. 5.2.4 Study of ihc'-Oplim’um .Dischatge_ Rate

To dclcrmme lhe planncd water pumpmg rate of newly constructed wells,
' lhe past record of the water: pumpmg rate and the proper waler pumping rate
should be studied. ‘

(1) Past records of water pumpmg rale
| Table 52 4-1 shows the changc in the water pumpmg rate of live
wells ('onstructed in lhe Phase 11 Pro;ecl ~ Table. 5.2 4-2 shows the water
‘pumpmg rale and the lowermg of the waler level measured uvpon
construction in the Phase 11 Prolecl “The water pumping rate of wells just
afler construction (March 1987) was set at 63 m?’/hr but it decreased to
abeut 55 m3/hr about half a year later.’ The probable cause is that, in
aboul half a year, fine sand around the well has been washed away and

the well has stabilizéd_. |

To determine the planned water pumping rate of a planned well, it is
a general method to calculate the proper water pumping rate from lhe
relation belween the water puniping rate and the lowering of water level
based on the results of the step-drawdown tests. Fig52.4-1 shows the
relation between the water pumping rate and the lowering of water level
in the existing welis of the Balad Wellfield. In these figures, the lowering
of water level is comparatively small when the waler pumping rate is
below 55.m3/h r, but it becomes extremely large when the water pumping
rate exceeds 55 m3/hr. So 55 m3/hr_c‘an be regarded as thé elastic limit
water pumping rate in an overall evaluation of the well group in the Balad
Welfield.
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Flucluahon ol‘ Dmchftrge R'ue of the Wells

Table 5.2.4-1
' Couslructed in Plnse 11 iject
Well No.. Discharge Rate (m3[hr)._
Harch 1987 oct., 1987 | Jan., 1987 Sep., 1987} °

10,54 “e0.2 | ss.0. | s |-

11.58 62.9 '55.0 54,0 -

12.08 60.2 50.0° 35,0 -

12,54 S4i3 55,0 = 55.0
14.58 59.4 55.0 - _
Average S9.A_' 54.7 -

Tabie 92.4-2 * Discharge Rale and Drawdown

on lhc Basis of Pumpmg Test in the Phase 11 Prolcct

Well No. stcharge Rate | Drawdown
Q{n /he) s(m)
10.0A 50.3 4.01
11.0A. 22.5 6.58
11.54 31.7 3.22
12.0A 33.5 6.05
12.58 33.5 10.85
13.0A 51. 1 .85
[ 13.08B | 51.1 4.92
13.5A 50.3 6.85
13.58 9.4 9.10
14.0A 47.2 5.71
14, 5A 40,0 .67
15.04 421 10.13
15.08 25.0 13.15
1054 760.2 22.83
.58 62.9 35.43
12.08 60.2 32.56
12.5A 4.3 23.02
14,58 59.4 21.96
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Fig.5.2.4-4 Contour of Efecirical Conductivity in Mogadishu Cily, 1977
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- (2) Study on the proper water pumping rate from the hydfogeologicai point

: .;‘of view

1} llydrog‘éolqgical circumstances

a.

Aquifers _ __ _
At the Dalad Wellfield, an aguifer oxists over a range of ¢ m above

. séa fo 'about""—sﬂﬁm_. with the tayer thickness varying as much as 40 m

‘to 70 m. An aguictude of 5 'm to 15 m i_s' interposed in the aquifer

- (Refor {0'_Figs.5.'2.{ -2, 3). The upper permeable layer presents a white

color and consists of medium sand. This layer is the main aquifer for
the existing wells. The lower permeable layér-presents white and
brown colors and consists of alternate shale and limestone layers of
finc sand and medium sand. The interposed aquiclude presents light
brown and gréy colors and consists of extremely fine sand and fine

sand, and is in a subconsolidated condition.

b. Water quality

 Electrical conductivily in the vicinity of Mogadishu City is

_ distributed as shown in Figs 5'.'2.4,—4 and 5. As these figures show, the

electrical conductivity is high in the portion along the coast, and it
dec¢reases gradﬁally toward the nerth, being below 1,000 Os/cm in
some confined pdrtions. It is judged that in the coastal area, qualily
of groundwaler is degraded by ils being saline, and in the northern
part where the elecirical conductivity is low, the gquality of
groundwater is improved by the recharge of fresh water into
groundwater from the Shabeelle River (refer to Fig.52.4-6). Andasa
result of water qualily tests in the fiefd survey, water of the Balad
Welifield is potable because the water qualily is within the siandard of'
WHO. _ -

Table 5.2.4-3 Result of Water Analysis

Unit Value Japanese Standard WHO.Standa':jd'

Item
R Value Value
NO3-N+NO»-N mg/l 004 under [0 ~-do-
Cl{chlorine) mg/l 112 under 200 250
KEMnO4 ' ‘mg/l 30 under 10 _
Ca+Mg _ mg/l 140 under 300 200
Evaporation Residue - mg/i 810 snder 500 1000
Ignilion Residuc mg/l 580 - -
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2) Cocl‘hc:cm of pcrmeab:hty

In order (o oblain the coel‘i‘xcnent of pe:me'\bnhty in the vicinity of the
Balad waler source, a water pumpmg test waq conducted on Llwao ex:slmg wells
(25 A, 140 A) in the ficld survey, and soil sampling was also made.
of the watex pumping test and’ lhe msults of sample soil analysns are shown ia
l-rom these resulls and the results of the water pumpmg test on each

well in the Phase [l Project, a coefl‘ncnent of permeab:hty was obtalned as follows

Appendix.

a. From the rcsul(s 0[‘ waier pumpmg test on 125 A (Thc:m 5 equauon)
Q 27 sz/(Z}log,erg)

Where -
Q: Dischargc ( m3/sec)

k :'Cpeffiéienl of Perfnéébili(j
D : Thickness of Permeall_ﬁe ‘lajyer" ()
. i ) 162 m.

b. From the results of soil grain size distribution analysis (Creager's

s ::Drawdovl.':n (m)
R : In'l‘luent_ial radius (m) 508 m

55/3600-0.0153 -

to: Well radivs {m) 0.125m
k={0.0153X 23X log 500 7 0.125) / (2 X 7L X 40 X 162}
=3.11 X 10°3 m/sec=3.11 X 10 3 cm/sec

equalion)

3X 103 cm/sec

(cm/s‘cc)'
40 m

Table 324 -4 Relation belween Dyg and K by Creager

dea K {enfsec) | Classification 45 ' K (caf1ec) Cleasification
0.003] 2.00x00°0 Coacse Cluy 0.18 6.85010°2 Fine Sand
0.01 1.05x 107 Fine Silkt 0.20 3.40110° "

0.0 L0000 Casrse ST1t 0.23 | t.4txi0-t

¢.03 | s.s00r0-v 0.30 2.20150°7 | Hedium send
.04 1.25x10°1 0.35 3. 20x10-7

0.05 | 2.80000%¢ 0.40 5, 5011871

0.06 | .60110°% | Ultcx Fine Send | 0.45 5.80¢10°1

0.07 | &.50x16°4 0.50 7.50x10°0

Q.08 9.00x10'* 6. 6D 1.§102161 Coarse Sand
Q.09 1.4021G+7 0.10 1.60r10" "

0.10 | 1.is10-Y 0.80 2. 15x10°1

0.12 | 2.68116°% | Fine Ssad 0.90 7.860107

o.14 | 3801100 1.00 3.602107)

0.16 5.10210°% 2.00 1.80 * Fint Cravel
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c. From the average of thc rcsults of waler pumpmg tests in the
Phase 11 Project P B
357X 10 -3 Cm/scc (refer to Appendix 2-1) '
From the resufts shown above, the coefficient of permeabiltty in the
Pro;ecl wnll be determined: as 3 X 10 -3 em/see.
3) Pred:chon of the lowermg of water fevel
Judging from lhe geologlcal qtructure watcr quallty coatours and
lhe change of lhe lowermg of walcr fevel in the neighborhosd,
grcundwaler in the Balad Weltfield area is affecied by the ingress of sea
“water. |~ Especially the ='l'o'\.‘«rerin'g of water level is predicted to be more
than 5 m per year from the coelficient of permeabilily; transmissivity,
recharge from the Shabeltle River, the water pumping rate in the past,
etc. |n the Balad welifield area. However, according. to the pas{ records,
it is only aboul 0.3 m. The probable cause is that the level of
groundwaler is pUShed up by ingress of sea waler. Therel‘ore in order
to pred:cl the lowermg of water level in the future in the Project, a
watér balance model cons:dermg lthe ingress of salt waler must be set
and a simulation technique must be vsed on this model. Simulation
consists of Case 1 and Case 2. In Case 1, an overail balance of
groundWater'_meem-cnl in a wide range from the Indian Ocean to the
Shabeelle River is studied. In Case 2, the lowering of water table in a
range of about 10 km X 5 km around the Balad wellfield is predicted for
cach of 22 years in the luture. The results of this simulation are shown
in Appendix 3 -6. The towering of water {evel in 20 years is a maximum
of 5 m if water is pumped up conlinuously at a rate of 28,000 m3/day.
4) Study on the length of the screen
To determine the length of the screen, the moving limit speed of
sand is an important factor. This is because pump breakages due to sand
ingress into the wells can cause well failures. According to the
Waterworks Facilily Standards, it is desirable that the influential speed of
groundwater inlto the well should be below 15 mm/sec, and for the wells
constructed in the Phase 11 Project, 'screens were installed to secure
about 12 mm/sec as the target value. However, in the water pumping test
conducted in the present study, an inflow of sand was noticed although
in a small quantity, even at a water pumping rate of 55 m3/hr. Then, the
“entrance speed'ol‘ grou.ndwater at Lhe position of the screen must be
examined,
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Th§ influential spcéd of g_randWal_cr at the 'p'bsilidn of lh'_cf screen is
expressed in accordance with the fotlowing equation. ' e
Whero, Y : lhf[ucnlia! speed ‘
Q : waler pumping rato
A ln'f.lucﬁlial' arca
ro: md:us of the scrccn
t.:length of the screen FR
k :opening ratio of the screen _ |
_ I v:9Q / A, then from the above cond;lwns V>$§5 mm/sec at §=59
m3/hr on assumption of r =025 m, 1 - 20 m and k= 1%, Therel‘ore in
this projeci, the speed of sand inflow will be set at a maximum of V-8
mm/sec by considering that extremely fine sand flows in al an
influential speed of 8.8 ni/sec. |

5) Study on the water pumping rale
From the condition of permcable layer distrlbultons and the

condition of groundwater level (Fig.5.23-1, 2) in the Balad Welll‘neld lhe
water pumping rate of cach planned well will be studied. The average
thickness from the ground surface to the botteom surface of the
permeable layer is 140.7. m. The necessary well depth en an assumption

of a water pumping rate of 45 to 65 m3/hr is as [oltows.

0~ 008 o
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)
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\
e
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whele _ .
Q: walcl pumpmg rate, (m3/hr)
1 average depth l‘rom the ground surface lo the static water level
(1988), (m) _
| 2 lo‘we'rinig of static water level in 20 years obtained from the resulls of

ssmulahon (m)

-3 lowcrmg of Water fevel obtamed from Fig 3 2.4-1, (m)
4 length of submecged pump, (m)
5 . sand pit, (m) _ .
: length of the screen determined from theé planned pumping rate,
(m)
 Table 52.4 - 5 Necessary Depth of Wells
Q(a® /hr) 45 50 5.5 60 | 65 Remarks
® 65.5  65.5 65.5  65.5 65.5
)] 5.0 5.0 5.0 5.0 5.0
K] 13.3 14,8 16.2 29.0 36.0
@ 3.5 3.5 3.5 3.5 3.5
® 10.0 10.0 10.0 “10.0 10.0
¢ 18. 1 20.1 22014 24.2 26.2
¥ (m) 115.4 - 118.9 122.3 137.2 166.2 < 140.7m
Evaluation O 0 O O x

From the results given above, it is possible to pump up water up oa
rate of 60 m3/hr. However, the permeable layec in this area is divided |
into two layers by an about 10 m-thick aquiclude, and a screen _ma& be
set at each of these two layers. Furthermore, a screen is set at a bett'er
position of the permeable layer for pumping, 'md there is no allowance
of well depth in the case of 60 m3/hr as the target. For these reasons, it
is preferable that the target pumping rate isto be less than 60 m3/hr.
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(3) Dctermmauon of the phn ned waler pumpmg rale per well to be newly
conslruclcd ' _ ' o
~As described above. the \V'\tex pumpmg mte 'of m'o'st' wélté
constructed in the Phase 11 Project has stab:hzad at about 55 m3/hr the
lowering of the water level becomes exlrcmeiy large when the actual
waler pumping rate exceeds 55 m3/lu and fnom the hydrogeologlcal
conditions, the permeable layer has no a[!owance in ils deplh for water
pumping up at 60 m3/hr. Thus, the planned waler pumpmg rale per
well to be constructed in the Project shail be sel at 55 m3/hr.

(1) Planncd member of wells
The water intake rate of newiy construcied wells shall be equal to
the planned waler intake rale less the possible water pumping rate of
existing wells. - Here, the relevant dala are as follows.

Planned water intake rate : 28,ﬁ00 m3/_day

Possible water pumping rate oi‘ exisling wells : 11,340 m3/day
(According lo replacement of two submersible pumps,
8,700+(53X24%2)=11,340)

Planned water intake rate per well to be newly constructed : 35 m3/day
The planned number of wells as given by
N = (28,000 -11,340) 7 (55X24) =126 ----—--- 13 wells

(5) Newly constructed well arrangemenl' plan
Of 13 wells to be newly conslructed in the Project, 11 wells
shali be 'zrrénged in the vicinily of the existing wells which will not be
used in the future, so that the existing piping may be utilized effectively,
and other two wells shall be arranged on the north of the existing wells
where the condition of the permeable layer seems to be gc‘m'd. The well
arrangement is shown in Fig52.4 -7. |
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5.2.5 Power Supply F::;cil;l:lic_'s

Power suppﬁy l‘aci_!itieS' arc:-classi-ﬁcd as pd{ver géheraliﬁg equipment ancl:
power lrarismillin"é.equip'ment' '
(1) Power generating equ:pment . .

The Balad Wcllﬁcld has ne avaiiable commcrcml powcr saurce
Therefore, submersnble pumps for the existing wells receive power supply
(15 k\’) from a power planl constructed in the central parl of the well
group {There is no commercial power supply pian I‘or the future). The.
power plant has a total of seven generators including one Japanese- madcf
generatog mstal[ed m lhe Phase H Project, but two Amencan made:
generators and one Japanése- made’ generator of these seven generators:
can be operated practically at present. The life of six American-made
generators which are o'perétih'g and disassembled seemed (o expired, so that

it is difficult to reuse by rehabilitation.

(2) Power transmitting equipment _
The designed length of transmission lines is based on the material of

line, the fluctuation of line by wind force, and the interval of pole, so that
partial replacement is capable as a temporary measure. However, il is
incapable as a 'permanent nmeasure because of differen{ strength between
existing line and new one. In ad_dilion,' the decrepitude of connedtion at
insulater will not advance as same as entire replace'ment. Therefore, the.
existing transmission fine shall be replaced entirely in the Project.
Existing porcelain insuiators shall be replaced with salt-proof porcelains,

ete., which withstand attached salt, sand or dust.
926 Olher Facilities

(1) Replacement of meters installed to wells
To each well. a pressure gauge and a ffow meter are installed, but nine
flow meters (50%) are defective. The probable cause is an attachment of
extremely fine sand or solidification of lime contained in the well water,
Therefore, flow meters to be newiy instalfed in the Project shail be in
accordance with changed specification.

(2) Consolidation of radio communication syslem

Radio sets lo connecl between the power plant, MWA headquarters and
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management _v;ﬁh_it_:lcs for the purpose of maintenance and management
énd also repair of various facilities were instailed but they were broken a
half year ago, and at present personal communications using vehicles only
_are available. Th"e.ré'for'c. it seems necessary lo consolidate the radio

communication system on the MWA side.
5.3 Basic Design of Facililies
5.3.1 Intake Facilitics

(1) Design of submersible pumps
1) Loss of head
a. Loss of head of pipes _
- Hazen-Wiliiam's formula is used.
h = 10666 x C-1.85 x D"4-87 v o185 x L
Where, V :average flow velocily (m/sec)
s flow (m2/sec) 7
 dynamic water gradient (m)
: total length of pipes (m)
: coefficient of velocity (110}

= e R

: frictional foss head (m)
‘D : pipe inside diameler (m)
b. Loss of head due to valves
The followin g equation is used.
| hn -fxv2/2g '
Where, f :loss coefficient
v : flow velocily (m/sec) _
g :acceleration of gravity (9.8 m/sec?)
c. Loss of head of straight pipe portion of well primary piping
The Darcy-Weishboch's equation is used.
hf=f3x{1/D}x(v2/2g)
Where, f3:loss coefficient of straight pipe (m)
fy =004+ (1/1000D)
. pipe diameter of straight pipe (m)
: flow velocity (m/sec) _
- acceleration of gravily (9.8 m?%/sec)

s T

: total length of straight pipe portion (m)
hf: Loss of head of straight pipe portion (m)
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d. Design ftow. " . ' K o
New wci.l 155 m3/hr . 0 917 m31mm =0 0]'53 m3/scc 13 wells
Existing well - :55 m3/hr -0.917 m3/mm =0.0153 m3/sec -5 wcl;ls
Existing'well : 40 m3/h r=0.087 m3_/mm -0.0111 m3/sec .5 wells

2) Catculation of loqs of head of water conveymg pipe
The foss of head {h) from 15.5 A to 15 0 Ais oblamed as follows :
From D-0.15 m, 1- soo ft, Q =55 m3/hr X2 = 0. 0153 X 2 - 00306 m3/sec,
h -10.666 x 1107185 % 0459875 00306185 x 500 =14.48 m
The loss of head of the main pipe up to .the Shek Mu,hidin Reservoir is

obtained similarly, and the results are shown in Tables 5.3.1-1 and 2.

3) Loss of head l‘mm each submerged pump up to main pipe .

The construction of piping from the submerged punip m the well up
lo the water conveying pipe is shown in Basic Destgn Fig.535-2. Fach
well has a pump-up pipe, a sluice falv_e and a check valve, and the pipe
diameter of well primary piping is 150 mm. The loss of head of the water
pump-up pipe in the newly constructed well is obtained as foflows.

From C€=010, D =0.1, Q=55 m3/hr = 0.0153 m3/scc, 1-100 m.

h - 10666 X 1107185 x 0.1 4.7 x 0.01531-85x 100 5784 m
The loss of head of valves and siraight pipe porlions is oblained as
follows.

Check vaive [l =0.35, Sfuice valve [2 - 0.145

V=0.0153 / (0.152 X 77 X 6.25) = 0.866 m/sec

f3-0.04+ 1/ 1000 X 0.15) = 0.0467
h = (0.35+0.145:0.0467 X 45 /7 0.15) X 0.866% / (2X 9.8) = 0.073 m

" Therefore, the loss of head from each pump to a branch pipe is oblained as
follows.

5784 m « 00873 m =5857 m
From the resulls shown above, the total lift is shown in Table 5.3.1-3.
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4) Pump cqunpment phn
. The pump shafl powe; 13 mlculated in accor dancc wnlh the l‘ollawmg
equalmn :
P-0. 163er0xl!x(h Y/a
where, o
L :pump ":haft p'dwcr (kw

£ :weight of liquid / unit volume (l kg/l) o
Q- dnscharge rate (m3/mm) '

H : total head (m) _

n o pump el‘ficiency (decimat)

: atlowance (15%)
}mm the pump discharge rate and the total llft calculaled before,
the pump shaft pump (kw) is calculated. '
For the submersible pump in 95 A,
Q - 55 m3/hr-0.917 m3/min
H=108.3 m _
n =066 (refer to Fig. 5.3.1-1)

-
-

\

LA R T

Efficiency (%)

B R AR

LI | 1.1 L ) 1.e : i.d e 149 s 248

Discharge (m3/min.)

Fig. 5.3.t - 1 Efficiency of Standard Pump

Therefore, the pump shaft power of the submersible pump from 9.5
Ais
P=0163X1X0917 X 108.3X1.15/066 282 kw
Calculation of other pump shaft power and analysns of motor output are
showa in Table 5.3.1-4,5.
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Table 5.3.4-4 List of Selected Capacity of Pump for Respective Well

Well No. Discharge VPump.ﬁea‘d Necessary | Selected | . Remarks
. Rate : : punp shaft | specific |
(m*/hr) o ) | power aotor
] o o | ke
T9SA | ssmi/R | 108.3 |  28.2 50
oA | s o s | 2909 30
Cres [ s 119.5 31.1 37
Cansa| o ss | usa 308 | 3
12.0A 55 120.3 31.3 37
12,08 |- 55 122.8 32.0 31
12.58 ] 85 s | 3240 37
13.0B 55 124.4 32.4 37
14.0B 55 123.4 32.1 37
T4.5A 55 126.2 32.9 37
14.5B 55 125.9 32.8 37
15.0A 55 127.0 33,1 37
15.08 55 - 128.0 33.3 37
15.5A 55 RLIYR - 37.0 37
15.5B 55 14301 37.3 37

Table 5.3.1-5 List of Specification on Pump Facilities

Discharge] Pump head | Specification of motor | Number Applied well

Rate ] .
55m® /he [ 115m | 30kwx380vx 50HZx 3Phase 2 | 9.5A 11.0A
55m3/hr | 123m 37kwx 380vX S50HZX 3Phase 5 |11.08 11.5B 12.0A

12.0B 12.5B 15.04

S5m? fhr 128m 37kwx 380vX S50HZx 3Phase 6 13.0B 15.0B 14.5A
_ 14.58 15.08
55m3/hr 143m 37kwx 380vX SOHZX 3Phase 2 15.58 15.5A
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(2) Dcs:gn of intake well
The well casing diameter slnll bu 238 mm in accordance with the

planned water pumping rale. The borehole diameter shall be 450 mm for
The well casing material shall be steel, and the

economical reasons.
“As a rcsuil of the study in 5.2.4,

screen nnlerml shail be stamless steel,
proposed depth for new well shall be 130 m on average in ¢onsideration of

f!uctuauon of permeable layer's thickness and past actual rcsult An
oullme_ of the well body i is shown in Basic Design Drawings.

5.3.2 Pipin_g Facililies .

{1) Water conveymg pxpes .
In the Pro;ect lwo wells 155 A and l'j 3 B, are conslrucled an the norlh

of 15 Aand [5B and plpmg for conveymg water pumped up from I5 5 A and
is. S B (55 m3/hr X 2) is nécessary. The pipe diameter 15 determined on lhe '
basis of Japanese cnter;a for waterworks(refer to Fig. 5 3 2) and the résull

is shown in Table 5.3.2 ;

"’ :}
s : 1] §
& i .
» A &
G ¥ &
4 G —
= -1 .
: b '[ w2 Ductife Cast lron Pipe
R - a o (75 mm-1500 mm)
g ad | e A s
< JETTH ~  TIEC
@ of Ahit=d—]  s2 Asbestos cement Pipe
N "Zr q = (75 mm 350 Ani)
; ! q;,ﬁ'?, =l m - mn
S R M &
- T teel
o HH - . & Pipe~1, 500)
v 1 o (500 mm- 1500 mm)
i 7. .
. f!" o I!. _-_,'
N £
y >
: joa
b an
* [ 1]
Y 1 e 1w e I

D : Diameter (mm)

Fig. 532 Parameter of Economical Pipe Diameter
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Table 5.3.2 Plan of proposed pipe

Section Di:scharge Economical | Diameter of " Proposed
. _'Réie. | diameter .éxisti.n_'g' pipe | diancter
| /he) | aw ) | (e
15.5B— 15.5A 55 170 - ' 150 (new line)
15.5A— 15.0 BT 210 T | 150 (ﬁeﬁ line})
15.0 14,5 220 290 200 . 250 (replace)
4.5 —14.0 | 33 | 340 {250 | 300 (replace)
14,0 —13.5 | - 425 370 400 . usable
13.5 —13.0 | 505 | 390 400
13.0 —12.5 | 600 | a0 [ oo “
112.5 <1005 | tore | 510 T se0
10.5 ~ 9.5 1190 - 600 00 o

Cast iron pipes, duclile cast iron pipes, steel pipes and hard PVC pipes
are available and they are different from each other in material, method of
manufacture, standard dime-nsions, strength, etc.  In the Project, hard PVC
pipes shaﬂ be used because su_éh pipes are easy to handle and economical in
view of the prpject area being in the lfopics and there being shortages of

skilled labor and heavy machines.

(2) Well primary ﬁiping

Around the well, a sluice valve and a check valve shall be provided for
the pump. The sluice valve is used when the pump is to be disassembled or
when (he waler pumping rate is adjusted. The valve shall be a
manual—type. The check valve is used to prevent water in the discharge
pipe from flowin.'g'back when the pump stops. A ductile cast iron pipe shall
be used for open piping which is exposed to ultraviolet rays. In order to
kaow the waler ﬁumpidg rate of each pump for managemen! purposes, a
flow meter shall be an wltrasonic-lype flow meter. so that the water
pumping rate can be measured from oulside because calcium in
groundwater will be fastened in the flow meler in a fong time if it is
installed inside, making the measurement impossible. The measurement of
the waler pumpi'ng rate is not required at all times, and therefore, two
portable- type flow meters shall be provided for the entire Balad Wellfield.
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3.3.3 Power Supply Facilities

(1) Desngn conditions _ .
The elec¢iric power generalmg l‘acnhucs consnsts of eleclnc power

generatmg facility and eleciric power hansmutmg facility.: The
generation capacily shall be delermmed by compar[son between the valve
whlch as needed continuously and the valve which is needed at the time of _
molor start up. It shall be calculated in accordance with the equation ba‘:ed
on the ’ Walerworks Facmty Design Gmdelmes Explanalory Descrlphons
comp:led under the supervns:on by the Mmistry of Health and Welfare and
the value of required power to be used in this equatmn shall be determmed
from the lolal mput of requ:red moltor shaft power for pumps and the power

for tamps wh:ch are lo become lhe load on the generalor

The rale of operallon of a h:gh speed D:esel engmc is delermmed as
5%, and it is assumed that the mamlenance time. is mcluded in workmg'
hours and even if it exceedc eight hours the 'mamtenance should be

continued like the generator operation.

(2} Design of generating facility
1) Capacity needed continuously (Pmi)
Pmi - ZPm/%Z nm .
Qmi =(Pmi/ PF) x 1- pF2
P =fPmi? + Omi?
Pg 2 PA
Pe' 2 1.36 X Pmi / nG
Where, Pmi :total input of conlinuous loads (kw)
Z Pm : tofaf output for continuous toads (kw)
Zom : overall efficiency of contlinuous load _
Qmi : total reactive power for continuous Ioad input (KVA)
PIr  :oveérali power factor of continuous loads
Pa . apparent power for continuous load input (KVA)
Pg : generator capacity (KVA)
Pe  :engine outpul (Ps)
nG generétor el'ficiency

Motors used in the Pro;ect include three 45 kw motors and five 30
kw molors for existing well pumps 13 37 kw motors and two 30 kw motors



for new _well pumps, two l 3 kw molors for l‘uel pumps and eieclric
Iamps requu*c 5 kw, and therefore, the requlrcd power ns |
LPm =45 kwx3 301(\\')(7 3?kw)( 13+ l§ka2 jkw 834kw
me this, the capac:ty needed conlmuously is obtained as follows.
I.nm =084 (motor value for submerged pun}p)
Pf  -=0875 {37 kw motor) - '
nG =092 (per faclor 80% )
Pmi -834/0. 84=9929 KVA
Qm: = (992.9 /0875 X [ 1I- 0375? 5494
« [09292 54947 - 11348
i Pg < 11348 KVA s
2) Qapaéigy needed at motor start-up
Pas <3VxIsX10°3
Ps  -PasXPxfs
Osj = Pasx fI- Pxfs?
"{'Ps\*Pmn)z*(Qs*Qm)2
Pg_ Pa’/ (1+41) :

Pe 2136 (Ps¢éPm') 7 (1:+83)
Is -Psxlﬂ?’)([eL/(VXnmXPfsx 3)
where as ; -
Pas :apparent power at slart-up of the load 1o slart at the last time
(KVA) '
V  :voltage (V)
Is :starting current of the load to start at the last time (A)
Isl. : percémage of total foad of slariin’g current
Ps :inputatstart-up of the load to start at the last time
Pfs power. factor for above (decimal)
Qs : reactive power for above (KWA)
pa' :overall apparent power at start-vp of the load to start at the
fast time (KVA) '
- total input of loads in cantinvous eperation before start-up of
the load to start at the fast time (KW)
Om' : reactive power for above (KWA )

Ll

Pm

& :short-time overload allowance for generation,
(decimal, normally about ¢.5)
[} : shori-time o?’éﬂbad allowance for Diésel engine,
(decimal, normally about 0.1}
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where, V -330V ‘ : .
Is =45x 103 xrw(asoxoswosswa) -172
Isl. =180 % 18-
Pl‘s 035
Pm'= (834 kw - 45 kw) /0.54-9393 kw .
note: The motor for well pump to slart at the last time shall be 45 |
KW and be star-deHa slarted because this %!arlmg system is
simple . m cone!ruchon and requires a mmparatlvely smail '
startmg currenl o o '
Qm’ = (939.3 7 0.95) X [1- 0.952 - 3087
Pas = 3X380X172x 103 - 1132 KVA
Ps =1132X685-962 kw -
Qs =113.2 X f1-08522-59.6 KVAr S
Pa” = [(96.2+939.3)% . (5956 + 308.7) = 1099.0 KVA
Pg' 2 1699.0 7 (1+0.5) =732.7 KVA < 11348 KVA
Therefore, the capacity needed conlinﬂoilsly. 113438 .KVA, shail be
taken as the design capacity ol".lhe ge:ncrato_r, ang the total necessary
capacity is cafculated by adding transformer foss (386 V to 15 KV stepped
up, 15 V to 380 V stepped down) of 4% al two points and a lransmission

foss of 2%, and assuming a generator operation rate of 75%.
Total necessary capacity ‘

=(11348 X (1 + 002+ 0.04) ) / 075=1203 * /075 = 1604 KVA

*1203: necessary caﬁacity in operation
The capacity of the Japanese-made gencrator installed in the Phase 1l
Proiéct is 250 KVA, so that the respective capacity of proposed gener'ator
in the case of three new generators énd four generators is as follows;

Three generators (1604 - 250) 7 3 = 452 K VA

" Four generaloers (1604 - 250) /4 - 339 KVA

The output in lowest combination of new and exisling generators is
as follows; _

Three generators 452X 2+ 250 = 1154 < 1203 KVA

Four generators 393 X2+ 256 = 1267 > 1203 KVA

It is impossible to operate whole intake l‘acili'lies in the ¢ase of three
generators to be installed. Therefore, three generator should be newly
installed. The specificalions for these generators are as follows.

Capacity L over 339 KVA
Voliage 1380 v/220 v
Frequency :50 Hz
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Phase . & :3 .
Prime mover : Di¢sel engine
Quantity . 4 :

(3) Transformer
i) anary lransformer
The pmver planl. for lhc Balad welll‘:cld is located belween the wells
lZ S5Aand 13 A, and the power generatéd in this plant (330 V )is stepped
up by means of two- lransl‘ormer sets of 500 KVA capac:ty to 15 XV for
transmlsswn to northern and southern wefl groups.  Pump motors ace 30
kw )C 11 units and 45 kw X 1 unit on the northern side and 30 kw X 4 units
and_45 kw X 4 units on the southern side. The transformer capacity is
determined in ‘a'cu:ordaricc with the followih’g equation .
T« PmX(l+a)/(ZaXPD
where, T - transformer capacily (KVA)
o :allowance 0.15 (normally 10 to 20%)
" pf :overall power factor
zn : 0384 (described above)
P{ : 0385 (described above)
The necéssary transformer capac:ly TN on the northern side:
TN =(30X4+37X8)X (1+0.1)/(0.84%085)=0641-500 =141 KVA _
The necessary transformer capacity TS on the southern side:
Ts =(30X3537X5+45X3)X (1 « 0.1}/ (0.84 X 6.85)
= 632 -500 =132 KVA
Therefore, there is a shortage of 141 KVA on the norlhern side and'
132 KVA on the southern side. Then, transformers meeling the
followmg specifications shall be added_ :

Transformer specificatlions

Capacily 1150 KVA o
Primary voltage : 380 V (3-phase, 3-wire)
Secondary veltage : 15 KV (3-phase, 3-wire)
Frequency :50 Hz
 Quantity :2 (1 on the northern side and 1 on Lhe

_ southern side)
2) Secondary tra:nsl'ormer
| The transformer ¢apacity “T * for a pump motors for water pumping
rate of 55 m3/hr to be newly constructed is:
T=37 X (1+0.2 * ) /(0.84 X 085) -62.2 KVA
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E P ¥ IJ 2: allowamc
Therefore, lraneformen meetmg the foilowmg specaf:cahons shall
be instalied in order o complemenl lh:s lac!\ ' ' o

Transfo rmer spccuftcatmns

Capacity . N : 75 LVA

Primary voltage - {5 KV (3 -phase, 3-wire)
Secohda’ry voltage 380 v I 222 V (3- phace 3 \vu‘e)
Frequency S50 Hz

Quantity. .~ 11

(4) Wiring
i) High voltage lines

Flectric power, steppcd up Lo 15 KV in.the power facxllly, is
transmitted to the transformer for each puinp through high. voltage
lines. The h:gh vollage line used is a 22 mm?2 hand- drawn a_lummum_
wire. In the Project, high voltage lines (about 3,000 m) with poles te
trapsmit power to two wells shall be newly iastalled fqr constructing
wells at new positions.” Existing h_igh'voitage lines are nearly 20 years
old and badly damaged in some poctions, so that exi‘sling high voltage
lines shall be entirely replaced. Moarcover, porcelain insulators on the
existing high voltage lines leak when it rains, and therefore, all of them
shall be replaced with those capable of_ withstanding high veltages.
Cross-arms, on which these insulalors are mounted, are wooden and have
been deteriorated. They shall ﬁe'rep!acad at the time of insulator
replacement. '

2) Low voliage lines _ .

The transformer {(to step down 15 KV to 380 V) for pump motors
shall be mounted at a high.posilion on the pole, and this transformer
shall be wired to the pump thrbugh cables. The cable io be used shall be
a CY cable. '

5.3.4 Ancillary Facilitics

The ancillary facilities in the Projecl include fences and iighiing apparatus
to be used for man'agement around the well. Around the well, thére aré a motor,
a well pump operation panel, valves, elc. which are all important and should not
be neg(éc(ed, Moreaver, 380 V and 45 KV voltages for motors are supplied. To
prevent dangers, therefore._fenccs shalt be provided. As these l‘chces, those
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\vhlch were removed in the Phase 11 Pro;ect shall be uqed as a rule, and this ume. '
fences for two wells shall be added. L:ghtmg apparalus shal[ be provxded for
mghthme management around the well: The light prOjector to be used shal! be a:
Mercury-arc lamp which consumes less power and shatl be mslalled for 13
- newly installed wells.

'5.3.5 Basic Dcsign Drivin:gs- :

- Basic Des:gn drawuigs shatl be as tisted below (Refer to Bassc Design
Drawings)..
1. Conslructmn Plan of Balad Welll‘teld
. Typ:cal Seclwn of Intake Fac:ln:es
. Profite of Well '
. Instailation Plan of Generators
. Plan for Fencmg Work

. Installation Plan of Electric Facililies for Well

wmw.;.w-w_

. Plan of Electric Wiring for Starter Panel
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5.4 Specifications of Main Equipment and Materials

Spcciﬁcalions_énd ‘q_uan'iities of facilities deternined ia the Facility design

are shown ia Table 5.4-1.

Tablo54  Outline of proposed facilitics

_dm—ltem . Quantilty Specification
1. Intake facilities | B o N
(velt -[3 wells j?ﬁbzmm avg. depthl30 R
screen length 22 'm .
{2)Submersible pump 1oEs
New vell 1 2 "$5 mI/hex 115 n Hotor30 kv
4 U555 m¥fhox 123 m::o;or37 kv
5 5% alfhex 128 a Hotordl kv
2 55 R3fhex 143 m 'H_qmpiy kv
Replacement for I 55 ®Y/hrx 123 n Hoter3? kv
existing well 1 55 m?lhrx i?& n Hotorii kv
(3)riping lacilities 2 Yells | §150 flexible pipé; check
valve, pressure gauge
(6)Flov meter 2 Supersonic wave tyéé
2. Vater Coaveyance Facilities ]
(1)Conveyance pipe 560 a 4150 mm PVC
28 m 150 2a PYC
(2} Transaittal pipe 500 & | §150 ma BVC
500 = 425G an PYC
500 a 300 ar PVC
{S}Val;e : 2 150 mn
3. Pover supply facilities
(1 Generator 4 339 VA overx 3BO ¥x 50 Hi
(incldding operation bOa}d}
{2)Msin transformer facilities 2 ' | K50 K¥ax 1BOV/1S KVx S0 HZ
{Tranformer facilities 1} 13 KYAX 1.5 K¥Xx 180 v/i222¥
for well % 3Phasex 50 HZ
{4)Lighting facilities 13 Hercucy-arc light100 ¥
{source valtage220 V)
{3)5tagrag for transforaer I3
{6}Electric vige 3%.6 ka CY¥ cable
(T)Etectric pole 14
G Ancillary facitities 1 set Vice-net fence.(or vell
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CHAPTER 6 IMPLEMENTATION PLAN OF THE PROJECT
6.1 Project Implementing Sy‘sﬁ:'m

The implementing agency for the Project on the Somali side is the MWA
:(refer to Fig. 6.1). " The general manager of the MWA will be responsible for
contraclmg wuh the Consultanl and Contractor The Technical cc)mmitlec
which cOnsnst of lhe Pro;ecl Managcr the Technical Director, the Dlrector of
; Plannmg and Slahshcs and so on, will be respons:ble for evaluation of technical
B spec:f;calmn and lender documenls prepared by the Consullant Prior to the
commencement of construction, the Project Manager will arrange {0 implement
lhe construcuon undcrlaken by the Government of Somalia and to prepare
drilling ng, mamlenance rlg elc. which were purchased in Phase I Project. The
foreman in the Batad Welll‘leld will operate Lhe generator and valve of

conveyance pipe accordmg 1o request of the Consultant. In addition, the

.operalmnal method will be transferred to the slaff slationed in the Balad
Wellfield in the presence of the Project Manager and the Technical Dll‘f‘.ClO!‘ of
MWA.
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6.2 Division of vork"__

]ho Pro;ecl is to bc completed by cooperation belwccn two governments.

’i‘he dw:smn of the work is shown below.

Table 6.2 Division of Work
Item Japanese side | Somali sidej
— —
Internal trans;mrtatmn {Froa Hogadjshu Port to site) O
Exe”a;;;ﬂ:r: from,custon duties, 1_ntern_|al taxes and nthergﬁ_ﬁ_——— - T
fi.s_cal. levies fof ﬁroducts purchased. for the Project O
a.n.d Japanese naﬁiohals concerned
Security of =net:ie'?,'sa}r)r tand ) o ]
Cor:structmn of road_s——necessary for ‘the Projgg ) O ]
Clearance of land for proposed faml]tles - O ]
_Consti"uction of wells ) Eﬁ‘ﬁi%_(_)ﬁ ]
Replacement of submerslbie pumps for emsltng wells O ]
Layx_r;_g of comre_);—nce and transmssxon pipes - §) T
?epiacement of generators (_) T
Construction and rehabllxtatxon‘;f transmsswufq%‘bﬁfgm - N
facilities for power supply . _
Constcuction of electric¢ facilities ) 5 T
#liehabilitation of poue;' plant house o O o |

11




6.3 Method of Work Frccution
6.3.1 FExccution Po'l_ii.:_ics

The execulion schedule from start up to complellon is cxcculed m
accordance with the execution p!an prepared by (he conlrac(or and approved by
the consul!an_l The execulion plan clearly shows the work cxacuuon schedulc
execution managemcnt,- personal records of emp_loyees. personngl plan charl,

execution method, elc.
6.3.2 Dectail Desiga and Exccution Management

The Project is divided into detail desngn and cxecuhon management "The
contents of them are brielly as follows. ' ' B
1) Petail design
a. Field survey _ ;
Complement to nwleoroiogtcal hydrologncal tcpograplucal and
geological dala, and data of construction nntcr:als Iabor work
execulion method, etc. oblained by the basic design and
reconfirmation of the detail design al the field.
b. Detail design
Before commencement of preparalmn for blddmg documents,
design of detailed implementation calculation of detailed work costs,
and set-up of work execution schedule.
¢. Bidding operations B _ _
Preparation of bidding documents, assistance to bidder
qualification review, witness of bidding, evaluation of bidding results,
assistance to negotiation for work contracting, and assistance to

conciusion of the work contract.

2) Exccution management
a. Supecvision

Discussisn among the pei‘sons concerned before commencement,
approval of design drawing, inspection of équipment and materials
before shipment, control of work execution at the site, witness of
equipment instalfation, preparation of operation reports during the
work period, issuance of a work completion certificate and a paymenl
certificate, completion mspecuon etc. |
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_b. Operations upon completion of work - :
IssuanCe of a Work:cdmplélion Certificazte pi"oceed.in'gs for work
comp!etmn and dellVery final epecration reports proceedmgs for
operation comp!etlon etc

6.3.3 Equipment and Malerial Procurement Plan

The eqmpmenl and matemals shatl be products manufaclured in Japan
mmul‘aclurcd in Somalia, or, when specnl‘ncaliy permtlted manufactured in lhlrd

i countrles

As to products manufactured in japan and manufactured in third countries,
‘consultant’ $ review shall be made on successful bidder's apphcatmn doruments
. for approv_al ol“_equ;pment and materials to see if they satisfy the conditions of
performance, strength, ete. described in the bidding specification. Thereafter,
as necessary, consullant's inspéction as witness test shalf be made during the
manufacturing period of the manufacturer or after completion of the
manufacture, and afler consultant's approval, products shall be packaged.
Completely packaged products shatl be shipped on board alter consultant's

approval.

Products manufactured in Japan shall be transported by'sea up to the
Mogadishu Port, and after clearing the cusloms, transported to the construction
site. Products manufactured in the third country shall be transposted by sea
from the exporting country to the Mogadishu Port, and after clearing with
customs, transported to the construction site, similarly to the case of products

manufaclured in Japan.

6.3.4 Plan for the Work io be done by the Government of Somalia
Of the work to be done by the government of Somalia, obtainment of the

construction site, sit¢ preparation and construction of work roads shall be
completed with the fund of Somalia by the time the Project is commenced.’
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6.4 lt_n’pleﬁncnta(ion Schedule of the ‘Prbjccl._

. The p‘rdié_ct imptementation schedul¢ is shown in Table 6.4 and is expecied to -

be 20.5 months after 'con'cl_i:sio'n of the Exchange of Notes.
6.5 'Approximalc P'r'ojci:t Cost_ '

It is esumated thal lhe cost to be done by the Somait side is about Y20 000 000

including ctmslructmn of lhe access road and hire of lhe machmery
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CUAPTER 7 OPERATION AND MAINTENANCE PLAN
7.1 Operation and Maintenance System

At presént, the MWA. is resbonisiﬁie for maintenance and management of
the existing waterworks facililies in the entire Mogadishu Cit}:" area, and it is
-expected that ali facnlmes to be conslrucled in lhlS project shall be placed under
mamtenanw and managemcnl by a similar sys{em The present mainlenance
and managemeént system and person nej are as shown in Table 7.1.

Table 7.1 Organization and personnel for Maintenance

Assignmeﬁf_ Number | . Stationing _ Remarks
Head o ' 2 1 (HWA) : E The person in HWA is also the
A | 1{Balad Hellfield)_ head of Afgoi Wellfield.
Mechanics 4 Balad Wellfield '

Electrician 2 Balad Welifield

Well 3 | Balad Welifield

maintenance

During the work execution period, engineers and technicians of the
project team will be given on-the-job training for technology transfer from
engineers of the Japanese side. After completion of the facilities, the members
of the project team will be responsible for maintenance and management in
accordance with the maintenance and management manual to be prepared by
the consultant at the time of imple mentation design.

As to technical capability for operation :ind_mainlenance, it is judged that
there will be no specific problem from the condition of maintenance and
management of ihe existing faci_lilies and from the conditions observed in the
Phase Il Project and in the basic survey. However, in order to improve the
- maintenance and management capabilily and transfer the mainlenance and
managementl know-how, it is desired that the Japanese expert should stay and
give instructions, and at the same lime, Somali engineers who are to be actuatly
cngaged in operation and repair should be trained in Japan.
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7.2 Opération and Maintenance Costs |

In order to supp]y safe watcr for drmkmg purpose al"ler completion ol‘ the
Project, it is prereqmsﬂe lhat the fac:lule': can be mamhmed and managed with
the income of water charge and the MWA can operale all 1ls l‘1.c1hlne': on a sound

fmancnal basis.

So far, the MWA has contmued its operauon in the red but smce lhe year
before last “hen additional water meters were mstalled the operatmg condmon_ '
has been remarkably improving. Thc MW A “has scneduled to raise the water
charge of 25 shillings per cubic meter at present to-a doubled rate of 50 shlllmgs

in the coming year, lo reduce the contmumg deficit.
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CHAPTER 8 EVALUATION OF THE PROJECT
8.1 'f-.‘l'l‘ccls ‘6!‘ the _Prnie.ct

Mogadishu Clly at present suffers a strmgenl waler shorlage due to the
qualltauvc problem in the Al‘gm Wellfield and the pump damage and lack of
power supply in the Balad Wcllheld The xmplementatmn of the Pro;ect will
_effect the followmgs dlreclly and indirectly: 1) incréase of discharge rate, 2)
‘ 'mcrease of i mcome 3) 1mpr0vemenl of of living conditions, 4) assistance for the
fong-term plan.

(1) birect effect o
1) Increase of discharge rate
The Discharge rate in the Bélad Wellfield will be inc¢reased from 8,700
m”daﬁ; to 28;000 m3/day, so that the daily water consumplion per capila
will be from 33 liters to 70 lilers.

2} Increase of income _
According to the increase of waler consumption, it is expected thal
income of aboul 42.7 million shillings is increased. It will remarkably
contribute to maintenance and operation, because the cosl for the
maintenance and operatien in 1986 was about seven miHion shillings.

(2) Indirect effect

1) Improvement of living condition
It will be incapable 10 supply sufficient quanlity of water to the people
in the hightand area, so that they will not take times o secure the
lving water as before.

2) Assistance for long-term plan _
According to the increase of discharge rate in the Balad W'ellfiel_d,iil, will
be capable {o complement the planned water supply rate in the
Long-term Plan (Mogadishu Water Supply Expansion Stage IIB) and
consequently reduce its construction cost.
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CIIAPTER 9 CONCLUSION AND RECOMMENDATIONS

As the resulls of fiold survey in Somalia and studies in Japan, the direct and
indik‘écl effects as described in Chapter can be expected from. the implementation
of the MOgadlshu Walter Supply improvemenl (phase IH). It can be said that the
project wifl play an 1mp0r!ant and efl‘eclwe role not only to improve a stringent
water shorlage in Mogadlshu C:ly. but also to contribute the ;mprovement of
living cpndmon

It is conl‘lrmed that there is no organizational problem in MWA. The staff
stationed in Balad Wellfield will be able to operate the facilities for maintenance
by being through of _thc method after completion of the ceastruction.

From the above mentioned situatlion, the request of the government of
Somalia on the Project is judged 1o be reasonable, and it is conciuded that the
implementation of the Project under the grant aid by the Gofernmcnt of Japan is
extremely significant.

The Project will be able to be implemented smoothly and effective under
the cooperation of the Government of Samalia. Therefore, the following items are

recommended to the Government of Somalia

(1) Before commencement of the work, preparations shall be made wilhout |
defay within the range of undertakings of Somali side. _

(2} Primarily, the Project is intended to improve the water shortage in
Mogadishu City as a matter of urgeacy. Bul, since it is able to.
complement the planned water supply rate of the master plan (Stage 2B)
being set up by the Goverament of Somalia at present, the MWA should
review the master plan and consider an effective utilization of the
Project. _ _ _

(3) The planned water intake rate of 28,000 m3/day in the Project ¢can be
continued for 20 years in the future because the groundwater level
stabilizes with ingress of salt water. It is anticipated that groundwater in
the Batad Wellfield will be salified in the future, so that it is necessary to
check and conirol water quality at all times after completion of the
facilities.
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Fm-thermore the facilities will be maintained and operated on the Bésis of
the maintenance & operation manual prepared by japanece side after complenon
of the construchon. 50 that u is desirable to dispatch a Japanese expert in order
o transfer lechmque 01‘ waler supply for smooth maintenance & operauon ol
the facilities. In addmon it is also deﬂ:rable for Somalx cngmccrs to improve the
capability of maintenance & operation and o:gamzahon by me'ms of being

trained in Japan.
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1. ORGANIZATION OF STUDY TEAM
- Basic Desiga Study Team

Name -

Position

M. Mas;ayuki MATSUSHIMA

Mr

Mre
Mre

Mr

. Osamu KOSEGAWA

. Mitsuru MASHIO

. Sucnori ISAYAMA

. Yoichi HARADA

Team Leader

Coordinator

Watcr.sﬁpply |

Enginecer

Hydrogeology
. Engineer

Equipment
Engincet

Draft Final Réport Explanation rcani 5

“Name

- Position

Mr
Me

Mre

. Akica MITAMURA_

. I_\{ifisuru'M'A‘SH"l_Ol

. Suenori 1ISAYAMA

Team Leadeér

Walor Supply

Engineer _
Hydrogeology
Enginecr

Home Post

Kyoto Municipat

- Walerworks Burcay
- Japan Intecnational

Cooperation Agency

_Kyowa Ehginecring‘

- Consultants Co., Ltd.

Kyowa Enginecring

. Consultants Co., Ltd.
- Kyowa Engineering
Consultants Co., Ltd.

Home Post

Kyoto Municipal
Waterworks Burcau
Kyowa Engineering
Consultants Co., Ltd.
Kyowa Engincering
Conswvitants Co., Ltd.



Basic Desigri Study Tcanm "

2. SCHEDULE OF FIFLD SURVEY IN MOGADISHU

Schedule

Aclivitly

Date _
Aug. 31 Wed.  Leave Tokyo Travel
Sep. 3 Sal.  TArrive in Mogadishu - 1) Courtesy call to MW A (\logadnhu
o S Walet Agency) :
_ Z) Exptanation of Incéption Report
4 Sun.  Mogadishu 1) Balad Wellfield (Well, Power Plant)
~ (Field survey ) 2) -Afgai Wellfield
o - 3) Mogadishu City, Water Supp!y
: : : o Condulon
S Mon.  Mogadishu 1) lnspcctlbn of Water Facililies _
{Ficld survey) ~ 2) Discussion on Existing Water
' Facilities and Condition of Watcr
. Supply
6 Tue. Mogadishu 1) Discussion with the slaff of MWA
: ' 2) Courtesy Cafl to M.M.W.R(Ministey of
Mineral and Waler Resources) and © .
‘ - Hearing on Kismayo Waler. Project
7 Wed. Afgoi 1} Survey of the Shabell: nvcr and Afgon :
' area
2) ‘Explanation o{ japanc Granl Aad to
MWA
3) Discussion on Mmules of Dlscuss:ons
8 Thu. Mogadishu Arrangement of survey dala
9 Fri. Mogadishu Arfangement of survey data
10 Sat. Mogadishu Meeling and Signing of the Minutes of
Discussion
11 Sun Balad Survey of the Shabelli river
Messrs. Matsushima and Kosegawa leave
: Somalia
12 Mon.  Balad Survey of Balad Well Ficld and Power .
Plant
13 Tue. Balad Survey of Balad Well Field and cxustmg
equipment
14 Wed. Balad and Mogadishu  Survey of Balad well Fleld and Markcting
15 Thu. Balad Pumping Test of Well No. 2. SA
16 Fri Mogadishu Arrangement of survey data
17 Sat Balad Pumping Test of Well No.14. 0A
18 Sun. Mogadishu Acrangement of Survey data
19 Mon. Mogadishu 1) Hearing on damaged submersible
pump and condition of electric
facitities
2) Data collecting at UNDP
Tue.  Balad 1) Heacing on condition of exisling

20

gencrators
2) Measurement of stauc waler level
3) Removal of pump casting
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21

22

23

24
25

27

Wed.

Thu.

Fri.

Sat.
Sun.

Tue.

Afgoi and Mogadishu

‘Mogadishu

. Mogadishu:

Mogadishu
Mogadishu
Leave Mogadishu ¢

Arrived injapan

1) Sampting of groundwaler at Afgei well
. field '

'2) -Water quality test

3) Data collecting : 3
Arrangement of collecled data and survey
data = . - _ _ .
Arrangement of collected data and survey
data

'Final meeting with the staff of MWA

Final meeting with the staff of MMWR
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Draft Final Report Bxplanation Team

Date
.

Schcduio

Activily -

11
13

14

15
16

17

L8

i9

22

Sun.

Tue.

Wed.

Thu.

Fri.

Sat.
Sun.

Fri.

Thu.

Leave Tokyo

'Arn\'e in Mogad:ehu_

Balad and Mogadishu

~Mogadishu
-Afgoi, Mogadishu

Mogadishu

i.cave Mogadishu
Arcive in Nairobi
Nairobi

Leave Nairobi

Arrive inTokyo

Travet: : )

1) Couricsy call to MWA (Mogad:«:hu

' Water Agency) o
2} Submission of Reporl 1o M‘WA

3) Courlesy cail to MMWR

1} Field Survey of Balad Wellﬂeld (Wclt

Power Plant) :

~2) Hearing on condition of fac:hues

3) Internal mecting

D:scussmn with staff of. MWA

1) ‘-‘.urvcy of ShabeHi River
2} Preparation of Mmules of Dnscussmns

Meeling and Sngnmg of Minutes of mcetmg'
Travel

i) Report to thc stafl of JICA Kenya
office
2) Reporl to the secretary of the Embassy
' of Japan in Kenya
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3. LIST OF THE PERSONS CONTACTED

Basic Design Study :

1) Ministey of Miaccal and ‘Water Rcsources _
i Minister

: Vice Minister

: Director General

: Difector of Hydrology

Mc. Abdullahi Mohamed Hersi
Mrs. Nuro Seikh Abdullch
Mr. Mohamed Osmar Asad
M. Mohamcd Yusul‘ Awale

2) Mogadlshu Water Agency
"Mr. ‘Aden Farah Shirwa

 Mr. Abdullahi Mohamed Gsman

‘Me. Mohamed Rabille Goud
Mr. Osman Abdullahi Kulnie
“Mr. Jama Isamait

Me. Gsacian Haji Ali

Mec. Shek Mohamed Aweys

Mr. Mohamed Said Musa
3) Kismavo Water Agency

Mr. Mohamed Xassan

Draft Final Report Exp_lénaﬁon

1} Ministcy of Mineral and Water Resources .
: Minister .
: Vice Minister

Mr. Abduttahi Mohamed Hersi
Mrs. Nuro Seikh Abdulleh

2) Mogadishu Water Agency
Mr, Aden Farah Shirwa
Mr. Mohamed Rabille Goud
Mr, Osman Abdullahi Kulnie
Mr. Mohamed Abdi Beyle

3) The Embassy of lapan in Kenya
Mr. Toshio Ishigami

4} JICA Kenya Office
Mr. Kenit Kumagishi
Mr. Ryuji Matsunaga

: Gencral Manager

: Beputy General Manager

: Project Manager

: Technical Director

: Financial Director

: Planning Director

: Electric & Power Plant Super-

intendent

: Head of Balad Power Plant

: Project Manager

: General Manager

: Project Manager

: Technical Director
: Project Accountant

: Second Sccretary

: Resident Reprcsénlative
: Assistant Resident Representative o



4. MINUTES OF DISCUSSIONS

MINUTES OF DISCUSSIONS
: : on LR
THE MOGADISHU WATER SUPPLY IMPROVEMENT PROJECT (Phase III)
IN THE SOMALY DEMOCEATIC.REPUBLIC-

_ In response to the request made by the Government of Somall
Democratlc REPUbllc for the Mogadlshu Water  Supply Improvement
Project, Phase III. (herelnaftez Leferred to as "the Pro;ect ), the
Governnent of Japan dec1ded to conduct a Basxc 9351gn Study on the
Project and entrusted the Japan Internat;pnal_C00p¢;at10n Agency
(JICA) to send the Basic Design Study 'I‘eaf'm= (heréinazfter'reférfed
to as "the Team")'héaded by Mr. Masayuki Matsﬁshima,'a senior

cnglneer of Kyoto Municipal Waterwozks Bureau from August 31 to

September 27, 1988.

The Team had a series of discussions on the Project with the
officials concerned of the Government of Somali Denmocratic
Republic, headed by Mr. B&den Farah Shirwa, General Manager of
Mogadishu Water Agency and conducted a field survey in Mogadlshu

City.

As a result of the study, both parties have agreed to
recommend to their respective Governments that the major points of
understanding reached between them, attached herewith, should be

examined towards the realization of the Project.

September 10, 1988

Oﬂa,mﬁw/u‘ ng,/,m | | ;/{)

Masavyuki 'Matsushima

Leader General Managen\
JICA Study Tean . Mogadishﬁfﬁéfén{ﬁbency {MwA)

A—-6



" Attachment

.:The'dbjectiVE’0£ the Project is to improve the préseht shortage

of waterfsupﬁly in Moqadishu City by means of drilling new
wells in Balad Well field,

The site of the. Project is at Balad Well Field, which is
ldcated:Q to'IG-km'hoftheaSt from the center of Mogadishu City

{site map is attached as Annex I).

"The content of the Project shown by the Government of Scomalia

is to construct new wells and to rehabilitate the existing

water supply'fécilities in Balad Well Field(refer to Annex II)}.

Mogadishu Water Agency of the Ministry of Mineral and Water
Resources is responsible for the administration & execution of

the Project.

The Japanese Study Team will convey to the Government of Japan
the desire of the Government of Somali Democratic Republic that
the former takes hecéssary meaéures to cooperate by providing
materials and equipment and other items within the scope of

Japanese economic cooperation programme in Grant form.

The Somalia side has understood Japan's Grant Aid System

explained by thé Teamn.

The equipment, materials, and vehicles purchased under the.
Grant shall be exclusively for the Project and shall not be

used for other purposes.

The Government of Somali Democratic Republic will take
necessary measures listed in Annex III on condition that the

Grant Aid is extended to the Project.

ML, M,
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Ah_nex II

The main components of Ehe Project, which will improve the
présént water Shortage in Mogadishu City, are summarized as

follows:

1) Construction of new wells:
new wells for relieving the present water shortage in

the City.

2) Provision of materials for the construction of new wells:
submersible motor pumps, generators, transformers,

pipe materials, wiring cable, consumables and etc.

3) Provision of materials for improving the existing intake
facilities:
generators, trénsformers, pipe materials, wiring cable,

consumables and etc.

1) Provision of equipment. for operation and mainténanca:

accessaries for drilling machine, equipment of workshop,

. M,

tools for electric work and etc.

A-9



AnneX

Arrageﬁénts_‘to be taken Dby the. Government of

IrI

Somali :

Democratic Republic.

t.

10.

fo secure land necessary for the constructlon of the
facilities and to clear, fill and level the site as needed
before the commencement of the constructlon.

ToO construét and'préparé the access ‘road to the Project

site.

To provide the space necessary  for ~ temporary _offices,
working areas, stock yards and others. '

' To ensure prompt unloading,’ taxr exenption and custons

clearance at port of disembérkation in Somali Democratic
Republic, of the products purchascd under the Grant.

To exenpt Japanese nationals engaqed in the Pro)ect from
customs duties, internal taxes, and othér fiscal levies
which may be imposed in Somali Democratic ‘Republic with
respect to the supply of the products and the services

under the verified contracts.

To accord without delay to Japanese nationals whose
services may be required in connection with the supply of
the products and services under the verified contract such
facilities as may be necessary for their entry into Somali
Denocratic Republic and stay therein for:the performance of

their work.

To maintain and use properly and effectively the facilities
constructed under the grant.

Te bear all the expenses, other than Lthose to be borne by
the grant, necessary for the construction of the

facilities.

To bear commissions to the Japanese foreign exchange bank
for the banking services based upon the Banking

Arrangement.

To provide machinery free of charge that were purchased
under tﬁq_previous Project(rig, compressor, etc).

P
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Draft Final Report Exptanation -

~ Minutes Of Dnscussu)ns _
On The Draﬂ Flnal Report Of The Basic Design Study
On The Mc_-gadishu Water Supply Improvement Project (Phase i)
In The Sofmali Democratic Republic

_ In response to the request made by the Government of the Somali Democratic
Rep_ublic, the G@)_Vemlﬁént of Japan decided to conduct a basic design study on the
Mogac_iishu'Water" Supply Improvement P'rojécl (Phasé ) (hereinafter referred to as
"the project”) and entrusted the study to the Japan International Cooperation Agency
(JICA). JICA sent to the Somali Democralic Républic the study team from August 31 to
September 27, 1988,

As the result of the study, JICA prepared a dralt final repoit and dispatched a
mission, headed by Mr.Akira Mitamura, Senior Engineer, Water Purification Section,
Technical Division, Kyoto Municipal Waterworks Bureau, to explain and discuss it from

December 11 to December 22, 1038.

- The Team had a series of discussions on the project with the officials concerned
of the Government of Somalia, headed by the Mr.Aden Farah Shirwa, General

Manager of Mogadishu Water Agency.

Afler Clarilying its contents, both parties had agreed to recommend to their'
respectwe governments that the major points of understandmg reached between

them, altached herewith, should be examined towards the realization of the project.

December 17, 1988

A3 V4 ' s
Akira Mitamura Aden Farah Shirwa \‘:35,‘;' e
Leader General Manager

JICA Study Team Mogadishu Water Agency (MWA])
A=11



ARNNEX 1 I
The ltems of the proposed facilities are summarized as follows:

i. Intake Faciliies -
(1)"Constru¢ﬁon of new wells _
{2) Installation of pump for new wells
{3) replacéﬂient of pump for eXIé,ting wells
(4) Piping Facilities |
(5) Flow meter

2. Conveyance and transmission pipes
(1) Conveyance pipe
(2) Transmission pipe

3. Power Supply Faci!ities
(1) Generating facilities
(2} Main Transforming facililies
(3) Sub-transforming facilities
{4) Staging for sub-transformer
(5) Electric wiring
(6) Eleclric pole

4. Ancillary Facilities

{1) Net fence for well

(2) Lightings for wells

ZNE) 5
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ATTACHMENT
MAJOR POINTS OF UNDERSTANDING:

1. 'II'IPIQ'S(HRBE.]_HI side eis:r(zed in ;lijiri(:ip]_u to the basic désign propisod
in the Draft Fional Report. .:The items of prupos-ed facilites are
shown ™ in Annnx 1.'

But Lh&. G:.we:_"n-rﬁ(jml. of .Snmalia. stated ﬂh‘. l‘uiluws.

1) Alll. of t,.'Ilm existing 5;e.nura'tprs excepl a poeneraltor providod by
Lhe former project should be roeplaced to new ones as [or the
m:nerat..i l.lﬂ faci l-i Lies.

2) AL leasl 3 LransportLation vehicles and | L_ru(;k are reguired.

The study Leam prastiscd Lo c‘:ohvey iLs reguest to the government

of Japan.
2. The Somalia side understood the system of Japan®s Grant Aid
Program and confirmed tChe measures Lo be taken by Lhe Sowmalia

side towards the realization of Lhe Project as agreed upon in

the “"Minutes of Biscussion” sigaed on December 17,1988.

J. Ten copies of Lhe Final Repori on tho !’rnjmﬁ(. wilt be submitted

Lo Lthe Goveramoenil ol Somalia by April, 1989,

a2
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S. LIST OF COLLECTED DATA

1) Mogadishu Watecr Agehcy

(1)

(2)

(3)

(4)

(5)

(6)

(7N

(8)

(9
(10)

Feas:bxllty study for Wogadtshu Hater Supply ExpaRSion, Prellmlnary
Report, Yolume I, April I9?? Slr Alexander beb & Partners (Afrlca)
Source lnvestxgatxon For Nogadnshu Nater Supply Expan51on Volume I
Technical Report June 1980, Slr Alexander Gibb & Partners (Afrxea)
Mogadishu Water Supply Expans:on, Second Uater Resouces Investlgatlon,

Final Report, Februar) 1985 Slr Alexander Gibb & Partners (Afrlca)

Volnme I - Englneerxng
Voiume I - Hydrogeology and Hydro]ogy Part 1
Volume EII - ~do- . part 2

Volume 1V - Appendices Aand B
Nogadishu Water Supply Eipansinﬁ Stage 2B
Draft Repart Gn Final Design, Volume 1, August 1985
Sir Alexander Gibb & Partners (Africa}
Mogadishu Water Supply Expansion Stage 2A, Completion Report,

December 1987, Sir Alexander Gibb & Partners (Africa)

Volume ! - Project description and Finacial information
Yolume 2 - Operatienal and Technical datails
Yolume 3 - Wellfield developnent and Test pumping

Volume 4 - As made drawings
Hogadishu Groundwater Investigation Projects, 1988
Eng. Abdi Fapaﬁ Abdulle
Hydrogeology & Well Construction Criteria Report
The Ralph H. Parsons Coapany
Balance sheet (1985, 1986)
Water charge sheet
Drawings

+Hogadishu Water System

A—14



+Shek Huhidiﬁ Reséréoif Plot énd'cfading Plan_W:
*Water SyStem_Fldu'Diagcam
‘Milk Factory Reservoxr Plot and Gradxng Plan
-Power Plant Plot and Gradlng Plans, SECtIOHS and betails
+Power Plant P]plng Rlan
.Mogédiéhu.katér'Suppiy Expanéion Staée 2A
Supplié& Atéa B
 -H0gadishu:Hatef‘$hpply ExXpansion Stége'2B
.“Lbcatioh Hap_
Lo}ation of Works and Overhead Line Routes
Léyoﬁt_of Bulk Supply Systeﬁ

Schematic Layout Bulk Supply Systems

2).Hini$try of Rational Planning

(1) The Five Year National Development Plan 1987 -199]
Directorate of Planning, Ministry of National Planning, September 1983
{2) Annwal Development Plan 1988

Directorate of Planning, Ministry of National Planning, January 1988

3) United Nations Develapment Programme Mogadishu (UNDP)

(1) Somalia Annual Development Report 1986

United Nations Development Programme Mogadishu, Auguét 1987

4) Others
(1) Monthly Bulletin, July 1988
Somali Chamber of Commerce, Industry and'Agriculture

(2) Foreign Investment Law, 1987



6. DRAWDOWN AND PERMEABILITY COEFFICIENT ON THE BASIS OF
DISCHARGE RATE |

Uel.l-.l-'o_; Drawdown Di_%charge Permeability Pcrmé.ébi'lit:y
' _ ' Thickness [ Coefficient
o st Jewmhn) | M) | K(em/sec)
1004 | w00 503 42 1.69x10"?
11.04A 6.58 | 22.5 36 p3.48x10°0
11.08 7.00 34.1 67 | 2.66x10-%
1054 :;13:225' 31,7 3 [9.sxi0t
12.04 'igiag—'—_ 33.5 38 5.34x 1072
_.12.53‘_ 10.85 5'35{5:' e "-951?0‘31-.
mw;j;oﬁ' . 15.85 | s1 a6 |2.56x10-+
13.0B w9 Lot ] e2 o |e.14xi0ee
13.54 | 6.85 50.3 | 53| soades
13.38 9710.-‘. 29.qufif\f_".s5f | 1.82x10-3
1a0a |- s.71 | stz | 60 |s.osxi0
o, 5A Ill6ff. 40.0 61 BT
Cis.oa | 10013 621 76 247107 |
15.08 13.15 25.0 59 Lascios
10.54 22.83 60.2 35 T2.76x10°2
.58 | 35.43 | 62.9 65 1.00x10°2
12.0B 32.56 |  60.2 60 1.13x10°3
12.5A 23.07 6.3 | 40 1 2.16x10°3
14.5B 21.96 59.4 62 1.60x10°3
Average - 3.57%10° 2

A=16



7. DATA ON THE COST ESTIMATE FOR MAINTENANCE FEE

1. Fuel Fee

“The quantlty of fuel consuned at Balad Hell Field will be caluculated on
the basis of under ment;ond condltlons

~ Tatal dlscharge 128000 m3!day(19 ﬁh malmln )
Pump Head 1125
Pump Efilc:lency 1669

'Generator Efflcxency 9204

Other electric power such as for llght 8 Ku

Loss S . L b 9%
Fuel'peréetagé of diesel ehgine 10,20 kgipsh

Weight of fuel - o . - 10.83

‘Total. output of daesel englne.
(0 I63xl25x19 4&+8)x] 06x1.36/(0.66x0.85%x0.92)=1128.7
Iku 1. 36Fs
Consumed fuel per day
. II28.7XO.2[0.8312&:652? {/day
Fuel for Vehicles
170 ¢/day
Tgtél fuel consumption per day
6700 ¢
Fuel fee
6700x45 shi./#=301,500 Shi.

2. Salary for the staff
10,600,000 shi/(2x365)=14,520 shi.

3. Others
(5,000,000+2,600,000+l,500,000+6,h00,000)/(2x365):21,230 Shi.
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'8, WELL INVENTORY

-JanﬁZO, Y10

Condition

Actual Eischarge Rate

5.0 m? fhn

Electric

L
Lighting

Operation Board

Operating |

Well No. | 10.0A Location Balad Well Field | Completed

Towner ﬁHA o Tég;traﬁtqr: Parsons - ﬁvvé:;;éyéd Scep. 14, 88 |
Item Const. - Rehab. B/D I Remarks

-Eievation 72;6? @ . | . o

[ orilling dia.. ) o

Well dia. 133/, in. | R

Well Depth B N iﬁd. n

Static Water Level 67.3a  |69.73m | - o

Dynamic Vater Léfel -__dfw-;;.TS n ﬁfﬁfg—-~~—

Caving detersal | | - |

Screea | Location 1 120-140 n o T
[Eateggal nggiz;;ia in.) - ]
Opening Ratio

Pump ﬁétjlekbﬁ ) Submersiblle _ o
HE;;acity{mctor) Current 46(A)
L—-iggg‘éi’uarge Rate lp,mj |

29.0 r®/hy

Pressurel.b kgfca?

Good

Nil

| voltage370{V)

Good

Good

I
Others

Water Tempecature

34C

1500
6.6




-Flow meter has been out

of order.

Well No. | 10.5A Location sél_ad Well Field campfiexed Apr.23, '87
| owoer HWA Contractor NiSsé#u ' : SurVeyéd - Sép.]&,:'BB
Item = Const. B/D W Rémarks
E!évation 17.8n
Prilling dia. o -
Vell dia.. 10 in. -
Well Depth Y
Static Water Level 73.40 &
Dynamic Water Level 96.23n 86.62n
Caéing_ﬂa;eria1  '
Screen | Location er-s-nae l o ase
H_at_i:a-r.ial Stainless Steel -
Gpening Ratio 119
Pump Style S;bme(sib]e Pﬁmp
Capacity (motor)) - Current 60(A)
Discharge Raté _
Condition Operationg Pressure 1.8kg/cm?
Actﬁal Discharge Rate (60.2a% fh)
Electric bperation Boar& Good Yoltage 378(V)
Liéhting Good N
Viring Cood |
Transfﬁfmer o
Piping o Cood
Water Quality E/C
%;ﬁﬁ‘ .
Others




¥ell No. | 11.0A° Location Balad Well Field | Compleled | Mar.l14, '70
Ouner wa 7Contractor _;;rsogg‘ T —gzkveye&—i_g;halﬁ, ‘égn_‘
Item Const. Rehab. B/D -1 Remarks
Elevation -« |73.3m ]
piilling dia. - | : ) .
Yell dia. o 95 /4 in. | h o T ]
r;Jell_Depth T¥—_~~—f|34-3_m _ T R ‘
Static Vater Level  |63.8m |68.92n |68.63a | T
Dynamic Water Level 1 75:59 m _ijim o
[ e I A 5
Screen | Location L B3 Ll AR T 8y u
Eateriél Steél(95fs i'n::.)
“bpening Ratio 1
Puap hétylc 1 [ Remo;;& ]
Capacity(motor)g o
?ims‘charge Rate _ - T T
:E;;;;E;;n o _ Unopefa(ggéi -
Actuam;;;;e— Rate 40.0a% [hr
Electrici Operation Boart’i__— T T E:noved. S -
Lighting - 4—“Nil T
LEiﬁring T __i:_;—gg_—‘ Rgmoved ) T
Transforner Removed
Piping o I D Remaved S
Water Q;ﬁlitﬂ E/fC 790pmfca N )
cl- ‘:_I_(}[_)E‘P“ o o I

Gthers




Well No. |'11.0B Location . | Balad Well Field | Completed

Owner MWA ‘ Contractor Parsons - Y Surveyed Iﬂ[9,'88.

item .| const. Rehab. B/D Il Remarks

Elevation

Driiling dia. _
Vell dia. 95/, in. .

ﬁéil Depth‘_— R No data

Stéfib Hater‘hqul . | No data 1??.d5m 71.87m

Bynamic wgter'Leyel No data Iétﬂﬁm o o
Caéiﬁg M%éérial.” Fo data “mmf_ )
Screen Lﬁcation _ No data -

Matecial _ No data

Opéning Rate

Punp Style : _ Submersiblie Qut of Order

Capacity (motor)

Discharge Rate

Condition ' Unoperating
Actual Discharge Rate 35.4m? fhr . Digital.4536I0
Electric Operafinn hoard Cood Tl
Lighting | Good
Wiring o Good
W¥:ansformer ' Good ﬁ
AB;;ing Good )

Water Quality E/C

Others




Well No. | 11.3A Location-: Balad ¥ell Ficld } Completed Jul}SG, ‘17 B
{0:-;;1-: -w!:i-\-..';.ﬂw%'ﬁm_” 7Con'l'ract_nr' P'arsoﬁs T "S_x:r-;";;'e—dw —S-:;-r.—ﬂl?;jm'gt“}ﬁ“
i ften ‘Const.  {* Rehab. B/D WM " Ramarks .

Elevation 4.7 n T T

Beilling Dia. L | ___'L o

Well Dia {03/, in. i T
Well Depth 8.3 m N o
Statie Water Level Bh.gfm 7%;104;fi74;6.?5 ﬁ Ai T
Dynaﬁié Vater Level ' i;&.?é R T
Casing Material h o a B
Screen | Location | a5-118.3 -

Haterial —EZAEnless Steel o ) N

e matio | 1 - -

Pump 178:)7163 h 7h‘?ubmersib].e_ii:m0ved T ]

7E;;acity(motor) B o T
Pischarge Rate )

gperation. 1 7%Endperéling ]
Actual D{;charge.Rate I T R S
gElectric Operétion Board Removed o

Lighting B - TR T
FrTa—— R e e
Transforamer i ) usuat

Piﬁ;ﬁg47 - o I | Renoved N

vater Quality EfC {00 yafcm T 1 o
T e |
—1. S -

Others




11.58

Jén.?’:, ‘87

Rell'ﬂo. Location ‘Baiad Hell'Fiéld': Complete&
Owner HWA B Contractor Nissaku ' Su'rvleyed. Sep. 14, '—8~L’:_
Item ' Const. B/D LI " Remarks
Etevalion - - ) o
Drilling dia. h
Veil dia. 10 in. )
Well Depth we o | |
Static_NaQer.Levgj' 66.47 m’ -
Dynamic Vater Level 101.90 m |82.57 m -
Casing :_M_aterial o o o
:?gcreeq Loc¢ation 107.5-129.5 n ) a
1 Material Stainl;ss’ Steeim o
"Bbcning Ratio Ii% o o
l‘ump‘ o “Ster Submersible
Capacity{motor) o Current 659 (A) )
Discharge R;te _ T -
Condiﬁt—i—;n' - Operating T Pressure 1.6kg/ca?
[ Actual Discharge Rate | 66.6 wd/hg - " | bigital 619060
ﬁET;;tric Opérat;;d-Bbard Good letage34?(V)
Lighting Goodﬁﬁ )
Hiring o ‘ Good o
Trané[ormer o Good S
Piping | - o T
Water Quality] E/C o 1 i
[N . A .

Others




Jun. 27 . *10

Well Xo. | 12.0A Jiocation | Balad weii Field | completed:
Owner MUEA Contractor ParSon;___wn Surveyed géijZT_sgg'_
Trem Const. ‘Rehab. 8/0 1 Remarks
[ Elevation 76.01n | K -
(Deilling dia. L L
— e —— o = -4
Well dia. 10 3f4ip. ‘ :
Well Depth T heae | -
Static'Hatef Level ~4*-”-;?-80 o N 70.38 m_;ffgg:gaf; B
Dynamic ¥Water LéveiVﬁT- . '._?6.43 m'gh o
Cosing Matecial S ' T
Sc;;;;__ Location Sh.g—lZE.iim N o
Haterial Steel (6573 §n.y | ]
Opening Ratio .7 o 7 o - T
Puﬂ!j; Style i Submersible ;)ut of Order :
Capacit;(motor)) |
D.ischarge Rate ) S ]
Condition _ B B Operating o Presgz;;ﬁ;nggygg;k
Actual Dischg;ge Rate (60.2m3lhr) - ] ' o
uElectric i)}mration Board ) - _L_urnapefatiné ]
Lighting | | | usuat R
Wiring - Usuval -
Transformer B " gsear . |
L_F'“i]:ri:ng ' T Ty
Water Qu;]it) EjfC -k760pm/cm - T o
4;; ) 40 ppm 1 ) T

Others

A—-24



12,08 .

Balad Well Ficld

Compléted

Mar.19, '87

Dynamic Hater Level

100.66 =

Well No. Location
‘6;;;;- A Coﬁiractbr NissA£; . S Sufveyéd Sep71ﬁ, *88

. lten Const . Rehab. Remarks
Elevatibn f B o A
P TR S I - ]
Well dia. ~ |10 in. B N
Well Depth s.0om | -
Static Watec Level 68.10m | 67.56 m T

Caéing'HateEia}

Screen | Location o6 5-123-0 0 a-43g k
Haterial’ Aétainless Steel e
ﬁbpening Ratico 119 | ]
Pump Style ) Subme(sible Removed | |
Capacity(mot;;;(qﬁﬁ . ]
Discharge Rate ) ﬁ
E;hdition _ Unoperating ~ o
| Actusl Discharge Rate 60.2 md/hd Digital 729500
WElect;:;‘Operation Board o Usual - o
Lighting o Usual ) -
_airing _ U;ual R B
-Transformer N Usual
7Piping - o Usual -

Vater Quality] E/C

Others

A-25



Well No. | 12.5a Location | Balad Well Field | Completed | Jan.1,
T RSSO B - — e ,__.__i_____.__,_____-,_-_:
Owner HWA Contractor | Parsons Surveyed Sep. 14, '88
Tten Const. B/D W - Remarks
Elevation 68.73 n } :
Drilling dia.
Luell dia. 10 3in, o
Kell Depth. 140.0 m' . i _
Static Water Level 66.07 n [ 63.85 o |
Dynamic Water Level $9.05 n B T
| : - - KN EEUISMIEENN EESSSS —
Casing Haterial o _
b ~-- —;_-»——--———--_——l n ——— —rﬁ;-v'-_rA—-——-——f—-——f A —
Screen Location 96.0-118.00 m _
Material Stainless Stéel
————— e - g __._{
Dpening Rate 1t 9 o
Pump Style Submersible
| —-- . ——
Capacity(mator) :
LDischarge Rate B -
Condition Unoperating
LActual Discharge Rate %bﬁ.o'mslhn[ bigital 716519
Electrid Operatidn.board Good ) 1
Lighting Gaod B
¥iring ) Cood N
Transformer Cood L4~
Piping Good
Water Quality} EfC 810 um/cn
cl- 60'ppm ,
Others ' o
Pumping test was cacried out in this study.




¥ell No. | 12.58 Location | Balad Well Field | Completed Apr.20, '70

Oxner MMA } Contracter ‘Pacsons ' Surveyed | Aug.14, '88
" Item _ _ Const ., Rehab. B/D 1l "~ Ramarks -

Elevation Lo 72.08 n

Drilling Dia.

Well Depth _.‘__' o llﬁ.j m _
Static Water Leveél 59.8m. " [68.15m |66.45n

Dynamié'ﬁéier'Level ; b 1900 e .

'Cagfng Haterial

Scceen | Location - , 85.8-114.8 m

Material Steel (6578 in.)

Opening Ratio

Punp Style - . Submeréible Removed

Capacity(motor)

Discharge Rate

Operdtion : : .| Unoperating
Actual Diséha;ge“kgfe . . 46.2 m'/hy —~ Digital 32758
Electric] Operation Board : Remb#é& | -
Lighting e Installed
Wiring - o Installe&
Transfofmermn : Installed
Piping _—v . v _ Insralled
7Hater Quality E/C ) 5?5 Hmfem - -
el- 70 Pp- -
OthéE;" )




Well Ko. | 13.04 Location | Balad Well Ficld | Completed | May 3, '70
Oﬁﬁer éggghmfgg)mw— Contracter _PafSons - ang;r€GYed Sep.14, '88 )
N {tem - | C(ms: - _,Eih_aj_:__ ﬂﬁli/l) m Rema—rks w__‘
[Elevation . | 63.38 m
Dri'lli‘ng gia. | _ ) . 7
 well dia. 10 374 inl] B
[ ¥el1 Depth - RS | o o
-Ekatiémagggr'bevel 55.7 o 43&.]? n - o o
Dynamic Water Level ) 82.94n |78.65a
'E;;;HQI Maférial o S o ‘
Screen | Location s | o
Material | B{e_el(sm in.) N B
_j Opening Ratio | L h o
 punp | style :: }En;ersiﬂ?m)-y_ |
Capacity(motor} Current 52(A)
Discha;;;wﬁate _ “
LConditig;ﬂiw I o Opecating Pressufgﬁ;;9kg!cmga
Actual Discharge Rate. 48.6 n° /hel 44,0 md/hr | Digital 786003 |
Electric] Operation Board ) Installed | Voltage3S4 (V) N
Lighting Installed T _
rﬁ“iring D N _h}nstallég)ﬂ# o
Transformer o o Instalied - o
oine T T  Timeeniea |
Water Quality] E/C | 720 pnjcm A T o B
ct- |50 ppa n B T

Others

L




Well No. | 13.08 Locatién Balad Well Field }Completed | May 14, *70
Owner MWA Cdntrapto; Parsons | ugﬁrveyed éep.lﬂ, *88
Cdtem . ~ Const. | Rehab. B/D Remarks
Elevation 74.41 m - o
Prilling dia. ) h 1 o
vell dia. = 10 3/4in. h
Heli'Depth 126.8 m ) o
Static Kater Level 60.5m |69.32n |67.33 m
Dynamic Water Level ?h.?ﬁ_m
Cas;ng Material - e
Screen Location 87.6-123.8 N -
[ Material Stainless [Steel (6572 [in.) )
Opening Ratio | 7 o ]
Pump Style T Submersiblle Removed - o
Capacity(moto;;a b )
 Discharge Rate ' ]
Condition S Unoperating_
Actual Discharge Rate 51.6m% fhr o
_Electric Operation Board Removed -
Lighting N Nil
Hiring . é;;;ved
B TransE;rmér B Removed o
5?;;;;“"__ 1 Removed
Water Quality} EfC 720 pum/cm
cl” 50 ppnm o

Gthers

A—29



Well No. | 13.5a .} Locatrion Baiad Well Field j Completed Hay 20, '70

Guner A _ Contractor | Parsens . Fsucveyed | sep.13, '88
Ttenm 'ConSt.'__.'Rehabf" B/D 1§ ] " Remarks
Elevation 11.57 ® o -j : '

Drilling dia.

| yelt dia. 10 1/Sin.. o

[ veit pepth 121.6 | o T .

Static Water Level 15780 (6873 | ]

Bynamic Mater LEQel _ o 75.5& [ ]

Casing Haterial ' R o B

‘Screen | Location 1 84.3-121.4 n N ) -
Hak%rial -Stai;iQSS Steel(65/3-in.)' o -

Opening Ratie

Pump Style Submersiblle
Capacity (motoc) Current 54{A)
Discharge Rate B )
GConditien Operating
Actual Discharge Rate St.6 m¥/hrl 47.0 m?¥/hr | Digital 897937
Electrig Operation.Board Good |-\io]tag_e' 355(V) -
Lighting ' | without hood
Wiring Good : N
S — vy ]
Transformer Good
f——— . S SO S—— — 1 S
Piping Good
Vater Qualityl E/C 740 ynfem| | T
60 ppn 7 o -
Qthers - -
L.




Well No.'

13,58 .

Locatidn

Balad Well Field | Conpleted | Hay 23, '70
Owner MYA Egggzécto;fv_;;;sdné : . -Surveyed. Sep.i?,"rsa
Item Const. Rehab. B/D NI Remarks
_Eievag}oh ‘‘‘‘‘ i o i | ) )
Drilling dia. o R
vell dia. Tiesrt in.
| wern vepth {1196 n ) ]
Stafic _ua-t—;(‘ Le\(el ' - 71.15 @ S
Dynamic Water L;ve] 80.25 m 8?;28 ® o
Casing Héterial - B i ) - N ]
Screen Location 85.9—]]9.6-m
Haterial i Skainless Steel(BS/s,in) R
Magghing Rate o B N
Punp Style Subm;rsible.
Capacity(motar) - Curren£—35(A}
Discharge Rate ) B
rConditi;;gk - ) Operating Pressure Q.Okgléggﬂ
P;;tual Discharge'RateAA__”uA 37.2 m®the| 37.0 8% /hr Digit;;_996296
Electricﬁ_bper'atian board Good )
Lighting o Cood
Vicing | Good 7 -
Transfocmer Good
Piping ) — Good B o ]
Wategga;;I;iﬂ E/C ) o
_c1‘ - — . - i
Others o o T
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Balad Well Field

Comp!eted

Jun. 5, '70

Well No. | 14,04 Location :
_6wﬁer HWA _VE;ntréctd;_f Parsons wu_gazveyed Sep;]?,;'SB
Item ~ Const. Rehdb B/D W Ramarks
“EI;;;{I;R - : _ —— —
nrixliﬁgfﬁié. 1 o
¥ell pia N 103/, in. | T I
HéE] Pepth 120.0 m T R S
Static Water Level S —g;jsgﬁﬁ#ggi_ - :
| Dynamic Water Level k 72.75 5 | 76.50m o
NE;sing Material o . | o
‘screen | Location  |s«.9-1z0da | T ]
Hate;ial 7.gﬁ)_rsta{;iess Steel (6373 Hin.) T
Ope;;ng Ratio T ] “ﬁgﬁr*gr
+_ ........ S FAF__g — -
Puap Style Subrersible
rﬁapacity(md&or) T Curré;;mﬁl(A) o]
Discharge Ratékﬁ b - S
Aaberat;;n o 1 da;;;;ting E;essé;e .6 i;?Z;?ﬁ
Actual Bischarge Rate - —‘_g;ig nljh d;;jak;;fhr Digital A§Zga;*
.Electricdagg}ation Boafd o Good ?oltagé 380{5;—m__ﬁ
-Lighting - ' __hq N1l o T
MWfring' I Good Yy
~'Transformt—a;i_ i Good_HJ_AJ_—‘__u__d__ﬂ—_ﬂ__dﬁ_ﬁ
_Piping J_—w_———__um_hﬁ_ﬁﬁ_AgﬁPA#~745;;3_4—W o
‘Water Quality /¢ | - - T
—— Y —— = —
cl-
T . 1 L —— ]

Others




[Well No.

Balad Well Field | Completed | Mar. 3,

70

Ouner

14.08 | lLocation

HUA Contractor | Parsons : Surveyéd Sep. 14,

‘88

ten

Const.

Rehab, _ B/D Remarks

Elevation

brilling .

dia.

Hgll:dia.

578 in.

Welt Dept

h

120.9 m

Static Va

tes Level

67.13 m | 66.35 n

Dynamic Water Level

88.03 n

CaSing-

-Material

Screen

Location

82.3-119.0

m

Material

Stainless

Steel (9578 lin.)

ﬁpening Ratio

Pump

style

Submersiblle Removed

Capacity(motor)

Pischarge Rate

Condition

Unoperating

Actual Di

scharge Rate

19.3 m3 fhr

Flectric

QOperation Board

Removed

Lighting

Nil

Hiring

Removed

Transformer

Piping

Water Qua

lity E/C
) cl-

Others
Ko I

ence




Ueil N;TT 4. 5A Location :: Balad Wetl Fieid Completed 3““-J||g'?0
owner | wA Contractor | Pacsons Surveyed |Sep.12, '88 |
[ Item Const. Rehab's -_B}ﬁ M . Remarks
oo R R
Drilling dia. ] 1 B
Well dia. 103/ 4in. | A R T S
Yell pepth | neaa | h o o
| Static water Level 7 T {esem |errow | ]
Dynamis TLevel | {7s.55m ) T

Dynamic Water Level

Casiog Material

————————
Sereen | Location 85.0-120 n
Haterial 's;teel(ss/stin.) '
Opening Ratio i
Pump Style Submersibﬂe_out of Order
I e | ]
Capacity(motor}) |
Discharge Rate -
Condition Unoperating
li).g_____.—_aw._ —_—— e . —— F— —_ e
Actual Discharge Rate 43.8m% fhr Digital 174978

Electric

Lighting

OPeratfon Board

Installed
___
Nil

Installed

Installed

[




Well No. | 14. Location Balad Well Field ] Comploted | Feb. 4, *67
EJFI:;;A%_— —Al;;ﬁlg— N Co'ntractigr_ Niéséku, - ) Surveyed | Sep.12, '88
Item Canst. B/D 1 Remarks
Elevation 1 ) .
D:iliiﬁg dia. - ) )
Well dia.. | i -Ib'in. : | '
Well Depth Tisoom | T
_étati;"héter Levei_  B 66.06 @ M76A.39 n I -
Dynémic Hatgk Level 87;96 n 1 )
| casing Material 1 o o
_E;reen Location fé?.Oq?}9.0 M i
Hateri;]_‘ - Stainless [Steel 1
Opeﬁing Ratio —;I 25 ] o
_Pﬁmp - Style o Subm;;;ible o
Capacity{(motor) B )
DiSchargeuRate 1 o h
Condition | Unopecating o
Actual Discharge‘ Rate_ 72.G m?/hr - -
Electric Operation Board o GJEB - o
Lighting N GCoaod ) ) )
Hiri—l‘:g Good - )
1 Transformer o GD;&D ) ]
Pipingm-_ - ) Goo;"~—)—— )
Water Quality] E}c - )

Others

A-—35



Kell ¥o. | 15.0a { Location Balad'well Field ﬁompletéd Mar.19, '70

Owner MYA Ccntféctgr  ‘Pacsons Surveyed Sgp}lZ, 38
ltem Const. | Rehab, B/D W  'Remarks

Elevatian ' ' : o B

Drilling dia. ”

R ' R O SR -

Well dia 9578 in, -

#ell Depth 112.8 m _ -

Static Water Lévei ) 762.00 m 7760.6{.)"111

-B}némic Wﬁter E;;;Im B 72.13 n - )

Casing Haterial N -

Screen Location 7?—]]0 m
Material | steer(9s73 in) | o
opening Rate | | | N
Pump 5;;I;Vr [ );g;;;;ible Rquvéd o
Capacityzgggﬁr)
Discharge %ate o ) T
| N N T I

Condition

4+

Unopecating

Actual Discharge Rate 41.6 m? /ho
e —— | - i IO E— S —
Electricl Operation board Good
Lighting Good
¥iring Good N
—— 1 - S [
Transformer Good
Piping -[ Good
Water Qualityl E/C T )

cl-

Others




[ Well No. | 15.0B Location | Balad Well Field cdmpletéd Mar.26, ‘70
Ownef —TEUA - Contracto;fﬁ Parsons.gi ‘L7”SurVEyed_ Sep;l?, '88
ltem - Coast, Rehab. B/ W Ramarks
Elevation ] i
[ Dcilling pia. -
Well Dia 163/, in. R
(Well bepth 13.0a | o _
Static Water Level | 52.15 m | 60.88 a !
DBynamic ﬁater'LeVei. {75.30 n _ B
Casing Haférial
‘Screen | Location 81-110 - o -
Haterial MStain]ess Ste&;l(fr'";_in.] B )
Opening'ka;}o ‘ R o
‘;;;b Styie ) Submersible; Out Gf-brder N
ﬁE;;acity(motor) | ‘4—_—-_T
.Dischargg Rate I R
Condi{;;n ) Unoperating ]
Actual Discharge Rate i 52.0 m*/hr N
Electric Operation boa(&7 ) N Good ) -
Lighting - | cood )
¥Viring N Good - R
Transf;;;er o Good B i o
Piping ) A S R Good - o
[ Water quality] E/C u B
cl- ) )

Others
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5. RECORD OF PUMPING TESTS

RECORD OF CONTINUOUS PUWPING TEST ( 1/5)

No.12.5A

Location @
_ N . Date . . Sep.15
Discharge : 40,000 1/sec: Static Water Level : G.L.n_ﬁh.?ﬁ'm:
_(hﬁm}sec) s D : o
' Heaéuriné——ﬁfggag—hﬁ ije_since ( Water Level Drawdown Remarks
Time Interval | Pumping ] G,L.;'L . . -
' starting a R
() i) | @win) | (win) @ L e _
) 64.76 -
0.5 0.5 B | | S
.5 1.0 79.20 Vi 4l I
TTe.s | .S 779,36 14.60 1
| - - i i
| : —1-
B 2.5
T 0.5 - 3.0
0.5 3.5 |
0.5 4.0 79.36 14.60
0.5 4.5 o
0.5 | 5.0
1.0 6.0 79.40 14.64
1.0 il 7.0 76.59 11.83 ]
1.0 8.0 76.21 11,45
1.0 3.0 75.96 11.20 2.4 (kg/cn?)
- o | te.o 75.88 .12 [ 2.4(xg/cn?)
2.0 12.0 75.87 .11 2,4(kg/cn?)
2.0 14.9 75.84 11.08 2.4(kgfcn?)
| 2.0 | 16.0 75.83 11.07 2.4 (kg/cr?)
70| g0 | 75.83 P 3.4 (kgfon?)
2.0 20,0 |  75.83 " _ﬂz.a(kg/cmz)
5.6 | 25.0 75.92 | 11.16 2. 4(kglem?)
5.0 | 30.0 75.94 11.18 2.4(kgfont) |
:30 5.0 35.6 | 75.95 { 11.19 2.4 (kglemt) |
5.0 40.0 7507 | 11.21 2.4 (kgfcm?)
: 5.0 45.0 75.962 11.20 | 2.4(kg/en?)
5.0 50.0 75.97 . .2 2.4(kg/en?)
f 5.0 55.90 715.98 o 122 | 2.6(kg/en?)
R 5.0 |  60.0 75.98 | 11.22 | 2.4(kg/em?) |




'RECORD OF CONTINUOUS PUMPING TEST ( 2/5 )
' | " Location No._'l:i’.f_;é__'
o s Date - : Sép. 15 |
B bischarge :jﬂ_@lllsec N Staiic Water Level : G.l.- 64.76 m
S (50m%fsec) s '
Heas__u’ring" - Time ‘Time since Water Level Drawdown | Remarks
Tine Interval | Pumping . _C.L..i— ”
: o | StOPP“‘S
(he) (ain) | Amin) | (mim) | m) Q
S ' 9 75.98 -
i . 0.5 _
: 5 1.0 " 7s.08 13.32 | P-0.6kg/ca?
0.5 1.5 79.09 | 13.33 - |
: 6.5 2.6 | 79.43 04.67 |
. | o 7.5 19.71 148 .
5 3.0 80.04 15.28
: 0.5 3.5 80.26 15.50
: 0.5 %.0 80.35 15,59 o
""""" : 0.5 4.5 80.41 |  15.65
0.5 5.0 80.45 15.69 | P=0.03kg/ca?
: T e 6.0 80. 50 T 15.74 i
: 1.0 7.0 80.51 15.75 o
: 1.0 8.0 80. 56 T 5,80
: 1.0 9.0 80. 57 15.81 i
: t.0 | 10.0 80.59 15.83
: 2.0 12.0 80.60 i5.84 |
: 2.0 4.0 | 80.62 15.86 |
2.0 16.0 80.63 15.87 ) T
: 2.6 | is.0 " 80.64 15.88 -
: 2.0 20.0 80.66 15.90 o
- 5.0 25.0 80.72 15.96 ,
: 5.0 36.0 80.73 15.97 T
: 5.0 5.0 80.73 | T
. | s.0 40.0 30.73 s
- 5.0 45.0 80.75 15.99
: 5.0 50.0 80.76 16,90 i
10.6 | 60.0 30.78 16.02
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REGORD OF CONTINUQUS PUMPING TEST ( 3/5 )
a ' Locatién : Nd,p}?.SA -

Max -+ Date : - Sep.ls :
Discharge : 55,000 l/sec Static Water Lével : G.L.¥_§§,76 m:_
(55m3/sec) . IR : L
Measuring Tiae _Tim’e'sim:é;'—I Water Level - | Drawdown Remarks
Time interval | Pumping G.L.- '
_ stopping' : -
(he) (min) | (min) (nin) | (m) (n)
R 0. 80.78 f E
. 0.5 0.5 T 0
G 0.5 1.0 80.93 Y617
T ] s 1.5 80.96 120 | -
: 0.5 2.0 30.98 16.22 | m
: 0.5 2.5 80.99 16,21
s .0;5‘ | 3.0 | sgigg'ﬂ-_ﬂﬁj o __€j
- 0.5 3.5 .80.99 v
- 0.5 4.0 30.99 v ST
— ] . — :
: 0.5 4.5 80.99 e _
B 0.5 5.0 | ' T )
i 1.0 6.0 N
1.0 1.0 81.00 16.22 ]
: 1.0 8.0 81.00 p i o
: 1.0 9.0 N
Lo t.0 10.0 :
: 2.0 12.0 1
: 2.0 14.0 R -
] A1 . |
: 2.0 16.0 |
: 7.0 18.0 |
: 2.0 20.0 ) T T
| i I
: 5.0 25.0
: 5.0 30.0 T |
: 5.0 35.0 T T el ”
S ] ]
: 5.0 40.0
AR : S — N S AR
: 5.0 45.0 {
] |
: -1 5.0 50.0
S . . e ]
5.0 55.0
: 5.0 60.0 - i




" Discharge : -

RECORD OF RECOVERY TEST ( 45 ) _
' i No. 12.5A

‘Lecation

Date

Static Water Level

G.L.- 64.16 m

Measuring | Time Time since | Water Level | Recovery . Remarks
Time “linterval Pumping G.L.- . | . g
. . ‘stopping L
(he) (min) | (min) (nin) (). (m)
T o 81.00 B
: 0.5 0.5 65,53 15.47 o
: 0.5 1.0 62.45 18.55
. 0.5 1.5 63.30 YT I
: 0.5 2.0 64.65 16.35
$ 0.5 2.5 65.21" 15.71
s 0.5 | 3.0 1 65.30 15.70 T
YT 0s 3.5 65.32 | t5.68
T es T e 65.28 15.72
2 0.5 4.5 65.25 15.75
: T 0.5 5.0 65.23 15.77
1.0 6.0 65. 16 15.864
1.0 7.0 65.11 15.89 T
- 1.0 8.0 65.06 15.94
: 1.0 9.0 $5.03 15.97 ]
: 2.0 10.0 65.00 16.00
: 2.0 12.0 64,98 16.02
: 2.0 14.0 64.92 16.08
: 2.0 16.0 64,89 16. 11 o
: 2.0 18.0 | 64.86 16. 14
. 5.0 | 20.0 6%, 85 16.15
1 s.o0 25.0 64.82 16.18
: 5.0 30.0 64.80 16.20
. | 5.0 35.0 64.78 16.22
: | s.e £0.90 64.16 16.24 T
: 5.0 45,0 ]
. 5.0 50,0
e | 0.0 60.0 -




RECORD OF PUMPING TEST _{ 5/5 )

Location : No. 12.5A

o o . Pate ©or _&ng_ _
Discharge : 40,000 1/sec . Static Water Level { G.L.- 64.76 a
' (40n? /sec) o | ' -
Aﬁ;;;ubing? Time Time since | ¥ater Lé#él ----- Drawdougvmﬁ Remarks
Tine - |linterval Punping G.L.-

- stopping ) :
(he) (mio) | (winy | (win) () (n)
R 0 64.76 | T T
IR I TR R
Bl 0.5 o 1131 12.81 ]

: 0.5 s t__ia.ﬁ? 9.91 ]
T 0.5 2.0 ] 716,12 BRI S -

: 0.5 | 2.5 77.06 | 12.30 T ]

T {Tes [ 3o | 1521 ] to.si 3 L
B 0.5, | 3.5 15.66 . | 10,90 o
T | e 4.0 T 76,48 | a1.72 o
T 0.5 W5 | 7676 17 32,00 ]
| o 5.0 - 76,93 | 201 O

c ] 1.0 6.0 77.05 | . 12.29
B 1.0 7.0 ITRIE 2033

: 1.0 8.0 77.16 | 12.40

1.0 s.0 | 118 | 2.4 i
B o e 77.19 T ze3 |
LifdigtggﬂA*in 2.0 | 12.0 77.25 T12.49 -]
: (2.0 [ wie T 17728 1 e | ngj
2.0 16.6 77.30 | s 4 ]
2.0 18.0 77.33 12.57
T 720 | 2.0 | 7738 | 12.38

: | se0 [ 2.0 | 7735 | 12.59 (mn(:

: 5.0 30.0 | 77.37 [ iz.61
T B B SR

| I
- I_‘_—_ - . S— ——————n
e -1 - e -
: e . ]




RECORD OF CONTINUGUS PUMPING TEST ( 176)

Location :

No. 14.0A

3 - Date Sep. 17 _
D;séhatge : 30,000 1/sec Static Water Level ¢ G.L.- 66.32 m
(30.0n% /sec) B o o
r'iiieasurin:g_ F Time Time since | Water Level .} Prawdown Reméfks
Time Interval Pumping' G.L.- | . '
. o . stopping- o
(he) (nin) | (nin) (min) ) m
: _ 0 66.32 o
: o.s | o.s R D
: 0.5 1.0 | 7649 10.47
: 0.5 1.5 77.24 10.92
o To.s | 200 1782 ERTNT
: 0.5 ] 2. 17,49 11.17
0.5 3.0 '
K o5 | 3
: 0.5 4.0 |
: 0.5 4.5 75.68 9.36
. [ 0.5 5.0 75.09 8.77
: 1.0 6.0 75.01  8.69
: 1.0 | 1.0 7.5 8.43 B
: 1.0 g.0 | 173.90 7.58
: | 1.0 9.0 73.83 7.51
: 1.0 10.0 73.75 7.43
R 2.0 - 12.0 73.73 7.41
: 2.0 14.0 73.71 7.39
: 2.0 16.0 73.72 7.40 . T
R REEY 18.0 13.13 T 1am
.| 2.0 | 2000 73.74 T 7
[ 5.0 | 25.0 73.78 7.46 | P=2.0kg/ca?
: 5.0 30,0 73,78 " | T
: 5.0 35.0 73.78 v
i 5.0 40.0 73.78 ”
: 5.0 45.0
: s 4see | 1 1 o
: 5.0 | 55.0
1:00 5.0 60.0




~ RECORD OF CONTINUOUS PUNPIKG TEST ( 2/6)

batce _Sep. —
Discharge : 37,500 1/sec Static Water Level : G.L.- 66.32 n
(37.5m%/sec) ._‘ ' ‘ '
Heasuring .T':imeriti‘“iifﬂe' since Ealﬁep i,‘e__yel Recove;‘yg——l__‘liﬁt;?ma:‘ks ]
Time Interval | Pumping GiLi- '
stopping _
(hr) (min) | (min} (nin) . {m) ' - {m)
: ) o TRTIE B
T T 0.s | e.s | 16.00 9,68 T
7 | e.s | 1.e | 1.0 | s | ]
L T o5 | s 76.90 1.5 |
s e |20 “ e w0 | ]
0.5 7.5 76.9% 10.17
1 o5 3.0 | 16,90 | . 10.58 o
T s 1T 3s 76.80 | 10.48 |
s 0.5 | 4.0 76.80 ”
8 0.5 4.5 76.80 i v -
: 1 o5 | s.0 76.50 «
. 0.5 6.0 76.82 10.50
. 1o | 7.0 16.82 | ,, - T
T e s | -
: 1.0 9.0 76.84 t0.52
Fdh__ 1.0 10.0 16.85 10.53
. | 20 | 2.0 76.87 ©10.55
. [ 20 | w0 | 76.89 qe.s7 | T
I 20 | 160 | 76.89 | v o
IS S TN 7 S AN I
2.0 20.0 76.89 ” '
. | s | 2s.0 76.91 | 10.59 | P=0.6kg/cm? “
30 | s.e | 300 | 76.87 | 10.5 | o
) .0 | 300 ) 7 | e |
: 5.0 35.0 76.885 10.57
1 s.0 40.0 76.885 “ o T
Bk o 5.0 45.0 B T I
- | 5.0 50.0 - R M
- [ 5.0 ss.o | | S [
[ 100 5.0 | 0.0 i A R I ]




'RECORD OF CONTINUOUS PUNPING TEST -( 3/6 )

Location s No.14.0A
_ ‘ R Date : Sep.l?
Discharge : 38,700 [/sec Static Vater Level : G.L.- 66.32n
. (38.7m/sec)
Mcasuring Time | ‘Time since | Water igiej . Draudown - Remarks
Tiﬁe | IntéfvalZZ Puﬁping'- ‘G.L.—.
o : | ' stérting _
(hr) (min). [ (min) (min) () (n)
Ty | "0 76.885
s 0.5 0.5 . 717.04 T 10.72 - ]
: 0.5 1.0 17.24 10,92
: 0.5 i.5 17.44 11.12 -
0.5 2.0 77.50 11.18
: 0.5 2.5 77.63 i1.31
s | 0. 3.0 17.19 .47
: 0.5 3.5 17.95 11.63
_7‘ 0.5 4.0 78.05 11.73
: | e.s 4.5 18,09 TRT;
0.5 5.0 78.13 11.81
: 1.0 6.0 78.16 11.84 B
1.0 7.0 78.17 11.85
1.0 8.0 78.18 11.86
1.0 9.0 78.20 11.88 )
. 1.0 70.0 78.21 11.89
2.0 | 12.0 78.23 1n.o1
2.0 14.0 78.25 11.93
- 2.0 16.0 78.26 11.94
: 2.0 | 18.0 " 78.26 ”
. 2.0 20.0 78.28 11.96 o
: 5.0 25.0 78.31 i1.99
: 5.0 30.90 78,31 " N o
[ 30 5.0 35.0 78.33 12.01
T 5.0 | 40.0 78.35 12.03
: 5.0 | 45.0 78.38 12.06
: 5.0 50.0 78.385 p -
: 5.0 55.0 78.41 12.09
00 ] s.0 60.0 78.42 12.10




RECORD OF CONTINUOUS PUNPING TEST { 4/6 )

Discharge : 38,700 1/sec

Heasuring

Time

(hr) {min)

.1 o.s | 1000 78,450 12,13 | o
L 0.5 75.0 . 78,465 | aeas |
__‘___.—.‘_41 ________ E— I . _

: 0.5 80.0 78.470 e
SRS o - .

Time

Interval

{38.7m}sec)

Time since
Pumping
starting

(min)

65.0

Location :
Date
Static dater Level

No. 14,

OA

T
.

se

p-M
{ G.L.- 66.32 a

C Mater Level

G.L.-

{m)

" DPrawdowa

78.435

T es | 850

78.500

: 10.0
1:35 10.0

T 95.0

105.0 i

78.520

78.950

| P ] L do ]
,
:
:
|
;
:
S —_— c—— e - . e ——
:
:
I N B I i

.
1
l——  —— —) _
. .
H
+
.

-
.
.
.




Discharge H

'RECORD OF RECOVERY TEST

(5/6)

_1/sec

Location @

Date

Static Water Level

-
-

No.lﬁ:OA
Sep. 17
: G.L.- 66.32 m

ﬁeasﬁt{;g Time . Time Since Water Level | Deawdown Remarks
Time  Jinterval | Pumping G.L.-
stécting
(he) (min) | (ain) (nin) (n) (n)
: o 78.55 m o
: 0.5 0.5 64.65 B
: | oos 1.0 64,17 14,38 o
: 0.5 1.5 65.58 12.97 )
: 0.5 2.0 66.32 12.23
: Foes | 2 66.53 12.02 -
) 0.5 3.0 66.55 12.00 ’
: 0.5 3.5 | 66.57 11.98 B T
: 0.5 4.0 - 66.57 P
: 1 o.s 4.5 66.58 11.97 i
: 0.5 5.0 66. 59 11,96
1.0 | .0 6655 12.00 o
. | v 7.0 66.54 12.01 T
1.0 8.0 66.53 12.02 -
1.0 9.0 66.52 12.03
G 1.0 0.0 | 66.51 12.04 )
; 2.0 12.0 66.50 | 12.05
2.0 | 4.0 66. 50 "
: 2.0 | 16.0 " 66.48 12.07 -
LT 2 18.0 66.47 12.08 ) I
: 2.0 206.0 66.47 o
: 5.0 | 25.0 66. 4% 12.11 |
: 5.0 0.0 _ | e6.43 | 12.12 ’
:30 5.0 35.0 | 66.40 12.15
: 5.0 46.0 66.40 ” B
T e 45.0
T 5.0 50.0 o R
: 5.0 55,0 - i
100 | se0 60,0 T N




REGORD OF CONTINUOUS PUMPING TEST (6/6)

Location : No.14.0A

S : C Date. Sep. 1/
Discﬁargé f;_}élégg;;_;mlfsec | . Static Natef Level * C.L.- 66.32 n
Measuring Tiﬁ; "I Tine since | Vater Level | Drawdown iﬁemarks o
Tine Ihter#ai‘ Puﬁping' .C.L;—
= . , starting _ '
{the) (min) | (min) © } (miny | dm) (m) |
P D R o ' -
: | 0.5 0.5 3 |
- 0.5 | 1.0 | 16.36 |  9.96 |
: 0.5 s | o1 | 1088
u 0.5 | 2.0 | 717.38 10.98 | ]
B 0.5 | 2.5 C77.43 1,03 N -
] es 30 77.47 NI
o 1T ous N i7.42 e |
. [ o5 | 4o T 7728 | 9.88 | - T
: 1 ous 4.5 6.0 | o0 |
i 0.5 5.0 76.82 10.42 | - S
IR I N W T A 0
E 1.0 7.0 76.43 10.03 ]
: 1.0 8.0 7641 | .07 | ]
#Tu“‘)rfo— 9.0 | 76.45 10,05 N
. 1.0 10.0 76,46 10,06 | R
B R 12.0 76.47 10.07 | .
B o 14,0 76.45 10,05 | T N
i ? 16.0 76,47} oteer | T T T
1 2 18.0 76.50 10. 10 o
: 2.0 200 | 7656 - | reve | T
B | s 25.0 | 76.56 P
e [we e | [
:30 5.0 35.0
B N U R B N
_ : 5.0 45.6 1 7
%%T%ﬁ* 5.0 | 50.0 - - I
;| s.0 55.0 T
1:00 5.0 | 60.0 B I B
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