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51 OBJECTIVESOF MEASUREMENT

The existing records on the volume of water produced from each existing source as well as the
volume of water distributed from each service reservoir/tank were reviewed. Further, in
collaboration with ENACAL, the measurement of flows and pressures at various strategic points
within the existing transmission and distribution system is being carried out. This is done to
have a better understanding on the geographic distribution of water and disparity in supply
conditions between various parts of the service area as well as on the volume of water actually
received by each service reservoir/tank included in the Managua | and Managua Il schemes.
The locations for flows and pressures measurement were selected based on the proposal from
the Study Team and the opinion of ENACAL through several meetings with ENACAL. The
following organizations cooperate with the Study Team in doing the measurement. Mainly the
measurement works are carried out by staff organized from these organizations.

a. Dpto. de Explotacion, Gerencia de Operasiones
b. Dpto. de Agua Potable, Gerencia de Operasiones
c. Dpto. de ANC, Gerenciade Comercial

Before the commencement of actua measurement with ENACAL, the demonstrations of
instruments which are used for the measurement of flows and pressures and also for the leakage
surveys as listed below have been conducted for ENACAL staff on 9th and 10th of September
2004 (see Photo 5.1.1 and Photo 5.1.2).

- | ST "__F ? A '__..--":-_" J'g'.' = . M g
Photo 5.1.1 Demonstration of Instruments Photo 5.1.2 Demonstration of Instruments
The instruments were brought into Nicaragua from Japan by the Study Team. The
demonstrations were executed for the explanation of instruments and the training for the usage
of instruments as the one of technology transfer by this Study. Also during the measurement,

the technology transfer of the manipulation of the instruments to the counterpart has been done
partly.

ultrasonic flow meter, 3 units
pressure recorder, 5 units
|leakage detector, 1 unit

metal detector, 1 unit
listening stick, 4 units

PapoTe

The objectives of the flow and pressure measurement are outlined as follows:

e to understand the geographic distribution of water and the disparity in supply
conditions between various parts of the service area
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e to have opportunities to execute technology transfer for the explanation of instruments
and the training for the usage of instruments for the measurement

It is noted that the results of flow and pressure measurement at the selected locations are only
for reference in order to understand present flow pattern in the Study Area and water supply
condition, and do not represent present water supply system.

52 SUMMARY OF MEASUREMENT
521 Flow M easurement

Flow measurement has been conducted at 20 locations such as pumping stations, tanks and
wellsin the Study Area (refer to Photo 5.2.1 and Photo 5.2.2).  The results of the measurement
are detailed in the following chapter. Based on the flow measurement, in summary, the
following issues have been identified principally.

a. It could be confirmed that most existing flow meters were amost accurate.

b. At Asososca flow rate to Zona Baja by gravity changes depending on the number of
pump operation for ZonaAlta

c. Enough water planned by Managua | Project is not supplied to San Judas, Schick and
Altamira Tanks.

d. At Altamira water more than half of transmitting water from Santo Domingo Tank by
gravity is pumping up to upper areain the direction of Santo Domingo Tank.

e. Transmission facilities of Managua | and Il have not been used enough for their
capacities and well production amounts of Managua | and Il were not reached to the
planned capacities.

f. Flow rates from wells of Zona Baja were fluctuated according to the water pressure,
because water pumped up from well is directly flowed into distribution pipeline.

4

Photo 5.2.2 Managua | Pumping Station

pl
Photo 5.2.1 Asososca

5.2.2 Pressure M easurement

Pressure measurement has been conducted at 38 location in the Study Area (refer to Photo 5.2.3
and Photo 5.2.4). The results of the measurement are detailed in the following chapter.
Based on the pressure measurement, in summary, most area in the Study Area has no serious
problem in water supply condition. However the following areas as shown in Figure 5.2.1)
are faced in the bad water supply condition.

a. Areasupplied from San Judas Tank (eastern part of Zona Alta Superior Oeste and part of

higher area of ZonaAlta Oeste)
b. Areasupplied from Schick Tank (lower area of ZonaAlta Superior Este)
c. Areasupplied by Sabana Grande Well Field (eastern part of ZonaAlta Este)
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Photo 5.2.3 ZonaBaja Oeste Photo 5.2.4 ZonaAlta Oeste

Oeste(West)  Ncentro (Center) I Este (East)

N R N
ZonaAIta ) Do

Superior

L
I

LEGEND '
T L]

——"\ Major Pipeline '
L]

O wel
) Reservoir/Tank

G Pumping Station
= ZoOne Boundary

O Poor Supply Area

Figure5.2.1 Poor Water Supply Area
53 SELECTION OF MEASUREMENT LOCATION

531 Flow M easurement

To achieve the objectives mentioned above, flow rates were measured at 20 locations shown in
Table 5.3.1 and Figure 5.3.1. Originally some junctions were nominated for measuring flows
in order to understand the flow directions in the distribution network, but could not be carried
out due to difficulties of traffic control and road safety. Before the measurement each
measurement location site was surveyed together with ENACAL in order to check the site
conditions and decide the exact flow measurement points. Excavation works including



backfill and restoration, if necessary, were done by ENACAL.

Table5.3.1

L ocation of Flow M easurement

No.

Name of Location

Number of Measuring Points

Inlet Flow

Outlet How

by Gravity

by Pump

Other Flow

Totd

Asososca

1

2

Km8.5 Carretera Sur

San Judas

Unan

Altamira

San Cristobal

Las Mercedes

Km8 Carretera Masaya
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Santo Domingo
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Schick
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532

Pressure M easurement

Pressures were also measured at various locations spreading across the existing service area.
For this purpose, each elevation zone in Managua was divided into three districts, namely
Western District (Oeste), Central District (Centro) and Eastern District (Este), and at least three
locations were selected in each district as shown in Table 5.3.2. The exact locations of
measurement were determined after reviewing pipe network drawings and in consultation with
ENACAL as shown in Figure 5.3.2, and finally total 38 locations consisting of 33 locations in

Managua and 5 locations outside Managua were selected.

Table5.3.2 Location List for Pressure M easurement
Elevation Zone Western District Central District Eastern District Total
(Oeste) (Centro) (Este)
Baja 3 3 3 9
Alta 3 3 5 11
Alta Superior 6 3 4 13
Total in Managua 12 9 12 33

| Outside Managua |

5 Locations (2 in Ticuantepe and 3 in Nindiri)




TOELZET-€L656S

4 N\
AIBpuUNOg U07
a1eulp100) [N -3 |
JUBWAINSEI|
10} suoneao @
£6062€T-£27985 uonels Hurdwng D
juel/ionissay [
[E7 NG}
auladid Jofe ~_——
\_ aN3oa1 )
€97ZEET-96558G
OF
o
Y
l~ 1‘
7=
)

%Mmmmm.ﬁ.@mwww

mmmsm )
ﬁ ZErozeess [T )
r.- A ._ so6cvereeas [ |
HNQQ Y065.5 Jy
E&ﬁ igwm mm@i @vmam ' SvLerEL- ftm v
l N
mmmmvﬂ s mm@ﬂ LILI8S /GEVET-OT6SLS |

, Ry W

enfeue|y axe

L ocation of Pressure M easur ement

Figure5.3.2



54 RESULTS OF FLOW MEASUREMENT
541 Asososca
In Asososca flow rates were measured at 5 points as shown in Figure 5.4.1 for 24 hours from 9

September to 10 September 2004. Three of them were measured by installing ultrasonic flow
meters and other two were measured by the existing flow meters.

Intake from > > 30 r\t@
Asososca Lake = ok N~/ ¥ 30" ACERO
o« O -»
Close Close I
3 P
................. v \__/ ™
~ / TANO
- £ i | oscriacion
L3 *{‘] s
5 5 N\ —X——]—
= : //j/ . AP C
= ' = =
> C
>
g For Zona Baja
] > SUCCION
< (3
orcmaA Fdr Zona Alta |
DE N ) 3 4
OPERADOR 5 ]' I |
w
For Zona Alta Superior M
12" HF, S.A.S |
i Close o | PLANTA ALTA
pas : ASOSOSCA
\ _>( J_'f HE,
LEGEND For Zona Alta Superior <~ [ )
Flow Measurement by -
Existing Flow Meter &, \ 3
o B
Flow Measurement by Flow L
Meter installed by the Study \ \
Flow Measurement Survey at Asososca

Figure5.4.1 Points of Flow M easurement at Asososca

The existing flow meters were

checked with the ultrasonic flow 2,500

meter through the comparison

between readings of the existing 2,000

flow meter and the ultrasonic flow 5

meter (hereinafter referred to as 5 1500 ¢

“JCA flow meter’) installed a <

near the existing one, Point No.4. E 2,000 |- mm e
As the results, the flow rate ‘—E

measured by the existing flow BOO |-
meter (difference between readings

a 11:.00 and a 1200 on 9 0 ‘

September  2004) and flow 8 & 8 8 i 2 it

measured by JCA flow meter as
shown in Figure 5.4.2 were 2,170

mIS/f(;(();reI and T2r;07er5 m3([10L_1r Figure5.4.2 Record of Ultrasonic Flow Meter
respectively. erefore, it is - -
concluded that the existing flow installed at Point No.4

Time (on 9 Sept 2004)



meter is amost accurate and can be used for the Study. Results of flow measurement of three
points measured by JCA flow meters are shown in Figure 5.4.3. During measurement time,
two pumps for High Zone (Zone Alta Superior), No.1 and No.2, were not operated, so the sum
of these three flows equals total outlet flow of Asososca.

Flow Rate from Asososca [04/09/09 17:00 - 04/09/10 16:00]

3,000
Zone Baja supplied by
three pumps
— — —Zona Alta for ZonaAlta
Ll == Sl - - started [ - - -
2,500 Zona A.S arted one pump lj\f\ 5 Sopedone pump]
supplied by two pumps ,’ |
for ZonaAlta I \\
S
2,000 | - | Il supplied by
startedto?; |tnr:ake | || two pumps for
—_ pum, to ree -\ ||| Zona Alta
£ = pumps in operation Y |
B supplied by two pumps stoped one pump =
E for ZonaAlta VT TS~
grom (L b oy |- N~
L -~
N AL~ ——
g ~-= i '
[ | | |
I : !
1000 | . I| supplied by one pump | 'l
supplied by one pump | for Zona Alta \
for ZonaAlta Superior | | ! :
— . . LIS T I~ [ et
500 f-——-—-—---——————"4-————————————~———————~—~—~N\c-~—~—~—~"H-———————— -1 -t
supplied by gravity
for ZonaBga K,AJ
0 . . . . . . . . .
o o o o o o o o o o o o o o o o o o o o o o o o
e 2@ 2 @ © e © @ © e ©o e © 9o 9 o ©o 9 © o °©o o 9 9
~ o) (o)) o — N (3] o - N o™ < Te} © ~ 0 (2] o - N o < n ©
- - - N N N N - - - - - - -
time
Figure5.4.3 Results of Flow M easurement

Flow rate to Low Zone (Zona Baja) by gravity changes depending on the number of pump

operation for Medium Zone (Zona Alta).

However, flow rate of High Zone is almost constant

even if the number of pump operation for Medium Zone changes. Total flow rate supplied to
each zone for 24 hours is summarized as shown in Table 5.4.1 and Figure 5.4.4.

Table5.4.1 Flow Rate for Each Zone
Elevation Zone Flow rate per day (m3/day)
Low (Zona Baja) 18,172
Medium (ZonaAlta) 31,610
High (ZonaAlta Superior) 15,443
Tota 65,225




18,172 m3/day
for Low Zone

(ZonaBaja)
L]
) 31,610 m3/day
Lake Asososca | 65,225 m3/day Asososca Station [ > for Medium Zone
(Zona Alta)
[

|

15,443 m3/day
for High Zone
(Zona Alta Superior)

Figure5.4.4 Flow Ratefor Each Zone

According to the record of ENACAL, intake flow rate from 16:00 on 9 September to 16:00 on
10 September 2004 was 68,526 m3/day. Almost the same results between intake flow by the
existing flow meter and outlet flow measured by JICA flow meter were obtained though thereis
a difference of 5 %. Figure 5.4.5 shows the comparison between intake flow rates and total
outlet flow.

6,000
———- Intake Flow by Existing
Flow Meter n
500 - ﬁ ffffffffff
Total Outlet Flow )
—_ measured by This Study I
S 4,000 - -
<
I52)
E
o 3,000 |-
©
14
5 2,000 F
T
1000 -~
O I I I I I I I I I I I I I I I I I I I
g 8 8 8 8 8 8 8 8 38 8 8
o0} o N o N < o [ee] o N < (o]
— N N i — i —

Time
Figure5.4.5 Intake Flow by Existing Flow Meter and Outlet Flow by JICA Flow Meter
According to records of ENACAL administrated by Statistic Section, Departamento de

Explotacion, ENACAL, flow rates for three zones on 9 and 10 September 2004 were as shown
in Table 5.4.2.
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Table5.4.2 Flow Ratefor Each Zone by ENACAL records

9 Sept 2004 10 Sept 2004
Low Zone 36,688 m3/day 35452 m3/day
Medium Zone 14,935 m3/day 18,153 m3/day
High Zone 13,626 m3/day 13,626 m3/day
Tota 65,249 m3/day 67,231 m3/day

Data Source: Statistic Section, Dept. de Explotacion, ENACAL

ENACAL calculates the flow rates of medium and high zones by pump operation hours. Total
flow rate is obtained from the readings of intake flow meters. Flow rate of low zone is
calculated by difference flow rate between the intake flow and sum of flows for medium and
high zones. Based on such estimation method by ENACAL, therefore, 24-hour flow rate from
16:00 on 9 September which is the same length as JJCA measurement can be estimated as
shown in Table 5.4.3.

Table5.4.3 Flow Ratefor Each Zone by ENACAL records

Dischage** | Operation*? Flow
(m3/h) (hours) (m3/day)
Intake Flow (measured by the existing flow meters) 68,526
Outlet Flow for Low Zone (difference between 36.399
intake and other outlet flows) '
Outlet Flow for Medium Zone 18,501
Pump No.1 530.28 55 2,917
Pump No.2 480.77 16.5 7,933
Pump No.3 355.91 215 7,652
Pump No.4 (not working) - -
Outlet How for High Zone 13,626
Pump No.1 499.62 0.0 0
Pump No.2 499.62 0.0 0
Pump No.3 567.75 24.0 13,626

*1: Statistic Data, Dept. de Explotacion, ENACAL
*2: from 16:00 on 9 Sept to 16:00 on 10 Sept

As the results, there is a big difference between flow rate measured by the J CA flow meter and
flow rate estimated by ENACAL for Low Zone and Medium Zone. For the confirmation, the
flow rates for Low Zone and Intake were measured again from 18 to 20 October 2004. Flow
rate for Low Zone was 21,516 m3/day as shown in Figure 5.4.6.
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Figure5.4.6 Result of Flow Measurement for Low Zone from 18th to 19th October

According to records of ENACAL intake flow and flow rates for three zones on 18 and 19
October 2004 were as shown in Table 5.4.4.

Table5.4.4 Flow Ratefor Each Zone by ENACAL records

18th Oct. 2004 19th Oct. 2004
Low Zone 26,626 27,018
Medium Zone 15,671 15,332
High Zone 8,232 10,220
Intake 50,530 52,569

Data Source: Statistic Section, Dept. de Explotacion, ENACAL

There is a difference of about 5,000 m3/day between flow rate measured by the JICA flow
meter and flow rate estimated by ENACAL for Low Zone. Figure 5.4.7 shows the
comparison between intake flow rate by the existing flow meters and flow rate measured by
JCA flow meters.
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Figure5.4.7 Resultsof Flow Measurement for Intake from 19th to 20th October 2004

Intake flow rates measured by the JCA flow meter and the existing flow meter from 16:00 on
19th October to 16:00 on 20th October were almost same, which were 53,624 m3/day and
53,704 m3/day respectively.

For the reference, the flow rate for each zone in 2004 based on the records of ENACAL is
shown in Figure 5.4.8.

60,000
— -Low Zone (ZonaBaja)
—— Medium Zone (Zona Alta)
\ — — — High Zone (ZonaA.S.)
50,000 [ I ‘l
TR bl
00w 1Nw,,\ ’” L “/m’[‘kﬂﬂ \HA | \4‘4‘;\, 'H\\w\ M’
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1 m\u“t ,, ‘
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10,000 “
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0 .
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Figure5.4.8 Flow Ratefor Each Zone

-13-



54.2 Km 8.5 Carretera Sur

Flow measurement at Km8.5 Carretera Sur was conducted by the existing flow meter installed
at outlet pipe from the pumping station as shown in Figure 5.4.9 from 5:00 am on 2nd Nov. to
6:00 am on 3rd Nov. 2004. As the result as shown in Figure 5.4.10, about 3,000 m*/day was
pumping up to higher area from Km8.5 Carretera Sur Pumping Station. According to
ENACAL records, Asososca Pumping Station transmitted water of about 7,000 m*/day for
Super-High Zone on 2nd Nov. 2004, which means that more than a half water transmitted from
Asososca for Super-High Zone was consumed at area below Km8.5 Carretera Sur Pumping
Station.

FRESIE SR e SR S Sl ST S s e et SIS e s = LEGEND

Flow Measurement by
‘ | Existing Flow Meter
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Flow Measurement Survey at Km8.5 Carretera Sur
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543

San Judas

In San Judas flow rates were measured at 6 points as shown in Figure 5.4.11 for 24 hours from
9 September to 10 September 2004. Point No.1 was measured by installing ultrasonic flow
meters (JCA flow meter) and others were measured by the existing flow meters. The existing
flow meters were checked with JCA flow meter. Table 5.4.5 shows the results of the
comparison between JICA and existing flow meters.

@
O

LEGEND

Flow Measurement by
Existing Flow Meter

Flow Measurement by Flow
Meter installed by the Study

BODEGA

CAP, 2,300 M3
S07 660 GLS

From Managua |

AFORO
POZO N*1. 372 GPM
535,680 GLSD

P. 500,000 G

|
" /
EBOSE 1748 MENM
FQSA D VALVS

Pump No.3

(If)ie .'.a E---Ormm - . | i V;Ive‘l;lo,s
! . ¥ > Ereas|
SAUDAATQUESNCLLZ — T s Pasco oeL vaLLe
Flow Measurement Survey at San Judas
Figure5.4.11 Pointsof Flow Measurement at San Judas
Table5.4.5 Resultsof Existing Flow Meters
Flow Rate (m3/hour) Flow Rate (m3/day)
Measurement Point by JCA How | by Existing Ratio (%) based on the existing
Meter Flow Meter flow meter
Point No.2 Well No.1 78.5 79.7 102% 1,884
Point No.3 Well No.2 98.6 1114 113% 2,366
Point No.4 Pump No.1 109.7 110 100% 0
Point No.5 Pump No.2 148.9 155 104% 2366*
Point No.6 Pump No.3 190.1 197 104% 2640*

*: 24 hours from 14:00 on 27th September 2004

As the results, it is concluded that the existing flow meters are amost accurate. Results of
meter readings of the existing flow meters for three distribution pumps, Pumps No.1, No.2 and
No.3, are shown in Figure 5.4.12. During measurement, however, Pump No.1 was not
operated. Figure 5.4.13 shows a result of flow measurement at Point No.1 measured by JICA
flow meter. During measurement period at Point No.1, flow was control by tank inlet valve.
Total inlet flow from Managua| System was 4,421 m*/day.
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Figure5.4.12 Resultsof Flow Measurement at Points No.4, No.5 and No.6
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Figure5.4.13 Result of Flow Measurement at Point No.1

Productions from wells can be estimated at multiplying the flow rate per hour and pump
operation hours. The production amount is amost constant regardiess of time, because the
pumping head is also constant. Therefore, production amount of wells are caculated as
follows;

Pump No.1: 78.5 m*hour x 24 hours = 1,884 m*/day
Pump No.2: 98.6 m*/hour x 24 hours = 2,366 m*/day

The flow balance at San Judas Tank is summarized as Figure 5.4.14. Outlet flow of 3,465
m?/day from San Judas Tank by gravity is calculated from the balance of other flow rates.
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5,006 m3/day
by pumping

3,465 m3/day
by gravity

Tank constructed by
Managual Project .
Existing Tank
WL:280mto2.90m =
(increase of 38 m3)

A

WL:3.05mt03.30 m
(increase of 162 m3)

4,421 m3/day 2,366 m3/day 1,884 m3/day
from Managuall from Well No.2 from Well No.1

Figure5.4.14 Flow Balance at San Judas Tank

According to the basic design report of Managua | Project, water of 6,983 m*/day is transmitted
from Santo Domingo Tank by gravity. The result of the flow measurement shows that the
expected enough water is not supplied to San Judas Tank, which is only 63 % of planning flow
rate. During measurement period the tank inlet control valve was opened 20 % only for 13
hours.

For the confirmation, the flow rate from Managua | System was measured again for 7 days from
5th to 12th November 2004. As the results the average flow rate from Managua | System is
about 5,000 m*day which is about 70 % of the planning flow rate of 6,983 m*day. It is
concluded that the expected enough water is not supplied to San Judas Tank. Figure 5.4.15
shows a record of measurement. It is noted that the measurement point was not Point No.1,
but was Point No.7 located at valve chamber of outlet pipeline from the tank constructed by
Managua | Project (refer to Figure 5.4.16). During this measurement the existing 6 flow
meters, Point No.2 to No.6, were also read and Table 5.4.6 shows the summary of 7-day
measurement.
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Figure5.4.16 Point of Additional Flow Measurement (Point No.7)
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Table5.4.6 Summary of 7-day M easur ement

Survay| 5thNov. | 6thNov. [ 7thNov. | 8thNov. [ 9thNov. | 10th Nov. [ 11th Nov. | 12th Nov. | Average
Point 14:00 14:00 14:00 14:00 14:00 14:00 14:00 14:00 |Flow Rate

Friday Saturday | Sunday Monday | Tuesday |Wednesday| Thursday Friday | (m3/day)
© Managual | No.7 4,962 4,730 5,462 6,078 3,586 6,013 4,038 4,981
= |Well No.1 [ No.2 1,197 1,942 1,958 1,944 1,938 1,946 1,947 1,839
—|welNo.2 | No.3 2,376 2,676 2,696 2,661 2,706 2,609 2,738 2,637
Pump No.1 [ No.4 15 1 1 0 1 1 0 3
B [PumpNo.2 | No5 2,507 1,204 3,555 2,767 1,214 3,510 2,872 2,518
8 Pump No.3 | No.6 2,599 3,662 2,966 3,369 3,615 3,119 3,131 3,209
Gravity* - 3,414 4,481 3,594 4,547 3,400 3,938 2,720 3,728

Note : Flow rate by gravity is calculated by balance between inlet and outlet.
544 Unan

Flow rates for 24 hours from 28 September to 29 September 2004 were measured at 3 points
except Point No.1 in Unan as shown in Figure 5.4.17. One of them, Point No.2, was measured
by installing JCA flow meter and others, Point No.3 and No.4, were referred to the existing
flow meters.

CAP 500,000 GLS

NIVEL TOPOGRAFICO
FONDO 211.79 MSNM
REBOSE 217.79 MSNM

VIENE DE MANAGUA UNO

12" AC ré\

POZO e h
Aforo 355.5 gpm 4"a.c E
511,920 gls/d (lh/ | 7 ol =
. >
&
LEGEND £
(=]

Flow Measurement by
Existing Flow Meter

Flow Measurement by Flow
Meter installed by the Study

OO

Flow Measurement Survey at Unan

Figure5.4.17 Pointsof Flow Measurement at Unan
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The existing flow meter which
measures the production amount of
well was compared with JCA flow
meter. As the results, average flow
based on the records of the existing
flow meter from 14:00 on 28
September to 14:00 on 30 September
2004 and the result of 2-hour
measurement by JCA flow meter
were 2507 mYhour and 26.34
m/hour respectively. Figure 5.4.18
shows the result of flow measurement
by JCA flow meter. Therefore, it is
concluded that the existing flow meter
is accurate and can be used for the Figure5.4.18 Record of Ultrasonic Flow Meter
Study. Result of flow measurement Installed at Point No.3

of Point No.2 measured by JCA flow '

meter is shown in Figure 5.4.19.
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Figure5.4.19 Results of Flow M easurement at Point No.2

The flow measurement is summarized as Figure 5.4.20. Flow rate of Point No.1 is calculated
from the flow rates of other three points.
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Tank Level: 2.2mto 2.3m
Tank Volume: +32 m3

UNAN

8,346 m3/day
- from Managua l
(calculated)
472 m3/day 8,335 m3/day by gravity
from well .
451 m3/day by pumping

Figure5.4.20 Balance of Flow Rate at Unan Tank

According to the basic design report of Managua | Project, water of 8,346 m*/day is transmitted
from Santo Domingo Tank to Unan Tank by gravity. The result of the flow measurement
shows that the expected enough water is supplied to Unan Tank. For the confirmation the flow
measurement of inlet flow from Managua | System (Point No.1) was measured from 26 to 27
October 2004 and its result was 9,103 m*/day as shown in Figure 5.4.21.
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Figure54.21 Resultsof Flow Measurement at Point No.1
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545 Altamira

Flow rates were measured at 3 pointsin Altamira as shown in Figure 5.4.22 for 24 hours from 7
October to 8 October 2004. One of them, Point No.1, was aso measured from 30 September
to 1 October 2004. Measuring points No.1 and No.2 were measured by installing ultrasonic
flow meter (JICA flow meter) and another location, Point No.3, was estimated from pumping
amount checked by the JICA flow meter and pump operation hours.

Flow Control Valve

.

TQUE N* 2

LEGEND

Flow Measurement by
Existing Flow Meter

Flow Measurement by Flow

(not working) A
agdepozon’dpancasig _ A
800 MMS T
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NIVEL TOPOGRAFICO
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REBOSE 157.15 MSNM

@
O

Meter installed by the Study

16" HF 4 g
1
VALV GUAYABO
CERRADA
v

Pump No.4 and Pump No.5 areonly || sk
for emergency, no operation during  “
measurement

E=.=,@

VIENE DE

POZOS N° - § Pancasan

Flow Measurement Survey at Altamira

Figure5.4.22 Pointsof Flow Measurement at Altamira

The result of flow measurement of well
production which is measured at Point
No.3 is shown in Figure 5.4.23. The
well produced water of 72.7 m*hour
(1,745 m°/day).
reading of existing flow meter was
71.7 m%hour which was amost the
same as the flow measurement result.

Results of flow measurement of Points
No.1l (inlet from Managua | System)
and No.2
measured by JICA flow meter are
shown in Figures 5.4.24 and 5.4.25
respectively.
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Figure5.4.24 Results of Flow M easurement at Point No.1
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Figure5.4.25 Result of Flow Measurement at Point No.2

The results of 24-hour flow measurement from 7 October to 8 October are summarized as
shown in Figure 5.4.26. Ouitlet flow rate from Altamira Tank by gravity of 10,275 m*/day is
calculated from measured flow rates of three points. Water levels at 12:00 on 7th Oct. and
12:00 on 8th Oct. 2004 were same level of 3.85m.

-23-



18,955 m3/day
from Managua |

10,425 m3/day
by pumping
1,745 m3/day .
from Well No.5 Altamira )
=/
10,275 m3/day
by gravity

Figure5.4.26 Balance of Flow at Altamira Tank

According to the basic design report of Managua | Project, water of 22,898 m*/day is
transmitted from Santo Domingo Tank to Altamira Tank by gravity. The results of the flow
measurement were 13,241 m*/day from 30th September to 1st October and 18,955 m*/day from
7th to 8th October, which shows that enough water is not necessarily transmitted to Altamira
Tank from Managua |l System.

In addition, water more than half of transmitting water from Santo Domingo Tank by gravity is
pumping up to upper areain the direction of Santo Domingo Tank.
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5.4.6 San Cristobal

Flow rates were measured at 2 points in San Cristobal as shown in Figure 5.4.27 for 24 hours
from 4 October to 5 October 2004. One of them, Point No.1, was measured by installing
ultrasonic flow meter (J CA flow meter) and another location, Point No.2, was measured by the
existing flow meter.

LEGEND
Flow Measurement by
Existing Flow Meter
4

Flow Measurement by Flow
Meter installed by the Study

24" H.

Well No.3

aforo 332.280 gpd
Q ozo n® 3

[]

caseta operad
16" HF
24" H.F

Flow Measurement Survey at San Cristobal
Figure5.4.27 Points of Flow Measurement at San Cristobal

The existing flow meter which 2

measures the production amount of 100 @

Well No.1 was checked with JCA

flow meter. Astheresultsof 1hour ¢ ®[ T
measurement, reagdings of te & |
existing flow meter and JCA flow E

meter were 4559 m¥hour and 4490 ¥ L, ———————————————————
m*/hour  respectively. Figure 3

5.4.28 shows the result of flow = | ...
measurement by JCA flow meter.

Therefore, it is concluded that the 0 R ‘ — ‘
existing flow meter is accurate and g 8§28 883238 888889
can be used for the Study. -0 T T T T “'Tim: - T T T T

Result of flow measurement of Point Figure5.4.28 Record of Ultrasonic Flow Meter installed

No.1 measured by JCA flow meter at Point No.2
isshown in Figure 5.4.29.
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San Cristobal Tank has only one pipeline which is connected with the distribution network
system. Therefore, its pipeline has two functions as inlet pipe and outlet pipe. As shown in
Figure 54.29 at night time the reverse flow which means inlet to the tank occurred.
Difference between outlet (plus flow) and inlet (minus flow) is calculated at + 89.6 m®, which
means that the amount of outlet flow through this pipeline was more than that of inlet flow for
24-four measurement.  Considering the well water of 1,078 m*/day (44.9 m*hour X 24 hours;
inlet), inlet flow to the tank was more than outlet flow, but it can be said that inlet and outlet
flows are almost balanced. As the record of ENACAL water levels of the tank at 16:00 on 4
October and at 16:00 on 5 October 2004 were almost same.  About the water of 9,000 m® a day

flow out of
the tank

flow into
the tank

16:00
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Figure5.4.29 Resultsof Flow Measurement

goesin and out from San Cristobal Tank.
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547 Las Mercedes

Flow rate from the Las Mercedes Well Field which has 13 wells was measured at Chlorination
Injection Station as shown in Figure 5.4.30 for 24 hours from 23 September to 24 September
2004. Figure 5.4.31 shows the result of flow measurement.
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Figure5.4.30 Point of Flow Measurement at L as M ercedes
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Figure5.4.31 Result of Flow Measurement
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Actually the water flowed through the measurement point is produced from 12 wells, because
one well islocated at the downstream of the measurement point.  As the result water of 55,735
m>/day was supplied to Low Zone from 12 wells of Las Mercedes Well Field. According to
the statistic records of ENACAL, production amount of remaining one well, Well No.9, is
estimated at 2,387 m*/day. Therefore water of about 58,000 m*/day was supplied from Las
Mercedes Well Field. ENACAL recorded total flow rates on 23rd and 24th September 2004
from Las Mercedes Well Field as follows;

23rd September 2004: 53,071 m*/day (51,015 m*/day excluding Well No.9)

24th September 2004: 64,417 m*/day (62,030 m*/day excluding Well No.9)
Average flow excluding Well No.9 of these two days is 56,523 m*/day, which is almost same as
the results of flow measurement by the Study, 55,735 m®/day.

For the reference, production amount of Las Mercedes Well Field in 2004 based on the records
of ENACAL isshownin Figure 5.4.32.
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Figure5.4.32 Flow Ratefrom LasMercedesWell Field in 2004

Average flow rate from Las Mercedes Well Field in 2004 (until the end of August) is calculated
at 61,136 m*/day.
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548 Km 8 Carretera Masaya

In Km8 Carretera Masaya flow rates were measured at 5 points as shown in Figure 5.4.33 from
20 September to 22 September 2004. Results of flow measurement of Points No.1, No.2 and
No.3 measured by JICA flow meters are shown in Figures 5.4.34 and 5.4.35.
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Figure5.4.33 Pointsof Flow Measurement at Km8 Carretera Masaya
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Figure5.4.34 Results of Flow Measurement at Points No.1 and No.2
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Figure5.4.35 Result of Flow Measurement at Points No.3

Inlet flows to tanks were control by the inlet flow control valve and also outlet flow by gravity
was controlled. As shown in Figure 5.4.34 the inlet flows to tanks reflected opening of the
inlet flow control valve. Gravitated outlet flow from tank could not be measured during 50 %
opening of the outlet flow control valve because of turbulence flow. This outlet flow by
gravity can be, however, calculated from the balance between inlet flow and the outlet flow by
pumping and considering tank water levels at 13:00 on 20th and 21st September 2004, which is
estimated as below;
Inlet flow from Managual System  : 26,415 m*/day (total flow of PointsNo 1 & 2)
Tank Volume Fluctuation :-268m°
(Tank No.1: 3.40 mto 4.70 m, Tank No.2: 3.55 m to 1.40 m, from 13:00 on 20th
September to 13:00 on 21st September 2004)
Outlet Flow by Pumping : 16,275 m*/day
Pump No.1: no operation during measurement
Pump No.2: 11,654 m*/day (measured by the existing flow meter)
Pump No.3: 4,621 m*/day (measured by JICA flow meter)
Outlet Flow by Gravity : 10,408 m*/day.

On the other hand, the outlet flow control valve is a standard butterfly valve, so it can be
assumed that about 80 % of water flows even only at the 50 % opening. From such
assumption the outlet flow by gravity is calculated at 10,462 m*day. As the results the flow
balance at Km8 Carretera Masaya is summarized as Figure 5.4.36. According to the basic
design report of Managua | Project, water of 16,074 m*/day is transmitted from Santo Domingo
Tank by gravity. The results of flow measurement show that water more than the plan, 26,415
m>/day, is supplied to Km8 Carretera Masaya and distributed.  Almost half water of Managua |
System transmitted from Santo Domingo is consumed at Km8 Carretera Masaya. According
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to the inlet valve operation records, the daily opening percentage of inlet valve is amost 35 %
to 40 %. This means that water of 21,000 m*day to 26,000 m*day is transmitted from
Managua | System.

10,408 m3/day A

by gravity

26,415 m3/day
Km8 Carretera (49%)
Masaya — -
(- 268 m3) A
by pumping 54,000 m3/day
from Managuall

(100%)

16,275 m3/day

Figure 5.4.36 Flow Balance at Km8 Carretera Masaya
5.4.9 Santo Domingo

In Santo Domingo flow rate was measured at Point No.1 as shown in Figure 5.4.37 by JCA
flow meter from 21st September to 22nd September 2004.  As the result during measurement
period no water flowed through Point No.1. Flow measurement was carried out another day
from 5th October to 6th October 2004, but same result as no water flow was also obtained.
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Figure5.4.37 Point of Flow Measurement at Santo Domingo
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54.10 Schick

In Schick flow rate was measured at Point No.1 as shown in Figure 5.4.38 by JICA flow meter

from 11th October to 13th October 2004. Result of flow measurement at Points No.1 is shown
in Figures 5.4.39.

=}
= from Managua |
us
o |
< -
iz 5 e
= _ BRSO S YRR, AR - :
2= === i g~ ) i 5
= T  — m\l( T Q
v 1
.,-
eak
il x|
0 gi:
=2 5:’3
w o = ?
3% g8 !
= Epd =g &
-4 we =] s
o =31 w 2 =
Ow = Lol [=]
=2 0 Su ]
o s Eek o
= -3 228 a
b MR- ESN
58 o238
S% F=zg
o Dluw
k8 £ [
=
':l
=
g
LEGEND g
-]
=
Flow Measurement by Z
Existing Flow Meter 5
Flow Measurement by Flow
Meter installed by the Study
Flow Measurement Survey at Schick

Figure5.4.38 Pointsof Flow Measurement at Schick
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Figure5.4.39 Result of Flow Measurement at Point No.1

Schick Tank received water of 4,800 m*/day from Santo Domingo Tank by gravity. According to
the basic design report of Managua | Project, water of 14,315 m*/day is transmitted from Santo
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Domingo Tank by gravity. The result of the flow measurement shows that the expected
enough water is not supplied to Schick Tank, which isonly 34 % of planning flow rate.

At Point No.2 the existing flow meter was checked with the JICA flow meter as shown in
Figure 5.4.40 and the result was that the readings of JICA flow meter and the existing flow
meter are nearly the same.  Therefore well at Schick Tank produces water of about 800 m*/day.

Data No.

Schick Point No.2 Schick - Point N0.2 [04/10/11 10:50  04/10/11 11:20]
Max.

2004/10/11 10:50:00 =

33.6_CU M/HR 40 ﬁg
Min. =
2004710711 11:05.00

32.7 CU M/HR
Average.

331 CUM/HR ol ]

Total (for 30 minutes)
165 CUM

Pipe data [inch]

Pipe OD 45116
Pipe Material Cast Iron
Wall Thickness 0.2558
Liner Material None
Liner Thickness 0

.l NN S

Flow Rate (m3/hour)

Existing Meter Reading 10

10:50 10932.92

11:20 10949.55

total 16.63
=16.63><2

=33.26/Hr 0

10:50

10:55 |
11:00 |
11:05 |
11:10
11:15
11:20

Comparison

Existing 33.26 .

JICA 33.00 Time
99.22%

Figure5.4.40 Result of Flow Measurement at Point No.2
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5411 Managual

In Managua | flow rate was measured at the outlet flow from the transmission pumping station
as shown in Figure 5.4.41 for 24 hours from 16:00 on 16 September to 16:00 on 17 September
2004. At that time three transmission pumps, Pump No.1, No.2 and No.3, were being operated.
Results of flow measurement by JICA flow meter is shown in Figure 5.4.42.

From Storage Tanks

; a_,
) H k| 1
=

To Santo DPMingo Reservoir
_J---205AT0 W

L

Flow Measurement by Flow
Meter installed by the Study

Flow Measurement Survey at Pumping Station of Managua |
Figure5.4.41 Pointsof Flow Measurement at Managua |

B

Flow Rate (m3/hour)
=

8

Time

Figure5.4.42 Resultsof Flow Measurement

As the results, water of 56,400 m*/day was pumped to Santo Domingo Tank from Managua |
Transmission Pumping Station. Design capacity of the station is, however, 71,000 m*/day.
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According to ENACAL Statistic Data during the same period water of 54,864 m*/day was
produced from Managua | Well Field as shown in Table 5.4.7. Figure 5.4.43 shows the
production record of Managua | Well Field for one year from September 2003 to August 2004.
Average production is calculated at 50,111 m*/day.

Table5.4.7 Production of Managua | Wells

East Wells West Wells
No Capacity | Operation | Production No Capacity | Operation | Production
" | (m3/min) (hours) (m3/day) " | (m3/min) (hours) (m3/day)

E1l 3.8 24.0 5,472 W1 2.4 24.0 3,456
E2 3.7 24.0 5,328 W2 2.7 24.0 3,888
E3 3.1 24.0 4,464 W3 3.0 24.0 4,320
E4 2.0 0.0 0 w4 21 24.0 3,024
E5 3.1 24.0 4,464 W5 3.6 24.0 5,184
E6 2.7 0.0 0 W6 2.8 24.0 4,032
E7 2.7 24.0 3,888 W7 2.7 24.0 3,888
W8 24 24.0 3,456
Total of East Well | 23616 Total of West Well 31,248
Total Production of Managua | for 24 hours from 16:00 on 16 Sept 2004 54,864

source: Daily Resords of Managual Well Pumps, ENACAL

70,000

60,000 I

e ™
AO:OOO VA,WLVJ \HW\/_/ }_\[ U r VW

30,000

Production of Wells (m3/day)

20,000

10,000

Data Source: ENACAL

2003/9/1
2003/9/15
2003/9/29
2003/10/13
2003/10/27
2003/11/10 |
2003/11/24
2003/12/8
2003/12/22 |

2004/1/5 |
2004/1/19

2004/2/2 |
2004/2/16

2004/3/1 |
2004/3/15
2004/3/29
2004/4/12 |
2004/4/26
2004/5/10
2004/5/24 |

2004/6/7 |
2004/6/21

2004/7/5 |
2004/7/19

2004/8/2
2004/8/16

Figure5.4.43 Production of Managua | Wellsin 2003/2004
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54.12 Managuall

In Managua Il flow rate was measured at the outlet flow from the transmission pumping station
asshown in Figure 5.4.44 for 48 hours from 8:00 on 21st October to 8:00 on 23rd October 2004.
This measurement was done by reading the existing flow meter every hour.

LEGEND

Flow Measurement by Existing Flow
Meter installed by Managua Il Project

From Storage Tanks

Fi ]

$800 VENTURY TYPE ‘r J l!lIL.i"ﬂ'
FLOW METER e

i

$BO0

RUBBER

JOINT
To Las Americas Tank /

SRRt

{ T bR = ==
2 - \ I e e —— "".:._'_i'_
— =3
zuu;\ 1000 1
i
$ 800 HANDAL L
SLUICE VALVE

2500W % 3 |
Flow Measurement Survey at Transmission Pumping Station of Managua

Figure5.4.44 Point of Flow Measurement at Managua l |

The result of the measurement is shown in Figure 5.4.45. As the result of flow measurement
the transmission flow from the pumping station of Managua Il to Las Americas Tank is 44,783
m°/day on average during 2 days measurement. Capacity of transmission pumping station of
Managua Il is 39 m*min (56,160 m*day) by 3 pumps. At this time, therefore, the pumping
station was not operating full.

3,000

2,500 |

Flow Rate (m3/hour)
P N
g 8

g

4:00
6:00 -
8:00

g g 88 88 388 88 8 8 8 38 38 388 3 8 8
® § § 5§88 3 § 88 ¢ & 65§ 588 g 4§ s«

Time

Figure5.4.45 Result of Flow Measurement
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Figure 5.4.46 shows the records of transmission flow in the last one year from August 2003 to
July 2004.
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Figure5.4.46 Transmission Flow in the Last Year

Average transmission flow in the last one year from the pumping station is calculated at 44,514
m*/day. According to the pump operation records an average number of transmission pump
operation a day was about 2.3. In addition Figure 5.4.47 shows the production records of
wellsfor reference.
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Figure5.4.47 Total Production of Wells

According to the records of ENACAL from August 2003 to July 2004, it is concluded as
follows;
Averagetransmission amount  : 44,783 m*/day (designed as 56,160 m*/day)

Average production of wells : 44,726 m®/day (designed as 56,160 m*/day)
Average number of well operation: 11.82 wells aday (total 16 wells)
Production amount per well : 2.63 m*/min/well (designed as 2.6 m*/min/well)
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5413 LasAmericas

In Las Americas flow rate was measured at the inlet flow from the transmission pumping station
of Managua Il System as shown in Figure 5.4.48 for 24 hours from 13:00 on 21st October to
13:00 on 22nd October 2004. The result of the measurement is shown in Figure 5.4.49.

INOTA :

1 EL POZO TIENE 2 ACOMETIDAS DE 2"

TUNA PARA ASENTM MILAGRO DE DIOS

: ¥ LA OTRA PARA ASENTM VISTAS DEL XOLOTLAN

*#4 #5 *

TQUE N° 3 TQUE N® 4

TQUE N" 2
Cap. 2.5 M. GLS
NIVEL FONDO151.23 MSNM

CAP 2.5 MG clu

Ty |

Pozo EBOSE 1567.38MSNM
AFOROD
290 G.P.M
417,600 GLS/D 8 -— —
#10
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casa de clorac
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Flow Measurement by Flow
Meter installed by the Study

Flow Measurement Survey at Las Americas

Figure5.4.48 Point of Flow Measurement at LasAmericas
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Figure5.4.49 Result of Flow Measurement
As the result water of 43,892 m3/day was flowed into Las Americas Tanks. At the same time

water of 44,600 m*day was transmitted from Managua |l Pumping Station. Figure 5.4.49
shows the difference of flow rate level according to the number of transmission pump operated
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at Managua Il Pumping Station.

Comparison between flow rates of inlet to Las Americas Tanks and outlet from Managua Il
Pumping Station is shown in Figure 5.4.50. Patterns of both flow rate show the same

tendency.

3,000
2,500 |
2000 4

1,500

1,000 f
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------- Outlet from Managuall
Transmission Pumping Station

S0 prmm Inlet to Las Americas Tank by
Managua Il Pipeline

gg8888888888888888883588¢858

© M~ 0O O

Figure 5.4.50 Flow Comparison between Outlet from Managua Il Pumping Sation and
Inlet to LasAmericas Tank
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5414 Km9.2Carretera Sur

In Km9.2 Carretera Sur flow rates were measured at two points first as shown in Figure 5.4.51
for 24 hours from 15:00 on 4th November to 12th November 2004.

Flow Measurement by Flow
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| | -
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Flow Measurement Survey at Km9.2 Carretera Sur
Figure5.4.51 Point of Flow Measurement at Km 9.2 Carretera Sur

The existing flow meter which
measures the production amount of &
Well was checked with JCA flow
meter. As the results of 40 minutes
measurement, readings of the existing
flow meter and JICA flow meter were
39.8 m® and 41.0 m® respectively.
Figure 5.4.52 shows the result of
flow measurement by JCA flow
meter. Therefore, it is concluded
that the existing flow meter is
accurate and can be used for flow 0
measurement.

BO |- mmmmmm e e e

L T

Flow Rate (m3/h)

14:00
14:10
14:20
14:30
14:40
14:50
15:00

Result of flow measurement of Point Time

No.1 measured by JCA flow meter is  Figure5.4.52 Record of JICA Flow Meter installed
shown in Figure 5.4.53. at Point No.2
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Figure5.4.53 Resultsof Flow Measurement

Next the flow rate at Point No.3 was measured by reading the existing flow meter, and its results

are asfollows;
at 15:00 on 5th Nov. 2004 : 6218715
at 15:00 on 12th Nov.2004 : 6239321

The flow rate at Point No.3 was 20,606 m® for 7 days and 2,944 m*/day on average. For
reference, based on ENACAL Statistic Data the flow rates from Km9.2 Carretera Sur Pumping
Station in 2004 are shown in Figure 5.4.54.
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Figure5.4.54 Recordsof Flow Ratesfrom Km 9.2 Carretera Sur in 2004
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5415 Km 14.5 Carretera Masaya

In Km14.5 Carretera Masaya Pumping Station flow rates were measured at two points as shown
in Figure 5.4.55 for 24 hours from 12:00 am on 28th October 2004.
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Flow Measurement by
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Flow Measurement Survey at Km14.5 Carretera Masaya
Figure5.4.55 Point of Flow Measurement at Km14.5 Carretera Masaya

Pum? No.4
o
L
Pump No.3
(out of service)

Flow rate at Point No.1 was measured by the JICA flow meter and flow rate at Point No.2 was
measured by the existing flow meter. Since during the measurement only Pump No.4 was
operated and other three pumps were out of service, the flow rate through Point No.2 is equal to
total outlet from Km14.5 Carretera Masaya Pumping Station. The flow rate at Point No.1
means the flow rate in the direction to Km18.5 Carretera Masaya Pumping Station.  The results
of measurement at two measuring points are shown in Figure 5.4.56 and summarizes below;

Total Flow from Km14.5 Carretera Masaya : 7,887 m*/day
Flow Ratein the direction to Km18.5 CarreteraMasaya : 6,291 m*/day

About 80% of pumped water from Km14.5 Carretera Masaya Pumping Station is distributed
and transmitted in the direction to Km18.5 Carretera Masaya Pumping Station.
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Figure5.4.56 Resultsof Flow Measurement

Based on ENACAL Statistic Data, the average total flow rate from Km14.5 Carretera Masayain
2004 (up to October) is calculated at 7,287 m*/day, and average flow rate in 2004 pumped from
Km18.5 Carretera Masayais 4,1,47 m*/day. This means that about 60% of water pumped from
Kml4.5 Carretera Masaya is transmitted up to Km18.5 Carretera Masaya. Figure 5.4.57
shows the records of daily flow rates pumped from Km14.5 and Km18.5 Carretera Masaya

Pumping Stations.
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5416 Km 18.5 Carretera Masaya

In Km18.5 Carretera Masaya Pumping Station flow rate was measured at the outlet flow from
the transmission pumps as shown in Figure 5.4.58 for 24 hours from 15:00 on 12 October to

15:00 on 13 October 2004.
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Figure5.4.58 Point of Flow Measurement at Km18.5 Carretera Masaya

Result of flow measurement is shown in Figure 5.4.59 and during the 24-hour flow
measurement two transmission pumps, Pump No.1 and No.2, were alternately operated. Total
flow rate transmitted from Km18.5 Carretera Masaya Pumping Station to the southeast along
Carretera Masaya was 4,622 m*/day.

Thereis an existing flow meter at almost same location as the location at where the JICA flow

meter was installed. The comparison between the readings of the existing flow meter and
JICA flow meter isas Table 5.4.8. It can be said that the existing flow meter is accurate.

Table5.4.8 Comparison between JICA and Existing Flow Meters

at 14:45 on 12-Oct at 15:20 on 13-Oct
JICA Flow Meter 215.7 m/h 207.3m’h
Existing Flow Meter 217.8 mh 207.6 m°/h




No.1

No.1 Pump

o
=
E€T/0T ~
o
Z
o
S
T
—
o
z
Z1/0T
[ L L
o o (@]
o Lo Lo
™ N N — —

(anoy/cw) o1y MO

00:9T
00T
00:€T
00-cT
00-TT
00:0T
00:6
008
00:L
009
00:9
00
0o:€
00:¢
00T
00:0
00:€¢
00:¢¢
00:T¢
00:0¢
00:6T
00-8T
00:LT
00-9T
00:sT

Time

Figure5.4.59 Result of Flow Measurement
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5417 Km 16 Carretera Sur

For the flow measurement of Km16 Carretera Sur, the existing flow meter located at outlet pipe
from Km17 Carretera Sur Well to Km16 Carretera Sur Tank as shown in Figure 5.4.60 was read
every day from 30th October to 2nd November 2004. The result of the readings is summarized
as shown in Figure 5.4.61.
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Figure5.4.60 Point of Flow Measurement at Km 16 Carretera Sur
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Figure5.4.61 Result of Meter Readings

As the result inlet flow to Km16 Carretera Sur Tank is calculated at 1,826 m3/day, which can be
assumed to be the same flow as outlet from the tank.
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54.18 Altosde Santo Domingo

In Altos de Santo Domingo the existing flow meter located at inlet pipe to the tank as shown in
Figure 5.4.62 for measuring production amount of well was read every hour from 1:00 am on
1st November to 8:00 am on 4th November 2004. The result of the readings is summarized as
shown in Figure 5.4.63.
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Figure5.4.62 Point of Flow Measurement at Altos de Santo Domingo
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Figure5.4.63 Result of Meter Readings

As the result flow rate from Altos de Santo Domingo was estimated at 2,321 m*/day. Well at
Altos de Santo Domingo has a production capacity of 2,300 m*/day (422 gpm). Figure 5.4.64
shows production records of Altos de Santo Domingo Well in 2004 for reference. Average

-47 -



daily production amount is calculated at 2,280 m*/day.
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Figure5.4.64 ENACAL Record of Altos de Santo Domingo Well Production in 2004
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5419 Olof PalmeWsdll

Production of Olof Palme Well located in Zona Baja Centro was measured at outlet pipe as
shown in Figure 5.4.65 for 24 hours from 10:00 am on 22nd November 2004. The result of
the measurement is shown in Figure 5.4.66 with results of water pressures.

Olof Palme Well

@ AirVvave

Existing Flow Meter

_|

=<

LEGEND

Flow Measurement by Flow
Meter installed by the Study

Flow Measurement Survey at Olof Palme Well (Zona B&ja)
Figure5.4.65 Point of Flow Measurement at Olof Palme Well
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Figure5.4.66 Result of Flow Measurement

As shown in Figure 5.4.66 flow rate decreases if water pressure rises. Flow rate is fluctuated
according to the water pressure, because water pumped up from well is directly flowed into
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distribution pipeline.  This means that the actual production amount of the well is depended on
the water pressure in the network.

As the result flow rate from Olof Pame Well to the network system in Zona Baja was 4,520
m*/day. Olof Palme Well has a production capacity of 4,317 m®day (792 gpm). Figure
5.4.67 shows production records of Olof Pame Well in 2004. Daily average production
amount is calculated at 4,275 m3/day, which is amost the same amount as the production

capacity.
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Figure5.4.67 ENACAL Record of Olof PalmeWell Production in 2004
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5420 RafaedlaHerreraWdl

Production of Rafaela Herrera Well located in Zona Bagja Oeste was measured twice at outlet
pipe as shown in Figure 5.4.68. The results of the measurement from 12:00 am on 11th
November 2004 and from 10:00 am on 15th November 2004 are shown in Figure 5.4.69 and
Figure 5.4.70 respectively.

Rafaela Herrera Well
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Figure5.4.68 Point of Flow Measurement at Rafaela Herrera Well
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Figure5.4.69 Result of Flow Measurement on 11th — 12th November 2004
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Figure5.4.70 Result of Flow Measurement on 15th — 16th November 2004

Figure 5.4.70 also shows the results of water pressures. As shown in Figure 5.4.70 flow rate
decreases if water pressure rises. Flow rate is fluctuated according to the water pressure,
because water pumped up from well is directly flowed into distribution pipeline.  This means
that the actual production amount of the well is depended on the water pressure in the network.

As the results flow rates from Rafaela Herrera Well to the network system in Zona Baja were
5,207 m*/day for first measurement and 5,265 m*/day for second measurement. Rafaela
Herrera Well has a production capacity of 6,780 m*/day (1,244 gpm). Since well pump was
stopped for five hours during the both measurement, average production amount per operation
hour are calculated at 274 m¥hour and 277 m*hour, which is amost the same amount as the
production capacity of 283 m*hour. Figure 5.4.71 shows production records of Rafagla
HerreraWell in 2004 for reference.
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Figure5.4.71 ENACAL Record of Rafaela Herrera Well Production in 2004
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