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BASIC DESIGN AND PROJECT COST

~ Major dimensions of important structures, which govorn project
~cost largely, are designed to estimate work quantity and project cost
roughly. - “In this  section, type of structure, its function, design
criteria, calculation method and so on are discussed.

2. BASIC DESIGN
2.1 STORAGE DAM
| (.1)‘ General
" The foIldWing. three dam types are proposed.

1) Center core rock fill dam
ii) Earth fill dam _
iit} Concrete gravity dam

" The  adoption of the dam types shall be judged considering
mainly geology, topography and dam material, of which information
is tabulated in Table 1. It is said generally that concrete dam is
economically advantageous at a narrow valley, namely at the vally of
‘which valley regime coefficient (= valley width/valley depth) is
small. Steep slope can not accept impervious core because cracks
‘will develop due to unsettlement. Fill type dam is adopted basically
at each dam site, but concrete dam type is designed at a narrow or
steep valley for the sake of the above principle.

.. At. the site location of Agbulu, Upper Agos-2 and Wawa,
concrete . gravity dam is planned. Earth fill dam is recommended at
Bantay site because quarry site is not found near the dam site. Rock
fill dam type is designed at the other remaining dam sites, as shown

in Table 1.

(2} Dam Section



Fili dam slope is to be demgned depemng upon seismlc mtensny,
phisical property of embankment material, river deposit depth and
so on. In this study, the following basic crltena is adopted.

Dam Quarry rock Upstream - Downstream -
Type C_mx_ﬁsz.amn_ Sl.Q_nﬁ____.____ Slone .

Rock fiil dam

s ' Excellent - 1 2.5 20

. Good - 1:29 1._2.1

Earth fill dam . 1:39 - 1':27

Concrete gravity “dam slope depends upon seismic intensity,
foundation rock strength and dam height. The following - basic
criteria is adopted. R :

Upstream Downstream

Dam height Slope ' Slope
Less than 60 m 1:02 {:0.8

More than 100 m 1:08° -~ -~ 1:0.386

Assumed dam foundation excavation dépth is tabulated in 'I‘z_ibl_e
2. Dam height design method is discussed in “Spillway" section.

2.2 RIVER DIVERSION
(1) General

River flow shall divert during dam. construction period by
means of diversion tunnel and coffer dam. Even though open channel
is ome of ways to divert river flow especially for concrete dam,
diversion tunnel is adopted for this study. Flood damage risk is far
bigger against fill dam than against concrete dam, - Therefore, the
following design flood which are commonly applied is- employed- for
river diversion work. - Lo

Dam type Design flood .

Fill dam - 25-year flood
Concrete dam 2-year flood

Peak inflow discharge at every site is listed in Table 7.



~ (2) Dimension of Diversion Facility

‘The smaller the capacity of diversion tunnel is, the higher coffer
~dam is required to divert design flood, and vice versa. Therefore,
economical optimization to design tunnel diameter, tunnel nos. and
coffer dam height is studied hereunder, of which study flow is
explained.

i) Tunnel maximum and minimum diameter is assumed
geologically as follows.

. Geolggical Class _~ Max. Diameter Min, Diameter

| ,.-Exc'eile'nt . 10 m 2 m
Good N 8 m - 2 m

Acceptable 6 m 2 m

ii) Floo‘c'l routing study is made to examine flood water level
depending upon the capacity of the tunnel. Tunnel capacity is
computed by the following formula.

H=( I+f, ) x V2/(Zx g) + h -
Where, H: Water level in the reservoir (m)
fo: Entrance head loss = 0.2
h: Flow depth in tunnel (m)
V: Flow velocity (m/sec)

Reservoir water level (Flood routing) is computed by the
following formula.
AS = (Al - AQ) x At
where, AS : Storage accumulated during At (m3)
A1 : Average rate of inflow during At (m3/hr)
AO : Average rate of outflow during At (m3/hr)
At : Interval of time (hr)
Computation result is listed in Table 3, and figured out in Fig. 1.

iii) Tunnel unit cost per linear meter depending on diameter is
listed in Table 4, and tunnel cost is tabulated in Table 5.

iv) Coffer dam cost depending updn dam heigh_t is computed in
Table 6. Free board above the flood water level is set up at Im,



Those costs of tunnel cost and coffer dam cost are figured out in Fig.
1. S

V) Refermg to Flg 1 optimum dimension' is'de'sign'ed by th’e’
following criteria.
-Total cost of tunnel cost and “coffer- dam cost shall be
minimum. ' -
-Maximum coffer dam height shall be 30 m.
-Flow velocity shall be less than 15 m’/s‘ec."

When design flood dlscharge is far bxg, the above crlterxa cannot
be satisfied. In that case, tunnel diameter is enlarged exceedmg the
maximum diameter which is geologlcally -recommended.
Conclusively, diversion work dimension is tabulated m Table 7,

2.3 SPILLWAY
(1) General

Spillway shall spill out design flood safely after dam completion.
Spillway capacity corelates with main dam height. In other words,
the smaller the capacity of spillway is, the higher main dam is
required, and vice versa. The same deszgn concept thh ‘that of
diversion facility can be applied..

(2) Spillway Dimension

i) In order to examine economical comparison, weir dimensions
are varied. Three cases of weir elevation and three cases of weir
width are changed. Maximum height of gate is set up at 18 m-for fill
dam and 12 m for concrete dam. Maximum elevation of weir is
coincided with FSL, that is non-gated weir. Totally, flood routing
study is made on nine cases for a scheme, of which result “is
tabulated in Table 8 Spillway discharge capacity is calculated by the
following equation. . ' : S -

Q=CxBxHL5

Where, ~ C: Coefficient of dlscharge =20
B: Width of weir (m) o
H: Overflow depth (m)

ii) After computing flood water level of reservoir, dam cost ‘and.
spillway cost are calculated. Dam height is based on the following
criteria. - '



SRR Gated Weir Non-gated Weir
Fill dam

1.2 x 200-year flood FWL +3.0m FWL + 25 m
PMF flood FWL +15m FWL + 1.0 m
Concrete dam

"200~year flood FWL + 20 m FWL + 15 m
PMEF flood FWL + 0.5 m FWL

Where,: FWL: Flood Water Level (m)
PME: Probable Maximum Flood

Dam cost is 'cdmput“ed by applying the same design _cfiteria of
the first screenig. Spillway cost is calculated based upon the design
criteria of the second screening.

iii). Calculated dam cost and spillway cost for nine cases are
listed in Table 9, and FWL and costs are plotted in Fig. 2. The figure
tells the optimum spillway dimension and dam height so as to
minimize the total cost. Those dimensions are summarized in Table
10, and flood routing results are figured out in Fig. 3.

iv) Regarding enegy. dissipator, sky jump type with plung pool is
assumed for the above economical comparison study. When valley is
too narrow to accept the type, sub-dam type is adopted as a final
second screening design. . As well, sub- dam type dissipator is
equipped to concrete dam.

2.4 RIVER INTAKE WEIR -
(1) General

' Gated intake weir and non-gated intake weir are designed. The
gated weir is proposed at the main intake where water storage in
pondage is required. The non-gated weir is adopted to the entrance
of water transfer tunnel where water storage in pondage is not
required.

_(2) _ Dim_e'nsion

i) Cated Weir | -
* “Elevation of weir, namely bottom of gate sill, is set up at 1 m

a§0be river bed. Top elevation of gate coincides with FSIT. FWL %s
aSSuniéd at 3 m above FSL. - Gates are sluice type. Elevation of weir



of two gates near intake structure is lowered at. 1 m for the sake  of
desilting purpose. Stilling ‘basin's length is calculated by applymg the
following Pligh's equation (Ref. to Table 17 (6) ) - '
L =0.6xCxHO35 '
Where, C: Creep length coefflclent 12 (Coase sand)
H: Water depth (m) :
Weir width 9hall be 1dent1cal w1th river wzdth

ii) Non-gated Welr- : - ~ '
Elevation of overflow weir is to be coincided with MOL
(Minimum Operating Level) calculated by the followmg equatxon
' MOL = RL + 1.0 + (Q/2)05 _ :
Where, RL: River bed elevation (m) 7
Q: Maximum plant discharge (m3/sec)
Design criteria of gated weir ‘is applicable for non-gated weir.

2.5 INTAKE STRUCTURE

~ Intake structure shall be constructed at the entrance of
headrace waterway with a view to introducing water smoothly into’
waterway, where gate and trash rack are installed. The structure is
divided into two types such as pressure type and non-pressure type

Pressure type intake  structure is apphcd for storage dam typc
projects. It is located below FSL with clearance of two times of
headrace tunnel diameter. Non-pressure type intake structure is
applied for run-of-river type projects. The sill elevation is set-up at 1
m above river bed. The intake shall be as close as possible to intake
weir for desilting purpose

Dimensions are calculated to have 0.5 m/sec velocny with
rectangular section.

2.6 HEADRACE WATERWAY
- (1) General

The waterway can be classified into three types such as i)
pressure tunnel, ii) non-pressure tunnel and iii) excavated open
channel. The first and second type are applied respectively for dam
reservoir scheme and run-of-river scheme. - The excavated open
channel is designed for run-of-river scheme if it is judged economical
because of flat topography along the waterway alignment, " The



- waterway alignmgnt is designed on topographical maps scaled at 1 :
10,000, considering topography or neighbouring structures.

(2) Dimension

The following design criteria is established. .
i) Maximum and minimum tunnel diameter is assumed as

follows.
- Geological Class Max. Diameter Min, Diameter
Excellent - 10m 2m
Good 8 m 2m

. Acceptable 6 m 2m

_ ii) ‘Tunnel diameter and lining thickness is compﬁted by. the
- following formulae.

‘Tunnel Type Diameter Lining _Thickness
Pressure tunnel D=2*(n*Q*22/3/pai/10.5)3/8 0.75-0.5/(D/2)0.5 -
o D=1.07%Q0.375 :
Non-pres. tunnel D=2%*(n*Q*2.2462/10.5)318 0.6 -0.4/(D/2)0.5

© D=1,09%Q0.375

Where, n: Manning's roughness coefficient = 0.014
Q: Discharge quantity {m3/sec)
I: Hydraulic gradient, being assumed at
I=1/700 for pressure tunnel and I=1/1,000
for non-pressure tunnel

‘When the computed diameter exceeds the above established
maximum diameter, plural tonnels are to be designed.

iii} Open channel dimension is computed by the following
formulae: _
B=0.828 x h
H=h + 0.3
“W=B+2xH
Q=429 x h x B33
Where, B: Bottom width of channel
‘ W: Top width of channel
H: Channel depth
h: Flow depth



Open channel has 35 cm tluck concrete lmed trapezoxdal secnon
with side walls sloped at 1 : 1. Channel axis gradient is assumed at 1
: 1,000, Headrace tunnel diameter and length are listed ‘in Table 11.

2.7 SURGE TANK
(1) General

Surge tank s constructed at the conncctmn pomt ’oetween the
pressure tunnel and penstock, when the headrace tunnel is relatively
long, in order to protect the tunnel from pressure rise caused by
sudden discontinue of generator operation at the time of accident.
As well, it functions to supply water at the time of startmg generator

operation.

There are several surge tank types such as snnple surge tank,
differential “surgetank, ristricted oriffice surge tank and chamber
surge tank. The selection of the .types, scheme by scheme, is out of
this study scope and it does not change prolect cost largely Simple
surge tank is employed for all schemes. :

(2) Dimension

Surge tank dimensions such. as surgmg depth tank helght and
tank diameter are designed by formulae listed in Table 12.
Calculated dimensions are tabulated in Table 11 (2). The concrete
lining thickness of the tank is assumed by the following equatlon

t=1.2-0.8/D0.5
Where, 1t Lining thickness (m)
D: Surge tank diameter (m)

2.8 HEAD TANK
(1) Generai
Open air head tank is provided at the end of free ﬂow headrace -

or open channel. It has overflow weir to spill out surged water. It

has the same function with the surge tank.

(2) Dimension



“Dimension - of the tank is not designed -hercby, but the work

quantity is - estlmated by applying experiential formulae as listed in
Table 12 (7). = Diameter of . splllway conduit is estlmated by the
following equatxon _

D=(Qy/5.05)0:5 - -
| “Where, D Dlamcter of condult (m)
o - Qp Maximum discharge (m3/sec)

2.9 PENSTOCK
(1) General
Penstock is pressure steel pipe which introduces water from
intake -structure . or water tank to turbine. There are three types for

penstock which are i) inclined pressure tunnel, ii}) open air steel
conduxt and 111) penstock embedded in concrete dam.

Open air type penstock is adopted because of low construction
cost, as far as topographical terrain along penstock line allows it.
When surge tank height is big, inclined tunnel penstock is employed
because higher surge tank is beiter to be embedded in a mountain in
stead of open air surge tank.

(2} Dimension
Maximum and minimum diameter are assumed as follows;

Pressure QOpen air Penstock in

_Tunnel ___ Penstock _ Concrete dam

Max. diameter

-Geologxcal class A 10 m 10 m 8 m
Geological class B 8 m 10 m 8m
Geological class C 6 m 10 m g8 m

" Min. diameter 1.8 m ‘-

~ Diameter of penstock is computed by the equation tabulated in
Table 13. When the computed diameter exceeds the above
established maximum diameter, plural penstock lines are designed.
Penstock line nos., which are connected to headrace tunnel, are
identical to the tunnel nos. Concerning the penstock embeded in
concrete dam, penstock line nos, are identical to generator unit nos.



Penstock length is measured on the profile of waterway - in Géheral
Layout Drawmg of Append:x B D1men<;10ns of - penstock ' are -
summarized in Table 11. L ' .

Thickness of steel conduit is discussed hereunder, as: referred . to
Table 12. Pressure rise is calculated by Allievi's: equation and design
water head is assumed. After computing minimum thickness of steel
conduit, the length of Ly at which the minimum thickness resists =
design head is examined. Thickness of lower part of L, is designed to

resist average design head along Lj.

2.10 ECONOMICAL COM}’ARISON WITPI/WITHOUT WATER TAN K

Short: lcngth waterway without surge tank or head tank ‘has
economical - advantage. Economical -comparison is. made to -examine
whether water tank is to be designed ‘or -not. - Typical waterway
profile is illustrated in Fig. 4. For this economical comparison,
structures such 'as headrace tunnel, surge tank and penstock - are
designed on a basis upon the applicable design criteria stated above.
Cost differences. between "with water tank" and "without water tank"
are listed in Table 14 and figured out in Fig. 3. :

Dependmg upon this calculatlon results the foI}.owings are

concluded.

i) Head tank is to be equipped with run-of-river - type prolects,
because all of headrace tunnels are longer than the
boundary length of about 400 m. :

ii) Surgetank is to be equipped with most of reservoir type
project except concrete dam because of economical
advantage.

iii) Surge tank is not to’ be equlpped to the followmg schemes
because waterway length is small. :

Waterway Drwg.i-'l;io; '

Length in_Appendix B
BANTAY L=385 m 51 '

KANAN _L=300m o 67
2.11 POWER HOUSE

(1) General
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Power house is equipped with i) machine room where turbine,
generator, crane and so on are installed, i) errection bay, iii) cubicle
room, iv) control room, v) office, and so on. There are open air type

power. house and under ground type power house, but the latter one
is not adopted for this study.

(2) Dimension .

Power house dimension is designed to accomodate the above
space by applying experiential equations as listed in Table 15.
Generator and- turbine casing dimensions govern the size of power
house, which are designed as shown in the said Table. Calculated
power house dimensions are summarized in Table 16.

212 TAILRACE
‘(1) G_ene.ral :

- Tailrace discharges water to a river after generating electric |
power. The following four tailrace types are considered.
i) .Pressure. tunnel type (Especially for under ground power
house)
ii) Non-pressure tunnel type
iii) Cut-and-cover type
iv) Open air channel type

Tallrace typus except iv) are apphcable to a relatively long
tailrace. In this report, open air type power house are totally
designed beside a river. Therefore, open air channel tairace is

employed for all scheme because of the low cost.
(2) Dirﬁénsion

Headrace: tunnel .design criteria is applicable for tunnel type and

cut-and-cover type tailrace.
Width of open air channel is computed;
“W=Generator interval (m) x Generator unit nos.
Where, W Width of open air channel (m)

Depth of the channel is computed to have 0.5 m/sec velocity,

-1



2.13 WATER TRANSEFER FAC}LITY .

When- it is Judged benefmlal to transfer river water . from‘
another basin to the studied prOJect or to: connect nelghbored
reservoirs, the captioned facility is designed. : :

It is composed of the following structures.

i) Sub-dam or river intake weir - ;

ii) Connecting or transfer waterway (Tunnei Or open channel)

iii) Intake structure :

Those structures can be demgned by applymg the foregomg
design criteria. _

2.14 AFTERBAY WEIR

When the downstream river water level fluctuates largely due
to power plant operation and it gives an adverse effect to -the
downstream maintenance or water demand, afterbay weir is
required to regulate river flow. Because its examination'is out of
hydro power potential study scope, afterbay weir is not designed
herein. The design criteria of river intake is appllcable for this
structure, if necessary to design. :

2.15 MISCELLANEOUS CIVIL WORKS

This item covers preparatory work, spoil bank, lighting Systeﬁi :
and other miscellaneous works, which can not be listed as an
independent item. : R -

2.16 POWER EQUIPMENT
(1) Number of Units

The number of units is designed by the following criteria.

i) Two units are installed at least because of rehabie power
supply.

it) Maximum unit capacity is hmlted at 100 M‘W wuh a view to
meeting with relatively "small Luzon power grid. '

iii) Maximum unit number is set up at 4 to have optimum

“economical scale.
iv) The ratio of maximum dlschargc to firm dlscharge is 4 to

avoid cavitation damage or low output efficiency.
v) One unit capacity is satisfied the following equation, in order

1-12



‘tolimit : the maxlmum pakage Welght at 50 ton.
- P/HO-S5<=34 x H + 5,700
Where P: One unit capacity (kw)
: % “H: Effective head (m)
Vl) Umt number harmonizes with penstock number.

(2) Type of Turbme

~Three types of turbme, that is, i) Kaplan, ii) Francis and iii)
Pelton are proposed. Its selection is made depending upon effective
head and  unit capacity of tunbine to obtain optimum output
efficiency, as shown in Fig. 6.

- (3): Output Efficiency

| QOutput eff1c:1ency of turbine and generator changes depending
upon water head, discharge and rated speed. The average efficiency
is assumed at 0.87 for turbine and 0.96 for generator to calculate
power output : :

2.17 ACCESS ROAD -

Access road is connected between the existing paved road and a
project site ‘for utilization of project construction and project
maintenance. - The -road length is measured on maps scaled at
1:250,000 issued by the Ministry of Public Works and Highways.

2.18 TRANSMISSION LINE AND SUBSTATION

- 'The design criteria of the first screening is applied to the second
screening study, such as transmission voltage, carrying capacity,  size
of conductor and so on. Transmission line from the proposed project
site is connected to the nearest existig or planned substation, which
meets with the generated power capacity. The transmission line
'length is assumed by multiplying the streight distance by 1.2, which
1s measured on maps scaled at 1:250,000.

3, WORK QUANTITY

3.1 GENERAL LAYOUT DRAWING

- General layput plan is prepared scheme by scheme in a
topographical map scaled at 1:10,000, which is expanded the existing
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topographical map scaled at -1:50,000: issued by BCGC. (Bureau -of Coat
& Geodetic Survey). In case of run-of-river: type scheme, an
emphasis is put on waterway tunnel alignment not .to cross a. valley.
Regardmg dam reservoir type, harmony of nelghbored structure
layout is stressed under consideration of site topography. . Structures
are dimensioned by the foregoing basic design. - The draWings are
enclosed in Appendix B. L Do

3.2 WORK QUANTITY = .

Formulae to estimate work quantity are listed in Table 17,
Dimensioned structures by basic design. give more precise . work
quantity., The other structures' work quantities are estimated by
experiential formulae. For example, re-bar weight or: gate weight are
estimated by applying standard unit re-bar quantity to  concrete
volume or standard gatec weight to gate size, respectively. : Many of
other items are followed with ‘the same manner. The estimate
formulae are converted into computer program, Input data for the
estimate formulae are exiracted from the said General Layout
Drawings. : :

3.3 CONSTRUCT TON UNIT PRICE

Unit prices on all work 1tems, whlch -are calculated in the
foregoing section, are listed in Table 18. They are estimated mainly
on a basis of standard unit price in ASEAN countries. - But,
aéjustmcnt is made to cope with locality in Philippine by referring to
unit prices of the past hydro power projects in Philippine or ‘to  unit
prices listed in Feasibility Study Report of similar projects in
Philippine. As shown in Table 18, some unit prices are variable
depending upon work quantity or structure dimension. :

3.4 PROJECT COST ESTIMATE

(1)Miscellaneous Works

Work items listed in Table 17 dont COVEr all the detaxled 1tems,
for example drain pipe, water stop, hand rail, electric - llghtmg,.
accessaries,——and so on. Therefore, 5% to each work item cost is
added. Moreover, other anc1llary costs, such as mobilization &
demobilization cost, care of river cost, insurerance cost, spoil bank
cost,----—-and so on, are to be considered. “Miscellaneous _Cost item is
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set up as-a major item in the cost list to include the said costs. They
are estimated at 5% to all civil works.

'(2_) C’ost" Adjustment

~Unit price or work quantity is adjusted depending upon prolect

site remoteness from an international port, remoteness from material
source, geological condition and topography. Those adjustment
‘multipliers are listed on Table 19.
- The mternatlonal ports ar¢ named below.

1) Manila Port

ii) - San Fernando Port (La Union Province)

- iii} Port Irene (Cagayan province)
Transportation distance is measured on maps from the nearest port
to the construction site along a main road.

f ('3) Project Cost
Project cost is estimated by multipling work quantity by unit

price and adjust mutiplier, and adding it to miscellaneous work cost.
Computed project cost is tabulated in Table 20.
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TABLE 4 DIVERSION TUNNEL- UNIT LENGTH .COST

Tunnel Dia_(m) o |k 5 .| .6 .3  ..‘ 16_“

1. Pressure Tunnel Sl ; _. . . . ﬁ::
. Qtty (m®/m) [5.0 [18.4 | 27.5 38 3| 64.8 [ 97.7
Excavation U/P ($/m?) | T2 “65 : 63 61 597 57

Cost ($/m ) [360 [1196 | 1733 | 2336 | 3823 | 5569

ety (w/m) [1.6 | 5.6 | 1.5 | 9.5 | 13.6 |17.7

Concrete U/P ($/m?) (110 97T | ok | 91 86 | 83
Cost ($/m ) |198 | sh43 .| 7TOS 865 | 1170 | 1hké69
Q'ty (ke/m) [108 | 335-] 453 | 572 | 816. | 1064
Re-bar u/p ($/xg) (1.1 1.1 1.1 | 1.1 1.1 | 1.1
' Cost ($/m ) 119 ' 369_ ko8 | 629 898 | 1170
Fill grout cost ($/m ) 62 96 | 113 130 : iGh, 198

Sub-total L | E 739 |220% | 3049 | 3960 | 6055 | 8ho§

2. Non-pressure Tunnel -

Q'ty (m?®/m) |4.8 |18.0 ] 27.2 | 38.1 | 65.0 | 08.7
Excavation u/p ($/m?) T2 65 63 61 59 57
Cost ($/m ) {346 j1170 | 171k | 2324 | 3835 | 5626

Q'ty (m®/m) |[1.h .61 6.2 7.9 | 11.3 | 1.7
Concrete u/p ($/m3) 110 97 9l 91 86 83
Cost (3/m ) |15k Lke 583 719 912 | 1220

o'ty (kg/m) | T 23 310 ho | sT | M
Re-bar u/p ($/kg)_ 1.1 1.1 1.1 1.1 1.1 ) 1.1

Cost {$/m ) 8 25 3k { Wk} 63 81
Fill grout cost ($/m ) | 62 96 113 130 164 198
Sub-total L2 . 570 | 1737 | obbb 3217 5034 | 7125

Total Cost (/1 + /2)Y/2 1655 {1971 | 2747 | 3589 | s55us _7766

Exev. U/P = 80 x Dia -0.15
_ . -0.18
Conc. U/P = 125 x Dia
Fill grout Cost = 17 x Dia + 28 _ .
Curtain grout cost = 16 x (Dam height) x T5 $/m = 1,200 x (Dam
height) $ ' -
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