MEERS. 2

PROGRAM OF OPERATIVE IMPROVEMENT AND OF REHABILITATION

OF DRINKING WATER AND SANITARY SEWAGE SYSTEMS

PRELIMINARY REPORT

1.0 BORROWER AND EXECUTOR, PRIORITY ASSIGNED TO PROGRM

The Bofrower shall be the Government of the Répﬁb]ic of Nicaragua, in its
name ant representation, the Ministry of ...,;' ......... ... subscribes the
Loan Contract herein.

For its part, the Executing Organization shall be the Nicaraguan Insitituté
of Aqueduct and Sewage System (INAA) to which, in conformity wifh'the
Executive Decree No. 123 of Ocober 23, 1979, it assigns planification,
execution, control of the munincipal and local drinking and sanitary Sewage
systems, having as principal objectives: io plan; to projéct, to operate,

"to maintain and to administer the agueduct and sewage of the whole country.

As results of such objectives, INAA grants the first priority to the

execution of the programs, therefore, it shall fulfill in a partial way its

institutiongl responsibilities in the procéss of national deveiopment,

specifically, referring to:

.--- Identification of the immediate necessilies of repair of infrastructure,
which make possible the formulation of the projects of minor importance

and immediate execution, which contribute to the generation of
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employment in search of ligtening, in part, the existing serious
unemployment.

... Execution of the actions destined to the reconstruction of the
infrastructur e of basic services, to give support to the establishment
of investments destined to assist in the urban area, the initiatives of
small production of the goods and services and in the rural area, those

of small production, industrialization and commerce.

2.0 PROGRAM AND ITS OBJECTIVES

2.1 DBJECTIVES OF PROGRAM

The Program of Operative Improvement and of Rehabilitation has as general

objectives:

1. Improvement of the quality of the drinking water and sanitary'sewage
services, as the case may be, existing in 50 di#tricts of the country,
among them inclusive capital Managua.

2. To improve the institutional responding capacity for the qperationa]
proablems of the systems, included the actions of preventive charaétér;
as well as those of corrective iype, in all the components of the said
systems. .

In order to secure such objectives, the specific courses of aﬁtion to be

secured are proposed in the Progrm as follows:
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1.1

Referring to the improvemnt of the quality of the services rendered in

50 districts:

Drinking water

- To optimize the use of the installed production capacity, by means of

the rehabilitation of exsisting catchment works, such as the

. rehabilitation of pumping equipment or their substitution in the

cases of obsolescence.

Te improve the water delivery capacity to the system by means of the
}ehabilitation, if required, of the installed transmission facilities.
To improve the conirol of the water production and consumption by

means of the reestablishmenti and/er intorduction of macro and micro

* measurement,

To contribute -to the reduction of the water leakage and loss index by

means of the rehabilitation, in cases reguired, of the distribution

networks, storing works and house connecticns.
Improvement of the supplied water quality, by means of the
rehabiiitation and/or substitution and/or introduction, as the case

may he, of the chlorination ireatment plants and stations.

1.2 Sanitary seuwage

- To improve the installed collecting capacity by means of the

rehabititation, if required, of piping id recol lecting networks, of
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manholes d of house connections.

. Improvement of the existiﬁg transmission facilities by means of the
substitution of the pumping equipment which, in totality, are obsolete
and likewise, with the actions of réhabilitation, as the case may be,
of the installed pressure lines.

- To rehabilitate, when corresponds, the existing sedimentaion basins
and to reconstruct, if necessary.. the civil works connected to the

treatment facilities.

2. Referring to the improvement of the institutional responding capacity fo
the operational problems of the systems, and the persective of the
strengthening of the Regional Delegations:

2.1 Area of Logisiic support

- To improve Vehiéles Central Shop, by means of the rg—equipmenf in
general of the stock, included fitting out of the physical space to
oCCupy.

- To improve the Communicatin System, by means of the estblishment of a
radio-communications network, wﬁich'ﬁermits the fluent and quick
communication amog the Central Level, Regional Delegations and the
Groups of Workers in site.

- To reinforce the existing Transport Sys;em, by means of the

acquisilion of the personnel transporting units and the units with
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special accessories, in order to support the actions of preventive

and corrective character required.

2.2 Technical Area

- To reinforce Electricmecahnical, Chlorinator and Valve Central Shop,
by meaﬁs of the acquisition of the eguipment in general, spare parts
.and accessories. Likewise, fo establish Regional Electricmechanical
Shops which contribute to diminish ihe working load in the Central
Shop and to the direct participation in a large scale of the Regional
Delegations.

- To reinforce Gage Central Shoﬁ, by means of the écquisition of the
eqﬁiﬁment in general, spare parts and accessories. Likewise, to
establish Regional Gage Shops which contribute to diminish the working
foad in the Central Shop and to the direct participation.in a large
scale of the Regional Delegations. |

- To reinforce Maintenance Unit of Wells of Central Level, by means of
the acquisition of the equipment in generai, materials and

 accessories.

- To reinforce Maintenance Unit of Sanitary Sewage Networks in 16 cities,
inciuded capitai Nénagua,'by means of thé’acquisition of the equipment
in general,

- To reinforce Nater Quality Central Laboratory, by means of the

acquisition of the laboratory equipment in general, materials and
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accessories. Likewise, to cdmpleie the exiéting secondary laboratory
equipment in 9 sites, which contrfhute contribute.to diminish the
working load in the Central Lahéaratory Shop and to the direct
control in the site of the produced water quality. ’
The above actions benefit the estimated population of 1,836,000 in total,
the whole habiténts in the sites, object of the program, and an

approximately 1,010,000 people in capiital Menagau are found among them.

2.2 TECHNICAL DESCRIPTION OF PROGRAM

Being the distinct nature and objectives of the different actions to he

realized in the Program, it has been subdivided inlﬁ sub-programs as follows:

3

Sub-program of Rehabilftation of Drinking Water Systems in 49 sifes.

Sub-program of Rehabilitation of Drinking Hater'System in Managua City..

Sub-program of Rehabilitation of Sanitary Sewage Systems in 10 sites.

]

- Sub-program of Rehabilitation of Sanitary Sewage System in Managua City.

Sub-program of Operational. Improvement.

Sub-program of Pumping Equipment Maintenance.
Annex No.d shows the diagrams of activities for the Sub-programs of Drinking
Waler and Sanitary Sewage Rehabilitaiipn, which indicate the shﬁciufing

form of the Progrm in grapi.
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The general objective is to improve the guality of the drinking water supply
service in 409 sites of the country, which relv on the svstems administered
by INAA. For that purpose, the following actions have been considered to

realize:

i.l For the Improvemeni of Production

- Cleaning and deﬁelopment of 88 wells, out of which 15 are construced but
not equipped with and 73 are in operation actually.

- Installation of a total of new 128 new pumping equipment, of which 15
equipment ﬁi}l be installed in the wells consiructed but uneguipped and
1137f0r substituting the equipment under obsolete condition. Likewise, a
total of 3D equipment will be rehabilitaied which are in bad condition or
in precarious functioning conditions.

- Construction of a totai of 13 sartas:(sets of equipment) for the-éame
number of buﬁping equipment to be installed in the wells constructed
without equipmeni, and rehabilitation of 147 sartas in bad condition.

- Introduction of the macro-measdurement in a total of 163 pumping
equiqmentf, of which 15 correspond i{o the new eguipment in the wells to
be incorporated, and 148 to the equipment in operation, but with

defective macro-gages. Iinstallation of 35 level gages in storing tanks.

- Construction of 15 pumping houses in the weils to be incorporated;

rehabilitation of 76 pumping houses In the wells in exploitation and
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construciion of 60 houses for operators.

1.2 For the Iwprovement of Transmission

- Rehabilitatin of 3 km of conduction lines and installation of 4.5 km of

conduction line for the wells to be incorporated.

1.3 For the Improvement of Treatment

Rehabilitation of 2 Treatment Plants.

Installation of a total of 54 new chlorination equipment, of which 15

correspond to the wells to be incorporated and 39 for substituting the

obsolete equipment. Rehabilitation of 58 chlorination egquipment.

Rehabilitation of laboratories in 9 sites and execution of the

chlorination control in the sites with the supplied water itreatment.

Construction of 49 houses for chiorinators.

1.4 For the Improvement of Distribution

- Survey of networks in 8 sites and rehabilitation of 27 km of piping in
distribution metworks.
- Check of users in 8 sites; installation.of 29,932 micro-gages. of which 18,
453 will be installed in direct connections and 2,472 will be used for
replacing bad gages; . general rehabilitation of 2.472 connections,

- Rehabilitation of 3 storing tanks,
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2 0 SUB- PROGRAH g REHnBlLITﬁTION oF DRIQKING WATER OF MANAGUA

{ts general ob;ect1ve is to improve the quality of the drinking water supply
service of Mangua City.' For that purpese, the following actions have been

projected:

2.1 For the Improvement of Production :

- Cleaning and development of 81 wells, of which 8 are constructed but
not equippeﬁ with, and 73 are actually in operation. |

- Installation of a total of 103 pumping equipment, of which 8 will be
installed in the wells construced but not equipped with, 62 will be
use io replace the obsolete equipment in the wells in exploiiation
and 33 will replace the obsolete equipment in relief stations.
Likewise, a total of 66 pumping equipment will be rehabilitated, of
which.ll'are'fhe equipment installed in the wells in exploitation and
50 in rellef stations. |

-'Construct1on of 8 sartas in the wells constructed without being
incorporated and rehabilitation of 118 sartas which are found in bad
condition.

- Installation of a total of 109 new macré—gages, of which § correspond
to the_new equipment in ithe wells to be incorporated and 101 for the
equipment in operation with bad macro-gages. Installation of'40
level gages in storing tanks.

- Consiruction of 8 pumping houses in the wells construcied to be
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incorporated; rehabilitation of 93 pumping houses in the wells in

exploitaion and construction of 90 houses for operators.

2.2 For the Improvement of Transmission

- Installation of 0.2 km of piping, for conduction lines from the wells

to be incorporated to the distribution networks.

2.3 For the !mprovement of Treatment

- Installation a total of 64 new chlorination equipment, of which 8
correspond to the wells construéted io be inocorporated. |

- Execution of chlorination conirol.

- Construction of 90 houses for chlorinators, of which 8'cofre$ponﬁ to
the equipﬁent to be installed in the wells consiructed to be

inocorporated and 82 to the wells in actually exploitation.

2.4 For the Improvement of Distribution

- Survey of 1.200 km of piping and rehabilitation of 177.3 km of piping
in distirbution networks,

- Check of 96,392 vsers; installation of 34,980 micré-gages in direct
connections and rehabilitation of 8.986Imicro—gages'installed in bad:
condilion; rehabilitation in general of 8,986 house connections.

- Rehabilitation of 49 storing tanks.
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3.0 SUBfPROGRﬁH OF REHAHABILITATION OF SANITARY SEWAGE SYSTEM IN 10 SITES

1ts general objective is to improve the quality of the sanitary sewage
system in IQ sites of the country, which rely on the systems administered
by INAA. For that purpose, the following actions have been considered to
realize:

3.1 For the Improvement of Collection

- Improvement of Recollecting Networks by means of the rehabilitation of

53.6 km of piping and of 706 manholes.

3.2 For the Improvement of Trnsmission

- Substitution of 14 pumping equipment,

3.3 For the Improveﬁent of Treatment:
- Rehabilitation of 14 sedimentation basins.
- Rehabilitation of civil works connécted to the treatment in G basin
sites.”

- Equipment of the personnel of maintenance of sedimentation basins.

4.0 SUB-PROGRAN OF REH#HABILITATION OF SANITARY SEWAGE SYSTEM OF MANAGUA

[ts general objective is to improve the quality of the sanitary sewage
system of Managua City. For that purpose, the following actions have heen
considered to imporve Recollecion:

- Improvement of the networks by means of the rehabilitation of 32.6 km
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of piping, of 560 manboles of Recollection and of 1,000 house

connections,

- Evaluation of Recollection System, by wieans of the survey of the

networks, the introduction of a measurement program and the check of

57,000 users.

5.0 SUB-PROGRAMS OF OPERATIONAL IMPROVEDMENT

[ts general objective is the institutional reinforcment in its responding
capacity to the operational problems of ithe systems, in the actions of
control and of preventive character, aé well as, in those of corrective
iype. For that purpose, the fﬁllowing aciions have been considered io

realize:

Reinforcement of the physical space and of the equipment of Gage

Central Shop; establishment of 5 Gage Regional Shops.
- Reinforcement of the physical space and of the equipment of

Electricmecahnical, Chlorinator and Valve Shop; establishment of 5

Regional Shops.

- Reinforcement of the physical Space and of the equipment of Auto-

Vehicles Central Shop.

- Reinforcement of Water Quality Central Laboratory wilh the equipment,

materials and accessories.

- Reinforcement of Transport System by means of the acquisition of
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vehicles of all types, _

- Improvement of Communications System by means of the radio-
communication ewuipment.

- Reinforcement of Maintenance Unit of the Wells of Ceniral Level., hy
means of the acquisition of the equipmeni in general, materials and
accessories.

- Reinforcement of Maintenance Unit of Sanitary Sewage System Xetworks

at Central Level and of 15 sites at Regional Level.

6.0 SUB-PROGRAM OF MAINTENANCE OF PUMPING EAUIPMENT

Its general objective is the improvement of the exploitation capacity of
| existing sources, For that ﬁurpose, the following actions have bheen
considered.

o In 49 sites; To supply the resources in general to Electircmechanical

 Maintenance Units, to achieve Preventive Maintenace Programs in 330
pumping equipment and Correciive Maintenace Programs in 137.

- Irn Managua.City; To supply the resources in generél to

Electircmechanical Haintenance Ynits, to achieve Preventive Mainienace

Programs in 177 pumping équipment and Corrective Yaintenace Programs

in 62.

dnnex No. ] shows the targets of Program, breakdowned per su-program and per

site.
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3.0 DIRECT COSTS OF PROGRAM

Direct costs of the Program amount to the sum of US$61,939,520 of which
approximately 61% correspond to the direct expenditure of foreign exchangé
to import the pgoods required for the exécutiqn of the Program. For
esimating the cost of iﬁported goods, the existing record was used op
acquiring materials and eguipmenti abroad, elaborated, in mosti paris,
through Credit Line subsribed between Government and Government in Some
cases, or indicated by Suppliers to the Government. Table No. 3.1 shows the

breakdown of Direct Costs,
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IHPROVEMENT AND REHABILITATION PROGRAM FOR CAPITAL CITY MANAGUA

CHAPTER V
THE PROGRAM, 1TS COST ARD FINANCING

OBJECTIVES AND TARGETS OF THE PROGRAM

The operative improvement and rehabilitation program has, as its general

objective, the improvement of the following aspects:

Supply of drinking water.

Hatef treatméﬁt and quality.
Pressure_cdntrol in water system,
Water leakage and losé control.

Maintenance of equipment, motors, networks and installations in general as

well as its rehabilitation. .

Water product{on and consumption control.

Flow and obstacles control of sanitary sewage piping and overflow control of
dirty water-fhrqugh manholes.

final disposal confrol of dirty water.

0peratioﬁ and maintenance activities of the systems thfough rational and
specific training of the personnel.

Operalional supervision and contirol in general at the whole levels (local,

regional and central).

Control and/or implemeniation of areas: commercial, administrative {(stores,
-
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wrehouses and transport, etc.) and other objects of the institution.

- Improvement of communication means and

5.1 Missing

The program contains eleven (11) sub»programs:{Ihprovement of production,
.Operational impfovement, Improvement of water quality and its comtrol,
Improvement of :physical installatiops, Improvenent of sanitary sewage'system,
"Reinforcement of electricmechaniéal-shops‘of chlorinators and of valves,
Reinforcement of :gages central shop, Improvemént of computer sysiem,
[mprovement of gommunications system, Improvement of fgﬂicles central shop.
Physical targets of each sub-program are detailed per activity in tables No. 5.1;
B and No. 5.1.C referring to Managua City in view of its imporfance.

Quantity, type, and/or mode, capacity, etc. of the equipment and other
necessities have been determined in terms on what INAA'considers, applying
national standards and/or specifications, generaily adapted and/or admitted in
drinking water and sanitary sewage systems in other countries; in accordance
with the diagnosis of Managua City, utilizing the information;of official
emplyees and of technical persomnel in chdrge of operatton and maintenance of

the systems at local, reeional and central ievels

5.2 TECHNICAL DESCRIPTION OF PROGRAM:

We indicate in the following the detalils in conformity with the said

sub-programs in which the problems in Managua City are mentioned,
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5.2.1

IMPROVEMNT OF PRODUCTION:

Basic objectives are.té improve the quantity and the continuity of water
to be supplied to Managua City.

There is a deficiént supply because of the faulis of the equipment in
bad fuctioning conditions by notabie deficiencies in mainﬁenance and
there are deep‘weils without eguipment by economical rasons and by the
failure';f maintenance of the actual wells in operation. This sub-

program contains the activities under centioned:

© 5.2.1.1 REHABILITATION OF PUMPING EQUIPHENT «

‘ps the essential activity, the rehabilitation of pumping equipment has

been considered, in consideration of the actual physical situation and

performance and-more favorable economical conditions in repairing

" instead of purcahsing a new eauipment.

Technical characteristics of the equipment installed in the Suppply
System of Managua differ between 100 to 5,500 g.p.m. driven by electirc
motors of up to 500 H.P. and installed in piping of 4" to 32" diameter.
The mést of the said equipemnt are of 460 volts and are energized by
transformer sfations of up to 3 x 1,500 kva. -

Elements, spare paris and accgssorié§ required for this activiiy consist
of pillar piping, steel shafts, electric panels and accessories,

transformer banks, electric cables, bearings for repairing turbine pumps
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of vertical shaft, centrifugal pumps of horizontal shaft, submersible
turbine pumps, various electric motors, etc.

This activity is carried out in INAA s proper shops and in private shops
in Managua, according to the conditions where the equipment is found,
utilizing the resources, provided that these shobs meet the requisites,
specifications and standards established by the Institution.

In Table 5-2, the private electromechanical shops are indicated with
which INAA is generally related. It is observed that the socio-
economical recoﬁery to which the country is confronting, will permit
ihe said shops to activate human resources and materials possitiﬁeiy and

create others in accordance with the working volume of the said sector.

5.2.1.2 SUBSTITUTION OF PUMPING EQUIPMENT:

Actually more than T0% of thé‘pﬁmping equipment which covef.the drinking
water supply system for Managua have the age of over 20 years in
operation and the most of them'requifes the expensive‘gnd frequent
repaits for functioning; there are the eguipment not:operating; the
casting of winding of motores (? ) cause of continuous
variation of voliage and (7 ) do nol admit more winding by its turn;
the deficient maintenance done in these last yeafs is added to this
siluation. |

 Unde such circumstances, the immediate substitution of an essentail
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quantity of the equipment is needed such as turbine pumps of vertical
shaft (lubricated with water in some cases and with oil in others),
submersible pums and centrifugal pumps of horizontal shaft; in addition,
it is necessary to purchase the corresponding pilar piping, transformer
banks,.electrfcal panels, with instruments and accessories, electric
cables, arresters, etc.

This activity is executed through the fender process in accordance with
INAA® standards and regualtions on the acquistion of the goods in
Qoncordance wisth the BID, and in other cases through administration.
The.Eiectromechgnic General Directioﬁ prepares the respective technical

specifications and other charactéristics of the equipment, insturments

and accessories to, be acquired.

Mounting and installation of the equipment is execuied through private

5.2.1.3

contractors specialized in ihe works. In Table 5-3, the firms and
persons actually existing in the country and holding a relationship with.

NAA are indicated,

INCORPORATION OF WELLS:

in INAA's specified plans, the plan of incorporation of some wells is

contained which were perforated but no have been equipﬁéd by economical

- problems. ln this sense, it is considered to acquire complete pumping

units including panels, transformers and electric lines, in addition to

valves, macro-gages, manometers, chlorination system and housing, efc.
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This activity is executed through cleaning'and developing of wells.
Pumping capacity ranges between 500-1,500 g.p.m. and between 130-1,300 '

ft of total dynamic load.

This activity is similar to the indication in the previous ifem and the

mode of execution is done in the same way.

5.2.1.4 PREUENTIVE MAINTENANCE OF EQUIPMENT -

One of the fundamental activities proposed by INAA which has been
unachleved, is to estasblish a preveniive ma1ntenace plan for the
equipment anq motors to allow them to function efficiently. On the
other hand, it is consiﬂered necessary to have an organization conform
to the said objects, that is, an orggni;ation'adequate for the
efficient supevision and following-up of the actions which have not been
achieved by thg unfavorable working cénditibns and the limits of.tﬁe
funds above mentioned. ‘ | .

It is necessary lo acquire a series of instruments.{spare parts,
accessories and other materials indispensable for developing initially
the most urgent activities of preventive maintenance. .

Then. it is necessary to acgluire hearings, joﬁrﬁal bearings, rubber
bushings, elements_of union, fusesl, hagnet&c contacots, etc.

This activitf is executed by INAA's personnel, although in other items

the necessity of the specialized advisory for the planificatibn and the
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5.2.1.5

program of activities such as the training of the personnel is

men Lioned,

CORRECTIVE MAINTENANCE OF EQUIPMENT :

Considering the actual situation of the equipment and motors, it is
logical to suppose that one of the most dynamic acfivities is to furnish
the corrective maintenace immediately to motors, pumps, columnes,
shafis, eleciric feed, elc.
1t is considered that this activity should be diminished into the
measure whenh ihe preventive maintenance_is to established and enlarged.
Further, it should be noted that the actual situation of the
corrective mainfenace is so critical that there are the cases in which
the emergency repairs have been done.adapting the spare parts or
éiemehts not fulfilled the characteristics of original design or the
technicaf specificaiions and other cases in which some pieces of parts
or elements have been extracted from the equipment considered as

“unusable” or “less important” in order to sustain those considered

'preferahle.' These fatal consequences are of so called in common

“canibalism”. This has been caused hy the lack of economical resources
for developing these works.
This activity is executed by INAA”s personnel in a way similar to that

mentioﬁéd in otehr item 5.2.1.4.
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5.2.1.7

Actually the stock of chlorinators is deficient and only 22 units are
installéd in the whole supply sources (wells and relief stations) of
danagua City.

Out of the equipment indicated, only 14 are in operation aund the rest
show difficulties in functioning owing to the poor méintenénce in
general.The canibalism activities_realized in the maintenance and the
difficﬁlties in securing the personnel.specialized in these works should
be emphasized, too. ‘

1t is necessary o acguire a Stock of spare paris for chlorinators and
the respective reinforcing pumps, valves..piping, etc, which compose of
the unit. A4nd the training course of the personnel for operation and
maintenance of this equipment is préjected, _

This activity is executed by Iﬂﬁﬂ'é permanent personnel” (11T Region)

reiying on the personnel specialized in these works.

MAINTENANCE OF WELLS:

INAA utilizes the two water catchment sources [or water supply to
Capital City Hanagua: The lake of Asososca with a production of 19
million galions per day and underground water fr&m 89 wells distributed
in the whole city with a production of.SB million galloﬁs daily, of
whichk 40% may'offer the highest profitability and the totélity is in

short of Lhe important air control line in their operativity.
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The efforts for maintaining the wells have been very little and
dedicated to solve emergency cases. This results in that 8 wells should

have been abandoned by deficiecncy and this requires their replacements.

The absence of this activity provokes in a systematic form:

a) Investment in new wells which may Ee deferred. |

b) Abandonment not totally justified of catchment.

¢) Inadequate exploitation of well fields.

From other view of point, it may be said that the absence of maintenance
provokes that the deterioration of wells reaches the irreversible point
in a way no actioﬁ_i# effective sensibly in improving the production.
Even ﬁhough the interval between each maintenance is changeable
according to several factors such as water quality, design and
construction, initial efficiencylof wells, flow of exploitaion, if is
considered that the interval of every 2.5 to 3 vyears is valid for
normal conditions in spite of - being unavailable the data based ou local
experiences in a large scale.

As the wells administeréd by INAA in Managua water sytems are in lérge
aunbers, their maintenance is an indispensable activity to secure the
objéctive'of maintaining and even elevating water services to the
citizen of thé capitai.

The maintenance of ‘the wells permits that their production is

maintained near to the original testing {low and/or permits to
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5.2.2.

determine the real flow of the output of wells and to select a suitable
pumping equipment.

In conclusion, this action gives the possibility of obtaining the hest
efficiency in.the waler system with an invesiment or less expenses. [a
order fo rgalize logically, the action of maintenance and/or review'of
the pumping equipmeni above mentioned should be considered.

It is necessary to re-initiate as soon as possibe these works in a way
appropriately programed (See physical targets), requiringicrane;
drilling machine, compressors, trucks, electric drills, and pumps with
diesel engine, gage insiruments, toqls,_instruments,.chemigals and othér
naterials., Their acquisition is realized conform to INAA’s standards
and regualtions covering tender and private consuming goods In
concordance with the BID.

The execufion mode is by direct administration i.e.by INAA’s permanent

personnel,

OPERATIONAL IMPROVEMENT :

In general terms, the basic objectives are: To improve substantially the
critical functioning situation of drinking water and sanitary sewage
systems. The principal effects are remérked in the aspects related wi th
tﬁe increase in water production,"sensible decrease in high percentage
of existing leakage loss, the iarges;.income to ‘the institution (INAA),

complete control of water system operation; obtaiﬁing finally the
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adequate water resources distribution and the best evacuation of dirty

water,

This sub-program contains the following activities:

5.2.2.1 SURVEY OF NETWORKS -

The object of ihis activity is to get all the technical information on
the sector, o know fully the various elements comstituting deinking
water and sanitary sewage systems, to conceive the most adeguate
operation to diminish the existiﬁg water leakage percentage and.the_
efficient evacuation of residual water. The substantial effects give
the possibility for detecfing the principal anomalies in the systems of
Managua City; and also they have the advantage of being able to
elaborate the projects of improvement in future more precisely on the
base of the information obtained and to check in the register of
networks.,

In consideration of the complexity of the actions to proceed, it is
convenient to initiate this activity in Managua where the action has
been trid but interrrupted by lack of funds and assistance.

The exeéutiou mode is of "direct_administrative" type by INAA, with the
executing unit to coordinate the works from the central level iﬁ-the
General Oﬁeration and Maintenance Office.

It is necessary to acquire the topography, measureing, drawing eqnipmen£,

tools, vehicles, office furniture, etc.
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5.2.2.2 CHECK OF USERS AND OF HOUSE CONNECTIONS :

The principal objeciive of this activity is the sensible increase in the
income of INAA through identifying and quantifying correctly the number
and category of the ekisting ﬁsers. It may enter in accounting hooks
more exactly tﬁe aumber and situation_of connections, detecting'illegal
ones which affect uncounted waier and loss index, with the possitive
results. Other advantage of_this activity is to obtain the design of
routes, zones and accounfs pérmitting the actions éf collecting in order
and effigiency;

The execution mode is similar to the indication in the above item
(survey of networks).

It is necessary to acquire drawing and meaéuring equipment, vehicles,

tools, office furniture, etc.

5.9.2.3 OPERATIONAL CONTROL -

With the correct execution of this ac{ivity, it is possible to maintain
a constant and effective method of good funcioning of driﬂk}ng water and
sanitary sewage systems, preventing a series of difficulties in the
operation and the maintenance provoked by the inadequate procedures Qf
operation and ofrcontrol.

It is necessary to get data and information banks to realise timely the
adjustment necessary to improve the efficiency in the services and t&

project for future similar to the one indicaied in the item of survey of
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networks.

This activity is executed through INAA's human resources with the
speciaiized advisory (training course to the personnel to be elaborated
for this sectory. Although there is actually a department in charge of

such woks but it is limited under the Opetalion and Maintenance Office.

Materials such as computer, communicaion equipment, vehicles, etc. are

detailed hereafier, considering globél necessities of all the sector.

5.2.3  INPROVEMENT OF WATER QUALITY AND ITS CONTROL:

The princiabl objeCtiQe is to supply to the citizen of Managua safety
water properly diéinfected i.e. applying chlorine for eliminating micro-
organism causing dease of hydric origin. - |

On the other hand, it is convenient to acquire the facilities of
bacteriiological control and of physical and chemical characieristics

in order o know and apply the corrective methods if required.

5.2.3.1 CHLORINATION EQﬂIPMENT:
Actually the drinﬁiné water supply system of Managua relies upon T3
individual sources of'whiqh 14 are applied by chlorate. fAs the priority
measure, the equipment of the chlorination system in thg remaining
sources to maintain tﬁe potabilization of water is needed.

The acquisition of chlorination equipment, formado (?formed) of
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5.2.3.2

chlorinator, of cylinder of chlorine, scale, masks, reinforced pump of
water pressure and accessories for the complete installation is

required.

This activity is executed through tender process mentioned in item 5.2.1.
2 “Suybstitution of pumping equipment” in the same form for mownting and

installation.

CONTROL OF CHLORINATION :

With the correct execution of this activitiy, it is possible io control
a constant and effective method'of applying.éhioriné; because tﬁrough
this method a good peformance of -the eﬁuipﬁent is detected.

The acquisition of chlorine, respective accessories and reactant for
Mnagua City s required where the control process éf residual chloriﬁe
is taken place .

This. activity is executed by INNA's human resources trained for the use

and handling of this equipment.
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5.9.3.3 RENABILITATION OF  LABORATORY:

In the functions of of water quaiity control, it is nécessary to
consider the fecolvery of the installed capacity of INAR's central
labhoratory to give more coverage for the number of analysis demanded by
Managua and the rest third region. In this way it may assist fo define
the problems of water quality and the corrective methods in order to
prevent the dease of hydric origin.

.‘The acquisitioh'of various equipments is needed: glassware, reagents,
materials and accessories for the execution of physical and chemical
determinations and bacteriology.

This activity is executed through INAA's proper human resources.

5.9.3.4 REINFORCEMENT OF MONITORING :

Actuaily.Sixteen {16) daiiy analyses-(physical~ chémical and
bacterioiogical analyses} are carried out in Managua City, controlling
18 districts continuously, and in other sites they are atlended in case
of appearing critical situations. There are the'districts or zones not
recéiving water with residual chroline such as: América # 4, San Judas,
Parque Centra!, Centro América; Bello Horizonte and Reparto Schick.
Through this activity, monitoring may be reinforced in order to achieve
the efficient control with-bacterfological, physical- chemical quality
and also water analyses are impiemented.shéh as: mercury, lead,

" hydrocarbon and phenol in supply sources or control points of the
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system, etc.

The equipment to be utilized in this activity are included in the item
“Rehabilitation of laboratory” above mentioned.

This activity is executed through INAA’s proper human resources,

.5.9.4  IMPROVEMENT OF PHYSICAL INSTALLATIONS :

The objective of this sub-program is io imprqve_each one of the drinking
water system components to make each of them fulfill or conform to the
design apd/or construction objects. Its other objective is to detect
water not entered in books more precisely, performing the corresponding
production-consumption balance and determining 1033 and !eakagé.
Likewise, the improvement of “sarta” is needed: a set of piping, valves,
macro-gage, manometers, etc. which connect the pumpjng equipment to the
impulsion lines or networks and to the couditioné egtablishéd in
designs.

This sub-program covers the following activities.

5.2.4.1 RECONSTRUCTION bF_CONDUCTION LINE LNETWORKS :

This activity is to improve the operation_of the dringking water sfstém
in ¥anagua City by substituting all therﬁiping,-vaives and hydrants
~ defective due to their dge in service (over 30 vears). Thosé asbest,
cement and P.V.C piping should be deepened and replaced, which have been

exposed in surface for years by yndermining caused by rainfall and
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actuaily in bhad conditions,

Piping with small diameters (forming part of distirbution networks)
should be replaced, which do not meet INAA’s technical specification§
and standards and show the troubles in operation and maintenance. '
This acitivity intend$ to cover approx. 3% (230%) of existing piping,
30% of valves and 55% of hydrants. This permits to increases sensibly
the water volume lost by visible and unvisible leakage (

} with available elements §uch as piping, valves and hydrants{ etc.
This activity is executed fthrough tender process in accordance with
INAA’s standards and regualiions on the acquision of goods.

The General Operations and Mainterance Office prepares iﬁ time the
respective technical specifications and other pharacteristics of piping,

valves, hydrants and accessories to be acquird.

' Laying or installations and testings, elc. of piping, are to be executed

5.2.4.2

through tenders or private bids by the contracors specialized in these
works. Table 5-4 shows the firms or persons existing in Managua in

engagement in these works,

IMPROVEMENT OF MACRO-MEASUREMENT:

Actually 100% of macro-gages, derivative gages and measuring apparatus

installed in the pumping units and storing tanks of Managua water

" systems are impeded or failed owing to unattendance for these last

years, which lead to failure in achieving the exact analysis of the
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produced water volume.

Under this improvement concept, macro-gages should be supplied to the
impulsion lines of pumping stations and important networks points, and
also, derivative gages and manometers to all the pumping units; and
level indicators to storing tanks.

Thea the acquisiton is required: ﬁacro—gages, derivative gages,
manometers, level indicators and accessories for the complete
installatiog.

This activity is executed through temder process and private bids above
mentioned. INAA prepares the respective technical specifications and
programs the training course to all the personnel related to this
acitivity,

The instaliation is executed through tenders or private bids as above

mentioned.

5.2.4.3 IMPROVEMENT OF MICROMEASUREMENT:

House water gages constitute without doubt the best way to secure the
rational use of drinking water. Water measurement, in addion to a fair
and right treatment to users, promotes a considerable saving in the
consumption and in operation costs of the sysiem.

Actually Managua is providéd with 96,396 house conﬁections of which 46%

of gages are in bad conditions.
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With preference, repairing or substituting the existing gages in bad
conditions, and setting the gages in the places with relatvely high
water ppressure, SuCh.aS in the zone with relatively high consumption{
have been éonsidered.
It is considered wherther the increase in income in addtion fo expanding
the coﬁerqaée on more areas is obtainable with the same installation
capacity and the same operative costs.
- Wicro-gages and accessories and gage boxes, if not existed, for. the
adequate installation are required to acquire.
This activity is executed through tender process and private bids above
mentioned. IN&A prepares the respecfive technical specifiéations and
the installationin is executed through tender process or privaie bids

. above mentioned.

5.9.4.4 REHABILITATION OF “SARTA” (Full set of mechanical connextion of pumping

equipmnt)

One of the esseantial factorsIWhich affects the good performénce of

pumping stations is that they are well equipped with all the

accessories dul& designed. In Managua 100% of the accessories of “sarta”
are in néed of a corrective maintenance and in other cases, the whole

change of the “sarta”, owing to non-fulfiliment of the technical

standards of installing the measuremnt equipment specified by INAA.

The objective of this activity is to contribute to the good performance
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5.2.4.5

of ihe installations to get the longest useful life of the equipment and
to prevent the water leakage through accéssories.

fcquistion is considered necessary in this activity: shut-off valves,
check valves, waste valves, pipes and nipples, etc. of various diameters
(2 to 367).

This activity is executed through tender process and/or private bids
above mentioned. INAA prepares the respective technical specifications
and the installationin is executed through private contractors under

INAA’s personnel surpervision,

REHABILITATION OF TANKS:

It is confirmed that the most of the water storing tanks in Managua City
have been unatﬁended in the last 12 years, with little or non-
maintenance. That wﬁy their rehabilitation to secure the longer life
of the ténks and to fulfill duly the design and constructiQn objects is
reguired. ‘

Dut of 59 storing tanks uwuder Managua water system.(?ﬁ% of tanks are of
steel and the rest of reinforced concrete), 90% should be attended with
the correciive and preventiﬁe maintienance and the rest réquires the

whole replacement as being cmpletely defective.
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In this activity, the following works have been considered: For steel
tanks, cléaning of inner surface with sand blast, interior and.exterio
painting in accordance with standards, repairing or insfallingsteel
ladder. washing and disinfection of tanks and other general repairs.
Acquisition of paints and other materials is made by INNA, in accerdance
with the tender process above mentiohed.

The execution of the works is done with private contractors through the

tender or private bids, as the case may be.

5.2.4.6 REHARILITATION OF PUMPING HOUSING:

Under this concept an attention is‘péid to the pumping equipmént housing
constructed and spbéled owing to lack of maintenance. Likewise,
pumping station and elettric control protection houéing should be
rehabilifated, |

90% of the pumping station houéing; énd eiectfic control proiection
housing and'pumping units of the wells of Managua water system show a
high grade of defects, therefore, . ihe immediate imporvemeﬁt is required
{o impéde their complete destruction.

In this activity, the following wﬁrks have been considered:
Reconsiruction of civii works such as wall, ceiling, doors and windows,
aluminum sash, general painting, fence, etc.

The works are executed by private contractors in accordance with private

bids or tender, as the case may be.
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5.9 4.8 CONSTRUCTION OF HOUSING FOR OPERATORS AND WATCHMEN:

5.2.5.

fActually the operation of the'equipment is carriéd'out:by the personnel,
living at a considerable distance and being unprotected against
inclemency. The object is to supply the minimum indispensable
conveniences for the operators and/or watchmen of the puﬁping,

chlorination and general installations to get an adequate protection.

In this activity the construction of a housing of dn x 4m has been

considered conveniently located in the limits of pumping and/or re-

pumping stations,

The execution of these works is done in a similar way to the one

indicated for the pumping housing.

THPROVEMENT OF SANTTARY SEWAGE SYSTEM:

In Managua City the sanitary sewage system starid approx. 60 years ago

and it is easy to imagine the actual condition without any adequate

maintenance and timely renewal. Discharging is done without pre-
treatmnt to the Lake of Managua.
The system consists of piping of from 67 to 18" dia in collectig

networks and from 107 to 30" in dicharge outlet or collector.

"These are continuously obstructed owing to bad situations of the system,

causing surface overflow of used water and creating unhealthy
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5.2.5.2

eavironment,

IMPROVEMENT OF SANITARY SEWAGE NETWORKS:

1t is important to note that a large piping area is in bad situation,
with serious rupture and also a large number of manholes with grave
damage in structure, adding settling establisments on collecting lines
and/or manholes owing to the disorganized expansion of the city.
Therefore, it makes the maintenance difficult, creating serious
pfﬁblems of sanitary service.

1n summary this activity consists of - Changing broken piping sections
and constructing new manholes in the same places or sectors affected,
and COnstrucfing house connections in the above points.

The items to be executed in these works include the recovery of
discharge outlet or collector.in Iailure owing to their 40 vears of age,
too, The works are executed by‘private contractors in accordance with

private bids or tender, as the case may be.

MAINTENANCE OF SANITARY SEWAGE NETWORKS:

In- the sanitary sewage services under the Operation and Maintenance

Office of the third rezion of INAB, there are great difficulties in

cleaning and conservation of the networks, collectors, discharge outlets

of the sanitary sewage system of Managua €City and there is no

" maintenance program; clearing and washing only when they are obstructed,
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causing great troubles by overflow of dirty water.

This is added in the rainy season as the collectors are overloaded with
sand and other solid materials introduced through manholes and also with
rain water. PFurther a large number of secret connections to the system

cause overfolw through manholes.

The situation is still worse as there are found piping of relatively

very small diameter in city's some sectbrs, so old and desfroyed;

manholes with no covers and ithe citizen introduce all the classes of

solid mterials through them.

In the warehouses of the 11l region,.there are flexible rods to clear in
stock but unusable wiihout-some_gcCessories such as tirobuzén (?puiling.
-box), spear heads, etc,

In summary a large numbe of flexible rods to clear the piping and

collectors of the sanitary system should be supplied and also motor-

driﬁen equipment and other equipment and fools should be assigned: the
minimum essential elements for protecting the laborers should be

acquired. '

To this acitivity the foliowxng programs are added: Gages in collectors,

survey of netwoks, detectlon of leakage through pumps which serve to the

improvement of the operation and maintenance of the system.

Acquisioﬂ of the gooﬁs is made through tendér process in accordance with

[NAA’s standards and rules in concordance withe the BID.
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6.0

This activity is executed by the Institution’s personnel in a corrective

and prventive maintenance 5-year progrm.

REORGANIZATION OF GAGE SHOPS:

Only one central gage shop is actually available in Managua City. In
consideration of the complexity of repairing all the gages at national
level. it has been considered to relieve the congestion of the central

shopwith creating gage shops in each one of the regions in the country.

Then the rehabilitation and reorganization of the central shop is
required to have a minimum repairing capacity of 120 zages per day.

This implies the corrective and preventive maintenance to 30% per year

of the gages in Managua City; This is carried out with a group of 22

persons {one shop manager. 6 repair-men, 2 testers. § helpers, 3
painters and one secretary and 3 kardistas(? ). _

To realize this activity it is necessary to move the central shop from
where a continuous chlorine leakage is produced, as ité location is
near to Asososca chlorination station, damaging the equipment and the
personnel in this central and at the same .time, to substitute all the

equipment, because these are over 20 years in service and defective

owing lo lack of the maintenance in these recent years.

Then the construction of a new shop as well as various eguipment is

required: gage testing bench., repairing metallic bench, hydro-rubber
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1.0

tank, compressor, tools, various materials such as paint, etc. and
furniture and tools, a series of spare parts indispensable for
repairing, variou marks of gages, ﬁbserving that_some gquantity of gages
should be thron away and considered useless owing to.théir age.

Acquisition is made in accordance with INAA' s standards and rules as

mentioned in above items,

This sub-program is executed through INAA’s personnel, even though it

reguires a specialized addvisory for plalnning and programming on

acitivities and also iraining as indicated in other items,

REORGANIZATION OF ELCTROMECANICAL CHLORINATOR AND VALVES SHOP:

There is actualiy'ope electromehanical shop ﬁhiéh renders mainfaining
services to the units (pumping equipment, panels and elctric controlers,
trnasformersj of Hénagua City and the rest of tﬁe 111 region.

The objective of rehabilitating aﬁd reinforcing the shop is to inrease

its efficiency. This implies the shop’s phy&ical modernizatio such as:
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The partial substitution of the equipment which are actually found
defective owing to their age (over 10 years) and under bad mainienance
"~ geryice given in these last vears.

This shop should be reorganized to realize the preventive and corrective
mainienance s ervices iﬁ acordance with the following sections:

Helding (electric and antogena (?torch)

Inner combustion stationary engines (industrial machine)

H

Pump mechanism

Chlorinators
- Valves

- Construction of nipples

]

General repair and recomstruction of eleciric panels
In summary, the proper maintenance with this organization shouid be
sgpplied to all the equipment installed at level of the 1Il Region.

The execution of the works requires: Reconstruction of civil works ir
~ the shop; wall, geiling and doors, etc., and also aguisition of nippie
machine, manometer calibrator, rectifier, valves, drill, hydrolic press.
emery, etc., instruments such aé: ammeter, voltmeter, multitester, eic.,
tools sucﬁ as:'llaﬁe de copa (2 wrench), Allen wrench, wire cutier,
tong. pipe cuttef, etc.; materials such as: steel sheets, bronze,

elctrode, cables; gic. J

Acquisition is made in accordance with INNA's standards and rules above

mentioned.
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8.0

This sub-program is executed by INAA’s personnel, even though it
requires a specialized advisory for planning and programming on the

activities such as personnel training in other cases dicussed.

REINFORCEMENT OF TRANSPORT SYSTEM WITH EQUIPMENT:

The principal problem for an adequate maintenance aﬁd its respective
supervision and control is lack of appropriate vehicles, to load and
dismantle the pumping equipment and to transport the personnel,
materials and tools, etc.

fictually there are no exclussive vehicles for the maintenance activities
and the using vehicles are shafed ﬁith’others according to the prio:ity
of the problems in the IIT region:

Lack of these failities has greatly influenced on the development of the
maintenance activities of the equipment'and.installations in general.

1t should be noted that there are mo trucks for shop, cranes, fork—lifts,

- etc. for various works.

It is reguired to acquire trucks for shop, cranes, fofkvlifls and double
traction trucks at lével of the 1II region district to furnish the
maintenance required in Managua City and tﬁe rémaining sites of ihe 11l
region.

Acquisition of the goods is made through tender proceSSIin-accordance

with INAR’s standards and rules in concordance with the BID.

—346—



8.0

REORGANIZATION OF COMHUNIC&TION SYSTEM:

Communication is actually realized by uSing radio stations of TELCOR’s

telephone communiction and system.

This service éuffers a series of defectiveness, as out of the existing 9
radio stations § are in bad condition (more than 18 years after
installed) with little méintenance in these last years. This situation
is added ﬁith.the continuous electric Shortage, affecting the whole

operative system of Managua.

‘Referring to the telephone communications, there exist Srinstallations

with telephones, out of which 2 are in bad condition.

In summary, the radic communication equipment in bad condition should be
substituted, as ﬂell as the telephones in the same conditon.
The'objective.is fo install radio communication and telephone stations
{as alternativé, radio stations in case of shortage of electricity) in
all the pumping stations and the sites of storing tanks.

In some training estéblishment the communication is guaranteed in case
of any.abqormal situations. Portable radios equipment should be
suppiiéd to the personnel ia operation and maﬁntenance who are working
in remote stations.

We believe that the impleﬁentatioﬁ of these new systems improves the
company’s operativity sysiematically.

Acquisition of the goods is made through tender process in accordance

with INAA’s standards and rules as mentioned in other items.
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MONTGOMERY - CHAN
~ UN CONSORCIO ~

APARTADO 3602 — TEL, 71429

J. AGUSTIN CHAN JAMES M. MONTGOMERY,
INGENIERO CONSULTOR CONSULTING ENGINEERS, INC.
ALTAMIRA D'ESTE NO. 495 230 N. MADISON AVE.
MANAGUA, NICARAGUA : PASADENA, CALIFORNIA 91101

| de Julio de 1981

Dr. Ottoniel Arguello H.

Director

Instituto Nicaraguense de
Acueductos y Alcantarillados (INAA)
‘Managua

Ref. Informe sobre la Investigacidn
de Fuentes Potenciales de Agua
para Managua, Fase Il

Estimado Dr. Arguelio.

De acuerdo con nuestro contrato firmado con la Empresa Aguadora de Managua,
tenemos mucho gusto de presentar a ustedes nuestro informe sobre la Investiga-
cién de Fuentes Potenclales de Abastecimiento de Agua para Managua - Fase 1L
En este informe sé presentan los resultados de la investigacién de aguas subte-
rrdneas y el andlisis y seleccién de la mejor alternativa para desarrollar las
fuentes de abastecimiento.

Las conclusiones y r?ec‘omendak:_iqnes de este informe son las siguientes:

l. Los rendimientos seguros individuales de las fuentes de agua subterrdnea
potenciales disponibles para Managua se han estimado asi:

Rendimiento
_ ' Seguro
Fuente Subterrdnea Disponible
_ _ En_.Z?dll‘a - mgd
Costa de la Laguna de Masaya 49,300 13-
Area de Tisma 132,600 . 35
Costa del Lago de Nicaragua _ 166,700 il

2. Las proyecciones de poblacién ¥ demanda de agua promedia de la Cludad de
Managua usadas para el planeamiento del desarrollo de las fuentes de abaste-
cimiento-han side revisadas y son las siguientes:

_ Demanda

Aflo Poblacién Promedia
m3/dia mgd
1990 951,770 314,400 83
2000 1,408,850 522,700 100
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APARTADD 3607 — TEL. 71429

5. AGUSTIN CHAN JAMES M, MONTGOMERY,
INGENIERO CONSULTOR 2 CONSULTING ENGINEERS, INC.
ALTAMIRA D'ESTE NO. 495 e 250 N. MADISON AVE.
MANAGUA, NICARAGUA _ PASADENA, CALIFORNIA 91101

3. De acuerdo con los resultados de la investigacidn de aguas subterrdneas y del
andlisis tecnico-econdmico de las alternativas estudiadas, se recomienda que
la expansién del abastecimiento de agua para Managua sea llevada a cabo por
medio del desarrollo de aguas subterrdneas en las dos etapas siguientes:

Primera Etapa. Desarrollo de un campo de pozos en el drea de Tisma con una
capacidad promedia de 132,600 m3/dia(35 mgd). Esta etapa quedaria termi-
nada en 1983 y cubriria las necesidades de agua de Managua hasta el afo
1992, ,

Segunda Etapa. Desarrolio de un campo de pozos en la costa nor-occidental
del Lago de Nicaragua con una capacidad promedia de 91,000 m3/dfa (24
mgd). Esta etapa quedaria terminada en 1992 y cubriria la demanda de agua
hasta el afio 2000. ' :

4. Antes de emprender la segunda etapa del desarrollo se deberd de revisar la
alternativa de desarrollac el camnpo de pozos o de usar las aguas superficiales
del Lago de Nicaragua. Para ésto se recomienda hacer las investigaciones
adicionales sugeridas en este informe, tanto en el campo de pozos propuesto
del Lago de Nicaragua comd en el propio lago. : _

5. Serecomienda que el INAA obtenga los derechos exclusivos del uso de las
aguas subterrdneas del drea de Tisma para el abastecimiento de Managua.

Nos complace e] presentar esta segunda fase de los estudios y queremos agradecer.
la cooperacién recibida de todo el personal del Instituto Nicaraguense de Acue-
ductos y Alcantarillados que colabor$ con nosotros, especialmente la del Ing.
Carlos Espinosa G., coordinador de] proyecto. : .

Muy atentamente,

J. AGUSTIN CHAN JAMES M MONTGOMERY,
INGENIERO CONSULTOR CONSULTING ENGINEERS, INC.
gustin Chan - F.J. Schroeder
7 ' Yice-Presidente
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I M f A 25 DE SCPTIENBRE 1999
PROFES IONALES
DISTRIBUCION POR AREAS SUST. ¥ APOYO
¥
ARERS TOTAL |
PROFES IONES o
sust.|nrovol 0 |k
T A . 1.1
EK A BT G I
ING. CIVIL C/HAESTRIA EN ING. SANITARIA | 1t - i1
ING. CIVIL C/ESP. BN NIDROGEOLOGIA 1 - 1
— | INGENIEROS CIVILES — 42 7 a9
ING. AGRICOLA C/ESP. EN HIDROGEOLOGIA 1 - 1
————— |- INGENTERO-RLECTRGHECANI CO _ : ;
ING. CIVIL Y MASTER DE CIENCIAS BN INGE.} 2 - 2
_INGENIEROS AGRICOLAS 3 - 3
ADNINISTRADORES DE EMPRESA 2 12 14
1 CONTADORES PUBLICOS 4 6 10
CONTADOR PUB. C/ESP. BANCA ¥ FINANZA - 1 1
ECONONISINS 3 3 6
"} P5ICOLUG0S = 3 3
TRABAJADORES SOCTALES - i 1
e § - PEDAGUGOS — 3 3
LICENCIADAS EN ESPANOL ~ 2 2
.} BIBLIOTECOLOGA - i L
MEDICOS - 4 4
BIOLOGOS 1 - !
UIHICOS 3 - 3
ABOGADO ¥ NOTARIO - 1 1
~————{"LIC. EN TBIONA FRANCES = 1 I
PERIODISTA - 1 1
—ovmere k11 G FN-COHPUTACI ON £ +
LIC. BN FISICA ¢ HATEMATICAS 1 - 1
T TTOTAL GERERAL @) T7 a2
R —— L TR A L TR I Ty
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INSTITUTO NICARAGUENSE DE ACUEDUCTOS Y ALCANTARILLADOS
LABORBATORIO DE CONTROL DE CALIDAD Dt AGUA

INFORME DE ANALISIS FISICO Y QUIMICO DE AGUA

INTERESADO _ IM0M -~ REGIOW LTI INFORME N2 129
DIRECCION / SECCION __._ DIREC. GRAL. BEGION 1I( ATENGION __IHG. VICTOR VIDAURME
DEPARTAMENTO ___ MANAGHA i LOCALIDAD __MAHAGUA
FUENTE DE CAPT.E.B__ =3 @H.OF PALME FECHA /HORA DE CAPT.
RESULTADOS
ASPECTO . 2070 TEMPERATURA -_==7"7" oc
OLOR . zazemc COLOR 2.5 ue
SOLIDOS TOTALES e mgl.  TURBIDEZ Q.h UNT
SOLIDOS DISUELTOS . 930 mgl.  CONDUCTIVIDAD 520 uS/cin
DUREZA TOTAL — 90 mg/.  ALCALINIDAD TOTAL 252 mg/L
pH 7.7 :
CATIONES mg/L ANIONES mg/L
CALCIO {Ca*h) 2 BICARBONATOS  (HCO™5) 280
MAGNESIO  (Mg**) 8.7 CARBONATOS  (CO73) 10,4
HIERRO  (FE) 0.19 CLORUROS  (G1°) 7.0
SODIO (gt 116 SULFATOS '(80%) 23.0
NITRATOS  (NO3) 15.9
NITRITOS  (NO7) 0.9
FLUORUROS (F") 0.57

El Laboralorio da té solo de las muestras presenladas

OBSERVACIONES

LOS PARAMETIROS AHALIZADGS PRESENTAH COUCEHIRACIONES APTAS PATA

HL, CONSUMO {HUMAHO.

Managua, 18 de MARZO

de 199}

Jefe de Laboratorio

B .r"i\??\' g
VB! DIREGGIGN
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