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XI.

Seminar for Technology Tramsfex

A seminar was given to the NAPOGCOR's engineers for the purpose of
the technology transfer as part of this study at the NAPOCOR
Training Center on July 28 and .29, 1986,

The subject and the lecturers were:

"Study on the Stability of Dams- from Geological and Geo~

technical Points of View" by Dr. Haruo Tanaka.
"Maintenance and Control of Fill Dam" by Mr. Yutaka Matsui.

"Investment Planning for Hydro Power Facilities" by Mr.

"Hayao Adachi.
Participants in the seminar were from the regpective departments

and sections of NAPOCOR and NIA, and totaled 35. Texts used for

the seminar are as attached hereto.
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MATERTALS USED FOR THE SEMINAR .

Study on the Stability of Dams from Geological and Geo-

technical Points of View
Maintenance and Control for Fill Dam

Tnvestment Planning for Hydro Power Facilities
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Introduction

In terms of construction materials, dams are generally either con-
créte or fill type. Concrete dams are sub-classified into various
types, as follows: gravity, hollow gravity, arch and buttress.
Gravity and :fill type dams retain reservoir water pressure by
their own weight, whereas an arch dam transmits the stresses
caused by impounded water to both sides of the valley by the com-
bination of arch and cantilever actions. The thickness of an

arch :dam tends'to.be'iess than that of a gravity dam, with its

- concrete volume usually about 50 - 70% of that of a gravity dam.

However, the stresses within the dam body are greater, therefore
the quality of concrete . in the arch dam should be superior to that
of gravity dam, Furthermore, there are several complicated

factors affecting construction of arch dam, such as:

(1) ‘A narrow river gorge must be selected for the arch dam site

with geological and topographical conditions good enough to
resist arch action. Therefore, sites suitable for arch dams

are rather restricted owing  to these.geological limitations.
{2) Sﬁructural and seismic analysis require considerable time.
(3) Complicated'fofm'WOrks.
TheSé féctbfs'are much less bfoblematical in the case of concrete

gravity type or fill type dams and therefore these types of dam

have become prevalent in recent years.

'_Up'until 30 to 40 .years ago, it was generally considered that a

‘dam’ could be'cqnstructed-on any type .of foundation rocks without

considération of gecological conditions, because dams were few in

number and their height was rather low.
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Since the Second World War, the construction of large dams has
become widespread throughout the world. In such cases the water
pressure and stress acting on the foundation rock  is big and,
accordingly, greater emphasis has been placed on the importance of
foundation geology. To-day, it is generally undefstood that the
foundation rock and structure are one body,_' and the failure of -

‘foundation rock is 1inked to the failure of dam structure.

The late Dr. C. Semenza (Consulting Engineer  of Electro Consult
Ttaly) who visited the Kurobe No.4 Arch Dam as a technical con-
sultant said that "a chain play a good function when individual
rings have a complete shape and strengfh, but if one ring should
be broken, the chain will immediately loss 1its function". An
adequate understanding of dam foundation géology ‘is ‘one’ of the
essential factors ‘in promoting an appropriate 'dési’gn aﬁd'e'nsuring

“dam stability.

In order to ‘promote a thorough undérstahding of a dam's founda-
tion geology, geological investigation should be’ pe'rformed_ with
an accuracy which corresponds to the prefeasibility, feasibility

and design study stages respectively.

Geological investigation will sometimes coutinue into the con-
structlon stage particularly where unfavourable geological con~
ditions are found in the foundation area - in ‘order to promote
suitable structural design changes in conformity with the geo—-
logical defects or to consider suitable countermeasures. to’ over—
come such unfavourable geological conditions. The late Dr. -C.
Semenza, ever said that "when I looked back.on-th_e géology of
Pieve di Cadore dam (the Pieve River, North Itaiy), I remember .
that it wag sametime with' co‘mple‘.tibn‘h_of= ‘dam  and fihi'sh' of geo- .
logical "exploration of dam 'founda'tidn". “His: tecollections well
express the direct relation ship between constructlon works and.

geologlcal investlgatlons
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Geology of Dam Foundation

Gravity or fill type dams can be comnstructed on almost all kinds
of foundation rocks. The numbers and kinds of foundation rocks in
Japan is illustrated in Fig. 1. The developments of thecories and
techniques in all fields of engineering and the activities of dam
construction in the world made possible the construciion of dams
on the so-called inferior geological foundations by means of high
quality design and foundation treatment works reinforced by theo-
ries and téchniques. Obviously, where heavy foundation treatment
works are required, construction costs will be high. Therefore it
"is advantageous to choose a sité:where the gedlogy is good enough
and to require no heavy foundation treatment. In other words, it
is no exaggeration to say that the foundatiou geo1ogy is evaluated
heavily by the cost of foundation treatment works. Im some cases
the cost ‘of foundation treatment is almost equal to the cost of
construction of the dam body. However, in cases where a dam is
congidered to have high economic potential for power generation;
irrigation, flood control, water supply or navigation, and/or the
dam is considered eésential for the securify of the inhabitants of
the downstream area, the plan for dam construction will be pro-

-gressed, regardless of high cost.

The foundation geology of dam is created by nature and therefore,
it is less massive “than concrete. Even -ﬁhére the dam site is
expected to be a geclogically sound, numerous joints, fissures,
cracks, bedding planes and  fractured layers (these are called
"geological separation” hereafter) will be found after removal
of7over—bufden. At a ‘dam - ‘site, where geology is expected to be
medidm, ' the excavated rocks will.be separated into angular blocks

“or pieces by numérous geological separations. - Some of such geo-

' logical’ separations will appear yellowish brown coloured by dis-

semination’ of 1imonite and ¢lay lines, while othérs will be local-

1y alféred:by weatheriﬁg into soft rocks.

11 -7



Examples of the above mentioned rock conditions at dam sites can
be found in the Philippines, Indonesia and Japan where the writer
has made detailed geologidal investigations, because those
countries belong to the geological structual zone in a recent geo-
logical age. To ensure dam stability, design. should be revised in
cohformity with geology, not only during feasibiiity-and design
-stages but . also during construction works. Modern dams - are
designed and constructed in.this way. In other word, there is the
geology and design follow the geology, and not the geology: follow

the design.

Generally, when assessing dam site geology, the expressions '‘good"
or'"bad" geology are used. Howéver, it should also be bornme in
mind whether the geology is "bad" from the view points of lack of
stress registance or facility of impounded’ water leakage. The
preliminary selection of dam site, determination, df dam' type,
. design modifications and cost estimates of foundation treatments

“will be formed with above consideratiomns.

. Geological Investigation of Dam Foundation

There are many published criterias and manuals on dam foundation
investigations the detail of which will be omitted in this paper.
However, the process and method in each study stage will be sum-

marized below briéfly.
3.1. Pre-Feasibility Sﬁudy

At the pre-feasibility -study stage, the ptoposed.daﬁ.site
area will be selected by a réconnaissénce survey'conSidéring
geology and topography.  Then as partIOfta:fifst step in—"
vestigation it 'wiil be ghecked_ whether or not 'there :are
serious topographical, geological, lithologiéal and geo-
technical defects, by means of few drillings and ahalysis of -

aero-photo, For prefeasibility study purposes, 1 : 50,000
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.2,

to 1 : 100,000 scale maps are commonly used, however, where

larger scale maps (for instance 1 : 10,000 to I : 20,000)

are available, these should obviously be used.
Feasibility Study

After completion of pre-feasibility geological and topo-
graphical studies, the most suitable dam site and the reser-
voir ~area are selected. A few drill holes and adits are
driven along assumed center line of dam. The drilling cores,
ground water levels and geology in the adits are checked and
analyzed by geotechnical engineers and geologists. Based on
such data the location and depth of further drill holes and

adits are determined.

The judgement of dam type (concrete or fill type), feasible
height of dam, design of -suitéblé. foundation treatment
method and estimation of cost of foundation treatment works
are discussed among civil engineers, geotechnical engineers
and geologists. Frequent discussion of the above problems

will be of great benefit in. dam construction.

At _the' discussion of the geology of dam site, the rock
rating is .required to establish a common standard for

evaluation of dam foundation geology., The rating will be

available to imagine the generai aspect of whole rock mass

) from data of rock tests (or observation) in adits and/or

drillings and to compare”lithological conditions and founda-
tion treatment works in the existing dam sites.  The study
on grad-up of dam foundation rocks ‘rating is essential,

hqwever,'it_muSt'bé kept "in mind -that the rating should be

too detail to applicate for an actual field investigation.

In other  wofds it must have a resonable aptitude from

éngiheering point  of view. The R.Q.D. (Rock Quarity Desig-

" nation system - Deere et :al 1967) is applied for the rating
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of drilling cores, and the vock qualities are deéginated 0 -
25%: very poor, 25-50%: poor, 50 - 75%: fair, 75 =~ 90%:
good, 90 - .100%: excellent (Percentage recovery 100 m/m

length) respectiveély.

The rating of foundation rocks was also discussed in Japan
and many ratings were proposed. -Among these ratings TABLE-1
is a writer's rating and TABLE-2 is that of act'uaily used
and authorized by the member of BOC  (Beard of Consultants)
for construction of the'Si'.-lgul-ing (97 m in hight) and the

Cirata dam (115 m in hight) in Indonesia.

The ratings in TABLE~1 and TABLE~2 show those converted from
the hard consolidated rocks to the medium consolidated rocks.
Dr. fida who -had “been working for' a long time in t‘ne'CiV]".l
Engineering Laboratory of the Ministry of Construction 1in
Japan as a chief of dam section and director of the  labora-
‘tory mentioned ‘in his book -named "Dam Design" (1980) that
"The rock ratings proposed: by Central Research Institute of
Electric Power Indﬁs.try {TABLE-1)- ‘and the Civil Engineering
Laboratory of the Ministry -of Coustruction in Japan are
useful for evaluation o.f dan foundation -rock'-gen‘erally.
However, in cdse of individual dam site, there are sometimes
other’ elements which master a mechanical properties of dam
foundation "récks sever'ely. Therefore . SOmetimés -it is re-
quired to make a small reorganization_ of rock 'rating'fakirig
into account of the specified rock properties “and the data

of rock institute tests."

Judging  from above discussions, th_e."rat:in'g of _roc'ks.is not
always absolute and world wide one. The i‘eoi‘ganizét-ion of
rock rating of foundation - rocks ‘should be carried Out_"fbr_'
-each  individual dam site 'taki‘n'g intO' account of specific
" site ‘geology with the approval of experienced engineerlng

geologlsts and geotechnlcal engmeers.
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3.3.

The geological reconnaissance survey should be carried out
more précisely than in the prefeasibility stage with 1/500
to 1/1,000 scale topographical map. The geoclogical maps and

sections made din Pre~feasibility study stage should be

. revised by data from. the drill holes and adits excuted in

this study stage. These maps and sections will be available
to determine the location of further drill holes or adits
and to change design of dam and planning of foundation
treatments. ~ Seismic prospecting is executed at this stage
as a supplement to -other geological investigation works and
geological réconnaissance. The number and location of
measurement lines will be determined after chicking and

analysing the results of drill holes and adits inspection.

Engineering Stage Study

Engineering stage investigations proceed after the construc—

tion of dam has been framed by the feasibility study in-
vestigations. At this stage, investigation work will con-
centrate on various tests to clarify numerically the phy-

sical properties of rocks. The data from these tests will

"be used to establish the basic dam design and foundation

treatment w_'orks. The number of drill holes and addits will

“be  increased and will be distributed not only along the

central axis of. ‘dam but also around the dam foundation

including the downstream valley wall.

The in-situ . investigation work to determine the rock's

physical properties is mostly performed in the field. It

includes Jack test (measurement - of elasticity coefficient
‘and ‘deformability of rocks), Block shear test (Measurement
of cohesion and friction angle), Pe'rmeébility Tests, Mea-

surements of velocity of elastic wave, of underground water

level, and of mc)vemelit_ of ‘landslide and Grouting test. In

addition ‘to the -above tests, uniaxial compression test,
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microscopic examination and chemical analysis of rock speci-

. mens are performed accordingly.

ii,

iii,

Jack Test

This test is performed in the adit. ‘Put a eircular
loading steel plate on the smoothly excavated rock sur-
face at the floor of the adit, . and impose a vertical
load by oil jack, measuring the load and amount of
deformation of rocks which correspond to the given
load. The elastic modulus or deformability of rocks
will. be calculated from analy31s of load deformation

curve.

Block Shear Test
This test is also performed in the adit. Put a con~
crete block on the smoothly excavated rock surface at

the floor of the adit, and impose a vertical load by

0il jack while lateral load -(shear load) is imposed by

horizontal - 0il jack, and measure ‘the vertical and

horizontal loads at the instant the ‘concrete block

. begins to move. One set of the test uses three blocks

in order to -obtain a curve which determine ¢ and C.
The shearing strength which is-shown by coefficient and
shearing modulus will be calculated from the analysis
of testing figure. Instéad"of 'coﬁcrete.:bIOCk, cube
rock blocks consisting of in-situ rocks cutting out by
smooth blasting or rock saw are used for in-situ shear- -
ing  strength test. ' The ptinciﬁle'qf ;he_tqdk block
test. is similar to that of the'block'shear.test, how-
ever it involves the high cost of cutting out the cubic
rock blocks and, therefore; it is seldom used these

days.

'Permeablllty Test

The in~situ germeablllty test of the foundation rock
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iv,

mass is performed in the drill holes which are arraunged
in approx. 30 m spacings along the proposed center line
of the dam. The drilliﬁg depth is almost equal or half
to the height of dam. Water will be forced into the

hole and the quantity of water absorption corresponding

" to the injections pressure at every tfive meter stage

“from top to bottom of the hole is measured. The amount

of absorption of water with 10 fkg/cm2 injection pres~
sure is expressed by 1/min/meter and is called "Lugeon
value". This value should be described in drilling
logs and topographical or geological sections of dam
central - axis. Thus the underground distribution of
Lugeon value {(i.e, permeable conditions) is understood,

and will provide,uséful data to establish an appropri-

‘ate depth and spacing for curtain and consolidation

grouting.

Measurement of Velocity of Elastic Wave of Rock

The aim of this measurement is to ascertain the physi-
cal propertiés of rock mass generally. They will be
represented by the velocity of seismic wave. The mode
of occurrence of geological separations such as joints,
crdcks, fissures, fractures and faults in the founda-
tion rocks will be reflected in the velocity of seismic
waves propagatedu on. . the rock mass, The figures for

velocity do not absolutely express the geological con—

~dition  of -the rock foundation- but are useful as a

'general guide for evaluation of rock mass and for the

comparison of -the dam site rock properties with others.
This méthod_is‘also used for evaluation of grouted or-

PS anchored rock masses, This measurement carried out

by using a small amount of explosive to create a low

level  seismic wave in the adit, This wave is received

by electric seismograph setting in the other adit. The

. distance. of epicenter and seismograph can be measured,
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- and the propagating time between epicenter and seismo-

‘graph is measured by a seismographic recording device.

Then the -velocity of elastic wave propagate between

‘two adits (or in a adit) is easily calculated from a

‘time~distance curve. For the ordinary purpose of mea-

suring ‘the velocity of rock mass, the longitudinal:
wave is used, ‘the lateral wave is used in special cases

only.

Measurement of Underground Water Level
The water level at a dam site is lowest in the river

bottom and becomes higher ian confirmable with topo-

‘graphy at both banks of the river. The ground water

level is commonly higher. than the ‘high water level ‘of

the reservoir in both banks, however occasionally, it

is lower than the high water level at the ‘location of '
far away from abutment, In this case, there is a pos-
sibility of reservoir water leakage and therefore, the
cause of such low ground water level must be investi-
gated carefdlly and precisely in order to make a plan
of leakage prevention works. The'grOund.water level
of both downstream abutments should also be investi-
pated by;drilling in order to compare the ground water

level before and after impounding reservoir, because if

there is leakage of water through the curtain grouting

after impounding, the gfbdnd water level of the drill
holes at ‘downstream' mountain slope will rise and it
will ‘become a guidance of the pore pressure increment
in.the downstream mountain rock mass. The increment of

pore pressure would tend to'gause'sliding on the down-

‘stream wmountain slope-along the geological separations,

‘giving rise to possible dam failure. The ground water

level in the drill holes changes seasonably, and’ there-

fore, it ‘must be measured throughout the year by an

‘automatic Trecording device ‘(piezometer float ete.).
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vi.

vii.

Measurement of Movement of Landslide Area

If potential landslides are found near the dam site by
reconnaissance survey, their mode of movement should be
measured by means of an automatic recording instrument
(The inclinometer, strain gauge in the drill hole, and/
or survey stake) in order to predict the sliding move-

ment.

Grouting Test

- There are two types of grouting, namely consolidation

{blanket) and curtain groutiing. 'The foundation rocks

" of dam area are treated as an elastic body for the

design of dam, however there are numerous cracks,
fisgﬁres, fractures and faults caused by crustal move—
ment, and these geological separations tend to lose
their cohérence. The purpose of consolidation grouting
is to fill and fasten these loose geclogical separa-
tions by iniection of cement in order to restore, as

far as possible, the properties of the foundation rocks

‘to thase of an elastic body. In the case of a concrete

‘dam - consolidation grouting is. géunerally executed over

the whole aréa of dam body. On the other hand, in the

case of fill dam it is generally limited to the area
beneath the core or facing concrete, except in cases
where there are serious. geological conditions beneath

the dam body. The -drill-hole spacing for consolidation

‘grouting is commonly 3m - 5m with zigzag pattern and

less than 12m in depth., The consolidation grout. test
is carried -out in order to make a rough estimate of an

appropriate grout hole spacing, of amount of cement

“absoption per hole. . The consolidation grout test is

generally carried out in a specified area of the dam

: foundation. - The following three methods are adopted to

the check the grouting results namely; (1) visual in-

spection, {2) measurement of° decrease of amount of
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injectied pressurized water in a newly drilled check
hole, .and (3) measuremént of increase.of velocity of
seismic wave. Of these, pressurized water injection is

the most reliagble method.

The geological separations not only cause loosening
foundation rocks but also become a cause of water
leakage because, such geological separations commonly
develop even in the deeper portion of foundation rocks,

These leakages are prevented by - curtain grouting,

Curtain grouting is an injection of cement milk through
bore holes drilled almost parallel to the axis of dam
in a two row zigzag pattern. . The drill hole spacing is
commonly 3 m and the depth .is generally'half or as same

as the dam height.

The curtain grouting test is executed for the purpose

of checking of (1)-effec£iveness of grouting, (2) deter
~mination of minimum épacing “of grout holes and (3)
assessment of grouting pressure and grout take, The
location of groutihg test is desirable as close to the
proposed axis of dam as'possible, and the test should
be performed in the deeper.portion than estimated rock
excavation line. ‘The grouting test holes are arranged
in triangular'pattern on a concrete platform inStélled
in a Spécific area. (FIG.-2). The maximum spacing of
hole is 6 m (these holes aré'called primary holes) and
the spacing of.éucceeding'secondary'and tertiary holes
is so arranged to be half of the. preceeding. spacing.
Namely, the spacing of hbles'to each triangle wiil be
6 m (Primary hole),“B'ln.(Secondafylhole) and 1.5 m
(tertiary'hole)yrespectively,in;final.;:Thg'check-hole
is drilled at the centep'of?the,triangie. The groﬁting

test ‘is performed in 5 meter stage from top to bottom
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in the primary, the secondary and the tertiary hole
respectively. The procedure of grout test is as
follows: '

The test 1is started from primary hole. At first, a
hole drilled 5 m in depth (No.l Section) from the
ground surface. Prior to grout injection of cement
milk dinte No.l section, permeability of the rock is
checked by injection of pressurized water. The initial
injection pressure of water will be determined in

accordance with geological conditions.

After the above permeability test, the cement milk is
: injected into the hole, In this case the mix ratio of
water and cement and injection pressuré of cement milk
will be determined with reference to the results of
pressure water test and experiences, When the 5m sec-
tion grouting test is finished in each primary -holes,'
.the resultrof grouting performénce is checked by the
permeability test in the. Sm .deep check hole at the
center _of triangle. ‘After the checking of permeability
at the central check hole, the primary holes are ex-
tended till 10m in depth as No.2 section. The per-
meébili_ty test, grouting and after grouting pérfnea—
bility check are performed with same procedure as in
Nb.l section. The No.3 (15 m in depth), No.4 (.20 m
in depth) and descendent sections are performed and

checked with same procedure as mentioned above.

When the tests in the primary holes are finished, the
permeability and grouting test.s are pe'rforme.d in
_secondary holes with  same procedures as in prifnary
“holes. | -

'._'i'he 'permeabi_iity and grouting tests éré performed in
.terfia;y ' ho'];es _ wri_th same procedure és primary ~and

secondary holes .
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Through these tests proper spacing of grout holes, mix
ratio of water and cement and injection pressure will

be determined used in actual curtain grouting works.

As mentioned above grouting test is expénsive and time
consuming, moreover the test area is substantially
apart from actual'érbuting area to judge an actual of
curtain grouting. Therefore, some engineers are of the
_opinion that it is more effective to perform the cur-
tain grout testing in the very curtain grouting area
" parallel to the actual grouting works in the construc-

tion'stage.

Foundation Treatment

Generally there are numerous geological sépatatidné in the dam
foundation rocks. Recently'dam sites with good geology have been
increasingly rare and accordingly ‘dams must be constructed on
foundations of inferior geology. Consequently, the treatment and
reinforcement works on the geological separations in the dam
foﬁndation have become an increasingly important'part:of dams con-

struction. Such works are known as foundation treatment works,

‘and consist of (1) grouting, (2) instdllation of dfa1n héles, (3)

replacement by concrete, and (4) reinforcement by anchor bar.

Grouting is the ‘common and worléwide'methcd to improve foundation
rocks. Grouting is divided into fwo.methods, one is consdlidation
grouting and the other is curtdin groutiﬁg..(cf’groﬁting'teét)
For both consolidation and curtain grbuting,.'thé " injected

materials are prineipally water and cement, however “when there too

‘much grout absorption occurs, sometiries sand is added to the grout.

Where tremendous quantities of spring water make cement grouting
impossible, ghemital grouting is appliéd. Howéver;'the strength
and durability of this material“is inferior to the cement and it's.

cost is higher than cement, therefore, it is not commonly used
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except in speéial cases., -Since the acrylamide group chemical
materials, named AM-9, were developed for grouting in USA, several
kinds of chemical injections have been developed and used around
the world. 'However, since 1974 the use of acrylamide group chemi-
cal materials has been prohibited in Japan by provisional instrucs
tioh.'df the Ministry of Coustruction, due t0'uhdergrbund water
pollution problems except in cases of urgent necessity. Nowadays
water glass group injection which carries no rigk of population is

used instead of acrylamide group.

Regarding the foundations of concrete dams there are some discus-
Sion, on the time of execution of consolidation grouting. The
“question is whether it is prefefable to perform injection before
or after conCréfing. The advantage of grouting before concreting
is'the.convenience of being able to cbnfirm with the naked eye the
mode of cement intrusion inte geological separation. The dis-
advantage. is that high pressure cannot be used. . On the 6ther
hand, the advantage of grouting after 2 or 3 lifts of concrete. is
that moderately high grout pressure can be ‘used in order to
Secﬁfély fasten the geological sepafations. With this method,
leakage of milk over the rock surface will also be prevented. The
advantagé of both methods shoﬁld be determined by the discussion

among civil engineers and geologists.

Whatever thickness of grouting is éxecuted water leakage'ihrough
" the grbut'éurtain is inevitable. Large leakage will cause not
only uneconomic wastage of reservoir water but also safety
~ problems to the dam foundation from piping. Unless sufficient
leakage protection works afe executed, large Ileakage through
foundation rocks tends:fo oceur in rvocks such as limeétone, lava

flow and poorly consolidated ‘volcanic breccia, sand and ash.
Watef'p&ssing through the grout curtain will USually_be'subject to

high water preSéure (coffeSpbhding to the deﬁth of reservoir),

therefore dmposing an uplift force ‘on the dam body. It will
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usually be drain by drainage bore holes'arranged in a line few
metefs downstream of grout curtain line and removed by pumping.
I1f the arrangement of the drain holes or performance of the grout
curtain are insufficient, the leakage water can intrude into the
downstream mountain on both'banks, and rise the ground water 1e§e1
causing an increase of pore pressure and decrease of friction
strength of rocks on the mountain slope. .This way eventually
cause sliding or collapse of the mountain slope adjacent to the
dam abutments. If an abnormal increase of the ground water level
in the inspection bore holes in the downstream mountain slope of
dam is detected, it must be studied whether this is due to rain-
‘fall or reservdir water leakage. If it becomes apparent that the
.rise of the groundwater level originates from leakage, counter-
measures such as driving horizental driliings or drainage adits to

draw down ground water level wust be taken,

In short it is a”fundamental rule that'uudergroﬁhd'water'ruhhing
‘through geological 'separations in the foundation rock mass, should
.firstly be prevented by the greut curtain, and then water 1eaking
through the grout curtain should be drained as soon as possible by
the drainage system. As to leakage water downstream of the dam,
- pressure, quantity, tufbidity; temperature, and ﬁH must be mea-
sured at suitable.intervels; and considerationrgiveﬁ as to whether
or not the leakage is such as to endanger the seéurity.ef'dam.
Among above elements, the measuremeﬁt-of turbidity-aqd'quantity'of
leakage water is most useful for the Judgement of the securlty of
‘foundation, because if some plping action should be taklng place,

turbidity and quantity of leak water will 1ncrease-step by step.

" To prevent 1eakage, addltlonal groutlng to ‘the assumed pass ‘of the
leakage water is the mest likely measure.  However if the condl-
:tion of the dam seems seriees,.drewdown of reServdir water level
must be conéidered because the stress to ‘the dam by water will

decrease rdpldly by drawdown of reserv01r level,
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Regarding the faults and fractures.appearing on the excavated rock
surface, narrow ones will be treated by grouting, but others which
are over 50 cm in width will become a cause of local subsidence
and/or leakage, These faults or fractures should be excavated in
some depth and backfilled with plain concrete which is considered
as artifical rock. ‘As to the depth of replacement by concrete,
there .are many theoritical and/or empirical formula based on the
data of in4éitu rock elastic modulus and shear strength tésts. In
wost cases the depth is determined through discussion between civil

engineers and geologist.

In some cases a thick flat or arch shaped concrete slab is placed
on the backfilled weak zone like a bridge. - This method, being
akin to dentists' remedial methods,  is therefere known as dental
work. - However,'thié method is not used because deep replacement
of a weak zoné-will_iﬂjure the adjacent intact rocks and moreover
the inner arch action arising in the thick backfill concrete will
to open the faults or. fractures bringing'undésirable effects to
the foundation. .For the same reason the covering method with arch
shape concrete bridge was not also prevailed recently. Instead of
mass backfill concrete, the method of covering the weak zone with
flat reinforced comcrete. has pieveiled. In such cases the removal
of the weak zonme is limited only to the shallow pertion and will
not injuré the adjaceﬁt intact rocks. As an alternative to the flat
-reiﬁforced'concrete mefhod,_spmezimes mesh steel bars are set in
. the base of dam .concrete in order to resist hnequal subsidence of

" base rock and toiprévent the elongation of cracks in dam concrete,

 To prevent sliding of ‘the rock masses along faults and fractures,

réinforced-doncrete'keys branched from the main trench for back-
f111 concrete are rectangularly embedded'into the intact rocks on
. both " sides ‘of weak zone. The frictional fumction of these keys
will prevent relative movement . of rocks along ‘weak zome which 1s
liable_to'move.by,fhe stress of dam. The numbers of concrete keys
are determined by the magnitude of the stress transmitted from dam
‘body.
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If the key method mentioned above is judged not 'to be available or
not to be suitable from the mode of occurrence of weak zone, bind-
ing both sides of intact rocks across the weak zone by PS-anchor
is adopted. The method of ~PS-anchox binding is - to drill bore
holes (#5100 - 120 m/m) from the surface across fault or fracture,
and then insert a steel bar or a strand wire into the bore hoies,
and the end of steel bar or strand wire is fixed about 5 m in
length in the intact rock mass by injected cement milk. The head
of the bar or wire is fixed by a square concrete washer on the
rock surface and the steel bar or wire 'is tensioned by oil jack.
By the reaction of this tension force, sliding of the rock mass is.
prevented, The force for tensioning is determined in accordance
with the data of in-situ rock tests on the weak zone and the tétal
force of SIiding of rock masses. Tension rock bolts are used in-
stead of PS-anchors when the required stress to prevent sliding is
small. The above foundation treatment or reinforcement methods
"have recently been applied in improvement works on large dams.
These methods must be'désigﬁed”based'on the ‘theoritical examina-
tion, utilizing data given by the invesfigations, measuréments and
“testings. Among these data, permeability, elastic ‘modulus, defor-
mability, shearing strength (including gauge material) are most

important,

The uniaxial compressive strength test bf*rockipieces is performed
to ascertain the Strepgth:of'rock piecés rather than to'éstéblish
the strengih of rock-ﬁaSses. ¥or this test, cubic samples -(approx.
10 x 10 x 10 ‘cm) taken from fhe adits or -selected samples from the
drilling cores will be used. 'The core'samples Will.be reformed at
the laboratory, namely, the height of specimen will be twice of
diameter of cores. A vertical load is:impbséd'on the samplés with
a testing ‘machine  and the load of the failure of rock”sample is
measured. When the core:samplesfaté drilled,-the coresg pf”in—.
tferior geology'portions should not be recovered as cores suitable
- for use as a test piece. 'Therefore, the testhdafa-is-liéﬁle to

" indicate the  strength of .good rocks, "and’ then' it “1s  gomewhat
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ambigious to determine the strength of rock mass., However, the
strength distribution map drawn in the cross section of dam site
with the core test data in various depths of drillings will become
a good reference to evaluate the difference of rock strength and
will be useful for general conception on the rock strength beneath

the dam body.

The name of foundation rocks is determined by visual inspection
with a magnifying glass., In some cases, it is .difficult to
determine the rock name by the above method and sometimes it is
required - to determine the mname exactly. In such a case, it is
determined under a microscope with thin section of-rocks. As to
the clay minerals in the gouge materials, the kind of clay mineral
is determined by X ray analysis, and if the potential swelling
minerals such as montmorillonite, kaolinite, and irite etc. are
found in the minerals, a swelling test will be performed in order
to ascertaiﬁ the degree of swelling in a saturated condition. The
results of sweiling test will be used for designing remedial

treatment of faults in the foundation rocks of the dam.

Concrete alkali-aggregate reaction is mainly caused by the chemi-
cal reaction between alkali contained in cement and silicate com-
" ponents of.aggregate, and by this action the strength of concrete
weaken resulting in a development of - cracks in the . concrete.
'AlkaliQaggregate.reaétion is likely to occur when Liparite (Rhyo-
.lite),.Dacite,'Andesite, andestic or.liparitic.tuff and a kind of
phillte are used as aggregate. Where the dam aggregate or founda~-
tion rocks have a relation to these rocks, the concrete of dam
may be damaged'by alkali reaction and, therefore, the alkali-reac-
tion test of rocks is required. 'There are some instances that the
Pyrite group minerals are contained 'in the foundation rocks and
. these minérals_sometimes-th&nge into -sulfuric acid when contact
with'watet and air.  .The suifuric acid thus produced will lead to
'the“cdrroéion'of:concrete-or reinforcement bars. ' If Pyrite group

minerals are found 1n the'foundation-rocks a quantitative analysis
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‘of Pyrite group winerals 1s necessary in order to establish whe-

ther the amount of Pyrite group is harmful to the structure of

dam body or not,

Geology of Reservoir Area

There will be many kinds of geology in the reservoir area, there-
fore it is difficult to lump together the geologj7 of reservoir.
However, from view point of influence of geology to the function

of resgervoir, the invéstigation of potentiality of leakage of

water, landslides, or land collapses will be most important. As

to leakage of water, the existence of limestone caves or fissures,

‘Karst, volcanic caves ‘and fissures unconsolidated velcanic ash,

sand and detritus, and such scluble materials as rock salt &and

- gypsum will become a main problem.' It is well known that there

are sometimes a caves or larpe fissures, doline Or:undefground
rives in 'a limestone area, -and-  such geology can cause major
leékages. In a limestone afea' there is a specifié topography
called Karst, where the distribution of limestone will easily be
distinguished from ordinary reservoir area composed'of non soluble

rocks, ~The volcanic detritus such -as volecanic breccia, sand and

‘ash derived from recent volcano are generally unconsolidated and

liable to form ' a leakage pass. Moreover, the leakage water

~through such deposits will sometimes transpoft fine materials

which compose the deposits and enlarge a route of leakage pass by
piping. _In'Japan there -are some reservoifs under construction
where a large amount of‘leakage prevedtian works are executihg-for
protection in the ‘uhconsolidated volcanic ‘detritus area. That is,
as countermeasures against léakage; a large cancrete-facing'has
been constructed on the outcrop of these rocks in the reservoir

area.

When major faults ‘or fractures pass through the reserveir ‘and

‘extend to the outer rim the reservoir:or when the ridge of reser—

volr rim is so thin as to'require';éinforcement by.dyké:or.facing,
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the geclogical defects in this area must be investigated by recon-

naissance survey drilling and/or adit excavation.

Photo~geological analysis by aero-photography of - the reservoir
area will be a good supplement to a reconnaissance survey to find
"out the ' above-mentioned geology. The necessity for leakage
prevention works in these areas will be determined by the permea-
bility coefficient and the difference of elevation between the
'ihlet and outlet of the leakage route. The permeability coeffi-
cient will be measured by an in-situ permeability test and the
presumed leakage pass length will be measured by surveying. Using
these data, the velocity and quantity of leakage water at the out-
~let will be calculated theoretically. 1In this case, the most
important problem for the security of the reservoir is the velo-
city of leakage water at the presumed outlet, If the veloéity of
' leakage water at the outlet is less than the velocity at whieh mno
'fine.material'OCCurring'in the leakapge route can be transported,
then therleakége is not harmful for the stability of reservoir.
In short the sécurity of reservoir mostly depends upon the length

of leakage pass (creeping distance),

The fluctuation of the reservoir water level will cause fluctua-
tion of the ground water level, and this will cause an increase
and decrease of-pore preésure in the mountain élopes around the
reservoir rim. As a natutalICOnséquence; the mountaiﬁ slopes will
loosen, and rock masses or brocks will slide down into the reser-
voir. $liding is liéble to ‘'occur along daylight structure of geo-
ldgical sepéfations, but sometimes will be occured by swelling of

gauge in the fault or fractured zone,

A well-known ‘major slide occurred immediately .upstréam of the
Vajont - dam (ﬁzzs'z m) in North italy. In ‘this slide, 200 - 300
‘milion ¢ubic meter rockmasses slide in the middle of the night of
Oct. 1963 with the loss of 2,600 lives and considerable property.

‘The slide océurfed_albngff;aCtufed layers inclining towards the
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reserveir and extendeding 700 m long above the réservoir level on
the mountain slope. The slide moved with velocity of 30 m/sec.

and the duration time of sliding was said to be about 5 min.

The location, the relative height of the summit of éliding'mass
which has a serious relation to potential energy, and the volume
of sliding mass must be carefully taken Into account in order to

prevent sliding, even in an ordinary reservoir area.

If sliding occurs far from the dam, pulse shape hydraulic ‘bores
.1nduced by the sudden plunge of the slldlng mass’ into the resar—-
.v01r will, 0w1ng to its long propagation pass, lose it's energy,
beconing a gentle wave befbre_feaching to the dam. 'If,:however
"such ‘a élide occurs near the dam, the consequences will be quite
different with a Lonslderable quantity of reservoir water over-—
flowing the dam crest at high velocity, caused - by ‘high hydraullc
~bores, causing great damage to the dam itself’and'to persons and
propérties downstream. When the land slide material slides gently
into the reservoir at low speed, the increase in water level is
gradual and the water will gentiy'ovefflow the dam crest without
major damage, The volume of slide mass will also have a direct
relation to the volume of overflow. In other words, if'slide'mass
is small, it will not cause gfeét.damage to the dam or the down—
stream inhabitants, but large mass sliding way cause considéfable'

damage, The instance of Vojint Dam ‘is one extreme example.

The prediction of potentlal Slldlng areas is one’ of the most im-
portant items in reservoir constructlon. ' Locatlon, relatlve
height of summit of a Siiding mass, and the possible area and
course of sl1d1ng must be predlcted For th1s purpose geological
reconnaissance, drillings, addlts and ground water 1evel measuref
. ment by plezometer, surface water quantlty measurement by welr and'
monitorlng of rockmass movement: by 1nclin0meter or other Ineans
wiil be- essentlal at any area where slldlng is. foreseen. More-

over, predlctlon of increase in reservolr water level by calculaa
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tions assuming sudden occurrence of aliding is essential. Slide
prevention work should be also studied ia order to prevent damage
to the local inhabitants and their properties. Small scale rock
falls or collapses sometimes occur in any reservoir. The sliding
‘or collapses around the reservoir rim along newly constructed
roads is common, and is sometimes accompanied by trafic jams, but

such small slidings do not threaten the security of reservoir.

Sedimentation of Reservoir

" Qver many years the rocks on the mountain slope change into soil
by physical and chemical weathering, aund these weathered mater-—
~ials (sand and::gra{rel etc.)  are. transported to the sea through
ravines, tributaries, and main rivers. ~ The construction of reser-
voir breaks the natural equilibrium of river flow, and. so upon
completion of the reserveir, the river water loses its transporta-
tion energy and depoéit sand and gravel in the reservoir in ac-
cordance with the -rule of "At the location in the river where
velocity ‘and/or volume of running'wéter decreases, sedimentation
of transported materials will take place'". Sedimentation occurs
to the extent that sand and gravel are supplied from catchment

“area of the. reservoir.

F'inélly, sedimentation tends to fill the reservoi.r.and lose its
function below the crest of solid dam. The measures to prevent
sedimentation are (1) Installation of.'scouring gates at the dam,
: (2) Construct_ioﬂ 0f a Sabo dam {check da.m) in the upstream area of
-r.‘ese:rvoir, 3) Dred.g.ing ‘of sediment material. However, each of
these countermeasures has advantages and disadvantages and none of
‘them. fully overcomes 'the__seciim_ehtation problem. In order to avoid
these serious conditioné of reservoir, tﬁe- assumed annual volume
-.‘of‘_'.sedimentation is forcasted with several formula which are
_sfudiéd _'vlvith r'efer.enf:e te geology, topography, precipitatibn and

hydrology. in the catchment area. In general, the assumed total
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volume is added to the planned reservoir capacity with increase of
dam height. The factors principally related to volume of sedimen-
tation are annual precipitation, intensity of rainfall, éteepness
of ‘mountain slope, altitude of mountain, density of vegetation,
total area of collapses in the catchment area and it seems to be
difficult to deline the main factors of sedimentation. However
recently, the annual amount of sedimentation 1s predicted by the
analysis of the data of measurement of bed load and of‘suspended
leoad in the duration of both normal and flood water., Morever, the

volume of sedimentation in existing reservoirs is also taken into

‘account for the final prediction of volume of sedimentation in the

reservoir. The dredging of sedimented sand and gravel in order to
restore full reservoir volume was formerly considered uneconomical
owing to the high transportation cost and the difficulty of acqui-
sition "of a spoil area,. waéver, reCEhtly, the collection of
datural sand and gravel from ordinally river bed is prohibited for
the protection.of foots of dike and/or of "pier of Bridge, and -then
the - collection of sedimentary sand and gravel ‘in the reservoir
become highlighted in order to fulfill the demand of aggregate for
construction works in Japan. Dredging is generélly conmenced from
the head of the backwater ‘where the depth is shallow. Sedimenta-
tion spreads frém the head of the.backwater, so dredging here is. a
good means of preventing the advance of sedimentation to the dam

area.

Active Faults and Seismicity Around Dam Site

‘An active fault is' defined as one which has moved repeatedly

during the "recent geological ége",'and accordingly is expected

“to move in near future (in geological meaning). The term “recent

geological age" 'is' usually used. to mean  the Quarternay -Period
(from bt “two million years ago to the present). “Generally
speaking, it is well known that surface faulting occurs "at the
time of'lérge destructive éérthquakés. “Faults with evidence of

historical ‘displacement are cailed earthquake faults (surface
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earthquake faults). On land in Japan, more than twenty earthquake
faults are known. For example, the Neodani Fault associated with
the Nohbi Earthquake (1981) and the Gomura Fault associated with
the Kita-Tango Eérthquake (1927) are famous all over the world.
It ds an important fact that most of these earthquake faults
.appeared along the fault zone which had been recognized as active
fault from many geological evidences. This also indicates that
.any active fauits have a potentiélity to become surface earthquake

fault accompanying the large destructive earthquakes in future.

However; it is a fact that there are faults which occurred during
the quarternay period and yet have uwo evidence of subsequent move-
ment. -Moreover, the above-mentioned scale of 'recent geological
age" and the term '"near future” are very difficult to understaﬁd
from the engineering sense. Therefore, if the word of "near
future" should applied in terms of the life of civil engineering
structures, the word must be defined as "a necessary period to
ingure the-secufity of the structures". Also, the term "active

fault". is liable to mislead engineers as if the fault is always

moving as active volcano.

Recently this problem was discussed among engineers and geologists
in the committee Organized by Ministry of Construction of Japan,
and usage of the term of "Quarternay fault" is proposed in place

of "active. fault".

If active faults (Quartefnay faults) are anticipated in or around
a. proposed project area, various investigations should be under-
taken to -determine their precise - locations, length, width, and
degree of activity. Practical methods for such investigations are

as follows.
(1) ~ reading and analyzing aerial photographs to find out linea-

ments vertifal displacement of terrace surface and/or hori-

zontal'displaéement of river course, topographically
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(ii) field investigation ‘by geological reconnaissance survey

(iii) driving drill holes and/or adits along fault lines assumed
from lineaments and/or terrace surface or rviver cause dig-

placement.

iv) evaluation of degree of ahtivity by trenching wethod on

fault line.

If any displacements along the fault in the younger quarterpary
strate is recognized, it is required to estimate the geologic age
of the displaced younger strata. There are many instances in
terrace deposit that lower (older) strata is:displacé&'but-upper
(newer) one is not displéced. In these cases, eStimatiOn of the
geological age is req&ired not only to lower strata but aiéo.to
upper strata. The measurement or correlation methods of age of
ybunger strate ~ are -tl) Radioc carboan dating (Cl4 méthod),' (2)
" Pétassium~Argon method,-(3)'Téphrochronoibgical'Hmthbd'(cotrela-
‘tion of Tephra), (4) Pollen analysis, (5) Surface of Terrace or
lava flow correlation method, (6) Red soil correlation method,-(T)
Palaeomgnetism method. Among these methods the "Cl4 method "is
the most reliable in engineéring'point of view and ﬁidely used.
‘This method is to measure the percentage of Clé4 remaining_ in
past life remains (Fossile) buried in' the strata and to determine
abéoluterdate by year. The upper limit of absolute data:which can
be measured by this method is about 30,000 - 35,000 years. - Beside
o above, the age of fault itgelf is directly meQSured by ‘the
analysis'of_minerals contain in fault gauoge. Tﬁey”are (1)“Fissioﬁ
Track: methbd, (2) Electric spin resonance method, (3) Analysis_of
surface erosion of quartz. However, the evaluation of these
methods are not fixed generally, for the engineering pufpose of
dating of age of faults in the present,'théfefbre,ithese méthods
"are utilized when the yoﬁnger'sfraté'do:ndt contain fbssiié'o:
_the above mineral analytical methods aré.ohly:a wayffo determine

the age of faiilts.
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It is empirically known that the maximum magnitude of earthquake
which is induced by the displacement of surface of earth have a
good relation with length of fault, There are several experi-
ﬁental formulae about the scale of earthquake and length of active

fault'(quarternéry fault), and most of the formulae have following

forms . *
log L = KM-C )
L : length of active (quarternary) fault
M ¢ max magnitude of earthquake
K.C : constant

Also, there are following empirical formulae between amount of
maximum displacement taken pléce by earthquake and maximum magni-
“tude. |

log D= k'M~C

D mak. displacement

M : max. magnitude of'earthquéke

k'C' : constant

'By the above equation maximum magnitude (M) will be calculated
from the length (L) of -active fault {(quarternary fault) and the
maximum - displacement (D) -will ‘be calculated from the maximum

magnitude (M).

‘As explained above the length: () of active fault {quarternary

fault) has a idertant meaning for design of structure.

*'MATSUDA, T, (1977) ‘Estimationrof Future Destructive Earth-
' quake from Active Faults on land in Japan,
Jour. of 'PhysiCS of the earth Vol.25

(Supplement) 251-260. .
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For the evaluation. cf potentiality of moving of the active fault
{quarternary fault), the hiétory of movement of the active fault
(quaternary fault) must be carefully taken into account, because
it is said that the active fault (qﬂatérnary favlt) which has
evidence of recent movement has a ﬁigh potentiality of moving in
future. Therefore, great care must be taken when faults which
have evidence of moving in historical eatfthquake or in the

Neolithic age pass near a dam site.

The age of active faults older than historical and Neolithic age
is determined by Cl4 method and/or other geoiogical c.otr'e.lation
methods. However, it is 'said that the life of concr.ete dam is
about 100 years and this 1life age will be only one instance in
the geol_ogica'l history which is counted wi_th a unit of several ten
or hundred thousand years. Therefore, some engineérs greatly
doubt the possibility of movement of the faults in suéh a short
duration as life of dam even if, the faults has a evidence of
movement in several ten or hundred thousand years ‘before present
taking into account the frequency of activity of the faults. 1In
accordance with a study of the historical movement of active
faults (.qu'e'tternary fault) in Japan, the Ffault moVéd fiVe times
within 21,000 years .and t.otél amount of movement reached .8.5 m,
but the fault moved about 8 m within a half of moving d'uratio_ﬁ and
42 cm moved in remainder duration, this fact will be one of .'th'.e

route of above discussion.

Earthquake Resistance of Dam

About 907 of concrete dams in - Japan are concrete gravity, -and
there are no instances of dam failure ‘caused by earthquakes,
This fact shows empirically’ that the concrete gravi‘ty' dams ‘have a
high safety :agaifnst :eart_hquak'es.. In Japan it is’ indicated by
regulation of Ministry: of _Construction that the dams must have
over 4.0 in saféty fdctor ‘again worat conditions. Dams have been

designed in accordance with this regulation and "therefore they

have a high safety against earthquake vibration.
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Generally speaking, dams have been constructed on the well con-
solidated rocks older than the quarternary era and the weak zomnes

"in the rock masses are improved by foundation treatments,

Pamage to structures mainly depends upon the geological conditions
of the foundations, a fact prove in the recent earthquakes (MIYAGL
OKI 1978 M=7.4 and KANTO 1923 M=7,9) in Japan. WNamely the damage
to houses or structures was greater in the city centre areas com—
posed of quaternary'deposits than to those in hilly areas composed

of younger tertiary formations.

" Dr. Iida descéribe the results of investigation in his book* about
“damage to 17 ‘concrete dams in the area bound with a radius of
300 km from the epicenter of the NIIGATA earthquake (1964 M=7.5).
Accofding to ‘his Hiscription,_one hollow gravity dam was damaged
by the development of 70 cm long cracks and a few dams were
damaged by increase of a small amount of leakage, however, there
was no damage having a serious influence on dam stability. He
also describe the results of investigation on 62 concrete dams
{(including 3 arch dams and 2 hollow gravity dams) on the occasion
of:the:Miyagioki_earthquake in TOHOKU district. According to this
discription 61 dams were not damaged and one dam damaged by

‘temporary leakage.

K.D. Hanson and L.H. Roehm** reported the response of the 17 con-
"ecrete dams (including gravity, arch and buttress dam) in nine
countries have been subject to significant vibration difined as

ground shaking in excess of 0.10g.

The result of the studies are shown in Table-3.

_ * .IIDA : Design of dam. New. system of Civil Engineer, GIHODO
TOKYO JAPAN, 1980 '

*% K.D. Hansen and L.H. Roehm: The response of concrete dams to

earthquake. Water power and construc-

tion April 1979
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From above Table-3 1t can be easily understood that damage to the
concrete dam sometimes occurs at the section near the cfest of dam
where the section of dam body suddenly becomes thin or occurs by
separation of block joints without causing serious damage to the
dam bedy. On the other hand there are many instanées of damage in
earth dam in Japan, although it is difficult to discuss earthquake
stability of them generally, because the date of completion, the
- construction methods, the materials, egpecially compaction methods,

are not clear in individual dams.

Foundation geology is a big factor in earthquake resistance of
earth dams and the dams built on fdrmatioﬁs clder than quarternary
era are less damaged than these on the-quarternary formation com-

posed of sand, clay, or silt mixtures thereof.

The Table-4% show .the damage to earth dams investigated by Mr,
Moriya®*% on the occasion of TOKACHIOKI earthquake (1968)

* The instances of damaged dam in Japan are mainly low earth dams

(more or less 10 in height) ‘which are called irrigation poinds,

*% M. Moriya: About damage of earth dam by earthquake,_large dam

No.48 1969.
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Table - 4 Mode of damage of earth dams on the occasion

of TOKACHIOKI earthquake

Height of dam less than 10 m over 10 m

Mode of Nos. of g Nos. of g
damage by earthquake damage ; damage °
Failed by sliding 9 10.5 1 12.5
Sliding of upstfeam face 21 264.7 4 50.0

Sliding of downstream face 10 11.7 0 0

Sliding both upstream and

. . 4 4.7 0 0
downstrean faces
Cracks on dam body $24 28.2 1 12.5
“ Subsidence of dam body i 8.2 1 12.5
Break of intake structure 22 25.8 2 . 25.0
. . . _ (After M. Moriya)
Note: Nos. of investigation 93 : Less than 10 m in height 85
More than 10 m in height : 3

The recent zone type fill dams which are built on a good founda-
tion geology with good compaction and excellect selection of
materials have an inherently high resistance to strong earthquakes.
The_Téble-S shows seismie performance of existing rockfill dams in

the world.

The construction of a reservoir changes the water pressure beneath
ihe resetvoir and'cﬁnsequently the stress balance of the intact
rock formations beneath reservoif'changes. This allows previously
stressed - rock to slip, wostly on existing fractures and generate
earth motion. There are many instances in the world of reservoir
induced.'micrOearthquake. .1t is reported that such earthquakes
have a téndenty to occur in or around a reservoir where the total

storage capacity is large, more than 1,000 million tor and the dam
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height exceeds 100 m. The magnitudes of reservoir induced seis-
micity are predominantly small, less than Richter 3. Such earth-
quakes are rarely felt by Humans and do no damage. Occasionally
they may exceed wmagnitude three and are large enough to be felt
and sometimes even produce wminor structural damage. In two or
three dams the largest magnitudes have been five or more causing

some damage.,

A few microeérthquake'measurement stations should . be installed for
the purpose of the measurement of wmicroearthquake activity in the
'projected-area prior to dam construction in order to obtain infor-
mation on micro seismic activity before impounding as well as

possible reservoir induced seismicity.

‘In the instance of the Cirata and Saguling Projects in Indonesia,
the microearthquake station network consists of 6 networks, each
available for the hypocenter processing, and magnitude estimation
{Fig. 3). The seismic.monitoring by these ﬁetworks commenced in.
February 1985 and has been continuing. .The frequency of micro-

earthquakes has increased -since commencement of impounding.

The processing of hypocenter will be available for the judgement
of an active fault (quarterna;y fault), that is to say, if hypo-
centers arranged- along ofd a line which was assumed as active by
geological and geotechnical investigations, then the fault may be

“judged as active.

The micro-earthquake montoring in the projected area should be
continued over a long period in order to ascertain the relation-
"ship between microearthquakes and reservoir level, underground

water level, landslides, and active fault (quarternary fault ete.),

11 -~ 36



Conclusion

Dam construction takes a considerable time from planning to the
completion, through prefeasibility, feasibility, "design and con-~
struction stages. In any stage, planning and design must follow

the geological conditions.

The engineer, geologist and geotechnical engineers must ensure a
close exchange of ‘information and always comstructively discuss
the promotion of project. For "discussion to proceed smoothly,
- the engineer must understand the geology and the geologist and
geotechnical engineer must keep fully in mind the design and
mechanical affairs of the structures. With such an atitude of
combined efforts of engineers and using the methods of investi-
gations, tests, measurements, and executions ‘previously explained
in this' paper, an economical and secure dam will be constructed.
After completion of the dam, 'mo'ni'toring and surveillance of the
dam, reservoir and the neighbouring area are essential to maintain

the stability of the structures.
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FIG. 1

for Multipurpose and Hydroelectric Power Projects

(713 dams in Japan)

Histogram of the Kinds of Foundation of Rocks of Dams

Site No.

Rock Name

Nos. of Locations

30 100 150 200
e L ] L 1 J ! ! 1 i ' 1 L 1 | 1 : t 1 | 1
_ _ . NN ' . 19.4%
1. Plutonic Rocks (granite, diorite, ete.) \\Q:i;:gti;ig:i:i:i;:i::ti?\\i:\£§i<::ii5ii;i;i5:i;:;:S::\\i\\\ (138 locations)
_ . NN N . ,
2.. Hypabyssal Rocks (Quartz porphyry, \ 1.4% ,
porphyrite, etc.) A \ (10 logations) ; _
) ; l L N T[] 16,87 |
3. Volcanic Rocks (andesite, basalt, etc.) } Pl l ! P | (120 locations)
' _ 0.3%
4, Ultrabasic Rocks H 9 locations)
5. Palaecozoic - Mesozoic Sedimenrary Rocks .
| T T A
5-1 Sandstone, shale, clay slate, RIS RREER M ! i - :]!‘|f sle . }zll; 5
chert, etc. RS : il L i ; I { SEEEEnE
5-2 Schalstein 3. l/ 28. 3% ;
— (22 locations) (202- locations)
5=3 Limestone i 0.4% _ |
6 ¢ . ) % {3 lgcations)
. Cretacecus acidie volcanics { \ :
_ _ AT 3.1% .
(rhyorite, welded tuff, etc.) V§Q<§$S§Q> (22 locations)
7. Cenozoic Sédiﬁehtary Rocks
_ N - A 12.5%
7-1  Sandstone, mudstone - : T {89 locations)
7-2 Breccia, tuff -?agzl cations)
aci .
8. CGuei I 1. 5/
-~ Gneiss (11 locatlons)
9 . NV Y 6.72
. Schist \ : (48 locations)
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FIG. 2  Grauting Test Hole Arrangement

Primary groutig holes

(at Cirata Site in Indonesia)

Secondary grouting holes

Tertiary grouting holes

Check hole

6 m intervals
3 m intervals
1.5 m intervals

center
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FIG. 3

Microseismic Station Networlk

(Saguling ~ Cirata Hydroelec-

tric Power Projects)
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Table-1 CLASSIFICATION OF ROCK QUALITY

Ciass

"Mode of Occurrence and Quality of Rock (By Dr. Tanaka)

Joints and eracks poorly developed, joint and crack
planes are very tight, no weathering and/or alteration
in rock mass. Cohésion of Joine and/or crack planes is
very strong and there is no trace of weathering and/or

alteration along these planes.

The rocks'nmtallic tresound when struck by hammer, and

belong to very fresh rock group.

Joints and eracks moderately developed, however, joint
and crack planes are tight and cohesion of these planes

is strong, no c¢layey or sandy materials im the joint

“and erack planes. Rock blocks separated by joint and

crack ' planes are hard and compact, but rock forming
minerals and/or grains along or the vicinity of these
planes are sometimes slightly weathered or altered.

(Some of them stained by limonite).

‘The rocks metallic resound when strucl by hammer and

belong to fresh rock group.

Joints and cracks moderately developed. Generally,
coheésion of joint and crack planes is moderately strong
and are mnot easy to break by a strike of a hammer,
However, some “of ﬁhem are opened slightly and filled
with thin film of clayey andf/or sandy materials. (Some-

times stained by limonite).

Rock blocks separated by joints and cracks are mode-
rately hard and compact, but rock forming menerals and/
or graiﬁs”are sometimes slightly weathered or altered.

(Some of them are stained by limonite).
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Class

Mode of Occurrence and Quality of Rock (By Dr. Tanaka)

Rocks moderately metallic. resouad when struck by hammer

and belong to moderately fresh rock group.

Joints and cracks well deleloped. Cohesion of joint
and crack planes is moderately weak, and some of open-
ings of these planes filled with clayey and/or sandy
materials. (Some of these materials are stained by
limonite). The rock is broken along these planes by a

strike of a hammer,

Rock blocks or pieces separated by these planes  are
moderately weak and sometimes. rock forming minerals
and/or grains are weathered -and/or altered. - {Some of

these materials are stained by limonite).

The rocks moderately dull resound when struck by hammer
and belong to moderately weathered and/or altered rock

group,

Joints and cracks closely developed. Cohesion of joint
and crack planes is weak and most of the opening of

these planes filled with clayey and/or sandy materials.

- (Some of these materials are stained by limonite). “The

rocks.ape_easily broken by-a stfike of a hammer along

these planes.

Rock blocks énd':piecesj sepafa;ed'-by joint and crack
planes are moderate or'weak‘qwing iq_weathEring and
alteration. ' The rocks dull resound when struck by

hammer aad belong to” weathéred_ and/or altered :rock

group.
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Class

Mode of Qccurrence and Quality of Rock (By Dr. Tanaka)

D (1)

(2)

Rock forming minerals andfor grains are weathered and/
or altered very much, and the rocks are easily broken
by a 1light strike of a hammer. The rocks belong to

very much weathered and/or altered rock group.

“Large or moderately large open cracks and/or joints
‘developed, most of them filled with clayey and sandy

- materials or vacant, and no cohesion among yock blocks

and pieces, however, individual rock blocks or pieces

are sometimes woderately fresh. The rocks belong to

“open cracked rock group,
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Table-2

CLASSIFICATION OF ROCK QUALITY

(Sapuling and Cirata Dam, Indonesia)

Description

Remarks

- No wisible.signs of weathering,

Rock fresh, erystals bright, Few
discontinuities may shown slight
staining, Unweathered,

Penetrative weathering develeped
on open- discontinuity surface
but only slight weathering of
rock material, Discontinuity
are diseoloured and discoloura-
tion can extend into rock up to
a few mm Irom discontinuity
surface, Slightly weathered,

Fresh rock

Slight discolouration extends
through the greater part of the
rock mass, The rock material is
not “friable, Discontinuities

“are stained and for contain a

filling cowprising altered

‘materials, Onion structures

are observed in such hard rocks
‘as- breccia and andesites.

Moderately weathered.

Weatherad
rock

Weathering extends throughout
rock mass and the rock material

‘is partly friable, Rock has no

luster, All materials except
quartz- is discoloured. Rock can
be excavated with geologist's

pick, Highly weathered. .

Class

R
Cl

C
c2
D1

b

‘D2

Rock is totaily discoloured and

- decompose and in a friable

conditions with only fragments

“of rock texture and structure

preserved. The external appear~

‘ance is that of a.sodil,

Completely weathered,

Badly weathered
tock
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1.

General

Dam control, prevailing in recent years, includes keeping security
of dam structure and its foundation ground, area around dam reser—
voir, maintaining ‘efficient functions of various facilities, and

also environmental preservation.
This paper deals with maintenance and control aspects of fill-dam
on the basis of existing fill-dam's performances, and refers to

security of reservoir area.

Fill-dam Control

Main purpose of fill-dam control is to'preveht such serious occur-

rences as overflow/topping of reservoir water at non-overflow dam

crest, piping phenomenon and sliding of dam embankment and founda-

tion ground. Those occurrences may cause dam destruction at high

probability.

fiver since, lots of dams have been constructed and maintained, but
some of the dams have experienced &itﬁ'graVe accident. Most of
modern techniQue in design, construction and ‘maintenance and con~
trol of dams have been cultivated and déVéloPéd by numerous
efforts to remove and overcome the defects revealed in the past

dam failures.

The general activities of dam structure maintenance/control neces-

sary for securing dam- safety consists of measurement, inspection,

detail investigation and repair work.

A sequence among these are shown in Figure-l as  a flow chart.

If dam behavior is considered unusual in accerdance with the re~
sults of measurement, inspection or detailed investigation, then
necessary action such as appropriate repair or ‘urgent .counter—

neasure should be taken.
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Judgement whether such unusual behavior indicates critical situa-

tion of safety or not and decision of what and when the counter~

measure should be carried out are the most important actions of

the maintenance/control activities, such judgement and decision

should be dome by a respounsible engineer who is familiar with dam

design, structural characteéristics and control methods of the con-

cerned dam.

2.1. Stage of Dam Control/Monitorihg

Dam control period can be divided into several stages as de-

sceribed below:

a.

Construction stage

The most important item of dam control during construction

.is pore pressure growth within dam embankment material,

When high pore pressute growth is observed, slow down of
embanking rate is to be considered. Measurement of settle—
ment rate of dam embankment is also helpful for us to evalu-

ate dam deformation in the future.
First stage

Period of initial reservoir impounding; behavior of a new

dam under reservoir load is unknown until the dam is filled

up ‘to the full water level. Therefore, monitoring and ins-

‘pection of a new dam at the time of initial reservoir impoud~

ing is most important, Most careful and close attention

should be paid for dam control of this stage.

Second stage

Successive - period of the first stage, until dam behavior

comés to a steady status. Usually, the second stage con-

tinues for three years.
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2.2,

d. Third stage
After the second stage, until the expiry of dam service life.

Standard items of monitoring for the £irst to the third

- gtages are listed in Table-l.

It should be noted that most of dam destruction and serious
damage occurred in the past have taken place within a few

years after completion of dam comstruction.

.In general, dam behavior shows yearly and seasonal changes
in accordance with atmospheric temperature and precipitation
changes, But the rate or amplitude of changes becomes
giadually smaller with elapse of time and approaches to an

almost constant value,
Figures 2, 3, and 4 shows yearly changes of settlement,
horizontal displacement and dam leakage at some rockfill-

dams in Japan of more than 10 years' old.

Monitaring of Dam

In case of an ordinary fill type dam, the funddmental monitoring
items ‘are two in zoned rockfill-dam and three in uniform embank-

ment dam, i.e.:

- leakage ‘and external displacement (settlement and deformation)
- for zoned rockfill dam. '
- leakage, external displacement (settlement 'and deformation)

and water table level in the dam éﬁbankment.

It is considered that the dam behavior is different from each

“other acéording'to the-topographicaliaﬁd geblogicél condition of

- site, type and size of dams and'constthctionzmethpd,'thetefore,
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besides items described in the above, some particular item of

monitoring may be necessary for certain dams.

(1

Water leakage

Water leakage is to be monitored and controlled at any dam,
because the leakages often link with surface instability
and piping phenomenon which causes progressive erosions and
slides at dam downstream slopes and even at foundation

ground.

Items - to be observed in connection with water leakapge are

‘the "amount of water, location of leakage and muddiness of

leaking water.

(a)  Awmount of water leakage

Upon evaluation of monitoring results, the following

factors should be considered.

- water level of reservoir.
Generally, water leékage varies in accordance with
the flﬁctua{ion of ‘reservoir water level. Amount of
leakage water is unstable at the initial impounding
of reservoir; sometimes, leakage may suddenly in-
crease - at . a certain reservoir water level after
then,.the amount of leakage will gradually approach

to its steady value with time elapsing.

~ permeability characteristics of dam body and founda~
fﬁngnmm

Amount - of: dam leakage consists of leakage through
the dam body . and from ‘the foundation ground. In
.soﬁe cases, leakage amount from'foundation“may ex-
ceed that*th;ough dam body depénding on the geo—'

logical condition of dam foundation,
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(2)

- influence'bj rainfall
Usually, monitoring device . (flow measuring weir}) of
dam leakage is installed at downstream area of dam
embankment where surface flow of rainfall can easily
join to the leakage from the dam, Thus, it is
necessary to separate surface  flow amount from that

measured at the weir.
(b) Muddiness check

Leakage water from dam at normal condition does mnot
include any suspended soil particles. Whenever soil
-particles are detected in the" leakége water during
inspection, ;hé amount and size ‘of particles should be
carefully measured and cause of partible being'WasHéd
out should be investigated. ' Such muddiness of leakage

water is a significant sign of piping - phenomenon.

Investigation of quality*of:leakage water often offers
a useful measure to find out the ‘location and route of

leakage water.

Deformation of dam body

‘Magnitude ' and ‘distribution of deformation of dam body is

one of important information in considering and evaloating
dam safety,'becaﬁse the deformation observed at the surface
of dam body are attributed- to settlement of foundation,
deformation of dam body created by external load and

settlement of dam embankment.’

"Usually, measurement - of settlement -and displacement of dam

“ crest and downstream slope surface are enough for monitor-

ing purposes.
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Z. 3.

(3) Pore pressure/ground water table

Development of excessive pore pressure in the embankment
" material decreases sheafing resistance of embankment and
sometimes causes slope failures. Usually pore pressure
incurred by dam embankment dissipates within a few years
after stoppage of embanking work and reaches to a steady
condition with normal pressure distribution corresponding

‘to reservoir water.

It should be noted that even after the pore pressure
reaches to a steady condition, there is a possibility of
raising pore pressure in case of earthquake if embankwment

materials have high water content and low plastic Index.

Site Inspection

Site i'nspect'ion is dndispensable for early finding of abnor-

mality in dam and relevant structure/facility.

Inspection can be roughly divided into ovdinary inspection,
periodical inspection and special inspection to be carried out
when dam areas are encountered with special phenomena such as

heavy rainfall and strong earthquake.

Items to be inspected are variable according to type of dam and

- particularity of dam site,

Major items of site inspection for an ordinary dam are shown in

Tables 2 -and 3.
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2.4,

Investigation and Repair

When abnormal and damaged portion or unusual behavior are found
out by monitoring and inspections, an adequate investigation
should be undertaken to study its situation and to make the

cause clear.

-After investigation and study, if such abnormality is considered

'endangering the safety of structures/surrounding ground then an

immediate tepair'wdrk should be carried out. If determined as
not ‘emergent, but better to be watched, then further monitoring

or investigation are to be continued.
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Figure-5 Relation between Reservoir Water Level and Leakage
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Figure—6 Yearly Change of Water Seeping at Asphalt Impervious Wall
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Figure-7 : Stability Judgement of Fill Dam
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Figure - 8 Example of Instrumental Arrangement
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Table ~ 3 inspection ltems & inspection particulars
points items particulars
dam levee crown crack developed or not (direction, width,
depth etc.}
settlement disorder like depression
deformation disorder like curve or bend
security fence any defection
slope protection work damage to tiprap, impervious wall
erosion situation of erosion and damage to
slope face
settlement depression opering, crack
deformation disorder like swell
vegetation vegetation situation
water spring seepage, saturation point
surrouading slope slide, collapse
“bed rock
crack joint any disorder
layer
water spring new spring, disorder of existing
springs (amount, water pressure,
muddiness)
snow avalaache situation
. measurement ‘instruments operational situation
locations _
: “record normal ot abnormal
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INVESTMENT PLANNING FOR HYDRO POWER FACILITIES

i.

1.1.

1.2,

Basement of Economics

General

Hydro power plannings are unable to be performed without primary
knowledge of economics of investment. A power project. is
generally planned, studied and implemented by a team which com-
prises experts from several fields such as eivil engineers,
power engineers, geologists, economists, ecologists, system
englneers, electrical englneers, mechanical engineers and so on.
However, the person who manage the team should have basic know-

ledge of the economic evaluation for investment.

Economic Fvaluation/Financial Evaluation

A feasibility study of a project generally requires two kinds
of evaluations; economic evaluation amnd financial evaluation.
The understanding for the difference of real meanings between

the §WO may afford a principle recognition of a project evalua-

tion. An-evaluation is unable to be carried out with an abso-

luté'analysis'df the project. The evaluation should be always
executéd by applying a comparative analysis, which requires
altéfnative':projects for the comparison. The selection of

alternatives for the study'depends on a system to he considered,
(1) ‘Spectrum of syétem

An evaluation of'a_brojéct can be conducted with either
IWOridmwide/nation4wide 'sPectrum or an financial wunit/
"progect—wlde spectrum It depends on a _persan who re~
.qu1res the evaluatlon . Even though=some project may not

" require the study of-the world-wide or nation-wide,
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(2)

(3)

generally speaking, such projects as hydro powers should
have, at least, enough wider spectrum'for'their evaluation,
because the investment for a hydro power development should

be made for welfare of human-beings.

A project is unable to be realized‘dnly with a wider specfw
rum, because it is impossible to find the persoh who'pro—
vides finance to a project without -study of financewunif—
wide survey. Also, it is essential to évaluate a project
with a narrower spectrum to satisfy_a'finanéiél agency or a
persen who manage a hydro power plant.'through its life

time.

Difference of methods between two, wider/narrower

For instance, in case of ‘the wider+spectrum, the fuel cost

of a thermal power plant as an alternative for hydro power

‘plant used to be applied referring to an international

pricefa shadow price. If the economy is clarified by

‘applying the international - price/the shadow price or

secondary benefits, it medns that the project is economical

from the view?point of the world~wide economy.

Even though the ‘project is clarified to be economical with
the above method, it 1s not always for the project to be
reaiizéd, because  the ﬁeréon'Or agenc§~who shall develop
the project is unable to obtain fétﬁrn/benefit as computed

by applying the wider evaluation method.

Policy/strategy of developméﬁt

‘As mentioned, it is essential for a projec¢t to be economi-

cal at least in the spectrum of the world-wide/nation-wide.
Once it 1is clarified to 'be economical in the wider -
spectrum, several strategies can bé created to realize the

project implenientation.

11 - 70



1.3.

1.4,

Generally speaking, secondary benefits are difficult to
provide actual finance without any strategies. However, it
is possible to discuss how to obtain the finance from other
sectors analyzing the results of the economic study with

the wider-spectrum.
{(4) -Economic/financial evaluation

Summarizing the above discussion, it 1is stated that the
economic evaluation clarifies the project to be economical
from the viewpoint of the world-wide/nation-wide and the
financial evaluation explains how to provide finances to

the project.

Interest Rate/Fair Return/Opportunify Cost

The evaluation of investments is to be carried out applying
time-series analysis, which requires complete understanding of
meanings for the conception of interest rate/fair return/oppor-
tunity cost. Generally speaking, Internal Rate of Return (IRR)}
is applied for the evaluation of the project. The IRR computed
should be evaluated in the light of ecoﬁomic status in the
system, It is not merely an interest vate in banks, but also

comprehensiﬁely integrated fair return in the system.

Comparison of Alternatives

When computing the IRR, economic data of alternatives to be com-
pared with the project are to be provided. The gsélection of
alternatives is essential for the project evaluation. The defi-

aition of "value" is recognized as the least cost among those of

alternatives.
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1.

Benefit Maximum/Ratio Maximum

The project is ultimately evaluated by compufing IRR., However,
in' the course of studies, several optimizations of project
dimensions or structure components are to be conducted applying
the conception of benefit net value or benefit/cost ratio under

the assumption of a certain value of the fair return.

The optimal point is not always same between points obtained by

benefit-maximum (V-~C) and ratic maximum (V/C) methods.

It -‘is recognized that the ratio.maximum'(V/C)-method is to be
applied to the selection of sites or time-sequence -of the
development and the benefit maximum (VnC) method to the optimi-
zation of the certain project or of the' structure ¢components.
This difference came from the fact that a system economy can be
realized by adopting project materials in the order of larger

value of V/C in the time series and, on the other hand, the

. projects/structure components which have’ been implemented are

unable to be alternated in other opportunities.
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2,

Instruments for Power Planning

General

The power planning requires several technical instruments not

‘only of basic engineering knoﬁledges but also of hydrology,

river water management,'geology, system analysis, cost evalua-
tion and so on. The power planning work should establish the
project layout plan mobilizing several imstruments with complete

understanding.

Hydrology/Watermanagement

The most basic data to be necessary for a hydro power planning

is river run-off data throughout past. several years. It is

‘usual to be difficult to find complete data of river discharge

through years. In this case, several hydrologic technic is to

‘be applied "to synthesize river dischérge data on the basis of

rain-fall records or others. The economic evaluation of the

project is to bé carried out by understanding the procedure of

the ‘estimation for thé basic data of river discharge.

The computation of water management through a river provides
estimated generating energy which is to be basis of economic/
financial evaluation. At the execution of the water management,

the following points are to be attentioned:

(1) A -necessary number of years for “the water management

{reservoir operation simulation) should be designated in
the ‘light of availability of discharge~data, reliability of

the data, ¢onception of precipitation eycles and so on.
(2) Boundary conditicns are to be designated prior to the deci-

“gion of cases to be ‘examined. They -are, for instance,

necessary dischargés to be provided ‘to other' sectors such
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as dirrigation and municipal/industry water, reservoir

operation rules of existing reservoirs and so on,

(3) Integral operation through a river is usvally to be.con—
sidered. Even though the operation rules of existing
reservoirs have been decided, it may be necessary to
examine whether it is possible or not to re-coptimize the
rules in the light of the implementation of the neéw reser-—
voir. Target function of the optimization is also essen-

tial for the decisions of the simulation method.

{4y Selection of cases to be studied depend on the alternatives
of reservoir dimensions to be examined and, also, on the

altexmatives of plant capacities.
Geology

The hydro ﬁower planning engineer should have, at least, basic
knowledge of geology, eépeciélly for the study_at:the inception
stage of the project development. 'In:fhe preliminary stages,
the planning engineer is required to make a decision with the

least data of geology.

The understanding of geologic history used to help'the decision
of the layout for the structure'components.wiiﬁ the least data .
of geology. As it used to be sqggeStéd'by geo1qgists; even in
the stage of preliminary without any geologic investigation
works, mountains provide several geologic informations and théSe
informations are unable to'be-dbtaiued'without reconnaiséance'by

the project'planning engineer, by his own even  accompanied by

geologists.,

As it is anticipated, once a finance is provided, a large scale
of 'investigation works -are able to. be cqﬁducted ‘and a amall

scale of the investigation works conducted in the earlier stages
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2.4.

2.5,

seems to be meaningless. Iowever, it is not true, because the
decision at the earlier stage is extremely essential to provide
a finance further to proceed the project with the least data of

geology,

System Analysis

The power system analysis is essential for the power project
planning. = The economy of a hydro power plant is unable to be
evaluated without examining a total power system and several
simulation programs have been developed for this purpose,
Optimization of small parts of the project is able to be studied
without the optimization in. the power system. Howevér, at
least, the following items are unable to be optimized without

consideration of a total power system;

(a) Timing of the implementation of a project
(b) Dbecision of a plant factor of a project

(¢) Sometimes, reservoir dimensions

The power system.simulation is generally executed through future
10 or 15 year-span to obtain a total present worth of the system
cost. The system costs ére to be compared among several alter—
native factors of the project such as a plant factor, timing of

implementation and so on.

Also, the simulation provides a value of benefit For the com-

putation of Internal Rate of Return.

Construction Cost Valuatiocn

It is mnatural that the hydro power planning is unable to be

“studied without estimation of coastruction costs. - However, the

actual construction method depends on several aspects of a pro-

ject and the construction costs of many cases should be compﬁted
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at the stage of the optimization. The following should be taken

care at the computation of the construction costs;

(1} Usunal efforts of accumulation of actual eXamples'contribute

to the accuracy of the estimation,

(2) Theoretical variation of the costs duwe to the variation of
geveral dimensions of the alternatives should be able to be

computed,

(3) The basis of the costs for labourers, materials and equip-
ment should be clear in the cost organization because of
necessity to review the costs in the light ‘of current

economic status.
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3.

3.1.

3.2,

3.3.

Optimization of Projects/Structure Components

General

Before comparison among altevnative projects, a hydro power
project should be ‘optimized. Prec¢isely saying, these optimiza-
tion works should be <carried out 1in relation with other

projects. However, almost of items are independently optimized

“under the assumption of unit-benefits and an interest rate. The

optimizations of implementation timing and of a plant factor are

unable to be made without consideration of a total power system.

Impiementation Timing

The examination of the implementation timing of a project is to
be conducted in the total power system simulation obtaining a
total pfésent worth of the system cost through out years. The
important factors for the power system simulation are the

following;

(1) accuracy and range of the estimation of power demand growth

"(2) -exact estimation of base load powers

(3} careful selection of combination among alternatives in the

light of actual status.

Plant ‘Factor

Even though the dimensions of the reservoir and outpuf from the

reservoir have been fixed, the maximum capacity of a hydro power

‘plant is unable to be optimized until examination is made in the

power system simuldtion, because the plant factor has close

relationship with the organization ‘of ' supply powers in. the

“system,
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3.4.

The plant factor of a hydro power plant generally depends on the

following;

{1) a load factor of the system
(2) alternatives of peaking supply power

(3) economic characteristics of the project

The. conventional method of the optimization for the plant factor
of a hydro power plant used to give a low plant factor as

optimal. However, the low plant factor often used to cause

- shortage of energy in the system operation, When a low plaht

factor is going to be designated, precise studies for other peak

supply power such as gas turbines and pumped storages.

Reservoir Dimensions

Main factors of a'reservoir planning are the fqllowing;

(1} location of dam site
(2) maximum water level

(3} reservoir depth for utilization

An optimal combination. among the factors is to be examined by

applying a feed-back conception,
(1) Location of dam site

A dam site is generally decided from the view-point of ‘dam
construction engineering father = than eéonémic view point
because of essence of safety.  However, 'in case of "that
' several alternatives of the dam locations can be. proposed
from ‘the -dam engineering view-point, economical optimiza-
. tion is iﬁpo:tant computing benefits for several dam sites.
“fhe several location: of dam sites may #ffdrd sevéral valuesa

of possible maximum water  levels and, sometimes, of drain-
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(2)

(3)

age areas which contribute to the project economy. The
bases of the 'comparison among several dam sites are, of
‘course, the estimation of construction costs to be obtained
on the basis of dam construction engineering aspects such

as geology, dam type selection and so on.
Optimum maximum water level
The maximum water level or the dam height at the certain

‘dam site is to be optimized computing benefits based on

head difference for generation and 4 firm discharge to be

obtained from a réservoir capacity. The optimization of

this maximum water level alsc depends on the construction
cost estimation on the basis of the dam construction

engineering.

In some cases, a dam height is unable to be optimized
without consideration of integral development through a
river. The conception of multi-stage development of a
river is sometimes esséntial as an alternative of the

optimal maximum water level of the reservoir.
Reservoir depth for utilization

Under the assumption that the maximum water level of the
reservoir is fixed, the depth of utilization for power
generation ‘is able to be varied. Thareforé, the depth
should. be also optimized examining outputs for several

alternatives of the depth,

Géne'rally ‘speaking, when increasing the depth, the firm
discharge will increase due to'larger capaci:ty of the re-
servoir and, on the ‘other hand, an average head difference

will decrease.
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In case of that a main portion of the head difference for
generation is obtained by dam height, a shallower depth may
accompany more benefit than that of the case that the head

difference is obtained by utilizing au actual topography.

3.5, Optimization of Structure Components

Almost of the components are able to-be optimized by applying
the maximum net benefit method under the assumption that unit
benefits and an interest rate are constant, respectively. It is
‘of course that a sensitivity analysis should be conducted for

the -economic factors, if necessary.

The factors to be initially or principally optimized for the

purpose of layout design are the following;

(1) water way system

(2) dam type _

{3} Fflood rqutine

(4) river diversion system

(5) power housé type
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Conception of IRR for Rehabilitation Iavestment

In case of a new plant construction, the IRR is applied as an
index of a method of idnvestment which has been required in rela-
tion with system demand and supply. On the other hand, in case of
the rehabilitation, the IRR is applied as an index for the deci~-
sion of economic necessity of investment or optimal implementation

timing.

Accordingly, the delay of investment for rehabilitation may not

‘cause serious unbalance in demand-supply relationship and only may

cause economic ‘demerit  due to the delay of recovering output an
efficiency of generation. Therefore, even the investment is post-
poried. in this year, the opportunity of the investment must again

come in next year.

On the basis of above discussion, it is concluded that the IRR
for the decision of rehabilitation investment is to be computed by
comparing net benefit between the cases of investment in this vear

and in next year,

11 - :81 .












	Text
	XI. Seminar for Technology Transfer
	MATERIALS USED FOR THE SEMINAR
	1. Study on the Stability of Dams from Geological and Geotechnical Points of View
	2. Maintenance and Control for Fill Dam
	3. Investment Planning for Hydro Power Facilities



	Cover

