9 Ikidinga [Kaiterv 3° 139707 1,515 Soring 4.52 eru Vol . e e Year 0603/ 95
36" 45.0367) N .
5O [T lkiresi njoro Feedli | 37 19.8087 1,515 KBoring 12.486 cew Vol , none clear 0% 03/ 55
: . et 41813
1t Bgarenarok Purba 3" 113857 1,355 fBpriag £0.44 ery Yol 553 3 0.8 hore wisty C1/08/85
36" 39 2780 $lope
§2 Picueyak Fajorocaasii | 3% 16.5507 1,580 Sprieg 3.9 ETRTIN 353 3.3 18.1 pone klear 07/00/8%
5 39,7357 )
13 [Sasbaska Saatasha 3" 163957 .95 Rviog 58 laru ¥ol. 35 7.8 156 fore clear 0 7/02/35
167 41.0857
14 [Bastashs W:gerea 3° 163357 1,35 Furroe 631 eru Yol. 3 1.3 15.6 pona kleir 01/0%/9%
5" 41 0857 .
15 Shiboro [ itere 1" 174207 1,045 Bpring 9.464 ery Vol . 130 1.8 14.7 pone klear . OB/OS7SS
35 42 3107
13 Oleleruna  EaJorcchisl | ¥ 13,645 1,650 Sering 27 ery Vol . L1 1.5 17 6 pone lear 08/0395
3567 41.5217 .
17 Diasitd 2 j ikats 3 1.047 1,310 Forirg PR H L% F1 1,516 L5 223 pone Fromish 08/03/95
36 37 5457
18 [Frgivaret  (Engikarel 3 10.040 1.050 poring | 15 0.000 Marw Vol. 38 1.3 115 pone Flear 15/09/95
. 36 43 0207
19 Leaorfo 2 50k 3 12 3407 1015 River 1828 13 0.001 Mere Vol SM 5.8 13.6 islight Ficenish 03/09/95
36+ 41.063] ° L
10 PlionyosaatiElatia i 1,835 Sprirg 5171 3. 0,000 fleru Vol. 148 8.9 13.9 Islight Foownish 9/05/95
6 40 533 ’ = )
11 [Tususi Thusi 3 5] 1,350 River [} 1] LE ] 0.008 Pasezent 655 1.4 75.3 jpone k-lear 3 0/0%/35
i6* 35.300 .
7?2 Rolkicale [loliissle 3 45 8767 1,590 Forirg 0.45 od 0.097 Pasesont m 1.9 105 hone - lear 10,/09/95
36" 14 905 . .
13 lolkisala [Lengalez 1 45.5767 1,530 Foring D.1 o4 0,011 Baseeant €L 7 13.¢ pore klear . [1O/G/95
(36 13.03%
i1 Msvakini Terangite |37 t5.51’4}4 1,020 River 182 365 0,843 Pascacnt 4,350 9.6 M7 Elight Froen 14 708/95
Cber 12,495 ) -
CFiS pieehi Thead ¥ 1017247 1,565 River 67 .2i 53 1.143 Peru Vol. H ] .8 18.7 hoce elear 11/09/95
35 43,1467 . .
6 Froid Erargats 3 18.42¢] 1,435 Poring 015 o7 0084 Pondald [x] 1.6 14.1 pooe pisty 1 3/0%85
adurate 36" 13 5A5 B R
Y Eferefi Fogangu 3" 13.18% 1,735 River 3.1z 35 0.077 Monduli e L % 18.4 one irtear 13/D9/ 35
. : iExserej % 19.141 . Vol. : X
3 Fafarda aruba 1 59.68) D15 FPiver 158.3 9 45 3.7 ot Proesish 470985
oo/ chinl [as™ §1.585 - .o N
9 Belela nEsileta 3* J1.816 1,150 Spring §5.11 [ 1] 0.421 [Yourg. i 51 20.1 hoae iclear 1470595
[35* 55 876 . : Extrasiv : 1 :
30 felela abashe - * II‘BCK)J 1,04 Ppring 297 2l @ 820 Noung. 238 LB 3.1 klight klcar 14/09,/95
‘ s~ 55,468 _ ‘ . : ¢ | Entrusivg : : : .
31 Feilalei/ [Enguluganil{E) 37 17.789 1,085 Pering D1zes]| o 0.617 Yourg. k1t 3 45 1.4 pone e lear 15/09/95
Fsirna 35* 51.3481 . Extrasiv .
32 Esilaleis wlupanit{T] 3" 174007 - 1,045 Pering 13.7 114 6038 [Yourg. 363 83 21 Jore Flear 13/08/35
Firna 735% 52355 . Extrusivd k
33 Maceng> inalead 3" 18 3467 1,015 [Sprirg 1208 51 0153 [Young. 345 B4 0.7 o ktear [15/00/35
£35° 51.34¢7 Entrusivg
M pigsubtani elule * ¥.415] 1,140 Sering [ Tl 0007 Nourg. 306 B4 1.8 fpone klear 1 5/G8/95
3" 50.0167 Exlrasive :
35 Plaitad Euaci Eleni S 18,1207 1.790 [Forirg 1953 Mesu ¥al. 2.5] 1.5 i5.7 r'mr»e xlear 16/05/55
35" 43.12% )
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Table A-66 AVERAGE DAILY POTENTIAL EVAPOTRANSPIRATION IN ARUSHA
REGION IN mmiday (ARWMP, 1994)

Stalion KIA Tengeru | Magugu { Bassotu Kibaya | Avera gg_ |
January 5.6 4.7 7.1 79 | a7 6.0
 February - 6.2 1.6 7.8 6.6 4.4 59
March 5.7 4.7 7.9 5.4 4.2 5.6
April 46 3.8 7.0 6.4 3.8 5.1
May 3.7 3.3 6.9 7.1 3.0 4.8
June :3.6 2.9 6.1 .2 2.9 4.5
July 3.4 29 6.6 6.1 2.7 4.3
August - 38 3.3 6.5 7.4 3.3 49
September | - 4.7 3.8 6.6 8.1 4.0 5.4
October 5.1 4.2 16 8.5 4.7 6.0
November 5.6 4.5 76 8.4 50 6.2
December 54 4.0 8.1 8.0 4.6 6.0

Table A-6-7 .MQNTHLY EVAPOTRANSPIRATION IN THE STUDY AREA

Month Ja_n."

Feb.

Mar.

Apr.

May

Jun.

Ju_].

Aug.

Se;ﬁ.

Oct,

Nov. | Dec.

98

11.9

100.7

4.8

0

‘0-

0 113

LT (n)

89.3

721 0
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Table A-6-8 SUMMARY OF GROUNDWATER BUDGET IN THE MONDULI AREA

Runoff
Month Rainfall SR " FR BF ET 68
Jan. 155 0 09 | 2.5 9.8 2.3
Feh. 21.6 2.8 1.1 2.2 11.9 9.6
Mar. 207.9 20.8 22.4 2.5 89.3 72.9 ¢
Apr. 250.2 250 | 276 2.4 1007 | 945
May 0 0 0 2.5 0 25
Jun. 48 0 2.4 2.4 4.8 4.8
Jul. 7.2 0 4.7 2.5 7.2 -1.2
Aug. - 0 0 2.5 0 -2.5
Sep. 0 0 0 2.4 0 2.4
- Oct. 0 0. 0 2.5 0 -2.5
Nov. 0 0 2.4 0 -2.4
Dec. 16.7 L7 0 2.5 11.3 1.2
Total 5290.9 50.3 59.1 29.3 235.0 156.2
Note:SR = Surface runoff, 10 % of rainfall niore than 16 mm is counted
FR = Flood runoff, 22 % of rainfall minus SR+BI
BF = Base flow, 0.08mm/day
ET = Evapotranspiration :
6 8 = Change in storage of Groundwater
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Figuse A-6-1
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Figure A-6-2

EXPLORATORY WELL LOG OF BH 164/35
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