6.3

6.3.1

Sedimentation

The basic plan for this project makes it difficult for sand to accumulate in the dam, both
from the structural and operational aspecls, since the total capacity of the reservoir is
rather small (approximately 1.5 million m®). Therefore, the crest peak of the spillway
gate is lower than the available water level, thus allowing excess sand o be discharged
together with floodwater through the gate.

In addition, the water level of the main regulatory pool varies greatly during the course of
a day, which often resulis in creating something like river conditions within the reservoir.
Therefore, a flushing effect can be always expected. '

However, with the alternative plan, it will be easy for sand to accumutate in the dam,
since the total capacity of the reservoir is rather large (approximately 17 million m’), and
the water level does not fluctuate very much. : '

In this study, the amount of sedimentation in the reservoir will be estimated according to

the results of observation and analysis conducted by ICE.

Since it has been praven that there is no permanent sedimentation when using the basic
otan (as discussed later in the chapter on trap efficiency), further discussion of the basic

ptan was eliminated.

Data to be Used in Calculation of the Amount of Scdimentation

Sand which drifts down a river is divided into suspended loads and bed loads, according
to its condition when drifting.  Obtaining samples is the established observation method
for suspended loads. ICE has conducted obsérvations in Costa Rica employing this
method. However, studies on bed loads are curently done based on presumptions, since

it is difficult to obtain samples of bed loads in an actual river.

Generally, in order to calculate a projected amount of sedimentation in a teservoir, both
the observation data for a suspended load obtained near the project site and the actual
sedimentation data for the exisling reservoir are utilized. In a case where no observation
data within the basin is available, observation data for a nearby river which shares similar -

characterislics is used.
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Observation data from Londres Runoff gauging station is available for the Naranjo River
area.

- Figures 6-9 and 6-10 shows sedimentation-related data. -

Amount of Suspended Load

~ ICE has been conducting observations on river inflow and sedimentation at Londres

Runoff Gaulging Station. Figuré 6-9. and 6-10- shows the relationship between the
amount of suspended load (suspended load concentration) and the river inflow.

Annual amount of suspended load : 151,000 tons/year
Suspended load amount rate : 720 tonsfyear/km®

The figures indicate that there is a correlation between the amount of suspended load and

rivet inflow.
Antount of Bed fLoad

Since there is no established 1ﬁe!ho_d for measuring bed load, calculation was done at ICE
according to the equation for amount of bed load. Two equatiens for amount of bed load

were used for Londres Runoff gauging station, and the average amounts resulting from

the equations were calculated.
The following are the resuits of the calculations:

Londres Runoff Gauging Station (210.2 km?)

Meyer-Peter equation - : 49,000 tonsfyear -
Einstein-Brown equation : - 35,000 tons/year
Average | -1 42,000 tonsfyear
Boadamountrate ©  : 200 tons'year/km?

6.3.2  Calculation of the Amount (Weight) of Sedimentation in the Reservoir

Amounts of suspended load and bed load at the planned dam site were calculated
according to the basin area of Londres Runoff Gauging Station, as mentioned earlier.



The following are the results of the calculations with regard to the amount of sand flowing

in the reservoir.

Site of thedam (147.0 km?)
Amount of suspended load 106,000 tonsfyear
. {720 tons/year/km’)
Amount of bed load 30,000 tonsfyear
- (200 tons/year/km®)

Total 136,000 tons/year (920 tons/yearikm?)
{1) Trap Efficiency of the Reservoir

Brune's chart indicates the relationship between trap efficiency and total capacity of

" reservoir walerfannual total inflow.

The following are the values of (loial capacity of reservoir water/annual total inflow)

according to the calculalions:
)] Basic Plan {with total capacity of reServ_oir waterat 1.5-2x10° m’):
(15 ~2) X 10°m* + 472 X 10°m’ = 0.003
Wherein .
Total capacity of reservoir water: 1.57 ~ 2 X 10 m’
~ Anaval totat inflow: 472 X 10°m*
(Average area of the basin, 1971~1993: 147.0 ki’
When applying the above figures to Brune's chart, the trap efficiency of sand inflow
indicates alnost 0 (zero). So sand flowing in the reservoir will be flowing out
without accumutation, although there will be a small time lagf -
ii)  AMcrnative Pian {total capacity of reservoir water: 17 X 10°m’).

17 X 10°m® +472 X 10°m’=0035

“Whetein
Tolal capacily of reservoir water: 17 X 10°m® -
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Annual total inflow: 472 X 10°m®
(Average area of the basin; 1971~1993: 147.0 km®)

When applying the above figures to Brune's chart, the trap efficiency of sand inflow
will be indicated as 75%. - -

Density of Scdimentation

The volume of sand accumulated in the reservoir should be calculated considering the
densily after accumulation. The following is the equation by Lone and Koelzer to
calculate average accumulation density (Wt. [tons/m®]) after a lapse of time (1):

WI=W1+043dK X {t = () X (logt-1)}

Wherein
W1: Initial density (tons/m’)
K: Coefiicient of increase in density (tons/m’)

Initial density (W1) and the coeficient of increase in 'dénsity (K) vary depending'oﬁ the
components of sedimentation and operational conditions of the resewo_ir.: In this study,
W1 = 74 Ib/cu ft and K = 2.7 were used according to the results of observation of the
suspended lo_ad'and the operational conditions of the reservoir.

The calculation period (t) for the projected amount of sedimentation was determined as 50
years. '

As a resull, the average density of sedimentation in the resesvoir after 50 years _Was
calculated as 1.241 tons/m’, '

Catealation of the Sedimentation Capacity of the Reservoir

The alternate plan is discussed in this section. The following is the equation to calculate
the projected amount of sedimentation (Vs) downstream from the dam by applying the

figures obtained above:

Vs = (annual total sand inflow) x (trap efficiency) x (periody{density of
| sedimentation) '

6-14
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6.4.1

136,000 tons/year X 75% X SOyears - 1.241
42x10°m’

i

Sefting a Sedimentation Surface in the Reservoir

Upon setting a sedimentation surface for the alternate plan, it was presumed that sand
would accumulate horizontally. The estimated sedimentation level at downstream from
of the dam was determined as elevation 496 m according 1o the reservoir-water-capacity

curve.

As 10 low water level, it was determined to maintain a depth of approximately twice the
diameter of the tunnel in order to prevent air from mixing in the tunnel, and to maintain a
depth of approximately 2 m from the sedimentation sutface to the raceway foundation, in

order to prevent sand from flowing in.

Floog Analysis

Qutline

The following data are required for flood analysis:

1) Dam design flood dischérgc of the Naranjo River
2)  Flood discharge at the outlet of the Power House of the Paquita River
3) Flood discharge for care of river during construction '

'4) Flood discharge used for evatuation of environmental effects at Cerritos site of the

Paquita River
Each above datum has an individual purpose and importance.

The dam design flood discharge is the most important of all, and probable maximum
flood (hereinafler referred as PMF) isutilized.

As to the rest, probable flood discharge according to degree of importance is employed

upon calculating probability using inflow dala.



6.4.2

L)

Data to be Used in Calcalation of the Amount of Flood

Meteorological Data

Meteorological data is used when calculating PMF to analyze probable flood.

)

Data Required for PMP Analysis

Meleorological data required for calculation of PMP includes data on precipitation,
dew point, temperature, refative humidity, 'vapor pressure, and so forth. Playon
Observation Station {located approximately 40 km west of the project dam site), -
Copey de Dota Observation Station (located at the north end of the area), and

‘Naranjillo Observation Station (located within the immediate area) can provide

satisfactory data which fulfill the above conditions. However, the data from
Copey de Dofa_and Naranjillo was recorded over an extremely short petiod (4 yéars
and 3 years, respectively) except for precipitation data, of which the accuracy wili -
be compromised when obtaining the pést maximum dew point.

Therefore, meteorological data recorded at Playon for 18 years was-converted to
conduct analysis al Naranjillo and Providencia.

Data Required for Run-off Analysis

In order to conduct an run-off analysis, prempllalton and run-off data recorded in
the same period are required.

With regard to flood waves, it is best to use actual measyrements observed at the
site.  Fortunately, several flood waves were observed at Los Llanos Run-off
gauging station, which is located at the project dam site.

- The following are the precipitation data protocols (o be used in the analysis;

1) Datashould represent the catchment area

2) Data should have a time unit frequent enough to follow the ever-changmg
inflow volume : .

3) Data should be collected in the corresponding period used for calculation of
PMF
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In order to verify the above conditions, effective time precipitation data collected at
5 stations (Naranjillo, Providencia, Copey de Dota, P.H. Savegre, and Rio Naranjo),
including slalions tocaled near the planned dam site, were compared against several
past flood waves.

Figure 6-11 shows a hyetograph and hydrograph.

- As a result, it was found that precipitation was always recorded when a flood
. occurred at Naranjillo and Providencia Observation Stations. On October 26,
1993, when the most massive flood occurred in the area, the acute shapes of the
hydrographs and hyetographs showed an especially close resemblance. Data
collected al these two observation stations were employed for run-off analysis,
because the value-analysis method involving a unit-hydrograph gives more priority
© to resulls than to a midway inflow mechanism.

Flood Pata

Data used in flood énalysis are aciual measurements of flood waves required for run-off
analysis used to calculate PMF, as well as peak inflow of annual maximum discharge
required for probability analysis. As to the former data, flood waves recorded at Los
Llanos gauging station were used.

As to the latter, flood waves recorded at Londres gaugihg station, which had a longer
period of observation, were used. A conversion formula was developed from the degree
of correlation between data during high water at Londres and Los Llanos, and was used
with the data at the dam site.(See Fig. 6-12) '

The precipitation distribution during hurricanes (Sece Fig. 6-13), and the catchment area
rate according 1o data collected at Londres, were used in making the calculations for the

other areas.

Table 6-16 shows the actual ine_asurements of the annual maximum flood.



6.4.3  Probable Flood Discharge at the Project Sites
(1) - Londres Gauging Station

The fundamental data--annual maximum peak discharge data were collected from 1971
through 1993 at this station.

S

Tn otder to conduct a probability analysis, it is neccssary o first obtain cocflicients based

 on actual measurement data then select the corresponding distribution functions, -
As a result of examination, Log Pearson Type II* was employed for the analysis.

The following are the probable ftood volumes:  (See Fig. 6-14)

Return Period Probable Flood

{year) (m’/s)
10 : 630
20 770

100 - L1220 _
1006 1,760 - .
- 10,000 2,610 - ' @
* Analyzed by ICE
2) | 'The Projeet Dam Site (Los Llanos Gauging Station)

In order to convert Londres data to data for the project dam site, a conversion formula was
developed by analyzing the degree of correlation between actual measurements of high-
water inflow at Los Llanos and Londres. '

Unlike the low-water level analysis discussed in the previous section, data used for
correlation weie converted to a flow-duration curve, The formet was based on
corrglation to date and time of occurrence, whereas the latter was based on frequency of g

occufrence.

Figure 6-12 shows the refationship between the top 35 daily average inflows observed at
both flow-gauging stations. A correlation calculation was done for the top 20 figures
and the top 35 figures.
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For the top 20 figures: Qd = 0.61 X QL — 9 (m’s)
For the top 35 figures: Qd=0.56 X QL — 5(m’s)

As a result, the high-wates level at the project dam site was estimated as approximately

60% of the inflow at Londres.

This percentage equals that of the total precipitation observed during Hurﬁcane Joan in
October 1988. B

R PYEPL=348mm X 1437km?<394mm X 2102 km?=60%

% Pd Total precipitation at Dam site during the hurricane in October 1988
% PL Tolal precipitation at Londes during the hurricane in October 1988

“Table 6-18 shows flood volume 1971-1993, calculated with the equation used for the top

20 figures discussed in the above.

Log Pearson Type I was used to calculate probability in the same way with:the Londres
calculation.(Sce, Fig. 6-15) ' :

Return Period Probable Flood
© (year) - (')
10 ' 380
20 460
100 - - 670
1,000 . 1,050
10,000 C 1,540

Power House Site

In order to convert Londres data to data for the powtpﬁouse site, the ratio between
precipitation distribution during the hurricane in October 1988 and the catchment area

was used for calculation.

Qfp=QfL X Pph+PLh X C.App+C.AL (m¥s)



G

Qfp : Flood discharge at the power station

Pph @ Total precipitation at the power station duting the hurricane in
October 1988 (443 mm) E '

C.App : Catchiment area at the power station (24.5 km?)

Qfl.  : Flood discharge at Londres

Plh  : Total precipitation at Londses during the hurricane in Oclober 1988
(394 mm)

C.AL :  Catchment area at Londres (210.2 km?)

Return Period Probable Flood
(year)} (m’/s)
10 90
20 100
50 ' ' 130
100 150

Cerritos Site

In order to convert Londres dala to data for Ceritos, the ratio between precipitation
disiribution during the hurricane in October §988 and the catchment area was used for

calculation.
Qfc=QflL X Ppc+PLh X CApo CAL (m¥s)
Qfc  : Flood discharge at lhe.power station
Ppc @ Tolal precipitation at the power station during hurgicane in

October 1988 (491 mm)
C.Apc : Catchment area of the powei station (76 km?)
Qi : Flood discharge at Londres )
PLh : Total preci pitalioﬁ at Londres during the hutricane in October 1988
(394 mm) -
- C.AL : Cafchment area at Londres (210.2 km’)

Return Period Probable Flood
(year) (n¥/s)
10 260
20 320
50 - 400
100 470
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6.4.4

(1)

Probable Maximum Flood (PMF) -

In order to obtain PMEF, it is necessary to first calculate probable maximum precipitation
(hereinafter referred as PMP).

Then, run-off analysis should be conducted according to the relationship between actual
measurements of inflow and precipitation. PMP should be applied to the result, in order
to calculate PME. : :

In this study, PMP at Playon, which obtained data over an extended period (18 years), was
obtained first.  The calculation process used to obtain PMP at Playon was applied to data
at Naranjillo and Providencia for run-off analysis.  Actual measurements of precipitation

~ at both Sites (after being adjusted according to elevation), were used to calculate PMP in

the project basin. In addition, a probability analysis was conducted on data oblained at

the precipitation observation station in order to verify the results.
Calculation of PMP {(Probable Maximum Precipitation) '_

Generally, precipitation caused by a hurrsicane is considered nonorographic precipitation.
Torrential 1ain peculiar to the area of the project site is related to hurricanes.  Therefore,
for calculation of PMP, precipitation should be treated as nonorogeaphic precipitation.

i) Dew Point

Generally, PMP is oblained by multiplying the past actual .measurement of
, torrential precipitation by the maximum prdbability calculated according to the dew
point. The maximum probability equals the ratio between actual measurement of
humidity in the air during torrential rain and probable maximum humidity during
the same period.  Probable maximum humidity is oblained according to a 12-hour
continuous reading of the dew point.

Data on temperature, relative humidity and vapor pressure were recorded 3 times a
day at Playon Observation Station. These data were generally found to be low in
morning, highest af middaf, and agaili low in evéning. They tended to follow a
sine curve over the course of a day. Therefore, the daily ai'crage dew point was
employed as a 12-hour continuous value to be used in analysis.
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Figure 6-16 shows the maximum 12-hour continuous readings of dew point at
Playon observed from 1976 through 1993.

According 1o the figure, the past maximum values in September and October
(hurricane season) were 26.1 °C and 26.3 °C respectively. The annual maximum
value, which was 27.8 °C, was observed in March, the end of the dry scason.

However, it is unlikely that a hurricane would occur during the end of dry season,
upon considering the above tesults when determining the maximum dew point.

* At the same time, the recording period for weather data (18 years) is still relatively

short.

- Therefore, a separate probability was calculated for each month during a typical

rainy season (May through November).

_ Hem ' Dew Point

Actually measured past maximum (March) 27.8°C -
Probable figure for SO years (May-November)  27.2°C
. - -~ {(Sept.-Nov.): 26.3°C

Probable figure for 100 yeats {(May-November) 21.5°C

: ' ' {(Sept.- Nov.) - 265°C
Probable figure for 200 years {(May-Nov.) 27.8°C
(Sept.- Nov.) 26.7°C

As shown the above, the actual measurement of the past maximum dew poini

- ‘equals the probable figure for 200 years. In this study, 27.8 °C 'was adopted for

calculation.
Selecting a Represeatative Storm

Maximizalion was conducted for a relatively large sample of 40 storms recorded
after 1976 at Playon. - Co _ |

- However, the calculation was simplified, since it was a preliminary examination the

purpose of which was to select a single representative storm.’ Daily precipitation
was used as precipitation data, One thousand hPa was chosen as the figure for
precipitable water without correcting according to elevation. The margin of error
should be minimai, since the elevation of Playon is only 65 m. '
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_ However, the maximum probability is rather small, thus resulting in smalles

temporary PMP.

The results of the calculations are shown in Table 6-18 and Figure 6-17.

~As a rtesull, Hurricane Joan of October 1988 scared the maximum value.

Therefore, this hurricane was selected as the representative storm,
Figure 6-13 shows the precipitation distribution during the hurricane al the project
basin. The figuzes indicate thal the precipitation in the area decreased from south

to north.
iif)  Caleulating PMP
PMP was calculated according to the dew-point data discussed above and storm
data recorded {n October 1988.
The calculation process is shown in Table 6-20.
The results are shown as follows (probability in 10,000 years is also shown as a;_
reference): |
Actual measurement : S
of precipitation, R Probability
. . ate of PMP
Site l2-hn: continious i ization . | 1,000 ;n_ears
maximum value : o Co -
~ {mm/12 hr) . (mn/12hr) (mm/day) ~ (mnvday)
Playon 195 1.59 310 0 406 386
Naranjillo 240 1.64 393 447 399
Providencia 214 1.67 358 408 356
iv)

Creating a Hyetograph

The time unit used for run-off analysis should be as short as possible, within reason,

 since the area of the project site is in the mountains and the catchment area is

rélaliveiy small (147 km?).  In this study, it was deterined as 1 hour, considering
the availability of observation data.
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The following formula was used according (o the ratio based on the Thiessen
polygon Method in order to calculate area average precipitation per hour at the
project Site: '

Pi=0.76 Pna +0.24 Ppr (mm‘hr)

Pi : Arcaaverage precipitation at the project Site at given titne i {immvhr)
Pna: Precipitation at Naranjillo at given time i (mnvhr)
pr : Precipitation at Providencia at given time i (mm/hr)

Figures 6-18 and 6-19 show the telationship betiveen duration time and maximum
precipitation during a hursicane in October 1988 observed in Naranjillo and
Providencia.

The figures indicate that it was a torrential downpour with a duration of only 10
hours. '

In order to obtain the maximum floed volume when calculating PMF based on the

relationship discussed above (the depth-duration curve), maximum precipitation

was selected randomly regardless of order of occumrence. Then inflow was %
recalculated to rearrange the data by strength of precipitation.

Figure 6-20 and Table 6-21 sho“; the time distribution of PMP.

2) Creating 2 Unit Hydrograph

Torrential rain causing large-scale flood in the Naranjo River area occurs during a
hurricane. '

Several flood waves were observed al Los Llanos Runoff gauging station, located at the
project dam site. ' '

The maximum acute inflow was recorded on October 26, 1993 as hiph water level. The
'peak inflow was 144 m'/s, which is the Sth from the top among the record of annual
maximum inflow at the project dam site {see Table 6-22) for the pasl 24 years obtained by

' convertmg data at Londres, as discussed prewously

Figure 6-11 shows the hydrograph and hyetegeaph.
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Among the various methods of run-oft analysis, correlative value analysis based on unit-
hydrogeaph theory was selected for this project, thus effectively utilizing the abeve-

mentiioned ohservation data.

The unit-hydrograph calculation had an irregularity of including some negative figures.
Therefore correction was made to even out the data. Figure 6-21 shows the unit
hydrograph for the project dam site. ' '

Effective precipitation

Effective precipitalidn required for run-off analysis is obtained by subfracting
precipitalion loss from total precipitation. - In this study, the following method*l was
used for calculation of precipitation loss:

R< 100 mm RL=R{1-336x10"R*ymm
R >= 100 mm RL=064 mm

R : Cumulative precipitation
RL: Cumulative precipitation loss

(See Figure 6-23 and Table 6-21)

* PMF (Probable Maximum Fiood)

The PMF hydrograph was obtained by adding the base inflow of S0 m”/s to the cffective
precipitation obtained from the unit hydrograph discussed above. Base inflow was
determined as 50 mY/s, since the maximum monthly average inflow during the rainy

season was 42 m'/s.
As aresult, PMF at the project dam site was calculated as 1,590 m’/s. This figure equals
approximately the probable floed volume in 10,000 years (1,540 ms), as described

earlier. ‘The results are shown in Table 6-25 and Figure 6-24.

PMF at the project dam site: 1,600 m'/s

* 1Yonezo Nakayasu, 7th Technology Study Mcetiﬁg under the Supervision of the Ministry of

Construction of Japan, 1953
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Fig. 6-1 - Location Map of Runoff and Meteorological Gauging Stations
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Fig. 6-2  Annual Isohyetal Map of Project Reglon
 (period: 1970 to 1988 )
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Discharge (m°3/s)

Discharge {n"3/s)

' Fig.6-6  Duration Curve at the Londres Gaug'lng Station
' Peried & 1971 to 199_3
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Fig.69  Correlation batween the Concentration of Suspended Load
and the Discharge at the Londres Gauglng Station

Period : Aug. 1970 to Apr. 1992
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Concentration of Suspended Load (PPM).

Correlation between the Suspé'ndad L.oad and the Discharge

Fig. 6-10 :
_ at the Londres Gauging Station
Period : Aug. 1970 to Sep. 1994
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Fig. 6-11 Hydrographs' and Hyetographs during several floods
at the Los Llanos Site
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Fig. 6-12 Correlation between Duration of the Londres and
- the Los L.lanos Gauging Stations
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Fig. 6-13 Isohyetal Map of Project Reglon During Joan Hurricane in 1988
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Fig. 6-14 Probable Flood Discharge at the Londres Gauging Station
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Flig. 6-16 Maximum Persisting 12-ho=ur 4,000 ﬁPa bew Polnt at the Playon Site
(1978 - 1993}
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Flg. 6-20 Ralnfall Dlstribu_t!on 'l_n the Project Basinon 26 Oct, 1993
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Fig. 6-26 Specific Flood Discharge for Existing and Los Llanos Dam Site
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Table 6-1 Exiting Meteorological Gauging Stations -

—

No. Station Type rME:‘mt North |Elevation| Start of
R R Longitudo ; Latitude} ~ (m) Observation
83015 |Playon B |03 36" |84 18 66|May 1971
92004 |Nranjillo B_| 09 34 |84 02 780{Apyl. 1981 |
94005 [Providencia PG | 09" 31 |83 52 1,490{Feb. 1978
88023 [Copey deDota _ | B | 09" 39" 183" 55° 1,880/Jun. 1981
90003 {Quepos PV | 09 26" I8 09 |  BiMay 1041
90005 {Finca Cerritos__| PV._| 09° 30" |84 oy’ 15)Aprl. 1971
90008 [Anita PV { 03" 28° |84 10 15/Jan, 1977
90001 [Bartolo. PV _| 09 26" |81 08 10lJun. 1945
[92002 [Finca Llorona_ | PV | 09° 24 |8 05’ 10Jul. 1956
92006 |San Bernardo PG | 09" 37" 84" 18" |  1,260{Mar. 1992
192008 [Rio Navaujo PG_| 09° 35" 183" 57" |  1,500[Mar. 1992
92010 |S.Carlos Dota PG | 09° 36" 83" 54 2,500{Mar. 1992
92012 [San Joaquin PG 1 09° 35 |83 59 1,300Mar, 1992
92002 Maritima PG | 09° 23° |84 0% 8dun, 1971
94010 {Poyecto Savegre | PG | 09" 27" {83 BT 200iMar. 1080
Table 6-2 Exiting Runoff Gauging Statlons
No. | Station [Catchment] East Nerth Elevation[ Start of
Area Longitude | Latitude | QObservation
). (km?) 3 () .
28-01 |londres | [210.2 09° 289" |84 029 (170 01 Aup. 1970
3802 |T.os Llanos |147.0 8% 57 1180 58 Mar. 1992

09* 27
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Table 8-16 Flood Discharge at Londres and Los Llanos Sites

e Unit : m%s

No. Year Date Londres Los Llanos
1 | Trom | 2zocT 373 219

5 | WAz | 390N | 1,080 619
T3 273 | 180CT 210 119
EEEE L %62 145

6 | 7445 | 810CT 599 7

6 7576 9 SEP 852 TFN

K] 7677 15 SEP 196 1|

3 7178 %6 AUG 286 166
9 7879 8 AUG 335 195

10 79-80 21 OCT 514 7305

i1 §0-81 26 JUL 168 TR

12| 8182 14 AUG 387 228"

13 82.83 9 OCT 299 174

i4 | 8384 i DEC 271 160

15 g485 | 26 MAY 326 190

16 | 8586 27 OCT 416 245

17 86.87 10 SEP 954 146
18| 8788 5 OCT 167 ]

19 8889 54 OCT R 385

20 | 89.60 21 SEP 998 130
21 90.61 23 0CT 457 270

22 91.02 30 AUG 341 159

23 95-93 25 JUN 269 185

24 9394 13NOV 273 164

d‘%_??
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No.

I TN BN TN PO DD DN [N [N DD s et o o ot St ok st ot

Date

881022
§51029
920915
8380912
860526
770930
501102

8811190

781021
391102
850826
831126
930813

820930

840922
761014
771116
180424
760925
161018
§00601
5207217
170825
921121

- 190426

§7042%
871023
880516
921124
851004
880618
930510
810813
931009
860910
910626
900527
880710
351002
870828

Tablo 6-18 Tentative PMP or'obsewed Stornis at 1,000 hPa

TemperatureYapour Press Dew Point Precipi-

23.2
25. |
2. 3
9. 3
95. 3
9.3
2. 1
24, 5
23.9
25. 0
2%. 0
2. 3
26. 2
95. 8
24.3
24. 9

24.6

24.1

25. 3

25.3 -

25.9
24.3
26.1
2.5
25.7
26.9
25. 2
26.3
95. §

23.9

24.4

21.8 -

25.0
24.9
25.2
25.4
26.4
-26. 1
25.5

95.2

97.0
91.0

9.0
9.0

91. 0
89. 0
94.0
98.0
98. 0
90. 0
84. 0
82.0
89. 0
$5.0
91. 0
96. 0

- 98.0
98.0

95.0
96. 0
84.0
96. 0
93.0
96. 0
97.¢
81.0
95.0
82.0
87.0
96.0

- 86.0

8.0

87.0

94.0
94.0
92.0
89.0
95. 0

940
92.0-

22.17
23.9

23.5

23.7
23.7
92. 4
24. 1
24.2
23. 6
23.3
2. (
23.
24.3

23.1

22:1
4.2
24.3
24.4
24.5
24.5
23.0
23.6
24.9

- 23.8

2.2

- 234

24.4

24.4

93.3
93.2
93.7
93.7
92.1
23.9
24.2
94. 0
2.5
95. 3

A5
238

table water
66.5
7.6
TLE
o 12.8
S 72,9
65. 3
74.9
"79. 8
2.1
70.6
4.4
68. 6
76.2
69.3
66.5
15.9
76. 2
1.0
78.0
78.5
68. 6
72.1
80.5
73.2
82.8
7l1.1

7.0

17.0
70.6
70.0

72.9

72.9
66. 5
- 137
- 1.9
74.4
. 18.0
83.3

13.2

— e et et vt s o o wd ot et pme Rms st sl et beod ek e bt e et et Raas et e s et

- 780

M

1. 54
1.43
1. 43
1. 40
1. 40
57
3
.35
.42
.45
.38
.49
.34
.48
.54
.35

.33
.31
. 30
.49
.42
.27
.40
.24
44
.33
.33
45
.46
.40
- 1.40
.54
.39
.35
.38
.31
1.23
1.3}
1. 40

Pob (

- (m

nn/d)
m/day)
255. 0
249. 0.
166. 7
167.0
167. 0
127.0

139.2

141. 0

| 127. 0

121. 2
126.0
116.0

o 128.7
170

34

12.0 -

127. 0
127. 0
127.0
127.0
127.0
110. 2

- 114.7

127. 0
115. 4

127.0

108. 0

116.0

113. ¢

102.1

101. 0
103. 0
101.5

92.0

100. 9
102. 0
98.0
96.9

101.0

77.8
72.0

PHP
(mm/day)
392.7
356. 1
238. 4
234.6
234. 6

- 199.2

190. 3
190. 2
180. 4
175. 8
173. 4
173. 2
173. 0

172.9 -

172.5
171. 3
170.7
- 168. 9
166. 7
165. 7
164.5
162. §
161. 6
161. 4
157.1
155.5
154.3
150. 3
148.1
147.7
144.7
142. 6
141.7

140.2

137. 6
134. 9
126.0

124.2 -

102. 1

100. 7

e3¢
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Table 6-19 Rainfatl Duration for PMP

. Naranjillo ) o Providencis _
_Herricane Dats PU? . | Hurricsne Data PP
{ Oc1. 1988 Wax. Factor 1.64 | ¢0cr. d988) M Max. Factor 1.81
| KO, ] Accumaslated hourly byt Aecumylated I WO, b Accumuiated hourly PP Accumalated
] $0.0 5.8 §2.0 82.¢ 1 450 45.0 5.2 75.2
2 9.0 42.0 €8.9 C150.94 2 10.0 5.0 41.8 116.9
3 126.0] 3.0 55.8 20%.6 3 9.0 20.0 kg ) 150.3
4 152, ¢ 26.0 42,6 |. ¢49.31 4 “105.0 15.0 i+ 1§5.4
|51 172.0 20,0 328 21} 5 120. ¢ 15.04 25.1 700. 4
6 186.& i4.0 23.9 3050 61 135,61 159 25.1 25,5
1 196. 0 10.0 16.4 321.4 71 150. ¢ 15.0 25.1 2505
8 206.0 10.0 16. 4 el 8 165, 0 5.0 25.1 216,46 |
2 215.0 10.9 16. 4 354.2 g 1i8.0 13.0) 2r.7 81,3
10 0] 80 13.1 4] 10 190, 0 12.9 20.9 311.3
1 232.0 8.0 131 380,51 11 202.9 12.04 20.0 3373
12 240.0 8.0 131 333.64 12 2149 12.0 2.0 357.4
13 244.3 4.3 7.0 100.64 13 4.0} 100 16.7 C A
14 248.5 4.3 .0 40051 11 23.0 10.0 16.7 390.8
8] 252.8 4.3 1.0 414.51 1% 243.0 9.& 15.¢ 405.8 |
| 16 251.0 4.3) 1.0 421,81 16} 252.0 9.05 15.0 420.8
1 251.3 43 7.0 o insy 17 256.5 4.5 1.5] 428 4 |
18 | 2855 4.31 .0 435,40 18 261.0 4.5 1.5 4359
19 269.8 4.3%F 7.0 442.4] 19 2656 4.5 1.5 443. 4
20 274.9 L3 1.0 449.4] 20 270.0 4.5 15 150.9
21 211.6 3.5 s.7] 0 4ss.1] 2 214.0 1.0 6.1 4516
| z2 ) 281.0 3.5 5.7 19,3 ¢ 218.0 4.0 6.1 464.3 |
23 _234.5 3.5 8.1 4666 23 w0l 4.0 6.1 ~470.9
| 24 283.0 3.5 57 472.3F 24 285.0 | 3.0 5.0 {76. 0
23 231.3 3.3 55| 417.8]_26 286,90 1.0} 1.1 471.6
26 L a3 5% 83.31 ¢ 281.¢0 1.0 1 473.3 ]
il 298.0 L33 5.6 488.1] 2% 288.0 N 1.7 481. ¢
| 28 3.3 3.3 5.8 9.2 28 289.0 1.0 1.7 182. 6
sl 3047 3.3 5.8 493,71 29 1390.¢ 1.0 N a3
30 308.0 3.3 5.5 505.1F 30 291.¢ 1.0 .7 486. 0
| 3] 0.7 2.7 1.1 502,58 3 92,0 1.C 1.1 481. 6
32 313.3 2.7 4.1 513.93 32 £330 1.0 Lt 483.3
| 33 316.0 27 §.4 $18.21 33 384.0 _1of LT 431.0
34 3187 2.7 14 522.61 34 850 1.9 k1 492.1
35 321.3 2.1 4.4 521.01 35 206.0 1.9 L7 494.3
36 324.0 2.1 1.4 531.49 36 291.0 1.0 LT 136.0
| 37 ] 2.7 2.1 4.4 535.73 3% 288.0 | Lo | ] 971
38 329.3 2.1 1.1 s40.1] 33 299.0 1.0 1.7 499.3
39 332.0 2.1 4.4 544.5¢0 39 300.0 1.0 1.7 50).0
40 334.7 2.1 4.4 5489 10 30).0 1.9 L1 502. 7
41 337.2 2.1 4.4 653,24 41{ _ 302.0 1.0 1.1 504.3
42 340.0 2.1 4.4 557.61_ 42 303.0 1.9 1.7 5060 |
13 34).7 L1 2.7 560.3) 43 304.0 1.0 1.7 5071
414 343.3 1.3 2.7 | §63.1) 44 305. 0 i.0 LT 509.4
45 H5.0 1.1 270 5.8 ] _ 4% 396.0 .09 ) I T 2} Y,
16 Hs.1 1.7 - 2.7 - e68.8F 16 301, 0 1.0 1.7 612.1
41 8.3} 11 211 615,35 41 ag0] 1.0 b1 514.¢
48 3500 3.7 2.1 £74.0] 48| 3¢9.0 1.0 1.7 516.0




@ @ : Frep
(76158 17868 1) 01¢ (T4Z1/TW) § % '] SUIZIWIXER 5|
0 712 0 "0v2 1661 D (IggT/un) [TeJuTey UNWIXel '3
L9 1 191 . 8¢ 'T . Q78 I0}08)- QUIZTTNUIXEY L
¢ 0¥ L 8 °0C £°19 | 12307 |
¢Z | €] i Bdu 004 I _
¢ a9 | €769 ¢ a9 1 Bgu0OQT (mm)  I91ef 21Qe1IdIonig g
v 22 | ¥ ¢8 ¥ 4% (9) qu Q00T 03 ‘§ uorionpady ¢
_ _ . m .NN m UV JUIOd Ma( mbﬁpmu.aommuamm .E
719 | 28 718 | | 1810], |
ce 03 g B4 002 | )
¥ 7201 7 201 ¥ 201 B4U 0007 (wm) 1332y S9Iqelrdidaid ‘g
L°1Z L' L°LT m (' 2) qu Q)T 01 T uIjonpay g
m _ 8 L% W (9 JUTOd A9 WRUIXBR ']
L 06V1 08L 08 _ . (&) UOTIRADTY !
2IOUSPTAOLJ | OT[TiUBIN UCABT] woly _ m

uoneEwWwRsSy JiNd 3O $S930.d  OZ-9 |iqelL



2

Table 6-'21: Time Distribution of PMP in the Project Basin

Retention !Effective

Naraniillo Providencia ciual Preci.

No. i} Duration | Arranged || Duration | Arranged || 0. 76Pnt).24Pp_ lless Rainfall |
0.9 oo 0.0 .of 0.0

1 82.0 2.0 75,2 6.7 69} 69y .00
_2 68.9 7.0 41.8 1.5 7.1 6.9 0.2
3 55.8 7.0 _33.4 15.0 8.9 8.3 0.6

4 42.6 7.0 251} 16.7 ) 9.3 8.1 L2
5} se8l 131 251 20.0 14.8 11.4 3.3
6 23.0 16. 4 25.1 25.1 18.6 | w4 71
i 16.4 32.8 26.1 25.1 Lo 10.5) 20.4
_8 16.4 65.8 26,11 41.8 52.4 0.4 52.0
9 16.4 82.0 21. 7 6.2 30.4 0.0 80.4
10 13.1 63,9 20.0 33.4 60.4 0.0 60.4
ny 131 42,6 20,0 25, 1 38.4 0.0 38,4
12 7.0 23.0 20.0 25.1 23.5 0.0 23.5
13 7.0 16.4 16.7 21.1 17.7 0.0 1.7
14 7.0 16.4 16.7 20.0 12.3 0.0 17.3
a6 7o)l w150 20.0 14.8 0.0 14,8
16 7.0 131 15.0 6.2 14.0 0.0 14.90|
17 7.0 7.0 1.5 16.0 8.9 0.0 8.9
18 7.0 7.0 7.5 1.5 7.1 0.9 7.1
19 7.0 7.0 7.5 .58 7.1 0.0 7.1
20 1.0 7.0 .5 1.5 7.1 0.0 7.1
21 5.7 5.1 6.7 6.7 5.9 0.0 5.9
22 5.7 5.1 6.7 6.7 5.9 0.0 5.9
23 5.7 5.1 6.7 8.7 5.9 0.0 5.9
% % S W A WU %% ¥ IR X 5.0 5.5 0.0 5.6




Table 6-22 * Annual Maximum Daily Pracipitation Records

Year Playon . Naranjillo | Providencia
1976 142.4] '
1977 . 148.3 - )
1978 210. 4 78.6.
1979 127.2 103.21
1980 129.7 : 64.4
1981 123.3 18817 85. 6
1982 117.1 205. 4 87.4 | -
1983 6.1 [ V9.3 o 5891
1934 11.81 146. 7 84. 2
1985 248. 4 182. 9 115.5
1986 166.5 158.4 | 168. 8
1987 122.1 125.8 68.3
1988 255. 1 212.1 244.5 |
1989 121.2 _162. ¢ 126. 0 |

~ 1990 | . 139.2 147. 5 147
1991 98. 0 168. 0 108, 1
- 1992 | 166.7| . 168.4 91. 9
1993 128. 7. " 101.1 91.5
1994 1He. 44 131.1 9. 4

Table 6-23 Probable Daily Precipitation and PMP

Naranijiillo

Playon Providencia

Ponax. ' 127. 2 0.0 103. 2 |
100 264. 0 282.0 218. 0

500 307.0 324. 0 265. 0

1000 325. 0 41,04 285. 0
5000 368. 0 381.0)__ 334. 0
10000 387. 0 399. 0 356. 0
PP 447. 0 408. 0

406. 0
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