A-7 GROUNDWATER DEVELOPMENT PROPOSAL
A-7-1 Well Yield

Based on specific capacity ohlained by the exploratory and existing wells,
optimum well yield for respective hydrogeological units is evaluated as following
Table A-7-1. Table shows that gpecific capacity is appilied for a calculation of well yicld.
Depth of proposed well is optimally determined based on resulls of the bovehole
loggings and geologic well logs from the exploratory wells ofthe Study and RDD. The
optimum well yield is finally ealculated based on the standard well specifications that

includes screen with 20 in and dvawdown with 10 m in minimum.
(1) Well Yield of LLake Manyara Beds

The lake Manyara Beds overlying the Basement occurs in the southern

" part of the Study Avea. Four villages; Oltukai, Mswakini, Naitolia and Makuyuni; are

located on the Beds. In Table A-7-2, Naitolia and Oltukai village are excluded due lo
low potenlhl and inferiorily water quality in high electrical conductance. The
possible well yield by one production well in Makuyuni and Mswakini are calculated
at 136 and 144 of/day by 10 hours pumping duration.

(2) Well Yield in Colluvial Beds

_ A lafgc scale colluvial bé{lg is underlain in Monduli Juu Caldera. The hossible
well yield by one production well in Emaireti village is calculated at 36 ni/day by 10

~ hours pumping duration.
- {(3) Well Yield in Yodnger Extrusive

Three major volcanic mountains is underlain by the Younger Extrusive. Itis
- unclear geologic boundary to the Plateau Lavain northern edge of the Ardai and

Eluanata Basing. Exploratory well, EX-11 inTarosers was initially programed inthe -

younger extrusive, butit encountered dry caves in cavern lava, so that encountered
volcanic rocks is probably belong the Plateau Lava.

- (4) - Well Yield in Plateau Lava

Groundwater potential in this voleanic rocks vary inplace and lithology. One
of major problem for the development, especially rural arvea, is deeper static waler
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level which couldiv't vift by a manual pump. A pessible well yield by one proditction
well infnear Meserani Bwawani is calculated at 24 ni/day by 10 hours pumping time.

(5) Well Yield in Basement Rocks

The potential in basement rocks vary in thickness of weathered part of the
hasement. A possible well yield by one production well in Naitolia, east of Lake
Manyara Beds is calenlated at 12 mifday by 10 hours pumping time.

{(6) Well Yield in Engare Volcanic Rocks near Arusha Airport

Seven existing well data were collected to evaluate well vield (see Table A-

-2, Data Summary of Exploratory Wells in Engare Olmotoni). Anaveraged possible

well yield by one production well in Engare Ohnotoni, north of Arusha Airport is
caleulated at 630 nf/day by 10 hours puniping time.

A-7-2 Groundwater Development Plan
(1) Groundwater Supply Planning Criteria
Baqxc idea of groundwater development criteria of the Study is as follows

<Rural Water Supply>.

- Point sources by borehole shall be a]localed to rural communities

- Pumping system shalibe by manual pump if static water level is above 30
mbgs otherwise power generaling system Sh'i" be eqmpped but
dlSCLlS"-‘-lOIl is requned for affordability of operalion and maintenance -
cost. -

. Although 30 ¢ fperson of water demand is recommended by ARWMP, it
‘shall be modified by well yield and pumping capacity. Minimum water
demand should be 10 ¢ /person which recommended by WHO

. Distance to a source from village shall be located based on source -
potential, '

- Source quality shall meet the health standard

- Borehole shall be primarily allocated on public compound, such as school

* health spot, village office, ete.

<Monduli Town>

- Groundwater sources shall be of supplemental and conjunclive sources
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for cxisting sysfem
. Total well yield by multi-borehole shatl be fulfilled water demand of 30 ¢

fperson for the projected population.

A-7-3 Implementation of Groundwater Supply Scheme
(1) Production Well

Table A-7-2, summarizes well yicld for poternitial villages and Monduli Town
which are Monduli, Makuyuni, Naitolia, Mswakini, Emaireti and Jingare Olmotoni.
The last one is located out of the Study Area, but it would be of an aliernative well
field for Monduli Towi.

Number of required wells to meet water demand for each proposed village
and town is {abulated in Table A-7-2.

- Monduli Town -

Table shows that Monduli Town requires lwo (2) boreholes in Engare
Olmotoni well field for total population in year of 2014 (see Figure A-7-1 Projiosed
* Production Well Site in Engare Olmotoni).

- Emaireti, Monduli Juu -

. For Emaireti in McnduliJuu 1éqinires three (3) boreholes for water demand
- of 10 t’lcap and nine (9) boreholes for water demand of 30" ¢ /cap. Although the

: exploratory well, FX-? can be converled toaproduchon well, one more well shall be
l_ocate(l‘ in the caldera:lo meel water demand of 10 ¢ fcap. On the basis of

groundwater recharge capacity, second production well shalt be located in lower part
of EX-7, near the existing reservoir (see Figure A-7-2, Proposed production well sites
- in Monduli Jun).

- Mswakinti -

- An exisling well is under o.p'e'raling for Phosphate Factory in Minjingu, but
o outlet for villagers of Mswakini from this well. One production well shall he
“allocated to villagers in near village center. ’roposed well site shows in Figure A-7-
| 3, Proposed Well Site for Mswakini.

- Makuyuni -
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Two proiluction wells are operating for potable use of Makuyuni viltage.
Makuyuni is only one village equipping power driven pumping fadlities and

distributing water by pipe. Pumps and disiribution pipes were installed on 1950.

Two exisling diesel driven pumps and distribution pipe shall be replaced to

new pumps aitd distributton pipes.

() ‘Pumpilig:Facilitigs

Although manual pump is recommendabte for rural water supply because of
affordability of operation and maintenance cost, static water level in proposed
villages indicate more than 30 mbgs which wouldn't meet operation of manual

pumps.

Diesel dyiven power pumps should be installed in the production wells,
however, electrical interruptionn inust be taken inlo consideration to meel the

demand.

The specification of pumps is summarized inTable A-7-3, Summary of Pump
Specifications.

A-7-4 Deslign of Production Well

(1) Depth and Diameter

The well desi gnisthepr ocessof specifying the physlcal material, dimensions
and water requirement for awell. Anpossible yleld canbe determmed by the :,peetﬁc :
capacily andfor transmissivily in relation to screenable leng!h of aqwfera- It is
essential to consiruct production well by proper dnlling technique and optimal

locating of well screen.

The diameter must be chosen to satisfy water requirement’ In’ this
connection, the entrance velocily of water into screen is calculated based on each -
pumping discharge. Results indicates that the velocities in well diameter of 150 mn -

and 250 mm are 0.1 cofsec. and 0.4 cn/sec. respectively (see Table A-7-4). It hasbeen

moposed based on field experience and laboratory test that an avcrdge enlrance
velocaly of water to avoid sand extraction should not exceed 3.0 en/sec. (Wriscoll,

1987).
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Taking this results into consideration, entrance velocily into screen for
proposed area is calculated as follows:

Calculated entrance velocily is within the limitation of 3.0 cw/sec.
(2) Well Drilling Method

Selection of drilling method depends on the geologic coriditions, The air
percussion deilling method is proper technique in hard compacted voleanic avea,
however the Ardai basin and Engare Olmoloni are underlain by pyrodastie rocks
with cavern rocks above waterlevel. So that the rotary drilling with mud circulation
is more safety in the most proposed area. Taking the regional g’eoldgical conditions
into consideration, most economical method should be taken into the project drilling.

(3) Material of Casing and Screcn

Standard design procedures 'in'volve-choosing' the casing diameter and
material, estimating well depth, selecting the length, diameter, and material for the
screen, determining the screen slot size, and choosing coniplel_ion method.
Regarding to the malterial of casing and screen, assessment of water qualily is
essential to prevent corrosion and incrusting. The general idea of a combination of
~ chemical iteins and limil of concentration whlch will causes corrosionand incrusting
" is listed as Table A 7-b '

. 'l‘ahlc shows that quahly problems arises in Mswaklm vnllage where
concenttatmn of Mn exceed the in crushng limitation.

It is advisable 1o use FRP casing if Fe and Mn conceniration exceed the

limitation.
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Table A-7-4 ENTRANCE VELOCITY BY DISCHARGE

Proposed Area Discharge Scrcen Diameter Entrance Velocity
(mirhr) (n@) (ow/see) |
Emaireti 5 150 mym 0.1
‘Mswakini, Makuyuni 15 150 mm 0.2
Engave Olmotoni 65 250 mm 0.4

Remark : Required velocity is based on 20 i screen length Screen opening is 12%

Table A-7-5 QUALITY LIMITATION FOR CORROSION AND INCRUSTING IN mg/ 2

pH CO; Fe Mn Hard's DO TDS Cl
Corrosion |  7.0> 60< _ 2.0< 1,000> 500<-
Incrusting|  7.5< 05< | 02< | 300< '
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Table A-7-6 PROPOSED WATER SOURCES DEVELOPMENT PLAN

Development Flan

 Name of Town | Peputa'n | Water Existing Sources Fresent | o
/¥illade 1994 Demand - Type 1) 8upply 1 Consiraiat Propesed Sources Yicld
2004 (r*/day) {/day) ¥/ day)
Mondali 18210 104G fary Fipe . "2 4% | Sources shortagef DD New Bl 630
* Tows 34851 Kitimani & 130 at Engare
Raskarasha $p. 20 2iDevelop Spring 270
at Mieregi
. 3)Construct new darg 7i6
Arkatan 1895 114 |Nawja Dam 26780 Turbitity Conteol turbidity i
3786 Nadosoito Dam 3620 Turbitity in exislieg dans
Nergitih Dar 3200 Turbitity and instali handpunp
Ardai Ranch Dam G | Brokenin for drinking purpose
e - . e | Fuberkememt!
- Fmairete 1674 30F  |Spring 6 Source short. | DEX-7 isstall puop T
10241 Mon. Juu Dam 2700 Turbidity 2103 new BN w/pump 36
. Solmineri Dam 7700 Turbigity Improve terbiiy 235
in existing dams
. . A onstruct new dam 105
Erguik 4090 269 Spring [X3] Source short. | 1)Existing spring 66
B9G1 Ewmaireti Dam 510 Turbitity 2)lmprove existing dams 203
L L 3Xonstruct pew dam 590
Lendikinya 2873 159  1Ardai Dam 1) Dam broken |1 mprove existing dawm 20
6295 Spring - Souvrce short, |2} onsiruct new dams 99
~_ {Mrandawa Daa 150 Turbitity
Lepurke 3042 200 1Legurko Dam 1630 Turkitity [ Dilmprove existing dam 150
: 6665 . {KKitasho Dam 100G __Turbit'nty 2)Construct new dams 50
Lolkisale 4397 289 1Spricg-d 315 Qoprce shorl.  [DEuisting springs 104
9634 - |Sprieg 2 69 | Sourceshort. [2JCosstruct dams 185
Lossimingor 1720 113 |Essimingor Dam - | @ | Dambcoken |DRepairexistingdam | 8
3769 Rasha Rasha Dam 0 Pam breken | 2)Coustruct new dams 105
Makuyuni 3604 124 |BiH-t 135 FPunp old )lustall new punps in 135
4134 EH-2 L)) Puwinp broken existing (wo puings
Makuyuni Dam 850 Turbitity 2¥oonstrucl new dams
IKT Dai,1,2 780 Turbitity 3laprove existing dam
. Lemiyoni Dam _ 160 Turbitity ) .
Natolia 12589 43 [Naitolia Pam 230 S Turbitity 1)Construct new doms - 43
1444 Nguvokazi Dam 15400 Turbitity :
Mbuyuni 3700 . 243 ¢ [Mbayuns Dam-1 1920 Turbitity 1 Censtruct new dams 243
8107 Mbuyuni Dam-2 130 Turbitity :
T Meserani 1154 76 [Naslarawi Dam 970 | Turbitty |Dimprove existingdam - | 76
Bwawani 2517 . Onjapatwa Dam C 60 " Tyrbitity :
. " |Meserasi Dam g " Broken :
Meserani 2985 196 |TMA pipe 43 Source short. | 1)TMA pipe 43
Juu 6540 S Nioi Kunea Dam 770 Turbitity 2¥Construct new dams 153
Moita © 3934 259 [Ndulete Dam 610 Turbidity 1)Construct new danis 259
Bwawani- 2619 Kitimatinde Dam 100 Turbidity . ]
Moita 1685 1§t {Ekivek Dam 1780 Tusbidity 13Constract aew dams 11
Kiloreti 3692 ' QOrngarwa Dam - 950 Turbidity
_|Emaa Ekivek Dam 670 Turbidity ,
Mswaking 2391 157 {MIFCO BH 75 High Fluoride |1jDritl two BH 157
5239 Dam 0 Broken : .
Tukusi i541 101 |Spring 11 Soutce short, |1)Construct new dams 101
3376 River 77 Source short. ! :
T Dltskai £91 22 {DugPat 1 | Sourcesbort |URepair exiskicg dam TR
726 Dam 0 Eabak. borken
Nenguogu - 1586 91 |TMA pipe 20 Source short. | 1)TMA pipe 20
3036 Hamsind Dam 120 Turbidity 2)Conistruct new dan Fi|
Levi Dam 1010
“Remark: Demand is based on 30 lit/dayfeap. conswmlion by livestosks is not counted

Curient supply in river 2nd spring is based en weasuted discharge on Sep, 1995 .
*1}Existing monthly seyrce supply by dam is based on 30 % of storage capacity
*2) TMA azreed to'supply 450 mi'/day ta Monduli according to A Waier Right
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