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CHAPTER 1  INTRODUCTION

The feasibility study (hereinafter referred to as the F'S) for the rehabilitation plan of Lagunilla
run-of-river type hydroelectric power plant (rated output of 0.392 MW) was conducted
fdlIowing the pre-FS$ that was carried out for eight months from November, 1987 to June, 1988,
Thi_s're'port is prepared to sumumarize the results of the T'S. |

This FS was perfolrl_ne.d in "accordance_ With the Scope of Work (§/W) agreed and signed in July
1988 between Japan International Cooperation Agency (JICA) and Instituto Colombiano de
Energia-Electrica (ICEL). The study was conducted from November, 1988 to March, 1990.

From among 62 small-scale hydroelectric power plants operated by ICEL that were nominated
“for the study of the rehabilitation plan, Lagunilla hydroelectric power plant (hereinafter referred
~ to as Lagunilla P/P) was selected as a candidate for the FS for the following reasons:

1} Aerial photographic sur\?ey had been conducted and a survey map had been drawn
~ onascale of 1/5000. '

2)  This power plant site is located favorably to a 300-meter harnessed waterfall.

3) Thngh.hydrolbg'ical gauging stations were washed away by debris flow caused by
the eruption of Mt. Nevado del Ruiz in November 1985, this power plant site has a
~ high river discharge rate. .

From this FS, post-reh_aﬁil_itat_ion generating scale for which JICA Study Team proposes as an

\ optimum rehabilitation plan is as follows:

- Maximum output 5.0 MW
- Annual potential generated power : 43.2 GWh

- Facility utilization factor : 990 %






CHAPTER 2  SUMMARY OF STUDY RESULTS

Lagunilla P/P oﬁerat’ed' by E. TOLIMA, is the run-of-river type with a rated output of
392 kW, utilizing a waterfall, and is located along the Lagunilla River in Tolima Department.
0pe1at1on started in 1940 but was stopped in 1972, because of the breakdown of generating
equipment and. the transmlssron famhtres were then removed. Presently, it has been left
unattended and mtake structules were washed away by debrrs flow from the eruptron of
Mt. Nevado del Ruiz in 1985.

(D P_reser_rt oondttiOn of _ gerterating facilit_i’es and their problems

" The plant was washed away, and there is nothmg remammg at the original site.
However, a srmple drversmn weir was constructed- upstream from the waterfall, and
. water flows to the head tank through a 56- meter-iong open channel. The gross head of
- the waterfall is about 300 m Because of topographrc restr 1ct10ns, 120- -meter-high,
t 'approxrmately 13 of the gross head was utilized for the power plant

- 'Iri'19843-a:feasiﬁility Study wasi-conduc'ted to "cover the follou}ing er'e"a_s':" N

A chversron weir will be constructed Aat an elevation of 1, 960 meters upstream of the

' '_waterfall o generate power LIlldE‘-i the followmg cond1t1ons by constxuctmg two
" hydroeléctric power ‘plants.

Y | Planned avaﬂabie drscharge : Q=90 m3/s
2) Maximum o output . P=66.5MW
3) - Gross head : H=897m
5) ‘Total ieﬁ'gﬂr ofheadiace ~ + L =4,960 mon'the right side of the river

However, thls study has yet to be implemented because of volcamc eruption of Nevado
_ del Rulz in 1985

The biggest probie'm of the Lagunilia P/P rehabilitation plan is the lack of hydrological -
gauging station along the Lagunilla River; In this report the generat.lon plan was
formulated in accordance with the dlscharge data. observed by Instituto’ de
' Aprovechan_nento de-Aguas y Fomento El_ectrrco (IAAFE, _the predecessor of HIMAT)
i ';tt the E1 Bosque gauging station for eiglit years from 1957 to 1964, To implement this



2)

plan, a hydrologiczﬂ ganging station needs to be established at an earlier date and data

on the recent hydrological regime of the Lagunilla River is also needed.

Alternative rehabilitation plans

In the rehabilitation plan of the Lagunilla P/P, comparative studies are made for the

power generation-optimizing plan. The following conditions are considered in

formulating alternative plans.

1) The design available discharge is set up with cases of 2.0 m3/s, 3.0 m3/s and

4.0 m3/s within the range that the facility utilization factor does not exceed
50%. (refer to Fig.2.1) - -

2)

The power genération_p]an intends to fully utilize the 300-meter-high waterfall

head. The slope on the right bank of the waterfall is too steep for the

conduction channel route, so a new structure must be built underground,

below the existing pchrhousc building (elevation: 1,650 m). A right-bank

co_nduction channel plan limits the use of head to an elevation of 1,650 m,

3)

Aécofd'ing to a sﬁrvcy debris flow occurs once in 70 years. T he layout of

structures and facilities, cxcept for intake fabi}i_ties, will be planned to prevent

debris flow.

A summary and layout of the alternative plans are shown in Table 2.1 and Fig. 2.2.

Alternative Plans for Lagunilla Power Plant Rehabilitation

Table 2.1
Item Alternative Plans
Alternative-1 Alternative-2 Aliernative-3

Elevation at the
intake (m) 1,782.5 1,821
Headrace route Right-bank route - cht—bénk route
Location of power - | Existing power plant site Left bank.
plant _ (Elev = 1,650 m) (Elev = 1,500 m)
Net head, He (m) - 125.9 161.5 300.0
Discharge, Q (m3/s) 2.0 2.0 2.0 | 3.0 ] 40
Max. output, . :
P (MW) 2.0 2.6 . . 5.0 7.7 | 10.2
Facility utilization
coefficient (%) 99 99 99 85 71

2-2
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(3) Selection of optimum plan

Comparative study results of alternative plans are shown in Table 2.2, ALT-3-1
(Q = 2.0 m3/s) is selected as an optimum plan from a cost-benefit perspective. The
basic design for ALT-3-1 plan to be conducted in the feasibility study stage is described
in Chapter 11.

2-5



~ Table2,2 Comparison of Rehabilitation Plan for the Lagunilia

Power Plant

@ Specifications for Existing Generating Facilities @ Rehabilitation Plan @ Recovered or Increased Energy
® @ @ @ [resens cility ® @ @ ® @ ® ® ® @
Alternative =
Plan Max. Net Rated @ @ Max. Standard | Theoretical | Resultant Qurput Annual probable Facility Output Annual groba.ble
available head outpw - available net output | efficiency =@x @) generated energy utilization =@)- generaled encrgy
discharge - Output G:z::;?d discharge head =9.8x G0 factor ' -©®
Qo ~ Ho Po Pe Ee Q1 H @ P1 " Ey € AP AE
(m3 /s) (m) (kW) kW) (GWh) (m3 /5) (m) (KW) n W) (GWh) (%) (kW) (GWh)
ALT-1 0.5 120.0 392 0 0 2.0 125.9 2,468 0.830 2,000 17.6 99 2,000 17.6
ALT-2 2.0 161.5 3,165 0.830 2,600 22.6 99 2,600 22,6
ALT-3-1 2.0 309.0 6,056 0.830 5,000 43.2 99 5,000 43,2
ALT-3-2 3.0 309.0 9,084 0.850 7,700 56.7 85 7,700 56.7
ATT-3-3 4.0 309.0 12,112 0.850 10,200 . 62.4 71 10,200 62,4
o e i Construction Cost . . - . . Average Generating Cost Cost/
@ Rehabilitation Wark Cost (US$1000) mer KW (USSAWY TOLal.OI A_“"“““ Cost at Generatng Terminal (US$1000) @ oer kWh (mills/kwh) 6 Benefit @
. . : : - Principal repayment amount for -
@ Gencrating Equipment Cost S © @ ® ® consuuciion cost (25-year average) 2 @
ati - i i Local :
All;r]na:uw Q) @ - | @ Civil @@ Co;t per Cost per Opt:;a;on @ ng{gﬁgy NG ¢fféncy @& @+ per Fi per A f Priority
Fareign Local | @e@ work B 5 ®| = @@ | maintenance portion “0““50“ A =6y/aD /B order
cwrrency | cumency cost = =W/ costs 2610x@ 7--01(_3‘ @+® ~0.95 +~0.95
portion portion * 2 (@+@]
Cif C1e Ct C2 c ciae C/R AOM = 25
ALT-1 2,000 800 2,800 700 3,500 1,750 I 1,750 8.0 207 121 228 336 20 20 .28 4
ALT-2 2,400 | 1,000 3,400 900 4,300 1,650 | 1,650 10.4 251 154 405 415 19 19 1.24 3
AT-3~1 3,800 1,500 5,300 1,600 6,900 1,400 1,460 20.0 401 252 653 673 16 16 1.00 i
ALT-3-2 5,600 2,300 7,900 1,§00 9,800 1,300 1-,-300 30.8 587 335 922 953 18 18 0.6 1
ALT-3-3 7,300 | 2,900 10,200 | 2,200 12,400 1,200 1,200 40.8 764 414 1,178 1,219 21 21 1.29 5
(Notes) (@): For the axisting generating equipment specifications, refer 10 the facility register record artached 10 () : EEnergia Media)
the pre-F3 report _ : '
. . ~ Touwl of annual average cost at 2enemting terminal . « _ Annual water amount for turbine (me Js- hr) or
@ : Generating cost= 3 r] average supplied elecmic power F &= Qp x365x2¢ * 100(%)
(® : (/B is the value of cost and benefit rato calculated according to the financial analysis. . The annual AOM is the amount which is equivalent o US54 per K'W.
@ : Esiscomputed according to the average annual opesation record for 5 years from 1984 1o 1988 _ _ : . o
@) : T is the resultant efficiency of mrbine and generator. : Interest is calculated by a repayment of principal in equal annual smounts under the foilowing

- condidons.
Foreign currency porton: Annual interest rate of 10%, unredezmable for 4 years, repayment over 25 vears

Local currency pordon

Annual interest mte of 21%, unredesmable for | year, repayment over 8 venrs







CHAPTER 3 STUDY PLAN

3.1 ©  Organization of Study Team
3.1.1 JICA FS Study Team

JICAFS Study Team, listed be'lt.)w, includes the team leader and two members who

participated in the pre-FS, engineers, geologists, a hydrologist and an economist.

Name Position Assignment
MasamiOno - Team leader Total coordinator (civil engineer)
Murao Toyama Team memmber ~ Power generation planner (civil engineer)

Susumu Nonaka Hydrologist

Yoshio Kawasaki Generating equipment planner (civil engineer)

Akira Takahashi " Generating equipment planner
: ‘ {mechanical engincer)

Masayuki Tamai " Generating equipment planner
(clecirical engineer)

Nobuhiko Uchiseto : Geologist

Takashi Inoue " Geologist

Masaaki Uec_la " Economist

3-1



3.1.2 Counterpart Engineers from ICEL

Engineers who were engaged in this study as counterparts of the JICA FS Study
Team are as follows:

Name - Field . Position
Juvenal Pefialoza Rosas - . . Civil Engineering Head of Central Eng. Div.
Jairo E. Gonzalez Morales Civil Engineering Cen_l:rai Eng. Div.

Mario Gutierrez Ospina Civil Engihee_ring_ Central Eng, Div;
Rafael Torres Marifio Civil Engineering CentralEng Div.v
Rafael Gomez Florez . Civil Engincering - Central Eng, Div,
Jorge E. Hurtado Mufios Civil Engineering ~ Central Eng. Div. -

3.1.3 Suppoftin g I_'I_‘ech_nical Staff fr_om'ELEC'IROLMA

3.2

JICA FS Study 'Tear'ri bb_tai_ni;a céb’ﬁération and support froni the technical staff listed
below, in conducting the site reconnaissance, collecting data and performing
engineering consultation necessary for this study. '

“Supporting Staff _ | ~ Position

Tvan Nicholls N. o President S
Hugo Neira 8. Chief of Planning Division
Francisco Corrales Chief of Small Power Plants

Study Items and Study Schedule

This FS was conducted for 17 months from November, 1988 to March, 1990 in
accordance with S/W agreed and signed in July, 1988 between JICA and ICEL.

3.2.1 Study Items

Study items for the FS as described in the S/W are as follows:

(1) Review of the existing data
(2) Site reconnaissance



(3) Feldwork. -
‘1) Topographic survey
-2 Photoglammemc mappmg
) Gcologwal mvesugauon |
'4) Data collectton
4) 'Power survey
- (5) Optlmum plan, :
(6) ;Fcamlnhty demgn e
(N :Stabxhty and safety analyses '
8 .Construc_tmn method_ _
(9) Costestimation .
(10) Econornic and fin{anc‘iial_a'nélyses
(11) Maintenance manual

3.2.2 Study Schedule

Table 3.1 shows the overall study schedulé as indicated in the S/W.
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Two field surveys were conducted at Lagunilla P/P, as shown in Table 3.2.

In the first site reconnaissance, the team leader and two civil engineers conducted the
present-condition study of the existing facilities (mainly civil structures) and collected
necessary data.

In the second field survey, a geologist and hydroelectric power generation planner
gathered data relating to the geological survey.



Table 3.2 Field Survey Schedule

The first sife reconnaissance

Member

Date Schedule Detail of Study Ttem . :
: . ) ICEL JICA

Feb. 8 Bogota — Ibague Discussion at ELECTROLIMA J. Gonzalez Masami Ono

Yoshio Kawasaki
Feb. 9 Field survey at Lagunilla P/P
Feb, 10 Discussion at ELECTROLIMA,
and data collection
The second field survey
Member
Date Schedule Detail of Study Item '
ICEL nca

July 4  Bogota — Ibague Discussion at ELECTROLIMA, Mario Gutierrez Murao Toyama

and data collection Ospina Nobuhiko Uchiseto
July 5 Field survey at Lagunilla P/P
July 6 Same as above
July 7 _ Discussion at ELECTROLIMA

3.3 Detail of Field Survey Work

The field survey work planned in consultations between JICA Study Team and ICEL
counterpart staff according to the results of the site reconnaissance, included
topographic surveying and boring survey as described below, but did not include

photogrammetric mapping.

3.3.1 Scope of Topographic Surveying

The alternative plan prepared by JICA Study Team is shown in Fig. 3.1. The scope
of topographic surveying is indicated in Fig. 3.2 through Fig. 3.4

The drawing of the site's present conditions is on a scale of 1/200 with a contour line
of 2 m. Main structures for the existing facilities and positions of bench marks and
boring are illustrated. '

3-6
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CHAPTER 4 PRESENT CONDITION OF THE STUDY AREA

4.1

4.1.1

Power Conditions in the Power Sector

Power conditions of the i)ublic electric power company operated power plant under
study for rehabilitation (hereinafter called public electric power company) are
described below.

Balance of Power Supply and Demand

Table 4.1 shows figures for power supply and demand duting the five years from
1983 to 1987. In 1987 peak demand was 130 MW, while installed capacity was
66 MW (about 51%). In 1987, electric power was 495 GWh, while supplied power
was 170 GWh, which is about 34% of total electric power. The public electric
power company bought the equivalent of 455 GWh of electricity from another
¢lectric power company.

The breakdown of power demand in 1987 indicates that power demand for
residential, commercial, industrial, and miscellaneous uses was 38%, 9%, 5% and
25% respectively. Power demand for residential use was high, while that for
commercial use was low.

Annual average rate of increase in power demand from 1983 o 1987 is 2.5%, while
that of generated energy was -8.9%; the rate of buying electricity was high.
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Table 4.1

:Tran;sition’ bf Power Supjaly .and. Démand
{1983 - 1987)

3. Power I;oss (G_Wh)

SETRN

Annual -

ltem 1983 1984 1985 1986 fog7  fwverage

R R Rate (%) *

 DEMAND o

1. Peak Demand (MW) 8 o7 103 106 130 119

2. Electric Power (GWh) _ . - ' _
1) Residential 157 164 14 18 189 4
2) Commercial. 44 .45 .45 45 - - 4.0 17
3) Industrial . L m9 L8 136 139 . ss
4).1‘\/_Ii.s‘cel_lane_p_l.ys__ 136 136'_ C134 . 1TL 120 - 31
CTowl 448 514481 S0 495 . 25

SUPPLY |
1. Instaled Capacity (MW) 67 67 66 66 66 04
2. Generated Energy (GWh) 247 338 - 230 304 170 89
owe ;o 129 125 . 130

14

(Source: INFORME ESTADISTICO: RESUMEN 1983.1987)

*  Annual average increase rate is calculated as follows:

Example: When_ peak demand is 11.9%,

83 x (1 +x)% =130

X = 0.119 (11.9%)
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4.1.2 Present Conditions of Generating Facilities
(1)  Generating facilities

Table 4.2 _Sho{vs total installed capacity of a public electric powér _corﬁpany. Its
getierating system includes hydroelectric power and thermal power.

Table 4.2  Total Installed Capacity of Public Electric Power Company
' (1983 - 1987)

o Annual
Ttem 1983 1984 1985 . 1986 1987  Averse
' ~ Rate (%)
Total Installed Cap'\uly {MW)
. Themal - ~ © 0 0 0 o 0
2. Hydroelectric 61 & 66 66 66 04
3. Others 0 o 0 Q a0

CTotl 61 61 66 66 66 .04

(source: INFORME ESTADISTICO: RESUMEN 1983-1987)

The powcr plant of the FS broke down in 1972, so operauon ceased At
present the generatm g facilities are left unattended.

.(2) Transmission facilities
~ The public electric power company provides 115 kV transmission lines to its

~ transmission and substation facilitics. However, transmission facilities are not
provided for Lagunilia P/P.



4.1.3 Generating Cost and Electric Charges g

Table 4.4 indicates the transition of generating cost and electric cl'iar:gge's- for the five
years from 1983 to 1087, | |

Table 4.4 Géliel"atilig Cost and Electric Charges -

: Annual
Item o Te8y 1984 1985 1986 19g7  duenge
' Rate( %)
G_eneratin_g Cost (COL$KWh) 366 404 - 563 6.65° 10,61 "30.5
Eiéﬁtric Charge (Average): |
(COL$7kWh) e e
1. Residential 292 299 305 392 . 491 13.9
2. Commercial 524 ST 697 939 12.37 24.0
3. Industrial 532 605 616  7.63 . 100¥ 17.1
4. Public use - 356 370 547 637  10.02 295
5. Average 346 357 426 523 136 20.8
Breakdown of Power Defnand
by customer . _
1. Residential 101,315 110,665 114968 118,400 125,622 5.5
2. Commercial 8555 8725 8829 8984 . 9530 - 27
3. Industrial O 4m 404 405 367 38s 23
4, Others 1,798 1903 1,930 1969 1,886  12.
5. Total 112,000 121,697 126,132 129,720 137,423 52
Diffusion of Electricity e,
" 1. Overall | © O L,025 L0388 1052 1,065 1,079 1.3
(1000 households} $ - o a ’
2. Power demand 459 501 521 536 569 11.3
{1000 households} . _
3. Electﬁficatianate (%) _ 45 43 50 50 53 4,2

(Source; INFORME ESTADISTICO; RESUMEN 19834987)
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4.1.4 FPorecast of Power Supply

BLECTROLIMA forecast for the pbwer supply in 1995 and 2000 is shown in the
following table.

 Table 4.5 TForecast of Power Supply

' [ . )

(Units: GWh)

1995 2000

Supply 7
1. Generated energy 210 210
2. Amount of electricity-buying 560.1 794

Total - | 7161 1,004

4.2 Operation Record of the Existing Power Plant
Although the existing power plant started opc'rzition in 1940, it has not been operating
- since 1972 because the generating equipment broke down. Thus, no past record for
operation and generated energy exists. ' '
4.3  General Condition of Generating Equipment and Civil Structures
4.3.1 General Condition of Generating Equipment
_'The present condition of the generating equipmerifis summarized below:

(1) Generating equipment

‘Altl'l.ough' Lagumlla P/P stafééd :(Sp'e‘r.atiori in 1940, it has stbpped operation since
1972 because of breakdown of the generating equipment.

" Since 1972 generating equipment has been left unattended without any

maintenance. Operation of such equipment is ill-advised. The control panel for
water turbine and generator was removed from the plant site.
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(2)

Substation and distribution

The substation and distribution line were removed from the plant site,

General Condition of Civil Structures

Lagunilla P/P ccased operation iﬁlye_a'rs égo. The diversion weir was destroyed by

 debris flow from the volcanic cruption of Mt Nevado del Ruiz, and it has been left

unattended,

(1

2)

3)

(4)

Intake facilities
The intake facilities are built in the 300-meter-high waterfall head, but there is
no desilting basin. The intake (unlined tunnel structure) is on the right bank.

The screen was washed away and no gate was installed.

Conduction _charmel

There 1§ a 46-meter-long conduction channel with a cross section of 0.7 x

0.6 m and RC cover.

Head tank and desilting basin
The head tank is combined with the desilting basin, and total storage capacity is .-
17 m3. The head tank/desilting basin has no capacity for desilting or
adjustments of the head tank.

Penstock '

The two 11_4-meter—ldng penstocks (diameter: 300~500@mm) cannot be used
because of damage.‘ ' : ' '



(5) Powerhouse building
RC building (size: 12,90 x 11.55‘m) is built on a slope below the intake. The
gross head of the waterfall is 300 m, but only a 120-meter-section,
approximately 1/3 of the gross head, is utilized for this power plant because of
topographic restriction,

(6) Tailrace

No tailrace is provided.
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CHAPTER § BASIC DATA COLLECTION

The pre-FS was conducted from November, 1987 to July, 1988, The ES was carried out in
November, 1988 to collect topographical, geological, hydrometeorological and other related
data as detailed below: '

5.1 Topographic M.aps o
The fountainhead of the Rio Lagunilla is Név_ado del Ruiz. The Rio Laguﬁilla ﬂoWs
through Libano, Armero and joins the Rio Magdarena. Lagunilla P/P is located about
25 km west of Armeto. '
JICA Study Tcaﬁl-bo]lectcd the following topographic maps.
- Topographic maps (scale: 1/10,000 - 1/400,000) published by IGAC

- Topographic maps that were actually measured by ELECTROLIMA for the study
of this power plant - o ' : '

- Topographic m‘aps_(s'calé:' 1/5,000) drawn in 1984 by EL’ECTRQLHVIA according
to aerial photographic survey to conduct the ES

(1) Topographic maps published by IGAC

Scale - Drawing No. | Description
1:400,000 - the whole area of Tolima Department
1:100,000 %%g } power plant and vicinity
- 225-11-A,B,C,D s
1: _2$,OQQ o UETAC } power p_l.ant and upstream area
I: 10,000 - 226-1-A-1,2 power plant and vicinity




(2) Topographic maps measured by ELECTROLIMA

Topographic survey mﬁps actually measured by ELECTROLIMA from March
to August, 1989 for the study of this power plant are as follows:

Drawing

© Scale No. - Desciiption (planned area) -

1:500 1 ALT-1 whole area, AL'T-2 Powerhouse
" 2 ALT-2 conduction channel route
" 3 ALT-2,3 diversion weir
" -4 ‘ALT-3, conduction channel
"o 5 'ALT-3 penstock; Powerhouse -

1:200 6 ALT-1 héad tank, Powerhouse ALT-2 Powerhouse
" 7 ALT-1 diversion weir, ALT-2 head tank
" - 8 ALT-2 diversion weir, ALT-3 diversion weir, head tank
" 9 ALT-3 Powerhouse |
" 10 "ALT-2 head tank expansion -

(3) ‘Topographic maps drawn aécéfding td aerial photographic survey .

Scale | Drawing |

No. | Applif:aﬁdn _

1:5000  LE-01
" LE-02

" LE03
" LE-04

5.2  Geological Survey Data
Geological survey data collected for this survey is as -follows: -

- Mapa Actualizado de Amenaza Volcanica Potencial del Nevado del Ruiz; 1986
INGEOMINAS '

- Projecto Hidroelectrico Lagunilla Factibilidad Tecnica; 1984 ICEL
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In addmon ELEC'I ROLIMA conductcd a boring survey for this study, which is
included in the following report,

- Bstudit_)s de Geologia Nueva Planta Lagunilla Perforaciones Exploratorias; 1989
Consultoria Colombia S.A.
Hydrometeorological Data

Since Légunilla P/P does not have the facilities for monitoring precipitation levels and

‘_ discharge,_' JICA Study Team gathered HIMA'T's hydrometeorological data for this
survey. ' ' '

At present, there is no discharge-observing fa_ciiity along the Lagunilla River. JICA

Study Team gathered the discharge data recorded in the past years at the Quinta Cobla
gauging station operated by HIMAT and at the E1 Bosque gauging station operated

by IAAFE. These two gauging stations no longer exist. In addition, the Study Team

collected discharge data recorded at the Pte Sanfrancisco gauging station, located
along the Sabandja River flowmg in the northern part of the Lflgumlla River; and at
the Nueva La gauging station, located along the Recio River ﬂowmg in the southern
part of the Lagunilla River, Collected hydrolometeorotogical data is categorized and

_summarized below. |



Table 5.1  List of Data Collected RcLlating to Hydrometeorology

(1) Precipitation observation record

]

Meteorological station

“Location,

Altitude  Observation
No. Name oot e Longitude (™ period
2125-007  SierraLa HIMAT 0448 7456 . 477 195585 .
2125:011  Muritlo : 0453 7511 2960 . 1070-86
2125012 Villoheronos “ o 0s02 7507 2005 1970-86
2125037  FloidaldaLa. " . 0456 7449 340 . 197085
2125045 Powsifida " 0506 7455 341 197186
2125-050  Libano " 0456 7504 1585 195886
2125-_051 . Anmeroera—C_ " 0458 1455 , 390 1977-86
: Unive’ ' : o o S
2125-508  Salto Bl - nee 0448 7448 450 1970-85
2125-512  VillaHermosa T 0503 7506 2029 197585
2125-5i4 - QuintaLa " T 0449 7456 500 . 1984-85
‘ (2) Dischargé_: 6bscfvation r_ecofq
H)’(.il'(ﬂ()gi(:fﬂ . Localion . " Calchment Obécrva-
gauging station River  Controller Es:lal::tsh- _ Al(l:-;l)lde are% tiqn_
No. MName Latitude Longitude {km®) - period
2125-708 Quinta Cobla Lagunila HIMAT 1972-04 0458 7456 360 460 1974-75
4-132 Bl Bosque " IAAFE  1956-02 0458 7506 1900 1S5  1957-64
2125-707 Pie Sabandiza HIMAT  1972-03 0503 7455 260 230 1972-87
Sanfrancisco :
2125-710  Nucva La Recio 197701 0448 7459 470 1978-85

0lo

(3) Water quality observation record

1) Lagunilla River
Observation items :

2) Recio River

Observation items

April 22 to June 11, 1989

pH, 8, C4, Fe

February 11, 1980 to October 23,1985
pH, Ma, Na, C{, SO4, HCO3_, S, conductivity

-



5.4

5.4.1

3) SabandjaRiver  January 19, 1988
Observation items :  pH, C{, S, conductivity

(4) Sediment observation record
1) Lagimi_llaRi\_'er:i

2) Recio_ River
Sediment observation record for seven years from 1981 to 1987

Other Related Data
Construction Price Data :

CAMCOL (Camera Colomblana de la Construccmn) pubhshes "Catalogo de Precms
de Matenaies de Construccmn (Catalog of Constructlon Material Prices)" monthly i

" each departmcnt whwh covers constnucnon pnces for civil work in Colombia,
However, the _a_bove publication is not pubhshed in all depa1 tments of Colombia;

.., Tolima Department where the study was conducted. Accordingly, construction
prices used for this study are based on price data used by ELECTROLIMA (refer to

. Table 5. 2)

5.4.2 Power Condition Data _

(1) IICA Study Team collected the following data for the purpose of exammmg
ELECTROLIMA 5 power condition.

B Operati_on and maintenance costs at five hydroelectric power plants (1984-
88}

2) Record of generated energy at five hydlcelechlc power plants (1984-88)

3)' ,Power schemauc diagram for ELECTROLIMA
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CHAPTER 6 PRESENT CONDITION OF TOPOGRAPHY

6.1

6.1.1

6.1.2

- "AND  GEOLOGY

Topography and Geology in the Area
Topograph)%

The foﬁ_ntainhead '.o;f the Lagunilla River is the top of Nevado del Ruiz volcano
(elevation: 5,400 m), an active volcano (the Quatcfnary period) in the central
mountains. The Lagunilla River winds around the western slope of the above
volcano and flows south down. It joins the Magdalena River thrbhgh Armero City,
which was hit by debris flow in a 1985,_disastcr. The project site is located ina
mountain distj:_ict, upstream of the Lagunilfa River. 'The topography in the vicillity
forms steep slopes and V-shaped valleys. The elevation of the riverbed ranges from

1,450 to 1,750 m. There is a 300-meter waterfall head within the range of this

elevation. River width at the existing riverbed is approximately 30 m. River slopes
on the right and left banks are very steep. From aerial photographs, unusual contours
are not observed in the vicinity of the project site.

Geology

The Nevado del R@iz voleano hedrock (the Quaternary period) consists of
metamorphic rocks. The project site is located in an area of metamorphic rocks.

As shown in Table 6.1, the geology at the low elevation area consists of crystalline
schist which is. subdivided into three schists, i.e., green schist, black schist and
quartz schist.

On the right'bénk, andesite lé#é'froxn the Tertiary period covers the upper part of the
schist. Volcanic breccia, pumice, volcanic ash etc. (the Quarternary period) cover the
andesite lava.’ It is assumed that the riverbed consists of andesite {about 70%),
crystalline schist (209%) and granite (about 10%),



Table 6.1 Stratigraphy in the Vicinity of Project Site

Era o . Lithology. Remarks
Cenozoic Quartenary ' Rivetbed materials |
period ] (gravel & sand)
Pyroolastic fall
deposit
‘| (braccia,pumice,
ash) .
Tertiary . | Andesite lava
period v A ) '
Crystalline schist
Cambrian o e
{green schist, black

schist, quartz schist)

6.1.3 Geological Structure

Fig. 6.1 shows the geological structure of the surrounding area of the project site.
Schistosity of crystalline schist comprising the bedrock strikes and dips N10°E ~
N10°W and 70°E ~ 80°W, i.e., if strikes from north to south and dipé steeply. Itis
presumed that the boundary surface of andesite lava and crystalline schist is nearly

horizontal.

Pyroolastic fall~—s <
deposit -

v v Andesite lava

(-_ S: ( - {Crystalline schist

oo

\;fff Ta;usj\;v.' 4!

E '44_

( .

(Crystalline schist); TH
[T
NN

Fig. 6.1 = Schematic Geological Profile
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6.2

- Geology at the Project Site |

~ The geological condition of the foundation for the various civil structures is described

below!

‘:(1)

2)

3)

@)

Diversion weir

Since the green schist on the bedrock is fresh and hard, it is suitable for ALT-1,
ALT-2 or ALT-3, Unstable slopes of deposited gravel and sand have been
found at the project site for ALT-2 and ALT-3. These slopes must be
stabilized.

Tunnel (ALT-3)
The foundation at the entrance and exit of the tunnel consists of fresh and hard

crystalline schist, so there is'rio_problem of strength. However, the geology
near the exit of the tunnel has become loose. ' A boring survey (BI-5) indicated

~“that the geology has turned into volcanic bréccia or weathered crystalline schist,

Head tank (AL’I‘—3)

The gcblo”gy’ has become 1_0036, as'in the tunnel exit. The géologj} may consist
* of volcanic bieccia (the Quaternary period) or weathered crystalline schist.

Penstock (ALT-3)

The geology of the steep slope consists of crystalline schist, and on gentle

. slopes, talus.

‘Power plant (ALT-3)

This power plant site lies between the two small streams. The powerhouse
building could be half-built in the ground, as the bedrock is believed to be fresh
crystalline schist (boring BH-0).
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6.3

In the case of ALT-3, the foundation for the diversion weir, tunnel and ﬁdwerhbuéé
building consists of fresh and hard cxystallmc schist, as descnbed above, and
therefore there poses no ‘seologic problem. '

However, the boring survey (BH-5) indicates that the foundation for the head tank
for ALT-3 is weathered and has become loose, so that the foundation design for the
head tank will be. conducted with this. consideration. Si'ncc debris flow or lahar
tnggcrcd by an expected eruption of the Nevado del Ruiz volcano may occur, the
diversion weir will be designed taking these into account,

Distribution of Concrete Aggregates

Andesite lava or gravel is suitable for concrete aggregate.

D ..An__desi_te_ lava is widely dié,tributcd.beldw the plateau on the left bank of the

Lagunilla River, A great amount of andesite lava can be obtained, but the
quality has yet to be confirmed. If it is confirmed by an aggregate test, andesite
lava will be considered as one of the candidate materials.

2)  Gravel is distributed along the riverbed of the Lagunilla River. This gravel
‘contains flat gra‘vci (about 20%) of crystalline. scﬁist which may reduce the
'st.rcngth of the concretc Smcc the dlstubutlon of tlns mater:al is hmlted to the
existing riverbed, both pomts of quantity and quallty must be confirmed.

Lahar deposits from Nevado del Ruiz volcano are another candidate material for
concrefe aggregate.

Since there is graveyard in the area where lahar depdqits are di-siribzlted it is
difficult to collect this material. Lahar dep031t which is similar to gravel,
includes a lot of sand and mud. Aggregate test must be conducted to confmn
quality.
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CHAPTER 7 HYDROLOGICAL ANALYSIS

The locations of the existing gauging stations for monitoring precipitation and discharge in

the watershed of the projeét site are shown in Fig, 7.1.

7.1

General Meteorology in the Planned Area

‘Tolima Department located in the west part of Colombia lies at 2°53' to 5°20' north
latitude, and is situated near the equator, Tolima Department is divided into three
districts --- mountainous district (the Central Andes Mountains), slope and plan
district in the watershed of the Magdalena and Saldana tivers and slope district on the
East Andes Mountains.

Genérally; the lowland _a:eﬁs enjoy a tropical climate and have a hot and very humid
féiny season, The areas at higher cle_vation change from the temperate climate to the
cold climate. The lowland areas have an eiverage temperature of 28°C, while the
highland areas (at the elevation of 1,800 to 2,800 m) range from 12 to 18°C.

Ibague, capita'l of Tolima Department, lying in the highland (elevation: 1,400 m),
has an average temperature of 18°C.

The annual maximum precipitation in the lowland areas between the Central and West
Andes Mountains is about 2,000 mm, while the annual precipitation in the north part
of Tolima Department is about 3,000 mm.

The fountainhead of the Lagunilla River, flowing through the project site, is at the
eastern slope of the Central Andes Mountains from which the Lagunilla River flows
east down, and joins the Magdalena River. Total length of the Lagunilla River is
about 88 km. '

The project site with the elevation of about 1,650 m above sea level is situated in the

north of Ibague. The annual precipitation in the project site is about 1,000 mm, but it
fluctuates year to year, with no distinct rainy and dry seasons. (Refer to Fig. 7.2.)
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Gauging Station

- CLAl

2125-708
G.S:Quinta Cobla
626.5 Km?

Observation Gauging station  Observation _ o
- . . . : 1Latitude i
Item No Name Latltude LO“SLthe Item N - Name = ? | Longitude
| Preciptation | 2125-007 | Sierra 1a 0448 7456 Discharge | 2125-708 | Quinta Cobla | 0458 7456
2125-011. Mur;}lo,_: | 0453 7511 e 4132 | E1 Bosque 0458 | 7506
2125012 Ylllahé;mosa 0502 7507 175-709 | Pte Francis| 0503 “Tass
2125~037 |. Flo#lda Hﬁa ral 0456 7449 2125-710 | Nueva La 0448 7459
2125-045 | Potosi-Hda 0506 7445 :
2125-050 | . Livano 0456 7504 -
2125-051 | B0 %01nive 0458 7455
2125-508 | Salto El 0448 7448 -
2125-512 | Villa Hemosa | 0503 7506
2125-514 | Quinta La 0449 7456 2125-045
2125-709
G.S:Pte Sanfrancisco
o C.A: 137.0 km?
_ Lagunilla Power Plant
Intake Site.
Ca: 118.2 xm?
4-132 2125-512
G. S:El Bosque /N
C.A:- 117.6 km? 2125-012
_ iy
2125-051
& A
0:;;? ) Armerc .
. : 2125-037 ' w
&7 T A §
./‘ R - ‘Bi 't;;;
< ° 129 . #lo valleclto RO I'ag"’-"li.l.l':-a 5
‘\ _____?% N,.ﬂ“—‘ AT — S‘,‘U
- O
/30 reci® 2125-011 = |
2125-514
y A 2125-508
+ 2125-007 A
ib'o
ﬁ;, Recio
2125-710
‘G.SiNueva La
c.h: 468.9 ku?
' . : ' Scaole
Fig-7.1 Location Map of Gauging Stations in The Watershed of The Study Area. ? ; 10km

‘Legend :
———-—— :Bourdary of Watershed (Intake)
—=~—--=:Bowndary of Watershed {Gauging Station}
+—  :Gauging Station (Discharge)
A .Gauging Station (Preciptation)
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Meteorological station No.2125-011 Murillo

North latitude: 4°53!

West longitude: 75°11!

Elevation:

600 m

.Annual average precipitation: 1,887,5 mm

- 300
2 5 0 .......................................
2 0 0 ...................................................................
Monthly
average :
precipitation| . _ {. .. ___. Aring _lu_ay;e_l._agg_mauthh'_pmc ipitatiion: 3572.3 qm____|_ ..
1 5 0 ........................................................
{ram)
I 0 0 .....................................................................
5 ﬂ ...............................................................
1 o ; : _
1 2 4 5 7 8 9 10 { 11 12
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7.2

'Discharge Analysié _

- The study team compiled observations recﬁfded at the gauging stations of El Bosque,

7.2.1

Qumta Cobla, Pte Sanfrancxsco and Nueva La, and then prepared dlscharge and flow-
duration cur ves accordmg to' the 7-year data observed at the E1 Bosque gauging
station, lymg near the intake for a newly constructed power plant, by convertmg river
basin. (Rcfer to Dr awmg No. LA-H- -01(4). )

Comparison of Discharé,e Observation Data

Observatxon perlods of dlSC]‘ldl‘gC data obtained by the study feam durmg thls study
are as follows: - Lo

'Gau'giﬁg station j Period S _Est_a}ilishfnen_t o

ElBosque 1957~64  8yeats Feb., 1956
Quinta Cobla 1974~75  2years Apr., 1972
Pte Sanfrancisco ' 1972 ~ 87 15 years Feb., 1972 -
Nuevala . 1978~85  Byears ~ Jan, 1977

EIVBosqu'c and Quinta Cobla gauging stations are siiuatcd along the Lagunilla River,
Observation period of discharge at the Quinta Cobla gauging station was two years.
Since dxscharge was not monitored contmuously, thcsc recorded observations are
unreliable as year—round data. ' o

On the other hand observatlon pﬁrlod of dlschargc at thc Bosquc gauging stations
was 8 years, but it was not recent years. :

Non- obscrved dates are included in the above d:schargc record Years in which
discharge record is reliable as year-round data are shown below:
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- Gauging station : Period

- ElBosque 1958~ 64 7 years
QuintaCobla S

' Pte Sanfrancisco o 1973~78  Gyears .

S 1980~85,87  7years
NuevaLa L - 1978 ~ 85 8 years

(1) Collation to éatehment aiea at the gaugiiig station

To.confiﬂn the present location of the'éxistiilg gauging stations, the longitude

and'latitud.ew'indicated on HIMA'T's gauging register are plotied on the

topog:aphic méps (1/100,000) published by IGAC. As a result of this, there"
was a difference in latitude from the location of gauging station observed by the

Study. Teérri‘_through a field reconnaissance, Therefore, the Study Team

‘compared theiéatchmcﬁt area at the gauging station using the topographic map

(scale:  1/100,000) published by IGAC. Howéver, there was 'significant

difference in the catchment area, as shown in Table 7.1. o

‘Table 7.1 Result of Comparison of Gauging Statibn Locatio_n
: - and Catchment Area. '

" Gat.'lgi'n"g Station

CItem ©  QuintaCobla ~ ElBosque

Catclunent area (km?2) Latitude  Catchment area (kia?)

HIMAT register 460 - 0458 155

Compared value 468.9 0455 117.6
_ Difference .. 89 - 0003 37.4

Therefore, the catchment arearatio, when discharge and flow-duration curves at
.. the intake are converted using the discharge record at-the El Bosque gauging
station, is calculated using the values measured by the Study Team.
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(2) Comparing unit average ﬂow—duratio_n curves pet 100 km?

If the unit ﬂow duration curves per 100 km? at the gaugmg stahons of El
Bosque (the Lagumlla Rlver), Pte Sanfrancisco (the Sabandua Rwel) were -
drawn and compared respecu\m characteristic of the watershed was different,
as can be seen fiom Fig, 7 3.

Though discharge thord was obscrvéd- at the gauging stations: of Pie
Sanfrancisco and Nueva La during the recent long years, it can not be used as
discharge analysis data for Lagunilla P/P.
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(3) _Necess_i_ty of comparis_dn based on drisch_arge observation at the sitc

- A sxmphfled dlschargc obselvmg facxhty mmt be zmmcdlately 1nstalled in the

project site, so that discharge data could be kept in constant readiness. t is
desn‘able that a program for 31multaneous observatlon of dlschax ge at the Pte
Sanfrancisco and Nueva La gauging stations to be formulated,

h_'Elther of the upst:cam axcd L at a C'mdlddtc s1te f01 the mtake the downstream
‘arca at a candldatc site for power plant or the area with good shape of river

cross section and gentle 1_1vel gIadlent is suitable for gaugmg station.

7.2.2 Typi'czil_ anv;-aui-aﬁoh Curve Fc"srm'_ S

"Year to-yeax ﬂuctuauons of the 1 uver dm atlon curve occur at this site.’ In drawing a

normal flow-duration cuwc the followmg methods were conmdmed

P

d)

Parallel method

The daily average discharge for 365 days is ‘arranged in déscending order and
the flow-duration curve for each year is drawn and averaged.

Standard 'yea"_r m_e:ni'od' o

Flow duratlon curves for each year are drawn The mechan curve is then
selected and set as the flow- duration curve for a standard year.

* Series method

Daily average discharge for 15 years' is arranged in descending order with only
the Y-axis adjusted for the one-year curve,

Curve insertion method

Average values from 355-day flow, 9-month flow, ordinary water discharge

and three-month flow observed for a minimum of 10 years are calculated and

plotted from a discharge handbook for the flow-duration curve.



7.2.3

Normal flow-duration curves are drawn based o the pacallel-method, Non-observed

.years are not included. The X and Y axes are expressed as daﬂy aver age discharge
(m3ls) and number of days (%), respectwely L

Discharge and Flow—dlirzi‘tirohCﬁfve'étg El Boéqué 'G-au_gii:lg Stati_oh

Dlscharge data at the El Bosque gaugmg %tatlon located about 0.5 km upsheam from

‘the intake sxte of Lagumlla hydroelectrlc power plzmt are arranged usmg the 7-year

obsarvatlon data, cxcludlng non- observed dates as shown in Table 7.3.

In calculating the monthly average dlscharge as shown in Table 7.4, months in
which the observation time was less than 10 days are excluded from the calculation.

~As seen in Drawing LA- H—Ol number (1), a graphlc representation of the _monthly
average dlscharge three month ﬂow periods can not be clearly drstmgumhed from

drought periods.

However, four months from April to July and three inoﬁthé_ from October to
December are considered three-month flow periods.

Typical flow- duration curves calculated fyom the 7 -year flow- durat.ion' curves (1958-
1964) according to the paralle,l method are indicated in Drawing LA-H—OI numbcr
(3). Pericds of three-month flow, ordinary water discharge, nine-month flow and
355-day flow in flow- duiatlon curvcs are mdlcated in numencal values as shown in
Table 7. 4

"able 7.5 shows the maximum discharge recorded at El Bosque gaugmg station
during 8 years from 1957 to 1964



"0ZIYIN3TIVI 268 6L 3NvA z¢w: ATHINOW ¥04
YiVQ S0 SUIEWAN HONON3 LON (&)

ONISSIW YI¥0 7Y (1) {310N

bl SR VA N VA W -0 S S S S S - S - Fr S S S S LSS "NIW
e'e__ie'e  jev li€ e Ive 1'e [ib _lev 1€ sz Jee lee | Nvawl 1viol
€21 v 00 1p-01 i1t 4o zre {66 |20t [0iL feet Iv il |55 |4 X¥W]
51 §¢ jec ls'z ez 9z~ [sz e |se loe 6L 161 [61 "NIW
g'e |s't lov job lse Jee [ov |86 v IsE e liz loe NYIW| $961
0’01 _Jec 68 fe's el 86 .8 (ool fve [c8  Joe st e X
51 00z Je'e doz et 61 [z ez [S€ te 62, |t -lee NI
S be Joov Je'z - ez iz lsz fse (L6 [s's [se [sz  [ve | NvaW| £961
€21 Jee  j06 Jg'v 1672  leve  l9 b {56 801 162t Lt 19 leE. | XuM
B 1 87z ee ze st loe ve Jee ez ez loe.  J02 .2z | NIW
[e7e  Jve Jew 165 sz  [ve 1ot [rs |s» |66 o€ 1oz |se ET AL
00 vy 98 joor Jev i€ Jbe (16 [8L o6 i€l [k lzee | Xyl
g1 be vy 6 1 Je i (et |z lee ez oz I8t je i  Jo2 | NIW| .
c e ¢ eg ey oz oz _Jsge |z it Jze  |Le ez |se NY3W| 196t
2’0t ls'L (oot Jee Joe vz les  Jzoil j0°S |68 [SL _ Jbv 1LS XVH
L1 e ot (e Jet v oz (22  Jee . lee JLil. i led “NIR]
e vy 8y [ee - Joe lez (oe et [5e 1ev  |Le Lz lbe Nv3H! 0961
v it Jvol 1vov Jc6  |e 4 16§ lef 1401 15B8. 186 v ii |55 |ES "XV |
b1 RN A S S PR S VA S A S Tl Akt S S - Sl ek S - S R S BT
8’z lscz Jov liv I 1 ez lez (L& e j02  [91 151 19 Nvan] 5561
T ST A P A A R R S S S R T S A S T “XUM ]
s 1 T S 1 L el T S el 1S St -y SO [ S et S 1 s - Nl SR 2 ATt G " S U B
2z 16t 162 Jsz et lee st lee L&  lez loz 18l l8L NY3W]| 8661
0'g 162 165 lrv tce les Iwb Jz's [s8  lz'g .jos 6z 10z XV
LU et e U et dei (B et iz doe.  lee Joz. (1 1 (0 | NIH]
2zt sz o foe . Je2 iz ise |se Jos v (21 | (L1 (1) | NViW} LGB!
IRT CN-T N I A - N R A M A R T T AT (D[t | XvH .
JUOL G 53p | aew | 120 | @3 | env | ane | omne | oave | mav | owwk | 833 | wve | 3daf, 2¥3%
TYANNY s _ _ ONI9AYY
(S/EW :LINRT. YIINRDYT  3WVN H3ATY
300508 13 2Ci-b  :'1S ONIONY o . |
31IS "S79 LYV mOTS 3OVHE3AVY. ANIVCE 40 3T8YL ADTTd ATHINGOW £ L-STdEL.

79



z°g L1 g1 102 L2 L'E S oL NY3W
97¢g. 67k 61 b2 2'¢ Lo 001 $961L
pUg BT 671 22 L'z 1y RAE €961
9 g 671 072 b2 €. 2y 070!l . 2961
S g 871 6L 2 2 g2 2% 2701 1961
1e°¢ Lo AR 02 0°¢g. 8¢ vl 0961
jere LA 5L 91 0°2 ¢°e L1 BCHL
22 (-3 9t lethool et lere 078 9651
z,«m: .ﬁ.».w.o#mq...: (AVE SSE}) CAYD "SLEY |{AVEGR1Y | LAVO &6 ) ;q.n s ‘Y3 L
SN NIW [ALHONOMQ MDY [ ABYNIQHD| ALN3IT XYW | ONTORVS
(/€W :L1INAY _ YITINNOYT  :3WYN ¥3AIY VITINASYT :°8°d
_ _ 300808 13 28t-v :’1S ONIINYD
JLIS NOILVLIS ONIONYD 1V 378¥L NOILving mho4 CpL-STqel

7-10



€81 ji'e tpr picpt detzr qerit jotzi feel |vtel (€9l 16764 {69 29 YLi0L
€'zt jze |vTe. {876 €2t |29 $'01 ezl |86 lEa £€'e |ty €2 | 981
g'o1 le'e g ot [6°¢ 601 . jgTe 0°¢g A U PR S - - R A 1'g ¢ | ¢esl
7ol 9% 6°9 - |e i1 |6 6'¢ z°e R F AR S U - E I P 8’9 ee | 2961
SS ZU FAX:: srol levs  |ice sz B ot jL2i lo's el i v 979 | 1961
6°61 {r'8 AL 2T FRS S A N o'zi fetzr f1Tlp j2rol 6°st |68 |8 0861
O A VA L' jiTel {eZ g it |4y 7701 lvtgr {22y e 6l 61 6861 |
601 - |6°¢ AR TN A A B A £°¢ |69 E4 1174 6°01 |€°¢ 2z | 8g6d
Jmmwww: 930 | AN | L0 | @3s | onv | anc | mae VA day | oave | oE3d | wee CoNIones
(§/€W :L1IND) | YITINNSYT  :3WYN ¥IATY h

3n0S08 13 2L~y :°1S OHNIONYY

3118 7§70 LV JTIEVLI AD1d WOWIXVW 3LATDSEY ATHLINOW

S L-S1EL

7-11



7.2.4 Discharge and Flow-Duration Curves at the Intake Site

Discharge and flow-duration curves at the intake site of Lagunilla P/P ave calculated

by multiplying respective catchﬁ_lent area ratio by recorded observations at the El

Bosque gauging station locatéd about 0.5 km upstream of (he existing intake.

Since numerical values of the catchment area at the intake site are-not officially
approved, catchment areas measured by the Study Team are adopted. Therefore, a
ratio of catchment area between Lagunilla P/P's mtake site and Fl Bosque gaugmg

station is set at 118, 21117.6 = 1.01.

Dlschalge and flow-duration curves at the intake site converted according to the
catchment area ratio are shown in Drawing LA-H- 01, and representative values of
monthly and daily average discharge and of thres-month flow, ordinary water

discharge, nine-month flow and 355—day flow are indicated in Table 7.6.

Table 7.6 Representative Dischafge at the Intake Site -

1)  Monthly average discharge
Month
tem I
' LET Feb. | Mar. | Apr. | May j. Jun. | Juk }Aug. | Sept. | Oct. .} Nov. } Dec. |Annual
Max, average o _
discharge 26 | 26 |38 557157 | 58 | 40 | 33 35: | 49 | 63 40 | 36
{m¥s} : ' : .
Daily avcragc' : . )
discharge 22 22 2.6 39 42 4.1 31 24 25 3.7 43 2.9 32
{m3/s) ‘
Min, average .
discharge 1.6 1.5 1.6 2.0 31 23 1.8 2.0 1.9 2.5 2.5 1.9 22
(m¥s) : : ‘
2)  Typical discharge of flow-duration curve

Three-month flow
(95-day flow)

Ordinary water discharge

Nine-month flow

1355-day flow

3.7 m/s

- {185-day flow)

2.7 m¥/s

(275-day flow)

© 2.1 m3fs

1.8 m3ls

712

River utilization factor of a certain available discharge to typical ﬂow—dura_tion '
curves at the intake site (a ratio of total a\{ailablc discharge and total river



discharge flowing into the intake site) and facility utilization factor (a ratio of
total discharge for which water can be taken in to the available discharge
throughout the year and total water amount in the event that available discharge
is secured throughout the yeal) are represented graphically in Drawing LA-H-01
number (S)

7.3 Floc')d Runoff A_n‘alys‘is_ B
Flood discharge is lmpmtant to mamtam the safety of facxhtles The demgn flood
discharge is obtained by convertlng ‘the statistical proceqcmg of the recorded

observations of the discharge at El Bosque gaugmg station by the catchment area
ratio.

7.3.1 Frequency of Fiood

In _ordei‘ to obtain poténtial flood discharge, annual maximum discharge which is
shown in Table 7.7 is summarized according to the discharge data.

Table 7.7 Annual Flood Discharge

Year Observed Maximum Discharge (m3/sec)
1957 15.93
1958 10.90
1959 14.13
1960 15.93
~1961 . 14,10
1962 11.40
1963 16.30
1964 12.30

The observation data recorded over 8 years is a comparatively short sample. There
are several methods to calculate the probability of flood, but the following three
methods are considered.

I.  Logarithm normal distribution method (sldde method)
2. Order probability method
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- 3. Gumbel mctho'd.

* For the order bi‘dbébili'ty method and CGumbel n:l‘ctiio:'d','.b_c.)th th_é Thbmas plot and
Hazen plot are studied. | '

Figs. 7.4 and 7.5 show that maximum yearly discharge' iS'plottéd on -X—axisAof-
abscissa and that'p_ercentagc of excess probability caléula_ted'is_ plotted on Y-axis by
using the extreme Iiré_babi]"itjl/ paper. .I‘ able 7.8 shows ‘thé:'p'dténtial flood gélischargc
for major years of return period ob_tained from the probability c_lirve shown in the
figure. ' ’
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Table 7.8 Polential Flood Discharge

Return Peﬁod in Years
Method - ;
L 5 10 20 50 0 100 200 500 1000
Loghrithm normat
distribution S '
method (m3/s) 16 - 17 18 19 2 2 22 22
Order probability .
method: _
“Thomas plot (m3/s) 16 T 19 21 2N 24 25
Hazen plot (m%/s) 16 17 18 19 20 21 2 23
Gumbel method:
Thomas plot (m¥s) 16 18 19 21 23 25 27 28
Hazen plot (m3/s) 16 17 18 20 21 22 24 25

7.3.2 Design Flood Discharge
With reference to the "Generalized design criteria for water-control structures"* the

100- year piobablhty discharge is employed from 50 to 100 yea.ls of the return period
which is apphed to the structures.

The design flood discharge (Q) in the intake site is calculated by converting with the
catchment area ratio.

Q = 23 m¥s x 1182 km2/117.6 km? = 23.1 ... 25 m3/s

The spec'ificrdischargc per catchment area (km?) will be q = 0.21 m3/s. This value is
the Creager curve of Fig. 7.6 indicating the relationship between specific discharge
and catchment area is C = 7.2.

* Applied Hydrology  Editor Ven Te Chow
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Fig. 7.6 Design Flood Discharge and Creager Curve

Sediment Analysis
The debris produced at the catchment mo_uhtain flows down to the intake point, and

flows further downstream via channel and river. The debris flow process is shown
in Fig. 7.7, and the debris flow volume is studied by this process.

iy



Diséharg_e Density
(nd) g} (ppm) -

Raw
| material

‘Floating . { - . S Flow over | Transport
1 sand - L] the weir .| down-
S on) 1 | 1 to further . stream
St v : ~down |- s through
[ : " | the river
- 1 Particle-size Amount | | Washed | | Flow
- Wash | distribution | - of |l downin| | info the
: toad [ 1] of suspended |} the oo | Tver
: suspended sediment || flow _ through
sediment {} md) o 2 water
ST ) e ' — wheel
N Flow-into
Density . . . the
cof ) 5] desilting
suspended § basin
sediment through _
I : the intake :
. : Deposited
Water- |1 Tractional { ?33[1}3(1 o in'tf}e'
D ped : »  load | in front o ) desnlt'mg
matesial . 5 of the _ basin
aien 3 () welr :

J .

Removal_ 1‘

Fig. 7.7 Mechanism of Debris Flow and Calculation Flow of Debris Volume

7.4.1

Debris Flow Status

.The Watershéd at the Lagun_illa River includes Nevado del Luiz, and the upstream atea

near the watershed is a comparatively steep ravine. The vegetation of the watershed
is 'goo'd. The debris flowing fiom these watersheds is mainly debris and city waste
generated by city development, erosion of riverbed and bank, gully erosion by terrace

collapse, efc.



Fig. 7.8 shows the monthly volume and denmty of the suspended sedlment in. the
Recio River f]owmg near the pmgect site. Sediment volume in May and Septembel
through November was large, while that during dlought periods was small. Density
tendency was not c]ear Fig. 7.9 indicates the sedunent rating curve.

" The suspended sedimeﬁt (ten/year) at the g_augifi'g' stal:iori_ spot ;is shown below,

._-:‘Ri'\'fer]:);iseharge'Rgte_ P . Conccntratiou ‘; - Suspended

River Catzi:;ent — — — ~ Sediment
(km?) “Total  Max., © Min. - Max. - Min. . Rate

x10°m¥year (m¥s)  (m¥s)  @pm) (ppm)  10% tonsiyear

Recio 6217 818000 1018 1501 6820 6 238

The suspended sediment flowmg mto the gaugmg station on the Recm Rwer reaches
400 tons/km?2 per year per catchment area, and annual average suspended sedxment
'concentratlon of the Rec1o River is 300 ppm.

KT EY
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7.4.2 - Assumption of Sediment Rate
(1) Major physical propefties
"(a) . Grain size distribution
JICA 'Study Team was unable to obtain the bed-load data. The grain-size
distribution is as’_s'uméd by refercing to the past bed-load data, and the
grain size constitution is as follows: -
Gravel=10% ~ Sand=80%  Silt = 10%

‘The Study Team was unable to obtain either the suspended sediment data
or settled sediment data. For the suspended sediment, the grain-size

-~ distribution is assumed, referring to the past data regarding sediment of
the reservoir, as shown in Fig. 7.10. The grain size constitution is as

follows:

. Sand = 10% Silt = 60% Clay = 30%

| LT
Bl St =
1 4
1 A o
I A Lh
ATHI
5t //’I I
L LEHA

' Fig.7.10  Grain Size Constitution of Suspended Sediment *

% Handbook of Applied Hydrology
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(b) Unit volume weight

Since JICA Study Team could not o_b_t.a.in= unit volume weight of sediment
data, it will be determined from existing studies.

The umt volumc wcxght of sand and gravél affects thc consolidation load,
“but the consohdatxon is- completed in-a comparatively short time,

However, fine particles of clay, colloid, etc. will require a longer time,

The unit volume weight range from the grain size constitution of sediment

at reservoir from the past case example and the active conditions (under or
~ above water) of the load at that time; as shown in Table 7.9,

Table 7.0 Range of Unit Volume -Wcight*

(umts tonlm3)

Grain A]mostsubmeiged Above water

Clay . _ . 0.64-096 0.96 - 1.28
silt - 0.88 - 1.20 120 - 1.36
Mix of clay and silt (edual volume) 0.64 - 1.04 104 -136 .
Mix of sand and silt (equal volurﬁe) _ 1.20- 152 1.52 - 1.76
Mix of clay, silt and sand (equal volume) - (L80 - 1.28 1.28 - 1.60
Sand ; 1.36 - 1.60. 1.36 - 1.60
Gavel | 136 - 2.00 1.36 - 2.00
Sandandgravel 0 152-208 152 -2.08

* Handbook of Appli

(2) Discharge rate of sediment .

When the discharge rate of sediment at the intake spot is examined, the
suspended sediment and the bed- load are COHSIdGlCd Suspended sediment can -
be calculated from the concentration measurenient and the discharge record.
The quaatitative record for the flown sand has not been obtained.
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Genetally flowing sand is 10 to 50% of total sediment rate, and the flowing

sand of thc Cololado River is 12 to 50% of total sediment rate. The World

Bank study tcam estlmates the ﬂowmg sand of the Indus Rlvcr at the Tarubera
' :dam (Paklstau) qpot w111 be 5% of suspended scdunent

(3) Yearly ﬁé\'yiné_sedir_nent rate

The yearly flowing sediment rate at the intake spot is obtained by referting to
values at the gauging station.

" Catchment "River . Suspended Flown Sand Sediment

% Dlscharge Rate Sediment Rate Rate _ Fﬁate
(km=) (10 m ) _ (103 ton) (102 ton) (10° ton)

'118.2 100 40 4 44 .

Average grain size of the flowing sediment is calculated from the unit weight by

average grain size constitution and each grain diameter as follows,

Flown Sand
Gravel Sand Silt “Total
,' Grain size constitution(_%) _ 10 80 10 106
Unit volume weight _(tonfm3) R 1.08 1.48 1.04
 Unit weight per grain size (ton/m3) 0.168 1.184 0.104 1.456...
. 146
Suspended Sediment
Sand - Sile ~ Clay Total
- Grain size constitution(%). *-- - .- 10 © - 60 30 100
- Unit volume .weight (tonlmg)'r o148 1,04 0.80
Unit weight per grain size (ton/m3) 0.148 - 0.624 0.240 1.01

All the ﬂowmg sands are deposited at the diversion weir and in front of the
mtake, and do not flow into the channel.
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- The suspended sedlment is contamed in the dlscharge w1thm the range of design .
'dlscharge ‘and flows down the channel from the. 1nt1ke. Pamal 1ough particles

in the suspended sediment flowmg into the channel are settled at the desilting |
basin, and the remaining suspended sediment is dlscharged into the river by a
water wheel with discharge. Suspended sediment contained in the river
discharge exceedmg the demgn dlscharge overflows the dIVCISlOH weir and

- flows down the river,

Catchment area River discharge Bed-load Suspended'sedhnent

(km2) (106 (m3) 103 (ton) 103 (ton)
1182 : - 100 4 40
x 103 m3 x103m3
2.5 30

_Sediment in Flow down

_ water channel the river
Designdischarge  Qmdss  x103m3  x103m3 -
2 w23 16
i IO ) R 8
s R 35 v 4
4 —
Design dischérge Quidss Siettiled_in:'the B Flow down
B o “ desilting basin~ ©~ ~  the channel
- (|n3) (m3) .
2 i, 2000 e 21000
K TR 3000 cviieiereeisrensnne 28000
. 3000 i 32000

From this analysis the annual average sediment in front of the diversion weir is
assumed to be about 7 m2!day and sediment seftled in the desﬂtmg basin
8 m3/day (if available discharge is 2 m3/s). A counterplan for removing the
sediment will be fully considered.
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7.5 Water Quality Analysis

- The acidity, etc. and specific fesistangg of water which most greatly affects the

facilities are studied.
7.5.1 Criti;ria of Judgement . .
() Acidifyete.

" To judge effect o’f':;iéidit'y,',,étc., the cﬁ_teria shown in Table 7.10 and the past
instances shown in Table 7.11 shall be referred to.

: " Table 7.10 Judge‘ﬁ‘wht Criteria of Erosion of Water (DIN 4030)

Grade of Erosion

Itém Wcé:kﬁr_ds-i‘on Strong Erosion Velj' Strong Erosion
pH  65-55  55-45 Less than 4.5
CO,mg/1 15 - 30 30-60 . . Morethan 60
NH,mg/1 15-30 30 - 60 More than 60
Mgmg/l  100-300  300-1500  More than 1500
SOfmgd  200-600 - 600-3000 . More than 3000
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~Table 7,11 Dg_haag_é Example of Concrete in Brosive Environment of Water |

. Ttem - - Water Charatteristics ‘Damage Statis -
Groundwater pH : 23-67 Tunuel concrete

Indication of leakage is observed 4

years after construction. a

Peeling of mortar and cracks in -
“concrete are noted after 7 years,

River water pH : 3.1-27 Dipping test concrete specimen
. (Azuma River) Mg s 13.5ppm - {8l5em) R
SO 316 8ppm . - oo T e e
Ce : 1018 ppm ~  When unit cement volume = ..
320 kg/m3, W/C=35.1% and 3-
" tnonth old material was put into the
river, the diameter reduced to
14.6 cm after 15 months.
About 2 mm of the surface was
dissolved, and another 2-3 mm was
“weakened.

(2) * Specific resistance R

- Since water with a Tow sb‘éc:ific_'resiSt;éiijce includes many soluble salts which ~
will accelerate the corrosion of steel. The effect of S'péé.i'f'i_é'_res,'i.stanc':é to
cofrosion is clear. ‘The results of the National Bureau of Standard (NBS)
investigation are shown in TabIe 7.12; but there are exceptions, and evaluation

of the corrosive nature from only specific resistance is not often done.
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Table 7.12 Speéiﬁc Resistance and Corrosive Nature

Degree of acidity

- e Maximum hole
_Corros_ive — rgg?f;glge . corrosion depth
nature o Total Q. em for 12 years
- 1 acidity - en (mm)
Weak 7.8 3.0 1770 0.74

: 4.5 4.6 11200 1.19
7.3 2.6 2980 0.99
59 12.8 45000 1.02
Strong - 1.6 alkaline 350 3.02
7.4 ' ditto - 263 3.48
9.4 ditto 278 4.39°
6.8

36.0 800 2.62

7.5.2 Evaluation of Water Quality

The results of the water quality test on the Lagunilla River and Recio River are given

below:
' Specific Oy

obeeved P gmee my R
1980  8.5-6.3 - 275-17 152-2.8 Recio
1981  7.0-6.5 - 265-132 - 99-42 "
1982 63-62 - 110-92  71-67 "
1983 8.4-55.5 215 - 1 10.3 - 3.9 "
1984  7.2-6.0 - 195-3 7.8-3.5 "
1985  7.4-6.1 - 295-66  57-23 g
1987~ 6.7-6.6 1246-89  27.3-10 6.1-4.8 "
1989  64-57 - - | 38-12  Lagunilla

" The minimum pH value in the Lagumlla Rlver was 5.7, and this value indicates weak
 corrosive nature. '

Specific rcsistan‘ce is small and corrosive nature is strong. According to WHO water
quailty standards, hardness of chloride and sulfate is fow. Though the water quality
was observed in the Lagumlla for one year only, the values of pH and specific
| resxstance 1nd1catc that acxd—resxstance materials should not be used for generatmg

,faCIlltiﬂs
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