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Figura 3- Mudanças da velocidade média V, conforme o nível d’água h da curva chave de 
bacia de 20 km2 e o efeito dinâmico do evento complexo com múltiplos picos. 
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Figura 4 Velocidade média V, raio hidráulico Rh,  Froude Fr, perímetro molhado P, vazão Q e informação 
de cada amostra das velocidades instantâneas H(Vi), para NhQ = 30 medições da curva chave. O tamanho 
dos círculos é proporcional ao tamanho da amostra N(Vi), das medições de transientes durante a ascensão, 
'h/'t t 0 (x), e a recessão, 'h/'t < 0 (o), dos hidrogramas de cheia. 
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([HPSOR� ��� XP� 7$&� �7HUPR� GH� $MXVWDPHQWR� GH� &RQGXWD�� GR� 0LQLVW«ULR� 3¼EOLFR�
H[LJH�UHYLWDOL]D©¥R�GH�XP�ULDFKR�XUEDQR��GHVDSURSULDQGR�DV�£UHDV�DGMDFHQWHV�DW«����
P� GH� FDGD� ODGR�� 2� 3ODQR� GH� 0DFUR�GUHQDJHP� GD� 3UHIHLWXUD� VRPHQWH� LQFOXL� HVVH�
FDVR�TXDQGR�D�JHRPHWULD�GR�FDQDO�«�UHJXODU��S�H[��VH©¥R�WUDQVYHUVDO�FRPSRVWD�FRP�
FDQDO�H�£UHDV�ODWHUDLV�UHWDQJXODUHV�SDUD�GLPLQXLU�D�SRVVLELOLGDGH�GH�HUUR�QR�F£OFXOR�
GH� £UHD� H� SHU¯PHWUR� PROKDGR�� 2� 7$&� LQGLFD� TXH�� SDUD� DWHQGHU� DR� HTXLO¯EULR�
HFROµJLFR�GR�ULR��R�FDQDO�SULQFLSDO�WHU£�XPD�ODUJXUD�EF� ��P�H�DOWXUD�\� ��P��$�£UHD�
ODWHUDO� GH� LQXQGD©¥R� FRPH©D� SDUD� \� !� �� P�� 8PD� &RQVXOWRUD� FRQWUDWDGD� VXJHUH�
LQWHUYDORV�GH�YDULD©¥R�QF� �������r��������QE� �������r�������H�6I� �������r�������
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OLPLWHV� GDV� SUµSULDV� LQFHUWH]DV�� $YDOLH� VH� K£� SRVVLELOLGDGHV� GH� DFRUGR� HQWUH�
0LQLVW«ULR�3¼EOLFR��3UHIHLWXUD��&RQVXOWRUD�H�&RQVWUXWRUD���
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2V�UHVXOWDGRV�DSDUHFHP�QD�7DEHOD���H�7DEHOD����1D�)LJXUD���V¥R�DSUHVHQWDGDV�DV�
HVWLPDWLYDV�H�LQFHUWH]DV�GD�YD]¥R�H�YHORFLGDGH�P«GLD��1RWD�VH�TXH�SUµ[LPR�DR�YDORU�
GH�\ ���SUµ[LPR�DR�H[WUDYD]DPHQWR��D�YD]¥R�HVW£�FRPSUHHQGLGD�QR�LQWHUYDOR������H�
�����P��V��H�D�YHORFLGDGH�P«GLD�HVW£�FRPSUHHQGLGD�QR�LQWHUYDOR�������������P�V��2V�
YDORUHV� HVSHUDGRV� HVW¥R� QD� UHJL¥R� GH� VHJXUDQ©D� QHFHVV£ULD� SDUD� D� JDUDQWLD� GD�
REUD�� (VWHV� UHVXOWDGRV� LQGLFDULDP�� SUHOLPLQDUPHQWH�� TXH� KDYHULD� SRVVLELOLGDGH� GH�
DFRUGR�GR�HQWUH�3UHIHLWXUD��0LQLVW«ULR�3¼EOLFR��(PSUHLWHUD�H�&RQVXOWRUD���
�
�
7DEHOD����3URFHGLPHQWR�GH�F£OFXOR�GD�LQFHUWH]D�GD�YD]¥R��

y 
(m) 

Ac 
(m2) 

Pc 
(m) 

Ab 
(m2) 

Pb 
(m) 

Q 
(m3/s)

\�
����

:�
Q 

(-) 
:Q 
 (-) 

sQ 
(m3/s) 

1,00   4,0   6,0   0,0   0,0     8,5 1,0000 0,033 0,180   1,5 
2,00   8,0   8,0   0,0   0,0   22,2 1,0000 0,033 0,180   4,0 
3,00 12,0 10,0   0,0   0,0   37,6 1,0000 0,033 0,180   6,8 
4,00 16,0 12,0   0,0   0,0   53,8 1,0000 0,033 0,180   9,7 
5,00 20,0 14,0   0,0   0,0   70,5 1,0000 0,033 0,180 12,7 
5,25 21,0 14,0 15,0 60,5   79,7 1,0430 0,031 0,176 14,0 
5,50 22,0 14,0 30,0 61,0   93,0 1,1257 0,030 0,172 16,0 
5,75 23,0 14,0 45,0 61,5 109,3 1,2282 0,030 0,174 19,1 
6,00 24,0 14,0 60,0 62,0 128,1 1,3415 0,033 0,181 23,2 

�
�
7DEHOD����5RWHLUR�GH�F£OFXOR�GD�LQFHUWH]D�GD�YHORFLGDGH�P«GLD��

y 
(m) 

Q- 
(m3/s) 

Q+ 
(m3/s) 

dQ- 
(m3/s) 

dQ+ 
(m3/s) 

Vm 
(m/s) 

Vm- 
(m/s) 

Vm+ 
(m/s) 

dVm- 
(m/s) 

dVm+ 
(m/s) 

1,00    7,0   10,0   1,5   1,5 2,12 1,74 2,50 0,38 0,76 
2,00  18,2   26,2   4,0   4,0 2,78 2,28 3,28 0,50 1,00 
3,00  30,9   44,4   6,8   6,8 3,14 2,57 3,70 0,57 1,13 
4,00  44,1   63,5   9,7   9,7 3,37 2,76 3,97 0,61 1,21 
5,00  57,8   83,2 12,7 12,7 3,52 2,89 4,16 0,64 1,27 
5,25  65,7   93,8 14,0 14,0 2,21 1,83 2,60 0,39 0,78 
5,50  77,0  109,0 16,0 16,0 1,79 1,48 2,10 0,31 0,62 
5,75  90,3  128,3 19,1 19,1 1,61 1,33 1,89 0,28 0,56 
6,00 105,3  151,3 23,2 23,2 1,53 1,25 1,80 0,28 0,55 
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�
)LJXUD����,QFHUWH]DV�GD�YD]¥R�P«GLD�H�YHORFLGDGH�P«GLD�HVWLPDGDV��
�

&RPHQW£ULR��1R�HQWDQWR��DV�PDUJHQV�GH�VHJXUDQ©D�V¥R�PXLWR�SHTXHQDV��'HYHP�VH�
DYDOLDU�HVWXGRV�GH�����LPSHUPDQ¬QFLD�GR�HVFRDPHQWR�GXUDQWH�D�SDVVDJHP�GD�FKHLD�
�IRL� XVDGD� XPD� IµUPXOD� SDUD� UHJLPH� XQLIRUPH� H� SHUPDQHQWH��� ��� SRGH� KDYHU�
FRUUHOD©¥R� HQWUH� RV� SDU¤PHWURV� LQGLFDGRV� �R� TXH� SRGH� DXPHQWDU� R� LQWHUYDOR� GH�
YDULD©¥R� GDV� YDUL£YHLV��� ��� HUURV� FRQVWUXWLYRV� V¥R� FRPXQV� QD� IDVH� GH� H[HFX©¥R�
�JHRPHWULD�Q¥R�XQLIRUPH������F£OFXOR�SDUD�OHLWR�PµYHO��H[LVWH�WUDQVSRUWH�H�GHSRVL©¥R�
GH� VHGLPHQWRV� DR� ORQJR� GH� FDQDLV�� R� TXH� FULD� LQFHUWH]DV� QD� JHRPHWULD� GD� VH©¥R�
WUDQVYHUVDO�YHUGDGHLUD������DV�£UHDV�ODWHUDLV�QRUPDOPHQWH�V¥R�RFXSDGDV�SRU�SUD©DV�
S¼EOLFDV� FRP� REVW£FXORV� SRQWXDLV� DR� HVFRDPHQWR� �FULD©¥R� GH� YµUWLFHV� �'��� ��� R�
HVFRDPHQWR� FRP� SODQ¯FLH� GH� LQXQGD©¥R� Q¥R� «� XQLGLPHQVLRQDO� �D� WHQV¥R� GH� FRUWH�
PRGLILFD� FRQIRUPH� D� DOWXUD� H� JHRPHWULD�� DVVLP� FRPR� D� Q¥R� OLQHDULGDGH� GRV�
FRHILFLHQWHV�GH�UXJRVLGDGH�H�OLQKD�GH�HQHUJLD�QD�PHGLGD�TXH�YDULD�R�Q¯YHO�GH�£JXD����
�
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([HUF¯FLRV�SDUD�UHVROYHU�
�
�� &LWH�H[HPSORV�GDV�LQFHUWH]DV�KLGUROµJLFDV�TXH�SRGHP�H�GDV�TXH�Q¥R�SRGHP�
VHU�UHGX]LGDV��
�� 8P� PRGHOR� WHP� GXDV� YDUL£YHLV� [�� H� [�� FRUUHODFLRQDGDV�� 3HOD� DQ£OLVH� GH�
SULPHLUD� RUGHP� GH� V«ULH� GH� 7D\ORU�� GHPRQVWUH� TXH� D� LQFHUWH]D� GD� IXQ©¥R� I� � «�������
YDU>I�@� ��wI�w[����YDU>[�@�������wI��w�[����wI��w�[���>YDU>[�@��YDU>[�@@������wI�w[����YDU>[�@��
�� 5HODWµULR�� SDUD� R� PRGHOR� GH� &Kª]\� 4L�  � &L� .L� 6IL� ���� � �� SURGXWR� HQWUH� D�
UXJRVLGDGH� &L�� R� IDWRU� JHRP«WULFR� .L� H� D� GHFOLYLGDGH� GD� OLQKD� GH� HQHUJLD� 6IL��
GHPRQVWUH�TXH�VH�RV� IDWRUHV�V¥R�GHSHQGHQWHV��D� LQFHUWH]D� WRWDO� GD�YD]¥R�«��SDUD�
FDQDO�VLPSOHV��H�VRE�FRQGL©¥R�GH�WUDQVLHQWH�GXUDQWH�D�SDVVDJHP�GD�RQGD�GH�FKHLD�
TXDQGR�HVW£�VH�PHGLQGR�YD]¥R��«��

�
>&90�4��L@��� �9$50�4��L���&290�4��L��
�
VHQGR��
9$50�4��L� �>&9�&��L@�����~�>&9�6I��L@�����>&9�.��L@�����
&290�4��L� ���>&9�&��L�&9�.��L������&9�&��L�&9�6I��L�����&9�6I��L�&9�.��L@��� � �
&9�&��L� �>��_�'KL�_�KL����������E��@��
&9�6I��L� ��9FL���_�'KL�_��'WL�����ದ�����)UL�����
&9�.��L� �_�'.L�_�.L���� � � � � �
KL���FRWD�P«GLD�Gಬ£JXD�GXUDQWH�GD�L�«VLPD�PHGL©¥R�GH�YD]¥R���
)UL�� �9L��J�5KL��������Q¼PHUR�GH�)URXGH���
9L����YHORFLGDGH�P«GLD�QD�VH©¥R���
5KL���UDLR�KLGU£XOLFR���
E�R�H[SRHQWH�GD�FXUYD�FKDYH�H[SUHVVD�SRU�KL� ��4L�D�E�RX� ED ˆ/)ˆ/( 1Q ��)UHDG��������
9FL���FHOHULGDGH�GD�RQGD��.QLJKW����������

�
�
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%LEOLRJUDILD�
�
%LEOLRJUDILD�SDUD�H[HUF¯FLRV�GH�LQFHUWH]DV�KLGUROµJLFDV��JHUDO��
&+2:��9��7��'��0$,'0(17��/���0$<6���������$SSOLHG�+\GURORJ\��1HZ�<RUN��0F�*UDZ�+LOO������S��
&/$5.(��5��7�������6WDWLVWLFDO�PRGHOOLQJ�LQ�K\GURORJ\��&KLFKHVWHU��-��:LOH\��
+$$1��&��7��������6WDWLVWLFDO�PHWKRGV�LQ�K\GURORJ\��,RZD�8QLY��3UHVV�$PHV�
0$<6��/�:��������:DWHU�5HVRXUFHV�(QJLQHHULQJ��1HZ�<RUN���-RKQ�:LOH\�	�6RQV�
32572��5��0��������+LGU£XOLFD�%£VLFD��3URMHWR�5HHQJH��6DR�&DUORV��((6&�ದ�863�
5,*+(772��$��0��������+LGURORJLD�H�5HFXUVRV�+¯GULFRV��3URMHWR�5HHQJH��6DR�&DUORV��((6&�ದ�863�
78&&,��&��(��0��������0RGHORV�KLGUROµJLFRV��3RUWR�$OHJUH��$%5+�(G�8)5*6�
�
%LEOLRJUDILD�SDUD�HVWXGR�GH�LQFHUWH]DV�KLGUROµJLFDV��¬QIDVH�HP�HQFKHQWHV��
&+$1*��+��������)OXYLDO�SURFHVV�LQ�ULYHU�HQJLQHHULQJ��1HZ�<RUN���:LOH\��
&+%$%�� � -�� 0�� YDQ� 12257:,-.�� 0�7� '8,76� ������� %D\HVLDQ� DSSURDFK� WR� VWDWLVWLFDO� XQFHUWDLQWLHV�� ,Q�� )��

7RHQVPDQQ�	�0��.RFN��HGV���5LYHU�)ORRG�'HIHQFH��.DVVHO��+HUNXOHV�9J���
&81*(��$�-���+2//<�-U���)�0���9(5:(<��$��������3UDFWLFDO�DVSHFWV�RI�FRPSXWDFLRQDO�ULYHU�K\GUDXOLFV���/RQGRQ��

3LWPDQ�3XEO������S��
)5($'�� -�� ������ )ORRG� URXWLQJ� DQG� 0DQQLQJ� ಯQರ�� ,Q�� 7�� <HQ� �HG��� &KDQQHO� )ORZ� 5HVLVWDQFH�� &HQWHQQLDO� RI�

0DQQLQJvV�)RUPXOD������������
+(56&+<��5��:��������6WUHDPIORZ�PHDVXUHPHQW��/RQGRQ��(OVHYLHU�����S��
.1,*7+��'��������+\GUDXOLFV�RI�IORRG�FKDQQHOV��,Q�%HYHQ��.���&DUOLQJ��3���HGV���)ORRGV���+\GUR�VHGLPHQWRORJLFDO�

DQG�JHRPRUSKRORJLFDO�LPSOLFDWLRQV��&KLFKHVWHU��:LOH\�����������
.287,7$6��&��*��������(OHPHQWV�RI�FRPSXWDWLRQDO�K\GUDXOLFV��/RQGRQ��3HQWHFK�3UHVV�����S��
/((��+��/���0$<6�� /�� ������+\GUDXOLF� XQFHUWDLQWLHV� LQ� IORRG� OHYHH� FDSDFLW\�� -RXUQDO� RI�+\GUDXOLF� (QJLQHHULQJ��

������������������
0(1',21'2�� (�� 0�� ������ &RQWULEXL©·HV� GD� DQ£OLVH� GH� LQFHUWH]DV� SDUD� D� UHFXSHUD©¥R� DPELHQWDO� GH� EDFLDV�

KLGURJU£ILFDV�� 7HVH�'RXW�� 3RUWR�$OHJUH�� ,3+�8)5*6��3URJU��5HFXUVRV�+¯GULFRV� H�6DQHDPHQWR�$PELHQWDO��
����S����DQ��

0(1',21'2�� (�� 0��� )�� 72(160$11�� 5�� 7�� &/$5.(� ������ 5LYHU� UHVWRUDWLRQ�� GLVFKDUJH� XQFHUWDLQWLHV� DQG�
IORRGV��,Q��)��7RHQVPDQQ�	�0��.RFN��HGV���5LYHU�)ORRG�'HIHQFH��.DVVHO��
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6DR�3DXOR��63���
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)ORRG�5LVN�	�0DS�,QIRUPDWLRQ�)(0$���1DWLRQDO�)ORRG�,QVXUDQFH�3URJUDP�KWWS���ZZZ�IHPD�JRY���


