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�� ,1752'8&7,21�

'DQV�XQH�FHQWUDOH�WKHUPLTXH��XQH�FKDXGLqUH�FKDXIIH�GH�O
HDX�HW�OD�WUDQVIRUPH�

HQ�YDSHXU��/
pQHUJLH�FDORULILTXH�HVW�REWHQXH�HQ�EU�ODQW�OH�SOXV�VRXYHQW�GX�FKDUERQ��

GX�SpWUROH�RX�GX�JD]�� �

/D�FKDOHXU�GpJDJpH�SDU�OD�FRPEXVWLRQ�YDSRULVH�O
HDX�TXL�DWWHLQW�DORUV�XQH�WUqV�

KDXWH�WHPSpUDWXUH��

&HWWH�YDSHXU�VH�GpWHQG�SURJUHVVLYHPHQW�GDQV� OHV�FRUSV�KDXWH��PR\HQQH�HW�

EDVVH�SUHVVLRQ�GH� OD� WXUELQH� DYDQW�GH� VH� OLTXpILHU� GDQV� OH� FRQGHQVHXU� HW�G
rWUH�

UHQYR\pH�GDQV�OH�JpQpUDWHXU�GH�YDSHXU�� �

/
pQHUJLH� PpFDQLTXH� HQJHQGUpH� SDU� OD� YDSHXU� FLUFXODQW� GDQV� OD� WXUELQH��

HQWUDvQH�O
DOWHUQDWHXU�TXL�OD�WUDQVIRUPH�HQ�pQHUJLH�pOHFWULTXH��

/HV�FHQWUDOHV�WKHUPLTXHV�SURGXLVHQW�O·pOHFWULFLWp�j�SDUWLU�GH�OD�FKDOHXU�TXL�VH�

GpJDJH�GH�OD�FRPEXVWLRQ�GX�FKDUERQ��GX�PD]RXW�RX�GX�JD]�QDWXUHO��/D�SOXSDUW�RQW�

XQH�FDSDFLWp�FRPSULVH�HQWUH�����0:�HW������0:�DILQ�GH�UpDOLVHU�OHV�pFRQRPLHV�

G·XQH�JURVVH�LQVWDOODWLRQ��2Q�OD�WURXYH�VRXYHQW�SUqV�G·XQH�ULYLqUH�RX�G·XQ�ODF��FDU�

G·pQRUPHV� TXDQWLWpV� G·HDX� VRQW� UHTXLVHV� SRXU� UHIURLGLU� HW� FRQGHQVHU� OD� YDSHXU�

VRUWDQW�GHV�WXUELQHV��

(Q�IRQFWLRQQHPHQW�QRPLQDO��OH�UHQGHPHQW�GH� � FHV�FHQWUDOHV�VH�VLWXH�HQWUH����

HW������/HXU�PLQLPXP�WHFKQLTXH�HVW�GH�O·RUGUH�GH�������(OOHV�SHXYHQW�SDUWLFLSHU�

DX�UpJODJH�SULPDLUH�HW�VHFRQGDLUH�GH�OD�IUpTXHQFH��
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�
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/D�ILJXUH�PRQWUH�OHV�SDUWLHV�SULQFLSDOHV�G·XQH�FHQWUDOH�WKHUPLTXH�LGHQWLILpHV�

FRPPH�VXLW���

�

)LJXUH����(OpPHQWV�G·XQH�FHQWUDOH�WKHUPLTXH�

�

�� ,PPHQVH� FKDXGLqUH� FRQVWUXLWH� HQ� KDXWHXU� GDQV� ODTXHOOH� RQ� EU�OH� OH�

FRPEXVWLEOH��/D�FKDOHXU�HVW�DEVRUEpH�SDU�O·HDX�FLUFXODQW�GDQV�XQH�VpULH�GH�WXEHV�

6R��RTXL�HQWRXUHQW�OHV�IODPPHV��/D�FLUFXODWLRQ�HVW�IRUFpH�SDU�OD�SRPSH�3R�R��

�� 5pVHUYRLU��FRQWHQDQW�GH�O·HDX�HW�GH�OD�YDSHXU�j�KDXWH�SUHVVLRQ��,O�FRQVWLWXH�j�OD�
IRLV� OH�SRLQW�GH�GpSDUW� GH� OD�YDSHXU�YHUV� OHV� WXUELQHV� HW� OH�UpFHSWHXU�GH� O·HDX�

G·DOLPHQWDWLRQ�GH�UHWRXU��/D�YDSHXU�VH�GLULJH�YHUV�OD�WXUELQH�KDXWH�SUHVVLRQ��+3��

HQ� SDVVDQW� SDU� XQ� VXUFKDXIIHXU� 6R�R�� &H� GHUQLHU� IRUPp� G·XQH� VpULH� GH� WXEHV�

HQWRXUDQW� OH� IHX�� SURYRTXH� XQH� IRUWH� DXJPHQWDWLRQ� GH� OD� WHPSpUDWXUH� GH� OD�

YDSHXU�������& HQYLURQ���&HOD�DVVXUH�XQH�YDSHXU�TXL�HVW�DEVROXPHQW�VqFKH�HW�

GRQQH�XQ�PHLOOHXU�UHQGHPHQW�WKHUPLTXH��

�� 7XUELQH�KDXWH�SUHVVLRQ��+3��TXL�SHUPHW�XQH�SUHPLqUH�H[SDQVLRQ�GH�OD�YDSHXU�

GXUDQW�ODTXHOOH�XQH�SDUWLH�GH�O·pQHUJLH�PpFDQLTXH��/D�SUHVVLRQ�HW�OD�WHPSpUDWXUH�

j�OD�VRUWLH�GH�OD�WXUELQH�+3�VRQW�GRQF�SOXV�EDVVHV�TX·j�O·HQWUpH��$ILQ�G·DXJPHQWHU�

OH� UHQGHPHQW� WKHUPLTXH� HW� SRXU� pYLWHU� XQH� FRQGHQVDWLRQ� SUpPDWXUpH� GH� OD�

YDSHXU��RQ�OD�IDLW�SDVVHU�SDU�XQ�UpFKDXIIHXU�6R�R�FRPSRVp�G·XQH�WURLVLqPH�VpULH�GH�

WXEHV��

�� 7XUELQH�PR\HQQH�SUHVVLRQ��03��VHPEODEOH�j�OD�WXUELQH�+3�VDXI�TX·HOOH�HVW�SOXV�

JURVVH�SRXU�SHUPHWWUH�j�OD�YDSHXU�GH�FH�GpWHQGUH�GDYDQWDJH��
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�
�� 7XUELQH� EDVVH�SUHVVLRQ� �%3��j�GRXEOH�FDUWHU� TXL�HQOqYH� OH� UHVWH�GH� O·pQHUJLH�

WKHUPLTXH�GLVSRQLEOH�GDQV�OD�YDSHXU��SHUPHWWDQW�j�FHWWH�GHUQLqUH�GH�VH�GpWHQGUH�

GDQV�XQ�YLGH�SUHVTXH�FRPSOHW�j�O·LQWpULHXU�GX�FRQGHQVDWHXU��

�� &RQGHQVDWHXU�TXL�SURYRTXH�OD�FRQGHQVDWLRQ�GH�OD�YDSHXU��JUkFH�j�OD�FLUFXODWLRQ�
G·HDX�IURLGH�YHQDQW�GH� O·H[WpULHXU�HW�FLUFXODQW�GDQV�GHV�WXEHV�6R�R��8QH�SRPSH�

G·H[WUDFWLRQ�3R�R�HQOqYH�O·HDX�WLqGH�FRQGHQVpH�HW�OD�SRXVVH�j�WUDYHUV�OH�UpFKDXIIHXU�

����YHUV�OD�SRPSH�3R��RDOLPHQWDQW�OD�FKDXGLqUH��

�� 5pFKDXIIHXU��'DQV�FHW�pFKDQJHXU�GH�FKDOHXU��XQH�SDUWLH�GH�OD�YDSHXU�TXL�HVW�
SDVVpH�SDU�OD�WXUELQH�+3�UpFKDXIIH�O·HDX�G·DOLPHQWDWLRQ��DSUqV�TXRL��OD�YDSHXU�VH�

FRQGHQVH� DXVVL� GDQV� OH� FRQGHQVDWHXU�� /HV� DQDO\VHV� WKHUPRG\QDPLTXHV�

SURXYHQW�TXH�OH�UHQGHPHQW�DLQVL�REWHQX�HVW�PHLOOHXU�TXH�VL�OD�YDSHXU�GpULYpH�

GDQV�OH�UpFKDXIIHXU�DOODLW�DX[�WXUELQHV�03�HW�%3�HQ�SDVVDQW�SDU�OH�UpFKDXIIHXU�

6R�R��

�� 3RPSH� G·DOLPHQWDWLRQ� 3R�� RTXL� UHIRXOH� O·HDX� G·DOLPHQWDWLRQ� FRQWUH� OD� IRUWH�

SUHVVLRQ�UpJQDQW�j�O·LQWpULHXU�GX�EDOORQ�����HW�FRPSOqWH�DLQVL�OH�F\FOH�WKHUPLTXH�

�� %U�OHXUV�SURYRTXDQW�OD�FRPEXVWLRQ�GX�JD]��GX�PD]RXW�RX�GX�FKDUERQ�SXOYpULVp�

SURMHWp�j�O·LQWpULHXU�GH�OD�FKDXGLqUH��

$YDQW�G·rWUH�SURMHWp�GDQV�OD�FKDXGLqUH��OH�FKDUERQ�HVW�UpGXLW�HQ�SRXGUH��'H�

OD�PrPH� IDoRQ�� O·KXLOH� ORXUGH� HVW� SUpFKDXIIpH� HW� VRXIIOpH� HQ� MHW� YDSRULVp� DILQ�

G·DXJPHQWHU�VD�VXUIDFH�GH�FRQWDFW�DYHF�O·DLU�HQYLURQQDQW��

��� 9HQWLODWHXU�VRXIIODQW�O·DLU�UHTXLV�SRXU�OD�FRPEXVWLRQ�

��� 9HQWLODWHXU�DVSLUDQW�OHV�JD]�EU�OpV�TXL�V·pFKDSSHQW�SDU�OD�FKHPLQpH��

(Q� SUDWLTXH�� XQH� FHQWUDOH� FRQWLHQW� ELHQ� G·DXWUHV� DSSDUHLOV� HW� DFFHVVRLUHV�

HVVHQWLHOV�SRXU�DVVXUHU�XQ�ERQ�UHQGHPHQW�HW�GHV�FRQGLWLRQV�VpFXULWDLUHV��$LQVL��

GHV�YDQQHV�GH�UpJODJH�SHUPHWWHQW�GH�FRQWU{OHU�O·DGPLVVLRQ�GH�OD�YDSHXU�GDQV�OHV�

WXUELQHV��XQ�V\VWqPH�G·pSXUDWLRQ�PDLQWLHQW�OD�SURSUHWp�GH�O·HDX�G·DOLPHQWDWLRQ��GHV�

SRPSHV� JDUGHQW� OHV� SDOLHUV� HQ� ERQ� pWDW� GH� OXEULILFDWLRQ�� HWF�� &HSHQGDQW�� OHV�

FRPSRVDQWV�TXH�QRXV�YHQRQV�GH�GpFULUH�VXIILVHQW�j�H[SOLTXHU�OH�IRQFWLRQQHPHQW�HW�

OHV�SUREOqPHV�GH�EDVH�G·XQH�FHQWUDOH�WKHUPLTXH��

�� ',$*5$00(�(1(5*(7,48(�'·81(�&(175$/(�7+(50,48(�

/HV�FHQWUDOHV�WKHUPLTXHV�PRGHUQHV�VH�UHVVHPEOHQW�EHDXFRXS�HW� OD�SOXSDUW�

IRQFWLRQQHQW� j� XQH� WHPSpUDWXUH� GH� ���� �&� HW�XQH� SUHVVLRQ� GH� �����03D�� HOOHV�

GRQQHQW�XQ�UHQGHPHQW�JOREDO�GH�O·RUGUH�GH�������/HV�TXDQWLWpV�G·pQHUJLH��OHV�GpELWV�

GH�YDSHXU��HWF���QH�FKDQJHQW�SDV�EHDXFRXS��PrPH�SRXU�GHV�WHPSpUDWXUHV�HW�GHV�

SUHVVLRQV�GLIIpUHQWHV��&HOD�QRXV�D�SHUPLV�GH� WUDFHU� OH�VFKpPD�GH� UpSDUWLWLRQ�GH�

O·pQHUJLH�SRXU�XQ�PRGqOH�UpGXLW�D\DQW�XQ�SXLVVDQFH�FDORULILTXH�GH����0:�HW�XQ�

GpELW�pOHFWULTXH�GH����0:��VRLW�XQ�UHQGHPHQW�JOREDO�GH�������
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�
3DU� H[HPSOH� XQH� FHQWUDOH� GH� ���� 0:� DXUDLW� OHV� FDUDFWpULVWLTXHV�

DSSUR[LPDWLYHV�VXLYDQWHV���

3XLVVDQFH�pOHFWULTXH� �

&RQVRPPDWLRQ�GH�FKDUERQ�

&RQVRPPDWLRQ�G·DLU�

3XLVVDQFH�GH�OD�FKDXGLqUH�

'pELW�GH�YDSHXU�

(DX�GH�UHIURLGLVVHPHQW�

(Avec�Δt�=10�°C)�
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6L� O·RQ� GRLW� LQVWDOOHU� XQH� WRXU� GH� UHIURLGLVVHPHQW�� HOOH� GRLW� pYDSRUHU� XQH�

TXDQWLWp�G·HDX�pJDOH�j�:�2�%�×�14.4�=�0.288�m3/s�
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)LJXUH����0RGqOH�UpGXLW�G·XQH�FHQWUDOH�WKHUPLTXH�GH����0:�
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��� � $33529,6,211(0(17�(1�&$5%85$17�

/D�FHQWUDOH�pOHFWULTXH�j�YDSHXU�GHYUDLW�rWUH�VLWXpH�SUqV�GH�OD�PLQH�GH�FKDUERQ�

GH�VRUWH�TXH�OH�FR�W�GH�WUDQVSRUW�GX�FDUEXUDQW�VRLW�PLQLPXP��6L�OH�WHUUDLQ�Q
HVW�SDV�

GLVSRQLEOH�j�SUR[LPLWp�GHV�PLQHV�GH�FKDUERQ��SUpYRLU�GHV�LQVWDOODWLRQV�DGpTXDWHV�

SRXU�OH�WUDQVSRUW�GX�FDUEXUDQW��

��� � ',6321,%,/,7(�'(�/
($8

8QH�pQRUPH�TXDQWLWp�G
HDX�HVW�QpFHVVDLUH�SRXU�DOLPHQWHU�OD�FKDXGLqUH�HW�OH�

FRQGHQVHXU��SRXU�FHOD�OD�VWDWLRQ�GHYUDLW�rWUH�VLWXpH�SUqV�GH�OD�PHU��ULYLqUH��GX�ODF��

HWF��

��� )$&,/,7(�'(�75$163257�

3RXU� OD� FHQWUDOH� j� YDSHXU� RIIULU� XQ�PHLOOHXU� VHUYLFH� GH� WUDQVSRUW� SRXU� OH�

WUDQVSRUW�GH�O
KRPPH��GH�OD�PDFKLQHULH��HWF���

�
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�
��� � 7<3(�'(�7(55$,1��

/D� FHQWUDOH� pOHFWULTXH� j� YDSHXU� GHYUDLW� rWUH� LQVWDOOpH� GDQV� XQ� WHUUDLQ� RX�

O
H[WHQVLRQ�IXWXUH�HVW�SRVVLEOH�HW�]RQH�QRQ�VLVPLTXH��

��� 35(6�'8�3267(�(/(&75,48(��

$ILQ� GH� UpGXLUH� OHV� SHUWHV� GH� WUDQVPLVVLRQ� HW� GH� GLVWULEXWLRQ�� OD� FHQWUDOH�

GHYUDLW�rWUH�VLWXpH�SUqV�GX�SRVWH�,QWHUFRQQH[LRQ��

��� ',67$1&(�'(�/$�=21(�'·+$%,7$7,21��

&RPPH� OD� FHQWUDOH� WKHUPLTXH� SURGXLW� GHV� JD]� GH� FRPEXVWLRQ�� FHV� JD]�

DIIHFWHURQW�O
rWUH�KXPDLQ�YLYDQW��GRQF�OD�FHQWUDOH�GHYUDLW�rWUH�VLWXpH�ORLQ�GH�OD�]RQH�

GHQVpPHQW�SHXSOpH��

�� $9$17$*(6�(7�,1&219(1,(176�

����$9$17$*(6�

 &HQWUDOHV� G·DSSRLQW� TXL� SHXYHQW� rWUH� IDFLOHPHQW� PLVH� HQ� IRQFWLRQQHPHQW� RX�
DUUrWpHV�

 0R\HQ�GH�SURGXFWLRQ�G
pOHFWULFLWp�©�GLVSDWFKDEOH�ª�SRXU�UpSRQGUH�DX[�YDULDWLRQV�
GH�OD�GHPDQGH�

 $XWRQRPLH��GpSHQGDQW�GH�O
DSSURYLVLRQQHPHQW�HW�GX�VWRFN�GH�FRPEXVWLEOH��

 )OH[LELOLWp�GDQV�OH�FKRL[�GX�FRPEXVWLEOH��SRXU�FHUWDLQHV�WHFKQRORJLHV��

 /RQJXH�GXUpH�GH�YLH�����j����DQV��

����,1&219(1,(176�

 5pDFWLYLWp�IDLEOH�DX�GpPDUUDJH��SOXV�G·�K�SRXU�DWWHLQGUH�OD�SXLVVDQFH�PD[��

 8VDJH�GH�FRPEXVWLEOHV�IRVVLOHV��UDUpIDFWLRQ�HW�FR�W�GH�OD�UHVVRXUFH��GpSHQGDQFH�
pQHUJpWLTXH��

 (PLVVLRQV� GH� JD]� j� HIIHW� GH� VHUUH� HW� G
pOpPHQWV� SROOXDQWV�� HQ�SDUWLFXOLHU� VXU�
FKDUERQ�HW�ILRXO��62[��12[��SRXVVLqUHV��

 &R�W�HW�XVXUH�OLpV�DX[�DUUrWV���GpPDUUDJHV�

 %HVRLQ�G·XQ�GpERXFKp��RXYHUWXUH��FKDOHXU�SRXU�OD�FRJpQpUDWLRQ�
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