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Análisis de frecuencia de aportes máximos en 24 horas continuas para la CHCP (1906-2010).

Hidrogramas de caudales de entrada y salidas, y elevaciones del embalse Gatún, del 7 al 9 de 
diciembre de 2010.

Hidrogramas de elevaciones y caudales de entrada y salida del embalse Alajuela, del 7 al 9 de 
diciembre de 2010.

Diagrama con la operación de las compuertas del vertedero de Madden, del 7 al 10 de dic. de 2010.

Diagrama de zonas de decisión con la operación de control de Inundaciones realizada desde el 6 
al 10 de diciembre de 2010. 

Casas localizadas en Santa Rosa, aguas abajo de la represa Madden, afectadas por los vertidos, 8 de 
diciembre de 2010.

Santa Rosa, una de las comunidades afectadas por los vertidos, 9 de diciembre de 2010. 

Estación telemétrica Santa Rosa, afectada por la tormenta “La Purísima

Casa ubicada en el poblado de Guayabalito, afectada por los vertidos de Madden, 8 de dic. de 2010.

Rastros de crecida en la estación río Chagres Chico, diciembre de 2010.

Localización regional de los poblados de Santa Rosa y Guayabalito.   Planicies de inundación en los 
poblados de Santa Rosa y Guayabalito.

Niveles medios de las elevaciones del agua en el río Chagres, simulados con HEC-RAS 

Inspección por hidrólogos y meteorólogos de la sección de Recursos Hídricos en sitio del área 
afectada, cerca del puente sobre el río Chagres de la autopista Panamá-Colón, 22 de dic. de 2010.

Determinación del nivel máximo alcanzado por las aguas en la estación Santa Rosa por el personal de 
la sección de Recursos Hídricos, Luis Martéz detrás del nivel topográfico, Gerardo Leis verificando con 
los mapas, José Asprilla con la mira y Ajax Murillo en la puerta de la estación, 22 de dic. de 2010. 

Niveles máximos del río Chagres y diferencia con algunos puntos importantes del puente de la 
autopista Panamá-Colón.

Personal de la sección de Recursos Hídricos. 18 Octubre de 2010.

Represa de tierra y vertedero de Gatún.

Foto represa -vertedero Madden. 

Foto represa -vertedero Miraflores.
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7 Dic-2010 8 Dic-2010 9 Dic 2010 7,8 y 9 Dic/2010 Dic-2010
Río Boquerón en Peluca (2) 216 406 56 678 1667
Río Pequení en Candelaria (3) 285 445 92 821 1784
Río Chagres en Chico (4) 247 316 85 648 1636
Madden Local (5) 152 189 22 363 930
Subcuenca Embalse Alhajuela 216 293 59 568 1395
Río Gatún en Ciento (1) 164 261 65 491 1560
Río Trinidad en El Chorro (6) 55 82 49 186 712
Río Cirí Grande en Los Cañones (7) 58 86 64 209 743
Gatún Sur (8) 116 123 32 271 804
Gatún Norte (9) 135 151 38 324 865
Embalse Gatún (10) 159 163 32 353 1044
Subcuenca Embalse Gatún (Downstream) 122 139 39 301 892
CHCP 157 183 43 383 1047

Subcuenca Precipitación Promedio en mm
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&3453'-5%# *'0# '.4%0&'# ?%+X-# *'# YS# %W,&# /# 6%(%# 0%# &3453'-5%# *'0# '.4%0&'# P0%G3'0%# *'# ""Z#
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$,&#('&30+%*,&#*'0#%-;0)&)&#*'#8('53'-5)%#6%(%#0%&#"K#&3453'-5%&#6()-5)6%0'&#CO3%*(,#TF#)-*)5%-#

[3'#0%&#003H)%&#.;&#'I+('.%&#,53(('-#'-#0%#6%(+'#-,('&+'#*'#0%#ORO>\#&3453'-5%&#*'0#(7,#?%+X-V#

],[3'(2-V# >'[3'-7V# OQ%1('&# /# D%**'-# 0,5%0V# 5,-# 5%-+)*%*'&# '-+('# Z!L# /# YZ"# ..# 6%(%# 3-#

6'(7,*,#*'#('+,(-,#*'#"KK#%W,&:#A-#0%&#&3453'-5%&#*'#?%+X-#-,(+'#/#'.4%0&'#?%+X-V#'-#0%#6%(+'#

5'-+(%0# *'# 0%# ORO>V# 0,&# H%0,('&# &,-# .;&# .,*'(%*,&V# '-+('# M!T# /# ML"# ..# /# *)&.)-3/'-# %0#

&3(,'&+'V#'-#0%&#&3453'-5%&#*'#?%+X-#&3(#/#*'#0,&#(7,&#^()-)*%*#/#O)(7#?(%-*'V#5,-#H%0,('&#'-+('#

"TY#/#MMY#..#6%(%#'0#.)&.,#6'(7,*,#*'#('+,(-,:#

=3(%-+'# 0%# +,(.'-+%# $%# >3(7&).%# MK"K # Q34,# 3-# 5,.6,(+%.)'-+,# &).)0%(V# 6'(,# 5,-#.'-,(#

6(,4%4)0)*%*# *'# ,53(('-5)%# '-# 0%&# &3453'-5%&# *'# 0,&# (7,&# ],[3'(2-# /# ?%+X-V# '-# *,-*'# &'#

*'+'(.)-%(,-#6'(7,*,&#*'#('+,(-,#*'0#,(*'-#*'#"!K#%W,&#C<)13(%#JJF:#

R EEM (%) 50 100 200
Rio Boqueron GVE MOL 0.9673 7.5 175.5635 47.6559 -0.1992 457 534 623 572 136
Rio Pequení GVE MOL 0.9784 6.1 185.3571 52.9355 -0.2407 528 631 752 644 108
Rio Chagres GVE MOL 0.9782 6.0 121.0808 33.6755 -0.3217 384 476 591 477 101

Madden Local GVE MOL 0.9730 6.0 91.2547 25.8836 -0.3336 299 374 468 317 60
Rio Gatún GVE MOL 0.9610 5.7 104.5557 26.7613 -0.2841 296 358 434 392 138

Gatún Norte GVE MOL 0.9783 5.6 73.4668 14.7993 -0.3779 205 257 324 247 89
Embalse Gatún GVE MOL 0.9930 4.5 77.4582 23.0421 -0.2582 233 281 338 250 65

Gatún Sur GVE MOL 0.9797 6.5 54.0987 17.2050 -0.3026 182 226 280 184 51
Rio Trinidad GVE MOL 0.9904 4.0 61.0999 18.6751 -0.1204 154 176 199 100 7

Rio Ciri Grande GVE MOL 0.9911 4.2 61.5590 18.9549 -0.1808 169 198 230 111 9
Embalse Alhajuela GVE MOL 0.9705 8.2 128.8690 31.2855 -0.2930 357 433 526 448 113
Embalse Gatún AA GVE MOL 0.9807 6.5 59.3727 17.2914 -0.2848 183 224 273 201 69

CHCP GVE MOL 0.9781 5.5 81.8474 20.9730 -0.2569 223 266 318 272 108

Subcuenca FDP Método 
de Ajuste

Bondad de Ajuste Parámetros de Ajuste Periodos de retorno en años Pmax 2010 
(mm)

Tr (años)
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Area de Cuenca en km2 

Envolvente de crecidas máximas para el istmo centroamericano y mundial 

La Purisima 08-dic-2010 Envolvente de Centroamerica Enevolvente Creaguer CC=100 
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')0,%/%/*1#*,'*&."+#)&'*,'*!2"-/%+'*345*6*7*8*9:*9;<;:=>?:*@ABAC****
$2#)$'*1#,*"-.*&"%)%1'1*D'/&'*#,*$D."".*

./0" .12" 3/)" 4/3" 52678)96"

!"#$%!%&'$%()*+0E%+'*#)*@F*D"/*$.)&%)2'/G"
$HIJK:LM"B6N*==*":;"<;=>="?*"@;A"!-"B=A"?*@"'"?C+D#!E"
$OJ??JM**@AF*==*:";"<;=>="?*"@;A"!,"B=A"?*@"'"?C+D#!"

PHLQH?;RRHRF"BFF*==":;"<;=>="?*"@;A"!-"B=A"?*@"'"?C+D#!E"
SHTUHM*48*==":";"<;=>="?*"@;A"##"B=A"?*@"'"?C+D#!E"

!?J=:9;J*/U><U:K<HM"BAA*==":;"<;=>="?*"@;A"!-"B=A"?*@"'"?C+D#!E"

#!()*+(#!"

7GHCI;"*J"$&"B=AK"+LJ>JM;A"
"

!"#$%!%&'$%()*&.&',*1#*V*1%'/M*
!?J=:9;J*/U><U:K<HM"#,N"=="*
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$2#)$'*1#,*"-.*$%"-*D"')1#*E'/&'*,./*$'F.)#/*

./0" 1/)" 2/1" 34567)85"

!"#$%!%&'$%()*+0G%+'*#)*@H*E"/*$.)&%)2'/I*
$JKLM:NO"B6P*==*"9:";:<=<">*"?:@"!-"A<@">*?"'">B+C#!D"
DJNQJ?;RRJRE"BHH*=="9:";:<=<">*"?:@"!-"A<@">*?"'">B+C#!D"

SJTUJO*48*=="9":";:<=<">*"?:@"##"A<@">*?"'">B+C#!D"
!?L=:9;L*/U><U:M<JO"BBB*=="9:";:<=<">*"?:@"!-"A<@">*?"'">B+C#!D"
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!"#$%!%&'$%()*&.&',*1#*Z*1%'/O*
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/4'7&'-$81$/41&'./7'%96':%"4".&.'5&-2&';7'*56%%6<'
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(7"9"01"0$3"01":;<;="">?."B$'?"D'(501"6(,-("E.,"B(F.51,="
"

;

G

<;

<G

:;

:G

*;;

:G

G;

!G

<;;

<:G

<G;

<!G

:;;

::G

:G;

!"#
$%&

'()
'*

*

+&
#,

&"'
-*

. /
01

2%(*34'-546&01

708&9%:)'7"'+54664'()'("'6;4'26%)%,&,
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6$,-.%'(/("01"2'13$2$-(3$45"6.'('$("/10$("01"7(",&H3&153( B(&0(7"/*I,

B(&0(7"/JK$/."15"&5("6.'(
<!*"/*I,"L)8<<;"2$1*I,M8"
.3&''$0."("7(,"<G;; 6.'(,

7 dic                                                           8 dic                       9 dic
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+$,-.%'(/("01"2'13$2$-(3$45"6.'('$("/10$("15"7(",&H3&153( B(&0(7"/*I,

7 dic                                                           8 dic                       9 dic

B(&0(7"/JK$/."15"&5("6.'(
<QQ"/*I,"L)8)C;"2$1*I,M8"
.3&''$0."("7(,"<9;; 6.'(,"

N5-15,$0(0"/JK$/(""2'./10$."15"7(
,&H3&153(O <)=)"//I6'8
.3&''$0."15-'1"7(,"<;O;;"P"<<O;;"6'
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$%&'()*&+# %&#
,&-*(./0#0$#%)1#'&/0&%$1#')*#1/#2+$'/$*'(&#0$#)'/++$*'(&#,$0(&*.$#$%#/1)#0$#%&#0(1.+(3/'(4*#0$#
5+)3&3(%(0&0#6/$#,$7)+#1$#&7/1.$#&%#$8$*.)9#:*#$1.$#'&1);#5&+&#%)1#0&.)1#0$#'&/0&%$1#<#&5)+.$1#
,=>(,)1#&# %)1#$,3&%1$1#1$#1$%$''()*4# %&# 2/*'(4*#0$#0(1.+(3/'(4*#0$#5+)3&3(%(0&0#?)-@A$&+1)*#
B(5)#CCC#DEFA#?A@CCCG9#

?&# ,$.)0)%)-H&# 5&+&# $1.)1# &*=%(1(1# 0$# 2+$'/$*'(&1# $1# 1(,(%&+# &# %&# /.(%(I&0&# 5&+&# %&1#
5+$'(5(.&'()*$1#,=>(,&19#:%#,J.)0)#5&+&#$1.(,&+#%)1#5&+=,$.+)1#0$#&7/1.$#2/$#$%#0$#,),$*.)1#
&5%('&0)#&#%)1#%)-&+(.,)1#DKK?G9#A&+&#$8&%/&+#%&#3)*0&0#0$#&7/1.$#0$#%)1#0&.)1#&#%&#EFA#?A@CCC#1$#
0$.$+,(*4# $%# ::K# $>5+$1&0)# $*# 5)+'$*.&7$9# :1.$# 5&+=,$.+)# 8&+(4# $*.+$# L9M# <# NN9OP# ')*#
+$15$'.)#&%#8&%)+#5+),$0()#0$#%&1#1$+($1#0$#0&.)19#:*#$%#'/&0+)#NN#1$#5+$1$*.&*#%)1#+$1/%.&0)1#
0$#%)1#'/&.+)#&*=%(1(1#0$#2+$'/$*'(&#+$&%(I&0)1#5&+&#%&#$1.&'(4*#QR(')9#

?&1# -+=2('&1# 0$# 5+)3&3(%(0&0$1# 1$# $%&3)+&+)*# ')*# $%# 5+)-+&,&# S:Q@TAA# U9"# 5&+&# %)1# 8&%)+$1#
,=>(,)1#&*/&%$1#0$#%&#1$+($#0$#.($,5)#3&7)#$1./0()#0$.$+,(*=*0)1$#%&#'/+8&#0$#&7/1.$#0$#%)1#
0&.)1#&#%&#2/*'(4*#0$#0(1.+(3/'(4*#?A@CCC9#

!"#"$"# &'()*+*+%,-%./-01-'0*2%,-%)2+%0/-0*,2+%3(4*32+%*'+52'5('-2+%-'%-)%/67%892:/-+%92+52%)2%
-+520*;'%9*,/73<5/*02%89*07"%=-/67,7%,-%2'()*+*+%#>??@AB#B"%

?&#$1.&'(4*#QR(')#$*#$%#+H)#QR&-+$1#2/$#$1')-(0&#5&+&#$1.$#&*=%(1(1#5)+#$1.&+#/3('&0&#$*#%&#I)*&#
0$# ,&<)+# &2$'.&'(4*# 5)+# %&# .)+,$*.&# ?&# A/+H1(,&# U"N" # <;# &0$,=1;# 5)+# 1$+# %&# $1.&'(4*#
R(0+),J.+('&#')*#$%#,=1#&%.)#'&/0&%#5+),$0()#&*/&%;#$%#'/&%#+$5+$1$*.&#$%#V"P#0$#%)1#&5)+.$1#
.).&%$1#&%#$,3&%1$#W%&7/$%&9#A&+&#$%#&*=%(1(1#0$#2+$'/$*'(&#0$#%&1#'+$'(0&1#,=>(,&1#(*1.&*.=*$&1#
1$#&*&%(I4#$%#5$+H)0)#0$10$#$%# (*('()#0$#)5$+&'()*$1#0$#%&#$1.&'(4*#$*#NXYY#R&1.&#$%#&Z)#U"N"#
DM!#&Z)1#0$#+$-(1.+)G9#:%#5(')#0$#%&#'+$'(0&#,=>(,&#(*1.&*.=*$&#2/$#0$#YOYN#,Y[1;#)'/++(0)#&#%&1#
"L\""# R# 0$%# !# 0$# 0('($,3+$# 0$# U"N";# $%# '/&%# )'/5&# %&# 5)1('(4*# *],$+)# 0)1# 0$%# +$-(1.+)# <# $1#
1/5$+&0)#1)%&,$*.$#5)+#%&#'+$'(0&#0$#*)8($,3+$#0$#NXLL#6/$#2/$#0$#YL"L#,Y[1#<#')*#+$15$'.)#
&%#5+),$0()#0$#%&#1$+($#0$#.($,5)#0$%#5$+H)0)#NXYY@U""X#$1#0$#Y9U#8$'$1#,&<)+9#

:%# +$1/%.&0)#0$%#&*=%(1(1#1$-]*# %&#EFA#?A@CCC# (*0('&#6/$# %&#'+$'(0&#,=>(,&# (*1.&*.=*$&#0$%#!#0$#
0('($,3+$#0$#U"N"# .($*$#/*#5$+H)0)#0$# +$.)+*)#0$# U"M#&Z)1# <# %&# 0$#*)8($,3+$#0$#NXLL;#/*#
5$+H)0)#0$#+$.)+*)#0$#UYY#&Z)19#:*#%&#2(-/+&#LL#1$#5+$1$*.&#%&#-+=2('&#0$#5+)3&3(%(0&0#?A@CCC#5&+&#
%)1#'&/0&%$1#,=>(,)1#(*1.&*.=*$)1#&*&%(I&0)1#<#$*#$%#'/&0+)#NN#$%#+$1/%.&0)#)3.$*(0)9#
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$%&'()#**# +,-%./&')-#',.#&0%-/,#',#.&#123#43#555#&#6&%'&.,-#789:7)-#',#.&#,-/&6:;<#$=:6)#,<#
,.#(>)#$=&?(,-#@*ABBC"DDAEF#
#
#
#
#
#
#
#
#
#
#
!"#"$"% &'()*+*+,-.,/0.12.'1*3,-.,132-3).+,4056.-*5+,6(7*65+,.',2'58,-5+,9,:0.+,-;3+,.',)3,

.+:31*<',0;5,=>3?0.+,.',=>*15",@.0;5-5,-.,3'()*+*+,#ABBC%D#D",

G# H&(/:(# ',# .)-# 6&%'&.,-# H()7,':)-# ':&(:)-# ',.# H,(>)')# *ABBC"D*D# -,# (,&.:I;# %<# &<8.:-:-# ',#
J(,6%,<6:&#',#.)-#789:7)-#&<%&.,-#H&(&#%<)K#')-#L#/(,-#'>&-#6)<-,6%/:M)-F#N,#:',</:J:6;#O%,#,.#
PDQ#',#.)-#789:7)-#6&%'&.,-#H()7,':)#':&(:)-#-,#=&<#H(,-,</&')#,<#.)-#7,-,-#',#<)M:,7R(,#L#
':6:,7R(,F# S<# .)-# H(:7,()-# *P# '>&-# ',.# 7,-# ',# ,<,()# -,# =&<# (,?:-/(&')# P# 6&-)-F# 4&# 7&L)(#
J(,6%,<6:&#',#)6%((,<6:&#-,#(,?:-/(&#.)-#H(:7,()-#*P#'>&-#',.#7,-#',#':6:,7R(,#6)<#"DQ#',#.)-#
6&-)-# @$%&'()# *"EF# S.# 6&%'&.# H()7,':)# ':&(:)# ',.# !# ',# ':6:,7R(,# ',# "D*D# ,-# ,.# 78-# &./)#
(,?:-/(&')#L#J%,#',#*!"!#7BT-#L#(,H(,-,</&#U#M,6,-#,.#M&.)(#H()7,':)#',.#H,(>)')#*ABBC"DDAF#
3&(&#')-#'>&-#6)<-,6%/:M)-#,.#6&%'&.#H()7,':)#'%(&</,#.&#/)(7,</&# 4&#3%(>-:7&#"D*D #J%,#',#
*"V"#7BT-# L# H&(&# /(,-# '>&-# ',# AD!#7BT-# L# (,H(,-,</&<# PFP# L# VF!# M,6,-# ,.# M&.)(# H()7,':)#',.#
H,(>)')#*ABBC"DDAK#(,-H,6/:M&7,</,F#S-/)-#M&.)(,-#-)<#:<':6&/:M)-#',#.)#:7H)(/&</,#O%,#J%,()<#
.)-#M).W7,<,-#',#.&#6(,6:'&#',.#X#&.#A#',#':6:,7R(,#',#"D*D#6)<#(,-H,6/)#&#.)#=:-/;(:6)F#

S.# (,-%./&')# ',.# &<8.:-:-# H&(&# ,.# H,(>)')# *ABBC"D*DK# -,?W<# .&# ':-/(:R%6:;<# ',# J(,6%,<6:&# 4)?C
3,&(-)<#Y:H)#555K#:<':6&#O%,#,.#H,(>)')#',#(,/)(<)#H&(&#,.#6&%'&.#789:7)#H()7,':)#':&(:)#,-#',#
""!#&Z)-K#H&(&#')-#'>&-#6)<-,6%/:M)-#J%,#,-/:7&')#,<#*AP#&Z)-#L#H&(&#/(,-#'>&-#6)<-,6%/:M)-#,.#
H,(>)')# ',# (,/)(<)# J%,# *BX# &Z)-F# S<# .&-# J:?%(&-# UXK# U!# L# UA# -,# H(,-,</&<# .&-# ?(8J:6&-# ',#
H()R&R:.:'&'# 43# 555F# Y)')-# .)-# (,-%./&')-# ',.# &<8.:-:-# ',# J(,6%,<6:&-# ,<# .&# -%R6%,<6&# ',.# (>)#
$=&?(,-#7%,-/(&<#.&#-,M,(:'&'#',#.&#/)(7,</&#,<#,-/&#8(,&#?,)?(8J:6&#',#.&#$[$3F#

#

R EEM (%) Sy gc
Río Chagres en Chico Instantaneo LPIII MML 0.9711 6.1 6.9186 0.4502 0.1978 3531 207
Río Chagres en Chico Diario LPIII MML 0.9741 6.6 5.5533 0.6077 0.6104 1828 228
Río Chagres en Chico Dos días LPIII MML 0.9843 6.0 5.2742 0.6107 0.4930 1242 195
Río Chagres en Chico Tres días LPIII MML 0.9943 5.6 5.1047 0.5754 0.5653 908 137

Ajuste de los parámetros de la función de distribución de probabilidad Log Pearson Tipo III (LPIII)                                                         
a caudales máximos instantaneos y promedios: diarios, dos y tres días consecutivos

Periodo de análisis: 1933-2010

Subcuenca Duración FDP Método 
de Ajuste

Bondad de Ajuste Parámetros estadisticos Qmax 2010 
(m3/s)

Tr (años)
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Mes Dia Juliano Frecuencia Frelativa (%)
Ene 31 5 6.4
Feb 59 1 1.3
Mar 90 1 1.3
Abr 120 5 6.4
May 151 10 12.8
Jun 181 3 3.8
Jul 212 6 7.7
Ago 243 5 6.4
Sep 273 0 0.0
Oct 304 3 3.8

01-Nov - 15-Nov 319 5 6.4
16-Nov - 30-Nov 334 10 12.8
01-Dic - 15-Dic 349 16 20.5

31-Dic 366 8 10.3

Total 78 100 %
Nov-Dic 39 50.0 %

 Frecuencias

Caudales promedios diarios de la estación Chico                 
en rio Chagres (1933-2010)
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(7\0D# ,-(-# %0# ,+1-# $%# 0+# %1&+,)T*# M%08,+# %*# %0# '@-# ]-?8%'T*9# C*# %1%# 4%'@-$-# 1%# '%7)1&'+/+*#
,+8$+0%1#(E;)(-1#$%#"">>#(U\1#IUFFSG#4)%U\1K#%*#0+#%1&+,)T*#M%08,+D#"J=>#(U\1#IG<=>G#4)%U\1K#
%*#0+#%1&+,)T*#L+*$%0+')+#%*#%0#'@-#M%?8%*@#6#UGU"#(U\1#I"=SJ<>#4)%U\1K#%*#0+#%1&+,)T*#L5),-#%*#
%0#'@-#L5+7'%1D#,-*#8*+#+0&+#,+4+,)$+$#$%#&'+*14-'&%#$%#1%$)(%*&-1#?8%#)*7'%1+'-*#+0#%(/+01%#
A0+B8%0+9##

^)%*&'+1#%0#*)2%0#$%#+78+#$%0#%(/+01%#A0+B8%0+#18/@+#+#4%1+'#$%#0+#-4%'+,)T*#$%#2%'&)$-1#$%1$%#
0+#'%4'%1+#^+$$%*D#5+1&+#8*+#%0%2+,)T*#(E;)(+#$%#<F9G"#(#I=G<9J>#4)%1K#%0#$@+#F#$%#$),)%(/'%#
+# 0+1#"JV>>#5D#4'-$8,&-#$%# 0-1#+4-'&%1#5@$'),-1#%;&'+-'$)*+')-1D#4-'#%0#.-*$-#1%#$%1+''-00+/+#6#
+2+*R+/+#0%*&+(%*&%#8*+#,-'')%*&%#$%#$%*1)$+$#,+'7+$+#$%#1%$)(%*&-1#.)*-1#?8%#4'-2-,T#8*+#
+0&+#&8'/)%$+$#7%*%'+0)R+$+#%#)*_$)&+#%*#%0#%(/+01%#A0+B8%0+9##

C*#0+#&-(+#$%#+78+#$%#0+#40+*&+#4-&+/)0)R+$-'+#Z%$%'),-#`8+'$)+#L-*&%#IMM#Z`LKD# 0+#&8'/)%$+$#
(E1#+0&+#1%#()$)T#%0#$@+#">#$%#$),)%(/'%#+# 0+1#FV>>#5#,-*#8*#2+0-'#$%#J>"#abcD#,+1)#$-1#$@+1#
$%148_1# $%0#(E;)(-#$%# 0+1# ,'%,)$+1D# 2%'# ,8+$'-# "Sd# %*# %0# ,8+$'-# 1%# +4'%,)+# ?8%# %0# %(/+01%#
A0+B8%0+#'%,84%'T#2+0-'%1#$%#&8'/)%$+$#(%*-'%1#+#">#abc#+#)*),)-1#$%#(+'R-#$%#=>""!"

"
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$%&'()#*+# ,-'./.)0-1#'-#2%(3.-'&'#'-#&4%&#/(%'&#-0#5&#65&02&#6)2&3.5.7&')(&#89$:#
#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

Diciembre 2010 Enero 2011 Febrero 2011 Marzo 2011

8:00 1.58 238 25.5 11.0
14:00 1.39 236 26.2 10.7
8:00 1.38 227 23.6 10.8

14:00 2.06 225 19.7 10.5
8:00 1.94 216 19.6 9.1

14:00 1.90 213 18.3 8.7
8:00 1.78 205 18.5 7.1

14:00 1.75 202 17.6 7.5
8:00 1.63 194 17.7 9.4

14:00 1.59 191 17.1 6.3
8:00 1.47 183 17.5 6.7

14:00 1.24 180 17.2 7.6
8:00 1.52 172 17.3 6.0

14:00 1.38 169 18.7 6.1
8:00 121 161 18.3 6.4

14:00 161 158 18.1 6.6
8:00 295 150 17.1 6.5

14:00 290 159 17.0 6.4
8:00 601 164 16.9 6.2

14:00 566 145 16.9 6.1
8:00 485 141 16.0 6.0

14:00 518 135 15.5 6.1
8:00 442 113 13.4 6.1

14:00 488 103 13.4 6.4
8:00 534 82.2 13.3 6.8

14:00 559 81.2 13.0 7.5
8:00 492 75.7 12.7 9.1

14:00 413 76.1 12.7 9.5
8:00 293 74.6 12.8 9.6

14:00 305 73.4 12.8 10.2
8:00 308 70.0 13.5 8.7

14:00 309 69.5 14.0 9.2
8:00 357 63.5 16.3 12.3

14:00 340 64.6 16.5 10.7
8:00 338 58.0 21.1 13.5

14:00 337 58.3 11.3 6.9
8:00 335 54.1 11.4 6.6

14:00 334 53.6 10.3 6.4
8:00 329 49.8 11.4 6.3

14:00 326 49.4 11.3 6.3
8:00 300 49.1 11.3 6.5

14:00 281 48.2 11.3 6.4
8:00 223 39.6 11.3 6.5

14:00 216 39.0 11.1 6.5
8:00 230 37.9 11.1 6.2

14:00 227 37.5 11.2 5.9
8:00 225 36.2 11.0 6.6

14:00 223 35.5 11.2 6.8
8:00 216 33.8 11.0 6.8

14:00 213 33.8 11.1 6.3
8:00 206 33.2 10.7 6.4

14:00 204 33.3 11.1 6.4
8:00 189 31.6 11.1 6.2

14:00 185 31.0 11.1 6.2
8:00 181 29.9 11.3 6.4

14:00 174 30.1 11.8 6.6
8:00 227 27.5 6.8

14:00 233 27.9 7.3
8:00 244 27.8 7.2

14:00 248 27.5 7.0
8:00 246 26.5 7.9

14:00 247 27.4 7.3

30

31

Turbiedad        
(NTU)

26

27

28

29

22

23

24

14

15

16

17

25

18

19

20

21

8

9

10

11

12

13

2

3

4

5

6

7

Fuente: Instituto de Acueductos y Alcantarillados Nacionales (IDAAN) y ACP.

Turbiedad        
(NTU)

A partir del 21 de enero los datos corresponden al sensor OBS3+ instalado a dos pies por encima de la toma superior de agua 

Turbiedad        
(NTU)

Turbiedad        
(NTU)

Mes

1

Dia Hora
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$%#&'#()*+,-#./#0&#-10&,2*#3)&#&'#+4*#.5#+&#+6(6&71,&8#&%#)%*#96,*#,&*'6:*+*#;-,#'*#<%6+*+#+&#
=*'6+*+#+&#>9)*#?@&,#A69),*#B"C8#76+6&,-%#&%# '*#&0D*(6E%#F-7*#+&#>9)*#+&'# GH>>I#?F>JC8#K"/#
IF<# &%# 0);&,A6(6&# L# /"M# IF<# &%# A-%+-8# *+&7N08# 3)&# *'# %-,D&# +&'# &71*'0&8# &%# '*# &0D*(6E%#
O-3)&,E%PQ&3)&%4# ?ORQC8# '*# D),16&+*+#7&+6+*# A)&# +&# KB/# IF<# &%# 0);&,A6(6&# L# SSM# IF<# &%#
A-%+-T##
#

#
=)*+,-#./# U&+6(6-%&0#+&#D),16&+*+#&%#&'#&71*'0&#>'*V)&'*#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
$%#&'#&71*'0&#J*DW%8#&%D,&#&'#.X#L#./#+&#+6(6&71,&8#&%# '*# &0D*(6E%#J*71-*#?H=.C#3)&#,&(61&#
+6,&(D*7&%D&#'-0#2&,D6+-0#+&#'*#,&;,&0*#U*++&%#0&#76+6&,-%#'-0#2*'-,&0#7N0#*'D-0#+&#D),16&+*+#
(-%#"/!#IF<8# ?@&,#Y69),*#BMCT#$%# '*# D-7*#+&#*9)*#+&#Q*,*40-8#)%*#+&# '*0# D-7*0#+&#*9)*#3)&#
*1*0D&(&#'*#;'*%D*#+&#U6,*A'-,&08#0&#,&960D,E#)%*#D),16&+*+#+&#KM!#IF<T#$%#'*#D-7*#+&#*9)*#+&#
'*#;'*%D*#+&#U&%+-:*#'*#D),16&+*+#A)&#+&#.SM#IF<#?=)*+,-#.5CT###
#
Z*0# *'D*0# (-%(&%D,*(6-%&0# +&# 0&+67&%D-0# 0)0;&%+6+-0# L# (-%0&()&%D&# D),16&+*+# 3)&# D,*V-#
(-%069-#'*#D-,7&%D*# Z*#Q),4067*#KX.X 8#;,-2-(E#'*#7*L-,#(,6060#+&#0)76%60D,-#+&#*9)*#;-D*1'&#
*# '*# (6)+*+#+&# Q*%*7N#L# *',&+&+-,&0# +&0+&#3)&# &%D,E# &%#-;&,*(6E%# '*# ;'*%D*# ;-D*16'6:*+-,*#
YJ=T#
#

Fecha Turbiedad
x y (m) (NTU)

0.5 s 275
8.8 f 884
0.5 s 382
13.0 f 549
0.5 s 347
11.5 f 368
0.5 s 181
10.5 f 180
0.5 s 235
27.5 f 534

Fuente: Unidad de Calidad de Agua (EAA-CA), ACP.
s: superficial
f: fondo

Profundidad

657096 1031102 16-dic-10

Estación ID

Estrecho Reporte

Punta del Ñopo

Coordenadas

TAG 652327 1017708

ERP 655796

DCH

BOP

Chagres - Alhajuela

Toma de Agua IDAAN

Boqueron - Pequení

1023298

1028887

PNP 655234

658718 1020796

16-dic-10

16-dic-10

16-dic-10

16-dic-10
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!"#$%&'()' *+,&-"./0+' 10' 2$0+,%0.+' 10' -&3"1&1' 10' &#$&' 0/' 03' 024&3+0' 53&6$03&7' ,.2&' 10' 2$0+,%&+' 03' 89' 10'
1"-"024%0'10':;8;<'!$0/,0='>/?.%20'10'@&3"1&1'10'5#$&'10'3&'@$0/-&'103'@&/&3':;;AB:;;C<'

!

ASalado
94

ASalado
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!"#$%&'()' *+,&-"./0+'10'2$0+,%0.+'10'-&3"1&1'10'&#$&'0/'03'024&3+0'5&,6/7',.2&'10'2$0+,%&+'0/,%0'03'89':'
8;'10'1"-"024%0'10'<989=''!$0/,0>'?/@.%20'10'A&3"1&1'10'B#$&'10'3&'A$0/-&'103'A&/&3'<99CD<99E='

!

ASalado
95

ASalado


ASalado
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$%&'()#*"# +,'-.-)/,0#',#1%(2-,'&'#,/#,3#,42&30,#5&16/7#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

!"#"# $%&'()&*'+,&+'&,-.&/(*'+'%'0&/,-,*'+

8%(&/1,# 3&# 1)(4,/1&# &# 9%(:0-4&# ;<*< # 0,# (,.)3,.1&()/# *=# 4%,01(,)0# ',# 0,'-4,/1)0#
0%0>,/'-')0#,/#3&0#,01&.-)/,0#?-'()4@1(-.&0#%2-.&'&0#,/#3&0#0%2.%,/.&0#',3#0,.1)(#/)(,01,#',#
3&#$A$9B#')/',#3&#33%C-&#D%,#4E0#-/1,/0&7#8,#D)(4&#.)/0-01,/1,B#3)0#(,0%31&')0#',#3)0#4%,01(,)0#
',# 3)0#)20,(C&')(,0# -/'-.&/#F%,# 3&0#&31&0#.)/.,/1(&.-)/,0#',#0,'-4,/1)0#0%0>,/'-')0B#,/# 3)0#
(:)0#4)/-1)(,&')0#,/#,01,#0,.1)(#',#3&#$A$9B#0%>,(&()/#3)0#*<<<<#4GH3#I$%&'()#*JK7#

L/# ,3# 4-04)# .%&'()# *J# 0,# >%,',# &>(,.-&(# F%,# ,/# ,01,# ,C,/1)# ?-'()4,1,)()3MG-.)B# >&(&# 3)0#
.&%'&3,0#4%,01(,&')0#N#0,G6/#3&0#.%(C&0#',#',0.&(G&#',#0,'-4,/1)0#0%0>,/'-')0#C-G,/1,0B#3&0#
.)/.,/1(&.-)/,0#&%4,/1&()/#,/1(,#O#N#*<#C,.,0#,/#3&#,01&.-M/#9,3%.&B#,/1(,#=#N#*<#C,.,0#,/#3&#
,01&.-M/#$&/',3&(-&#N#,/1(,#=#N#"#C,.,0#,/#3&#,01&.-M/#$-,/1)7##

L/#,3#)1()#,C,/1)#>)01,(-)(B#>,()#',#4,/)(#4&G/-1%'#).%((-')# 3)0#':&0#;"#N#;J#',#'-.-,42(,B#
/%,C&4,/1,# 0,# (,G-01(&()/# &31&0# .)/.,/1(&.-)/,0# ',# 0,'-4,/1)0# 0%0>,/'-')0B# C&3-'&/')# ,3#

Fecha Turbiedad
x y (m) (NTU)

0.5 s 92
3.8 f 104
0.5 s 178
4.1 f 179
0.5 s 184
5.3 f 174
0.5 s 17
11.5 f 18
0.5 s 8
10.3 f 8
0.5 s 10
14.5 f 10
0.5 s 23
13.9 f 27
0.7 s 8
15.0 f 16
0.5 s 63
11.6 f 72
0.5 s 256
17.4 f 247
0.5 s 294
11.0 f 359
0.5 s 249
14.0 f 271

Fuente: Unidad de Calidad de Agua (EAA-CA), ACP.
s: superficial
f: fondo

15-dic-10Toma de Agua Paraíso TMR 651144 997879

15-dic-10

Gamboa DC1 643343 1007468 15-dic-10

Barro Colorado BCI 628595 1013929

15-dic-10

Monte Lirio MLR 625836 1022563 15-dic-10

Batería 35 BAT 614566 1014757

Arenosa ARN 614791 999313 14-dic-10

RAI

613957

Profundidad

Toma de Agua 
Mendoza

TME 627847 999982 10-dic-10

629016 999569

Estación ID Coordenadas

TAR 628125 999516Toma de Agua La 
Represa

Las Raíces

Escobal

Laguna Alta

Humedad HUM 604887

611124

1010765

10-dic-10

10-dic-10

14-dic-10

14-dic-10ESC

LAT

1001400

1004849 14-dic-10
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$%&'()#*+#,%-#$./0%-#1*#-*1(&*+2)-#)#+.*0%-#/*,%$()+*-#*+2/*#*,#$%.1%,#,34.(1)#5#$%.1%,#-6,(1)#
7)/#&)2(0)#1*#,%#2)/&*+2%# 8%#9./3-(&%#:;<; =#>+#,%-#-.'$.*+$%-#1*,#-*$2)/#)*-2*#,%-#$./0%-#1*#
-*1(&*+2)-#-*#&%+2.0(*/)+#-(+#$%&'()-#?@(A./%#"BC=#

8%# D(A./%# "E#&.*-2/%# ,%-# $)+$*+2/%$()+*-#&*1(1%-# 5# ,)-# F(1/)A/%&%-# 1*# $)+$*+2/%$()+*-# 1*#
-*1(&*+2)-#-.-7*+1(1)-G#1*2*/&(+%1)-#$%1%#<B#&(+.2)-#%#7%/2(/#1*#,)-#$%.1%,*-#,34.(1)-#5#,%-#
$./0%-#1*#-*1(&*+2)-G#7%/%#,)-#/3)-#H)4.*/6+#5#I%2J+#1./%+2*#,)-#13%-#1*,#"#%,#<;#1*#1($(*&'/*=#

K.%1/)#<"# L.*-2/*)-#1*#-*1(&*+2)-#-.-7*+1(1)-#*+#,%-#*-2%$()+*-#F(1/)&M2/($%-#.'($%1%-#
*+#,)-#/3)-#H)4.*/6+G#9*4.*+3#5#I%2J+=#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

No. Fecha Hora Css Sec Med Css Sec Cal

de Muestreo mg/l mg/l
53 07-Dic-10 15:40 1152.7 1722.8 0.7
54 08-Dic-10 13:14 12776.2 2515.1 5.1
55 08-Dic-10 14:20 11997.4 2298.4 5.2
56 08-Dic-10 15:33 14081.7 1741.4 8.1
57 10-Dic-10 15:37 5952.6 1123.7 5.3
58 10-Dic-10 16:39 7597.9 737.9 10.3

No. Fecha Hora Css Sec Med Css Sec Cal

de Muestreo mg/l mg/l
71 07-Dic-10 07:12 1160.0 1026.2 1.1
72 07-Dic-10 14:54 4480.0 1592.6 2.8
73 09-Dic-10 16:00 3065.0 981.0 3.1
74 10-Dic-10 15:32 13715.0 1199.4 11.4
75 11-Dic-10 16:09 3225.0 906.4 3.6
76 26-Dic-10 07:17 8090.0 827.2 9.8
77 27-Dic-10 07:15 14885.0 1476.7 10.1
78 28-Dic-10 07:19 2090.0 804.2 2.6
79 30-Dic-10 07:12 5475.0 987.5 5.5

No. Fecha Hora Css Sec Med Css Sec Cal

de Muestreo mg/l mg/l
43 03-Dic-10 06:30 806.0 798.6 1.0
44 07-Dic-10 15:44 788.0 1331.5 0.6
45 07-Dic-10 17:04 1550.0 1751.0 0.9
46 07-Dic-10 18:00 2902.0 1674.6 1.7
47 08-Dic-10 08:36 2688.0 1857.8 1.4
48 08-Dic-10 11:03 4430.0 2240.6 2.0
49 08-Dic-10 14:18 10210.0 1754.4 5.8
50 10-Dic-10 15:05 1126.0 1271.7 0.9
51 10-Dic-10 17:04 3710.0 1119.8 3.3
52 11-Dic-10 16:24 3985.0 1630.7 2.4
53 11-Dic-10 18:01 3975.0 1205.8 3.3
54 26-Dic-10 06:30 1445.0 863.5 1.7
55 26-Dic-10 12:37 4870.0 1770.2 2.8
56 26-Dic-10 15:00 7035.0 1665.4 4.2
57 27-Dic-10 07:17 1580.0 1388.6 1.1

Relación 
Med/Cal

Estación Peluca en río Boquerón

Estación Candelaria en río Pequení

Relación 
Med/Cal

Relación 
Med/Cal

Estación Ciento en río Gatún
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$%&'()#*+# ,'(-)#./#./01)(&)#./#0/.%2/3450#0'06/3.%.50#./#7898:#/04)1%;3#</='1)#/3#/=#(>5#
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=49*@%?"%&I*%&*J'&+%:')I' FHK KFFAB3 FK AD0HFA K37
=I9*JL'M)%5*%&*JLI$9 HBG FEF3FED KH 0KE0DEF GB7
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!"#$% AGD &&'()*& (++ ,()+()- DK7
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!"#$"%&$' ()%'*+%*,)%&'-%*
./0 1*23*+4'56 7*+%*'89)1%*':*

%/#':5% 1;'<9 7*+%:*191':*'&"':

=49*>)?&?+'+*%&*@:*AB9))9 CDC C0C3E 0 D3FD3 CG7
=49*A?)?*H)'&+%*%&*I95*A'<9&%5* CJ0 CDFG0 3 KKGCJ 0E7
=49*H'1L&*%&*A?%&19 CCJ CDCG0E 3C M3K3G0 3J7
H'1"&*!")*2N9*O%+?+96 D33 CCEG0G 0E M3JC3J 0F7
H'1"&*N9)1%*2N9*O%+?+96 GDJ 0M3JEE MM D0DGEG 3M7

>91': CKJM !!!"#" $%% $&'&()) 3C7

(89)1%5*+%*5%+?/%&195*5"58%&+?+95*+%:*D*':*J*+%*+?$?%/#)%*+%*0ECE*
)%58%$19*':*'89)1%*'&"':*%&*:'5*5"#$"%&$'5*+%:*%/#':5%*H'1L&
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!"#"$ %&$ '()*+"$ ,%$ -.&$ +/%+*,.&$ %0'/."/,*1./*.&2$ 31$ .-'"$ )"/+%1'.4%$ ,%-$ +.3,.-$ .13.-$ ,%$
&%,*#%1'"&$&3&)%1,*,"&$,%-$.5"$6787$93%$%1'/:$.-$%#;.-&%$<-.43%-.$-"$.)"/':$-.$'"/#%1'.$
=>.$ ?3/(&*#.$ 6787@A$ B3/.1'%$ '/%&$ ,(.&$ +"1&%+3'*C"&$ %-$ .)"/'%$ D3%$ ,%$ EAEF$ #*--"1%&$ ,%$
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Área ql qs Qs %
km2 (l/s/km2) (t/año/km2) (t/año) Aporte
407 108 6346 2582681 50
145 131 6637 962419 19
90.6 127 6715 608373 12
333 85.3 3023 1006695 19

5160168 100

5310954
531095

97%

Área ql qs Qs %
km2 (l/s/km2) (t/año/km2) (t/año) Aporte
171 52.1 430 73573 4
192 63.7 462 88619 5
119 96.3 3684 438362 25
733 58.6 599 439139 25
679 63.8 1072 727606 41

1767299 100

4411329
441133

40%

2.9

% de aporte 2010 respecto 1998-2007

Relación Aporte 2010 Alhajuela/Gatún

Comparación de producción y caudal de sedimentos suspendidos en las subcuencas del embalse 
Alhajuela y Gatún para el año 2010 contra el periodo 1998-2007.

Río Boqueron en Peluca (PEL)
Madden Local (No medido)

Total 2010

Río Chagres en Chico (CHI)
Río Pequení en Candelaria (CDL)

Subcuencas del lago Alhajuela

Subcuenca del lago Alhajuela

Total 2010

Subcuencas del lago Gatún

Gatun Norte (No Medido)
Gatun Sur (No Medido)

Río Trinidad en El Chorro (CHR)
Río Ciri Grande en Los Cañones (CAN)
Río Gatún en Ciento (CNT)

Subcuenca del lago Gatún

Total 1998-2007 (t)
Promedio 1998-2007 (t/año)

% de aporte 2010 respecto 1998-2007

Total 1998-2007 (t)
Promedio 1998-2007 (t/año)
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Area de aportación de sedimentos (km2): 976 
       Densidad de sedimentos depositados (t/m3): 1.113 
       Acarreo de fondo (% de sedimentos suspendidos): 15.0% 
       

Año Qs susp CHI Qs susp CDL Qs susp PEL Qs suspendidos                                  
Area no medida 

Qs suspendidos                       
Alhajuela 

Qs Total 
Alhajuela 

Tasa de 
Sed. 

(t/año) (t/año/km2) (t/año) (t/año/km2) (t/año) (t/año/km2) (t/año) (t/año/km2) (t/año) (t/año/km2) MMC/año %/año 
1998 113235 274 76896 570 43872 482 122582 365 356586 365 0.368 0.05 
1999 206635 499 126732 939 80593 886 257260 766 671220 688 0.694 0.09 
2000 343424 830 83880 621 45254 497 126058 375 598617 613 0.619 0.08 
2001 55705 135 66390 492 38452 423 126721 377 287268 294 0.297 0.04 
2002 122776 297 116229 861 50810 558 93499 278 383314 393 0.396 0.05 
2003 44047 106 56122 416 24147 265 154748 461 279065 286 0.288 0.04 
2004 389896 942 141522 1048 101581 1116 136765 407 769764 789 0.795 0.10 
2005 48462 117 15906 118 26854 295 98908 294 190129 195 0.196 0.02 
2006 343341 829 118652 879 69472 763 161211 480 692677 710 0.716 0.09 
2007 676722 1635 178648 1323 99261 1091 127682 380 1082314 1109 1.12 0.14 

Promedio 234424 566 98098 727 58030 638 140544 418 531095 544 0.549 0.07 

             2008 94579 228 72652 538 27206 299 111572 332 306009 314 0.316 0.04 
2009 233977 565 145800 1080 95475 1049 143975 428 619227 634 0.640 0.08 
2010 2582681 6346 962419 6637 608373 6715 1006695 3023 5160168 5287 5.332 0.66 

               años secos           
  años húmedos           
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3($8"!",$*$2*)$:<""$=,$21)$&0/(2()$3($*96*$3($21)$(';*2)()$>2*?6(2*$:@A8B$'$54C$D8BEA#@$-0()$F$G$
H*+I&$ 8EAE!$ '$ 54C$ D#:AJ8$ -0()F$ )($ (&K1&+.*;*&$ (&$ 2*$ L1&*$ M$ 3(2$ 30*9.*'*$

$ DN096.*$ #EF,$ -1.$ 21$ O6($ )($ 30(.1&$ 21)$ -.0'(.1)$ 3()*21?1)$ 3($ *96*$ *$ +.*/P)$ 3($ 6&$
'QR0'1$3($31K($D!8F$K1'-6(.+*)$30)-1&0;2()$3(2$/(.+(3(.1$3($H*+I&A$$C6.*&+($()+($-.0'(.$37*$
3($3()*21?1$3(2$(RK()1$3($*96*$-1.$('(.9(&K0*$)($/(.+0S$*2$'*.$M*.0;($6&$/126'(&$3($*96*$3($
!:@$T'K$DE!#"$T-K$S$BEJ""$T9F$(O60/*2(&+($*$#B!$()K26)*?()A$U&$&1/0(';.($3($8"!"$)($/(.+0S$
=*K0*$ (2$ '*.$ M*.0;($ 6&$ +1+*2$ 3($ B#J$ T'K$ D!:!""$ T-K$ S$ !8#"""$ T9F$ (O60/*2(&+($ *$ 8J8"$
()K26)*?()A$

M1&$.(2*K0S&$*2$/(.+(3(.1$3($T*33(&,$36.*&+($&1/0(';.($3($8"!",$&1$V6($&(K()*.01$1-(.*.$2*)$
K1'-6(.+*)$3($+*';1.A$W0&$(';*.91,$*$-*.+0.$3(2$!!$3($&1/0(';.($(2$&0/(2$3($*96*$3(2$(';*2)($
>2*?6(2*$ )6-(.S$ 2*$ K1+*$'QR0'*$3($1-(.*K0S&$ :EA:#$'$54C$ D8@!AX"$-0()F$($ 0&0K0S$(2$ V26?1$ 20;.($
)1;.($ 2*$ K.()+*$ 3($ 2*)$ K6*+.1$ DBF$ K1'-6(.+*)$ 3($ +*';1.A$ U2$ /126'(&$ +1+*2$ 3($ *96*$ /(.+031$
20;.('(&+($*2$(';*2)($H*+I&$(&$&1/0(';.($V6($J8$T'K$D!!@"$T-K$S$#@:"$T9F$O6($(O60/*2($*$
!@E$()K26)*?()A$

!-5 %4067207684(31(9160:3;(31<(=8/8<(31(>8/8?@(

4*)$()+.6K+6.*)$O6($K1&V1.'*&$(2$W0)+('*$3($Y(-.()*),$Z(.+(3(.1)$G$5.()*)$>6R020*.()$3(2$M*&*2$
3($5*&*'Q$)1&$2*)$)0960(&+()<$$

 C1)$ .(-.()*)$ 3($ H*+I&,$ /(.+(3(.1$ 3($ H*+I&$ K1&$ K*+1.K($ D!BF$ K1'-6(.+*)$ 3($
3()20L*'0(&+1$/(.+0K*2$G$/(0&+0K0&K1$D8@F$-.()*)$*6R020*.()$O6($.13(*&$(2$2*91$H*+I&A$
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,-0,% !">??# ,-20% !>A??# ,-/5% *?*??# ,-32% **C??# 0..4% !CAB!#
,-00% *!D??# ,-25% 66C??# ,-/2% !!D??# ,-34% *C6??# 0../% C*>>A#
,-05% A"D??# ,-22% B>6??# ,-/4% !6A??# ,-3/% *">??# 0..1% CD?"C#
,-02% !A!??# ,-24% CCB??# ,-//% A?*??# ,-31% CAB??# 0..3% *!D6"#
,-04% !*???# ,-2/% CA!??# ,-/1% !>B??# ,-33% *?D??# 0..-% C*DA?#
,-0/% !!>??# ,-21% !A"??# ,-/3% !?C??# ,-3-% !A???# 0.,.% !C?6*B%

#
#
#



!!"#

$%&'()#*+# ,-)(./0#12341)0#/5#*6#7)(&0#8)5.45%&0#-&(&#9&#$:$;<#-/(=)')#!>?@#&#*?!?A#

!
"#$%! "&$'()!)*!

&+%! "#$%! "&$'()!)*!
&+%! "#$%! "&$'()!)*!

&+%! "#$%! "&$'()!)*!
&+%! "#$%! "&$'()!)*!

&+%!
,-./! *?@???# ,-01! 6"*??# ,-23! *B???# ,-/-! +B6??# ,--.! @*!>?#

,-.1! C6???# ,-03! C!C??# ,-2-! "????# ,-1.! !?!B"?# ,--,! 6"!B?#

,-.3! 6*???# ,-0-! +"B??# ,-4.! @C"??# ,-1,! *"C??# ,--0! +CB??#

,-.-! !C6!??# ,-5.! C@+??# ,-4,! 6*B??# ,-10! +?+??# ,--5! +B*??#

,-,.! ">C??# ,-5,! !"++??# ,-40! C6"??# ,-15! @!6??# ,--2! 6B+??#

,-,,! +@@??# ,-50! !C6C??# ,-45! +B!??# ,-12! +66??# ,--4! +"6B?#

,-,0! "C???# ,-55! B"C??# ,-42! "@"??# ,-14! 6*"??# ,--/! BC@*C#

,-,5! 66@??# ,-52! BB"??# ,-44! C@"??# ,-1/! +?C??# ,--1! *!?@?#

,-,2! 6!???# ,-54! !6*@??# ,-4/! C++??# ,-11! *6@??# ,--3! +B+??#

,-,4! C+C??# ,-5/! +*C??# ,-41! B!6??# ,-13! 6BB??# ,---! CC"!B#

,-,/! 6@B??# ,-51! !!*>??# ,-43! !C6??# ,-1-! *!"??# 0...! !!@*BB#

,-,1! "C"??# ,-53! B+???# ,-4-! !!!???# ,-3.! *C+??# 0..,! +*C>>#

,-,3! 6"6??# ,-5-! >?B??# ,-/.! @C*??# ,-3,! "*6??# 0..0! !!+6"+#

,-,-! *+"??# ,-2.! +!"??# ,-/,! +B+??# ,-30! *6???# 0..5! @CC6B#

,-0.! 6!???# ,-2,! 6????# ,-/0! *@!??# ,-35! 6C!??# 0..2! !!!+?C#

,-0,! 6*6??# ,-20! C**??# ,-/5! @>+??# ,-32! 666??# 0..4! +*>B?#

,-00! CB@??# ,-25! !C*???# ,-/2! *CB??# ,-34! >"???# 0../! !!+++B#

,-05! !B"@??# ,-22! !*C???# ,-/4! C?*??# ,-3/! +""??# 0..1! 6>B6B#

,-02! C6B??# ,-24! BC???# ,-//! !@@B??# ,-31! C>+??# 0..3! C@6@B#

,-04! C*+??# ,-2/! C????# ,-/1! +!"??# ,-33! 6>B??# 0..-! 6B>6?#

,-0/! 6?*??# ,-21! +B???# ,-/3! *B6??# ,-3-! +B+??# 0.,.! *@B6!6#

#
#
$%&'()#*6# D/0%9.&')0#'/9#&E%0./#'/#9&#FG;#H;#III#&#9)0#&-)(./0#12341)0#/5#*6#7)(&0#
8)5.45%&0#'/#9)0#/1J&90/0#'/#9&#$:$;A#
#
#
#
#
#
#
#
#
#
#

R EEM (%) Sy gc
Embalse Alhajuela 24 hrs LPIII MML 0.9951 4.4 10.0305 0.5546 0.7230 130425 167

CHCP 24 hrs LPIII MML 0.9950 5.3 10.9118 0.5599 0.5919 268414 116

Ajuste de los parámetros de la función de distribución de probabilidad Log Pearson Tipo III (LPIII)  
a aportes máximos a los embalses en 24 horas continúas

Periodo de análisis: 1906-2010

Subcuenca Duración FDP Método 
de Ajuste

Bondad de Ajuste Parámetros estadisticos Qmax 2010 
(pie3/s)

Tr (años)
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$%&#'()*+'+(),&#+-.,/%)0,&#,1#"#*,#*+'+,-2/,#*,#34!4#(21+5%/()#%#67,8#%#.%/0+/#*,#1%&#49:;<#=#
=%&0%# ,1# 9# *,# *+'+,-2/,# *,# 34!48# &,# %2/+,/%)# *,# *(&# >3?# %1# -@A+-(# *,# 1%&# '%0(/',# >!;?#
'(-.7,/0%&#*,1#B,/0,*,/(#*,#C%0D)#,#+)'17&+B,#&,#(.,/%/%)#1%&#%1'%)0%/+11%&#*,#1%&#,&'17&%&#*,#
E,*/(#F+57,1#G#C%0D)#.%/%#*,&%1(H%/#,1#,A',&(#*,#%57%#*,1#,-2%1&,#C%0D)#.(/#,-,/5,)'+%#*,#
+)7)*%'+I)J#$%#(.,/%'+I)#*,#B,/0+*(&#*,#,-,/5,)'+%#%#0/%BK&#*,#1%&#%1'%)0%/+11%&#*,#1%&#,&'17&%&#
*,# C%0D)# &,# +)+'+I# ,1# "# *,# *+'+,-2/,# %# 1%&# !4:;L# =8# '()# 1%# %.,/07/%# *,# *(&# %1'%)0%/+11%&8#
*,&'%/5%)*(#7)#0(0%1#*,#;MN!#-MO&# >!"444#.+,MO&?J#P)# 1%&#,&'17&%&#E,*/(#F+57,1# 1%#(.,/%'+I)#
'(-,)QI#0%-2+K)#,1#"#*,#*+'+,-2/,#%#1%&#!4:33#=8#'()#1%#%.,/07/%#*,#*(&#%1'%)0%/+11%&8#17,5(#%#
1%&#!!:!<#=#&,#%2/+I#1%#0,/',/%#%1'%)0%/+11%8#*,&'%/5%)*(#7)#0(0%1#*,#;9";#-MO&#>3!444#.+,MO&?J#

R# .%/0+/# *,# 1%&# !4:;L# =# *,1# "# *,# *+'+,-2/,# *,# 34!48# ,1# 0/@)&+0(# *,# 2767,&# .(/# ,1# S%)%1# *,#
E%)%-@#&,#&7&.,)*,#0,-.(/%1-,)0,#*7/%)0,#!<#=(/%&8#.(/#1%#(.,/%'+I)#*,#*,&%1(H(#*,#%57%&#
.(/# 1%&# %1'%)0%/+11%&8# 1%# T7,/0,# '(//+,)0,# *,1# /U(# S=%5/,&# ,)# C%-2(%# G# .(/# ,1# )+B,1# *,# %57%#
,A0/%(/*+)%/+(# %1'%)Q%*(# .(/# ,1# ,-2%1&,# C%0D)# 3NJ99# -# >""JL<# .+,&?# E$VJ# P1# '+,//,# *,# 1%&#
%1'%)0%/+11%&# *,# 1%&# ,&'17&%&# *,#C%0D)# &,# +)+'+%# %# 1%&# ;:44# =# *,1# 9# *,# *+'+,-2/,# *,# 34!4# G# &,#
/,%'0+B%#,1#0/@)&+0(#&7/#*,#2767,&#%#1%&#L:44#=#*,1#-+&-(#*U%J#P&0%#T7,#1%#'7%/0%#B,Q#,)#1%#=+&0(/+%#
*,1#S%)%1#67,#&,#+)0,//7-.,#,1#0/@)&+0(#*,#2767,&#*,2+*(#%#1%#70+1+Q%'+I)#*,#1%&#%1'%)0%/+11%&#*,#
1%&# ,&'17&%&# '(-(# %1+B+%*,/(&# >F(//(W8# !93;X# E%)%-%# S%)%1# S(-.%)G8# !9M3X# YJZJRJ#
S()5/,&&+()%1#[,'(/*8#!9L;?J#
R#.,&%/#*,#=%2,/#%'0+B%*(#1%#-@A+-%#'%.%'+*%*#*,#B,/0+*(&#*,#%57%#*+&.()+21,#,)#,1#'(-.1,H(#
=+*/(0K')+'(# C%0D)# G# ,&'17&%&# *,# E,*/(# F+57,18# 1%&# !;# '(-.7,/0%&# %2+,/0%&# *,1# B,/0,*,/(#
C%0D)8#-@&# 1%#*,&'%/5%#%# 0/%BK&#*,# 1%&#%1'%)0%/+11%&#*,# 1%&#,&'17&%&#*,#E,*/(#F+57,1# G#C%0D)8#
,67+B%1,)0,#%#M#'(-.7,/0%&#*,1#B,/0,*,/(#C%0D)8#,1#)+B,1#*,#%57%#*,1#,-2%1&,#C%0D)#'()0+)7I#
%7-,)0%)*(#*,#-%),/%#&(&0,)+*%8#%1'%)Q%)*(#&7#-@A+-%#,1,B%'+I)#=+&0I/+'%#*,#3NJ99#-#>""JL<#
.+,&?#E$VX#,1#"#*,#*+'+,-2/,#*,#34!48#%#1%&#34:44#=8#,1#*,&%1(H(#0(0%1#=(/%/+(#,)#,&,#+)&0%)0,#T7,#
*,#N<<;#-MO&#>3M949L#.+,MO&?J#

P)# 1%# T+57/%# "M# &,# ./,&,)0%# ,1# =+*/(5/%-%# *,# %.(/0,&# >,)0/%*%&?# G# B,/0+*(&# >&%1+*%&?# '()# 1%&##
/,&.,'0+B%&#,1,B%'+(),&#*,1#,-2%1&,#C%0D)8#*,1#<#%1#9#*,#*+'+,-2/,#*,#34!4J#P)#,1#'7%*/(#3L#&,#
./,&,)0%#,1#/,&7-,)#*,1#B,/0+*(#0(0%1#-@A+-(#,)#7)%#=(/%J#

P)#,1#'7%*/(#3N#&,#./,&,)0%#7)#/,&7-,)#*,#1(&#!L#-%G(/,&#B,/0+*(&#*+%/+(&#*,1#,-2%1&,#C%0D)8#
*,&*,#!9NL#=%&0%#34!48# &,#.7,*,#(2&,/B%/#67,#<#*,# 1(&# !L#-%G(/,&# B,/0+*(&#*,1# .,/U(*(# &,#
*+,/()#,)#,1#%\(#34!4#G#,1#-%G(/#B,/0+*(#&,#*+(#,1#"#*,#*+'+,-2/,#*,#34!4J#

#



!!"#

$%&'()#*+# ,)-%./0#1/(23')#.453.)#/0#%0&#6)(&#'/7'/#/-#/.8&-7/#9&2:0#;&#-&7#*<=<<#6#'/-#
>#'3?#*<!<@#
#

# # # # # #Caudal de salida Máximo en una hora (8 dic 2010) 
#Embalse Gatún 
#

Salidas 
Volumen 

máx en una 
hora (Mpc) 

Caudal máx 
en una hora 

(pie3/s) 

Caudal máx 
en una hora 

(m3/s) 
% 

#Compuertas 713 198,000 +AB!<# >*C>#
#Alcantarillas PMG 76 21,000 +"+# >C>#
#Alcantarillas GAT 65 18,000 +!<# DC+#
#Esclusajes 

GAT&PMG 0 0 <# <C<# <#
Hidrogeneración 

GAT 5 1,470 E*# <CB# !*DC<<>#

Municipal 2 625 !># <CF# +E#

Total 861 239,095 6,774 !<<# !>!C<<>#

#
$%&'()#*B# ,/(23')7#'3&(3)7#.453.)7#/0#9&2:0#'/7'/#!"B+C#

#
#
G%(&02/#-)7#2(/7#'H&7#;DA#>#I#"#'/#'3?3/.8(/#'/#*<!<@#'/#/72/#/1/02)#./2/)()-JK3?)A#7/#1/(23J#
'/-#/.8&-7/#9&2:0#;?).L%/(2&7#.47#&-?&02&(3--&7@A#L)(#/./(K/0?3&#'/#30%0'&?3J0A#%0#1)-%./0#
2)2&-#'/#&K%&# 3K%&-#&#!<>"#M.?#J#F>EE*#ML?#J#*>"<<<#.3--)0/7#'/#K&-)0/7#N%/#(/L(/7/02&0#
+*+E# /7?-%7&O/7A# ;,/(# $%&'()# *D@C# P3# 7/# ?).L&(&# ?)0# /-# 0:./()# L()./'3)# '/# 2(40732)7# '/#
8%N%/7# &-# &Q)A# N%/# 7)0# &L()53.&'&./02/# !E<<<A# -)7# 2(/7# 'H&7# ?)07/?%231)7# '/# 1/(23')7#
/N%31&-/0#&#%0#F>R#'/#-)7#2(40732)7#/0#%0#&Q)#0)(.&-C#

S#'/#)('/0 T/?6&

,)-%./0#

/0#ML?

,/(23')#

/0#L3/FU7

,/(23')#

/0#.FU7
! <>U!*U*<!< !BAB<< !"*A<<< +AE+<

* <"U!*U*<!< !*AB<< !EBA<<< EA!E<

F <EU!!U!"BB "AFD< !<>A<<< FA<D<

E *DU!*U*<!< "AFB< !<>A<<< FA<D<

+ F!U!*U*<<< >A+"< ""AE<< *A>*<

B *FU!!U*<<* >A*>< "+A><< *AD!<

D <BU!*U!">+ DAEB< >BAF<< *AEE<

> !"U!!U*<<E BA"<< D"A><< *A*B<

" <DU!*U*<!< BA><< D>AD<< *A*F<

!< !>U!!U!"D< BA+>< DBA*<< *A!B<

!! !EU!*U*<!< BAE<< DEA!<< *A!<<

!* *BU!*U*<!< BAFB< DFAB<< *A<><

!F F<U!*U*<<< BA*E< D*A*<< *A<E<

!E <DU!!U*<!< BA!+< D!A!<< *A<*<

!+ !EU<!U!""B +AE>< BFA+<< !A><<



!"#$

Volumen máx en 
una hora (Mpc)

Caudal máx en 

una hora (pie3/s)

Caudal máx 
en una hora 

(m3/s)
551 !"#$%%% &$##%
10.4 '$(%% )'
1.31 #*" !%

Total 563 156,265 4,422
Municipal

Caudal de salida máximo en una hora durante la tormenta

Embalse Alhajuela

!"#$%"&
Compuertas de tambor

Hidrogeneración Madden

!"#$%"&

Volumen total en 
los tres dias 

(Mpc)

Caudal 
promedio en los 

tres días (pie3/s)

Caudal promedio 
en los tres días 

(m3/s)

Compuertas 35,510 !"#$%%% "$&&%
Alcantarillas PMG 1,641 '$""% !#(
Alcantarillas GAT 1,291 )$(&% !)!

Esclusajes GAT&PMG 248 (*# +#
Hidrogeneración GAT 332 !$+&% "'

Municipal 162 '+* !&
Total 39,184 151,172 4,281

Caudal de salida promedio diario del 7 al 9 de dic 2010
Embalse Gatún

%&'()*$"+$ ,*-&./0$1/)23(*$(/-$/.4'-5/$6'2708$(/-$+$'-$9$(/$(3:3/.4)/$(/$"#!#;$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
<-$2*2'-$1/)23(*$=*)$/-$1/)2/(/)*$(/$6'270$>':3'$/-$.')$%')34/$(&)'02/$/-$./5$(/$(3:3/.4)/$(/$
"#!#$ ?&/$ (/$ "+!9$ @.:$ A9B###$ @=:C;$ D)/5&.3/0(*$ E&/$ /-$ 1*-&./0$ (/$ 'F&'$ (/5'-*G'(*$ 5/$
=&(3/5/$'-.':/0')$H$2/0/)$(35=*034-/$=')'$5&$&5*$:&'0(*$5/$0/:/532/8$/5/$1*-&./0$/E&31'-()I'$
'$!"JK!$2)L0532*5$'$2)'1M5$(/-$%'0'-$AKK$@FN2)L0532*C$*$5/'$:'53$&0$'O*$/0$*=/)':3P0;$

D')'$/-$:'5*$(/-$1/)2/(/)*$(/$@'((/08$(/-$+$'-$9$(/$(3:3/.4)/$(/$"#!#8$5/$'4'23/)*0$-'5$:&'2)*$
:*.=&/)2'5$ (/$ 2'.4*)8$ (/$ *=/)':3P0$ 53.&-2L0/'8$ (/5(/$ &0'$ :*2'$ (/$ +B;+Q$.$ A"K!;9$ =3/5C$ '$
+!;BJ$.$A"JK;##$=3/5C$DRS8$=')'$&0$:'&('-$(/$5'-3('$.LT3.*$/0$&0'$>*)'$(/$UU""$.JN5$A!KB"BK$
=3/JN5$V$U"##$.3--*0/5$(/$F'-*0/5C8$ /-$ Q$(/$(3:3/.4)/$(/$"#!#$'$ -'5$!JW##$>;$ <0$/-$ :'&('-$(/$
5'-3('$.LT3.*$ 5/$ 30:-&H/0$ -*5$ &5*5$ =*)$ F/0/)':3P0$ (/$ /0/)FI'$ H$ .&03:3='-$ /0$ &0'$ >*)'8$ -*5$
:&'-/5$)/=)/5/02'0$5*-*$/-$"X$(/-$2*2'-;$<0$/-$:&'()*$"Q$5/$('$&0$)/5&./0$(/$-*5$:*.=*0/02/5$
(/-$:'&('-$(/$5'-3('$.LT3.*$/0$&0'$>*)';$

%&'()*$$"Q$ ,/)23(*$.LT3.*$/0$&0'$>*)'$/0$@'((/0$A'$-'5$!JW##$>$(/-$Q$(3:$"#!#C;$
$
$
$
$
$
$
$
$
$
$
$

$
$



!"!#

Volumen total en los 
tres días

Caudal de salida promedio 
en los tres días

Salidas !"#$% !#&'()*%
!"#$%&'()* +,-(,. ,/-01/

+,-'".&/&')0,1/2345567 21( (-0,+
3%/,0,$)8 +2( .3,

9"()82: +4-(2( 4(-03,

Embalse Alhajuela

#
$%&'()*# +,-# )&*-# ./'-# .*# +'# ),&0*()'1# -*# 2*&)34# 5,&# +'-# 6,05%*&)'-# .*# +'# 5&*-'#7'..*(# %(#
2,+%0*(#.*#'8%'#38%'+#'#9:;#706#,#!;:;<#756#,#!!9=!;#03++,(*-#.*#8'+,(*-1#2*&#>%'.&,#"=?#

>%'.&,#"=# @*&)3.,#*(#)&*-#./'-#.*+#*0A'+-*#B+'C%*+'1#.*+#<#'+#=#.*#.363*0A&*#.*#"D!D?#
#
#
#
#
#
#
#
#
#
#
#
#
#
E+#(32*+#0FG30,#.*#'8%'#'+6'(H'.,#5,&#*+#*0A'+-*#B+'C%*+'#.%&'()*#*-)*#*2*(),#I%*#.*#<J?;"#0#

K";<?LD#53*-M#NO$1#&*83-)&'.,#*+#J#.*#.363*0A&*#'#+'-#!;P;=#Q#KR38%&'#J9M1#S%*#,6%5'#+'#5,-3634(#

(T0*&,#.,-#.*+#&*83-)&,?#E+#&U6,&.#Q3-)4&36,#'+6'(H'.,#5,&#*+#*0A'+-*#B+'C%*+'#I%*#.*#<J?;=#0#

K";<?J<#53*-M#NO$1#&*83-)&'.,#*+#"D#.*#.363*0A&*#.*#!=J:?#E+#'5,&)*#0FG30,#*(#%('#Q,&'#I%*#.*#

L";J#0:V-#K""!DDD#56-M#,6%&&3.,#'#+'-#!!PDD#Q#.*+#J#.*#.363*0A&*#.*#"D!D?##E(#+'#03-0'#I38%&'#

-*# 0%*-)&'(# +,-# Q3.&,8&'0'-# .*# +,-# '5,&)*-1# 2*&)3.,-# K-'+3.'-M# W# *+*2'63,(*-# .*+# *0A'+-*#

B+'C%*+'#5'&'#+'#),&0*()'#XO'#N%&/-30'#"D!DY1#W#*(#+'#I38%&'#J;1#*+#.3'8&'0'#6,(#+'#,5*&'634(#.*#

+'-#6,05%*&)'-#.*+#2*&)*.*&,#.*#7'..*(#.*+#<#'+#=#.*#.363*0A&*#.*#"D!D?#

#
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#
$%&'()#*+# ,%-(.&()/)0#-1#2)'-)310#-1#145()-)#6#0)3%-)07#6#1318)2%.410#-13#1/9)301#:)5;47#-13#<#)3#=#-1#-%2%1/9(1#-1#">!>?# #
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