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Abstrace

This paper focuses on the water supply of Cebu City and the island be-
cause it is a contained supply and consumption system with seme historicat
data. It imtends 10 show that understanding of nature’s water supply system i
essentinl for a sound management of a water distribution system. From 1911
until World War I§, Cebu relied on surtace water (Buhisan darm} and groundwa-
ter (Jagubiao) spring for its distribution system. After the war, deep weils were
added to the system. From 1974 to the present, substantial foreign input ana-
lyzed the local situation and provided possible solutions. This paper further
points out what has to be done at the present time to ascertain that Cebu will
have potable water for its people.
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(ntroduction

Any human settlement nceds fresh water. There are many reasons why a
seftlement flourishes. Fresh water is of such primordial importance, that scar-
city of it becomes a fundamental constraint for an organic development of the
sefilemnent.

A tropical climate with no extended dry scasons gives the impression that
fresh water is abundant. Volume.wise the supply is abundant. The tropical
cloudburst however is no ideal delivery system. Storage is necded Lo save water
for n sunny day. Chemical weathering is fast, given the high iemperature and
humidity of the climate. Thus in many locations one finds thick layers of sedi-
ment protecied by a thick green cover. In this way nature has provided a huge,
admittedly leaky. storage rescrvoir. But then apain, foresis are cut and level
areas are developed. This is the common human approach. Stronger erosion, a
result of deflorestation, removes sediment. Developmem effectively constructs a
roof aver the level areas and drains the rainwater as fast as possible. The loss of
natural storage {result of erosion} and the reduetion of natural recharge (conse-
quence of development) resull in batch-type waler supply. The phenomencn is
well known by its eflects: flash floods and dry faucets.

Cebu is no exception on this common script. This paper intends to show
that the understanding of nalure’s water supply system is essential for a sound
management of a water distribution system, The focus of the paper is Cebu City
with its direct surrounding, because it is a contained supply and consumption
system that has some historical data.

From 1911 until World War 11 Cebu relied on surface water (Buhisan dam)
and groundwater (Jagobiao spring) for its distribution system. When the cleanup
of the war damape reached Cebu, deep weils were added to the system. The
inspiration of the Buhisan dam produced two feasibility studies with plans for
two high dams. The growing demand has been followed by & further exploila-
tion of ground water resources by government and private entities. The progres-
sive sepwater intrusion proves that the narrow coastel aquifer is under stress.
Table | shows the historical growth of the populetion of Cebu. The present
population of this area is now more than one million.

Over extraction of ground water from the coastal aquifer docs not really
lower the water table, because the sea resupplies without limits. The problem is
that 1% seawater mixed with 99% [resh water establishes 250 ppm Ci. which
is the upper limit acccptable according to WHO guidelines. Two percent seawa-
ter produces 500 ppm CI', a concentration which the local population does nat
accept. The sad irony is that Cehu talks about sufficient surface water in its own
backyard while it acts to permanently destroy the ground water source that can
supply one third of its needs.

The paper consists of three parts. First a description is given of the period
1910 to 1974, During this period a correct and sufficient first sicp was not
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sfollowed by the necessary in-depth study. The second parl covers the period
from 1974 until the present during which substantial foreign input analyzed the
local problem and pointed out the solution. During this period much of the
science of water (hydrology) was absorbed through local hard labor to the point
that “water engineers” can be trained locally. The third part points out what has
to be done today to ascertain that Cebu, City and island, will have potable water
for its people,

Table 1. Historical growth of Cebu’s population.

Year Cebu City Mandaue City
190 4599 11,078
1918 65,502 21,086
1939 146,817 17431
1948 167,503 19.068
1960 251,146 29,281
1970 347,116 58,579
1975 413,025 75904
1980 490,281 110,590

Source: National Census & Statistics Office: 1980 Census of Population & Housing:
Cebu; Vol. |: final report. Manila 1983

The Period of the Osmeifa Water Works System (1910 -1974)
Surface Water

Electricity as a general form of energy supply probably hed not reached
Cebu arcund 1910. One may suppose that drinking water was taken from hand
pumps. The exploitation of a river by means of a dam taller than a church
tower must have been perceived as very advanced technology, This is more so
because the potable water could be distributed by gravity over the whole area of
interest.

In 1911 the Buhisan dam was built. The beight of the construction above
the riverbed is about 37 meters. The highest church towers at the time were
about 20 meters. The surface area of the active storage reservoir was 12 ha in
1978; its volume 200,000 m'. In 1978 the discharge was 9000 m’ day". This

' This section is essentially based on orel communications.
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discharge could be handled by the Tisa water treatment plant, A catchment of
560 ha collects some 4 million m’ year” (11,000 m® day'). [n 1903 the population
of Cebu City was 45,994. This must have been the time that the decision to
build a dam was made. With 9,000 m* day' as discharge capacity, the demand
was thus placed at 0.2 m' head' day”'. However, an active storage of 200,000
m’* never would have been enough ro bridge the dry season gap. History provides
an explanation.

In 1912 the dam {or portion of it} collapsed catastrophically. Oral history
reports the loss ol 22 lives. Apparently the structure retained some lunctionality,
because the same source reports that an iron-and-wood superstructure was
frequentiy washed away until in 1924 the structure was finished as it is now.
The present structure consists of a concrete arch resting on a side abuttment
and on a rock outcrop in the middle of the gorge. The other opening of the
gorge is closed by a pated spillway.

The catchment was locally known as the Osmefa Reforestation, afier the
local political power, and was totally reforcsted untit the war drove peoplc into
the hills afler 1941, The combined demand for fire-wood and food did much
damage. flowever, this damage had been restored in 1978, but not before an
extremely wet typhoon (1951) had reduced the original storage to 200,000 m’.
The typhoon obstructed the sludge drain in the process. In 1996 this sludge
drain was clcared and the storage restored 10 250,000 m'. The active reservoir
should he cleaned ta 300 000 m’ following the recommendations of the 1978
study.

In 1978 it was not possihle Lo determine the original bottom of the reservoir.
No data were available about design values of active storage, dead storage or
discharge. Retro engineering of such values becomes an educated guess under
these conditions. But the combination of the facts that the downstream
installation of treatment plant and transmission line can handle 9.000 m’per
day at a time that therc were no subsiantial changes made, confirms the opinion
that the Buhisan dam was built to supply 9,000 m* per day. An active storage
of some 350,000 10 400.000 m* might havc assured a continuous supply in a
climate where a period of 40 days without rain is verv exceptional, Because
rainwater collection was common in the Spanish time, 9,000 m? per day may
have easily supplied more than 45.000 people.

The raw water and clean water transmission lines needed rehabilitation.
The same was true tor the treatment plant in Tisa. Following the
recommendations by international and local experts, this rehahilitation has
been mude. The whole installation of 1911 is functional. The investment of
1911 has produced 6 to 9 thousand in' water daily. This is more than 200
million m', produced by a structure that may cost not more than 10 million
dollar at present prices.

Already in 1976 anempts had been made to find operational data about
the dam reservoir. Practically nothing has been found. The conclusion seems
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justified that im the minds of the management of the water system. a dam-with-
storage-reservoir did not deserve daily attention. The rainfall had been recorded.
Al one poimt the recording stopped, possibly as a result of the war. More
impuortant stations retain copies of the collected data. Duhisan was such station.
Because the reconding had not been resumed, the local copies were discarded
as waste paper. This happencd a few years before 1976, Daily water levels of
the reservoir, figures about released sludge, actual daily discharges to treatment
plant or over the spillway would have been a poldmine for hydrologists. Roughly
at the same Lime as the dam was constructed, / synoptic meteorological station
started obscrvations in Cebu, ‘The combination of water and weather data over
u period of 80 years could even be used 1o evaluate climate changes. But on s,
more practical Jevel, an 80-year record could result in the {ull ytilization of the
4 miltion m* per year capacity. At present the MCWD pemps about 4 million
m* per month using expensive electric energy  Thus the dam still praduces a
relatively important volume of water.

ln 191! there was inspiration, there was [oresiphl. A good installation
was built, Standard maintenance procedures were followed: no population
close to the Teservoir, erosion control through reforestation and drainage of the
unavoidahle silt. The war interrupted these procedures, by the tradition was
strong enough and the results could be seen, so that after 1945 these procedures
were faken up again  In hundsight one sees now that daily rain(all and discharge
data could hayve been used in the evatuation of many other watersheds. Optimat
use of our mesh water resources tmay finally force us to collect such data so that
the next generation can use them. for the benefit of the whole isiand.

Ground Water

1. Spring

Around the islund of Cebu one finds several large springs just above sca
level. These springs arc very popular and intensively used. Cebu has its own
seaside spring in Jagobiao on the boundary between Mandaue and Consolacion.
The spring is close to the North road, so it is understandable thet the growing
city tapped [his spring in 1934  The population had passed the 100,000 mark,
the maximum population that reasonably cap be served by 9,000 m'day'. The
capacity of the spring has not been documented. 1t seems that no meters were
used: thic production was derived from pump specification and hours of
operation. Pumps were needed (0 bring the water to the center of Cebu. The
pipeline used the right of way of Northroed and raifroad track. by-passing
Mandauve City. The spring had one obvious decfect: in periods of very intense
rain its water got turbid. The managerial response to this problern was simple:
momitor closely in times of intense rain and stop pumping when turbidity becomes
visible. The implied heaith risk of the intermittent turbidity had been recognized
in a peculiar way. in {945 one ahempted to close a sinkhole in Talamban by
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blasting, “to prevent remaining Japenese soldiers from poisoning the Jagobiao
spring”. That through this sinkhole, or through any other surface contact
human waste could be a continuous hcalth risk for the spring, was only in the
late 19705 considered as sufficient reason to abandon a source that produced
not more that 5,000 m'day”.

This decision was made by MCWD, the successor of OWWS, al a time
that the pumping station required an cxpensive rehabilitation.

Also from a purely hydrologic viewpoint the decision was correct. A
spring that shows a clear surface contact during heavy rains indicates at the
same time that its water regularly may be in contact with human waste. Such
spring deserves Lo be treated as “surface water.” The permanent absence of E.
coli ns observed by frequent analysis, is no guarantee that the “50-days-no-
contact” rule for surface water is maimained. This rule has been used in Europe
alrcady in the 1930s. ln 1985 il was also introduced in the USA.

The basic facts about springs are known. Rainwater becomes acidic when
il passes soil. Acids dissolve limestone. Conscquently, solution channels are
crealed, sometimes with dimensions of real underground rivers and grottos,
Such rivers can feed really substantiai springs. And here lays the catch: river
currents are measured in Kilometers per hour. This is in sharp contrast with
ground watey flows that are measured in meters per day, several thousand times
slower than river flows. Consequently, large springs in karstic formations may
have to be treated as surface water. In Cebu surface water reaches the sea in
much less time than 50 days.

Contamination by human wasle can spoil potable water by its microbial
conlent {bacteria. viruses. etc). lllness-causing bacteria do not usually survive
longer than a few days outside the human body. Nature. however, needs much
more tirme 10 destroy viruses. Studies show that a reduction of 99%% often requires
50 days. That last 1%s can then be sulTiciently reduced by chlorine. And by the
combined action the waler is safe. A hig spring, however, that is sometimes
turbid, is fed by an underground river that has surface contacts close by, The
water was only a few days earlicr at the surface where it could be contaminated
by human waste. In 1934 very few peopie were living in the recharge area of
the Jagobiao spring. Thus the chances of contamination were smail enough to
justify the use of the spring. This was still the situation in the 1960s. But
around |980many subdivisions, private housing developments, were developed,
And the spring water became slowly unacceptabie for drinking purposes. because
it ma* have been in contact with human waste a few days earlicr. The rule of
50-days-no-contact with humasn waste is not maintained in the Jagobiao case.

A vaguc ural tradiion slates thal the connection between sinkhole and spring had been
established by a tracer, bul no documicniation has been Found
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2. Wells

The population of Cebu grew fast bevond the 9,000 m’day™' capacity of the
RBuhisan dam. The Jagobiao spring added water, but its addition was mose a
reaction to popular demand than pro-active planning: 9,000 m’day-! is definitedy
not enough for more than 100,000 peaple in the down-town wrca. Add to this
shortage the relative ease by which a private well could be constructed and one
has an explanation of the popularity of the private well. A survey made in 1977
found more than 7000 wells in the scrvice area of MCWD. About one half of
these wells were known o be drilled between 1964 and 1976. A couple ol hundred
wells probably date back until the 1930s; 78 wells were definitely dated to the
pre-war period.

The war damaged much of Cebu's infrastructure, so it is no surprise that
repair and extension of the water distribution network showed much patchwork.
Even roday the MCWID does not guaraniee that #l) privately instalied
connections of the period 1945-1950 have heen accounted for, With no
additional sources for the OW WS, privale wells proliferated. The City installed
handpumps in squatter arcos. Homeowners diilled own wells, eventually at 10
melers intervals. Business placed transmission lines of [ to 2 km between
private well and hotel or factory. But still the water supply was inadequate.

To remedy the emergency situation, expatriate expens recommended the
construction of a dozen deep wells in the distribution area. These wells pumped
directly oo ihe netwark. were provided with check valves. but aot with
watermeters. FThis was done in the carly 19605, The weils alleviated the shortage,
but could not provide s consiant pressure. Private storage that was filled during
periods of sufficient pressure was a common installation, The fire bhrigade
resorted to its own efevaled storage tanks and sometimes used sea water
{although its equipment was not made for it}. Cmergency measures have a
tendency 10 become permanent wntit the point of total breakdown of the
lemporary measure. [n the early 1980s the last of these emergency wells was
abandoned.

As lbe production was not monitored and maintenance was limited to repair of
reported failures only. at least one well was found in 1974 1o act as a sink. s
impellor was totally corroded and its check valve stuck in the “open™ pasition. During
the few hours of the day when that pant of the system had a positive pressure, the
water flowed down the well, Hs production was still in the books, us *design capacity
times hours of oporation™; the first facior was printed on the folder of the satesman,
the second factor was derived from the eleetric bill. Notwithstanding this type of
management, the City {reasurer found il necessary to publish his obpections against
the arganization of a Water District. His reason: the OW WS conmributed P1,000,000
net per year o the city’s income, OWWS yearly budget was some 6,000,000 at the
time.

For all practical purposes the population that depended on a public water service,
was unknowingly taxed. with 16% on its water bill. This money moved heyond the
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standard and controlled channels. The public reaction on this revelation was very
subxdued. Everybody experienced that the distribution system did not distribute emuch
more thun air {as the saving went), But the admission that the system imanaged to make
some 16%e profit, did not result in the mass resignation of tht: responsible political
bady, No elective official was sent home by the electorale. Even today water supply
i considered to be profitable business by some tmunicipalitics.

fhe emergency wells also had a negative hydrological effect: acceleration
of the scawater intrusion. The majority of these wells were situated in the
downtown area where the water was hadly needed. From a hydrologic standpoint
the sites were refatively good: close to the major natural drains of Lahug and
Guadalupe rivers. The inaccurate information on the volume extracted by
private wells may have causcd a far 1oo optimistic estimate of the sufe extraction
rate).

Evalustion

After an imaginative start in 1901 the OWWS s2ems to have chosen for a
reactive management. 11took until 1934 and a 100% increase of the population
before an additional source was tapped. The third substantial, although short-
lived, additional input came in the 1960s. And this time the population stood
a1 250,000, The wrbulent years nf the war are an excuse. The case by which
individual houscholds could drill lor water, took some pressure away from
OWWS. These are facts, but no justification of a “laissez fair” attitude.
Questions may be asked. Was the Buhssan dam an achievement of such
perplexing magnitude. that it numbed the Cebuano community to a deadly
complacency? It was a great achicvement, cven constriction and reconsiruction
was done by expatniare {Japanese} iabor. The fact thar no correlation between
raintull and discharge was preserved (or possibly never made), pnints in a
similar direction of not-comprehending the magnitude of the achicvement.

The vulnerahility of a coastal aquifer was not realized, witnessing the
carelessness in registering the extraction of OWWS and private wells. There
were waming signs.  In Lthe early 1960s a German chemist of UJSC warned
about his findings: analyses showed clear signs of sea water intrusion. Sea
water intrusion was a well-known hazard internationally. But in the country
the agencies responsible for the water supply did not react. Was it only the very
limited knowledge? Or was it also the sluggishness of the bureaucracy? For
water supply one would love to see the professionality and agility of the private

A priale ¢xpenence of meccurate infurmatis may illustrate ns danger and underme the statement
that nevanformation 15 better than wiong infonmatian. In the mud 19705 | iwice recomved information
froam Use appr opisate guverment offices Yum “about &% s had been registzred, of course. ma cverybody
regslers as requised’  [he Brst umw | took tis miormation on the face value. The 700 regisicred
wetts ¢ atwoul U7 07 turiees] oul o b mare them 3000 wells The second lime swhen that same expressin
was uscd, ) smuked aod thusght [etus chech .
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emterprise, but then without the greed that eventually moves to ever increasing
prafits, Would a closed economic system like a cooperative be the answer? A
system in which the user knows what it takes to collect the product and bring it
to the house? A system in which the user also knows how nature provides fresh
water?

The Period of the Metro Cebn Water District (1974 to present)
The Beginning of External Input, the CDM and KKL] Projects.

Around 1970 some larger constructions were started by the OWWS. An
open reservoir, 3,000 to 4,000 m®, was constrcted on an clevated location in
Yahog, About 2 km &" steel pipe with a thin butimen coating was placed along
the Cadre Talamban road. A “concemned citizen” wondered if it was another of
those “election water systems,” that appear with the same frequency as elections.
1n vote-rich areas, handpumps and GI pipes were distributed. Reservoirs were
constructed. Bur too often those items never saw any water,

The national answer to a very weak water supply system netion-wide was
the creation of the Local Water Utilities Administration. The local result was
the creation of MCWD, 2 government corporation with the task to provide
Metro Cebu with potable water {9 May {974). The OWWS5S was absorbed-in
MCWD. Most of the municipalities belonging to Metro Cebu joined.

On 14 October 1974 & contract was signed between LWUA and Camp
Dresser and McKee about a Feasibility Snudy for Water Supply - MCWD.
Oral information has it that USALD was the source of the funds. In the same
information it was stated that the terms of reference were inadequate with
respect to the problem. One line of the Introduction to the Final Report of
CDM, February 1976, may be sufficient justification of the hurry: “The MCWD
water supply is generally inadequate and unsafe” This line speaks about the
water supply of more than 446,000 people. At least 25% of this population had
MCWD as its only supptier of potable water.

An Interim Report had been submitted on 26 August 1975 “for early review
by LWUA, the Water District and the Asisn Development Bank.” Apparently
there was some frenzied activity, understandable becsuse onc was dealing
with “inadequate and unsafe” water for half 2 million people.

The Cebu business conumunity had realized the seriousness of the
failing water supply in Cebu. It contacted USC in April 1974 where it found a
response. —This response found a solid echo in Nederland where the
Technical University of Delft offered to “transfer technology,” as it was
formulated during discussions in Nederland in August 1974. The combination
of local financial and intetlectual resources with urgent demand received
professional input from the Dutch Development Assistance and resulted in the
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formation of the University of San Carlos - Water Resouwrces Center, May 1975.
A 4-year assistance contract became active in January 1976 between TUD and
USC. This particular contact is still alive, but at present as a part of a much more
solid interaction. The questions that are formulated at the end of 1.3 were not
raised at this time, but the general fecling was strong that water supply must be
supported by local understanding and know-how.

independent, but parallel and mutually benelicial, activitics in Manila
resulted in a much larger assistance to the MCWD. On | Aug 1975 Kampsax,
Krueger. Lahmeyer Intemational staried a project that involved the feasibility
of the Lusaran dam, the evaluation of the capacity of the coastal aquifer and
the improvement of the distribution network. Although in a later stage
“educution” was added. the professional development of the MCWD staff in
the basics of hydrology received little attention. This omission is understandable.
Training was a very small item on the initial contract. Further, expatriate
engineers are not teachers by choice. Finally, in & culture where a Bachelor
diploma is considered as the de-facto final diploma, too few candidates have
been prepared to improve their personal knowledge in sufficient depth.

l.ooking back at the activities in Manila one fecls strong competition in 8
field that was not yet really established, as LWUJA was only established after
1972. Was it a concepl that had thoroughly been discussed already? The MCWD
was formally established on 9 May 1974, On 14 October 1974 funds had been
raised and a contrac! signed with a substantial expatriate man-power contingent.
The Interim Repon was produced by CDM on 26 August 1975 for the ADB.
15 March 1976 was the deadline of the bidding that ultimately semt KKLI to
Ccbu on ) Aug. 1976 under a World Bank funded contract. Along the way
CDM received a “yellow card™, 3-year elimination from competitive bidding
in the Philippines. This verdict may bave been legally correct. But was CDM
morally to be blamed for accepting an inadequate TOR? Who outside the
country kncw that an official “60% of the actual™ was the local way of saying
“l have no idea™ about how closely the given number approaches the real
situation? One may hope that the reliability of the data has improved. And
then it may also be advisable to make agency and individual accountable for
mis-information.

In hindsight all elements to push hard for ransfer of technology were on
the table at this point in time: the generally inadequate and unsafe supply of
the second city of the country; the tackluster response of the Water Warks
System; the glaring difference between local and foreign engineers
(representative samples (or both parties); the scope of professions from
cartographers to anthropologists, from geologists to hydraulic specialists. Those
facts were recognized: a search for cause and remedy was not initisted on
government level.
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Resources

). Surface Water

The presence of a large group of expalriatcs, in 1978 the number during e
short period reached 40, took much pressure away from the technical staff of
MCWD. This was particularly noticesbly in one area: hydrometry, an at-the-
time for Cebu esoteric subject. Data on rain fall, rain intensity,
evapotranspiration and river ran-off are far removed from water meter readings.
but hydrometry in the end measures the supply of a Water District. In the same
context the Buhisan dam was left 10 the TUD-WRC cooperation. The resulls
of these studics have been mentioned already. |t took more then a decade
before recommendations were implemented. For an outsider the reasons are
obvious. First the dam was still productive. The seriousness of the reduced
starage capacity never had been transiated into lost business opportunity;
otherwise the opening of the siudge drain would have been a fact in 1975.
Second the visible actors were “only students”, As mentioned already, a full-
time MS-student is locally not well known, However, West-European Master
of Science students are the product of a very demanding 12-year secondary/
tertiary program and a Master Thesis is the product of at least a full-vear study
with much technical support and strict supervision. Finally, any report cosis
moncy. The thesis, covering the Buhisan dam, did not cost a siagle peso, as all
cxpenses were payed by Dutch sources. Locally, even very costly reports, paid
by World Bank loans, are ofien rclegated to the shelves. But the lact remains
that hydrometry is even today insufficiently appreciated as the basic
measurement of fresh water resources.

The KKLI group produced a feasibility study for the Lusaran valley that
reached the level of a pre-cngineering repont for the implementation. The
capacity was placed at 150,000 m’day’. The structure might have produced
water from 1987 on. Ar that time the refation between Manila and Cebu was
best described as the stereotypical relation between a colonial ¢apitel and an
outpost of the colony. Not only a strong intellectual and economic drain flowed
towards Manila. But also initiatives had to originate in Manila in order to
have & chance for implementation. It was the existing leftover of colonial
limes administration reinforced by a dictator who had 1o settle p2rsonal accounts,

A kind of pacifier was lound in the feasibility study of the Mananga dam.
One expected that the consiruction would be less costly. It rurmed aut that for
less money one receives less water,

A different combination of the KKL! companies, now working under the
name Cebu Consultans, evaluated the leasibility of a dam. The compiexity of
a feasible dam-site combined with the presence of a sizable population cluster,
an existing road connection and a large natural reservoir produced a wo-phase
development plan (1985). Phase | taps the natural reservoir at 25,000 to 35,000
m'day” by means of i5 wells. This has been developed at a cost of several
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hundred million pesos by means of a loan that was provided by LWUA at an
interest rate that lays a few percentage points below the commercial rates at
that time. Objectively it was a political fine imposed on Cebu, because the
money was part donated, part acquired by soft loans.

Phase {1 is a high dam that can produce 70,000 m’day. 1t has been the
object of three feasibility studies respectively by CC with a revision by
Electrowatt, by PCEEM and recently by Bechtel International, Inc. The different
consultants agree on the technical viability. The financing is the last hurdic.

The hurdle is serious. Existing taws and regulations make it impossible
that the national government finances a dam for Cebu. It is against the
devolution of power. But if Cebu avails of a soft loan, the national government
adds charges for handling and securing so that a 2.5% soft loan becomes a
13% commercial hard dollar loan. A fogical, not-colonial approach would be:
lez Cebu be responsible for the whole package, inclusive of some risk of a dam
that not always performs as expecied. In the case of the Manange dam Cebu
can take the risk of not being allowed to use a hose to clean the family car in
times of exceptional drought. This is namely the practical translation of
accepting a 95% confidence rate on 70,000 m’ daily (21.6 million m® yearly).

it should be mentioned that discharge and corresponding confidence rates
are calculated by means of statistics over a 25-years peried These calculations
do not account for a recent development: the predictability of below-average
dry years {(El Niflo events). The last three events have been comrectly predicted
with a lead-time of five to six months. Very interestingly for Cebu, the first
warnings were given a few months before the beginning of the raimy season.
Consequently, in wet years without El Nifto warning more than 70,000 m?
could be used per day. The increased risk of non-performance (the El Nifio is
predicted by the weatherman) can be absorbed by a buffer pumping capacity of
the MCWD. Jn this way the overall production of the dam might be increased
by one or two percentage points, while “loss of water” due to overlopping is
nearly totally preventied.

2. Groundwater

The KKLI stafT realized that the construction of a dam would take several
years. In the mean time well fields were developed to serve the pressing needs.
With the well fields came siorage reservoirs of 5000 m’ in 1978-1980. The
purpase of these reservoirs is primarily to serve as buffer, thus as pressure
regulator, for peak hours. The other advantage is that the pumps in the wells
always work against the same head, so that the pumps can be designed for
maximum efficiency. Once the dam would be on-stream, the reservoirs would
function as pressure regulators and the wells would bridge supply gaps during
droughts.
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The wells that were constructed in the period 1978-1985 were aciually
designed as a stopgap measure during the construction of the Lusaran dam. The
increased risk of seawater intrugion in the coestal zone was accepted, because
most of the small private wells in that zone should be phased out as too close to
septic tanks. The informal discussions ofthe KKL1{ staffplaced the full-utilization
of the Mananga potentials at around 1995 to 2000, 15 10 20 years in the future,
The wells of 1978-1985 surcly would be needed again. The geologists had
indicated potential dam sites in the Mananga basin, the hydrologisis agreed on
the need to tap the Kotkot basin. Geology and topography indicated that wells
in the cone of debris might be a way to harvest the Kotkot water. And some part
of the 1978-1985 wells capacity would again be very welcome in the period
before the full utilization of the Kotkot potentials was realized.

During the KKLI project a backbone transmission line was constructed
Jjust at the foot of the hills from Talamban to Tabunok. It was designed to
receive 150,000 m'day” from a future treatment plant at the location of
MCWD’s shop in Talamban. The Lusaran dam was to supply the raw water
through a transmission ling tunneled underneath the Kotkot valley. At the
Tabunok end it was expected to receive water from the Mananga valley.

The expansion of MCWD was clearly expected to be to the North. In
Casili, Liloan and Compostela sites for well fields were found and developed.
A combination of terrain and right-ol~way problems led to drop the hill-side
backbone congept in favor of a transmission line along the North road. Around
the existing distribution system many kilometers of new distribution lines were
laid.

The use of groundwater preseatly is essential for Cebu. But it is also a
risky affair when people live on top of the groundwater reservoir. The risks are
two-fold. When the extracted quantity is too high, seawater will contaminate
the aquifer permanently. When the wellhead is insufficiently protected,
microbial {or chemical) c¢lements may create a health hazard.

The risk of over-extraction has been recognized since the late 1960s. The
spot checks of that period have been expanded to more then 130 sampling
points that have been sampled once every year since the late 1970s. The
construction of exclusive observation weils, as opposed to production wells,
has been done in less than 10 instances. Too few suitable sites can be found.
Operational weils may not give the detailed information about the salinity
gradient-with-depth of the aquifer. But a larger number of observation points
produce sufficient information over time. The seawater intrusion is advancing
inland. The logical conclusion, less extraction, cannot be implemented because
the MCWD does not have a sufficient volume of water to distribute. MCWD
supplies 135,000 m’day”’ and estimates that this is 50% of the demand.
Measuring extraction rates of private wells would require the insiallation of
several thousands of water meters under technically and operationally difficult
circumstances. MCWD has chosen {o concentrate its energy on finding other
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sources to replace the over-extraction. Once MUWD can supply sufficient water,
the small private wells are 1o be eliminated. Large installations might be retatned,
but extraction rates must be monitared.

MCWD vperates 100 wells at present. More than 60 of these wells are
sitgated close to or n residential areas  These locations, combined with a
partly karstic aquifer, make it difficult 10 establish an adequate wellhead
protection, Pulential contaminants are chemical or hacterial in nature.
Contamination by heavy metals, waste of nickel-plating, has been reduced and
mosl probably will not Nind its way to the potable waler source. Leaks and
waste fram gasoline slations has not been a subject of a sysiematic survey,
Hydrocarbons become 4 serious health hazard when kesvy chlorination is
required 10 elimmnate hacterial contamunation. Septic tanks and drains arc the
source of the bacterial contannnation. Wells with decp-sited screens and small
draw-duwn do not exaggerate vertical mixing. Thus the danger of bacterial
contamination is reduced, but not excluded. Wells tha pump directly into the
distribution lines, are usually sited in less protecied locations. These direct
supply wells constitute 30% of the number nf MCWD wells, luckily nat 30°5 of
the volume of water. Chlorination reduces the number of microbes, but reduction
1s measured in percentages. The remaining risk may still be higher than desired,
The acute danger of thts contamination can be reduced by reliably functioning
chliorinators, Bacterial contanminanon. howevcer, also contains viruses and
prions. Some of1hesc viruses have a long dormant fife in or vulside the human
bodv. Prions could act 2 tnigeers of dormant infectivns Jike ALS and BES,
Thus this 1ype of contamination could well be a time bomb. In the case of
dircct-supply wells chances arc that the contaminating human heing would
becume the contaminated persen. waste water that seeps into the ground close
10 such well, inay well be recycled into the water distribution of the site. The
risk is small but real. Complacency is not acceprable.

The general lowering ol the waler Lablc is an established fact. In the Fabunok
arca the level ol the water table has been lowered by 5 mi between 1948 and 1980,
In the Cabadiangan area a difference of 0.7 m has been observed between 1976
and 1996. The cause is the extraction of construction matcria! from the riverbed.
The destruction of the highway bridge in Tabunok has been acknowledged as
one resuit. That the natural storage nt ground water above sca level was reduced
by millions of cubic melers has nol yet sunk inte the minds of most engineers,
definitely nol into the minds of the small and large contraciors that are stifl
digeing.

During the KKL! projeci a known concept, communa) faucets, was
iranslated 1o practical application in  Cebu. Squatters are by definition illegal
occupants. No “building permil” exists. Consequently. MCWD cannot legally
connect a water pipe to such duclling.  1he Social Services of the nrunicipaliry
proy ided public hand pumps and tuok care of the maintenance. Local politics,
as it is. sametimes wsed the mainteoance as canipaign materinl during election
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time. Nature, by its seawaler intrusion, puts another canstraint on these hand
pumps. Finally. the bacterial quality of these wells is difficult to control as
hand pumps normally take water from the contaminated upper layer of the aquifer.
The health risk is obvious because pit-privies are common. A central “watering-
point” that is fed by MCWD is the obvitous solution, from a technical standpoint.
‘To make the solution viable, a social infrastructure is essential. Thus the communal
faucet was introduced. Starting with an existing, or new, community organization,
MCWD entered into contragis that defined modes of maintenance, collection of
fecs, payment of water bills. The practice works in more than 200 locations that
serve between 20 and 50 households each. On & much wider horizon, the
communal faucet is one jljustration of the Dublin Statement (Rio de Janeiro 1992)
that potable water systems should be managed by their users,

Evaheation

L.Distribution

Since 1974 the improvement of the water distribution has been enormous:
about 50° of the present population in the services area of MCWD receives
good drinking water in a reliable way from the Water District. A small {estimated
at 15,000 to 26,000 people) segmtent carries its drinking water from communal
faucet to residence. This adds a contamination risk, but it can be controlled by
the user. MCWD charges PhP 22.00 per m* on the average, P1R.00 for the
communal faucet client.

The other 50% partly relies on private distribution systems in sub-divisions.
These usually are in good shape. Then there are a few thousand private wells
with electric pumps serving up to 100 househelds each. The quality varies
from perfect to doubtful. The same remark can be made about the hundreds of
handpumps, private or public. The costs of water for these groups vary from a
few pesos per cubic meter to some thirty pesos. However, the cost calculation is
in many cases very vague,

Water vendors are a completely different group of suppliers that caters to
the non-MCWD clients. There are those who have several tank trucks on the
road. They supply inter-island vessels, commercial buildings and subdivisions.
Quality is acceptable to good. Prices vary from P20.00 to P100.00 per m*, One
has alse vendors who have onty a pushcart on the road. They deliver water to
“forgotten” corners in containers of 20 liters. Prices stari at P100.00 per m'
and reach up to P400.00 per m*.

Detailed quantification of all these groups would require a house-to-house
survey. The simple existence of so different ways of water supply in a city
shows thal the coverage of the MCWD must be expanded, although at present
everybudy has access to sufficient water. The main constraint is however the
insufficiency of the present source: the coastal aquifer.
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The losses in the distribution system are monitored as cubic meters that are
not accounted for. The method is clear: The production is metered, the sales are
metered and charged, the ratio “charged™” over “produced” is the system’s
performance. The system’s loss ({-performace) is about 36% at present.
Uncertainties of meter readings account for few percentage points on the
system’s loss. Leaks are probably the main cause together with unregistered
connections, still possible in the down-town area, and outright theft by
manipulation of meters. The expectation is that segmenting the down-town
area will elimindte the unregistered cdnnections, reduce theft and assist in
finding invisible leaks.

The re-introduction of the direct-injection wells is essentially an emergency
measure with several risks. The projections of the Internal Rate of Return were
favorable. Reports of Actual Rate of Return do not reach the Board. The extra
volume provided by these wells is needed without doubt. Are the costs
commensurate with the heaith risks?

MCWD has identified additional sources that it can exploit without
cxternal support. The constrainis are mainly political in nature. The costs are
accepiable. The identified volume is about 60,000 m® per day.

2. Chemical Water Quality

The coastel aquifer is under stress: more fresh water is extracted than
nature resupplies. The indicator that is used, is the concentration in party per
million {ppm)} of chlorine ions (C1-). In the period from 1960 to 1980 the
Chemistry Department of the University of San Carlos analyzed many water
and rock samples as exercise in analytical chemistry, Cl- concentrations were
measured by color change during titration. Based on a couple of bimdred
analyses it was observed that away from the sea, no fresh water conteined more
than 30 ppm C1-. Based on this observation the conclusion was made that a
concentration of more than 30 ppm Cl - indicates the presence of scawater”. It
is regrettable that no formal publication was made. As a practical guideline 50
ppm Cl - was chosen as the first signal of the presence of seawater in the fresh
water aquifer. The steady move inland of the 50 ppm Cl- isoline gives the
population a serious warming to cither find substantially additional sources or
to prepare to live with a substantially lower volume of fresh water.

In rich countries storage tanks of gasoline stations are double walled with
indicators that show when hydrocarbons collect in the void between the two
walls. Spills of oil change and other maintenance works have to be collected
according to strict procedures. This is prescribed to prevent contamination of
the environment. The arrangement warns when leaks develop before
contamination enters the soil. The penalty on contamination easily exceeds the

4 25ppm CI is equivalent with one liter sea water mixed with 1000 liter Fresh water, if sea
water s the exclusive source of Cl~ This is of course negligible in the context of potability.
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real estate value. Simple observations during a change of the car engine oil make
clear that in Cebu much oil is directiy discharged in the rain/dirty water drain.
And is the storage tank double-walled? And is the penalty proportional? One
should not forget that the chlorination of hydrocarbons-containing-water
produces carcinogenic substances.

3. Microbial Water Quality

The wells drilied during the KKL! presence (until 1985) are located
sufTiciently far inland to avoid serious risks of up coning of salt water. Thus it
became feasible to penetrate 20, or more, meters into the groundwater reservoir.
Contaminants that seep down from the surface, normally do not affect the Jower
layers. A clever well design combines a deep screen with a small draw down and
thus prevents these conlaminants to be sucked into Lhe well. This approach was
forced upon the designers, by the topography of the location. It worked wetl: all
these wells are free from bacteria.

At the discharge of the bufler reservoirs, chlorinators inject chlorine into
the distribution line as an extra safety. The combination of small leaks and low
pressure does not lead o disaster because of the presence of free chlorine.

However, since the early 1990s some 30 “direct-supply wells” have been
added Lo the system. Most of these wells are situated in the built-up area. These
wells are provided with individual chlorinators. It is an open question if the
added risks of higher contamination have been balanced against the advantage
of the added volume of water.

The danger of microbial containination has been underlined by the discovery
in the 1990s of prions. Prions arc pre-proteins that are normally present in live
cells in folded, resp. stretched shape. They are suspected to trigger dormant
infections as Amyotrophic Latera) Sclerosis (Gehrings disease) or Bovine
Encephatitic Syndrome. The destruction of bacteria by chlorine is quite efficient,
more efficient than the destruction of virus, a Jess complicated structure. Does
chlorinc destroy prions? The potential danger can be minimized by preventing
posilive feedback: contaminated water should never reach Lhe source of the
contamination. However, water from a direct-injection well is probably consumed
in the surrounding of the well, Only medical statistics can give the answers after
15 1o 2) years.

Where to?

More than 2000 years ago the same question was asked. be it in another
language: “quo vadis?” And each future case study will end with the same
question. Does Lhere cxist an answer for Cebu?

The study shows a great progress from an initial public sypply of 9600 m?
day™ to 135,000 m’ day'. But the population, served or 1o be served, increased to
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1.3 million at present, The supply does not anticipate the demand. The supply
fottows the demand,

The distribution network has been expanded and improved. The ratio
between extracted volume and billed volume is slowly improving. But the break-
up of on¢ distribution block covering some 70% ofthe total volume is very slow
in coming. The Board of the Water District provides incentives to improve the
recovery rate. One feels a lack of understanding of the process by which this
improvement can be made. Every month time is spent to discuss Nuctuations in
the performance of some 10 sections that consume only less than 30%, while no
mention is made about progress of breaking up the single 70% block.

The gualsts_ofl the water receives much aiention. Regular microbial analyses
are made. But the prevention of contamination, the wellhead protection, does
not stretch farther than a few squarc meters around the well Information about
leaking scptic tanks and gray-water drains does not elicil serious reactions.
inspection of newly constructed scptic 1anks is apparently not considered as a
task of the Water District, although traditivnally the sewerage is the domain of
the water supplics; witness the names NAWASA, respectively MWSS, which
include the Sewcrape. The Charter of the Water Districts extends their
responsibility over the sewerage. Information about new developments, as EPA
guidelines or the discovery of new types of potlutants, seems not to make any
impression.

The collcetion of hydrometric data, the fundamental supply side information,
is contracted-vul. The data are taithlutly received. The pumping data of the
Jaclupan well field are callected through a wireless system, capable of storing
daily figures Are these figures correlated with the Mananga river hvdrametric
information” This corrclation might reveal the specd af the underground flow
trom river to wells. Arethe Jaclupan wells pumping last-filtered surface water?
The 50-days retertion time ol surface water as required by USA and EU directives
has been discussed extensively. It was mentioned as a serious negative constrain
in a specific BOT. fi was discussed in connection with the operation of the
infiltration field of the Jactupan weils. But seemingly nobody asked the question
how many days pass before the river water that poes underground 2 km upstream
of the well field. is extracied by the wells. Admittedly no changes can be made at
present, but risks must be acknowledped and evaiualed where possible.

Notwithstanding the presence of computcers with sufficient CAD software,
requests for approval of extensions of the distribution lines are never accompanicd
by schematic or design drawings that show the location with flows and pressures
in the area. 1s not one picture worth a thousand words? Everybody agrees that
visualizalions are great means Lo clarify situations. Do people realize that a deep
understanding of the situation is ¢ssential 1o produce gond visualizations?

Therc must be an underlyving reeSon why se many questions arc
unanswered, questions, which can be answered by abstractians or
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generulizations, One suspects that the answer must be sought in the educational
system. Afler all, the staff of the MCWD is a product of this system. 1t has often
been said that the system stresses rete leaming. 1t definitely docs not encourage
independent exploration. Analysis of problems followed by a synthesis of
solutions is not a clear sirength of college graduates. Add 1o this the observation
that under the present Sormative cnvironment of comics and telcvision the
abstractive power of the mind is developed at the age of 20 only, The present
university graduate has learned what 1o think. At least a portion should leam
how to think. The conclusion is clear: more young people must have a chance to
add two to three years of full-time study. In the scetor of the applied sciences the
student must leamn to recognize the theory bencath the observed facts and final
applicable solutions based on the theory®. Tt is a difficult task, but the reward
will be the much-needed local scientific force (or development.

Postscript

This Case Study does not include the pricing of waler, because economics
is nod the realm ot a physicist. The tenninclogy shows the difference between
economics and physics. Fcouomics deals with “speculation™ (on the stock
marhct) and “games” {of mergers). Such tenms are not part of physics. Diversion
of cash, generated by the service of distributing potable water, is not governed
by scientific laws. The transgression of rules, physical or financial, can be
catastrophic. But remedies in the physical sector, ifthey exist. may take eons. In
the financial seetor cerrcctions can be made in u number of years.

On the micro-ceonomic fevel pricing of waler is an abselute niystery, in the
eyes of a physicist. In Cebu, people faithfully pay an average ol P22,00 per m?
(1,000 liters). In Manila. peuple complain when charged P9.00 per m' {for its
distribution only, the collection and ireatment of water was paid by the national
government). Again in Cebu one can buy cold water at some traflic lights for
P10.00 per 0.3 liter. And “tce-warer™ is available down town along the sidewalk
for PO.S0. The plastic bag comains an estimated Q.1 liter, Admitedly one
consumes “at one’s own risk.” The price increase in Manila 1o some P30.00 in
this year, is supposed to pay for the cost of collecting and treating surface water.
A recent {2002) cost calculation of a dam construction with the necessary
accessorics shows that raw water may cost some P16 .00 per cubic meter when a

* In the presend Bachelor s proprams the sbsolute rehance on facts and formulas should be
inmmed n favor of the anderlying genera) pinciples An dlustralion can be given 1 Ohm's
I aw and Edares « aw thal basically state that speed m propistiunal @ force, what s i Munt
contradictron 10 Newipn's Law who o the 27 halt of the | 7™ century srated that accelera-
uon amd fosce are proportional Such emipitiesl laws are practical and can be used automati-
cally hut IN THE LIMITS OF APPLICABILITY. Once and enginecr has heen wondering
why pre-Newlon tormaiations ¢an safely be used (becawse the physics behind them sbows
linulx). b has keasncd so s3h guestions
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sofl loan (2.5 % over 25 years) is utilized properly. Afler 25 years the P16.00
{amortization costs) ar¢ reduced to essentially lower maintenance costs. Cebu’s
Buhisan dam shows that a 100-year useful life is clcarly possible for a dam.
P14.00 per cubic meter seems to be a very reasonable price for distribution, when
the system is in good shape.
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