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TUNEL UMIRAY - MACUA, ZARUKA PITNE VODY PRO MANILU

THE UMIRAY - MACUA TUNNEL, A GUARANTEE
OF DRINKING WATER FOR MANILA

PAVEL BLAHA, ROMAN DURAS, JAN FOUSEK, JITKA NOVOTNA

1. OvoD

Lidskd civilizace je od svého pocdtku vdzdna na prirodn{ zdroje, a to
jak na zdroje surovin, tak na zdroje energie. S vyvojem lidského rodu
se pozadavky na druhy surovin i zdroje energii ménily. Nikdy vSak
nebyly tyto zmény tak rozsahlé, jako v druhé poloviné dvacdtého sto-
leti a na pocdtku stoleti jedenadvacétého. Zasobovani ¢lovéka potieb-
nymi surovinami si vyZaduje ¢im ddl tim vét$i a dimysInéjsi stavby.
To se tykd jak surovin potfebnych a nutnych pro bezprostiedni Zivot
Clovéka, tak surovin potfebnych k dal§imu rozvoji lidské civilizace.

2. VODNI DILO ANGAT

Podobné, jako byla existence ¢lovéka po celou dobu jeho vyvoje
z4dvisld na prirodnich zdrojich, je i prondsledovdna pfirodnimi
katastrofami. Zdd se pravdépodobnym, Ze ¢im je lidskd civilizace
vyspélejsi, tim je i zranitelnéjsi. Poskozeni lidskych vytvoru jakouko-
li ptirodni pohromou vZdy znamenalo, znamen4 a bude znamenat eko-
nomické ztrity a v téch nejhorSich pripadech i lidskd zranéni a ztréty
na Zivotech. Zustdvé otdzkou, jakou miru zodpovédnosti ve smyslu
vzniku a prabéhu pifrodnich katastrof nese civilizalni rozvoj a jakou
priroda sama. Nejtragi¢téjsi jsou vSak ty katastrofy, které Elovék prav-
dépodobné vyvolal a ovlivnit nemuize.

Zivot lovéka poznamenavaji nejen katastrofy globalniho charakte-
ru, ale i jevy mensiho rozsahu. Do téch miZeme pocitat i ni¢ivé G&in-
ky tropickych tajfuni. Tajfun Winnie — Nanmadol, ktery postihl
Filipiny koncem roku 2004, je typickym piikladem téchto udélosti.
Jeho ndsledky ohrozily i zdsobovéni hlavniho mésta Filipin — Manilu
— pitnou vodou. Manila je zdsobovdna vodou z vodniho dila Angat
(obr. 1), které pokryva az 90 % spotieby vody v hlavnim mésté. Kdyz
si uvédomime, Ze jde o zdsobovani regionu s minimalné deseti milio-
ny obyvatel, predstavuje takovéto ohroZeni nemaly problém.

Prehradni hrdz vodniho dila byla vybudovdna v Sedesdtych letech
dvacétého stoleti. Samotnd rockfillovd hrdz ma vySku 133 metru
a zadrZuje pfi plném vzduti jezero o objemu asi 700 miliont kubickych
metri vody. Voda z néddrZe je dopravovdna do dpravny vody na

Obr. 1 Situace zdjmové lokality (zdkladni mapa: Microsoft Encarta, vloZend
mapa: Google Earth)

Fig. 1 Overview of the area of operations (Microsoft Encarta basic map,
inserted map: Google Earth)

1. INTRODUCTION

Since its beginning, human civilisation has been bound to natural
resources, resources of both raw materials and energies. Requirements for
various kinds of raw materials and energy resources have been changing
along with the development of the human society. However, never have
those changes been so wide as the changes which took place during the
second half of the twentieth century and at the beginning of the twenty
first century. Supplying people with necessary raw materials requires ever
larger and more sophisticated constructions. This applies to raw materials
required and necessary for the immediate lives of people as well as raw
materials required for further development of the human civilisation.

2. THE ANGAT WATERWORKS

Similar to its dependency on natural resources, mankind has been pur-
sued by natural catastrophes throughout the time of its development. It
seems probable that the more developed the human civilisation, the more
vulnerable it becomes. Damage to human artefacts by any natural disaster
always meant, means and will mean economic losses and, in the worst
cases, even injuries and fatalities. There remains the following question:
which proportions of responsibility regarding the origination and course of
natural catastrophes are attributable to the development of civilisation and
nature itself? Although, the most tragic are the catastrophes which pro-
bably were not brought about by people and could not be influenced by
them.

Human life is marked not only by global-character catastrophes, but
even by smaller-scale phenomena. Devastating effects of tropical typho-
ons can be counted among them. Typhoon Winnie — Nanmadol, which hit
the Philippines at the end of 2004, is a typical example of such events. Its
consequences even threatened supplies of potable water for Manila, the
capital of the Philippines. The City of Manila is supplied with water from
the Angat waterworks (see Fig. 1), which covers up to 90 per cent of the
consumption in the capital. If we realise that the region to be supplied has
a population of least ten million, we can see that such the threat means
a significant problem.

The dam was built in the 1960s. The 133m high rockfill dam impounds
about 700 million cubic metres of water at the full reservoir level. Water
is transported from the reservoir to a treatment plant in a Manila suburb
through a 20km long pipeline, 3000mm in diameter. Water is treated in the
plant and then distributed further throughout the city. For a visitor from
Central Europe, the water line with measuring equipment installed (at least
partially) above ground offers a really unusual sight.

3. TYPHOON NANMADOL AND ITS IMPACT

At the beginning of December 2004, extensive tropical depression
Winnie gave rise to Nanmadol typhoon, which hit a vast area of the wes-
tern Pacific. According to the information published on , precipitation on
Luzon Island and its surroundings reached catastrophic values. The total
rain precipitation during the typhoon exceeded 1200mm (see Fig. 3).
Similar values were measured even in Taiwan. It is possible to say that the
total depth of precipitation on Luzon was virtually nowhere smaller than
500mm; in the area around the Angat dam, according to the above-menti-
oned American server, it exceeded 800mm. This value is even confirmed
by the measurement which was conducted on the dam, where the rate of
precipitation reached 986mm per 24 hours on 3 December 2004. It is like-
ly that the local currents of air, together with the rugged terrain, signifi-
cantly affected the total amount of precipitation. At the Ipo equalising
reservoir, which is only four kilometres away from the main dam as the
crow flies, the rate of precipitation reached only 33mm during the same
time. The fact that the actual local rainfall differed from the data provided
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Obr. 2 Situace vodniho dila Angat
Fig. 2 Layout of the Angat waterworks

predmésti Manily potrubim o pruméru 3000 mm a délce 20 km. Na
tpravné je voda upravovdna a déle pak rozvddéna po celém mésté. Pro
stfedoevropana predstavuje vedeni rozvodu vody spolu s méfici tech-
nikou (alespon ¢aste¢né) nad terénem skutecné nezvykly pohled.

3. TAJFUN NANMADOL A JEHO UCINKY

Na pocatku prosince 2004 vyvolala rozsdhld tlakova nize Winnie
tajfun Nanmadol, ktery postihl rozsdhlou oblast zdpadniho Pacifiku.
Podle udaju zvefejnénych na serveru NASA dosahly srdZky na ostro-
vé Luzon a v jeho okoli katastrofdlnich hodnot. Celkové destové srdz-
ky behem tajfunu presdhly droven 1200 mm (obr. 3). Obdobné hodno-
ty byly naméfeny i na Tchaj-wanu. Je moZné fici, Ze na Luzonu celko-
vé srazky prakticky nikde neklesly pod 500 mm a v okoli vodniho dila
Angat dosdhly podle vyse uvedeného amerického serveru hodnot pres
800 mm. Tuto hodnotu potvrzuje i méfeni na hrazi vodniho dila, kde
srdzky 3. prosince 2004 dosdhly drovné 986 mm za 24 hodin. Je prav-
dépodobné, Ze mistni vzdu$né proudéni spolu s Clenitym terénem
vyrazn¢ ovliviiovaly celkovy thrn srdZek. Na vyrovndvaci nadrzi IPO
vzddlené od hlavni hrdze vzdu$nou Carou pouhé Ctyfi kilometry dosdh-
ly srézky za stejnou dobu pouze 33 mm! Ze skute¢ny lokalni spad sra-
Zek byl jiny, neZ lze vy<ist z ddaji hydrometeorologickych stanic, také
dokazuje méfend troven hladiny vody v nddrZi (obr. 4). Ve dne 1. 12.
pred rekordni srdzkou z 3. 12. nastoupala hladina v nddrzi na kétu
216,59 m n. m. Den pred tim spadlo na Angatu 251 mm
a meteorologickd stanice na fece Umiray prestala fungovat. UZ po
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Obr. 4 Hladina vody v nddrzi Angat (modrd krivka) a denni sraZky na hrdzi
Angat (Cervené sloupce) a na vyrovndvaci hrdzi IPO (zelené sloupce)

Fig. 4 Water surface level in the Angat reservoir (blue curve) and daily
precipitation at the Angat dam (red columns) and at the Ipo equalising
reservoir (green columns)

Obr. 3 Celkové srazky béhem tajfunu Nanmadol (upraveno podle trmm.
gsfc.nasa.com)

Fig. 3 Total rain precipitation during typhoon Nanmadol (adjusted according
to trmm.gsfc.nasa.com)

by meteorological stations is even proved by the measured level of water
surface of the reservoir (see Fig. 4). During the day time of 1 December,
just before the record rainfall, the level of the water surface in the reser-
voir rose to the altitude of 216.59m a.s.1. One day before, 251mmm of rain
fell on Angat, and the meteorological station on the Umiray River ceased
to function. The station was put out of action as early as the initial blasts
of typhoon; its operation was successfully resumed as late as July 2005.

Of course, such the extreme rains were bound to affect the area around
the dam. The banks of the reservoir were stripped of all vegetation during
the course of the typhoon. The effects reached not only the level of water
surface in the reservoir; the vegetation cover was removed by beating of
waves (induced by the typhoon) up to the level which corresponded to the
maximum magnitude of waves. We should realise that the velocity of air
during Nanmadol typhoon reached up to 320kph. The banks of the reser-
voir were, as a result of the above-mentioned phenomena, affected up to
the elevation of 230m a.s.l. (see Fig. 5). Nevertheless, owing to the self-
regeneration power of nature, the slopes around the reservoir were again
covered with grass and low bushes during the two years after Nanmadol
typhoon (see the photo in Fig. 5).

As mentioned above, the precipitation accompanying the typhoon exce-
eded 1000mm. The increased amount of water could not freely flow away
on the ground surface to local water courses and seeped into the soil cover.
Conditions suitable for developing slope deformations started to originate

Obr. 5 Letecky pohled na prehradni jezero Angat 10 tydnu po tajfunu a dva
roky po tajfunu

Fig. 5 Aerial view of the Angat reservoir, 10 weeks after the typhoon and two
years after the typhoon
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Obr. 6 Svahové deformace na brezich feky Umiray
Fig. 6 Slope deformation on the Umiray River banks

prvnich néporech tajfunu byla stanice vyfazena z innosti a obnovit
jeji ¢innost se podafrilo aZ v Eervenci roku 2005.

Je samozrejmé, Ze takovéto extrémni srdzky se musi projevit i na
krajin€ v okoli vodniho dila. V prubéhu tajfunu byly brehy nadrze zba-
veny veskeré vegetace. PostiZzen{ sahalo nejen do vysky vzduti nddrze,
ale vlivem vlnobiti (vyvolaného tajfunem) byl strzen rostlinny pokryv
az do vyse odpovidajici maximdlnim vindm. Méli bychom si uvédo-
mit, Ze proudéni vzduchu béhem tajfunu Nanmadol dosahovalo rych-
losti az 320 km/hod. Biehy nddrze byly kvili zminénym jevim posti-
Zeny az do vysky 230 m n. m (obr. 5). AvSak diky samoregenera¢nim
schopnostem prirody byly do dvou let od tajfunu Nanmadol svahy
nadrze jiz znovu zarostlé travinami a nizkymi keri (vloZend foto na
obr. 5).

Jak jiz bylo zminéno, vodni srazky doprovazejici tajfun dosédhly pres
1000 mm. ZvySené mnoZstvi vody nebylo schopno volné odtéci po
terénu do mistnich vodote¢i a zasakovalo do padniho pokryvu. Na bre-
zich prehradniho jezera, podél fek a potoku i na svazich hor zacalo
dochdzet k vytvareni vhodnych podminek pro vznik svahovych defor-
maci. Vlivem enormniho zasakovani vody do pokryvu dochdzelo ¢asto
ke ztekuceni suti a jejich odtékéni po svazich do potoki a fek (obr. 6).
Rychlost pohybu takovychto svahovych deformaci je velmi vysoka
a muze dosdhnout aZ desitek kilometrti za hodinu. Jen samotny pohyb
takovychto téles vyvolava katastrofdlni nasledky. V pripadé neobydle-
ného tropického pralesa dochdzi ,,pouze” k devastaci rostlinného
pokryvu. Akumulacni ¢4sti svahovych deformaci byly v fekdch oka-
mzité rozmyty a odneseny do udoli ddle po vodé nebo az do vlastni
nadr7e Angat v zdvislosti na velikosti prutoku a spadu koryta.
Objemova hmotnost smési vody a undSeného sedimentu se v tomto

Obr. 8 Pohled na ruéni &isténi ndpustného kandlu vtoku tunelu
Fig. 8 A view of the manual cleaning of the feeding canal at the tunnel intake
structure
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Obr. 7 Rez zanesenym tunelem (podle materidlii firmy EDCOP)
Fig. 7 A section through the silted tunnel (according to EDCOP company
materials)

on the banks of the reservoir, along rivers and streams, and on mountain
slopes. The enormous seepage of water into the cover frequently resulted
in liquefaction of rock debris, which started to flow down the slopes to
streams and rivers (see Fig. 6). The speed of movement of such slope
deformations is very high; it may reach even tens of kilometres per hour.
Even the movement of such bodies alone has catastrophic consequences.
In the case of an uninhabited tropical forest, vegetation cover is the only
subject of devastation. Accumulation parts of the slope deformations were
immediately washed and transported further, in the water flow direction,
to a valley or even down to the Angat reservoir itself, depending on the
flow rate and gradient of the stream bed. At that moment, the volume
weight of the mixture consisting of water and floating sediments may inc-
rease up to 1.4 g.cm, thus the erosive action of the river may intensify.
This is how the Umiray River banks were stripped of all vegetation and
the Quaternary cover up to the level of 8 — 10 metres was removed.

4. NATURAL CONDITIONS

The Philippine Islands lie on the Philippine plate; the Pacific plate sub-
ducts beneath the Philippine plate. The northern and eastern parts of
Luzon Island belong to the Eastern Philippine section of later Alpides. The
sub-base is formed by a crystalline rock complex of the Pre-Upper
Cretaceous age. Younger sediments of Miocene age lie discordantly on the
crystalline complex; they are locally covered by a basalt nappe. The thick-
ness of the whole complex is up to 8000 metres. There are gabro and gra-
nodiorite bodies in the middle. The hiatus which originated at the end of
the Miocene period is followed by sandstone sedimentation, which is often
covered by vulcanite nappes of basalt-andesite composition. The young
volcanism, deep-focus earthquakes and the nearness of the Philippine
Trough are properties of a non-consolidated geological structure; they
indicate increased geological risk for the entire waterworks scheme.

We carried out the assessment of detailed geological conditions in the
area of the power plant and tunnel outlet using the results of exploration
boreholes, test pits and measurements on seismic profiles, which had been
carried out before. However, with respect to the results of field reconnais-
sance, the data on the bedding conditions and the character of the
Quaternary sediments which was obtained through the previous surveys
must be considered as only roughly informative. Changes in the thickness

Obr. 9 Pohled na rucni ¢isteni vytoku zaneseného tunelu (foto firmy EDCOP
2005)

Fig. 9 A view of the manual cleaning of the outlet of the silted tunnel (photo
by EDCOP 2005)
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Obr. 10 Satelitni snimek IKONOS, pohled na vtokovy objekt a svahové deformace
Fig. 10 IKONOS satellite image; a view of the inlet structure and slope defor-
mations

okamziku muZe zvysit az na 1,4 g. cm™, a tim zvySit eroznf ¢innost fek.
Brehy feky Umiray byly takto zbaveny veskeré vegetace a kvartérniho
pokryvu az do vysky 8-10 metra.

4. PRIRODNI POMERY

Filipinské souostrovi lezi na tzv. filipinské desce, pod kterou se pod-
souva deska pacificka. Severni a vychodni ¢ast ostrova Luzon nélez{
k tzv. vychodofilipinskému tiseku mladoalpid. Podkladem je komplex
krystalickych hornin predsvrchnokiidového stéfi. Na nich lezi diskor-
dantné mladsi sedimenty miocénniho stdri mistné prekryté ve svrchni
Casti bazaltovymi prikrovy. Mocnost celého komplexu je az 8000
metra. Ve stfedu se nalézaji t€lesa gaber a granodioritd. Po hidtu kon-
cem miocénu ndsleduje sedimentace piskoveu prekryvand casto pri-
krovy vulkaniti bazalto-andezitového slozeni. Mlady vulkanismus,
hlubokd zemétieseni a blizkost Filipinského piikopu charakterizuji
nekonsolidovanou geologickou stavbu a naznacuji zvySené geologické
riziko pro cely komplex vodniho dila.

Pro posouzeni detailnich geologickych pomért v prostoru elektrar-
ny a vytoku tunelu jsme pouzili vysledky v minulosti realizovanych
prazkumnych vrtu, kopanych sond a vysledky méfeni na seismickych
profilech. OvSem vzhledem k vysledkam terénni prohlidky je nutno
povazovat predev§im tdaje o dloznych pomérech a charakteru kvar-
térnich sedimentl ziskanych z prazkumnych dél jen za hrubé orien-
taéni. Béhem povodné doslo k fddové metrovym zméndm mocnosti
aluvia a na vytvdreni sou¢asného charakteru terénu se podilely dnes jiZ
nezjistitelné sedimentalni a erozni pochody. Zmény v mocnosti kvar-
térnich sedimentd v koryt€ feky Macua neprob€hly pouze po tajfunu
v prosinci 2004, ale de facto probihaji neustdle, zejména pak pri
povodnich v obdobi vyraznych srdzek v listopadu a prosinci kazdého
roku. Podle hydrometeorologickych tdaju maji atmosférické srdzky
v oblasti feky Umiray jiny ro¢ni prubéh neZ na ostatnich méficich sta-
nicich v oblasti.

5. PROVOZOVANI VODOHOSPODARSKEHO SYSTEMU

Zvyseny odbér vody zpusobeny rychlym ristem poctu obyvatel
v metropoli zpusobil, Ze feka Angat prestala byt schopné v dostate¢né
mife plnit prehradu. Z tohoto divodu bylo v osmdesétych letech roz-
hodnuto prevddét do nddrZe tunelem o délce 13 km také vody z feky
Umiray. Tunel, vybudovany v devadesdtych letech dvacdtého stolet,
pievéadi do nadrze primémé 13 m?® vody za vtefinu. V dobé dostatku
vody v fece Umiray lze toto mnoZstvi zvysit aZ na 24 m¥/s.

Béhem tajfunu Nanmadol a nasledné povodné, kterd byla vyraznéj-
§i v povodi teky Umiray, byl zni¢en prakticky cely vtokovy objekt
tunelu. Vzhledem k tomu, Ze tunelovd trouba nebyla nijak zabezpece-
na a ani nebyla fizené zaplavena, povodnova vina se dostala i do tune-
lu a zaplnila jej ruznymi sedimenty. Jak vypadala situace v tunelu po
povodni, je patrné z obr. 7. Zna¢n4 ¢dst tunelu nebyla pristupnd vibec
a ve zbyvajici ¢dsti byla tunelové trouba zaplnéna smési vody, hliny,
kameni a organického materidlu. Nebylo vyjimkou, Ze v tunelu byly
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of the alluvium in the order of metres occurred during the flood; sedimen-
tation and erosion processes, which are no more detectable, participated in
the formation of the current character of the terrain. Changes in the thick-
ness of the Quaternary sediments in the Macua River valley did not occur
only after the typhoon in December 2004. De facto, they occur perma-
nently, first of all during floods in significant rainfall seasons, i.e. in
November and December, at the end of each year. Hydrometeorological
data shows that the course of atmospheric precipitation in the Umiray
River area during a year differs from the precipitation measured at other
measurement stations in the region.

5. OPERATION OF THE WATER RESOURCES SYSTEM

Increased consumption of water, which was caused by rapid growth of
population of the metropolis, resulted in the fact that the Angat River cea-
sed to be capable of filling the reservoir in a sufficient extent. This is why
the decision was made in the 1980s to divert even the Umiray River water
to the reservoir, through a 13km long tunnel. The tunnel, which was built
in the 1990s, carries water at a rate of roughly 13m? per second. In the
periods when there is enough water in the Umiray River, this rate can be
increased to 24m?/s.

Virtually the whole tunnel intake structure was destroyed during typho-
on Nanmadol and the subsequent flood, which was more intense in the
Umiray River catchment area. Because of the fact that the tunnel tube had
been neither protected nor inundated in a controlled manner, the flood
wave even got inside the tunnel and filled it with various sediments. The
condition of the tunnel interior after the flood is shown in Fig. 7.
Significant part of the tunnel was completely inaccessible and the remai-
ning section was filled with a mixture of water, loam, stones and organic
matter. It was no exception to find whole trees with trunk diameters exce-
eding 0.5 metre in the tunnel. The character of the sediments in the tunnel,
a chaotic mixture of organic and inorganic matter consolidated by pressu-
re induced by flowing water, is shown in the photos in Figures 8 and 9,
which show the condition about 2.5 months after the typhoon. The pictu-
re even shows the tunnel cleaning operation, which could not be perfor-
med by equipment and all the work had to be carried out manually. The
tunnel was again put into operation as late as March 2005, after recon-
struction of necessary components; however, for example the cable supp-
lying power for buildings at the tunnel intake receiving water from a small
hydroelectric station was not replaced till the time of our last visit.

While documenting the initial condition within the locality, we tried to
use even non-traditional techniques. We investigated the wider area of
operations by means of ASTER multi-spectral satellite images, and the
immediate surroundings of the intake structure by means of IKONOS high
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Obr. 11 Mechanické vlastnosti hornin
Fig. 11 Mechanical properties of rock
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Obr. 12 Méreni v tunelu:
- horni &dst: teplota osténi, teplota, vodivost a pH pritoki
- stiedni édst: geologicky Fez a typizace hornin, podle materidli firmy EDCOP
- spodni &dst: mista pFitokit, typy vod
Fig. 12 Measurements in the tunnel:
- upper part: temperature of the lining; temperature, conductivity and
PpH of inflowing water
- central part: geological section and determination of rock types,
according to EDCOP documents

- bottom part: locations of leaks, types of water

nalezeny celé stromy s kmeny o pruméru presahujicim pul metru.
Charakter ndplavi v tunelu, chaotickou smés organickych a anor-
ganickych hmot zhutnénych tlakem proudici vody ukazuji fotografie
na obr. 8 a 9, které zachycuji stav asi 2,5 mésice po tajfunu. Na obrdz-
ku je patrné i ¢iSténi tunelu, ke kterému nebylo moZné pouzit mecha-
nizace a veskeré prace musely byt provadény rucné. Tunel byl po
rekonstrukci nezbytnych soucdsti znovu uveden do provozu az
v bfeznu 2005, ovSem napiiklad kabel zajistujici napajeni objektu na
vtoku do tunelu z malé vodni elektrdrny jeste nebyl v dobé nasi posled-
ni ndv§tévy vyménény.

K dokumentaci pocdte¢niho stavu na lokalité jsme se snaZili pouZi-
vat i netradiéni postupy. Sir§i okoli zdjmového tizemi jsme zkoumali
pomoci multispektralnich satelitnich snimku ASTER a bezprostredn{
okoli vtokového objektu pomoci snimki s vysokym rozlisenim
IKONOS. Vyfez ze zdbéru této druZice je na obr. 10. Obrézek je zpra-
covdn v nepravych barvich, tj. ke konstrukci snimku byla pouZzita
pasma Cervené a zelené barvy a blizkého infra. Tuto kombinaci jsme
volili proto, abychom sniZili presvétleni vtokového objektu. Na tomto
vyfezu je mozné pozorovat jednotlivé objekty v oblasti vtoku a Cetné
svahové deformace lezici na severovychod od vtokového objektu.
Zatim se ndm nepodafilo objasnit duvody, pro¢ svahové pohyby
postihly jen Cdst dzemi. Vzhledem k tomu, Ze do oblasti neni
pro omezenou dobu pobytu na vtokovém objektu mozné vstoupit, jsme
tento problém zatim neresSili. Predpokldddme, Ze vyskyt svahovych
deformaci byl zapfi¢inén kombinaci geologické stavby tzemi
a mnoZstvi srazek, které v daném tzemi spadly. Je pravdépodobné, Ze
pri pristi navsteve lokality se na nékteré svahové deformace pokusime
dostat vrtulnikem a zjistit davody rozli¢ného postiZeni svahu svaho-
vymi pohyby.

6. PRACE V TUNELU

Za klicovy objekt v systému Umiray — Angat je nutné povazovat
tunel spojujici obé feky. Jednim ze zdkladnich prament informaci
0 horninovém prostredi, které jsme méli k dispozici, je geologicky fez
tunelem. Vlastnosti hornin, které jsme zjistili zkoumédnim archivnich
zprdv, jsou uvedeny na obr. 11. Vzhledem k nizkym po¢tim zpracova-
nych vzorkd jsou v obrdzku znézornéné hodnoty uvedené pouze ori-
entacni. Parametry smykové pevnosti charakterizuji horninovou
hmotu a nikoli horninovy masiv, jehoZ vlastnosti jsou rozhodujici pro
dimenzovéani osténi tunelu. Rozptyl hodnot uvddénych v tabulce
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resolution images. A section of the images provided by this satellite is pre-
sented in Figure 10. The picture was processed using unrealistic colours,
which means that red and green colour zones and the close infra zone were
used for the imaging. We chose this combination with the aim of reducing
the flaring of the intake structure. In this section, it is possible to see indi-
vidual structures in the intake area and numerous slope deformations nort-
heast of the intake structure. We have not succeeded in explaining the cau-
ses of the fact that land sliding affected only a part of the area. Since it has
been impossible to enter the area because of the fact that the time of stay-
ing on the intake structure is limited, we have not addressed this problem
yet. We expect that the slope deformations were caused by a combination
of the geological structure of the area and the amount of precipitation
which fell within the given area. It is likely that we will try to get to some
of the slope deformations by helicopter, to determine the causes of the
varying affection of slopes by mass movements.

6. WORK IN THE TUNNEL

The key structure within the Umiray — Angat system is certainly the tun-
nel connecting the two rivers. One of the basic sources of information
about the ground environment which we have had available is a geological
section through the tunnel. The rock properties which we determined by
studying archive reports are presented in Fig. 11. With respect to the small
number of the samples which were analysed, the values shown in the pic-
ture are only orientative. The parameters of shear strength characterise the
rock and not the rock mass, the properties of which are critical for the tun-
nel lining design. The spread of the values contained in the table suggests
that mechanical properties of the rock and rock mass are variable. The tun-
nel was driven by a 4.3m diameter TBM; the average excavation advance
rate was 544 metres per month. The variability of the geological conditi-
ons is also characterised by the spread of the values of the monthly advan-
ce rates, which range from 994m/month (June 1998) to 20m/month
(December 1997). We guess from the condition of the tunnel lining that
the strength-related and deformational characteristics of the rock mass
were taken into consideration during the design calculations because the
lining does not exhibit any significant damage resulting from rock pres-
sures.

The measurements in the tunnel which we conducted in November
2007 provided lots of new information. The results of all the measure-
ments are presented in Figure 12. Ground water types are demonstrated at
the bottom of the picture (details are available in the text below). The
inflows of ground water into the tunnel, as we managed to record them
during a passage through the tunnel, are presented above them. The loca-
tions where inflow rates higher than about 1 1/s were encountered are mar-
ked in blue colour, while green colour marks all other, smaller leaks. The
inflows have turned out to be more significant than we expected at the
moment of the survey. The highest inflow rate which we recorded was at
8272m, where about 6.5 1/s flew into the tunnel. This amount is not a result
of guessing; it was measured by means of a measuring vessel with the
volume of 80 1. Next time, we plan that we will again document all inflows
during the course of an inspection walk through the tunnel to get the idea
of changes in the hydrological regime during a year. We verified the yield
of eleven springs between chainages m 7,159 and 11,959 by direct mea-
surements. We selected higher-yield springs, where the yield ranged from

Hole for inflow
Otvor/pro pritok

Obr. 13 Pritok vody do tunelu
Fig. 13 Inflow of water into the tunnel
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Obr. 14 Trhlina v segmentu osténi
Fig. 14 A crack in a lining segment

ukazuje na variabilitu mechanickych vlastnosti hornin a horninového
masivu. Tunel byl raZen metodou TBM prumérem 4,3 m, prumérny
mésicni postup byl 544 bm/mésic. Variabilitu geologickych poméra
charakterizuje i rozptyl mési¢nich postupt, ktery kolisd mezi 994
bm/mésic (VI/98) a 20 bm/mésic (XI1/99). Ze stavu tunelového osténi
soudime, Ze pevnostni a deformacni charakteristiky masivu byly pfi
jeho navrhu respektovény, protoZe toto nevykazuje vyrazné poskozeni
vlivem horskych tlaku.

Meéfeni v tunelu, kterd jsme uskuteCnili v listopadu 2007, poskytla
S$kdlu novych informaci. Vysledky vSech méfeni jsou uvedeny na obr.
12. V nejspodnéjsi Cdsti obrazku jsou zndzornény typy podzemnich
vod (detaily déle v textu). Nad nimi jsou zndzornény pritoky podzem-
ni vody do tunelu, tak jak jsme je zdokumentovali béhem prujezdu
tunelem. Tmavé modrou barvou jsou oznacena mista, kdy byly zjisté-
ny pritoky o vydatnosti vétsi nez cca 1 I/s, svétle modrou barvou pak
vSechny ostatni mens{ pritoky. Ukazuje se, Ze pritoky vody do tunelu
jsou vyrazn€jsi, nez jsme do okamziku dokumentace predpokladali.
Nejvetsi pritok jsme zaznamenali v 8272 metrech, kde do tunelu prité-
kalo cca 6,5 I/s. Tato veli¢ina neni odhadovand, ale zmérend pomoci
odmérné nddoby o objemu 80 1. Pristé¢ pldnujeme vSechny pfitoky
znovu zdokumentovat pfi pési kontrole tunelu, abychom ziskali pred-
stavu o zménach vodniho reZimu béhem roku. Méfeni, kterd jsou
uvddéna na obrdzku, byla zjistovdna v obdobi nejvysSich srdzek,
pristi méreni budou naopak provedena v obdobi s nejmensim mnoz-
stvim srazek. Pfimym méfenim jsme overovali vydatnosti jedendc-
ti pritokud ve stani¢eni 7159 az 11959 m. K méfeni jsme vybirali
vydatnéjsi prameny, jejichZ vydatnost se pohybovala od 0,04 1/s do
jiz zminénych 6,5 I/s. Vysledky méfeni jsou zndzornény v horni ¢asti
obrizku 12 tmavé modrymi body. Cést pfitoki vody do tunelu byla
podchycena jiz pfi vystrojovdni tunelu. V téchto pfipadech je do
osténi tunelu osazena kratkd trubka, kterou voda do tunelu vtéka.
Ukézka jednoho z pritokl vody do tunelu je na obr. 13. Zbyld &ast
pritokd je samovolnych, tj. voda si béhem provozu tunelu vytvorfila
v osténi otvor, jimZ do tunelové trouby pritékd. Pfesny pomér obou
typu pritoku jsme nezjiStovali, ale odhadujeme, Ze oba typy jsou
zastoupeny rovnomerné.

Pri dokumentaci pritokt vody do tunelu jsme zjistili, Ze v panelech
osténi tunelu jsou trhliny a Ze na panelech jsou Cetné sintrové povlaky
(obr. 14). Tyto skute¢nosti jsme bliZeji nedokumentovali. Divodem je
skuteénost, Ze do tunelu je Casové omezeny pristup. Vstup do tunelu je
mozny pouze v dobé jeho uzavieni, coz byva jedenkrate za 4-6 tydnu.
I v tomto pfipadé je mozné v tunelu setrvat maximalné Sest hodin.

Mimo vydatnosti pfitoki vody do tunelové trouby jsme mérili
i vybrané parametry vody pritékajici do tunelu — teplotu, mérnou vodi-
vost a pH. Vydatnost pfitoku jsme méfili jen v horni &dsti tunelu, kdez-
to vybrané vlastnosti podzemni vody jsme méfili v celé délce tunelu.
Vysledky vSech téchto méfeni jsou téZ zndzornény na obrdzku 12.
Vsechny namétené parametry ukazuji na zna¢nou rozdilnost vlastnos-
ti podzemni vody. Snad nejvice je to prekvapujici u pH. Tyto hodnoty
se méni od 7,58 (11 258 m) do 10,4 (3656 m). Teplota pritékajici vody
se pohybuje v mezich 21,9 °C (8274 m) az 262 °C (9056 m).
Minimdlni vodivost 92 uS/cm jsme zjistili v 8274 metrech
a maximdlni hodnota byla zméfena 1017 uS/cm ve 11258 metrech.
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0.04 U/s to the above-mentioned 6.5 I/s. Results of the measurements are
presented at the top of Figure 12 by means of dark-blue points. Some of
the tunnel inflows were dealt with during the installation of the tunnel
lining. A short pipe through which water flows into the tunnel was embed-
ded in the tunnel lining at each of the springs. One of the water inflows
into the tunnel is presented in Fig. 13. Remaining inflows developed by
themselves; water created holes in the lining during the tunnel operation,
allowing water to flow into the tunnel tube. We have not surveyed the
exact proportion of both inflow types, but we guess that both types are
represented equally.

While documenting the inflows of water into the tunnel, we found out
that there were cracks in lining segments and numerous sinter crust pat-
ches are on the segments (see Fig. 14). We did not record these facts in
a more detailed way. The reason is the fact that the time available for the
access to the tunnel was limited. The access to the tunnel is possible only
in the period during which it is closed, which is usually once in four to six
weeks. Even in such the case it is possible to stay in the tunnel for six
hours as the maximum.

Apart from the measurement of the yield of water inflows into the tun-
nel tube, we measured selected parameters of the water flowing into the
tunnel, namely temperature, electrical conductivity and the pH value. The
yield of inflows was measured only in an upstream section of the tunnel,
whereas the selected properties of ground water were measured throug-
hout the tunnel length. The results of all of those measurements are also
presented in Figure 12. All of the measured parameters suggest that the
ground water properties are very variable. This fact is probably the most
surprising in the case of the pH values. These values range from 7.58
(11258 m) to 10.4 (3656 m). The temperature of the water flowing into the
tunnel varies between 21.9 degrees centigrade (8274 m) and 26.2 degrees
centigrade (9056 m). The minimum and maximum values of conductivity
of 92 uS/cm and 1017 uS/cm were measured at 8274 metres and 11258
metres respectively.

One of the most important measurements in the tunnel was the measu-
rement of temperature of the tunnel lining. We measured the temperature
by an infrathermometer, from a moving vehicle. The identified differences
are surprisingly great, with the main anomalous zone found between app-
roximately 5500 metres and 8200 metres. In contrast to a normal block,
the temperature in this tunnel section is lower. If we assume a smooth
course of temperature in the tunnel, following the red dot curve, the mag-
nitude of the temperature anomaly in the middle of the tunnel reaches
practically three degrees centigrade. The cause of the cooling of the rock
mass must be searched for in the groundwater flow.

To learn more about the character of the ground water, we plotted cross
charts from all measurements. The cross charts for the water temperature
- pH and water temperature — conductivity relationships show neither
dependency nor clustering of the points, forming partial assemblies. The
condition of the cross chart which displays the relationship between the
temperature of water flowing into the tunnel and the temperature of the
tunnel lining in close vicinity of the leak is different. In this particular
case, it would have been more surprising if both temperatures were iden-
tical. The causes may be searched for partly in the different physical tech-
nique of the temperature measurement, partly in certain thermal inertia of
the rock mass against flowing water. Nevertheless, there is a significant
fact there: all points lie close to the line of correlation. The correlation
coefficient of the line is 0.895; it is the evidence of a real state of depen-
dency between these parameters.

Nevertheless, the cross chart for electrical conductivity and pH (see Fig.
15) is the most significant. In this case, it is obvious from the chart that the
points form clusters in two areas, while only one point lies totally outside.
We obtained samples of water concurrently with the field measurement.
After preliminary office processing of the results of the measurements
conducted in the tunnel still in the Philippines, we selected one sample
from each group and sent it to GEOtest Brno. a.s. laboratories with the aim
of conducting a physico-chemical analysis of the water. The results of the
laboratory analysis confirmed the results of field measurements. It turned
out that the ground water flowing into the tunnel from the rock mass could
be divided into three basic types.

The assessment of the character of the ground water flowing into the
tunnel itself was carried out from the hydrochemical viewpoint, from the
aspect of its quality as drinking water (the water terminates in a potable
water reservoir) and from the viewpoint of its corrosive effect on concre-
te (see Table 1).
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ni. Teplotu jsme méfili z jedouciho voziku v tunelu infrateplomérem.
Zjistené rozdily jsou prekvapivé vysoké s tim, Ze hlavni anomélni
pasmo sahd od cca 5500 metra do 8200 metru. V této Césti tunelu
dochdzi oproti normalnimu poli k poklesu teploty. Pokud bychom
predpoklddali klidny prabéh teploty v tunelu podle te¢kované ervené
kfivky, pak velikost teplotni anomalie ve stfedu tunelu dosahuje prak-
ticky tff stupiiti. Pfi¢inu ochlazeni horninového masivu je potfebné
hledat v proudéni podzemni vody.

Abychom 1épe poznali charakter podzemnich vod, zkonstruovali
jsme ze viech méfeni kifzové grafy. Kiizové grafy pro vztahy: teplota
vody — pH a teploty vody — vodivost nevykazuji zddné zavislosti ani
74dné shlukovani bodu do dil¢ich celka. Jind je situace u kiizového
grafu sledujictho zdvislost mezi teplotou vody vtékajici do tunelu
a teplotou osténi tunelu v té€sné blizkosti pritoku. V tomto pripadé by
vice piekvapilo, pokud by ob€ teploty byly stejné. Duvody je mozné
hledat jednak v odlisném fyzikdlnim zpusobu méfenf teploty a jednak
v urcité teplotni setrvacnosti horninového masivu oproti proudici
vodé. Podstatnd je vSak skute¢nost, Ze vechny body leZi v blizkosti
korelaéni piimky. Koeficient korelace piimky je 0,895 a svéd&i
o skute¢né zdvislosti mezi témito parametry.

Nejpodstatnéjsi je ovSem kiiZovy graf pro mérnou vodivost a pH
(obr. 15). V tomto pripadé¢ je z grafu patrné, Ze body se shlukuji do
dvou oblasti, jen jeden bod leZi zcela mimo. SoubéZné s terénnim
méfenim jsme odebirali vzorky vody. Po predbézném kamerdlnim
zpracovani vysledku méfeni v tunelu je$té na Filipindch jsme z kazdé
skupiny vybrali jeden vzorek a ten jsme dopravili do laboratoff
GEOtestu Brno, a. s., za G¢elem provedeni rozboru fyzikdlné-chemic-
kych vlastnosti vody. Vysledky laboratornich zkoumdni potvrdily
vysledky terénnich méfeni. Ukdzalo se, Ze podzemni vodu pritékajici
do tunelu z horninového masivu je mozné rozdélit do tii zdkladnich
typu.

Vlastni hodnoceni charakteru podzemni vody vtékajici do tunelu
bylo provedeno jednak z pohledu hydrogeochemie, z pohledu jeji kva-
lity jako vody pitné (voda konci v nadrzi pitné vody) a z pohledu jeji
agresivity na beton (tab. 1).

Vzorek 5469 charakterizuje vody se stfedni mineralizaci a s vyso-
kym (zdsaditym) pH. Z hlediska hydrogeochemie jde o vodu Na—-SO,
typu s nizkym podilem vdpniku a hydrogenuhli¢itana. Md zvySeny
obsah fluorida (2,5 mg/l). Jde tedy pravdépodobné o vodu s urcitou
dobou zdrZzeni v horninovém prostiedi vulkanitd. Vzhledem
k relativné nizkym obsahim vépniku, hoi¢iku a hydrogenuhliitanu
muZe byt agresivni na beton — rozpousténim. Z hlediska kvality vody
v porovndni s limity pro pitnou vodu v EU (Vyhlaska ¢. 252/2004 Sb.
CR) jsou z danych parametri prekroeny limity v piipadé vyse uvede-
nych fluorida.

Vzorek 6298 charakterizuje vody s nizkou mineralizaci a s neut-
ralnim pH. Z hlediska hydrogeochemie jde o vodu CaHCO; typu. Jde
tedy pravdépodobné o vodu s velmi kriatkou dobou zdrzeni
v horninovém prostiedi, pravdépodobné v z6éné poruseni hornin
(mohlo by jit o prednostni proudéni podzemni vody v tektonickém
pasmu). Voda ma charakter vody ,destové“. Vzhledem k nizkému
obsahu rozpusténych ldtek Ize predpokladat agresivitu vody na beton
— jeho rozpousténi. Z hlediska kvality vody jako vody pitné nejsou ze
sledovanych parametrt prekroCeny z4dné ukazatele.

Vzorek 8600 charakterizuje vody s vysokou mineralizac{
a s neutrdlnim pH. Z hlediska hydrogeochemie jde o vodu Ca-SO,
typu s nizkym obsahem sodiku. Jde tedy pravdépodobné o vodu
s dlouhou dobou zdrZeni v horninovém prostredi. Lze predpokladdat, Ze
voda vystupuje po hluboké tektonické linii na rozhrani vulkanitt
(které jsou zdrojem siranl) a vdpencu (které jsou zdrojem vapniku).
Agresivita vody na betonové konstrukce je dana vySsim obsahem sira-
nu. Z hlediska kvality vody v porovnani s limity pro pitnou vodu jsou
z danych parametru prekroceny limity v piipadé celkové tvrdosti, kon-
centrace vdpniku a sirant. Uvedené prekrocené ukazatele nepredsta-
vuji hygienické riziko pro uZivatele vody (tab. 2) vzhledem k nafedéni
podzemni vody z pritoki vodou povrchovou z fek Angat a Umiray.

Na zdkladé provedenych méfeni a laboratornich stanoveni lze
z pohledu proudéni podzemni vody vymezit minimalné tfi odli$né
z6ny. Jde o z6énu vulkanit (prvni typ — skupina vod charakterizovand
vzorkem 5469), o zénu rychlého obéhu pozemni vody (druhy typ —
skupina vod charakterizovand vzorkem 6298) a z6nu hlubokého obéhu
podzemni vody (treti typ — vzorek 8600).
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Obr. 15 KriZovy graf, vodivost — pH
Fig. 15 Conductivity — pH cross chart

Sample 5469 is characteristic of medium mineralised water with high
(alkaline) pH. From the hydrochemical point of view, it is water of the Na
— SO, type with a small proportion of calcium and acid carbonates. It con-
tains increased amount of fluorides (2,5 mg/l). It is therefore probably
water which was retained for some time in the vulcanite rock environment.
With respect to the relatively low content of calcium, magnesium and acid
carbonates, it may have corrosive (dissolving) effect on concrete. In terms
of quality of the water in comparison with the limits on drinking water
applied in the EU (the Decree No. 252/2004 Coll. of the Czech Republic),
the limits on the particular parameters are exceeded in the case of the
above-mentioned fluorides.

Sample 6298 is characteristic of low mineralisation water with neutral
pH. From the hydrogeochemical point of view, it is CaHCO; type of water.
It is therefore probably water which was retained for a very short time in
the rock environment, probably in a fractured zone (it could be the case of
preferential ground water flow through a fault zone). The water has the
character of “rainwater”. With respect to the low content of dissolved
solids, it can be expected that it has corrosive (dissolving) effect on conc-
rete. In terms of quality of the water as drinking water, no limit on the
monitored parameters was exceeded.

Sample 8600 is characteristic of highly mineralised water with neutral
pH. From the hydrochemical viewpoint, it is the Ca—SO, type of water,
with low content of sodium. It is therefore water which was retained for
a very long time in the rock mass. It is possible to assume that the water
rises along a deep fault line at the interface between vulcanites (which are
the source of sulphates) and limestone (which is the source of calcium).
The corrosive effect of the water on concrete structures is the result of the
higher content of sulphates. In terms of quality of the water in comparison
with the limits on drinking water, the limits on the particular parameters
are exceeded in the case of the total hardness and concentration of calcite
and sulphates. The above-mentioned exceeded indicators do not pose
a sanitary risk for water users (see Table 2) because of the fact that the
ground water from the leaks is thinned with surface water from the Angat
and Umiray Rivers.

It is possible to distinguish at least the following three distinct zones in
terms of the ground water flows, on the basis of the completed measure-
ments and laboratory determination of properties: a vulcanite zone (first
type — the group of water characterised by sample 5469), a rapid ground-
water circulation zone (second type — the group of water characterised by
sample 6298) and a deep circulation of ground water zone (third type —

sample 8600).
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Tab. 1 Hydrogeochemické ukazatele

1 2 3 4 5 6
pH 8,65 75 722 65-95
konduktivita uS.cm’ 505 108 1023 1250
tvrdost celkovéd mmol/l 0.6 045 6,65 2-35
mineralizace mg/1 373 96 967
sodik mg/1 93,7 84 115 200
draslik mg/l <1 <1 1,1
lithium mg/1 <0,1 <0.,1 <0,1
amonné ionty mg/l <0,1 <0,1 <0.,1 0.5
vépnik mg/1 240 18,0 255 30 - 80
hor¢ik mg/1 <09 <09 7 10-30
mangan mg/l < 0,05 <005 < 0,05 0,05
zelezo mg/1 <0,1 <0,1 <0,1 02
chloridy mg/l 6 5 6 100
sirany mg/l 220 72 511 250
dusitany mg/l 0,06 0,14 < 0,01 0.5
dusi¢nany mg/1 <3 <3 <3 50
fluoridy mg/l 25 <02 <02 15
orthofosfore¢nany mg/l <005 0,05 <0,05
hydrogenuhli¢itany ~ mg/1 26,1 574 1751

Table 1 Hydrogeochemical indicators

17. rocnik - €. 4/2008

1 2 3 4 5 6
pH 8.65 75 7,22 6,5-95
conductivity pS.cm-1 505 108 1023 1250
total hardness mmol/l 0.6 045 6,65 2-35
mineralisation mg/l 373 96 967
sodium mg/l 93.7 84 11,5 200
calcium mg/l <1 <1 1,1
lithium mg/l <0.1 <0,1 <0,1
ammonium ions mg/l <0.1 <0,1 <0,1 05
calcium mg/l 240 18,0 255 30 - 80
magnesium mg/l <09 <09 7 10 - 30
manganese mg/l <0.05 < 0,05 < 0,05 0,05
iron mg/l <0.1 <0,1 <0.,1 0,2
chlorides mg/l 6 5 6 100
sulphates mg/l 220 72 511 250
nitrites mg/l 0.06 0,14 <001 05
nitrates mg/l <3 <3 <3 50
fluorides mg/l 2.5 <02 <022 1.5
orthophosphates mg/l <0.05 0,05 <005
acid carbonates mg/l 26.1 574 175,1

Vysvetlivky: 1 parametr, 2 jednotka, 3 pritok 5469, 4 pritok 6298, 5 pritok
8600, 6 Pitnd voda (vyhldska &. 252/2004 Sb.)
Pozn.: Cervené hodnoty prekracuji vyhldasku ¢&. 252/2004 Sb.

Tab. 2 Agresivita podzemnich vod vudci betonovym konstrukcim

1 2 3 4 5]
sirany mg/1 220 72 511
pH 8,65 75 722
CO, agresivni na CaCO, mg/l - - -
amonné ionty mg/1 <0,1 <0,1 <0,1
horéik mg/l <09 <09 7

Wsvetlivky: 1 parametr, 2 jednotka, 3 pritok 5469, 4 pritok 6298, 5 pritok 8600
Pozn.: Cervené hodnoty prekracuji CSN EN 206 — 1/72

7. ZAVER

Tunel spojujici feku Umiray s vodni nddrZzi Angat je nutno povazovat
za jeden z kli¢ovych prvka systému zésobovani hlavniho mésta Filipin —
Manily pitnou vodou. Jeho potrebu si filipinsti vodohospodafi uvédomo-
vali uz pred desetiletimi, protoze mnozstvi vody privadéné do prehradni-
ho jezera fekou Angat nestaCilo potiebdm rozpinajici se metropole.
Kromé potfeby je vSak nutné si neustdle uvédomovat i jeho duleZitost,
a tim také zranitelnost. Z toho divodu je potreba celou stavbu néleZité
chranit zejména pred nepriznivymi jevy a jejich nésledky. Pro potieby
projektovani ochrannych opatieni je nezbytné ziskat jednak radu jedno-
razovych informaci a poznatka o geologické stavbé Sir§iho okoli a také
opakovanym pozorovdnim vybranych struktur a prvku reliéfu, na jejichz
zdklade je moZné, pti navrhu a konstrukci ochrannych opatfent, postupo-
vat maximdln¢ efektivné a ekonomicky. Pfi zajistovani vSech potfebnych
podkladt a pii zpracovavani vysledkt méfeni se osvedcil multidiscipli-

ndrni piistup specialistd riznych obora.
DOC. RNDr. PAVEL BLAHA, DrSc., blaha@geotest.cz,
ING. ROMAN DURAS, duras@geotest.cz,
ING. JAN FOUSEK, fousek@geotest.cz,
RNDr. JITKA NOVOTNA, novotna@geotest.cz, GEOtest Brno, a. s.

Recenzoval: Doc. Ing. Richard Sriupdrek, CSc.

LITERATURA / REFERENCES

Blaha P.: Angat, A study of flood protection., Geotest, Brno, 4/2005, MS.

Legend: 1 parameter, 2 Unit, 3 inflow 5469, 4 inflow 6298, 5 inflow 8600
6 Drinking water (Decree No. 252/2004 Coll.)
Note: Red values exceed the Decree No. 252/2004 Coll.

Table 2 Corrosive effect of ground water on concrete structures

1 2 3 4 5
sulphates mg/l 220 72 511
pH 8.65 75 722
CO, corrosive effect on CaCO, mg/l - - -
ammonium ions mg/l <0.1 <0.1 <0.1
magnesium mg/l <09 <09 7

Legend: 1 parameter, 2 unit, 3 inflow 5469, 4 inflow 6298, 5 inflow 8600
Note: Red values exceed the CSN EN 206 — 1/Z2 standard

7. CONCLUSION

The tunnel connecting the Umiray River with the reservoir on the Angat
River must be considered as one of the key elements of the system supply-
ing Manila, the Philippine capital, with drinking water. Philippine water
engineers realised the need for this system decades ago because the amount
of water carried to the reservoir by the Angat River was not sufficient for
the expanding metropolis. It is, however, necessary to realise not only the
necessity but also the importance and thus also vulnerability of the system.
For that reason, the entire structure must be duly protected, above all aga-
inst adverse phenomena and their consequences. It is necessary for desig-
ning protective measures to obtain many one-shot pieces of information
and knowledge on the geological structure of the closer surroundings. It is
also necessary to proceed with maximum effectiveness and economy when
designing and implementing the protective measures, using repeated obse-
rvations of selected structures and elements of the terrain as the basis. The
multidisciplinary approach of all specialists in various fields of science
acquitted itself during the preparation of all required fundamentals and pro-
cessing of measurement results.
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