o prevent backwater from the open channel when discharge 1 valves do not work due to some

tmubles The setﬂed water ﬂows into the transition channel passing over the weir.

Thc o'ansxt:on channel leads the water smoothly to the open channel The dtmenswn '

18 detenmned to fulﬁll tlus functlon

. The head tank is rnamly of a remforoed concrete structure. The head tank is located

. on the top of hill and excavatlon and backﬁll will be made for its construction. About 10m

in depth of excavatlon is reqmred at the maximum and a high groundwater pressure and

.~ uplift will act on the structure thhout dramage system since the water could not be drained
e naturally

In due eonsideration of the above condition, it is required that underdrain system is

: provided to dratn the groundwater due to rainfall. The underdrain system is designed

beneath the entire part of the. head tank. The system consists of three lanes of underdrain
made by perforated concrete pipes and sand and gravel surroundlng the pxpes and transverse
drain made by sand and gravel to connect the underdram transversely. Free draining
backfill with a thickness of 40 cm is also provided behind side wall. The water collected by

‘the system will be dramed through 300 mm in diameter concrete pipe into side dltch of the

penstock.

. Struettna,l analysis 1smade an_suming that the structure is rigid frame as described in

 the "Design Calculation Report”.

3 inlet portion ‘connecting from the penstock is composed ‘of embankment and
concrete gravnty wall The embankment slope with a gradient of 1: 1. 5 is protected by stone

| . pitching, where the penstock plpes encased by concrete pass through to the setthng basin.

Desngn drawmgs of the head tank is shown in Drawmg Nos.2-HT-001 to 2-HT-

OR Geheféir |

La Esperanza Poza Honda. Transbasm consists of Severino Pumping Station,

_-Sevenno Penstock Sevenno Head Tank Sevenno Open Channel and La Esperanza ~ Poza
" Honda Dwersxon Tunnel for water transbasin. Opumum scale of the open channel and the
' tunnel a_s well as their fo_rmauon level are interrelated to energy cost for pumping. It'is
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o therefore requued that a oomparatwe study is conducted talung the tmnsbasm famlmm mto R
' oonsnderauon as an mtcgrated system to deﬁne techmcal features of each facdny SRR ’

: Pumpmg lcvels at the pumpmg statxon and invert elcvat:on at the chvcrsnon tunncl S
outlet (Los Cuyuyes Outlet) atc set. out based on thc mtegmted reservmr operanon study and
i the antlmpated sed:ment lcvel in La Espcranza mservo;r etc ' :

__ Route of thc open channel and the dlverswn tunnel proposcd in thc feasﬂ):hty study. _; o
- (1s basmally apphcd for the comparatlve study A trapezoidal channel section with concrete - -

o .lmmg is also apphed to the open channel and a standard horse-shoe section is’ apphed to the

__d1vcrsxon tunnel in consideration of the geologxcal condmon and hydrauhc PTOSPcct as :
s PTDPOScd in the feasnbxhty study

. j-_Ba_si_c c0ndi_tic_‘ms_ fc_)'r me'comparatiife_jsmdy are shown below;

Waterlevel at ( Severin Pumpmg Stmmn SRR

HighWater Level HWL) ~~ :EL.660m
Minimum Operation Level (MOL) {EL.470m
_ Design waterlevel +EL. SSS‘m'P"__ . o _ .
Max. Transbasin Discharge : 16 m¥sec Lo ‘
~ OpenChannel ©: Trapezoidal section, side slopel 12 |
_‘DlverswnTunncl B "‘:"Standaxd2R horse-shoesectlon |

_ The following conﬂguratlon of open channcl and the tunncl are selccted for the
~ : alternative study, taking account of topograptuc__condxqons as welj as thc basic conditions. .

~ Configu- ~ Slope  Width Depth Configu- . ",S_lope,_._- - Section 2R - _
ration (m) {(m) ration . (m)

OP-1 12000 16 23 TNl 11,000 33
OP2 13000 16 25  TN2 1150 3.5
OP3  1/4000 19 26 TN3 12000 37

_ " To arrange and combme thc ldenuﬁed conﬁguratlons of thc opcn channel and the - .
'dlverswn tunnel the followmg nine (9) altemanves axe estabhshed as shown below R _ %

Cam
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“.ico Alternative - Combined Configuration
- o OP-1+TN-1

‘OP-1 + TN-2

OP-1 + TN-3

OP-2 + TN-1
OP-2+TN-2

OP-2 + TN-3

‘OP-3 + TN-1

'OP-3 + TN-2

OP-3 + TN-3

(S

Jo G awN

o Construcuon cost of the respective alternatwe is estlmated at basic des:gn level for
the purpose of the comparative study, based on rough construction quantities and the
estxmated unit pnce in the fcasnblhty study. The estlmated cost 1s presented as follows;

: Construction Cost ~~ Unit: US $ thousand

'Alt'emaﬁve : Open Channel _ Diversion Tunnel ____ Total
e g1e4 23068 - 31232
e 8164 - 25949 34,113 -

3 8,164 29011 37,175

4 ©9,027 23,068 32,095

ST T 9027 25949 34,976

6 9027 o - 29011 . 38,038

7. 9916 . 23068 . 3298

8 9916 - 25949 - - 35865

9 9916 29,011 38,927

_ The above cost is specifically for the pumping equipment, the open channel and the
_ diversion tunnel, The construction costs of civil works. for the pumping station, the
- penstock and the head tank could be regarded as common and are not needed to the present
.comparatlve study '

The annual electnclty charge is estlmated based on the recent regulatlon in Ecuador
for basic tanff of electnclty L :

. The opt_imtim conﬁgurati_oh will b.e'_'s'ele.cted among 9 alternatives on the basis of a
- least-cost criterion. Evaluation_ horizon is determined at 30 years and all costs are converted



mtotheprcsentworthatad:scountrateoflO%andsmm:mzedbelow

_ Annual EquivalentCost ___ Unit: USSthousand
Annual Eqmvalmt Annuall’mcrgy ' '

At Costfor - Cost  Towl

_construction s _ o
»;,'3150;_-: 563 8784
3441 5335 8715
Q._.";:,3749_ o 5185 . 8934
o 3237 0 5546 8783
358 s246 0 8714
03836 . 5097 .. . 8933

3327, - 5502 . 8829
R 3617 5,202 3'320
B 3,92’6- L 5,053:* SR '8,'979‘

.f'\n 0 AW AW R |

_ Thc altematlve 5 open channcl slope of ll3 000 (0P~2) and tunnel slopc of lll 500‘ :
(TN 2) is the least cost one, It lS, thcreforc, concluded that the conﬁgurat:on of the open S

_ channel and the dwerswn tunnel should be in accondanoe w:th Altemauve 5.

In due cons1detatlon of the basic conﬁguratlon as descnbcd above s:te"_
| reconnanssance was conducted to grasp the sntc condition along the open’ channel route m_ -

detail; referrmg to the topogxaphlc map w:th a scalc of 1:200 ncwly prcpared
Principal features of Sevcrino Open C_hanngl_ is finally_ dctetmined as showh betow. -

Total distance  : '6,394.929m N
- Open channel ~ : 5513 369m
_ :Sipho'n L 881 56m
:Bottomlevelat o S o
~ Beginning point : EL. 110 756m(Sevemio Head Tank) R
" Endingpoint  ;  EL.107.363 m (Cafia Dulcc Tunnel Inlet Culvctt)
Design discharge 160m3ls
Related structure _ : S
B : Slphon R EIESE- 1 1" FES R TR A
Cross dmnage slructure 28OS,
Side channeel spillway lno. =
. Pedestrianbridge - :. 11nos..

S 434 RIS




The general plan and proﬁle of the open channel are shown in Drawmgs Nos.2-OC-

e .001 and 002 'l'he detalls of cach facﬂ:ty of the open channel are described heremafter

. ::;_':(‘ Openchannel

: ._ Sevenno Open Channel starts from Severino Head Tank to connect to a cuiven

_ which wil be constructed at Cafia Dulce Inet (Cafia Dulce Tunnel Inlet Culvert).

The ahgnment of the open channel was nevxewed based on the sxte reconnaissance
and was ‘slightly altered from the basic desngn The final allgnment was detemuned :

‘considering the basic pnnmplw as follows.

_. - -To keep the channel route as stralght as poss:ble in order to) minimize the channel
: length

- To avmd hsgh embankment and doep cut,

el To keep 80 min honzontal radius of curves basncally, in v1ewpomt of smooth flow
__ of Water, and

- To keep rmmmum 10 m stralght portnon at the entrance and exit of siphon barrel.

' On the channel route 5 inverted mphons and 28 Cross drainage fac:htaes are requn'ed |

o cross over/ under the existing nvelslnvulets

The detalled allgnment of open channel is shown on Drawmgs Nos.2- OC 003 to

. 007 and a total length of open channel portion is 5,648.409 m.

The sectlon is trapezoldal w1th a s:de slope gradxent of 11 .2, that is the most

'-hydraullcally efficient and economical section having a maximum flow volume with a
- rmmmum wetted penmeter Tluckness of lining concrete is 15 cm.

- Normal ma:umum dlscharge is 16 m3ls and velocnty is about 1.4 m/s at this
volume The channel height is determined at 2.8 m consisting of water depth of 2.5 m and

. the freeboard of 0.3 m.

Sand and gravel bcddmg of 100 mm in thlckness :s prov1ded under the bottom of

'the channel along the whole route. - Mo:eover a perforated pipe is provided under lining
.. concrete to collect and dlschalgc the leakage water for avmdmg uplift agamst llmng concrete
'_..due to groundwater pressure



ST An emergency drscharge to be caused by uncxpected rmsoperanon of Severmo N
i} Pumpmg Station is calculated at 20.8 m3ss. For this occasion, larger size open channel - .
:sectlon is required between the head tank and the entrance of open transition of Siphon -
No.1 in which snde channel sprllway is provnded A hetght of the ehannel is estlmated at: -

¥ 3 Om for this requu'ements (see Drawmg No. 2-0C 008)

Sod facmg is apphed for embankment slope and excavatlon slope in common earth

'_ :and'shotcrete lmmg rs used for excavatron slope pmtectlon in weathered rock and in rock

NOR

L Typrcal secttons of open channei ane shown on Drawmg No 2-0C 008 Desenpttonp
L of open channel 1s as follows PR A ,

._Des1gndlscharg_e E .16'0'm3'!s '

" Crosssection .. o
o Type LT Trapezotdal coneretelmmg
- Bottomwidth : 16m: - :

‘Sideslope . - .. i Ll2- '

Height - oo '_:-28mmcludmg freeboard
e e e 3.0 m(BUP~ Sta, 1+86500m)'
Length L 5648409 m
Bottomgradtent Cr 1:3,000 0

i '_'Waterlevelatbegmmngpomt © “EL.113256m

‘Related structure

iy Srphon structure

As said above, there are $o- many nvers/nvulets on the open channel foute. For o

 river/rivulet crossing having a relatively wide section and a huge of storm discharge,
* ‘siphon structure is apphed F’rve (5) saphons are 1denttﬁed on the whole Severrno '
: OpenChannelroute - LI :

Two sectional types of siphon barrel are selected depending on their depth, ohe'is"
rectangular type and the other is’ ctreular type: The clreular type is apphed to
" siphons with a depth of more than 20 m SR . '

Flow velocnty in siphon is desrgned at about 2.0 avs , in order to flush outthe
“sediment in siphon barrel and for less’ damage for concrete surface of s:phon S
~ Thickness of siphon barrel is desrgned at 50 cm for water pressure and preventmg S
: the lrﬁmg-up by under gnound pmsure due to ground water or Icakage of water S

The siphons are protected agamst erosion due to water by gab:on mattrees whrch is -

laid up to ongma.l ground: surfaee level.

-



". “'For a maintenance of the siphon bottom, blow-off structure is provided for No.

o2, 3,and 5 s1phons having distance of some length (Drawing No.2-OC-066).

Consoquently, the snphons are des1gned as follows

_ Dlstance (m). Dcpth (m) -~ Section

: (mcludmg open transmon) o : -

‘No.l 72,000 o 9.694 - Rectangular

'No.2 . 232768 - - 37534  Rectangular & Circular
~No3 326 130 48542 Rectangular & Circular
© Ned U 176285 6491 ¢ Rectangular
. No§ 174337 18465 Rectangular
o n) Crossdmnagefaclhtnes

A Cross dramage structune 1s necessary for dramagc of storm runoff water from the
_mountain s:de under the open channel to avoid storm runoff commg into the open

J'channcl

~ The dcs1gn storm discharge for the cross drainage structure is determined based on
Rational formula with a rainfail intensity of 25-year probable rainfall. ‘A runoff
;_cocfﬁcnent of 0.4 is applled in conmderatlon of vcgetanon and topography in and

o ,_around the structure site.

- _'_.Two typcs of cross dramage structure are designed, one is concrete plpe type and

the other is box culvert type: Sectional area of the dramage structure is desigued to

. - haveacapac:ty which enough to dlscharge twice capacity of design storm discharge,
S _because such structure is apt to be logged by debris, driftwood and so on..

- 'Dunenswns of each cross dramage are sclected by the requn'ed discharge capacny as
" follows.

- Type — Discharge (m3/s)

'-'Concrctep1pe - S
' ' #800mm ~05
2N ¢1ooomm"_ . 05~10
| 12mxl2m S 10~20
15mx_1_5m”' o 20~40

. 20mx20m . 40-80

4-37



_ -'_3 Hydrauhc and structural deslgn calculatxons of the cross. shown m thc "Dwgn | .
~'* Calculation Report”.. Standard designs of the cross dramagc faclllty are shown on

' Drawmgs Nos. 2-0C-067 to 069

| m) Slde channcl splllway

| .: ‘When the pumpmg systcm of Sevcnno Pumpmg Stanon are fully operated at HWL, - "
~ the dxscharge flown into the Severino. Open Channel will amount to-20.8 m¥s.

‘Then; the design dlscharge of side spillway is calculated to be 4.8 rn3/s, that is
S excess dlschargc over thc des:gn one (20 8- 16 0 = 4.8).

L Desngn of srdc channcl splllway is shown on Drawmg Nos 2-0C-056 to 059,

e iv) Pcdcstnan bndgc-

_ Pcdestnan bndgc is for only human and llvcstock passmg throngh Vehicle ; is not -

~ permitted to go through the bridge. Elevcn ( 1) locauons are tdcnnﬁcd along the
: whole open channcl route. :

— Smglc span remforccd concrete bndgc is des;gued for thc pedestnan bndgc Dcsgm_
- of the pcdestnan bndge is shown on Drawmg No.2- OC 070.

'Ihe mspcctlon road is to be prov:dcd on thc mountam s:de and berms of the. open -
channel at the cross drainage facilities. The road has funct:ons of i inspecting a condition of
transbasin flow in the open channel such as. watcr level and dlschargc and of maintcnance =
and repairing for the open channel facxhtles Dmly andlor wcckly safcty patrol will also be
. done driving through thc 1nspcct:on road :

 Its route is typlcally allgned parallcl to the open channcl And its long!tudmai slopc -
at typlcal portion is the same as the open channcl The w1dth of road is dctcmnncd at:_-

3.0 m and the width of shoulder is 0.5 m.

. The road surface is pavcd with 15 cm thlck graded cmshcd stone. For thc purposc' =
of dmmage the road surface is.to be mclmcd to the outsndc ducchon of the open channel L

with a slopc of 4%. .

A side drain ditch will be provided at places whcrc the road is oonstructcd below the ' S
origina! ground surface in order to drain the water from the cxcavaxcd slopes and also from

the road surface. Thc gcomctncal desngn mterla for the mspecuon road arc as follows

| 'Dcs1gn spe_cd of vclucle EERATOCS 40km!hr
Roadwidh - &+ " 30m



.

. Shoulder © i 05m
. Min. radius of curves . - : . 30m

' Max. longitudinal slope  : 10%

-"Crossfal_l_' : R 40%

On the other hand at river crossmg pomts in wh:ch the Open channel crosses the

. .nver by srphon any crossing facﬂaty such as bndge/causeway is not considered.

H_owe_ver three (3) connection points between the mspectro_n road and the Severino Access

" "Road are provided to avoid separating the inspection road at the crossing points. The
~ access road is unhzed for the bypass of the crossing’ po:nts in part. The connccuon points
oare shown on Drawmg Nos 2-OC-001 and 002. . '

Typxcal sectlon of mspectron road is shown on Drawxng No 2-OC-003

. The leEl‘SlDl'l tunnel is connected with Sevenno open channel at Caﬁa Dulce inlet to

- dlscharge the pumped up water of 16m3/sec in maxlmum

The invert elevation of the: tunnel iniet is EL.107.3 m, which'is lower than the

- existing level of a sma_ll river (EL. 115.0 m) crossing the canal route just before the inlet.
 Aniinlet culvert is provided therefore, between the open channel and the diversion tunnel in
_._order not to 1nterrupt flow of the existing. river. The inlet culvcrt is a reinforced concrete
. _structune of 78.0 m long. havmg dlmcnsmns of K 5 m wrde and 3.5 m I'ugh and its slope is

11500

The inlet culvert will be laid under the exlstmg river and it is backﬁlled up to the

: nverbed level The backﬁll surfaoe is protected by gabron mattresses to prevent scouring.

Back water of Poza Honda reservoir at HW. L 106.5 m doesnt come. to the 1nlet

- becausc its sill’ level is EL. 107.3 m and at the.time of FW.L. 110.30 m, its backwater
- comes to the inlet.of the open channel, In this case, water supply to Poza Honda reservoir

by p_urnpm_g.up at Severino pumping station is completely stopped.

o At the Feaslbrhty Study stage and the Bas:c Desxgn stage the route of the diversion

| | tunnel was selected so as to be the shonest length between the mlet and the outlet and takmg



o account of the topography along the: tunnel route as well as geology Two curves were_
desrgned in the route to obtam a sufﬁctent covenng depth fmm the ground surface

_ ’I‘he dwersron tunncl is a non pnessure tunncl of T l 4 km long havmg a dlameter of —
~ 35min standard horseshoe shaped and its: slope is 1: 1,500. Thc mean flow veloclty in

R " the tunnel is 1 81 mlsoc at the rnaxtmum dtschage (16 O m3/sec)

S The gcologrcal condmons of the bedrock surroundmg the drversnon tunne! are .
' almost the same as that of the Daule Pertpa La Espcranza diversion tunnel, So, the La-
Espcranza Poza Honda dtverswn tunnel w1ll be constructed usmg the same: tunnelmg

) method as the Daule Penpa ~La E‘.spcranza diversion tunnel., Typlcal cross secnons of the - L

i tunnel are deterrmned accordmg to the recults of the tunnel structural analysrs by FEM

_ - Two work adtts w1ll bc prov1ded at La Seca and Los Cuyuyes to facrlttate and .
- expedrtethetunnel construcnon works : - .

The des:gn of the La ESperanza Poza Honda dlversron tunncl is shown on -

- Drawnng Nos 2- ET-OOl and 2-ET-004- ;

| _ (2) Hydraulic Des'ign

The water level at the' connection part with the open channel is obtained tobe .

CEL. 11022 m by a non-uniform flow cal¢ulation in the tunsiel on condltton that watcr lcvel o
_at the tunncl outlet is EL. 102 Sm (Target water level), co : -

| 3-(3) Structural Desrgn

The tunnel structural analysxs was carncd out for the follownng two pans Tho main -
tunnel part is analized by Finite Element Method based on the theory of wscoelasttaty and -
the inlet and outlet parts of the tunnel are carned out by fmme analysns '

(A)  Tunnel Structural Analysis v

_ Tunnel structural analysrs was carned out by FEM in the same manner asfor

Daule-Peripa ~ La Esperanza Dtversnon Tunnel Smoe the dtameter of the tunnel is s

3.50 m which is only 0.2 m smaller than Daule -Peripa ~ La Esperanza Dtvers:on
‘Tunnel (refer to Figure 4.1. 3), the structural analysxs was madc aPplylng the e
mput data meshes as shown in thure 4 L. 5 BRI e




Procedurc of thc analys1s is completeiy the same as’ for Daule- Pcnpa ~La

Esperanza D:verslon Tunnel. .

(@)

BoR

©

Condmons of Analysxs

Based on the topographlcal and geologncal conditions, the tunnel was
* classified into the following 4 cases for the analysis.

Overburden Tunnel Length

| L _m (m)
TCaseA-l o 60 400 (4%)
Case A-2 SO0 . 1,300(11%)
Case A3 . o250 3,500 (31%)

- Case A4 320 . 6,200(54%)

Structural 3A_n‘aly'si§

Tunnel structural analysis was made by FEM apbl'ying the same meshes as

‘e for_Daule-Peripé ~ La Esperanza diversion tunnel.

.D_es'ign Values of Foundation Rock

Désig’n' values of base rock at the proposed route of La Esperanza ~ Poza

‘Honda Diversion Tunnel are shown in Table 4.1, 1. - They are common wnth

e Daulc»Penpa LaEsperanza Diversion Tunne]

De_sign values of shotcrete ¢0ncrcte, rock bolt and lining concrete is the same

EE as Daule-Peripa ~ La Esperanza Diversion Tunnel as described in 4.2.2.

.

Results of Analysis

The results of tunnel structural analysis are described hereunder.
The cases A-1, A-2 and A-3 are common to Daule-Peripa ~ La Esperanza

a Dwersnon Tunnel.

| Case A-4 Overburdcn 320 m

S anaryllnmg

" Since the stress resuitant which acts on the 10 cm thick shotcrete

excegdcd_ the strength of the shotcrete, thickness of shotcrete was _

o 4-a1



changed to 15 cm and the strucmral analysns was camed out on the :
"_’_shotcrcteofIScmmlluch\ess o .

_'-_Increment of comprcsswe stress and’ tcns:lc sm:ss whxch acts ‘on uw] e

_concrctc and rock bolt is shown in F:gurc 4.1. 10
:ZStress resultant in thc shotcrete of 15 cm thlck is 97% and 104% of the
o strcngth of the shotcrete at the time of 2 months and 3 months aftcr
o _"_'zmnnclmg, rcspecnvely (rcfcr to Table4 1. 3)

i : Thus, seconda"y immg wuh concrete has to bc madc thhm 2.5 momhs

S sccondary hmng : _
Maximum compresswc Strcss. maxnmum tcnsnle stress and maxlmum
: shear stress which act on the immg concretc am less tha.n the strength of
I _thcconcrete(rcferto'l‘ablc4l4) .

Tunncl typc to be apphcd for 1a E.spcranm Poza Honda dwcrsxon tunncl is
shown in Flgurc 4.1.13. '

© Fromthe results of FEM analysis, typlcal cross scct:ons of Typc Hand Type llare
_ apphcd to the main part of the diversion tunncl However, cross sections of Type 1 and IV»
are added to the typical cross sections to cope wnth unforcseen gcologlcal conditions to bc

cncountcrcd during the construchon

- Therefore, following four types aifc designed to be appiied in the. di#crsion tunnel, .

442



< Typel - . . Typell

“Type 11

et T Type IV
‘Distance . 0 . 5177 6,300 0
- (m) - | |
Shotcrete 10 ' 10 15 10
Rockbolts = D25x5Nosx2m D25x8Nosx2m  D25x8Nos.x2m  D25x8Nos.x2m
_ S (1.2m pitch) (1.2m pitch) (1.2m pitch) (1.2m pitch).
Concrete 30 30 30 30
. lining (cm) oo '
Reinforcement -~ Nil © © Nil Nil Nil
Hsteel H-125,12m
~sapport- - - Niboo o 0 Nil Nil ' pitch.

The tunnel typical cross sections are shown on Drwaing No.2-ET-004.

By rStroc.'tural’AnalySis of Tunnel Inlet and Outlet Parts

The desrgn condrtlons to be used for the structural analysis of the tunnel mlet

and outlet are as follows

B _Desrgn loads '
. Case l: After constmctron

Dead weight of lining concrete + Bedrock pressure + Water

. pressure
- Case2: During construcuon

Dead weight of lining concrete + Bedrock pressure + Grout

- pressure + Water pressure

L Desrgn values :
o Desrgn values of bedrock
-~ Unit. welght :
_ _Elasucrty modulus_ o
Cohesion _
Intemal angle of fnctlon _

Desrgn values of concrete
Umt werght S

I.nlet part
2.0 tfm3

B 20,000 kgf/cm2

/5.0 kgflem?

. .40.0 degree

‘Outlet part
1.8 tf/m3

10,000 'kgf/cmz

2.5 kgflem?
‘3.5.0 degree

2.4 tfim3



Elasoqwumdulmofoormte 235000'@@2 I
Elasttcttyrnodulusofretnforcmglm 2,100,000 kgf/cm?" :
Ulumate tensile su'ength of retnfomngbar 4200 kgt‘lem2 '

The structural analysrs of the tunnel transmon parts at the mlet and outlet is camed i
out aceordmg to the above destgn condmons Cross secnons of the tunnel tnlet and outlet'

pans ane shown on- Drwamg Nos 2—51‘-003 and 2-ET-006 o '

«s,?i--’3-—‘-*"L‘;““L‘*"“""'-Q"g‘l y » -

A huge amount of sedtment has been observed in upper reach of Poza Honda__: |

reservoir and present sedtmentaoon level reaches about EL. 98 m.. ‘Thus, 10 mtmmtze the

1nfluence of sedtmentatlon. location of the outlet was shifted fnom the site in Pata de Pajaro R
- proposed in the feastbtuty study to Los Cuyuyes, and tnvert level of the outlet is set at EL.. o
99.7 m taking some allowance and the proposed target water level of El... 102.5 m into

counL N

The outlet structure wnll be founded on the fresh rock, and cut slope 1s protected by

shotcrete on the rock portion.’ Concrete facmg will be prov:ded up to EL 111 0 mto

protect the cut slope from erosion and to secure stabthty of the cut slope

iN.o0m.

_ The destgn of the outlet structure is shown on Drawmg Nos 2- ET-OOS and 2 ET-

Two work adits are 10 be provrded as follows to facrlttate and expedtte the tunnel y
construction works. Locations of the work adits are deculed accordmg to the eonstructlon

plan and ta.kmg account of the access road routes

LaSecaworkadit ~ 7.502m downstreant.from the wnnel inlet
" Los Cuyuyes work ad:t 270 m upsu'eam‘from the _tu_nnel outlet L

The structure of the above work adtts is the same’ as menuoned in Sectlon 4 2 4

“An access road for construction and mamtanance purpose is seton the outlet at El... 3



e _ET-oos

L 'I‘be La Seca work adit is provxdod to expedite the tunnel construction of 11.4 km
_ long at about 7.5 km downstream from the tunnel inlet. The. adit entrance will be at
EL 210mandthcad1t length wﬂlbc519m '

- Thc Los Cuyuyes work adit is needed to construct the tunnel from the outlet side.
' "The adit entrance w111 be atEL:111.0m and the adit length will be 130 m.

“These achts are entlrely at the Contractors optton and detailed desrgn of the adits
will be carried out by the Contractor based on the constructmn method of the tunnel to be

o subrmttod by the Contractor

Thc referenoe demgn of the work adlts is shown on memg Nos 2-ET- 007 and 2-

4.4 :Po_za-_;;flondo_'Mancha_ Grande _’l‘ransbasin .

) Geneml

“The Poza Honda inlet consists of an inlet channel, *ah inlet culvert, an inlet tunnel

- 'and a valve chamber. . Thc minimum intake water level from Poza Honda reservoir should

- be low enough to allow continuous water transbasin to Mancha Grande, but should be high
enough to enable a gravity ﬂow to the tunnel outlet with EL. 89 m, to facilitate a coffering
_ dunng constructxon of the tunnel entrance and to avoxd possrblo scdlmcntauon problem

The tmmmum mtake water level is decided to be EL. 94 m w1th the intake sill level |
' of EL 91, 4 m.- Accordmg to thc ‘water level duration curve of Poza Honda, the reservoir
water Tevel is lower than EL 94 m only for 4 %, which is acceptable; '

_ ’I‘he dcsngned mlet sall clevatxon of EL. 91 4mis reasouably higher than the tunnel
outlet sill level of EL 89 m, to allow water transbasin by gravity. ‘The Poza Honda
" feservoir has a capacity of 16 MCM between EL. 94 m and EL. 88.3 m (LWL) and of 10
MCM between EL. 92 m and EL. 88.3 m (LWL) In the later part of the dry season from

o 'Septcmber to Novcmber, the reservoir, water level can be drawn down to EL 92 m,

~ securing water supply 10 Guarumo trcatment plant of 0.5 m3/s as well as the river
- mamtcnancc flow of 0. 25 m3/s utlhzmg the rcservmr capacity of 10 MCM for about 5
"months even if no natural mflow to the reservonr is takcn into account. It is suggcstcd



fthetefore,tokeepﬂmemervouwaterlevellowetthanEL.92mforaoettatnpenoddunng o

N whnch the nmucl entrance sbould be eonstmcted w1th mtaor coffenng work. _

Ongtnal nverbed elevatxon in front of the tunnel mlet was EL 77 m and the__ B

. sedimentlevel after 50 years is estimated to be EL, 82 m, which is far below the proposed

intake sitl level of EL 91. 4 m. No sedtment problem thl takc plaoe at the tunnel mlet

Themletchannelof40mmbottomwtdthandthemletculvertof40mx25mm' |
s sweare provrded to lead stable ﬂow tothedlvexsnon tunnel

The mlet tunnel connects the mlet culvett vnth the valve chambcr The tunnel length _

s 26 5 m and the tunncl secuon is serm-cu‘cular w1th a hctght of 2. 5 m and a width of 40

m. A part of the mlet tunnel is plugged with concrete after steel pipes have been mstalled
Contact grout will be camed out for the plugged part to prevert the lcakage N

“-The valve. chamber is desrgned as a vemcal ‘shaft with an oval shape havmg '
dtmensnons of 18.0 min length, 14 Om m width and 227 min depth from the roof level of
EL. 112.5 m. The size of the valve chamber is. deterrmned takmg account of the spaces to

provide the pits of cone sleeve valves and the butterﬂy valves: The .oval :shape valve .- L

chamber is adopted to better w1thstand against rock and water pressure actmg around it. The - |
valve pits of 3.8 m x 3.8 m x 7.6 m in size are destgned beneath the valve chamber to-._
dessnpatc cnergy of water dtschargcd from the cone sleeve valves .

‘Floor slabs are provxded at EL 95 5 m and at EL. 104 01 m.: 'I'he ﬂoor slab is set at

~ EL.955m takmg account of the maxrmum water level due to mls-operanon of the sleeve_ - .

'valves

The Poza Honda lnlet House is a one story remforced concrete strueture to house the
acoess stairs and ventilation fans for thc lower parts of the inlet fac:htxcs Smee it will not be
usually’ occupied, the architectural fumnshmgs and ﬁmshes w1ll be kept toa basxc nummum. -
Buﬂdlng fac:lmes shail be. composed of electric llghtmg and venulauon system a, .

Two steel pipes of 900 mm in dtameter are installed at EL 90 8 m and these pnpes L
- are extended to lead water into valve pits. “The cone slecve valves are. mstalled for purposes
of energy dtss1patton and flow control Two butterﬂy valves of 900 mm in dtamencr are
mstalled as guard valves for the matn valves. ' : B '




© (2): Hydraulic Design -

- The rnaximum_operational water level in valve pit is EL. 92.06 m for the maximum
discharge of 4.0 m3/sec. This water level was obtained from the result of uniform flow
calculation of the tunnel. . - et B

=
.

LG _StrucrﬁralAnalysis o

Thc structural analysrs for the inlet structure ‘is ‘carried out using the computer

‘ program SAP 90 The mlet structure is analized as frame structure considering the dead
s loads of concrete and external pressure loads consisting of the bedrock pressure, water

pressure and backﬁll grout pressure
', 'I‘he desrgn oondmons use{l for the structural analysrs are as follows,

- D.esign 'loads |
7 Casel:  After construchon _ -
st cDead werght of lining concrete + Bedrock pressure + Water
N ‘:=pm$&“c o . . . '
Case?2: Dunngconstrucuon b - :
- | Deadwerght of lining concrete+Bedrock pressme +Backﬁll grout

pressure + Water pressure
- Desrgnvalucs
o De31gn values of bedrock : |

Unit weight EEEEE 1.8 tffm3
- Flasticity modulus = - | 10,000 kgflem?
Cohesion | 2.0 kgbem?
';Intemalanglcoffncuon R - 300 degree

Desrgn values of concrete _ R -
Umtwelght o - , 2.4 tfm3
. Blasticity modulus ofconcrete 235,000 kgficm?
Elasncrty modulus of remforcmgbar 2,100,000 kgflem?2

Ultrmate tensrle strength of remforcmg bar 4,200 kgflem?

" The stmctural auulysis' Was' carﬁed_out base_d on the above_ design conditions.

2;}4547:.:Zfl -
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'(1)'"_ General -

R The route of the dwersron tunnel was selected to be the shortest length between the -

. .-.lmlet ahd the outlet and takmg account of the topography along the tunnel route as well as

S geology Two curves were. provrded 1n the route to obtam a sufﬁcrent covenng depth from -
o the ground surface ' ' : '

The dlversxon tunnel isa non pressure tunnel of 4, 1 km long havmg a d:ameter of o
- 25min standard ‘horseshoe secuon and 1ts slope is 1: 3, 900 The mean flow veiocnty in -

" the tunnel is 0. 89 mlsec atthe maxtmum dlschage of 4.0 m3lsec

The bedrock surroundmg the dlversu)n tunnel is of donunantly finer comonents
ie., mudstonCS and muddy. (s1lty) ﬁne sandstones: whtch are moderately cemented or

compact The Poza Honda ~ Mancha Grande dxvcrsxon tunnel wiil be consn'ucted usmg the '-

same tunnehng method (NATM) as the other dwerston tunnels

Typlcal Cross sectlons of the dtversnon tunnel are detcrrruned accordmg to the results - |

of the tunnel structural analysis by FEM

“The design of the Poza Honda ~ Mancha Grande dtversxon tunnel is shown on ‘. S

_ Drawmg Nos.2-PT- 001 and 2-PT 008.

(2) Hydmulic Design '

The requlred capacity of the dtversnon tunnel 1s 4 mdfs.. ’I‘he minimum tunnel"

diameter is considered to be 2.5 m to secure workabtltty in the tunnel A tunnet sectlon is

standard horseshoe and the flow type is an open free flow. under the same consrderauon as '

to other dlverston tunnels,

The tunnel length is 4, 093 m and a slope of ll3 900 is sufﬁclent to discharge the | L
capaclty of 4 m3/s with a tunnel of the minimum dlamcter of 2.5 m. Tlus gentle slope wrllf i _
reduce the flow velocity in the tunnel and no specnﬁc fac:llty for energy drsslpat:on is

required at the tunnel outlet.

o 448

The declgn of the Poza Honda mlet stmcture is shown on Drawmg Nos 2 P’I‘-002



@ . Structural Design

The tunnel structural analys1s was camed out acconng to the same design concept as
for the other diversion tunnel.

(A) '

Tunncl Structuml Analys:s

- Tunnel stmcture analysns was camod out by FEM in the same manner as

before mentioned diversion tunnels.

@

" Conditions of Analysis

" Initial stress in the proposed tunneling route is estimated on the basis of

overburden from ground surface to the tunnel elevation. The initial stress is
: clasmﬁcd into 2 cases as shown in Flgure 4.1.1, and overburden pressure is

estimated as shown in Table 4, 1.2,

Design values of base rock at the proposed route of Poza Honda ~ Mancha

Grande diversion tunne! are shown in Table 4.1.2.

~ Design values of shotcrete and rock bolt as primary lining an.d'lining
© ‘concrete as secondary lining are completely the same as the other tunnels, '

- Typical g:i-os_ésn':ct.i'on of the tunnel is shown in Figure 4.1.4.

®

 Structural Analysis

R Tu'nncl'stmctural-analys;is was carried out by FEM. Input data meshes were

S (e)

- madc for the analysis. They are shown in Figure 4.1.6. -

- ‘-Results of Analys:s

- The results of tunncl structural anaIySIs is descnbed hercunder

' Case B- L: Overburdcn 60 m (593 m long, 14% of total tunnel length)

anary hnmg :
_ -_Cornpressnve stress in the shotcrete of 10 cm thick is about 36% of the

‘strength of the shotcrete at the elapsed time of 12 months after tunneling.
Tensile force acting on the rock bolt is about 28% of the strength of the
rock bolt

449



Increment of compressive stress and tensile force which acts on the
. sotcrete and rock bolt from 1rnmed1ately after tunnelmg to 12 months is -

o _f'f'shown in Figure 4111,

_ _'._ '_ 'seoondary hmng

S Maxlmum compresswe stress maximum’ tensﬂe stress and maxrmurn' o
- shear stress wl'uch act on the eoncrete are less than the strength of the _

: f'concrete (refer to Table 4 1 4)

L) Case B-2 Overburden 300 m (3 500 m long, 86% of total tunnel Iength)
S _anaryhmng _ L S :
... Compressive stress in the shotcrete exceeds its stnength at the time of 3

- ... months after tunnelmg On the other hand tensﬂe force in the rock bolt

i is 96% of its strength at time of 12 months after tunnelmg (refer to Table '

”4 1.3 and Flgure 4, L. 12)

:_ +-The results of the analysis suggests that secondary hmng has to be done-. |

wrthm 2 months after tunnelmg

Secondary hmng _ _
. The mruumum compressrve stress and ma.xlmum tensrle stress are within

 the strength of the concrete as. shown Table 4,14. The maximum shcar_' _
stress (9.6 kgf/cmz) is over the strength 85 kgflcmz) However twill-

“act on a limited part, and average maxlmu_m shea_r stress’ in the lining .

concrete is 8.0 kgf/cmz, which is less thanthe stren'gthhof the concrete. o

Tunnel type to be apphed for Poza Honda Mancha Grande dtversxon tunnel is L

shown in Figure 4.1:13.

From the results of FEM analysis and to cope with rmforeseen geological condiﬁons' :
to be encountered during the tunnel constructron typleal CTOSS sectmns of four types are.

_ apphed to the main pan of the diversion tunnel.

Therefore the followmg four types are desrgned to be apphed in the dlversron :

tunnel

I-«.-_i




o Typel o Typell

Typelll TypeIV -

Distance -~ 0593 3,500 0
Shoterete . .~ 10 10 15 | 10
thickness ¢ o . . o

{(cm) :

~ Rock bolts : D25x3Nos x2m D25x5Nos.x2m  D25x5Nos.x2m - D25x5Nos.x2m
' (12m pltch) (1 2m pitch) - {(1.2m pitch) (1.2m pitch)
Concrete 30 30 30 30
lining (cm) E . : . _
Reinforcement Nl . Nil Nil Nl
Hsteel . - . oo o . HI125,12m
support - Nil - Nil Nil ~ pitch

The tunnel typical cross sections are shown on Drwaing No.2-PT-008.

- (B) 'Structurél.Au‘alysis of Tunnel Inlet 'and Outlet Parts

The de31gn values to be used for the structural analysxs of the tunnet mlet and

outlet are as follows

"';_D_e_sign values ofbedrock ~ Tnletpan

Outlet part
Unit weight 1.8 tfm3 2.0 tfm3
Elasticity modulus - 10,000 tf/m3 12,000 - tf/m3
~ Cohesion 2.0 kegflem? 3.0 kgflcm?
" Internal angle of friction 30.0 degree 40.0 degree
-Design valu_es of concrete _
. Unitweight - 2.4 tfm3
- Elasticity modulus of concrete - 235,000 kgffem?

Elasucny modulus of reinforcing bar
_Ulll_mate-lensﬂe strength of reinforcing bar

2,100,000 kgfiem?.
4,200 kgf)’cm2

Thc cross scctlons of thc tunnel inlet and outlet paxts are shown on Drwaing Nos.2-

'PT 007 and?. P’I‘012

Location of the outlet is shifted to the mountain side from the site proposed in the. .

- S 4ss1

S 3 fgésibil_i_t'y..stu_dy.takir_lg.:ac_:'cou_nt_ of the gcological conditions at the site. At the end of the



o drversron tunnel the tunnel section is gradually changed from the standard horseshoe to
| ~semi-circular. The tunnel flow is released into a trapezoidal 0pen channel of about 200 m in o
'length and dlscharged mto the Mancha Grande river. No Specrﬁc energy drssrpator is 4
needed because the ﬂow ve]oc;ty in'the tunnel is !ess than 1.0 mlsec Side slopes are'i B

_proteeted wrth concrete facmg wall for 60 m sectron to avozd erosion by water ﬂow A

| '_’PT 027

.444. W' - .-

Poza Honda work adlt is to be provrded at 255 m downstream from the tunnel mlet- :

to facrlrtate and expedtte the tunnel construction works Locatrons of the work adlts are
“decided accordmg to the constructlon plan and the access road route.

The Poza Honda work adlt is proposed to proceed with the tunnel constructlon from_ :
the inlet side in parallel with the constructlon of the inlet structures 1ncludmg the valve:

:chamber The adit entrance wrll be at EL 1 10, 3m and the adit length wrll be about 168 m.
The structure of the adlt tunnel is the saine as other work adrts ' ‘

The reference design of the work adrt is shown on Drawmg Nos 2- PT-021 and 2-
PT- 022 ' L

4.5 'Access Roads

4.5.1 General

‘Since the structures are spread in the broad project area, 8 access roads were studied *
to connect the existing roads to the structure sites for constructron and mamtarnance_

purposes, Location of these access roads are shown i in Frgure 451,

Name of access roads and structures to be cOnnect'ed are shOWn below. -

The desxgn of the Mancha Grande outlet is shown on Drawmg Nos 2- P’T‘-(}Zl to 2- .



“NAME OF ACCESS ROADS __

T SCTRUCTURES TO BE CONNECTED

(A) Conguillo AccessRoad - (i) . Conguillo Injet
e (i) Conguillo Work Adit
(B) El Guasmo Access Road (i) El Guasmo Work Adit
._{C) Mcmbnllo Outlet Access Road - (i) ‘Membrillo Outlet
o (i)  MembrilloWork Adit
: (D) Sevcrmo Access Road - : (1) - Severino Pumping Station
(E) CaﬁaDulce Inlet Acctss Road s (u) Severino Substation

(iii) Severino Head Tank
| (iv) Severinc Open Channel - -

T | | (v} Caiia Dulce Inlet
(F) Los Cuyuyes Access Road ‘1) Los Cuyuyes Outlet
B (iiy Los Cuyuyes Work Adit
- (G) La Seca Access Road (i) LaSecaWork Adit -
(H) Poza Honda Inlet Access Road (i) Poza Honda Inlet
e o (ii)_Poza Honda Work Adit_

: (1)“ Typc ofRoad

- All access roads are des:gncd based on the Type 4 and 3§, specified in the Design
Book of M:_m_stry of Public Works, Ecuador.. The_ac_cess road are classified into 2 types,
* permanent access road which will be used during and after construction and temporary

access road which will be used during construction only.

e DesxgnSpeed

”-Dcslgn speed is desngnatcd as 30 km/h

3 'Typlcal Cross Secuon B

i ,Typlcal cross s‘ection’ of thc 'acccss_roéds are sho_wri in Figure 4.5.2.

@ Geometncal Demgn Standards o

St Geomemcal dc51gn standards an-, shown below 7



GH)METRIC DESIGN OF ACCESS ROAD
MxmmumCurve Radms (m) : e L3018y
Muumum Curve Rachus w1thout Invcrse Cant (m) 80m .
IpngltudmalAhgnmmt e ' TS R
~Maximum I.mchtudmal Gmdlent (%) N 7.0(8.0~10.0) .
__MuumumCurchadms,CmtShape(m) oo w280
_ VMlmmumCurveRadnus Sag Shape (m) - L n280 e
""thmumCurvelzngth(m) S e
'-"Cross Scctlon R o S
o StandardCrossfall(%) s 40
: MaxunumSuperelevatwnRunoff I RRE A U7/ T
Minimum Superelevation Runoff SRR 12t { B
Maximum Combined Grade (%) o usqg2sy
Mimimum Sight Distance(m) 30
Note : Values in ( ) are for exceptional case. - L

(A Conguillo'Acéess Rozid A

_ The access road has a functmn of conncctmg the Canuto Acccss Road at- o

Buenaventura with thc Congulllo Inlet passing through Membrillo village. A road s -
~ required to be newly constructed between Buenaventura and Membrilio vﬂlagc since

there exist no roads. Between Membrilio v:llagc and Congulllo lnlet therc is an:

~ unpaved road with a width of about 2.5m.

“Two routes were 1dent1ﬁcd in FIS in 1992 and Braz:han des:gn in 1987 :
- however both routes between Buenaventura and Membnllo vnllagc are not smtable S
for a driveway in terms of their gcomctnc desngn In the exlstmg road between -
Membrillo village and Conguillo Inlet, 8 longltudmal gmdlcnt is more than 20 %

which are not suitable for an access road

..,ai_ .



_ - A new route along the whole section is studied. This new route is defined
~ the route in Buenaventura ~ 5 km from Membrillo section and the two routes in the
previous studies are omitted. In the rest section, 5 km from Membrillo (the 5 km
 point) ~ Congutllo Tnlet section, a comparative study was made among three routes,
: _that are Route A (new 1dcnt1ﬁed route), Route B (F/S route) and Route C (Brazilian

| .'Dcsrgn route) as shown in Figure 4, 3. 3 The pnncrpal featurcs of the respective

" altemanvc routes are sununanzcd bclow

Routc A? : The road is routed along left bank of Estero Cafiales from the 5 km
- ‘point to Congu:llo Inlet via Cafiales Grande vdlagc ‘The topographrc
SRR condltton along: the route is ‘gentle and the designed longitudinal

S gradrcnt is not stocp Total lcngth of thc routc is about 7 km.

B __"Rt')nte"l_if= ':' From the 5km pomt, the road traces the existing road along most of
- thc route passmg through mountain ndgo Its slope is steep along the
wholc route. Thore is no existing crossing facrhty over Estero Cailales
'and a ]ongttudmal gradrcnt of 2km section around the crossmg point 1s _
vcry stoop and then it is rcqtnred to reahgn the route near the crossing
o pomt Its total length is about 8 km. '

S ROu'teC"t Thc road is ncwly constructed along the whole route between thc 5 km

nengi i point and Congutllo Inlet through El AjO village. The road passes on

Y the mountam ridge along most of the route and its slope is as steep as

~Route B A longitudinal gradrent near Estero Caiiales is very steep and

o itis rcqurred to construct bridge for the crossing considering its
Y formatlon cievatlon Total length of the route is about 7 km,

o o | Itii\s judgcd th'at Route A_ is preferable for the route of Conguillo Access.
S Roadm tcnns of oco_nomical and constrUCtional aspects. '
;(3) ElGuasmoAccessRoad -
The road branchcs off from the Congurllo Access Road connectmg the El

. ', Guasmo Work Adn The road will thereforc be designed after due consideration of
T honzontal and [ong:tudlnal ahgnments of the Congulllo Access Road.

o (_c) - Membnllo Outle Acocss Road

Mcmbnl!o Outlct Access Road also branches off from the Congutllo Access

B :Road and connccts thc Membritlo Outlet. As same as the El Guasmo Work Adit

Cooass



| ';-5-Acms Road; the des:gn of the road wﬂl umfm be. oonducted followtng the" |

e desrgn of the CongtnlloAcccss Road.

S .**.(D.) chenno Acoess Road

L i N The road has a functton to acccss from the extsttng Ptchtncha road to thc'.
S Sevenno Pumpmg Statton or Cafia Dulce In!ct and should be ncwly constructcd A '
o gap of 300 m m elevanons bctwoen the roads should bc overcome ' '

(E) CaﬂaDulceInlct

The road wrll be constructed mamly in parallel wrth the Sevcnno Open . -'

- -'_‘":Channel connecting point with the Severino Access Road to the Caia Dulce Inlet.

o _'An altgnment of the road thi bc deterrntned by usmg tho extstmg road adequately

o _Conccrvable routes of thc acccss road are as t‘ollows as shown in P"tgure 4.5, 4

S ,Rooto A :._ | The road branches off from the Ptchmcha road at I..as Dehcras vnllage

to Caﬁa Dulce Inlct passmg through the rtdge on right bank of Estero
. Capilla. Elevation difference is about 300 m, The road with a width
-+ of 2.5 mupto’ 500 m point - from Las Delrc:as village and a footpath
. with a width of 2 m on, the ndgc exist.. Total length of the road is:
-~ about 6.0 km. On the route therc are. lots of horizontal curve porttons |
- and stocp longltudmal gradtcnt soctlons. ) '

Rout_e _B_. Thc route connects from Ptedra Azul vrllagc to Btjagual vrliagc havmg _
. an elevation dtffercnoe of about 240 m. There is only footpath on the

- route. Total length of the road is about 3.5 km. Only one section of._' o

steep longttudmal section is cncountered on the route and therc area
small number of hortzonta! curve pomons compamd wrth other routes _

Route C ! The route connects from Ptodra Azul vﬂiage to El Zambo vrllagc along .

 Estero Chontillo having an elevation difference of about 330 m. There -

-are no existing road and/or footpath: along the whole route. “Total

 length of the road is about 5.7 km.. As same as Route A, therearelots -
of horizontal curvcpomons andsteep longttudmalgradtcnt socttonson o

thc route



Routc B 'was selected as a preferable route for Severino Access Road in

- comparison of thcrr economical and constructional aspects with those of the other

o _two routes
: (F) '_ Los Cuyuyés Aocess Road
The road connects from Poza Honda dam to Los Cuyuyes Outlet via
Mercedes No 1 and No.2 vrllages and Los Cuyuyes village. On the route between
'Poza Honda dam and Los Cuyuyes village, there exists a road with a width of 3 m.

o A large number of inhabitants live on both sides of the existing road and their farm
~lands exrst on an area around the road gcntly slopmg to Poza Honda reservoir,

r*(G’)---’ LaSecaAccmsRoad

Thc access road connccts to La Seca Work Adit for La Esperanza Poza

o '_:Honda Drversron Tunnel. For thc route altemahves two connecting ways,

.conncctmg from Pichincha Road and (B): from Los Cuyuyes Access Road which is
requuod to access to Los Cuyuyes Oudet of La Esperanza Poza Honda Diversion
“Tunnel, are taken into consideration as shown in Frgurc 4.5, 5 and their features are

" summanzed below

o Rot_r_tc Al _‘: : 'Ihe road"bran_ches off Los Cuyi;y__es Acocss Road at Mercedes No.1

3  village passing through La Laguna village and right bank of RioPata

: de. Pajaro The route almost lies along riverine area of Rio Pata de

' -‘.Pa;aro, which has a rclatwcly gentle slope. In .the section with a

'-steep slope, retaining wall is required to protect embankment slope.

- No crossmgs over Rio Pata de Pajaro are required. Total length of

: the road i is about 4.0 km. The road could be constructed at the same’
. time as Los Cuyuyes Access Road '

| ‘Route A2 ':_ ; As same as Route Al thc road branches off Los Cuyuycs Access
SUEES T Road at Mercedes No.1 vnlage, and then passes through La Laguna
_-vnllage and left bank of Rro Pata de Pajaro in which relatively gentle

- slopes are’ cncountcred Howcvcr two bridges are required for

L "--"3'crossmg over RlO Pata de Pajaro Total length of the road is about

s i ’_'Ront_c-;B i ' The route connects from Plchlncha road and passes through pnvate _

= farm land to La Seca Work. Adit. 1In a part of the farm land there |
e Fx._'st.? road with a width of 2.5 m, ‘which is reqmrod to_bc 1mpro_ved

Lo 4esT



;-asanamsroadandanewmadwﬁlbeoonsmctedmmostofthe‘ o

'sectlon There are lots of horizontal .curve: portions and steep
o _long1tudlnal gradient sections on the route.. Total length of the road

is ‘about 4.1 km. ‘A compensation and land acqmsntnou should be', - |

' madealongthemostoftheroutc

" Roite Bis clearly unfavorable oompmed thh Routes Al and A2 asa road to |

. carry excavated muck from the tunncl.. Route: Al is preferable to Route A2
_'_economxcally smce Route A2 is reqmmd to constmct bndgec '

Aocordmgly, itis Judged that anew. construcuon of AN access. road should be'3 _- |
E avoxded and the access road will be constructed by improving and widening the =

“existing road i in order to minimize a compensation for. the 1nhab1tants and an

- acqutsmon of the land on the route between Poza Honda dam and Rio Pata de
S Pajaro The eoncewable routes between RIO Pata de Pajaro village and Los
o Cuyuyes Outlet are ‘described below and are 1llustrated in Figure 4.5.6. These -
o alternauve routes are selected m consrderatlon of crossmg pomt ovcr RIO Pata de

| o Pa_;aro and passmg through Los Cuyuyes \nllage

_ Route A : Crossmg pomt over Rio Pata de Pajaro i is s:ted at the same locatnon as y
the existing road and the route is selected to avmd passmg through Los
Cuyuyes wllage A long1tudmal gradncnt is 10 % near the crossmg

] o pomt A length of the route is about 2 35 km.

Route B :  The route traces the exlstmg road upto Los Cuyuyes wllage Tokeepa "
IR maximum longttudmal gradient speC1fied in the standard 10 m-
excavation in depth is nequmed in Los Cuyuyes village. Alength of the = .
: _route is about 2. 40 km The: route passes through Los Cuyuycs_' o
village, therefore, some mfluenoes on the inhabitants are expected due .

to thc construcnon

- Route C @ Crossmg pomt over RIO Pata de Pajaro is srted upstream of that of
e Route A to be gentle slope near the crossing pomt and to shorten a
 length for the crossing, Howevcr at the crossing point there are lots of

ﬁ

~large stone deposxted which are not surtable for a construction of the . _: - s |

crossing fac:hty A length of the route is about 2. 30 km

RouteA was selectedas aprefcrableroute forLos Cuyuyﬁ AooeSS Road m"" i ‘
_ companson of their economical and constructional aspects as well as mﬂuenecs on'_ -

; themhabrtantsmlosCuyuyesvrllagcmththeothertworoutes




~(H) Poz)a Honda lnlet Access Road

Paza Honda Inlet Access Road branches off from Los Cuyuycs Access Road
and connects to the Poza Honda Inlet and Poza Honda Work Adit. Length of the
road is about 0 7 km. :

: f _Detalled desxgn of elght (8) access roads ‘was made based on the study on their
routes. Length of cach access road is shown below. :

._(A)'"_cOngunoAccessRoad . 226km

S _(B}),_‘ElGuasmoWorkAdltAccessRoad . 16km
.. (C) MembrilloOutlet AccessRoad .~ 0.4km
_ (D) chenno Acoess Road = .~ 93 km
. (E) 'CaﬁaDulce Inlet AccessRoad -~ 2.7km
 (F)  Los Cuyuyes Access Road . 1483km
(G) LaSecaAccessRoad - o 3.8 km

| '_(H)'_ _Poza Honda Inlet Access Road S 0.7 km
o : -  Total  55.9 km
- Plan and proﬁle, and cross sccnons of the Acccss Roads are shown in Volume X1
of the Fmal Report De31gn Drawmgs



4.6 Mechanical and Electrical Equipment- - . . |

| -_-;(1) Main pumps ;

(i) General

Several studles were made on Vanous plans cmbodymg dcferent numbcrs and size

o oof pumpmg units to detennme the most desmble and econonucal axrangement The studies

o _ _aiso involved selcctlon of sultablc pump type, necaisny of stand—by umt, types of intake
facnlmcs, etc.- As thc reSults of the studies, it was ‘decided that six-unit vett:cal shaft single _
suction volute pumps, cach having a capac:ty of 32 m3lsec, mcludmg oné stand-by duty
~ unit w1th the same capacuy are to be mstallcd in the chenno Pumpmg Stanon In addmon-

" to such dcsxgn condmons, six pump units sha]l a!so be capab]c of dlschargmg total Q 16 -
m?/s. dunng suction water Jevel between MOL 470m and the desngn WL58.5m, In any
-case, 1o dlschargc control by the guard valvc or pump will be expected; rathcr in
combination wnth number of pump umts and pump operanons hours Desngn condttxons of -
thepumpsarcassummanzedbelow ‘ T -

- Max:mum dlscharge water reqmmments : IG.O'mf‘_I_séé'('at'bbSic design point) . O
:."Watcrlevel mpumpsuctlonpit T L - ' o o
Floodwaterlevel GWL) . EL. 6900m
"High water level (HWL) EL 6600m S
Design (averaged) waterfevel .~ EL. 5850m
Minimum operation water level (MOL) EL. 47, 00m =
- Design water level in the head tank . EL. 11402m(des:gn d:scha.tge)
. o _ EL.-]14.06m(overdlscharge)
Dcsignactualhead . o 5552m :

(ii) Pumpmg head

Ratcd total head for pump desxgn was declded to be: 60 0 meters, whnch is thc sum |
of 55.52 meters of the design actual head and 4. 48 meters of head losses in thc pxpe hne In .
calculating the head losses, the foilomng formulas wcrc employed

. Friction losses | .by _Darcy_—_W_éisbaéh'S formula

. Bendinglosses :  byFullersformula 1
. Convergentlosses : = byGradelsformula - R



L En]x'gcmnt_ losses' - byGibson's formula -

(iii) Speed of pump

" The speed of pump is to be determined so that no cav1tat|on will occur in the pump
under any possible operauon condmons For preventing cavitation, the available Net
- Positive Suction Head (NPSH av) of the pumps must be more than the required Net

.. Position Suction Head (NPSH req) as following equation. '

" NPSHav2 NPSHreg+ o -
w_here, o D Allowahoe 0.5m

4 B The NPSHav for the pumps at the lowest water lcvel i, WL. 46 5 m in suction
B pondagc as the worst case is calculated as follows '

NPSHav ha+hs hv Rl

= 10 03 m
| v)hefé, | ha '.Atmosphenc pressure at EL.465m _ e 1027 m |
-~ hs : * Depth of impeller from minimum operanon water level 1.00 m-
o hy _Saturated vapourpressureatSO"C e 043 m
oo h Suctlon pipe loss head | . 0.8t m

- :g'.I}ie'NPSH reg of th_e p_i;mps. is_calcu!ated as f_o.ll.d;vs:. |

' B N
NPSHreq = (1@]

M
- whcre, n Pump speed (rpm)

. Q: Pumpdischage 160 m3/mm (2 67 m3/s at MOL)
,_,S Suctlon spec1ﬂc specd 1414 |



. ) NPSH rjeq_ﬁ(%) =NPSHav—-o

- ,'The demgn speed of pumplmotor is- therefo:e set at 600 xpm, takmg mto account the_ |

synchronous speed of motor under the frequency 60 Hz :

'(iv)' Dnameters of pump inlet and outlet

_ The dlametets of the pump mlet and outlet are tentanvely determmed to be 1, 100 mm
- and 800 mm, respecuve!y, assurmng that water velocnty is 3.5 m/sec at the inlet and
6. Smisec at the outlet. Final deterrmnahon of the pump sm w1ll be subjem to the selected . _

_ Contractor (pump manufactur) based on his past expenences and various tests

v) Pnncxpal feature of pump

From the values of Ns and water dlscharge, the nummum ef’ﬁc1ency of the pumps is

: _assnmed to be 0 88

. “The suction pipe is made of steel and is desngned $0 as to minimize head losses, to'
prcvent turbulent flow, and to secure hlgher sucnon ablhty The 1mpellar and shaft are- '

made of stainless steel castings and carbon steel forgings, respectwely The bearing i is of

the oil-bathed type, coohng by the p:ped water. The seal of shaft is ground packmg wuh o

sealmg water.

(2)  Electric motors

(i) General -

Vertlcal shaft thme phase wound-mtor mduct:on type motors were sclected for the
main pumps, mainly in view of limiting starting current and of obtmmng enough stanmg "

torque. Design condmons of the motors are summanzed as follows: .

3 Voluge 4 1_6 ky -
b) Frequency " 60Hz _ | _
c) Synchronous speed 600 rpm (12 poles) o

462
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e () Requlredpowerofmotor

“The rcqumcd power of each motor is calculated by the followmg cquanon based on
the pump cfﬁc:ency, demgn dlscharge and pumpmg head.

; P.‘éO.ISBX'Qn._. x_(.l'+'a) -

P

L whcrc,.;:Q. - _-_'_Designdischarge . 192m3lm1n (at avc WL 58.5m.)
| - H :  Design total head - 60m
“mp Pump efficiency - - 088

o i Allowanoe _ 0.1
Thas, . P '="2347 kw”

_ Accordmgly, output of motor 1s sct at 2, 400 kw, takmg mto account some allowance
for the safty dcs1gn ' '

{1i1) Startmg systcm of motor o

A secondary resistance starting system usmg thc liquid rheostat is adoptcd to reduce
the stamng current and to get enough startmg torque; For the cage rotor induction motor,

- the starting charactenstlcs of this system are superior to other systems such as compensahng
: transforrner. startmg reactor etc., in ‘starting current, starting torque and powcr factor during

- starting. The rotor wmdmgs of motor is brought out through the brushes and slip rings to
outside and connected to the motor-operated liquid rheostat. When the pump motor is

started, the secondary resistor which is positioned at maximum rcsistancc, is reduced its

- resistance according to the spced up of pump motor and shorted finalty. Then, the pump

- _motor spccd is reached its normal speed and completed the starting. The liquid rheostat is

_' E installed. for each pump motor unit, having a capacity of two or three tlmcs starting in a

-period of any. onc hour ‘Necessary interlocking:is provided to present thc short- C.l!'Clllt
& startmg of llqmd resistor whcn the pump motor is restarted.

: 5- : (1v) Pnnclpal featurcs of motor

The motor’ is of totally-enclosed sclf-vcnulatmg and rec1rculat1ng typc with air

' -':__‘ £ coolcrs This coolmg system is adopted for this pump motor because of high coohng
e effcct, low nmsc ‘compact size, clean coolmg air and little mﬂucncc to room temperature
': : and room a1r ﬂow comparcd w:th thc open typc, sclf-vcntllatmg system Thc coolmg water
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of air coolers wrll be taken frorn the drscharge penstocks and then retm'ned to the suctron

.' ._ L ;plpeb)rgravrtyﬂow S

The power factor and the efficrency of large rnducuon motors lrlre the’ proposed" ' :
- pump motors are’ generally expected to be more than 0.85 and 0.95, respectwely ‘The -

_ ' above power factor can be raised- up to 0. 90 10:0.95 by provrdrng the 4. 16 kV bus circuit .
) ,wrth static condensers ' -

The msulatron class of the motors wrll be "F" whrch is decrded based on maximum .
temperature nse of motor The mrmmum GD2 of motor (mclusrve of that of pump) is setat
. 4,240 kg- rn?- to reduce pressure rise due to water harmner in the drscharge pentocks

The pri_neipal features of the 'motors are summarized as follo_ws: . _

Enclosure R '.'7__Totally-enclosed

Cooling system B _-'Watercooledarrcoolertype
 Ventilation: ' Self ventilation and recuculatlontype
' Time rating: . Continuous .
- Max, temperaturense B |k o SR
- Min, efficiency: . : - - 095 (at rated load) SR
-*-‘.Mm.powc_rfactor_".- ey 085(atratedload)
_ ‘Ins'u_lation'class:,--_ DT F L e
MinGDZ . 4240kg-m?(includingpump) -

(3) - Non-retun valve and gnard.velye__.- o
' (i)r Non»retum valve

Al 000 mm drameter, by-pass system mcorporated slow closrng type cheek valve i
as the non- return valve is installed in each outlet side of the pump. for preventrng reverse :

rotation of pump and for minimizing up-surge. of water hammer in the. drscharge penstock L

This type of valve is selected mamly dependent on economreal view: pomt and its hydraullc' =
charactenstrcs o : : '

(ii) Guard valve

A 1,000 mm dlameter, honzontal shaft type electneally operated butterﬂy valve is - L

" installed as the guard valve in each outlet side of the pump; following the non—retum valve e

" The guard valve is operated by motor. dnven gears and!or wrth a handwheel to. be used in’ .
: _caseofpowerfalrure ' A
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@ Contol system "
® General 5

Thc pump operatlon is normally controlled either from separated desk type control |
'switchboard provnded in the control room by means of remote control under supervision of
-the scnugrapﬁc supemsory control swnchboad or by the local control panel located adjacent

B g :: to the pump motors The pumps are: operated to suit to the water demands vs. the

accumulated dlscharge water in combination with number of pump units and pump
operatxon hours; the calculation of whlch is based on information from water level detcctmg _
"dewoes provu:led in the Suction pondage and Head Tank along w1th ﬂow meters prov1ded
on each pcnstock '

(i) Indlcatlons and meters

The sermgraphlc supervisory control switchboard and' the separatcd desk type
control switch board to be mstallcd in the control room include at least the followmg
~ indicators and meters:

a) Se:mgmphlc supemsory control sw:tchboard

i Graphxc pumping system inciuding suction pondage, pumpmg oqmpment
‘discharge penstocks and head tank '

i) Soqucncc lamp mdlcators for pump umts
iil) Fault famp mdncator

iv) Thermometers: o o bearing of motor and pump, starter of
' motor, SR
air at inlet and outlet of cooler of motor

v Water level _indioéx_or_s:_ - suction pondage, and head tank
V) Flov&-.meters for main pumps: penstocks -
o _. vii) Guard valve full openmg orclosmg indicating lamps
by Desktypc control swntchboard S
) - Master cont_rol_ swltches..for start - stop o_f'pi:mp units
i) Contml _'sw_itgh.é's for manual shutoown for cmergépcy case
i) Selector switches for tomporature indicators - -

i) . Control power source switch for A.C. and D.C.



Y

 Audible alarm stop switch

_.( 7) Protechon andalarm

R The P ump 3 and m°t°’"s are so desxgned as to automancally stop andlor to dISPlaY
o alarms on the supcrwsory control sw:tchboard or main control swnchboard whencvcr thc
..'followmg l:rouble happen on thcm SR u :

a) Pump stoppage G . .‘
| 1) Exccsswc tcmperature nse in pumps and motor bcarmgs B
i) .Trouble of stamng _
i) Exoesswe tempcrature rise in lxqmd rheostat
vy '_Exuemly low water level at suction p1t
V) . 'Bxcesswe high water level at head tank
vi) - .onesswe low voltage of electnc power
Cvii) . Over load of _mam_ motors -
viil) Totemal ground fault of motor
ix) Internal short circuit fault of 'ﬁlotqr -
by Alam
i) 'Trouble of guard valve
i) Low oil level of pump, and motor bearing onl tank
i) Suspensmn of cooling water supply -
iv) I.ml;r water level of liquid_ _rheostal B
v) Lowwmarlevclatéugﬁqnpéﬁdage_ B
vi) High waler levcl at head tank ' :
vii) - Not desngned waler level at onc-way surge tank .
viii) | Extraordmary pressure of auto stramcr
ix)

High water lt_:vc_l of sump pnts .
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) | Awuhary facﬂmes

= =’() Ova-headn‘avellmgcm:e -

'I‘wo (2) scts of low spccd ovcrhead travcllmg crane are mstalled in the pump house
One is set at the enlmnce platform for unloadmg and loadlng of pump equlpment The other

is set at the erection and machine bays for installation and repair of pump equipment. The

= capac:lty of the crane is determined to be 32 tons based on the maximum weight of the part

of equipment to be handlcd during construction period. The installed height, lift and span

. of the crane wene dctenmned so that all the eqmpmcnt in the pumping station can be easily

- " ) .and efﬁcnently mstalled or removed. ‘The crane is operated from the cab hung from main

-~ _'glrdet An automatlc mechamcal load brake is mstallcd on the hoist of the crane to prevent

. the load from lowenng untﬂ power is apphed in the lowcrmg dlrectlon by hoist motor. The
o followmg are the pnnc:pal featurcs ofthe ovcrhead crane,

_ Entranoe Plat'fon'n' | Machine Baiy "
o Hoastmgcapacnty | 328tm ~ 328ton
 Topofrail ~ | EL78100 | EL 63000
Liftingheight ~ |  22m ~ 20m
Span | 105m 100m
Travcumglpngih | _4 E . 16m o 57m
o C_urrent'collgétpr | side walt stringing type ‘side wall strm&g typc '

(i)  Sump pumps’

Two (2) sets of sump pump are installed in each of two sump pits for drainage of the
pits. The sump pump selected is of submersible type with a capacity of 3 m3/min. The

. pump control is by hand andlor automatlcal ON-OFF operataon by: means of a float switch-
mstallod in each sump plt

The sump pumps are also used for ﬂllmg water in each penstock prior to the main

o _"pump startmg, wh:ch is done to boost internal pressure additionally after the penstock be
L ﬁlled waler by gravxtauonal flow through by-pass system Of the guard valve. The P““‘:‘Pa1
i feamres ofthc sump pumps are smmnanzed below ' : :

Pumptype S "5:-Submerslbleelccmcmotordlvenpump '
© . Capacity: . 3m¥min, |
T Numbers '-4scts(2sctsforstand by)
s .-‘-__'Totalpumplnghcad .300m o



(ii ) Repatrshop -

A repan- shop is establlshed in the pumpmg stahon It is prowded w:th such'_ |
: eqmpment as are necessaxy for routme maintenance and mmor repamng ‘of pumps motors,
o and otherelectncal and mechamcal eqmpment mstalled in the pumpmg station. T

B }f() Intakefamhtles

oy Trashracks andrake

o S:x (6) vemcal ﬁxed type trash racks are prowded at the mlets of the pump suctlonsr
i plts P:tch of the barelement ofthe trash mck was detemnned at 75 mm to keep out debns -
o whxch nught damage thc pumps A rugged rake mechamsm ns pmwded to assure posmve .

: removal of debns from the face of the trash racks The rake is provnded w:th rollers to ride

~.in the gmdes The rollers are located and snzed fo ensure that the rake is posmoned for
_ complete cleanng of the bar elements of the trash racks “The rake is operated by means of a

E gantry crane mstalled on the intake deck Trashes collected by the mke will be: dumped onto

4 tons, class long body: truck bemg locatcd inside but beneath the gamry crane to dlspose -

of. The pnncxpal features of the uash racks are as foliows: -

"i.‘)"::.Requixednumbcr o :' '6sets -

i) Type R _i-vcmcanyﬁxedtype
“i) Spam il 600m

iv) "~ Height - . 750m

v)  Design water head : 3.00m

v Elemcntbarpltch Lo 15mme

(ii) Intake gates and hftmg beam

Two (2) vertical lift fixed wheel type intake gate. are pro\nded for six x inlets of the o
suction pits, consadenng one for 3-.inlets in each penstock line for the convemencc of
operation and maintenance, etc. The function of the gates is to close off the mlets when itis - o
necessary to unwater the pits for mspectlon and mmntcnance of elther equlpment or

structure. Guide frames are mstalled for all of the s1x suchon pits Two sets of dogg:ng -
~ device are provided in the uppermost pomon of the side gmde frames. 'I'he dev1ces are '

designed to suppon and hold the gate leaves in gate slots dunng rest m gate opcrahon

The gate leaves are raised and loweted by means of a ganuy crane thOugh . hﬁlng.
beam. The lifting beam is provided. wnth two- pomt engagcment and hftmg hooks for o

picking up or relcasmg the gate leaf




~ The pnnclpal featu:es of the gates arc as summarized below:

>

Gate S 2sets

Required number -
o Guide frame 6 sets
_ Lifting beam 1 set
i) Type - Fixed-wheel gate . -
i) Clear8pan 600m
" iv) . Clearheight 3.00 m
V) Design head . 2690m

Gi) Gantry crane

C U one (1) ganiry crane is installed on the intake deck (EL. 70.0 m), and is used for
1owcnng and raising the gate leaves and for operation of the trash rack rake. The lift and
travclmg 1ength of the crane were determined so that the gate leaves and rake can be easnly
and efﬁcnently handlcd and trash loadmg operation on 4 tons. class long body truck be

_ easily perfonned ‘beneath the ho:st For which purposes, the design loads for gratings are
@ | o B thercfore the truck and trash weights. The rail gauge is determined to be 3.7 m mainly in
' view of the stablhty of the, crane, The crane lift and travel are done by the respective
mechanism driven by electric motors, and the electric power is supplied to the crane by a

' cabtype cable: The pnncxpal features of the gantry crane are as follows:

Required number @ 1set
u) Type o TR 'hois_'t'trav_erse't‘ype'-
Cw) Lk 000m
i -.'“_iv) | Traveling length - 77.00m"
| V) Rallgange 370m
vi) Cument collector - Cabtype cable w/cable re¢l
"“) . ’

.- Power source

. AC220- 127V, 3 phase, 4 wire, 60 Hz



(D D:scharge penstocks N
: @ Type of penstock
Concclvab!e altemanvc types of mstallatlon of the penstock an:,
o above ground w1th anchor blocks and saddle supports

":ii)_ bunedmagroundw:manchorblocks and -

| m) mclmod shaft tunnel

A cost companson among the above three altemauves was made ata prehrmnary .

o levclasshown below, .

- i _ | Umt 1000US$
. Atematives abovgggound buried mclmedshaft
 civilworks s 612 1313

| Mochamcalworks 1’851 1931 1725
CTod 32_,-43__1__-"_'..; 2543 3033

Thc above ground type is the least cost altematwe one and 1t is further consndered -

- that its maintenance is easu:r as compared with other types on account of acoess to inside of .
the plpe for a mspectnons and visual mspectlon of outsxdc of plpcs Accordmgly, it 1s' |
selected the above ground type for the pcnstock |

(i) - Economical dlam:tor

‘The econonncal diameter of the dlscharge penstock was studled on the followmg ;
conditions: : - : o

8 Powerrate o 006 USfJKW'_H_ SR

b) Pump characteristiccurve See Fi_g..-4.6.'1' |
c) Wa_terl_cvclofsuouonplt_ i EL 5850m S




" d)  Waterlevel of head tank

: EL. 114,50 m

e Aé'e"resolt'of t'he"‘ stﬁdy shown below, 2, 000 mm in diameter'of the penstock is
selected as the most economtcal one. The velocity of flow in the penstock i is 3.06 m/sec for -

the desxgn ma.xlmum dtscharge of 9.6 m3lsec.l one lane.

-~ Unit :US $ 1,000

© Construction

Annual energy Annual equivalent

(mm) cost, cost . . .cost.
CoL8000 1,200 3,167 3204
1900 1,270 3,148 3,282
2,000 1,330 3,133 | 3,275
2100 .-15207 3,123 3,284

| Note Above tabie shows on one (l) line of penstock

(it’_i)_-_ Water hammer

Havmg dec:ded the layout and diameter of the plpelme it :s necessary to study water.

Rated pumpmg head
Rated pump speed:

.. Pump. des:gn dlscharge

e Pump design efﬁcwncy
Flywheel effect (GD2)
(Pump and motor) -

' _Plpedlameter

R fLengthofpenstock B

hammer whtch glves mﬂuence to the des:gn head of the pnpehne

'60m

600 rpm
3.2 m¥/sec x 3

088
4,240 kg-m? .

1.0-20m

173 m for No.1 pump :
55 52 m

The analysns result of water hammer is shown in Fig. 4.6.5. Up surge lme is shown

o I-as a symmetric line of down surge line bascd on the hydraulic gradient line. As shown in

_ -the ﬁgure by dotted linies, negatxve pressure will ltkely occur in the penstock if the pump

motors are suddenly tnpped Accordmgly, one ‘way surge tank is provided for-each lane,
The maxtmum water head at the center of pump 1s estlmated at about 1222 m.



_ (w) Dcsngn of penstock

- The dlscharge penstocks will be constructed mostly along the ongmal ground line, =
R anchorcd with concrete blocks and supported by ring girders. . One: plpelme is provided for

" three (&) pumps from the cconomlcal viewpoint of the penstock oonstmct:on The radius of
curvature of bend pipes is designed to be at least two times.the pipe d1ameter for reducmg :
.~ the head: losses. The arrangement and layout of the penstocks and their accesoncs are
o shown in the relevant drawing attachcd to thls mport The pnnc:pal desugn data for the: |
' dnschargc penstock are summanzed as foilows '

R Number;eq_uired L o 21ancs _

b) Diameer . :20m
o c) Z‘Totalccﬁtcrlcngth_": ) .:_ 173m(throughNo lpump and
e ' s penstock) S
S l70m(throughNo 6pump and
o ~ penstock)
S Max. design discharge S 96m3/scc for one 1anc .
‘¢) ' Max.designhead oy 130m (mcludc due a!lowancc)
f) Weldingefficiency ;. 09 A o |
- g) Material tobeuséd | . : Rolled steel for welded structurc specnﬁed”
o | ) e byJISG3106 SM41Borequ1valent |
h)  Allowable stress of material .. 1,300 kglc:m2 (Tens:lc stmss)
R 1300 kg/em? (Comprcsswe stress)
700 kglc:rn2 (Sheanng strms)
'-i) Corrosion .allowanoe o 20mm

The des:gn head is thc sum of the statlc head and dynaxmc hcad by thc prcssure rise o

due to water hammer. The pressure rise due to the water hammcr IS decided in desxgn, '_ o o

assuming that the dynamic head is imearly changed from the mmumum nse at the center of _
: pump to zero at the outiet. . '

~ The calculauon formula for plpe shcll ttuckness :s as dcscnbed in thc Des:gn o
- Calculation Repon Combmed stress in plpe shell is calculawd fmm the followmg fonnula

_ cg_:\/01-2 + qz 2. ol'o_cz +_ 3'1:;2_ '

74_-72: e



._thrc;_'_
. og. = Combined stress

_ ol = '-_Cucumfetcnual tens1lc stress
- 02 = Longitudinal stress .
1: = -.S,hc.ann_g stress

The tlucknccs of each ptcoc of ptpc shell is calculatcd agamst des1gn hcad as shown_

in th 466

Each penstock w1ll be anchored by the concrctc blocks and be supported by the roller

. " _typc ring gu'dcrs at mterval of 14m., An cxpansmn Jomt is placed in every span between
.. two anchor blocks of the pcnstock to absorb the expansion or shrmkage of thc penstock due
. fo vananon of tcmpcratuue of 40°C in maxtmum wnth plus 5.0 cm allowance The manholes

are fitted on the plpc shetl for mspecuon and repair of the 1ns1de of the pcnstock The inside

- surface of p:pc is coated with coaltar epoxy resin pamt and the outsnde surface, except the
A poruons c_mbcdtled tu:thc ccnc_rc_tc, is coated with phenol resin paint. |

L ._ _{2) ‘_ Surgetanks

Thc functton of the surgc tanks to be provnded for tlus pump station is to’ prcvcnt a 5
destructton of thc pcnstocks due to a growth of negative pressure at the time of pump trip

:": . phcnomcnon Thc followmg tlu’oc types of surge tank are concclvablc

) 'One-way surgctank _'
ii)  Conventional s_urgc tank

i) Pressre watertank

‘As the results, Ouc-wtt_y surge tank is deemed to be enough for pipcliuc layont of

 this Project and then selected taking into account of advantagcous view points, that are (i)

low initial cost due to small size than the standard typc, (u) low opcratlon runmng cost and

o (m) ease of maintenance.

- The prihcipal featurcs of the one-way _su'rg_e tanks are summarized as follows:

' Waterlevelintank. © : EL.101.00m
~ Connection pipe with butterfly @ 2 sets per a one-way surge tank
g _valveandno~retumvalvc o : o
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(1) Gcneral

_ Eiectnc power requued for the pumpmg station is supphed from the planned Daule T
‘ Penpa Power Statron whrch will be constructed: by the Conusron de E.studlos el Desarrolle =

_ " de la Cuenca del Rlo Guayas (CEDEGE). at 138°kV. To recewe power through a 138 kV
rtransmxsswn line to be constructed in this Pm_lect Seéverino substanon 1s constructed at the
' pumpmg stat:on site. ' - B

The substatron is composed of main transformer yard 138 kV swrtchgera yeard and

o 138 kV connectmg circuit to connect both above- mentroned yards “The maif transformer

- "-yard is. located on the premlses of the pumpmg statlon and the 138 kV sWrtchgear yard is
*"constructed wrth a space area, 30 mx 60 m, at the hrlly area at a dlstanoe of about 200 m.

. from the mam transformer yard

The capaei'ty of the substation' is dethermined as 20 MVA. Secondary'voltage of the
transform'er is adopted at 4.16 kV to dir'cctly coninecte the pUmp motors. Other than this,
local power supply for the base camp (pro;ect office and quarters) and 138 kv swrtchgear_' _
~ yard, and statlon service power supply is designed. The local power supply is made by
138 kV feeders after stepped up' the voltage from 4 16 kV. to 13 g kV by a local_'

| transformer The station service supply is dlstnbuted by 220/ 127V 3“phase 4-wu'e system
after stepping down by two 300 kVA station service transfonner, of which one 1s stand-by
) Design of electrical equipment
: The main features of e_lectrical eqmpmcnt are as fol_lostts; » .
RON T_ranSformcrs e |

a) Mam transformer

i) Capacity and number R
- Two bank of 10 MVA main transformer is adopted.. -

it) Type : _ _

The main transformer will be of 3- -phase, oil lmmersed natural au-cooled wrth some

radiators, outdoor use type: Natural-air-cooled type is Tow. rn pnce or srmple m
: operatton and maintenance for the tmnsfomter of such capacrty R



m) Voltage Rano

) The voltage ratlo of .thc lransformcr is selcctod at the no load ratio of 13814 16 kV,

L w) No voltage tap-changcr

' The main transform:r will equip a no—voltage tap—changcr on the 138 kV snlc to keep
~ the secondary side voltage of transformer as 4.16 kV as possible irrespective of

fluctuation of the 138 kV side voltage due to variation of the recciving power. The

o voltage tap of the “0"'0“883 tap-changer is selected at 138 kV £ 5%, 5 taps of 2.5%
| _;"-:stcp based on 138 kV at mid-tap in due consnde:atlon of maximum voltage ﬂuctuauon
__‘range on 138 kV transrmssxon hne o _

.-'."-v) Connoctxon o

The tmnsformcr wall bc connected in star-delta, voctor symbol Yd; (IEC Publication

" 76,1967) and the neutral point of the 138 kV windings will be grounded solidly.

b) Local transfom:crs

Onc 3-phase 1 000 kVA local scrv:ce transformer for steppnng up the voltage from _
4.16kV to 138KV is installed i in the main transformcr yard to supply power for the |
base camp, 138 kV switchgear yard and also the general demand in the Project area in
future The n'ansfonner is of oil immersed, solf-coolcd outdoor use type

| | c) Stauon scmce tmnsfomlcr

()

Two 3- phase 300 kVA stauon service transformer for steppmg down thc voltage from
416V to 220/127V. 3_-phase 4-wire are installed in the low tensin switchgear room

of pump house to supply power for station_IService loads such as auxiliary machines
for pumping equipment, overhead crane, drainage pumps, lighting, etc. The

transfonmr is of silicone-insul_ated, self-cooled, dry type enclosed with steel cabinet.

Statlc condensers a

Toi nmprove thc powcr factor of pump motors and to reduce thc load losses on the

main’ transformer and the transmlss:on line, four banks of 800 kVA static condenser
togcther wnth series reactor and dlschargc coil will bc prov1ded on the 4 16 kv bus circuits
' and mstallod in the main tmnsformcr yard. '

Capamty of mch bank and numbcr of banks of statlc condenser are determmed with

| i"due consi derauon for the capamty and powcr factor of each pump motor unit and number of
o “pump motor umts to be operated dunng a year '
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_(m) B8RV sw1tchgear

o Srngle bus system is adopted for 138 kV outdoor smtehgear whrch are mstalled in o a
_ the 138 kV swrtchgear yard except two (2) set ot‘ arrester for protectmg mam transfonners 2

a) Crrcmt breaker

One (1) cu-curt breaker for 138 kV transnussron crrcurt wrl! be of three pole, smgle- -
' -throw, hlgh speed outdoor, SF6 gas type The rupturmg capacrty of cu'curt breakeris

: ' selected as 25 kV symmetrrcal which i is one of standard capacrty and to correspond to |
that of circuit breakers at the Daule Penpa Power Station to be mstalled by CEDEGE

o Other two (2) crrcult breaker are 1nstalled for two transformer crrcmts :

b) Drsconnectlng swttches

One (1) pneumattc or. motor operated 3 pole szngle throw, outdoor type
drsconnectmg switch wrth earthrng swrtch is 1nstalled on the i mcommg crrcmt of . ' _
' 'transmission line and two (2) mechanical hand operated drsconnectmg swrtch will ‘
' 'alsobemstalled formamtransforrmr cn'cutts ' . '

c) Ltghtnmg arresters

One (1) set of lightning arrester is placed on the 138 kV transmtssron lme crrcutts and )
'_ two (2) set of lightning arresters are piaced close to the mam transformer to protect rt.
from hghtmng or other surge phenomena ' R '

d) Potenoal devrces and current transfomlers Ca

Followmgs are mstalled for reqmremcnt of measurement and protect:ton
i) One.(1) set of current transformer for 138 kv transmrssnon hnc cut:utt
i) Two(2) set of current transformer for main transformer errcults S
iii) Two(2) capacitor potentxal device for 138 kV u'ansn'ussron circuit .
| iv) One (1) couphng capacntor potenttal devroe for 138 ItV transmtssron hne cu‘cmt :

Gv) 13.8 kV switchgcar

13 8 kV swatohgear is prowded to supply the power to base camp,and 138 kV. ,
swrtchgear yard in the project eompleuon and also tothe gencra] demand in the Pro_tect arca ;’



in future. The outdoor type cubicle with two (2) feeders is provided for the switchgear,
which is installed in the main transformer yard.

W) d;lG KV switchgear

- 4. 16 kV circuits for the main transfonner secondary, two buse connection,main

_ pump motors, static condensers local transformer and station service transformers are
: arranged in the dead-front sheet steel cubicles with safety to the operator and installed in the.

hrgh tens:on sthchgear room,
(yi) “Low ten'sion 'SWitchg_ear
Self-supportmg type metal-enclosed cubicles is provxded for recemng the power "

from station service transformers and diesel engme generator in emagency case and for
distributing tbe power to three (3) motor control centers, two (2) AC-panel and battery

charger

The eubrele are- located in low tension swntchgear room and following equlpments
are accommodated in the cubicle.

o a) One (-1) set of 220/127\/ 3-phase.,.'4-wire bus'_ |
'. b) Seven (7) arr cu'curt breakers - |
¢) Two (2) moulded case crrcurt breakers '
d) N:ne (6] current transformers .

e) Two (2) pot_entlal transformers

(vii) Main control switchboard

Control of the electric facilities in the pumping station are made on the main control

- - switchboards to be installed in the control room of the’ pump house. The main control

sw:tchboard is of vertical, duplex type with access door at both end. The indicating,

- mtegratmg mstruments, control switches, mtmlc diagram of bus bars, motors,
' "transfonners. static condensers, sw:tchgears, etc wrth mdrcators showmg the position of
circuit breakers and d:sconnectmg swrtches are arrenged oit the front panels and protective

B relays on the rear panels :
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a) Metenng

- lnstruments are provndcd on each control sthchboard to mdwate thc followmg

-i) 138'kV transmission linc '
.- Line current
kWpowerreoewed s
<138 lemevoltage o
" _"System frequency

- kWhenergy
- kV meter _
Lo Power factor meter

. ""::_ - u) 4 16 KV circuits -

- Mam transfomer cument _ .
- MamtransfonncrkWoutput-‘“ BRI
- - Powerfactor .~ °
 -'4.16kV bus voltage |
- 4.16kV bus ground voltage -
- Static condenser line current
- Pump motor line current o
- Pump motor kW output .
- Main motor kWh energy
- Local transformer line current. -~
- Station service transformer line current.

iii) 13.8 kV circuits
- 13.8 kV bus voltage
13.8 kV ground voltage
13.8 kV feeder current
13.8kVY feeder kW outp.ut' L
13.8 kv_f'eedq'kjwh energy

1.

w) Low tensnon c:rcuns _
- Stanon service transfon'ner currcnt S
s 220/127 Vv bus voltage '



-

b) Relaymg

Re!aymg pancls are provxded for each machine and eqmpment mcorporatmg the

follow_mg protective and alarm features.

i) Protection for pump-motor units "
- Diffrential protection on the motor
. - Overcurrent protection on the motor
- Ground fault protectibn on the motor -
< Bcarmg tempcrature extmme!y hlgh
- Other necessary protectlon '

i) Prqtection fo: miain ttansformer_ :
- Differential protection on the main transformer

" - Overcurrent protection on the main transformer

- Buchh'olt_z rglay operating (2nd stage) -
- Other necessary protection

iii) Protection for local transformer
- ‘Overcurrent protection on the local transformer' o
- Buchholtz relay operatmg(2nd stage) o

) 1v) Protcctlon for static condcnser _
- Qvercurrent protection on the statlc condenscr
- - Mechanical fault detector =

v) Protection for 4.16 kV circuit.
- ‘Undervoltage protection
- Overvoltage protection _
- Ground protection 'on' 4.16 kv bus section

.' v1) Protecnon for 138 kV transrmssxon llne

- D:stance protecnon both phase and earth faults
- Overcumnt protection - - -
- Undcr voltage pmtectmn s :

i .Protection for 13.8 k‘_V circuit -

" . Overcurrent protection on the 13.8 kV feeders
. Ground fault p:otection on the 13.8 kV circuit



_ Dm:cuonal ground fault protoctlononmc 13 8kV fecgus
; o Undoryolt_age pnotocnon onthc 138kV fwdcrs

- vm)Protectlonforstanonsewoe R o -
- Undcrvoltageprotoctlonon220l127Vbus _.?; L o

- _ 1x) Alarm forpump motor units 0 o

Bcanng temperature high (lst stagc)
_ Coohng air. temperatum h.lgh : S
- Cooling water flow stopped for motor au' cooler, motor bearmg, pump bearmg
" - Pumpand motor bearing oil lcvel low. - o :
O_ther necessary alarms |

- x) Alarm for main transfomcts
- Olltemperatum hlgh
- Qil level low _ : -
- - Buchholtz relay operaung (lst stage) -
- Wmdmg temperature l'ngh B
- Gas pressure Jow for circuit breakers o
© - Unhealth of dlsconnoctnng swntchm S
- Other necessary alarm R

 xi) Alarm for 138 KV transmission lme R
- Gas pressure low for circuit breaker e
- Unhcalthy of dnsconncctmg swntches o

* - Other necessary alarm

xit) Alarm for local and station sorvice'tmnsformers. S
- Oil temperature high for local transformerss
- Buchholtz relay operating for local transformcts (lst stage)
Othcr necessary alarm

xiii) Alarm for station services
- Ground fault on 125 volt, D.C.bus
- Water level high, in the dramage sump plts
- Other necessary alarm
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; (Vm) Sub-control swuchboard

The sub—control sw:tchboards are provnded to feed AC 220—127V three phase, four

wire and DC 125V power to pumpmg station common use facﬂltres, and is mstalled in the
- low tension swrtchgear room (EL.60. Om).

: The panel mounted eqiprnent and devices will incllid_e'the: followings.

B a) Al C panel 1 _
- One(l) A C amrneter
- -Twelve(12) No-fuse breakers
- One(l) A. C amrneter selector swntch
- One(l) set of terminal block

b)AC panel 2

- One(l)AC ammeter

- Sixteen No-fuse breakers

- One(1) A.C.ammeter selector switch -
- One(l)set'of'ter‘_rninal'bletk i

c) D.C. panel

- Sixten(16) No-fuse breakers
- Two(2) Magnetic contactor for D.C. emergency hghtmg circuits
. One(l) set of tenmnai block

= ‘(i"x)_ _ Oﬂ;erelec__:trical faci_iitics in pumping station .

a) Battery charger panel :

~ . One metal enclosed battery c.harger having doors in front to facilitate inspection, is
L provrded in the low’ tension swrtchgear toom. The rectifier element for the battery is of
' 's1hcon Fuse protec_tlon is provrded formdw:dual rectlﬂer ledCS '

The battery chargcr is capable of mmal chargmg, ﬂoatmg operatson and equalrzmg
L charge for 200 AH storage battery
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B _ b)Storagebattery

'Oncsetofstoragcbaucrynsmstalled mthebatteryroom&702m)tobcusedfortlw _' o

b control of pump-motor and electncal facllmcs and for emcrgency hghung Thc battery
. wﬁl be of lead ac:d enclosed type 125 V 200 ampere ho - :

) Telcphone facxhncs :

| One set of pnvate automanc telephone-exchange havmg an cxtens:blc capacny of 60 - |
- lines will be installed in the tclephonc ro0m (EL 20. 2m) for commumcatlon between '
. pumpmg house msnde, 138 szwntchgcar yard and base camp

- Besndes communication betwecn Daulc Penpa powcr statlon and the pumping station -

s madc by means of Power Lme Camer(PLC) Equ;pment prowded under the pro_|ect -
' Followmgs are prowded' for PLC system: |

- One(l) set of power line camer termmal equnpmcnt s
-One(l)sctoflmcu-ap : : R
- One(1) set of coupling capacnor potenual dev:ocs
- Onc(l) set of coupling dewcc :

= Onc(l) set of powcr supply umt

d) Diesel engine gcnerator

‘To supply power in emergency case of power suppiy stoppagc from Daulc pcnpa'= S
power station, one diesel engine gcncrator is prowded Capac:ty of the generator is _' f
adopted to be 200 kVA to deliver power for essential loads such as sump pump motor '

. system in the pump house, battery charger forD.C control source, emcrgency hghung'-
etc. The power supply to the mam pumps and to basc camp is not. takcn mto* .

cons:deratlon

. To prevent the parallel opcranon wlth normal power systcm, the cncult bxeakcr for the :
diesel engine gencrator cu‘curt is mterlocked with the. cm:ult breakcr for the statnon

service transformer circuit.

Thé generato'r is of 3phase4-w1re,2201127 Vand mdoorusepackagc type.
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. i '._'( ). Addmonal facﬂmes at Daule Penpa Power Station -

E ' S ) Daule Penpa power statlon p]anned by CEDEGE is prepared an 1nstallat10n space of g
- 138 kY slngle circuit switchgear for Severino pumping station. However, CEDEGE's plan
- does not consrder to,_p_rovlde.me facnl_m_es rel__atc_d to Severino pump_m_g station. .

Then the followmg equ1pment and structurs are provrded in the outdoor switchgear
yard and power house of Daule Peripa power stauon '

: a) 138 kV outdoor sthchgear yard _:

- One(l) set of cwcmt breaker for transmission line circuit
- One(l) set of disconnector with eaﬂhmg switch for transnussmn lme
i Two(2) sets of dlsconnectom for transmission line circuit
'_ - Two(2) sets of dlsconnector for connecting with exnstmg buses
Three(3) sets of current transformers
- Two (_2) sets of capac:ltor potential devices
- One(l) set of coupling potentor potential device
- Three(3) set of lightning arrésters
_ o '. -'One(l)'setofiineuap'
& SRR . 2 One(1) set of couphng device *
' e - One(l) 1ot of electrical conductors and ﬁttmgs

= One(1) lot of insulators and ﬁttmgs
- One(1) lot of steel structures
- Onc(l) ot of other materiajs

b) Power house msrde

o One(l) panel of mam control swuchboard _
B - One(1) set of power line camer termmal equnpment
- One(l) set of power supply unit for PLC. '

'& " =’I‘h_e_'e‘qu_ipme'n’t and'structure to be added for this project will be provided in similar -
Vo speeiﬁcg_ti_on,wim' Seyierin_o_ooe as far as possible.

. _(4_) + 13, 8 kv dlsmbutlon lme

T e “Two c:rcmts ot” 13.8 icV dlstnbutlon lme wril be fed from the pumpmg statxon for
ﬁ LT ': supplymg electr:c power to 138 kv swntchgear yard and base camp




The routes of lmcs are sclected along the access road in.view. of the casy operauon " '
and mamtenance exccpt of shout-cut laymg between pumpmp statlon and 138 kV _

R fswrtchgear yard

To recewe power from 13. 8 kV dlstnbunon lme and dcllver power o the respectwe e

low tension loads, recewmg facrlmes whrch consrst of dlstnbutron transformer
"'"-”drsconnectmg swrtchandarrestermrequ:red R SR

The mstalled capacrty of these drstnbunon transformers to be provrded in. 138 kV .

sw1tchgear yard and base camp are as follows

L '.138_.kV;switohgear yard S0KVA, 3-phasc 138KVR20-127V
s for outdoor lifhting, repair work power souroe
R testmg power source. in completron test.etc.

Basecamp: --1--'100kVA'3'—phase. 138 kV/220-127V

- for prOJect ofﬁce, resrdenr quarter domest:c water
- Supply pump, ctc S e

Distribution line voltage and capacnty is decrded at: 13 8 kV and 1000 kVA
respectively, thinking over the future extensron of power demand i m the prOJect area. The' o
power conductor and ground wire are selected at ACSR 50 $G. mm(Al 6/3 3, St 173. 5) and _

GSW 22 5q. mm(7l2 0) respectively.

Arrangement of linc conductors will be in horizontal on one e_ross_-a:"rn and overhead .

groundwire wi_ll_be fixed on the top of th'e-'s'upport_. Supp_orts”wil_l be local corrorete poles.

It is noted that commumcauon cables for PLC and telephone and control cable for .

138 kV sw:tchgear are attached to thcse dlstnbutlon lme

(3)  Earthing system .

General earthmg systems are prov:ded at pumpmg house mam transfomler yard and

138 kV swrtchgear yard for the follow:ng thre¢ main purposes -

- V To safeguard operatmg personnel and the pubhc

ii} To provide connections to. the canh for transfonners and other power o

eqmpment neutrals -

“
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