6.4 Examination of Development Commencing

6.4.1

6.4,2

General

Regarding the.timing of development of this Project, the yardstick
tentatively will be when the supply capability becomes less than

demand,

The timing of development of this Project ié assumed in this Report
to be after Paute~C Power Station has started operation. INECEL has
planned development of a number of sites as projects to follow com-
missioning of Paute~C Power Station. Consequently, it . is looked
forward to that the next development site will be decided upon a
comprehensive study of technology, economic natures, funding plans,

etc.

In this section, it is assumed that the year of development of the
Chespi Project will be between 1993 and 1997, and a study is made of

the demand and supply balance in the case this Project is considered.

Electric energy from hydroelectric power statioms is to be applied
with priority as supply capacity. Supply from thermal power plants

will be made in the event a shortage in supply capacity occurs with

“hydroelectric power sources.

In the event a supply shortage occurs even when all hydro and ther-
mal power stations are operated, the supply shortages are to be
calculated by month. - The year of development of the Chespi Project

is to be estimated making judgments on the results of this study.

A flow chart on calculation of demand and supply balance is given in
Fig. 6-1,

Considerations on Demand and Supply Balance

The balance of demand and supply for the period from 1993 to 1997 is
studies to estimate the year of commisgsioning of Chespi

Hydroelectric Power Station.
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The supply facilities considered are based'oﬁ'data of eléctfic“powaf
_fac111ty construction plans- prepared by INECEL for the per1od up to_
1995. That is, the power supply facilities to be developed from the.'
pxesent time, 1985, up to 1995 are to,be_used as:theaenergy_supply
capablllty, while regarding_ the 'ﬁower sﬁpply faéilitiesf_pribr to
1985, the operating performanée record of 1984 is used. As: for
hydroelectric power stations, the energy. supply 1is 'éomputed by
glectric energy simulation'aérpreviously'mentioned; "Further, with
regard to thermal power stations, the thermal _power station
scrapping program of INECEL is to be considered in the stﬂdy.df the

demand and. supply balance.

The electrie energy from the ﬁydrpelectric-facilities,_existing.énd
to be devéioped by 1993, totalling 1,526 MW, will be an'a&erage'of
7,186 GWh for the 20-year hydrological period from 1965 to 1984, the
maximum'enefgy production being 8,860 GWh and the minimum 4,952 GWh.

By'mohth, the energy production will be the most in July with 810
Gwh. On the other hand, the minimum will be in December with 429
Gwh,'the ratio to maximum energy being low at 53 percent. This is
thought to be due to the fact: théﬁ' almost all of the present
hydroelectric power generating facilities being .located in the
Amazon River Basin and are governed by the hydrological charac-

teristics of that basin,

The power demand and supply balances of the individual years from

1993 to 1997 are considered to be as follows: -
a)} Energy Balance in 1993

Of the 7,186 GWh of energy from hydroelectric power generating
facilities, 6,201 GWh (86.3 percent) will be effectivized, and
this effective energy will correspond to B6.5 percent of total

electric energy demand

The remaining electric energy demand of 970 .GWh“ is - to be
supplied from the 699 MW of thermal facilities)at that time. It
will alsc be possible to supply from thé fﬁermali fécilities
during the entire period at times of lowest water (excess proba-
bility 5 percent) in individual months during the hydrological

period.
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b)

c)

d)

Energy Balance in 1994

0f the electric enérgy of hydroeiectric power'stations, 6,438
GWh (89.6 percent) will be effectivized. This effective energy

corresponds to 83.3 percent of total electric energy demand.

The remaining energy demand of 1,290 GWh is to be supplied by
the 619 MW of thermal facilities existing in that vyear.
Hoﬁe#er, on. examining the times of lowest water in Ehe indivi-
duél months during the hydrological' period, there will be shor-
tagés' in :subply " capability in February = and 7 December.
Especially, in December, even when thermal power stations are
operated at high 1oéd, there will be a supply shortage of 28.5

GWh in the year of lowest water.

_Eﬁergy Balance in 1995

0f the electric energy of hydroelectric power stations, 92.4
percent, .or 6,639 GWh, will be effectivized. The effective

energy will correspond to 80.1 percent of total energy demand.

Regaf&ihg the remaining energy demand of 1,654 GWh, if it is to
be éu?plied by the 607 MW of thermal facilities existing in that
year, the equipment utility factor of thermal power stations

will be 31.1 percent,

However, when the times of lowest water in the individual years
are examined, there will be shortages 1in supply occurring in
January, February, November, and December. Particularly, it can

be seen that a shortage of 86 GWh will be produced in December

“during the hydrological period.

Energy Balance in 1996

0f the electric energy of hydroelectric facilities, 95.6 per-
cent, or 6,868 GWh, will be effectivized, and this correspounds

to 75.1 percent of total energy demand.

The feﬁaining energy demand, 2,280 GWh, or 24.9 perceﬁt of the
total .énergy demand, would be supplied by the thermal power

géneratihg facilities existing in that year. The thermal power
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e)

generating facilities of that year will be 581 MW, with the

equipment utility factor 44.8'§ercent.'_However, in December,

even when seen in:'terms _ef _avérage value; it, will become
impossible for supply jte be made with the instelled ‘thermal

capacity of that year.

thrther, in loﬁfwater Yeafs, there will be'supply shortages for

a Balf¥yeer - Jaeuary; ?ebruary,_March,-October; Nevembef, and
December. The month of the greatest_shoﬁtege will be December,

and there will be'a_sﬁepiy shortage in 11 years-out of the

'hydrologiéalrperiod of 20 years.

Energy Balance in 1967

Of the electric energy of hydroelectric power stations, 97.6
percent, or 7,011 GWh, will be effectivized, and this will

correspond to 71.4 percent of total energy demand.

The remainiong energy demand of 2,809 GWh corresponds to 28.6
percent of total emergy demand. This remaining energy demand is
to be supplied with the therwal power stations existing in that
year, The equipmeﬁt ufility factof of thermellpower stations
will be 64;8 percent. Roqever, in the ﬁoﬂths of January,
February,. November, and December, when leoked upon from the
standpoint of average electric energy during the hydrological
period, supply cannot be accomplished with thermal facilities.
Further, in low-water years, there will be suﬁply shortages in

wounths other than June, July, and August,

The results of the above are shown in Table 6—27; 6-28, 6-29,
6-30, 6-31 and Fig. 6-3.,

Examination Rebults of Development Commenciug

According to the study on the demand and supply balance giving con-

sideration to the national system, it is known thal there is a great

variation in monthly electric energy. The reason for this is

thought te be the fact that the locations of hydroelectric power

stations are one-sided. Shortages in electric energy are predomi-
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nant at the begiﬁning and end of the year. The monthly variation in
electric energy will become exceptionally prominent after Paute-C
Power Station has gone into Operation; Therefore, in order to
reducé the mouthly variation in electric energy, and moreover, to
supplément shortages in energy at the beginning and end of the year,
it would be desirable that projects of different hydrological

characteristics will be developed.

It is anticipated that a small amount of energy shortage will occur
in January 1994. This shortage in electric energy will be produced
in the month of lowest water during the hydrological period, but it
whould be possible to overcome this shortage in energy as the quan-

tity is small.

It is ekpected there will be a slightly large energy shortage at the
end of 1994 and the beginning of 1995, and this trend will increase
year éfter year. Even if thermal power stations are operated at
full load, there will be a chronic shortage in energy from the end
of 1996.

If this Projecf is to start operation in the middle pért of the
1990s, it will be reasonable for the year of commissioning to be
1995. This recommendation is deduced from the study of demand and
supply balance. In this case the electric energy of the Chespi
Prbject will become potemsialized for several years if the energy of
existing hydroelectric power stations were to be applied to demand

on a priority basis.

Howevér, it is known that internal rate of return will not be
changeﬂ greatly even if the year of start-up were to be delayed a
year or two, Therefore, the year of start of operation is to be
left as mentioned above to carry out financial and economic eva-

luations of the Project.

Needless to mention, it1is looked forward to that a final decision
on the year of commissioning will be made by INECEL upon con-

sideration of other projects,
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Fig. =3 Energy Demand (Without Project)
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CHAPTER 7 PRELIMINARY DESIGN

7.1 Dam

7.1.1

7.1.2

Selection of Dam Site

The topographical and geological factors from the standpoint of dam
structure in the vicinity.of the dam axis decided on at the master
plan level were considered, as for the special characteristic of
this site, which is sedimentation, and a dam site where flushing
could be nost effectively performed ﬁas selected. This dam site,
including the reservoir, is a location which 1s optimum from a

structural standpoint as described in geology. Topgraphically, both

banks are steeply sloped, and an ideal layout can be made for struc-

~ tures such as the spillway, flushing facilities, intake, etc.

As for sedimentation and flushing of sediment, it will be possible
to discharge sediment collected in the reservoir by flushing once
yearly in a year of average inflow and about thrice yearly in a
high~water'year as described in 7.1.2, and it will be possible to
malntain the functions of the dam by doing so. |

Sedimentation in Reservoir and Flushing

1) Ceneral

Studles are made of the mode of sedimentatiion In the restrvoir
and the mode of sediment discharge by filushing constituting the
most important problem for Cheapl Power Station. Simulation of
the sedimentation will start from January 1, since it is not
definite yét.when the power station is to be commissioned. The
wash-out gate 1s to be opened and flushing done when the reser-
voir has become full of sediment with the gate closed when the
sediment trapped has been completely discharged downstream and
water stofage ‘iz again started. Power generatioﬁ without
impairing the functions of the dam will be made possible

throught repetitions of the above operations.



2)

Basic Equation:

a).

b)

Continuous Equations of Sediment

The river-bed variation 1s handled as the average cross-

sectional

below:
S ANE =

AL =

where,
| AZ :
Q'B :
Q
B

Z
AX

e

e

Suspended

quantity, and is to be expressed by the equations.

_E.’_I}_.:__Q.L AL ieeve (1) - . - . -
BAx (1 -A) : :

Z(t+ l) - Zt h -s----.(z)

ri#er*béd #atiétion'within';iﬁe t

sediment infldw frbm'upStréam_éross section
sediment outflow from downstream cross section
river—bed variation range -
vold ratio (= 0.4)

river—bed height

distance of sectlon

Load Equation

In tiver-bed variations, suspended load is the governing

factor according to the results of various tests on field

materials

and relevant data of INECEL, and calculations

using suspended load were carried out.

Lane-Kalinske's Equation

qs = q'CO P/( . ""'°‘§lfllqnl-nlll--l1(3)
. o g Le61 )

Co = 5.55AF(we) 11/2G5) exp = (59 |

where,

gs: suspended load per unit widih and unit time

q: runoff per uwnit width

P: function of K, V, U* according to the figure
below |
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Note) For Karman's constant K, 0.4. is used
Co : river-bed concentration (ppm) '
AF(w,): proportion of sand particles of settling velocity
(wy) in river-bed sand gravel (%)
§ : unit weight of sediment particles

¢) Settling Velocity (w,)

 This is calculated by the equations below.

d(cm) > 0.58 : wy = 73.2d1/2
0.58 > d 2 d_.u: Wo = 81.5d40+667
0.11>d ) 0.015: Ho - 171.54
0.015 > d: Wo = 11940.042

d) Total Sediment Ihflow
Qg = Gz X B x 107% /(1 -
'3) Calculation Sequence

The procedure of calculations is as follows:



4)

(L

(2)

(3)

(4)

(5)

(6>

(7

(8)

Nonuniform flow calculations are. performed for runoff ac
time to for the initial river-bed condition.

Friction veiocity-(ﬁ*) is determined for each cross sec~

tion.

The Quantity of load is determined for each particle size
by the load quantity equation.

Qp 1s determined by the total sum of the above load quan-—
titles. ' ' .

The river—-bed variation quantity is obtained by (1), and
the river—bed helght after variation is obtained from (2),

Calculations according to the above {1) to (5) are repeated
until the required sedimentation for the reservoir is
obtained.

When the resgervoilr has become filled with sediment, the
wash-out gate is opened to make ar open channel, the same
caleulations as described above ate_made, and the sediment

accumulated in the reservoir is removed.

When discharge of sediment from the reservoir has been
completed, the wash—out gate is closed and the calculations
from (1) above are restarted uéing the cross—sectional area

after accomplishment of sediment discharge.

Calculation Conditions

a) Grain-Size bistribution and Eroperties of Reservoir Sediment

a)~1 Grain-Size Distribution Curve

On measuring the grain-size distributions of the pre-
sent river-bed materials deposited at the dam site
with the purpose of estimatimg the variation in river-
bed configuration inside the dam reserveir, the grain-
size distribution curves .shown in Fig, 7.1 are

obrained.



Fig. 71 Grain-Size_D.is_tribution Curve
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Retained

Grain-size {mm)

"Eq. (1): A.J. Cubi Gaging Station average suspended

load
Eq. {2): Chespl dam site sampled sediment
Eﬁ; (3):-A.J. CubinGaging Station average river—bed

sediment

There are the grain-size distribution equations (1) to

(3) above, ‘and Bq. (2) will be used here in view of the

difference between grain-size distributions during

fiood and during low water.

The reason is that Eq. (2) is for actual sedimentation
at a dam site, and because the difference between Egs.
(1) and (3) is large and the calculations will become

very complex unless a single grain-size distribution

curve 1s wused for sediment flowing 1n daily.

.Therefore, Eq. (2), close to the average of the whole

is euployed.

"In accordance with the abové, the values shown in Table

7-1 are used as'gréin~61ze distribution in Eq. (2) for

sedimentation calculations.



The sediment inflow is divided 1into the two groups,
that ig, suspended material and’ bed 1oad. The above
mentioned two quantities are changeable depending o

- 4inflow discharge into . the regulating pondage,

:accordingly the calculation mmbined with the Gurve (1}_

and the Curve (3) is very complicated. &

On the other hand, 1t is quite 1mpbrthnt subjeet.in.the_
Feasibility Study whether the function, of regulating.
pondage 1is secured, and . that: the number of times of
flushing out a yeaf is-checked if the flushing-out is
: possible so that the more detailed study has to be per—
formed at the stage of definite Study.'

The grain-size of sediment material in the Curve (l).is
very fine and the size less than 0.1 mm contains about
707, therefore the affect te turbine is judged to be
small. And the quantity of the Curve (3) is estimtaed
to be about 10% of the :eotal sediment quantity.
Accofdingiy,.the Curve (2), ﬁhich'is'enalyzed'the sedi-
mented material at the. damsite where the run—off velo-
city being low, is esteblished and used for this study
to make simplify the calculation.

Table 7--1  Grain-size Distribution

Representative |, \ 14 i 1o.37 10.23 |0.14 |0.09 |0.04
Diometer (mm)
Percentage ()| 2 5 11 48 17 8 9

a)-2 Component Analysis of Inflowing Stream Water

The result of component analysis on stream water is as

shown in Table 7-2.

of just ome analysis,

references.

factor to be of a special problem In the water of the

Ric Guayllabamba.

Since the table glves the values

they are to be used only as

As may be seen in the. table, there is no




Table 72 The Results of Component Analysis of Rio Guaylabamba

Suspension
p.y | material st | Al | Fe Ca Mg [|Na [R fo1 So
] (me/1) (mg/1)(mgll)(mg/l.)(mg/l)(mgll)(mgll)(mgll)(mgll)(mgﬁl)
Chespl] 7.90 93 21.6 | N0 {ND {22.3(22.9(46.1{7.3 |31.1]23.4
Detectable Limit 6.2 [ 0.62]0.11|0.32]0.026/0.053 0.060] 1.8 4.1
I

Note 1)

2)

3

4)

a)-3

Water fifltered with miilipore filter
(0.45U ) used except for suspended sollds {5S).

€l was obtained by the test for chloride content of
marine sand (Japan Society of Clivil Engineers, Japan
Road Assoclation), 504 by the weight analysis method
using barium sulfate, and the others by the atomic

absorption analysis method.
ND indicates "less than detection limit."

Sample water was collected at A.J. Cubl Gaging Station
on January 21, 1985.

Component Analysis of Inflow Sediment

The components of sediment flowing into the reservoir
were analyzed by X-ray examinations. The results are
given in Fig. 7-2 and Table 7-3. Enlarged photo-
micrographs of the individual components are shown from
the following page. The results of X~ray analysis show
that 50 percent of the sediment flowing in is pla—
gloclase. The materilals are mostly fresh and 1t is
thought there 1s a large quantity of relatively hard
minerals of Mohs hardness 5 and higher.
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Tabla 7-3 Microscopic Obsarvation

Sample No, CHESPI
Thin*Sectibn_No, A-1

PDate

Apr; 1985

Observed by K,Iguchi

Texture  River sand {unconsolidated) . Sample abtained by quartering, and microscope

specimencs vere made on embedding in resin.

Descriptiou
_. _ B el S - - T
Hardness
(Mohs) Mineral Vol. % ‘Foature
6 : 'PlagioclaSe_ 50 _Cblotess,prominent zohjng » strong automorphic
- - _ _ nature, mostly comparativerly fresh.
"6 | Hornblende 15 Green or brown with pleohroism, Strong aut-
_ | S _ taorphic nature, mostly conparatiﬁely fresh.
5 ~6 Augite 5 Strong automorphic nature. Light brown.,
6 | Opague Minerals 5 Mostly strongly magnetic and assumed to be
magnetite. The four minerals hereinabove mostly
_ Rock fragment in form of individual sand particles,
? . (Basalt) - 10 Andesitic basalt. Roughly the same as ande-
- _ _ _ site below.
;? (Andesité) i0 Plagioclase and hornblende are 6béerved as
' ' phenocrysts. Hornblende altered - in parts.
3 “(Limestone) =0 Rock fragments of calcite or reock altered and
metasomatized into calcite recognized.
9 {Mudstone) =0 | Fragments of argillaceous rock are observed.
7 Quartz =§0 Fracticéliy no individual sand particle seen,
but exists together with plagioclase in fine
L . granophyre. '

Note; Vol 96 roughly reckoned by visual observation.

Othérs} Almost grains range in diameter from 0,1 to 0.6 mm and are not rounded.

, Although‘giiiinated in'haking thin seclion; roud gravels of about¢ 5 mm werc

also contained.

Connent.:-Coupérafi#elﬁ.haid minerals of Hohs hapdneés 5 or over make up at least 80

" percent of whole.
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b) Years Calculated

According. to the data obtained from INECEL the estimation
formula for sediment inflow quantity is

Log Q = 0.337 Log Qs + 1.156
from.which '

Qs = 0.03197 x Q%:967
where, :

Qs: sediment inflow quantity (ton/day)
Q: A.J. Cubi Gaging Station runoff (m3/s)

The annual inflow quantities determined using the above are

given in Table 7-4.

Table 7-4 The Annual Sediment Inflow Quantities of Chespi Dam

(x103 ton)

1965 1966 1967 1968 1969 1970 1971 1972

3450 - | 1393 1639 1772 2914 6938 5380 6017

E b R = = ======ﬁ =l==:===l==4 =

1973 1974 1975 1976 1977 1978 1979 1980

- - - 4486 - 938 598 | 1498

1981 1982 Average

982 2858 2915

From-these resuits, 1972 (wet year), 1978 (dry year), and 1982 (average-water year) are
selected as representative years, and calculations are made assuming that the respective

inflows will continue for 3 years.



¢} Runoff Data

d)

e)

For dam inflow data, the respective data of A.J. Cubi Galng
Station for wet year, low-water year, and average-water year are converted for the dam

site by means of the following équation. o

Q= 1,19 x Qc
where,
Q: inflow at dam site (m3/s)
Qc: inflow at A.J. Cubl Gaging Station

Dam Operation (Downstream End Boundary Condition)

(i) The dam water level will wary daily from high water
' level to low water level so that it is assumed to be

constant at EL. 1,442.,00 m, a median water level.

(1i) At the dam gite, the wash-out gate 18 to be opened with
EL. 1,410.00 m, which is near the median elevation of
the wash-out gate, as the limit for the sedimentation

lgvel.

(1ii) Sand flushing 4s to be consldered as 'COmpleted when
flughing has been done to around the elevation of
1,407.50 m at the wash-out gate, at which time the'gate

is to be closed.
Results of Calculations

The results of calculations are glven in Figs. 7-2 to'?—ﬁ,
while the reserveir sedimentation and flushing patterns for
high~water year, average-water year, and low-water year are
shown in Table 7-5, '



Table 75 Tha Resuits of Calcuiation in Reservoir of Chespi

bata {st year 2nd  year 3ed year
123456 7891001123456 789 101“_ 123456 789101112

‘Noma! Year (1982) A s -% ¥

B 12402 Y% 129 /gn30 73084
Dry Year  (1978) - 4}"
' . . ﬁmi 21~23

Wet Year {1972) [=Y——F L r v 4

© %0 Poe-am Fozean | . Verasfola¥e-go YomouYooay | Vazes

« W Flushing operation )
. lmpoundment starts all from January 1

. Data for each year used three times repetitively

According to the above results, sediment deposited in the
reservolr would be flushed three or four times a year in
high~water years, once a year In average-water years, and
one in 3 years in 1ow~wa£er years. As for the time required
for a single flushing it would be approximately 6 hours for
lowering the reservolr water level, approximately 48 hours
for flushing, and approximately 10 hours for again storing
water, a total of approximately 64 hours (approximately 3

days).

it was learned in this study that it could make clear to be
possible to flush out the sediment material in the regu-
lating pondage through the sand flush gate. 1t is looked
forward to that more detaliled sediment measurements such as
correlation between run-off discharge and sediment quantity,
and the grain size distribution will be carried out
hereafter for the preparation of the Definite Study.

However, compounding the above mentioned Curve (1) and Curve
(3) the detailed calculation has to bé executed at the stage
of definite study and the model test 1s recommended to be

‘performed to check up the result of caleculation.
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7.1.3 Selection of Dam Type

7.1.4

Gravity, arch, and rockfill are conceivable as the type of the dam,

but a gravity dam was selected for the Chespl site for the reason

_below.

(I)ITha topography is one in which slopes are very steep

(2) It is necessary for sand flushing facilities to be provided in
the dam body.

(3) 1t will be possible to save on civil works costs and thus be
more economical to provide the intake in the dam body rather
than at the right'bank.

{(4) If a rockfill dam were to be selected it would be necessary to
" provide spillway facilities separately and when the topographi-

cal conditions are bonsidered, that will not be economical.

Facilities of Dam
1) Spillway

The flood discharge applicable to the spillway 1s to be Q =
2,300 m3/s according to Hydrology of which value is corresponded
to 10%Z wmore than calculated 1000 years return period flood

discharge.

There are a normal—use spillway and emergency-use spillway, The
nofmal—use.spillway is to be of matural overflow type with gate
operation eliminated, and is to be capable of coping with flood
occurring once or twice a year. The emergency-use splllway is
to be of a structure that, together with the normal-use
splllway, will be capable of handling past maximum flood
digscharge.

As'fdr design flood discharge, it is to be possible to handle it
adding the capacity of the sand flush gates.

The flood dfacharges handled by the individual spillways are
shown in Table 7-6 and Fig. 1~7.

7-29



Table 7-6 Flood Discharge of Chespi Dam

Discharge (m3/sec)

WL (m) . Free flow ' Gcte,;. tlow Su.nd. f,f%?h' gme ”1;0'161 Hote
1 407.5 0 0

| 408.2 e e
| 409.0 328 | 328
| 410.4 92.9 92.9
1 411.9 170.6 1706
| 413.3 262.7 2627
| 414.8 367.1 367.1

: v (o)

) 418 712.2 712.2
| 420 798.8 798.8
| 425 982.4 982.4
| 430 | 136.8 | 136.8
| 440 ) 395.4 | 395.4
| 443 0 | 464.0 | 4640
| 445 204 '~ 1508.0 | 528.4
| 448 0 85.2 15718 | 857.0
| 449 365 t13.3 15925 ) 742.3
| 450 109.2 1441 _'l's.iz.'e, 1 866.1

| 451 2105 177.1 1633.0 20206
| 452 337.3 212.1 16530 22024
| 452.5 4093 230.1 16628 23022
1 453.0 487.2 2486 1672.6 2408.4
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2) Height of Non-overflow Portion of Dam

In this study, the criteria of Japan and the United States of
America were adopted for the caleulation of clearance height.

fhe height of the non-overflow portionr of the dam is to be
‘obtained by the equations below.

Design water level at normal high water levelz.
he = by + he + by | |

Design water level at design flood level:
hf""hw

The larger of the -above calculated values 1is to be adopted,

wheré,
hf: added amount of required value
he: wave height due to earthquake (m)
hw: wave height due to wind fmj

ha: added value according to whether or not spillway exists
(=0.5 m)

a) Wave Height Due to Earthquake

T
he = 1/2 = Jeho

k: horlzontal seismic coefficient (= 0.12)
T+ earthquake period (= 1.0 sec)

hyt reservoir water depth from normal high water level
(= 56.00 m} '

he = 1/2 x Qi%ii‘:—‘ﬁ *]9.8 x 56,00 = 0.45 m



b) Wave height due to Wind
H, = 0.00086 vl:1 p0.45
| where, .
F: fetch (= 300 m)
V: average wind speed for 10 minutes (= 30 w/s)
| hy = 0.00086 x 301:1 x 3000:45 = 0,47
c) Heilght of Non—overflow Section

Case of design water ievel being normal high water level:

hg = hy, + hy + hy

0.47 +°0.45 + 0,50 = 142 m

i

Non-overflow section elevat#on
1448.00 + 1.42 = 1449.50 m
Case of design flood level peing flood water level
he = hy
= 0.47
Non-overflow sec;ion‘elevation
- 1452.50 + 0.4? =.1453.00 m

The'crest-elévétion of the dam was studied by two methods
and the higher crest elevation was adopted. Based on high
water level (HWL) + wave height by wind (hw), the crest ele-

vation was decided.

Therefore, the height of the non-overflow section 1s to be
1453 +00 m.



3)

Diversion Scheme'

There 1s a necessity for the stream of the ‘Rio Guayllabaﬁba.td
be diverted. The method in case the river width 1s broad would

be multiple-stage diversion. 1In case the rivér.ﬁidth is narrow,

there would be the method of-providing a-diversion tunnel and

diverting the river flow at the dam sité to perform work.

In this case the river width at the dam site is extremely
narrow, and the bést method would be for care of river to be

done with a diversion tunnel.

The design flood discharge is to be the 3-year return period
flood of 450 m3/3"gihcé: fhis is to be'-a-'éoncrete dam.
Conseqﬂently, the tunnel diameter to discharge this flow would
be 6,0 m, and the upstream. cofferdam height is to be EIL.

1418.00 m,

7.2 Intake

7.2.1

Type Selection

The type of the intake is determlined by the sediment inflow of the

Rio

Guayllabamba and the grainsize distribution of the sediwent. In

case there is little sediment there would be no problem with an

ordinary type intake as show in Fig. 7-8 where a full-face screen is

provided in front of the dam orv in the regervolr, but at the Chespl

site, as described in 7-1. Sedimentatlon in Reservoir and Flushing,

a surface intake—type is to be selected for reasons such as that the

sediment Inflow is large and grain éizes are extremely fine,

This surface intake type has the following advantéges:

(1)

(i1)

The surface layer water of the reservolr H = 3,0 m is to be
drawn so that even though sediment may arrive close to the
intake immediately upstream of the dam, only the finest par-
ticles that are suspended will flow in. - ' '

Since there is peripheral concrete protecting the cylinder gate

at the front of the intake, even if the sediment surface in the



reservolr were to rise higher than planned it would not be an

‘obatacle to power generation.

(iii) Since the cylinder gate rises and falls in accordance with the

fluctuation in the reservoir water level,

by installing a

screen at the upper part of the cylinder gate it will not be

necesgary for a screen to be stretched over the entire surface.

Fig. 7--8 Type of Intake

(A) Normal Type

7.2.2 Structure in General

1) Location of Intake

27.80

500 ] 500
v 1463.00 ¢ 1 463.00
¥ 1453.00 : v 1453.00
¥ ‘ol,
ol A\
ING
» v 'o
" RN %
ef S
b, :‘.;-_ ‘.
:b" . (P X

{B) Surface Intake Type

The location of the intake is to be directly in the dam for the

reasons given below.

(1) “The right abutument of the dam is very steeply sloped, and

if the intake were to be provided there, the civil works

construction cost required for excavation, concrete, etc.

will be 1increased,

and it will be more economical to

install the intake structure directly in the dam.



2)

_(11). By installing the intake immediately by the side of the

sand flush gaté in the dam it will be possible to minimize
the influence of sedimentation.

(1i1) The  effect of sugpended logd;-on_ the intake 1s the same

~ whether at the right abutment of the dam or immediately in
front of the dam it self. ' '

Screen, Surface Intake Gate, and Regulating Gate By installing
the screen above the surface intake gate and by reducing flow
velocity through the screen to below V = 1.0 n/sec the load from

the screen to the surface intake gate was alleviated.,

The surface intake gate has a cdmplex"ccﬁstruction and water—

tightness mechanism, 80 that by adOpting a system to balance

internal and external pressures without causing the gate to bear

the full water pressure of the reservoir, the welght of the gate

- was made smaller for a construction capable of easily following

the variation in water level,

The intake regulating gate was made to have a construdtion that
it could be closed irrespective of the reservoir water level for
inspection of structures from headrace to powerhouse or when

there is8 an accident,

The sediment material shall be flushed out through the two sand
flush gates when the sediment surface elevation in front of the
intake structure reaches to 1,430.00 m at most, of which elava-

tion is designed as the concrete crest of the intake structure. -

The sediment material 1is not considered: to be deposited at the
inside of intake structure, howéver, the high water pressure
flushing device with pipe and valve will be instaliéd at the
bottom of intake structure and the flushing pipe will be con-
nected with that of the flushing:gate.- A drainage pipe line
system 1a also adoptable for this purpose. This kind of study
is, however, recommendable to be cousidered at the stage of
definite study.

Furthermore, Japan has and ﬁaintains the same kind of intakes,

but any problem has not yet happened.
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?.3' Headrace Tunnel
7.3:1 Selection of Headrace Tumnel Route

The headrace tunnel foute_is to be éelected as shown 1n Fig, 7-9 to.
obtain the most economical route on comparison studies of tunnel
fouteé between work adits in the vicinity of the dam and work adits
to be provided in the vincinity of the surge tank.

Providing a work adit approximately 2.0 km upstream from the surge
tank and calculating total construction costs taking into account
construction costs and interest amounts during the coustruction

péribds for Case I to case V , the results are as shown in Table

7"7 [3
Fig. 7-9 Headrace Tunnel Route
No.2 Work Adit
s
No. | i~ -\/’-./
Work Adit : 1208 = . N0
= e x
o k/@ . IR L0520 No.3
)\ : CN-:’_E’/ pAY o 0 N\\ work Adit
\‘ s CASE U Lot Qq_n?\\:\\ y :
z ﬁ%‘%"_: il
o SN i = JCE e W B s ¥ e B s B e £ 2 = e e —
-— : CASE(I) Headrace Tunnel CASE (T}
Chespi Dom Surge tank
4390m | 1760 m |
1
6150 m N

In comparisons of construction periods, it was assumed that excava-
tion would be by ordinary methods for 110 m per month and lining

concrete 145 m per month in all cases.

Based on the above results, the route of the headrace tunnel Iis to
be the most economical straight line of Case 1 connecting the work

adit in the vicinity of the dam and the surge tank.



- Table 7-7 Comparison of Headrace Tunnel

Consgtruction

Term of

Cost (C) Construction (t) I;tgrgeztcé? ToigéUggsF

_103yss Year G L] 2olee
Cose I 51 067 47133 9 668 | 60 735
Cose II 53 854 "4 081 '8 791 62 645
Cose TIIL | 53 533 3 958 8 475 62 008
Cose IV | 53 658 3 881 - 8 330 61 988
Cose V 54 300 3 850 8 362 62 662




7.3.2

7.3.3

Determination of Inside Diameter of Headrace Tunnel

Determination of inside diameter of the headrace tunnel was done
selecting the size at which the sum of the annual cost for the
construction cost per unit'length according to inside diameter and
the annual electricity revenue loss due to head loss according to
inside diameter would be a minimum. As a result of gelection, D =

5.20 m is the most economical inside diameter as shown in Fig. 7-10.

Other Matters

Regarding the headrace tunnel, the following designs were made
regarding matters other than route selection and determination of

inside diameter.

{1} For a section of approximately 200 w in the vicinity of the
intake where earth cover 1s thin, the structure is to be such
that the design internal pressure would be borne with steel

liners.

(ii) For the loosened zone of the surrounding natural ground
resulting from headrace tunnel excavation, grouting is to be
done with'eight grout holes per cross section and 3.0-m length
per hole at 3.0-m intervals after completion of lining concrete

placement.

(iii) Approximately 20 m in the vicinity of the iIntersection between

the No. ! work adit and the headrace tuanel is to be provided
with steel liner with a manhole installed for the purpose of
future maintenance, while Work Adit No. 1 is to be left for

liaigon purposes.

{iv) Work Adit No, 2 is to be used in excévation work and 1in the
main concrete lining work and is to be designed so that it will
gserve as a sand flushing facility in the future. '









Table 7-8 Comparison of Construction Program {Headrace Tunnal)

tst  Year 2nd  Year 3rd  Yeaor 41h Year 51h  Year
12 3456789101112 23456'789!0”!2 234 5678910112 234567T89I101H1211 23456 7891011142
Preparatory work.
~~Ekcavation Excavation L= 29801
. /n HOD : _
No.{ Work Adit @_Q/W K AT 153 @ Conc. lining L =2980m
Side 015:45’0‘-“ T - 15633)
Case o 6‘2) ‘Drilling and Grouting a
. : j ¢
No.3 Work Adit (Dhx_preporatory work | | | Conc. lining L=3170m = Cone. Plug
ol prork AdY Excavation L23 179m -@ éi;h ' Drilling and Grouting O
: - _ — 9 ed :@ Operotion
Excavation L=120m _
. ) Preparatory work o - :
No.1 Work Adit %&/ (53 Excavation  L72395m . @ o |
; Ex. Work _ Conc. lining L=2395m
Side Adit L=450m ; 203
Dritling and Grouting
Case 2 Q Preperatory work : 3 @
No.z Work Agnd %@ Excavation L=1160m _@ Excaovation L=1995m ] ' {
ae Work Adit | @ Conc. lining L =1996m @ az) Cone. Plug
: Drilling and Grouting Py
o) \@' Operation
_ (r 'prepurdto;g\work Excovation L= 2370m |
No.1 Work Ag’; 30 @ =@ Conc. lining L =2370m =@
e Adn L=450m @7,\ - Drilling . and Grouting -
Case 3 Work Adi C' Preparatory work | Conc. Plu
No.2 Wor glirde Excavation __/\ Excavgtion . L= 2110m)| ! |@ ) ¢
Work Adit L= 906U : % “Cong. lining L= 2110m @%9 O .,
Drilling and Grouting ] peration
L -G
No 1 Work Adit ;5repamtory worfc Excavation 1L.=2340m :
’ . i =@ “conc. - lining L=2340m 2T
Side MRt L=as0 ‘ ——{27)
C 4 i " @ Drilting _and Grouting
ase eparatory work : S
e P y |
No. 2 Work Ag'i;e Q%} "O Excavation L=22%0m . | | °“° Plug
Ex. Work Tl Conc. fining L=2250m =
o> Drilling  and Grouting O Qperation
bl
G ~Preparatory work
No. 1 Work Adit @ |53 Excavation L=2315m . . :
Side x. Work _ ) conc. Iining AL=2315m l
Case & - Adit L=450m @ Drilling and Grouting &) L@
{32
Mo. 2 Work Adit Q Preparatory work S ' : c P
; Side Excavation L= 2405m : 3 H onc. Plug
Wor _ Conc. lining L=2405m __@ l’% I
e 1 = r . .
Adit L=300m @ Drilling and _Grouting _/9 -"%DPT‘”W”
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7.4 Surge Tank
7.4.1 Surge Tank, Géne:al

The éurgé tank is to be an orifice type considé:iﬁg the topographi--
cal and_geological conditions, and is to be of a design having an

upper chamber.

The inside'diameter of_the vertical shaft éﬁd the orifice_diameter  :
were determined making calculations to satisfy the conditions below,
with the results being 8.0 m for vertical shaft inside diameter, and

2.1 n for orifice diameter.
(1) Study on eritical flow of orifice

(11) Study on optimum orifice diameter for load réjection and sudden

increase in_load.

(1i1) Study on stability under dynamic vibrations

7eha2 Surging Caleulations

Surging was calculated using the'specifications given in Fig. 7-11.
The reservolr water level used is high water level at full load

rejection and low water level at half-load demand.

Fig. 7-11  Surge Tank

HW.L. ¢ 1448.00

_LWL. g 1436.00

5.20

7400.51




1) Fundamental Equation

QESZ"S .!Vl.V"K

aT L/g

_.d_z_:Q'“f-V
dc ¥

"’fs -|Q|.o Q

=

z: surge tank water level (reservoir water level 0 with

downward direction as positive
v: flow veloc;ty in headrace tunnelg(m/sec)
f: croés;sectional-area of headrace tumnel (mz)
L: Jlength of headrace tunnel {m)
F: cross—sectional area of surge tank (mz)
£ headracé tunnel head loss coefficient
Q: .floﬁ at surge tank base (m3/sec)
K:. orifice resistance
¢: orifice loss coefficlent
2) TFundamental Values
Headrace tunnel
£ = 21.24 %, L = 7,400.51 m
Surge tank

F; = 50,26 n? (D = 8.00 m)
Fy = 254.47 n? (D = 18.00 o)



3)

Orifice Loss Coefficient

At inflow 0.9
At outflow 0.5

At load Rejection

Closing time Tl = 6 sec, Q.= 70 m3]égc7~%> 0
Riservoir water level 1,448.00 m

At half-load deﬁand.

Opening time T1 = 3 sec, Q_= 35 m3/sec —= ?0_m3/sec
Reservoir water level 1,436.,00 m .

Headrace head loss coefficient £ down = 1,171355
Results of Calculationg

Numerical calculations were made by  the Runge-Kutta numerical
integration method at 0.5-sec intervals using an IBM/S370-HM155

electronlic computier. The results are as shown in Fig. 7-12.
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7.5 Penstock.

7.5.1

Selection of Penstock Route

The penstock route is to:be.decided1on.together with the powérhouse
location, Taking into consideration the extremely rugged topography
at this site, the two_routes,_&_Casés'shown in Fig.:7~l3 aré con-

ceivable as economical routes where the geological conditions are

such that there are no faults or risk of 81opes_eicavgtiohs for

structurés_éollapsing, while maintenance and administration will be

easy,

On comparison studies of the two rouﬁes, four cases, Route T, Case
1 18 the most economical as shown in Tables 7.9. This case has the

following'advantages compared with the others:

(1) At -present, aﬁ access road akisté to the powerhouse site
for the purpose of investigatiqh works, .and the geologicél
conditions have been thoroughly g:aépeﬁ through obser—
vations of slopes at excavations and resulte of _boriﬁg
works, and there are ne factors for problems to’ Arise

during comstruction or in maintenance and administration.

(ii) Maintenance and administration will be easy because of the

existence of this access road.
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7+5.2 Determination of Inside Diameter of Panstock

7.5.3

The inside diameter of the penstock was selected so that the sum of

the annual cost for the construction cost per unit length according

to inside diameter and the annual electricity revenue loss due to

head loss accordihg to inside dismeter would be a minimum

As the condition for determining the inside diameter, calculations

‘were made with the centroidal distance considering bifurcation

converted to elevation'of 1,250.00 m as the reference cross section.
As a result of the calculations, D = 3.60 m was found to be the most
economical as shown in Fig. 714, With this D=3,60m as the
basis, the diameter is to be gradually reduced in the direction of
the powerhouse to'iﬁside diameter of D = 2.10 m at the connections
with casings, while in the direction of the surge tank, it is to be
gradually enlarged to the inside diameter of the headrace tumnel of
D = 5.20 m.

Bifurcation Location of Penstock and Steel Used

The location of bifurcation of the penstock would be most economical
if it were to be immediately upstream of the powerhouse when con—
siderations are given inéiudiﬂg'civil works construction cost, and
the method of bifurcation.is to be Escher wyss type to minimize head

loss as much as possible. The steel used is to be SM-58 class.

7 ~-61
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7.5.4 Calculation of Water Hammer

1)

2)

3)

Qutline

The penstock is to be 1n the form of one line from the base of
the surge tank to immediately upstream of the powerhouse, partly
embedded in a tunnel and partly as a surface penstock, bifur-—

cated, and connected to turbines.

Calculation Method

' r—’——-l - Outlet
Intoke . Headrace tunne}_\ Penstock / Tuine

(Reservoir} ! i)
Surge Tonk

Qutlet
Turbine

The variations in pressure and quantity of flow occurring in the
waterway system shown in the above diagram when the degree of
opening of turbine guide vanes are changed are discussed in the

following clause,

The fundamental equatlon is obtalned by successive approximation
at intervals of 0.0l sec. The degree of opening of guide vanes
1s assumed to vary linearly, with head loss produced con-
centrated at the end of the conduit assumed and calculated based
on actual condult lepngth., The value computed is also to include

the influenrce of surging.

Fundamental Equation

The fundamental equation for calculation of pressure waves in a
simple condult waterway as shown in the above dlagram 1s as

given below.



AL (E) + S.0A, () = Hyh (D) + .08, (t-2)
where, | |
Hy ()« pfessure at point A at ﬁime t
Qa,(t): flow quantity at point A at time t

HB,(t-E): pressure at point B at time t»%

QB,(t-g): flow quantity at point B at time t—%

 §: constant = g?A

a: . propagation velocity of pressure wave ‘in conduit
g: acceleration of gravity

A: crogs—sectional area of conduit

L: length of conduit

4) Boundary Condition
(i} Boundary Condition at Closing Device

When performing linear-closing at the closing device, in
effect, the gulde vane, the following boundary condition
will hold ture.

0un(6) = (1 =5 L \f1a(e) - tg,(0)
where,

t: any time within closing time of closing device
(0g¢tgm

T: closing time of clasging device



s QD =—

Turbine

(i1) Boundary Condition at Bifurcation

In bifurcation, the pressures of the three conduits are to
be. equal at point A, and the flows are to be continuous.
That is, the boundary conditiom is to be that the following
will be valid:

QD,t=Q@,t +qQ,t
{(i11) Boundary Condition at Intake (Reservoir)

The following boundary condition will be valid at the
intake: ‘

Haa(t) = Hy,0
5) Fundamental Values
The values used in calculations are as follows:
(1) Headrace Tunnel

Length - 7,400.51 m
Cross—sectional area - 21.24 w? {D = 5.20 m)



(11)

(1i1)

{(iv)

(v)

(vi)

Surge Tank

Upper chamber bed elevation EL. 1,455,000 m _
Upper chamber cross-sectional — 254.47 m2 (D = 18.00 m)
area S

Vertical Shaft cross-sectional 50.26 @2 (D = §.00 m)
area :

Vertical shaft cross—sec;ional 50,26 m? (D= 8,00 m)
area -

Vertical shaft base elevation EL. 1,397.59 m

Penstock
Surge tank - bifurcation - 525.23 o
Bifurcation ~ Turbine No. 1 52.02 m
Bifurcation - Turbine No, 2 52,02 m

C:oss—sectional area (eduivhlent,cross—sectional area)

Surge tank - bifdrcatioﬁ_. ' 11.783 m? (3.86 m)
Bifurcation - Turbine No. 1 3.723 m (2.18 m)
Bifurcation - Turbine No. 2 3,723 w2 (2.18 m)
Tallrace
Length o 16.22 m
Cross-sectional area _ 5,11 mz
Turbine
Maximum discharge 35.0 ﬁ3/sec x 2 = 70 m3/sec
Number of units 2 _
Center elevation ¥Le 1,143.00 m
Closing time 6.0 sec
Pressure Propagation Velocity 1,000 m/sec

6) Calculation Results

Calculations were made for 0.,0l-see intervals using an electro-

nic computer. The results of calculations are as shown in Fig.

7'"15-



The maximum value of water hammer shown as a ratio to hydrosta~-

tic pressure is as follows:

117.47

305,00 ~ 0+385

Hp,(5.74)/H,,(0) =
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7.5.5 Strength Calculations of Penstock

1) Outline

:2)

The penstock is to be of welded steel plate, patrtially embedded

and partially surface, and is to bg designed to have ample

strength against internal and external bressures.

The design'internal'pressure is to be éomputed based on the sum

of hydrostatic pressure and pressure rise due to water hammer

and surging. The design external pressure 1s to be taken as

4.0 kg/cm2 at the embedded portion.

Study on Internal Pressure.

(1)

(11)

Design Heads and Major Points

Preésure rises from water-hammer action and surging, based
on 7.5.4, "Calculation of Water Hammer," are to be approxi-
mately 40 percent of turbine center hydrostatic pressure,
approximately 37 percent at the bifurcation, and approxima-
te1§ 7 percent'at the base of the surge tank. Pressures at

intermedlate points are considered to vary linearly.
Calculation of Pipe Thickness

The pipe thickness 1s to be calculated by the equation

below,

Tunnel Portion

J’EPD(I -A) . - Ppdd —'/L)M5
2(t -&)y 26,y
Surface Portion
I i TS ;S
2(t -&)y 26,7

where,
§: Clrcumferential stress of steel pipe (kg/cmz)

P: acting internal pressure (kg/cm?)



(iit)

inside diameter.of pipe (cm) -

pressure shared by bedrock (to be 20%)

pipe thickness (cm)

cofroéion allowance (= 0;15 gm)_

_lqﬁgitudial di:ection "welding  -efficiency

(= 0.95)

allowable stress of steel pipe (SM 58 fa =
2,400 kg/cml)

The minlmum plate thickness is calculated by the follbﬁing

equation:

t =

D + 800

igo (mm)

Calculation Resuits

The deéign'head of the peﬁStock and pipe shell thickness

are shown. in Fig. 7-16.
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3) Study on External Pressure
(1) Calculation Principle

Whether or not stiffeners are necessary against design
external pressure shown in the diagram is calculéted, and
when stiffeners are required, calculations are to be made

for the stiffeners assumedQ

Surge tank

RO diliilililii
® @ ®

Bifurcotion :
Power house

I

4ug/cm?

T « ovent
® ©® ©

(i1) Critical Buckling stress 1in Case of No Stiffener
Calculations are made by E, Amstutz's equation.

Uﬁ m2 0N 1.5
o4 O+ 2 SR
= 3.36 —5——<L .- %’3.6»—#—]?*,5”*6“)
S

where,



Ko: - gap between concrete and outer surface of pipe
, Do
cm 5,2 % (EF + t +E)/10,000 (cm)

Do+ kt +&

rm: 5 (cm)

"dﬁi:' circumferential-direction stress of pipe shell
plate at part where deformation occurred (kg/em?)

koo Es

Yy

t: pipe shell thickness
7 LY i S
1 -V +p2
Y : poisson's ratio (= 0.3)
1

mr 1.5 - 0.5 % Fs .,
(; + 0.002.57)

6F: yield point stress of material = 4,600 kg/cm2

The results of calculations according to the above are as

givén‘in-the Table below.

External |EXternal | Critical
Sto. | Diameter | Thickness | Pressure \PIS | B9 stitteners | Note
cm cm kg/cm® [gqactor 1.5) | kg/em? :
()| 450 | 1.4 | 4.0 6. 0 4.6 | Yes
@) | 450 | 1.4 | a0 | 6.0 | 4.6 "
G | 330 | 1.8 [ 4.0 | 6.0 [15.2] No
@ | 318 1.9 a.0 | 6.0 [20.6 “
@ 2301 1.6 | 4.0 | 6.0 | 24.5 y
) | 210 | 1.5 4.0 | 6.0 |e25.7 "




C(111) Critical Bu

111-1) Critleal

ckling Stress in Case of Necessity fer_Stiffener

_Buckling Stress of Pipe Shell Proper

(s. Timoshenko's Equation)
(1 -Vs?)r,'Pg - 1 —1)3 t2
Es.t (nl - DO + n2£2) 2r,'2
: 7»——2r02
N 202 -1 -V a
(2 - 1) + = |
* { 1+ nf Z }
where,
PK: critical buckling stress (kg/cmz)
‘Es: modulus of elasticity (2.1 x 105 xg/em?)
Vs: Polsson's ratio (0.3)
te pipe thickness (cm)
e nhmﬁer of wrinkles
ro't radius to outer surface of pipe {cm)
£+ interval between stiffeners

1i1-2) Critical

(Ea Amgt\.\_

Ko Gbr

rm

Buckling Strength of Stiffener
tz's Equation)

rm2 6hr) o5
12 Es

0hr
T Es

)(1

rm 6% 5@5

(1~ 1/4. B

)

critical buckling stress of stiffemed portiom
(kg/em?)

.yield point stress of material
(4,600 kg/em?)



Effective

gap between concrete and outer surface of pilpe
Do '
= 5,2 (—é-u + t +£)/10,000 cm

elastic modulus of steel (2.1 x 106 kg/cn?)

Do + ¢t +&

= (cm)

rotation radius of synthesized cross section of

stiffener {cm)

distance from centroild of synthesized cross
section of stiffener to inner surface of pipe

(cm)
Width of pipe Shell Plate

1.56 yTm.t + b

ef fective width of pipe shell plate (cm)
pipe radius (cm)
pipe shell thickness {cm)

thickness of stiffener web {(cm)

Average Compressive Stress of Stiffener

bc =
vhere,
Po:

S0:

Po.ro.bo

converted external pressure

cross—-gectional area of stiffener (= b(t+h))



111~3) “Calculation Results
The results of caltulétions are as shown below.

‘stiffeners will be réquired'betwéen measurement points (D
and (@) and 1f. stiffeners of the kind illustrated below are
used at every 2.00 ﬁ, the eritical buckling strength wiil
be Py = 7.6l kg/cm? for the pipe shell proper, and ffer =
3,728.50 kg/em? for the stiffenmer. Hence, fer/fc = 4.55

b=l
—re}
T .
o ©
@ h (_2
i 15
k-
hd -
- - n
-
?
E
N D be . ((:j
]
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7.6 Powerhouse

it is:necessé;y for é powerhouse location, the type ofrtﬁrbine to be
installed theré, and the number of turbings tq.be deci&ed on not con-
sidering the powerhouse alone,; but éxamining it as an overall structure
including the waterway system consisting of the penstock and part

downstream, access road, outdeor switchyard, etc.

Here, the two routés,'fou? cases, as described in 7.5.1, "“Selection of

Penstock Route,” are conceivable according to an overall judgment based
on the results of field investigations, whether the topographical con-

ditions are good or bad, and including maintenance and administrationm.

The results of economic comparisons of the individual cases are as
shown in Table 7-9, with the Plan Route I , Case 1 being the most eco-
nomlical. The specifications, advantages and disadvantages of each case

are described below.
i) . Plan Route 1 , Case 1
1-1) Penstock .

Branching according to the number of turbines would be as shown
in Figs. 7-17, 7-18, 7-19, with comparison as shown in Table
7-10.

i-2) Powerhouse

The comparisouns according to types of turbines and numbers of

units are as shown in Table 7-11.
i-3) Overall Penstock and Powerhouse Comparison

'The overall comparison includihg penstock and powerhouse i1is as

Vgiven below.

1 As shown in Table 7-10 and 7-11, the most economical turbine
‘type and number of turbine units would be Francis type and

two units.

2 The complexities of branching the penstock would be
simplified most with a 2~unit scheme, and the tunnel portion

would also be shorter.



ii)

11~1) -

11-2)

ii-3)

3 If Pelton~type turbines wére to_'be adopted it “would be’
necesgary for the distribution panel room, cable handling
'room, ete. to be provided 3 a building separate from the

main powerhouse building.

4 The héad “logs with -the Pelton turbine. 2-unit scheme {s
approximately I.IO.m (H = 8.80 - 6.30 ~'l;40)'less than with'
the Fraancis turhiue 2-unit  schems, which corresponds to

:approximately 700 kw when converted a power generation.
"However, with two Pelton turbines, ‘the weights would exceed
the transportation 1imits, nd thus this scheme cannot be

very well adopted

Plan Route I",Hcase_2 

Penstock

Branching accbrding to the number of turbines would be as shown
in Fig. 7-20, 7-21, 7-22, with comparison as shown in Table 7-12
to 7—'161

Powerhouse and Appurtenant Structures

The conparisons according to types of turblnes and numbers of

units are as shown in Tables 7-13-1 to 7-13-4.
Overall Penstock and Powerhouse Comparison
The overall comparison for this case is as given below.

1 When economic comparisons are made for the penstock and
powerhouse independently they would cost lesa than in Case 1,
but when an overall couparison is made adding appurtenant
structures such as the tallrace tuﬁnel, eqﬁipment delivery

tunnel, etec., Case 1 would be more economical,

2 To take geological conditions into consideration, it is
thought the underground powerhouse site has numerous cracks
and it is necessary for the rock around the powefhouse to be

reinforced.



111} 7Plan Route II, Case 3

iii-1)

iit-2)

Penstock and Powerhouse

Branching according to types of turbines and numbers of units are
as shown in Figs. 7-17 to 7-19 with comparisons as shown in Table
7-14 to 7-15.

Overall Penstock and Powerhouse Comparison’
The overall comparison of this case 1s as given below.

} When the topography and geology are considered, the amount of
excavation at the powerhouse site will be especially large

"and this will not be more economical than Case 1.

2 The most economical scheme for this case would be for two
Francis turbines. Compared with Case 1, the effective head
would increase approximately 10 m. This corresponds to 3.6
percent im terms of output. However, the cbﬁétrucﬁibn.cost
would bé increased 18.4 percent, and Case 1 would be more

economical.

iv} Plan Route 1II , Case &

iv—-1)

iv=2) .

Penstock and Powerhouse

Branching according to types of turbines and numbers of units are
as shown in Figs. 7-20 to 7-22 with comparison as shown In Table
7-16 to 7-17.

Overall Penstock and Powerhouse Comparison
The overall comparison of this case 1s as below.

In this cése, the séheme for two Francils turbines would be advan-—

tageous, but as with Case 2, Case 1 is'the most economical.



Fig. 7-17 Plan of Powerhouse Area of Francis Turbine Type
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Fig. 7-18  Plan of Powerhouse Area of Pelton Turbine Type
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Fig. 7--19 - Longitudinal Section of Each Turbine
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Fig. 7--20 Plan of Powerhousé Area of Francis Turbine Type
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Fig. 7—21 Plan of Powerhouse Area of Pelton Turhine Type
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Fig. 7-22 Longitudinal Section of Each Turhine
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