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PREFACRE

This s the Appendixes for Bure presenting the results of the Study on Eleven Centers
Water Supply and Sanitation (the Study) carrled out in aceordance with the Scope of Work
agreed upon between the Government of Federal Democratic Republic of Ethiopia (GOE)
through the Water Supply and Sewerage Agency (WSSA) of the Ministry of Natural
Resources Development and Environmental Protection (MNRDEP), which was recently
reorganized Water Supply and Sewerage Service Department (WSSD) under Ministry of
Water Resources (MWR), on the one par{ and the Government of Japan {GOJ) through the
Japan International Cooperation Agency (JICA) on the other part dated April 8, 1994,

The major objectives of this Study are 1) to conduct & feasibllity study on the water supply
system in order to improve living condition of the population in the Study sarea by
enhancing the level of the water supply services in terms of water quantity, water quality
and its accessibility, 2) to formulate a plan for sanitary education and the diffuslon of
sanitary facllities in order to raise peoples’ awareness on hygiene and improve
environmental sanitation, which will be able to prevent the contamination of watet
source(s) and to secure safe water supply, and 3) to transfer technologles to the Ethiopian
counierpart personnel in order to strengthen the managerlal aspects of water supply
services, :

The Study had been conducted over a two (2} Japanese fiscal year-period from 1994/95 to
1995/96 and divided Into two (2) phases. The Phase I study was conducted between
December 1994 and March 1995, and Phase 11 was conducted between May 1985 and
February 1996, for a total study peried of 15 months during which three (3) timés of visit
to Bthlopla were made.

The survey items and major activities are meteo-hydrologleal survey, geo-eleetric
prospecting (GEP) survey, water quality, water use condition, sanitary and health condition
and people's awareness, social background, socio-economy,‘initlal .environmental
examination (IBE), environmental Impect assessment {(EIA), sanitary education practice,
and existing pump investigation.

The Study Team extends heartiest thanks to WSSD especially those assigned counterparts
for thelr close cocperation and hard work in both office and the f!eld, and the officers of
related agencles of Japan.
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Appendix - 1

Resistivity Interpretation of VEP



Figure 1 Geceleclrical Survey, Wenner Array .
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Appendix - 2

Result of Water Quality Test



Result of PhysiCOHChemical Analysis in

Sample No.l}

Bure

Origin of Sample : Spring No.l (The source)

Date of Collection: 20/Jdan./95
Date of Analysis : 09/Feb./95

Physical Characteristics

Appearance : Very Clear
Odor ;: Odorless
Taste :

Colox 1 Nil
Settleable Solids : Absent
Fleocating Solids : Absent
Suspended Solids : Absent
Total Dissolved Solids: 130
Turbidity ¢ Nil
Temperature HE
Conductivity : 0.28 ms/cm

General Chemical Characteristics

Total Hardness as CaCO; ¢ 150
Carbonate Hardness as CaCOs - 150
Non Carbonate Hardness as CaCO;: Nil
Total Alkalinity as CaCO; 1 150
Bicarbonate Alkalinity as CaCOi3: 150
Carbonate Alkalinity as CaCO; Nil
PH 7.50
Silica - .
Sulphide as Hydrogen: Sulphxde -

- Carbondioxide , T -
Residual Chlorine ' -
pPissolved Oxygen ' T -

Ionic Contents . ‘
Cations S - Anions S
NH¢* : - S €YI- .y 5,00
Nat HES o NO:- ¢ 0.11
K+t = : NO3- " : 2.50
Cat1 r 60.00 F- : 0.44

Mgt+ : 16.79 : HCO3- : 183.00
Fe{Total): 0.01 COy-- : Nil
Mnt + : 0.01 SO4-- : 1.00

=-: 0.23

Cut+ : 0.01 POy~

Remarks; All the analyzed: chem1ca1 constltuents are within
the acceptable range in accordance with WHO drink-
ing water quality guidellneq

Note; Unit is mg/litre unless otherwise stated.



Result of Physico-Chemical Analysis in Bure

Sample No.2

Origin'of Sample : Spring Ne.2 (The source)
Date of Collection: 20/Jan./95
Date of Analysis : 09/Feb./95

Physical Characterist1cs
Appearance
Odor
Taste :
Color o
Settleable Solids
Floating Solids
Suspended Solids H
Total Dissolved Solids:
Turbidity :
Temperature
Conductivity

Clear
Cdorless

9 Pt-Co
Absent
Absent
Absent
140

2 FTU

0.29 ms/cm

General Chemical Characteristics

Total Hardnéss as CaCOs | : 130
Carbonate Hardness as CaCO3 : 130
Non Carbonate Hardness as CaCOs: Nil
Total Alkalinity as CaCO; : 150
Bicarbonate Alkalinity as CaCOz: 150
Carbonate Alkalinity as CaCOz : Nil
PH : 7.00
Silica 3 -
Sulphide as Hydrogen Sulphide  : -
Carbondioxide HEE
Residual Chlorine -
'Dissolved Oxygen -
IOnic Contents :
Cations , Anions
NH4* S Cl- : 7.50
Na+" . S NO2- : 0.21
Kt St - _ NOs- @ 4.40
Car+ 1 60.00 F- : 0.34
Mgt + : 19.18 HCOs- : 183.00
- Fe(Total): 0.04 COz--  : Nil
M+ : 0.01 80s-- @ 20.00
Cutr¢ 1 0.05 PO¢---: 0.24

Remarks: All the analyzed chemical constituents are within
- the:acceptable range in accordance with WHO drink-
ing water quality guidelines.

Note; Unit is mg/litre unless otherwise stated.
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Result of Physico-Chemical Analysis in Bure
Sample No.3
Origin of Sample : Manzana Spring
Date of Collection: 05/Jul, /95
Date of Analysis : 26/Jul./95

Physical Characteristics

.Appearance : Clear
‘Odorx : Odorless
Taste : -

Color : 10 Pt-Co
Settleable Solids : Absent
Floating Solids : ‘Absent
Suspended Solids : Absent
Total Dissolved Solids: 132 :
Turbidity + 2 FTY
Temperature i 19.1 °C
Conductivity : 0.22 ms/cm

- General Chemical Characteristics

Total Hardness as CaCGa : : 110
Carbonate Hardness as CaCOs : 110
Non Carbonate Hardness as CaCQa: Nil
Total Alkalinity as CaCoO: : 110

- Bicarbonate Alkalinity as CaCO3: 110
Carhonate Alkallnity as CaCQa : Nil
PH : M 6.95
Silica HEE

" Sulphide as Hydrogen Sulphigde : -

" Carbondioxide s -
Residual Chlorine : -

" Dissolved Oxygen _ S

IOHLC ‘Contents . _ :

~Cations : S . Anions
 NHgt : Nil : o T Cl-: ot 5,00
-Nat+ R - NO2- ¢ 0.17
K+ A ' NO3- : 5.72
‘Cat ¢+ : 32.00 F- ¢ 0,197
Mg+ : 7.32 HCO3- : 134.20
Fe{Total): Niil - CO3-- : Nil
Mnt+ ¢ : Nil " 804-- @ Nil
Cut ¢ : 0.01 - POg---: 0,31

Remarks; All the analyzed chemiéél'cohstituents are within
‘the acceptable range in accordance with WHO drink-
‘ing water guality guidelines,

Note; Unit is mg/litre unless otherwise stated.
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Result of Physico-Chemical Analysis in Bure
Sample No.4
Origin of Sample : Manzana River (in which gage inst'led)
Date of Collection: 05/Jul. /95
Date of Analysis : 26/Jul./95

Physical Characteristics

Appearance : ‘Colored-reddish
Odor : QOdorless
Taste - _ _
Color : 10,850 Pt-Co True&apparent Color
Settleable Solids :Present '
Floating Solids : Absent
‘Suspended Solids : Abseént
Total Dissolved Solids: 156
Turbidity i 1,900 FTU
Temperature i 20,9 °C
Conductivity : 0,26 ms/cm

General Chemical Characteristics
Total Hardness as CaCO3 : 155
Carbonate Hardness as CaCO3 : - %0
Non Carbonate Hardness as CaCO3: 65
Total Alkalinity as CaCO03 : 90
Bicarbonate Alkalinity as CaCQOsz: 90
Carbonate Alkalinity as CaC03 ¢! Nil

~ PH : 7.60
Silica ' e

- Sulphide as Hydrogen Sulphide : -

" Carbondioxide -

~Residual Chlorine i =
Dissolved Oxygen S

Ionic Contents .

. Cations : " Anions _

‘ NHg 1 0.65 ©Cl-  : 10.00
‘Nat ¢ - o NO2- :-0,02
Ko : - NO3- : Nil
Cat+t : 48.00 F- : 0.226
Mg:+ -1 8.54 HCO3- : 109.80
Fe(Total): 7.55 CC3-- : Nil
Mn# ¢ : Nil 804-- ¢ 4.00

Cutt 1 Nil POs---: 0.86

‘Remarks; Color, Turbidity and iron concentrations are
- ‘above WHO drinking water quality guidelines.

Note; Unit is mg/litre unless otherwise stated.
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Result of Physico-Chemical Analysis in Bure
Sample No.b

Origin of Sample : Artesian Well
Pate of Colliection: 20/Jan. /85

Date of Analysis : 10/Feb./95

Physical Characteristics
Appearance : Clear
Odor 5 Cdorless
Taste HE
"Color _ : 5 Pt-Co
Settleable Solids : "Absent
Floating Solids : Absent
Suspended Solids : Absent
Total Dissolved Sol1ds: 2120
Turbidity : 8 FTU
Temperature s -
Conductivity : 4.26 ms/cm

General Chemical Characteristics

Total Hardness as CaCOj; £ 2800
Carbonate Hardness as CaCQ; : 2800
Non Carbonate: Hardness as CaCO3: Nil
Total Alkalinity as CaCO3 : 2920
Bicarbonate Alkalinity as CaCO3: 2920
Carbonate Alkalinity as CaCOs : Nil
PH _ : 6.80
Silica : -
Sulphide as Hydrogen Sulph1de HER
Carbondioxide : : -
Residual Chlorine s =
Dissolved Oxygen ' T -
Ionic Contents L ,
Cations . Anions ‘
NHst T ' Ci- ¢ 15.00
Na* - ' . : NOz-  ': 3.72 .
CK T - ~ NO3- : 31.60
Ca+? : 2060.00 F- 1 0.22
Mgt ¢ : 551.56 HCOa- : 3562.40
Fe(Total): 0.30 CO3-- @ Nil
Mnt+ : 0.02 804--. 1 1.00

Cut 1 0.52 POI---: 2.39

Remarks; The water sample is highly mineralised. The total
dissolved solids and total hardness are above WHO
drinking water quality gquidelines,

Note:; Unit is mg/litre unless otherwise stated.
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Result of Physico-Chemical Analysis in Dure
Sample No.6
Origin of Sample : Artesian Well (same as sample No.5)
Date of Collection: 05/Jul. /95
Date of Analysis : 26/Jul./95

Physical Characteristics o
Appearance : Slightly Colored

Odor : Odorless

Taste I

Color S 1 117 Pt-Co

Settleable Solids : Present

Floating Scolids : Present

Suspended Solids : Absent

Total Dissolved Solids: 2,412

Turbidity 30 FTU

Temperature 1 19.4 °C

Conductivity 1 4.02 ms/cn
General  Chemical Characteristics

Total Hardness as CaCQ; 1 2050

Carbonate Hardness as CaCO; : 2050

Non Carbonate Hardness as CaCOs: Nil

Total Alkalinity as CaCOj; ¢ 3000
Bicarbonate Alkalinity as CaC03;: 3000
Carbonate Alkalinity as CaCO; : Nii
PH : 6.85
Silica I
Sulphide as Hydrogen Sulphide 1 -~
Carbondioxide H
Residual Chlorine - HERS
Dissolved Oxygen o : -~
- 1onic Contents

‘Cations | T Anions
NHyt tr.19 Cl- 1 10.00
Na* . T - R NOz- : 0.04

©ORe - ' : NO3- : 80.08
Cat+ : 660.00 . £ : 0.226
Mgt + ! 97.56 HCO3- : 3660.00
Fe(Total): 0.74 COz-- 1 Nil
Mnt ¢ 1 0.10 S04-- 1 Nil

i 0.88

Cut+ : 2.06 _ POs---:

' Remarks; Iron, Copper, Nitrate, TDS and total hardness are
above WHO drinking water quality guidelines. The
‘water is highly mineralized and very hard water.

‘Note; Unit is mg/litre unless otherwise stated.
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Result of Faecal Coliform Test in Bure, Sampled and Analyzed on July/5,6/'95

No.|Kebele| Source |Place of |No of F.C. Remarks
Sampling |[per 100mi
1 1 |Spring Chamber 0 |Sampled at collecting chamber, DPT=lppm
2 1 |Spring Tap 70 |First tap after the spring
3 2 |Spring Reservoir 6 |wr=22°C
4 3 [Spring P,Foun,2 20 |wWT=22°C, Ph=T7.0
5 1 |Spring P.Foun.4{ 0 |[WD=22°C
6| 1 |Spring P.Foun.5 1 |WT=21°C
7 2 |Spring P.Foun.9 13 |Wr=22°C
8 2 |Spring P.Foun,11 1 |wr=21°C
-9 1 |Spring P.Conn, 0 WT-=21°C
10| 1 |Spring |[P.Conn. 32 |WT=21°C, At Abo ber Hotel
it 3 Spring P.Conn, 1 Wr=19°C
12 2 [Spring Y.Conn. 0 |WT=21°C, At Kassie Hotel
13 4 8pring Y.Conn. 0 |WT=21°C, At Beyene Hotel
14 3 |[Spring Y.Conn. 0 |WTr=20°C
15 1 |[Spring Clay pot 11 |Fetched on the day, Covered by Papyrus
16 1 [Spring Clay pot 2 |Fetched on the day, WT=18°C, Covered
17 2 [Spring Clay pot 16 |Fetched on the day, WT=20°C, Covered
13 2 ISpring Clay pot 24 |Fetched on the day, WT=20°C, Covered
19 2 |Spring Clay pot 16 |Petched on the day, WI=20°C, Covered
20 2 [Spring Clay pot 6 |Fetched on the day, WI=20°C, Covered
21 2 iSpring Clay pot 4 |Fetched on the day, WT=20°C, Covered
22 31 |Spring Clay pot TMTC |Fetched 1 day before, WP=18°C, Covered
23| 3 |Spring Clay pot .40 ' |Fetched ! day before, WI=17°C, Covered
24 | 3 |Spring Clay pot - 2. |Fetched on the day, WT=20°C, Covered
25 | 3 |Spring |Clay pot: 111 / |Fetched on the day, WI=18°C, Covered
26 | - 3 |Spring , IClay pot 13 - |Fetched on the day, WI=19°C, Covered
27 4 |Spring Clay pot 0 ' |Fetched 1 day before, WT=18°C, Covered
28 - 4  |Spring Clay pot ‘27 |Petched 1 day before, WT=18°C, Covered
29 1 -4 |Spring Clay pot 0 - |Petched 1 day before, WI'=20°C, Covered
30 3 |Spring Manzana 0 |[WT=22°C, Ph=6. 5 '
K} 3 |Spring Edgetbehbret 51 |WT=21°C, Ph=6.5, Near elementary school
32 3 [Well Well 202 [Mineralized artesian well
Sample No. 1 to 29 are for WSS spring.

Note;

"F.C.

means Faecal Coliform,

“BH" means borehole.
"HDW" means hand-dug-well.

°p.Conn."” means private connection.
"Y.Conn." means yard connection.
"P.Foun." means public fountain,

"Barrel" means Barrel-container made of steel,

"TMTC" means tooc many to count.
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BURE - Activity Profile by gender

Public. Fountain/Private Connection Users/Well Users/Spring Users

Activity Gender Time Place
: M|F Remarks o
cinen and
Fetches drinking water 1Y lsometines girls
Does the laundry n|ylalways females
richer households
lfaters livestock Y™ hase paid labor q{fiver
tfakes water from cohtainer |y|y
Feaches children hygiene Y| ¥ jwhoever is about
Disposes of solid waste nly mostly anywhere
_ ol fsome open pits
Digs a compost pit for waste
daily labor for
_ y | n [higher income
lConstructs a latrine groups
some use pits,
Ipigs a drainage channel Y| " tew use drains
Tends a kitchen garden Y| n|very few
Disposes of animal waste nly
Keeps latrine clean nly
Keeps compound clean |nly
rakes sick child to clinic ¥ | ¥ [whoever is about

y = Yes, n = No
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BURE ~ Daily Schedule

Private Connection Users

Man o Woman .
Wakes up, washes, goes to Church 3] Wakes, washes, prepares breakfast
Returns home, eats breakfast 7 Gives breakfast to family
Goes trading (buying and selling 8 Eats breakfast, cleans dilshes
food items in town and in other 9 Washing clothes
towns also) 10 Cleaning house
[ 1 1 1]
" 12 Prepares lunch
Eats lunch 13 Eats lunch with family
" Trading food items i4 Drinks coffee
1 15 |[Spins cotton for household purpose
1] 16 "
" 1 '? [1]
" 18 Prepares supper
Returns home, eats subper 19° Eats supper with family
Drinks coffee, talks with family | 20 Drinks coffee, clears dishes
Goes to sleep 21 Goes to sleep
22 -

NB.
laundry purposes.

Supply of water is not adequate, éupplemept with water from the river
This is collected by laborers,

Public Fountain/Spring/Well/PC Vendor Users

Man Time Woman
4 Wakes up, prepares tea and tela
Wakes up, goes to work 5 Sells teastela to bus passengers
{Seiling sugar care/banana 6 "
“at bus terminal to passengers) 1 "
. ) " . B . "
Returns home to eat breakfast g Prepares and eats breakfast
Selling sugar cane/banana 10 Sells teastela
"o 11 "
By 4 12 ‘Prepares lunch
: - Eats lunch 13 ¢ Bats lunch with husband
- Sells sugar cane/banana 14 Sells tela/arekie, does other
o Lo : ' 15 domestic household activities
L 16 Fetches water
" 17 Other domestic and selling
' activities
n 18 L
: " _ 19: "
Returns home, talks with friends | 20 , "
. Eats supper - D)2 Frepares supper
Goe$s to sleep _1.22 |Eats supper, clears dishes, sleeps

NB,

.Home is infront of the bus terminal




BURE - Access and control profile

Private Connection Users

- Access control
Rescurces L A“¥nﬁi§:female male|female Comments
Money for water Yy Y Y ¥y
Money for soap b4 Y Y 4
Money for water container Yy Y Y Yy
Money for water pot cover ¥ Y Y Yy
Money for building materials for v y y - y ‘women and‘
kKrying shelf _ men organize
ptoney for building latrine y ¥ ¥ y
ffoney for medicine ¥ y Y %

Irools for digging pits y 'y v y ldaily labor.
Tools for constructing latrine ¥ y ¥ y Haily labor
Seeds and tools for vegetable gardens| y y Y n few have
Land for digqing réfuse disposal pits| vy Y ¥ y some have
Land for digging latrines y Y Y y
Land for digging drains ¥ Y Y y some have
Land for digging vegetable gardens ¥ Y ¥ y few have
Income from selling water y Y Y Yy _

Income from selling vegetables y Y Y y few do
Improved health s Y Y v mostly womlen
Reduced time spent collecting water n Yy n y few males
[Reduced time spent caring for sick i Y Y Vi mostly women
Spring/Public Foéuntain/Well and PC Vendor Users
' ACCesSs Control :

Resources | male | female |male] female|Comments
Money for water T o Yy Y ¥ Yy | pnoney is
Money for soap y v Y y |shared by
Money for water container ¥ y y .y ' |husbard and
Money for water potbt cover iy ¥ Z Y y wife
Money for building materials for . ' women and
drying shelf : : yor ¥ Y Y lmen organize
Money for building latrine 'y Y Y | [y  jmay have
Money For medicine yr oy y! ¥y jmay have
Tools for digging pits v Sy y "y . fnot all
Tools for constructing latrine _ Y y ! v Ly not all
Seeds and tools for vegetable gardens| vy n Y n few way have
Land for digging pits Y V4 Y Y few have
Land for digging latrines Y ¥ y y not all have
Land for digging dridins n n n n few have
Land for vegetable gardens n n n n some may

_ ' ' ' ‘lhave
Income from selling water n n n- n o o
Income from selling vegetables Yy ' Y Y provisional:
Improved health n n n v ostly womeh
Reduced time spent collecting wWater n y n y E; ' :
Reduced time spent caring for sick ¥ y Y Y ostly women

*It is likely that the methcodology we have used does not disclose this
type of data adequately.

All members of the community we spoke with said that money was a shared

pot and that purchase of items was a joint decision. The major factor
influencing access and control seems to be decided by who is eaxrning money.
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BURE - Needs Analysis

Private Connection Users and Well Owners

Remarks

[Practical needs

latrine construction or for
cormunity latrines and
designation of sites for
other waste disposal

Waker Longer service time from n Supplementary sources ]
piped system Y |relied upon heavily
Breaks and inadequacies in _ .
piped water service to be vyiv fusglyoﬁz igssonly working
: reduced/avoided L Y
Sanitation |Provision of loans for

Many PC Users live in
rented Kebéle accommodation
without access to latrines

Strategic needs

Water Would provide labor for
improvements in water vy
supply system _
Sanitation [Community management of Require help with community
latrines ' vy organization and
énforcement
ealth INone identified
education
¥ = Yes, n = No
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BURE - Needs Analysis {continued)

Public Fountain/PC Vendor/Well/Spring Users

3-5

Gender ROMALks
- MI{F ~ o
Practical needs o _
(Water pdequate quantities of
lwater from the water supply| ¥ | ¥
system each day .
Reduced time spent for Reduced queues and reduced
water collection y | ¥ distance to water supply
_ ‘|facilities . L
Sanitation |Improved access to Community latrines for
latrines. Need for women ithose in rented housing and
to have access to latrines ¥ 1 ¥ lthose who can not afford
even during daylight hours privaté latrines
Allocate areas for refuse
disposal and provide
training and support for yiy
the safe disposal of
: refise. _ . ]
Health biscussion groups for _ No special attention
education sanitary education required Y1y required by Muslims
Strategic needs - :
[Water Public fountains possible
Lo be managed by the
comnunity with support from Yy
uthorities : :
dditional public fountains ALl groups could assist
to be constructed with the with labor and with
help of community labor. yi+v transportation of
| .. materjals. .
Sanitation |[Community latrines to be . {Need to have support and
nanaged by the community ¢ leven enforcement from
. Iduthorities for
v | v |improvements in sanitation,
. lidcluding thé use and
nanagement of community
: ‘ latrines. _
Public showers to be Only would be used if
: anaged-by the Authorities Y| v inexpensive '
Health “Isupport for existing health
education education initiatives. _
Increase motivation for yly
people to improve their
| sanitary behaviors
Y = Yes, n = No



BURE - Social and Gender Considerations

type and level
of water service
demanded

social and
economic status

households will

not be satisfied
without private

connections

Social/Gender Underlying Impact of the §9551ble
; easures to be
differences factors project
taken
Variation in Variations in Richer Inprovements to

the water system
should includs
both public
fountains and
private
connections

arger incomes
ave better

access to wWater
and sanitation
facilities than

Eouseholds'with
1

Larger incomes
allow people to
construct
latrines or
install PCs

Middle income
people will
benefit most

‘[from any

improvements in
Hater supply or

Discuss’and
develop ways of
ensuring
employment or
income
generation for

fnanaged communal
latrines,
Jthers felt this
night be '
difFicult

can cause
disharrony in a
community

start well but
is likely to
fail in the
middle-long term

lower income sanitation lower incomne
households facilities Froups

Many people in  |Enforcement of [Community Support and
favor of community member |latrine training needs
community by other members management may jto be given to

cotanunity groups
and leaders.
Enforcement must
also be provided
by authorities

Wwomen only |
-Kefecate under
cover of
"Karkness

The need for
privacy:
determines the
time that women
can defecate

Women may all
require latrine
facilities at
the same Lime
thus putting
pressure on
resources

Sharing and
hanagement'of
community
latrines must be
facilitated with
discussion of
all community
members

[Women fektch -
lwater most of
the time:and
women usually do
the laundry.
IGirls sometiimes
help from any
source and some
boys help
collect from PFs

‘Mater collection

and laundry. are

“hmdertaken

aostly by wowen
and girls and
less often by

.lyoung males

Females will
benefit mwost
from time and
energy Savings '
from having a
reliable water .
supply available
near their homes

The project
needs to help
women identify
how to spend any
time released
through iwmproved
uater supply
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BURE ~ Summary of group meetings

Group 1 Group characteristics Group needs
letails ' . o
General Kebele 04, Amhara, Mostly 1-Water, 2-Community Latrines,
Christian, 7 men, 7 Women, somej3-Health Care, 4-Improved road
children, Ltela sellers, weavers [conditions
and daily labourers ) o L
fHater Spring/swamp users in wet seasonfWould like reliable public
otherwise PF users. Women fetch|fountain supplying for 6 hours
water and do laundry at home. cach day, or with extra public
Spring water takes 2 hours to fountain running for shorter
collect because of gueues and time., Prepared to help with
slippery path.. -PF only labour for construction and with
functions 1 time in 3 days for [management. Could not afford to
short period and is inadequate. lpay more for better service,
Sanitation|all use open field for Would like community latrines,
defecation. Women go when it isfwomen would also use them.
dark. Can not afford latrine Would help with construction andj
construction and do not have bnanagement .  Would share by
control of land for latrine groups of families, Would like
construction as mest live in : {water for washing hands in the
private rented housing. Rubbishjlatrine but could not manage
disposal also open field.: this. .
Health Comeon diseases are Intestinal |No health needs specified.
parasites and diarrhoea and
awareness of their transmission
is adeguate. HEd has been
received from the Health Centres
but no other way of getting
information about water/
|sanitation related diseases.,
Group 2 Group characteristics Group needs
details ) :
Gengral Kebele 02, Amhara; Christians, 7ji-Water (PFs and PCs),
women, 4 men some children, telal?2-Latrines, 3-Electricity
“Isellers, petty traders, teashop :
: ‘ proprietorsand daily labourers | . ;
- [Water A11 spring and Public fountain - [Existing public fountain to be
! users and occasional users of reopened to supply water each
private vendors, . Women fetch ' lday for 4 hours. Some would
the water. Nearest PF {market |like private connections, Couldﬂ
area) not working. . Laundry donelhelp with :labour and management
at spring or with roof water. for recpening of public
MWhen the existing PF operated fountain. Could pay more for
for 2 hours it was insufficient.|lbetter service, _
SanitationlAll use open fields for Comminity latrines shared by
defaecation, women go under groups of families would be
{cover of darkness. Can not appropriate. Would help.with
afford latrines and do not have [labour for construction,
control over the land for cleaning and management. Would
latrines {private rented use public showers if not
housing}., Refuse disposal also jexpensive (?). Allocation and
open field. enforcement of garbage disposal
_ areas would be used. ]
JHealth Cormon illnesses include CholeralNo specific health need
: and dysentery, and intestinal - ({identified.
parasites. High level of health
awareness.  Health education
carried out at health centre, at
- |home men and women teach
children about health and take
sick children to the c¢linic,
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BURE - Summary of group meetings (continued}

E?oup 3 Group characteristics Group needs
details : :
" [General Kebele 03, Amhara, Christians, 9|1-Water (would like to sce
onen, 7 men, many children, action fast) 2-Electricity
Farmers, Petty traders and
__|Government Workers o
fater A1l use springs, public Would like additional public
fountains, private cennection fountain and would be prepared
vendors and rain water. The to assist with labour for
public feuntain supply is construction and management.
irdadequate for the lecal demand [They are preparéd to pay more
and is a little far. Women for a better service.
fetch the water. Women do {Actually, the public fountain
laundry at home using spring or |is not .far from the location of
rain water. the group meeting)
SanitationiAll have private latrines some [No needs expressed for
are poorly constructed so sanitation. Women able to use
children do not use them. When |latrines even during daylight
latrines are filled up they hours.
close them and daily labourers
are paid to build new ones.
Most own their houses or rent
privately (prefer renting plots
with latrines} :
" Health Common diseases include TB and [MNo health needs identified.
diarrhoea {for children). High '
awareness of link between .
diarrhoea and water/sanitation.
Health education bheen received
from the health centre.
Group 4 Group characteristics Group needs
details . :
General  |Kebele 01; Amhara, Mostly 1-Hater, 2-Electricity
uslim, 7 women, 6 men, some
o |children, mostly wealthy traders
. ‘ [and business people ' o
: Mater (1All use:watér from Private Would like and most can afford
“{Connection Vendors, Public private connections. A few
Fountain, river and rain water. jwould like to have a public’
"IThe river is sometimes turbid feuntain and could help with
but is nearer than PFs. Pay 15c¢|finance/labour for construction
per pot from PC vendors. Women land management. Would like to
fetch the water and do laundry '|see the water supply situation
with river or rain water _limproved quickly.
SanitationpMost use open field for Would like community latrines
defecation because there is lackland some would be'interested in
Jof wood and money for slabs, loans for private latrines or
Women need privacy therefore for concrete or wooden latrine
“jonly excrete during dark hours. |slabs. Public shawers also of
Waste disposed of in open field |interest even for women
and not aware of municipality dépending on the price,
. dumping sites _ ' : ' -
Health Commmon diseases include Health education imay not be
diarrhoea and intestinal worms. lappropriate through the Mosque
Pware of the health implicationsjput rather through small
for poor water/sanitation. discussion groups.
Héealth education has been
received through health centre.
People not aware of work of
- __|Kebele Health Representatives

4-2



diarrhoea, fever {malaria type)

BURE - Summary of group meetings (continued)
Group 5 Group characteristics " Teroup needs
details B o
iGeneral Kebele 04, Amhara, Christians, 6{l-Health, 2-Water
Wwomen, 5 men, many children,
tela/tea sellers, daily
__ltabourers and government workers| a
Mater ﬁll are most often private Would like to have regular
connection users, but supplementlservice time each day for the
the supply with other sources PCs. Additienal PCs are needed
including rain water. Women an also a public fountain. Are
fetch the water and do the prepared to pay more for better
laundry. Water is available water service. Would also be
from the PCs for 3 hours one dayprepared to contribute labour.
and then no water for the next
three days. _ . ]
Sanitation[Most use open field because theyWould like latrines, community
live in rented Kehele houses, latrines would be an option, but
women go during dark hours for  |require organisation for helping
lprivacy - (shyness). Disposal of [with management and
solid waste is also open. construction. Would pay for
Public shower is not uséd as it [water in the latrines for hand
is teo expensive (50c) and women[washing. Need container for
prefer to bath at home. collection of refuse for
Mun101pa11ty to dump:
Health Common diseases include TB and o specific health need
dysentery. Health awareness identified.
about these is reasonable.
Health Education has been
received at the health centre
but is not always appropriate,
Group 6 Group characteristics Group needs
details :
General Kebkele 03, Amhara, Christians, 7JAn ‘argument in the group over
women, 1 man, few children, jand brought a close to this
Tela/Tea shop/hotel keepérs rmeeting without' concludlng the
_ L ‘ pricrity needs
-[Mater Public fountain users yould like the publlc fountain
supplemented on occasions by to. he open longer' hours éach’ :
vendors with private connectionsiday. @ Not prepared to pay frore
and with springs. The public - lfor a better service as it is :
fountain usually functions for [considered too expensive
two hours each day which is justjalready. Nol prepared to assist
insufficient and on Sundays with management of the public
there is no water as the water |[fountain, the Government should
sellers don't work Jerganise this ]
SanitationjAll use open field for Would like latrines, community:
defecation, some complained that|latrines being the most :
others use the area outside the |appropriate,  They could be
shops. There is a Yack of land [shared by groups of households’
for building latrines and no {mostly women headed households
control over the land because in this group} and could
rhouses are rented, Waste contribute to construction with
disposal also open field. labour and manage/clean them
themselves. .
Health Common diseases include ¢ health needs specifically

lidentified
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Appendix -5

Financial and Socio-Economic Data



Table 1 (1) summary of Financlal Aspects of WSS in Eleven Centers

Item Dupti Mille Bati Werota Aykel Debre

Tabor
1. Population 14,737 3,902 14,354 21,845 11,718 25,575
2. Water production n.a. n.a. 113,523 58,318 11,303e 11,830

& consumption in 35,565e 29,232e 90,218 46,104 10,173e 9,773
19983/1994 (m3)

*Water consumption/  6.6e 20.5e 17.2 5.8 2.4e 1.0
population/day (1) :

%l,eakage ratio (%) n.a. n.a. 120.5 20.9 10.0e 18.1

3. Incomé & Expendi- 51,267 48,818 131,144 64,648 50,863e 31,337
ture in 1993/1994 60,188 38,182 132,245 53,304 22,560¢ 78,328

{(birr)

*Bill collection 85.7 79.1 94 .4 99.9 - 67.8
rate (%)

*Income/consumption 1.44e 1.67e 1.45 1.40 5.00e 3.21
(birr/m3) :

*Expenditure/pro- n.a. n.a. 1.16 0.91 2.00e 6.57

duction (birr/m3)

*Income/Expenditure 85.2 . 127.9 - ©9.2 - 121.3 225.5¢ 40.0
(%)

4. No. of personnel, 10 11 ‘25 18 13 18
female, tempo- L .5 -5 4 4 5
rary/contract o110 11 8 0 8 0

tProduction/worker n.a. n.a. 4,541 3,240  3.478e 663
{m3) : : ' : S : o
¥Income/worker . 5,126 4,438 © 5,246 3,592  3,913e 1,741

“{birr) :
+Expenditure/ 6,019 3,471 5,290 2,961 1,735e 4,352
worker (birr) S

6. Average monthly . 129 96 204 217 70 173
salaries (b}rr)

6. No. of house/ ig0{70) 89 852 " 396 L - 1320
yard connections, B8(2) ' 8(H) 12 7(6) 5(3) 13{2)

.public fountains, i 1
hydrants
Notes: 1. e = estimates: or assumptions 2. n.a.= not available
3. parenthesized: figure = functional
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Table 1(2) Sumnmary of Financial: Aspects of WSS In Eleven Centers

Item Nefas Chagni Bure Bichena Dejen
Mewcha
1. Population 13,726 26,823 14,742 14,629 10,250

2. Water production 42,216 74,218 66,278 17,810 46,409
& consumption in 31,206 65,045 55,008 15,826 41,201
1893/1994 (m3)

*Water consumption/ 6.2 - 5.6 10.2 3.0  11.0
population/day (1)

tLeakage ratio (%) 26.1 25.8 17.0 11.1 11.6
3. Income & Expendi- 56,457 68,590 66,791 34,6798 62,089

ture in 1983/1994 79,567 72,172 102,309 71,591 67,846
(birr) :

¥Bill collection 91.7 85.8 88.2 96.8 89.0
rate (%)
*Income/consumption 1.81 1.25 1.21 ° 2.18 1.51
o Abirr/m3) :
¥*Expenditure/pro- 1.88 0.97 1.54 4.02. 1.486
" duction (birr/m3)
*Income/Expenditur S 71.0 . 95.0 65.3 48.4 91.5
(%) ‘ '

4. No. of personnel, . i 17 22 20 17
female, tempo- 5 6 i _ 6 3
rary/contract 1 2 0 2 0

- *Production/worker 2,222 . ‘4,366 3,013 = 881 2,745

(ma) T |
*Income/worker 2,871 4,035 3,035 1,735 3,652
{(birr) o ' 2
*Expenditure/ 4,188 .4,245 4,650 3,580 3,991
worker (birr)
5..Average monthly " 153 143 241 170 211
-salaries (birr) : o
6. No. of house/ - . 383 327 478 238 - 390
© .yard connections, 14(13) 12 1 13(12) 7 7
public fountains, .
hydrants
Notes: 1. e = estimates or assumptions 2. n.a. = not available
" 3. parenthesized figure = functional



‘Table 2 (1) Pinanciat Condition of Water Supply Service in Bure

i. Oficial watcr DPrice: | bye/nd Torall ¢fieats
2. Production and Consumption of Water, 1993/904
1) Production : 66,278 n3
2} Consumption: 55,008 m3
* Daily water consunption as divided by total population = %?

* Leakage ratio = 17.0%

3. [Income and Expenditure
1) Income : 66,790.95 biry
Major sources of income
1) Meter waler sales 43,281.00 birr §64.8%
2) Cash water sales 11,134.50 birr {16.7%
3) Water meler rental 5,086.00 birr 7.5%
4) Scrvice charge 1,506.47 birr 2.3%

* Bill ceollection rate = 98.2% _
* Income per unil consumption of water = 1.21 birv/m3
2) Expenditure: 10Z2,309.38 birc

Major items of expenditure

1} Salaries 62,309.38 bire (60.9%
2% Fuel (for génerator) 24,448.47 birr {(23.9%
3) Office supply 3,928.71 bive 3.8%
¥ hxpendlture per unit production of waler: }.54 birr/m3
¥ lncome—expendituré ratic: 65.3%

4. Organization and Personncl

1) No. of personnel: 22 (7}

(1) Head, WSS 1

‘Table 2(2) Finanelal Condition of Water Supply Service in Bure

(2)

Ad mlnzstratlo I -
1 hea 4 5uards, 1 (1) store clerk,
1 storc kaegper, adm1n15tlat1ve clerk,
1 {1} cleaner
{3) Fi nauce g (5)
.1 hea 1 accounting cl vk, } cashier,
L 1 water meter reader,: (15 bill co 11 ctor,
; " 4 {4) water secllers
{4) Urban water supply & sehexago Lo 3
1 motor operator,'2.plumbevs :

‘the: Parenthesized: flgune denotes - the number of female.workers.
© % Praduction per worker = 3,013 mS/year ‘
*. Inceoime and expenditure per worker = 3,036 bfrr, 4,650 birv/year
2} Average wmonthly salaries of cmployees: 241 bire

5. No. of Distribution Facilities

1) House connections : 8
© 2} Yard conhections 1470
l; flouschold 1430
2) Governmental & publlc_ 19
{3} Commoreial HES |
3} Public fountains 13 (12 Functional)

Note: There are twé hand-dug wells.
5. Problems and Botltlenecks

1; Financtal problem.:

2} Hard to nalulaln/nepalr the damaged office building due to

~ shortage of financial 1050u:ces

3} Shortage of water sources. Only one is tunrtnonal out of two,

4} Water production from the funclianal water source is decreasing.

5) Transmissien lines lie adjacent lo rivers and roads. Necessary to
take measures to protect them from damage. But, tno financial
?sources to do so,

They cannot buy uniforms due to ltack of fund.

53



(%) [Amh.=Amhara,
Age.=Agew]

3. Religious compo-
- sition, Christi-
ans & Moslems (%)

4. Family size

Area (ha}

(persons/ha)

*Population density

42
58
4.5

" 1,600e
g.2e

I11. Educational .Conditions

1. No. of pupils/
- students :
¥No. of pupils/
students per 100
population

2. Literacy ratio (%)
3. Primary school
fenrollment'ratio
(%) _

IV.

1. No. of medical
"personnel

3,182

22

62

Medical Cbnditibns

36

43

57

68

57. 4

457

12

62,

53

12
88

260
55.2

2,500

17T

48

53

22

“Table 3 (1) Summary of Saclo-Economic Aspects of Eleven Centers
Ttem Dupti Mille Bati  Werota Aykel  Debre
Tabor
1.  Administrative Conditions T
i. No. of gov't 500¢ 3386 3686 322 412 1,674
amployees .
iNo. of gov’'t 34 86 25 15 35 65
employees/1,000
population
2. Average salaries 311 311 355 308 391 ' 397
' of gov’t employees
(birr)
II1. Population
1. Population 14,737 3,902 14,354 21,845 11,718 25,575
2. Ethinic composi- Amh.84 Awmh, 69 Amh.49 Amh.97 Amh.73 Amh.100
tion for top two Afa. 6 Oro.14 Oro.28 Tig. 3 Kim.20

Afa.=Afar, Oro.=0Cromo, Tig.=Tigre, Kim.=Kimant,

80 81 a5

19 19 5
6.3 5.5 5.7
640 322 1,402
'34.1 36.4 18.2
3,817 3,944 - 7,950
17 34 31

63 80e 74

57 85e 75

9 18 81
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Table 3(2)  Summary of Socio-Economic Aspects of Eteven Centers

ITtem : Dupti Mille Bati Werota Aykel _Deg}e—
: Tabor
*No. of medical T2 a 1.0 1.5 0.4 1.5 3.2

personnel per
1,000 population

2. No. of cases for 14,943 1,611 11,642 18,084 13,8683 21,318
top ten diseases : _
*Estimated No. of 30.4 12.4 24.3 24.8 35.0 25,0
cases per year as
percentage of
population (%)

3. Under 5 mortality 213 154 163 95 n.a. 73
rate {/1000}[n.a.=not available]

4. Life expectancy 47 53 52 61 55e 64
{years)

5. Households using - 86 45 68 61 39 65

septic tank /
pit latrine (%)

V. Economic Conditions
1. No. of commer- 1,105 204 243 812 450 1,672
‘¢ialfindustrial (331) {162) (68) ~ {(201) ° (115) (574)

establishments :
[parenthesized figures=No. of hotels/restaurants) -
#No. of establi- 75 52 17 37 38 - 65

shments per 1,000 (22) = (42) (5y.  (9) (10) (22)
population ; o S :
5. Monthly household 334 . 223 306 . 262 182 248

‘income {(birr)

Note: e=estimates
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Table 3 (3) Summary of Socio-Economie Aspécts of Eleven Centers

Item "Nefas Chagni Bure Bichena Dejen
. Mewcha
I. Administrative Conditions
1. No. of gov't 541 727 845 499 - 378
employees .
¥No. of gov’'t 39 27 57 57 37

employees/1,000
population

2. Average salaries 207 368 292 374 407

of gov't employees
{birr}

I1. Population
1. Population _ 13,726 26,823 14,742 14,629 10,250
2. Ethinic composi—- Amh.100 Amh.74 Amh.94 Anh.99 Amh.99.
tion for top twe Age.19 Age. 4 Oro. 1 Tig. 1}
(%) {Anh.=Amhara, Afa.=Afar, Oro.=Oromo, Tig.=Tigre, Kim.=
Kimant, Age.=Agew]

‘3. Religious compo- 94 44 92 87 65

sition, Christi- _ 6 56 7 33 35
ans & Moslems (%) '
4. Family size 5.9 6.1 6.8 6.2 6.8
5. Area (ha) ‘ 648 920 1,280 200 280
*Population density 21.2 29.2 11.5 73:.1 36.6

(persons/ha)
ILI. Educat1ona1 Condltlons

1. No. of puplls/ 3,743 5,339 ' 4,388 3,465 2,661

‘students : ‘ : :
*No of puplls/ 27 20 30 24 26

students per 100
population

2. Literacy ratio (%) 70 74 61 89 61
3. Primary school 59 17 69 68 64
- enrollment ratio
(%)

IV. Medical Conditions

1. No. of medical 43 25 22 27 5
© personnel
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Table 3 (4) Summarj of Socio-Economic Aspects of Eleven Centers

Dejen

income (birr)

Item Nefas Chagni Bure Bichena
Mewcha

tNo. of medical 3.1 0.9 1.5 1.8 0.5
personnel per
1,000 population

2. No. of cases for 22,002 11,782 15,112 7,441 3,790

"top ten diseases

tEstimated No. of 48.1 13.3 30.7 15.3 11.1
cases per year as
percentage of
population (%)

3. Under 5 mortality 196 144 131 173 155
rate (/1000)[n.a.=not available]

4. Life expéctancy 49 H4 56 52 53
{years)

5. Households using 58 61 58 45 54

' septic tank /
pit latrine (%)

V. Economie Conditions

1. No. of commer- 860 546 246 414 345
cial/industrial (209) (91) ~(65) (47) {74)
establishments
{parenthesized figures=No. of hotels/restaurants])

"¥No. of establi- 63 20 17 28 a4
shments per 1,000 {15) (3) (4) - (3) {7)
population :

2. Monthly household 202 203 253 324 - 312

Note: ez=estimates
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Table - 4 (1) Socio-Eeonomic Condition of Bure

[\

G O LDCO =] O (Nl GO bt (O 00T =T T M LD et

T IND bt bt ot 1 1 Bt i s e

Administrative Conditions
Administrative Classification: Region 3, Zone = West Gejjam

Government Qrganizations

Agricultural Departmont

Natural Resources Development and Environmental Protection (NRDhP)

Weroda Council

Financial Department

Educational Office

Municipality

Health Center

Health QOffice

Agricultural Mechanization Station

Culture and q€ort3 Begartment

Road Transport Authority

Police |

Post Qffice

Telecommunications

weroda Court -

Weroda Attorney

Ethiopian Grain Trade Enterprise

Commercial Bank of Ethiopia

Road- Constructlon Authority .

Water Sug Service (hSSI :

es: ools are not included in the above organizations.
There arve '1 NGO and B public organizations.

No. of Government Emplovees and Thelr Average Monthly Salaries:
845, 292 birr

* No. of government employees per 1,000 populatidn: 67
No. of Kebele: 4

Socio-Economic Conditions

Lo

1. Population
1} Total population: 14,742

2} Ethoic composition: Amhara (94.1%), Agew (3.9%), Oromo {2.0%)
3) Religious composition: Christians (92.0%), Moslems (7.0%)

Table 4 (2)  Soclo-Economie Condition of Bure

4Y Average family size: 6.8 ﬁersnns
Aveat 1,280 lia B Population density: 1.5 persons/ha

3. Fducational Conditions
i 1} No. of schools, c¢lass looms, teachers _and pupxls/students

!tems ] ~Kinder- Elcomen-— JUHIOP & Technical E
garien dary - Saenior High Vocational
. : Schdol School School
[T R6T BT Schoals ~-2 377 ) I
2!-No. of class rooms 2 31 i6 8
3) Ne. of teachers 2 92 - H2 22
(4) Ne. of pupils/ 136 2,157 2,031 G4
: studeénts
¥ No. of pupils/students por 100 pnpulatfon: 30
2) Literacy ratio: 61.3% (1984)
3) Primavy school énrollment ratio: 69.4% {(1984)
.. Medical Conditions
‘1) Ko. of medical institutio ns/establlshments
: 1 Health Center (5 beds}), 2 pharnacies
2) No., of medical personnel:
" 1 doctor, 9 nurses, 8 health ass:stants 1_lahoratory
technician, 2 pharmacy technicians 22 in total
© Other related personnél: 2 sanitarians
3) Incidence of diseases (Jul., 19893 - Jun. 1994)
(l! Top ten diseases . . . .
All types of intestinal parasites 3,744 cases
11 Infection of skin and subculaneous 2,281
tissue ]
iii. Al]_lfpe$ of diarrhea 1,508
iv., Bronchitis 1,374
v. All types of T.B. X 1,374
vi. All types of venereal diseases 1,233
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Table 4 (3) Soclo-Reonomie Conditlon of Bure

4)
6)
68)

6.
1}

vii. Uppeér véspiralory {ract infection 1,047
viii, Gastro-interitis 1,026 .
ix. All ‘types of rheumategid arthritis 782 i. to x.
X. All types of pneumonlw 744 = 15,112
(2) Estimated number of cases per year as percentage of paopulation:
{15,112 x 1.5) / (14,742 x' &) = 30.7%

Notes: 1.5 = coefficient to estimate the total aumber
& = cneffxcxent to cstimate covered population

Under 5 mortality rate: 130.9/1000 (1984}

Life expectancy: 56.0 years {1984)

Houscholds more or 1eqs using septic tank and plt latrlne:
No. of Holy Places: 3 churches, | mosgie

Pconomlc Conditions
No. of commercial and industyial establlshments

aof cases,

58.0%

Classification

Annual Income {(birr}

< 1,880 1,000 - 3,000 3,000 < Totatl
Motels and Testauranis T
Hotels 3 4 3 10
Bars 0 28 ] 28
Groceries (Public houses) 0 20 i} 20
Tej houses 7 0 o 7
Sub-total 10 52 3 65
Shops 25 82 33 140
Cotta%e'ihdgstry
Qil factovies 0 0 b 5
Flour mills 0 0 23 23
Tyre repairing 0 2 2
Sub-total 4] 2 28 30
Others q 4] 11
‘Table 4 {4) Socio-Economic Condition of Bure
Totwl ) 33 T41 T 746

2)

3)
4)

Notes: T. Shops lnclude {raders of ¢lothes, Lhread, textiles, spices
: and hol sauce, kevoscne, leather and sk1n. leather

products, gralns, butter & hone

coffee, fruilt &

¥
vegelables, building matevials,’ 6&ke:xeb, gtOCOlleS,

tailors, photo shops and stationeries.

2. Others include f;llxng stations, butqheries and gold &

“silver smlths

* No. of commeP01al_and industrial establishments
per 1,000 population: 17 )

Major occupatjons .
li Commercial activities EE} Agriculture (3) bay laborers

4} Government employees Industry {(mineral water factonv)
Major products: edible oil, flour
Market '

{1) Major marketable items: .
gralns. livestock, butter, milk, honey, ctc.

{2) Prices of major marketable items
Grains (unit: birr/100 kg)
tef ™ dagdsa maize harley
200 140140 150

Livestock {(unit: birrfone}

oX caw §héep goat d6nKey nule horse

chicken

800 500 150 1Z5 300 700~ 550 | E
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Table 4 (5) Socic-Eeonomle Cohdltion of Bure

T ConSameTS T iToms {uni bivr)
Batter (Kg) honey (kgy  milE (Titre)
B R 8

(3) Market days - Tuesday and Salurday (10,000 and 25,400 people
{gather on Tuesday and Saturday, rvespeciively.)

4} Average monthly household income: 252.7 birr

Sources: Wafter Supply Service, ¥Weroda Councnl;_Flnan01al Bureau,
_Educational Bureau and [lealth Center. in Bure; Socio--Economic
8??pling Questionnaire Survey by JICA; Central Statistical

ice
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Appendix - 6

Result of Initial Environmental Examination






Project Description on Enitial Environmental Examination in Bure

Items

Description

Project Title

Eleven Centers Water Supply and Sanitation

Background

1. Insufficient water supply and low per-capita-
consumption due mainly to high population growth
, aged facilities and poor O&M.

2. Poor sanitation prevailing the Project site
which could c¢ontaminate the water source(s).

Objectivés

To supply domestic water which méets peopie’s
demand and to improve sanitary condition.

Location

Bure, Damot Weroda, Region-3

Executing Agency

Water Supply and Sewerage Service Department
Ministry of Water Resource

Beneficiaries

About 14,700 of the population to be benefited.

Dimensions of the Plan

Rehabilitation of existing facilities, and new
boreholes, reservoir and distribution network.

Type of Work

Rehabilitation and new construction work

Purpose

1. To provide domestic water and improve sanita-
tion facilities.

2. 'To initiate people’s awareness on waler use
and sanitation.

" Water Qualityi

Water Resource

Springs and groundwater

There are boreholes whlch gr0undwater is hlghly
mlnerallzed :

Main Facilities

Intake of spring water, collecting chamber with
disinfection facilities.

Water Storage Facilities

Reservo:r (ground tank type) with enough capa01~
ty :

Filtration_Plant

Not to be considered.

Related facilities

Distribution pipes, public fduntains, drainage
system and latrines

Remarks

1. Chlorine or its derivatives such as mainly
calcium hypochlorite is used for disinfection.
2. There are a number of springs, few people

fetching water at rivers because of tu:bldxty




Itenms

 —

Deseription

Project Title

Eleven Centers Water Supply anﬂ Sanitation

Social Environmept

Residents (population,
tribe, consciousness)

Population about 14,700, majdrity Amhara with
high conscious in terms of water and sanitation

 Facilities related to
life {electricity, etc.)

‘|The electricity is hydro-powered one from Fincha

and provided for 24 hours.

Health and Sanitation
{diseases, clinic, etc.)

0 hospital, 1 health center, 2 drug stores
Intestine parasites are the most common.

Natural Environment

Topography, Geology and :
Hydrogeology

Located on northern part of the central plateau
with altitude of 2100m. Alkali basalt and tuff

‘ldominate the area.

Meteb—hydrology
Groundwater/spring/river

‘|Annual rainfall about 1120mm. Groundwater is

highly mineralized., There are springs and rivers

Endangered fauna and
flora

Nil

Public Nuisance

Nuisances

Water supply condition is relatively good,
comparing to other towns.
During rainy season, a few stagnant water appear

Begulations and Compensa-
tion ' :

Although the land is officially owned by the
state, those who lose their dwelling and commer-

|eial area because of the project will be given

subspituteilénd. Also, Compensation will be made
for properties such as houses and trees, which
will be damaged. '

Remarks

The rehabilitation of the main drainage systeam

|has been carried out by the municipality.

No water vendor in this town.
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Scoping Format for Initial Environmental Exdamination in Bure

Environmental Components|Classi- : Description
: ' fication

i.Social Environment

1.1 Resettlement B The facilities are small and expected to
give no resettlement.

1.2 Economic Activities D The economic detivities will be enhanced

by the water supply and sanitation improv-
ement.
1.8 Facilities B The construction werk and the facilities

have little impact on existing facilities’
such as schools and hospitals.

1.4 Collapse of Communi- B~ "|Nil. If a water users committee was orga-
ties nized by the community itself to look

after the facilities especially public

fountains, the community would be enhanced

1.5 Archaealogical and B Nil
Cultural Heritage
1.6 Vestéd Rights ' C Compensation shall be given for land and
properties if these were affected by the
Project.
1.7 Public Health and - p/C |Sanitary improvement will enhance the con-
Hygienic Condition dition. Drainage system must be accompani-

ed with the improvement of water supply.

11.8 Waste Disposal B During construction warks, there will be

' : 1little waste disposal from the view of .the
small construction scale. After commissi-
onning, no waste disposal is expected.

1.9 Accidental Damages C Consideration be péi& to the alignment of
to Facilities pipelines in order to avoid public nuisan-
ce to dwellers.

2. Ratural Environment

2.1 Geographic and Geo- B No effect is expected to geographlc and
logical Condition geological condltlon
2.2 Soil Erosi0n C The earth work glves little soil erosion,

judging from the construction scale.

L. _ —_

Nota) A; Advance Tmpact, B; Negligible Impact C; Unknown Impact D; Enhancement

to be continued......
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12.3 Surface Water Quali- B The analyzed surface water are within the

ty and Quantity WHO water guidelines.
{2.4 Groundwater Quality c Effect of overpumping be considered.

and Quantity {Groundwater is highly mineralized).

2.5 Hydrological Situa- B No effect is expected to hydrological
tion situation.

2.6 Terrestrial Fauna B Nil

2.7 Aquatic Fauna B Nil

2.8 Vegetation B Little effect iz expected to vegetation.

2.9 Climatic Conditions B No effect is expected to climatic condi-

tions,
2.10 Aesthetic Condition B The facilities would give little change

to the dondition judging from the size.

3. Public Nuisance

3.1 Air Pollution B Nil
3.2 Water Pollution B [nil
13.3 Soil Pollutien B [wi
13.4 Noise aninbrétiop B - |The éoﬁstructlon works do“not give rise to

notlceable noise and vibration.

"~ :13.5 Land Subsidence ' B The location of néw boreholes is designed
. : away from the dwelling area. The land is

composed of basalt lava, giving little

expectation of land subsidence.

13.6 Gdour : B Nil

3.7 Traffic Nuisance : C In case of pipeline being laid &Cross road
: the trafflc will be 1nterrupted

Note) A; Advance Impact, B; Negligible Impact C; Unknomn ]mpact D; Enhancement
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Appendix -7

Project Cost Break-Down (Water Supply)






" Summary of Cost Estimation of Water Supply in Bure

Noo | . . Description __“_M_W F.C.(B) [ L.C.(B) | Total(B)
I. [arget year of 2005
1 Civil York
Mobilization and Demobilization 100,000 | 156,000 250,000
Excavation and Earth-work 6,760 17,300 24,060
Trench excavation 279,070 625,830 904, 900
Pipe-work 320,200 1 320,290 640,580
Reservoir 98, 000 93,000 158,000
Punping station, R.C.punp house 132,048 87,984 220,032
Access road 178,000 1 ~ 414,000 592,000
Bore-hole (200m: casing) 89,6001 134,400 224,000
Water purifiction unit 18,000 15,000 25,000
Booster pump and necessary works © 360,000 | 600,000 1960,000
Eleetric submersible pump and necessary works 60,000 90,000 150,000
Power supply - 35,850 38,175 74,625
Concrete work 179,850 | 335,800 516,650
Masonsy work 60,000 | 245,000 305,000
Structure 99,180 | 231,440 330,620
Teaporary work(10% of above total) 200,965 | 293,730 500,695
Total of civil work 2,210,613 | 3,704,549 | 5,915,162
2 Material & Equipment 7,037,044 492,383 1 7,529,427
Sub Total 8,247,657 | 4,196,932 | 13,444,588
3 Engineering cost(12% of sub tatal) 1,613,331 1,613,351
4 Contingency (5%} 543,050 209,847 752,897
Total(birr) - 11,404,058 | 4,406,779 |- 15,810,837
Total(Yen: Ibirr=15yen) : : "~ | 237,163,000
5 Buildings 3,368,921 3,358,921
6 | WSSD's management cost 383,599 - 383,595
Total | 3,792,516 3,752,516
7 1 Prise escalation(6%) - 684,243 489,558 | - 1,173,801
Grand Total 112,088,301 | 8,648,853 | 120,737,154
i Taﬁééi“}eéf T | e e —
1 | Horbilizatien and demorbllizalnon ' + 300,000
2 | Rising line - 1,260,000
3 Distribution network 1,200,000
4 Intake and canal 1,318,000
5 Treatrent plant 0
6 | Booster pump with house 534,000
7 | Power supply facilities 170,000
8 | Chamber and structures 324,000
9 | Buildings 937,000
10 | Others 493,000
Sub tolal 6,541,000
11 | Engineering cost {10%) 654, 100 |
12 | Contingency (10%) 719,510 |
Total ' 7,915,000
Prise escalation(42%) 3,324,000
" Grand Total 11,239,000
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Ixported Cost (Material & Equipment) of Bure

:Target year of 2005

[~ Unit Rate | Amount
o _ Description . |bit } @ty | B | (&)
1. Pipe material :

o including joint and accessories
1.1} PYC pipe NP-10
a) DN 50ma - 4,960 15 74,400
b) DN 75mm o 10,578 30 317,100
¢) DN 100om n 3,660 40 146,400
d}y DN 150mm m 5,360 80 428,800
1.2 | Suspended préssure steel pipe
_ e) DN 200mm W/G gilt and screw n 730 288 210,240
1,3 | Fitting cost Total cost X 20% 235,388
2 | Pumps (Pump with electric motor/accessories)
2.1 Centrifugal pumps _ :
a) 9= {.1 n3/min H= 46n Hp= 22 kw set 41 500,000 2,000,000
b) Q= 0.66n3/min H= 9%0n HP= 30 kv set 2+ 500,000 1,000,000
2.2 | Subiersible pumps with accessories _ :
ay Q= 0.12p3/nin H= 100m set 130,000 0
b} @= 1.2p3/min H= 20m set 3| 200,000 6§00, 000
3 | Power Supply(Materialskaccessories)
3.1'| Power supply generating set
a) 10 KvA set 120,000 0
b} 15 KVA set 187,000 0
c) T0 KvA sel 1| 510,000 510,000
3.2 Tension line ' :
a) High tension over head line 15KY n 2,000 - 50 100,600
b) Low tension over head line m 1,000 28 28,000
3.3 | Plate-form mounted transformer ' '
Supply of transformer wiht acccessories : :
- Transformer - 45 KVA (H-type) set 2 50,000 | = 100,000
4 | Valve (Valve wilh accessories)
4.1} - Sluice valve ‘ : Do
a) P50 set 1,000 0
b) $75 - set | 1,300 0
2) 150 set: 41 1,700 6;800
d) $200 set 41 2,200 8,800
e) 250 | S -
4,2 | High speed air valve : :
: #50 . set 3 7,000 21,000
4.3 | Pressure reducing valve g
$150 set . 2 10,000 20,000
4.4 Check valve . ' :
; 100mz set 1 10,000 - 10,000
"5 | Flow meter (Meter with accessories @100} set i 590,000 50,000
6 | Reservoir equipment set 21 100,000 200,000 |
7 | Well (Materials with accessories)
7.1} Casing pipe DN2GO FRP m 212 2,093 443,716
7.2 Screen DN260 ] 68 5,700 347,600
7.3 ] Riser pipe, Stainless DNGS n 310 180 55,800
8 | Water purification unit set 1 80,000 80,000
- Total . 7,037,044 |

7-5




Imvesiment Cost of Targel Year 2010 in Bure

. Unit Rate | Amount
No. . Description = Unit | Qty 1 -(B) | _(B) .
{| Mobilization and demcbilization LS o 300,000
2| Rising line Kn 4,2 300,600 1,260,000
3{ Distribution netwark _ Kn 81 150,000 1,200,000
4 | "New borehole with punps & material Set 2| 699,000 1,318,000
5
6! Booster pusp with house Set t1{ 534,000 534,000
7| Poxer supply facilities Site 1y 170,000 ( 170,000
-8 | Chamber ard structures Set 12 27,000 -324,000
‘9| Buildings Mz 10 93,700 937, 000
: Others LS 498, 000
_ Sub total 6,541,000
t1 | Enginering cost (10%) 654,100 |
12§ Contingency (10%) 719,510
Total 7,514,610
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Table 1 Monthly Precipitation

7 Stintion‘: Bure _ ) ‘. _ Uﬁit:n‘m__

Year | Jan, | Fev. | War. | Apc. | May | June| July| Aug. | Sep. | Oct.| Nov. [Dec. | Anaual

1959 - - - R ~ 1303.0|206.5] — ~ | 250|520} -

1960 0.0 8.0| 7.0] 60.0{144.0]138.0316.0| — | - -1 - - -

1961 -- [90.0| 64.0) 63.0{159.0} - 2859 - - (1336 - —

1962 ~ |47.0f 240 — |t170.0] - 936.0| - | - - |- e
1963 - |26.0| — | sr.0]214.0101.0) 5332600 — | — | — - -
1964] 9.0 — | — — | 99,0 38.0]92s6.0|163.6|162.6|100.0] 18.3[38.8] —

1965 | 10.0] 9.5| o0.0]1004] 33.6| e5.0]2m.7[193.7| 61.4[123.3 51.3(18.3] 969.3

1966 0.0] Lo} 50.7] — | - |138.3}210.0|214.0] — | 84.0| 15.0f 0.0

1967| 0.0 0.0 8%.0| - | — |e6s0f —~ [2d9f - | - | - ~| -

19681 -- e e - | 5LO0[121.0)250.0 (1900 5.6 2L9| 9.0| 6.0 —

B3 — = | 19.0[147.0| 40.0]146.0 | 146.0 103.0] — [118.0] 16.0] -— -

o] 5.1|141| 209| 56.8] 28.0| 1484|2507 ]1s8.8[1852] - fussz| | -

| - | - - | - B e e e
W T T
o3| 0.0| 0.0 so| - [2on9|iseo|oedfans| sefiens] nal | -
s - |~ | - [ = |~ [s|mrlaaz| - o] - | —| -
ws| - | - | - | - | e .7 | st | - | -1 - | o] -
wis| — | - | = | < | - |e2e|oss|uzsmeof <[ - | -] -
wir| - | | - | - [ear|wer|esatiess| - | - | - | - -
wiw| ~ | - |- | || < - - [ues|sel - | -] - ]
w| - - - | |- =1 -] e
wo| | |- | ~(-1 -|~-1-]-1~-|-1|"

o | | - - | |- -]~ B I I -
1982 |59.6|38.4] 3e0| s7) - | - | - | I D
155 i e S Ry (S By I e et

we| | - |- | -~ - - - o
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{1986

19871 0.0

2.3

28.51 48.1

1988 | 24.9

20.9

2

4] 0.0

- | 242.3

221.6

Note: -

= not calculated due to missing data

Table 2

Station: Debre Markos

Long Term Monthly Mean Potential
Evapotranspiration (PET)

. Enit:ea

Jan,

Feb.

Mar.

Apr,

¥ay-

June | July

Aug

Sep,

Oct.

Nov., &k. Amwal

{st 10 days

38

33

40

39

40

IEEIN R L

47

48

41

8 | 46

2nd 10 days

46

43

39

38

34

2| 32

30

30

31

31| 33

drd 10 days

33

34

31

39

11

39 | 36

3H

34

35

36 | 37

Total

1117

16

116

116

115

14 |12

111

112

113

115 | 116 | 1712

Table 3

Monthly Average Maximum Air Temperature

- Station: Debre Markds

Unit: C

—

Year

Jan,

Feb,

Mar.

Apr.

May

June | July

Aug,

Sep.

Nov,' | Dec.

1953

1954

5| 25.5

23.2123.2

4.1

5.6

25.0

19.9{18.9

19.5

20.8

22.3122.4

1955

23.8

24.8

23.3

23.2

20.4118.4

1.9

19.6 |

92,2 ] 21,9

1956

2.4

25.9

22.1

22.5

19.5]17.2

1.5

19.3 '.

20.9122.5

1957

2.7

2.5

22.9

23.1

20.7]18.5

18.3

2.2

23.8 | 24.5

1958

124.8

%.3

24,9

95.3

18,8 1.7

18.4

1959

24.9

25.6

25.6

24.2

21.7]18.3

18.0

19.7

2.1)122.7

19.5

22.5123.1

1960

24.6

24.5

95.4

23.0

21.2118.0

19.1

18,7

2.4 22.9

1961

24, 2

2.9

2.0

24. 4

212 1.9

17.8

19.3

210 | 21.6

1962

2.8

93.8

26.0

23.1

20.6] 18.6

1.9

19.5

217|228

1963

24.1

25,1

23.2

la0.5] -

18.7

20.0

21.7420.9

1964
165

24.5

2.9

25.0

23.0

20.0]18.1

18.5

18.9

21.3]20.8

24.3

25.6

23.5

25,6

21.619.1

18.6

20.5

20.7)2L.5

1966

23.1

1967

25.5

24.4

24.8

124.5

25.5

21.0]19.1

18.9

20.0

21.8|22.9

25.1

23. 4

18.3

2.6 18.0

19.4

a12)22.0(

8.2 -




e . -
1968 {23.8{22.9(25.5}24.4}24.2| 20.6 {19.3 [19.71[20.4[2L.7[22.5]23.6

o . . I . -
1969122.8122.6(22.624.623.920.8119.3[19.4[20.7[22.4)24.0]24.4

1971123.9125.7] — |26.7|23.7{20.8]19.3)19.4|120.3|2L.1[2L7}22.0
19721 24. 6|1 24.6126.0| -~ — {22.0{20.3{20.2]|20.7{22.8[23.2|24.3

1973 | 25.1 | 26.8{27.6 [ 26.7|22.6{20.3 [ 19.0)18.8|20.3 [21.1|22.3|22.2
S D - |

1074 | 23.6 | 250 230 - 229 |2nols8li0l0.7|206]2s|

1975 — [24.0025.6]25.4] — [21.2118.9(19.3] — [2l.4[22.2(22.9

1976 [23.9 | 25.3 | 2.8 | 24.7 | 22.4 [ 21.3 | 10.0 | 18.9 | 20.8 [ 22.5 | 21.3 | 22.9

1977123.2124.2124.8127.0123.5}19.9 | 18.7 lQ.ﬁ 20.1120.6121.5|22.6

1978 | 23.8 25.3 25.925.4 24.1 2L3117.8 | 19.1|19.621.1]22.0422.3

1979 21'.8 o4.2125.1|25.9 24 0l21.9(19.2[10.7] ~ [223]23.0/23.8

wso| — | — |os.6|2a.5|22.9|20.6]18.6|19.0]21.0]21.6|226]23.5

1981 | 24.2 | 25.7)24.3(24.3(23.8|22.3| — |18.8| - [21.6(22.9)23.2

1562 2350243 24.7(24.8(23.4]21.3]18.6{18.3]|19.9|20.7| 205|224

1983 | 23.5194.8125.6 | 25.4123.6 | 21.8 | 19.5]18.1|19.2|19.9]20.8 | 22.1

1984 [ 23.1125.2 | 25. 4| — [23.4[18.9]18.2]19.019.8{22.4]23.2|23.4

1985 |24.4 [24.8| 25,7 245 (214 f10.9| 1.8 |18 1 f19.9| — |224|228

_HQSG a.0|205|246|233| s 2195|185 186) ~ | | - | —

11087 [23.7| 206|223 | 24.1|22.419.8[19.9 | 19.4 ] 20.6 | 22.1| 23,1 23.9

1988 | 24.6 | 24.5 | 26.7 | 26.3 [ 25.8 [ 20.8| - [ 18.9 0.1] | -~ |28

1086 [ 23.3]23.722.622.5(23.3120.5[18.5(19.0}120.2|21.5|23.3|22.0

1990 [22.7 | 24.4 | 25.1 [ 25.0 [ 24.9 | 21.3 | 18.7 | 18.8 [ 19.9] 21.8 | 23.3 | 24.0

199 | 247 — -1 -1 -1 — |80 1_8..6 20.4122.0]122.9(22.6

1992 22,7 23.5 [ 25.6 | 24.8|23.5{20.3 1 18.2 [ 17.7] 19.4 | 20.6 | 21.2| 23.3
1993 23,7 22.8|25.8| - [2z7|205| 5] - [2.0] - |@35|m3

1994 25.3 96.3| — |26.0]|24.0]20.3]18.9{18.7}20.8] - -

s |5 losalostlesalaas) - - -+ - | |-

Note: - = not calculated due to missing dé\ta
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Table 4 Monthly Average Minimum Air Temperature

Station: Debre Markos : ' Unit': T

Yoar | Jan, | Feb. | ¥ar, | Apr. | ¥ay | June | July | Aug Sep. | Oct. | Nov. | bec,

9s3f - | -l - | - ] s8] 95
1954 | s.0ft03f1] — |~ |w2ft02]|10.2] 94| 1.8[ 70| 6.4

1955 7.9| 8.2] 9.4| 9.6 9.5] 9.2] 9.6 9.9] 9.6 34| 7.7| 7.9

1956 | 6.7] s.4f10.8]1t.0f10.1] 9.0] 97| 0.6] 8.9 99 6.3| 6.9

19571 6.5| 8.4]10.5 10.1110.119.2 |10.4]10.1] 9.3| 9.2] 9.1| 7.1

1958 | .31 9.2l1.5({12.0{11.6]10.1{10.9]|10.8|10.2] — | 7.5| 8.3

1959 | 8.0 8.3i18.2] — | — | — |10.2| 9.8] 9.4| 89| 6.9| 6.1

1960 | 6.3] 9.2| 8.4] 9.0 :9.6 8.2| 9.0 9.4 83} 7.6] 6.7{ 6.8

ad

11961} 6.7) 7.6 9.01 9.15 9.1 8.2 83| 81] 7.3 6.3] 6.7 5.8

1962 3.7| 5.2| 7.6] 7.8] 80] 6.4| 74| 7.2| 6.0] 4.6 5.2]

1963 7.1 8.6{10.1]10.3) - | 93] — [w03] 03| a4 03] 1.3[

196;1 8.4} 9.3 8.8|10.7 10.8] 9.5]10.4] 8.9] 9.4|'85] 5.9| 6.6

1965 6.5 8.2 9.4| 9.6[10.4] 9.3|10.0} 9.4| 85 1.4 8.4] 5.9

1966 7.5 1.6[ 88| 9.7] o.7| 8.4] 9.3] 9.4| 82| 8.2 71| 5.4

1967 6.71 8.1| 9.0 9.5] 9.6| 9.1| 9.1| 87| 8.4| 7.9} 6.9 3.8

1968 | 4.4 5.6f 7.3{ 8.0 4| 8.8 8.9 84| — | 87| 7.4] 6.0

1601 8.2| 9.3|tof1a|1.3] o.9l06f0.2] 9.7} 9.1| 8.4[ 6.8

wol - [ == -f-[-|-|-{-1-|-]|-

win| 76| &7 ~ |nt|ws|10.3] as] 9.7| 9.1] 8.5 7.6 6.2

o
o
-
o
-
20

0] 9.9]w2|1L0]| 95|18 o8| 93] 03| 85! &3

[
=3
3
)
s

SO 1.2 10.8] 9.9|10.5[10.3| 9.4] 9.2] 7.8] 5.8

ot
(3=
=
e
-0
(=]

9.1] 9.6| —~ [10.9] 9.3] 9.5] 9.9| 86| 86| 6.0] —.

95| - | ee|ws| — | - | o8| o6l ol - |84 5|66

1976 | 7.61 8.9{10.5(10.4]10.3[10.1 10| 9.0] 8.6] 83| 7.9| 7.4

1977 | 7.9| s.6{10.3[10.2]10.4]10.0] 09| 9.8] 9.2|10.0 72 T3

1978 7.2| 8400171101 9.7| 99| 9.6] 8.9 84| 7.1} .5

1979 7.9} 8.7110.4111.3110.8|10.5]10.110.2f — [ &.1] 7.9f 7.7

Vim0 | - | - 1IL0|ILT)ILA|10.4]10.3]10.4] 101 ‘9.4 3.8| 7.8]
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1981

9.2

1982

9.3

1983

1.5

1984

8.0

1.4

10.3

1.5

0.2

0.2

921 83| 1.8

8.9] 8.6/ 8.0

1.7

i0. 6

0.5

9.7 8.9 7.0

1.9

1.2

0.3

1985

8.3

1.3

10.5

10.2

1986

1.9

1981

8.6

2.1

12.6

1988

9.9

123

12.3

11.0

10.9

1107

10.3

198%

59

9.0

9.5

1930

1.9

10.3

1.2

8.1

3.8

9.0

10.3

199t

9.9

11.3

10.4

3.6|] 9.7] 8.1

9.21 8.6 —

10.2] .71 9.3

7.8 7.0} 8.8

$.8] 9.1} 8.3

9.4] 8.5| 8.7

1992

8.5

9.8

12,0

12.5

10.9

10.7

16.0

10.1] 8.8(8.9

1993

8.5

9.5

10.8

1.3

H.7

10.7

9.9

1994

9.1

9.9

{123

1.5

11

1.0

10. 1

1995

9.1

10.8

10.8

12.6

12.3

Note: — = not calculated due to missing data

Table & Monthly Average Air Temperature

E Station: Debre Markos.

Year

Ian;

Feb,

Apr.

¥ay

June

July

Aug.

Sep.

Octi Nov. | Dec

17.9

161

14.6

14.9

15. 1

Mol 7] 144

16.0

16.5

16.4

14.8

14.0

13.9

14.6

150150 149

16.9

16.1

16.9

16.3

14.3

13.5

1376

14.1

14.3|13.6 | 14.7

16.5

15.6

15.0

1.5

14.2

15.3

15.9]16.0416.1

1.0

16.6

18.5

18.5

15.0

14.3

4.6

15.0

14.3

13.9

14.5

1491147 14.9

16.9
15.9

17.2
16.1

16,3
16.8

.7
14.7

13.5
3.1

14.3
13.0

15.0

16.9

15.6

13.5

22.3

12.6

4.0
13.3

4.6]15.1[14.9
13.5[13.9]13.7

i2.8

12.7124.3

16.4

16.3

16.9

9

14.6

4.7

15,2]113.5] 14.1

14.8

14.3

14.2

14.2

1.2]13.6]13.1

17.9

6.9
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1965 | 14.4 [ 16.3 [ 1.5 16.6 [ 18.0| 15.5 | 14.6 [ 1.0 14.5 | 140 14.6] 13.7

1066 [15.2 [15.7 [ 16.6[ 11| rm6 |17 3wz 11| e fras ez

1967 | 14.8 [ 16.8 | 16.9 ] 17.3 16;5-' 15.4113.6|13.5|13.9]| 4.2 14.1 12.9_

1968 | 14.1 [ 143} 16.4(16.2| 16.8 | 4.7 141|141 ~— 115.2|15.0114.8

1968 | 15.5116.0116.8|17.9}17.6115.9|15.0114.8|15.2|15.8| 16.2 i5.6

197011 15.8 17,2 — [18.9|17.3[15.6 | 14.6 146 | .7 4.8 |14 T] 14. 1

1972 15,9163 | 15.5] — | — |15.8|15.6]15.0(15.0 16_;1 16.9116.3 [

1973 | 16.5 | 18.4 ] 19.7[ 19,5 16.7| 15.6 | 14.8 | 14.6 [ 14.9 [ 15.2] 15.1 [ 14.0

1974 | 5.7 17.1 16.'4 —leolsele|eslazlisa|a0] ~

19751 — t16.8|18.1} - ~ 159 14.3114.6| — [14.9[14.914.8

1976 | 15.8 [ 17.1 | 17.7 | 17.6 | 16.4 15.7]15.0 14.9 MT[16.7)14.6(16.2

19770 15,6164 17.6 | 18.6 | 17.0[ 15.0| 4.3 | 14.4 | 14.7] 15.3 | 14.4[ 15.0
1978 [ 15.5(16.9( 18.0 | 18.6 | 17.1[15.513.9 [ 14.4[14.2 [ 14.8 [ 14.6 | 14.9

1979 | 14.9[16.5| 17.8 | 18.6 [ 17.4 ) 16.2 [ 14.7115.0 ~ 15.7115.5115.8
1980 —~ | — |18.3|18.1|17.2]15.5]|14.5]|14.7]15.6|15.5|15.7 | 15.7

-] 1981 16.'_7 1726 | 17,71 17.8 [ 17.6 1 16.3] — {14.56] - 115.4]115.615.5

1982 | 174 | 172|181 [ 1.9 105 5.8 ta4]153] 108|148 15.1 ] 15.2
1983 [ 16.517.2[19,3|18.3| 12.7 | 16.2 [ 15.0 [ 14.5| 149 | 14.8| 15.9 | 14.6

1984 15.6 | 17.0 [ 18,7| — [17.7/14.6] 143 14.6|14.8]15.5[16.5]16.1

19851 17.9[11.3 1591179 16.4 15.2]14.0[14.3]14.8 - [155}) —

1986 [ — j13fe| 3l Beiisafaaa] - - - | -

wer {273l lims| - {153 15.1]15.8]18.2]15.9[16.6

19881 17.3[17.9118.4115.3{19.1 [ 15.9| — 1490161 — - | 4.4

| 1989 | 14.6 15.917.3(15.8116.5[14.6[13.8[13.9| 14.5[14.7] 15.2 | 15.4
1930 115.83 | 16.7 1?.?4 1.7 18.115.6] 14.5]14.5 14.8]15.3] 16.2 16.2

lwwor| = | =t = -~ [wr]r4s 15.4]15.7[15.7 | 15.7

1992 [ 16. 1] 16.7]18.0|18. 4| 18.0)15.6 | 14.5] 144 147 15.4| 149 16,1

1993 16.1[36.7]18.3[ — [1n.0|m.6l5.2) — 50| ~ [162]165

1994 1.2 3.2 - 1weeling|sifisols|ss| - | - | -

wos [1n.slwelsslwoelwst] =1 - | -] = -] ~ | =

Note: - = not calculated due to missing data
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Appendix - 9

Hydrological Data
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Pigure 2 Relation Between Stage and Area

Manzana River at Bure

Arvea (m3)
6.0
5.5
5.0
4.5
4.0
3.5
3.0+
2.5
2.0+
1.5
1.0
0.5
0 ey . T ' ' S
0 0.2 0.4 06 08 1.0 1.2 1.4 16 1.8 2.0
: ' Stage (m)
Stagé iﬁ)' Croés Seétionél Area‘(mZ)
0.20 0.225

0.40 0.625

0.60 1.000

0.80 1.425

1.00 1.825

1.20 2.550

1.40 3.050

1.60 3.615

| 180 4,375

2.00 5.326




Figure 3 The Discharge Rating Curve
Manzana River at Bure

Discharge
Q{m?/s)
1.4

1.3 The Rating Curve Equation

1.2/ Q = 2.293(h + 0.005)%%°

" . Measured

' .~—-: Rating Curve

T T r T T "1 T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Stage h{m)
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Table 1 Result of Discharge Measurenments

Order Date Rating Stage Velocity Area Measured Calculated

No. (nm} (n/s} {(m?) Discharge Discharge
(m3/s) (n¥/s})
1 17/1/95 .080 . 100 .80 . 080
2 18/17/95 A .200 . 340 L1t .039 . 095
3 19/7/95 A 110 . 240 .10 024 005
4 19/1/95 A .120 -260 .G8 021 .012
B 21/1/95 A .140 . 280 .15 .041 .029
6 21/7/95 A +180 . 360 .24 .088 071
7 23/1/95 A .220 .600 .20 .121 .121
8 28/1/795 A . 180 . 400 .17 .068 L0071
-9 24/17/95 A . 360 .840 .35 .290 . 330
10 26/7/765 A . 280 440 .30 . 133 .204
i1 21/7/95 A 480 1.170 .35 .410 540
12 27/1/795 A .210 .310 21 . 066 .108
13 29/1/95 A . 160 .250 .14 .034 .049
14 29/1/95 A .550 .980 .75 .236 .673
15 29/1/95% A . 530 .720 T4 .535 .634
i6 1/8/95 A .290 .420 .36 152 .219
17 1/8/95 A . 540 .620 .89 552 .653
18 ©1/8/95 A . 420 .590 .68 404 .432
18 - - 1/8/95 A . 680 .840 1.02 .861 .936
20 ' 1/8/95 A . 760 .880° 1.18 1.042 1.107
- 21 1/8/95 A .800. 1.092 1.25 1.364 1.195
22 4/8/95 A . 140 ..270 .14 .037 .029
- 23 - 5/8/95 A + 140 .270 .13 .028 .029
- 24 1 6/8/95 A .T40 1.127 1.19  1.343 1.063
25 " 6/8/95 A . 100 1.113 1.312 - 1.246 .978
26  6/8/95 A .660 '1.050 .91 . 960 . 894
C 27 6/8/95 A - .650 1.022 | .82 944 . .873
1 28 6/8/95 A . 140 .200 .11 022 .029
Note : A = Data is used for obtaining the rating curve

9.4



&3 P
N
E el

I¢€ LT €% 6T ST IT i 6% ST TZ LI £1 6 §

- . . . . . '

L S L T T T TR I

S66T 'IT Isnbny - 87 AeW : poTIad
sIng v ISATY BURZIUEKR 30 ydexboIpdy ISxeyosstdg ¥ 2ambri

S/EW

9.5



Table 2 Daily Gauge Readings and Discharges,

Manzana River at Bure

Period May 28 -- August 11, 1995
Date ‘Ipaily Mean Gauge Daily Mean
Readings (m) Discharge (m3/s)
May 28 0.200 0.070
29 0.185 0.059
30 0.180 0.0586
a1 0.645 | 0.887
June 1 0.225 0.090
2 0.180 0.056
3 0.175 0.052
4 0.180 0.056
5 0.180 4.056
6 0.200 0.070
7 0.205 0.073
'af 0.210 0.077
9 0.205 0.073
10 N 0.205 - 0.073
11 0.205 : | 0.073
12 0.180 0.056
13 0.175 | 0.052
14 0.160 0.043 "
15 0.190 0,062
16 0.200 0.070
17 0.210 0.077
18 0.210 0.077
19 0.215 ' 0.081
20 0.235 0.099
21 1 0.270 0.133
22 0.265 0.128
23 0.265_“ 0.128
- "24 0.270 0.133

1/3



2/3

Date Daily HMean Gauge|Daily Mean

Readings (m) Discharge (m3/s)

June 25 0.265 0.128
26 0.260 0.123
21-‘4 0.265 6.128

28 0.265 | 0.128
29  0.265 0.128

30 ) 0.265 0.128

July 1 0.270 o 0.133
2 | 0.280 S 0.144

é 0.265 0.128

4 0.258 ' 0.118

5 | 0.250 0.112

6 0.250 0,112

7. 0.260 0 0.122

K:] 0.260 0.122

S 0.265 0.128

10 0.265 7 -~ o.128
11| o.265 |  o.128
12 0.270 - 0.133
13 0.270  0.133
14 0.265 0.128
15|  o.240 0.103
16 0.225 0.090
17 0.085 0.011
18 0.160__~Wﬁ 0.043 -
19  0.100 0.016
20 0.090  0.013
21 0.120 0.023

22 0.100 0.016

9.7



M_Date ‘|Daily Mean Gaugé Daily Mean
Readings {(m} ‘|Discharge (m?/s}

July 23 0.120 0.023
24_ 0.200— 0.070 |

- 25 _6.120 | ';.023
= e ]

26 0.970 2.169

a1 0.360 | 0.248

28 0.160 0,043

29 0.240 0.103

30 0.140 0.032

31 0.140 0.032

Aug. 1 0.540 | 0.601

2 0.170 B 0.049

3 0.320 0.192

4 0.150 0.038

N 5 0.140 0.032

6|  o0.370 0.264
7 0.150 0.038
8 0.140 b;bszg

g 0.130 0.028

1d . 0.120 -“_0;023

11 0.120 0.023

9-8
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Monthly Runoff of Silala River

Table 3

Unit: Cpper in Million =3, Lower in mna

Bure

Station:
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§! N IS | S | S| S | S
oy = et [N s
| [har L] [+-]
T SN I Sl SssS | Sd i s | S
o — — — —
7o) [0 s c o] —r—
plme "o | Mo | Qo | &=l om
Al oo S | Sl dw | O] S
-y p—( ..
= = = o n o=t =
sl e e e N | e | S
3 Sem | S | Dol | O S Se=
< el =T = vy =
g e | S | e | ) | N ) B
© S | o cos | O | S Se=
- | (2] (4] [4=) Ll
A | Nt | s | N | Noo | ove-
m S | O | Dl | O | S Sab
— —
- e wr v @0 = oo
3| ® o ) @O =% by
(=] o L) < (=] <
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- = Hot calculated due to missing data

Note:
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Table 4 Monthly Water Balance Sheet for Ground Water Recharge,
Silala Rivex at Bure

1964 Upif:ma
Elezents | Jan, | Feb. | ¥ar. | Apr. { ¥ay | June | July | Aug. | Sep. | Oct. | Nov. [ Dec. Annual

P a0l - | - | — |99.9]380[286.0|163.6}162.6[100.0}18.3(38.8 | -

o |1 [ar] 51| 5| 5| 2| se|seo] 2| ss2f10s|m|uss
ml;wa e Lo - |- |-|9 28.8]253.4| 9.6 63.4| 16.8| — [25.1 ]
[ ko | 17 [us |16 s [us fug [ uz | out | ne | us fus | ue |nawe

ET crop (819 |81.2{81.2|81.2|80.5 79.8{ 18.4| 717.7] 78.4| 79.1|80.5{81.2 MQGO.!

Bla | Lo | -~ | - | - |s05]|28 wa| a6l 634} 88| - 1| -

AS o | - | - [ws| o fwse| of of of -] o |tsss
‘L“‘éj_ﬁ_ﬁ. ) Unit:mm
Eicments | Jan. | Feb. | Mar, | Apr. | Hay June | July Aug. | Sep. | Oct. | Nov. | Dec. | Annual

p |10 o.5] o.0(101.4]33.6|95.0]270.7(193.7|61.4[123.3[51.318.3]969.3

Q |6} 84| 8.1 02| 10 [13.2] 75,2} 196.8]46.3] 30.3|16.1]40.7] 408.0

P-@ | N | L1f ~6 | 92.2[23.6|81.8]198.5| 56.9[15.1} 93 [35.2| NG | -

glo 17 |16 {16 | 16 {115 fua [z | o fue | 18 115 | 116 | 1.372
BT crop | 8.9 | 81.2 [81.2] 812 80.5 19.8] 18.4| 17.7]718.4| 19.1]80.5] 812 960. 4

Bla | — | Luf -~ | su2|2s6|79.8) 14| 86.9[151) 1.1{362 ~ | -
as | - o] - | we| of 2c|izon| of o Bef:of - wo |
1968 .Unit:mn
Blesents | Jan, | Peb, | ¥ar. | Apr. | ¥ay | June | July | Aug | Sep. | Oct. | Wov. | Dec. | Annual

P | =1 =] - |ste L1210 {os1.0 1910 | 755 |21.9 | 80 [ 00| -

@ |- | | - o] o3¢ ssze[1325¢] 43¢ L2¢| 0.8 0.6¢] "~
Cpoa| - | - | | - |08 i [1ss | ses |z 27| 82| - | -

o |17 11is (s fus | us [ g { e | | ue | w3 | us | o6 1,372
E‘i‘crdp 81.8|81.2]81.2|8L.280.5 | 79.8 | 784 | 707 [78.4 {79.1 1805 | 8L.2|960.4

Ba | - | — | ~ | - |50.87] 788 | w4 885 |12 |20.7 s2 | ~ | — |

rs = ST -T0 {ws|malo [a)o] ol -~ |ms

- Estimated by the Tank Model B

not calculated due to missing data or dislorted data
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. Uﬁit:lm
Elemeats | Jan, | Feb. | ¥ar. | Apr. | ¥ay | June | July | Aug { Sep. |Oct. | Mov. | Dec. | Annual

P 51 |14.1 |20.9 |56.8 |23.0 |148.4 |251.7 !188.8 {195.2 | — |115.3]| — -

¢ | 04| o0.3e) o2e| x| 0.12] 0.3¢| oz usorlisg| - | - | - | -
P-o | 47 |13.8 |20.7 |56.7 |21.9 (181 |1589 [ 728 |4 | = [ - | | ~
glo | 17 | 116 | 116 | 16 | w5 [ w4 | w2 | w1 fne (18 | us |n6 |13
£T crop | 81.9 [81.2 |8t.2 |812 [80.5 19.:';“_ 18.4 | 1.7 | 18.4 |79.1] 80.5]81.2| 960.4

ETa 4.7 {13.8 |20.7 |56.7 |21.9 | 79.8 § 8.4 | 728 | B4 | - | — -1 -

AS 0 0 ) 0| 0 | 63.3 | 80.5 [} Lol - | - — |149.3

1973

Unit:es

Elerents Jan. | Feb, | Mar. | Apr. | May June | July Aug. Sep. | Oct. Nov, Dec Annual

p | o0|00) 8o ~ |0ng 1569 {2844 |300.8 |86 [1205 f14 | - | -
@ | = |~} = |- [te25e] 60.4x| 25T 2 (30466 | B3¢ S.0¢[ L6x| — | —
p-e| ~ |- | -1m4a]oss]arz|oez|ms|ues|os| | -

gto |117 |116 16 {u6 | s | 14w o |z | us | us [us [y

ET crop | 81.9/81.2|81.2]81.2 80,5 79.8 | 18.4 | 7.7 |718.4 | 791 [80.5 [81.2]960.4

Ma | - - | - | =] 4|98 ] 2m2|662|m3]| 0198~ ]| -

As | == =-1=-] 0o ]wr} o o | o |34 0 | — | 541
1976 |

- ‘ . Tnit:ns
Elegeats | Jan. Fci). ¥ar, | Apr. | May | June | July | Aug Sep. | Oct. | Nov. | Dec. | Annuai

- - -] - 22 jeee 128 j20 | - | - | - | -
o =~ - ] - | 2sfser| 836k| S36x| -~ | - [ - [ -
P-o¢ |~ -|-|-|-fwot|3sz2|meo|ws] -|-1-| -

Bfo |17 |16 116 |16 |15 | 14 | n2: | Uy | 12 {13 (115 |16 [1.372

BTcrop |81.9|st.2|st2{sL2}s0.5] 0.8 [ 784 | 707 | 8.4 79.1|80.5/81.2]960.4

ETa - -1 -4 -1me|sse|mmr)m®sel -|-1-1] -

" AS - =1 -1-1-"1mw03 0 | 4.3 g | - | =1 - |uLe

Note: * = Estimated by the Tank Model
- not calculated due to missing data or distorted data
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Appendix - 10

Result of Pumping Test






1. Generél

The punping tLest was conducted at Borelole No.l located in the
compound of the mineral water factory. The dimensions of the well

have beer reported as stated hereunder.

~ Well Depth : Deeper than 65 m
- Casing Type and Diameter Steel, 6" {150 mm)
-~ Yield reported by EWWCA : 4.2 1/s

ae

LlLLle is known about the aquifer probably consisted of weathered
and fractured basalts and the deeper the aquifer is mb:e confined.
The borehole was drilled for water supply but unused because of
its water quality i.e. rich in menerals and highly carhonated. The
borehole was transfered to the mineral waler factory but is not
used till the construction of the factory is completed.

EWWCA tested the borehole in 1993 and reported the safe yield to
be 4.2 1/s. | | ’ '
For our test, a 6" submersible pump was 1nstélled at 58 m below
grohnd level. The static water level was observed at 3.31m below
ground level. ‘The - well depth was measured and it was 72 m deep.

The test ls composed of the followings.

- Preliminary pumping test with 8 steps of different
pumping rates ' '
Lo SLep drawdown test with 5 steps
- Contineous dlscharge test for 24 hours and

recovery observation
2. Preliminary Pumping Test

The ‘test ts aimed: o kﬁdw about the well, measuriﬁg the water
'level with different punping rates and find a suitable pump
position, ' L o

puring the test, the well was consecutively pumped at 1.05, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0 and 4.5 1/s where each of former 7 steps
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lasted 1 hour and the latter lasted 3 hours. The waler ievﬂl
reached 19.0 m below ground level after 10 hours of pumping. The
total drawdown is therefore 15.69 m.

The varlation of walter level with time is shown'iﬁ Figure 1. The
drawdown of each step is plotted on the graph of dischaxge vs.
drawdown as shown in PFigure 2. The graphs imply that the pumping
durations of the earlier steps are insufficlent because “their
drawdowns are small., The drawdowns of the :later steps 7éfe very
large, which 1is most probably because the pump'was insfélled at’
the screen position and the turbulent flow was generated around
the screen. Since all the plots are in a linear line, 'critical

yield is not found in the graph.
3. Step Drawdown Tesl

The test 1s aimed to determine some characteristics of the well
such as criticai yield, optimal yield, well loss, aquifer loss,
well efficliency, etc.. The LesL.was consisted of 5 steps for a
total duration of 15 hours, wherxe each step lasts 3 hours. Dhring
the test, .the well was pumped in increasing discharges at -Lhe
first three steps, i.e. 2.5; 3.5 and 4.5 1l/s and decreasing
" discharges at the last two steps, i.e. 4.0 and 3.0 1/s and their .
respective drawdowns were recorded. The recovery was observed
after shut—-off of the pump and the water level-recovered'BG % in 8
hours. The variation of wéterjlével with time is_éhown in Pigure
g . | | L , . _ ‘ : _ ) |

The graph shows the first, the second and the fifth steps reached
the pseudd steady stateé. The drawdowns are plbtted on the'graph
of discharge vs. drawdown as shown in Fignre 4 including all the
steps. The graph implies that the ‘optimal yield is around 300
m3/day' according to the- position of the plot' of the 4th step.
ﬂ31nce the graph does not include a drawdown of small dischazge and
a drawdown of very large discharge beyond critical yield. It is

not suitable for further analysis.
In order to evaluate the characteristics of the well, the data of

the step drawdown test conducted by EWWCA is refered hereunder,
The drawdown of each step is plotted on the graph of discharge vs.
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drawdown as shown in Figure 5. The critical discharge is found at

412 m3/day with a drawdown of 16.0 m.
The following well function was employed in order to evaluate well

loss and aqulfer loss.

sw = o + cof

where Sw Drawdown

Q : Discharge (Yield)

-

B,C,p : Coefficients

BQO Aquifer loss

.

CQp : Well loss
The well loss function fits on the plots as shown in Figure 6,

obtaining the following equation

Sw = 0.0270 + 1.92 x 151 1p%-406

The well efficiency is calculated with the following formula :
Ew = BQ/Sw

The results of step drawdown test are tabulated hereunder.

STEP YIELD DRAHDOWﬁ SPECIFIC AQUIFER WELLE © WELL
Q9 Sw ' YIBLD | LOSS ' |LOSS |EFFICIENCY
(m3/d) (m) !} Q/Sw CBQ ] P BG/Sw
aazsy | Jm3sa/m ] tm) | (m) ] o
-y |172.8 | 4.35 | '39.7 “4.67 ;| 0.14] - 1.07
2.0 S o _
2 198.2 5.90 © 33.6 5.35 0.25|  0.91
2.3
3 [267.8 | 8.90 30.1 7.23 0.96| 0.81
3.1 , 1. -
4 |354.2 | 12.80 27.7. | 9.56 3,28 0.75
. 4.1 o
5 (479.5 | 25.70 18.7° {12.95 12.44| ~ 0.50
5.55 ) : o

This table clarifies that aguifer loss is predominant in the first
4 steps because -the well efficlencies are very high. The well
efficiency of the flréL step exceéds 1.0, which méané the dradeWn
" did not reach the pseudo steady state because the punplng durxation
was.ndt long enough. ASSumihg the safety factor for optimal yield
is 0.8, the critical discharge is multiplied by this factor:
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Qopt = 412 x 0.8 = 330 ml/day or 3.82 1/s

The drawdown at the optimal yileld 1s estimaled by the well loss
equation at 11.31m in which aquifer loss is 8.91im and well loss is
2.40m. The well efficiency iIs therefore calculated at 0.79.

4. Continegus Discharge Test

This test was aimed to evaluate the aquifer characteristies such
as transmissivity, storage coefficient, etc.. The well was pumped
at fixed dlscharge 1.e. 3.5 1/s'for 24 hours and the drawdown was
recorded. Recovery was oObserved after shut-off of the pump. The
variation of water level with time observed at the pumped well is
shown in Figure 7. The water level xreached 21.49m beélow ground
level after 24 hours of pumping having a drawdown of 14.83m.
However, it was still at the pseudo steady stlate when the pump was
shut off. The well was recovered over 100% In 24 hours after
shut-off of the pump. The _estimated. drawdown by the well loss
function 1is 9.78 m,:whereas it reached 14.83 m In the test. Since
" this test was conducted under the condition that well loss caused
by tufbulent fiow around the screen was predominant and none of
~ observation wells were engaged, it 1Is not able to analize Lhe déta

for evaluating the aquifer characteristics.
5. Conclusioh

' If one ‘cah{ allow us to 'éstimate the transmissivity by Tlen

equation :

-9 _ R
SW 2rKH In ¢ rw )
where R : Radius of cone of depression
rw : Radius of well

Transmissivity of the aquifer (KR) 1s calculated assuming ‘the
‘radius of cone of depression (R) to be 300 m. Por the optimal
yield of 3.82 1/s or 330 m3/day, the aquifer loss is 8.91 m as

mentioned before. Substituting these values to the:cqnation, the
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transmissivity is obtailned at 48.9 m3/day.
Assuming the thickness of the aqiufer is equivalent to the screen
length and the screen length is 30 % of the well depth, the
permeability fis calculated :

K = 48.9/21.6 = 2.26 m/day
This value can be used for design purposes.

The characteristics of the well are summerized as follows:

Optimal Yield : 330 m3/day(3.82 1/s)

DPrawdown 111,31 m
Agquifer Loss : 8.91m
Well Loss . : 2:40 m
Well Efficlency : 0.79
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Figure 1

Preliminarf Pumping Test

Tine Water Level Graph
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Wafer Level

FPigure 3  Step Drawdown Test
Time Water Level Graph
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Dxawdown,

Figure 5  Step Drawdown Test
Discharge va. Drawdown

Test Conducted by EWWCA
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Figure 7 Gontineous Discharge Test
Time Water Level Graph
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PRELIMINARY TEST

PUMPENG STAGE

DATE 12/08/95 CONDUCTED bY WHDE
WELL No. BH No.l SHL 3.31 {1 STEP 1
LOCATION BURE PUMP TYPE Submersible NOTCH (H) 56 mm
OWNER BAGUNA - HEAD 200 m DISCHARGE 1.051/s
WELL DEPTH 72 m CAP, 10 1/s 91 m3/day
"WELL DIA. 150mm POSITION 58 GL—-m
TI¥E TI¥E SINCE - WATER DRAFDOYN - REMARKS
. PUYPING STARTED (min,) LEVEL (GL-m) (m)
10:30 0 . 3.31 0.00
- 0.5 -
__1p:31 1.0 6. 26 2. 95
L5 4.17 0.36 | Valve Adjusted
10:32 2.0 1,32 1.01
2.5 4.40 1.0
10:33 3.0 4,03 0.72
3.5 3. 99 0.68 Yalve Adjusted
10:34 4.0 4. 50 1.19
. 4.5 4.54 1.23
10:35 . 5.0 4.42 111
10:36 ¢ 6.0 4.30 - 0,99 55 =a
10:37 g 4,14 0.83 Yalve Adjusted
10:38 8.9 4.16 0.85 .
10:39 9.0 4.16 0.35 ‘ .
10:40 100 4.58 .27 Yalve Adjusted
10:42 . 12.0 4.9 - 1.83 o
- 10:44 14.0 ' 4.99 1. 67
il 1046 . 16.0 . 503 1,92
- 10:48 ~18.0 5. 09 1.178
- 10:50 20.0 51D .79
10:55 -~ 259 5.03 1.72
11:00 30.0 5.12 1.81
11:05 - 35,0 4.95 1.64 57 ex
1118 40.0 4.82 - 151
FRTHL 45.0 N 4,76 1. 45
11:20 £0.0 L L3
11:25 - 55.0 C 472 .41
F11:30 0.0 C 4,70 1.39
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PRELIMINARY TEST

PUMPING STAGE

DATE 12/08/95 CONDUCTED BY_ __ WWODE
WELY, No. BH No.1 SHL - 3.31 " STEP 2
LOCATION BURE PUMP TYPE Submeérsible NOTCH (H) 65 mm
OHWRER BAGUNA HEAD 200 m DISCHARGE 1.531/s
WELL DEPTH 72 m CAP. 10 1/s 132 ml/day
WELL DIA. 150mm POSITION 58 GL-R .
TIME ~ TIME SINCE YATER DRAFDOTN REMARKS
: POMPING STARTED (min.) LEVEL (GL-m) () ]
11:30 0 470 1.3¢ -
0.5 564 2.33
11:31 1.0 6. 24 2.93 :
1.5 6.33 3.02 Yalve Adjusted
11:32 2.0 5.56 2.25 :
2.5 . 5. 55 2.24
11:33 3.0 541 2.10
3.5 5.37 2.06 Yalve Adjust
11:3% 4.0 5.33 2.02 ]
4.5 533 2.02
11:35 5.0 - 5.33 202 |
11:36 6.0 530 1.5% 55 mm
11:37 1.0 5.30 1.59 Yalve Mjusted
11:38 8.0 528 1.97 .
11:39 9.0 i 525 1.94
11:40 10.0 15,24 1.93
[ 11:42 12.0 5.2 1.93.
if:44 14.0 547 2,16
11:46 16.0 .+ 548 217
11:48 18.0 : 5.5 2.24
11:50 20.0 - .5.61 2.30 .
11:55 25.0 5. 65 2.34
| 12:00 30,0 5. 60 2.29
12:05 35.0 5. 67 2.36 _
12:15 40.0 5.60 2.2
12:15 45.0 _5.61 2.30
12:20 _.50.0 5. 62 2.31
12:25 55.0 5.62 2.3
12:30 60.0 5.62 2.31
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PRELIMINARY TEST
PUMPING STAGE

DATE 12/08/95 CONDUCTED BY WWDE

WELL, No. BH No.l SHWL 3.31 m STEP 3
LOCATION BURE PUMP TYPE Submexrsible NOTCH {(H) 73 mm
OWNER BAGURA HEAD 200 n DXSCHARGE 2.041/s
WELL DEPTH 72 m . CAP. 10 1/s 176 ‘m3/day
WELL DIA. 150mm ~ POSITIOM 58 GL-m
TIKE TIME SINCE FATER DRATDOIN ‘ REMARKS
: : PUMPING STARTED {min.) | LEVEL (Gi-m) {m) . ]
- 12:30 -0 ‘ 562 2.31
_ 0.5 - 6.00 _.2.89
12:31 . 1o 6. 40 “3.09 .
- 1.5 6.59 3.28
12:32 2.0 . 6. 74 . 3.43
2.5 6.15 3.4
12:33 3.0 6. 15 3.44
3.5 L 6.15 3.4
12:34 4.0 6. 70 3.39
4.5 6.70 3.39
12:35 59 6. 72 _ 3.4
12:36 - 6.0 6.72 3.4
12:37 . .0 6. 13 3.42
12:38 8.0 6.713 3.42
12:3% 8.9 6.1 3.43
12:40 10.0- 6. 14 3.4
12:42 12,9 6. 75 3.44
12:44 . LRE 6, 76 - 3.45
12:46 - 16.0 6. 176 . 3.45
12:48 18.8 6. 11 3.46
12:50 20.0 6. 80 3.45
12:55 25,0 6. 86 3.55
13:00 30.9 6. 90 _ 3.589
13:05 - 359 6. 94 -3.63 N
13:10 40.0 1.00 : 3.69
13:15 450 .05 _ 3. 14
13:20 50.0 . 7.08 <311
13:25 - B0 7.10 ‘3,19
13:30 | 600 .15 3.84
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PRELIMINARY TEST

PUMPING STAGE

CONDUCTED BY

DATE 12/08/95 WHDE
WELL No. BH No,l SWI. 3.31 STEP 4
LOCATION BURE PUMP TYPE Subnersible NOTCH (H) 80 mm
' OWNER BAGUNA HEAD 200 DISCHARGE 2.551/s
WELL DEPTH 72 m CAP, 10 /s 220 m3/day
WELL DIA. 150mm POSITION 58 GL-m
TINE TIKE SINCE - WATER DRAYDOTN REMARKS
PUMPING STARTED (min ) LEYEL (GL-m) m
13:30 0 1.15 3.84
0.5 1.36 4.05
13:31 1.9 7.50 4.19
L5 1.55 4.24 . '
13:32 2.0 1.64 433
_ 2.5 7.18 4.4
13:33 3.0 - 1.81 4.50
3.5 1.85 4.54 _
13:34 4.0 1.88 4.57
4.5 7.90 4.59
13:35 5.0 7.93 4.62 s
13:36 6.0 _ 1.94 4.63
13:37 1.0 7.98 4.61
. 13:38 8.0 8.02 4.71
13:39 9.0 8.04 - 4.73
13:40 10.0 - 8.05 L4
13:42 . 12.0 8.05 41
13:44 14.0 8.01 . 4.70
13:46 ._16.0 8.10 L 4.7%
33:48 - 18.0 8.15 - 4,84
13:50 20.9 8.15 4.84
13:55 2.0 8.24 4,93
__14:00 30.0 8. 26 4.95
14:05 35.0 8. 36 5.05
14:10 40.0 8.39 . 5.08
14:15 45.0 8.42. 511
_14:20 50.9 8.49 518
- 14:25 99,0 8.90 619
| 14:30 60.0 8.61 5.30
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PRELIMINARY TEST
PUMPING STAGE

DATE _12/08/95 CONDUCTED BY HHOE
HWELL No. BH No.1l SWIL 3.31 m STEP 5
LOCATION BURE PYUMP_TYPE Submersible NOTCH (H) 86 mm
'OWNER BAGUNA" HEAD 200 - DISCHARGE 3.041/s
HELL DEPTH 72 m CAP, 10 1/s 263 ml/day
WELL DIA. 150mn POSITION 58 GL-m
TIE ~ TINE SINCE FATER DRAYDOYX REWARKS
PUNPING STARTED (min.) LEVEL_(GL-x) (®)
14:30 ] 8.61 5.30
0.5 9,03 5.12
14:31 1.0 . 9,38 _6.07
1.5 9. 60 6.29
14:32 2.0 9.61__ 6.30
- 2.5 9. 62 6.31
| 14:33 3.0 _9.63 6.32
3.5 9.63 6.32
- 14:34 4.0 9.64 6.33
45 9. 80 6.49
14:35 5.0 9.86 6.95
- 14:36 6.0 7.9 6. 60
14:37 7.0 7.9 6.73
14:38 8.0 . 8.02 6. 77
14:39 9.0 8.04 6.80 ]
14:40 10.0 8.05 6. 82
14:42° |, 12.0 3.05 6. 8%
14:44 - 14.0 I ) 6.97
14:46 16.0 ' 8.10 1.00
14:43 18.0 - 8.15 1.02
_14:50 20.0 8.15 7.08
14:55 25.0 3. 1.16
15:00 30.0 8.26 1.23
15:05 35.0 8. 36 1.33
15:10 -~ 46.0 8.39 1.38
15:15 4.0 8. 42 1.45.
15:20 50.0 8.49 1.51
119:25 55,0 8. 50 5.19
15:30 60. 0 8.61 5.30 _ L
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PRELIMINARY TEST
PUMPING STAGE

DATE _ 12/08/95 CONDUCTED_BY____WHWDE
WELL No. BH No.l SWL 3.31 m STEP 5
LOCATION BURE PUMP TYPE Submersible NOTCH (H) 91 mm
OWNER BAGUNA HEAD 200 m DISCHARGE 3.5 1/s
WELIL, DEPTH 72 m CAP. 10 1/s 302.4 m3/day
‘WBLL DIA. 150mm BOSITICN 58 GEL-m
TI¥E TINE SINCE = FATER DRAYDOYN REKARKS
PIMPING STARTED (min.) .| LEVEL (CL-m) ~ (m)
15:30 0_.. 1 10. 89 7.58
0.5 11.13 __1.82
15:31 1.0 11. 27 1.96
1.5 11. 40" . 8.09
15:32 . 2.0 11. 46 8.15
2.5 11.51 8.20
15:33 - 3.0 11. 56 8.25
: 3.5 11. 59 8.28
15:34 4.0 11.60 8.29
. 4.5 -11.62 8.31 _
15:39 - 5.0 11. 64 8.33
15:36 . 6.0 11. 67 .8.36 -
-15:317 7.0 11,72 8.41
15:38 3.0 11.13 _8.42
i 15:39 9.0 11.74 8.43
15:40 10.0 11.75 - 8.44 i
15:42 12.9 1.71 8.46
15:44 14.0 1,92 861 |-
15:46 16.0 11.89 = §. 3.94
15:48 18.0 11.87 3.56
15:50 20.9 1.88 - 8.517
15:55 2.0 il.95 8.64
16:00 30.0 12.13 8.8 - B
16:05 35.0 12. 19 I 8.88
16:10 40.0 12.26 8.95
16:15 45.0 12. 34 ' 9.03
| 16:20 50.0° 12.38 2 9.01
16:25 _55.0 2.4 9.13 ]
16:30 60.0 _ 12,50 - 9.18 -
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PRELYIMINARY TEST
PUMPING STAGE

WHDE

DATE _12/08/95 CONDUCTED BY
WELL No. BH No.l SWL 3.31 n STEP 7
LOCATION BURE PUMP_TYPE Submersible NOTCH_ (H) 96 mm
OHNER BAGUNA HEAD 200 i DISCHARGE 4.0 1/s
WELL DEPTH 72 m CAP. 10 1/s 345.6___ _m3/day
WELL PIA. 150mm POSITION 58 GL-m
TINE TIEE SINCE YATER DRATDOYN REMARKS
PUYPING STARTED (win.) LEYEL (GL-5) RC)
16:30 : 0. 12. 50 9.19
: 0.5 12.68 .31
F16:31 1,0 12.75 9. 44
_ 1.5 12.82 9.51 ]
16:32 2.0 - 12.92 9.61 '
_ 2.5 13.00 9.63
16:33 3.0 13.05 AL
35 1310 919
16:34 4.0 - 13.23 <. 9.92
4.5 13.35 10. 04
16:35 - 5.0 13.46 10. 15
16:36 6.0 138 10, 22
16:37 1.0 13,74 10, 43 -
16:38" 8.0 . 13.84 10. 53
16:39 .. 3.9 13.95 10. 64
16:40 ¢ 10. 9 14.09 - 10,78
16:42° |- 12.9 14.23 10.92
i6:44: - 14.0 14. 30 10.99 -
. 16:46 . 16. 0 14. 37 1106
16:48 : . 18.0 . 14.40 - 13.69
16:50 20.0 14,48 11.13 ]
16:585 250 -14. 5% 1124
17:00 30.0 14. 65 11. 34
17:05 35.0 14.81 11. 50
17:10 - 40.0 14.91 -11. 66
| Ti:15 45.0 - 15.06 1L
17:20 50.0 16. 10 11. 79
17:25 5.0 15. 14 1183
17:30 60,0 1.2 11.91
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PRELIMINARY TEST
PUMPING STAGE

DATE 12/08/95 _ CONDUCTED BY __ WWDE
WELL No. BH No.1 SHL 3.31 m STEP 8
LOCATION BURE PUMP TYPE Submersible NOTCH (H) 101 mm
OWNER BAGUNA HEAD 200 m DISCHARGE 4.5 1/s
WELL DEPTH 72 m CAP. 10 1/s 388.8 m3/day
WELL DIA. 150mm POSITION 58 GL-m
TINE TIKE SINCE TATER _ DRAYDOEN REMARES
PUMPING STARTED (min.) LEVEL (CL-u) (=)
17:30 0 15.22 - 1.4 :
0.5 15. 46 12. 15 100 &m
17:31 1.0 15. 80 12. 4%
1.5 15. 95 12.64 - .
17:32 2.0 16. 05 12.74 ‘
2.5 16. 15 12.44
17:33 3.0 _16.29 . 12.93
3.5 16. 50 13.19
17:34 4.0 i6. 69 13.38
4.5 16.90 o 13.99
17:35 _ 50 16.90 13.59
_17:36 6.0 17. 15 13.84
17:37 1.0 e 17.20 13.89
17:38 8.0 17.25 13.94
17:39 9.0 17.26 13.95
17:40 10.0 17. 27 ~ 13.96
17:42 i2.0 17.30 . 13.99 |
17:44 14.0 11.32 - 1401 : ]
17:46. 16.0 17.33 | 1402 |10} ==
17:48 18.0 1.3 - 14.03
17:50 20.0 11.34 14.03 _
17:55 2.0 17.34 14.03
18:00 30.0 17. 35 - 14,04 -
18:05 35,0 17. 37 . 14.06
18:10 40.0 17,490 14.09
18:15 45,0 17. 40 14.09
18:20 . 50.0 - 17. 40 14,08 ]
18:25 59.0 17. 40 14.09
18:30 60.0 17. 40 14.09
18:40 70.0 17. 40 1409 |
18:50 80.0 17.41 14.16 101 &m
19:00 90.0 17.42 . 14.11
19:10 160.0___ 17.42 1411 |
19:30 120.9 17. 50 14.19 Full Yalue
19:50 . 140.0 18.05 1474 101 ra
20:10 160.0 8. 67 15. 36
20:30_. _180.0_ ~19.00 15. 63
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STEP DRAWDOWN TEST
PUMPING STAGE

DATE 13/08/95 CONDUCTED BY WHDE
WELL No. BH No.l SWL 3.31 m STEP 1
LOCATION BURE PUMP TYPE Submexsible NOTCH (H) 80 mm
OWNER BAGUNA HEAD 200 . m DISCHARGE 2.5 1/s
"WELL DEPTH 72 m CAP. 1o /s 220 m3/day
WELL DIA. 150mm POSITION 58 GL-m
TIME  TIEE SINCE YATER DRAYDOWN REMARKS
. PUMPING STARTED (min.) LEVEL (6L-n) (»)
10:00 - | .0 4.68 1.38
0.5 Yalue Adjusted
10:01 1.0 11.25 7.94 90 on
1.5 11.99 1.69 -
10:02 2.0 10. 48 .1 |
25 8.87 5.56 _
| 10:03 3.0 3.00 469 |75 ex
3.5 8.56 0.2
10:04 4.0 - 9.40 - 6.0%
4.5 8.90 558 .
10:05 5.0 _ 8.50 519 |80 mm
__10:06 6.0 8.20 -4. 39 78 ma
10:01 - 1.9 8.4 4.13
- 10:08 8.0 8,63 5.32 80 o
-10:09 3.0 9.01 576 :
“10:10 10.0 . 8. 36 6.05 |3l pm
10:12 12.0 9.46 6.15
10:14 4.0 3.87 5,56 :
10:16 16,0 9.13 5.82 80 ra
10:18 . - 18.0 9. 25 5. 94 _
10:20 20.0 9,33 6.02
10:25 25.0 g 47 6. 16
19:30 30.0 ~ 9. 56 6.25
10:35 3.0 9,65 6.34
10:40 40.0 LN X
10:45 45.0 9,84 _ 6.53
10:50 50.0 9. 89 6. 58
10:55 55.0 .93 6.62
11:00 60.0 10.01 6. 70
1110 " T70.0 10.12 6.81
11:20 80.0 10. 20 6.85 -
11:30 90.0 __10.31 _1.00
11:40 100.9 10. 40 7.09
12:00 . 120.0 o lo.54 2 '
12:20 140.90 10.59 7.28 |80 em
12:40 160.0 - 10.61 7.30
13:00 | ig0.o 10. 66 1.35




STEP DRAWDOWN

TEST

PUMPING STAGE
DATE 13/08_/95 CONDUCTED BY HWHDE
HWELI No. BH No.l SWL 3.3 m STEP 2
LOCATION BURE PUMP TYPE Submersible NOTCH (H) 91 mm
OWNER BAGUNA HEAD 200 n DISCHARGE 3.5 1/s
WELL DEPTH 72 m "CAP. 10 1l/s __ 303 m3/day
WELL DIA. 150mm POSITION ‘58  GL-m
TIME TIXE SINCE TATER " DRAYDOWN REMARES
. PUMPING STARTED (min.) LEVEL (6L-m) {a)
| 13:00 0 T 1o.66 7.35
| 0.5 11.21 7.96
13:01 N 1.0 1. 86 8.59
1.5 12. 21 ~8.96
13:02 2.0 12.66 9.35 T
25 ©12.80 9. 49
T 13:03 3.0 13,07 9.76
_- 3.5 _13.20 9. 89
13:04 4.0 1328 097
4.5 13.38 10. 07
13:05 5.9 13. 42 10. 11
13:06 6.0 13.52 10, 21
13:01 7.0 13. 62 10.31
13:08 8.0 13. 65 10.34 .
13:0% - 9.0 13.73: 10.42 -
13:10 - 10,0 13. 80 10.49 -
. 13:12 '+ 12.90 13.91 10. 60
13:14 140 14.02 10.71
13:16 16,0 14.10° 10.79
13:18 18.0 14. 16 10. 85
13:20 20,0 14. 20 - 10.89
- 13:25 25.9 14.33 11.02
| 13:30 30.0 14.43 112
13:35 35.0 14. 53 11.22
13:40 40.0 14. 60 | 1128
13:45 - 45.0 14,70 ' 11.39
13:50 - 5.0 14,80 1. 49
13:55 55,0 14.91 11,60
14:00 60.0 15. 03 1172
14:10 0.0 15,20 11, 89
-14:20 30.0 15. 36 ~12.05
14:30 90.0 15.51 _ 12,20
14:40 100.0 15, 66 112,35
15:00 - 120.0 15.79 12,48
15:20 - 140.0 15.85 12.54
15:40 ~160.0. 15.98 12,67
16:00 180.0 16,13 12.87
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STEP BRAWDOWN TEST

PUMPING STAGE

DATE 13/08/95 CONDUCTED BY WHDE
WELL No. BH No.1 SWL 3.31 m STEP 3
LOCATION BURFE PUMP TYPE Submersible "NOTCH (H) 101 mm
OWNER BAGUNA HEAD 200 m DISCHARGE 4.5 1/s
WELL DEPTH 72 m CAP. 10 1/s 393 m3/day
WELL DIA. 150mm POSITION 58 GL-in
TIKE TIHE SINCE WATER DRAYDOYN REMARKS
: PUMPING STARTED ~ (min. ) LEVEL (GL-1) ()
~ 16:00 0 16. 18 _ 12.87
0.5 16.55 13.24 ]
16:01 1.0 1. 12 13. 81
' 1.5 17.55 14.24
16:02 2.0 18. 10 14.79
2.9 18.40 . 15.0%
16:03 3.0 18.75 - 15.44
- 3.5 18,30 15. 3¢
16:04 - 4.0 19.95 . 16.24
: 4.5 18. 50 16.59 {104 =a
16:05 50 20,00 . 17,19
—16:06 6.0 20.76 17.45
7 16:07 A 21.22 17.91 | 104 sa
- 16:08 - 8.0 21.65 18. 34
16:09 9.0 21.91 _18.60
16:10 0o 22.13 18.82 | Value Adjusted
116:12 2.0 - 22.46 19.15 103 va
16:14 14.0 22.67 19.36
16:16 © 160 22.87 . . 19.56
16:18 ° 13.0 23.00 - 19.69
16:20 20.0 23.15 19.84
| 16:25 - 2.0 23. 40 20,09 ;
16:30 300 23. 72 20. 41 Yalue Adjusted
16:35 35.0 23.93 20.62 1101 mn
16:40 40.0 _ 23. 60 20.29 :
16:45 45.0 23.5% 20.24
: 16:50 50.0 . 23.66 20,35 .
- 16:55 . 55.0 _23.82 _ 20,51 10] mg
F17:00 60.0 23,98 20. 67
—_17:10 70.0 24.20 20. 89
~1%:20 80.0 2445 21, 14
17:30 900 2N 21.39
17:40 160, 0 24.92 21.61
18:00 120.0 . 25. 50 _22.19
_18:20 140.0 26.20 22.89
_-18:40 160.0 26.71 23.40
19:00 180.0 - 27, 46 24.15
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STEP DRAWDOWN TES?T

PUMPING STAGE

DATE 13/08/95 CONDUCTED BY WWOR
WELI, No. BH No.l SWL 3.31 m STEP 4 L
LOCATION BURE PUMP TYPE Submersible NOTCH (H) 96 mm
CHNER BAGUNA HEAD 200 m DISCHARGE 4.0 1/s
WELL DEPTH 72 m CAP. 10 l/s 346 ‘m3/day
WELL DIA, 150mm POSITION 58 GL-m
- TIXE TINE SINCE YATER DRAYBOYN REMARKS
: PUIPING STARTED (min.) [ LEVEL (GL-m) (m) '
19:89 0 21. 46 . 24.15
- 0.5 27.00 23.69
19:01 L6 26. 60 23.29
: 1.5 26. 00 22.69 -
19:02 2.0 : 25.58 22.27 N
2.5 25. 04 21,13
19:03 3.0 24.55 21.24 -
_ 3.5 - 24,30 20.99 _
| 19:04 4.0 2414 20. 83
4.5 24. 40 ~ 20.69
19:05 50 23. 82 20.51
19:06 ~ 6.0 = AL 20.42
19:07 1.9 23. 51 20,26
19:08 30 2347 . 2018 94 &
19:09 - 5.0 23.55 . |+ 20.24 96 mn
19:10 - 100 23.64 0 20.33 <
19:12 12.0 . 23.72 20. 41
19:14 e L A 23.87 . 20,56
19:16 . 16.0 23.91 . - 20.60
19:18 18.9 23,93 - 20. 64
19:20 20.0 23.98 20. 67
19:25 25.0 24.08 20.77
19:30 30.0 24. 14 . 20.83
19:35 35.0 24.13 20. 87
19:40 40.9 24.21 - 20.50
19:45 45.0 24.26 - 20.95
19:50 50.0 . 24,33 21,02 ]
19:55 - 55.0 24.40 :21.09
- 20:00 . 60.0 244 21,18
20:10 10.0 24.63 21.32
20:20 . _80:0 24. 75 21.44
20:30 99.0 24.87 21. 56
20:40 ~100.0 24.98 2L 67
21:00 -120.0 25. 27 Z1. 96
21:20 4o -25.50 22.1%
21:40 -160.0 25.18 22. 41
22:00 180.0° 26. 10 22.1%
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STEP DRAWDOWN TEST

PUMPING STAGE

CONDUCTED BY

DATE 13/08/95 WHWDE
HELL No. BH No.1 SWL 3.31 m STEP 5
LOCATION BURE PUMP _TYPE Submersible NOTCH (H) 86 mm
OWNER BAGUNA "AEAD 200 m DISCHARGE 3.0 1/s
WELL DEPTH 72 m CAP, 10 1/s 263 m3/day
WELL DIA. 150mm "POSITION 58 GL-m _
Ti¥E . TINE SINCE TATER DRAYDOYN REMARKS
_ PUMPING STARTED (min. ) LEVEL (GL-m) (n)
22:00 .0 26. 10 22. 79
0.5
22:01 1.0 - 23,170 20.39
1.5 22.95. 19.64
| 22:02 2.0 22.35 19.04
2.5 2170 18.39
22:03 3.0 21.317 18. 06
: 3.5 . 20.58 17. 21
22:04 4.0 20.13 17.42
4.5 20.35 1.4
- 22:05 5.0 -20.10 16. 19
- 22:06 6.0 19, 60 16. 29
| 22:01 1.0 19,38 16. 07
1 22:08 .80 19. 10 15.79 _
. 22:08 9.0 18.92 15.61 :
22:10 10.0 13.78 - 15. 47 86 wm: 31/sec,
122:12 12.0 - 18,63 . 15.32
22:14 . 4.0 18.63 16.32
22:16 16.0 18.63 . 16.32
22:18 13,0 18. 63 15,32 .
22:20 20.0 18.63 15.32
22:25 2.0 18.60 16.2%
22:30 30.0 18.57 16.26 | 86 ma: 31/sec.
22:35 35.0 18. 54 15.23
1 22:40 40.0 18.51 15.20
22:45 45,0 _ _ 18. 50 15.19
—22:50 50.0 18.48 15,17
| 22:55 55.0 18. 48 15.17
23:00 ___50.0 18. 47 15. 1§
23:10 0.0 18. 45 15.14 {86 mm: 31/sec.
23:20 80.0 18. 45 15. 14 .
- 23:30 90.0 18, 44 15. 13
- 23:40 100.0 8.4 15,13 86 nu: 31/sec.
24:00 120.0 18. 44 15,13 '
24:20 140.0 18.44 15.13
| 24:40 160.0 18.44 15.13
1:00 180.0 18. 44 15,13
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STEP DRAWDOWN TEST

RECQVERY
DATE 13/08/95 . CONDUCTED_BY _WWDE
WELL Nco. BH No,1} SWL 3.31 m _

' DISCHARGE OF
LOCATION BURE PUMP TYPE Submersible THE FINAL STEP
ONWNER BAGUNA HEAD 200 m 3.0 1/s
WELL DEPTH 72 m CAP. 10 l/s _..263 w3 /day
WELL_DIA. 150mm POSITION 56 GL-m o

TINE TIKE SINCE TATER : DRAYEG¥N REMARKS
PUMPING STOPPEDP (min,) LEVEL (GL-x) @
1:00 ' 0 18. 44 15. 13
0.5 '
1:01 : 1.0 13. 47 10. 16
_ 1.5 11.90 8.59
1:02 2.0 11.36 3.05
. 2.5 11.23 1.92
1:03 3.0 11. 10 179 |
3.5 11. 05 LA
1:04 4.0 10.96 - 1.65
4.5 10.34 1,03
1:05 5.0 10. 90 7.59
1:06 6.0 10. 85 7.54
1:07 1.0 10.79 7.48
1:08 8.0 10. 75 .44
1:09 9.0 [ 10,69 7,38
1:10 10.0 10, 66 1.35
1:12 12.0 10. 53 1.22
1:14 14.0 10.92 1.21
1:16 _16.0 - 10. 45 1.14
;18 18.0 10. 40 1.09
1:20 20.0 _10.35 1.04
1:25 2.0 10.21 6.50
1:30 30.0 10. 12 6.81
1:35 35.0 10.02 6.71
1:40 40.0 9.92 6.61
1:45 45.0 9.80 6.49
1:50 50.0 9.70 6.39
1:55 55.0 9. 60 6.29
2:00 60.90 9.57 6, 26
2:16 10.0 9.43 6. 12
2:20 80.0 9.28 5.91
2:30- 50.0 _9.10 5,18
2:40 100.0 9.05 514 ]
3:00 120.9 8.85 5. 54 .
3:20 140.0 8.65 5.34
3:40 160.0 8.45 514
4:00 180.0 8.25 4.94
4:30 210.0 3.00 4,69
~ 5:00 240.0 7.83 4.52 _
~5:30 210.0 . 1.6% 438
6:00 - 300.0 1,40 £.09
6:30 _330.0 B 7.13 3.88
1:00 3600 .19 3.1
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DATE __14/08/95

WELL No. BH No.}

CONTINEQUS DISCHARGE TEST

Punping Stage

CONDUCTED BY WWDE

SHL 3.31 m

STEP

NOTCH (H) 91 mm

LOCATION BURE PUMP TYPE Submersible
OWNER BAGUNA ~ HEAD 200 m DISCHARGE 3.5 1/s
WELL DEPTH 72 m CAP. 10 1/s 303 m3/day
WRBLL DIA. 150mm POSITION 58 GL-m
TI¥E TIME SINCE WATER DRA¥DOYN REMARKS
N PUNPING STARTED (min,) - | LEVEL (GL-@) {m)
10:30 0 : 6. 60 3.29
T 0.5 9,34 6.03
10:31 1.0 .10 5.39 80 en
' 1.5 9.00 5. 63 .
10:32 2.0 10.60 1.29 80 eh
. 2.5 11.00 1.63 85 ma
10:33 3.0 11.50 8.1%
3.5 12.10 - 8.713
H:34 4.0 12.30 8.9% 91 zg
4.5 12. 42 9.11 '
10:35 5.0 12.74 9.43
10:36 6.0 13.03 9.72
~10:37 1.0 1319 L E
10:38 8.0 - 13,00 9.69
10:39 %90 13. 26 9.9
10:40 10.0 13.32 10. 01
10:42 c 12,0 . 13.38 - 10. 07
-~ 10:44 - 140 C 13.46 10.15 -
10:46 16.0- 13.61 10.30
10:48 18.0 13.69 16. 38
10:50 . 20.0 13.84 16. 53
10:55 25.0 14.10 10.94
11:06_: | ~ . 30.0 14.25 11.07
11:05 - 35.0 14.38 11.0%
—11:10 40.0 14.40 11.22
. 11:15 45.0 14583 . 11.69 -
1:20 50.0 14.77 ' 11,46
11:25 .0 14.88 11. 57
11:30 £0.0 14.94 11,63
- 11:40 0.0 15.13 11:82
- 11:50 80.0 16.30 . 119
12:00 90.0 15.48 2.17
| 12:10 100.0 15. 62 2.31
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TINE SINCE

TATER

1IE DRAYDOTN
PUNPING STARTED (min) | LEVEL ((l-m) (n) .
T 12:30 120 15.92 12.61
T12:50 140 16.21 TTi2.90
13:10 T 16. 29 12.98 T
13:30 180 16. 37 13.06
14:00 210 16.45 ERV
14:30 240 T 16.67 13.36
15:00 270 16,89 13.58
15:30 300 17,01 13.76
16:00 330 T 13.93
16:30 360 17. 44 14.13
17:30 120 .10 14,39 T
18:30 180 17,87 14.66
"19:30 510 8. 29 14.98
20:30 600 T 1860 15.29
21:30 660 18.50 15.59
92:30 720 1917 15.86
23:30 780 19, 40 16.09
0:30 840 19.63 16.32
1:30 900 19. 84 716.53
2:30 960 20,09 16.18
3:30 1020 20, 34 17.03
T4:30 1080 20,64 1.3
530" 1140 2084 17.53
T6:30 1200 L0 17.69
7:30 1260 2115 17.84 |
8:30 1320 213t " 18,00
79:30 1380 2139 18.08
10:30 1440 21. 49 18,18
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CONTINEOUS DISCHARGE TEST
Recovery Stage :

DATE _14/08/95 CONDUCTED BY = WHWDE
WELL No. BH No.l SWL 3.31 m _
DISCHARGE AT THE
LOCATION BURE PUMP TYPE Submersible PUMPING STAGE
OWNER BAGUNA HEAD 200 m 3.5 1/s
WELL DEPTH: 72 m ‘CAP. 10 1/s 303 _m3/day
WELL DIA. 150mm POSITION 58  GL-m
[~ : -
TINE TI¥E SINCE VATER . DRATDOTN REMARKS
PUYPING STOPPED (min,) LEYEL (61-m) L)) -
10:30 - 0 21.49 18.18
0.5 20.33 . 17.02
[ 18:31 R 19.20 71589
1.5 17,30 13.39 .
10:32 2.4 16. 00 ' 12.69
' 2.5 15.12 _11.81
" T10:33 3.0 14.00 10.69
3.5 13. 34 10,83
10:34 4.0 13. 19 . 9.88
4.5 12. 62 ' - -9.31
10:35 5.0 12. 71 9. 46
- 10:36 6.0 12. 49 9.18
10:37 1.0 12.38 - 9.07
10:38 3.0 -12. 30 8.99
10:39 9.0 12. 24 - §.93
10:40 10.0 12. 17 8.86 - ]
|- 10:42 12.0 1121 . 8. 80
C10:44 ). 14.0 12e3 8.72
- 10:46 6.0 11. 96 8.65
10:48 13.9 11,90 - : 8.59
10:50 20.0 11. 85 8.54
10:55 25.0 11,72 §.41
11:00 30.9 1160 8.2
11:05 35.0 11. 50 8.1%
11:19 . 40.0 1143 8.12
A1:15 4.0 11,33 . 8.02.
11:20 50.0 11.24 1.93
11:25 ° 5.0 C11.15 .8
11:30 60.0 11.03 1.72
11:40 70.0 10.8¢ - 7.68
11:50 80.0 10.84 1.53
- 12:00 - 80.0 10. 70 1.3
12:10 100.0 ~ T10.50 7.19
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TINE TIEE SINCE YATER DRAYDOYN |  REMARKS
 PUMPING STOPPED (min.) LEVEL (6L-n) ®
12:30 20 10,35 7.04 T
12:50 149 10,11 6. 80 N
13:10 160 9.92 6. 61
13:30 130 9.1 6. 40
14:00 210 9. 41 6.16 7
14:30 240 9.23 5.92
15:00 570 9.07 5.6 7
15:30 300 8.97 5.66
16:00 330 8.1 T5.48
16:30 | 360 870 5.39 T
17:30 420 8.42 511 ]
18:30 430 8.99 1,98
19:30 540 8.15 1.84
20:30 660 ~ 8.01 170
21:30 660 7.81 "4.56
92:30 120 1.7 4.43
53:30 780 7.62 431" i
0:30 840 7.48 417
1:30 900 7.38 4.07
2:30 960 7.25 3.94
3:30 020 EAE 3.82
4:30 1080 102 3.7
5:30 1140 6.90 3.59
6:30 1200 5,80 3.49
7:30 1260 5.16 3.45
8:30 1320 5.68 3,31
9:30 1380 6.62 3.3l
1440 6.5 3.4

10:30
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Appendix - 11

Calculation of Water Pipeline
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