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SECTION 10
 

RECOMMENI)ED WATER SUPPLY 1YANAGEMENT SYSTEM 

10.1 DESCRIPTION OF RECOMMENDED SYSTEM 

10.1.1 Water Supply.mprovement
 

10.1I.1.1 ingsL 1y 

Su lily: In this recommended plan, the present production of 46,000 m3/d 

from the springs at SIbolangit would not be changed during tile study 

period. Evaluation of the known springs in the Sibolangit area indicates
 

that about 40 percent Is not collected. During the next 20 years, addi

tional negotlations with existing water users may allow larger production 

from the sprinps. If such additional flow is collected, larger capacity 

collection and transmission systems would be required. 

Improvements: Several pipelines within the spring collection system 

are nxre than 50 years old, and eventual replacement of some old pipelines 

with larger diameter pipe would increase flows and pressure at the junction 

of the local pipelines and the transmission system to Medan. 

Local collector and transmission pipelines at Sibolangit are near 

or at naximum Flows. l) ipel[ne breaks can disrupt and stop production 

from any of the four groups of springs. Therefore, all pipelines for the 

Rumah Sumbul and Lau Bengklewanpg springs' should be examined and evaluated 

for replacement during the 1980-2000 period. Replacements should provide 

for at least 25 percent emergency capacity for each group of springs. 

Low pH and high CO2 content of the spring water have required aera

tion and lime treatment In order to reduce the water's corrosion potential. 

Apparent excessive lime treatments have caused calcium carbonate deposition 

on some pipeline wails. h ire frequent analyses of C02 , pll, temperature, 

bicarbonate, stlphate, and dissolved solids should be conducted. Compa

risons of analyses from the aerators, junction chambers, and air relief 

valves would nlow accurnte adjustments of the bicarbonate and pli levels 

In order to both reduce incrustation and control corrosion. 

(:ciIs: No adIlt[onal t'st Is projected For the nailntlnance of 

existing facilities at the Sibolangit springs. Replacement of pipelines 

cannot be proj.ccted at this time. 



10.1.1.2 Surface Water Supplies
 

Sunggal P'lant: The existing raw water diversion and pre-settling
 

facilities are sufficient for an extraction of 900 1/s. Additions and
 

improvements will however he needed when the second stage of augmentation
 

is undertaken to increase the output from 900 to 1500 i/s.
 

Though 600 I/s are obtained from the plant at present, the following
 

improvements are necessary. The original clariflei and filter, built 

according to convent(onal principles and design, function well. The 

second clarifieci is comparatively satisfactory, but the second set of 

filters is not. The performance of the raw water pumps has also dete

riorated and, as a result of these two problems, all the pumps in the 

raw water pumplig station have to be operated at one time to provide the 

required f low. The addition of at least one more pumping set as stand-by 

is necessary, so that at least one pump can be taken out of service. 

The situation in the filtered water pIump house is s ilil.Iar and the addilion 

of a stand-by set is needed. 

The improvements necessary to ensure more efficient performance of
 

the 	 second set of filters are as follows: 

I. 	There are no effltuent rate of flow contr.llers at present, and 

provision of these at this stage is not feasible. Instead it 

is recommended thit once the third set of filters is commissioned, 

the second set be structurally altered to make the filters 

operate on a varlable head basis (See Section 5.2.1.3). The 

mnin structural alteration to enalle this Is the provision of 

a channel of suiftable dimensions capolbie of carrying more water 

from the second clariNfier to these filters. The wash-water 

troughs have to be demolished and new trOughs installd sized 

and spaced according to orthodox design requirements. 

2. 	 The filter media in all filters should be regraded to obtain an 

ef fec Live size or at least 0.5 mm and a min[mum uniformity coe

fFicift: of 1.5. The effective size, coefficient of uniformity 

and depth of media are directly related to the rate of filtration 

and back wash rate and these Vi.es shouh be determined from 

pilot plant tests.
 



3. 	The baci-wash rate should be increased, the exact rate depandling 

on the success of the air scour, 

4. 	It is also recommended that a modified method of transporting 
the filter effluent to the clear-water tank be provided, ensuring 
that no negative head or 'air binding' will occur. A simple
 
arrangement is to provide a weir set a few centimetprs above the
 
level of the filter media, over which the filter effluent has
 
to flow before reaching the channel leading to the clear water 
tank. This will ensure a positive head in the filter media at
 

all 	t:ies. 

5. 	 The addition of soda ash before coagulation and flocculation 
should be studied critically. Far tests should be run with vary
ing dosages of soda ash (including none added) and alum to deter

mine the optimun dosages. This should be done regularly to take 
care of changes in raw vater quality. If, as seems likely, best 
coagulation occurs with no addition of soda ash, pH adjustment 

can be (lone on the finished water. 

The 	 first stage of augmrentation, from 600 to 900 i/sv is due to
 
commence shortly. However only construction of the third clarified has
 
yet been definitely decided on. It must be stressed that the third set
 
of filters is essential if an output of 900 1/s is to be obtained. From
 
the experience Tirtanadi has had with the first set 
of filters, where
 
all of the effluent rate of flow controllers failed, and with the second
 
set where no controllers have been provided at all, it is strongly-re

commended that 
the 	third and future sets of filters be of the declining
 
rate of flow type. These can be designed to function with the least 
amount of soph[.i;ticated imported equipment, but still provide an effluent 
of equal or better quality than the effluent flow control types. The 
emphasis will shift from automation to manual control based mainly on 

visual observations.
 

The clarifiers should in the new augmentation phases, be of the 
sludge upflow type which are functioning satisfactorily in the present 
plant. Uniformity in operation will be helpful but special attention
 
should be focused on desludging during the hotter hours in the early 
afternoon at which time the performance of sludge blanket clarifiers 
tends to deteriorate. 



The Percut diversion would have a weir across the Percut River simi

lar to that on the Dell River. Sluice gates would regulate water levels 

.across the weir and entering the pre-settling tank. Water would be with

drawn from the tank and pumped by four 180 to 200 lIP pumps across the 

divide between the Percut and Deli River to the Deli Tua Water Plant. 

Total land requirements would be less than one hectare depending upon the 

inundation of the regulated pool behind the weir. 

The pump station would be supplied with electrical power from the 

major distribution power lines alons; the old railroad right of way, 1.0
 

km to the west or by diesel generators on the site.
 

The layout of the" Babura diver,.ion would be similar to the Percut 

diversion except that Babura pumps and pipelines would be smaller than 

those at the Percut River. The pipeline would follow the edge of the 

year 2000 urban area for about 4.0 km in Medan Johor. At the study area 

boundary the pipeline would join the existing main pipeline right-of way 

from Sibolangit. After about 3.0 kin, the pipeline would turn east for 

1.0 km and cross the Deli River at the Deli River diversion. The Babura
 

raw water would then be combined with that of the Deli and Percut.
 

A number of options for the best future developemnt of this system 

will have to be considered when more river discharge and other data are 

available. The final design of the Percut station pumps may also include
 

facilities to boost spring water from the Marihan/Bantam springs to the 

railroad pipeline corridor. Further analyses may also indicate the desi

rability of pumphing settled river water from the Belumai River, 4.0 km 

to tlhe east, through the Percut Diversion to the Deli Tua Plant. Addi

tional pump and pipeline capacity would he necessary to convey the combined 

raw wal'er flows to tie )ell Tun Plant. 

The initial production of 120,000 m3 /d and the second phase increase 

of about 80,000 m3/d would be sufficient to meet demands through 1997/98. 

By 1995, decisions would have been made to either use a low-flow control 

reservoir on the Dell River, use more water from the Deli River and Percut 

River low flows, or use raw water diverted from the Babura or the Belumai
 

Rivers. 



10.1.1.3 Transmission Pipelines 

The existing transmission pipelines from the Sibolangit springs carry 

water to Johor and Deli Tua. These pipelines range in age from 70 years
 

to 10 years, and some may be replaced (during the next 20 years. New 

replacement pipes should be of larger diameters in order to reduce pres

sure losses and to allow for emergency re-routing of flows in the case of
 

pipeline ruptures. If spring production can be expanded, new or replace

ment pipelines should be sized to provide for higher flows and emergency
 

capacity.
 

New transmission pipelines and their costs are discussed as part of
 

the Deli Tua Water Plant system. The Deli Tua pipeline system could also
 

serve the expansion of Sibolangit and the Marihan springs. Only 21 km of
 

new transmission pipeline would be required to join the Sibolangit Springs
 

with the Deli Tua transmission pipelines. A 14 km spring water transmission 

pipeline from the Marihan springs could follow the Percut raw water 

diversion system and connect with tHie Deli Tua treated water pipeline. 

Any additional costs for the collection and transmission of spring waters 

would be balanced by reduction in costs of treating river water at the 

Deli Tua Plant. 

The two existing 600 mm diameter transmission mains from Sunggal to
 

the periphery of the present service area are adequate for a supply of
 

600 1/s. Between the point of entry at the periphery and the ground tanks
 

and tower at Jalan Singamangaraja, the existing pipelines are inadequately
 

sized and are more than 60 years old, resulting in little or no water from
 

Sunggal reaching the latter site. Tirtanadi is however talking remedial
 

measures by laying a 400 mm ductile iron transmission main which will
 

make a radical improvement. Their intention is to use the existing lines
 

as distribution mains, and the new main for transmission only.
 

It will cost nearly 182 million rupiahs and will be essential if the
 

additional supply is to be utilized effectively. The exact lepgth and
 

route of the transmission main from Deli Tua Plant to the truck main net

work will depend on the location of the plant. Its estimated cost is
 

2280 million rupiahs.
 



10.1.1.4 Well Supplies
 

Wells, if feasible, will be the cheapest, most flexible source of
 

municipal water supply for Medan. The well supply takes on even greater
 

importance khen considering total use of the estimated production from 

other local sources. If wells are not developed, about 100,000 m3/d would
 

have to be collected from more distant and more expensive regional sources. 

The 100,000 m3 /d groundwater availability figure must be recognized as 

being on2y an estimated based upon limited data. The':results of the 

recommended groundwater exploration will dictate whether or not this 

figure should be increased or decreased. The substantially lower costs
 

of groundwater calls for development of as much groundwater as possible,
 

under any long on short range water resources management plan.
 

Well E pjoration Program: A well exploration program has been recom

mended for initiation, in 1979. This program is described in Appendix 

D-2. The program would provide two wells for municipal water supply and 

is essential to development of the recommended first and second phase 

wells. 

Facilities: The recommended plan would require construction of 100 

deep wells which would produce a total of about 100,000 m3/d. A standard 

production well design Is recommended which will reduce the costs of 

facilittes at each site. 

Wells would have a large diameter bore, casing, and screens. Each 

well would be fitted with water-level switches for the subnersible pump, 

flow metres, pressure gages, and electric metres. Valves would allow 

on-site discharge for sampling of the flow to the distribution system. 

Each well would be provided with a dual electrical supply where possible. 

2
The land area required for each well will be about 200 m . This 

area will permit construction of the well and periodic renovation. The 

building will be only 25 m2 and would have wide doors and removable roof 

panels for renovation and pump removal. 

The discharge pipeline of the pump would be connected to local 

street distributicn pipelines of 100 to 200 mm diameter. A fire hydrant 

may also be located on the street side of the site and could be connected 

to the well discharge pipe or to the street distribution pipeline. 



Locations: Most of the recommended 100 wells would be located on
 

site.,; about 1,000 m from each other or at a density of about one per
 

square k-ilometre. 
 At this spacing, about 35 wells would be distributed
 

acros,- Med:n cast of the Deli River. Most remaining wells would be 

distrl.buted In the Belawan corridor (15) and in the Sunggal-Medan Baru
 

area (30). The final 20 wells would be located within the high demand
 
area.s of the northern urban area that may prove to have sufficient ground

wt(r capacity to supply more than one well per square kilometre. 

; hedule of Construction: The recommended schedule would require 

completion of 60 wells before 1984 with about 15 wells completed each
 

year. After completion of the Sunggal Plant expansion, the remaining 

40 wells would be completed between 1984 and 1989. This second phase of
 

wells would be coordinated with the production from the Sunggal Plant and
 

'first increment of the Deli Tua Plant.
 

Costs: Costs and facilit-Les for a typical recommedded production
 

well. are described in Table 10.1. Capital and annual costs for the first
 

phalse (60 wells) and second phase (40 wells) are described in Table 10.2.
 
No cost saving has been assumed for the 100 wells, although some could
 

be expected with a .1.0 year drilling program. The total annual unit cost
 

would he Rp.29.6/m 3 for each well.
 

10.1.2 Dstribution System Improvvents 

10. 1.2.1 Lpei tne ntwork 

The exist:ing supply is satisfactory in the North-East sector of 
Medan. The 400 mm main being laid by Tirtanadi, and tile new mains re

commended in the previous section on transmission mains will improve the 

existing situation. It is recommended that the highest priority be alotted 

to the laying of the new Stage I trunk distribution mains in this section 

of the city.
 

Table 10.3 summarizes the lengths of each size main recommended for 

Stage I and II of the project. (A detailed tabulation is given in Appen

dLx E.2). The existing mains have been taken into account in computing' 

the sizes of the new mains. The trunk mains recommended for Stage I will 

generally he adequate until 11990 by which time work on Stage II should 
be undertaken. The complete layout of the recommended distribution system 

is shown In Figure 6.1.0. 



Additional clear water storage and a new clear water pump house will
 

be needed as the capacity ot the existing facilities cannot be increased.
 

Sufficient land space is available for both.
 

The total cost of upgrading the Sunggal Plant from its present
 

capacity of 600 1/s is estimated at 4,280 million rupiahs. The first
 

stage, which should also contain some of the facilities needed for the
 

second stage, will cost approximately 200 million rupiahs and the latter,
 

2280 million rupiahs.
 

Deli Tua Plant: This plant would supply 250,000 m3/d to the system
 

by 2000. The initial construction, drawing water only from the Deli River,
 

would have a capacity of 120,000 m3/d available by 1987. Dtversions from
 

the Percut and Babura rivers and expansion of the Deli Tua Plant would
 

provide the ncditional 130,000 m3/d needed to meet the 2000 demand.
 

Figure 1.0.1 shows the locations and routes for the plant, diversions
 

and pipelines.
 

Several alternative plant sites south of Deli Tua and along the east
 

or west side of the river would have sufficient area (10 to 15 ha) for a
 

plant of 250,0J0 m3/d. Three candidate sites will be evaluated more fully.
 

Sites A, B and C along the existing paved road from Deli Tua to the Deli
 

River have at least 10 to 30 ha, and are upstream of Deli Tua and the
 

small stream to the east which collect most urban runoff from Deli Tua.
 

The Deli Tua Plant would contain the same elements as described for
 

the Sunggal Water Plant: weir and sluice gate, presedimentation basin,
 

raw water pumps and chemical feed facilities, clarifiers, filters, filtered
 

water reservoirs, and a treated water pump station. Major electrical
 

power lines lie within 2 km and both an electrical substation and diesel
 

back up generators would be required.
 

The treated water would be transmitted first to Deli Tua,
 

600 m to the northeast of the plant. From Deli Tua, the transmmlsion
 

pipeline route would follow the existing spring water pipeline right of
 

away for about 4.0 km along the old railroad right-of way. The new pipe

line would connect with the future distribution.network between Nodes 80
 

and'81 in Tit Kuning. Water supply service could be provided throughout
 

this south-central, Medan-Deli Tua development corridor.
 



FIGURE 10.1 
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The total length of new mains will be 291 km of which 198 km will be
 

needed in Stage I and 93 km in Stage II. (See Table 10.3 and Appendix
 

E-2). Gate valves have been provided in the estimates on the basis of
 

one valve between two junctions, enabling a repair on any line to be
 

carried out by closing the line affected and one more. According to
 

statistic obtained from the Fire Department, nearly 3,700 fire hydrants
 

have been installed in the existing service area of which, however, very
 

few are in working order due to lack of sufficient pressure. Provision
 

has been made for 1500 new hydrants, mainly in the new service area. 

Flow metres should be installed on each separate transmission main leaving
 

the treatment plants and on each outlet distribution main from the booster
 

pumping stations. Ifetres have been installed on the transmission mains
 

from the springs but some are defective and should be repaired.
 

The total cost of the distribution system improvements is 10,472
 

million rupiahs, Stage I improvements costing 6,670 million rupiahs and
 

Stage II 4,072 million rupiahs. This includes the cost of gate valves
 

and hydrants but not feeder mains of diameters less than 200 mm.
 

It is estimated that about 870 km of feeder mains of average diameter
 

80 mm will be needed to provide 80 percent of the projected 2000 population
 

with reasonable access to the municipal system. The cost of supplying
 

and laying these mnins, (including valves) is estimated at 3,470 million
 

rupiahs. It will be done progressively, the Stage I cost being estimated
 

at 1000 million rupiahs and the Stage II cost at 2,470 million rupiahs.
 

10.1.2.2 St:orage and Booster Stations
 

The available storage is quite inadequate, but the insufficiency is 

not felt directly due to Lhe demand far outstripping the supply, and the 

limitcd amount reaching the Jalan Singamangaraja reservoirs and tower.
 

The situation will change radically when the new transmission mains are
 

provided and additional storage will have to be given priority. Land
 

space is not likely be available at or near the Singamangaraja site, and
 

it is therefore recommended that of the four new reservoirs provided in
 

the new system in Stage II, the one at East Medan be constructed first
 

together with a booster station of the recommended capacity.
 

Three more reservoirs, each of capacity 1,200 m3 have to be completed
 

during Stage I if the supply of 1500 1/s from Sunggnl and the additional
 



amount from the well program are to be utilized effectively. The booster
 

stations should each have a peak pumping capacity, during Stage I, of 
850 in3/hour, the pressures being boosted in each case by 40 metres. 
Three pumps are to be provided, two working together having the peak 
capacity and the third being a stand-by. The periods of peak-hour pumping 
w.ll. be determined by pressure readings transmitted electrically to a 
revorder at the booster station either flom a small capacity tower or a 
pressure gauge l.ocated at a critical point in the area served by each 
reservoir. The pumps will operate at constant speed and will be controlled 

manually. 

In the second stage, the capacity of the four reservoirs constructed 
in Stage I will be doubled and an additional pumping set of the same
 
capacity will be added. 
 The new peak pumping rate will be 1285 m3/hour.
 

Two new additional reservoirs, each of 6000 m3 capacity, will be provided,
 
one in the southwestern sector of the service area and the other close
 
to the industrial estate in the north. Boosting to Belawan will be done
 
mainly by the booster stations at the northern reservoir site. The peak
 
pumping capacities of the booster stations at 
the two additional reservoirs 

will be the same as those at the other four. The existing booster station 

nt Set Agul. and Jalan Singamangaraja will. continue to function, but at 
the saine peak capacities as the other- stations. The recommended storage 
and booster pumping capacities are given in Table 10.4. 



TABLE 10.4
 

RECOMMENDED STORAGE AND BOOSTER PUMPING
 

Reservoir Reservoir Booster Station Reservoir Booster Station
 
Location Capacity Peak Pumping rate Capacity Peak Pumping rate
 
(Reference 3 3 3 3
 
Figure 9) m m3/h m m/h
 

"A" 12,000 850 24,000 1285
 

"B" 12,000 850 24,000 1285
 
?CIO 12,000 850 24,000 1285
 

"C" 12,000 850 24,000 1285
 

"E" - 6,000 1285
 

"F" - 6,000 1285
 

Sei Agul 1,400 540 no change 1285
 
(existing) (estimated)
 

Jl. S.M. Raja
 
(Ground tanks) 3,900 540 No change 1285
 

Jl. S.M.Raja present
 
(Elevated Tank)1,200" Present no change rate
 

The locations of the reservoir and booster'pumping stations are
 

shown in Figure. Pumping to the existing tower at S.M.Raja is done
 

only for a few hours each day due to the insufficient supply, but in
 

the new scheme pumping will be done whenever the level indicates the
 

necessity for it.
 

The cost of reservoii in Stage I will be 960 million rupiah and in
 

Stage II 1,200 million rupiah. The corresponding figures for the booster
 

pumping stations are 510 million rupiahs and 240 million rupiahs,respectively.
 



1i ' 3Si' Public Standpives and Water Services 

10.1.3.1 Standpcpes
 

Public standpipes have been provided in the system on the basis of 

one per 300 residents in selected low income areas. 
 The 1985 projected
 

population in the service area is 1,150,000. Since the increase in the
 

number of house connections is likely to be slow at the start, sufficient
 

standpipes should he provided to 
serve 20 percent of the above population.
 

The total required In Stage I is assessed at 700 and the cost estimates 
allow for 250 in 1980/39 and 150 each year through 1983/84. As access 

to the municipal system through metreed connections increases, the annual 

rate of provision of standpipes is expected to decrease. 

The total number of standpipes needed by 2000 is estimated at 1000,
 

costing approximately. 84 million rupiahs in Stage I and 36 million 100
 

rupiahs In Stage II. There are less than standpipes in the city at present, 

about half of which are not In working condition, due mainly to damage 

or iarsuITICc lent pressure. 

10.1.3.2 Water Service Connections 

In 1978, there were approximately 33,000 service connections. 
 In
 

2000, 125,000 individual and multiple service connections are estimated
 

to be required to achieved the targets set 
for domestic and non-domestic
 

service from the municipal system. The total cost is estimated at 4,900
 

million rupiahs, 1,500 million rupiahs being for Stage I and 3,400 for
 

Stage II.
 

10.1.4 Shallow Well Improvement Program 

Approximately 850,000 persons presently obtain their water require

ment. 'from non-municipal sources. Of these about 700,000 belong to the
 

middle income, medium density group and the remaining 150,000 to the low
 

income, high density group. Almost all of them obtain their water needs
 
:from shallow wells which are mostly polluted, or from surface sources 

which are invariably polluted. 

Assuming that about 100,000 of those in the low income, high density 

areas obi.hin water from public standpipes and surface sources, the esti

mated 'number of persons using shallow wells is about 750,000. Of the 
middle income group, a major part, particularly those living outside the 



busier sections of the presently built up area, have Individual wells. 

Probably there are about 500,000 in this category. The balance of 200,000 

have wells .siared, perhaps, by two families. The number of wells, on this 

basis, used by the middle income group Is about 75,000. 

In the case of the 50,000 people in the low income, high density 

group using wells, each well is probably used, on an average, by about
 

five families. The total number of wells used by this group is therefore 

estimated -it50,000/8 x 5 or 1250 wells. 

The present program strategy Is to increase the access to safe water 

from 25 percent of the population in 1980 to 60 percent in 1985 and 80
 

percent in the year 2000. Even If 80 percent coverage Is achieved,
 

therefore, an appreciable fraction of the population will still continue
 

to use shallow wells for many more years. A simple and inexpensive, but 

erffCtClye and contlnuilng program to improve such welIs to aesthetically 

acceptahble and safe saniLary standards Is needed. 

A l'ew of I. h mulh IpIe dlweIlling,wells In lie vongested areas are not 

capable of being meaningfullly improved because It will be a practical 

impossibility to eliminate the sources of underground and surface poilu-


Lion. Assuming that about 40 percent of the wells will continue to be 

used for a rensonable period, a shallow well Improvement program wi.ll 

have to cover about 30,000 wtHIs on a phased schedule. To derive the 

fullest benefit from such a program, there should also be a parallel 

and continuing maintenance program. 

The present government Sha Ilow We]. IP rogram is handled by a unit of 

the hlealth Department and it seems both appropriate and economical to 

entrust the i.,'rovement and maintenance programs to the same unit. An 

educational program is also likely to be extremely beneficial. 

The Init a. cost of improvements, if done tinder the supervision and 

ndvice of a tra[nhdl off icer, shiould be a round Rp.5000 per well.. A phased 

program of well improvement expenditures is given below. 

/3.
 



Number of Wells Initial Cost 
Year Improved (Millions of Rp.) 

1980/81 2000 10
 

1981/82 4000 20
 

1.982/83 
 4000 20
 

1983/84 2000 10
 

1984/89 8000 40
 

1989/2000 10000 50
 

Total 30000 150 

Once the improvements are carried out the organization in charge of 

the program should have a regular schedule of inspections to ensure that 

the initial expenditure is not wasted. If subsequent repairs become 

necessary aFteir a few years, some rsidents are likely Lo get tLie repairs 

lone at their own expense and on their own Initiative. Others who Play 
not be able to a fford to make these repairs will need assistance. It is 

estimated that on an average a satisfactory repair can be carried out at 

a cost of 2500 rupiahs each. On this basis, the maintenance program 

given below is recomniended for :implementation with the well improvement 

program. Each household could he restricted to one grant for a specific 

period of time, say 3 or 5 years. 

10.1.5 Summ.ary of Capl ta] Costs and Implementation Schedule 

A summary of costs of the recommended water system, phased annually, 

is given in Table 10.5. An implementation schedule based on these figures 

is given ill Figure 10.2., which takes into account appropriate provision 

for negotiations, design, tenders, and construction.
 



TABLE 10.5 

ESTIMATED CAPITAL COSTS - WATER SUPPLY M-ANAGEMENT SYSTEM 
CONSTANT 1979 PRICES 

Rp.(millions) 

Item 1979/80 

REPELITA III 

1980/81 1981/82 1982/83 1983/84 1984/89 1989/2000 

Total 

1979/2000 

Sunggal Treatment Plant 
Stage I 

Stage II 
Deli Treatment Plant 
Well Program 

Transmission pipelines 

Service Reservoirs 

Booster Pumping Stations 

Major distribution mains 

Minor distribution mains 
Service connections 

Public standpipes 

Shallow well improvements 

(200) 

-
--

(150) 

-

-

-

-

-
-

-

-

(900) 

-

(350) 

(100) 

(240) 

(126) 

(210) 

-
(300) 

(20) 

(10) 

900 

700 

-

500 

82 

400 

134 

1,650 

300 
400 

10 

20 

-

700 

-

500 

-

320 

250 

2,100 

300 
400 

10 

20 

-

880 

-

450 

-

-

1,455 

400 
400 

20 

10 

-

-
8,437 

430 

2,462 

-

-

1,000 
2,000 

30 

40 

-

-
13,093 

870 

-

1,200 

240 

3,445 

1,470 
1,400 

30 

50 

900 
(1,100) 
2,280 

21,530 
2,750 

(500)
2,544 

(100)
1,920 

(240)
624 

(126)
8,650 

(210)
3,470 
4,600 

(300)
100 

(20)
140 

Base Totals (350) (2,256) 5,096 4,600 3,615 14,399" 21,798 
(10) 

49,508 

Engineering (35) (226) 509 460 
Land (200) (100) 200 -
Physical contingency (88) (387) 871 759 

Totals (673) (2,969) 6,676 5,819 

Note: ( ) indicates immediate action program expenditures. 

362 

597 

4,574 

1,440 

-

2,375 

18,214 

2,180 

-

3,596 

27,574 

(2,606) 
4,951 
t.2b1)
288) 

8 198 
Z475) 

62,857
(3,642) 



-o WATER SUPPLY PHASED IMPLEMENTATION PROGRAM 

STAGE I0	 STAGE 11 

mI	 _ _REPELITA III 
1979/80 1980/81 1981/82 1982/83 1983/84 1984/89 1989/2000 

A. 	 PRELIMINARY PLANNING
 
FEASIBILITY STUDIES
 
PROJECT APPRAISAlL7
 
AGENCY/ BANK NEGOTIATIONS 
REQUEST PROPOSALS
 
SELECT CONSULTANT 
MOBIUZE -

B. 	 DESIGN 
TENDERS
 
CONSTRUCTION - SUNGGAL T.P. ST. I 

ST. 2 
EXPLORATION /PRODUCTION WELL P
 
DELI TREATMENT PLANT
 
TRANSMISSION PIPE LINES
 
SERVICE RESERVOIRS
 
BOOSTER PUMPING STATIONS
 

z MAJOR DISTRIBUTION MAINS 	 ,_ _MINOR 	 DISTRIBUTION MAINS 
,__ 

z SERVICE CONNECTIONS
1 PUBLIC STANDPIPES 

SHALLOW WELL IMPROVEMENT PROGRAM 

C. IMMEDIATE ACTION PROGRAM 
DISTRIBUTION SYSTEM (RESERVOIR/BOOTER)
 
SHALLOW WELL PROGRAM
 
PUBLIC 	 STAND PIPES I 
TRANSMISS MAINS 

o EXPLORATION/ PRODUCTION WELL PROGRAM I 

0 

mo 



32.5 

Number of Wells Repair Cost 
Year liepa:ired (Millidns of Rp.) 

1.980/81 

1,981/82 - _ 

1982/83 2,600 6.5 

1983/84 2,600 6.5 

1984/89 13,000 


1989/2000 26,000 
 65.0
 

Totals 44,200 110.5
 

The Shallow Well Improvement Program, together with the auxilliary 

Maintenance Programme, If successfully implemented, could have a marked 

'Impact on the ieafth and living standards or that part of the populat [on 

which does not have access to, or cannot arford wnatr from the municipal 

sys Lem. 

10.1.6 Discuss Ion 

The basic difference between the two alternative water supply mana

gement systems lies in the degree of reliance placed on the deep well. 

ground water SUppldy . of the est imated" requi rement, of 435,000 113 /day 
in the year 2000, Alternative No.1 would involve the production of 150,000 

/day311 from the Deli 'un Water 'treatment Plant and the extraction 
of approximately 193,000 m3/day from deep wells. In Alternative No.2, 

the corresponding figures are 245,000 m3/day and approximately 98,000 m / 

day ,respectively.
 

In Alternative No.1, deep wells will be located in many parts of the
 

service area,the concentration being higher in the East and North West
 

areas of the city and the needs of these areas will be served In large
 

measure by these wells. In Alternative No.2, a larger portion of the 

total water supplied will have to be brought from the Dell Tua Plant,
 

nearly 7 km away, resulting in larger pipes and higher costs. The )eli 

Tua Plant supplly is fed into the network at node -81. In Alternative No.1, 
the pipe sizes needed In the year 2000 between nodes 81. and 80 and 81 
and 82 ire 750 min and 700 mm,respectively. I n Alternative No.2 the two 

corresponding sizes are 850 and 900 mm. The cost of 
the distribution
 

/4.
 



networks in Alternatives No.1 and 2 are approximately 8,900 million and
 

10,750 million rupiahs, for supplying and laying of pipes only, the 

difference being mainly due to the above reason. 

The difierence in capital construction costs of the sources themselves 

is also appreciable. The costs of the Deli Tua Plant and the wells in 

Alternative No.1 add up to approximately 20,860 million rupiah whereas 

in Alternative No.2 the total is 24,780 rupiahs. 

From the information available, the deep well water is unlikely to
 

need any elaborate treatment, chlorination alone being likely to suffice.
 

Surface water, on the other hand, needs full treatment and the recurrent
 

production costs are appreciable higher. However, in the two alternatives
 

under consideration, the relatively conservative production per well
 

assumed for forecasting the safe yields increased the unit cost of well
 

production and consequently the total annual operation and maintenance
 

costs are almost the same in the two alternatives.
 

10.2 OPERATION AND MAINTENANCE
 

10.2.1 Pperations 

The operations division of the future water supply system will have
 

five units:
 

1. Spring Supply 

2. Surface Water Plants
 

3. Well Supply
 

4. Transmission Systems
 

5. Distribution System 

Although the first three operating units will be independent, the 

transmission unit will be closely linked to the spring supply and surface 

water plant units by transmission facilities for the Sibolangit Springs, 

the Sunggal, Plant and the Dell Tua Plant and its diversions. The trans

mission systems unit will also interact with the distribution system unit 

and may assume operating responsibility [or some of the larger diameter 

pi pe.]ines within the distribution system (e.g. 600 mm pipelines from the 

Sunggal and Deli Tua Plants and the pipeline connecting Medan and Belawan. 



'he isolated location of the Sibolangit Springs requires separate 

operating units for the spring collectors, treatment facilities, and both 

local collector and transmission pipelines. At the junction of the local 

transmission pipelines downstream of Sembahe, the transmission system 

unit would be given operational responsibility. Spring operations would 

Include: 

- Daily inspection of each spring collector, recording of flow 

level. and overflow. 

- Daily inspection of all. local collector and transmission pipelines 

and junction chambers, and [mmediate, temporary patching of leaks. 

- Daily record of water levels qf incoming water at each treatment 

facility and discharge to local transmission pipelines. 

-)a i ly record ing of waler t empveraltire, d issolvd sol Ids, and 

alkalinity and calcLI]ation or graph determination of required 

dosage of lime for p1l balancing, 1aurly adjustments of line 

and chlorination treatments to flow and chemical characterfstics 

of the spring Flows. 

- 0a fly i nslecI ilon oI" all roads and buildings for repairs and daily 

cleaning of grounds and building. Weekly trimming and clearing 

of vegetation from general area of all collectors, p:[pel.ines, 

roads and bu ilding areas. 

Display of daily flows, water quality, and materials usage at 

cach treatment works, daily communication of daily discharge to 

transmission system. 

- Immediate communication to Medan of any. disruption of flow 

lasting more than 30 minutes and affecting more than 50 percent 

of the discharge from the treatment works, 

[0. 2.1.2 Surface Water Plants 

Extraction, treatment and )umping of surface water will be done at 

two points in I he scheme - the existi ng; plant at Sinpgal and the 

proposed plant at DCli 'rua. 



The unit operations adopted at the Sunggal and Deli Tua Plants are
 
extraction and pre-settlement, pre-chlorination and addition of soda ash,
 

pumping of the pre-settled water to the clarifiers, clarification, fil
tration, post chlorination, pH correctionand pumping of treated water
 
to the city. 
The following routine procedures are recommended for effi

cient operation of the plant.
 

Check the operation of sluice gate at the entrance of the diversion
 

channel and the two sluice gates at entrances to the two halves 
of the pre-settling tank, daily, to ensure sufficient flow of 
raw water to the raw water pump house. Check the level of debris 

and silt in the pre-settling tank weekly. Check the quality of 
the effluent from this tank daily and if any deterioration is 
noted, particularly an increase in the amount of algae, inform
 

tile quality control officers for adjustment of the pre-chlorination 
dose. Examine the raw water channel between the pre-settling
 

tank and raw water pump-house once a week for excessive silting
 

and bl]oakage. 

Check raw water tank under raw water pump house floor once a
 

week for excessive silt which can clog the foot valve. Check
 
raw water pumps for working load, record voltages and amperages 
each hour, as is now being done, check general condition of pumps 
and motors, shaft seals, discharge pressure and temperatures of 

motor hearings every hour. 

Check on flow of raw water to each clarifier hourly. Dissolve
 

coagulant, and coagulant aid such as Kaolin clay if turbidily is 
low, (the dosages should be determined from daily jar tests),
 
for each shift separately. If clay is added for stabilization
 

of flow it should precede addition of alum. If a polymer is
 

used, it should follow the addition of the coagulant. Keep a 
close watch onl tie qiiality of tile water reachlig tile overflow 
weirs, particularly during the afternoon. Sludge circulation
 

is necessary, but should he controlled during these hours. 

Check on 
the turbld ity of ci rif.lor efrfluent. Check on tile 
functioning of tie scraper and agitator. Turbidity of effluent 

should be kept under 10 units. 
 Keep close contact with monitoring 

unit and operate dosing equipment accordingly. 



Operational procedures for the filters will depend on the design
 

of the filters. The original set is of conventional design, but
 
the rate of flow controllers are non-functional. After each wash,
 

the flow should be controlled by throttling effluent gate valve
 

to avoid an excessively rapid rate of filtration. Present prac

tice of b'ackwashlng filters in tile original set only once in 72 

hours should be checked for economy. After the flow metres are 

repaired, conduct tests over a reasonable period varying the 

length of tilter run and the total daily output. The turbidities 

of clarifier and filter effluents should be recorded for any
 

meaningful Interpretation of results. A graphical recording of 

resu]ts will Indicate optimum length of filter run. The duration 

of the tests should be at least one month.
 

If the second set of filters is converted to a constant flow rate
 

(variable head) type without effluent rate controllers the ope

ration Is simpler. The same test should be carried out for op

titmm length of filter run. Backwashing should be done carefully 

with air-scour and surface wash. 

If, as recommended, the future sets of [1Iters are of the declining 

rate of flow t'ylpe, the operatl in Is siml. lar. Examine filter media 

for cracks and formation of mud-balls. Record time of each back

wash. 

The Wnllace and Tiernan - type chlorinators provide a chlorine 

solution from chlorine gas cylinders. The rate of application 

should be done in consultation with the monitoring staff. for 

post-vllorination. Check safety equipment daily. 

Check level of water In clear water tanks every half hour. Check, 

at least once per shift, whether a.11 valves are open. Make same 

checks recommended for raw water pumps. Record flow of water 

through each transmission main leaving treatment plant. Check 

acumuantion of sfi. In clear water tank per[ id ically and in 

any case (lean the tank, one half at a time once every six months. 

The operat Ing '(,mlp tc oFs[a ff should I innintafn 01 records pevr formnance., 

of the un.I.L. processes. These shou.ld be a source of regular and reliable 

information to the Mnlager of the I'Lant from which he should not only he 



able to ascertain what is already wrong with any section of the plant,
 

but should be able to 
take action to correct developing problems which
 

the records may indicate are likely to occur.
 

The operation of the Deli Tua plant should be carried out 
on a
 

similar basis.
 

The Deli Tua Plant will eventually receive water from two diversions, 

one on the Babura and one on the Percut River. Since the weirs, settling
 

tanks, pump stations and pipelines will serve the Deli Tta Plant, ope
rations of the two diversion must be under the authority of the Deli 

Tun Plant engineer. Staff at each diversion will have direct contact 

with the control engineer of the De.l.i Ttm Plant. Operations will include
 

the following:
 

- Hourly inspection and adjustment of water levels in the settling 

tank and of the pumps, 

- Hlourly recording of water levels, pump discharges and power 

consumption. If dieselIngties are used to power the pumps, 

periodic Inspection and adjustment of engines and fuel supplies.
 

- Periodic inspection and removal of debris from intake screens.
 

- Daily Intlsp'tcLion Ind mainkL ,lnance or site appearance, sl ulce gates, 

and pipel In to the Deli Tua l'tant, 

10. 2.1.3 Well. Supply 

Operation of 100 wells will require a mobile staff of 20 well
 

operators and four supervisors who will operate as unit closely associa

ted with the di stribution system unit. Operations will include: 

- Thrice daily inspection and adjustment of wells, pumps, valves, 

and chlorinators,
 

- Daily recording of well production,discharge pressurepower
 

consimption. and water level.s and any power outages ( a simple 

electric clock would indicate the daily loss of power). Values 

shotild be placed on chart for visual inspection of well perfor

- INily inspection of security locks, doors,fences and gates.
 



Deliver weekly records of well operations and perfbrmance to
 

well supervisor and include any repairs or replacements needed.
 

10.2.1.4 Transmission Systems 

Operations of the transmission system largely involve the weekly 

Inspection of the pipeline route for leaks, nearby construction activi-


Lies, and ar rellef valves, the daily inspection and adjustment of flow 

regulating valves, and the monitoring and recording of flows and pressures 

at meters along the pipelines. The performance of the transmission system 

and especially any emergency or maintenance disruption of flow must be 
directl.,' and quickly communicated to the staffs of the Sibolangit Springs 

and the Deli Tua Plant in order for them to adjust their discharges to 

the transmission system.
 

Each month and at the end of the operating year, the performance
 

of the transmission pipelines should be evaluated to determine long

term changes in pressure losses and flow reduction. Any repairs or
 

preventive maintenance which opens the pipeline should be coordinated 

with inspection of the pipe wall for corrosion and deposition. This
 

data would be correlated with changing pipeline performance.
 

10. 2. 1.5 DI.trl but ion System 

The major components of a distribution system are: 

1. Pipvlines and valves 

2. Storage and booster pump station
 

3. Meter:ing 

L__il.!C:L!he. and Valves. The operation of this component, unlike most 
other compone:s of the system can usual.y be done on a one-shift basis, 

wi th stand-by gangs avallable on a 24-hour basis for emergencies. 

Operationai procedures generally consist of: 

- Mon i.l:r va Ives to ;I(comodate system demands for any unusual 

conditions that may arise 

- Operaite each system val ve at .least one In six months 

-- (,hlck ;iIl I Oie I IIn(' alpill'lvinrces oiln I ro tIn basis. 



StoraRen idBooster Pumping,Stations 

The operational procedures necessary are: 

- Check positions of inlet valve at beginning of each shift 

- Check and record water levels every hour
 

- Check on pressure recorder for pressure transmitted from tower,
 

and check pressure gauges
 

- Check pump's 

- Check for overflowing or any unusual changes in level at beginning
 

and end of cach shift 

- Check chlorine residual once per-shift and maintain a r.ecord of 

same. 

Meters 

The following operational procedures are recommended: 

- Daily and weekly recording of meters at outlet of each pumping 

station and any other meters in the system 

- Replace automatic recorder charts. If these are non-functional, 

rec ord rendngs manually and have recorders repaired 

- Check the valves immediately before and after each meter 

- Regularly calibrate the meters 

- Report any unusual flow patterns to reservoir manager. 

For operational and maintenance purposes, it is recommended that 

the system ie divided into four zones with headquarters at the four major 

reservoir - booster station sites. 

10.2.2 Maintennnce and Repairs 

Regular maintenance will be the responsibility of the operating 

units, whiJ.e the maintenance group will be in charge of regular and pre

v.ntive maintenance and the repair of ficilities. Staff will be divided 

among the maintenance ond workshop units. 

10.2.2.1. Routine Maintenance and Mnor Repairs 

Regugl.ar maintenance and minor repairs of all pumping and other 

equipment i.n the system should generally be clone by the operating staff. 

http:Regugl.ar


It will be the responsibility ofkthe officer-in-charge of the particular 

unit to ensure that all machinery and equipment in his division are kept 

in good running condition. 'In the event his staff is unable to carry 

out a repair, is should be iade by thie central workshop. 

The maintenance of buildings shotild be done at regular intervals, 

and no efforts should be spared to keep the entire premises neat and 

nttractive. It should always le kept in mind that water-works sites In 

general and treatment plants In. particular are often visited by groups 

of students for educational purposes and by other officials and people. 

It is important that a good image of the water authority be projected 

during such visits and a feeling of confidence in the authority be created 

which may ie needed on occasions when the authority encounters operatio

nal. problems and has to curtail or siipllend the supply for a short time. 

- Clean debrils and ideposfts from spritg collector and collection 

bas ns 

- Lubricat valves and'paint or coat exposed metals 

- Service chemical mfx ng, equipment and dosing pumps 

- Clean and' r'enovat oators 

- Test and flush local.' collector and transmission pipeline and 

repair ileaks 

Treatment Plants 

- Service all pumps, motors and other electrical equipment and 

clean panels, wiring, terminals. e.t'c., in accordance with manu

rncturc.sinstructions. Repair noy teaks through valve gland 

packings. 

-, Service chemical ming equipment and the dosing pumps according 

to niikers' instructio. Service sludge scraper, agitator and
 

motor of clarifier at specified intervals. Check, and if
 

necessqary, clean\plping from chemical mixing room to clarifier. 

- Check and qervice valves, replace piping as required 

- Keep hand-rnling, walkways. olenn 



- Clean walls of filters, walk-ways, hand-railing clean. Check 

Influent and effluent valv,s for proper functioning 

Maintain plant grounds and buildings. Make repairs and paint as 

required 

DlstributJon System 

-, 	 Repair leaks, instal]. new pipes and appurtances on routine basis 

or when required 

-	 Test and flush lines, and disinfect same, on a regular schedule 

Maintain accurate valve location records
 

- Maintain pumps, motors, and auxilliary equipment according to 
maker's instructions. Follow recommendations for Treatment Plant 

pump stations.
 

- Preventive maintenance unit should maintain all system ioters, 

excluding service connection meters 

- Maintain reservoir and booster station sites in clean and attrac

tive condition.
 

-.14ells 

Repairsand maintenance of wells :Is somewhat similar to that of any
 
pumping stnt ion plus those features unique to the well. Thrice daily
 

inspection of wells will indicate any immediate 
problems with equipment
 

on the surfac:e, chlorinator, valves, meters, and electric panels.
 

Unless a total. failure occurs in the pump, the performance of the 

submersible puimp can only be judged on the basis of its efficiency as 
dAtermined from the ratio of water production to power consumption in 
relationshilp to well water levels and system pressures. Each well house 
should keep records of daily measurements of flow and energy consumption 

charted for indications of declining efficiency. The values can be 
compared quickly to water depth in the well and distribution pressure. 
If the efficency drops rapidly, the pump may have to be pulled and 

inspected. If efficiency declines slowly, the pump may be undergoing 

normal weair or sediment has begun clogging the screens and reducing inflow. 
Individual well performance should be compared to that of surrounding 

wells, and :r dspro)ortionately poorer, the pump may have to be pulled. 



Either as an ongoing maintenance program or based upon performance
 

evaluatlon, the submersIble pump and effluent pipe should be pulled from 

the well casing an-nually. In an annual maintenance program, a new or 

renovated pump would replace the previous pump and operations would 

Continue on normal schedule. While the ptmp is removed, the level of 

the gravel pack between tile well easing and the conductor pipe should be 

inspected and replenished If needed. 

If the pump is removed for more than 24 hours and performance eva-

Illation .ndlcnteso that the screen nay be clogged, the well should be 

cleaned by al lLfting sediment from the well. casing axid by surging the 

wll . Swabb nog of the casingv and screen may also be done, If equipment 

ts available. 

The above discuss:lon of well. and pump maintenance also implies a 

maintenance division within Tirtanadi which will he capable of repairing 

and inspecting well pumps. At present, submersible pumps of 20 to 45 HP 

are available and would provide required heads and capacities. Maintenance 

and repairs wou.ld be simpler if only one or two makes of pumps were used. 

At l.east seven makes are available locally or on three to six months 

orders. 

Annual purchases of 20 pumps plus two stand-by replacements would 

nllow n.ffic:lent tfine for Importation. Dealers should provide a local 

training program for the repa:l.r and maintenance staff. With five years 

el ,priencewith 20 to 60 operating pumps, maintenance schedules and parts 

lnventor es could be developed for an orderl.y maintenance system through 

the yar 2000. This theme Is further discussed tinder preventive mainte

Wel.1-c(lonnlfng requires mobile equlipmen't wlitchwould be a part of 

Oh., drillIIng dl\,lton of nrgihidI.l p wouldp[sjure air compressors 

be requitred for development of newly dril.led wells. A drilling schedule 

of' one weli. every three weeks would a llow the alr compressor to be rotated 

i' tween wvl('scroon ck1Cinn, altor lhe total number or wells reacles 60 

1)ol0 could he designed(1.'J195). S Imilar ly, a trluck or trall er mounted 

wold he scheduiled for three days development every 

nnd operated for bol h well devel.opment and well clean:ing. Such a hoist 

would al low eter Ise if hie drl1.ling rl.g fill drilling only. The host 

wel two weeks, and 



during the remaiing work days it could be used for cleaning wells on a
 
regular well maintenance program. 
As with the air compressor for cleaning,
 
such a'hoist would become part of the maintenance and drilling divisions
 
only after 1985, when the second phase of more than 60 wells may be
 

implemented. 

Transmission Systems
 

-
 Check and service valves, pressure gauges, flow meires and air
 

rellef systems. 

-
 Annually test sections of the transmission systems for pressure
 

losses.
 

1.0.2.2.2 Preventive Maintenance 

This is an aspect of vital importance which,unfortunately, is rarely 
gilven sufficient emphasis by many water authorities. An efficient program
 
of preventive maintenance is useful anywhere, but particularly in countries
 
which have to 
first import almost all the machinery and equipment needed
 
for a water system and later must follow it up by importing the spares
 
needed for maintenance and repairs. 
 The latter aspect is often.parti
cularly frustrating to the maintenance and workshop staff because it is
 
not uncommon Vo find frequently needed and Important spare parts unavai-

T-ib ,,while the ctores have Largo quantites of relatively unneeded
 

items. The sizuation becomes worse if such a situation finally leads to
 
a break-down |in any part of the system.
 

A well planned and efficiently Implemented preventive maintenance
 
program wil]1 not only help avoid such situations but will also prevent 
the waste of scarce 
foreign resources 'by ill-planned over-stocking.
 
It Is therefore recommended that whil e day-to-day maintenance and minor 
repairs of thr various pleces of machinery and equipment be done by the 
operating staff themselves, a separate Preventive Maintenance Unit 
directly responsible to the Chief. Engineer (operation and bintenance) 
be 
eslbl.sh.d. It should be headed by an electrical/mechanical engineer 
and should consist of a group of experienced and well trained employees 
possessing a detailed knowledge of the equipment in the system. 

When the unit Is established it should prepare a catalog card 
for each and every item of machinery and electrical equipment large or
 



sniall, in every site or division of the organization. A glance at any
 
such card 
 should enable one to know the make, age, technical specification, 
date of last servicing, the due date For the next inspection of the item, 
etc. The ,init should after a few months of operation, establish a strict 
SchIduit.i.u d Icat Ii l it:,- program of v1i1 ts and inspections of the various 

sites, tLhus rhli.i g, the ofl1er-in-virge to he ready and thereby be 
able to g:tve the iispections ;I].] poss ihle issistance. Thereafter, the 

ninit shoiild be in unique posit:ion to advise the stores-manager when
 
:4d In wh.lt: qip:intit iltes spares should ie ordered.
 

10.2.2.3 R-pa<rs 

The estnh-iishment of a central workshop essential. shouldis It 
h.o.p:ili to of hand.l.lnfg any flensible repai..r that may become necessary
 
Alilyher. In the system. To avofd dpLtip. cation of senior staff, it is
 
rerommiended that, at ].east to start with, 
 the central workshop be in 

charge of the engineer heading the Preventive Maintenance Unit. 

The central workshop should preferably have separate sub-divisions
 

for repalrs of:
 

- Mechnnical equipment and m.chinery
 

- Electrical equipment and m.chinery
 

- Wafer works appur tances and equipment
 

- Waiter neters, both large and small
 

The central workshop should be adequately staffed and be provided 
with suffickrit vehicles nnd equil)ment to transport equipment to the 

work.liop. 

10. 2. 3 WAI:v - .lity InMnfto. n, nd Con trol. 

(1pornt ion of any large water supply system requires a large system 
or sninpIing, anlysing, assessinp, the quality theand wnter of sources, 
the diseh'Iarg e to the distrbution system, and the water delivered to 
Ihe users. Raw water qua.lity deteriinevs the treatment requirements 
nrcen;sry to mintain accptable potible water standards and those levels 
or tre t:melnt processes which will make most efficient use of facilities 
and niteril.ts. Treated water q.a.lity analysis verifies the treatment 
opr rIol and Inv itnl;in.c te potentIal s for corrosion or I.ticrustation i.n 
I'hie I: inli[oils on and dstribihit Ion systems. Del.ivered water qunlity 

http:niteril.ts


I he conpl-v(',ly acceptanbie for mnniclpal water supply for human use 

•t: ,inhut:d.1i tltonif IndIivdual treitment (e.g. niling and filtering). 

10.2.3..1 Splr.,il n ),nd SII- .ra!c ! it. 

E' .::t:U..~in mnt.10y and 1:w:ice-iimoll;IIIv water qua.lity analyses at the 

I,l r t $1>I" Ill', ~';11i c €1]. 14,qfo r Pl..ant. shot, ld be conitnued and 
.'-t.- d, I th ' iDoi.i 'riio Pint nn.d ft, di ;ers: on . Rerommended ndd tlons 

Il:, ',r'tr,; l, :; Pr'orYran : inrliude I:1io fol.lowlng; 

i. I,:,-5 :111 i 

fl-pn Ii: ii in ov I:f, De-partimroill or Publiec ltita ih (1975) 

- ,,ii, hi ~ Ior ar.me t:'t'r; requilred by Potable Water Supply 

- sltli.e dIly v ;nli 1ysos or lhe pr i gs by operating staff for piT, 

le(per;L-itre , t ltl ld io.ved s.¢.ld,; , alkalini.ty, acidity and 

rtholl dioxide (C(O . 

- ily analyses at the Sunggal. and Deli Tun system raw water 

Intakes for turbidity and the above parameters. 

Semil-anntuil analyses of alkyl benzene sulphonates (ABS), phenolic 

siuh t liecs, chemical oxygen demand (COD). carbon chloroform 

ext; ract (CCE), and grease oils. 

1I0. 2. 1. :1 ,;ro ,un,iii er 

III li 1h1Y '1'( imlt:Ce quan I 1.y uauii i.yses for the. large number of) 1"1:. er 


'I!-; [nc. in recommended grotiindrwnatr program would exceed the
i'luil,'d the 


pii''-. ( ~1l 11.int; tihe 1lahoraloiry, E: .si-in g ioinilhly well. monitoring
a of 

U,houl i.orts I:I. or III n k)brev ia led .ist of tmporttint parameters: pIl, 
rrnv~p, tir. o i a,1di.ssot[ved so lid:s, hardho ss, alkalinity, carbon dioxide 

Clftlm II.d iifiti',4 Iron, otd co.I.Fornms. These parameterslrm, chi.or td... 


.,,I+Ih, ;,iil vn eac h mont:h for 100 i'I)r. Is.
 

),:',n yV,;11-.rn complete .echuenu<ral :unalysls should 1)e conducted for 

r ,i w.,IaI. The'ina;ly srcs sltthould ec ident i a.1 to those conducted for 
rif ae,f,(n wa,'terl ,5Ot1[ '5 ; 

O .. 3.3 D.1 FIlI I.IittI . n .Sy.s tlm.III 

Thr, torid ealth lrgan I z:i t ionis Intei!atfonal Standards for Drinking 

~ll,,1 hveben(ulop for this schu'mo.*: ted The tests to dotermine the 

aht:,nr-r,, or preo;ene wit.itn permisi.ble limits of compounds affecting 

1h'. pihtabliltv (if tihr., wnaLr , comporients ha ;a rdolis to h1Ca11th, and 
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substances and chemical indications of pollution are generally made at
 

the source. 

The one important test carried out on water obtainable from the 

distribution system is the bacteriological test. Sufficient chlorine
 

should be added after filtration to ensure a residual of 0.8 to 1.0 mg/i 

in the far end of the clear water tank at the treatment plant and a 

coliform count of any 100 ml sample taken from any transmission main
 

close to the treatment plant should be zero. 

Bacterial contamination, however, can and does sometimes occur after
 

the water leaves the treatment station. It is unlikely to occur when
 

the pipelines are full and tinder pressure, but the danger is greater 
when the pressures are very low or zero which would be the case after a 

pipe burst. In such situations infiltration of water from the ground 

into the pipe through the cracks or through defective joints can pollute 

the water in the network. Only vigilance and regular tests can guard 

the consumers against this danger. 

The number of .,IIIIIpes co.! lect(ed ind LusLed per month depends on 

illidi I,lie ,s ;1lldI Ilit' serv'',d. lytie ma nIl i1i. s tii pilt foil It Is stron 

r(('OCIIIIll,.ld tlin;t 111l Itv t in: 300 sa.mp 'lts, ('o1Ii' c I rom rClrcs'IItat IVy' 

)oints Liroughout Ihle st' cvi cc area according I o iievpted piinc iples of 

sampling be tested each month. This number should be increased progre

ssively to 375 or more per month in the year 2000.
 

An additional requirement, is the test for residual chlorine that
 

should be carried out at each storage reservoir in the system at least
 

once during each shift, and from each tap in the system when it is
 

sampled for bacteriological quality. The residual chlorine at the re

servoir or in any sample of water collected from any tap in the system
 

should not be less than (.1 mg/l. 

It is recognized that the number of bacteriological tests per month 

recommended represents a major effort considering the almost total lack 

of testing at the present. Ilowever, it is extremely important that this 

recommendation be implemented. The frequency of tests recommended above 

Is not excessive; similar standards have been followed by water utilities 

in developed countries for many years. In Medan, such standards can only
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be 	considered a bare minimum in view of (1) the prevailing sanitary
 

conditions, (2) the extremely,high incidence of enteric diseases, (3)
 

the 	larger number of uncontroll.ed cross-connections in the system, and 

(4) the present impossibillty of maintaining adequate system pressures.
 

Any one of these conditions would, by itself, be reason for increasing
 

the frequency of bacteriological testing above that recommended.
 

A test for viral contamination has been devised lately, but it is
 

not recommended for adoption in the system at this stage.
 

10.2.3.4 Laboratory_reauirements
 

An 	adceqivate laboratory is essential for quality control and also for
 

carrying nut tsts that have to he made for proper treatment of surface 

and 	 ground waters. It should preferably be equipped to carry out the 

following ex,-lminations: 

1. 	Complete physical, chemical and bacteriological analyses of
 

water.
 

2. 	Tests for process control:
 

a. 	jar test for coagulant dosages 

b. 	raw water algdl characteristics
 

c. 	Chlorine demand. 

The 	 emphasis should be on the common testing facilities for efficient 

treatment. Radological tests, for example, -require expensive equipment
 

and often can be done through other organizations better equipped to do
 

th em.. 

Other features that should be given consideration include:
 

1. 	Laboratory space, furlnture and layout; and
 

2. 	 Heating, air-conditioning, ventilation and lighting. It is 

often important to have strict control over one or more of these
 

chraceristics for specific tests. 

10. 	3 SAFE YTULDS AND ALLOCATIONS 

The entire recommended plan for development of local water sources
 

requires a major monitoring program of both surface and ground water 
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sou'rces. Based upon its results, the safe yields of the rivers and the 

local aquil fers can be more acedurately projected. These general safe yield 

estimates should be based upon the projected yields of the river sub-basins 

and l.oca.[ groundwater yields. From the results of these safe yield 

an;nlyse;. a reasonable and implementahle allocation of available water 

soiirces (,an be maide, and thus, water rights could be established for all 

hnsin ind a(tJi for users. Part of this allocation requires that private 

wa t(' r producti.on be measured. 

10.3.1 	 Mont torIng and Annlyses
 

Ili, major limitation for water supply planning in Medan has been
 

the .ih enlc of long-term, reliable data. PAM Tirtanadi and the Department 

of IrrigatIon have primary responsibility for supplying water. Therefore 

th v ;igcnger[ts should develop a flow monitoring program to accurately 

m'nsuirt', low flows in the Belawan, Babura, Deli, and Percut Rivers.
 

Althoug~h the llydrological Design Unit of North Sumatra has responsibility
 

for the gages on the Dell and Belawan Rivers, Tirtanadi should begin
 

accurate measurement of water levels of the raw water intake of the Sunggal 

Plant and corresponding production levels. The weir at the Sunggal Plant 

provides the most stable cross-section of the Belawan River which is 

daily and hourly inspected. 

The surface water monitoring will require ten or more years of re

cord:ings before reasonably accurate projections of low flows can be made. 

Tnitial development of the Dell River source will require construction 

and proditeL on based upon preliminary estimates from a rive year record, 

hut the Percut and Babura rivers would have more reliable projections. 

In 1985, stle acquisItIon and initial construction will begin, and 

'lrtannd should assume responsibility for further monitoring of the 

)ell 	 Miver. 

Tirtnnndi should further expand the program by adding two additional 

low flow sta:ions on the major tributaries of both the Belawan and Deli 

Ritvers. The additi.oial sltes would indicate potential areas for future 

low [o'w control. reservoirs and for surveys for unknown springs. 

'f.rtinndl h;hutild rstil1 Isli one or two lge stat lons at or near the 

confltlence of the Bekala and main Babura rivers in Kampung Kwala Gekala. 
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The stations would provide data for design of the Babura diversion in 

.993/94. One station on the Percut near Haryo Sari (Siantar Road) should 
be operated by Tirtanadi to obtain data necessary to estimate the feasi

billty of either a third medium-sized water plant or a diversion seven 

kI:!l ome!:res fu rther upstream. 

Groundwater monitoring by Tirtanadi should begin immediately. All
 

exh-,ting mnlicipnl and major public and inst:itutlonal wells in Medan
 

and levawan should be monitored for pumping and static water levels.
 

To thorughiy document the coastal aquifer, 
 water levels in Tirtanadi 

wells should fie measured three times daily, before pumping in morning, at 

mld-n', and hel'ore stopp hng the. pumps In the evening. Tidal water levels, 

exCi(:l: ti me of pump stoppapes, and daily production should be recorded. 

At weekly intervals, pumping and static water levels should be taken in 

all Port of lelawan Wells, and at least 20 wells of 30 m or greater depth 

in Medan. The flow meters should be installed on all wells used for 

monitoring water levels. When the wells of the Recommended. Drilling 

Program have been'completed, these wells should be included in the moni

toring program.
 

This groundwater monitoring effort should be included within the
 

normal operations of all Tirtanadi and Port of Belawan wells and would
 

require some additional staff time only for weekly monitoring of Medan

wells and anatyzipg the recovered data. No extra facilities would require
 

construction, and only 20 meters would be installed. Because of the less 

variable state of the groundwater aquifers compared to surface water
 

sources, the recommended monitoring of groundwater and especially of the
 

new wells drilled for Tirtanadi under the Recommended Drilling Program 

and in '1980/81. could determine the most productive sites for the remain-

Ing 40 welI of the flirst phase program (1981/82-1983/84). In the period 

from '980 to 1986, monitoring and wel. testing would accurately establish 

the avai.nble ground water production. 

1.0.3.2 _User Inventory 

An important element of the analyses of safe yields and allocation 

of surfnce ;ind subsurface water Is an Inventory of existing and planned 

uses, prfdc] tcL Inn, and water quality requirements of individual well and 
surface wnter users. The water allocation must reflect the existing uses. 
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Tirtanadi, the Department of Irrigation, and the Hydrological Design Unit 

[or North Sumntra should coordinate an inventory of all formal river and 

groundwater users. 

A fter in itial inventory ef forts, public announcementi should invite 

unlisted users to inform the igencles of their water use and requirements 

so that n1locations could be considered. Following the collection df a 

user invontory, all subsequent new uses or expansions should be subject 

111 the ;nva]1.aility of estimated supplies. Any uses which exceed the 

sn f v yfe.lds of low flows in the tivers should be limited to production 

only 1'roin lbove average flows or should be considered as interruptible 

uses durIng times of low flows in the rivers. 

Re'in.ation of groundwater use will be more strict, and the inventory 

of groundwater. users will require more reliable information. Few private 

welk hnvo meters, and part of the Inventory will require installation of 

meters on large production wells at major instltutions and at commercial 

buildIngs. From the inventory of users and the monitoring of their use 

(averaged over a year), allocations may be made based on their known use.
 

10.3.3 Water Rights and Allocations
 

Existing water rights are poorly developed and not coordinated.
 

Once initial safe yields have been established and compared to user
 

requirements, allocations could be established. 
 If users' demands exceed 

stpp]ies, priorities for future allocations or re-allocations would have 

to le made or historic water rights would have to be defined. 

10.3.3.1 Water Rights
 

ilistorca.lly, questions of water rights in and around Medan have been 

resolved by Informal discussions and compromise. No formal rights or 

a~locantons have been made, because no legal instruments exist for such 

allocations, and no severe shortages or conflicts have arisen. 

'The Nit:onnl. Directorate or Water Research, Department of Irrigation, 

the Di rectorate of Public Works, an(d the Department of Mining have regu

]t,''ting regarding indlvidunl nspects of water supplies, water quality, 

wat-er well drill.ing, nnd we][I pumping. In addition, the Provincial 

Govornment nnd nimnicipq] governments may also regtlate directly or indi
r,ct:lv I.I: tI or water source.. Pubtlic Health repU]t:ions can be exer
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cined n.anst public or inst I tutlonIal water users. Therefore, adminis

trattlv regulations or mechanislms exist that can be adopted to regulate 

water usoe. in Jlokarta, the local municipal government and the water 

coipanv worked rogether to regiiiate, monitor, and allocate pumping from 

Sh', I I'aq.Ii fr.s when the number of users and the total use threatened 

Ill( I!nl,,-. erl'n yield of the iquifers. 

Jo fledan* water rights have not been a major problem. Near the 
;IhIm :i~t springs, Tirtanadt and local residents have informally allo

c'l.,,. ;ipr fg flow but no regional- formal allotments have been made. 

Alplprrit l, TIirtanndl hns accepted no further collection of spring flows 
:,lhr, 46,000 il 3 /d TI- remainingc, 30,000 m3/d is allocated for potable, 
irri ,,al..,Lo :nid recreational, users or for water quality maintenance.
 

Tl:in f,,rw I .1;illocati.on of 70 to 80,000 m3 /d flow, however, was made
 

I, d o local] users tather than on total basin use. Since 80,000 m3 /d 
,F flow r-epres;ents nearly 40 percent of the recorded low flow of Deli 

River near D)eli Tua, the significance of such local informal allocation 

becrim.; greater to tile allocations within the entire basin. 

Irrigation projects have been and are being developed on both the
 

Deli and Belawan rivers. The significance of these projects and their
 

water demands will increase as large individual surface water users in

r1,,s w lithdrawal.s. The iun cipal water supplLes will eventually compete 
with both frrigntion and private users near Medan and those ut.sers in the 

,ippr and lower ,.bbasins of the Belawan, Deli, and Percut rivers. 

Tl r, I (Ire, Infuirma I agreements will. eventually be strained by competing
 
IIes. tinfortunately, little or no data are available to define the 
low
 

F ,w-1lV :ildh-1:ins and then support wide basin allocations of projected
 
tow f , ":
 

Ii! I),mid fatitre Water p nts have been locnted upsitream of sig

,Ilfi -aot:,,,1u.hdainage In order to ass:!ure potable water ltIalaity and 
c.,nloii, c o-: 1,(,Ir aIddl.l:iona] treat:ment of urban pollutants. Therefore, 

frl" mIo.i i;ml waler supll ies, the a t.locnti.on of a volume of projected 
I! 1i1'.: i, rily part of tim lte.ra, rIgi:hs i snlte. Water quality, ipter

i;iI rim,;,',. : return wastewall-er r.ows inust be taken Into consideand 

r,t. i nl. All r(f these factors can ibe regial.ated to vnris degrees by 

0 NI!; I iIg ri I.r:: for pbl i c heal th, I rr Iln t ion , and provin c i 11 /mun Icipal. 

, i.:. 'l,,,i.:pa'rs d author lei., will c .relordif Il'|o coordination 
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C r cl , Vi', (1trol when wilt Idrawa1 s approach the saf e yield of the 

" I IIP ,c ol'oLe ([v ,lrilI (l PIll Ic Works 3 Apri 1.1()79 has indieated 

i fTt i , filn Vyntr;r Supply Plrogtrinm-Prpe.1.1.- I[ thati dr ilnktng water should 
,


*I,.,, . ,.','':t prI . y when colupi, l: I irt: ar it onver a wnter-:0 for ve ere'st s 

*',,v
. FIrm l inore, tho P J r:[2: l'ed thw need for regi 1nt Ions I espect.lly 

,''mli I h a 1d In met ropo 1.[t an suchc, , to Improveivd IAhat . area aS 

;I,.1:' -.i i' otaiir sh i opernte I nstre order lv deven r .aU I.,..:.t Ioin Id to 

10n1r', i ho :Ie.[ vie I.d(if a.11. wal-cr .(urce]s. 

iit,,,,,,,if -r rlghtr ce(:rol.s fit Hedin ;lnd DeI Reency are virtually 

: h,.'n 

:,,!:.,,.I 1'.: , lt pro(diction hut: ellnorctent has not been adequate in 

I,:I . r, ir,: I.n Jokalrta has bIeen inde. more closely 

. a1 'nier have Invotved Ii regulating drilling 

ti' prodtLionu 

.'l'"d nnd h!:h the dri] Ling and prnduct ion require permits and are 

,,llI.,,, fo,.lan, .icipa suppl.y forced''I I the de riclont mmu water has 

tiiny .'r,-,v wit'r users and wealthy residents to construct private wells 

without any regulation or control. Until the municipal supply becomes
 

more adequate, little effective regulation can be enforced. Without 

e.stablIsled and enforceable water rights, private wells cannot be regu-

Intml, bit the pt'vnte well operators have no rights established for 

rhl ir ..:,ntit ed production. 

'11," 1'' rmmdod w'll. d.signs aind optrmtions can effiecLively dominate 

I o.,,i i fi .'' r prd tit.on wit.h.i n ,00 in randLtis, and therefore the initial 

v,,1 d,,velIo, m,,i ;shoiulld have little of Feet upon existing private well.s. 

Ifih, I,,i ,'i,'I1 , -l ;deqmuat'e, falny priv:aewa Ihiply lIh€rimo, well operators 

.I l 1,,, wel Is I-hli:'y In'production quality.t j cln whun dec li.n or 

.,.'. ;, ii ,. ,'Ikvnl e Ihe . Iv Lndi. w ..:l,:Isl I,',l h p.l.*iced 1 rt h 

t I . 1, v ll Iind inier a,,Ir V nf. thr and iceol.ving we 1.1 at reduced 

t '..,I,f p 7','(.c rImi flow tihe supply., pi t-u.' won)ii Into imunk-c ipat 

I; )it, Int i p:Ill w('I iit-,,i I o xpnindeil ,.itr ing th.. 1985-1.995 period, 

I', j Ii ' djT. ,ei1.tit .leni':-: lli for i i t Iin:s. be firm ly 

, 1*. l . f -II' '.I t1iiln i . Ir'dott I.nti u' dii-rinur hI )8- 11,915 per.i od. 

'11,ji t ,It'h.or .IhI , I ii' I ll og':ull d ',lit'f aU d i'p [. , d bv olHlor .overn

.- Ilr!.....i, o,,,i r', F I r,:': , "rld Ihoni OX1,11idd 10, [TII [ iV d Il'.11 pr I.vate 



10. 3.3.2 Stllrface Water Allocations 

Al lot:it lnn oif surface wnter reflects two elements: the amount of
 

an tr a.1nd [lie Ion fcin] human uses and natural requtirements, or the
 

d.ii gp,Lint: mny i'esul t from inadequate Supplies. Monitoring and user 

Iun f.o r fi' twill only estab.ish the supply and demands. During some 

V ~ ;1ii .oand sons, all users may withdraw their maximum needs. However, 

durin, drv periods, surface water flows may be insufficient to supply all 

,,snrs wli-h their total needs. At such time, priorities will be required 

to alltir. it! the nvai-able supplies, or formal water rights will assign 

.I ::pe,,'Ific qwi:nf:Ity ba.led upon historic use. Priorities commonly follow 

Ohw or'd-r ijveI helow: 

1. Mltri.c'fipal water supplies 

2. Wairt---ilcpendant industries and institutions 

3. Africultural irrigation 

4. (eneral Industries, and 

5. Recreation, wastewa'er assimilation, and fisheries.
 

Since potable water supplies should be given highest priority, PAN
 

Tirtanadi should be given necessary regulatory responsibility to insure 

adequate, safe writer supply for Medan. S'imlarly, Tirtanadi should have 

primary ret'lon;-il I ty for coordioati.ng and funding the monitoring of 

sij f i-c ial (r ,;oilr.c.s. 

Al I InIns lie to the flow levels within rivers.nni must coordinated the 

The 1 ln' r during fall, nd spring rainy periods would avaihl flows rhe be 

I al ' f 1,rgenera'l useS, especially for agricultural rIrlgatlon. During 

a manjor low Filow event, gradual Iurtailuncut or stoppage ofI some uses 

wolld he requli red in tile basin, in order to Insure adequate potable 

.tupp I I es. AIf.hoiugh agricultura]. irrigation and general. industrial users 

would hi Ir:.v cirtaIled, the duration may be varied depending upon the 

t:,,c o plan1 growth. Tr flows continued decline, water-dependant1 to 

indo:-;lrir: woId hr, roqili red to redice wft.thdrawanl. Simi larly, major 

nmn-.iof :l I e,:idl ,i,-wa i'r d ,pe tlaill I1. t Ipal wouldtis's It. flh, iin II"c syste'm 

he ru,lri ilid (. g. offriff 's, non-essontinl tInsti.tution, and swimming pools). 

ulnil users 

-, l i r -. I iT ri mon I L I)" e'i r iis' and c'ord tin lted enforce-

Ii I'-rcoi'oli (1"walor curirfai llti.ts of' non- inic pal water 

i lI1:unad I' ing of 

i. T irl;I '1utd fll' il:v ;11l(J v ilIc'iil ,' nlrnm .. l: I plou i en [ 
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Without vnr.rcezent powers, the regulations, allocations, and monitoring 

are 'iselss. All three must be developed together with the other concerned 

agencies. if enforcement powers can not be gained, the location of 

Tirtinndl Wior Plants and diversion would practically dominate the use
 

of water by downstream users.
 

10.3.3.3 .roindw.ter Al locatlon 

Allral tioni of groundwalivr repr s nts somewlnt n lr task thana h 


I 1 I114.alI ' l W ' rht ; I[,i. nimq',Ii IhI i , t ,l'grt,, o I i imroanmcd
1 i-r im1 ii . g 

iiiI i'i1'7"1 iNi l[)()rl Thei' I Iill L S,'' 1,' It . rf'tl WItlC'r rt'l, t O -0 I C'S0'i' ; t Ie'
 

most v; i.pl,I wi; or rd'$uirliU , wit hi, t'h ro ions aniid tlhetrlorv its 
 regn

lnIfon sholId ref itce: the grvatest Imirf i Is for Ihe Medan populat ion.
 

IFurthermore, 
 the gromdwr aquifern are more semivntlV to product:ion
 

a''nd *iI hus. 
 Otine damage occurs In aly one locaLion recovery In more 

diii I iCU]lt. 

Use of deep aquimfqrs requires drilling of deep wells, and the drilling
 

roquires both large equlpment and long time periods. Therefore, regula

t ion of drilling represents the major focal point In the regulation 
 of
 

groundwater use. Permit and reporting requirements for well designs,
 

wa i or quality and prodm'tion testing should he enforced through the
 

r , ,,.I i1 n. of [lt' I)vpartme t'o F Mining, and new well s within the Medan
 

grondw;at r basin shoulmld he 
 approved by both the Depart|ment oF Miningu; 

The rvcommend.d drilling pro;r;iim and the monitorLng of existing 

and rerommvn' ,d frirs. phase production wells for 'rirtnnadi wouldc provide 

sn ff1 'ient dv.ta t(o ,,timate the safe yield from the deep aquifers. The 

cxi:tlng and npdated invenLory of existing well. product ion would provide 

an estimnte of use of the available safe yield. If tile safe yield had 

not beon vxc eded, exi sting u.ses comId he contined. 

As TIrtar;adi incre svd prodclion, tih. safe yield level would he 

approachlvcd, and other "sc's wonId have to he re-evaluated. Since many 

privn'ely drid ed wells do not 1,'st more than ten years, regulation on
 

IN drill I o new wouldgrad mmai curtail pumping
of we Iis I ly unapproved 

from thn' dIep ui slif,,r,.Then. no.w we-I ls cold he evaluated as to their 

;cia usc';I) if a amid litffm[tlI l I..[.,L rl ,re vu with the requirements for the 

un.i.cipal watvtor s upplis. Wells to b, umsed for benefivcil and water



dep6ndnnt publ Icinstitutions or projects (e.g. hospitals, schools and 
housing) would be approved, while general Industrlal use by a private
 
Compialny would be reviewed as to the applicants' alternatives sources,
 
and their needs for human consumption.
 

Through the existing drilling pe'rmi.t requirements, if enforced, the
 
Department of Mining and Tirtanadi could regulate the production from
 
groundwater soures. SpecifFication In the permit ('ould determine the
 
IeIt1, dlaimtler, and ammmoinl:s of s('reens and gravel packs and 
the size
 
nd pOwtr 01 1h pUimm. These f'ncLors wotld estibl 
 sh the maximum production 
from the well. Specifications for all wells would require flow metres
 
which would be installed and monitored 
 by Tirtanadt. 

In some gromdwater-dependlant areas, the water agency has authority
 
over the Pgrotndwater reservoir and pumping. 
All wells are drilled for
 
the water agency, and non privately controlled well is permitted. However, 
if an approved user has a very high potable water dcmand and wishes to
 
insure adequate, stupply from the 
 groundwater, the user could provide 
land for a we.l and be allowed to receive watei from the well, any unused
 
water would enter the general. municipal distribution system. The private
 
user would he charged for the delivered water at a rate which reflects
 
the cost- of long-term lease of 'the wel.l .and on-going maintenance of the 
well. 




