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Appendix A - Part 1 Hydrology, Meteorology, and River Hydraulics

PART 1 - INTRODUCTION AND SUMMARY
1 INTRODUCTION

A project is proposed to deliver water from the Rio Coclé del Norte Basin to Lake Gatun.
Two primary alternatives are being considered:

® A reservoir on the Rio Coclé del Norte acting in regulation with reservoirs on the
Rio Cafio Sucio and the Rio Indio, and

® A reservoir on the Rio Coclé del Norte acting in regulation with a reservoir on the
Rio Indio.

1.1 Objective and Scope

This Appendix describes the hydrologic and river hydraulic analyses performed at a
feasibility level for the development in the Rio Coclé del Norte and the Rio Cafio Sucio
basins. The procedures and basic data used in the determination of the following
hydrologic parameters are discussed.

* Streamflow Availability

® Reservoir Evaporation

* Construction Period Flood

® Spillway Design Flood

© Reservoir Sedimentation (Coclé del Norte only)

® Impact on Water Quality (Coclé del Norte only)

* Channel Stability Downstream of the Dams (Coclé del Norte only)

A summary of previous reports pertinent to the development on the two basins was also
made and review comments are given as Attachment 1.

1.2 Location and Accessibility
The drainage basins of the Rio Coclé del Norte and the Rio Cafio Sucio are located on the

west of the Panama Canal Area (see Exhibit 1). As proposed by the U.S. Army Corps of
Engineers (USACE) in their Reconnaissance Report, the dam on the Rio Coclé del Norte

Coclé del Norte and Cafio Sucio Water Supply Projects
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will be located approximately at latitude about 8° 59’ north and longitude about 80° 32
west. The location is about 15 kilometers (km) inland from the Caribbean Sea (Atlantic
Ocean) and about 7 km downstream from the confluence with the Rio Toabré, near the
mountain named Cerro Pelado. The drainage area at the dam site is about 1,594 km’
(615.4 mi®).

The Rio Caiio Sucio is a tributary of the Rio Miguel de la Borda. The damsite, as
selected by the USACE, will be located approximately at latitude about 8° 56 north and
longitude about 81° 18 west. The location will be about 25 km inland from the
Caribbean Sea and about 17 km above the point where two major tributaries join to form
the Rio Miguel de la Borda. The drainage area at the site is about 111.1 km? (42.9 mi®) at
the dam site.

Presently, neither dam site is accessible by road. Access is by boat or helicopter.
1.3 Unit of Measurements

The ACP has used both English and SI units in reporting the hydrologic data. Most of
the data was reported in English units. These data were used as such and the results are
reported in English units and the values in SI units are parenthesized. If the data received
was in SI unit, the results are presented in SI units and the values in English units are
parenthesized. Similarly, the exhibits and tables taken from previous reports were in
mixed units. These were used as such and the sources were identified on the exhibits or
tables. Most of the computations made for this study are reported in SI units only. On
the exhibits, cubic meters per second and cubic feet per second are abbreviated as cms
and cfs, respectively.

2 SUMMARY OF STUDIES

This report presents the hydrologic analyses made for the Rio Coclé del Norte and the
Rio Cafio Sucio basins. The analyses included determination of five hydrologic
parameters including long-term monthly flow sequence, net reservoir evaporation,
construction period floods, spiliway design flood and depletion of reservoir storage due
to sedimentation.

Coclé del Norte and Cafio Sucio Water Supply Projects
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Two long-term monthly flow sequences were developed at the proposed dam site by
Panama Canal Authority (ACP) for the period from January 1948 to December 1998.
The data was updated to include the year 1999. The sequences were developed for the
Rio Coclé del Norte at the dam site (drainage area about 1,594 km?), the Rio Cafio Sucio
(drainage area about 111 km?). The sequences was reviewed, checked for consistency
and considered to be reasonable for representation of long-term future conditions. The
mean annual flow of the Rio Coclé del Norte at dam site was about 107.5 m’/s. The
mean annual flow of the Rio Cafio Sucio is estimated to be about 7.5 m%s.

Annual net reservoir evaporation from the reservoirs on the Rio Coclé del Norte and the
Rio Cafio Sucio is estimated to be about 1,134 mm based on studies performed by the
ACP for the Rio Indio reservoir.

Construction period floods at the Rio Coclé del Norte dam site were based on the flood
frequency analysis made for the Rio Coclé del Norte at Cafioas and El Torno, and the Rio
Toabré at Batatilla. For the Rio Cafio Sucio, flood peaks were estimated using data from
the Rio Indio at Boca de Uracillo. The frequency analysis was performed using annual
maximum instantaneous flood peaks for the available periods of record.

The transposed flood peaks at the Rio Coclé del Norte dam site for the 10-, 20-, 50- and
100-year were about 2430, 2995, 3860 and 4610 m’/s, respectively. The transposed flood
peaks at the Rio Cafio Sucio damsite for the 10-, 20-, 50- and 100-year return periods
were about 358, 385, 417 and 439 ms, respectively.

The probable maximum flood (PMF) was adopted as the design flood for both the Coclé
del Norte and the Cafio Sucio projects. For the Coclé del Norte Project, two maximum
operating pool elevations of 100 and 80 meters were considered as per current planning
of the project. For the 100 meters case, the resulting PMF had a peak of about 10,550
m’/s and 5-day volume of about 1004 million cubic meters. For the 80 meters case, the
resulting PMF had a peak of about 10,460 m%/s and 5-day volume of about 988 million
cubic meters. The PMF for the Rio Cafio Sucio had an estimated peak inflow of 1,690
m*/s and a 3-day volume of 78 million cubic meters based on a maximum operating pool
of 100 meters.

Coclé€ del Norte and Cafio Sucio Water Supply Projects
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An analysis for the depletion of the live storage of the Coclé del Norte reservoir due to
sediment deposition indicated that the depletion would be negligible after 50 and 100
years of operation

Channel Stability analyses were made for “pre-project” and “post-project” conditions on
the Coclé del Norte. Under post-project condition, the flood peaks would be significantly
reduced. The degradation below the dam would be insignificant. However, the bed
material transported by the tributaries might cause aggradation near the mouths of these
tributaries because there would not be sufficiently high floods in the main channel to
remove these deposits.

3 CLIMATE

3.1 General

The general climate of Panama is tropical with wet and dry seasons induced by the
annual movement of the intertropical convergence zone (ITCZ). During the dry season,
generally the months of February, March and April, the ITCZ is located south of Panama
near the equator. In March or April, the ITCZ moves northward generally reaching
Panama in late May or early June. Its passage results in heavy rainfall over a major
portion of Panama. When the ITCZ is well north of Panama, occasionally the strength of
the rainy season subsides and the months of July or August or both become a secondary
dry season. In late summer or early autumn, the ITCZ starts its southward migration and
it passes over Panama in late October or early November. During the months of October
through December and occasionally in January, heavy rainfall occurs over Panama.
When the ITCZ has moved well south of Panama, the dry season is established again. In
general, the wet season is characterized by mild humid winds from a southerly direction
while less humid, but somewhat stronger, northerly winds are more typical of the dry
season (La Fortuna Project, 1976)

3.2 Average Annual Rainfall
The average annual rainfall over the Coclé del Norte and Cafio Sucio basins above the

respective damsites is estimated to be 2,800 mm and 3,300 mm respectively. Exhibit 2
shows a mean annual rainfall map taken from Atlas Nacional de la Republica de Panama

Coclé del Norte and Cafio Sucio Water Supply Projects
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(7). The map shows that mean annual rainfall is higher in the coastal area and decreases
inland.

Estoque (Estoque, er al., 1985) studied the effect of El Nifio on the rainfall in Panama.
He listed thirteen episodes of El Nifio for the period from 1920 to 1983, and compared
the annual rainfall during an El Nifio with the long-term mean annual rainfall. The
results indicated that El Nifio produced below normal rainfall in almost all regions of
Panama, including the watershed in which the two proposed dam sites are located. The
average annual rainfall anomaly, based on all El Nifio episodes was about 8 percent
below normal. In case of the El Nifio episodes of 1976 and 1982, the corresponding
anomalies were about 28 percent and 24 percent below normal, respectively. The driest
month of the year 1982 (December) had a rainfall anomaly of about 60 percent below
normal. The study also indicated that there was a considerable geographic variation in
the rainfall anomalies. In case of the 1976 E] Nifio, the largest magnitudes of negative
anomalies were located in the southwestern part of Panama, just south of the central
cordillera on the Pacific side. On the other hand, El Nifio had the opposite effect
(positive anomalies) in some basins north of the cordillera in the Atlantic coastal region,
The 1997-1998 El Nifio episode also resulted in low rainfall in Panama, particularly in
Panama Canal Area.

Through verbal discussion with the climatologists of ACP, it was determined that in the
Canal Area and neighboring basins including the basins of the Rio Indio, Rio Caifio Sucio
and Rio Coclé del Norte, the effect of El Nifio has been a slight to significant decrease in
rainfall during the episodes. During the 1976 and 1982 episodes, the annual rainfalls at
Boca De Toabré were about 3,260 and 3,891 mm, respectively (about 128.35 and 153.19
inches, respectively), compared to mean annual rainfall of about 4,393 mm (about 172.95
inches). This indicates a decrease of about 26 and 11 percent, respectively. The 1997-98
El Nifio significantly decreased the rainfall in the Canal Area and over the basins of the
Rio Indio and the Rio Coclé del Norte. In 1997 the annual rainfall at Boca de Toabré was
about 79 percent of the mean annual rainfall (period 1966 to 1995).

3.3 Temperature

Mean monthly temperatures vary within about 2° C throughout the year. Mean annual
temperature varies from about 26° C near the dam to about 24° C in the head reach. The

Coclé€ del Norte and Cafio Sucio Water Supply Projects
@ mwH /T

N

A-5



Appendix A — Part 1 Hydrology, Meteorology, and River Hydraulics

lowest temperature is in September-October and highest in March-April at lower
altitudes. At higher altitudes, maximum temperature usually occurs in June.
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PART 2 - HYDROLOGY OF THE RiO COCLE DEL
NORTE BASIN

1 TOPOGRAPHY AND DRAINAGE

The Rio Coclé del Norte is formed downstream from the confluence of the Rio San Juan
and the Rio Coclecito near the town of Coclecito. Both rivers drain the northern slopes
of the Cordillera Central (Continental Divide) and flow northward. The Rio San Juan is
larger and longer of the two rivers. It rises at an elevation of 1,300 meters above mean
sea level (EL. 1300). The river is very steep in the head reach, dropping about 900 meters
in a distance of about 5 km (about 18 percent slope). The slope decreases downstream to
about 6 percent in about 4 km. Further downstream up to the confluence with the Rio
Toabré, the slope is about 0.3 percent (see Exhibit 3). The drainage area of the Rio Coclé
del Notre at the confluence is about 674 km® (about 260.2 mi?). The river basin is fan-
shaped with a maximum length of about 58 km and a width of about 55 km.

The Rio Toabré is the major right bank tributary of the Rio Coclé del Norte and drains an
area of about 805 km? (310.8 mi) at the confluence. The Rio San Miguel is the major
and longest tributary of the Rio Toabré. It rises at about El. 900 and flows in a general
northwestern direction to join the Rio Toabré. Exhibit 4 shows the bed profile of the Rio
Toabré (including the Rio San Miguel). The profile starts from the confluence of the Rio
Toabré and Rio Coclé del Norte. The slope is about 10 percent in the 4-km long head
reach, decreases to 3.3 percent in the next 6 km, and flattens to about 0.06 percent near
the confluence.

The Rio Cuatro Calles is another major right bank tributary, joining the Rio Coclé del
Norte about 2 km upstream from the dam site. The drainage area, including the area of
the Rio Coclé del Norte from confluence of the Rio Toabré and Coclé del Norte to the
dam site, is about 115 km? ((about 44.4 rniz). Exhibit 5 shows the bed profile from
confluence with the Rio Coclé del Norte. Except for the most upstream distance of about
1.2 km, the river slope is about 0.3 percent.

The drainage area at the dam is 1,594 km?, the sum of the three components.
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2 RAINFALL ON THE COCLE DEL NORTE BASIN

There are nine rainfall stations in the Rio Coclé del Norte basin for which historic rainfall
data are available (see Exhibit 6). Daily rainfall data are available from September 1974
to December 1998. Monthly rainfall data at these stations and the stations in the vicinity
towards east were generated for a 30-year period (1966 to 1995) through correlation with
nearby stations in the Canal Area. The mean monthly rainfall amounts are given in
Attachment 2.

The mean annual rainfall over the contributing watershed is estimated to be about 2,800
mm. Based on extended records for the Coclecito station, the mean monthly rainfall is
estimated based on a ratio of the basin annual rainfall and the station annual rainfall times
the station monthly rainfall. Mean monthly rainfall values are shown below.

Mean Monthly Rainfall, Coclé del Norte Basin
(mm)

Jan | Feb | Mar | Apr May | Jun | Jul | Aug Sep | Oct | Nov | Dec | Annual
192 | 128 | 119 | 203 | 287 [ 258 | 215 | 279 241 | 303 | 265 | 310 | 2,800

The mean monthly rainfall varies from a low of 119 mm in March to a high of 310 mm in
December.

3 STREAMFLOW ANALYSIS
3.1 Data Sources

Monthly streamflow data for stream gaging stations pertinent to this study were obtained
from ACP. The data included: measured flows, estimated flows identified with asterisks,
and the flows filled-in through correlation/transposition with other stations. The period
of record considered in the analysis was from January 1948 through December 1999.
Tables 1 to 6 give measured monthly flows at the stream gaging stations pertinent to this
study. Table 7 provides names of the stream gaging stations and the rainfall stations used
in this study. Exhibit 7 shows the locations of stream gaging stations. The exhibit also
shows the locations of rainfall stations as per list given in Table 7. The rainfall stations
were used for the design flood study as discussed under “Spillway Design Flood”.
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There are three stream gaging stations in the Rio Coclé del Norte basin. These include —
Rio Coclé del Norte at Canoas (drainage area 571 km?, or about 220.5 miz)’ Rio Coclé del
Norte at El Torno (drainage area 672 km? or about 259.5 mi’) and Rio Toabré at Batatilla
(drainage area 788 km?) or about 304.2 mi®). The station at El Torno was discontinued in
1986. The locations of these stations are shown on Exhibit 6. Tables 1 to 3 give the
observed monthly discharges. Mean annual flows for the period of record are about 39.5,
53.0 and 41.5 m?/s, respectively (about 1,95, 1,72 and 1,66 ft'/s, respectively).

3.2 ACP Analysis

The ACP performed analyses to generate a long-term monthly flow sequence on the Rio
Coclé del Norte at the dam site for the period from January 1948 to December 1999. The
monthly flows were generated as follows:

Monthly flow data for the period from January 1948 to December 1999 (flow missing for
a few months) was available for the Rio Trinidad at El Chorro (drainage area 172 km? or
66.4 mi’). The data for the missing months was estimated either using gage height data
from a staff gage installed at the station or based on the general trend in the monthly
flows. A correlation was developed between the monthly flows of the Rio Ciri Grande at
Los Canones (drainage area 186 km?® or 71.8 mi®) and the Rio Trinidad at El Chorro using
the concurrent period of record. The regression equation is given below:

Los Canones = 1.4075 (El Chorro)***®

The above equation was used to fill-in monthly flows at Los Canones for the missing
period from January 1959 to July 1978 plus a few other missing months in the remaining
period. This resulted in monthly flows for the period from January 1948 to December
1999.

Using concurrent monthly flows of the Rio Indio at Boca de Uracillo (drainage area 365
km® or 140.9 mi?) and of the Rio Ciri Grande at Los Canones, the following regression
equation was developed.

Boca de Uracillo = 2.865 (Los Canones)o'%o6
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The above equation was used to generate the monthly flow data at Boca de Uracillo for
the period from January 1948 to J uly 1979 and June to December 1999,

Using concurrent monthly flows of the Rio Indio at Boca de Uracillo and Rio Toabré at
Batatilla, the following regression equation was developed.

Toabré at Batatilla = 2.4037 (Indio at Boca de Uracillo)A®%%
The above equation was used to extend the monthly flows of the Rio Toabré at Batatilla.

Using concurrent monthly flows of the Rio Coclé del Norte at El Torno and the Rio
Toabré at Batatilla, the following regression equation was developed.

Coclé del Norte at El Torno = 6.0965 (Toabré at Batatilla)r®5%

The above equation was used to fill-in and extend the monthly flows of the Rio Coclé del
Norte at El Torno.

Monthly flows at the dam site were developed using the following equation:
Dam site flows = ((Batatilla flows) + 1.1384(El Torno flows)) * 1.0264

The above equation was discussed with the hydrologists of ACP. The above method was
used to give more weight to the flows of the Rio Coclé del Norte. This is because the Rio
Coclé del Norte receives more rainfall compared to the rainfall over the Rio Toabré
basin.

3.3 Review of the APC Analysis

The streamflow analysis performed by ACP for the Coclé del Norte basin was reviewed.
The correlation coefficients for the four regression equations shown above varied from
about 0.90 to 0.95. ACP performed mass curve and double mass curve analyses using the
monthly flow series at various stations to check the consistency of the data. The mass
curves of the monthly flows indicated that the data are consistent.
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MWH made an independent check of the equation used to compute monthly flows at the
damsite. Using conventional procedure of transposing flows by a combined ratio of
drainage area and mean annual rainfall, the estimated flows were about 1 to 3 percent less
than the flows derived by ACP. This was considered to be an insignificant difference.
Therefore, the monthly flows estimated by ACP were adopted.

The ACP procedure to develop a correlation between Los Canones and El Chorro,
between Los Canones and Boca de Uracillo, between Batatilla and Boca de Uracillo, and
between El Torno and Batatilla, was reasonable. This is because the correlations were
developed step by step from a high rainfall area to a lower rainfall area. The Rio Trinidad
is east of the Rio Indio and Rio Coclé de Norte is on the west of the Rio Indio. The
rainfall decreases from east to west. Therefore, the approach is logical and acceptable.

3.4 Annual Streamflow and Monthly Streamflow Sequence

The estimated mean annual flow of the Rio Coclé del Norte at the damsite, as determined
by the foregoing analysis, is estimated to be 107.5 m’/s. Long-term monthly discharges
(in m>/s and ft’/s units) for the Rio Coclé del Norte at the dam site are given in Tables 8.
Exhibits 8 and 9 show the mass curve and the time series of annual flows for the Rio
Coclé del Norte at the dam site. These exhibits show that the annual flows are consistent,
homogeneous and there is no apparent trend in the data. However, there are significant
variations in flows from year to year. The highest flow occurred in 1970 and the lowest
in 1997. The low flow was due to the El Nifio episode recorded in 1997-1998.

3.5 Streamflow Characteristics

The wet period is generally from October through December but quite often, high flows
can occur in the month of January and September. The months of low flows are from
February to April.

Generally, floods occur during the months of September through January due to general
type of storms. The floods due to thunderstorms can occur during any time of the year
but generally in the months of June through August. The highest floods of record at
Canoas (period from 1983 to 1999), El Torno (period from 1958 to 1986) and Batatilla
(period from 1958 to 1999) were about 1,356 m™/s (47,900 ft*/s) in June 1994, 3,116 m’/s
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(110,000 ft'/s) in January 1990 and 2,633 m’/s (93,000 ft'/s) in January 1970,
respectively.

The potential firm yield of the Rio Coclé del Norte at the dam site was estimated using
mass curve analyses (as a spreadsheet) and the monthly flow data from 1948 to 1999
For selected constant yield rates varying from 17.0 m%s to 141.6 m’/s), the required
active storage was determined. The yield curve, which is shown on Exhibit 10, shows
that the firm yield at the dam site would be about 99.1 m’s, or about 92 percent of the
mean annual flow and would require an active storage of about 1,835 million cubic
meters (MCM).

3.6 Flow Duration Curves

Daily flow data were available for the Rio Toabré at Batatilla (from 1968 to 98) and the
Rio Coclé del Norte (from 1984 to 98). These data were used to develop flow duration
curves for the two stations. The curves are shown on Exhibits 10 and 11, respectively.
The minimum observed daily flows were about 0.1 and 3.1 m’/s, respectively (3.5 and
109.5 ft'/s, respectively). Flows exceeding 90 and 95 percent of the time were estimated
to be 7.3 and 5.4 m’s, respectively (257.5 and 190.7 ft’s, respectively) at Batatilla, and
about 13.7 and 9.9 m%s, respectively (483.8 and 349.6 ft’/s, respectively) at Canoas.

Daily flow data were not generated at the dam site. The flow duration curve based on
monthly data does not provide a good indication of low flows. To estimate the flows
exceeding 90 and 95 percent of the time at the dam site, the flows corresponding to these
percentages were transposed from Canoas and Batatilla and combined. The flows at
Canoas were transposed to the dam site using drainage area ratio and to this the flows at
Batatilla were added. The resulting flows were about 26.1 and 19.3 m’/s, respectively
(921.7 and 681.6 ft'/s, respectively). These flows were Judged to be reasonable.

3.7 Drought-Duration-Frequency Analysis

The method of analyzing drought frequencies and duration is based on the assumption
that meteorological conditions recorded in the past would be repeated. In most cases, the
absence of long records, potential long-term variation in rainfall and runoff, and
topographic changes brought by man make it rather difficult to make precise forecasts.
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For drought analysis, data is selected by one or two methods: either one extreme value is
chosen for each time unit, such as the lowest monthly flow in a year or the lowest
monthly flows for selected duration in the period of record are chosen, regardless of
when they occurred. With the latter method, the number of values chosen need not equal
the number of years of record.

The first method is not very useful since this deals with a discrete value of flow and
reveals nothing about the sequence of low flows. The second method is more useful. In
this case, the analysis is made by determining the flows over a given period of
consecutive days, months or years. A difficulty encountered in frequency analysis of
sequential events is overlapping of data and repeated appearance of extreme values.
Thus, in the analysis of droughts lasting 24-months (or two years), certain low flow
months might appear twice. The overlapping is eliminated as illustrated by the following
example of monthly flows for the Rio Coclé del Norte.

Monthly flows of the Rio Coclé del Norte at dam site were arrayed in one column.
Running totals of 6-, 12-, 18- and 24-month periods were computed. For the flows in
each period, the following procedure, illustrated for the 12-month period, was used.

e Select the lowest 12-month value.

e To avoid overlapping, exclude the 11 totals prior and subsequent to the
selected lowest value.

e After excluding the values, select the next lowest value and again exclude the
11 totals prior and subsequent to the selected value.

e Continue until all totals have been used either by selecting or excluding.

e Array the selected values from lowest to highest and assign 1 to the lowest
value.

o Compute the return period of the lowest value as “number of years of record
divided by the order”, that is, “52/1” (Stall, 1964). The return period for the
second lowest value will be “52/2 =26.”

In case of 6-month period, the values were more than 52, the years of record. In this case
only 52 lowest values were used. The lowest values for the selected duration are given in
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Table 9. The table also shows the recurrence intervals. Exhibits 12 to 15 show the
frequency curves.

The 6-, 12-, 18- and 24-month flows and their assigned recurrence intervals furnish
estimates of average length of time in years which can be expected to elapse between the
beginning of the various events. For example, the third ranking event in the 12-month
series has a recurrence interval of 52/3 = 17.3 years. Thus, it can be said that in any year
the probability is 1 in 17.3 for the start of a 12-month period during which the total flow
would be as low as 2,220 MCM.

4 NET RESERVOIR EVAPORATION

Monthly net reservoir evaporation for a reservoir js generally computed using the
following relationship:

NRE = A(PE) - (PPT-RO)

in which
NRE = monthly net reservoir evaporation
A = pan coefficient
PE = monthly pan evaporation

PPT = monthly precipitation over the reservoir
RO = runoff presently contributed by the area that will be inundated by
the reservoir

Since ACP with the help of COE had computed the net reservoir evaporation rates, the
above procedure was not used. ACP derived the net TESErvoir evaporation rates using the
historic evaporation data of Gatun Lake. The data was judged to be reasonable. Due to
proximity of Gatun Lake to the Rio Coclé del Norte reservoir, the net evaporation data
derived for Gatun Lake was used for this study. The total net reservoir evaporation is
estimated to be 1,134 mm/yr, and the monthly rates are given in Table 10.
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5 CONSTRUCTION PERIOD F LOODS

5.1 Previous Regional Flood Analysis

The Instituto de Recurcos Hidraulicos y Electrificacion (IRHE) performed a regional
flood frequency analysis in June 1986 for the river basins west of about 79° west
longitude in the Republic of Panama. This study is discussed in Attachment 1.

Annual maximum instantaneous peaks for the Rio Coclé del Norte at El Torno and
Cafioas, and the Rio Toabré at Batatilla were available for 16 years (1970 to 1985). The
data for Cafioas was partly estimated.

The study region was divided into seven zones. For each zone, relationships between
drainage areas and mean annual floods, and between ratios of flood peak and mean
annual flood and return periods were developed. According to these relationships, the
Rio Coclé del Norte was zone III. The flood peaks corresponding to various return
periods listed in this report are shown in Table 11. The flood peaks were estimated up to
return period of 10,000 years.

5.2 Available Flood Data

Analysis of extreme flood events involves the selection of the largest events from a set of
flow data. The flood frequency analysis uses the annual largest recorded floods at a
representative stream gaging station. For the present analysis, the monthly instantaneous
flood peaks for the Rio Coclé del Norte at Canoas and El Torno, and Rio Toabré at
Batatilla were obtained from ACP. The data are given in Table 12 to 14. The data for
some months and/or years are missing. The annual peaks derived from these data are for
16 years at Canoas, 26 years at El Tomo and 35 years at Batatilla. The maximum
instantaneous observed peaks were 1,356 m3/s or 47,900 ft’/s (June 1994) at Canoas,
about 3,116 m’/s or 110,000 ft’/s (January 1907) at El Torno and about 2,633 m>/s or
93,000 ft'/s at Batatilla.
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5.3 Current Analysis

Log-Pearson type I (LP 1) distribution, recommended by the Hydrology
subcommittee, United States Geological Survey (March 1982) was first fitted to the
annual peaks of the Rio Coclé del Norte at Canoas. A computer program developed by
the United States Army Corps of Engineers, Hydrologic Engineering Center was used.
The results are given in Table 11.

The generalized extreme value (GEV) distribution was also fitted to the data to compare
the results from this distribution with that obtained by using LP III distribution. A
computer program developed by Environment Canada (1994) was used. The results are
also given in Table 11. Exhibits 16 and 17 show the frequency curves based on LP III
and GEYV distributions, respectively.

The skew coefficient of the flood peaks was about 0.52 and that of log-transferred values
was about -0.02. The flood peaks estimated by LP I were low compared to those
obtained by using GEV. However, based on a visual judgment of Exhibits 16 and 17,
both the distributions indicated reasonable goodness of fit. For a conservative estimate of
the flood peaks, the values resulting from GEV distribution were adopted.

The above analysis was repeated using the flood peaks of the Rio Coclé del Norte at El
Torno and Rio Toabré at Batatilla. The results are given in Table 11. Exhibits 18 to 21
show the frequency curves. For both the stations, the flood frequency data based on GEV
distribution was adopted.

The flood estimates by the IRHE (based on regional analysis) and site-specific estimates
discussed above were compared. For the Rio Coclé del Norte at Canoas and EI Torno,
and the Rio Toabré at Batatilla, the 20-year flood peaks estimated by the IRHE were
2,144, 2,357, and 2,525 m’/s respectively, compared to the site-specific estimates of
1,320, 2,160, and1,810 m?/s respectively. The IRHE estimates are higher for all sites and
return periods except for El Torno above a return period of 20 years. It was concluded
that the site-specific estimates were a better representation of the construction period
floods and MWH’s estimates by the GEV distribution were adopted for the subsequent
studies.
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Realizing that flood protection works might be designed for protection during dry season,
flood frequency analysis was also performed for the dry period. From a review of the
monthly flood peak data, the dry season was judged to be the months of January,
February and March. The flood frequency data based on GEV distribution was estimated
and is given in Table 15.

5.4 Transposition of Flood Peaks to Dam Site

The dam site will be located downstream from the confluence of the Rio Coclé del Norte
and Rio Toabré. The rainfall over the Rio Coclé del Norte basin is higher than that over
the Rio Toabré basin. Therefore, flood peaks at the dam site should include effect of the
variation of extreme rainfall over both basins. Since the period of record at El Torno was
longer than that at Canoas, the flood peak data at El Torno was used. The following
procedure was used to derive the flood peaks at dam site using the estimated flood peaks
at El Torno and Batatilla.

A general procedure for transposition of flood peaks from a gaged location to an ungaged
location is to use coefficients of empirical relationships assuming that these coefficients
remain constant for hydrologically and meteorologically similar drainage basins.
Commonly used relationships are given below.

Creager’s Formula (Creager, 1950)
Q = 1.303 * C * (0.386 A) A(O6TA00)
Rodier’s Formula
K = 10 * (1- ((log? —6) / (log™ -8)))  (Rodier, 1985)
‘K’ and ‘C’ are coefficients, A is the drainage area in km? and Q is flood peak in m’/s.
The original Creager’s relationship was in English units, relating discharge per unit area

with the area. The above form in SI units was developed by MWH.

The values of ‘K’ and ‘C’ were computed for floods of various return periods. Table 11
shows the values. Both coefficients increased with the increase in flood magnitudes. The
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values of both coefficients were consistent. Either of the two coefficients could be used
for transposition. The values of K were used.

For the El Tomno station (draining an area of relatively high rainfall), the values of K
were greater than that for Batatilla (draining an area of relatively low rainfall).
Considering the rainfall variation, the mean of two values for a given return period was
used for transposition. Table 15 shows the mean values of K and the flood peaks derived
at the dam site.

5.5 Flood Hydrographs

Flood hydrographs of 20- and 50-year return periods were developed for the.Rio Coclé
del Norte at dam site using the following procedure:

The historic floods (hourly discharge data) of the Rio Coclé del Norte at Cafioas and at El
Torno, and the Rio Toabré at Batatilla were reviewed. The data showed that the duration
of floods could vary from about 1 to 2 days.

The annual maximum one- and two-day flood-volumes were determined for the three
stations.

A volume-frequency analysis was performed (the results are given in Table 16).

The 1-day and 2-day flood volumes at the dam site were estimated as sum of flood
volumes at El Torno and Batatilla adjusted for difference in drainage area. The 20- and
50-year flood volumes for 1-day duration were about 1,490 and 1,950 cubic meters per
second - day (cms-day), respectively. The 2-day volumes were about 2,370 and 3,100
cms-day.

The observed hydrographs at the two stations were plotted (see Attachment 3). The
shape of the hydrographs was reviewed. Although the peaks and volumes of the
hydrographs were quite different yet the shape (rising and falling limbs) had a reasonable
similarity. The single peaked historic flood of December 1995 was selected to shape the
flood hydrographs of 20- and 50-year return periods.
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The historic flood was adjusted to represent flood peaks and volumes equal to the 20- and
50-year floods.

The derived floods are shown on Exhibits 22 and 23. Table 17 gives the ordinates of the
hydrographs.

6 SPILLWAY DESIGN FLOOD

The probable maximum flood (PMF) based on the probable maximum precipitation
(PMP) was used as the spillway design flood for the Rio Coclé del Norte dam. The
derivation of the PMF involved the following sub-tasks:

e Estimation of PMP, its duration and time distribution
e Estimation of Retention Losses

e Development of a Unit Hydrograph

e Estimation of Base Flow

e Transformation of the PMP to a PMF

e Evaluation of the PMF

The above sub-tasks are discussed in the subsequent paragraphs.
6.1 Probable Maximum Precipitation (PMP)

6.1.1 Rainfall Regime

In Panama, October and November are the heaviest rainfall months. This period of heavy
rainfall is associated with the southward traverse of the inter-tropical convergence zone
(ITCZ). November dominates high values on the Atlantic side. Higher values occur in
October than in November on the Pacific side because of more frequent southerly winds
in October.

Reports on PMP by the United States Weather Bureau (WS, 1965) and National Weather
Service (NWS, 1978) discussed the possibility of hurricanes in Panama. A necessary
condition for a hurricane is a coriolis force sufficiently strong to cause the winds to spin
around the center of a low-pressure area. On the equator, the Coriolis force is zero and
still relatively weak within 10° of the equator. Therefore, only rarely there are hurricanes
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within 10° of the equator. Thus, hurricanes generally do not occur over Panama. (The
exception was Hurricane Martha. The track of this hurricane is discussed in the 1978
report by the NWS.) However, the influences of peripheral circulation, both direct and
indirect, cannot be ruled out. Heavy rainfalls have occurred in southwest Panama
because of peripheral circulation.

Both general type and local storms have been recorded in Panama. Local storms are of
relatively small aerial extent, covering from about 200 to 500 mi>. General storms can
cover larger areas. The months of October through December are the season of large-area
rainfalls. Nearly all-major storms reported in the 1965 and 1978 reports occurred in this
period. Of the 22 storms analyzed in the 1965 and 1978 reports, 15 occurred during these
months.

During the months of October through December, strong air outflows come from the
northern latitudes. This implies northerly winds, at least for some times during major
storms, which impinge on the mountains, and augment the rainfall through stimulation,
triggering of convergence, or otherwise giving additional lift to saturated air. Generally,
most intense rainfall occurs over the northern slopes of the Continental Divide.

The northerly winds, coming from Atlantic Ocean, pass over Panama and have their first
encounter with the coastal hills. These hills trigger convergence and heavy rainfall
occurs over the coastal area. The rainfall amount and intensity decrease further inland
but are increased near the Continental Divide. This pattern is clear from the mean annual
rainfall map shown on Exhibit 2. The pattern is controlled by the local topography. A
generalized map of the topography in the Canal Area and in the drainage basins of the
Rio Indio, Rio Coclé del Norte and Rio Cafio Sucio is shown on Exhibit 24.

6.1.2 Methods for Estimating PMP

Two approaches were used to estimate the PMP for the Rio Coclé del Norte basin. These
are listed below:

Study the storm patterns of major storms listed (up to 1976) in WS 1965 and NWS 1978
reports that occurred over the Canal Area. Also develop storm isohyetal patterns of
major storms (since 1976) that occurred over the Rio Indio and Rio Coclé del Norte
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basins including the Canal Area. Maximize, transpose and locate the most sever storm
over the Rio Coclé del Norte basin to produce critical flood conditions.

Extend the 24-hour, 10-mi> PMP developed in the NWS 1978 Report over the Rio Coclé
del Norte basin, use depth-area-duration curves of WS 1965 Report and estimate basin
average PMP.

For the above approaches, a relationship between elevation and mean October-December
rainfall and a mean October-December rainfall map were required to develop the storm
isohyetal patterns and to transpose the storms. These maps were developed using the
following procedures.

6.1.3 Relationship between Elevation and Mean October-December Rainfall

A relationship between elevation and mean October-December rainfall was developed by
the NWS and presented in their 1978 Report. The relationship was based on the rainfall
for the period 1941-70. Exhibit 25 shows the relationship.

For the present study, the mean October-December rainfall amounts were computed for
the period 1966 through 1995 at a number of stations in the Canal Area and the drainage
basins of the Rio Indio and The Rio Coclé del Norte. Exhibit 7 shows the locations of the
stations as per Table 7. The new data points when checked with Exhibit 25 did not show
a need for revising the relationship. Therefore, the previous relationship was adopted for
this study. The purpose of this relationship was to extrapolate the mean October-
December rainfall at higher altitudes (where no rainfall stations exit) for preparing the
October-December isohyetal map.

6.1.4 Mean October-December Rainfall Map

The mean October-December rainfall developed by the NWS for their 1978 Report was
checked in two steps.

First, the latest 30-year mean October-December rainfall amounts for the period 1966-95
were calculated. The values in the Canal Area confirmed the shape of the isohyets in that
zone. Therefore, the isohyetal pattern was not changed. Secondly, the 30-year mean
rainfall amounts in the Rio Indio and the Rio Coclé del Norte were plotted. The data
points were used to extend the previous map towards the west. The relationship between
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elevation and mean October-December rainfall and the general topography map was used
to guide this extension. The derived map is shown on Exhibit 26.

6.1.5 Major Storms

In the NWS 1978 Report, a detailed discussion is presented for the criteria used for the
selection of major storms. These criteria were also used for this study and are discussed
below.

The 1978 Report concluded that storm rainfall of the late fall and early winter cold-
outbreak would be the prototype to the PMP for the Gatun Lake watershed. Three-day
rainfall amounts were added to represent storm period. About 24 three-day storms up to
1976 were reviewed. Storms with more than 6 inches (150 mm) rainfall in a day or 10
inches (254 mm) in three days were considered as the major storms. This resulted in the
selection of 10 storms. The selected storms are listed below and their isohyetal patterns
are shown on Exhibits 27 to 36.

November 17-19, 1909
October 22-24, 1923
November 7-9, 1931
November 27-29, 1932
November 5-7, 1939
October 12-14, 1941
December 18-20, 1943
December 12-14, 1944
November 3-5, 1966
April 7-9, 1970

Exhibits 27 to 36 were reviewed and compared with the general topography (Exhibit 24).
The centers of most of the storms were near Lake Madden. The heavy rainfall was
caused due high-elevation land masses on the east and north of the lake. Some of the
storms had their centers near or at elevations varying from 500 to 1,000 feet (about 150 to
305 meters) near Lake Gatun. These storms were judged to be transposable to the Rio
Coclé del Norte basin where major part of the basin is at altitudes from 500 to 1,000 feet.
The selected storms included:
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November 7-9, 1931
November 27-29, 1932
November 5-7, 1939
December 18-20, 1943
December 12-14, 1944

These storms were carefully reviewed and the storm of November 7-9, 1931 was judged
to be critical in respect of rainfall amount and aerial extent. This storm was selected and
transposed to the middle of the Rio Coclé del Norte basin where the elevations vary from
about 500 to 1,000 feet (150 to 305 meters). The transposition is discussed under “PMP
Estimate”.

For the major storms since 1976 that occurred over the Rio Coclé del Norte basin, daily
rainfall data were obtained for the stations in the Canal Area, Rio Indio basin and Rio
Coclé del Norte basin. The following five storms, centered over the Rio Indio and/or the
Rio Coclé del Norte basins, were selected.

December 4-6, 1981
December 10-12, 1981
December 4-6, 1985
January 13-15, 1996
November 27-29, 1996

The rainfall amounts associated with these storms and recorded at various stations are
given on Exhibits 37 to 41. The storm of December 4-6, 1981 had heavy rainfall over the
Rio Coclé del Norte basin with the storm center at Boca de Toabré (three-day rainfall
about 362 mm (about 14.3 inches)). This storm produced the heaviest rainfall over the
Rio Coclé del Norte basin, of all the storms reported in the NWS 1978 Report. An
isohyetal map of this storm was prepared and is shown on Exhibit 42.

6.1.6 Duration of PMP

All storm isohyetal maps from the NWS 1978 Report were for three-day rainfall. For the
storms since 1976, three-day rainfall amounts were also used. However, the hourly
rainfall data for the stations at El Chorro and Los Canones, located east of the Rio Coclé
del Norte basin, indicated that the actual maximum rainfall duration in the major three-
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day storms (based on daily observations taken at 07-09 hours in the morning) was about
48 hours. For this reason, a duration of 48 hours was considered appropriate for all the
storms plotted on Exhibits 31 to 42. This duration was also adopted for the PMP.

6.1.7 PMP Estimate

Following the first approach for estimating the PMP, presented in Section 7.1.2, the
isohyetal maps of the November 7-9, 193] (Exhibit 29, the most critical storm
transposable to the Rio Coclé del Norte basin from NWS 1978 Report) and the storm of
December 4-6, 1981 (Exhibit 42, the critical storm over the Rio Coclé del Norte basin)
were compared. The December 4-6, 1981 storm was centered over the Rio Coclé del
Norte basin. The three-day rainfall at the center of the storm was about 350 mm (13.8
inches). The storm center covered a small area. The basin average rainfall was estimated
to be 190 mm (about 7.5 inches)

For the November 7-9, 1931 storm, the three-day rainfall at the center of the storm was
about 22 inches (559 mm) and the center covered a relatively large area. The next lower
isohyet of 20 inches (508 mm) covered significantly large area (Exhibit 29). Thus, the
storm of 7-9, 1931 was the most critical and, therefore, was transposed and located over
the Rio Coclé del Norte basin as shown on Exhibit 43. The storm center was placed
approximately at altitude of about 500 feet (150 meters) with nearly same orientation as
at the place of occurrence of the storm. This resulted in a basin average rainfall of about
16.3 inches (about 414 mm). This is significantly higher than the 7.5 inches (190 mm)
basin average rainfall derived from the December 4-6, 1981 storm.

As stated by the Weather Bureau (WB, 1965), moisture maximization of the largest storm
rainfall in Panama is less meaningful in estimating PMP than in the United States because
the variation in precipitation intensity from storm to storm depends mostly on the
variation in mechanism which lifts the moist air in cloud masses and less on the
availability of the moisture. However, the Weather Bureau considered storm
maximization in their 1965 study. Therefore, for this study, the storm of November 7-9,
1931 was maximized in place as discussed below.

The U.S. Weather Bureau (1965) estimated seasonal variation of maximum 12-hour
persisting dew points. This variation is given in Table 18. This table was adopted for
this study in the absence of any additional data. Thus, the maximum dew point of 77° F
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was selected for the month of November. The elevation at the place of occurrence is
about 500 feet. Using this elevation the 1,000 mb dew point was about 78.1° F. The
corresponding precipitable water was estimated to be 3.23 inches (about 82 mm).

Dew point data during the storm is not available. From the dew point data available for
the station at FAA in the Canal Area, it was determined that the dew points could vary
from 71° to 69° F during November storms. For a conservative estimate of the
maximization factor, a dew point of 69° F was adopted. Using an elevation of 500 feet,
the 1,000 mb temperature was about 70.2° F. The precipitable water corresponding to
this was about 2.18 inches (about 55 mm).

The resulting maximization factor was about 1.5 (3.23/2.18). This factor was used for
maximization.

The transposition factor was based on the mean October-December isohyetal map. The
basin average October-December rainfall for the Rio Coclé del Norte basin, with the
basin oriented over the place of occurrence of the storm (see Exhibit 44), was about 42.0
inches (1067 mm). For the Rio Coclé del Norte at its own location, the basin average
October-December rainfall was about 41.3 inches (1049 mm). This resulted in a
transposition ratio of 0.98 (41.3/42.0). Thus the maximized and transposed PMP for the
Rio Coclé del Norte basin was about 24.0 inches (16.3*1.5%0.98) or 610 mm.

Using the second approach discussed in Section 7.1.2, the 24-hour, 10 mi’> PMP map
given in the NWS 1978 Report (Exhibit 45) was extended towards west to cover the Rio
Coclé del Norte basin. The following procedure was used for the extension.

For about ten rainfall stations in the Rio Coclé del Norte basin and its vicinity, annual
maximum daily rainfall data were obtained. The stations included: Boca de Toabré,
Chiguiri Arriba, Coclé del Norte, Toabré, San Lucas, Sabanita Verde, Coclecito, Santa
Ana, Miguel de la Borda and Boca de Uracillo. The stations are shown on Exhibit 7 with
names given in Table 7. The period of record varied from about 18 to 41 years.

Point PMP at each station was determined using Hershfield’s method (1963). The values
of the point PMP varied from station to station. Some values were quite consistent with
the values from the NWS point PMP map. The value at Toabré, located at relatively high
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altitude, was high compared to other values. The value was retained considering
orographic effect due to high altitude of the station.

Keeping in mind the local topography and the trend of the point PMP lines on the NWS
map, the point PMP lines were extended over the Rio Coclé del Norte basin as shown on
Exhibit 52. It should be realized that the extension was based on the trend of the lines on
the NWS map, and estimated point PMP values. Some of the values considered to be
inconsistent (especially based on 20 years or less data) were given less weight. No
meteorological factors were used in the estimation of point PMP.

Exhibit 45 was used to derive the basin average PMP for the Rio Coclé del Norte basin.
Because of variation in the point PMP, the drainage basin upstream from the dam was
divided into three sub-basins as shown on Exhibit 46. The derived 24-hour, 10-mi2 PMP
were about 30.60 (777), 26.25 (667) and 26.89 (683) inches (mm) for sub-basins 1,2 and
3, respectively. To obtain the sub-basin average PMP for duration of 48 hours, the depth-
area-duration curves shown on Exhibit 47 were used. For sub-basins | (drainage area
about 115 km® or 44.4 mi?), 2 (drainage area about 805 km? or 3 10.8 mi®) and 3 (drainage
area about 674 km® or 260.2 mi2), the factors were about 1.23, 1.02 and 1.04,
respectively. The sub-basin average PMP were about 37.65 (956), 26.75 (679) and 27.95
(710) inches (mm), respectively. Based on the sub-basin PMPs, the basin 48-hour PMP
was about 28.1 inches (714 mm). The 48-hour PMP based on the maximized and
transposed storm was about 24 inches (610 mm), which is lower than the PMP based on
NWS point PMP map. Therefore, a 48-hour basin average PMP of 28.1 inches (714 mm)
was used.

6.1.8 Depth-Duration Curve

Depth-duration data for the size of each sub-basin was obtained from Exhibit 47. There
was not much variation of percentages of 48-hour derived for each sub-basin from the
exhibit. Therefore, same percentages were used for all sub-basins. The estimated
percentages were 45.9, 61.1, 70.5 79.1 and 100.0 for 6, 12, 18, 24 and 48 hours. These
were plotted and a smooth curve was drawn as shown on Exhibit 48. This data was for
duration of six hours and greater. Because of small sizes of the sub-basins, the PMP
amounts for duration less than six hours were required. To extend the depth-duration
curve for duration less than 6 hours, guidance was obtained from the hourly rainfall data
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recorded at El Chorro. The curve on Exhibit 48 also shows extrapolation to a one-hour
duration.

6.1.9 Sequential Arrangement of PMP Increments

A unit duration of one hour was selected considering the size of the sub-basins. The
hourly PMP increments were obtained from Exhibit 48. There are a number of methods
available to sequentially arrange the PMP increments to produce critical flood conditions.
For this study, the “alternating block method” (Ven Te Chow, et al 1988) was used. This
method provides reasonable critical flood conditions. The highest hourly increment was
placed at 28" hour and the remaining increments were arranged in descending order
alternately to the right and left of the maximum increment to form PMP hyetograph.
"Table 19 shows the arrangement of the increments.

6.2 Retention Losses

In a rainfall-runoff process, two types of retention losses are considered. First is the
initial loss to satisfy interception and depression storage and soil moisture deficiency.
The second is the uniform loss during the duration of the storm that occurs once the
initial loss has been satisfied. In a single event-oriented rainfall-runoff model, these
Josses are considered to be lost and do not contribute to the flood.

A preferred method is to estimate these losses through calibration of a hydrologic model
like HEC-1 (COE, 1981) using concurrent observed hourly rainfall and flood discharge
data. An attempt was made to use this method. Hourly flood stages and rating curve
(river stage and discharge relationship) were obtained for six major floods recorded on
the Rio Toabré at Batatilla and five major floods recorded on the Rio Coclé del Norte at
Canoas. Attachment 3 shows the flood hydrographs.

Contacts were made with the Empressa de Transmision Electrica, S.A. (ETESA), and
ACP to obtain the daily rainfall data and hourly time distribution of the rainfall
corresponding to each of the floods. There is no hourly rainfall data in the Rio Coclé del
Norte basin. Therefore, the calibration approach was not feasible.

The COE (1981) has discussed four methods — initial loss and uniform loss rate,
exponential loss rate, United States Soil Conservation Service (SCS) curve number and

Coclé del Norte and Caifio Sucio Water Supply Projects
@ mwH / TANS
A-28



Appendix A — Part 2 Hydrology, Meieorology, and River Hydraulics

Holtan loss rate, to compute retention losses. The exponential loss rate and Holtan loss
rate require calibration of HEC-1 model, which was not feasible because of any rainfall
data. The SCS method also requires either calibration or a detailed knowledge of the
soils and land use in the basin. For this study, initial loss and uniform loss rate method
was used. The derivation of these losses is discussed below.

6.2.1 Initial Loss

A review of the daily rainfall data at various stations in the basin indicated that during the
months of October through December, the rainfall occurred quite frequently. Therefore,
during these months when the PMP is most likely to occur, there is a strong likelihood of
significant storms prior to the PMP storm. The antecedent rainfall could be substantial.
Therefore, the initial retention was considered negligible on the assumption that the soil
moisture deficiency and other abstractions would be satisfied by an antecedent storm.

6.2.2 Uniform Loss

This loss represents the rate at which the soils in the basin will allow the rainfall to
percolate through during the storm period. From the study of soils and geology from the
Atlas (1988), and based on the field reconnaissance, the soils in the basin were Jjudged to
be predominantly of SCS soil group C. The recommended minimum infiltration rate for
this group varies from 0.05 to 0.15 inches (1.3 to 3.8 mm) per hour. A rate of 3 mm 0.12
inches) per hour was used. No infiltration loss was considered from the reservoir area.

6.3 Unit Hydrograph

The derivation of the unit hydrograph for the three sub-basin using historic floods was
not feasible because the basin average rainfall amounts and their hyetographs could not
be determined for the floods given in Attachment 3. Therefore, synthetic unit
hydrographs were developed for the three sub-basins as discussed below.

There are a number of methods available to develop a synthetic unit hydrograph. MWH
has tested these methods on various projects and determined that Clark’s method (Clark,
1945) provides a better definition of watershed characteristics that transform rainfall to
runoff. This method was used in this study.
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The Clark’s method translates incremental runoff from the sub-areas within a basin to the
outlet of the basin according to the travel time (time of concentration) and then routes the
runoff through a linear reservoir to account for the storage effect of the basin size and
channel system. The method requires estimates of time of concentration and storage
routing coefficient, and a time-area curve defining the cumulated area of the basin
contributing runoff to the outlet of the basin as a function of time, expressed as ratio or
percent of the time of concentration.

The time of concentration (Tc) is defined as the travel time of water particles from the
most upstream point (time wise) in the basin to the outflow location. This time may be
estimated by measuring the time between the end of effective basin average rainfall over
the basin and the inflection point on the recession limb of the surface runoff hydrograph
resulting from that rainfall. The storage routing coefficient (R), also called the
attenuation coefficient has the dimension of time. The coefficient can be defined by the
following equation when the inflow into a storage reach has ceased (Muskingum X=0):

R = - (Q/(dQ/dt)

The magnitude of R can be approximately calculated at the point of inflection of the
recession limb of the observed direct runoff hydrograph. The above ratio decreases to a
minimum at the point of inflection and, in theory, remains constant thereafter. Therefore,
R may be estimated by dividing the ordinate of the surface runoff hydrograph at the point
of inflection by the rate of change of discharge (slope) at the same point. An average
value of R from a number of hydrographs is adopted.

From the hourly rainfall data at Los Canones and El Chorro, located in the catchment
area of Lake Gatun, it was approximated that the duration of rainfall excess for each
storm causing the first peak of each of the flood (given in Attachment 3) could be about
six hours.

The time from the rise of the hydrograph to half the volume of direct runoff (after
separating the base flow) was estimated for the flood hydrographs of July 1974, June
1985 and December 1995 recorded on the Rio Toabré at Batatilla. This time represented
the lag time of the basin plus half the duration of the rainfall excess (USBR, 1987). The
lag time is defined as the time from the center of the rainfall excess to half the volume of
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the direct runoff. Half duration of three hours was subtracted from the time from the rise
to half the volume. This resulted in lag times varying from about 5.0 to 11.0 hours with
an average of about 7.3 hours.

The SCS (1972) presented a relationship between lag time and time of concentration as:
Lag time = 0.6 * Time of concentration

Using the above relationship, the time of concentration for the Rio Toabré at Batatilla
was about 12.2 hours.

As an alternate approach, Kirpich formula (1940, also presented in the SCS Handbook)
was used to compute the time of concentration.

Tc = (0.87 * L3/ H )38

in which
L = length of main channel, km
H = difference between the elevations at the upstream end of the main channel
and that at the outlet of the basin, m

The above formula resulted in a value of about 11.7 hours. For practical use, this value is
nearly same as 12.2 hours estimated from analysis of hydrographs.

To compute the value of R, another flood of January 1996 was included. The R value
from each of these hydrographs was computed as the ratio between the discharge ordinate
at the point of inflection and the rate of change of discharge at the same point. The
values ranged from 7.4 to13.4, with an average of 11.2 hour.

An alternate approach for computing the value of R is the use of the following empirical
relationship (Clark, 1945):

in which L and H are as defined above. The value of C can vary from 0.2 to 0.4. From
field reconnaissance, a value of 0.4 was estimated for the Rio Toabré watershed. The R
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value for Batatilla station was about 10.7 using the above relationship. This value is
comparable with the value 11.2 hours obtained from the analysis of hydrographs.

The above analysis was repeated for the Rio Coclé del Norte at Canoas. The Flood
hydrographs of March 1991, November 1996 and December 1996 were used. The
resulting values of Tc and R were about 11.7 and 12.4 hours, respectively. These were
judged to be too large given the physical condition in the watershed of the Rio Coclé del
Norte. This could be because the flood hydrographs were the result of multiple rainfall
bursts. Using the alternate approach, described above, values of 7.1 and 5.5 hours for Tc
and R, were computed respectively. These were considered more reasonable.

The adopted values for Tc and R for the three sub-basins above the dam site were
computed using the Kirpich formula and the empirical relationship reported by Clark.
Values of L and H for the sub-basins were taken from topographic maps of 1:50,000-
scale. The Clark’s method also required areas contributing to runoff at the outlet of the
sub-basins at equally spaced intervals. These were also calculated from the topographic
maps. Table 20 gives the characteristics of the sub-basins including time-area histogram.

6.4 Base Flow

Base flow was estimated from the historic flood hydrographs given in Attachment 3. The
base flow prior to the rise of historic floods varied from about 30 to 120 m’/s. A flow of
110 m%/s was used at the dam site. This was assigned to the sub-basins as: for sub-basins
1 and 2, a flow of 50 m’/s was adopted and for sub-basin 3, a flow of 10 m%/s was’
assumed. '

6.5 Rio Coclé del Norte Probable Maximum Flood

The HEC-1 computer model was used to develop flood hydrograph from each sub-basin
and the PMF at the dam site resulting from the 48-hour PMP. The input to the model
included: drainage area, base flow, 48-hour PMP, time distribution of the PMP, retention
losses and the percentage of the drainage area under reservoir at maximum operating pool
elevation, values of Tc and R, and the time area curve for each sub-basin. Since two
operating levels of 100 and 80 meters were used, the percentages of the drainage areas
under reservoir varied. For the 80 meters case, the resulting flood hydrograph at the dam
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site had a peak of about 10,460 m%/s and a 5-day volume of about 988 MCM.
Attachment 4 provides a sample of the HEC-1 output. If the maximum operating pool
will be at 100 meters, the PMF peak would be about 10,550 m®/s and a 5-day volume of
1,005 MCM. Exhibit 49 shows the PMF inflow hydrograph.

6.6 Evaluation of the Coclé del Norte PMF

Generally, a PMF estimate is compared with the historic floods and 100-year flood at the
site. Also, based on the experience of the investigator, the value of coefficient C in the
modified Creager’s formula given below is computed and compared with the values
obtained for PMF’s in hydrologically similar drainage basins.

Q= 1.303 * C * (0.386 A)° 9640049
in which

Q = flood peak, m*/s

A = drainage area, km®

The 100-year flood at the dam site was estimated to be 4,610 m’/s (see Table 15). The
ratio between the PMF peak and the 100-year flood peak was about 2.3 (80 meters
maximum normal pool), which is reasonable for the hydrologic conditions in the basin.

The value of Creager’s C was about 116. The value of C for the PMF for the Rio Indio
dam site was about 99. A higher value of C for the Rio Coclé del Norte s reasonable
because the shape of the basin is fan type compared to an elongated shape of the Rio
Indio basin and also the Rio Coclé del Norte basin-average PMP was slightly higher
(about 714 mm compared to 711 mm). The value is also in the range of the values
expected in similar areas. Therefore, the estimated PMF is reasonable.
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7 RESERVOIR SEDIMENTATION

7.1 Data Sources

Suspended sediment data were collected by Empresa De Transmision Electrica, S.A.,
Departmento de Hidrometeorologia, Seccion de Hidrologia (ETESA) for the following
gaging stations.

Rio Coclé del Notre at Canoas
Rio Toabré at Batatilla

At Canoas, a total of 46 suspended samples with corresponding discharge measurements
were collected from November 1983 to August 1998 (see Table 21). The maximum
observed concentration was about 33.6 milligram per liter (mg/l) corresponding to a
measured flow of about 25.9 m*/s on September 04, 1991. The maximum measured flow
was about 58.5 m>/s with a corresponding concentration of about 9.7 mg/l on November
16, 1996.

At Batatilla, a total of 56 suspended sediment samples were collected from February 03,
1982 through August 12, 1998 (see Table 22). The maximum measured concentration
was about 282 mg/l corresponding to a flow of about 73.6 m’/s. A concentration of 120
mg/l was measured corresponding to the maximum measured flow of about 94.9 m’/s.

During the field visit, the methods of collection of suspended sediment samples and
sample analysis were discussed with ETESA. The agency is using standard methods of
United States Geological Survey (USGS) for the collection and analysis of the samples.

ACP is collecting suspended sediment samples on the streams entering Lake Madden and
Lake Gatun. These include:

Stations on Streams Entering Lake Madden
Rio Chagres at Chico
Rio Pequeni at Candelaria
Rio Boqueron at Peluca
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Stations on Streams Entering Lake Gatun
Rio Gatun at Ciento
Rio Trinidad at E]l Chorro
Rio Ciri Grande at Los Canones

Monthly suspended sediment transport data estimated by ACP for the above stations are
given in Tables 23 to 28. The methods of sampling and analysis were discussed with the
hydrologists of ACP. Daily sampling is performed during low flows and more samples
are taken during a flood event. The flows corresponding to the samples are either
measured or derived from rating curves. River stage is recorded at the time of sampling.
All samples (for low or high flows) are taken near the banks of the rivers using DH-48
sampler.

The ACP also conducted a sedimentation survey of Lake Madden in 1983 when the Lake
was at an elevation of 235 feet (PCC 1987). Jack R. Tutzauer of the ACP revised this
report in March 1990 (Tutzauer, March 1990). He estimated the sediment deposited
between elevations, 235 feet and 252 feet (normal pool elevation), which was not
surveyed in 1983.

7.2 Suspended and Bed Load Material Sampling Protocol
The methods of sampling and analysis were discussed with the hydrologists of the ACP.

7.2.1 Existing Method

ETESA is using standard United States Geological Survey, Water Resources Division
(USGS) methods and instruments to collect and analyze the suspended sediment samples.
ACP is also using the equipment recommended by the USGS, but the method of
sampling is incorrect. Suspended sediment samples are collected from the riverbanks
using hand-held USGS DH-48 depth-integrating samplers. However, as per verbal
communication with Ing. Jaime Massot, head of the field data collection unit, ACP has
started using US D-74 depth-integrating samplers from overhead cableways. One sample
is taken in the middle of the stream.
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7.2.2 Recommended Method

ACP should revise its suspended sediment sampling and analysis program following the
USGS guidelines. These guidelines are given in the following USGS publications.

Techniques of Water Resources Investigations of the USGS

Book 3, Chapter C2, Field Methods for Measurements of Fluvial Discharge
Book 3, Chapter C3, Computations of Fluvial Sediment Discharge

Book 5, Chapter C1, Laboratory Theory and Sediment Analysis

National Handbook of Recommended Methods for Water Data Acquisition,
USGS, 1978, “Field Sampling Procedures and Methods for Analyzing Sediment
Concentration and Particle Size Distribution, Chapter 3, Sediment.”

During low flows, one sample in the middle of the stream is sufficient. But during
medium to high flows, three samples should be collected using equal-discharge increment
(EDI) or equal-width-increment (EWI), also called equal-transit-rate (ETR). Details of
these methods are given in Book 3, Chapter C2 or Chapter 3 — Sediment. The three
samples may be combined to form a composite sample, representative for the cross
section, or each sample may be analyzed separately and results averaged. All samples
with concentration greater than 200 milligram per liter should be analyzed for particle
size distributions.

Efforts should be made to collect bed material samples after each major flood. The
samples should be collected at %4, ¥z and % of the width from either bank. An appropriate
sampler should be used. A description of the bed material samplers with their limitations
is given in Chapter 3, Sediment. All bed material samples should be analyzed for particle
size distribution.

7.3 Previous Analyses

The ACP Report of 1987 indicated a unit yield (included bed load) of about 177.6 cubic
feet per acre per year (cuft/ac/yr) from the total drainage area contributing to Lake
Madden. Tatzauer (March 1990) added the sediment deposited between elevations 235
to 252 feet and also revised the suspended sediment estimates of the three rivers —
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Chagres, Pequeni and Boqueron. The revised estimate (including bed load) was about
203 cuft/ac/yr or about 1.4 mim/year.

For three rivers (Gatun, Trinidad and Ciri Grande) entering Lake Gatun, the unit
suspended sediment yield varied from about 0.10 to 0.27 mm/year. These values were
judged to be too low. As stated before, the samples for these streams were taken near the
banks, which provided low suspended sediment concentration.

ETESA prepared sediment rating curves for the Rio Coclé€ del Norte and Rio Toabré as
shown on Exhibits 50 and 51, respectively. Best-fit curves were drawn from the data
points. For the Rio Toabré, for all flows greater than 107.2 m’/s, the suspended sediment
concentration was assumed to be the maximum observed concentration (see Table 22).
Similarly, for the Rio Coclé del Norte, the suspended sediment concentration was
assumed to be the observed maximum concentration (see Table 21) for all flows greater
than 84.7 m*/s. Total sediment transports at the two stream gaging stations were not
available from ETESA.

7.4 Current Analyses

After a careful review of the analysis performed by ACP, the estimate of 1.4 mm/year
was considered to be reasonable. This estimate was also considered applicable for the
Rio Coclé del Norte watershed because of similar hydrological conditions.

Additional analysis was performed for the Rio Coclé del Norte and Rio Toabré. The
suspended sediment rating curves fitted by ETESA to the observed data points (Exhibits
50 and 51) were judged to be reasonable. However, the use of maximum observed
concentration as the limiting concentration for the high discharges was not a correct
assumption. The limiting concentration could be significantly higher than the observed
value. From the field reconnaissance and the experience of the MWH hydrologist, a
limiting concentration of about 10,000 mg/l was adopted for both the rivers. The
suspended sediment rating curves for the two rivers were revised for the high flows. The
revised curves are shown on Exhibits 52 and 53. The equations for the curves are given
below.
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Rio Coclé del Norte (drainage area 571 km®)

Qw <or =24.54 m’/s
Qw >24.54 and < or = 84.73 m’/s
Qw > 84.73 and < or = 300 m*/s
Qw > 300 and < or = 2,000 m’/s
Qw >2,000 m*/s

Rio Toabré (drainage area 786 km?)
Qw <or =‘38.97 m’/s
Qw > 38.97 and < or = 107.23 m*/s
Qw > 107.23 and < or = 300 m’/s
Qw > 300 and < or = 3,000 m*/s

Qw >3,000 m’/s

Qs = 0.2464 (Qw)r' !
Qs = 0.0114 (Qw)** >
Qs = 0.000025 (Qw)** ¢
Qs = 0.0773 (Qw)r*#**

Qs = 864.0 Qw

Qs = 0.3455 (Qw)r!*#?
Qs = 0.0000448 (Qw)A* 82
Qs = 0.0772 (Qw)* !
Qs =0.2867 (QW)A2.00]

Qs =864.0 Qw

Flow duration curves were developed for the Rio Coclé del Norte and the Rio Toabré

based on daily flows for the period of record. These curves were used with the

suspended sediment rating curves to estimate mean annual suspended sediment load. The
estimated loads were about 676,330 and 873,800 metric tons per year (mt/yr),
respectively (see Tables 29 and 30). Assuming 15 percent as bed load and a specific
weight of about 1.04 mt/m’ (about 65 pounds per cubic feet, estimated by ACP), the total
volumes were about 747,900 and 966,200 m’/yr, respectively. These are equivalent to
about 1.31 and 1.23 mm/yr. ACP did not provide any explanation on how the specific

weight of 1.04 mt/m’ was computed.
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7.5 Sediment Yield

The above analysis indicated that the sediment yield (including bed load) could vary from
1.23 to 1.4 mm/yr from the drainage basin of the Rio Coclé del Norte. For a conservative
estimate of the reservoir sedimentation analysis, a unit yield of 1.4 mm/yr was adopted
for the Rio Coclé del Norte basin. However, it should be realized that this yield is
indicative of the current land use in the basin. If deforestation and increased agriculture
occur in future, the yield could increase significantly. Therefore, the land use conditions
in the basin should be monitored periodically to assess any increase in the sediment yield.

The drainage area at the dam site is about 1,594 km>. Using a yield of 1.4 mm/yr, the
mean annual total sediment inflow in the reservoir would be about 2,232 MCM. In their
computations, ACP used a specific weight of 1.04 mt/m>. Therefore, the annual yield
would be about 2.321 million metric tons.

7.6 Trap Efficiency

The maximum normal pool elevation for the Rio Coclé del Norte dam is planned to be
about 100 meters (328.1 feet). The reservoir volume at this elevation is about 13,669
MCM. Long-term mean annual flow is about 3,390 MCM. Thus, the capacity-inflow
ratio is about 4.03. ‘

To estimate the trap efficiency of the reservoir, Brune’s method (USBR, 1987) was used.
From the sediment deposited along the banks of the Rio Coclé del Norte and the general
soils in the watershed, it was Jjudged that the sediment entering the reservoir would be of
medium sizes. Therefore, Brune’s curve for medium sediment sizes was used. For a
capacity-inflow ratio of 4.03, the trap efficiency would be about 99 percent. This would
result in a mean annual deposit of about 2.21 MCM or 2.298 million metric tons.

7.7 Analysis of Storage Depletion

Depletion in the reservoir storage was estimated using the methods developed by the
United States Bureau of Reclamation (USBR, 1987).
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7.7.1 Specific Weight of Sediment

The reservoir operation was assumed as type 2 (USBR classification, normally moderate
to considerable drawdown). The particle size distribution of the deposit was not
available. For the purpose of estimating specific weight of fresh deposit and the weights
after a period of reservoir operation, the particle size distribution of the sediment was
assumed to be about 15 percent clay, 45 percent silt and 40 percent sand based on MWH
experience on similar streams. Using the USBR procedure (USBR, 1987), the specific
weight of the fresh deposit was about 75 pounds per cubic feet (about 1.2 mt/m®). The
average specific weights for 5-, 10-, 20-, 25-, 50- and 100-year of operation were about
1.21, 1.22, 1.23, 1.23, 1.24 and 1.25 mt/m3, respectively. These values were used to
compute the volume of deposit at the end each period.

7.7.2 Estimate of Storage Depletion

Sediment distribution in the reservoir was determined using a computer program obtained
from USBR. Both the area-increment and empirical area-reduction methods were '
considered. The empirical area-reduction method could not be used because the data and
information about the reservoir did not fit any of the sediment distribution design curves
developed by the USBR. Therefore, the area-increment method was used to estimate the
reduction in storage over time.

As per current investigation of the project, the maximum and minimum operating
reservoir elevations would be either 100 and 90 meters or 80 and 50 meters, respectively.
The incoming sediment will partly deposit in the dead storage (below elevation of 50 (or
90) meters) and partly in the operating volume (live storage, above elevation of 50 (or 90)
meters). Using these operating limits, the operating volume and the loss in the original
volume after a given period of operation is given in Table 31. The table shows that
reservoir sedimentation will not be a major problem for the project. Even after 100-year
of reservoir operation, loss in live storage capacity would be about 1.4 percent (80 meter
case) or 0.5 percent (100 meter case). After 100 years, it is estimated that less than 1
percent of the live storage will be lost to deposition. Using the same model, the
deposition at the face of the Rio Coclé del Norte dam is estimated to reach to about El 3.
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8 PROJECT IMPACT ON WATER QUALITY

8.1 Impact During Construction Period

Sediment production (erosion) will increase due to construction activities such as
excavation, construction of dirt roads, construction of temporary buildings for
construction staff, etc. The increased erosion, if not properly controlled, will make river
water turbid and unsuitable for drinking or other uses.

8.1.1 General Concepts

The erosion process is influenced primarily by climate, topography, soils and vegetative
cover. The climatic factors influencing the erosion include the frequency, intensity and
duration of rainfall and temperature extremes. These factors will be unchanged due to
construction activities. However, the size, shape and slope characteristics of the
disturbed area will be changed by construction activities and will influence the erosion. .

Properties determining the erodibility of a soil are texture, structure, organic matter
content and permeability. Soils containing high percentages of fine sands and silt are
normally the most erodible. The erodibility decreases as the clay and organic matter
contents increase. The soil horizon exposed at a particular location during construction
will determine the severity of erosion.

A general procedure is to estimate the soil erosjon rates using the universal soil loss
equation or modified universal soil loss equation. The various factors in the equation
include: rainfall intensity, soil-erodibility, length and steepness of slopes, cropping
management, and erosion control practice. The equation should be used to estimate
potential erosion rates from disturbed lands during construction.

Construction sites or borrow areas will be in their most vulnerable bare conditions for
only part of a year, when erosion potential will be high. In the Norte and Sucio basins,
the general type storms occur during October through December, but local thunderstorm
with intense rainfall could occur any time during the year. However, during the dry
months of February through April, the erosion may be minimum.
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8.1.2 Mitigation Measures During Construction

A water quality management plan (WQMP) should be prepared by the contractor and
submitted for approval. The plan should ensure that unclean water or foreign material
would not enter any surface waters or watercourses in the area.

Mitigation measures for erosion and sedimentation will be in full compliance with the
local standards and requirements. The contractor should ensure that the bare slopes are
exposed for a minimum period and are protected from the erosive forces of wind, rain
and runoff as soon as possible. The eroded soil will be captured on-site and not allowed
to enter the water bodies. Major land clearing and grading should be scheduled during
season of relatively low runoff potential. A combination of both vegetative and structural
measures should be employed.

The plan for controlling sediment should apply to all aspects of construction activities
including, but not limited to: clearing, operation, all excavation spoil area, drilling and
grouting, fills, and roadwork. Sediment control methods such as silt fences, sediment
barriers, sediment ponds, ditches, interceptor dikes, perimeter dikes, leaving of buffer
zones, graveling after grading, and other such devices or actions will be constructed and
maintained, or performed, as necessary to comply with the local requirements.

The contractor should ensure that the following principles guide the construction
activities and these principles are integrated with the mitigation measures to prevent off-
site sedimentation:

o TFit the Activities to Existing Site Conditions
Construction activities should follow the existing topography, especially the

cutting of borrow areas and road grading should follow the natural contours. Steep
slopes, areas subjected to flooding and highly erodible soils should be avoided to
the extent feasible.

e Minimize the Extent and Duration of Exposure
The construction activities should be scheduled such that the exposed areas are

stabilized as quickly as possible.
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® Protect Disturbed Areas from Runoff
Measures should be taken to intercept runoff and divert it away from cut-and fill
slopes or other disturbed area. The selected measures should be installed before
clearing and grading.

e Stabilize Disturbed Areas
After the land is disturbed, temporary or permanent vegetation, mulches or other

protective measures should be implemented as quickly as possible.

* Keep Runoff Velocities Low
This should be achieved by conveying the storm water runoff away from the steep

slopes, preserving natural vegetation where possible and mulching and vegetating
exposed areas immediately.

e Retain Sediment On-Site

Some erosion would occur in spite of well-planned mitigation measures. These
sediments should be retained on-site using sediment basins, sediment barriers and
related structures. If on-site sedimentation is required, the sediment traps or basins
should be constructed prior to land disturbing activities.

* Do Not Encroach Upon Watercourses
Where feasible, the project related buildings, access roads and borrow areas should

not be constructed in flood-prone areas. If unavoidable, temporary bridges and
culverts should be employed to permit passage of selected peak discharges.

8.2 Potential Long-Term Impact

The project operation may have three longer-term impacts on water quality. First, normal
daily fluctuations in the reservoirs may cause reservoir bank erosion or landslides.
Second, the flow released from the reservoirs may cause bank and bed erosion in the
channel downstream, and third, the water released through the low level outlets for in-
stream flow requirements may be cooler than normal.

Based on an inspection of the reservoir areas, the reservoir rims are not expected to
exhibit much erosion except in very limited areas. It is not expected that this local
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erosion will have any significant impact. As a part of construction, all disturbed areas
will be stabilized and restored to natural conditions as far as feasible.

The stability of the river channel downstream from the Coclé del Norte dam is addressed
in the next section. The low-level outlet and spillway, to the extent possible, will be
operated to control the maximum hourly increase or decrease in flow so that it would be
comparable with natural conditions. This would check the erosion of river banks and
bed.

9 STABILITY OF THE RiO COCLE DEL NORTE CHANNEL
DOWNSTREAM FROM THE DAM

The assessment of the Rio Coclé del Norte channel stability downstream from the dam
consisted of the estimation of flood conditions without and with the project, a
determination of the hydraulic and bed material characteristics of the channel
downstream from the dam, and an evaluation of channel stability.

9.1 Flood Regime Downstream from the Dam

Pre-project flood peaks and post-project flood peaks with return intervals are presented in
Table 32. The post-project peaks were developed for the 20- and 50-year return periods
using flood peak, and 1-day and 2-day flood volumes of the selected return periods. The
hydrographs were shaped after the historic flood of December 1955 at Rio Toabré and
adjusted for the flood peak and volumes. The hydrographs for the 2-, 5-, 10- and 20-year
return periods were shaped after the flood of 20-year return period using ratios of
respective peaks. The hydrograph for 100-year return period was developed using the
50-year flood hydrograph and a ratio between the peaks.

The seven flood hydrographs were routed through Rio Coclé del Norte reservoir and the
resulting maximum outflow peaks are given in Table 32. The starting reservoir level was
80 meters, crest of uncontrolled ogee spillway. An effective spillway width of 50 meters
was used. Because of relatively small spillway width and large reservoir volume, the
inflow peaks were greatly reduced due to reservoir attenuation.
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9.2 Hydraulic Characteristics

MWH developed nine river cross sections in the river reach from about 200 to 11,500
meters downstream from the axis of the dam. The first cross section, located about 200
meters downstream from the axis of the dam, was taken from a 1:2,000 scale map. The
rest of the cross sections were taken from 1:50,000 scale topographic maps. These cross
sections were adjusted using the data of a field survey conducted by a hand-held echo
sounder.

The ACP surveyed eight cross sections at locations identified by MWH. A review of the
two sets of cross sections indicated that the cross sectional profiles (shapes and bank
slopes) were nearly similar at each location. However, the thalweg elevations were much
lower for the surveyed cross sections. The surveyed bed profile was significantly
undulating. The effective bed slope was judged to be similar to that adopted by MWH.
Therefore, the cross sections developed by MWH were judged to be adequate for the
purpose of stability analysis of the river channel downstream from the dam.

The FEQ computer model was used to determine the water surface profiles for selected
discharges. The cross sections developed by MWH were used in the model. All Cross
sections were plotted on one sheet. The shapes of the cross sections were compared.
Cross section No. 4, located about 4,800 meters downstream, was judged to represent the
hydraulic condition of the about six kilometers channel reach downstream from the dam.
Therefore, this section was used as a representative cross section to investigate the
channel stability. A channel slope of 0.00007 was estimated. Using the computed water
surface elevations, the hydraulic characteristics of the cross section for selected discharge
rates were computed and are given in Table 33.

9.3 Characteristics of the Bed Material

ACP took four bed material samples at the location of the first, third, fourth and fifth
cross sections. The samples were analyzed for particle size distribution. A representative
bed material distribution curve was developed from this data. The characteristics of this
curve are given in Table 34. The median diameter of the representative curve was
determined using the method recommended by United States Bureau of Reclamation
Design of Small Dams). The estimated diameter was 7.0 mm.
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9.4 River Channel Stability

The sediment transport capability of a river depends upon flood flows. A natural flowing
river transporting sediment is usually in a state of regime or quasi-equilibrium with no
long-term trend toward aggradation or degradation. When a dam is constructed on the
river, three potential effects could be experienced — downstream effects due to changed
time distribution of flow, reduction in sediment load, and reduced competence to
transport sediment. These effects are discussed below.

Downstream effects due to changed time distribution of flow are generally manifested as
degradation at the mouths of the tributaries. At the time of flood in the tributary, the
water level in the main river could be much ‘lower than that under without/dam
conditions. This would cause relatively steep water surface slope at the mouth of the
tributary providing the potential for scour at the mouth.

A reduction in the sediment load occurs as the sediment is trapped in a reservoir. The
downstream effects are generally degradation of the channel and banks as the sediment-
free reservoir releases pick up sediment from the bed. The degradation continues until a
stable, gravel-armored bed is formed or until the slope is reduced to a value that prevents
further sediment removal from bed. However, if a reservoir is designed to pass sediment
through low-level outlets, most of the sediment passes to the downstream channel and
there is no degradation downstream. The trap efficiency of this type of reservoir is quite
low. For reservoirs with no low-level sediment excluders, which is the case for the Coclé
del Norte Reservoir, the trap efficiency is high. The released water is sediment-free and
is capable of picking up bed material.

The reduced transport capability is due to the storage effect of a reservoir, i.e., flood
flows are significantly reduced. A river may no longer be able to move the bed loads
carried by its tributaries. This could cause extensive aggradation at the mouths of some
tributaries. In some cases, the main channel may not show any degradation.

9.4.1 Computation of Degradation Potential

The techniques for computing degradation below a dam vary considerably depending on
the size of sediments in the riverbed and banks, the magnitudes of release discharges at
the dam, and sophistication desired in the results. Sophisticated mathematical computer
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models have become available for computing degradation. Such models simulate the
behavior of an alluvial channel by combining a steady-state backwater computation for
defining channel hydraulics with a sediment transport model. The models need detailed
hydraulic properties of the river channel, sediment characteristics of riverbed and
suspended sediment in the releases, and flow pattern of the releases. These data are not
available for the Rio Coclé del Norte. Therefore, a mathematical computer model was
not used.

In Design of Small Dams, the United States Bureau of Reclamation (the Bureau)
recommends two approaches, each specific to the type of bed material composing the
downstream channel. If the streambed is composed of sufficient quantity of large and
coarse material that cannot be transported by normal river discharges, an armor layer will
develop. The smaller particles in the riverbed are picked up and transported further
downstream. Large particles that cannot be transported by the flood releases remain on
the riverbed and gradually form an armor layer that stops further degradation below a
dam. The armor layer is formed for a certain magnitude of flood. If this flood release is
exceeded, the layer is disturbed and a new layer is formed. If the conditions required to
for an armoring are not present, then a second approach can be used. If the streambed is
composed of fine transportable (usually sand and small gravels) material and the depth of
this material is greater than expected depth of degradation, stable channel slope (or
limiting slope) method is used. The method consists of computing the limiting slope,
estimating the volume of expected degradation and then determining a three-slope
channel profile that fits these values. The low velocities and presence of coarse gravel in
the bed of the Rio Coclé del Norte suggest that the first approach is more appropriate.

As discussed above, the armor layer method is applicable if there is large or coarse
material in the channel bottom that cannot be transported by normal releases and there is
enough of this material to develop an armor layer. In the armoring process, transportable
material is sorted out, and vertical degradation proceeds at a progressively slower rate
until the armor is deep enough to control further degradation. Usually, an armoring layer
should be expected below a dam if 10 percent or more of the bed material is larger than
the armoring size corresponding to the flow magnitude (the Bureau). This was the case
in the Rio Coclé del Norte.
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The armoring layer is assumed to form as follows:

Ya=Y-Yp
in which
Y 5 = thickness of the armoring layer,
Y = depth from original stream bed to bottom of the armoring layer
Yp = depth from the original streambed to top of armoring layer (depth of
degradation).

By definition
YA =P *Y b

where ‘p’ is decimal percentage of material larger than the armoring size.
By combining the above two relationships, the depth of degradation can be computed as:

Yp=Ya((l/p)-1)

As per Bureau, the thickness of an armoring layer (Ya) is usually three times the
armoring particle diameter or 0.15 meters, whichever is smaller. Therefore, if the
armoring size and the percentage of streambed material larger than that size are available,
the depth of degradation (Yp) can be computed.

9.4.2 Required Armor Sizes

The sediment particle sizes required for armoring can be computed by several methods,
and each is regarded as a check on the others. Each method indicates a different size and,
therefore, experience of the investigator and judgment are required to select the most
appropriate size. The basic data required to compute particle size includes:

1. Samples of streambed material in the reach selected for degradation to a depth
anticipated to the scour zone.

2. A discharge rate that will cause degradation equivalent to long-term degradation
below a dam, defined as dominant discharge and is equivalent to mean annual
flood (approximately a flood of 2-year return period).
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3. Average hydraulic properties of the channel reach — width, depth, velocity and
gradient.

The Bureau has recommended the following methods:

® Meyer-Peter, Muller (Meyer 1948, Sheppard 1960)

¢ Competent bottom velocity (Mavis 1948)

® Shield diagram (Pemberton and Lara 1982, ASCE 1975)
* Yang incipient motion (Yang 1973)

¢ Critical tractive force (Bureau 1952)

Meyer-Peter, Muller:

D=(S*d)/(K*((N/(Dg)" %)%
in which
K = 0.19 English units (0.058 SI units)
N = Manning’s roughness coefficient for streambed
Dgp = bed material diameter in mm, 90 percent material finer than the diameter
D = armoring size, mm
S = stream gradient, ft/ft or m/m
d = channel depth, ft or m

Competent Bottom Velocity:

Ve =0.7 Vm
D = 3.84 (Vg)* (English units)
D =41.6 (Vg)* (SI units)
in which
VM = mean velocity, ft/sec or m/sec
VB = competent bottom velocity, ft/sec or m/sec
D = armoring size, mm
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Shield’s Method:

The following method is used for material >1.0 mm and Reynolds’s number R* >500
Tc / (Ws — Ww)*D) = 0.06, or
Tc/0.06 = (Ws-Ww)*D, or
D = Tc/((0.06 (Ws-Ww))

in which
Tc = Ww *d * S, critical shear stress, b/t or gm/m2
Ws = unit weight (mass) of particle, 165 Ib/fe® or 2.65 mt/m’
Ww = unit weight (mass) of water, 62.4 Ib/f6 or 1.0 mt/m’
d = depth of water, ft or m
S = stream gradient, ft/ft or m/m
D = armoring size, mm

Yang Incipient Motion
Ver/w=2.05
w = 6.01 D2 (English units)
w =3.32 D"? (SI units)
D = 0.00659 (Vcr)® (English units)
D = 0.0216 (Vcr)® (SI units)
in which
Ver = critical average velocity, ft/sec or m/sec
w = terminal fall velocity, ft/sec or m/sec
D = armoring size, mm

Critical Tractive Force:
tf.=Ww*d*S
in which
t.f. = tractive force, Ib/ft* or grn/m2
Ww = unit weight (mass) of water, 62.4 /£ or 1.0 mt/m®
d = water depth, ft or m
S = stream gradient, ft/ft or m/m

Four methods (Meyer-Peter, Muller, Competent Bottom Velocity, Shield and Yang
Incipient Motion) were applied to compute the armoring size (the particle size that would
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not be removed or eroded from the bed under given hydraulic conditions). The armoring
sizes derived by using the Competent Bottom Velocity and Yang methods were
significantly larger than those computed by Meyer-Peter, Muller and Shield methods.
However, because of some uncertainty in bed material sampling, the armoring sizes
under selected flow conditions were assumed to be average of the sizes derived using the
four methods. The estimated armoring sizes are given in Table 35 for both the pre- and
post- project flooding conditions.

After computing the tractive force, Figure 4 given by Pemberton and Lara (1984), should
be used to find armoring size in mm. Usually the recommended set of “curves for clear
water in coarse non-cohesive material” gives the lower size limit of the non-transportable
material corresponding to a critical tractive force. Because a number of :curves are
provided and sufficient field data were not available to select an appropriate curve, this
method was not considered.

9.4.3 Potential for Degradation and Aggradation

A comparison of pre-project armoring sizes (Table 35) with the median diameter of 7.0
mm indicates the potential for degradation in the Rio Coclé del Norte. Under pre-project
conditions, the required armor sizes (average of the sizes computed using four methods)
corresponding to the selected flood peaks are larger than the median diameter of the
available bed-load material. Therefore, channel degradation would be expected during
each major flood. However, due to supply of coarse particles, the river channel is in
quasi-equilibrium. Degradation-aggradation-armoring process occurs during each major
flood.

Under post-project conditions, the flood peaks have been greatly reduced and the
required armor sizes are much less than the median diameter of the available bed load
material. Degradation would not occur. However, because of reduced floods in the river,
aggradation would occur at the mouths of the small tributaries downstream from the dam.
A special study should be conducted by collecting field data. The data will include:
particle size distribution of the bed material transposed by these tributaries, magnitude of
flood peaks for various return periods and total sediment transport.
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PART 3 - HYDROLOGY OF THE RiO CANO SUCIO BASIN

1 TOPOGRAPHY AND DRAINAGE

The Rio Cafio Sucio joins with the Rio Cafio to form the Rio Miguel de la Borda, which
drains into the Caribbean Sea. The two rivers join about 22 km along the river from the
Caribbean Sea over an air distance of about 15 km. The Rio Cafio Sucio basin drains an
area of about 216 square kilometers. The basin is oriented in a northwest/southeast
direction and is about 22 km long by 15 km wide.

The Rio Cafio Sucio is formed by four significant drainage systems. The Rio Riecito
rises from the southern part of the basin and is joined by the Rio Limon from the west
before joining the Rio Cafio Sucio about two kilometers upstream from the damsite. The
Quebrada La Guinea de Loma originates on the western side of the basin and joins with
the Rio Cerro Miguel from the north to form the Rio Cafio Sucio about five kilometers
upstream from the damsite. The drainage configuration of the Rio Caifio Sucio basin is
shown on Exhibit 54.

2 RAINFALL ON THE CANO SUCIO BASIN

There are no rainfall stations in the Rio Cafio Sucio basin

The mean annual rainfall over the contributing watershed is estimated to be about 3,300
mm. Based on extended records for the Santa Ana station, which is located in the Rio
Coclé del Norte basin about 12 km south of the Rio Cafio Sucio damsite, the mean
monthly rainfall is estimated based on a ratio of the basin annual rainfall and the station
annual rainfall times the station monthly rainfall. Mean monthly rainfall values are
shown below.

Mean Monthly Rainfall, Rio Caiio Sucio Basin
(mm)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec Annual
158 | 81 119 | 158 | 327 | 326 | 347 | 340 | 345 | 473 | 403 | 223 | 3,300
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The mean monthly rainfall varies from a low of 81 mm in February to a high of 473 mm
in October.

3 STREAMFLOW ANALYSIS

ACP generated the monthly flows of the Rio Caiio Sucio using the monthly flows of the
Rio Indio at Boca de Uracillo and drainage area ratio (about 0.304) between the two
locations. The method was considered reasonable. A time series and mass curve of the
data were prepared to check the consistency of the data. The mass curves of the monthly
flows indicated that the data are consistent.

MWH made an independent check of the equation used to compute monthly flows at the
damsite. Using conventional procedure of transposing flows by a combined ratio of
drainage area and mean annual rainfall, the estimated flows were about 1 to 3 percent less
than the flows derived by ACP. This was considered to be an insignificant difference,
Therefore, the monthly flows estimated by ACP were adopted.

The monthly flow of the Rio Cafio Sucio is presented in Table 36. A mass curve and the
time series of the annual flows are shown on Exhibits 55 and 56.

The estimated mean annual flow for the Rio Caiio Sucio at the damsite is 7.5 m*/s. The
highest runoff months are October and November and above average flows occur from
June through December. The lowest flow occurs in the months of February, March and
April.

Generally, floods occur during the months of September through January due to general
type of storms. The floods due to thunderstorms can occur during any time of the year
but generally in the months of June through August.

Flow duration and drought-duration-frequency studies were not performed for the Rio
Cato Sucio.

4 CONSTRUCTION PERIOD FLOODS

The flood peaks for the Rio Cafio Sucio were estimated by transposing the flood
frequency data developed for the Rio Indio dam site.
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Analysis of extreme flood events involves the selection of the largest events from a set of
flow data. The flood frequency analysis uses the annual largest recorded floods at a
representative stream gaging station.  For the present analysis, the maximum
instantaneous flood peaks for the Rio Indio at Boca de Uracillo were obtained from ACP.
The data are given in Table 37. The data is available from 1979 to 1998 with the values
missing for a number of months in 1988 and from 1996 to 1998. The annual peaks are
available for 16 years. The maximum instantaneous peak, which occurred in 1991, is
about 772 m’/s.

The Log-Pearson type HI (LP I) distribution, recommended by the Hydrology
subcommittee, United States Geological Survey (March 1982) was fitted to the annual
peaks from Boca de Uracillo. A computer program developed by the United States Army
Corps of Engineers, Hydrologic Engineering Center was used.

The generalized extreme value (GEV) distribution was also fitted to the data to compare
the results from this distribution with that obtained by using LP III distribution. A
computer program developed by Environment Canada (1994) was used.

Both the distributions indicated reasonable goodness of fit. For a conservative estimate
of the flood peaks, the higher values resulting from GEV were adopted.

Realizing that flood protection works could be designed for protection during the dry
season, flood frequency analysis was also performed for the dry period. From a
preliminary flood frequency analysis of monthly flood peaks, the dry period was
determined to be the months of January through March.

The following procedure was used to derive the flood peaks at the Cafio Sucio damsite
using the estimated flood peaks from the Rio Indio at Boca de Uracillo. A general
procedure for transposition of flood peaks from a gaged location to an ungaged location
is to use coefficients of empirical relationships assuming that these coefficients remain
constant for hydrologically and meteorologically similar drainage basins. Commonly
used relationships are given below.
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Creager’s Formula (Creager, 1950)

Q=1.303 * C * (0.386 A) 0936 *(Ar(-0.048)
Rodier’s Formula

K=10*(I- ((log?-6) / (log* -8)))  (Rodier, 1985)

‘K’ and ‘C’ are coefficients, A is the drainage area in km” and Q is flood peak in m’s.
The original Creager’s relationship was in English units, relating discharge per unit area
with the area. The above form in SI units was developed by MWH.

Based on computations for the Coclé del Norte studies, the values of both coefficients
were consistent and either of the two coefficients could be used for transposition. The
values of K were used for the Coclé del Norte studies and for Cafio Sucio.

The values of “K”, computed for the flood peaks of selected return periods for the Rio
Indio, were used with the drainage area of the Rio Cafio Sucio at the damsite to estimate
flood peaks of selected return intervals. The values are presented in Table 38.

5 SPILLWAY DESIGN FLOOD

The probable maximum flood (PMF) based on the probable maximum precipitation
(PMP) was used as the spillway design flood for the Rio Cafio Sucio dam. The
derivation of the PMF involved the following sub-tasks:

* Estimation of PMP, its duration and time distribution
e Estimation of Retention Losses

® Development of a Unit Hydrograph

* Estimation of Base Flow

® Transformation of the PMP to a PMF

¢ Evaluation of the PMF

The above sub-tasks are discussed in the subsequent paragraphs.
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5.1 Probable Maximum Precipitation (PMP)

5.1.1 Rainfall Regime

In Panama, October and November are the heaviest rainfall months. This period of heavy
rainfall is associated with the southward traverse of the inter-tropical convergence zone
(ITCZ). November dominates high values on the Atlantic side. Higher values occur in
October than in November on the Pacific side because of more frequent southerly winds
in October.

Reports on PMP by the United States Weather Bureau (WS, 1965) and National Weather
Service (NWS, 1978) discussed the possibility of hurricanes in Panama. A necessary
condition for a hurricane is a coriolis force sufficiently strong to cause the winds to spin
around the center of a low-pressure area. On the equator, the Coriolis force is zero and
still relatively weak within 10° of the equator. Therefore, only rarely there are hurricanes
within 10° of the equator. Thus, hurricanes generally do not occur over Panama. (The
exception was Hurricane Martha. The track of this hurricane is discussed in the 1978
report by the NWS.) However, the influences of peripheral circulation, both direct and
indirect, cannot be ruled out. Heavy rainfalls have occurred in southwest Panama
because of peripheral circulation.

Both general type and local storms have been recorded in Panama. Local storms are of
relatively small aerial extent, covering from about 200 to 500 mi’>. General storms can
cover larger areas. The months of October through December are the season of large-area
rainfalls. Nearly all-major storms reported in the 1965 and 1978 reports occurred in this
period. Of the 22 storms analyzed in the 1965 and 1978 reports, 15 occurred during these
months.

During the months of October through December, strong air outflows come from the
northern latitudes. This implies northerly winds, at least for some times during major
storms, which impinge on the mountains, and augment the rainfall through stimulation,
triggering of convergence, or otherwise giving additional lift to saturated air. Generally,
most intense rainfall occurs over the northern slopes of the Continental Divide.

The northerly winds, coming from Atlantic Ocean, pass over Panama and have their first
encounter with the coastal hills. These hills trigger convergence and heavy rainfall
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occurs over the coastal area. The rainfall amount and intensity decrease further inland
but are increased near the Continental Divide. This pattern is clear from the mean annual
rainfall map shown on Exhibit 2. The pattern is controlled by the local topography. A
generalized map of the topography in the Canal Area and in the drainage basins of the
Rio Indio, Rio Coclé del Norte and Rio Cafio Sucio is shown on Exhibit 24.

5.1.2  Methods for Estimating PMP

Two approaches were considered to estimate the PMP. These are listed below:

Study the storm patterns of major storms listed (up to 1976) in WS 1965 and NWS 1978
reports that occurred over the Canal Area. Also develop storm isohyetal patterns of
major storms (since 1976) that occurred over the Rio Indio and Rio Coclé del Norte
basins including the Canal Area. Maximize, transpose and locate the most sever storm
over the Rio Coclé del Norte basin to produce critical flood conditions.

Extend the 24-hour, 10-mi’> PMP developed in the NWS 1978 Report over the Rio Coclé
del Norte basin, use depth-area-duration curves of WS 1965 Report and estimate basin
average PMP.

Based on a rigorous assessment of the patterns of the major storms for the Coclé del
Norte basin, it was concluded that the most severe PMP would result from using the 24-
hour, 10-mi* PMP developed by the U.S. National Weather Service in 1978.

The 24-hour, 10 mi’* PMP map given in the NWS 1978 Report (Exhibit 45) was extended
towards west to cover the Rio Cafio Sucio basin. The following procedure was used for
the extension.

For about ten rainfall stations in the Rio Coclé del Norte basin and its vicinity, annual
maximum daily rainfall data were obtained. The stations included: Boca de Toabré,
Chiguiri Arriba, Coclé del Norte, Toabré, San Lucas, Sabanita Verde, Coclecito, Santa
Ana, Miguel de la Borda and Boca de Uracillo. The stations are shown on Exhibit 7 with
names given in Table 7. The period of record varied from about 18 to 41 years.

Point PMP at each station was determined using Hershfield’s method (1963). The values
of the point PMP varied from station to station. Some values were quite consistent with
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the values from the NWS point PMP map. The value at Toabré, located at relatively high
altitude, was high compared to other values. The value was retained considering
orographic effect due to high altitude of the station.

Keeping in mind the local topography and the trend of the point PMP lines on the NWS
map, the point PMP lines were extended over the Rio Cafio Sucio and Rio Coclé del
Norte basins as shown on Exhibit 45. It should be realized that the extension was based
on the trend of the lines on the NWS map, and estimated point PMP values. Some of the
values considered to be inconsistent (especially based on 20 years or less data) were
given less weight. No meteorological factors were used in the estimation of point PMP.
The 24-hour, 10-mi? PMP for the basin was estimated to be about 25.7 inches (about 653
mm) from Exhibit 45.

The proposed dam on the Rio Cafio Sucio will control a drainage area of about 111 km’
(42.90 mi%). The estimate of the 48-hour PMP was based on depth-area-duration data for
a basin the size of the Cafio Sucio basin derived from Exhibit 57. The 48-hour PMP was
estimated to be about 31.9 inches (about 810 mm).

5.1.3 Depth-Duration Curve

Depth-duration data for the size of the Cafio Sucio basin was obtained from Exhibit 57
and plotted as a smooth curve shown on Exhibit 58. This data was for duration of six
hours and greater. Because of small sizes of the Cafio Sucio basin, the PMP amounts for
durations less than six hours were required. To extend the depth-duration curve for
duration less than 6 hours, guidance was obtained from the hourly rainfall data recorded
at El Chorro. The curve on Exhibit 58 also shows extrapolation to one-hour duration.

5.1.4 Sequential Arrangement of PMP Increments

A unit duration of one hour was selected considering the size of the basin. The hourly
PMP increments, as a percent of the rainfall, were obtained from Exhibit 58. There are a
number of methods available to sequentially arrange the PMP increments to produce
critical flood conditions. For this study, the “alternating block method” (Ven Te Chow,
et al 1988) was adopted. This method provides reasonable critical flood conditions. The
highest hourly increment was placed at the 28" hour and the remaining increments were
arranged in descending order alternately to the right and left of the maximum increment
to form PMP hyetograph. Table 39 shows the arrangement of the increments.
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5.1.5 Retention Losses

In a rainfall-runoff process, two types of retention losses are considered. First is the
initial loss to satisfy interception and depression storage and soil moisture deficiency.
The second is the uniform loss during the duration of the storm that occurs once the
initial loss has been satisfied. In a single event-oriented rainfall-runoff model, these
losses are considered to be lost and do not contribute to the flood.

A preferred method is to estimate these losses through calibration of a hydrologic model
like HEC-1 (COE, 1981) using concurrent observed hourly rainfall and flood discharge
data. An attempt was made to use this method. There is no hourly rainfall data in the
region, therefore the calibration approach was not feasible.

The COE (1981) has discussed four methods - initial loss and uniform loss rate,
exponential loss rate, United States Soil Conservation Service (SCS) curve number and
Holtan loss rate, to compute retention losses. The exponential loss rate and Holtan loss
rate require calibration of HEC-1 model, which was not feasible because of any rainfall
data. The SCS method also requires either calibration or a detailed knowledge of the
soils and land use in the basin. For this study, initial loss and uniform loss rate method
was selected.

A review of the daily rainfall data at various stations in the basin indicated that during the
months of October through December, the rainfall occurred quite frequently. Therefore,
during these months when the PMP is most likely to occur, there is a strong likelihood of
significant storms prior to the PMP storm. Therefore, the initial retention was considered
negligible on the assumption that the soil moisture deficiency and other abstractions
would be satisfied by an antecedent storm.

This loss represents the rate at which the soils in the basin will allow the rainfall to
percolate through during the storm period. From the study of soils and geology from the
Atlas (1988), and based on the field reconnaissance, the soils in the basin were Jjudged to
be predominantly of SCS soil group C. The recommended minimum infiltration rate for
this group varies from 0.05 to 0.15 inches (1.3 to 3.8 mm) per hour. A rate of 3 mm per
hour was adopted. No infiltration loss was considered from the reservoir area.
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5.2 Unit Hydrograph

Because of insufficient data, a synthetic unit hydrographs was developed for the basin.
There are a number of methods available to develop a synthetic unit hydrograph. MWH
has tested these methods on various projects and determined that Clark’s method (Clark,
1945) provides a better definition of watershed characteristics that transform rainfall to
runoff. This method was used in this study.

The Clark’s method translates incremental runoff from the sub-areas within a basin to the
outlet of the basin according to the travel time (time of concentration) and then routes the
runoff through a linear reservoir to account for the storage effect of the basin size and
channel system. The method requires estimates of time of concentration and storage
routing coefficient, and a time-area curve defining the cumulated area of the basin
contributing runoff to the outlet of the basin as a function of time, expressed as ratio or
percent of the time of concentration.

The watershed parameters, length of main stream, overall stream slope and time-area
histogram were calculated from the topographic maps of 1:50,000 scale. The time of
concentration and routing coefficient were estimated to be 4.5 and 3.0 hours,
respectively.

5.3 Base Flow

Base flow was estimated as 50 m>/s from the studies done for a similar size subbasin in
the Coclé del Norte studies.

5.4 Probable Maximum Flood
The HEC-1 computer model was used to transform PMP to PMF. The resulting PMF

hydrograph had a peak of about 1,690 m’/s and a 3-day volume of about 80 MCM.
Exhibit 59 shows the PMF inflow hydrograph.
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Table 1

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND
COCLE DEL NORTE AT CANOAS

Drainage Area:

Latitude: 08 - 53 N

571 km?

Longitude: 80-34 W

Elevation: 20 m

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC AVG
1983 41.1 39.2 51.2
1984 51.2 54.7 36.3 10.4 323 44.7 53.1 79.5 534 48.9 56.5 41.1 46.8
1985 47.2 23.9 23.5 13.0 21.1 47.7 29.6 34.0 30.3 394 36.4
1986 572 313 17.9 47.5 39.3 37.9 329 38.2 55.3 75.6 76.7 25.4 44.6
1987 24.9 17.8 8.1 58.6 46.0 29.2 313 32.3 33.3 89.4 43.8 30.9 37.1
1988 23.2 32.7 13.9 8.7 28.3 29.0 40.5 41.0
1989 38.2 28.4 20.8 15.3 38.8 51.8 50.9 47.9 44.5 438
1990 51.0 28.7 313 18.9 43.6 30.1 64.7
1991 28.3 23.0 50.1 24.9 42.7 66.6 50.1 47.2 64.8
1992 30.7 20.2 14.2 46.9 50.7 31.7 29.5 34.5 46.4 40.3 32.7 40.4 34.9
1993 52.1 31.6 35.2 22.2 322 38.8 322 29.2 68.8 49.6 46.4
1994 41.8 63.6 64.0 315 37.4 42.0 54.0 50.2 43.2
1995 235 16.8 13.0 27.0 30.2 34.9 36.8 46.3 44.5 334 38.7 68.4 34.5
1996 73.2 42.4 73.9 46.0 160.0
1997 36.8 10.5 56.6 26.3 29.8 31.1 31.2 29.6 33.0 17.6
1998 14.8 15.7 10.9 50.2 48.2 50.0 22.1

Period of record
From October, 1983 to current year

Gage

Water-stage recorder: Stilling well float system coupled with Stevens A-71 recorder.
A Sutron shaft encoder and telemetry equipment for transmiting

gage height and precipitation were instaled on November 18+A15, 1999,
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Table 2

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND
COCLE DEL NORTE AT EL TORNO

Drainage Area 672 km®

Latitude: 08 - 56 N Longitude: 80-33 W Elevation: 15M
YEAR | JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT | NOV DEC AVG
1958 38.8 63.6 51.9 519 454 59.7
1959 36.7 18.2 8.7 58.5 58.5 68.5 56.3 722 702 157.0
1960 76.5 39.1 34.1 49.6 347 48.0 33.8
1961 43.7 46.4 48.4 82.6 51.7 70.8 101.0 119.0

1962 48.0 28.0 18.0 29.5 414 473 44.6 54.2 46.9 61.6 954 74.9 49.2
1963 345 32.1 25.7 103.0 67.7 516 49.7 51.0 44.9 49.1 102.0 51.9 55.3

1964 439 13.0 12.9 84.2 64.9 832 64.8 58.7 54.2 83.6 63.9 27.2 54.5

1965 829 279 12.6 7.2 68.0 343 39.0 38.9 41.9 60.4 659 86.6 47.1

1966 414 22.4 18.1 25.1 579 67.0 53.1 54.6 45.6 60.8 144.0 116.0 58.8
1967 54.7 37.8 17.0 61.1 80.8 85.8 55.7 73.6 60.8 64.7 68.5 66.2 60.6

1968 374 43.2 47.5 31.6 60.3 66.1 47.8 48.3 59.1 559 419 83.9 51.9

1969 199 23.5 9.9 14.6 29.6 44.5 273 51.8 49.7 85.8 89.8 90.0 44.7

1970 445 53.0 80.6 108.0 819

1971 63.7 65.9 61.6 65.8 80.5 83.0 52.7 30.7

1972 56.5 333 24.4 53.6 59.2 322 43.0 37.9 62.8 57.6 50.9 40.8 46.0
1973 41.1 27.1 12.4 13.2 534 603 86.0

1974 544 66.5 483 504 58.9 514 101.0 79.0 50.8

1975 39.1 23.1 11.6 10.7 434 377 49.0 87.6 102.0 100.0 149.0 143.0 66.4
1976 55.0 39.0 253 16.8 26.1 215 23.8 35.7 533 21.7

1977 23.8 18.3 10.6 16.1 26.0 40.0 41.3 82.8 64.0 70.5 60.2 373 40.9
1978 2717 27.2 16.6 109.0 113.0 53.7 27.1 29.3 62.6 67.8 65.8 51.7 54.3
1979 154 17.3 14.5 67.9 84.9

1980 828 28.8 13.7 283 428 39.0 64.5 49.5 59.6 73.8 95.9

1981 770 53.7 393 115.0 90.3 71.5 51.2 122.0 183.0

1982 384 25.8 18.5 20.2 359 39.5 58.1 439 45.6 62.1 57.9 359 40.2
1983 339 14.7 10.6 12.2 76.4 373 242 34.2 69.8

1984 61.3 43.9 15.6 399 54.1 64.6 | 1090 72.5 69.6 76.4 43.9

(9
(3]

1985 50.7 26.5 26.2 16.3 230 69.0 36.5 40.5 374 57.8 59.9 98.2 45.
1986 69.4 37.0 25.1 67.8 674 54.3

Period of record
From July, 1958 to July, 1986
Gage
Water-stage recorder: Stilling well float system coupled with Stevens A-71 recorder .
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Table 3

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND

RIO TOABRE AT BATATILLA
Drainage Area 788 km>
Latitude: 08-55N Longitude: 80-30wW Elevation: 20 M
YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC AVG
1958 34.6 59.9 59.7 61.5 53.5 37.7
1959 21.2 9.7 5.1 59 50.5 523 65.6 62.4 85.3
1960 38.5 15.5 10.7 18.9 30.3 434 42.9
1961 18.8 37.1 45.3 73.8
1962 19.6 9.3 57 18.9 36.0 322 50.9 49.5 63.6 70.0 425
1963 23.1 14.4 6.8 349 44.6 52.8 53.4 593 46.6 56.7 73.3 357 41.8
1964 20.9 9.3 4.8 30.3 44.8 58.5 67.1 71.7 75.9
1965
1966
1967
1968
1969 32.0 27.0 44.8 55.5 61.8 69.2 57.5
1970 75.9 53.1 75.6 94.9 142.0
1971 44.0 9.5 31.5 61.3 60.3 66.3 72.6 78.0 51.3 22.6
1972 383 15.4 10.3 26.7 31.7 24.7 219 48.4 45.0 47.3 22.8
1973 14.0 8.7 5.1 219 53.3 59.6 62.0 84.8 74.5
1974 27.3 14.4 9.0 46.4 44.9 43.4 94.0 61.7 42.9
1975 16.5 3.8 17.7 116.0 147.0 113.0
1976 36.3 14.8 8.1 6.4 13.9 18.7 17.7 34.8 58.6 61.9 33.9 233 29.0
1977 12.0 7.6 4.9 4.6 12.2 333 35.9 73.5 54.2 80.1 52.2 28.5 33.3
1978 14.3 9.7 8.4 50.5 90.2 424 34.1 39.7 63.0 68.5 80.5 31.7 44.4
1979 13.0 7.9 4.8 17.7 51.8 48.4 81.8 50.1 46.8 572
1980 46.8 15.3 8.2 9.5 22.8 35.4 37.6 69.7 50.6 75.2 67.9
1981 71.3 64.3 78.9 81.3 49.5 65.7 99.3 124.0
1982 32.1 15.0 9.3 8.9 17.3 38.0 42.5 37.6 45.9 70.8 523 18.8 324
1983 11.4 6.0 3.6 3.8 41.2 36.9 23.0 29.1 71.4 56.5 47.6 51.6 31.8
1984 239 22.5 16.6 6.1 21.1 47.5 67.9 71.5 719 80.3 73.3 27.2 45.2
1985 19.8 10.9 7.9 4.9 9.2 59.4 40.9 54.4 54.0 59.4 75.5 53.1 37.5
1986 20.9 11.6 7.6 27.1 336 49.3 55.8 49.4 55.2 114.0 108.0 292 46.8
1987 13.8 8.9 5.2 18.5 224 21.1 30.6 383 45.3 110.0 60.2 35.7 34.2
1988 15.1 13.0 5.0 3.9 33.0 325 51.7 782 35.6
1989 23.7 12.2 8.7 5.9 254 40.7 56.9 62.6 56.9 51.2
1990 26.3 12.6 7.1 54 20.6 21.6 95.4
1991 17.3 9.4 27.6 91.5 58.1 54.5
1992 14.0 7.3 4.2 23.7 46.9 50.5 38.8 49.1 79.0 58.7 46.8 30.2 37.4
1993 27.0 11.4 13.4 14.0 20.3 52.4 41.8 29.5 95.2 64.7 118.0 725 46.7
1994 18.4 10.9 8.9 13.3 35.8 64.1 34.7 54.7 70.7 72.0 63.7 25.6 39.4
1995 14.5 9.6 7.1 11.9 44.5 41.6 57.5 713 40.8 54.6 80.9
1996 152.0 75.1 73.5 83.9 98.7 112.0 81.5 102.0 166.0
1997 26.4 17.7 9.2 7.3 25.7 20.3 23.6 311 284 50.8 39.2 16.0 24.6
1998 10.0 22.0

Period of record

From July 1958 to current year

Gage

Water-stage recorder: Stilling well float system coupled with Stevens A-71 recorder .
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Table 4

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND
RIO INDIO AT BOCA DE URACILLO

Drainage Area: 365 km?

Latitude: 08 - 58 N Longitude: 80-11W Elevation: 8 M

YEAR | JAN FEB | MAR | APRIL| MAY | JUNE | JULY | AUG | SEPT | OCT | NOV DEC |JANNUAL)|
1979 349 373 35.1 259 24.9
1980 232 8.4 39 2.7 13.5 18.3 20.1 47.2 23.7 36.0 324 27.8 214
1981 20.1 13.0 11.8 28.9 29.6 37.6 28.7 48.0 586 75.6
1982 18.6 5.8 3.8 5.2 27.0 17.3 27.8 50.6 26.1 89
1983 5.8 3.0 1.8 1.5 15.6 233 16.5 18.5 45.1 352 29.9 384 19.6
1984 15.7 10.0 3.6 16.9 274 30.8 48.5 39.8 44.6 37.7 12.8
1985 8.6 53 4.1 2.7 84 302 173 39.0 376 350 40.5 26.5 21.3
1986 9.4 49 3.0 16.0 19.0 275 56.1 61.3 15.0
1987 74 5.0 29 25.7 31.1 40.0 72.1 32.0 17.7
1988 7.5 5.1 29 2.6 409 22.1
1989 126 238 13.2 18.5 27.8 35.7 346 364 53.8 300
1990 152 6.8 4.7 3.2 24.7 62.0
1991 103 5.8 7.0 3.1 14.0 199 14.7 18.2 38.6 48.8 333 44.1 21.5
1992 9.1 34 3.7 5.5 26.7 279 26.8 46.1 43.1 375 31.6 194 234
1993 11.7 6.7 54 8.7 11.1 299 21.8 16.9 354 49.3 62.9 33.1 244
1994 12.1 7.0 5.7 6.2 134 21.0 15.6 12.1 255 36.0 36.9 13.3 17.1
1995 29 4.0 23.0 359 315 36.6 308 4138 29.5
1996 26.7 40.3 41.7 41.0 713 55.6 51.5
1997 113 7.1 6.9 ’
1998 5.1 4.2 2.9 3.9 13.6

Period of record

From August 1979 to current year

Gage

Water-stage recorder: Stilling well float system coupled with Stevens A-71 recorder.
A Sutron shaft encoder and telemetry equipment for transmiting

gage height and precipitation were instaled on November 1, 1999.
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Table 5
MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND
CIRI GRANDE AT LOS CANONES

Drainage Area: 186 km?
Latitude: 08 -57N Longitude: 80-04 W Elevation: 87 M

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG
1948 4.3 1.6 1.2 0.9 1.9 2.7 10.5 12.3 11.7 10.8 22.1 59 7.2
1949 2.4 14 0.9 0.8 2.6 15.0 10.4 13.1 18.7 17.7 312 24.5 11.6
1950 4.0 22 1.3 0.9 7.0 13.2 13.7 20.3 13.3 18.3 239 24.0 11.8
1951 7.3 4.0 2.2 1.4 7.2 8.9 8.2 9.0 15.5 13.1 19.9 11.3 9.0
1952 4.8 22 1.2 1.0 4.0 10.6 8.1 8.6 14.8 21.5 133 19.0 9.1
1953 14.1 53 2.7 1.9 8.6 7.7 74 6.1 7.6 22.5 226 12.1 9.9
1954 6.0 2.7 1.7 1.4 6.8 7.2 17.5 13.1 18.0 15.2 293 15.2 112
1955 16.4 49 24 1.9 3.8 15.3 10.8 18.1 222 19.1 29.6 16.8 134
1956 17.0 5.1 29 2.7 10.5 154 14.5 10.7 174 26.4 18.5 10.5 12.6
1957 4.1 2.0 1.3 0.9 4.2 4.2 4.1 8.3 9.1 214 13.9 11.1 7.0
1958 6.8 5.2 2.7 1.9 6.2 7.5 10.5 14.2 13.8 18.2 14.7 7.6 9.1
1959 2.0 14 1.2 1.9

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978 16.0 16.7 19.2 16.3 94

1979 5.1 39 3.5 4.0 6.5 10.7 10.6 15.9 194 19.0 6.3 5.5 9.2
1980 10.7 3.7 2.0 1.4 54 10.9 8.0 19.2 9.0 15.4 15.6 12.6 9.5
1981 114 9.2 74 13.1 21.2 22.8 20.7 14.8 14.6 21.9 210 19.8 16.5
1982 7.9 3.5 23 2.6 4.6 7.5 6.3 4.7 8.7 17.1 12.6 3.8 6.8
1983 24 1.5 0.9 0.5 44 5.7 4.1 5.3 172 12.7 124 15.7 6.9
1984 2.3 1.4 6.4 122 10.9 17.1 16.7 17.4 11.4

1985 1.3 0.9 2.5 7.1 3.1 12.6 20.8 14.9

1986 4.0 2.1 1.4 4.1 5.9 12.7 8.4 6.7 9.8 25.8

1987 2.8 19 1.1 1.7 53 5.4 7.7 12.8 14.0 243 10.1 8.0 7.9
1988 2.8 1.7 0.9 0.9 4.1 8.0 8.6 15.1 17.0 21.3 16.5 9.5 8.9
1989 6.7 3.5 2.3 1.2 4.8 5.5 10.1 14.7 13.7 16.0 16.2 10.5 8.8
1990 5.8 3.0 22 1.3 5.2 7.7 10.1 10.5 19.4 29.2 18.8 16.2 10.8
1991 3.8 1.9 24 1.2 4.6 6.1 4.7 5.6 11.0 18.0 14.2 11.3 7.0
1992 3.3 1.7 1.2 1.6 6.5 11.6 8.3 13.2 15.1 i2.3 11.3 7.3 7.8
1993 44 29 2.1 2.0 49 10.3 7.5 6.3 13.8 14.6 220 12.6 8.6
1994 4.6 2.2 1.6 1.4 5.0 8.0 5.8 4.5 9.7 13.9 14.3 5.0 6.3
1995 2.9 1.6 1.0 1.3 7.8 12.8 10.3 11.2 11.6 13.0 12.6 8.6 7.9
1996 22.6 6.9 5.1 2.7 7.9 12.0 18.0 22.3 17.5 23.0 15.5 14.7 14.0
1997 5.6 3.3 1.7 1.2 2.0 3.6 29 24 6.0 7.9 9.6 4.1 4.2
1998 2.3 1.6 0.7 0.9 2.6 4.7 84 6.8 9.6 15.3 8.8 13.3 6.3

Period of record: From July 1947 to 1959 and from July 1978 to current year.

Gage:  Water-stage recorder: Stilling well float System coupled with Stevens A-71 recorder,
Handar shaft encoder and Sutron shaft encoder.
Gage -height and precipitation telemetry at station
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Table 6
MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND

RIO TRINIDAD AT CHORRO
Drainage Area: 172 km?
Latitude: 08 -59 N Longitude: 79-59 W Elevation: 43 M

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVG
1948 35 1.9 1.0 0.6 1.6 2.0 6.3 7.6 6.7 7.3 16.6 5.7 5.1
1949 2.3 1.0 0.6 0.5 1.8 103 9.7 10.5 15.9 13.0 23.0 17.1 8.8
1950 4.4 2.6 14 0.7 6.3 9.8 10.1 13.5 8.6 133 19.2 15.8 8.8
1951 5.0 34 1.7 1.2 5.7 6.2 7.1 9.0 11.2 9.7 12.0 7.8 6.7
1952 3.2 2.0 1.0 0.8 2.0 5.4 4.9 5.8 9.9 14.1 9.7 18.8 6.5
1953 7.5 34 1.7 1.2 6.7 6.2 5.7 42 5.9 11.5 11.9 6.4 6.0
1954 3.0 1.7 1.0 0.9 8.2 7.1 17.8 14.4 14.3 13.9 215 9.7 9.5
1955 10.1 3.2 1.6 1.1 2.1 8.2 7.0 11.0 13.0 152 219 10.9 8.8
1956 9.2 3.1 20 1.5 5.0 8.4 10.3 6.4 11.7 19.3 11.6 59 7.9
1957 2.6 1.5 0.9 0.5 2.2 2.6 2.5 5.2 54 13.7 9.9 54 4.4
1958 35 33 1.6 1.0 3.6 4.4 6.5 9.4 9.2 10.5 8.0 4.5 5.5
1959 2.4 1.3 0.7 0.6 1.1 2.7 2.8 36 43 134 9.2 11.7 45
1960 5.4 22 2.3 2.8 6.9 7.4 7.3 75 | 6.6 10.7 15.0 25.6 83
1961 4.0 2.0 1.1 1.2 2.1 5.4 4.7 5.3 8.6 13.5 11.8 9.5 5.8
1962 33 1.8 1.0 0.9 1.4 2.2 3.0 7.8 6.7 9.1 9.5 7.1 4.5
1963 2.8 1.8 1.0 2.1 4.6 5.6 6.8 8.9 9.0 129 14.6 4.6 6.2
1964 2.3 1.2 0.8 09 34 114 11.3 11.5 13.9 15.0 17.7 52 7.9
1965 4.0 1.9 1.1 0.6 1.0 2.0 1.8 42 3.3 7.0 8.8 9.4 38
1966 32 1.5 1.0 1.1 6.7 9.2 7.4 142 19.2 14.6 7.8
1967 4.5 2.2 1.1 1.8 5.5 134 10.0 11.0 14.8 17.2 113 52 8.2
1968 2.4 1.7 1.1 1.0 2.7 8.0 5.9 8.4 8.9 152 14.7 6.9 6.4
1969 29 1.6 0.8 13 2.7 5.6 11.7 12.8 7.7 5.2
1970 6.2 2.7 2.3 24 7.5 49 5.6 124 10.4 15.8 12.4 26.4 9.1
1971 11.1 3.8 2.1 1.6 6.5 9.8 8.3 12.2 13.5 15.0 179 5.0 8.9
1972 3.3 2.2 1.3 3.7 3.1 5.8 2.5 3.6 8.6 8.7 3.6 4.2
1973 2.0 1.2 0.6 0.6 24 10.3 10.7 8.5 15.5 173 20.7 9.9 83
1974 4.3 2.6 19 1.1 2.2 4.9 6.0 6.9 8.2 24.0 13.4 6.9 6.9
1975 3.0 1.7 1.1 0.7 2.0 4.0 5.9 11.6 16.3 18.1 28.1 14.6 8.9
1976 5.5 2.9 1.7 1.5 3.5 3.2 1.6 2.0 6.2 15.0 10.3 39 4.8
1977 2.4 1.5 0.9 0.7 2.0 3.0 29 6.7 7.7 14.8 10.9 5.9 4.9
1978 2.8 1.8 12 7.0 6.1 8.6 8.3 13.6 11.8 162 17.7 82 8.6
1979 3.6 2.1 14 2.4 37 6.4 6.9 9.9 11.2 13.5 8.2 7.0 64
1980 6.1 2.8 1.5 1.0 3.6 7.2 5.2 8.8 6.7 13.3 13.4 8.8 6.5
1981 5.8 4.0 32 7.3 124 13.9 12.9 13.5 11.3 153 18.1 13.7 10.9
1982 6.6 32 2.1 2.1 2.7 4.0 2.7 2.8 6.3 114 8.4 24 4.6
1983 1.7 1.1 0.7 0.5 2.3 3.3 2.1 2.9 10.4 8.2 7.7 8.0 4.1
1984 3.7 2.7 1.7 1.2 6.1 7.9 8.5 10.8 16.2 239 15.7 6.3 8.7
1985 3.5 2.1 14 1.0 2.6 4.5 3.3 12.8 9.5 8.4 74 5.1
1986 33 1.9 1.3 2.7 29 5.9 4.6 4.4 5.3 169 144 54 5.7
1987 2.8 2.0 1.2 13 3.5 3.6 44 7.6 11.9 16.8 8.2 59 5.8
1988 2.5 1.5 0.9 09 4.7 4.7 6.5 10.1 13.5 14.1 11.6 8.0 6.6
1989 4.5 2.5 1.6 09 24 3.6 6.5 10.4 9.5 10.1 10.5 10.4 6.1
1990 4.6 2.5 1.6 1.1 32 7.2 7.4 7.7 15.0 17.6 13.6 11.3 77
1991 3.6 2.0 2.0 1.0 3.9 4.7 43 4.6 74 10.6 10.2 7.5 5.2
1992 3.0 1.7 1.0 1.2 34 7.2 5.2 6.7 14.5 10.5 9.5 6.4 5.8
1993 3.6 2.1 1.4 1.6 3.1 6.3 5.1 4.6 11.2 9.5 16.1 92 6.2
1994 3.5 2.2 1.5 1.0 3.3 4.3 3.4 33 7.7 12.7 11.0 48 4.9
1995 2.6 14 0.9 1.0 5.0 7.9 7.5 94 89 10.6 9.8 58 5.9
1996 15.6 4.6 3.6 2.1 6.3 10.0 11.6 15.2 15.0 16.9 12.8 10.5 10.4
1997 3.5 22 14 1.1 1.3 2.5 1.6 1.4 2.6 6.0 6.0 2.1 2.6
1998 1.2 0.8 0.5 0.5 1.5 2.0 4.8 5.1 5.5 104 8.6 10.4 4.3

Period of record: From April 1947 to current year.

Gage:  Water-stage recorder: Stilling well float System coupled with Stevens A-71 recorder,
Handar shaft encoder and Sutron shaft encoder.
Gage -height and precipitation telemetry at station
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Table 7

LIST OF RAINFALL AND STREAM GAGING STATIONS
(shown on Exhibit 8)

Rainfall Station

01. San Miguel 23. Coco Solo

02. Escandalosa 24. Gatun

03. Rio Piedras . 25. Limon Bay

04. Candelaria 26. Gatun West

05. Peluca 27. Guacha

06. Chico 28. Cano

07. Salamanca 29. Raises

08. Alhajuela 30. Humedad

09. Santa Rosa 31. Chorro

10. Balboa Heights 32. Canones

11. FAA 33. Icacal

12. Diablo Heights 34. Miguel de la Borda
13. Miraflores 35. Boca de Uracillo
14. Pedro Miguel 36. Santa Ana

15. Hodges Hills 37. Chiguiri Arriba
16. Empire 38. Sabanita Verde
17. Cascadas 39. Cocle del Norte
18. Gamboa 40. San Lucas

19. Ciento 41. Boca de Toabre
20. Agua Clara 42. Coclesito

21. Boro Colorado 43. Tambo

22. Monte Lirio 44. Toabre

Stream Gaging Stations

Rio Trinidad at el Chorro (drainage area 172 km?)

Rio Ciri Grande at Los Canones (drainage area 186 km?)
Rio Indio at Limon (drainage area 376 km?)

Rio Indio at Boca de Uracillo (drainage area 365 kmz)
Rio Toabre at Batatilla (drainage area 788 km?)

Rio Cocle del Norte at El Torno (drainage area 672 km?)
Rio Cocle del Norte at Canoas (drainage area 571 km?)
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Table 8

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND
COCLE DEL NORTE AT DAM SITE

Drainage Area 1594 km?

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC |ANNUAL
1948 67.5 37.1 30.1 250 40.2 503 120.0 133.4 128.8 122.3 198.1 825 86.3
1949 46.6 339 259 245 49.0 1520 119.4 1394 176.5 169.9 250.9 2124 116.7
1950 64.7 44.5 32.3 26.4 92.2 139.6 143.6 186.5 140.4 173.9 208.8 209.3 121.9
1951 95.0 64.1 44.5 34.3 93.8 107.5 102.3 108.2 155.8 138.8 184.4 126.1 104.6
1952 725 449 30.1 27.8 64.7 1209 101.6 105.7 151.0 1939 140.2 178.6 102.7
1953 145.8 76.8 50.9 40.9 105.0 97.6 957 84.5 97.4 200.5 200.6 132.1 110.7
1954 83.2 50.9 379 33.1 90.2 93.6 168.8 139.0 172.1 1539 240.1 153.7 118.1
1955 161.3 73.6 46.6 40.2 62.6 154.5 122.1 172.5 198.4 179.0 241.6 164.5 134.7
1956 165.8 74.9 52.6 49.9 120.2 155.1 148.5 121.5 168.0 2234 175.2 120.2 131.3
1957 65.0 424 32.3 26.4 66.1 66.4 65.8 103.0 109.3 193.7 144.4 124.5 86.6
1958 90.7 76.3 50.6 40.9 85.5 96.5 80.9 135.8 121.9 123.8 108.0 108.5 93.3
1959 64.6 31.2 154 39.9 40.2 197.5 211.1 1319 119.5 151.7 146.1 271.0 118.3
1960 128.9 61.6 50.8 774 71.7 100.6 83.5 79.8 1103 152.0 191.5 2759 115.3
1961 80.3 52.3 36.4 37.0 70.4 92.3 103.1 1723 115.7 164.6 191.0 199.3 109.5
1962 76.2 42.2 26.9 42.6 67.8 92.2 85.2 115.6 105.6 1373 183.3 131.2 92.2
1963 64.0 52.3 37.0 156.2 124.9 114.5 112.9 120.5 100.3 115.6 194.4 97.3 107.5
1964 72.8 24.8 20.0 129.5 121.8 1573 144.6 142.2 141.2 187.3 178.2 67.8 115.6
1965 125.4 47.8 23.9 14.1 88.0 55.8 59.8 75.2 73.2 117.0 1334 160.7 81.2
1966 71.7 38.6 29.9 38.5 112.0 137.2 110.6 106.8 86.2 156.6 279.2 223.0 115.9
1967 95.5 60.9 29.2 85.4 132.1 181.5 128.1 154.6 159.8 176.6 150.3 113.1 122.3
1968 619 64.1 64.7 452 90.9 129.0 95.9 110.9 1259 156.0 136.9 143.8 102.1
1969 44.6 40.7 18.8 27.7 54.6 84.8 59.6 106.5 115.0 163.7 176.0 164.2 88.0
1970 313.0 1148 559 149.3 249.7 86.2 1164 171.8 191.6 189.4 268.0 353.8 188.3
1971 138.2 68.6 96.8 56.7 106.8 1399 133.9 144.9 168.6 177.1 114.2 59.1 117.1
1972 1053 54.7 39.1 90.0 922 70.2 75.6 66.8 123.1 113.5 108.0 71.1 84.1
1973 62.4 40.6 19.9 20.7 84.9 125.2 1236 130.8 176.4 201.9 245.5 200.3 119.4
1974 91.6 73.9 46.7 55.8 94.7 90.3 106.5 114.9 104.6 2145 155.7 103.4 104.4
1975 62.6 40.7 232 16.4 68.9 72.4 97.3 174.0 215.5 235.9 325.0 283.1 134.6
1976 1015 60.8 37.9 26.2 448 443 46.0 77.4 137.4 127.5 117.6 493 72.5
1977 40.1 202 17.5 235 42.9 80.9 85.1 172.2 130.4 164.6 123.9 72.8 81.9
1978 47.0 41.8 28.0 179.2 2246 1063 66.7 75.0 137.8 149.5 159.5 93.0 109.0
1979 31.3 283 219 97.5 89.8 143.5 110.3 177.5 144.0 106.2 108.1 157.9 101.4
1980 144.8 49.4 24.5 388 56.5 86.4 84.2 146.9 109.8 146.8 155.9 161.7 100.5
1981 127.0 87.8 68.8 185.8 178.7 149.6 140.8 146.6 95.3 1322 244.5 341.1 158.2
1982 77.8 45.5 31.1 32.8 59.7 85.2 111.5 89.9 100.4 145.2 121.3 61.2 80.2
1983 513 233 16.1 18.2 131.6 81.5 51.9 69.8 1549 116.3 106.0 131.0 79.3
1984 90.2 94.7 68.3 245 68.3 112.0 145.2 206.9 164.7 163.8 164.5 79.2 115.2
1985 79.6 42.2 38.7 24.1 36.4 141.6 84.6 103.2 99.1 128.5 147.5 169.3 91.2
1986 102.6 55.1 37.1 107.0 1133 114.1 117.3 123.2 134.1 236.2 226.3 83.0 120.8
1987 48.1 354 245 59.4 68.3 65.4 85.9 101.6 115.3 229.6 143.3 96.4 89.4
1988 51.3 46.1 23.6 19.9 90.9 89.9 127.5 136.8 137.3 189.1 175.5 96.2 98.7
1989 71.1 44.1 34.6 26.6 83.4 106.4 137.2 147.7 137.2 146.1 192.2 126.6 104.4
1990 76.8 45.1 30.2 25.1 64.2 66.5 106.2 109.1 160.0 207.1 156.6 205.1 104.3
1991 56.6 36.6 79.6 29.0 76.1 96.6 787 91.0 152.2 198.5 139.5 132.8 97.3
1992 48.6 30.8 21.0 71.1 118.4 1253 102.6 122.6 176.9 140.6 118.2 85.1 96.8
1993 783 42.0 47.1 48.6 63.5 1288 108.5 83.6 204.8 151.5 242.8 165.5 113.8 .
1994 59.2 40.7 35.1 46.9 96.6 150.4 94.4 133.1 162.3 164.6 149.7 753 100.7
1995 49.8 37.2 30.0 433 113.8 108.1 1322 138.3 163.3 106.6 133.0 180.2 103.0
1996 2974 118.0 74.9 50.0 170.1 167.2 185.4 2107 2329 181.3 216.2 3194 185.3
1997 77.0 575 36.1 30.6 755 63.5 70.9 87.0 81.3 125.8 103.4 53.5 71.8
1998 382 35.1 275 67.4 74.8 713 104.0 90.8 1134 154.3 107.2 140.4 85.4
1999 89.5 55.2 38.1 534 92.3 110.4 108.8 127.8 1412 162.8 172.9 149.2 108.5
Mean 89.5 52.1 37.7 53.5 91.8 108.8 107.7 125.3 139.2 162.7 173.0 149.2 107.5

Maximum | 313.0 118.0 96.8 185.8 249.7 197.5 211.1 210.7 232.9 236.2 325.0 353.8 188.3
Minimum | 313 23.3 15.4 14.1 36.4 44.3 46.0 66.8 73.2 106.2 103.4 49.3 71.8
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Table 9

RIO COCLE DEL NORTE AT DAM SITE
DROUGHT-DURATION-FREQUENCY ANALYSIS

ACCUMULATED 6-MONTH FLOWS

Return | 6-Month {Date of Occurrence
Rank of .
Event Period Flow From To
(Years) | (MCM)
1 52.00 525| Dec76 | May 77
2 26.00 648 Jan 48 Jun 48
3 17.33 674, Feb 76 Jul 76
4 13.00 680| Dec 48 | May 49
5 10.40 703| Jan 69 Jun 69
6 8.67 737| Jan 75 Jun 75
7 7.43 750| Feb 65 Jul 65
8 6.50 756] Nov 82 | Apr 83
9 5.78 768| Dec 97 | May 98
10 5.20 774 Jan 57 Jun 57
11 4.73 776] Dec 72 | May 73
12 4.33 777| Dec 58 | May 59
13 4.00 778 Dec 84 | May 85
14 3.71 780| Jan 87 Jun 87
15 3.47 798| Jan 90 Jun 90
16 3.25 834| Jan 88 Jun 88
17 3.06 861 Jan 82 Jun 82
18 2.89 866] Feb97 | May97
19 2.74 880| Feb 80 Jul 80
20 2.60 902} Jan 62 Jun 62
21 248 906; Dec 94 | May 95
22 2.36 923] Dec 88 | May 89
23 2.26 935] Jan 52 Jun 52
24 2.17 938| Dec 78 | May 79
25 2.08 945| Dec92 | May 93
26 2.00 956] Jan 61 Jun 61
27 1.93 971| Jan 91 Jun 91
28 1.86 1,008| Jan 54 Jun 54
29 1.79 1,036| Jan 50 Jun 50
30 1.73 1,076] Jan 92 Jun 92

Return | 6-Month | Date of Occurrence
Rank of .
Event Period Flow From To
(Years) | (MCM)
31 1.68 1,093] Feb 72 Jul 72
32 1.63 1,109{ Jan 66 Jun 66
33 1.58 1,111| Jan 94 Jun 94
34 1.53 1,116] Feb 58 Jul 58
35 1.49 1,138{ Jan 99 Jun 99
36 1.44 1,139] Jan 51 Jun 51
37 1.41 1,140] Dec 67 | May 68
38 1.37 1,155 Feb 60 Jul 60
39 1.33 1,174/ Jan 74 Jun 74
40 1.30 1,187] Jan 84 Jun 84
41 1.27 1,208| Dec 63 | May 64
42 1.24 1,210| Feb 52 Jul 53
43 1.21 1,239] Oct77 | Mar78
44 1.18 1,295| Feb 55 Jul 55
45 1.16 1,371 Jan 86 Jun 86
46 1.13 1,423 Jan 63 Jun 63
47 1.11 1,504] Jun 83 | Nov 83
48 1.08 1,515 Jan 67 Jun 67
49 1.06 1,558| Feb 56 Jul 56
50 1.04 1,562| Feb 71 Jul 71
51 1.02 1,661 Jun98 | Nov 98
52 1.00 1,801 Jun78 | Nov 78
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Table 9, cont.

ACCUMULATED 12-MONTH FLOWS

ACCUMULATED 18-MONTH FLOWS

Return | 18-Month | Date of Occurrence
Rank of R
Event Period Flow From To
(Years) | (MCM)
1 52.00 2,821 Feb 76 Jul 77
2 26.00 3,049| Jan 97 Jun 98
3 17.33 3,260| Feb 82 | May 83
4 13.00 3,362} Dec 71 May 73
5 10.40 3,454 Dec 64 | May 66
6 8.67 3,543 Jan 48 Jun 49
7 7.43 3,597 Dec 86 | May 88
8 6.50 3,719] Dec 57 | May 59
9 5.78 3,872| Feb 68 Jul 69
10 5.20 3,983| Jan 74 Jun 75
11 4.73 4,046 Jan 89 Jun 90
12 433 4,068] Jan 92 Jun 93
13 4.00 4,118 Dec 84 | May 86
14 3.71 4,122| Jan 94 Jun 95
15 3.47 4,188] Jul 51 Jun 52
16 3.25 4,190] Jan 79 Jun 80
17 3.06 4,289| Jan 62 Jun 63
18 2.89 4,450 Jan 53 Jun 54
19 2.74 4,476 Feb 60 Jul 61
20 2.60 4,598] Feb 56 Jul 57
21 2.48 5,214| Jul 98 Dec 99
22 2.36 5,472} Jul 90 Dec 91
23 2.26 6,171 Aug 66 | Jan 68
24 2.17 6,559 Jul 49 Dec 50
25 2.08 6,847 Aug54 | Jan 56
26 2.00 6,966 Feb 70 Jul 71
27 1.93 6,991 Aug 80 Jan 82
28 1.86 7,975 Jul 95 Dec 96

Return | 12-Month | Date of Occurrence
Rank of .
Event Period Flow From To
(Years) | (MCM)
1 52.00 1,951| Jun76 | May 77
2 26.00 2,054 Apr97 | Mar98
3 17.33 2,220 Jun72 | May73
4 13.00 2,260| Sep 82 | Aug83
5 10.40 2,284} Dec 64 | Nov 65
6 8.67 2,505] Jul 58 Jun 59
7 7.43 2,564] Oct 68 Sep 69
8 6.50 2,604| Dec 84 | Nov 85
9 5.78 2,609 Jun 48 | May 49
10 5.20 2,682 Dec 56 | Nov 57
11 4.73 2,713 May 87 | Apr 88
12 4.33 2,739 Jun78 | May 79
13 4.00 2,785| Aug 74 Jul 75
14 3.71 2,831 May98 | Apr99
15 3.47 2,835| Feb 62 Jan 63
16 3.25 2,837 Apr91 | Mar92
17 3.06 2,886 Oct79 Sep 80
18 2.89 2,906] Sep92 | Aug93
19 2.74 2,917] Sep 89 | Aug90
20 2.60 2,931 Dec 94 | Nov 95
21 2.48 3,015| Jun 5l May 52
22 2.36 3,110 Jul 53 Jun 54
23 2.26 3,141 Jun 88 | May 89
24 217 3,173} Jun 63 May 64
25 2.08 3,184{ Oct 67 Sep 68
26 2.00 3,270 Jul 60 Jun 61
27 1.93 3,365| Dec93 | Nov 94
28 1.86 3,370 Apr71 Mar 72
29 1.79 3,407| May 86 | Apr 87
30 1.73 3,417| Sep83 | Aug84
31 1.68 3,442] Dec 65 | Nov 66
32 1.63 3,490| Sep 81 Aug 82
33 1.58 3,501 Jun77 | May78
34 1.53 3,598 Jul 52 Jun 53
35 1.49 3,725| May49 | Apr50
36 1.44 3,925| Aug73 Jul 74
37 1.41 3,939] Aug 54 Jul 55
38 1.37 3,945| Jul 59 Jun 60
39 1.33 3,972 May 50 | AprSl
40 1.30 4,198} Dec 55 | Nov 56
4] 1.27 4,9341 Apr 96 Mar 97
42 1.24 5,060f Oct 69 Sep 70
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Table 9, cont.

ACCUMULATED 24-MONTH FLOWS

Return |24-Month|Date of Occurrence
Rank of .
Event Period Flow From To
(Years) | (MCM)
1 52.00 4,589] Apr76 | Mar 78
2 26.00 4,890] Jan97 | Dec 98
3 17.33 4,960{ Jan 82 Dec 83
4 13.00 5,464| Nov 64 | Oct 66
5 10.40 5,488 Jun 57 | May 59
6 8.67 5,538 Sep 71 Aug 73
7 7.43 5,714] Nov 67 | Oct 69
8 6.50 5,816] Dec 86 | Nov 88
9 5.78 5,956] Jul 78 Jun 80
10 5.20 6,021 Apr91 | Mar93
11 4.73 6,138) Apr62 | Maré64
12 4.33 6,211/ Dec 88 | Nov 90
13 4.00 6,236] Oct84 | Sep 86
14 3.71 6,296! Dec 93 Nov 95
15 3.47 6,305] Feb 48 Jan 50
16 3.25 6,417 Oct 51 Sep 53
17 3.06 6,746] Apr60 | Mar 62
18 2.89 6,823| Sep73 | Aug75
19 2.74 7,672] Nov 53 | Oct 55
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Table 10

MEAN MONTHLY NET RESERVOIR EVAPORATION
RIO COCLE DEL NORTE AND RIO CANO SUCIO RESERVOIRS

Evaporation
Month (mm) (inches)

January 112 4.41
February 117 4.62
March 133 5.23
April 123 4.86
May 91 3.59
June 80 3.13
July 84 3.29
August 80 3.15
September 78 3.08
October 80 3.13
November 72 2.83
December 84 3.31
Annual 1,134 44.63
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Table 11

FLOOD PEAKS FOR SELECTED RETURN PERIODS
(based on annual series)

Estimate by Institudo de Recursos Hidraulicos y Electrificacion,

Departamento de Hidrometeorologia, Seccion Hidrologia

Return Rio Cocle Del Norte | Rio Toabre
Period at Canoas | at El Torno | at Batatilla
(years) (m3/s) (m3/s) (m3/s)
2 586 1,084 1,189
5 1,479 1,628 1,783
10 1,801 1,979 2,171
20 2,144 2,357 2,585
25 2,251 2,474 2,714
50 2,573 2,828 3,101
100 2,948 3,240 3,554
1000 4,235 4,654 5,104
10000 5,682 6.245 6,849

Estimate by Harza

Rio Cocle Del Norte at Canoas

Return LP III Generalized Extreme Value
Period |Flood Peak| Flood Peak
3 3 Value of K |Value of C
(years) (m’/s) (m’/s)
2 833 827 4.12 15
5 1,030 1,060 4.33 20
10 1,150 1,200 4.43 22
20 1,260 1,320 4.51 24
50 1,400 1,480 4.60 27
100 1,490 1,590 4.66 29
200 1,590 1,690 4.71 31
500 1,710 1,820 4.77 34
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Table 11, cont.

Rio Cocle Del Norte at EI Torno

Return LP III Generalized Extreme Value
Period |Flood Peak| Flood Peak
3 3 Value of K |Value of C
(years) (m’/s) (m’/s)
2 793 776 3.99 13
5 1,260 1,220 4.37 22
10 1,670 1,640 4.62 28
20 2,160 2,160 4.85 37
50 2,950 3,070 5.14 52
100 3,700 3,990 5.36 68
200 4,590 5,170 5.58 88
500 6,060 7,270 5.87 124
Rio Toabre at Batatilla
Return LPI1II Generalized Extreme Value
Period |Flood Peak| Flood Peak
3 3 Value of K [Value of C
(years) (m’/s) (m’/s)
2 820 826 3.96 13
5 1,240 1,240 4.30 20
10 1,530 1,530 448 24
20 1,810 1,810 4.63 29
50 2,190 2,200 4.79 35
100 2,470 2,490 4.90 39
200 2,770 2,800 5.00 44
500 3,160 3,220 5.12 51
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Table 12

RIO COCLE DEL NORTE AT CANOAS
MAXIMUM INSTANTANEOUS FLOOD PEAKS (m/s)

Year | Jan | Feb | Mar Apr | May | Jun | Jul Aug | Sep | Oct | Nov | Dec | Annual
1983 218 | 475 | 392

1984 | 398 | 532 | 354 | 36.9 | 462 | 366 | 551 658 | 315 | 396 | 524 [ 179 658
1985 | 468 81 121 | 82.1 | 157 | 625 | 256 | 180 | 131 | 347 416 11,073 | 1,073
1986 | 199 | 123 99 | 350 | 546 | 235 [ 155 | 458 [ 617 | 721 815 | 652 | 815
1987 | 179 | 128 | 22 610 | 343 | 280 | 217 | 238 | 215 | 843 | 200 228 843
1988 | 105 | 151 38 | 47.8 | 617 | 311 200 | 145 617
1989 | 152 | 121 | 122 | 59.2° | 378 | 503 | 401 357 | 283 519 519
1990 | 309 | 104 | 223 | 87.2 | 561 | 179 604 604
1991 ] 94.5 | 62.1 | 1,013] 447 | 435 | 259 | 177 430 | 931 | 476 | 258 | 322 | 1,013
1992 | 74.7 | 464 | 37 798 | 419 | 285 | 146 | 463 | 229 | 351 | 224 139 798
1993 | 451 | 255 | 202 | 338 | 298 | 443 | 296 239 | 692 | 527 | 359 692
1994 479 | 389 | 1,356| 239 | 473 | 317 | 519 | 442 302 | 1,356
1995( 99 | 422 | 93 569 | 91.8 | 268 | 723 | 443 | 272 | 138 | 352 940 940
1996 908 | 470 | 429 147 899 11,019( 1,019
1997 | 225 | 142 176 | 1,109 156 | 265 | 268 | 430 | 205 | 154 60.3 | 1,109
1998 | 133 | 113 | 181 | 822 | 713 | 374 | 166 168 | 374 | 779 | 475 | 287 822
1999 | 156 | 120 | 515 | 449 | 446 | 731 | 867 867
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Table 13

RIO COCLE DEL NORTE AT EL TORNO
MAXIMUM INSTANTANEOUS FLOOD PEAKS (m’/s)

Year Jan Feb Mar Apr May Jun Jul | Aug Sep Oct Nov Dec | Annual
1958 256 186 251 157 120 150

1959 133 357 16.1 318 151 401 177 203 157 197 662 662
1960 299 233 271 145 993 138 116 84.7

1961 108 282 111 115 531 150 236 526 659 659
1962 168 114 37.7 146 267 204 154 206 168 225 319 372 372
1963 118 139 51.7 581 312 157 320 171 274 226 299 338 581
1964 263 48.9 104 482 237 277 213 247 183 566 220 574 566
1965 424 60 22 16.2 461 231 139 167 83.7 326 161 643 643
1966 85.7 45.6 110 136 200 176 197 150 135 266 482 437 482
1967 277 165 29.2 226 255 367 259 233 214 264 362 294 367
1968 435 266 507 340 627 366 575 143 276 201 123 439 627
1969 63.8 326 115 72.9 381 556 152 325 457 1070 657 1150 1150
1970 3116 782 157 2357 782 689 651 601 787 601 690 542 3116
1971 491 45.6 826 105 631 478 548 478 778 636 258 83.9 826
1972 264 129 100 379 599 274 627 287 581 439 399 179 627
1973 714 2.7 38.1 672 395 158 338 303 652 537 590 343 714
1974 174 117 87.9 534 442 358 800 415 350 560 392 255 800
1975 182 64.7 16.5 36.1 299 251 474 643 1090 548 893 770 1090
1976 171 114 55.2 116 8538 8538 113 264 943 298 291 794 943
1977 196 344 18.2 96.2 663 1019 291 726 532 511 396 150 1019
1978 109 100 198 2599 1645 577 234 176 531 659 4935 366 2599
1979 364 133 419 1164 368 638 259 445 443 216 271 1170 1170
1980 867 97 264 925 433 770 517 793 588 375 261 704 925
1981 415 168 227 1072 677 593 576 428 194 461 753 1645 1645
1982 364 99 56 219 622 293 357 408 177 524 439 100 622
1983 263 47.1 293 158 699 354 67.9 402 503 212 537 447 699
1984 443 608 474 34.9 566 548 599 890 502 593 572 171 890
1985 579 65.6 94.9 59.8 128 1030 242 284 147 355 773 1752 1752
1986 487 126 114 445 864 624 234 J
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Table 14

RIO TOABRE AT BATATILLA

MAXIMUM INSTANTANEOUS FLOOD PEAKS (m3/s)
Year | Jan Feb Mar | Apr | May | Jun Jul |Aug Sep Oct Nov Dec |Annual
1958 101 139 422 151 144 121 422
1959 | 423 17.7 103 | 26.3 120 139 152 153 153 164 422 422
1960 114 33.8 43 153 106 136 104
1961 82.2 78.7 | 96.5 152
1962 132 61.7 | 57.2 187 523 139 167 209 209 371 185 523
1963 | 626 | 599 | 545 267 161 142 136 155 146 150 251 78.1 267
1964 | 69.8 12.8 | 9.65 375 192 203 150 323 230 357 375
1965
1966
1967
1968
1969 216 462 168 224 751 775 747 442 775
1970 | 2633 929 806 229 414 636 808 1025 | 1368 | 2633
1971 687 251 22.9 367 557 378 498 842 465 263 105 842
1972 751 57.5 141 184 207 175 367 237 329 131 751
1973 149 13.7 11.9 11.9 213 369 597 354 765 536 424 765
1974 | 86.7 | 39.8 | 207 1230 | 370 232 628 386 312 | 1230
1975 | 33.2 444 | 753 504 842 1044 | 1044
1976 35.3 24 11.9 43 77.9 99.2 88.4 275 403 257 231 79.6 403
1977 | 16.2 9.7 5.82 12.8 166 296 315 393 331 306 185 108 393
1978 | 248 186 | 709 | 1817 | 727 155 247 206 296 522 469 84 1817
1979 | 18.6 11.6 | 9.59 308 231 293 286 806 108 1108 | 1108
1980 | 450 24 11.9 308 132 222 299 954 414 398 511 954
1981 474 632 523 737 794 412 397 800 1390 | 1390
1982 | 574 | 263 12.9 43 178 511 296 296 328 422 544 36.8 544
1983 | 278 | 8.05 | 6.04 | 423 437 224 87.6 149 612 555 203 232 612
1984 84 136 117 9.39 255 819 389 507 583 1111 386 50.1 | 1111
1985 186 15.8 114 | 847 | 789 | 1276 | 372 829 247 397 840 757 | 1276
1986 | 89.9 19.5 26 218 608 1266 | 261 608 414 943 894 72.6 | 1266
1987 | 22.4 124 | 6.77 255 218 203 369 363 422 618 236 145 618
1988 | 20.9 184 | 924 | 924 804 188 311 354 120 804
1989 | 524 14.3 124 | 6.77 570 255 1053 | 231 306 376 | 1053
1996 | 72.6 14.6 11.9 114 326 168 1080 | 1080
1991 | 305 12.4 920 794 211 381 920
1992 | 209 | 164 | 6.47 513 568 360 392 375 638 369 367 90.9 638
1993 153 24.6 274 363 121 585 450 160 727 361 1116 | 703 | 1116
1994 | 31.1 17 51.3 242 422 802 108 593 664 424 810 72.2 810
1995 | 175 9.5 40.9 349 311 313 603 429 142 369 1355 | 1355
1996 | 2438 | 577 568 149 859 723 767 1253 | 1133 | 1077 | 755 898 | 2438
1997 | 60.7 274 69.7 79 429 145 147 123 236 488 120 31.1 488
1998 | 145 488 384 559 422 442 486 759 731 672 759
1999 36.6 182 173 392 634 1382 | 777 429
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Table 15

FLOOD PEAKS FOR SELECTED RETURN PERIODS

AT COCLE DEL NORTE DAM SITE

Drainage Area: 1,594 sq.km

All Season
Return Values of K Factor Mean Flood
Period . Value Peak
El Torno | Batatilla 3

(years) (m’/s)

2 3.99 3.96 3.98 1,295

5 4.37 4.30 4.34 1,925

10 4.62 448 4.55 2,430

20 4.85 4.63 4.74 2,995

50 5.14 4.79 4.97 3,860

100 5.36 4.90 5.13 4,610

Dry Season (February and March)

Return Values of K Factor Mean Flood
Period | b Tomo | Batatilla —o2u Peak
(years) (m’/s)

2 2.46 1.33 1.90 130

5 3.04 2.20 2.62 288

10 3.38 2.69 3.04 458

20 3.69 3.14 3.42 697

50 4.08 3.69 3.89 1,171

100 4.35 4.10 4.23 1,705
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Table 16

Rio Cocle Del Norte at Canoas

Period
(years) 1-Day 2-Day
2 396 538
5 534 740
10 609 863
20 670 973
50 737 1110
100 779 1200
200 815 1290
500 856 1400

Rio Cocle Del Norte at El Torno

Return |Volumes in cms-day
Period
(vears) 1-Day 2-Day
2 316 513
5 482 783
10 613 1000
20 758 1250
50 977 1650
100 1170 2000
200 1390 2410
500 1720 3060

Rio Toabre at Batatilla

Return |Volumes in cms-day
Period
(vears) 1-Day 2-Day
2 251 402
5 379 595
10 486 750
20 610 922
50 808 1190
100 990 1420
200 1210 1690
500 1560 2110

FLOOD VOLUMES FOR SELECTED RETURN PERIODS
(based on Generalized Extreme Value Distribution)
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Table 17

FLOODS HYDROGRAPHS
RIO COCLE DEL NORTE DAM SITE
20-Year | 50-Year 20-Year | 50-Year
Time | Return | Return Time | Return | Return
Period | Period Period | Period
(hr) | (m’s) | (m’/s) (hr) | (m%s) | (m’/s)
1 98 128 25 1,350 1,800
2 103 135 26 1,250 1,700
3 187 244 27 1,200 1,600
4 304 396 28 1,150 1,500
5 408 532 29 1,100 1,450
6 568 742 30 1,070 1,400
7 831 900 31 1,040 1,350
8 1,230 1,500 32 1,010 1,300
9 1,630{ 2,000 33 980 1,250
10f 2,100 2,600 34 950 1,200
11 2,600] 3,200 35 920 1,150
12] 2,995 3,860 36 890 1,100
13 2,750 3,700 37 860 1,070
14 2,550 3,400 38 830 1,040
15 2,350 3,100 39 800 1,010
16f 2,250 2,800 40 770 980
17 2,050 2,600 41 740 950
18 1,900 2,500 42 710 920
19 1,750 2,400 43 690 890
20 1,650{ 2,300 44 660 860
21 1,550 2,200 45 630 830
22 1,500 2,100 46 600 800
23 1,4501 2,000 47 570 770
24 1,400 1,900 48 540 740
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Table 18

SEASONAL VARIATION OF ESTIMATED MAXIMUM 12-HOUR
PERSISTING DEW POINTS IN PANAMA

Month 12-Hour Dew Point (F%)
November- February 77

March 77.5

April — August 78

September — October 79
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Table 19

SEQUENTIAL ARRANGEMENT OF PMP INCREMENTS
(Increments as percentages of 48-hour PMP)

Hour Increment

0 3N N A WN

MNNNM‘F—‘D—‘U—‘&—‘U—IU—-‘M)—‘O—ID—‘
WD = O 000NN W= O\

0.7
0.7
0.7
0.7
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.9
0.9
1.0
1.0
1.0
1.0
1.5
1.5
1.5
1.5
2.0
2.0
2.0

Hour Incremen

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

3.0
4.0
4.0
13.5
14.0
6.5
4.0
3.0
3.0
2.0
2.0
1.5
1.5
1.5
1.5
1.5
1.0
1.0
1.0
0.9
0.9
0.9
0.8
0.8
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Table 20

WATERSHED CHARACTERISTICS AND TIME-AREA HISTOGRAM

COCLE DEL NORTE BASIN
Difference

Basin Area Length | in Eleva. Tec R
(sq km) (km) (m) (hr) (hr)
Rio Toabre at Batatilla 788 68.3 465 11.7 10.7
Cocle del Norte at Canoas 571 41.5 380 7.1 5.5
Sub-basin 1 115 32.9 135 8.1 6.7
Sub-basin 2 805 74.9 470 13.0 12.3
Sub-basin 3 674 52.8 390 9.3 8.0

Sub-Basin Histogram

Percentage of Area Contributing
Interval - —5
Sub-Basins
(hours) 1 2 3
1 23.5 2.3 4.0
2 32.6 5.2 9.6
3 43.5 7.6 15.5
4 54.3 11.3 37.3
5 70.0 18.5 58.4
6 80.0 30.4 79.7
7 92.6 44.7 93.2
8 100.0 61.6 100.0
9 71.1
10 81.5
11 90.2
12 100.0

L = effective length of main stream neglecting the steep slope in the head reach
H = elevation difference between the ends of the adopted length L

Tc = time concentration for Clarks's method

R = linear reservoir routing parameter for Clark's method

Tc = (0.87* (L*3)/H)0.385

R = 0.40 * (L*1.5)/(H0.5)
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MUESTROS DE SEDIMENTOS, COCLE DEL NORTE, CANOAS, 105-0102

Table 21

Numero Fecha Q. Liquido Concentracion Q. Sélido Temperatura
de (Date) (Streamflow) | (Concentration) (Sediment Discharge) (Temperature)
muestra m’/s mg/l ton/dia °C :
(tons/day)
1 23-11-83 18.98 11.14 18.30 26
2 28-1-84 27.10 5.40 12.60 25.5
3 1-4-84 11.58 5.16 5.16 25.5
4 20-5-84 27.50 28.55 67.83 26
5 9-7-84 38.45 8.07 26.81 23
6 29-8-84 42.77 17.30 63.90 24
7 21-10-84 33.01 7.94 22.60
8 1-3-85 19.42 10.40 17.40
9 21-6-85 26.71 12.50 28.80
10 20-9-85 20.91 6.50 11.70
11 12-12-85 56.85 7.77 38.20
12 14-3-86 12.60 4.85 5.28
13 9-10-86 43.45 22.40 84.10
14 9-10-86 43.45 22.40 84.10
15 27-11-86 38.99 4.12 13.90
16 25-2-87 8.36 8.43 6.09 26
17 20-5-87 25.77 9.97 22.20 25
18 12-8-87 24.96 8.52 18.40 24
19 7-10-87 28.32 10.30 25.20 27
20 24-2-88 28.88 9.74 2431 24
21 26-10-88 29.94 8.09 20.90 25
22 16-3-89 14.96 2.64 3.41 25
23 30-6-89 19.81 3.49 5.97
24 23-11-89 53.52 19.50 90.20
25 21-11-90 15.64 6.51 8.79
26 15-11-90 40.49 7.66 26.80
27 4-9-91 25.94 33.56 75.22
28 2-9-92 20.16 1.72 3.00
29 17-12-92 24.52 3.25 6.89
30 19-8-93 42.29 20.66 75.48
31 17-3-94 8.14 10.77 7.57 27
32 8-6-94 29.48 11.26 28.68 28
33 8-sep-94 19.96 6.64 11.45 27
34 30-nov-94 31.51 6.89 18.75 27
35 17-2-95 10.60 17.73 16.24 26
36 1-may-95 17.41 8.50 12.76
37 08-jul-95 18.78 10.10 1.78
38 29-sep-95 38.89 32.18 108.13
39 01-dic-95 22.20 17.80 34.13
40 22-AGP-96 51.28 16.50 73.13
41 16-n0v.96 58.53 9.73 49.19 26
42 14 MAR. 97 16.95 3.79 5.55 --
43 30 jul. 97 30.41 10.47 27.51 --
44 13 nov. 97 32.65 8.19 23.04 --
45 21 abr. 98 5.56 5.89 2.83 --
46 11 ag0. 98 16.92 2.52 3.68 --
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Table 22

MUESTROS DE SEDIMENTOS, TOABRE, BATATILLA, 105-0201

Numero de Fecha Q. Liquido Concentracién Q. Sdlido Temperatura
muestra (Date) (Streamflow) (Concentration) (Sediment Discharge) (Temperature)
m’/s mg/l ton/dia °C
(tons/day)

1 3-2-82 18.44 6.60 10.50

2 10-3-82 10.50 6.02 5.46 28.0
3 28-4-82 7.53 6.27 4.08 28.0
4 29-7-82 46.30 38.50 154 26.0
5 8-9-82 42.40 15.60 57.1 27.0
6 27-10-82 82.3 46.80 33.3 26.0
7 24-11-82 26.40 19.10 43.6

8 26-1-83 7.96 10.27 7.06 26.0
9 6-4-83 2.72 6.44 1.51 26.0
10 26-5-83 26.28 8.04 18.25 27.0
11 24-8-83 38.54 22.4 74.59 26.0
12 23-11-83 43.79 19.81 75

13 26-1-84 17.15 6.91 10.25 24.5
14 30-3-84 14.78 11.71 15 27.0
15 18-5-84 10.21 7.15 6.31 26.0
16 6-7-84 94.89 120.06 984.3 24.0
17 30-8-84 50.61 19.10 83.5 26.0
18 19-10-84 66.70 78.80 454 25.0
19 29-11-84 49.87 13.12 56.6
20 5-3-85 10.41 10.10 9.08
21 23-6-85 25.28 25.00 54.6
22 21-9-85 43.20 24.70 92.2
23 11-12-85 46.70 26.00 105
24 13-3-86 7.06 6.34 3.87
25 3-6-86 9.97 5.84 5.03

26 8-10-86 86.20 239.30 1782

27 26-11-86 65.20 9.54 53.7
28 24-2-87 7.04 10.73 6.53

29 19-5-87 19.20 9.55 15.8 26.0
30 11-8-87 39.10 18.58 62.8 25.0
31 6-10-87 73.60 282.10 1794 25.0
32 23-2-88 6.32 3.57 1.95 24.0
33 27-10-88 55.55 66.86 320.87 25.0
34 17-3-89 7.97 7.91 5.45 26.5
35 1-7-89 31.12 5.27 14.17

36 24-11-89 53.11 5.56 25.5

37 18-11-90 56.42 12.00 58.5

38 5-9-91 25.90 10.11 22.62

39 1-9-92 40.79 16.90 59.5

40 15-12-92 31.56 5.53 15.08

41 17-8-93 21.50 7.59 14.1

42 19-3-94 6.89 23.10 13.75 27.0
43 10-6-94 19.61 28.70 48.63

44 9-sep-94 42.43 29.98 109.92 27.0
45 1-dic-94 35.89 8.83 27.38 --
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Table 22, cont.

Numero de Fecha Q. Liquido Concentracion Q. Sélido Temperatwia
muestra (Date) (Streamflow) (Concentration) (Sediment Discharge) (Temperature)
m’/s mg/l ton/dia °C
(tons/day)

46 19-2-95 7.63 7.67 5.05 27.0

47 09-may-95 16.40 5.78 8.18 28.0

48 10-jul-95 28.09 4.57 11.08

49 28-sep-95 49.22 35.61 151.44 27.0

50 04-dic-95 69.23 55.99 334.92

51 19-nov-96 44.04 10.82 41.17 26

52 15-mar-97 9.99 36.47 31.47 --

53 31-jul. 20.93 20.79 37.6 --

54 14- 38.13 9.8 32.29 --

55 22- 2.7 5.78 1.35 --

56 12 27.46 20.83 49415 --
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Table 23

SUSPENDED SEDIMENT DISCHARGE

RIO CHAGRES AT CHICO
Drainage Area: 160 sq.mi (414 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1981 761.8 981.4 367.5] 73458.1] 16517.2] 7687.2] 31683.1] 445781 18955.7] 26299.4| 27001.4] 51197.9] 299488.6
1982 677.0 125.5 73.3 2259 525.5 280.3 8606.6 3723.8] 4326.4] 9456.6] 22070 992.7] 31220.5
1983 439.4 160.9 100.7] 2147.7] 34182.0] 5040.2] 46184] 104736 8859.3] 10158.4] 12552.5] 416368 130369.8
1984 270.6 316 30.0 42.1 95104] 11155.7] 6865.7] 27779.3 8747.2] 42322.8] 140204 2932.2] 123708.0
1985 279.6 223.6 238.6 1486 38319 16072.3] 49193 5636.4] 144752 62227 885.6) 47053.1] 99986.8
1986 216.4 86.3 1364.5 3067.5| 55168.7] 34710 2759.0] 4505.1] 112895 10918.3] 24436.5 1036.6( 118319.4
1987 72.0 55.0 49.1f 13452.1 60093.2 3160.11 14173.1f 16009.8] 520453] 103143 65068.0]  2285.5| 236777.5
1988 47.8 92.1 40.0 266 7116.8 1601.8] 12057.3 7762.2)  3428.7] 5426.7] 8530.1 1324.1] 47454.2
1989 352.7 1847.4 194.3 377.3] 3s516.8] 61463] 91397 27686 2853.6] 20495.6] 94132 2893.8{ 59999.3
1990 550.4 301.8 274.7 1519.7] 41259.6 1222.5 1963.8 5540.8]  5884.8] 12230.0] 11296.0] 185569 100601.0,
1991 168.1 155.1 3270.3 1541.5  7167.7 1891.6] 29482 1885.0] 11397.2]  4639.4] 246193 790.2] 60473.6
1992 131.9 227.0 82.1 12472  5033.3 9745.2] 5090.1] 16957.3] 9539.4] 24858 14108.0 374.4] 65021.7
1993 1388.4 574 30673 6364.9]  6094.3] 18593.8] 28255 1745.4]  5599.8] 138720 1641.8 591.3] 618419
1994 126.3 155.2 183.4 529] 47125 9303.0] 75832 3051.3) 31002  6390.8] 167283 716.3| 52103.4
1995 272.5 12.4 0.0 438.5) 24706.4| 12491.9] 128812 7547.2 1994.3 2789.6]  7227.2] 23238.1] 93599.3
1996 13781.2 357.3 1078.1 1210.2] 11776.0] 3756.3] 23714 8819.1 3234.2 9251.7] 119677.8] 23109.4] 198422.7
1997 69.0 43.2 1.9 207.6] 19841.4 1893.5 761.7 1825.3 1046.0 1393.5 1032.5 768.3| 28883.9
1998

Mean 1153.2 289.0 612.7] 6207.6] 18297.3]  6677.2] 7720.4] 10035.8 9810.4] 11451.0{ 21202.7] 12911.6] 106368.9
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Table 24

SUSPENDED SEDIMENT DISCHARGE
RIO PEQUENI AT CANDELARIA

Drainage Area: 52 sq.mi (135 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

1987 49 52.5 16.6 4095.1] 38665.9| 17912.4] 5839.2] 12932.8] 12805.8] 6163.8f 13174.7| 2228.3| 113936
1988 46.1 117.7 71.4 74| 2356.6] 1757.8] 17268.8] 9568.3 799.5] 7790.3] 1827.6] 1456.1] 43134.2
1989 237.3] 1881.3 49.1 24.5] 52509 59882 14774.1| 5744.6] 2693.1] 194159 11613.6] 8469.7| 76142.3
1990 667.6 384 103 2022 7188.3] 13182 1833.5| 8066.5 2994| 77882f 3396.6] 1901.4| 35497.9
1991 94.8 37.9 473.1 463.6] 6036.8] 1330.6f 1069.3] 3340.1 18429 1432] 177514 479| 50937.6
1992 98.7 31.1 65.4 1893.7| 11770.3] 1955.9] 3066.7] 10770 3730.5 539.1] 6083.8 2196] 42201.2
1993 823.9 26.2 392.5 10433} 1768.1 3193] 1172.8 832.5| 3236.4] 8436.1] 1718.8] 5650.9] 37684.2
1994 73.6 50.6 774 42.8] 23862 8828.1] 1269.8] 9706.4 971.7] 25103] 7899.5 185.9] 34002.3
1995 4479 26.2 17.2 838.1] 2490.9] 1729.8] 1835.1 697.6 682.61 1019.7] 2421.1] 21626.5| 33832.7
1996 10534 52| 1325.1 737.7] 6652.1] 44335 1123.1] 28164 2035) 1248.1] 65551.1{ 451021 101018
1997 67.5 4174 14.7 122.1] 5900.9] 1754.1| 1332.2{ 4804.1f 2176.7] 15434 439.8 23.8 18596.7
1998

Mean 1194.6 248.3 236.9 1720.6| 8224.3| 4563.8] 4598.6] 6298.1] 4595.8] 5262.4] 11988.9] 4429.8| 53362.1
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SUSPENDED SEDIMENT DISCHARGE

Table 25

RIO BOQUERON AT PELUCA
Drainage Area: 35 sq.mi (91 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
1987 213 78.7 254] 146698 51759.7] 5174.3] 25229 60985 8830 3610.7] 5770.7 830.8| 993928
1988 45.1 126.8 489 41.1] 24653 7419 18946.5{ 82174 890.6] 8931.9 1598] 1679.2] 43732.7
1989 84 452.6 174 51 6337.3] 24302 5447) 4516.7] 1089.5] 6605.7] 43479 2741.4] 340747
1990 99.2 69.1 204.5 17111 53455 891.7] 11711 55732 2067, 4020.9] 2459.1 883.2) 22955.6
1991 87 15.2 4932 440.8| 8881.2 665.9 606] 1433.6] 13659.7 563.2] 1459271  410.2] 41848.7
1992 34 3.2 3| 1462.7| 6889.7] 1421.1] 2048.5] 134836] 27307 71L5] 51749 1715.3] 356476
1993 547.1 0.7 2109f 71755 707.8] 39239 32953] 20978 33945 51443 26447 3688.3] 32830.8
1994 13.8 5.6 45 42 2514] 3644.8] 1405.5] 62669] 1633.1 599.3] 8384.7 824.9f 253418
1995 1284 4 0.2 0.1 173.1 S19]  3543.6] 4102.7 166.1 1255 403] 3652.8] 19395.1] 344951
1996 5324.1 122.6, 8194 10143| 7598.6] 10582] 1034.5] 17642 12623 1794.7) 73898.2] 205893 116280
1997 18.7 364.6 6.8 29] 5421.7] 5024.2 865.11 3167.7f 17915{ 1660.1 198 1.8] 18523.1
1998

Mean 684.4 112.7 1704] 22873| 8949.1 2592.7] 3767.7] 4798.7] 35004 3095.0] 11156.5] 4796.3] 459203
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Table 26

SUSPENDED SEDIMENT DISCHARGE
RIO GATUN AT CIENTO

Drainage Area: 45 sq.mi (117 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual

1987 225 24.8 129] 141932] 2666.4] 906.1] 14659 2251| 53169| 24423.4] 20392.2] 1904.6| 73579.9
1988 39.4 20 10.6 108 604] 315.5] 8357.8[ 109952 6246.1] 32805.8] 3526.1] 2642.1] 655734
1989 40.8 123.6 153 17}  844.9] 430.3] 3809.5{ 16952 12063} 4737.4{ 17508.2] 2224.2| 32652.7
1990 67.3 5.9 18.8 6.1 18082 309.4] 838.7] 40494| 36124| 6540.9] 2637.8] 809.2{ 20704.1
1991 15.3 3.5 14.7 809] 18663 1159 4785 553.5] 40526 2286.6] 124542 303.7] 22225.7
1992 21.8 25.5 132 137.8) 7458.4] 2297.7] 743.3] 4854.6) 38213| 2280.6( 13869 1177.1] 242182
1993 328.7 10.9 799]  651.7) 600.7] 1338.7] 3624.3] 9683| 40912| 42447 4102.5 484| 20525.6
1994 688.1 0 37 3 188.1} 2061.4] 1051.7 1040(  4249| 2269.9] 7502.1 67.5{ 153004
1995 343.8 23.1 54 20.7 333] 1783.4] 1761.5{ 28026 10072} 1501.7| 6872.4] 3863.1f 20317.9
1996 7422.6 21.7 42.8 1513] 2377.2] 2095.7f 1087.2] 16974| 9013{ 1295.7} 39635.9] 4236.8] 60965.6
1997 46.2 322 5.7 9.1 7903 873.6] 2675 949 1562]  763.1] 2083.6 60.7] 65889
1998

Mean 821.5 26.5 203| 13892| 1776.1] 1138.9] 2135.1{. 28184| 2931.1] 7559.1} 10736.5 1615.7| 32968.4

MWH / TAMS
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Table 27

SUSPENDED SEDIMENT DISCHARGE
RIO TRINIDAD AT CHORRO

Drainage Area: 67 sq.mi (174 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1987 16 25.1 27.5 98.8 696 502.1) 10853 2774.1] 40424] 53275 792.8 838] 16225.6
1988 134.9 6 13 77.1) 22208 924.3] 1366.2] 47558 46386] 2915.6] 1707.3] 17218 20469.7
1989 198.5 36.9 194 84 967.5 727.4 2053] 2935.1 3047) 2529.1] 1486.8] 3377.4] 173865
1990 179.8 20.7 5.1 5 4499 1828.8] 2491.8] 16673] 90225 7461.8] 43182 895.8| 28346.7
1991 31.8 6.4 293 5.8 766.5 645.5 197 390.8] 13864 2246| 1688.5 794.6] 8188.6
1992 13.8 4.6 1.7 912 500.8] 1794.1 3523] 1232.1f 37406] 13427 2009  462.2] 11545.1
1993 41.1 11.5 11.1 1844 714.2] 22425 467.2 5634| 33068 2162.7] 4233.6 940.5| 14879
1994 3 0 22 9.7 789.5 504.8 225.8 176.1] 3109.7] 3164.7] 1714.6 181.8] 99017
1995 9.3 1 0 19.8] 11793] 2344.7] 19389] 33195 2831.7] 58175 2342.1 470.4{ 20274.2
1996 13474.7 63.1 1344 12.5] 2896.2 5388] 3351.9| 5366.5| 45333] 65859 3373.8] 1997 1 47177.6
1997 415.7 1.1 0 21.6 13.4 389.3 66.7 28.4 2849] 1556.9 839.9 6.7 3624.6
1998

Mean 1319.9 16.0 229 486 1017.6) 1572.0] 1236.0] 21099] 36313 37373 2227.9{ 1062.4| 18001.8
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Drainage Area:

Table 28

SUSPENDED SEDIMENT DISCHARGE
RIO CIRI GRANDE AT LOS CANONES

72 sq.mi (186 sq. km)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1987 47.1 31.5 11.9 57 2812( 1093.5] 1436.8] 4411.9] 6186.5] 8752.5| 3254.8] 3758.1 31853.6
1988 49.1 21.9 6.6 28.7 727.9 1551] 1468.8] 4645.1} 4173.3] 5039.6] 3938.8] 1800.5] 234513
1989 363.5 87.2 204 54] 11351 844.4{ 21799} 4607.1 4737] 96672 2845.8] 2094.8f 28587.8
1990 596.1 12.2 26 7.4] 10424] 10623] 1493.7[ 1073.5| 7587.8{ 57743 2739.9[ 2929.1 24344.7
1991 109.2 47.5 184.4 30.8 590.6 536.8 157.6 427.7) 1836.3] 30414 14546 876 9292.9
1992 45.8 13.4 5.6 286.1) 1046.8] 1266.8] 1267.6] 40052| 3686.3] 1974.4] 29774 356.9 16932.3
1993 154.4 46.4 39.1 271.6 485.3] 2460.7 466.6 581.6] 3883.3] 3448.8| 87345 1634]  22206.3
1994 14.9 7.5 394 32.5 859.2] 1347.8 390.6 140.9] 1956.6 3960f 32243 224.1 12197.8
1995 273 0.4 18 163.2 4297) 32463 229871 3216.8] 3896.3] 4583.8] 2339.4] 18924 25979.6
1996 | 93184.1 149.7 216.3 30.6] 3694.7] 6064.4[ 9619.6] 14254.5] 8190.3] 13263.5] 7510.9] 7213.5| 163392.1
1997 26.8 33.2 0 44 118.8 533.2 252.6 93.7( 11647} 1551.1] 2172.1 66.6 6056.8
1998

Mean | 8601.66 40.99 51.61 87.03| 1528.16] 1818.84| 1912.05| 3405.27] 4299.85| 5550.60{ 3744.77] 2076.91{ 33117.75
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Table 29

SUSPENDED SEDIMENT DISCHARGE, COCLE DEL NORTE AT CANOAS
USING SEDIMENT RATING AND FLOW DURATION CURVES

Qw = discharge at mid-ordinate of the interval
gs = sediment discharge corresponding to Qw
Qs = gs* interval

. Middle
Limits | Interval Ordinate Qw qs Qs
(%) (%) (%) (m3/s) | (mt/day)| (mt/day)
(‘1) ('2) ('3) (‘4 ('S) ('6)
(col.2*col.5)
0.0.01 0.01 0.005{ 1350.0{ 728724.1 7287.2
0.01-0.02 0.01 0.015] 1300.0{ 669954.5 6699.5
0.02-0.05 0.03 0.035] 1200.0( 560525.4 16815.8
0.05-0.1 0.05 0.075{ 1100.0] 461745.2 23087.3
0.1-0.5 0.4 0.3 800.0] 227124.5 90849.8
0.5-1.0 0.5 0.75 450.0] 63028.5 31514.3
1.0-2.0 1 1.5 145.0] 1814.8 1814.8
2.0-5.0 3 3.5 115.0 781.1 2343.3
5-10 5 7.5 87.0 283.1 1415.6
10-15 5 12.5 68.0 158.8 793.8
15-20 5 17.5 57.0 106.5 532.6
20-25 5 22.5 50.0 79.2 396.1
25-30 5 27.5 45.0 62.4 312.1
30-35 5 32.5 41.5 52.0 259.9
35-40 5 37.5 38.0 42.6 212.9
40-45 5 42.5 35.0 35.4 176.8
45-50 5 47.5 32.0 28.9 144 .4
50-55 5 52.5 30.0 25.0 124.8
55-60 5 57.5 27.0 19.7 98.3
60-65 5 62.5 25.5 17.3 86.4
65-70 5 67.5 23.0 14.6 72.8
70-75 5 72.5 21.0 12.9 64.7
75-80 5 77.5 19.0 11.4 56.8
80-85 5 82.5 17.0 9.8 49.1
85-90 5 87.5 15.0 84 41.8
90-95 5 92.5 12.0 6.2 31.2
95-97 2 96 8.8 4.2 8.3
97-99 2 98 5.6 2.3 4.6
99-100 1 99.5 3.5 1.3 1.3
Sum = 185296.3

676331.4 mt/yr
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SUSPENDED SEDIMENT DISCHARGE, RIO TOABRE AT BATATILLA

Table 30

USING SEDIMENT RATING AND FLOW DURATION CURVES

. . Middle
Limits | Interval Ordinate Qw gs Qs
(%) (%) (%) (m3/s) (mt/day) (mt/day)
(‘1) ('2) ('3) (‘4 ('S) ('6)
(col.2*col.5)

0-0.01 0.01 0.005] 2400.0] 1664295.3 16643.0
0.01-0.02 0.01 0.015{ 2100.0] 1274056.0 12740.6
0.02-0.05 0.03 0.035] 1900.0] 1042830.3 31284.9
0.05-0.1 0.05 0.075] 1400.0 566017.5 28300.9
0.1-0.5 0.4 0.3 900.0 233812.1 93524.8
0.5-1.0 0.5 0.75 300.0 25946.3 12973.1
1.0-2.0 1 1.5 180.0 8301.0 8301.0
2.0-5.0 3 3.5 135.0 4369.1 13107.3
5-10 5 7.5 104.0 24413 12206.4
10-15 5 12.5 80.0 852.3 4261.5
15-20 5 17.5 66.0 408.4 2041.8
20-25 5 22.5 58.0 249.1 1245.5
25-30 5 27.5 51.0 152.3 761.6
30-35 5 32.5 45.0 94 4 471.8
35-40 5 37.5 40.5 63.1 315.3
40-45 5 42.5 37.0 50.7 253.3
45-50 5 47.5 325 42.3 211.7
50-55 5 52.5 28.5 35.3 176.6
55-60 5 57.5 24.0 27.9 139.3
60-65 5 62.5 20.5 22.4 112.0
65-70 5 67.5 17.5 18.0 90.0
70-75 5 72.5 14.5 13.9 69.4
75-80 5 77.5 12.4 11.2 55.9
80-85 5 82.5 10.3 8.7 43.3
85-90 5 87.5 8.4 6.5 32.7
90-95 5 92.5 6.4 4.5 22.4
95-97 2 96 4.6 2.8 5.7
97-99 2 98 3.6 2.0 4.1
99-100 1 99.5 29 1.5 1.5

Sum = 239397.5

873801.0 mt/yr
Qw = discharge at mid-ordinate of the interval
gs = sediment discharge corresponding to Qw
Qs = gs* interval
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RIO COCLE DEL NORTE RESERVOIR

Table 31

LOSS IN LIVE STORAGE
Live Reservoir Loss Loss
Period of Volume (MCM (%)
Operation MCM)
(years)

Reservoir Operation between 80 m and 50 m

0 5,394.1

5 5,390.3 3.8 0.07
10 5386.7 7.4 0.14
20 5379.3 14.8 0.27
25 5375.6 18.5 0.34
50 5357.3 36.8 0.68
100 5320.7 73.4 1.36
Reservoir Operation between 100m and 90 m

0 3616.2

5 3615.2 1.0 0.03
10 3614.3 1.9 0.05
20 3612.3 3.9 0.11
25 3611.4 4.8 0.13
50 3606.5 9.7 0.27
100 3596.9 19.3 0.53
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Table 32

FLOOD FREQUENCY DATA

RIO COCLE DEL NORTE AT DAM SITE

Return Period

Pre-Project

Post-Project

Flood Peak Flood Peak
(year) (m’/s) (Fjls)

2 1,295 17

5 1,925 25

10 2,430 34

20 2,995 50

50 3,860 75

100 4,610 98
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HYDRAULIC CHARACTERISTICS

Table 33

OF REPRESENTATIVE CROSS SECTION

Water

. To, Maximum Average Mean

Discharge Surfa_c N Widlt)h Depth Deptl% Area Velocity
Elevation

(m’/s) (m) (m) (m) (m) (m’) (m/s)
1,295 4,72 172 7.82 6.19 1,065 1.22
1,925 6.12 183 9.22 7.05 1,291 1.49
2,430 7.06 193 10.16 7.66 1,479 1.64
2,995 7.98 202 11.08 8.30 1,677 1.79
3,860 9.20 212 12.30 9.10 1,929 2.00
17 0.01 112 3.11 2.46 276 0.06
25 0.02 113 3.12 2.45 277 0.09
34 0.03 114 3.13 2.44 278 0.12
50 0.07 115 3.17 2.46 283 0.18
75 0.14 117 3.24 2.49 291 0.26
98 0.23 120 3.33 2.51 301 0.33
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Table 34

CHARCTERICTICS OF AVERAGE BED MATERIAL CURVE

Size Designation Particle Size
(mm)
D35 0.45
D50 0.65
D65 3.50
D90 29.00
Median 7.00
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Table 35

ARMORING SIZES - RIO COCLE DEL NORTE

DOWNSTREAM FROM DAM
Armoring Size (mm) for Indicated Flood
Method of Estimation 2-Yr | 5-Yr | 10-Yr | 20-Yr 50-Yr 100-Yr
Pre-Project
Meyer-Peter, Muller 3 4 4 4 5 6
Competent Bottom Velocity 30 45 55 65 82 92
Shield 6 7 7 8 9 13
Yang 32 48 58 69 86 96
Average 18 26 31 37 45 52
Post-Project '
Meyer-Peter, Muller 1 1 1 1 1 1
Competent Bottom Velocity 0 0 0 1 1 2
Shield 2 2 2 2 2 2
Yang 0 0 0 1 1 2
Average 1 1 1 1 1 2
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Table 36

MONTHLY MEAN DISCHARGES IN CUBIC METERS PER SECOND

RIO CANO SUCIO
Drainage Area 42.90 mi’

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC |ANNUAL
1948 125.2 49.6 35.6 26.4 56.2 79.7 294 343 326 303 603 169 201
1949 70.8 43.0 28.0 25.5 76.5 414.2 292 366 512 486 840 666 318
1950 117.3 66.0 39.7 28.9 199.7 366.6 382 554 370 502 650 652 327
1951 209.0 115.7 66.0 43.9 205.1 250.7 233 253 429 364 545 316 253
1952 139.5 66.8 35.6 314 117.3 2974 231 245 410 585 369 521 254
1953 390.1 152.0 81.3 57.8 242.2 217.5 211 176 217 614 614 339 276
1954 171.6 81.3 51.3 41.4 193.4 204.3 481 364 495 422 790 421 310
1955 451.1 142.6 70.8 56.2 111.8 424.0 302 496 605 523 797 464 370
1956 469.1 146.5 854 78.9 295.1 426.3 401 300 478 714 507 295 350
1967 118.1 61.1 39.7 28.9 1213 122.1 120 235 257 585 385 310 199
1958 195.0 150.5 80.5 57.8 178.6 213.6 294 395 383 500 406 216 256
1959 97.0 59.5 42.2 37.2 56.2 861.3 962 146 171 516 357 452 313
1960 216.9 90.3 93.7 116.1 274.1 290.2 287 296 260 414 575 958 323
1961 162.5 84.7 48.2 494 85.9 214.9 190 211 336 520 458 370 227
1962 136.1 734 43.6 40.1 59.7 90.4 124 308 266 356 370 282 179
1963 113.9 76.8 42.4 85.9 185.5 222.5 268 347 351 499 558 187 245
1964 93.8 50.5 33.1 37.8 137.2 443.0 437 445 534 575 674 209 306
1965 1614 80.2 459 27.2 42.4 83.6 75 169 135 277 344 365 150
1966 129.5 64.3 43.6 45.9 263.5 360.6 291 260 190 546 728 559 290
1967 181.2 89.3 47.1 73.4 220.3 515.3 389 427 569 656 439 207 318
1968 98.2 71.2 459 413 111.7 312.8 235 331 347 582 562 273 251
1969 117.2 68.9 354 54.0 109.4 222.5 572 907 531 454 494 301 322
1970 247.3 110.6 93.8 99.4 293.5 197.5 221 478 405 604 477 986 351
1971 429.3 153.7 87.0 65.5 257.0 380.8 324 472 520 576 681 200 346
1972 136.1 90.5 56.0 149.3 127.2 230.1 102 147 336 339 356 146 185
1973 84.1 52.6 25.6 28.0 99.9 401.9 416 334 592 659 780 385 322
1974 174.6 107.6 78.5 47.2 91.1 195.3 238 274 322 900 516 273 26
1975 121.7 71.9 48.8 30.8 81.5 160.3 235 448 623 688 1047 559 343
1976 219.2 117.2 69.9 61.3 142.7 131.7 69 84 246 574 399 159 189
1977 97.6 61.6 38.6 30.6 83.5 123.9 118 265 304 565 422 233 195
1978 114.9 75.8 50.7 277.5 2419 338.3 327 441 462 527 449 264 297
1979 147.3 114.1 103.8 1173 187.2 301.2 298 375 401 377 278 268 247
1980 249.4 89.8 42.2 28.6 145.1 196.7 216 507 255 387 348 299 230
1981 216.1 139.7 126.8 310.6 3182 355.8 428 404 308 516 630 813 381
1982 199.9 62.0 41.0 56.2 98.0 227.9 290 186 299 544 281 95 198
1983 62.6 326 19.5 16.3 167.7 250.5 177 199 485 378 321 413 210
1984 168.8 107.0 69.3 38.2 181.7 294.5 331 521 428 479 405 138 263
1985 92.1 574 44.4 28.5 90.2 324.6 186 419 404 376 435 285 229
1986 101.1 52.8 32.2 172.0 204.2 319.2 239 202 296 603 659 161 253
1987 79.4 53.5 31.1 53.7 153.7 246.2 276 334 430 775 344 190 247
1988 80.6 54.6 30.8 27.9 126.8 253.7 271 356 358 565 440 238 233
1989 1354 75.0 51.6 30.2 141.9 198.9 299 384 372 391 578 322 248
1990 163.4 73.0 50.0 34.0 2654 192.5 246 256 446 642 432 667 289
1991 110.6 62.0 75.4 335 150.2 214.1 158 196 415 525 358 474 231
1992 98.2 36.4 39.7 59.1 287.1 299.4 288 496 463 404 339 208 251
1993 126.1 71.7 58.5 93.4 119.6 3212 235 182 380 529 676 356 262
1994 129.8 75.5 61.5 66.8 144.2 226.0 168 130 274 387 397 143 184
1995 88.2 47.0 31.1 432 247.1 386.2 339 310 393 331 450 318 249
1996 616.7 287.1 146.5 79.1 225.2 4479 494 608 441 766 598 554 439
1997 121.5 75.9 50.0 36.6 60.5 73.7 86 71 171 223 270 119 113
1998 54.9 45.5 30.8 422 146.2 136.1 239 195 271 423 249 370 184
Mean 169 85 55 64 161 276 282 330 378 511 504 356 264

Maximum | 616.7 287.1 146.5 310.6 318.2 861.3 962.1 907.5 622.5 900.0 1047.4 985.5 438.5
Minimum 54.9 32.6 19.5 16.3 42.4 73.7 68.8 70.6 135.0 223.3 249.4 95.1 113.2
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Table 37

MAXIMUM INSTANTANEOUS FLOOD PEAKS (CMS),

RIO INDIO AT BOCA DE URACILLO

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
1979 107.0 5150 166.0 178.0 82.2 186.0 515.0
1980 225.0 20.1 53 7.2 146.0 176.0 58.4 610.0 67.5 325.0 166.0 89.2 610.0
1981 324 28.8 49.8 316.0 162.0 | 301.0 213.0 96.8 324.0 | 4890 583.0 583.0
1982 80.9 10.0 7.1 49.1 439 169.0 | 386.0 68.3 198.0 | 4450 | 2130 13.9 445.0
1983 9.0 3.8 3.5 9.8 132.0 | 427.0 81.7 190.0 | 4040 | 581.0 1950 | 2700 581.0
1984 49.1 229 4.7 167.0 197.0 186.0 3750 237.0 | 526.0 190.0 20.1 526.0
1985 435 6.7 6.7 5.3 145.0 | 256.0 51.2 6030 { 210.0 | 2290 [ 4010 | 2530 603.0
1986 159 8.2 4.7 2420 380.0 | 375.0 182.0 1710 | 261.0 | 504.0 25.2 504.0
1987 114 9.0 3.8 319.0 | 2470 227.0 | 443.0 709.0 151.0 89.2 709.0
1988 10.3 8.2 4.1 14.9 187.0 97.6

1989 25.2 4.7 481.0 | 346.0 | 4740 | 2890 360.0 156.0 | 459.0 | 2970 481.0
1990 80.9 9.0 94 6.0 595.0 122.0 435.0 | 3450 | 5970 597.0
1991 22.6 9.0 99.3 10.7 138.0 128.0 54.8 115.0 316.0 | 336.0 [ 2070 [ 7720 772.0
1992 15.1 8.2 6.7 114.0 269.0 199.0 131.0 619.0 2860 | 546.0 | 2300 41.5 619.0
1993 28.8 9.8 27.0 229.0 483 352.0 165.0 57.0 337.0 | 337.0 | 391.0 [ 2330 546.0
1994 225 9.4 33.7 25.8 390.0 | 521.0 124.0 83.4 632.0 133.0 | 626.0 193.0 632.0
1995 38.8 6.7 53 13.4 355.0 | 296.0 | 289.0 1980 | 366.0 | 550.0 [ 372.0 153.0 372.0
1996 20.1 343 194.0 | 522.0 515.0 3720 | 5120

1997 20.1 343 126.0

1998 10.3 6.7 6.0 39.5 256.0
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Table 38

FLOOD PEAKS AT CANO SUCIO FOR SELECTED RETURN PERIODS

. Dry Period
Return Period Flood Peak Floyo 4 Peak
(years) (m’/s) (m’/s)
5 327 25
10 358 39
20 385 57
50 417 90
100 439 126
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Table 39

SEQUENTIAL ARRANGEMENT OF PMP INCREMENTS
(Increments as percentages of 48-hour PMP)

Hour Increment

00 NN B WN -

[ (N I N TS N T (N T (N T e S e U g SO S G
A LWN—= OOV IANVNEAWN~OWY

0.7
0.7
0.7
0.7
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.9
0.9
1.0
1.0
1.0
1.0
1.5
1.5
1.5
1.5
2.0
2.0
2.0

Hour

e

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Increment
3.0
4.0
4.0

13.5
14.0
6.5
4.0
3.0
3.0
2.0
2.0
1.5
1.5
1.5
1.5
1.5
1.0
1.0
1.0
0.9
0.9
0.9
0.8
0.8
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Appendix A Exhibits

EXHIBITS

Coclé del Norte and Cafio Sucio Water Supply Projects
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