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@WbWno E_j^_kc $<WdWZW% _dY* $@WbWno% [ij kd[ \_b_Wb[ Z[ @WbWno K[iekhY[i E_c_j[Z( kd[ _cfehjWdj[ ieY_uju c_d_vh[ ikh b[

cWhY^u Zk b_j^_kc* :Yjk[bb[c[dj( @WbWno K[iekhY[i E_c_j[Z [nfbe_j[ kd[ c_d[ Z[ ifeZkcvd[ [d :kijhWb_[ [j Z[kn fhe`[ji

iedj [d Zul[beff[c[dj 6 kd Wk JkuX[Y [j b�Wkjh[ [d :h][dj_d[*

@WbWno W]_j r j_jh[ Z�_d_j_Wj[kh Zk fhe`[j c_d[ Z[ b_j^_kc ;W_[)CWc[i( i_jku ZWdi bW hu]_ed WZc_d_ijhWj_l[ Zk GehZ)Zk)JkuX[Y*
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fhen_c_ju Zk h[bW_i hekj_[h Zk ac /4- $YWhj[ -%*

E[ fhe`[j fhule_j b�[nfbe_jWj_ed Z�kd[ \eii[ Z[ \Wted Yedl[dj_edd[bb[( Z�ez [dl_hed . Fj fWh Wddu[ Z[ f[]cWj_j[i r

ifeZkcvd[ i[hedj [njhW_j[i fekh [dik_j[ wjh[ Z_h_]u[i l[hi kd YedY[djhWj[kh* Hkjh[ Y[i _dijWbbWj_edi( b[ i_j[ WYYk[_bb[hW

dejWcc[dj Z[i W_h[i Z�WYYkckbWj_ed $cehj)j[hhW_d( j[hh[ lu]ujWb[( ijuh_b[i+hui_Zki( c_d[hW_( YedY[djhu%( Z[i XWii_di Z[

huj[dj_ed( kd[ kd_ju Z[ jhW_j[c[dj Z�[Wk( Z[i Xsj_c[dji WZc_d_ijhWj_\i( kd YWcf[c[dj fekh b[i jhWlW_bb[khi( Z[i Wj[b_[hi [j

[djh[fyji W_di_ gk�kd Zufyj Z�[nfbei_\i* EW fuh_eZ[ Z�[nfbe_jWj_ed fhulk[ [ij Z[ -4 Wdi*

E[ fhe`[j c_d[ Z[ b_j^_kc ;W_[)CWc[i [ij Wiik`[jj_ r bW fheYuZkh[ fhel_dY_Wb[ Z�ulWbkWj_ed [j Z�[nWc[d Z[i _cfWYji ikh

b�[dl_hedd[c[dj( Yecc[ fhulk r b�Whj_Yb[ -1/ Zk Y^Wf_jh[ BB Z[ bW Ee_ ikh bW gkWb_ju Z[ b�[dl_hedd[c[dj $EJ>%* E�Wdd[n[ :

Z[ bW EJ> b_ij[ b[i fhe`[ji eXb_]Wje_h[c[dj iekc_i r bW fheYuZkh[ Z�ulWbkWj_ed [j Z�[nWc[d( Zedj } jekj fhe`[j c_d_[h( o

Yecfh_i b�W]hWdZ_ii[c[dj( bW jhWdi\ehcWj_ed ek bW ceZ_\_YWj_ed Z�kd[ [nfbe_jWj_ed c_d_vh[ [n_ijWdj[ ~* <ed`e_dj[c[dj r bW

EJ>( b�Wdd[n[ - Zk Y^Wf_jh[ .. Z[ bW <;CGJ Zh[ii[ kd[ b_ij[ Z[ fhe`[ji iekc_i Wk fheY[iiki Z�ulWbkWj_ed( Zedj b[i fhe`[ji

Z�[nfbe_jWj_ed c_d_vh[* E[ fhe`[j [ij u]Wb[c[dj Wiik`[jj_ r kd[ ulWbkWj_ed [dl_hedd[c[djWb[ \uZuhWb[( Yecc[ fhulk r

b�Whj_Yb[ -/ Z[ bW Ee_ YWdWZ_[dd[ ikh b�ulWbkWj_ed [dl_hedd[c[djWb[ $E<>> .,-.% $E*<* .,-.( Y^* -5( Whj* 1.%( fk_igk[

b�[njhWYj_ed Z[ c_d[hW_ ZufWii[hW / ,,, jedd[i $j%+`ekh $Whj_Yb[ -2$W%% [j gk[ bW YWfWY_ju Z[ b�ki_d[ Z[ YedY[djhWj_ed ZufWii[hW

0 ,,, j+`ekh $Whj_Yb[ -2$X% Zk Kv]b[c[dj Zui_]dWdj b[i WYj_l_jui YedYhvj[i $=HKL+.,-.)-03%%*

@WbWno W \W_j Wff[b r PLI <WdWZW BdY* $PLI% W\_d Z[ b�WYYecfW]d[h ZWdi bW huWb_iWj_ed Z�kd[ ujkZ[ Z�_cfWYj ikh

b�[dl_hedd[c[dj $qB>% fekh Y[ fhe`[j* PLI W ZedY ZeYkc[dju b�ujWj Z[ hu\uh[dY[ Z[ b�^oZhe]uebe]_[ ikh b[ j[hh_je_h[ r b�ujkZ[

[d .,-4 $PLI( .,-4Y%*

=[ dekl[bb[i YWcfW]d[i Z�uY^Wdj_bbeddW][ edj uju huWb_iu[i r b�uju .,., [j r b�^_l[h .,.- fWh LG<)EWlWb_d

$LG<)EWlWb_d( .,., [j LG<)EWlWb_d( .,.-% W\_d Z[ Yebb[Yj[h Z[ dekl[bb[i _d\ehcWj_edi YedY[hdWdj bW ijhWj_]hWf^_[ r b�[dZhe_j

Z[i \kjkh[i _d\hWijhkYjkh[i* EW YWhj[ . fhui[dj[ bW beYWb_iWj_ed Z[ b�[di[cXb[ Z[i iedZW][i Z_ifed_Xb[i ikh b[ i_j[* Nd[ c_i[ r

`ekh Zk ceZvb[ ^oZhe]uebe]_gk[ W ZedY uju huWb_iu[ W\_d Z[ Yedi_Zuh[h b[i dekl[bb[i Zeddu[i Z_ifed_Xb[i [j b[i dekl[Wkn

[cfbWY[c[dji Z[i Z_\\uh[dj[i _d\hWijhkYjkh[i c_d_vh[i* E[i h[cWhgk[i [j gk[ij_edi feiu[i ZWdi b[ YWZh[ Zk fheY[iiki

Z�WdWboi[ Z[ b�qB> fWh b[i Wkjeh_jui \uZuhWb[i [j fhel_dY_Wb[i edj u]Wb[c[dj uju fh_i[i [d Yecfj[ ZWdi bW c_i[ r `ekh Z[

b�ujkZ[*

E[ hWffehj fhui[dj[ ZedY kd[ c_i[ r `ekh Z[ b�ujkZ[ ^oZhe]uebe]_gk[ huWb_iu[ [d .,-4*
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E[i eX`[Yj_\i fh_dY_fWkn Z[ b�ujkZ[ ^oZhe]uebe]_gk[ iedj b[i ik_lWdji 6

— c_i[ r `ekh Z[i YWhWYjuh_ij_gk[i ]uebe]_gk[ [j ^oZhe]uebe]_gk[ Z[i Zufyji c[kXb[i [j Zk heY ZWdi b[ i[Yj[kh Y^e_i_ fekh

b�WcudW][c[dj Z[ bW \eii[ [j Z[i ^WbZ[i Z[ ijuh_b[i7

— ulWbk[h b[ ZuX_j Z[ ZudeoW][ Z[ bW \eii[ [j ujkZ_[h b�[\\[j Zk Yyd[ Z[ hWXWjj[c[dj ikh b[i bWYi [dl_heddWdji W_di_ gk[ ikh

b[i Yekhi Z�[Wk r fWhj_h Z�kd ceZvb[ dkcuh_gk[7

— ulWbk[h b[ ZuX_j Z[ f[hYebWj_ed ieki b[i Z_\\uh[dj[i _d\hWijhkYjkh[i c_d_vh[i 6 ^WbZ[i Z[ hui_Zki [j Z[ ijuh_b[i $^WbZ[i Z[

YeZufei_j_ed% [j XWii_di7

— [\\[Yjk[h kd[ ceZub_iWj_ed Z[ jhWdifehj fekh ulWbk[h b�_cfWYj Z[i ^WbZ[i Z[ YeZufei_j_ed ikh b[ c_b_[k*
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E[i jhWlWkn Z[ ceZub_iWj_ed Z[ Y[ fhe`[j _dYbk[dj b[i ujWf[i ik_lWdj[i 6

— ubWXehWj_ed Zk ceZvb[ YedY[fjk[b _d_j_Wb XWiu ikh b[i Zeddu[i Z_ifed_Xb[i7

— YedijhkYj_ed Zk ceZvb[ ^oZhe]uebe]_gk[ dkcuh_gk[ W\_d Z�eXj[d_h kd[ h[fhui[djWj_ed bW fbki \_Zvb[ feii_Xb[ Wk ceZvb[

YedY[fjk[b ubWXehu7

— Zuj[hc_dWj_ed Z[ b�uj[dZk[ Z[ bW ped[ Z�ujkZ[7

— _Z[dj_\_YWj_ed Zk Yedj[nj[ ]uebe]_gk[ [j Z[i fhefh_ujui ^oZhe]uebe]_gk[i Z[i kd_jui ^oZheijhWj_]hWf^_gk[i7

— Wjjh_Xkj_ed Z[i YedZ_j_edi ^oZhe]uebe]_gk[i r Y^WYkd[ Z[i kd_jui ^oZheijhWj_]hWf^_gk[i $Wgk_\vh[i [j Wgk_jWhZi% ZWdi

b�^eh_ped Z[ ikXikh\WY[7

— WdWboi[ Zk cekl[c[dj hu]_edWb Z[ b�[Wk iekj[hhW_d[( _dYbkWdj b[i ubulWj_edi Z[ b�[Wk iekj[hhW_d[7

— _Z[dj_\_YWj_ed Z[i ubuc[dji ^oZhebe]_gk[i( j[bi gk[ b[i XWii_di l[hiWdji( b[i ped[i Z�_d\_bjhWj_ed Z[i [Wkn iekj[hhW_d[i [j

b[i huikh][dY[i W_di_ gk[ b[i Yekhi Z�[Wk7

— YWb_XhWj_ed Z[i fWhWcvjh[i ^oZhWkb_gk[i Zk ceZvb[ dkcuh_gk[ W\_d Z�wjh[ \_Zvb[ Wk hui[Wk Z�uYekb[c[dj Z�[Wk

iekj[hhW_d[ ZWdi b[ i[Yj[kh Z�ujkZ[*

E[ ceZvb[ ^oZhe]uebe]_gk[ W uju ubWXehu r fWhj_h Z[i Zeddu[i huYebju[i behi Z[i YWcfW]d[i Z[ j[hhW_d [j Z[i ujkZ[i

Wdjuh_[kh[i Z_ifed_Xb[i* Oe_Y_ kd huikcu Z[i Zeddu[i kj_b_iu[i 6

— Zeddu[i dkcuh_iu[i Z�ubulWj_ed jefe]hWf^_gk[ $E_=:K ) E_]^j =[j[Yj_ed WdZ KWd]_d] ) .,-3%7

— Zeddu[i dkcuh_iu[i Z�ubulWj_ed jefe]hWf^_gk[ $<WdO[Y'( -+1, ,,,( KG<Wd( .,-0%7

— Zeddu[i dkcuh_iu[i Z[i Zufyji gkWj[hdW_h[i( r fWhj_h Z[ f^eje]hWf^_[i Wuh_[dd[i $PLI( .,-4X%7

— YWhj[i ]uebe]_gk[i $LB@>HF%7

— XWi[ Z[ Zeddu[i $>nY[b% Z[i \ehW][i Z�[nfbehWj_ed ZWdi b[ i[Yj[kh Z[ bW c_d[ $@WbWno( .,-3%7

— Zeddu[i dkcuh_iu[i Z[i Yekhi Z�[Wk $<WdO[Y'( -+1, ,,,( KG<Wd( .,-0%7

— Zeddu[i dkcuh_iu[i Z[i bWYi $<WdO[Y'( -+1, ,,,( KG<Wd( .,-0%7

— ujkZ[ ^oZhebe]_gk[ $PLI( .,-4W%7

— ujkZ[ ^oZhe]uebe]_[ $PLI( .,-4Y%7

— Zeddu[i dkcuh_iu[i Z[i \kjkh[i _d\hWijhkYjkh[i $\eii[ [j ^WbZ[ Z[ YeZufei_j_ed%( $@ F_d_d] L[hl_Y[i _dY* $@FLB%( .,.- [j

@ebZ[h( .,.,%*
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Iekh i_ckb[h b�uYekb[c[dj Z[ b�[Wk iekj[hhW_d[( kd YeZ[ dkcuh_gk[ [ij h[gk_i fekh h[fheZk_h[ b[i Y^Wh][i ^oZhWkb_gk[i( b[kh

Z_ijh_Xkj_ed ifWj_Wb[ [j b[kh lWh_Wj_ed ZWdi b[ j[cfi* E[ YeZ[ dkcuh_gk[ Y^e_i_ Ze_j f[hc[jjh[ Z[ hufedZh[ Wkn eX`[Yj_\i Z[

b�ujkZ[* Bb Ze_j fekh Y[bW wjh[ YWfWXb[ Z[ h[fhui[dj[h Wk c_[kn b[ ceZvb[ YedY[fjk[b gk_ W uju Zu\_d_* E[ ceZvb[ dkcuh_gk[ W

uju Yedijhk_j Wl[Y b[ be]_Y_[b ?>?EHP � ?_d_j[ >b[c[dj LkXikh\WY[ ?bem Loij[c $l[hi_ed 3*0%*

EW huiebkj_ed Z[i ugkWj_edi Z[ b�uYekb[c[dj [d c_b_[k iWjkhu ek [d c_b_[k ded iWjkhu ZWdi ?>?EHP kj_b_i[ bW j[Y^d_gk[

dkcuh_gk[ Z[i ubuc[dji \_d_i* ?>?EHP f[hc[j Z[ fheZk_h[ Z[i ceZvb[i dkcuh_gk[i Z�uYekb[c[dj Z[ b�[Wk iekj[hhW_d[ [d

jhe_i Z_c[di_edi( WkjWdj fekh b[i hu]_c[i f[hcWd[dji gk[ jhWdi_je_h[i Z[ b�[Wk iekj[hhW_d[ ZWdi Z[i Wgk_\vh[i YWfj_\i( i[c_)

YWfj_\i [j b_Xh[i* Bb [ij fWhj_Ykb_vh[c[dj Wffhefh_u fekh Z[i ioijvc[i Wgk_\vh[i Yecfb[n[i _cfb_gkWdj fbki_[khi kd_jui

^oZheijhWj_]hWf^_gk[i [j Z[i YedZ_j_edi Wkn b_c_j[i lWh_WXb[i* E[ ceZvb[ f[hc[j Z�WZWfj[h \WY_b[c[dj b[ cW_bbW][ r kd[

jefe]hWf^_[ WYY_Z[dju[ [j bW fh_i[ [d Yecfj[ Z[ Z_iYedj_dk_jui [ij u]Wb[c[dj \WY_b_ju[ fWh Y[jj[ fhefh_uju* ?>?EHP W

bWh][c[dj uju kj_b_iu ZWdi b[ fWiiu fekh ceZub_i[h b�uYekb[c[dj iekj[hhW_d ZWdi b[ YWZh[ Z[ fhe`[ji c_d_[hi*

=Wdi b[ YWi Z[ bW fhui[dj[ ujkZ[( Z[i YedZ_j_edi ded Yed\_du[i [d hu]_c[ f[hcWd[dj edj uju kj_b_iu[i fekh YWb_Xh[h b[ ceZvb[*

9HHJG;@= 9N=; MF EADA=M HGJ=MP nIMAN9D=FL

EW ceZub_iWj_ed dkcuh_gk[ Z�uYekb[c[dj Z�[Wk iekj[hhW_d[ r jhWl[hi kd c_b_[k feh[kn iWjkhu i_ckb[ ]uduhWb[c[dj b[i

cekl[c[dji Z[ b�[Wk ZWdi kd c_b_[k Yecfbvj[c[dj iWjkhu Yecc[ b[ iWXb[ [j b[ ]hWl_[h( b[igk[bi edj Z[i Z_ijh_Xkj_edi fhulk[i

Z[ fehei_ju [j Z[ YedZkYj_l_ju ^oZhWkb_gk[* =Wdi kd ikXijhWj heY^[kn \hWYjkhu( b[ cekl[c[dj Z[ b�[Wk iekj[hhW_d[ [ij

]uduhWb[c[dj fbki ]hWdZ r b�_djuh_[kh Z[ b�[dZhe_j \hWYjkhu gk[ ZWdi bW cWjh_Y[ gk_ b�[djekh[* =Wdi b�^ofej^vi[ gk[ bW Z[di_ju

Z[i \hWYjkh[i [j gk[ bW Yedd[Yj_l_ju ^oZhWkb_gk[ Z[ Y[i \hWYjkh[i iedj ik\\_iWdj[i( b[ heY \hWYjkhu f[kj wjh[ i_ckbu Yecc[ kd

} c_b_[k feh[kn ugk_lWb[dj ~* E[ ceZvb[ [ij ZedY Yedijhk_j fekh i_ckb[h b�uYekb[c[dj r jhWl[hi kd c_b_[k feh[kn Wl[Y Z[i

fhefh_ujui ^oZhWkb_gk[i WZugkWj[i fekh Z[i c_b_[kn \hWYjkhui* Lkh kd[ fbki f[j_j[ uY^[bb[( b[i cekl[c[dji Z[ b�[Wk

iekj[hhW_d[ fhui[dji [j Y[kn i_ckbui f[kl[dj wjh[ Z_\\uh[dji( [j Y[( r b�_djuh_[kh Z[ bW ped[ ez b[i cekl[c[dji Z[ b�[Wk

iekj[hhW_d[ iedj Zec_dui fWh gk[bgk[i \hWYjkh[i* =Wdi b[i ped[i \hWYjkhu[i Wl[Y kd[ fbki ]hWdZ[ Z[di_ju Z[ \hWYjkh[i [j Wl[Y

Z[i i_ckbWj_edi ikh kd[ fbki ]hWdZ[ uY^[bb[( b�WffheY^[ Zk c_b_[k feh[kn ugk_lWb[dj \ekhd_j kd[ h[fhui[djWj_ed hW_ieddWXb[ Zk

cekl[c[dj Z[ b�[Wk iekj[hhW_d[( bWgk[bb[ [ij WYY[fju[ fWh b�_dZkijh_[*
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/ <=K;JAHLAGF <M KAL= + EG<{D=

;GF;=HLM=D
E�ubWXehWj_ed Zk ceZvb[ YedY[fjk[b [ij b�ujWf[ bW fbki _cfehjWdj[ Z[ bW huWb_iWj_ed Z�kd[ ceZub_iWj_ed* >bb[ f[hc[j

Z�_Z[dj_\_[h [j Z[ ZuYh_h[ b[i Z_\\uh[dji Wif[Yji Zk ioijvc[ ^oZhe]uebe]_gk[* EW YedijhkYj_ed Z�kd ceZvb[ Z�uYekb[c[dj fekh

b�[Wk iekj[hhW_d[ Yecfh[dZ b[i jhe_i f^Wi[i ik_lWdj[i 6

— Zu\_d_h b[i kd_jui ^oZheijhWj_]hWf^_gk[i7

— Zu\_d_h b[i ioijvc[i Wgk_\vh[i [j b[i ioijvc[i Z�[Wk Z[ ikh\WY[7

— WdWboi[h b[i ubuc[dji Zk X_bWd ^oZh_gk[*

LGHG?J9H@A=

EW ped[ Z�ujkZ[ [ij beYWb_iu[ ZWdi bW fWhj_[ dehZ Z[ bW fhel_dY[ dWjkh[bb[ Z[i ^Wkj[i)j[hh[i Z[ F_ijWii_d_* <[jj[ fhel_dY[

dWjkh[bb[ Yehh[ifedZ r kd fbWj[Wk Zedj b�_dYb_dW_ied [ij bu]vh[c[dj eh_[dju[ l[hi b�ek[ij( ie_j l[hi bW ;W_[)CWc[i $E_ [j

=kYhkY( -555%* <[jj[ hu]_ed [ij fWhi[cu[ Z[ Yebb_d[i heY^[ki[i gk_ iedj iufWhu[i fWh Z[i Zufh[ii_edi Zedj b�uj[dZk[ lWh_[ Z[

gk[bgk[i Y[djW_d[i Z[ cvjh[i r fbki Z[ -, ac* EW fhefh_uju c_d_vh[ [ij i_jku[ r bW b_c_j[ dehZ Z[ Y[jj[ fhel_dY[( fh[igk[ r bW

`edYj_ed Z[ bW fhel_dY[ Z[i <ebb_d[i Z[ bW @hWdZ[ K_l_vh[* � b�_djuh_[kh Z[ bW ped[ ceZub_iu[( b�ubulWj_ed lWh_[ [djh[ -5- c [j

.02 c( fekh kd Zud_l[bu jejWb Z[ 11 c* EW jefe]hWf^_[ Z[ bW ped[ Z�ujkZ[ [ij fhui[dju[ ikh bW YWhj[ .*

EW jefe]hWf^_[ Zk i_j[ W uju _dj[hfebu[ r fWhj_h Z[i _d\ehcWj_edi Z_ifed_Xb[i fekh bW ped[ Z�ujkZ[ 6

— Zeddu[i dkcuh_iu[i Z�ubulWj_ed jefe]hWf^_gk[ $EB=:K ) E_]^j =[j[Yj_ed WdZ KWd]_d]( .,-3%7

— Zeddu[i dkcuh_iu[i Z�ubulWj_ed jefe]hWf^_gk[ $<WdO[Y'( -+1, ,,,( KG<Wd( .,-0%*

@Q<JGDG?A= =L :AD9F @Q<JAIM=

E[ hui[Wk ^oZhe]hWf^_gk[ ikh b[ ;ekYb_[h YWdWZ_[d fhui[dj[ kd[ Yed\_]khWj_ed _dj_c[c[dj b_u[ r b�[nfh[ii_ed [d ikh\WY[ Z[i

bWh][i ijhkYjkh[i ]uebe]_gk[i gk_ edj \Wteddu b[ fWoiW][*

 HYDROLOGIE 

EW ped[ Z�ujkZ[ i[ i_jk[ r b�_djuh_[kh Zk XWii_d l[hiWdj Z[ bW h_l_vh[ >WijcW_d* <[ Z[hd_[h( Z�kd[ ikf[h\_Y_[ Z�[dl_hed

02 ,,, ac�( ZhW_d[ b[i [Wkn Z[ decXh[kn bWYi [j h_l_vh[i* EW ped[ Z�ujkZ[ Yecfh[dZ b[ h[bW_i hekj_[h Zk ac /4- Z[ bW

hekj[ ;_bbo)=_WcedZ( [j _dYbkj Y_dg Yekhi Z�[Wk deccui <>- r <>1 fekh b[i X[ie_di Z[ b�ujkZ[* E[i Yekhi Z�[Wk <>- [j <>.

i�uYekb[dj l[hi b�ek[ij [d Z_h[Yj_ed Z[ bW h_l_vh[ F_ia_cWjWe( fk_i h[`e_]d[dj bW h_l_vh[ >WijcW_d* E[i Yekhi Z�[Wk <>/( <>0

[j <>1 i�uYekb[dj gkWdj r [kn l[hi b�[ij( fekh h[`e_dZh[ bW h_l_vh[ >WijcW_d*

EW beYWb_iWj_ed Z[i bWYi [j Z[i Yekhi Z�[Wk [ij fhui[dju[ ikh bW YWhj[ /* E[ jWXb[Wk - fhui[dj[ b[i ZuX_ji [ij_cui [j b[ jWXb[Wk .

fhui[dj[ b[i ubulWj_edi [ij_cu[i Z[i bWYi* E[i lWb[khi Z[ ZuX_ji ceo[di [j Z[ XWi[ iedj du]Wj_l[i fk_igk�[bb[i Yehh[ifedZ[dj

Wkn \bkn Z�[Wk iekj[hhW_d[ Wb_c[djWdj b[i Yekhi Z�[Wk*



OKH
FG .,-)--235),,
H9?= 4
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E[i lWb[khi fei_j_l[i Yehh[ifedZ[dj gkWdj r [bb[i r Z[i ped[i ez b[i Yekhi Z�[Wk Wb_c[dj[dj b�Wgk_\vh[* =Wdi b[ YWZh[ Zk

fhui[dj fhe`[j( b�[di[cXb[ Z[i Yekhi Z�[Wk [ij Wb_c[dju fWh b�Wgk_\vh[ Z�ez b[i lWb[khi du]Wj_l[i*

GNOXRNa + ?V_`R QR_ _`N`V[Z_ R` QhOV`_ R_`VYh_

FV`R QR YR_a^R

8hOV` Qqh`VNTR

$D +*&1 R_`VbNX%

$Y-)W%

8hOV` Qqh`VNTR

$D +*&1 NZZaRX%

$Y-)W%

8hOV` Y[dRZ NZZaRX

$Y-)W%

KgTg\ba ]ThZXTZX ;=. $fbaWX .% )- /4. )2,1 )-0 /20

KgTg\ba ]ThZXTZX ;=/ $fbaWX /% )420 )0/. )5 031

KgTg\ba ]ThZXTZX ;=0 $fbaWX 0% )-3/ )42 )- 51-

KgTg\ba ]ThZXTZX ;=1 $fbaWX 1% ). 5/4 )- .52 )/, 1.4

LekhY[ 6 PLI( .,-4W*

GNOXRNa , fXhbN`V[Z Qa ZVbRNa QqRNa QR_ XNP_

A[Y Qa XNP
fXhbN`V[Z Qa ZVbRNa QqRNa R_`VYhR g \N^`V^ Qa ?V85E

$Y%

DTV 9f\a\ CTfTV[\cXg .--(0

DTV CTc\f\^T`T .-/(3

DTV 9f\lTa 9^jT^jTg\chf\V[ .,,(0

n_TeZ\ffX`Xag Wh Vbhef WzXTh ;=/ .,2(22

DTV - .,1(.

DTV . -55(1

 BILAN HYDRIQUE 

E[ X_bWd ^oZh_gk[ f[hc[j Z[ Zuj[hc_d[h bW h[Y^Wh][ ikh b�[di[cXb[ Zk i_j[ r b�ujkZ[* >d [\\[j( behi Z[ fhuY_f_jWj_edi( Y[ d�[ij

fWi b�[di[cXb[ Z[i fhuY_f_jWj_edi gk_ fWhj_Y_f[ r bW h[Y^Wh][ Z[ bW dWff[* Nd[ fWhj_[ i�uYekb[ fWh hk_ii[bb[c[dj [j kd[ fWhj_[

h[fWhj ZWdi b�Wjceif^vh[ fWh ulWfejhWdif_hWj_ed* =[ decXh[kn \WYj[khi iedj r fh[dZh[ [d Yecfj[* GWjkh[bb[c[dj( b[ jWkn Z[

h[Y^Wh][ Z[ b�Wgk_\vh[ heY^[kn i[hW fbki ub[lu Wkn [dZhe_ji ez b�ufW_ii[kh Z[ Zufyji c[kXb[i [ij \W_Xb[( ikhjekj i_ bW

YedZkYj_l_ju ^oZhWkb_gk[ Z[ Y[i Zufyji [ij ub[lu[* Nd[ jefe]hWf^_[ fbWd[ WkhW u]Wb[c[dj j[dZWdY[ r \Wleh_i[h bW h[Y^Wh][( YWh

b[ jWkn Z[ hk_ii[bb[c[dj i[hW fbki \W_Xb[* IWh Yedjh[( ZWdi b[i c_b_[kn ^kc_Z[i Zu`r iWjkhui [d [Wk( bW h[Y^Wh][ i[hW X[WkYekf

fbki \W_Xb[ fk_igk[ b�[Wk i�uYekb[hW [d ikh\WY[ [j+ek i�WYYkckb[hW ikh fbWY[*

E�ulWfejhWdif_hWj_ed f[kj wjh[ Zuj[hc_du[ fWh bW \ehckb[ Z[ M^ehdj^mW_j[ [j FWj^[h $-513%* <[jj[ \ehckb[ i[ i[hj Z[i

fhuY_f_jWj_edi c[dik[bb[i( Z[i j[cfuhWjkh[i c[dik[bb[i W_di_ gk[ Z[ bW bWj_jkZ[ Z[ bW ijWj_ed cujuehebe]_gk[* E[i

fhuY_f_jWj_edi c[dik[bb[i kj_b_iu[i Yehh[ifedZ[dj Wkn fhuY_f_jWj_edi ceo[dd[i ikh bW fuh_eZ[ -532).,-3 [dh[]_ijhu[i r bW

ijWj_ed Z[ EW @hWdZ[ K_l_vh[ :* E[ jWXb[Wk / fhui[dj[ b[i huikbjWji eXj[dki Z�ulWfejhWdif_hWj_ed [j Z[ fhuY_f_jWj_edi [\\_YWY[i*

<[i Z[hd_vh[i Yehh[ifedZ[dj r bW iecc[ Z[i [Wkn Z[ hk_ii[bb[c[dj [j Z[ bW h[Y^Wh][( ZedY r bW gkWdj_ju Z�[Wk Z_ifed_Xb[ fekh

_d\_bjhWj_ed*
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LekhY[ 6 >dl_hedd[c[dj <WdWZW( LjWj_ed EW @hWdZ[ K_l_vh[ : $-532).,-3%*

E[i fhuY_f_jWj_edi [\\_YWY[i iedj ZedY [d ceo[dd[ Z[ /01(3 cc+Wd* IWhc_ Y[i /01(3 cc( kd[ fWhj_[ hk_ii[bb[hW [j kd[ fWhj_[

i�_d\_bjh[hW [j fWhj_Y_f[hW r bW h[Y^Wh][* E[ jWkn Z[ hk_ii[bb[c[dj lWh_[ [d \edYj_ed Z[ bW f[dj[ [j Zk jof[ Z[ iebi* E[ Ye[\\_Y_[dj

Z[ hk_ii[bb[c[dj W uju [ij_cu r fWhj_h Z[i lWb[khi j_hu[i Zk cWdk[b Z[ YedY[fj_ed Z[i fedY[Wkn $FMF=>M( .,-3%* E[i iebi

fhui[dji ikh b[ i_j[ lWh_[dj Zk jof[ : r :; fekh b�kd_ju Z[ j_bb [j Z[ < r <= fekh b�kd_ju Wh]_b[ki[* EW f[dj[ ikh b�[di[cXb[ Zk

i_j[( gkWdj r [bb[( lWh_[ Z[ ce_di Z[ / " dejWcc[dj ZWdi b[i ped[i Wh]_b[ki[i( r fbki Z[ 4 " ZWdi bW ped[ ez i[hW i_jku[ bW

\kjkh[ \eii[* � fWhj_h Z[ Y[i Zeddu[i( b[ Ye[\\_Y_[dj Z[ hk_ii[bb[c[dj lWh_[ [djh[ ,(,3 [j ,(1-( Y[ gk_ Zedd[ Z[i lWb[khi Z[

hk_ii[bb[c[dj WbbWdj Z[ 1, r /1, cc+Wd*

� fWhj_h Z[ Y[i ubuc[dji( ed f[kj [ij_c[h gk[ bW h[Y^Wh][ fekhhW_j lWh_[h [djh[ 2 cc+Wd [j /,3 cc+Wd* EW YWb_XhWj_ed Zk

ceZvb[( fhui[dju[ r bW i[Yj_ed 1*0( f[hc[jjhW Z[ Zu\_d_h b[i lWb[khi Z[i Z_\\uh[dj[i ped[i Z[ h[Y^Wh][*

MFALnK @Q<JGKLJ9LA?J9H@AIM=K

E[ ceZvb[ YedY[fjk[b kj_b_iu fekh h[fhui[dj[h b[ ioijvc[ ^oZhe]uebe]_gk[ W uju i_cfb_\_u( jekj [d i�WiikhWdj Z[ h[if[Yj[h b[

fbki \_Zvb[c[dj feii_Xb[ b[i eXi[hlWj_edi Z[ j[hhW_d* <[i i_cfb_\_YWj_edi iedj duY[iiW_h[i fk_igk[ b�uj[dZk[ Zk ceZvb[ Yeklh[

kd[ ikf[h\_Y_[ fbki ]hWdZ[ gk[ b�W_h[ Z�ujkZ[( Wl[Y Z[i i[Yj[khi ez WkYkd[ Zeddu[ Z[ j[hhW_d d�[ij Z_ifed_Xb[*

E[i YedZ_j_edi Z[ j[hhW_d Z[ Y[i i[Yj[khi edj uju _dj[hfebu[i+[njhWfebu[i r fWhj_h Z[i i[Yj[khi Yeddki [j Z[i YWhj[i Z[i Zufyji

gkWj[hdW_h[i* >d ceZub_iWdj kd i[Yj[kh fbki ]hWdZ( _b [ij W_di_ feii_Xb[ Z[ i�Wiikh[h gk[ b[i YedZ_j_edi Wffb_gku[i Wkn b_c_j[i

Zk ceZvb[ d�_d\bk[dY[hedj fWi b�uYekb[c[dj ZWdi b[ i[Yj[kh Z�_djuhwj*

=Wdi bW hu]_ed( bW Yekl[hjkh[ Z[ cWjuh_Wkn ]bWY_W_h[i [ij fbkjyj Z_iYedj_dk[ [j [ij YWhWYjuh_iu[ fWh kd[ jhW_du[ Z[ j_bb Zufeiu[ r

b�WXh_ Z[ fhejkXuhWdY[i heY^[ki[i* Lkh b[i j[hhW_di fbki XWi( [djh[ b[i Yhwj[i Z[ heY [j Z[ j_bb( kd[ YekY^[ Z[ Zufyji cWh_di

jWf_ii[ b[i iebi* Bb i�W]_j Z�Wh]_b[ c_i[ [d fbWY[ ZWdi b[i [Wkn YWbc[i [j fhe\edZ[i Z[ bW c[h Z[ Moh[bb* IWh bW ik_j[( fbki_[khi

jekhX_vh[i i[ iedj Zul[beffu[i ikh bW ikh\WY[ cWb ZhW_du[ Z[i Zufyji cWh_di jhvi YecfWYji $PLI( .,-4X%* EW YWhj[ 0 fhui[dj[

bW hufWhj_j_ed Z[i Zufyji Z[ ikh\WY[ W_di_ gk[ b[kh ufW_ii[kh ikh bW ped[ ceZub_iu[*

EW hu]_ed Z�ujkZ[ i[ i_jk[ ZWdi b[i XWii[i j[hh[i Z[ bW ;W_[)CWc[i* <[jj[ hu]_ed [ij YWhWYjuh_iu[ fWh kd h[b_[\ bu]vh[c[dj

edZkbu* E[ ikXijhWj [ij Yecfeiu Z[ heY^[i Z�s][ WhY^u[d WffWhj[dWdj r bW Ihel_dY[ Zk Lkfuh_[kh* E[ i[Yj[kh r b�ujkZ[ h[Yekf[

Z[kn ieki)fhel_dY[i( ie_j bW ieki)fhel_dY[ Z[ Guc_iYWk Wk ikZ [j Y[bb[ Z[ EW @hWdZ[ Wk dehZ*
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Hd o jhekl[ [ii[dj_[bb[c[dj Z[i heY^[i cujWiuZ_c[djW_h[i j[bb[i gk[ Z[i fWhW]d[_ii [j Z[i iY^_ij[i Z[ cwc[ gk[ Z[i heY^[i

lebYWd_gk[i cW\_gk[i [j _dj[hcuZ_W_h[i j[bi gk[ Z[i XWiWbj[i( Z[i WdZui_j[i( Z[i heY^[i lebYWdeYbWij_gk[i [j beYWb[c[dj heY^[i

lebYWd_gk[i WbYWb_d[i* Hd h[jhekl[ Wkii_ Z[i heY^[i _]du[i [d gkWdj_ju fbki \W_Xb[( j[bb[i gk[ Z[i ]hWd_j[i [j Z[i ]hWdeZ_eh_j[i

$LB@>HF( .,-4%* EW YWhj[ 1 fhui[dj[ b[i Z_\\uh[dj[i kd_jui ]uebe]_gk[i Z[ bW ped[ Z�ujkZ[*

 TOURBIÈRE 

Ibki_[khi jekhX_vh[i i[ iedj Zul[beffu[i ikh bW ikh\WY[ cWb ZhW_du[ Z[i Zufyji cWh_di jhvi YecfWYji* Bb i�W]_j Z[ jekhX_vh[i

ecXhejhef^[i [j c_duhejhef^[i ekl[hj[i( WhXkij_l[i ek Xe_iu[i* >bb[i iedj lWij[i [j jhvi decXh[ki[i( i_ X_[d gk�[bb[i

h[Yeklh[dj b[i Zufyji ikh fhvi Z[ 3. " Zk j[hh_je_h[ YWhje]hWf^_u $PLI( .,-4X%* Jk[bgk[i jekhX_vh[i i[ iedj Wkii_

Zul[beffu[i ZWdi b[i Zufh[ii_edi Zk heY [j Zk j_bb* E�WXedZWdY[ Z[ Y[i c_b_[kn ^kc_Z[i juce_]d[ Z[i cWklW_i[i YedZ_j_edi

Z[ ZhW_dW][ Z[i iebi*

<[jj[ kd_ju [ij YWhWYjuh_iu[ fWh Z[i Zufyji eh]Wd_gk[i feklWdj Wjj[_dZh[ kd[ ufW_ii[kh Z[ 0 c* >bb[ d�W fWi uju YWhWYjuh_iu[ fWh

Z[i [iiW_i Z[ dWjkh[ ^oZhe]uebe]_gk[i ikh b[ i_j[ r b�ujkZ[*

 SABLE LITTORAL 

Hd h[jhekl[( ZWdi Y[hjW_di i[Yj[khi( Z[i Zufyji iWXb[kn c_i [d fbWY[ behi Zk h[jhW_j Z[ bW c[h Z[ Moh[bb* <[i Zufyji b_jjehWkn

h[Yeklh[dj b[i Zufyji cWh_di* Eehi Z[i jhWlWkn Z�_dl[ij_]Wj_ed( _bi edj uju _Z[dj_\_ui Wk ikZ Z[ bW \eii[ $IH-( IH.%*

 DÉPÔTS ARGILEUX 

Nd[ YekY^[ Z[ Zufyji Wh]_b[kn $Zufyji cWh_di% i[ jhekl[ ikh b[i j[hhW_di fbki XWi( [djh[ b[i Yhwj[i Z[ heY [j Z[ j_bb* E�ufW_ii[kh

Z[ Zufyji Wh]_b[kn f[kj Wjj[_dZh[ -, c Z�Wfhvi b[i \ehW][i huWb_iui ZWdi bW ped[ Z�ujkZ[* E�ufW_ii[kh Z[i Zufyji Wh]_b[kn [ij

fhui[dju[ r bW YWhj[ 2* Iekh b[i ped[i ez WkYkd[ _d\ehcWj_ed d�ujW_j Z_ifed_Xb[( b[i ufW_ii[khi edj uju Zuj[hc_du[i r fWhj_h Z[

bW YWhj[ Z[ Zufyji Z[ ikh\WY[ [j Z[i lWb[khi eXj[dk[i ZWdi b[i \ehW][i*

E[i huikbjWji Z[i [iiW_i Z[ f[hcuWX_b_ju [j Z[ b�WdWboi[ ]hWdkbecujh_gk[ edj f[hc_i Z�eXj[d_h Z[i YedZkYj_l_jui ^oZhWkb_gk[i

lWh_Wdj Z[ -(.4 n -,)4 r /(12 n -,)-. c+i fekh kd[ lWb[kh ceo[dd[ Z[ 3(10 n -,)-,c+i*

 TILL 

=Wdi bW hu]_ed( bW Yekl[hjkh[ Z[ cWjuh_Wkn ]bWY_W_h[i [ij fbkjyj Z_iYedj_dk[( b[i \ehc[i iedj Wbbed]u[i [j eh_[dju[i i[bed kd

Wn[ HLH)>G>( gk_ _dZ_gk[ bW Z_h[Yj_ed Z[ b�uYekb[c[dj ]bWY_W_h[ hu]_edWb* E[ j_bb Z[ bW hu]_ed [ij YWhWYjuh_iu fWh kd cWjuh_[b

jhvi Z[di[ d�WoWdj WkYkd[ ijhkYjkh[ WffWh[dj[ [j fWh bW fhui[dY[ ifehWZ_gk[ Z[ b[dj_bb[i Z[ iWXb[ [j Z[ ]hWl_[h* EW Yecfei_j_ed

Z[i Zufyji ]bWY_W_h[i h[\bvj[ ]hWdZ[c[dj bW b_j^ebe]_[ Zk ieYb[( ie_j kd[ Zec_dWdY[ Z[ ]d[_ii [j Z[ ]hWd_j[i $AWhZo( -532%*
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 ROC 

:k Y�kh Zk ;ekYb_[h YWdWZ_[d( b[ i_j[ Zk fhe`[j i[ i_jk[ Wk dehZ)[ij Z[ bW fhel_dY[ ]uebe]_gk[ Zk Lkfuh_[kh [j \W_j fWhj_[ Z[ bW

ieki)fhel_dY[ lebYWde)fbkjed_gk[ EW @hWdZ[ $;heWZ HWa( .,,5 in LKD <edikbj_d]( .,-,7 FKG?( .,,0).,-/%* EW hu]_ed

Z�_djuhwj Yecfh[dZ kd Wii[cXbW][ lebYWde)iuZ_c[djW_h[ Wii_]du Wk ]hekf[ >WijcW_d* E[ i_j[ r b�ujkZ[ \W_j fWhj_[ Z[ bW

Y[_djkh[ Z[ heY^[i l[hj[i Z�>WijcW_d* <[bk_)Y_ [ij Zec_du fWh Z[i heY^[i cujWlebYWd_gk[i $Wcf^_Xeb_j[i Z[ ]hWZ[ cW\_gk[ r

\[bi_gk[ WiieY_ui r bW \ehcWj_ed Z[ Dece%( Z[i heY^[i cujWiuZ_c[djW_h[i [j Z[i _djhki_edi ]WXXhe_gk[i c_d[kh[i $;heWZ

HWa( .,,5 in LKD <edikbj_d]( .,-,%*

E[ b_j^_kc gk_ i[hW [njhW_j ZWdi b[ YWZh[ Zk fhe`[j i[ jhekl[ ZWdi b�kd_ju Z[ f[]cWj_j[* >d fbki Z[ Y[jj[ kd_ju( kd fWhW]d[_iir

c_duhWkn cujWcehf^_gk[i $fheXWXb[c[dj Z�eh_]_d[ iuZ_c[djW_h[% i[ i_jk[ Wk dehZ)[ij [j Wk ikZ)[ij Zk i_j[ Z�[njhWYj_ed* =[i

XWiWbj[i Wcf^_Xeb_j_iui [j WcX_Xeb_j[i WffWhj[dWdj r bW \ehcWj_ed Z[ Dece W\\b[kh[dj Wkii_ Wk dehZ Z[i Zoa[i Z[ f[]cWj_j[*

Nd Zoa[ Z[ Z_WXWi[ jhWl[hi[ u]Wb[c[dj b[ i_j[ r b�ujkZ[ $LB@>HF( .,-4%*

=[i [iiW_i Z[ f[hcuWX_b_ju [j kd [iiW_ Z[ fecfW][ edj uju huWb_iui ZWdi b[i Z_\\uh[dj[i \ehcWj_edi* =Wdi b[ fWhW]d[_ii( b[i

huikbjWji Z[i [iiW_i Z[ f[hcuWX_b_ju Zedd[dj Z[i YedZkYj_l_jui ^oZhWkb_gk[i lWh_Wdj [djh[ -(32 n -,)3 [j .(.3 n -,)0 c+i fekh

kd[ YedZkYj_l_ju ^oZhWkb_gk[ ceo[dd[ Z[ -(. n -,)1 c+i* =Wdi b�kd_ju Z[ f[]cWj_j[( b[i YedZkYj_l_jui ^oZhWkb_gk[ilWh_[dj

[djh[ 3(33 n -,)5 [j 2(,3 n -,)3 c+i( fekh kd[ YedZkYj_l_ju ^oZhWkb_gk[ ceo[dd[ Z[ 5(0 n -,)4 c+i* >d\_d( ZWdi b�kd_ju Z[

XWiWbj[( b[i YedZkYj_l_jui ^oZhWkb_gk[i lWh_[dj .(3. n -,)4 [j 0(3, n -,)1 c+i fekh kd[ YedZkYj_l_ju ^oZhWkb_gk[ ceo[dd[

Z[ .(41 n -,)2c+i*

<=KA?F <=K AF>J9KLJM;LMJ=K KAEMDn=K

EW YWhj[ - fhui[dj[ bW beYWb_iWj_ed Z[i Z_\\uh[dj[i _d\hWijhkYjkh[i Zk i_j[* =Wdi b[ Z[i_]d \ekhd_ fWh @ F_d_d] L[hl_Y[i _dY*

$@FLB% [j @ebZ[h( gkWjh[ ^WbZ[i Z[ YeZufei_j_ed $ijuh_b[i [j hui_Zki c_d_[hi% iedj uh_]u[i( ie_j 6 bW ^WbZ[ dehZ)[ij( bW ^WbZ[

ek[ij, bW ^WbZ[ ikZ)ek[ij [j bW ^WbZ[ [ij $r fhen_c_ju Z[ bW \eii[%* EW ^WbZ[ dehZ)ek[ij [ij XehZu[ Wk dehZ fWh kd[ ^WbZ[ r

cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i [nYWlui( Z[ Yecfei_j_ed lWh_WXb[ $j_bb( jekhX[( Wh]_b[ [j cWjuh_Wkn ]hWdkbW_h[i%* E[i

cWjuh_Wkn YecfeiWdj bW ^WbZ[ Z[ cWj_vh[ eh]Wd_gk[ [j Z[ Zufyji c[kXb[i i[hedj Z_l_iui i[bed b[kh dWjkh[( [j kd[ X[hc[

ijWX_b_iWjh_Y[ Z[ h[cXbW_ Z[ heY^[i ijuh_b[i i[hW WcudW]u[ r bW b_c_j[ dehZ Z[ Y[jj[ ^WbZ[* =[i \eiiui Z�kd[ fhe\edZ[kh Z[

-(1 c( ieki bW h[YeccWdZWj_ed Z[ @WbWno( Y_hYediYh_l[dj b[ fuh_cvjh[ Z[i ^WbZ[i Z[ YeZufei_j_ed $_dYbkWdj Wkii_ bW ^WbZ[ r

cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i%* JkWdj r bW \eii[( [bb[ [ij i_jku[ r fhen_c_ju Z[i ^WbZ[i ikZ)ek[ij [j [ij* EW fWhj_[

Y[djhWb[ Z[ bW \eii[ r bW \_d Z[i efuhWj_edi i[hW r b�ubulWj_ed )0, cWib( ie_j kd[ fhe\edZ[kh cWn_cWb[ Z�[dl_hed .3, c*

L[bed b[i Z[i_]di \ekhd_i( Z[kn XWii_di Z[ huj[dj_ed Z[i [Wkn( XehZui fWh Z[i Z_]k[i Z�Wh]_b[( iedj fhulki ikh b[ i_j[* E[ XWii_d

fh_dY_fWb [ij i_jku Wk dehZ Z[ bW ^WbZ[ Z[ cehj j[hhW_d* <[ XWii_d i[hW jek`ekhi [d [Wk* Nd[ YekY^[ Z�Wh]_b[ _cf[hcuWX_b_iWdj[

i[hW _dijWbbu[ ZWdi b[ \edZ Zk XWii_d* E[ i[YedZ XWii_d [ij i_jku r b�[ij Z[ bW ^WbZ[ [ij* Bb i�W]_j Z�kd XWii_d j[cfehW_h[ gk_ i[hW

hWh[c[dj h[cfb_ [j Zedj b�[Wk i[hW [dleou[ l[hi b[ XWii_d fh_dY_fWb*

Nd[ XWdZ[ Z�kd[ bWh][kh Z[ .1 c Z[ jekhX[ [ij [nYWlu[ fWhjekj [d fuh_f^uh_[ Zk f_[Z Z[i ^WbZ[i Z[ ijuh_b[i [j Z[ hui_Zki

c_d_[hi* Nd[ XWdZ[ Z�kd[ bWh][kh Z[ -1 c Z[ jekhX[ [ij [nYWlu[ r bW b_c_j[ dehZ Z[ bW ^WbZ[ r cWj_vh[ eh]Wd_gk[ [j Zufyji

c[kXb[i* EW jekhX[ i[hW u]Wb[c[dj [db[lu[ ZWdi b[i [cfh[_dj[i Z[i _d\hWijhkYjkh[i*
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Design des haldes de codéposition 

E[ Z[i_]d Z[i gkWjh[ ^WbZ[i Z[ YeZufei_j_ed fhule_j Z[i ubulWj_edi Z[ .2, c fekh bW ^WbZ[ ek[ij( Z[ .5, c fekh bW ^WbZ[

dehZ)[ij( Z[ .3, c fekh bW ^WbZ[ ikZ)ek[ij [j Z[ /1, c fekh bW ^WbZ[ [ij* >bb[i h[fei[dj Z_h[Yj[c[dj ikh kd[ YekY^[ Z[ Zufyji

]hWdkbW_h[i $j_bb% ek kd[ YekY^[ dWjkh[bb[ Z[ Zufyji Wh]_b[kn( behigk[ Y[bb[)Y_ [ij fhui[dj[*

EW jekhX[ i[hW [nYWlu[ ZWdi b�[cfh[_dj[ Z[i ^WbZ[i* Nd[ YekY^[ Z[ cWjuh_[b ZhW_dWdj $ijuh_b[ c_d_[h% i[hW _dijWbbu[ r bW XWi[

Z[i ^WbZ[i W\_d Z�ul_j[h jekj[ WYYkckbWj_ed Z�[Wk [j Z[ f[hc[jjh[ kd ZhW_dW][ [\\_YWY[ Z[ b�[Wk l[hi b[i \eiiui*

Design de la halde à matière organique et dépôts meubles 

=Wdi b[ i[Yj[kh Z[ bW ^WbZ[ r cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i( b�WcudW][c[dj fhule_j hufWhj_h b[i Zufyji dWjkh[bi [nYWlui

h[]hekfui fWh jof[i Z[ Zufyji( Yecc[ ik]]uhu ZWdi b[ Z[i_]d Z[ @ebZ[h $@ebZ[h( .,.,%* =[kn f_b[i Z[ Zufyji ]hWdkbW_h[i

dWjkh[bi $j_bb% iedj fbWd_\_u[i( Z[ cwc[ gk�kd[ W_h[ fekh bW jekhX[ [j b�Wh]_b[ dWjkh[bb[ [nYWlu[i* Nd[ X[hc[ ijWX_b_iWjh_Y[ [d

h[cXbW_ Z[ heY^[i ijuh_b[i [ij u]Wb[c[dj fhulk[( XehZWdj bW b_c_j[ dehZ Z[ bW ^WbZ[ r cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i*

EW \_]kh[ . r b�Wdd[n[ : cedjh[ b[ Z[i_]d fhefeiu fWh @ebZ[h* Bb [ij r dej[h gk[ b[i Yekf[i jof[i Z[ @ebZ[h iedj i_cfb_\_u[i

W\_d Z[ h[fhui[dj[h kd[ Yekf[ ]uduhWb[ Z[ b�[di[cXb[ Z[i ^WbZ[i r Z[i \_di Z[ luh_\_YWj_ed Z[ b[kh ijWX_b_ju* E[i ufW_ii[khi Z[i

YekY^[i fekhhW_[dj d[ fWi wjh[ _Z[dj_gk[i r Y[bb[i Yedijhk_j[i r fWhj_h Z[ b�_dj[hfebWj_ed Z[i ufW_ii[khi c[ikhu[i [d \ehW][

ZWdi b[ i[Yj[kh fhe`[ju Z[i _dijWbbWj_edi( j[b gk[ ZWdi b[ ceZvb[ YedY[fjk[b /= ubWXehu Wl[Y b[ be]_Y_[b ?[\bem*

Design des bassins  

=Wdi b[ i[Yj[kh Zk XWii_d fh_dY_fWb( b�WcudW][c[dj Zk XWii_d fhule_j Z�[nYWl[h bW jekhX[ [j b�Wh]_b[ i[bed b[ Z[i_]d ujWXb_ fWh

@ebZ[h $.,.,% `kigk�r kd[ ubulWj_ed YedijWdj[ Z[ -54(1 c( bW_iiWdj ZWdi b[ \edZ Zk XWii_d kd[ ufW_ii[kh Z�Wh]_b[ dWjkh[bb[

lWh_Wdj Z[ , r .(0 c( Wl[Y kd[ lWb[kh ceo[dd[ Z[ ce_di Z[ - c $PLI( .,-4X%* EW \_]kh[ / r b�Wdd[n[ : cedjh[ b[ Z[i_]d

fhefeiu fWh @ebZ[h* <edjhW_h[c[dj Wk fbWd fhui[dju( kd[ YekY^[ Z�Wh]_b[ _cf[hcuWX_b_iWdj[ Z�Wk ce_di ,(1 c i[hW c_i[ [d

fbWY[ behigk�WkYkd[ Wh]_b[ dWjkh[bb[ d[ i[hW fhui[dj[ ZWdi b�[cfh[_dj[ Zk XWii_d* Bb [ij r dej[h gk[ b[i Yekf[i jof[i Z[ @ebZ[h

iedj i_cfb_\_u[i W\_d Z[ h[fhui[dj[h kd[ Yekf[ ]uduhWb[ Z[ b�[di[cXb[ Z[ bW ^WbZ[ r Z[i \_di Z[ luh_\_YWj_ed Z[ b[kh ijWX_b_ju*

E�ubulWj_ed Z[ b�[Wk \_dWb[ ZWdi b[ XWii_d [ij fhulk[ r .,1(. c $@ebZ[h( .,.,%*

E[ XWii_d i[YedZW_h[ [ij i_jku r fhen_c_ju Z[ bW ^WbZ[ [ij. E[i cWjuh_Wkn [d fbWY[ i[hedj [nYWlui `kigk�r b�ubulWj_ed .,5 c* Bb

d�[ij fWi fhulk Z[ bW_ii[h Z�[Wk ZWdi Y[ XWii_d7 behi Z[ fuh_eZ[ Z�WYYkckbWj_ed( b�[Wk i[hW fecfu[ [j [dleou[ l[hi b[ XWii_d

fh_dY_fWb* EW h[lWdY^[ Z[ bW Z_]k[ [ij r b�ubulWj_ed .-/ c*

-2=649 12 7/ 3:==2

EW \eii[ [ij Yecfeiu[ Z[ jhe_i i[Yj_edi Z_ij_dYj[i Wk ZuXkj Z[i efuhWj_edi( fekh [dik_j[ \ehc[h kd i[kb [di[cXb[ fWh bW ik_j[*

E[i jhe_i i[Yj[khi Z[ bW \eii[ iedj h[if[Yj_l[c[dj Zk dehZ Wk ikZ 6 C;)-( C;). [j C;)/* C;)- i[hW [nfbe_ju r fWhj_h Z[ b�Wddu[,(

Wbehi gk[ C;). [j C;)/ b[ i[hedj r fWhj_h Z[ b�Wddu[ -* EW fhe\edZ[kh cWn_cWb[ Z[ bW \eii[ $C;).% i[hW Z�[dl_hed .3, c fekh

kd[ ubulWj_ed Z[ )0, cWib* � fWhj_h Z[ b�Wddu[ -.( C;)/ i[hW h[cfb_ Wl[Y Z[i ijuh_b[i c_d_[hi [j Y[jj[ i[Yj_ed Z[ bW \eii[ d[ i[hW

fbki fecfu[( Y[ gk_ [djhW_d[hW kd[ h[cedju[ fhe]h[ii_l[ Zk d_l[Wk Z�[Wk ZWdi Y[ i[Yj[kh* � bW \_d Z[i efuhWj_edi( b[i

fecfW][i ZWdi bW \eii[ i[hedj Whhwjui [j kd bWY i[ \ehc[hW Wl[Y b[i fhuY_f_jWj_edi [j b[i Wffehji [d [Wk iekj[hhW_d[*
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 CHARGES HYDRAULIQUES 

=Wdi b[ YWZh[ Z[i jhWlWkn( 05 \ehW][i( Zedj /0 fk_ji Z�eXi[hlWj_ed( edj \W_j b�eX`[j Z[ c[ikh[i Z[i d_l[Wkn Z�[Wk r kd[ ek

fbki_[khi h[fh_i[i [djh[ We{j .,-3( cW_ .,-4( i[fj[cXh[ .,., [j cWhi .,.-* Nd[ YWhj[ f_upecujh_gk[ $YWhj[ 3% W uju ]uduhu[ r

fWhj_h Z[i c[ikh[i fh_i[i ZWdi jeki b[i fk_ji _dj[hY[fjWdj b[ heY [d cW_ .,-4 [j r fWhj_h Z[i ubulWj_edi [ij_cu[i Z[i bWYi [j

Yekhi Z�[Wk* qjWdj Zeddu b�[dl[h]kh[ [j b[i Z_\\_Ykbjui Z�WYYvi Zk i_j[( jeki b[i d_l[Wkn Z�[Wk d�edj fk wjh[ c[ikhui behi Z�kd[

cwc[ `ekhdu[* E�[di[cXb[ Z[i h[b[lui [ij fhui[dju Wk jWXb[Wk 0*

EW c[ikh[ Wk fk_ji PLI)FP.K d�W fWi uju Yedi_Zuhu[ fekh fheZk_h[ bW YWhj[ f_upecujh_gk[ $YWhj[ 3% fk_igk[ b[ d_l[Wk

Z�[Wk d�WlW_j fWi [dYeh[ Wjj[_dj b�ugk_b_Xh[ behi Zk h[b[lu huWb_iu bW cwc[ `ekhdu[ gk[ b[ \ehW][*
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E[ i[Yj[kh Z[ bW \eii[ h[fhui[dj[ kd ^Wkj f_upecujh_gk[* E�uYekb[c[dj Z[i [Wkn iekj[hhW_d[i i�[\\[Yjk[hW_j Z[ \Wted hWZ_Wb[ r

fWhj_h Z[ Y[ ^Wkj f_upecujh_gk[ l[hi b[i Yekhi Z�[Wk [dl_heddWdji* E[i d_l[Wkn Z�[Wk h[b[lui WlWdj bW \edj[ Z[i d[_][i [d

\ulh_[h .,-4 iedj [djh[ ,(,/ c [j ,(40 c _d\uh_[khi r Y[kn h[b[lui Wk ZuXkj Z[ cW_ .,-4( fekh kd[ lWh_Wj_ed ceo[dd[

Z[ ,(/2 c* E[i h[b[lui huWb_iui r Z_\\uh[dj[i fuh_eZ[i Z[ b�Wddu[ $\ulh_[h( cWhi( cW_( `k_bb[j [j We{j% f[hc[jj[dj Z[ l_ikWb_i[h

b[i lWh_Wj_edi iW_iedd_vh[i Z[i d_l[Wkn Z�[Wk*

=Wdi b[ i[Yj[kh Z[ bW \kjkh[ \eii[( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk Z[ b�Wgk_\vh[ heY^[kn lWh_[ [djh[ ,(0, [j 0(54 c( [j

b�ubulWj_ed f_upecujh_gk[ lWh_[ Z[ .-/(,/ r ..0(45 c* Nd[ lWh_Wj_ed Z[ ),(,/ r ,(40 c [ij eXi[hlu[ [djh[ We{j .,-3 [j

cW_ .,-4 [j kd[ lWh_Wj_ed Z[ ),(23 r ,(-/ c [djh[ \ulh_[h .,-4 [j cW_ .,-4 ZWdi b[i fk_ji Z[ Y[ i[Yj[kh*

=Wdi b[ i[Yj[kh Wk ikZ Z[ bW \eii[( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk Z[ b�Wgk_\vh[ heY^[kn lWh_[ [djh[ ),(.1 r -(-2 c( Wbehi gk[

b�ubulWj_ed f_upecujh_gk[ lWh_[ Z[ .,1(2 r .-.(54 c* Nd[ lWh_Wj_ed Z[ ,(-5 r ,(3/ c [ij eXi[hlu[ [djh[ \ulh_[h [j cW_ .,-4

ZWdi b[i fk_ji Z[ Y[ i[Yj[kh*

=Wdi b[ i[Yj[kh Z[ bW \kjkh[ ki_d[ [j Z[ bW ^WbZ[ [ij [j Zk XWii_d r fhen_c_ju( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk Z[ b�Wgk_\vh[

heY^[kn lWh_[ [djh[ -(- [j 0(21 c [j b�ubulWj_ed f_upecujh_gk[ lWh_[ [djh[ .,5(-1 [j .--(30 c* =Wdi b�Wgk_\vh[ Z[ ikh\WY[( bW

fhe\edZ[kh Zk d_l[Wk Z�[Wk c[ikhu[ [d `k_bb[j .,., ujW_j Z[ .(30 c( ie_j kd[ ubulWj_ed f_upecujh_gk[ Z[ .-/(/- c* E[ i[Yj[kh

Z[ b�ki_d[ i[ i_jk[ ikh kd ^Wkj jefe]hWf^_gk[( Y[ gk_ [nfb_gk[ b[i fhe\edZ[khi Zk d_l[Wk Z�[Wk fbki ub[lu[i [j b[ d_l[Wk

f_upecujh_gk[ fbki ^Wkj $;A.,)I),2 [j ;A.,)I),3%*

:k d_l[Wk Z[ bW \kjkh[ ^WbZ[ ikZ)ek[ij( i_jku[ r fhen_c_ju Z[ bW \eii[ C;)-( bW fhe\edZ[kh Zk d_l[Wk Z�[Wk c[ikhu[ [d

cWhi .,.- ujW_j Z[ -(.2 c( ie_j kd[ ubulWj_ed f_upecujh_gk[ Z[ .,5(55 c* <[jj[ lWb[kh [ij i_c_bW_h[ Wkn d_l[Wkn c[ikhui ZWdi

b[ i[Yj[kh Z[ bW \eii[*

=Wdi b[ i[Yj[kh Z[ bW \kjkh[ ^WbZ[ ek[ij [j Zk XWii_d $i_jku Wk dehZ Zk Yekhi Z�[Wk <>/%( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk Z[

b�Wgk_\vh[ heY^[kn lWh_[ [djh[ ),(,0 [j -(/0 c [j b�ubulWj_ed f_upecujh_gk[ lWh_[ [djh[ .,-(,- [j .,3(./ c* =Wdi b�Wgk_\vh[ Z[

ikh\WY[( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk lWh_[ [djh[ ),(,0 [j ,(55 c [j b�ubulWj_ed f_upecujh_gk[ lWh_[ [djh[ -55(20 [j

.--(5/ c* Nd[ lWh_Wj_ed Z[ ,(,. c W uju eXi[hlu[ [djh[ \ulh_[h [j cW_ .,-4 ZWdi b[ fk_ji PLI)FP4K*

>d\_d( ZWdi b[ i[Yj[kh Z[ bW \kjkh[ ^WbZ[ dehZ $i_jku[ Wk dehZ Z[ b�ki_d[ [j Zk Yekhi Z�[Wk <>/%( bW fhe\edZ[kh Z[i d_l[Wkn

Z�[Wk Z[ b�Wgk_\vh[ heY^[kn lWh_[ [djh[ ),(,/ r ,(42 c( Wbehi gk[ b�ubulWj_ed f_upecujh_gk[ lWh_[ Z[ .,1(-- r .,5(/- c* =Wdi

b�Wgk_\vh[ Z[ ikh\WY[( bW fhe\edZ[kh Z[i d_l[Wkn Z�[Wk lWh_[ [djh[ ),(-- [j -(5. c [j b�ubulWj_ed f_upecujh_gk[ lWh_[ [djh[

.,0(2. [j .,5(1, c* Nd[ lWh_Wj_ed Z[ ,(.2 r ,(14 c [ij eXi[hlu[ [djh[ \ulh_[h [j cW_ .,-4 ZWdi b[i fk_ji Z[ Y[ i[Yj[kh*

E[ ]hWZ_[dj ^eh_pedjWb ZWdi b[ i[Yj[kh Z�ujkZ[ lWh_[ [djh[ ,(,/ [j ,(,,-* E[ ]hWZ_[dj l[hj_YWb ZWdi b[i Z_\\uh[dji i[Yj[khi W uju

[ij_cu r fWhj_h Z[i fk_ji WcudW]ui Wk cwc[ [dZhe_j ZWdi b[ heY [j ZWdi b[i Zufyji c[kXb[i $jWXb[Wk 1%*

 GRADIENTS HYDRAULIQUES 

E[i ]hWZ_[dji ^oZhWkb_gk[i Yehh[ifedZ[dj r bW Z_\\uh[dY[ Z[ Y^Wh][ [d \edYj_ed Z[ bW Z_ijWdY[* E[i ]hWZ_[dji ^oZhWkb_gk[i

^eh_pedjWkn edj uju [ij_cui fekh Y^Wgk[ i[Yj[kh r fWhj_h Z[ bW YWhj[ f_upecujh_gk[ fhui[dju[ r bW i[Yj_ed fhuYuZ[dj[ $/*0*-%*

E[i ]hWZ_[dji ^oZhWkb_gk[i l[hj_YWkn edj gkWdj r [kn uju [ij_cui r fWhj_h Z[i d_l[Wkn Z�[Wk h[b[lui [d cW_ .,-4 ZWdi Z[i

fk_ji WcudW]ui ZWdi b[i Zufyji c[kXb[i [j ZWdi b[ heY Wk cwc[ [dZhe_j* E[i ]hWZ_[dji ^oZhWkb_gk[i l[hj_YWkn Yehh[ifedZ[dj

Wk hWffehj Z[ bW Z_\\uh[dY[ Z�ubulWj_ed f_upecujh_gk[ $=[bjW A% ikh bW Z_\\uh[dY[ Z�ubulWj_ed Zk c_b_[k Z[ bW Yhuf_d[

$=[bjW E%* E[i ]hWZ_[dji Z[iY[dZWdji iedj WiieY_ui r Z[i ped[i Z[ h[Y^Wh][( Wbehi gk[ b[i ]hWZ_[dji WiY[dZWdji Yehh[ifedZ[dj r

Z[i ped[i Z�[n\_bjhWj_ed*
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.20>2?< 12 7/ 3?>?<2 3:==2

E[ ]hWZ_[dj l[hj_YWb ZWdi Y[ i[Yj[kh W uju [ij_cu r fWhj_h Z[i fk_ji PLI)FP0K [j PLI)FP0L* E[i huikbjWji iedj fhui[djui

Wk jWXb[Wk 1* =Wdi Y[ i[Yj[kh( b[ ]hWZ_[dj l[hj_YWb c[ikhu [ij Z[ ,(,. $Z[iY[dZWdj%*

.20>2?< 12= 5/712= 2> =20>2?< /18696=></>63 2> 691?=><627

E[ ]hWZ_[dj l[hj_YWb ZWdi Y[ i[Yj[kh W uju [ij_cu r fWhj_h Z[i fk_ji PLI)FP4K( PLI)FP4L( PLI)FP/K [j PLI)FP/L*

E[i huikbjWji iedj fhui[djui Wk jWXb[Wk 1* =Wdi Y[ i[Yj[kh( b[i ]hWZ_[dji l[hj_YWkn lWh_[dj [djh[ ,(,,0 [j ,(,/ $Z[iY[dZWdj%*

.20>2?< /? =?1 12 7/ 3?>?<2 3:==2

E[ ]hWZ_[dj l[hj_YWb ZWdi Y[ i[Yj[kh W uju [ij_cu r fWhj_h Z[i fk_ji PLI)FP5K( PLI)FP5L( PLI)FP1K [j PLI)FP1L*

E[i huikbjWji iedj fhui[djui Wk jWXb[Wk 1* =Wdi Y[ i[Yj[kh( b[i ]hWZ_[dji l[hj_YWkn lWh_[dj [djh[ ,(,. $WiY[dZWdj% [j ,(,-

$Z[iY[dZWdj%*

GNOXRNa / fbNXaN`V[Z QR_ T^NQVRZ`_ bR^`VPNac

FRP`Ra^ CaV`_

AVbRNa RNa

_`N`V]aR \)^

_[X $Y%

fXhbN`V[Z

\Vhe[Yh`^V]aR

$Y%

fXhbN`V[Z

YVXVRa QR XN

P^h\VZR $Y%

8RX`N <

$Y%

8RX`N ?

$Y%

;^NQVRZ`

PNXPaXh

$Y)Y%

@T_WXf Xg fXVgXhe

TW`\a\fgeTg\Y Xg

\aWhfge\X_

OKH)EO4K ,(0, .,.(34 .,,(0-
,(,/ 3(35 ,(,,0 �

OKH)EO4J ,(3. .,.(31 -5.(2.

OKH)EO/K ,(-3 .,5(1, .,2(5,
,(-5 3(0. ,(,/ �

OKH)EO/J ,(0. .,5(/- -55(04

KXVgXhe Th fhW WX _T

YhgheX YbffX

OKH)EO5K ,(,52 .,1(.2 .,.(.4
),(/0 -1(,4 ,(,. ~

OKH)EO5J ),(.1 .,1(2, -43(.,

OKH)EO1K ,(/, .-/(,5 .-,(/.
,(- 5(. ,(,- �

OKH)EO1J ,(04 .-.(55 .,-(-.

>bffX
OKH)EO0K ,(// .-2(,3 .-/(1-

,(,1 /(-5 ,(,. �
OKH)EO0K ,(0, .-2(,. .-,(/.

HJGHJAnLnK @Q<J9MDAIM=K <=K E9LnJA9MP

E[i fhefh_ujui ^oZhWkb_gk[i Z[i cWjuh_Wkn edj uju Zuj[hc_du[i fekh Y^Wgk[ kd_ju r fWhj_h Z[i jhWlWkn [\\[Yjkui ZWdi bW ped[

Z�ujkZ[( ie_j 6

— b[i WdWboi[i ]hWdkbecujh_gk[i $--, WdWboi[i%7

— b�[iiW_ Z[ fecfW][ $kd [iiW_ Wk fk_ji PLI)IP,/%7

— b[i [iiW_i Z[ f[hcuWX_b_ju $20 [iiW_i r b�[dZhe_j Z[ /, fk_ji%*

Mekj[i Y[i WdWboi[i f[hc[jj[dj Z[ Zuj[hc_d[h Z[i fWhWcvjh[i( j[bi gk[ bW YedZkYj_l_ju ^oZhWkb_gk[ [j b[ Ye[\\_Y_[dj

Z�[ccW]Wi_d[c[dj( fhui[djui ZWdi b[i i[Yj_edi ik_lWdj[i [d \edYj_ed Z[i Z_\\uh[dj[i kd_jui h[dYedjhu[i* =Wdi Y[ hWffehj(

i[kbi b[i WdWboi[i ]hWdkbecujh_gk[i [j b[i [iiW_i Z[ f[hcuWX_b_ju iedj fhui[djui( YWh Z[ dekl[bb[i Zeddu[i iedj Z_ifed_Xb[i*

E[i WdWboi[i [j huikbjWji Z[ b�[iiW_ Z[ fecfW][ iedj Z_ifed_Xb[i ZWdi b�ujkZ[ Z[ .,-4 $PLI( .,-4Y%*
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 CONDUCTIVITÉ HYDRAULIQUE SATURÉE 

E[ YedjhWij[ Z[ f[hcuWX_b_ju [djh[ b[i Z_\\uh[dj[i kd_jui WkhW kd[ _dY_Z[dY[ ikh b[i hu]_c[i Z�uYekb[c[dj Z[i [Wkn

iekj[hhW_d[i* E[ jWXb[Wk 2 fhui[dj[ bW Yecf_bWj_ed Z[i Zeddu[i Z[ YedZkYj_l_ju ^oZhWkb_gk[ fWh kd_ju Zuj[hc_du[* E�kd_ju Z[

heY W uju ikXZ_l_iu[ [d Y_dg [dj_jui r bW ik_j[ Z[i eXi[hlWj_edi Z[ j[hhW_d [j r fWhj_h Z[ bW ]uebe]_[ Zk i_j[*

GNOXRNa 0 7[Y\VXN`V[Z QR_ Q[ZZhR_ QR P[ZQaP`VbV`h_ UdQ^NaXV]aR_$Y)_%

HZV`h XV`U[_`^N`VT^N\UV]aR @VZVYaY @NcVYaY @[dRZZR Th[Yh`^V]aR

<qctgf TeZ\_Xhk /(12 k -,)-. -(.4 P -,)4 3(01 k -,)-,

<qctgf fTU_Xhk $g\__% 0(.5 k -,)5 -(,1 k -,)/ 0(5, k -,)2

JbV $cTeTZaX\ff% -(32 k -,)3 .(.3 k -,)0 -(. k -,)1

JbV $cXZ`Tg\gX o fcbWh`raX% 3(33 k -,)5 2(,3 k -,)3 5(0 k -,)4

JbV $UTfT_gX T`c[\Ub_\g\fq Xg T`c[\Ub_\gX% .(3. k -,)4 0(3, k -,)1 .(41 k -,)2

5A5?KF9F ;E5AH?B@fGE=DH9F

Eehi Z[ bW huWb_iWj_ed Z[i \ehW][i ]uej[Y^d_gk[( --, uY^Wdj_bbedi edj uju fhub[lui [j edj uju WdWboiui* E[i uY^Wdj_bbedi f[kl[dj

wjh[ iufWhui [d Z[kn YWju]eh_[i* <[kn WffWhj[dWdj r b�kd_ju Wh]_b[ki[ [j Y[kn Z[ b�kd_ju iWXb[ki[ $cW`eh_jW_h[c[dj b[ j_bb%*

� bW ik_j[ Z[i WdWboi[i ]hWdkbecujh_gk[i( bW YedZkYj_l_ju ^oZhWkb_gk[ Z[i uY^Wdj_bbedi WdWboiui W uju [ij_cu[ r b�W_Z[ Zk

be]_Y_[b AoZhe][eL_[l[QE .*- $=[lb_d( .,-17 .,-2%* AoZhe][eL_[l[ f[hc[j Z�[ij_c[h bW YedZkYj_l_ju ^oZhWkb_gk[ Z�kd

uY^Wdj_bbed r fWhj_h Z[ iW YekhX[ ]hWdkbecujh_gk[ [d kj_b_iWdj -1 ugkWj_edi ik]]uhu[i ZWdi bW b_jjuhWjkh[* E�Wffb_YWX_b_ju Z[

Y^WYkd[ Z[i ugkWj_edi [ij Z�WXehZ luh_\_u[( fk_i b[i Z_Wcvjh[i duY[iiW_h[i Wkn YWbYkbi iedj _dj[hfebui Z[fk_i bW YekhX[

]hWdkbecujh_gk[ [j( \_dWb[c[dj( bW ceo[dd[ ]uecujh_gk[ Z[i huikbjWji Z[ jekj[i b[i ugkWj_edi Wffb_YWXb[i [ij \W_j[*

E[ jWXb[Wk 3 fhui[dj[ kd ieccW_h[ Z[i YedZkYj_l_jui eXj[dk[i behi Z[ b�WdWboi[ ]hWdkbecujh_gk[* E[i YedZkYj_l_jui

^oZhWkb_gk[i ceo[dd[i Z[ b�kd_ju Z[ Zufyji Wh]_b[kn lWh_[dj [djh[ /(12 n -,)-. [j -(,, n -,)3 c+i fekh kd[ YedZkYj_l_ju

^oZhWkb_gk[ ceo[dd[ Z[ /(-2 n -,)-, c+i* E[i YedZkYj_l_jui ^oZhWkb_gk[i Z[ b�kd_ju Z[ j_bb lWh_[dj [djh[ 0(.5 n -,)5 [j

-(,1 n -,)/ c+i fekh kd[ lWb[kh ceo[dd[ Z[ 2(,3 n -,)1 c+i* E[i uY^Wdj_bbedi fhub[lui r fbki Z[ 1 c Z[ fhe\edZ[kh fhui[dj[dj

kd[ YedZkYj_l_ju ^oZhWkb_gk[ ceo[dd[ Z[ Z[kn ehZh[i Z[ ]hWdZ[kh fbki \W_Xb[i gk[ Y[kn Z[ ikh\WY[*

GNOXRNa 1 F[YYNV^R_ QR_ ^h_aX`N`_ QR XqNZNXd_R T^NZaX[Yh`^V]aR

HZV`h
A[YO^R

QqhPUNZ`VXX[Z_

=Z`R^bNXXR

Y[dRZ

$Y%

?V`U[X[TVR

Eh_aX`N`_

T^NZaX[Yh`^V]aR_

Y[dRZ_ $"%

7[ZQaP`VbV`h UdQ^NaXV]aR $Y)_%

@[dRZZR @VZVYaY @NcVYaY

<qctgf

TeZ\_Xhk
.1 .(3- o /(/4

K\_g Xg TeZ\_X(

geTVXf WX fTU_X

K\_g 14(2
3(00 k -,)

-,

/(12 k -,)

-.
-(.4 k -,)49eZ\_X /2(4

KTU_X 0(2

<qctg fTU_Xhk

$g\__%
41 .(2- o /(/

KTU_X f\_gXhk Xg

ZeTiX_Xhk(

geTVXf WzTeZ\_X

KTU_X 1,(/

2(,. k -,)2 0(.5 k -,)5 -(,1 k -,)/
K\_g .5(0

?eTi\Xe -4(.

9eZ\_X .(-
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9FF5=F 89 C9E@f56=?=Gf

Mh[dj[ $/,% fk_ji edj \W_j b�eX`[j Z�[iiW_i Z[ f[hcuWX_b_ju* L[kbi .4 fhui[dj[dj Z[i huikbjWji YedYbkWdji* E[i huikbjWji Z[i [iiW_i

fekh Y^WYkd Z[i fk_ji iedj fhui[djui Wk jWXb[Wk 4* E[i YedZkYj_l_jui ^oZhWkb_gk[i ZWdi b�kd_ju Z[ j_bb lWh_[dj Z[ 1(3, n -,)3r

3(24 n -,)2 c+i fekh kd[ lWb[kh ceo[dd[ Z[ -(/5 n -,)2 c+i* Nd [iiW_ Z[ f[hcuWX_b_ju W uju huWb_iu ZWdi b�kd_ju Wh]_b[ki[*

E�[iiW_ huWb_iu Zedd[ kd[ lWb[kh Z[ YedZkYj_l_ju ^oZhWkb_gk[ Z[ /(-0 n -,)5 c+i* E[i huikbjWji Z[i [iiW_i Z[ f[hcuWX_b_ju

cedjh[dj gk[ b[i YedZkYj_l_jui ^oZhWkb_gk[i ZWdi b[ heY lWh_[dj [d \edYj_ed Z[i kd_jui ]uebe]_gk[i* Iekh b[ fWhW]d[_ii( bW

YedZkYj_l_ju ^oZhWkb_gk[ lWh_[ [djh[ -(32 n -,)3 c+i [j .(.3 n -,)0 c+i fekh kd[ lWb[kh ceo[dd[ Z[ -(., n -,)1 c+i* Iekh bW

f[]cWj_j[( bW YedZkYj_l_ju ^oZhWkb_gk[ lWh_[ [djh[ 3(33 n -,)5 c+i [j 2(,3 n -,)3 c+i fekh kd[ lWb[kh ceo[dd[ Z[ 5(02 n -,)

4 c+i* Iekh b[ XWiWbj[( bW YedZkYj_l_ju ^oZhWkb_gk[ lWh_[ [djh[ .(3. n -,)4 c+i [j 0(3 n -,)1 c+i fekh kd[ lWb[kh ceo[dd[ Z[

.(41 n -,)2 c+i*

GNOXRNa 2 Eh_aX`N`_ QR_ R__NV_ QR \R^YhNOVXV`h

HZV`h
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A[Y

QR XqhPUNZ`VXX[Z

7[ZQaP`VbV`h UdQ^NaXV]aR $Y)_%

9__NV + 9__NV , 9__NV - 9__NV . @[dRZZR @[dRZZR QR XqaZV`h

<qctgf TeZ\_Xhk :@)-,: /(-0 P -,)5 ) ) ) /(-0 P -,)5 /(-0 P -,)5

L\__
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OKH)EO/K 1(3, P -,)3 3(,5 P -,)3 ) ) 2(/2 P -,)3
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OKH)EO1K .(-. P -,)2 -(.- P -,)2 ) ) -(2, P -,)2

OKH)EO4K 2(42 P -,)3 1(54 P -,)3 ) ) 2(0, P -,)3

OKH)EO5K -(,2 P -,)2 -(-. P -,)2 ) ) -(,5 P -,)2

HG)- 2(-1 P -,)2 3(24 P -,)2 ) ) 2(43 P -,)2

HTeTZaX\ff

OKH)EO1J -(43 P -,)3 -(32 P -,)3 ) ) -(4- P -,)3

-(. k -,)1

OKH)EO3J 0(1, P -,)2 0(21 P -,)2 ) ) 0(13 P -,)2

OKH)EO4J .(,, P -,)1 3(,/ P -,)1 ) ) /(31 P -,)1

OKH)EO5J 0(03 P -,)1 /(34 P -,)1 ) ) 0(-- P -,)1

:@)-,9 -(0, P -,)2 -(1. P -,)2 ) ) -(02 P -,)2

:@.-)O),/ 0(0, P -,)2 1(,, P -,)2 0(4/ P -,)2 0(20 P -,)2 0(3- P -,)2

:@.-)O),0. .(-, P -,)0 .(-, P -,)0 .(.3 P -,)0 ) .(-2 P -,)2

:@.-)F),/ -(.1 P -,)1 .(-/ P -,)1 -(-5 P -,)1 .(-- P -,)1 -(2- P -,)1

HXZ`Tg\gX

OKH)EO0J 3(,3 P -,)5 -(,/ P -,)4 ) ) -(,/ P -,)4

5(02 k -,)4
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:TfT_gX
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.(41 k -,)2

OKH)EO.J .(3. P -,)4 ) ) ) .(3. P -,)4

OKH)EO/J -(22 P -,)3 .(.4 P -,)3 ) ) -(4/ P -,)3
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:@.-)G),2 /(5, P -,)2 1(.- P -,)2 .(05 P -,)2 /(32 P -,)2 /(3- P -,)2
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:@.,)H),3 -(,5 P -,)2 -(1. P -,)2 ) ) -(.5 P -,)2

:@.-)J),- 0(3, P -,)1 /(53 P -,)1 0(3, P -,)1 ) 0(00 P -,)1

 POROSITÉ 

� b�ujWj dWjkh[b( kd ieb iWjkhu Z�[Wk i[ Yecfei[ Z[ ]hW_di [j Z[ feh[i h[cfb_i Z�[Wk* Nd[ fehj_ed Z[ Y[jj[ [Wk [ij ]hWl_jW_h[(

Wbehi gk�kd[ Wkjh[ fehj_ed [ij h[j[dk[ ikh bW ikh\WY[ Z[i ]hW_di*



EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= //

EW ;:<:=6>@ >:>/72 Z�kd c_b_[k feh[kn Yehh[ifedZ Wkn hWffehji [djh[ b[ lebkc[ Z[ b�[di[cXb[ Z[i feh[i Z�kd uY^Wdj_bbed Z[

ieb h[fhui[djWj_\ Zk c_b_[k feh[kn Yedi_Zuhu( [j b[ lebkc[ jejWb Z[ Y[ cwc[ uY^Wdj_bbed*

EW ;:<:=6>@ 23360/02 Yehh[ifedZ Wkn feh[i [j _dj[hij_Y[i h[b_ui r b�ujWj iWjkhu gk_ f[hc[jj[dj b�uYekb[c[dj Z[ b�[Wk iekj[hhW_d[

$[Wk ]hWl_jW_h[%* EW fehei_ju [\\_YWY[ _d\bk[dY[ b[ j[cfi Z[ fWiiW][ Z[ b�[Wk iekj[hhW_d[ r jhWl[hi kd[ kd_ju ^oZhe]uebe]_gk[*

Iekh Z[i i_ckbWj_edi [d YedZ_j_ed ded iWjkhu[( bW fehei_ju jejWb[ Ze_j wjh[ Yedi_Zuhu[ ZWdi b�ugkWj_ed Z�uYekb[c[dj Z[

K_Y^WhZi $-5..% fk_igk[ bW YekhX[ Z[ huj[dj_ed Z�[Wk Zu\_d_j bW fehei_ju fWhj_Y_fWdj r b�uYekb[c[dj( Wbehi gk[ fekh Z[i

i_ckbWj_edi [d YedZ_j_ed iWjkhu[( i[kb[ bW fehei_ju fWhj_Y_fWdj r b�uYekb[c[dj( ie_j bW fehei_ju [\\_YWY[( Ze_j wjh[ Yedi_Zuhu[*

Iekh Z[i i_ckbWj_edi Z[ jhWdifehj Z[ fWhj_Ykb[i( i[kb[ bW fehei_ju fWhj_Y_fWdj r b�uYekb[c[dj( ie_j bW fehei_ju [\\_YWY[( Ze_jwjh[

Yedi_Zuhu[ fekh b[ YWbYkb*

E[ jWXb[Wk 5 fhui[dj[ Z[i lWb[khi Z[ fehei_ju [\\_YWY[ [j Z[ fehei_ju jejWb[ jof_gk[ fekh Z_\\uh[dji jof[i Z[ ieb [j Z[ heY^[i

Z_ifed_Xb[i ZWdi bW b_jjuhWjkh[ $;Wdjed [j ;Wd]eo( -555%*

GNOXRNa 3 7[Y\VXN`V[Z QR_ Q[ZZhR_ QR \[^[_V`h_ QR_ QVSSh^RZ`R_ aZV`h_

HZV`h
C[^[_V`h `[`NXR

$"%
C[^[_V`h RSSVPNPR

?eTi\Xef .1)/1 .,)/,

KTU_X Zebff\Xe .1)/1 .,)/,

KTU_X `blXa /,)0, .1)/1

KTU_X Y\a /,)0, .1)/1

KTU_X _\`baXhk /1)01 .1)/1

D\`ba /1)01 -1).1

D\`ba TeZ\_Xhk 01)11 1)-,

9eZ\_X 01)11 ,)1

LbheUX 2,)4, 01)3,

KTU_X qb_\Xa /,)0, /,)0,

DbXff /1)01 .,)/,

L\__ Z_TV\T\eX fTU_Xhk -,)., 1).,

L\__ Z_TV\T\eX TeZ\_Xhk -,)., ,)-,

JbV[X aba Y\ffheqX 7- 7-

JbV[X Y\ffheqX ,)1

JbV[X YeTVgheqX 1)-, ,)-,

JbV[X T_gqeqX /,)1, -,)/,

LekhY[ 6 ;Wdjed [j GWd]eo( -555*

 EMMAGASINEMENT SPÉCIFIQUE 

E�[ccW]Wi_d[c[dj ifuY_\_gk[ $Li% [ij bW YWhWYjuh_ij_gk[ ^oZheZodWc_gk[ kj_b_iu[ fekh Zu\_d_h bW gkWdj_ju Z�[Wk fWh kd_ju Z[

lebkc[ Z[ c_b_[k iekj[hhW_d gk_ [ij [ccW]Wi_du[ ek b_Xuhu[ r bW ik_j[ Z�kd[ Z_c_dkj_ed kd_jW_h[ Z[ bW Y^Wh][ ^oZhWkb_gk[*

=Wdi bW ped[ ded iWjkhu[( b�[ccW]Wi_d[c[dj Z�[Wk ZWdi b[ c_b_[k feh[kn Yehh[ifedZ fh_dY_fWb[c[dj r bW lWh_Wj_ed Z[ bW

iWjkhWj_ed ZWdi b[ ieb [j [ij Z_Yju fWh bW fehei_ju Zk c_b_[k* >d c_b_[k iWjkhu( bW Yecfh[ii_X_b_ju Z[ b�[Wk [j Zk c_b_[k feh[kn

Zu\_d_iiWdj b�[ccW]Wi_d[c[dj ifuY_\_gk[ [ij [d ]hWdZ[ fWhj_[ h[ifediWXb[ Z[ bW YWfWY_ju Z[i c_b_[kn iekj[hhW_di r

[ccW]Wi_d[h Z[ b�[Wk* E[ jWXb[Wk -, fhui[dj[ b[i lWb[khi jof_gk[i Z�[ccW]Wi_d[c[dj ifuY_\_gk[

$=ec[d_Ye [j F_\\b_d( -521%*



OKH
FG .,-)--235),,
H9?= /0

EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=

?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

GNOXRNa +* INXRa^ `d\V]aR QqRYYNTN_VZRYRZ` _\hPVSV]aR

@N`h^VRX
9YYNTN_VZRYRZ` _\hPVSV]aR F_ $Y'+%

YVZ YNc

9eZ\_X c_Tfg\dhX .(/4=),0 -(45=),/

9eZ\_X eT\WX -(-5=),0 .(/4=),0

9eZ\_X `blXaaXag eT\WX 4(1/=),1 -(-5=),0

KTU_X _pV[X 0(13=),1 5(01=),1

KTU_X WXafX -(-5=),0 -(45=),1

KTU_X Xg ZeTi\Xe WXafX 0(13=),2 5(01=),2

JbV Y\ffheq /(,1=),3 2(0,=),2

JbV fT\a /(,1=),3 /(,1=),3

LekhY[ 6 =ec[d_Ye [j F_\\b_d( -521*



EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= /1

0 ;GFKLJM;LAGF <M EG<{D=

<zn;GMD=E=FL

nL=F<M= <M <GE9AF= =L ;GFKLJM;LAGF <M E9ADD9?=

 DISCRÉTISATION HORIZONTALE DU MAILLAGE 

EW YWhj[ 4 fhui[dj[ bW Zub_c_jWj_ed Z[ bW ped[ ceZub_iu[* <[jj[ b_c_j[ j_[dj Yecfj[ Z[i XWii_di l[hiWdji [j Z[i fbWdi Z�[Wk* E[i

Z_c[di_edi Zk ceZvb[ iedj Wffhen_cWj_l[c[dj Z[ 4 ac ZWdi b�Wn[ dehZ+ikZ [j Z�[dl_hed -- ac ZWdi b�Wn[ [ij+ek[ij* E[ Ye_d

_d\uh_[kh ]WkY^[ Zk ceZvb[ [ij i_jku Wkn YeehZeddu[i /1/ -0. c > [j 1 340 00- c G $ped[ NMF-4( G:=4/%* E[ i_j[

ceZub_iu Yeklh[ kd[ ikf[h\_Y_[ Z[ 20 ac� Z_iYhuj_iu[ l_W kd cW_bbW][ jh_Wd]kbW_h[ Z[ /3 /3, ubuc[dji [j .2/ 22. d�kZi fWh

YekY^[* <[jj[ jh_Wd]kbWj_ed _hhu]kb_vh[ i�Wffk_[ ikh b�[di[cXb[ Z[i fe_dji ez kd[ _d\ehcWj_ed [ij Z_ifed_Xb[* :_di_( b[

cW_bbW][ [ij W\\_du Wk d_l[Wk Z[ bW \kjkh[ \eii[( Z[i \kjkh[i ^WbZ[i Z[ YeZufei_j_ed( Z[i Yekhi Z�[Wk( Z[i bWYi [j Z[i \ehW][i*

 DÉFINITION DES DIFFÉRENTES COUCHES DU MODÈLE 

E[ ceZvb[ huWb_iu ujWdj jh_Z_c[di_edd[b( bW jefe]hWf^_[ Zk i_j[ W uju _cfbuc[dju[ ]hsY[ Wkn Zeddu[i jefe]hWf^_gk[i

Z_ifed_Xb[i fekh b[ i_j[* EW YWhj[ 5 cedjh[ kd[ lk[ Zk cW_bbW][* EW Z_iYhuj_iWj_ed l[hj_YWb[ Z[i Z_\\uh[dji ^eh_pedi [ij

h[fheZk_j[ fekh b[i kd_jui Zu\_d_[i ZWdi b[ ceZvb[ YedY[fjk[b*

;GF<ALAGFK DAEAL=K

E[i YedZ_j_edi Wkn b_c_j[i Zu\_d_ii[dj b[i [djhu[i [j b[i iehj_[i Z�[Wk _cfeiu[i Wk ioijvc[* >bb[i f[hc[jj[dj Z�_dju]h[h b[i

h[bWj_edi [n_ijWdj[i [djh[ b[ ioijvc[ Wgk_\vh[ ceZub_iu [j b[i hui[Wkn ^oZhe]hWf^_gk[i ek Wgk_\vh[i WZ`WY[dji Wk ioijvc[

ujkZ_u* <[i h[bWj_edi f[kl[dj wjh[ i_ckbu[i fWh b�_cfbuc[djWj_ed Z[ YedZ_j_edi Z[ Y^Wh][i [j Z[ \bkn Yeddki ek ikffeiui* E[

Y^e_n Z[i YedZ_j_edi Wkn b_c_j[i [ij kd[ ujWf[ YhkY_Wb[ Z[ bW ceZub_iWj_ed fk_igk�[bb[i _d\bk[dY[dj Yedi_ZuhWXb[c[dj b[i

ceZWb_jui Z�uYekb[c[dj Zk ioijvc[*

E[i YedZ_j_edi b_c_j[i Zk ceZvb[ edj uju Wjjh_Xku[i i[bed b[ hui[Wk ^oZhebe]_gk[ Zk ZecW_d[ Z�ujkZ[* EW YWhj[ 4 fhui[dj[ b[i

lk[i [d fbWd Z[i YedZ_j_edi b_c_j[i Wffb_gku[i ikh bW YekY^[ ikfuh_[kh[ Zk ceZvb[ [j bW YWhj[ 5( b[i YedZ_j_edi b_c_j[i Z[i

YekY^[i ikXiugk[dj[i*

 CONDITIONS LIMITES EXTERNES 

Nd[ YedZ_j_ed b_c_j[ Z[ Y^Wh][ ^oZhWkb_gk[ YedijWdj[ _cfei[ kd[ Y^Wh][ ^oZhWkb_gk[ r kd d�kZ fhuZu\_d_* :k b_[k Z[

YWbYkb[h bW Y^Wh][ ^oZhWkb_gk[ ZkhWdj kd[ i_ckbWj_ed( bW Y^Wh][ ^oZhWkb_gk[ [ij _cfeiu[ fWh bW lWb[kh Z[ bW YedZ_j_ed Wkn

b_c_j[i* <[bW f[kj YedZk_h[ r kd[ [djhu[ Z�[Wk ZWdi b[ ceZvb[ behigk[ b[i d�kZi le_i_di edj kd fej[dj_[b fbki XWi( ek r kd[

iehj_[ Zk ceZvb[ behigk�_b [n_ij[ kd ]hWZ_[dj Z[i d�kZi le_i_di l[hi bW YedZ_j_ed Wkn b_c_j[i*

Nd[ Y^Wh][ ^oZhWkb_gk[ [ij _cfeiu[ ZWdi b[i YWi ez b[ fej[dj_[b ^oZhWkb_gk[ [ij Zu`r Yeddk $bWY( Yekhi Z�[Wk%*



OKH
FG .,-)--235),,
H9?= /2

EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=

?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

=[i Y^Wh][i YedijWdj[i u]Wb[i r b�ubulWj_ed Z[i bWYi edj uju Wffb_gku[i r jeki b[i d�kZi Yehh[ifedZWdj Wkn bWYi*

=[i Y^Wh][i YedijWdj[i u]Wb[i r b�ubulWj_ed Zk ieb edj uju Wffb_gku[i r jeki b[i d�kZi Yehh[ifedZWdj Wkn Yekhi Z�[Wk i[

jheklWdj Wkn b_c_j[i Zk ZecW_d[*

?>?EHP Wjjh_Xk[ fWh Zu\Wkj kd \bkn dkb r jekj[ Y[bbkb[ i[ jheklWdj Wkn b_c_j[i Zk ZecW_d[* :_di_( WkYkd[ ceZ_\_YWj_ed Wk

ceZvb[ d�[ij duY[iiW_h[ fekh Zu\_d_h b[i Wkjh[i b_c_j[i [nj[hd[i Zk ceZvb[*

 CONDITIONS LIMITES INTERNES 

GKC9 7<5E;9 7BAFG5AG9

=[i Y^Wh][i YedijWdj[i u]Wb[i r b�ubulWj_ed Z[i bWYi edj uju Wjjh_Xku[i r jeki b[i d�kZi Z[ ikh\WY[ Z[ bW fh[c_vh[ YekY^[

Yehh[ifedZWdj r bW fei_j_ed Z[i bWYi* E[i lWb[khi Z�ubulWj_edi Z[i bWYi iedj fhui[dju[i r bW i[Yj_ed 0*.*-*

=[i Y^Wh][i YedijWdj[i edj u]Wb[c[dj uju Wjjh_Xku[i Wkn Yekhi Z�[Wk Z[ ikh\WY[ fh_dY_fWkn f[hcWd[dji*

GKC9 8E5=A

=[i Y^Wh][i YedijWdj[i Z[ jof[ ZhW_d edj uju kj_b_iu[i fekh h[fhui[dj[h b[i Yekhi Z�[Wk Z[ ikh\WY[ i[YedZW_h[i r b�_djuh_[kh Zk

ZecW_d[* <[i jof[i Z[ \hedj_vh[i f[hc[jj[dj Z[ i_ckb[h b[i iehj_[i Z�[Wk Zk ioijvc[ ^oZhe]uebe]_gk[* E[i ubulWj_edi Z[i

d�kZi Z[ jof[ ZhW_d edj uju [ij_cu[i [d i[ XWiWdj ikh bW jefe]hWf^_[ [j Yehh[ifedZ[dj r b�ubulWj_ed Z[ bW YekY^[ de-*



!
!

?

L
a
c
 A

si
ya

n
A

kw
a
k
w

a
tip

u
s
ic

h

L
a
c
 

A
si

n
i 
K

a
s
a
c
h
ip

e
t

L
a
c
 1

L
a
c

K
a
c
h
is

k
a
m

ik
a
c
h

7
=
C:

AI
HF

K
JA
=
H

#B
D

*
/
(
$

V
e
rs

R
a
d

is
s
o

n

L
a
c

K
a
p
is

ik
a
m

a

?

V
e
rs

M
a
ta

g
a
m

i

*
,

,
'

'
'

*
,

,
'

'
'

*
-

'
'

'
'

*
-

'
'

'
'

,./,'''

,./,'''

,.0''''

,.0''''

!
In

fr
a
s

tr
u
c
tu

re
s

7
F
K
J=

G
HA

E
;
AG

:
C=

7
F
K
J=

<
":

;
;
Q
I

5
A?

E
=

<
=

JH
:

E
I
G

F
HJ

<
"P

E
=
H?

A=

5
AD

AJ
=

<
=

C:
N
F

E
=

D
F
<
P
CAI

P
=

H
y
d

ro
g

ra
p

h
ie N
u
m

é
ro

 d
e

 c
o
u
rs

 d
'e

a
u

C
E

3

3
F
K

HI
<
"=

:
K

G
=
HD

:
E
=
E
J

3
F
K

HI
<
"=

:
K

O
P
;
F
K
C=

D
=
E
J
<
A>
>K

I
F
K

AE
J=

HD
AJ
J=

E
J

3
F

E
<

AJ
AF

E
CAD

AJ
=

AE
J=

HE
=

S
;
@
:
H?

=
I

AD
G
F
I
P
=
I

3
F

E
<

AJ
AF

E
CAD

AJ
=

=
L
J=

HE
=

S
;
@
:
H?

=
I
&A
D

G
F
I
P
=
I

3
F

E
<

AJ
AF

E
CAD

AJ
=

AE
J=

HE
=

S
JM

G
=

<
H:

AE

6
:

ACC
:
?
=

C
a

rt
e

 8
C

o
n

d
it

io
n

 l
im

it
e

 d
e
 l

a
 c

o
u

c
h

e
 s

u
p

é
ri

e
u

re

D
es

si
n 

: A
. M

as
so

n
A
pp

ro
ba

tio
n 

: C
. M

ar
tin

ea
u

20
1-

11
67

9-
00

_H
G

c8
_w

sp
T
34

7_
co

nd
_s

up
_2

10
71

5.
m

xd

M
in

e 
de

 li
th

iu
m

 B
ai

e-
J
am

e
s

É
tu

de
 s

pé
ci

al
is

ée
 s

ur
 l'

hy
dr

og
éo

lo
g
ie

S
ou

rc
es

 :
O

rt
ho

im
ag

e 
: G

al
ax

y,
 a

oû
t 2

01
7

D
on

né
es

 d
u 

pr
oj

et
 : 

 G
al

ax
y,

 2
02

1

U
T

M
, f

us
ea

u 
18

, N
A

D
83

0
40

0
80

0
D

J
u

il
le

t 
2

0
2

1





!
!

?

L
a
c 

A
si

y
a
n

A
k
w

a
k
w

a
ti
p
u
s
ic

h

L
a
c
 

A
si

n
i 
K

a
sa

c
h
ip

e
t

L
a
c
 1

L
a
c

K
a
c
h
is

ka
m

ik
a
ch

7
=
C:

AI
HF

K
JA
=
H

#B
D

*
/
(
$

V
e
rs

R
a
d

is
s
o

n

L
a
c

K
a
p

is
ik

a
m

a

V
e
rs

M
a
ta

g
a
m

i

*
,

,
'

'
'

*
,

,
'

'
'

*
-

'
'

'
'

*
-

'
'

'
'

,./,'''

,./,'''

,.0''''

,.0''''

In
fr

a
s

tr
u
c
tu

re
s

7
F
K
J=

G
HA

E
;
AG

:
C=

7
F
K
J=

<
":

;
;
Q
I

5
A?

E
=

<
=

JH
:

E
I
G

F
HJ

<
"P

E
=
H?

A=

5
AD

AJ
=

<
=

C:
N
F

E
=

D
F
<
P
CAI

P
=

H
y
d

ro
g

ra
p

h
ie N
u
m

é
ro

 d
e

 c
o
u
rs

 d
'e

a
u

C
E

3

3
F
K

HI
<
"=

:
K

G
=
HD

:
E
=
E
J

3
F
K

HI
<
"=

:
K

O
P
;
F
K
C=

D
=
E
J
<
A>
>K

I
F
K

AE
J=

HD
AJ
J=

E
J

3
F

E
<

AJ
AF

E
CAD

AJ
=

=
L
J=

HE
=

S
;
@
:
H?

=
I
&A
D

G
F
I
P
=
I

6
:

ACC
:
?
=

C
a

rt
e

 9
C

o
n

d
it

io
n

 l
im

it
e

 d
e
s

 c
o

u
c
h

e
s

 i
n

fé
ri

e
u

re
s

D
es

si
n 

: A
. M

as
so

n
A
pp

ro
ba

tio
n 

: C
. M

ar
tin

ea
u

20
1-

11
67

9-
00

_H
G

c9
_w

sp
T
34

8_
co

nd
_i

nf
_2

10
71

5.
m

xd

M
in

e 
de

 li
th

iu
m

 B
ai

e-
J
am

e
s

É
tu

de
 s

pé
ci

al
is

ée
 s

ur
 l'

hy
dr

og
éo

lo
g
ie

S
ou

rc
es

 :
O

rt
ho

im
ag

e 
: G

al
ax

y,
 a

oû
t 2

01
7

D
on

né
es

 d
u 

pr
oj

et
 : 

 G
al

ax
y,

 2
02

1

U
T

M
, f

us
ea

u 
18

, N
A

D
83

0
40

0
80

0
D

J
u

il
le

t 
2

0
2

1





EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= 0-

1 ;9DA:J9LAGF <M EG<{D=

<zn;GMD=E=FL

G:B=;LA>K <= ;9DA:J9LAGF

E�eX`[Yj_\ Z[ bW YWb_XhWj_ed Zk ceZvb[ Z�uYekb[c[dj [ij Z[ Zul[beff[h kd[ Wffhen_cWj_ed WZugkWj[ Z[i d_l[Wkn Z�[Wk

iekj[hhW_d[ eXi[hlui [j Z[i ZuX_ji \W_iWdj huikh][dY[ ZWdi b[i le_[i Z�[Wk huY[fjh_Y[i Zk i_j[* Iekh b[i \_di Z[ YedijhkYj_ed Zk

ceZvb[( cwc[ i_ kd[ \bkYjkWj_ed dWjkh[bb[ Z[ b�ubulWj_ed Z[ b�[Wk iekj[hhW_d[ i[ fheZk_j [d hW_ied Z[i YedZ_j_edi Yb_cWj_gk[i

iW_iedd_vh[i( b[i YedZ_j_edi Z[ b�[Wk iekj[hhW_d[ eXi[hlu[i [j _dZk_j[i iedj Yedi_Zuhu[i Yecc[ ujWdj ijWj_gk[i* IWh

Yediugk[dj( bW YWb_XhWj_ed Zk ceZvb[ W uju huWb_iu[ [d fhuikcWdj gk[ b[i ubulWj_edi f_upecujh_gk[i c[ikhu[i [d cW_ .,-4

fekh b[i fk_ji huWb_iui fWh PLI [j [d `Wdl_[h .,.- fekh b[i fk_ji huWb_iui fWh LG<)EWlWb_d iedj h[fhui[djWj_l[i Zk d_l[Wk

ijWj_gk[ [j gk[ b[i ZuX_ji Z�uj_W][ Z[i le_[i Z�[Wk( [ij_cui r fWhj_h Z[ b�WdWboi[ ^oZhebe]_gk[ Z[ Yekhi Z�[Wk Z[ bW hu]_ed

$PLI( .,-4W%( iedj h[fhui[djWj_\i Zk ZuX_j Z[ XWi[ Z[i le_[i Z�[Wk Zk i_j[*

E[i ZuX_ji edj uju c[ikhui ZWdi b[i Yekhi Z�[Wk <>.( <>/( <>0 [j <>1 i_jkui r fhen_c_ju Z[i \kjkh[i _d\hWijhkYjkh[i*

<[f[dZWdj( b[i ZuX_ji Z�uj_W][ h[ij[dj Z[i lWb[khi [ij_cu[i* <[i huikbjWji iedj ZedY Z[i ehZh[i Z[ ]hWdZ[kh [j Ze_l[dj wjh[

Yedi_Zuhui Wl[Y fhkZ[dY[ [j Z_iY[hd[c[dj* <[i lWb[khi [ij_cu[i f[kl[dj jekj Z[ cwc[ i[hl_h Z[ hu\uh[dY[ fekh bW YWb_XhWj_ed

Zk ceZvb[( W\_d Z[ i�Wiikh[h gk[ b[i ZuX_ji Z[ XWi[ i_ckbui h[if[Yj[dj c_d_cWb[c[dj b[i ehZh[i Z[ ]hWdZ[kh eXj[dki fekh b[i

ZuX_ji Z�uj_W][*

Iekh Y[i hW_iedi( bW YWb_XhWj_ed Z[i ubulWj_edi f_upecujh_gk[i W uju fh_eh_iu[* E[i eX`[Yj_\i Z[ YWb_XhWj_ed l_i[dj ZedY( [d

fh[c_[h b_[k( kd[ h[fheZkYj_ed WZugkWj[ Z[i ubulWj_edi Z�[Wk iekj[hhW_d[ [j( [d Z[kn_vc[ b_[k( bW c[_bb[kh[ h[fhui[djWj_ed

feii_Xb[ Z[i ZuX_ji Z�uj_W][ [ij_cui*

EnL@G<GDG?A= <= ;9DA:J9LAGF

EW YWb_XhWj_ed Zk ceZvb[ W uju [\\[Yjku[ [d kj_b_iWdj kd[ WffheY^[ _juhWj_l[ ez b[i fWhWcvjh[i Z�[djhu[ ujW_[dj ceZ_\_ui

cWdk[bb[c[dj [j ez b[i ijWj_ij_gk[i Z[ YWb_XhWj_ed ujW_[dj ulWbku[i [j efj_c_iu[i* EW YedZkYj_l_ju ^oZhWkb_gk[ [j b[i lWb[khi Z[

h[Y^Wh][ \kh[dj b[i fh_dY_fWkn fWhWcvjh[i Zk ceZvb[ W`kijui f[dZWdj b[ fheY[iiki Z[ YWb_XhWj_ed*

Nd[ YecfWhW_ied Z[i ubulWj_edi i_ckbu[i Z[ b�[Wk iekj[hhW_d[ Wl[Y b[i ubulWj_edi c[ikhu[i Z_ifed_Xb[i W uju [\\[Yjku[* E[i

ZuX_ji [ij_cui Z[ Y[hjW_d[i le_[i Z�[Wk edj u]Wb[c[dj uju kj_b_iui W\_d Z[ luh_\_[h b�W`kij[c[dj Zk ceZvb[* E�ulWbkWj_ed Z[i

ijWj_ij_gk[i Z[ YWb_XhWj_ed Z[ bW f_upecujh_[ [j Z[i ZuX_ji Z[ huikh][dY[ fh[dZ [d Yedi_ZuhWj_ed fbki_[khi YecfeiWdj[i(

_dYbkWdj 6 b[i lWb[khi hui_Zk[bb[i cWn_ckc [j c_d_ckc( bW ceo[dd[ hui_Zk[bb[( bW ceo[dd[ hui_Zk[bb[ WXiebk[( bW hWY_d[ Z[

b�[hh[kh gkWZhWj_gk[ ceo[dd[ [j bW hWY_d[ Z[ b�[hh[kh gkWZhWj_gk[ ceo[dd[ r b�uY^[bb[ $ek dehcWb_iu KFL SGKFLT%* E[i

hui_Zki iedj YWbYkbui Yecc[ bW Z_\\uh[dY[ [djh[ b[i ubulWj_edi i_ckbu[i [j eXi[hlu[i Z[ b�[Wk iekj[hhW_d[* E[i lWb[khi Y_Xb[i

Yecckduc[dj l_iu[i fekh b[ GKLF iedj _d\uh_[kh[i ek u]Wb[i r -,"*



OKH
FG .,-)--235),,
H9?= 0.

EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=

?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

JnKMDL9LK <= D9 ;9DA:J9LAGF

 CHARGES HYDRAULIQUES 

EW lWb[kh Z�ubulWj_ed f_upecujh_gk[ c[ikhu[ r Y^Wgk[ fk_ji W uju YecfWhu[ Wl[Y bW lWb[kh Z[ Y^Wh][ ^oZhWkb_gk[ YWbYkbu[ Wk

Y[djh[ Z[ bW Yhuf_d[ Z�kd fk_ji \_Yj_\ i_jku r bW cwc[ fei_j_ed( ZWdi b[ ceZvb[ dkcuh_gk[* E[ jWXb[Wk -- fhui[dj[ b[i lWb[khi

Z[ Y^Wh][i ^oZhWkb_gk[i eXi[hlu[i [j i_ckbu[i fekh Y^WYkd Z[i 04 fk_ji kj_b_iui fekh bW YWb_XhWj_ed*

GNOXRNa ++ 7NXVO^N`V[Z QR_ PUN^TR_ UdQ^NaXV]aR_

F[ZQNTR HZV`h P^h\VZhR

fXhbN`V[Z Qa PRZ`^R

QR XN P^h\VZR

$Y%

fXhbN`V[Z

\Vhe[Yh`^V]aR

[O_R^bhR $Y%

fXhbN`V[Z

\Vhe[Yh`^V]aR _VYaXhR

$Y%

8VSSh^RZPR

$Y%

OKH)HO,- JbV .-4(35 ..0(45 ..0(-5 ),(3,

OKH)HO,/ JbV -/-(32 .-/(,0 .-/(,2 ,(,.

OKH)EO-J JbV .,,(2. .,1(-- .,1(-/ ,(,.

OKH)EO/J JbV -55(04 .,5(/- .,4(41 ),(02

OKH)EO0J JbV .-,(/. .-2(,. .-1(1/ ),(05

OKH)EO1J JbV .,0(3. .-.(55 .-.(-0 ),(41

OKH)EO2J JbV ..,(2. ..0(40 ..1(/4 ,(10

OKH)EO3J JbV .,-(.- .,3(.5 .,2(4. ),(03

OKH)EO4J JbV -5.(2. .,.(31 .,.(4, ,(,1

OKH)EO5J JbV -43(., .,1(2, .,1(,0 ),(12

OKH)EO.K <qctgf fheYTVX .,0(-1 .,2(54 .,3(2, ,(2.

OKH)EO/K <qctgf fheYTVX .,2(5, .,5(1, .,5(,3 ),(0/

OKH)EO0K <qctgf fheYTVX .-/(1- .-2(,3 .-1(13 ),(1,

OKH)EO1K <qctgf fheYTVX .-.(/. .-/(,5 .-.(,5 )-(,,

OKH)EO4K <qctgf fheYTVX .,,(0- .,.(34 .,.(4, ,(,.

OKH)EO5K <qctgf fheYTVX .,.(.4 .,1(.2 .,0(/5 ),(43

HG)- <qctgf fheYTVX .-1(45 .-2(-3 .-3(/5 -(..

HG). <qctgf fheYTVX .-0(,- .-0(25 .-0(1- ),(-4

:@)- <qctgf fheYTVX .-0(/3 .-1(,3 .-1(40 ,(33

:@)-,9 JbV -45(.0 .,,(./ .,,(/0 ,(--

:@)-,: <qctgf WX fheYTVX -5/(-- -55(20 .,,(/1 ,(3-

:@)-0 <qctgf fheYTVX -54(/0 .--(5/ .-,(14 )-(/1

:@)-1 JbV -50(-0 .,.(,/ .,.(21 ,(2.

:@)-4 <qctgf fheYTVX -54(54 .,/(3. .,/(0. ),(/,

:@)./ <qctgf fheYTVX .,,(-3 .,4(55 .,3(3/ )-(.2

:@).3 <qctgf fheYTVX -54(,4 .,0(2. .,0(4/ ,(.-

:@).5 <qctgf fheYTVX -52(/0 .,2(24 .,2(1. ),(-2

:@)/: <qctgf fheYTVX -53(22 .,-(22 .,.(/1 ,(25

:@)/9 <qctgf fheYTVX -50(/1 .,-(3, .,.(/4 ,(24

:@)/- <qctgf fheYTVX .,,(33 .,3(5- .,4(,1 ,(-0

:@.-F,/ <qctgf fheYTVX .,,(42 .,5(-1 .-,(34 -(2/

:@.-G,1 <qctgf fheYTVX .,,(-, .,3(./ .,3(./ ,(,-

:@.-G,2 <qctgf fheYTVX .-/(31 .--(41 .--(11 ),(/,

:@.-H,0 JbV .,1(22 .,4(41 .,3(54 ),(43

:@.-J,- JbV .,,(-2 .,2(0- .,3(-5 ,(35

:@.-O,/ <qctgf fheYTVX -52(// .,.(4- .,.(34 ),(,/



EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= 0/

GNOXRNa ++ $_aV`R% 7NXVO^N`V[Z QR_ PUN^TR_ UdQ^NaXV]aR_

F[ZQNTR HZV`h P^h\VZhR

fXhbN`V[Z Qa PRZ`^R

QR XN P^h\VZR

$Y%

fXhbN`V[Z

\Vhe[Yh`^V]aR

[O_R^bhR $Y%

fXhbN`V[Z

\Vhe[Yh`^V]aR _VYaXhR

$Y%

8VSSh^RZPR

$Y%

:@.-O,0 <qctgf fheYTVX -5/(4- .,-(,- .,.(.0 -(./

:@.-O,2 -54(54 .,1(05 .,2(21 -(-2

:@.-KO,/ .,2(4, .,5(55 .--(-0 -(-1

:@.,)H),2 .-.(,1 .-/(/- .-/(.4 ),(,/

:@.,)H),3 -54(0/ .--(30 .--(25 ),(,1

:@)/2 .,.(-, .,4(-3 .,3(3- ),(02

:@)/3 .,/(34 .,4(14 .,3(33 ),(4-

:@)0- .,.(02 .,3(-4 .,3(14 ,(0,

:@)01 .,1(52 .,4(50 .,3(2. )-(/.

:@)03 .,,(/5 .-,(,5 .--(// -(.0

:@)05 -51(-- .,2(5, .,2(33 ),(-/

:@)1, .,0(,5 .,2(5/ .,3(-1 ,(..

E[i ijWj_ij_gk[i Z[ YWb_XhWj_ed fhui[dju[i Wk jWXb[Wk -. cedjh[dj gk[ bW YWb_XhWj_ed Zk ceZvb[ i[ jhekl[ r b�_djuh_[kh Z[ bW

fbW][ Z[ GKFL WYY[fju[ fWh b�_dZkijh_[* EW \_]kh[ - cedjh[ gk[ bW YWb_XhWj_ed Z[i Y^Wh][i ^oZhWkb_gk[i [ij iWj_i\W_iWdj[*

GNOXRNa +, F`N`V_`V]aR_ QR PNXVO^N`V[Z $PUN^TR_ UdQ^NaXV]aR_%

@R_a^R _`N`V_`V]aR HZV`h Eh_aX`N` Qa Y[QiXR PNXVO^h

Fb`UeX WX cb\agf WzbUfXeiTg\ba 04

Jqf\Wh `Tk\`h` ` -*2/

Jqf\Wh `\a\`h` ` )-(/1

Kb``X WXf eqf\Whf ` ,(25

Kb``X WXf eqf\Whf TUfb_hf ` .3(4-

EblXaaX TUfb_hX WXf eqf\Whf ` ,(14

JTV\aX WX _zXeeXhe dhTWeTg\dhX `blXaaX $JEK% ` ,(3/

JTV\aX WX _zXeeXhe dhTWeTg\dhX `blXaaX o _zqV[X__X $abe`T_\mXW JEK% " .(43

Meki b[i fe_dji i[ i_jk[dj r b�_djuh_[kh Z[i eX`[Yj_\i Z[ YWb_XhWj_ed* E[ fk_ji ;A.-GH/ fhui[dj[ bW fbki ]hWdZ[ Z_\\uh[dY[(

Wl[Y kd[ lWb[kh Z[ -(2 c* EW YWhj[ -, fhui[dj[ bW YWhj[ f_upecujh_gk[ eXj[dk[ Wl[Y b[ ceZvb[ YWb_Xhu [d hu]_c[ f[hcWd[dj*

E[i \_]kh[i . [j / f[hc[jj[dj Z[ le_h [d Yekf[ bW Z_ijh_Xkj_ed Z[i Y^Wh][i W_di_ gk[ b[ d_l[Wk Z�[Wk ikh b[ i_j[*

=Wdi b�[di[cXb[( b[ hu]_c[ Z�uYekb[c[dj ik_j bW jefe]hWf^_[ Zk i_j[* E[ i[Yj[kh Z[ bW \kjkh[ \eii[ i[ i_jk[ ikh kd ^Wkj

f_upecujh_gk[ Wl[Y kd[ ubulWj_ed f_upecujh_gk[ cWn_cWb[ Z[ .0. c* E�[Wk iekj[hhW_d[ Z[ Y[ ^Wkj f_upecujh_gk[ i�uYekb[

cW`eh_jW_h[c[dj l[hi b[ Yekhi Z�[Wk <>/ Wk dehZ [j l[hi b[ Yekhi Z�[Wk <>1 Wk ikZ* EW \W_Xb[ f[hcuWX_b_ju Z[ bW f[]cWj_j[ [j

Z[ b�Wh]_b[ \Wleh_i[ kd h[^Wkii[c[dj Zk d_l[Wk Z�[Wk ]uduhWb_iu*

 DÉBITS DE BASE DES COURS D’EAU 

� fWhj_h Z[i YedZ_j_edi b_c_j[i Zk ceZvb[ $bWY( Yekhi Z�[Wk%( _b [ij feii_Xb[ Z[ YWbYkb[h b[i ZuX_ji Z[ XWi[ Z[i le_[i Z�[Wk

Y_hYkbWdj ZWdi b[i W_h[i Z�WYYkckbWj_ed* <[i ZuX_ji Yehh[ifedZ[dj Wkn \bkn iekj[hhW_di \W_iWdj huikh][dY[ ZWdi Y[i le_[i

Z�[Wk* E[i ZuX_ji Z[ XWi[ iedj eXj[dki [d iub[Yj_eddWdj b�[di[cXb[ Z[i d�kZi Z[ jof[ ZhW_d Yedij_jkWdj b[ Yekhi Z�[Wk ek b[

\eiiu( [j [d \W_iWdj bW ieccWj_ed Z[i ZuX_ji iehjWdj r Y^WYkd Z[i d�kZi Z[ b�ubuc[dj Z[ ZhW_dW][*
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Zk ZuX_j Z�uj_W][ Wddk[b* E[i huikbjWji iedj fhui[djui Wk jWXb[Wk -/*
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E�uYWhj _dZ_gku Wk jWXb[Wk -0 _dZ_gk[ gk[ b[ X_bWd Z[ cWii[ [ij ugk_b_Xhu ZWdi b[ ceZvb[ YWb_Xhu* E�[hh[kh Z[ ,(0 " Zk X_bWd
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ceZvb[ YWb_Xhu* L[kb[i jhe_i ped[i Z[ YedZkYj_l_jui ^oZhWkb_gk[i( Yehh[ifedZWdj Wk fWhW]d[_ii $0*-%( r bW f[]cWj_j[ $0*.% [j Wk

XWiWbj[ $0*/%( edj uju Yedi_Zuhu[i*
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<[i ped[i( Zuj[hc_du[i r fWhj_h Z[ bW ]uebe]_[ Zk i_j[( edj uju W`kiju[i behi Z[ bW YWb_XhWj_ed W\_d Z�eXj[d_h Z[i Y^Wh][i ^oZhWkb_gk[i

fheY^[i Z[ Y[bb[i c[ikhu[i* EW ped[ ce_di f[hcuWXb[ $Yehh[ifedZWdj r b�eh_]_d[ r bW f[]cWj_j[% W uju bu]vh[c[dj W]hWdZ_[ l[hi b[ ikZ
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Wk d_l[Wk Zk \kjkh i_j[ _dZkijh_[b* E[ Zoa[ Z[ Z_WXWi[ d�W fWi uju Yedi_Zuhu* EW f[hcuWX_b_ju Wk d_l[Wk Zk Yed]becuhWj d�WoWdj fWi uju
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 RECHARGE 

EW h[Y^Wh][ W uju W`kiju[ ZkhWdj bW YWb_XhWj_ed Zk ceZvb[ W\_d Z[ Zul[beff[h kd[ h[fheZkYj_ed WZugkWj[ Z[i d_l[Wkn Z�[Wk

iekj[hhW_d[ eXi[hlui [j Z[i ZuX_ji Z[ XWi[* EW YWhj[ -. fhui[dj[ bW h[Y^Wh][ Zk ceZvb[ YWb_Xhu* E[i ped[i Z[ h[Y^Wh][ edj uju

i_cfb_\_u[i Z[ cWd_vh[ r j[d_h Yecfj[ Z[ bW fei_j_ed jefe]hWf^_gk[ Wk b_[k Z[ b�_dYb_dW_ied Z[i f[dj[i* E[i ped[i Z[

huikh][dY[ i[ i_jk[dj Wk d_l[Wk Z[i Yekhi Z�[Wk( Z[i bWYi [j Wk f_[Z Z[i Yebb_d[i*

=Wdi b[i i[Yj[khi Zu`r iWjkhui [d [Wk ek ZWdi b[i ped[i Z[ huikh][dY[( bW h[Y^Wh][ [ij fbki \W_Xb[ fk_igk[ b�[Wk i�WYYkckb[ ikh fbWY[

[j+ek i�uYekb[ [d ikh\WY[( Wbehi gk[ ZWdi b[i i[Yj[khi ez kd[ \hWd][ ded iWjkhu[ [n_ij[( bW YWfWY_ju Z�_d\_bjhWj_ed [ij fbki ub[lu[*

E[i ped[i Z[ h[Y^Wh][ fhu\uh[dj_[bb[i i[ jhekl[dj [d iecc[j Z[ Yebb_d[ $-,, r /,, cc+Wd%* Iekh b[i ped[i Z[ huikh][dY[ [j

Z�[n\_bjhWj_ed( kd[ h[Y^Wh][ fbki \W_Xb[ W uju Wffb_gku[ $-, r 1, cc+Wd%*
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EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= 1/

nLM<= <= K=FKA:ADALn <=K H9J9E{LJ=K

Nd[ WdWboi[ Z[ i[di_X_b_ju W uju [\\[Yjku[ W\_d Z�ujkZ_[h b�_dY[hj_jkZ[ b_u[ r bW lWh_Wj_ed Z[ Y[hjW_di fWhWcvjh[i Zk ceZvb[* E[i

i_ckbWj_edi ik_lWdj[i edj uju [\\[Yjku[i behi Z[ b�WdWboi[ Z[ i[di_X_b_ju 6

— ..# , Wk]c[djWj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Z[i Zufyji Z[ ikh\WY[7

— ..$ , Z_c_dkj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Z[i Zufyji Z[ ikh\WY[7

— ..% , Wk]c[djWj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..& , Wk]c[djWj_ed fWh Y_dg Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..' , Z_c_dkj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..( , Z_c_dkj_ed fWh Y_dg Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..) , Wk]c[djWj_ed fWh Z_n Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Z[ bW f[]cWj_j[7

— ..* , ceZ_\_YWj_ed Z[i ped[i Z[ YedZkYj_l_ju ^oZhWkb_gk[ [d \edYj_ed Z[ bW YWhj[ ]uebe]_gk[ [j Z[ bW ]uebe]_[ \ekhd_[ fWh

@WbWno $YWhj[ 1%7

— ..+ , Wk]c[djWj_ed ]beXWb[ Z[ bW h[Y^Wh][ Z[ /, "7

— ..#" , Z_c_dkj_ed ]beXWb[ Z[ bW h[Y^Wh][ Z[ /, "*

E[i huikbjWji Z[ b�WdWboi[ Z[ i[di_X_b_ju h[bWj_\i Wkn Y^Wh][i ^oZhWkb_gk[i i_ckbu[i iedj fhui[djui Wk jWXb[Wk -2* E[i GFKL

iedj u]Wb[c[dj _dZ_gkui fekh Y^WYkd[ Z[i i_ckbWj_edi [\\[Yjku[i W\_d Z[ fekle_h `k][h Z[ bW gkWb_ju Z[ bW YWb_XhWj_ed*

GNOXRNa +0 8VSSh^RZPR_ RZ`^R XR_ PUN^TR_ UdQ^NaXV]aR_ [O_R^bhR_ R` _VYaXhR_ \[a^ XR_ _PhZN^V[_ `R_`h_

CaV`_
fXhbN`V[Z

\Vhe[Yh`^V]aR
[O_R^bhR $Y%

@[QiXR
PNXVO^h

FF+ FF, FF- FF. FF/ FF0 FF1 FF2 FF3 FF+*

OKH)HO,- ..0(-5 ),(3, .(.4 1(-0 ),(10 )-(3- -(0/ 2(,. )-(54 )0(04 -(03 -(-4
OKH)HO,/ .-/(,2 ,(,. ,(3/ -(50 ),(/5 ),(1- ,(42 .(-5 ),(// 1(00 ,(41 ),(12
OKH)EO-J .,1(-/ ,(,. ),(-, ,(.1 ),(44 )-(00 -(// /(.0 ,(,0 ),(35 ,(14 ),(14
OKH)EO/J .,4(41 ),(02 ),(5/ ,(-, )-(30 )/(.- ,(12 -(/5 ),(0/ )/(/3 ,(.. )-(.0
OKH)EO0J .-1(1/ ),(05 ),(-0 ,(54 )-(,. )-(.0 ,(/0 -(53 ),(43 )4(,1 ,(00 )-(44
OKH)EO1J .-.(-0 ),(41 ).(/3 -(05 )-(11 )-(02 ),(-0 ,(/5 )-(/4 )1(55 ,(-3 ).(-.
OKH)EO2J ..1(/4 ,(10 ,(35 ),(-2 )/(/0 )0(20 .(54 4(// )1(/0 )/(50 -(,2 ),(25
OKH)EO3J .,2(4. ),(03 )-(,1 ,(.- ),(0- ,(.2 ),(.2 ,(,0 ),(0- ),(22 ),(-4 ),(4/
OKH)EO4J .,.(4, ,(,1 ),(/, ,(0. ),(/4 ),(2/ ,(1/ ,(55 ,(-. ,(54 ,(/1 ),(/3
OKH)EO5J .,1(,0 ),(12 )-(02 ,(-4 ),(31 ),(./ ),(,5 ,(02 ),(2. ),(30 ),(-2 )-(.5
OKH)EO.K .,3(2, ,(2. ,(1- ,(42 ,(13 ,(/3 ,(21 ,(2/ ,(22 ,(2- ,(3- ,(1/
OKH)EO/K .,5(,3 ),(0/ ),(5. ,(-4 )-(34 )/(/. ,(22 -(14 ),(/5 )/(/3 ,(/- )-(.2
OKH)EO0K .-1(13 ),(1, ),(.0 ,(4- )-(,0 )-(/- ,(// -(51 ),(5- )3(05 ,(0. )-(50
OKH)EO1K .-.(,5 )-(,, ).(05 -(/0 )-(25 )-(10 ),(.4 ,(.1 )-(/1 .(13 ,(,- ).(.3
OKH)EO4K .,.(4, ,(,. ),(// ,(0, ),(0, ),(21 ,(1, ,(54 ,(,5 ,(50 ,(/. ),(/5
OKH)EO5K .,0(/5 ),(43 )-(33 ),(-0 )-(,1 ),(1. ),(0. ,(-0 ),(5/ )-(,0 ),(05 )-(14

HG)- .-3(/5 -(.. )2(2- 0(40 -(., ),(/3 /(33 -/(-1 )-0(23 1(5/ .(53 /(//
HG). .-0(1- ),(-4 )/(/5 .(,- ),(/1 )0(-5 .(-2 0(4/ )4(/5 -,(1- -(., 1(5-
:@)- .-1(40 ,(33 ),(1- /(/, -1(4. ).(13 /(.- -,(5- )-,(-3 5(1/ .(.4 4(0/

:@)-,9 .,,(/0 ,(-- ),(,2 ,(/0 ,(.0 ,(11 ,(,1 ,(,, ,(-. ,(.- ,(-0 ,(,3
:@)-,: .,,(/1 ,(3- ,(1/ ,(5/ ,(4/ -(-0 ,(21 ,(2, ,(3. ,(4- ,(30 ,(22
:@)-0 .-,(14 )-(/1 )-(40 ),(2/ )-(.1 )-(02 )-(1- )-(.4 )-(/5 )/(14 )-(.0 )-(12
:@)-1 .,.(21 ,(2. ,(01 ,(30 ,(.- ,(,- ,(5/ ,(52 ,(21 -(45 ,(35 ,(/,
:@)-4 .,/(0. ),(/, ),(0/ ),(-2 )-(.. )-(40 ,(4/ -(43 ),(-0 -(.3 ,(-0 ),(44
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EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
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GNOXRNa +0 $_aV`R% 8VSSh^RZPR_ RZ`^R XR_ PUN^TR_ UdQ^NaXV]aR_ [O_R^bhR_ R` _VYaXhR_ \[a^ XR_ _PhZN^V[_ `R_`h_

CaV`_
fXhbN`V[Z

\Vhe[Yh`^V]aR
[O_R^bhR $Y%

@[QiXR
PNXVO^h

FF+ FF, FF- FF. FF/ FF0 FF1 FF2 FF3 FF+*

:@)./ .,3(3/ )-(.2 )-(24 ),(4. ).(5. )0(32 ),(/. ,(.. )-(.- )/(/- ),(24 ).(./
:@).3 .,0(4/ ,(.- ,(,5 ,(02 ),(02 )-(-2 ,(/5 ,(11 ,(.. ),(0. ,(/5 ),(.,
:@).5 .,2(1. ),(-2 ),(21 ,(/- )-(.3 ).(.. ,(4/ -(42 ),(-0 ).(,. ,(00 ),(51
:@)/: .,.(/1 ,(25 ,(12 ,(43 ,(41 -(-4 ,(13 ,(03 ,(25 ,(25 ,(25 ,(24
:@)/9 .,.(/4 ,(24 ,(11 ,(44 ,(43 -(./ ,(11 ,(00 ,(24 ,(24 ,(25 ,(24
:@)/- .,4(,1 ,(-0 ),(-, ,(13 ),(01 )-(0. ,(13 ,(51 ,(-3 )-(13 ,(1, ),(.-

:@.-F,/ .-,(34 -(2/ -(2, -(42 -(-3 ,(.2 -(50 .(,5 -(21 -(21 -(44 -(14
:@.-G,1 .,3(./ ,(,- ),(0. ,(02 ),(52 ).(0/ ,(0, ,(21 ,(,0 )-(10 ,(/3 ),(13
:@.-G,2 .--(11 ),(/, ),(12 ,(0/ ).(// /,(15 -(34 /(1. ),(.1 ).(.0 ,(3- )-(2,
:@.-H,0 .,3(54 ),(43 ),(44 ),(33 )-(23 ).(2- ),(-3 ,(/. ),(41 ).(05 ),(1/ )-(.0
:@.-J,- .,3(-5 ,(35 ,(23 ,(50 ,(15 ,(-2 ,(44 ,(5/ ,(4, ,(/. ,(45 ,(20
:@.-O,/ .,.(34 ),(,/ ),(.4 ,(.0 ),(20 )-(,2 ,(20 -(-- ,(,5 ,(54 ,(/, ),(05
:@.-O,0 .,.(.0 -(./ -(,/ -(0. -(,. ,(51 -(/1 -(.. -(.3 .(-0 -(/2 -(,.
:@.-O,2 .,2(21 -(-2 ,(5, ,(4. -(03 -(-4 ,(4- ,(5, -(-, ),(15 ,(3/ -(/2

:@.-KO,/ .--(-0 -(-1 .(.- -(20 -(,1 ,(54 -(./ -(.2 ,(25 4(/, -(0. ,(1/
:@.,)H),2 .-/(.4 ),(,/ ),(05 ,(04 ),(43 )-(45 ,(3- -(/- ),(,- ),(-/ ,(1, ),(2,
:@.,)H),3 .--(25 ),(,1 ),(11 ,(1, ),(51 ).(-, ,(24 -(.2 ,(,- ),(,3 ,(1/ ),(2/

:@)/2 .,3(3- ),(02 ),(11 ),(.1 )-(2, ).(5. ,(2, -(1, ),(00 ).(5, ,(,5 )-(,,
:@)/3 .,3(33 ),(4- ),(4. ),(33 ),(5/ )-(02 ),(30 ),(24 ),(4, ),(52 ),(32 ),(41
:@)0- .,3(14 ,(0, ,(.- ,(23 ,(.3 ),(,- ,(04 ,(22 ,(0. ,(-/ ,(10 ,(.2
:@)01 .,3(2. )-(/. )-(11 )-(-- )-(55 ).(23 ),(21 ,(,- )-(/, ).(24 ),(51 )-(30
:@)03 .--(// -(.0 -(/. -(0. ,(1/ ),(03 -(45 .(10 -(.2 -(.0 -(15 -(-1
:@)05 .,2(33 ),(-/ )-(,/ ,(1/ ),(45 ),(3- -(-3 /(03 ),(., ),(11 ,(05 )-(.1
:@)1, .,3(-1 ,(.. ,(-3 ,(/- ,(-/ ),(,5 ,(.2 ,(.3 ,(.. ),(,1 ,(.3 ,(-1

FJEK .(43 1(50 1(2- -,(.1 -4(53 0(4- -.(5. -.(,4 --(54 /(22 3(12

E[i huikbjWji Z[ b�WdWboi[ Z[ i[di_X_b_ju h[bWj_\i Wkn ZuX_ji i_ckbui iedj fhui[djui Wk jWXb[Wk -3*

GNOXRNa +1 7[Y\N^NV_[Z QR_ QhOV`_ R_`VYh_ Nac QhOV`_ _VYaXh_ \[a^ XR_ QVSSh^RZ`_ _PhZN^V[_ `R_`h_

FV`R QR
YR_a^R

8hOV`
Qqh`VNTR
$D +*&1
R_`VbNX%
$Y-)W%

8hOV`
Qqh`VNTR
$D +*&1
NZZaRX%
$Y-)W%

8hOV` $Y-)W%

@[QiXR
PNXVO^h

FF+ FF, FF- FF. FF/ FF0 FF1 FF2 FF3 FF+*

;=. )- /4. )2,1 )-,/0 )--0/ )5-- )-/45 ).-22 )4,, )2.1 )-,1, )-0/4 )--11 )451
;=/ )420 )0/. )4-4 )323 )441 )/.4 125 )--05 )-/5- )35, )0,/ )54- )200
;=0 )-3/ )42 )1,*4 )0- )--/ 22 /-4 )-02 ).0/ )2, )0., )53 ).5
;=1 ). 5/4 )- .52 ).04- ).1,- )..20 )/0/, )102/ )-43, )-20, ).02. ).000 ).4-, ).,53

E[ ceZvb[ [ij i[di_Xb[ r bW lWh_Wj_ed Z[ YedZkYj_l_ju Z[i kd_jui Z[ heY $LL-r LL3%* E�Wk]c[djWj_ed Z[ bW YedZkYj_l_ju

^oZhWkb_gk[ fekh b�[di[cXb[ Z[i kd_jui Z[ heY $LL/( LL0 [j LL2% \Wleh_i[ kd uYekb[c[dj fbki _cfehjWdj [j ZedY kd

WXW_ii[c[dj Z[i Y^Wh][i fbki _cfehjWdj* >d [\\[j( fekh /1 $LL/ [j LL0% Z[i 04 fk_ji Z�eXi[hlWj_edi( b[i lWb[khi ceZub_iu[i

iedj _d\uh_[kh[i r Y[bb[i eXi[hlu[i* >d cWj_vh[ Z[ ZuX_ji i_ckbui( Y[bW i[ jhWZk_j fWh kd[ Z_c_dkj_ed Zk ZuX_j Z[ XWi[ fekh b[i

Yekhi Z�[Wk i[ jheklWdj [d cW`eh_ju ikh b�kd_ju Z[ Zufyji iWXb[kn $<>/ [j <>0% [j kd[ Wk]c[djWj_ed Zk ZuX_j Z[ XWi[ fekh b[i

Yekhi Z�[Wk i[ jheklWdj cW`eh_jW_h[c[dj ikh b�kd_ju Wh]_b[ki[ $<>. [j <>1%* E�Wk]c[djWj_ed Z[ bW YedZkYj_l_ju Z�kd ehZh[ Z[

]hWdZ[kh Z[ b�kd_ju 0*. \Wleh_i[ b�uYekb[c[dj [j [djhW_d[ kd[ Z_c_dkj_ed Z[i Y^Wh][i ZWdi b[i fk_ji i_jkui ZWdi Y[jj[ ped[

$PLI)IP,-( PLI)IP,/( PLI)FP0K( PLI)FP0L( PLI)FP2K% fWh\e_i Z[ cWd_vh[ i_]d_\_YWj_l[ [d YecfWhW_ied Wk

ceZvb[ YWb_Xhu* EW ceZ_\_YWj_ed Z[ bW Z_ijh_Xkj_ed Z[i ped[i Z[ YedZkYj_l_ju ^oZhWkb_gk[ Zk heY $LL4%( huZk_iWdj bW ikh\WY[ Z[

b�kd_ju 0*. [j Wk]c[djWdj Y[bb[ Z[ b�kd_ju 0*-( [djhW_d[ kd[ Z_c_dkj_ed Z[i Y^Wh][i ^oZhWkb_gk[i ZWdi b�[di[cXb[ Z[i fk_ji

_cfWYjui* Iekh b[i ZuX_ji Z[ XWi[ i_ckbui( b[i ZuX_ji eXj[dki iedj i_c_bW_h[i r Y[kn eXj[dki fekh b[ ceZvb[ YWb_Xhu*
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E[ ceZvb[ [ij i[di_Xb[ r bW lWh_Wj_ed Z[ bW h[Y^Wh][ $LL1 [j LL2%* =�kd[ cWd_vh[ ]uduhWb[( b�Wk]c[djWj_ed $LL1% Z[ bW

h[Y^Wh][ Z[ /, " \Wleh_i[ Z[i Y^Wh][i ^oZhWkb_gk[i [j Z[i ZuX_ji fbki ub[lui Wbehi gk�kd[ Z_c_dkj_ed Z[ /, " $LL2% \Wleh_i[

Z[i Y^Wh][i ^oZhWkb_gk[i [j Z[i ZuX_ji fbki \W_Xb[i*





EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,
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2 KAEMD9LAGFK HJn<A;LAN=K

EG<A>A;9LAGF <M EG<{D= HGMJ D=K GHnJ9LAGFK

$9FFn=K ,)-5%

� bW ik_j[ Z[ bW YWb_XhWj_ed( b[ ceZvb[ W uju W`kiju W\_d Z[ fekle_h i_ckb[h b[i Z_\\uh[dji Y^Wd][c[dji f[dZWdj b[i efuhWj_edi[j

Wfhvi b[i efuhWj_edi* E[i i_ckbWj_edi dkcuh_gk[i edj uju Yecfbuju[i [d hu]_c[ jhWdi_je_h[ fekh h[fhui[dj[h b�ulebkj_ed Z[i

Z_\\uh[dj[i _d\hWijhkYjkh[i ikh b[ i_j[ f[dZWdj b[i efuhWj_edi $Wddu[ , r Wddu[ -5%* EW \eii[ [ij Z_l_iu[ [d jhe_i ped[i

Z�[nYWlWj_ed $Z[ C;)- r C;)/%* EW ped[ bW fbki fhe\edZ[ Z[ bW \eii[ i[ jhekl[ r b�ubulWj_ed )0, cWib $C;).%* � fWhj_h Z[

b�Wddu[ -.( bW \eii[ C;)/ Yecc[dY[ r wjh[ h[cfb_[ Wl[Y Z[i ijuh_b[i c_d_[hi* JkWjh[ ^WbZ[i Z[ YeZufei_j_ed i[hedj _cfbWdju[i

ikh b[ i_j[* E[i \_]kh[i . [j / fhui[dj[dj Z[i lk[i [d Yekf[ Z[ bW \eii[ [j Z[i _d\hWijhkYjkh[i r bW \_d Z[i efuhWj_edi*

 ÉLÉVATION 

E[i ubuc[dji h[fhui[djWdj b[i _d\hWijhkYjkh[i iedj WYj_lui ek ZuiWYj_lui i[bed b�ulebkj_ed Z[i efuhWj_edi*

:_di_( fekh bW \eii[( b[i ubuc[dji iedj ZuiWYj_lui Wk \kh [j r c[ikh[ Z[ b�Wffhe\edZ_ii[c[dj Z[ Y[bb[)Y_*

=Wdi bW fWhj_[ C;)/ Z[ bW \eii[( b[ h[cfb_iiW][ Wl[Y Z[i ijuh_b[i Yecc[dY[ r fWhj_h Z[ b�Wddu[ -.* E[i fhefh_ujui ^oZhWkb_gk[i

Z[i ubuc[dji edj ZedY uju ceZ_\_u[i W\_d Z[ h[fhui[dj[h b[i ijuh_b[i $le_h i[Yj_ed ik_lWdj[% Yecc[ kd c_b_[k( [j b[i ubuc[dji

iedj huWYj_lui Wk \kh [j r c[ikh[ Zk h[cfb_iiW][*

Iekh b[i ^WbZ[i r ijuh_b[i [j r hui_Zki( bW ^WbZ[ Z[ cehj j[hhW_d [j b[i XWii_di Z[ huj[dj_ed( b[i ubuc[dji edj uju WYj_lui fekh

ik_lh[ b�WYYkckbWj_ed Z[ cWjuh_[b ZWdi b[i ^WbZ[i*

 DISCRÉTISATION DES DIFFÉRENTES COUCHES DU MODÈLE 

:kYkd[ ceZ_\_YWj_ed d�W uju Wffehju[ Wk ceZvb[ YedY[hdWdj bW Z_iYhuj_iWj_ed ^eh_pedjWb[ Zk ceZvb[*

 PROPRIÉTÉS HYDRAULIQUES 

E[i fhefh_ujui ^oZhWkb_gk[i Zk ceZvb[ ^oZhe]uebe]_gk[ YWb_Xhu h[ij[dj _dY^Wd]u[i* Iekh b[i cWjuh_Wkn Z[i _d\hWijhkYjkh[i( b[i

YedZkYj_l_jui ^oZhWkb_gk[i iedj fhui[dju[i Wk jWXb[Wk -4* >d b�WXi[dY[ Z�_d\ehcWj_edi fekh b[i Z_\\uh[dji ubuc[dji Z[ bW

Z_]k[( Z[i YedZkYj_l_jui ^oZhWkb_gk[i jof_gk[i edj uju kj_b_iu[i* :\_d Z[ i_cfb_\_[h b[ ceZvb[ [j [d b�WXi[dY[ Z[ Z[i_]d fhuY_i(

b[i ijuh_b[i [j b[i hui_Zki d�edj fWi uju Z_\\uh[dY_ui [j edj uju h[fhui[djui Wl[Y kd[ YedZkYj_l_ju ^oZhWkb_gk[ ceo[dd[*

GNOXRNa +2 C^[\^Vh`h_ UdQ^NaXV]aR_ QR_ YN`h^VNac P[Y\[_NZ` XR_ VZS^N_`^aP`a^R_

HA=Gf 7BA8H7G=I=Gf <K8E5H?=DH9 $@)F%

Jqf\Whf+Kgqe\_Xf -(1 k -,)0

;bhV[X WeT\aTagX o _T UTfX WXf [T_WXf -(, k -,)/

ETgqe\Thk WX eX`U_T\ ZeTah_T\eXf $UXe`X fgTU\_\fTge\VX Xg Y\_geX WX _T W\ZhX% -(, k -,)0

FblTh WXf W\ZhXf WXf UTff\af $TeZ\_X XkVTiqX Xg Vb`cTVgqX% 1(, k -,)5
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 CONDITIONS LIMITES 

L[kb[i b[i YedZ_j_edi b_c_j[i _dj[hd[i Zk ceZvb[ edj uju ceZ_\_u[i fekh i_ckb[h b[ dekl[Wk hu]_c[ Z�uYekb[c[dj WiieY_u r bW

fhui[dY[ Z[i _d\hWijhkYjkh[i*

Iekh bW i_ckbWj_ed Z[ bW \eii[( Z[i ZhW_di edj uju Wffb_gkui Wkn d�kZi Z[ bW \eii[ W\_d Z[ f[hc[jjh[ Wk ceZvb[ Z[ i_ckb[h kd[

iehj_[ Z�[Wk*

>d fuh_f^uh_[ Z[i ^WbZ[i( Z[i Y^Wh][i YedijWdj[i Z[ jof[ ZhW_d edj uju kj_b_iu[i fekh h[fhui[dj[h b[i \eiiui Z�kd[ fhe\edZ[kh

Z[ -(1 c* <[ jof[ Z[ \hedj_vh[ f[hc[j Z[ iehj_h b�[Wk Zk ioijvc[ ^oZhe]uebe]_gk[*

>d\_d( fekh b[i XWii_di( Z[i Y^Wh][i YedijWdj[i u]Wb[i r b�ubulWj_ed Zk d_l[Wk Z�[Wk ZWdi b[ XWii_d edj uju Wffb_gku[i* Iekh b[

XWii_d fh_dY_fWb( kd[ Y^Wh][ YedijWdj[ r b�ubulWj_ed .,1(. c W uju Wffb_gku[ [j fekh b[ XWii_d i[YedZW_h[( kd[ Y^Wh][ YedijWdj[

r b�ubulWj_ed .,5(1 c W uju Wffb_gku[*

 RECHARGE 

EW h[Y^Wh][ W uju ceZ_\_u[ ikh b[ iecc[j Z[i gkWjh[ \kjkh[i ^WbZ[i* Nd[ h[Y^Wh][ YedijWdj[ Yehh[ifedZWdj r bW fbk_[ [\\_YWY[

eXj[dk[ r bW ijWj_ed @hWdZ[ K_l_vh[ : W uju Wffb_gku[ ikh b[i ^Wkji jefe]hWf^_gk[i Z[i gkWjh[ ^WbZ[i $-1, cc+Wd%* Nd[

h[Y^Wh][ YedijWdj[ Z[ 4, r -1, cc+Wd W uju Wffb_gku[ ikh b[i ^eh_pedi Z[ bW X[hc[ ijWX_b_iWjh_Y[ Z[ heY^[i ijuh_b[i( W_di_ gk[

ikh b[ j_bb [j bW jekhX[ Z[ bW ^WbZ[ r cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i* <[jj[ [Wk Z[ h[Y^Wh][ Wffb_gku[ [d iecc[j Z[i

^WbZ[i ek Z[i Zufyji Z[ bW ^WbZ[ r cWj_vh[ eh]Wd_gk[ [j Zufyji c[kXb[i i�_d\_bjh[ hWf_Z[c[dj ZWdi b[i W_h[i Z�WYYkckbWj_ed(

fk_i i�[n\_bjh[ ZWdi b[i cWjuh_Wkn ieki)`WY[dji fekh i�uYekb[h bWjuhWb[c[dj*

EG<A>A;9LAGF <= D9 HAnRGEnLJA= Jn?AGF9D=

E[i ubulWj_edi f_upecujh_gk[i fekh b[ ceZvb[ YWb_Xhu Wl[Y bW \eii[ $r bW \_d Z[i efuhWj_edi% iedj fhui[dju[i r bW YWhj[ -/* E[i

hWXWjj[c[dji i_ckbui behi Zk ZudeoW][ iedj fhui[djui r bW YWhj[ -0* >d YedZ_j_ed Z�[nYWlWj_ed Yecfbvj[( bW ikh\WY[

f_upecujh_gk[ hu]_edWb[ d[ Y^Wd][hW fWi i_]d_\_YWj_l[c[dj( iWk\ ZWdi bW ped[ r fhen_c_ju Z[ bW \eii[* E[ hWXWjj[c[dj

Wk]c[dj[ Z[ \Wted i_]d_\_YWj_l[ fhvi Z[ bW \eii[( [j Y[( [d hW_ied Z[ b�WiivY^[c[dj( fk_igk[ b�ubulWj_ed Z[ b�[Wk iekj[hhW_d[ [ij

r ied fbki XWi Wk \edZ Z[ bW \eii[* E[i ubulWj_edi Z[ b�[Wk iekj[hhW_d[ Wk]c[dj[dj ]hWZk[bb[c[dj [d i�ube_]dWdj Z[ bW \eii[ [j

Wjj[_]d[dj b[i YedZ_j_edi ijWj_gk[i behigk[ b[i [\\[ji Z[ b�[nYWlWj_ed [j Zk ZudeoW][ Z_c_dk[dj*

� bW \_d Z[ b�[nfbe_jWj_ed( _b [ij [ij_cu gk[ b[ hWXWjj[c[dj Z[ bW dWff[ i[hW_j gkWi_c[dj dkb r [dl_hed . ac r b�[ij Z[ bW \eii[

$YWhj[ -0%* Iekh b[i i[Yj[kh ikZ [j ek[ij( b[ hWXWjj[c[dj i[hW_j gkWi_c[dj dkb r kd[ Z_ijWdY[ lWh_Wdj [djh[ 1,, [j 5,, c Z[i

fWhe_i Z[ bW \eii[* =Wdi b[ i[Yj[kh dehZ)ek[ij( b[ XWii_d Z[ huj[dj_ed Yhu[hW beYWb[c[dj kd[ bu]vh[ Wk]c[djWj_ed Zk d_l[Wk Z[

bW dWff[ Z�[Wk iekj[hhW_d[ Z�[dl_hed ,(1 c $hWXWjj[c[dj du]Wj_\ ikh bW YWhj[ -0%*

E[i \_]kh[i . [j / fhui[dj[dj Z[i lk[i [d Yekf[ Z[ bW Z_ijh_Xkj_ed Z[i Y^Wh][i ^oZhWkb_gk[i [j Z[ bW fei_j_ed Zk d_l[Wk Z�[Wk

fekh b[ ceZvb[ YWb_Xhu [j b[ ceZvb[ Zk ZudeoW][ \_dWb Z[ bW \eii[*
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EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= 25

<n:AL <= <nFGQ9?=

E[ ZuX_j Z[ ZudeoW][ W uju YWbYkbu [d WZZ_j_eddWdj jekj[ bW gkWdj_ju Z�[Wk iehjWdj Z[ bW \eii[ fWh b[i d�kZi $jof[ ZhW_d% [j [d

o W`ekjWdj b[ lebkc[ Z�[Wk Z[ hk_ii[bb[c[dj*

E[ jWXb[Wk -5 fhui[dj[ b[i huikbjWji Z[i ZuX_ji Z[ ZudeoW][ fekh Y^Wgk[ Wddu[* EW gkWdj_ju Z�[Wk fecfu[ r b�_djuh_[kh Z[ bW

\eii[ [ij Z�[dl_hed - ,,, c/+` r bW \_d Z[ b�[nfbe_jWj_ed* E[ lebkc[ cWn_cWb fecfu [ij eXj[dk r b�Wddu[ -.( WlWdj gk[ b[

fecfW][ d[ ie_j Whhwju ZWdi C;)/ Wl[Y [dl_hed -1,, c/+`* E�Wffehj Z�[Wk fhel[dWdj Z[i [Wkn iekj[hhW_d[i h[fhui[dj[ [djh[ -4

[j .5" Z[ b�[Wk fecfu[ i[bed b[i Wddu[i* E[i \W_Xb[i ZuX_ji fhel[dWdj Z[ b�[Wk iekj[hhW_d[ i�[nfb_gk[dj fWh bW \W_Xb[

f[hcuWX_b_ju Z[ b�kd_ju 0*.*

GNOXRNa +3 8hOV` QR QhZ[dNTR NZ`VPV\h \[a^ XR Y[QiXR PNXVO^h

GRY\_ QR\aV_
XR QhOa` QR_
[\h^N`V[Z_

5ZZhR R_`VYhR

9Na _[a`R^^NVZR

\^[bRZNZ` QR

>6'+ R` >6',

$Y-)W%

9Na _[a`R^^NVZR

\^[bRZNZ` QR

>6'- $Y-)W%

G[`NX RNa

_[a`R^^NVZR

$Y-)W%

9Na

\^[bRZNZ` Qa

^aV__RXXRYRZ`

$Y-)W%

8hOV` QR

QhZ[dNTR

NZ`VPV\h

$Y-)W%

9aaqX , .,./ 21*1 , 21*1 -2, ..1(1

9aaqX - .,.0 -.2 /, -12 15, 302

9aaqX . .,.1 -.,*1 .5 -05*1 15, 3/5(1

9aaqX / .,.2 -0-*1 .3 -24*1 30, 5,4(1

9aaqX 0 .,.3 -02 .1 -3- 30, 5--

9aaqX 1 .,.4 -2. /, -5. 30, 5/.

9aaqX 2 .,.5 -21 0- .,2 33, 532

9aaqX 3 .,/, -32 00 .., -,/, -.1,

9aaqX 4 .,/- -35 1- ./, -,/, -.2,

9aaqX 5 .,/. -4. 3, .1. -,/, -.4.

9aaqX -, .,// -4/ 30 .13 -,/, -.43

9aaqX -- .,/0 -4. 51 .33 -,/, -/,3

9aaqX -. .,/1 -4, 52 .32 -.,, -032

9aaqX -/ .,/2 -44 , -44 31, 5/4

9aaqX -0 .,/3 -55 , -55 31, 505

9aaqX -1 .,/4 .., , .., 31, 53,

9aaqX -2 .,/5 ../ , ../ 31, 53/

9aaqX -3 .,0, ..3 , ..3 31, 533

9aaqX -4 .,0- .0/ , .0/ 31, 55/

9aaqX -5 .,0. .2- , .2- 31, -,--

 ÉTUDE DE SENSIBILITÉ SUR LES RÉSULTATS 

:\_d Z[ luh_\_[h b�_d\bk[dY[ Z[i Y^Wd][c[dji Z[ YedZkYj_l_jui ^oZhWkb_gk[i [j Z[ h[Y^Wh][ ikh b[i huikbjWji eXj[dki( Z[i

i_ckbWj_edi WZZ_j_edd[bb[i edj uju [\\[Yjku[i*

L[kbi b[i iYudWh_ei LL/( LL0( LL1( LL2( LL3 [j LL4 edj uju kj_b_iui* Bb [ij _cfehjWdj Z[ fhuY_i[h gk[ b[i huikbjWji Z[ Y[jj[ ujkZ[

Z[ i[di_X_b_ju d[ Ze_l[dj wjh[ kj_b_iui gk�r j_jh[ YecfWhWj_\( W\_d Z[ c_[kn Yecfh[dZh[ b�_d\bk[dY[ Z[ Y[hjW_di fWhWcvjh[i ikh

b[i huikbjWji* E[i huikbjWji Zk ceZvb[ YWb_Xhu iedj Y[kn Yehh[ifedZWdj b[ c_[kn Wk ceZvb[ YedY[fjk[b [j fekh b[gk[b ed eXj_[dj

b[i c[_bb[kh[i ijWj_ij_gk[i Z[ YWb_XhWj_ed* :\_d Z[ \WY_b_j[h bW huWb_iWj_ed Z[ b�WdWboi[ Z[ i[di_X_b_ju( i[kb b[ Z[i_]d \_dWbiWdi

h[cfb_iiW][ Z[ C;)/ W uju i_ckbu7 b[i ZuX_ji d[ iedj ZedY fWi Z_ifed_Xb[i fekh Y^Wgk[ Wddu[*



OKH
FG .,-)--235),,
H9?= 3,

EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=

?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

E[i i_ckbWj_edi ik_lWdj[i edj uju [\\[Yjku[i behi Z[ b�WdWboi[ Z[ i[di_X_b_ju 6

— ..% , Wk]c[djWj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..& , Wk]c[djWj_ed fWh Y_dg Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..' , Z_c_dkj_ed fWh Z[kn Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..( , Z_c_dkj_ed fWh Y_dg Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY7

— ..) , Wk]c[djWj_ed fWh Z_n Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Z[ bW f[]cWj_j[7

— ..* , ceZ_\_YWj_ed Z[i ped[i Z[ YedZkYj_l_ju ^oZhWkb_gk[ [d \edYj_ed Z[ bW YWhj[ ]uebe]_gk[ [j Z[ bW ]uebe]_[ \ekhd_[ fWh

@WbWno $YWhj[ 1%7

E[i ZuX_ji Z[ ZudeoW][ Wdj_Y_fui edj uju h[YWbYkbui fekh Y^WYkd[ Z[i i_ckbWj_edi [j iedj fhui[djui Wk jWXb[Wk .,* E[i lWb[khi

Z[ ZuX_ji Wdj_Y_fui cedjh[dj gk[ fbki bW YedZkYj_l_ju Zk heY Wk]c[dj[( fbki b[i Wffehji Z�[Wk iekj[hhW_d[ r bW \eii[ iedj

ub[lui* :_di_( ZWdi b�ul[djkWb_ju ez bW lWb[kh Z[ bW YedZkYj_l_ju Zk heY i[hW_j Z[kn \e_i fbki ub[lu[ gk[ b[ iYudWh_e _d_j_Wb

$c[_bb[kh[ YWb_XhWj_ed%( ed eXj_[dZhW_j kd ZuX_j Z[ ZudeoW][ ceo[d Z[ . .12 c/+` $LL/% [j Z[ . 5.2 c/+` $LL0%* =Wdi

b�ul[djkWb_ju ez bW YedZkYj_l_ju Z[ b�kd_ju 0*. ujW_j kd ehZh[ Z[ ]hWdZ[kh fbki ub[lu[ $LL3%( ed eXj_[dZhW_j kd ZuX_j Z[

ZudeoW][ ceo[d Z[ / //2 c/+`*

E[i huikbjWji Zk iYudWh_e LL4 cedjh[dj gk[ i_ bW hufWhj_j_ed Z[i YedZkYj_l_jui ^oZhWkb_gk[i ik_lW_j fbki bW ]uebe]_[( b[i

Wffehji Z�[Wk iekj[hhW_d[ i[hW_[dj ckbj_fb_ui fWh . fWh hWffehj Wk ceZvb[ YWb_Xhu [j h[fhui[dj[hW_[dj /3 " Z[i l[dk[i Z�[Wk

ZWdi bW \eii[*

GNOXRNa ,* IN^VN`V[Z QR_ QhOV`_ QR QhZ[dNTR _RX[Z XR _PhZN^V[

FPhZN^V[

5\\[^` QR_

RNac

_[a`R^^NVZR_

$Y-)W%

9Na

\^[bRZNZ` Qa

^aV__RXXRYRZ`

$Y-)W%

8hOV` QR

QhZ[dNTR

NZ`VPV\h

$Y-)W%

5\\[^` QR_

RNac

_[a`R^^NVZR_

$"%

EbWr_X VT_\Ueq /3. -032 -404 .,"

FF- 4 ThZ`XagTg\ba cTe WXhk WX _T VbaWhVg\i\gq [lWeTh_\dhX Wh ebV 34, -032 ..12 /1"

FF. 4 ThZ`XagTg\ba cTe V\ad WX _T VbaWhVg\i\gq [lWeTh_\dhX Wh ebV -01, -032 .5.2 1,"

FF/ 4 W\`\ahg\ba cTe WXhk WX _T VbaWhVg\i\gq [lWeTh_\dhX Wh ebV .1, -032 -3.2 -0"

FF0 4 W\`\ahg\ba cTe V\ad WX _T VbaWhVg\i\gq [lWeTh_\dhX Wh ebV -5, -032 -222 --"

FF1 4 ThZ`XagTg\ba cTe W\k WX _T VbaWhVg\i\gq [lWeTh_\dhX WX _T

cXZ`Tg\gX

-42, -032 ///2 12"

FF2 4 `bW\Y\VTg\ba WXf mbaXf WX VbaWhVg\i\gq [lWeTh_\dhX Xa YbaVg\ba WX

_T VTegX Zqb_bZ\dhX Xg WX _T Zqb_bZ\X Ybhea\X cTe ?T_Tkl

41, -032 ./.2 /3"

AEH9;LK KMJ D=K =9MP <= KMJ>9;=

Bb [ij feii_Xb[ Z[ Zuj[hc_d[h b[ h_igk[ Z�_cfWYj ikh b[i Yekhi Z�[Wk [j b[i bWYi r fWhj_h Z[i i_ckbWj_edi [\\[Yjku[i* E[ jWXb[Wk .-

fhui[dj[ b[i lWb[khi Z[i ZuX_ji Z[ XWi[ Z[i Yekhi Z�[Wk i_ckbu[i r fWhj_h Zk ceZvb[ YWb_Xhu YecfWhWj_l[c[dj Wk ceZvb[

fhuZ_Yj_\ $\eii[ r bW \_d Z[ b�[nfbe_jWj_ed%*
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GNOXRNa ,+ INXRa^_ QR_ QhOV`_ QR ON_R _VYaXh_ g \N^`V^ Qa Y[QiXR PNXVO^h

FV`R QR

YR_a^R

8hOV` Qqh`VNTR

Y[QiXR PNXVO^h

$Y-)W%

8hOV` Y[dRZ

NZZaRX

$Y-)W%

@[QiXR PNXVO^h

NbRP S[__R

8VSSh^RZPR Y[QiXR

PNXVO^h p Y[QiXR

\^hQVP`VS

$Y-)W%

IN^VN`V[Z \N^

^N\\[^` Na QhOV`

QR ON_R

$"%

IN^VN`V[Z \N^

^N\\[^` Na QhOV`

Y[dRZ

$"%

;=. -,/0 -0/20 -,.- -/ -" ,"

;=/ 4-4 5031 22. -12 -5" ."

;=0 1,*4 -51- -4*1 /.*/ 20" ."

;=1 .04- /,1.4 ./13 -.0 1" ,"

E[i huikbjWji cedjh[dj gk[ b�_cfWYj ikh b[i bWYi [j b[i Yekhi Z�[Wk lWh_[dj [djh[ - [j 20 " fWh hWffehj Wk ZuX_j Z[ XWi[ [j

[djh[ , [j . " fWh hWffehj Wk ZuX_j ceo[d* EW Yedjh_Xkj_ed Z[i [Wkn iekj[hhW_d[i Wk ZuX_j Z[ XWi[ Zk Yekhi Z�[Wk <>0

Z[l_[dZhW_j jhvi \W_Xb[* Iekh b�[di[cXb[ Z[i Wkjh[i Yekhi Z�[Wk $<>.( <>/ [j <1%( b�_cfWYj Z[ bW \eii[ ikh b[i ZuX_ji Z[ XWi[

lWh_[ Z[ \W_Xb[ r du]b_][WXb[* Bb [ij _cfehjWdj Z[ dej[h gk[ Y[i huZkYj_edi iedj Wdj_Y_fu[i ikh b[i ZuX_ji Z[ XWi[ gk_

Yehh[ifedZ[dj r b�Wffehj Z[i [Wkn iekj[hhW_d[i Wkn hk_ii[Wkn* E�_cfWYj Z[ bW huZkYj_ed Zk ZuX_j Z[ XWi[ i[hW ce_dZh[ ikh b[

ZuX_j ceo[d hu[b fk_igk[ b[ ZuX_j Z[ XWi[ d[ h[fhui[dj[ gk�[dl_hed -, " Zk ZuX_j jejWb ceo[d Z[i hk_ii[Wkn* =Wdi dejh[

ujkZ[( b�_cfWYj Z[ bW \eii[ ikh b[i ZuX_ji ceo[di Z[i Yekhi Z�[Wk [ij du]b_][WXb[ fekh b�[di[cXb[ Z[i Yekhi Z�[Wk* Iekh

b�[di[cXb[ Z[i bWYi( [nY[fju b[ bWY DWf_i_aWcW( gk_ i[ i_jk[ r ce_di Z[ .,, c Z[ bW \eii[( b�_cfWYj i[hW u]Wb[c[dj

du]b_][WXb[* E[ bWY DWf_i_aWcW d[ i[hW fbki Wb_c[dju fWh bW dWff[ Z�[Wk iekj[hhW_d[ r fWhj_h Z[ b�Wddu[ 0 Z�efuhWj_ed* EW

ikf[h\_Y_[ Z[ ied XWii_d l[hiWdj i[hW u]Wb[c[dj \ehj[c[dj huZk_j[* =[ fbki( Y[ bWY i[hW ZhW_du Wk ZuXkj Z[i efuhWj_edi fekh

\ekhd_h Z[ b�[Wk behi Z[ b�WcudW][c[dj Z[i _d\hWijhkYjkh[i*

JnKMDL9LK <=K <n:ALK <= H=J;GD9LAGF <M

EG<{D= ;9DA:Jn

Iekh Y[jj[ i_ckbWj_ed( b[i YedZ_j_edi Zu\_d_[i ZWdi b[ ceZvb[ YWb_Xhu edj uju kj_b_iu[i* E[i huikbjWji Z[i ZuX_ji Z[ f[hYebWj_ed

iedj fhui[djui Wk jWXb[Wk ..*

GNOXRNa ,, 8hOV` QR \R^P[XN`V[Z Qa Y[QiXR PNXVO^h \[a^ XR _RP`Ra^ QR_ UNXQR_ QR P[Qh\[_V`V[Z R` Qa ON__VZ

HA=Gf
8f6=G 89 C9E7B?5G=BA DHBG=8=9A

$?)Yt)W^%

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX bhXfg ,(,1

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX abeW)Xfg ,(.2

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX fhW)bhXfg ,(,2

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX Xfg ,(-/

<qU\g WX cXeVb_Tg\ba fbhf _X UTff\a ce\aV\cT_ $fTaf VbhV[X WzTeZ\_X% /(5

<qU\g WX cXeVb_Tg\ba fbhf _X UTff\a ce\aV\cT_ $TiXV VbhV[X WzTeZ\_X% ,(02

<qU\g WX cXeVb_Tg\ba fbhf _X UTff\a fXVbaWT\eX ,(,4

E[i huikbjWji cedjh[dj gk[ fekh b[i ^WbZ[i Z[ YeZufei_j_ed( b[ ZuX_j Z[ f[hYebWj_ed l[hj_YWb [ij _d\uh_[kh r bW dehc[ \_nu[ fWh bW

=_h[Yj_l[ ,-5* Leki b[ XWii_d( kd[ YekY^[ Z�Wh]_b[ i[hW W`ekju[ behigk[ b�Wh]_b[ d[ i[hW fWi fhui[dj[ dWjkh[bb[c[dj* Eehigk[

b�ed W`ekj[ kd[ YekY^[ Z�Wh]_b[ ieki b[ XWii_d b[ ZuX_j Z[ f[hYebWj_ed \_nu[ fWh bW =_h[Yj_l[ ,-5 [ij h[if[Yju* Eehigk[ bW

YekY^[ Z�Wh]_b[ d�[ij fWi fhui[dj[( b[ ZuX_j Z[ f[hYebWj_ed d[ h[if[Yj[ fWi b[ Yh_jvh[ Z[ bW =_h[Yj_l[ ,-5* E[ XWii_d i[YedZW_h[

h[if[Yj[ b[ Yh_jvh[ Z[ f[hYebWj_ed Z[ bW =_h[Yj_l[ ,-5*
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EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
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 ANALYSE DE SENSIBILITÉ 

Nd[ WdWboi[ Z[ i[di_X_b_ju W uju [\\[Yjku[ W\_d Z�ujkZ_[h b�_dY[hj_jkZ[ b_u[ r bW lWh_Wj_ed Z[ bW h[Y^Wh][ Zk ceZvb[ ikh b[ ZuX_j

Z[ f[hYebWj_ed ieki b[i ^WbZ[i r ijuh_b[i [j hui_Zki c_d_[hi* Nd[ i_ckbWj_ed h[fheZk_iWdj Z[i YedZ_j_edi jof_gk[i Z[ \edj[

fh_djWd_vh[ W uju huWb_iu[*

— :k d_l[Wk Z[ b�[di[cXb[ Z[i ped[i ez bW h[Y^Wh][ ujW_j ikfuh_[kh[ r .1 cc+Wd( kd[ lWb[kh Z[ 1 cc+Wd Z[ h[Y^Wh][ W uju

Wffb_gku[ f[dZWdj jhe_i ce_i( W\_d Z[ h[fhui[dj[h b[i ce_i Z�^_l[h ez bW j[cfuhWjkh[ [ij ieki b[ fe_dj Z[ Yed]ubWj_ed* IWh

bW ik_j[( fekh kd[ fuh_eZ[ Z�kd ce_i( b�[di[cXb[ Z[i fhuY_f_jWj_edi Z[ Y[i jhe_i ce_i edj uju Wffb_gku[i( YecX_du[i Wkn

fhuY_f_jWj_edi [\\_YWY[i fekh b[ ce_i Z�Wlh_b* :k jejWb( kd[ h[Y^Wh][ Z[ -03 cc W uju Wffb_gku[ f[dZWdj /, `ekhi( fekh

[dik_j[ h[l[d_h r -,, cc+Wd* E[i huikbjWji _iiki Z[ Y[jj[ i_ckbWj_ed iedj fhui[djui Wk jWXb[Wk ./* E[i Y^Wh][i ZWdi b[i

XWii_di ujWdj _cfeiu[i( bW h[Y^Wh][ d�W fWi Z�_cfWYj ikh b[ ZuX_j Z[ f[hYebWj_ed*

GNOXRNa ,- 8hOV` QR \R^P[XN`V[Z Qa Y[QiXR PNXVO^h \[a^ XR _RP`Ra^ QR_ UNXQR_ g _`h^VXR_ R` ^h_VQa_ YVZVR^_

HA=Gf
8f6=G 89 C9E7B?5G=BA

DHBG=8=9A $?)Yt)W^%

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX bhXfg ,(-5

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX abeW)Xfg -(-

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX fhW)bhXfg ,(-5

<qU\g WX cXeVb_Tg\ba iXef _Xf Wqctgf TeZ\_Xhk Xg _X g\__ fbhf _T [T_WX Xfg ,(05
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3 EG<nDAK9LAGF <M LJ9FKHGJL
=Wdi b[ YWZh[ Z[ Y[jj[ ujkZ[( bW ceZub_iWj_ed Zk jhWdifehj Z[ cujWkn Z_iieki l_i[ [ii[dj_[bb[c[dj r luh_\_[h b[i [\\[ji Z[i

^WbZ[i Z[ YeZufei_j_ed ikh b[ c_b_[k dWjkh[b* :_di_( b[i cuYWd_ic[i Z[ jhWdifehj h[fhui[djui ZWdi b[i i_ckbWj_edi huWb_iu[i

iedj b�WZl[Yj_ed( bW Z_if[hi_ed [j bW Z_\\ki_ed Z�kd[ f^Wi[ Z_iiekj[ ZWdi b[i [cfh[_dj[i Z[i \kjkh[i ^WbZ[i* E[i cuYWd_ic[i

]uduhWj[khi Z[ Y[jj[ f^Wi[ Z_iiekj[ $iekhY[%( W_di_ gk[ b[i f^udecvd[i Z�[dh_Y^_ii[c[dj( Z[ b_n_l_Wj_ed $jhWdifehj huWYj_\% [j

Z[ h[jWhZWj_ed $iehfj_ed% d[ iedj fWi Yedi_Zuhui* GuWdce_di( b[i huikbjWji eXj[dki f[hc[jj[dj Z�WffhuY_[h b�ulebkj_ed Z[i

YedZ_j_edi [d cujWkn Z_iieki ZWdi b�[Wk iekj[hhW_d[( _iik[ Z[i \kjkh[i _d\hWijhkYjkh[i*

EG<A>A;9LAGFK 9HHGJLn=K 9M EG<{D= <zn;GMD=E=FL

E[ ceZvb[ kj_b_iu [ij b[ cwc[ gk[ Y[bk_ fhui[dju r bW i[Yj_ed 2*-* L[kbi bW h[Y^Wh][ [j b[i ubuc[dji Wk d_l[Wk Z[ bW \eii[(

f[hc[jjWdj Z[ i_ckb[h b[ bWY behi Z[ b�Whhwj Zk fecfW][( edj uju ceZ_\_ui [d YedZ_j_ed feijefuhWj_ed*

 PROPRIÉTÉS HYDRAULIQUES 

E[i fhefh_ujui ^oZhWkb_gk[i Zk ceZvb[ ^oZhe]uebe]_gk[ YWb_Xhu h[ij[dj _dY^Wd]u[i* Iekh b[i ubuc[dji i_jkui ZWdi b[

bWY( Y[kn)Y_ edj uju huWYj_lui* Nd[ fehei_ju Z[ -,, " [j kd[ YedZkYj_l_ju ub[lu[ edj uju Wffb_gku[i W\_d Z[ i_ckb[h kd c_b_[k

l_Z[ [j Z[ f[hc[jjh[ b�WYYkckbWj_ed Z�[Wk*

 RECHARGE 

EW h[Y^Wh][ W uju ceZ_\_u[ Wk d_l[Wk Z[i gkWjh[ ^WbZ[i Z[ YeZufei_j_ed* � bW \_d Z[i efuhWj_edi( b[i ^WbZ[i i[hedj

h[lu]ujWb_iu[i( Y[ gk_ WkhW fekh Yediugk[dY[ Z[ huZk_h[ bW h[Y^Wh][* Nd[ h[Y^Wh][ ceo[dd[ Z[ 0, cc+Wd W ZedY uju

Wffb_gku[ ikh b[ iecc[j Z[i gkWjh[ \kjkh[i ^WbZ[i Z[ YeZufei_j_ed*

EG<A>A;9LAGFK 9HHGJLn=K HGMJ Dz9BGML <M

LJ9FKHGJL

 CONCENTRATIONS IMPOSÉES 

:\_d Z[ i_cfb_\_[h b[i i_ckbWj_edi Z[ jhWdifehj( kd i[kb fWhWcvjh[ Wl[Y kd[ YedY[djhWj_ed WhX_jhW_h[ Z[ -,, c]+b W uju

iub[Yj_eddu Yecc[ iekhY[ Z[ cujWkn Z_iieki [d fbWY[ ZWdi b[i fWhYi( W\_d Z�wjh[ [d c[ikh[ Z�[nfh_c[h bW YedY[djhWj_ed [d

j[hc[i Z[ fekhY[djW][ Z[ Y[jj[ lWb[kh* <[jj[ lWb[kh WhX_jhW_h[ f[kj Wbehi wjh[ fedZuhu[ ikh b�[di[cXb[ Zk i_j[( ik_lWdj bW

YedY[djhWj_ed cWn_cWb[ eXj[dk[ behi Z[i [iiW_i Z[ b_n_l_Wj_ed*

Bb [ij WYY[fjWXb[ Z�kj_b_i[h Y[jj[ cuj^eZ[ fk_igk[ b[i huikbjWji eXj[dki iedj [dik_j[ kj_b_iui fekh l_ikWb_i[h b�ulebkj_ed Z[i

YedY[djhWj_edi h[bWj_l[c[dj Wkn iekhY[i Z[ cujWkn Z_iieki _cfeiu[i* >d [\\[j( b�eX`[Yj_\ Z[i i_ckbWj_edi d�[ij fWi Z�eXj[d_h bW

YedY[djhWj_ed [nWYj[ r kd fe_dj Zeddu( cW_i kd ehZh[ Z[ ]hWdZ[kh $]uduhWb[c[dj ikh[ij_cu%( [j Z[ fhuY_i[h b�ulebkj_ed ZWdi b[

j[cfi Z[i YedZ_j_edi [d cujWkn Z_iieki [d fhel[dWdY[ Z[i _d\hWijhkYjkh[i( [j Y[( ik_lWdj b[ hu]_c[ Z�uYekb[c[dj Zk i_j[* :_di_

b�Whi[d_Y( gk_ fhui[djW_j Z[i ZufWii[c[dji Zk Yh_jvh[ K>L( [j b[ Yk_lh[ iedj fhui[djui ZWdi b[i huikbjWji*
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E[i YedY[djhWj_edi edj uju _cfeiu[i i[bed b[i j[cfi Z[ Zufei_j_ed Z[i ijuh_b[i [j Z[i hui_Zki ikh b[i Z_\\uh[dj[i ^WbZ[i* E[i

WdWboi[i Y^_c_gk[i WoWdj cedjhu gk[ Z[ bW b_n_l_Wj_ed WlW_j b_[k f[dZWdj -2 i[cW_d[i( b[i Y^Wh][i _cfeiu[i edj uju bW_iiu[i kd[

Wddu[ ikffbuc[djW_h[ ikh b[i ^WbZ[i( W\_d Z[ h[ij[h Yedi[hlWj[kh* E[ jWXb[Wk .0 fhui[dj[ b[i Wddu[i fekh b[igk[bb[i kd[

YedY[djhWj_ed W uju _cfeiu[ ikh b[i ^WbZ[i Z[ YeZufei_j_ed*

GNOXRNa ,. 7[ZPRZ`^N`V[Z_ VY\[_hR_

5ZZhR

* + , - . / 0 1 2 3 +* ++ +, +- +. +/ +0 +1 +2 +3 ,*

@T_WX bhXfg k k k k k k k k

@T_WX abeW Xfg k k k k k k k k k k k k k k

@T_WX fhW)bhXfg k k k k k k

@T_WX Xfg k k k k k k k k k k k

Kgqe\_Xf WTaf B:)/ k k k k k

 POROSITÉ EFFICACE DE TRANSPORT 

Iekh Z[i i_ckbWj_edi Z[ jhWdifehj Z[ fWhj_Ykb[i( i[kb[ bW fehei_ju fWhj_Y_fWdj r b�uYekb[c[dj( ie_j bW fehei_ju [\\_YWY[( Ze_jwjh[

Yedi_Zuhu[ fekh b[ YWbYkb* E[i lWb[khi Z[ fehei_ju [\\_YWY[ edj uju Wjjh_Xku[i Wkn Z_\\uh[dj[i kd_jui ^oZheijhWj_]hWf^_gk[i

Zuj[hc_du[i fhuYuZ[cc[dj ikh bW XWi[ Z[ b[kh Yecfei_j_ed ]hWdkbecujh_gk[ [j Z[i lWb[khi Z[ fehei_ju jejWb[ [j [\\_YWY[i

jof_gk[i fekh Y[i cWjuh_Wkn i[bed bW b_jjuhWjkh[ $;Wdjed [j ;Wd]eo( -555%* E[ jWXb[Wk .1 fhui[dj[ b[i lWb[khi Z[ fehei_ju

[\\_YWY[ kj_b_iu[i fekh b[i Z_\\uh[dj[i kd_jui ^oZheijhWj_]hWf^_gk[i Zk ceZvb[*

GNOXRNa ,/ C[^[_V`h RSSVPNPR `d\V]aR

HZV`h XV`U[_`^N`VT^N\UV]aR C[^[_V`h RSSVPNPR QR `^NZ_\[^`

JX`U_T\ ZeTah_T\eX ,(.1
Kgqe\_Xf + eqf\Whf `\a\Xef $f\_gXhk+fTU_Xhk% ,(.

LXeeX iqZqgT_X + LbheUX ,(01
<qctgf TeZ\_Xhk ,(-,

L\__ ,(-1
JbV fhcXeY\V\X_ ,(,1

JbV c_hf cebYbaW $8-,`% ,(,-

 DISPERSIVITÉ 

Nd[ Z_if[hi_l_ju bed]_jkZ_dWb[ Z[ 1 c [j jhWdil[hiWb[ Z[ ,(1 c edj uju kj_b_iu[i $=[ FWhi_bo( -5427 EWbb[cWdZ);Whh[i( -534%*

:\_d Z�wjh[ Yedi[hlWj[kh( b[i i_ckbWj_edi du]b_][dj b[i f^udecvd[i Z[ h[jWhZ( Z�WZiehfj_ed [j Zu]hWZWj_ed*

JnKMDL9LK KAEMD9LAGFK <= LJ9FKHGJL

 TRANSPORT D’ARSENIC DISSOUS 

E[i YWhj[i -1 [j -2 fhui[dj[dj Z[i lk[i [d fbWd Z[i YedY[djhWj_edi [d Whi[d_Y i_ckbu[i ZWdi b[i Zufyji Z[ ikh\WY[ $YWhj[ -1% [j

ZWdi b[ heY ikf[h\_Y_[b $YWhj[ -2% fekh b[i Wddu[i .,( 1,( -,, [j .,,* EW \_]kh[ 0 fhui[dj[ Z[i lk[i [d Yekf[ Z[ b�ulebkj_ed Z[i

YedY[djhWj_edi [d Whi[d_Y( u]Wb[c[dj fekh b[i Wddu[i .,( 1,( -,, [j .,, ZWdi b[ i[Yj[kh Z[ bW ^WbZ[ dehZ)[ij*



A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

In
fr

a
s

tr
u

c
tu

re
s

H
y
d

ro
g

ra
p

h
ie N
u
m

é
ro

 d
e

 c
o
u
rs

 d
'e

a
u

C
E

3

C
o

n
c

e
n

tr
a
ti

o
n

s
 e

n
 a

rs
e
n

ic
 (

m
g

/l
)

C
a

rt
e

 1
5

C
o

n
c

e
n

tr
a
ti

o
n

 e
n

 a
rs

e
n

ic
 (

m
g

/l
) 

d
a
n

s
 l

e
s
 d

é
p

ô
ts

 d
e

 s
u

rf
a

c
e

 

D
es

si
n 

: A
. M

as
so

n
A
pp

ro
ba

tio
n 

: C
. M

ar
tin

ea
u

20
1-

11
67

9-
00

_H
G

c1
5_

w
sp

T3
54

_a
rs

en
ic

_s
uf

_2
10

71
5.

m
xd

M
in

e 
d
e 

lit
hi

u
m

 B
ai

e
-J

am
es

É
tu

de
 s

pé
ci

al
is

ée
 s

u
r l

'h
yd

ro
gé

ol
og

ie

S
ou

rc
es

 :
O

rt
ho

im
ag

e 
: 
G

al
ax

y,
 a

oû
t 2

01
7

D
on

né
es

 d
u 

pr
oj

et
 : 

 G
al

ax
y,

 2
02

1

U
TM

, f
us

ea
u 

18
, N

A
D

83

0
30

0
60

0

J
u

il
le

t 
2

0
2
1

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
p

rè
s
 2

0
 a

n
s
 (

fi
n

 d
e
s
 o

p
é
ra

ti
o

n
s
)

A
p

rè
s
 5

0
 a

n
s

A
p

rè
s
 1

0
0
 a

n
s

A
p

rè
s
 2

0
0
 a

n
s





A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

In
fr

a
s

tr
u

c
tu

re
s

H
y
d

ro
g

ra
p

h
ie N
u
m

é
ro

 d
e

 c
o
u
rs

 d
'e

a
u

C
E

3

C
o

n
c

e
n

tr
a
ti

o
n

s
 e

n
 a

rs
e
n

ic
 (

m
g

/l
)

C
a

rt
e

 1
6

C
o

n
c

e
n

tr
a
ti

o
n

 e
n

 a
rs

e
n

ic
 (

m
g

/l
) 

s
u

r 
le

 t
o

it
 d

u
 r

o
c
 

D
es

si
n 

: A
. M

as
so

n
A
pp

ro
ba

tio
n 

: C
. M

ar
tin

ea
u

20
1-

11
67

9-
00

_H
G

c1
6_

w
sp

T3
55

_a
rs

en
ic

_r
oc

_2
10

71
5.

m
xd

M
in

e 
d
e 

lit
hi

u
m

 B
ai

e
-J

am
es

É
tu

de
 s

pé
ci

al
is

ée
 s

u
r l

'h
yd

ro
gé

ol
og

ie

S
ou

rc
es

 :
O

rt
ho

im
ag

e 
: 
G

al
ax

y,
 a

oû
t 2

01
7

D
on

né
es

 d
u 

pr
oj

et
 : 

 G
al

ax
y,

 2
02

1

U
TM

, f
us

ea
u 

18
, N

A
D

83

0
30

0
60

0

J
u

il
le

t 
2

0
2
1

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
kw

a
k
w

a
tip

u
si

ch

A
si

n
i K

a
s
a

ch
ip

e
t

L
a

c
K

a
p

is
ik

a
m

a

A
p

rè
s
 2

0
 a

n
s
 (

fi
n

 d
e
s
 o

p
é
ra

ti
o

n
s
)

A
p

rè
s
 5

0
 a

n
s

A
p

rè
s
 1

0
0
 a

n
s

A
p

rè
s
 2

0
0
 a

n
s









EAF= <= DAL@AME :9A=)B9E=K
EAK= x BGMJ <= D#nLM<= KHn;A9DAKn= KMJ D#@Q<JG?nGDG?A=
?9D9PQ DAL@AME $;9F9<9% AF;* y BMADD=L .,.-

OKH
FG .,-)--235),,

H9?= 4-

EW YedY[djhWj_ed cWn_cWb[ [d Whi[d_Y eXj[dk[ behi Z[i [iiW_i Z[ b_n_l_Wj_edi ujW_j Z[ ,(0 c]+b* <[jj[ YedY[djhWj_ed [ij

bu]vh[c[dj ikfuh_[kh[ Wk Yh_jvh[ K>L* E[ jWXb[Wk .2 fhui[dj[ b[i Yh_jvh[i Z[ b�Whi[d_Y fekh b�[Wk iekj[hhW_d[ [j b�[Wk Z[

ikh\WY[( W_di_ gk[ bW j[d[kh Z[ \edZ ZWdi b�[Wk iekj[hhW_d[*

GNOXRNa ,0 7^V`i^R Q#RNa QR _a^SNPR R` Q#RNa _[a`R^^NVZR \[a^ X#N^_RZVP

@VXVRa 7^V`i^R ) G8:A
5^_RZVP

$YT)X%

=Th fbhgXeeT\aX
;e\greX J=K ,(/0

LXaXhe WX YbaW ,(,50

=Th WX fheYTVX

;H;G 6 GeZTa\f`Xf TdhTg\dhXf fXh_X`Xag ,(,.-

N9>= 6 iT_Xhe T\Zhs Y\aT_X o _zXYY_hXag ,(24

;N99 6 XYYXg T\Zh ,(/0

;N9; 6 =YYXg V[eba\dhX ,(-1

;;E= 6 JXVb``TaWTg\baf cbhe _T dhT_\gq WXf XThk i\fTag _T cebgXVg\ba

WX _T i\X TdhTg\dhX y Xkcbf\g\ba Vbheg gXe`X
,(,,1

EW YWhj[ -3 cedjh[ kd[ lk[ [d fbWd Z[i YedY[djhWj_edi [d Whi[d_Y i_ckbu[i ZWdi b[i Zufyji Z[ ikh\WY[* E[i huikbjWji cedjh[dj

gk�[d ikh\WY[( b[i YedY[djhWj_edi [d Whi[d_Y iedj YWfju[i fWh b[i \eiiui fekh b�[di[cXb[ Z[i ^WbZ[i Z[ YeZufei_j_ed* Fwc[ Wfhvi

.,, Wdi( b[i YedY[djhWj_edi [d Whi[d_Y _iik[i Z[i _d\hWijhkYjkh[i h[ij[dj ZWdi b�[cfh[_dj[ Z[i ^WbZ[i Z[ YeZufei_j_ed* =Wdi b[

i[Yj[kh Z[ bW ^WbZ[ dehZ( _b [ij feii_Xb[ Z�eXi[hl[h Z[i YedY[djhWj_edi [d Whi[d_Y ZWdi b[ c_b_[k dWjkh[b _iik[i Z[i _d\hWijhkYjkh[i*

EW ^WbZ[ dehZ)[ij i[ jhekl[ ikh kd ^Wkj jefe]hWf^_gk[ [j X_[d gk[ b[ ZuX_j Z[ f[hYebWj_ed h[if[Yj[ [d jekj j[cfi b[ Yh_jvh[ Z[bW

=_h[Yj_l[ ,-5( kd[ fWhj_[ Z[i YedY[djhWj_edi [d cujWkn Z_iieki f[hYeb[dj fWh b[ heY [j \W_j huikh][dY[ ZWdi b[i Zufyji Z[ ikh\WY[*

Bb [ij _cfehjWdj Z[ dej[h gk[ Y[i YedY[djhWj_edi iedj [d jekj j[cfi _d\uh_[kh[i Wk Yh_jvh[ K>L $,(/0 c]+b% [j cwc[ _d\uh_[kh[i r bW

j[d[kh Z[ \edZ $,(,50 c]+b% [ij_cu[ [d .,-4 $PLI( .,-4Y%*

EW YWhj[ -4 fhui[dj[ kd[ lk[ [d fbWd Z[i YedY[djhWj_edi [d Whi[d_Y ZWdi b[ heY ikf[h\_Y_[b* Iekh b�[di[cXb[ Z[i Wddu[i

fhui[dju[i( b[i YedY[djhWj_edi [d Whi[d_Y iedj _d\uh_[kh[i r bW j[d[kh Z[ \edZ dWjkh[bb[* Bb [ij feii_Xb[ Z�eXi[hl[h b[i

YedY[djhWj_edi fhel[dWdj Z[ bW ^WbZ[ dehZ)[ij c_]hWdj [d Z_h[Yj_ed Zk dehZ* =Wdi b[ i[Yj[kh Z[ bW ^WbZ[ [ij( kd fWdWY^[ i[ \ehc[

[d Z_h[Yj_ed Zk dehZ)ek[ij [j kd i[YedZ fbki f[j_j [d Z_h[Yj_ed Z[ b�[ij* E[i YedY[djhWj_edi Z[ Y[i fWdWY^[i iedj _d\uh_[kh[i r bW

j[d[kh Z[ \edZ dWjkh[bb[ [d Whi[d_Y [j WkYkd[ ulebkj_ed d�[ij eXi[hlWXb[ [djh[ b�Wddu[ -,, [j b�Wddu[ .,,* =[ fbki( Y[i

YedY[djhWj_edi [d Whi[d_Y d[ \edj fWi huikh][dY[ [d ikh\WY[*

EW \_]kh[ 0 f[hc[j Z[ le_h [d Yekf[ b�ulebkj_ed Z[i YedY[djhWj_edi [d Whi[d_Y ZWdi b[ c_b_[k dWjkh[b ZWdi b[ i[Yj[kh Z[ bW

^WbZ[ dehZ)[ij* EW YedY[djhWj_ed [d Whi[d_Y d[ ZufWii[ `WcW_i b[ Yh_jvh[ K>L $,(/0 c]+b% ZWdi b[ c_b_[k dWjkh[b* <ecc[ Z_iYkju

fhuYuZ[cc[dj( b�[Wk f[hYeb[ ZWdi b[ heY fekh \W_h[ huikh][dY[ ZWdi b[ Yekhi Z�[Wk <>.*

 TRANSPORT EN CUIVRE DISSOUS 

E[i YWhj[i -3 [j -4 fhui[dj[dj Z[i lk[i [d fbWd Z[i YedY[djhWj_edi [d Yk_lh[ i_ckbu[i ZWdi b[i Zufyji Z[ ikh\WY[ $YWhj[ -3% [j

ZWdi b[ heY ikf[h\_Y_[b $YWhj[ -4% fekh b[i Wddu[i .,( 1,( -,, [j .,,* EW \_]kh[ 1 fhui[dj[ Z[i lk[i [d Yekf[ Z[ b�ulebkj_ed Z[i

YedY[djhWj_edi [d Yk_lh[ u]Wb[c[dj fekh b[i Wddu[i .,( 1,( -,, [j .,, ZWdi b[ i[Yj[kh Z[ bW ^WbZ[ dehZ)[ij*

EW YedY[djhWj_ed cWn_cWb[ [d Yk_lh[ eXj[dk[ behi Z[i [iiW_i Z[ b_n_l_Wj_edi ujW_j Z[ ,(,1 c]+b* <[jj[ YedY[djhWj_ed [ij

ikfuh_[kh[ Wk Yh_jvh[ K>L* E[ jWXb[Wk .3 fhui[dj[ b[i Yh_jvh[i Zk Yk_lh[ fekh b�[Wk iekj[hhW_d[ [j b�[Wk Z[ ikh\WY[ W_di_ gk[ bW

j[d[kh Z[ \edZ ZWdi b�[Wk iekj[hhW_d[*
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GNOXRNa ,1 7^V`i^R Q#RNa QR _a^SNPR R` Q#RNa _[a`R^^NVZR \[a^ XR PaVb^R

@VXVRa 7^V`i^R ) G8:A
7aVb^R

$YT)X%

=Th fbhgXeeT\aX
;e\greX J=K ,(,,-1

LXaXhe WX YbaW ,(,,.2

=Th WX fheYTVX

;H;G 6 GeZTa\f`Xf TdhTg\dhXf fXh_X`Xag /4

N9>= 6 iT_Xhe T\Zhs Y\aT_X o _zXYY_hXag ,(,,/.

;N99 6 XYYXg T\Zh ,(,,-1

;N9; 6 =YYXg V[eba\dhX ,(,,-/

;;E= 6 JXVb``TaWTg\baf cbhe _T dhT_\gq WXf XThk i\fTag _T cebgXVg\ba WX _T i\X

TdhTg\dhX y Xkcbf\g\ba Vbheg gXe`X
,(,,0

EW YWhj[ -1 cedjh[ kd[ lk[ [d fbWd Z[i YedY[djhWj_edi [d Yk_lh[ i_ckbu[i ZWdi b[i Zufyji Z[ ikh\WY[* E[i huikbjWji cedjh[dj

gk�[d ikh\WY[( b[i YedY[djhWj_edi [d Yk_lh[ iedj YWfju[i fWh b[i \eiiui fekh b�[di[cXb[ Z[i ^WbZ[i Z[ YeZufei_j_ed* Fwc[

Wfhvi .,, Wdi( b[i YedY[djhWj_edi [d Yk_lh[ _iik[i Z[i _d\hWijhkYjkh[i h[ij[dj ZWdi b�[cfh[_dj[ Z[i ^WbZ[i Z[ YeZufei_j_ed*

=Wdi b[ i[Yj[kh Z[ bW ^WbZ[ dehZ( _b [ij feii_Xb[ Z�eXi[hl[h Z[i YedY[djhWj_edi [d Yk_lh[ ZWdi b[ c_b_[k dWjkh[b( _iik[i Z[i

_d\hWijhkYjkh[i* EW ^WbZ[ dehZ)[ij i[ jhekl[ ikh kd ^Wkj jefe]hWf^_gk[ [j X_[d gk[ b[ ZuX_j Z[ f[hYebWj_ed h[if[Yj[ [d jekj

j[cfi b[ Yh_jvh[ Z[ bW =_h[Yj_l[ ,-5( kd[ fWhj_[ Z[i YedY[djhWj_edi [d cujWkn Z_iieki f[hYeb[dj fWh b[ heY [j \W_j huikh][dY[

ZWdi b[i Zufyji Z[ ikh\WY[* <ecfj[ j[dk Z[ bW \W_Xb[ Zkh[ju Z[i Yekhi Z�[Wk [dl_heddWdji( b[ Yh_jvh[ fekh b[ Yk_lh[ [ij jhvi

h[ijh_Yj_\* E[i YedY[djhWj_edi _iik[i Z[i _d\hWijhkYjkh[i i[hW_[dj ikfuh_[kh[i Wk Yh_jvh[ K>L $,(,,-1 c]+b%( Yecc[ bW cW`eh_ju

Z[i uY^Wdj_bbedi Z�[Wk iekj[hhW_d[ WdWboiui( cW_i i[hW_[dj _d\uh_[kh[i r bW j[d[kh Z[ \edZ dWjkh[bb[* =[ fbki( Y[i YedY[djhWj_edi

d[ i[hW_[dj fWi ikfuh_[kh[i r bW YedY[djhWj_ed cWn_cWb[ c[ikhu[ ikh b[ i_j[* ;_[d gk[ Y[i YedY[djhWj_edi ie_[dj fbki ub[lu[i

gk[ b[ Yh_jvh[ K>L( _b [ij _cfehjWdj Z[ j[d_h Yecfj[ Zk \W_j gk[ b[ ceZvb[ d�_dYbkj WkYkd fWhWcvjh[ Z[ h[jWhZ( Z�WZiehfj_ed ek

Zu]hWZWj_ed*

EW YWhj[ -2 fhui[dj[ kd[ lk[ [d fbWd Z[i YedY[djhWj_edi [d Yk_lh[ ZWdi b[ heY ikf[h\_Y_[b* <ecc[ fekh b[i Zufyji Z[ ikh\WY[( b[i

YedY[djhWj_edi [d Yk_lh[ iedj ikfuh_[kh[i Wk Yh_jvh[ K>L* Iekh b�[di[cXb[ Z[i Wddu[i fhui[dju[i( b[i YedY[djhWj_edi [d Yk_lh[ iedj

_d\uh_[kh[i r bW j[d[kh Z[ \edZ dWjkh[bb[* Bb [ij feii_Xb[ Z�eXi[hl[h b[i YedY[djhWj_edi fhel[dWdj Z[ bW ^WbZ[ dehZ)[ij c_]hWdj [d

Z_h[Yj_ed Zk dehZ* =Wdi b[ i[Yj[kh Z[ bW ^WbZ[ [ij( kd fWdWY^[ i[ \ehc[ [d Z_h[Yj_ed Zk dehZ)ek[ij [j kd i[YedZ fbki f[j_j [d Z_h[Yj_ed

Z[ b�[ij* E[i YedY[djhWj_edi Z[ Y[i fWdWY^[i iedj _d\uh_[kh[i r bW j[d[kh Z[ \edZ dWjkh[bb[ [d Yk_lh[( [j WkYkd[ ulebkj_ed d�[ij

eXi[hlWXb[ [djh[ b�Wddu[ -,, [j b�Wddu[ .,,* =[ fbki( Y[i YedY[djhWj_edi [d Yk_lh[ d[ \edj fWi huikh][dY[ [d ikh\WY[ ZWdi Y[ i[Yj[kh*

EW \_]kh[ 1 f[hc[j Z[ le_h [d Yekf[ b�ulebkj_ed Z[i YedY[djhWj_edi [d Yk_lh[ ZWdi b[ c_b_[k dWjkh[b ZWdi b[ i[Yj[kh Z[ bW

^WbZ[ dehZ)[ij* EW YedY[djhWj_ed [d Yk_lh[ Yecc[dY[ r \W_h[ huikh][dY[ [d ikh\WY[ [j( dejWcc[dj( ZWdi b[ Yekhi Z�[Wk <>.

Wfhvi 1, Wdi* EW YedY[djhWj_ed [d Yk_lh[ ZWdi b[ c_b_[k dWjkh[b [ij ikfuh_[kh[ Wk Yh_jvh[i K>L( cW_i d[ ZufWii[ fWi bW

YedY[djhWj_ed dWjkh[bb[ cWn_cWb[ c[ikhu[ ikh b[ i_j[*

 EFFETS DES CONCENTRATIONS SUR LES COURS D’EAU 

E[i i_ckbWj_edi fhuZ_Yj_l[i Z[ jhWdifehj f[hc[jj[dj Z�ulWbk[h b[i [\\[ji Z[i _d\hWijhkYjkh[i ikh bW gkWb_ju Z[ b�[Wk iekj[hhW_d[

\W_iWdj huikh][dY[ ZWdi b[i Yekhi Z�[Wk*

E[i ^WbZ[i Z[ YeZufei_j_ed d�edj WkYkd _cfWYj ikh bW gkWb_ju Z[i Yekhi Z�[Wk <>-( <>/( <>0 [j <>1* L[kb b[ Yekhi Z�[Wk <>.

i[hW _cfWYju( dejWcc[dj fWh Z[i YedY[djhWj_edi fhel[dWdj Z[ bW ^WbZ[ Z[ YeZufei_j_ed dehZ)[ij* E[i \_]kh[i 2 [j 3 cedjh[dj

b�ulebkj_ed Z[i YedY[djhWj_edi [d Whi[d_Y [j [d Yk_lh[ fhel[dWdj Z[i [Wkn iekj[hhW_d[i ZWdi b[ Yekhi Z�[Wk <>. [d j[dWdj Yecfj[

Zk ZuX_j Z[ XWi[ Zk ceZvb[ YWb_Xhu $-,/0 c/+`% [j Zk ZuX_j ceo[d c[ikhu $-0 /20 c/+`%* E[i huikbjWji fhui[djui d[ j_[dd[dj fWi

Yecfj[ Z[i [\\[ji Z[ cubWd][ [j Z[i YedY[djhWj_edi [d Yk_lh[ [j [d Whi[d_Y fhui[dj[i ZWdi b�[Wk Z[ ikh\WY[* E[i huikbjWji Wl[Yb[

ZuX_j Z[ XWi[ iedj b[i fbki Yedi[hlWj[khi( YWh _bi _cfb_gk[dj gk[ b[ Yekhi Z�[Wk i[hW_j i[kb[c[dj Wb_c[dju fWh b�[Wk iekj[hhW_d[*
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OKH
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E[i huikbjWji cedjh[dj gk[ cwc[ [d fh[dWdj [d Yecfj[ b[i ZuX_ji Z[ XWi[( b[i YedY[djhWj_edi i_ckbu[i [d Whi[d_Y [j [d Yk_lh[ Wk

Yekhi Z�[Wk <>. fhel[dWdj Z[i _d\hWijhkYjkh[i iedj _d\uh_[kh[i Wk Yh_jvh[ Z�[Wk Z[ ikh\WY[ b[ fbki h[ijh_Yj_\ fekh Y^WYkd Z[i

fWhWcvjh[i*

E[i i_ckbWj_edi Z[ jhWdifehj d�WoWdj fWi Z[ YedZ_j_ed Z[ h[jWhZ( Z[ Zu]hWZWj_ed ek Z�WXiehfj_ed( _b [ij feii_Xb[ Z�[ij_c[h(

fekh b�[di[cXb[ Z[i cujWkn r fWhj_h Z[ bW lWb[kh cWn_cWb[ eXj[dk[ behi Z[i [iiW_i Z[ b_n_l_Wj_ed( bW YedY[djhWj_ed [d cujWkn

Z_iieki fhe`[ju[ ZWdi b[ Yekhi Z�[Wk <>. _iik[ Z[ b�[Wk iekj[hhW_d[* E[ jWXb[Wk .4 fhui[dj[ b[i YedY[djhWj_edi fhe`[ju[i ZWdi

b[ Yekhi Z�[Wk <>. [d Yedi_ZuhWdj b[ ZuX_j Z[ XWi[* :_di_( Y[i huikbjWji d[ j_[dd[dj fWi Yecfj[ Zk ZuX_j ceo[d Zk Yekhi Z�[Wk

[j Z[i [\\[ji Z[ cubWd][ behigk[ b�[Wk iekj[hhW_d[ \[hW huikh][dY[ ZWdi b�[Wk Z[ ikh\WY[* Hd h[cWhgk[ gk[ cwc[ [d

Yedi_ZuhWdj b[ ZuX_j Z[ XWi[( WkYkd ZufWii[c[dj Z[i Z_\\uh[dji Yh_jvh[i d�[ij Wjj[dZk ZWdi b[ Yekhi Z�[Wk <>. fekh b�[di[cXb[

Z[i cujWkn*
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4 ;GF;DMKAGF
PLI W uju cWdZWju[ W\_d Z[ c[jjh[ r `ekh bW ceZub_iWj_ed ^oZhe]uebe]_gk[ r bW ik_j[ Z[ bW huWb_iWj_ed Z[ dekl[Wkn jhWlWkn

Z�_dl[ij_]Wj_ed W_di_ gk�Wk Y^Wd][c[dj Z[ bW YedY[fj_ed [j Z[ b�[cfbWY[c[dj Z[i _d\hWijhkYjkh[i* E[i eX`[Yj_\i Z[ b�ujkZ[ iedj

b[i ik_lWdji 6

— c_i[ r `ekh Z[i YWhWYjuh_ij_gk[i ]uebe]_gk[ [j ^oZhe]uebe]_gk[ Z[i Zufyji c[kXb[i [j Zk heY ZWdi b[i i[Yj[khi Y^e_i_i

fekh b�WcudW][c[dj Z[ bW \eii[ [j Z[i ^WbZ[i Z[ YeZufei_j_ed7

— ulWbk[h b[ ZuX_j Z[ ZudeoW][ Z[ bW \eii[ [j ujkZ_[h b�[\\[j Zk Yyd[ Z[ hWXWjj[c[dj ikh b[i bWYi [dl_heddWdji W_di_ gk[ ikh

b[i Yekhi Z�[Wk r fWhj_h Z�kd ceZvb[ dkcuh_gk[7

— ulWbk[h b[ ZuX_j Z[ f[hYebWj_ed ieki b[i Z_\\uh[dj[i _d\hWijhkYjkh[i c_d_vh[i $^WbZ[i Z[ YeZufei_j_ed [j XWii_di%7

— [\\[Yjk[h kd[ ceZub_iWj_ed Z[ jhWdifehj fekh ulWbk[h b�_cfWYj Z[i ^WbZ[i Z[ YeZufei_j_ed ikh b[ c_b_[k*

E[ ceZvb[ YedY[fjk[b kj_b_iu fekh h[fhui[dj[h b[ ioijvc[ ^oZhe]uebe]_gk[ W uju i_cfb_\_u Z[ cWd_vh[ r 6 -% h[if[Yj[h b[ fbki

\_Zvb[c[dj feii_Xb[ b[i eXi[hlWj_edi Z[ j[hhW_d7 [j .% fheZk_h[ Z[i i_ckbWj_edi Yedi[hlWjh_Y[i YedY[hdWdj b�_cfWYj Zk

ZudeoW][ Z[ bW \eii[*

E[i kd_jui ^oZheijhWj_]hWf^_gk[i ik_lWdj[i edj uju _Z[dj_\_u[i 6

# jekhX[7

$ iWXb[ b_jjehWb7

% Zufyji Wh]_b[kn7

& j_bb7

' heY*

EG<{D= @Q<JG?nGDG?AIM=

EW YWb_XhWj_ed Zk ceZvb[ ^oZhe]uebe]_gk[ W f[hc_i Z[ fhuY_i[h b[i fWhWcvjh[i ^oZhe]uebe]_gk[i Zk i_j[ [j Z[ Yed\_hc[h bW

dWjkh[ Z[i b_[di ^oZhWkb_gk[i [djh[ b[i Z_\\uh[dj[i kd_jui ^oZheijhWj_]hWf^_gk[i* E[ ceZvb[ W uju YWb_Xhu r fWhj_h Z[ Zeddu[i Z[

d_l[Wkn Z�[Wk fhel[dWdj Z[ 04 fk_ji Z[ bW ped[ r b�ujkZ[ W_di_ gk�r fWhj_h Z[i Zeddu[i Z�WdWboi[ ^oZhebe]_gk[ WiieY_u[i r

gkWjh[ ijWj_edi Z[ ZuX_ji Z�[Wk Z[ ikh\WY[ $ZuX_ji [ij_cui%* EW YWb_XhWj_ed Z[i Y^Wh][i ^oZhWkb_gk[i W uju huWb_iu[ [d fhuikcWdj

gk[ b[i ubulWj_edi f_upecujh_gk[i c[ikhu[i [d cW_ .,-4 [j b[i d_l[Wkn Z[ `Wdl_[h .,.- fekh b[i fk_ji huWb_iui fWh

LG<)EWlWb_d ujW_[dj h[fhui[djWj_l[i Zk d_l[Wk ijWj_gk[ [j gk[ b[i ZuX_ji Z�uj_W][ [ij_cui Z[i Yekhi Z�[Wk $PLI( .,-4W%

ujW_[dj h[fhui[djWj_\i Z[i ZuX_ji Z[ XWi[ i_ckbui* E[i fh_dY_fWb[i YedYbki_edi Z[ bW YWb_XhWj_ed iedj b[i ik_lWdj[i 6

— E[ ceZvb[ [d hu]_c[ f[hcWd[dj YWb_Xhu eXj[dk h[fhui[dj[ Z[ \Wted iWj_i\W_iWdj[ b[i YedZ_j_edi [n_ijWdj[i Wk i_j[ [j Y[bk_)

Y_ hufedZ Wkn dehc[i Z[ b�_dZkijh_[ $GKFL 8 .(5 "%*

— Nd[ c[_bb[kh[ YWb_XhWj_ed Z[i Y^Wh][i ^oZhWkb_gk[i W uju eXj[dk[ behigk�ed Yedi_Zvh[ Z[i ped[i Z[ \W_Xb[ YedZkYj_l_ju

^oZhWkb_gk[ Wk fekhjekh Z[ bW \eii[( Y[i ped[i d[ ik_l[dj ZedY fWi [nWYj[c[dj b[i b_c_j[i b_j^ebe]_gk[i fhui[dju[i ikh bW

YWhj[ ]uebe]_gk[ $le_h YWhj[ --%*
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— Nd[ WdWboi[ Z[ i[di_X_b_ju W uju [\\[Yjku[ W\_d Z�ujkZ_[h b�_dY[hj_jkZ[ b_u[ r bW lWh_Wj_ed Z[ Y[hjW_di fWhWcvjh[i Zk ceZvb[*

E[ ceZvb[ [ij i[di_Xb[ r bW lWh_Wj_ed Z[ bW YedZkYj_l_ju ^oZhWkb_gk[ Zk heY [j r bW lWh_Wj_ed Z[ bW h[Y^Wh][( cW_i b[i

ceZ_\_YWj_edi Z_c_dk[dj bW gkWb_ju Z[ bW YWb_XhWj_ed*

— E�WdWboi[ Z[ i[di_X_b_ju W u]Wb[c[dj cedjhu gk[ b[i ped[i Z[ YedZkYj_l_ju ^oZhWkb_gk[ d[ ik_l[dj fWi [nWYj[c[dj b[i

b_c_j[i Z[i kd_jui ]uebe]_gk[i Zu\_d_[i fWh LB@>HF [j bW ]uebe]_[ Zu\_d_[ fWh @WbWno* >d [\\[j( b[i Y^Wh][i ^oZhWkb_gk[i

i_ckbu[i( [d Yedi_ZuhWdj kd[ YedZkYj_l_ju ^oZhWkb_gk[ kd_gk[ fekh Y^WYkd[ Z[i kd_jui ]uebe]_gk[i( d[ h[fheZk_iW_[dj fWi

Z[ \Wted iWj_i\W_iWdj[ b[i Y^Wh][i ^oZhWkb_gk[i eXi[hlu[i* EW YWb_XhWj_ed Z[i Zeddu[i ujW_j ZedY ce_di Xedd[ gk[ b[

ceZvb[ YWb_Xhu _d_j_Wb fekh b[gk[b b[i b_c_j[i Z[i ped[i Z[ YedZkYj_l_jui ^oZhWkb_gk[i edj uju ceZ_\_u[i [d \edYj_ed Z[i

Zeddu[i Z[ j[hhW_d*

— =Wdi b�[di[cXb[( b[ hu]_c[ Z�uYekb[c[dj ik_j bW jefe]hWf^_[ Zk i_j[* E[ i[Yj[kh Z[ bW \kjkh[ \eii[ Yedij_jk[ kd[ ped[ Z[

h[Y^Wh][ Wl[Y kd[ ubulWj_ed f_upecujh_gk[ cWn_cWb[ Z[ ..1 c* E�[Wk iekj[hhW_d[ Z[ Y[ ^Wkj f_upecujh_gk[ i�uYekb[

cW`eh_jW_h[c[dj l[hi b[ Yekhi Z�[Wk <>/ Wk dehZ [j l[hi b[ Yekhi Z�[Wk <>1 Wk ikZ* EW \W_Xb[ f[hcuWX_b_ju Z[ bW

f[]cWj_j[ [j Z[ b�Wh]_b[ \h[_d[ b�uYekb[c[dj [j \Wleh_i[ kd h[^Wkii[c[dj Zk d_l[Wk Z�[Wk*

— E[i ped[i Z[ h[Y^Wh][ fhu\uh[dj_[bb[i i[ jhekl[dj [d iecc[j Z[ Yebb_d[ $-,, r /,, cc+Wd%*

— Iekh b[i ped[i Z[ huikh][dY[ [j Z�[n\_bjhWj_ed( kd[ h[Y^Wh][ fbki \W_Xb[ W uju Wffb_gku[ $-, r 1,cc+Wd%*

E[i i_ckbWj_edi dkcuh_gk[i [d hu]_c[ jhWdi_je_h[ edj uju Yecfbuju[i W\_d Z[ h[fhui[dj[h b�ulebkj_ed Z[ bW c_d[ f[dZWdj b[i

efuhWj_edi*

AEH9;LK 9FLA;AHnK <=K AF>J9KLJM;LMJ=K

=@C57GF ?=fF 5H 8fABK5;9 89 ?5 :BFF9

E[i fh_dY_fWb[i YedYbki_edi iedj b[i ik_lWdj[i 6

— EW gkWdj_ju Z�[Wk fecfu[ r b�_djuh_[kh Z[ bW \eii[ [ij Z�[dl_hed - ,,, c/+` r bW \_d Z[ b�[nfbe_jWj_ed* E[ lebkc[ cWn_cWb

fecfu [ij eXj[dk r b�Wddu[ -.( WlWdj gk[ b[ fecfW][ d[ ie_j Whhwju ZWdi C;)/ Wl[Y [dl_hed -1,, c/+`* E�Wffehj Z�[Wk

fhel[dWdj Z[i [Wkn iekj[hhW_d[i lWh_[ h[fhui[dj[ [djh[ -4 [j .5 " Z[ b�[Wk fecfu[ i[bed b[i Wddu[i* E[i \W_Xb[i

ZuX_ji fhel[dWdj Z[ b�[Wk iekj[hhW_d[ i�[nfb_gk[dj fWh bW \W_Xb[ f[hcuWX_b_ju Z[ b�kd_ju 0*.*

— L[bed b[i huikbjWji eXj[dki( r bW \_d Z[ b�[nfbe_jWj_ed( _b [ij [ij_cu gk[ b[ hWXWjj[c[dj Z[ bW dWff[ i[hW_j gkWi_c[dj dkb r

[dl_hed . ac r b�[ij Z[ bW \eii[* Iekh b[i i[Yj[khi ikZ [j ek[ij( b[ hWXWjj[c[dj i[hW_j gkWi_c[dj dkb r kd[ Z_ijWdY[ lWh_Wdj

[djh[ 1,, [j 5,, c Z[i fWhe_i Z[ bW \eii[* =Wdi b[ i[Yj[kh dehZ)ek[ij( b[ XWii_d Z[ huj[dj_ed Yhu[hW beYWb[c[dj kd[ bu]vh[

Wk]c[djWj_ed Zk d_l[Wk Z[ bW dWff[ Z�[Wk iekj[hhW_d[( Z�[dl_hed ,(1 c*

— >d \edYj_ed Z[i hWXWjj[c[dji eXj[dki( b�_cfWYj ikh b[i fk_ji Z�Wb_c[djWj_ed [d [Wk fejWXb[ Zk h[bW_i hekj_[h i[hW_j

du]b_][WXb[*

— E[i huikbjWji cedjh[dj gk[ b�_cfWYj ikh b[i bWYi [j b[i Yekhi Z�[Wk lWh_[dj [djh[ - [j 20 " fWh hWffehj Wk ZuX_j Z[ XWi[ [j

[djh[ , [j . " fWh hWffehj Wk ZuX_j ceo[d* EW Yedjh_Xkj_ed Z[i [Wkn iekj[hhW_d[i Wk ZuX_j Z[ XWi[ Zk Yekhi Z�[Wk <>0

Z[l_[dZhW_j jhvi \W_Xb[*

— E[ bWY DWf_i_aWcW( gk_ i[ i_jk[ r ce_di Z[ .,, c Z[ bW \eii[( i[hW _cfWYju* >d [\\[j b[ bWY d[ i[hW fbki Wb_c[dju fWh bW
dWff[ Z�[Wk iekj[hhW_d[ r fWhj_h Z[ b�Wddu[ 0* EW ikf[h\_Y_[ Z[ ied XWii_d l[hiWdj i[hW u]Wb[c[dj \ehj[c[dj huZk_j[* =[
fbki( Y[ bWY i[hW ZhW_du Wk ZuXkj Z[i efuhWj_edi fekh \ekhd_h Z[ b�[Wk behi Z[ b�WcudW][c[dj Z[i _d\hWijhkYjkh[i*
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:\_d Z[ luh_\_[h b�_d\bk[dY[ Z[i Y^Wd][c[dji Z[ YedZkYj_l_ju ^oZhWkb_gk[ ikh b[i huikbjWji eXj[dki( Z[i i_ckbWj_edi

WZZ_j_edd[bb[i edj uju [\\[Yjku[i* E[i YedYbki_edi iedj b[i ik_lWdj[i 6

— E[i lWb[khi Z[ ZuX_ji Wdj_Y_fui cedjh[dj gk[ fbki bW YedZkYj_l_ju Zk heY Wk]c[dj[ fbki b[i Wffehji Z�[Wk iekj[hhW_d[ r bW

\eii[ iedj ub[lui* :_di_( ZWdi b�ul[djkWb_ju ez bW lWb[kh Z[ bW YedZkYj_l_ju Zk heY i[hW_j Z[kn \e_i fbki ub[lu[ gk[ b[

iYudWh_e _d_j_Wb $c[_bb[kh[ YWb_XhWj_ed%( ed eXj_[dZhW_j kd ZuX_j Z[ ZudeoW][ ceo[d Z[ . .12 c/+` $LL/% [j Z[ . 5.2 c/+`

$LL0%* =Wdi b�ul[djkWb_ju ez bW YedZkYj_l_ju Z[ b�kd_ju 0*. ujW_j kd ehZh[ Z[ ]hWdZ[kh fbki ub[lu[ $LL3% ed eXj_[dZhW_j kd

ZuX_j Z[ ZudeoW][ ceo[d Z[ / //2 c/+`*

— E[i huikbjWji Zk iYudWh_e LL4 cedjh[dj gk[ i_ bW hufWhj_j_ed Z[i YedZkYj_l_jui ^oZhWkb_gk[i ik_lW_j fbki bW ]uebe]_[( b[i

Wffehji Z�[Wk iekj[hhW_d[ i[hW_[dj ckbj_fb_ui fWh . fWh hWffehj Wk ceZvb[ YWb_Xhu [j h[fhui[dj[hW_[dj /3 " Z[i l[dk[i

Z�[Wk ZWdi bW \eii[*

>d YedYbki_ed( i[bed b[i huikbjWji eXj[dki behi Z[i Z_\\uh[dj[i i_ckbWj_edi( W_di_ gk[ behi Z[ b�ujkZ[ Z[ i[di_X_b_ju( b[i ZuX_ji Z[

ZudeoW][ Wdj_Y_fui jejWkn( r bW \_d Z[ b�[nfbe_jWj_ed( i[ i_jk[hW_[dj [djh[ - ,,, [j / /,, c/+`* E[i huikbjWji cedjh[dj gk[

b�_cfWYj ikh b[i bWYi [j b[i Yekhi Z�[Wk Yehh[ifedZhW_j r kd[ Z_c_dkj_ed [djh[ - [j 20 " fWh Zk ZuX_j Z[ XWi[( ie_j kd[

huZkYj_ed [djh[ , [j . " Zk ZuX_j ceo[d*

8f6=G 89 C9E7B?5G=BA FBHF ?9F =A:E5FGEH7GHE9F

E[i huikbjWji cedjh[dj gk[ ieki b[i ^WbZ[i r ijuh_b[i [j hui_Zki c_d_[hi( b[i ZuX_ji l[hj_YWkn l[hi b[i YekY^[i ieki)`WY[dj[i

h[if[Yj[dj bW dehc[ Z[ ZuX_j Z[ f[hYebWj_ed Z[ /(/ E+c. fWh `ekh \_nu[ fWh bW =_h[Yj_l[ ,-5* E[ ZuX_j Z[ f[hYebWj_ed ieki b[i

Z[kn ^WbZ[i r ijuh_b[i [j hui_Zki c_d_[hi lWh_[ [djh[ ,(,1 [j ,(.2 E+c. fWh `ekh* Leki b[ XWii_d fh_dY_fWb [j ieki b[ XWii_d

i[YedZW_h[( b[ ZuX_j Z[ f[hYebWj_ed h[if[Yj[ bW dehc[ Z[ ZuX_j Z[ f[hYebWj_ed \_nu[ fWh bW =_h[Yj_l[ ,-5* Bb [ij _cfehjWdj Z[

fhuY_i[h gk[ ieki b[ XWii_d fh_dY_fWb( b[ ZuX_j Z[ f[hYebWj_ed h[if[Yj[ b[ Yh_jvh[ i[kb[c[dj i_ kd[ YekY^[ Z�Wh]_b[

_cf[hcuWX_b_iWdj[ Z�Wk ce_di ,(1 c [ij c_i[ [d fbWY[ ZWdi b[ \edZ Zk XWii_d*

=@C57G 89F <5?89F 89 7B8fCBF=G=BA FHE ?9 @=?=9H A5GHE9?

Nd[ ceZub_iWj_ed Zk jhWdifehj Z[ cujWkn Z_iieki l_iWdj r luh_\_[h b[i [\\[ji Z[i ^WbZ[i Z[ YeZufei_j_ed ikh b[ c_b_[k dWjkh[b W

uju huWb_iu[* :_di_( b[i cuYWd_ic[i Z[ jhWdifehj h[fhui[djui ZWdi b[i i_ckbWj_edi huWb_iu[i iedj b�WZl[Yj_ed( bW Z_if[hi_ed [jbW

Z_\\ki_ed Z�kd[ f^Wi[ Z_iiekj[ ZWdi b[i [cfh[_dj[i Z[i \kjkh[i ^WbZ[i* E[i cuYWd_ic[i ]uduhWj[khi Z[ Y[jj[ f^Wi[ Z_iiekj[

$iekhY[%( W_di_ gk[ b[i f^udecvd[i Z�[dh_Y^_ii[c[dj( Z[ b_n_l_Wj_ed $jhWdifehj huWYj_\% [j Z[ h[jWhZWj_ed $iehfj_ed% d[ iedj fWi

Yedi_Zuhui* GuWdce_di( b[i huikbjWji eXj[dki f[hc[jj[dj Z�WffhuY_[h b�ulebkj_ed Z[i YedZ_j_edi [d cujWkn Z_iieki ZWdi b�[Wk

iekj[hhW_d[ _iik[ Z[i \kjkh[i _d\hWijhkYjkh[i*

Nd[ WdWboi[ W uju huWb_iu[ fekh b�Whi[d_Y [j b[ Yk_lh[* Iekh b�Whi[d_Y Yecc[ fekh b[ Yk_lh[( b[i huikbjWji cedjh[dj gk[ bW cW`eh_ju

Z[i YedY[djhWj_edi [d cujWkn Z_iieki [ij YWfju[ fWh b[i \eiiui*

=Wdi b[ i[Yj[kh Z[ bW ^WbZ[ dehZ( kd[ fWhj_[ Z[i YedY[djhWj_edi [d cujWkn Z_iieki f[hYeb[dj fWh b[ heY [j \W_j huikh][dY[ ZWdib[i

Zufyji Z[ ikh\WY[* E[i YedY[djhWj_edi [d Whi[d_Y iedj [d jekj j[cfi _d\uh_[kh[i Wk Yh_jvh[ K>L [j cwc[ _d\uh_[kh[i r bW j[d[khZ[

\edZ [ij_cu[ [d .,-4* Iekh b[ Yk_lh[( b[i YedY[djhWj_edi iedj ikfuh_[kh[i Wk Yh_jvh[ K>L ZWdi Y[ i[Yj[kh( cW_i d[ ZufWii[ fWi bW

YedY[djhWj_ed cWn_cWb[ c[ikhu[ ZWdi b�[Wk iekj[hhW_d[*

E[i ^WbZ[i Z[ YeZufei_j_ed d�edj WkYkd _cfWYj ikh bW gkWb_ju Z[i Yekhi Z�[Wk <>-( <>/( <>0 [j <>1* L[kb b[ Yekhi Z�[Wk <>.

i[hW _cfWYju( dejWcc[dj fWh Z[i YedY[djhWj_edi fhel[dWdj Z[ bW ^WbZ[ Z[ YeZufei_j_ed dehZ)[ij* E[i huikbjWji cedjh[dj gk[

cwc[ [d fh[dWdj [d Yecfj[ b[i ZuX_ji Z[ XWi[( b[i YedY[djhWj_edi i_ckbu[i [d Whi[d_Y [j [d Yk_lh[ Wk Yekhi Z�[Wk <>.(

fhel[dWdj Z[i _d\hWijhkYjkh[i( iedj _d\uh_[kh[i Wk Yh_jvh[ Z�[Wk Z[ ikh\WY[ b[ fbki h[ijh_Yj_\ fekh Y^WYkd Z[i fWhWcvjh[i*
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E[i i_ckbWj_edi Z[ jhWdifehj d�WoWdj fWi Z[ YedZ_j_ed Z[ h[jWhZ( Z[ Zu]hWZWj_ed ek Z�WXiehfj_ed( _b [ij feii_Xb[ Z�[ij_c[h( fekh

b�[di[cXb[ Z[i cujWkn r fWhj_h Z[ bW lWb[kh cWn_cWb[ eXj[dk[ behi Z[i [iiW_i Z[ b_n_l_Wj_ed( bW YedY[djhWj_ed [d cujWkn Z_iieki

fhe`[ju[ ZWdi b[ Yekhi Z�[Wk <>. _iik[ Z[ b�[Wk iekj[hhW_d[* Hd h[cWhgk[ gk[ cwc[ [d Yedi_ZuhWdj b[ ZuX_j Z[ XWi[( WkYkd

ZufWii[c[dj Z[i Z_\\uh[dji Yh_jvh[i d�[ij Wjj[dZk ZWdi b[ Yekhi Z�[Wk <>.*
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Jn>nJ=F;=K :A:DAG?J9H@AIM=K
— ;:GMHG H*( ;:G@HR E* F* AoZhe]uebe]_[ 6 ckbj_iY_[dY[i [dl_hedd[c[djWb[ Z[i [Wkn iekj[hhW_d[i* Ih[ii[ Z[

b#Nd_l[hi_ju Zk JkuX[Y* JkuX[Y( -555( 02, f*

— ;KHLL>:N( =* .,,4* <WhWYjuh_iWj_ed Z[i Zufyji c[kXb[i [j h[Yedij_jkj_ed fWbue]ue]hWf^_gk[ gkWj[hdW_h[ Z[ bW hu]_ed

Zk hui[hle_h >WijcW_d -( ;W_[ CWc[i( JkuX[Y* Fuce_h[ Z[ cWxjh_i[( NJ:F* 52 f* [j Wdd[n[i*

— ;HNP>K( C* [j <* KB<>* -532* : ibk] j[ij \eh Z[j[hc_d_] ^oZhWkb_Y YedZkYj_l_jo e\ kdYed\_d[Z Wgk_\[hi m_j^

Yecfb[j[bo eh fWhj_Wbbo f[d[jhWj_d] m[bbi* PWj[h K[iiekhY[i K[i[WhY^* O* -. ff* 0./)0.4*

— => F:KLBER( -542( Quantitative Hydrogeology: Groundwater Hydrology for Engineers( >Z_j_ed .( Nd_l[hi_jo e\
F_Y^_]Wd( :YWZ[c_Y Ih[ii( -542

— =>OEBG( C*?* .,-1* AoZhe][eL_[l[QE6 Wd >nY[b)XWi[Z jeeb je [ij_cWj[ ^oZhWkb_Y YedZkYj_l_jo \hec ]hW_d)i_p[ WdWboi_i*

AoZhe][ebe]o CekhdWb( ./$0%( f* 4/3)400*

— =>OEBG( C*?* .,-2* HydrogeoSieveXL 2.1* =[fWhjc[dj e\ @[ebe]o( Nd_l[hi_jo e\ DWdiWi*

— =KBL<HEE( ?*@* -542* @hekdZmWj[h WdZ m[bbi( i[YedZ >Z_j_ed( Ce^died LYh[[di( Lj IWkb( -,45*

— @FLB* $.,.,%* All site – General- Key Plan - Plan View. IbWd fheZk_j fekh @WbWno E_j^_kc <WdWZW BdY* Ge*h[\* ,,-)@>)

=P@),,,-)</

— @HE=>K BG<* $.,.,%* James Bay Project – 2020 Value engineering. KWffehj fheZk_j fekh @WbWno E_j^_kc <WdWZW BdY*

-3 fW][i [j Wdd[n[i* Ge* h[\* -5-/1020*

— E:EE>F:G=);:KK<L( :*( WdZ I* I[WkZ[Y[h\( -534( Recherche des relations entre Ia valeur de Ia dispersivité 

macroscopique d’un aquifère, ses autres caractéristiques et les conditions de mesure( ;kbb* ;kh* K[Y^* @[eb* F_d*(

L[Yj* C( 0*

— EB( M* >M C*I* =N<KN<( -555* E[i fhel_dY[i dWjkh[bb[i* G_l[Wk B Zk YWZh[ uYebe]_gk[ Z[ hu\uh[dY[ Zk JkuX[Y*

F_d_ijvh[ Z[ b�>dl_hedd[c[dj* 5, f*

— FBGBLM�K> =N =qO>EHII>F>GM =NK:;E>( => E�>GOBKHGG>F>GM >M =>L I:K<L =N JNq;><

$F==>I%( .,-.* Directive 019 sur l’industrie minière – version mars 2012. F_d_ijvh[ Zk =ul[beff[c[dj ZkhWXb[(

>dl_hedd[c[dj [j IWhYi*

— F==>?I* .,-/* Critères de qualité de l’eau de surface* F_d_ijvh[ Zk =ul[beff[c[dj ZkhWXb[( Z[ b�>dl_hedd[c[dj( Z[

bW ?Wkd[ [j Z[i IWhYi( JkuX[Y* 1,4 f* [j Wdd[n[i*

— F>?* -555* Guide de classification des eaux souterraines du Québec* F_d_ijvh[ Z[ b�>dl_hedd[c[dj [j Z[ bW ?Wkd[(

JkuX[Y* -. f*

— F==>E<<* .,-1[* Critères de la qualité de l’eau de surface. F_d_ijvh[ Zk =ul[beff[c[dj ZkhWXb[( Z[

b�>dl_hedd[c[dj [j Z[ bW Ekjj[ Yedjh[ b[i Y^Wd][c[dji Yb_cWj_gk[i* 1,4 f* [j Wdd[n[i* <edikbju [d b_]d[ Wk

^jjf6++mmm*cZZ[bYY*]ekl*gY*YW+[Wk+Yh_j[h[iU[Wk+_dZ[n*Wif

— FHKKBL( =*:* :G= CHAGLHG( :*B* $-523% Summary of Hydrologic and Physical Properties of Rock and Soil 

Materials, as Analyzed by the Hydrologic. EWXehWjeho e\ j^[ N*L* @[ebe]_YWb Lkhl[o( -504)-52,* NL@L PWj[h Lkffbo

IWf[h6 -4/5)=*
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— FHNDALBE >M :E*( .,,/* Lodj^vi[ ]uebe]_gk[ [j cujWbbe]ud_gk[ Z[ bW Y[_djkh[ Z[ heY^[i l[hj[i Z[ bW Feo[dd[ [j Z[

bW XWii[ >WijcW_d $;W_[)CWc[i%* F_d_ijvh[ Z[i K[iiekhY[i dWjkh[bb[i( Z[ bW ?Wkd[ [j Z[i IWhYi( JkuX[Y7 >M .,,.),2(

11 f*( - fbWd*

— FMF=>M( .,-3* Tome III – Ouvrages d’art, chapitre 4* IkXb_YWj_ed JkuX[Y

— LB@>HF* .,-4* Cartes géologiques $\[k_bb[ji ,//<,/ [j ,//<,2%*

— LG<)E:O:EBG* .,.-* James Bay Lithium Mine Project Detailed Geotechnical Investigation – Phases 2 and 3.M[Y^d_YWb

K[fehj* 2/ f* [j Wdd*

— LG<)E:O:EBG* .,.,* James Bay Lithium Mine Project Detailed Geotechnical Investigation – Phase 2* -/3 f* [j Wdd*

— MA>BL* <*O* -5/1* M^[ h[bWj_ed X[jm[[d j^[ bem[h_d] e\ j^[ f_[pec[jh_Y ikh\WY[ WdZ j^[ hWj[ WdZ ZkhWj_ed e\ Z_iY^Wh][

e\ W m[bb ki_d] ]hekdZ)mWj[h ijehW][* MhWdi :c[h_YWd @[ef^oi_YWb Nd_ed( -2 j^ :ddkWb F[[j_d]( IWhj .* ff* 1-5 1.0*

— MAHKGMAP:BM>( <*P*7 F:MA>K( C*K* -513* BdijhkYj_edi WdZ jWXb[i \eh Yecfkj_d] fej[dj_Wb [lWfejhWdif_hWj_ed WdZ

j^[ mWj[h XWbWdY[* IkXb_YWj_ed _d <b_cWjebe]o -,6 -41)/--*

— PLI* .,-4W* Mine de Lithium Baie James – Étude spécialisée en hydrologie. KWffehj fheZk_j fekh @WbWno E_j^_kc

$<WdWZW% BdY* .- f* [j Wdd[n[i*

— PLI* .,-4X* <Whj[ ZujW_bbu[ Z[i Zufyji Z[ ikh\WY[ [j fhefei_j_edi Z[ XWdYi Z�[cfhkdj* F_d[ Z[ b_j^_kc ;W_[)CWc[i*

KWffehj fheZk_j fekh @WbWno E_j^_kc $<WdWZW% BdY* ./ f*[j Wdd[n[i*

— PLI* .,-4Y* qMN=> LIq<B:EBLq> LNK E�AR=KH@qHEH@B>* F_d[ Z[ b_j^_kc ;W_[)CWc[i* KWffehj fheZk_j fekh

@WbWno E_j^_kc $<WdWZW% BdY* -,- f*[j Wdd[n[i*
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Figure 3. Section type de la digue du bassin de rétention (design provenant de Golder, 2020)2

Les coupes types de Golder visent à semble des haldes à des fins de vérification de leur stabilité. Les 

épaisseurs des unités hydrostratigraphiques pourraient ne pas être identiques à celles 
en forage dans le secteur projeté des installations, tel que dans le modèle conceptuel 3D élaboré avec le logiciel Feflow.




