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@Sa acWdWa S\dW`]\\S[S\bOce ^`kaS\bka ^O` ZS ^`][]bSc` a]\b T]\Rka SeQZcaWdS[S\b ac` RSa
Q`Wbl`Sa S\dW`]\\S[S\bOce ^`kdca ^O` ZO `kUZS[S\bObW]\ ^`]dW\QWOZS% Sb \]\ ac` RSa Q`Wbl`Sa RS
^`]bSQbW]\ RS ZO aO\bk Vc[OW\S ]c c\S [kbV]R]Z]UWS _cW ^S`[Sbb`OWb RS dOZWRS` ZwSeOQbWbcRS RS
ZwkdOZcObW]\ RSa `Wa_cSa b]eWQ]Z]UW_cSa' @S aScZ `Sa^SQb RS ZO `kUZS[S\bObW]\ S\dW`]\\S[S\bOZS
^`]dW\QWOZS \wSab ^Oa c\S O^^`]QVS XcUkS ORk_cObS' H]cb QV]We RSd`OWb mb`S acTTWaO[[S\b RkQ`Wb Sb
XcabWTWk ^]c` dk`WTWS` aO ^S`bW\S\QS #^' Se' 3 [Sac`S RO\a ZSa dkUkbOce% Q`Wbl`Sa T]\Rka ac` ZO aO\bk
Vc[OW\S% SbQ'$'

Sous-question A 

@S ^`][]bSc` R]Wb T]c`\W` ZSa U`O\RSa ZWU\Sa Rwc\ ^`]U`O[[S RS ac`dSWZZO\QS Sb RS acWdW
S\dW`]\\S[S\bOZ ^]c` ZwOW`% ZwSOc #Q]c`a RwSOc 79+ Sb 79,$ Sb ZO \]c``Wbc`S b`ORWbW]\\SZZS
#dkUkbOce Sb dWO\RSa$% POak ac` RSa Q`Wbl`Sa RS ^`]bSQbW]\ RS ZO aO\bk Vc[OW\S OTW\ RS dOZWRS` ZSa
Vf^]bVlaSa RS ZwkdOZcObW]\ RSa `Wa_cSa b]eWQ]Z]UW_cSa'

F&779&*1 3

Gagd cgW ^W bdaYdS__W VW egdhW[^^S`UW Wf VW eg[h[ W`h[da``W_W`fS^ bWd_WffW VW hS^[VWd ^We Ua`U^ge[a`e VW ^�qhS^gSf[a` VWe

d[ecgWe faj[Ua^aY[cgWe n ^S eS`fq Zg_S[`W baeq bSd ^W bda\Wf $JS`WjW`' -+,3%' U[(Sbdre SbbW^q z ^�mfgVW {' [^ Ua`h[W`f

V�Sbb^[cgWd ^We Ud[frdWe VW cgS^[fq VW ^�W`h[da``W_W`f TSeqe egd ^S bdafWUf[a` VW ^S eS`fq Zg_S[`W V[eba`[T^We Wf VW hS^[VWd ^We

ZkbafZreWe dWfW`gWe VS`e ^�mfgVW' `afS__W`f W` UW cg[ Ua`UWd`W ^We fW`Wgde W` _qfSgj VS`e ^S `agdd[fgdW fdSV[f[a``W^^W

$WebrUWe S`[_S^We Wf hqYqfS^We% cg[ bagddS[f bdahW`[d VWe W`h[da`e Vg bda\Wf Wf' VS`e ^�WSg VW egdXSUW VWe Uagde V�WSg cg[

bagddS[W`f sfdW SXXWUfqe bSd ^W bda\Wf)

C�S[d S_T[S`f Wef ^W eWg^ _[^[Wg bagd ^WcgW^ VWe Ud[frdWe VW cgS^[fq TSeqe egd ^S bdafWUf[a` VW ^S eS`fq Zg_S[`W ea`f V[eba`[T^We

Wf Sbbdabd[qe) :We Ud[frdWe ea`f V[eba`[T^We bagd ^We egTefS`UWe faj[cgWe bSd [`ZS^Sf[a` [`U^gWe VS`e ^�mfgVW Wf VS`e ^S b^ge

dqUW`fW qfgVW VW _aVq^[eSf[a` VW ^S V[ebWde[a` Sf_aebZqd[cgW Vg bda\Wf $JfS`fWU' -+-,%' ea[f ^We bSdf[Ug^We [`ZS^ST^We $GD,+%'

^We bSdf[Ug^We X[`We $GD-)0%' ^S e[^[UW Ud[efS^^[`W dWeb[dST^W' ^We ajkVWe YSlWgj $EF-' JF- Wf :F% Wf UWdfS[`e _qfSgj) :We

bSdS_rfdWe Xa`f Sgee[ bSdf[W Vg bdaYdS__W VW eg[h[ VW ^S cgS^[fq VW ^�S[d) CWe Ud[frdWe bdabaeqe ea`f bdqeW`fqe n ^�S``WjW 8 VW

^�SVVW`Vg_ VW ^�mfgVW $JS`WjW`' -+-,% bdqeW`fq n ^�S``WjW ::<(,3) @^e h[eW`f n bdafqYWd ^S eS`fq SVhW`S`f VWe Wjbae[f[a`e

VW UagdfW VgdqW $-/ ZWgdWe ag _a[`e% Wf VW ^a`YgW VgdqW $hS^Wgde S``gW^^We%) @^e UaddWeba`VW`f Sgj b^ge dqUW`fWe hS^Wgde

faj[Ua^aY[cgWe VW dqXqdW`UW $MKI%' dWUa__S`VSf[a`e' ag `ad_We VW cgS^[fq VW ^�S[d TSeqWe egd ^S bdafWUf[a` VW ^S eS`fq

Zg_S[`W qfST^[We bSd VWe [`ef[fgf[a`e dWUa``gWe' US`SV[W``We ag [`fWd`Sf[a`S^We) CWe Ua`UW`fdSf[a`e [`[f[S^We VS`e ^�S[d

S_T[S`f eWda`f _WegdqWe ShS`f ^W VqTgf VWe fdShSgj Wf ^W eg[h[ eWdS WXXWUfgq VgdS`f fagfW ^S VgdqW Vg bda\Wf)
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L` eg[h[ d[YagdWgj VW ^S cgS^[fq VW ^�WSg VW egdXSUW XS[f Vq\n bSdf[W [`fqYdS`fW Vg bda\Wf) C�WSg VW egdXSUW VWe Uagde V�WSg :<- Wf

:<. `�qfS`f bSe gf[^[eqW bagd ^S Ua`ea__Sf[a`' ^We `ad_We*dWUa__S`VSf[a`e bagd ^S cgS^[fq VW ^�WSg bafST^W `W ea`f bSe

Sbbdabd[qWe) :We Uagde V�WSg `W ea`f bSe `a` b^ge gf[^[eqe bagd ^S bsUZW VW egTe[efS`UW' fagfWXa[e [^e ea`f hdS[eW_T^ST^W_W`f

XdqcgW`fqe bSd VWe S`[_Sgj cg[ Xa`f bSdf[W VW ^S `agdd[fgdW fdSV[f[a``W^^W VW ^S Ua__g`Sgfq Ud[W' Ua__W ^W USefad) ;S`e ^�mfgVW' ^W

d[ecgW n ^S eS`fq Zg_S[`W baeq bSd ^We dW\Wfe ScgWgj $VS`e :<- Wf :<.' eW^a` ^S VWeUd[bf[a` [`[f[S^W Vg bda\Wf% `�ShS[f bg sfdW qhS^gq

VW XSpa` cgS`f[fSf[hW' XSgfW VW Va``qWe) :We Uagde V�WSg `�qfS`f bSe gf[^[eqe bagd ^S bsUZW VW egTe[efS`UW' UWffW a_[ee[a` ShS[f qfq

bdqeg_qW _[`WgdW Wf eS`e Ua`eqcgW`UWe e[Y`[X[USf[hWe egd ^We Ua`V[f[a`e V�Wjbae[f[a` VWe dqUWbfWgde Wf ^We d[ecgWe bagd ^S eS`fq

Zg_S[`W) EqS`_a[`e' g`W hS^[VSf[a` TSeqW egd g` eg[h[ VW ^S cgS^[fq VW ^�WSg VW egdXSUW VS`e :<- Wf :<. qfS[f dWUa__S`VqW USd

UWdfS[`e dqUWbfWgde qUa^aY[cgWe' UZSeeqe ag fdSbbqe' ea`f egeUWbf[T^We V�k sfdW Wjbaeqe) JW^a` ^S VWeUd[bf[a` Vg bda\Wf SUfgW^' UW ea`f

^We _s_We Uagde V�WSg cg[ dWUWhda`f ^�WXX^gW`f $:<-% ag ^We WSgj VW VdS[`SYW Sbdre ^S dWefSgdSf[a` $:<.%) CW eg[h[ VW ^S cgS^[fq VW

^�WSg VS`e UWe - Uagde V�WSg VW_WgdW Va`U bWdf[`W`f) ;S`e UW Ua`fWjfW' ^W eg[h[ VW ^S cgS^[fq VW ^�WSg VW egdXSUW VS`e :<- Wf :<.

dqba`V n ^S dWUa__S`VSf[a` VW eg[h[ [`V[cgqW VS`e ^�mfgVW Wf Xagd`[dS VW ^�[`Xad_Sf[a` cg[ bagddS[f sfdW gf[^W SVhW`S`f g`W

SgY_W`fSf[a` VWe Ua`UW`fdSf[a`e VW _qfSgj VS`e ^S UZS[d VW Y[T[Wd ScgSf[cgW $Wj) 5 USefad%) :W eg[h[ VWhdS badfWd egd ^We -/ _qfSgj

qhS^gqe VS`e ^�mfgVW $^[efW [`V[cgqW n ^�S``WjW 8 VW ^�SVVW`Vg_%' eW^a` ^S XdqcgW`UW Vq\n bdqhgW)

<` b^ge Vg eg[h[ egd ^S cgS^[fq VW ^�S[d Wf VW ^�WSg' >C:@ XWdS ^W eg[h[ VWe Ua`UW`fdSf[a`e VWe _s_We -/ _qfSgj VS`e ^We _[^[Wgj

V�Wjbae[f[a` [VW`f[X[qe Ua__W ^We b^ge e[Y`[X[USf[Xe VS`e ^�mfgVW' ea[f ^We hqYqfSgj Wf ^S UZS[d VW Y[T[Wd gf[^[eqe Ua__W `agdd[fgdW

fdSV[f[a``W^^W) :W^S bWd_WffdS VW VaUg_W`fWd ^�qha^gf[a` VWe Ua`UW`fdSf[a`e VS`e ^We _[^[Wgj V�[`fqdsf Sg Uagde Vg bda\Wf' Wf VW

Xagd`[d VWe Va``qWe VW cgS^[fq cg[ bWd_Wffda`f' Sg TWea[`' VW hS^[VWd UWdfS[`We ZkbafZreWe VW ^�mfgVW SX[` V�qhS^gWd ShWU b^geVW

bdqU[e[a` ^We d[ecgWe cg[ bagddS[W`f sfdW baeqe bSd UWdfS[`We egTefS`UWe) CWe eg[h[e bdabaeqe ea`f VqUd[fe U[(Sbdre)

— L` bdaYdS__W S``gW^ $g`W US_bSY`W V�qUZS`f[^^a``SYW bSd S``qW% VW eg[h[ VW ^S cgS^[fq VWe b^S`fWe gf[^[eqWe bSd ^S

Ua__g`Sgfq Ud[W Ua__W `agdd[fgdW fdSV[f[a``W^^W Ua__W `agdd[fgdW fdSV[f[a``W^^W' Va`f ^�aT\WUf[X eWdS VW dqbWdfad[Wd fagf

UZS`YW_W`f VS`e ^S fW`Wgd W` _qfSgj Wf V�qhS^gWd ^W bafW`f[W^ VW Ua`fS_[`Sf[a` VW ^S `agdd[fgdW fdSV[f[a``W^^W egd ^W

fWdd[fa[dW h[eq bSd ^W bda\Wf) @^ Wef Va`U bdqhg cgW ^W eg[h[ ea[f dqS^[eq bagd ^We _s_We bSdS_rfdWe $_qfSgj%' VS`e ^We

_s_We WebrUWe $1% Wf VWe qUZS`f[^^a`e eW_T^ST^We $XWg[^^We*S[Yg[^^We' Xdg[fe' TdS`UZWe% n UWgj S`S^keqe VS`e ^W USVdW VW

^�m@< $NJG' -+-,%) @^ Wef Sgee[ bdqhg cgW UW bdaYdS__W ea[f abf[_[eq W` Ua^^STadSf[a` ShWU ^We gf[^[eSfWgde Vg fWdd[fa[dWm

SX[` VW U[T^Wd SVqcgSfW_W`f ^We WebrUWe*f[eege dqW^^W_W`f Ua`ea__qe Wf ^We ^[Wgj VW Ua^^WUfW)

— L` bdaYdS__W cg[`cgW``S^ $, US_bSY`W V�qUZS`f[^^a``SYW Sg 0 S`e% VW eg[h[ VW ^S cgS^[fq VWe f[eege VW Y[T[Wd

egeUWbf[T^We V�sfdW Ua`ea__qe bSd ^S Ua__g`Sgfq Ud[W eWdS _[e W` b^SUW) CWe Ua`UW`fdSf[a`e [`[f[S^We VWhda`f sfdW

VqfWd_[`qWe ShS`f ^W VqTgf VW ^S Ua`efdgUf[a`) CWe ^[_[fWe VW cgS`f[X[USf[a` VWhdS[W`f sfdW Sgee[ XS[T^We cgW baee[T^W)

CS Ua^^STadSf[a` VW ^S Ua__g`Sgfq eWdS dWcg[eW bagd e�SeegdWd cgW ^We qUZS`f[^^a`e ea`f dWbdqeW`fSf[Xe VWe WebrUWe UZSeeqWe

VS`e ^S la`W V�Wjbae[f[a` dSbbdaUZqW' Wf VWe f[eege Ua`ea__qe $Wj) 5 UZS[d' STSfe%) ;S`e ^�m@<' ^We WebrUWe [VW`f[X[qWe Ua__W

bWdf[`W`fWe bagd Wef[_Wd ^�Wjbae[f[a` VWe dqUWbfWgde Zg_S[`e [`U^gS[W`f Zg[f WebrUWe VW _S__[XrdWe. UZSeeqWe ag fdSbbqWe bSd

^We :d[e Wf e[j WebrUWe V�a[eWSgj/ bafW`f[W^^W_W`f UZSeeqe VS`e ^S dqY[a` eq^WUf[a``qWe VW XSpa` n dWbdqeW`fWd ^S V[hWde[fq VWe

_aVWe VW h[W $S^[_W`fSf[a`' _[^[Wg VW h[W bd[`U[bS^% VWe a[eWSgj) ;S`e ^We XS[fe' [^ eWdS V[XX[U[^W' ha[dW [_baee[T^W'

V�qUZS`f[^^a``Wd fagfWe UWe WebrUWe) CWe WXXadfe VWhda`f Va`U badfWd egd ^We b^ge bWdf[`W`fWe' ea[f ^We WebrUWe ^We b^ge

egeUWbf[T^We VW XdqcgW`fWd egd g`W TSeW dqYg^[rdW ^S la`W V�Wjbae[f[a` dSbbdaUZqW Wf*ag bagd ^WecgW^^We VWe bdqaUUgbSf[a`e a`f

qfq Wjbd[_qWe bSd ^S Ua__g`Sgfq $Wj) 5 USefad%) ;We V[eUgee[a`e ShWU ^S Ua__g`Sgfq bWd_Wffda`f V�[VW`f[X[Wd ^We WebrUWe ^W

b^ge bWdf[`W`fWe n dWfW`[d bagd UW eg[h[)

- L`W hWde[a` bdq^[_[`S[dW Vg bdaYdS__W eWdS VqhW^abbqW Wf bdqeW`fqW Sgj Ua__g`Sgfqe V�<Sef_S[`' VW NSe]SYS`[eZ Wf VW NSeiS`[b[ bagd
V[eUgee[a`)

. :Sd[Tag XadWef[Wd' USefad Vg :S`SVS' ^[rhdW SdUf[cgW' ^k`j Vg :S`SVS' _SdfdW V�8_qd[cgW' ad[Y`S^' agde `a[d Wf badU(qb[U V�8_qd[cgW)
/ 9Wd`SUZW Vg :S`SVS' US`SdV `a[d' ^SYabrVW VWe eSg^We' bWf[fW a[W VWe `W[YWe' eSdUW^^W V�Z[hWd Wf fqfdSe Vg :S`SVS)
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Contexte 

@S ^`][]bSc` \wO ^Oa ^`kaS\bk RS PWZO\ RwSOc ^]c` ZwkbO^S RS Q]\ab`cQbW]\' 6WS\ _cwOcQc\
STTZcS\b \S a]Wb ^`kdc ^]c` QSbbS kbO^S% ZS PWZO\ R]Wb \kO\[]W\a W\QZc`S b]ca ZSa Ocb`Sa caOUSa RwSOc
S\ d]Zc[S RwSOc(c\Wbk RS bS[^a #^' Se' ^`kZldS[S\b RwSOc RO\a ZS ZOQ ?O^WaWYO[O% `SXSb RSa SOce
cakSa RS ZwcaW\S RS Pkb]\% USabW]\ RS ZO ^]caaWl`S% `kaS`dS ^]c` ZSa TSce$'

Question 

7][^ZkbS` ZS PWZO\ RwSOc S\ W\QZcO\b ZwkbO^S RS Q]\ab`cQbW]\'

F&779&-0 3

CW T[^S` V�WSg W` bZSeW VW Ua`efdgUf[a` $S``qW (,% Wef bdqeW`fqW n ^S X[YgdW ::<(/2)
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=AD9FAh56=@=G5H=CB 89G GHFI7HIF9G

Contexte 

6WS\ _cS ZS ^`][]bSc` OWb W\RW_ck _cS ZO RWOPOaS \S aS`OWb ^Oa cbWZWakS Q][[S [Obk`WOc RS
Q]\ab`cQbW]\% OcQc\S Se^ZWQObW]\ \wSab T]c`\WS _cO\b Oc RSdS\W` RS ZO RWOPOaS aWbckS RO\a
ZwS[^`SW\bS RS ZO T]aaS Sb Oce STTSba Oaa]QWka'

Sous-question A 

8kQ`W`S ZS RSdS\W` RS ZO RWOPOaS aWbckS RO\a ZwS[^`SW\bS RS ZO T]aaS' 5RdS\O\b _cS QS [Obk`WSZ
RSdOWb mb`S `SbW`k Rc`O\b ZwSe^Z]WbObW]\ [W\Wl`S% RkQ`W`S ZO USabW]\ _cW aS`O \kQSaaOW`S #Z]QOZWaObW]\
Sb QO`OQbk`WabW_cS RS ZwS[^WZS[S\b% USabW]\ RS ZwSOc RS `cWaaSZZS[S\b$ Sb ZSa STTSba _cW ^]c``OWS\b S\
RkQ]cZS` ZS QOa kQVkO\b'

Contexte 

@S ^`][]bSc` \wSe^ZW_cS ^Oa ZO QV`]\]Z]UWS RSa b`OdOce ^]c` ZSa RWTTk`S\ba T]aaka Sb `]cbSa aW ZSa
abk`WZSa RSdOWS\b mb`S cbWZWaka Q][[S [Obk`WOce RS Q]\ab`cQbW]\' @S ^`][]bSc` \wSe^ZW_cS ^Oa
Q][[S\b ZSa `]cbSa aS`OWS\b Q]\ab`cWbSa OZ]`a _cS ZwSe^Z]WbObW]\ RS ZO T]aaS \S aS`O ^Oa S\Q]`S
RkPcbkS'

Sous-question B 

9e^ZW_cS` ZO QV`]\]Z]UWS RSa b`OdOce ^]c` ZSa RWTTk`S\ba T]aaka Sb `]cbSa aW ZSa abk`WZSa RSdOWS\b mb`S
cbWZWaka Q][[S [Obk`WOce RS Q]\ab`cQbW]\' GSZ]\ ZSa W\T]`[ObW]\a T]c`\WSa% ZS RkPcb RS
ZwSe^Z]WbObW]\ RS ZO T]aaS Rw]o ^`]dWS\R`]\b ZSa abk`WZSa Sab cZbk`WSc`S Oce b`OdOce RS Q]\ab`cQbW]\
RSa `]cbSa Sb RSa T]aaka'

Contexte 

5cQc\S W\T]`[ObW]\ ac` ZS ^]bS\bWSZ RS ZWeWdWObW]\(OQWR]Ul\S \W ac` ZSa STTSba Oaa]QWka i
ZwSe^Z]WbObW]\ RSa PO\Qa RwS[^`c\b \wSab ^`kaS\bkS'

Sous-question D 

GW RSa QO``Wl`Sa Sebk`WSc`Sa Oc aWbS a]\b cbWZWakSa% Se^ZW_cS` Q][[S\b ZSc`a [Obk`WOce \S
^`kaS\bS\b ^Oa RS ^]bS\bWSZ RS ZWeWdWObW]\ \W RS ^]bS\bWSZ OQWR]Ul\S' 8kQ`W`S ZSa STTSba
S\dW`]\\S[S\bOce ORRWbW]\\SZa _cS QSZO `S^`kaS\bS`OWb S\ `OWa]\ Rc d]Zc[S RS b`O\a^]`b
ORRWbW]\\SZ ZWk i QSbbS ]^bW]\'

F&779&-15 3

;gdS`f ^�Wjb^a[fSf[a` _[`[rdW' ^S V[STSeW e[fgqW VS`e ^#W_bdW[`fW VW ^S XaeeW eWdS YqdqW Ua__W g` efqd[^W) 8[`e[' W^^W eWdS

W_b[^qW VS`e ^We ZS^VWe n efqd[^We bdqhgWe n UWf WXXWf' fW^ cgW VqUd[f n ^S eWUf[a` /)3 Vg UZSb[fdW / VW ^S VWgj[r_W hWde[a` VW

^#m@< $-+-,% Wf bdqeW`fq n ^S USdfW /(, Wf n ^S X[YgdW /(3 dWbd[eWe [U[) CWe WXXWfe SeeaU[qe ea`f ^We _s_We cgW UWgj VqUd[fe VS`e

^S VWgj[r_W hWde[a` VW ^#m@< Ua`UWd`S`f ^S YWef[a` Vg _[`WdS[' VWe Vqbufe _WgT^We Wf VWe efqd[^We W` bZSeW V�Wjb^a[fSf[a`'

Va`f ^We bd[`U[bSgj ea`f g`W _aV[X[USf[a` bafW`f[W^^W VW ^S cgS^[fq VWe ea^e' VW ^�WSg' VW ^�S[d) Fd' ^We _WegdWe V�Sffq`gSf[a`

bdqhgWe n ^�m@< $fST^WSg 2(0 VW ^S VWgj[r_W hWde[a` VW ^�m@<% Ua`fd[TgWda`f n dqVg[dW ^We WXXWfe S`f[U[bqe) 8gUg`W

_aV[X[USf[a` n ^�qhS^gSf[a` VWe [_bSUfe bdqeW`fqW Sg UZSb[fdW 2 VW ^S VWgj[r_W hWde[a` VW ^�m@< `�Wef `qUWeeS[dW)
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:WUb_S -&1 7\[TWUb_OaW\[ RS` VOYRS` h `aj_WYS`

F&779&-16 3

CS TSeW VWe dagfWe Wf ^We Xaeeqe eWda`f V#STadV XS[fe VW _adf(fWddS[` S[`e[ cgW VW _Sfqd[Sgj bdahW`S`f Vg TS`U V#W_bdg`f Vg

B_ .3, Wf VW ^S USdd[rdW Vg B_ .4/' fage VWgj Vq\n W` Wjb^a[fSf[a`) CWe Ua__g`[USf[a`e ShWU ^S J;9A _W`f[a``W`f cgW ^S

J;9A Vqf[W`f g` TS[^ WjU^ge[X V�Wjb^a[fSf[a` VW egTefS`UW _[`qdS^W VW egdXSUW $9<O `x ,212% $S``WjW ::<(/3%) >S^Sjk XWdS

g`W VW_S`VW VW TS[^ `a` WjU^ge[X bagd ^�Wjb^a[fSf[a` Vg TS`U V�W_bdg`f Vg B_ .3, VS`e g` Vq^S[e dS[ea``ST^W ShS`f ^W VqTgf

VWe fdShSgj)

CWe dagfWe bagdda`f W`eg[fW sfdW S_q^[adqWe Wf q^SdY[We' Sg Xgd Wf n _WegdW cgW ^We efqd[^We eWda`f V[eba`[T^We' ea[f g`W Xa[ecgW

^�Wjb^a[fSf[a` VW ^S XaeeW SgdS VqTgfq)
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9[W` cgW ^W Ua`fWjfW VW ^S eage(cgWef[a` ; dqXrdW n ^�Wjb^a[fSf[a` VWe TS`Ue V�W_bdg`f' ^We Ua__g`[USf[a`e ShWU ^�8:m@ Wf ^W

>E: `age a`f Ua`X[d_q cgW UWffW eage(cgWef[a` Ua`UWd`W b^gfuf ^�Wjb^a[fSf[a` VW USdd[rdWe)

CS USdd[rdW cg[ eWdS gf[^[eqW bagd ^W _Sfqd[W^ VW Ua`efdgUf[a` eW fdaghW Sg B_ .4/) :a__W _W`f[a``q bdqUqVW__W`f' UWffW

USdd[rdW baeerVW ^We Sgfad[eSf[a`e dWcg[eWe $S``WjW ::<(/3% Wf Wef Vq\n W` abqdSf[a`) CWe _Sfqd[Sgj VW ^S USdd[rdW ea`f

Sgfad[eqe n sfdW gf[^[eqe bagd ^S Ua`efdgUf[a` VW dagfWe Wf VW Xaeeqe)

CWe WXXWfe SeeaU[qe n ^#Wjb^a[fSf[a` VW UWffW USdd[rdW' bagd ^S Ua`efdgUf[a` VWe UZW_[`e Wf VWe Xaeeqe Vg bda\Wf' ea`f dW^[qe Sg

fdS`ebadf VW YdS`g^Sfe bSd US_[a`' VW ^S USdd[rdW Sg e[fW Vg bda\Wf' ea[f egd g`W V[efS`UW VW ,. ]_ $-1 ]_ W` Ua_bfS`f ^�S^^Wd(

dWfagd%) 8g fafS^' -4 +++ f VW YdS`g^Sf eWda`f `qUWeeS[dWe bagd ^S Ua`efdgUf[a`' UW cg[ dWbdqeW`fW ^W UZSdYW_W`f V�g` fafS^ VW

412 US_[a`e VW .+ f) CWe fdShSgj `qUWee[fS`f ^W b^ge VW YdS`g^Sfe bdahW`S`f VW ^S USdd[rdW e�qfW`Vda`f egd g`W bqd[aVW

V�W`h[da` / _a[e) CW fdS`ebadf VW YdS`g^Sf dWbdqeW`fWdS Va`U 3 US_[a`e bSd \agd' bW`VS`f g`W bqd[aVW VW / _a[e)

CWe _WegdWe V�Sffq`gSf[a` bdqhgWe n ^S VWgj[r_W hWde[a` VW ^�m@< $fST^WSg 2(0 VW ^�m@<% Ua`fd[TgWda`f n dqVg[dW ^We WXXWfe

S`f[U[bqe dW^[qe Sg fdS`ebadf Wf n ^S U[dUg^Sf[a` egd ^S dagfW 9[^^k(;[S_a`V W` bZSeW VW Ua`efdgUf[a` fW^ cgW VqUd[f Sg UZSb[fdW 2

VW ^S VWgj[r_W hWde[a` VW ^�m@<) 8gUg`W _aV[X[USf[a` n ^�qhS^gSf[a` VWe [_bSUfe bdqeW`fqW Sg UZSb[fdW 2 VW ^S VWgj[r_W

hWde[a` VW ^�m@< `�Wef `qUWeeS[dW)

779&-2 89G7F=DH=CB 8I DFC>9H% Gh@97H=CB 89G 65B7G 8w9ADFIBH

Contexte 

@S ^`][]bSc` O []RWTWk ZS QV]We RSa PO\Qa RwS[^`c\b RS^cWa ZwS\d]W RS ZO RSceWl[S ^O`bWS RS ZO
RSceWl[S RS[O\RS RwW\T]`[ObW]\' =Z W\RW_cS kUOZS[S\b _cS QS`bOW\a QV]We `SabS\b i Q]\TW`[S`' @O
`k^]\aS Rc ^`][]bSc` Oce kZk[S\ba \]\& Q]\Q]`RO\ba RS ZO _cSabW]\ 779&-2 RSd`O bS\W` Q][^bS
RS QSa kZk[S\ba'

@S ^`][]bSc` O k\c[k`k RS TOj]\ Uk\k`OZS QS`bOW\a Q`Wbl`Sa RS akZSQbW]\ RSa PO\Qa RwS[^`c\b% bSZa
ZS bf^S #U`O\cZ][kb`WS$ Sb ZO _cO\bWbk RS [Obk`WOce% ZO RWabO\QS S\b`S ZS PO\Q RwS[^`c\b Sb ZO `]cbS
6WZZf 8WO[]\R OW\aW _cS ZSa ZW[WbSa `SZObWdSa Oce W\T`Oab`cQbc`Sa `]cbWl`Sa' =Z [S\bW]\\S kUOZS[S\b
_cS ^]c` STTSQbcS` c\ QV]We TW\OZ% WZ TOcR`OWb Q]\TW`[S` ZO Q][^]aWbW]\ Sb ZO _cOZWbk RSa Rk^nba%
Zwk^OWaaSc` RSa [Obk`WOce Sb ZS \WdSOc RS ZO \O^^S ^V`kObW_cS' 7S^S\RO\b% ZO akZSQbW]\ RSa PO\Qa
RwS[^`c\b \wO ^Oa kbk Se^ZW_ckS S\ T]\QbW]\ RSa Q`Wbl`Sa aca[S\bW]\\ka'

Sous-question B 

=RS\bWTWS` Sb Se^ZW_cS` ZSa Q`Wbl`Sa RS akZSQbW]\ RSa PO\Qa RwS[^`c\b akZSQbW]\\ka'

Contexte 

5cQc\S XcabWTWQObW]\ \wO kbk T]c`\WS Q]\QS`\O\b ZS QVO\US[S\b Rc QV]We RSa PO\Qa RwS[^`c\b' @Sa
OdO\bOUSa RS QS QVO\US[S\b \w]\b ^Oa kbk ^`kaS\bka ^O` ZS ^`][]bSc`'

Sous-question C 

>cabWTWS` ZwcbWZWaObW]\ RSa PO\Qa RwS[^`c\b akZSQbW]\\ka% Oc ZWSc RSa PO\Qa RwS[^`c\b _cW ]\b kbk
RkQ`Wba Sb O\OZfaka RO\a ZwkbcRS RwW[^OQb ac` ZwS\dW`]\\S[S\b #KGD% ]Qb]P`S +)*1$ Sb ZwkbcRS
Uk][]`^V]Z]UW_cS #5\\SeS 57h9&0 RS KGD% Tkd`WS` +)*2$% S\ Se^ZW_cO\b _cSZa a]\b ZSa
OdO\bOUSa RS QS QVO\US[S\b'
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Contexte

@S ^`][]bSc` \wO ^Oa T]c`\W RwkdOZcObW]\ RSa STTSba S\dW`]\\S[S\bOce S\ T]\QbW]\ RS ZwcbWZWaObW]\
RSa PO\Qa RwS[^`c\b akZSQbW]\\ka'

Sous-question D

ASbb`S i X]c` ZwkdOZcObW]\ RSa STTSba S\dW`]\\S[S\bOce S\ T]\QbW]\ RS ZwcbWZWaObW]\ RSa PO\Qa
RwS[^`c\b akZSQbW]\\ka'

Contexte 

@S ^`][]bSc` \wO ^Oa kdOZck ZwW[^OQb RS ZwcbWZWaObW]\ RSa PO\Qa RwS[^`c\b akZSQbW]\\ka ac` ZO
_cOZWbk RS ZwOW` Oaa]QWk i ZwOcU[S\bObW]\ Rc d]Zc[S RS b`O\a^]`b' 6WS\ _cwWZ a]Wb Q][^`kVS\aWPZS
RS \S ^Oa TOW`S c\ QV]We TW\OZ i QS abORS% ZS ^`][]bSc` R]Wb \kO\[]W\a kdOZcS` ZSa STTSba aSZ]\ c\S
O^^`]QVS ^`cRS\bS' GW ZS ^`][]bSc` \S Q][^bS ^Oa TOW`S c\S kdOZcObW]\ RkbOWZZkS \W c\S [WaS i
X]c` RS ZO []RkZWaObW]\ RS RWa^S`aW]\ RSa Q]\bO[W\O\ba Ob[]a^Vk`W_cSa% WZ R]Wb T]c`\W` c\
O`Uc[S\bOW`S i QSb STTSb'

Sous-question E

hJ5@I9F @w=AD57H 89 @wIH=@=G5H=CB 89G 65B7G 8w9ADFIBH Gh@97H=CBBhG
GIF @5 EI5@=Hh 89 @w5=F 5GGC7=h t @w5I;A9BH5H=CB 8I JC@IA9 89
HF5BGDCFH 9H A9HHF9 t >CIF @5 AC8h@=G5H=CB 89 8=GD9FG=CB 89G
7CBH5A=B5BHG 5HACGD<hF=EI9G' 85BG @5 Bh;5H=J9% >IGH=:=9F'

F&779&-26 3

:a__W _W`f[a``q n ^S dqba`eW ::<(/39' ^W _Sfqd[W^ VW Ua`efdgUf[a` bdah[W`VdS Vg TS`U V#W_bdg`f Vg B_ .3, Wf VW ^S

USdd[rdW Vg B_ .4/' fage VWgj Vq\n W` Wjb^a[fSf[a`) :We VWgj e[fWe a`f qfq UZa[e[e bSdUW cg#[^e ea`f Vq\n W` Wjb^a[fSf[a`' cg#[^e

a`f SeeWl VW _Sfqd[W^ bagd dqba`VdW Sgj TWea[`e VW ^S Ua`efdgUf[a` Vg bda\Wf Wf Ua_bfW fW`g VW ^Wgd bdaj[_[fq bSd dSbbadf Sg

e[fW Vg bda\Wf) ;S`e ^#qhW`fgS^[fq av b^ge VW _Sfqd[W^ qfS[f `qUWeeS[dW eg[fW n ^S Ua`efdgUf[a`' [^ bagddS[f S^ade bdahW`[d V�SgfdWe

TS`Ue V#W_bdg`f ag VW USdd[rdWe bdqUqVW__W`f [VW`f[X[qWe) CWe VW_S`VWe VW bWd_[e `qUWeeS[dWe eWdS[W`f S^ade XS[fWe Sg

_a_W`f abbadfg`' ea[f T[W` ShS`f ^#Wjb^a[fSf[a` V#g` VW UWe e[fWe)

F&779&-27 3

Ma[d ^S dqba`eW Xagd`[W n I(::<(/49)

F&779&-28 3

CW TS`U V#W_bdg`f cg[ eWdS gf[^[eq bagd ^W _Sfqd[W^ VW Ua`efdgUf[a` eW fdaghW Sg B_ .3, Wf Wef Vq\n W` abqdSf[a`) CWe WXXWfe SeeaU[qe

n ^#Wjb^a[fSf[a` VW UW TS`U V#W_bdg`f ea`f egdfagf dW^[qe Sg fdS`ebadf Vg eST^W bSd US_[a` baghS`f bd[`U[bS^W_W`f Ua`fd[TgWd n

_aV[X[Wd ^S cgS^[fq VW ^�S[d) 8g fafS^' ,+ /++ f VW eST^W eWda`f `qUWeeS[dWe bagd ^S Ua`efdgUf[a`' UW cg[ dWbdqeW`fW ^W UZSdYW_W`f V�g`

fafS^ VW .0+ US_[a`e VW .+ f) CWe fdShSgj `qUWee[fS`f Vg _Sfqd[W^ bdahW`S`f Vg TS`U V�W_bdg`f e�qUZW^a``Wda`f egd g`W bqd[aVW

V�W`h[da` / _a[e) 8[`e[' ^W fdS`ebadf VW eST^W bSd US_[a`e eWdS[f V�W`h[da` -+ US_[a`e bSd eW_S[`W' bW`VS`f g`W bqd[aVW VW / _a[e)

Fd' qfS`f Va``q ^We XS[T^We V[efS`UWe n bSdUagd[d bg[ecgW ^W TS`U V#W_bdg`f eW e[fgW n Uufq Vg e[fW Vg bda\Wf' ^W `a_TdW ^[_[fq VW

hakSYWe VW US_[a`e Wf ^W XS[f cgW ^We US_[a`e `#Sgda`f bSe n W_bdg`fWd ^S dagfW 9[^^k(;[S_a`V Wf cg�[^e eW Vqb^SUWda`f n fdre TSeeW

h[fWeeW' ^We WXXWfe dW^[qe Sg fdS`ebadf ea`f Ua`e[Vqdqe bWg e[Y`[X[USf[Xe) ;W b^ge' ^We _WegdWe V�Sffq`gSf[a` bdqhgWe n ^S VWgj[r_W

hWde[a` VW ^�m@< $fST^WSg 2(0 VW ^�m@<% Ua`fd[TgWda`f n dqVg[dW ^We WXXWfe S`f[U[bqe dW^[qe Sg fdS`ebadf W` bZSeW VW Ua`efdgUf[a` fW^ cgW

VqUd[f Sg UZSb[fdW 2 VW ^S VWgj[r_W hWde[a` VW ^�m@<) :We _WegdWe [_b^[cgW`f bd[`U[bS^W_W`f ^�SddaeSYW VWe dagfWe SX[` V�qh[fWd g`W

dW_[eW W` egebW`e[a` Wf ^�q_[ee[a` VW bagee[rdWe S[`e[ cgW ^S dqVgUf[a` VW ^S h[fWeeW VW U[dUg^Sf[a` VWe hqZ[Ug^We) 8gUg`W

_aV[X[USf[a` n ^�qhS^gSf[a` VWe [_bSUfe bdqeW`fqW Sg UZSb[fdW 2 VW ^S VWgj[r_W hWde[a` VW ^�m@< `�Wef Va`U `qUWeeS[dW)
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Ma[d ^S dqba`eW Xagd`[W n I(::<(/4(;) CS _aVq^[eSf[a` VW ^S V[ebWde[a` Sf_aebZqd[cgW `�S bSe qfq _[eW n \agd qfS`f Va``q ^S

UagdfW V[efS`UW bSdUagdgW bSd ^We US_[a`e W`fdW ^W TS`U V�W_bdg`f Wf ^W e[fW Vg bda\Wf' ^W XS[T^W `a_TdW VW hakSYWe VW

US_[a`e fdS`ebadfS`f ^W _Sfqd[W^ W`fdW ^W TS`U V�W_bdg`f Wf ^W e[fW Vg bda\Wf' ^S XS[T^W h[fWeeW n ^ScgW^^W eW Vqb^SUWda`f ^We

US_[a`e qfS`f Va``q cg�[^e `�gf[^[eWda`f bSe ^S dagfW 9[^^k(;[S_a`V S[`e[ cgW ^�SddaeSYW VWe dagfWe cg[ Wef bdqhgW)

779&., EI5@=Hh 89 @w95I% ;9GH=CB 89G 95IL 9B D<5G9 89 F9GH5IF5H=CB% 89
:9FA9HIF9 9H 89 DCGH&:9FA9HIF9

Contexte 

@S ^`][]bSc` \wO ^Oa ^`kaS\bk RS PWZO\ RwSOc ^]c` ZSa kbO^Sa acWdO\b ZwSe^Z]WbObW]\'

Sous-question C 

:]c`\W` c\ PWZO\ RwSOc Sb c\S SabW[ObW]\ RS ZO _cOZWbk RSa SOce ac` ZS aWbS ^S\RO\b ZSa RWTTk`S\bSa
kbO^Sa RS `SabOc`ObW]\% RS TS`[Sbc`S Sb RS ^]ab&TS`[Sbc`S S\ bS\O\b Q][^bS RSa []RWTWQObW]\a RS
b]^]U`O^VWS aWU\WTWQObWdSa Uk\k`kSa ^O` ZwOcU[S\bObW]\ Rc d]Zc[S RSa VOZRSa RS abk`WZSa Sb `kaWRca
Sb RS []`b&bS``OW\% OW\aW _cS ^O` ZwOU`O\RWaaS[S\b RS ZO T]aaS'

Contexte

@Sa [Sac`Sa RS USabW]\ RSa SOce \S a]\b ^Oa ^`kaS\bkSa S\ ]`R`S QV`]\]Z]UW_cS ^]c` QVOQc\S RSa
kbO^Sa RS Rk[O\blZS[S\b Sb RS `SabOc`ObW]\' @S ^`][]bSc` \S Rk[]\b`S ^Oa Q][[S\b ZSa [Sac`Sa
RS USabW]\ RS ZwSOc a]\b ORO^bkSa Oce RkPWba Sb \WdSOce RS _cOZWbk RSa SOce Uk\k`ka ac` ZS aWbS
[W\WS` ^S\RO\b ZwkbO^S RS `SabOc`ObW]\'

Sous-question D

9e^ZW_cS` ZSa [Sac`Sa RS USabW]\ RSa SOce i QVOQc\S RSa kbO^Sa RS Rk[O\blZS[S\b Sb RS
`SabOc`ObW]\% ORO^bkSa Oce RkPWba Sb \WdSOce RS _cOZWbk RSa SOce Uk\k`ka ac` ZS aWbS [W\WS`'

Contexte  

@S ^`][]bSc` \wO ^Oa T]c`\W RS QO`bS WZZcab`O\b Zwkd]ZcbW]\ RSa b`OdOce Sb ZSa []RWTWQObW]\a RSa
W\T`Oab`cQbc`Sa RS USabW]\ RSa SOce ^S\RO\b ZSa kbO^Sa RS `SabOc`ObW]\% RS TS`[Sbc`S Sb RS ^]ab&
TS`[Sbc`S% bSZ _cwWZ Sab a^kQWTWk i ZO a]ca&_cSabW]\ :' @S ^`][]bSc` \S ^`kaS\bS _cwc\S aScZS QO`bS
#-&*+% O^`la ZO `SabOc`ObW]\$% [OWa ZSa Q]c`PSa b]^]U`O^VW_cSa Sb ZSa aS\a RS ZwkQ]cZS[S\b RSa SOce
RS ac`TOQS \wf O^^O`OWaaS\b ^Oa'

Sous-question F  

:]c`\W` RSa QO`bSa ^]c` WZZcab`S` Zwkd]ZcbW]\ RSa b`OdOce RS `SabOc`ObW]\ Sb ZSa []RWTWQObW]\a RSa
W\T`Oab`cQbc`Sa RS USabW]\ RSa SOce Oaa]QWkSa% OW\aW _cS ZSa ^VOaSa RS TS`[Sbc`S Sb RS ^]ab&
TS`[Sbc`S' M W\RW_cS` ZSa Q]c`PSa b]^]U`O^VW_cSa Sb ZS aS\a RS ZwkQ]cZS[S\b RSa SOce RS ac`TOQS'

Contexte  

@S ^`][]bSc` \wO W\QZca OcQc\ ^ZO\ RS acWdW Uk]QVW[W_cS RwkQVO\bWZZ]\a RS abk`WZSa Sb RS `kaWRca'

Sous-question H  

D`kd]W` Sb W\QZc`S c\ ^ZO\ RS acWdW Uk]QVW[W_cS RwkQVO\bWZZ]\a RS abk`WZSa Sb RS `kaWRca _cW Oc`]\b
kbk ^`kZSdka ^S\RO\b ZwSe^Z]WbObW]\ RS ZO [W\S Sb(]c ^S\RO\b ZO `SabOc`ObW]\% OTW\ RS acWd`S
Zwkd]ZcbW]\ RS ZO _cOZWbk RSa SOce RO\a ZO VOZRS RS abk`WZSa Sb `kaWRca' 7SQW ^S`[Sbb`O RS dOZWRS` ZSa
SabW[ObW]\a Sb RwORO^bS` ZS ^ZO\ RS `SabOc`ObW]\ Rc aWbS [W\WS`% Oc PSa]W\'
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Jg[fW n ^S XWd_WfgdW VW ^S _[`W' ^We fdShSgj VW dWefSgdSf[a` Vg e[fW ea`f bdqhge e�qUZW^a``Wd egd fda[e S`e) L` T[^S` V�WSg

_a`fdS`f ^S e[fgSf[a` n ^S X[` VW ^S h[W VW ^S _[`W S[`e[ cgW VWe T[^S`e V�WSg _a`fdS`f ^�qha^gf[a` VW ^S YWef[a` VWe WSgj bSd

S``qW VW dWefSgdSf[a` ea`f bdqeW`fqe Sgj X[YgdWe I(::<(0.(, n I(::<(0.(.) CWe T[^S`e V�WSg a`f qfq dqS^[eqe W` Ua`e[VqdS`f

g` T[^S` V�WSg VW ^�S``qW ,3 bdaVg[f bSd >a^VWd $-+-,S%)

CWe dqe[Vge Wf efqd[^We _[`[Wde ea`f Ua`e[Vqdqe z n d[ecgW XS[T^W { eW^a` ^S ;[dWUf[hW +,4) JW^a` ^We S`S^keWe Wf WeeS[e dqS^[eqe

VS`e ^W USVdW VW ^�m@< $NJG' -+-,%' ^We dqe[Vge Wf efqd[^We ea`f `a` bafW`f[W^^W_W`f Yq`qdSfWgde V�SU[VWe Wf `a` ^[j[h[ST^We n

^a`Y fWd_W) CWe WeeS[e _a`fdW`f cgW ^W dW^SdYSYW VW _qfSgj Wef e[Y`[X[USf[hW_W`f ^[_[fq Wf cgW ^W ^[j[h[Sf dWebWUfW ^We Ud[frdWe

Wf Wj[YW`UWe Sbb^[UST^We $;+,4 Wf I<J% Sbdre W` _akW``W ,- eW_S[`We) 8[`e[' eW^a` ^We dqeg^fSfe VWe WeeS[e W` Ua^a``We

bdqeW`fqe VS`e ^�m@<' [^ Wef SffW`Vg cgW ,- eW_S[`We eg[hS`f ^S XWd_WfgdW VW ^S _[`W' ^W ^[j[h[Sf [eeg VWe ZS^VWe n dqe[Vge Wf

efqd[^We dWebWUfWdS ^S ;+,4' cg�Sbdre -3 eW_S[`We ^We Ud[frdWe VW I<J ea[W`f dWebWUfqe Wf cg�Sbdre g` _Sj[_g_ VW

,3 eW_S[`We ^We Ud[frdWe Vg I<DDD; ea[f dWebWUfqe Ua`e[VqdS`f ^S _[eW n \agd V�aUfaTdW -+-,) GSd Ua`eqcgW`f' ^S cgS^[fq

VWe WSgj Wef \gYqW SVqcgSfW Wf efST^W cgW^cgWe eW_S[`We eg[hS`f ^We VWd`[rdWe qfSbWe VW Vqbae[f[a` VW dqe[Vge Wf efqd[^We egd ^We

ZS^VWe)

;S`e ^W USe av ^S Ua_bae[f[a` YqaUZ[_[cgW VWe efqd[^We' dqe[Vge' Vg _[`WdS[ ag VW ^S daUZW W`US[eeS`fW W`YW`VdS[f g`W

VqYdSVSf[a` VW ^S cgS^[fq Vg ^[j[h[Sf' ^S _[`[rdW bdaUrVWdS n ^S dqh[e[a` Vg Ua`UWbf VW dWefSgdSf[a`)
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F&779&.,8 3

CS YWef[a` VWe WSgj egd ^W e[fW _[`[Wd VW >S^Sjk eW V[h[eW W` VWgj eWUfWgde 5 ^W TSee[` VW YWef[a` VWe WSgj <ef Wf ^W TSee[`

bd[`U[bS^ VW YWef[a` VWe WSgj) CW TSee[` <ef dqUa^fW bd[`U[bS^W_W`f ^We WSgj VW dg[eeW^^W_W`f VW ^S ZS^VW <ef Wf Vg e[fW

[`Vgefd[W^) C�WSg Wef bSd ^S eg[fW ba_bqW hWde ^W TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj) CW TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj

Ua^^WUfW' bagd eS bSdf' fagfWe ^We WSgj VW Ua`fSUf dWefS`fWe Vg e[fW' bd[`U[bS^W_W`f ^�WSg VW dg[eeW^^W_W`f VW egdXSUW bdahW`S`f

VWe SgfdWe ZS^VWe n dqe[Vge Wf efqd[^We $ZS^VW EadV(<ef' JgV(FgWef Wf FgWef%' VW ^S ZS^VW VW _adf(fWddS[`' VWe dagfWe Wf ^�WSgVW

Vq`akSYW VW ^S XaeeW)

5\\kS *

:a__W _W`f[a``q n ^S eage(cgWef[a` :' ^S dWefSgdSf[a` Vg e[fW e�WXXWUfgWdS egd fda[e S`e) ;gdS`f ^S bdW_[rdW S``qW' ^We

[`XdSefdgUfgdWe VW ba_bSYW VW ^S XaeeW eWda`f Vq_S`fW^qWe SX[` VW bWd_WffdW ^�W``a[W_W`f `SfgdW^ VW ^S XaeeW) L`W TWd_W VW

eqUgd[fq Ua_bdW`S`f VWgj VqhWdea[de V�gdYW`UW' g`W TdrUZW S[`e[ cg�g` Xaeeq VW Ua`fdu^W VWe WSgj Sg b[WV VW ^S TWd_W eWda`f

Ua`efdg[fe Sg bagdfagd VW ^S XaeeW) CS TdrUZW e[fgqW n ^�Wjfdq_[fq `adV(agWef VW ^S XaeeW V[d[YWdS ^�WSg Vg Xaeeq hWde ^S XaeeW)

C�W`fdWbuf n Wjb^ae[X Wf ^We Tof[_W`fe VW ^�S[dW [`Vgefd[W^^W eWda`f Vq_S`fW^qe' ^We TSee[`e VW ^�S[dW [`Vgefd[W^^W eWda`f

h[VS`Yqe) CWe TagWe eWda`f V[ebaeqWe VS`e g` ^[Wg V�W`Xag[eeW_W`f Sgfad[eq Wf ^We _W_TdS`We eWda`f dWf[dqe Wf V[ebaeqe SX[`

^[_[fWd ^We WSgj VW Ua`fSUfe Yq`qdqe bSd ^W e[fW) C�LK< eWdS _S[`fW`gW W` abqdSf[a` ^ade VW UWffW bdW_[rdW S``qW VW fdShSgj

SX[` VW bWd_WffdW ^W fdS[fW_W`f VWe WSgj Vg e[fW)

;We US_bSY`We V�qUZS`f[^^a``SYW VWe WSgj eWda`f dqS^[eqWe n g`W XdqcgW`UW T[_Wefd[W^^W' 1 _a[e Sbdre ^S X[` VW ^�Wjb^a[fSf[a`'

Ua`Xad_q_W`f Sgj Wj[YW`UWe VW ^S ;+,4 W` _Sf[rdW VW eg[h[ W` bqd[aVW VW baef(Wjb^a[fSf[a` SX[` V�SeegdWd ^S cgS^[fq VW ^�WSg

egd ^W e[fW Wf n ^�WXX^gW`f X[`S^) Gg[ecgW fagf ^W _[`WdS[ W`fdWbaeq egd ^S ZS^VW n _[`WdS[ SgdS qfq fdS[fq Wf cgW ^We dqe[VgeWf

efqd[^We ea`f Ua`e[Vqdqe `a` bafW`f[W^^W_W`f Yq`qdSfWgde V�SU[VW Wf `a` ^[j[h[ST^We n ^a`Y fWd_W' [^ Wef SffW`Vg cgW ^S cgS^[fq VW

^�WSg e�S_q^[adW Wf eW efST[^[eW Sg Uagde VW ^S bdW_[rdW S``qW)

5\\kS +

Cade VW ^S VWgj[r_W S``qW VWe fdShSgj VW dWefSgdSf[a`' ^We cgSfdW ZS^VWe n dqe[Vge Wf efqd[^We _[`[Wde eWda`f hqYqfS^[eqe Wf'

^adecgW ^S cgS^[fq VWe WSgj [eegWe VWe ZS^VWe eWdS eSf[eXS[eS`fW Wf eg[hS`f ^�SbbdaTSf[a` VWe _[`[efrdWe Ua`UWd`qe' ^We XaeeqeVW

YWef[a` VWe WSgj Sg bagdfagd VWe ZS^VWe eWda`f dW_T^Skqe Wf `[hW^qe) :a__W ^S ZS^VW <ef Wf ^�S[dW [`Vgefd[W^^W eWda`f

dWefSgdqe' g`W TdrUZW VS`e ^S V[YgW `adV Vg TSee[` VW YWef[a` VWe WSgj <ef eWdS WjUShqW SX[` V�W` bWd_WffdW ^S dWefSgdSf[a`) CW

Xa`V VW ^S TdrUZW eWdS dWZSgeeq VW +'0_ n bSdf[d Vg Xa`V Vg TSee[` SX[` VW VqUS`fWd ^We eqV[_W`fe VS`e ^W TSee[` ^g[(_s_W) CS

Xad_W VW ^S TdrUZW eWdS fd[S`Yg^S[dW SX[` VW bagha[d dWefdW[`VdW ^We WSgj VS`e ^W TSee[` VgdS`f g`W UdgW Wf qh[fWd ^�[`a`VSf[a`

W` ShS^)

@^ Wef SffW`Vg cgW ^S dWefSgdSf[a` VWe ZS^VWe V[_[`gWdS Ua`e[VqdST^W_W`f ^W VqT[f VWe WSgj fdS[fqe bSd ^�LK<) CWe WSgj VW

dg[eeW^^W_W`f VWe ZS^VWe Wf VWe Xaeeqe hqYqfS^[eqe e�qUag^Wda`f `SfgdW^^W_W`f hWde ^We Uagde V�WSg :<-' :<. ag :</)

5\\kS ,

Cade VW ^S fda[e[r_W S``qW' g`W TdrUZW eage Xad_W VW VqhWdea[d eWdS Ua`efdg[fW n ^�Wjfdq_[fq `adV(agWef VW ^S XaeeW'

dW_b^SpS`f ^S TdrUZW fW_badS[dW_W`f Ua`efdg[fW n ^�S``qW ,) :Wf aghdSYW bWd_WffdS VW dqYg^Sd[eWd ^W VqT[f V�qUag^W_W`f hWde

^W Uagde V�WSg :<. Wf qh[fWd VW VdS[`Wd g` Xadf VqT[f W` bqd[aVW VW UdgW cg[ bagddS[f Sha[d g` bafW`f[W^ [_bSUf `qYSf[X VS`e ^W

Uagde V�WSg) CS TdrUZW eWdS eage Xad_W VW VqhWdea[d SX[` VW fS_ba``Wd ^�WSg W` S_a`f VW UWffW TdrUZW Wf Sgee[ bagd VqUS`fWd

^We D<J W` S_a`f Vg VqhWdea[d)
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CWe Xaeeqe dWefS`fe eWda`f dW_T^Skqe Wf ^We UZW_[`e Wf S[dWe [`gf[^[eqe eWda`f eUSd[X[qe' hqYqfS^[eqe Wf*ag W`eW_W`Uqe) CadecgW

fage ^We Xaeeqe Wf [`XdSefdgUfgdWe Sgda`f qfq dWefSgdqe' ^W TSee[` VW YWef[a` VWe WSgj bd[`U[bS^ `W eWdS b^ge gf[^[eq) 8[`e[' g`W

TdrUZW eWdS Ua`efdg[fW VS`e ^S V[YgW `adV Wf ^�LK< eWdS Vq_S`fW^qW)

F&779&.,: 3

CS eage(cgWef[a` ; bdqUqVW`fW [`fdaVg[f ^We qfSbWe VW dWefSgdSf[a` Wf VW YWef[a` VWe WSgj bdqhgWe ^ade VWe fdShSgj VW

dWefSgdSf[a` Vg e[fW _[`[Wd VW >S^Sjk) CWe efqd[^We Wf dqe[Vge qfS`f Ua`e[Vqdqe `a`(G>8 Wf `a`(^[j[h[ST^We n ^a`Y fWd_W

$NJG' -+-,%' [^ Wef Ua`e[Vqdq cgW ^S cgS^[fq VWe WSgj `W eWdS b^ge bdaT^q_Sf[cgW g` S` Sbdre ^S X[` VW ^�Wjb^a[fSf[a`) 8[`e[' ^We

[`XdSefdgUfgdWe VW YWef[a` VWe WSgj eWda`f Vq_S`fW^qWe bdaYdWee[hW_W`f Sg Uagde VWe fda[e S``qWe VW dWefSgdSf[a`) 8g Uagde VW

^�S``qW ,' ^We [`XdSefdgUfgdWe VW YWef[a` VWe WSgj VW ^S XaeeW eWda`f Vq_S`fW^qWe) GSd ^S eg[fW' ^We ZS^VWe' Xaeeqe Wf ^W TSee[` VW

YWef[a` VWe WSgj <ef eWda`f dWefSgdqe Wf XWd_qe Sg Uagde VW ^�S``qW -) =[`S^W_W`f' ^W TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj S[`e[

cgW ^�LK< eWda`f XWd_qe Wf Vq_S`fW^qe Sg Uagde VW ^S VWd`[rdW S``qW VW dWefSgdSf[a`) 8gUg` [`XdSefdgUfgdW ag Tof[_W`f `W

eWdS ^S[eeq egd b^SUW ^ade VW ^S bZSeW baef(dWefSgdSf[a`) CWe USdfWe I(::<(0.(, n I(::<(0.(. bdqeW`fW`f ^We qfSbWe VW

dWefSgdSf[a`e bdqhgWe Sgj S``qWe , n .' S[`e[ cgW ^We eW`e V�qUag^W_W`f VWe WSgj VW egdXSUW)
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F&779&.,< 3

CW eg[h[ dqYg^[Wd VW ^�WXX^gW`f X[`S^ dqS^[eq eW^a` ^We dWUa__S`VSf[a`e VW ^S ;[dWUf[hW +,4 egd ^�[`Vgefd[W _[`[rdW bWd_WffdS

V�aTeWdhWd fagf UZS`YW_W`f VS`e ^S cgS^[fq VWe WSgj egd ^W e[fW Sg Uagde VW ^�Wjb^a[fSf[a` VW ^S _[`W) :We Va``qWe

bWd_Wffda`f' Sg X[^ VW ^�Wjb^a[fSf[a`' VW bdqU[eWd ^We _qfZaVWe VW dWefSgdSf[a` W`h[eSYqWe) Jg[fW n ^S XWd_WfgdW VW ^S _[`W' g`

eg[h[ Ua_bdW`VdS 1 US_bSY`We V�qUZS`f[^^a``SYW bSd S``qW VgdS`f ^We U[`c bdW_[rdWe S``qWe cg[ egUUrVW`f ^S XWd_WfgdW

Ua`Xad_q_W`f Sgj Wj[YW`UWe VW ^S ;[dWUf[hW +,4)

| ^S eg[fW V�g` qUZS`YW VW Uagdd[W^e W`fdW >S^Sjk Wf ^�8<@:' ^We dWeba`eST^We VW <::: Wf VW IE:S` a`f Ua`hW`g cgW ^W

eg[h[ YqaUZ[_[cgW VWe efqd[^We Wf VWe dqe[Vge bW`VS`f ^�Wjb^a[fSf[a` `�qfS[f bSe `qUWeeS[dW bg[ecgW ^W ^[j[h[Sf VW fage UWe

_Sfqd[Sgj eWdS V[d[Yq VS`e g` _s_W TSee[`) CW eg[h[ VW ^S cgS^[fq VWe WSgj VW UW TSee[` eWdS[f S[`e[ egXX[eS`f)

779&.0 EI5@=Hh 89 @w95I% 9::=757=Hh 89 @wIG=B9 89 HF5=H9A9BH 89G 95IL

Contexte 

@S ^`][]bSc` \wO T]c`\W OcQc\ RkbOWZ ac` ZwcaW\S RS b`OWbS[S\ba RSa SOce Sb ZO ^S`T]`[O\QS RS QSa
k_cW^S[S\ba'

Sous-question A

8kQ`W`S ^Zca S\ RkbOWZa ZwcaW\S RS b`OWbS[S\b RSa SOce #IH9$% \]bO[[S\b ZSa k_cW^S[S\ba RS
b`OWbS[S\b akZSQbW]\\ka% Sb Rk[]\b`S` ZSc` ^S`T]`[O\QS S\ T]\QbW]\ RSa d]Zc[Sa RwSOc i b`OWbS` Sb
RSa Q]\bO[W\O\ba ^`k]QQc^O\ba% \]bO[[S\b ZS [S`Qc`S Sb ZwO`aS\WQ'

Contexte

@S ^`][]bSc` \wO ^Oa XcabWTWk ZSa Q`Wbl`Sa RS Q]\QS^bW]\ RS Zwc\Wbk RS b`OWbS[S\b RSa SOce bSZ _cwWZ
Sab RS[O\Rk i ZO a]ca&_cSabW]\ 6'

Sous-question B

>cabWTWS` ZSa Q`Wbl`Sa RS Q]\QS^bW]\ RS ZwIH9 S\ Q]\aWRk`O\b ZS \WdSOc RS ZWeWdWObW]\ RSa RkQVSba
[W\WS`a Rc aWbS #[W\S`OW% []`b&bS``OW\% abk`WZSa Sb `kaWRca$ Sb S\ T]\QbW]\ RSa `kacZbOba RS ZO
[]RkZWaObW]\ RS ZO _cOZWbk RSa SOce Sb Rc PWZO\ RwSOc'

F&779&.05 3

GW`VS`f ^S bqd[aVW VW Ua`efdgUf[a` VWe [`XdSefdgUfgdWe VW ^S _[`W' ^We WSgj VW dg[eeW^^W_W`f eWda`f SUZW_[`qWe hWde g` TSee[`

VW YWef[a` VWe WSgj bdre VW ^�g`[fqe VW fdS[fW_W`f VWe WSgj $LK<% Sg `adV(agWef Vg e[fW) L`W bWf[fW ge[`W VW fdS[fW_W`f

$LK<(Ua`efdgUf[a`% eWdS [_b^S`fqW Vre ^W VqTgf VW ^S Ua`efdgUf[a` SX[` V�sfdW W` _WegdW VW Ua`fdu^Wd Wf VW fdS[fWd ^S cgS^[fq VW

^�WSg ShS`f ^W dW\Wf n ^�W`h[da``W_W`f) :WbW`VS`f' bg[ecgW ^�Wjb^a[fSf[a` `W eWdS bSe W`UadW VqTgfqW Wf cgW eWg^e ^We efqd[^We

eWda`f gf[^[eqe n VWe X[` VW Ua`efdgUf[a`' [^ Wef SffW`Vg cgW ^We Ua`fS_[`S`fe eg[hS`fe Va[hW`f sfdW fdS[fqe n UW _a_W`f

$NJG' -+,46 NJG' -+-+% 5

— 8deW`[U

— =Wd

CS USbSU[fq Vg TSee[` VW YWef[a` VWe WSgj bWd_Wf g`W _SdYW VW _S`}ghdW VS`e ^W fW_be YdoUW n eS YdS`VW USbSU[fq

V�SUUg_g^Sf[a`) CWe _Sf[rdWe W` egebW`e[a` $D<J% eWda`f V�S[^^Wgde VqUS`fqWe VS`e ^We TSee[`e fW_badS[dWe ShS`f ^W ba_bSYW

hWde ^W TSee[` VW dqfW`f[a` bd[`U[bS^ ag VS`e UW VWd`[Wd) CW Ua`fdu^W dqYg^[Wd VW ^S cgS^[fq VW ^�WSg eW XWdS n UWf W`Vda[f SX[` VW

VqfWd_[`Wd cgW^ fdS[fW_W`f eWdS Sbb^[UST^W bdqS^ST^W_W`f Sg dW\Wf n ^�W`h[da``W_W`f' ^W USe qUZqS`f)



PLI
GH.,-)-./2.),,
I:@> .2

FBG> => EBMABNF ;:B>)C:F>L
KoIHGL>L :==BMBHGG>EE>L w E: =>NQBzF> =>F:G=> =yBG?HKF:MBHG K>nN> => Ey:@>G<> =$oO:EN:MBHG =$BFI:<M =N

<:G:=: =:GL E> <:=K> => EyoO:EN:MBHG >GOBKHGG>F>GM:E> =N IKHC>M
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CW fdS[fW_W`f VW ^�WSg bdahW`S`f Vg TSee[` VW YWef[a` VWe WSgj eWdS XS[f bSd g`W g`[fq VW fdS[fW_W`f bZke[Ua(UZ[_[cgW ShWU

g`W VqUS`fSf[a` V�g`W USbSU[fq VW .1+ _.*\ Wf g` fdS[fW_W`f VWe TagWe) C�WSg Vg TSee[` VW YWef[a` VWe WSgj eWdS VaeqW ShWU

VW ^S UZSgj Wf Vg UZ^adgdW XWdd[cgW) CS dqSUf[a` UZ[_[cgW W`fdW ^�SdeW`[U Wf ^W UZ^adgdW XWdd[cgW S[`e[ cgW ^S dqSUf[a` W`fdW ^W

XWd Wf ^S UZSgj Xad_W`f VWe bSdf[Ug^We cg[ ha`f bdqU[b[fWd VS`e ^S eWUf[a` VW VqUS`fSf[a` VW ^�g`[fq VW fdS[fW_W`f) CWe TagWe

eWda`f W`eg[fW VqeZkVdSfqWe Wf fdS`ebadfqWe VS`e g`W S[dW VW V[ebae[f[a` egd ^W e[fW) CS bdqeW`UW VW XWd VS`e ^�WSg n fdS[fWd eWdS

Tq`qX[cgW bg[ecgW UWU[ bWd_WffdS ^S Xad_Sf[a` VW UabdqU[b[fqe) C�WXX[USU[fq VW ^�g`[fq VW fdS[fW_W`f n W`^WhWd ^W XWd Wf ^�SdeW`[U

eWdS VW ^�adVdW VW b^ge 30 " bagd ^�SdeW`[U Wf bdre VW 4+ " bagd ^W XWd) :WU[ dqVg[dS ^We Ua`UW`fdSf[a`e V�SdeW`[U Wf VW XWd W`

VWeeage VWe Ua`UW`fdSf[a`e bdWeUd[fWe bSd ^W I<DDD; Wf ^S ;+,4 Vg D<C::)

<` Wjb^a[fSf[a`' ^�ge[`W VW fdS[fW_W`f VqX[`[f[hW $LK<% eWdS qcg[bqW e[_[^S[dW_W`f _S[e ShWU g`W USbSU[fq VW fdS[fW_W`f VW

^�adVdW VW 1'+++ _.*\agd SX[` VW fdS[fWd ^We WSgj _[`[rdWe VW fage ^We eWUfWgde $ZS^VWe n efqd[^We Wf dqe[Vge' ZS^VW n _[`WdS['

WSgj V�WjZSgdW' WfU)% S[`e[ cgW ^We WSgj VW dg[eeW^^W_W`f' Ua^^WUfqWe VS`e ^W TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj) Gagd ^We

D<J' Wf n UWffW qfSbW VW Ua`UWbf[a`' [^ Wef bdabaeq V�gf[^[eWd g` ekefr_W VW fdS[fW_W`f bSd X^aUg^Sf[a` TS^^SefqW $UaSYg^Sf[a`'

X^aUg^Sf[a` Wf _[UdaeST^W% bWd_WffS`f VW bdqU[b[fWd ^We D<J Wf VW ^We dWf[dWd VW ^�WSg) :W ekefr_W aXXdW ^S b^ge YdS`VW

X^Wj[T[^[fq ShWU ^S baee[T[^[fq V�S\agfWd VWe dqSUf[Xe S[VS`f n ^S USbfgdW VWe X[`We bSdf[Ug^We) :We ekefr_We Ua_badfW`f g` ZSgf

`[hWSg V�Sgfa_Sf[eSf[a` Wf V�[`efdg_W`fSf[a` Wf g`W YWef[a` VWe TagWe SUf[hWe ShWU g` X[^fdW(bdWeeW) CWe TagWe SUUg_g^qWe

eWda`f USdSUfqd[eqWe Wf V[ebaeqWe Sgj W`Vda[fe Sgfad[eqe bdqhge egd ^W e[fW)

CWe ^WUfgdWe VW _Sf[rdWe W` egebW`e[a` $D<J%' VW b? Wf VW VqT[f ea`f bd[eWe W` Ua`f[`g bSd VWe [`efdg_W`fe dWVa`VS`fe W`

^[Y`W) CS cgS^[fq VW ^�WSg eWdS _WegdqW cgaf[V[W``W_W`f VS`e ^W ^STadSfa[dW Vg e[fW) C�WXX[USU[fq VW ^�g`[fq VW fdS[fW_W`f n

W`^WhWd ^W XWd Wf ^�SdeW`[U eWdS VW ^�adVdW VW b^ge 30" bagd ^�SdeW`[U Wf bdre VW 4+" bagd ^W XWd) :WU[ dqVg[dS ^We Ua`UW`fdSf[a`e

V�SdeW`[U Wf VW XWd W` VWeeage VWe Ua`UW`fdSf[a`e bdWeUd[fWe bSd ^W I<DDD; Wf VW ^S ;+,4 Vg D<C::)

F&779&.06 3

JW^a` ^We _aVq^[eSf[a`e Wf ^We fWefe WXXWUfgqe egd ^We efqd[^We' dqe[Vge' _[`WdS[ Wf egd ^S cgS^[fq VW ^�WSg $>a^VWd' -+-,T%' [^

SbbWdf cgW ^�WSg [eegW VWe V[XXqdW`fWe ZS^VWe Wf VW ^S XaeeW bagddS[f bdqeW`fWd VWe VqbSeeW_W`fe VWe Ud[frdWe Vg I<DDD;

bagd ^�SdeW`[U $S``WjW ::<(02%)

C�WSg ba_bqW VS`e ^W TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj eWdS S`S^keqW dqYg^[rdW_W`f SX[` VW Ua`X[d_Wd e[ VWe VqbSeeW_W`fe

VWe Ud[frdWe Vg I<DDD; Wf VW ^S ;+,4 ea`f dqW^^W_W`f bdqeW`fe) CWe abqdSfWgde bdW`Vda`f dqYg^[rdW_W`f VWe qUZS`f[^^a`e

bagd sfdW fWefqe bSd g` [`efdg_W`f S`S^keWgd Zade(^[Y`W VWe _qfSgj W` ea^gf[a` Wf hS^[Vq ShWU ^#W`ha[ V#qUZS`f[^^a`e VS`e g`

^STadSfa[dW UWdf[X[q)

8VhW`S`f ^W VqbSeeW_W`f V�g` VWe Ud[frdWe VW eg[h[ VW ^�WSg fdS[fqW' ^�LK< eWdS _[eW W` _aVW dWU[dUg^Sf[a`' fS`f cgW ^We

^WUfgdWe `W ea`f bSe SVqcgSfWe) GW`VS`f UWffW bqd[aVW' ^�WSg eadfS`f Vg ekefr_W VW fdS[fW_W`f eWdS dWfagd`qW bSd g` \Wg VW

hS^hWe Sgfa_Sf[eqWe VS`e ^W TSee[` bd[`U[bS^ VW YWef[a` VWe WSgj b^gfuf cg�n ^�WXX^gW`f) CW bd[`U[bW VW dWU[dUg^Sf[a` Wef gf[^[eq

VS`e b^ge[Wgde e[fWe _[`[Wde' fW^e cgW ^W e[fW VW DWSVaiTS`] VW 8Y`[Ua <SY^W Wf >aaViaaV VW KSfS JfWW^)
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Contexte 

@S ^`][]bSc` W\RW_cS _cS ZS ^`]U`O[[S RS ac`dSWZZO\QS Sb RS acWdW RkbOWZZk aS`O RkdSZ]^^k c\S
T]Wa ZS ^`]QSaaca RS Q]\acZbObW]\ [W\Wabk`WSZZS Q][^Zkbk' 7SbbS `k^]\aS \wSab ^Oa XcUkS
aObWaTOWaO\bS4 ZSa RkbOWZa `SZObWTa i ZO T`k_cS\QS% Oce ZWSce RwkQVO\bWZZ]\\OUS Sb Oce [Sac`Sa
Q]``SQb`WQSa a]\b `S_cWa RO\a ZS QOR`S Rc ^`]QSaaca RwkdOZcObW]\ S\dW`]\\S[S\bOZS'

Sous-question A

D`kQWaS` ZSa Q`Wbl`Sa _cW aS`]\b dWaka ^]c` ZSa A9G Rc`O\b ZSa b`OdOce RS Q]\ab`cQbW]\% ZO
T`k_cS\QS Sb ZSa ZWSce RwkQVO\bWZZ]\\OUS OW\aW _cS ZSa [Sac`Sa Q]``SQb`WQSa _cW aS`]\b O^^ZW_ckSa
S\ QOa RS Rk^OaaS[S\b'

Sous-question B

9e^ZW_cS` Q][[S\b aS`]\b Uk`kSa ZSa SOce RS `cWaaSZZS[S\b ^`]dS\O\b RSa [Obk`WOce RS
Q]\ab`cQbW]\ ZWeWdWOPZSa% bSZa _cS ZSa abk`WZSa% Sb RkQ`W`S ZO ac`dSWZZO\QS Sb ZS acWdW a^kQWTW_cS _cW aS`O
TOWb S\ T]\QbW]\ RSa [kbOce ^`]PZk[ObW_cSa% OW\aW _cS ZSa [Sac`Sa RS Q]``SQbW]\ OTW\ RS awOaac`S`
Rc `Sa^SQb RSa RWa^]aWbW]\a `SZObWdSa i ZO ^`kdS\bW]\ RS ZO ^]ZZcbW]\ RS ZO @]W ac` ZSa ^mQVSa S\ b]cb
bS[^a'
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C�qfgVW V�[_bSUf bdqU[eW ^We SUf[h[fqe VW egdhW[^^S`UW Wf VW eg[h[ VW ^S cgS^[fq VW ^�WSg VW egdXSUW W` bZSeW V�Wjb^a[fSf[a` n^S

eWUf[a` ,+)/),) <` bZSeW VW Ua`efdgUf[a`' ^W bdaYdS__W VW egdhW[^^S`UW VWhdS sfdW qha^gf[X Wf e�SVSbfWd Sgj fdShSgj W` Uagde'

eW^a` ^We V[XXqdW`fWe bZSeWe VW Ua`efdgUf[a`) | UW eg\Wf ^We X[YgdWe /(3 n /(,+ VW ^�qfgVW V�[_bSUf $hWde[a` -% _a`fdW`f

^�qha^gf[a` VWe [`XdSefdgUfgdWe VW YWef[a` VW ^�WSg W` bZSeW VW Ua`efdgUf[a` Vg bdW_[Wd Sg ,-W_a[e)

JW^a` ^W b^S` VW VdS[`SYW bdqhg' ^ade Vg bdW_[Wd _a[e VW Ua`efdgUf[a`' ^We [`XdSefdgUfgdWe VW YWef[a` VW ^�WSg eWda`f Vq\n W`

b^SUW SX[` VW Ua^^WUfWd ^We WSgj VW dg[eeW^^W_W`f VWe egdXSUWe VqUSbqWe) CWe bW`fWe SeegdWda`f g` qUag^W_W`f hWde ^We Xaeeqe

W` Vqfagd`S`f ^We WSgj VW dg[eeW^^W_W`f hWde VWe TSee[`e fW_badS[dWe VW eqV[_W`fSf[a`) :We VWd`[Wde ea`f qYS^W_W`f bdqeW`fqe

egd ^We X[YgdWe /(3 n /(,+ VW ^�<@< cg[ ea`f dWbd[eWe VS`e ^We X[YgdWe I(1+8(, n I(1+8(. b^ge TSe)

:We TSee[`e SY[da`f W` fS`f cgW fdSbbW n eqV[_W`fe) :We fdSbbWe eWda`f [`ebWUfqWe bagd qhS^gWd ^Wgd WXX[USU[fq' _S[e Sgee[ bagd

hS^[VWd ^W TWea[` VW h[VS`YW S``gW^) CWe efSf[a`e VW eg[h[ VW ^S cgS^[fq VW ^�WSg eWda`f bae[f[a``qWe W` ShS^ VWe TSee[`e VW

eqV[_W`fSf[a` $ba[`fe VW Uag^Wgd adS`YW egd ^We X[YgdWe I(1+8(, n I(1+8(.%' ShS`f ^Wgd dW\Wf n ^�W`h[da``W_W`f' ^W USe

qUZqS`f)

Kda[e bSdS_rfdWe a`f qfq dWfW`ge W` Xa`Uf[a` VWe d[ecgWe VW VqYdSVSf[a` VW ^S cgS^[fq VW ^�WSg Vg dqeWSg b^gh[S^ 5 ^We _Sf[rdWe

W` egebW`e[a` $D<J%' ^We ZkVdaUSdTgdWe bqfda^[Wde Wf ^W b?) CWe bSdS_rfdWe Wf ^We Ud[frdWe n dWebWUfWd' f[dqe VWe `ad_We W`

h[YgWgd' ea`f [`V[cgqe Sg fST^WSg I1+)
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EafW 5 CWe efSf[a`e V�qUZS`f[^^a``SYW bdabaeqWe ea`f [VW`f[X[qWe W` adS`YW)

:WUb_S E&779&/)5&* ?\QOYW`OaW\[ RS` `aOaW\[` RojQVO[aWYY\[[OUS S[ ]VO`S Q\[`a_bQaW\[ #*S_Z\W`$

EafW 5 CWe efSf[a`e V�qUZS`f[^^a``SYW bdabaeqWe ea`f [VW`f[X[qWe W` adS`YW)

:WUb_S E&779&/)5&+ ?\QOYW`OaW\[ RS` `aOaW\[` RojQVO[aWYY\[[OUS S[ ]VO`S Q\[`a_bQaW\[ #,SZ\W`$
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EafW 5 CWe efSf[a`e V�qUZS`f[^^a``SYW bdabaeqWe ea`f [VW`f[X[qWe W` adS`YW)

:WUb_S E&779&/)5&, ?\QOYW`OaW\[ RS` `aOaW\[` RojQVO[aWYY\[[OUS S[ ]VO`S Q\[`a_bQaW\[ #*+SZ\W`$

GOPYSOb E&779&/) CO_OZka_S` Sa Q_Wak_S` RS ^bOYWaj RS YoSOb RS _bW``SYYSZS[a _SXSajS

C5E5@pGE9 7E=GpE9 m E9FC97G9E :EgDH9A79 89F @9FHE9F

FUh]sfY Yb gigdYbg]cb %F>L& 1, a[+E FYbgiY``YaYbh Yb drf]cXY `]VfY XY [`UWY. g] ib fY^Yh p
`yYbj]fcbbYaYbh Ygh dfrji

AlXfcWUfVifYg drhfc`]Yfg %<-,)<1,&
- . a[+E

dA- 2 p 5(1

, GSdS_rfdWe _Wegdqe cg�W` USe VW VqhWdeW_W`f SUU[VW`fW^)

- :WffW XdqcgW`UW bagddS[f sfdW _aVg^qW W` Xa`Uf[a` V�qhr`W_W`fe bSdf[Ug^[Wde)

C�[`ebWUf[a` VWe ba[`fe VW Ua`fdu^W Sgj TSee[`e VW eqV[_W`fSf[a` eWdS WXXWUfgqW ZWTVa_SVS[dW_W`f Wf ^�qUZS`f[^^a``SYW VWe

efSf[a`e [VW`f[X[qWe eWdS WXXWUfgq _W`egW^^W_W`f \gefW W` S_a`f VWe ba[`fe VW dW\Wfe' W` bqd[aVW ^[TdW VW Y^SUW eWg^W_W`f)

CS XdqcgW`UW VWe qUZS`f[^^a``SYWe eWdS VqbW`VS`fW VWe fdShSgj W` Uagde Wf VWe Ua`V[f[a`e U^[_Sf[cgWe) :WffW XdqcgW`UW

bagddS[f Va`U sfdW _aVg^qW W` Xa`Uf[a` V�qhr`W_W`fe bSdf[Ug^[Wde dWcgqdS`f g` qUZS`f[^^a``SYW b^ge XdqcgW`f \gecg�Sg

dqfST^[eeW_W`f VWe Ua`V[f[a`e V�abqdSf[a`e `ad_S^We) <` WXXWf' ^ade VW fdShSgj SkS`f g` bafW`f[W^ VW VqYdSVWd ^S cgS^[fq VW

^�WSg ag VW Yq`qdWd VWe bSdf[Ug^We VS`e ^�WSg VW egdXSUW ag ^ade VW XadfWe b^g[We' ^S XdqcgW`UW bagddS[f sfdW SgY_W`fqW)

:a`UWd`S`f ^We bSdS_rfdWe ZkVdaUSdTgdWe Wf b?' UWe bSdS_rfdWe eWdS[W`f _Wegdqe Wf eg[h[e eWg^W_W`f W` USe VW Xg[fWe ag

VqhWdeW_W`f SUU[VW`fW^ Wf UW' \gecg�n UW cgW ^We _WegdWe VW Ua`fdu^W S[W`f Vq_a`fdq ^Wgd WXX[USU[fq) CS XdqcgW`UW bagddS[f sfdW

V[_[`gqW e[ SgUg`W bdaT^q_Sf[cgW `�Wef VqfWUfqW Wf e�[^ Wef hS^[Vq cgW ^We _WegdWe W` b^SUW W_bsUZW`f fagf VqbSeeW_W`f VWe

Ua`UW`fdSf[a`e VWe bSdS_rfdWe _Wegdqe)
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CW _Sfqd[W^ efqd[^W cg[ eWdS WjfdS[f bagd eWdh[d n ^S Ua`efdgUf[a` VWe UZW_[`e Wf See[eWe Vg e[fW S qfq UZa[e[ VW XSpa` n _[`[_[eWd

^S V[efS`UW VW fdS`ebadf _S[e qYS^W_W`f VS`e g` eWUfWgd av ^We Y`W[ee dgTS`qe ea`f _a[`e bdqeW`fe)

CWe fdShSgj eWda`f WXXWUfgqe eW^a` ^S eqcgW`UW eg[hS`fW 5

* ;S`e g` bdW_[Wd fW_be' g`W UagUZW VW . n / _ VW _adf(fWddS[` eWdS WjUShqW egd g`W egdXSUW V�W`h[da` 00+ _ j 0+ _

^aUS^[eqW egd TadV VW ^S XgfgdW XaeeW $USdfW I(::<(1+9(,%) :W _Sfqd[W^ eWdh[dS n fdSUWd ^We UZW_[`e VW bq`qfdSf[a` $W`

dagYW egd ^S USdfW I(::<(1+9(,%)

+ <`eg[fW' g` TSee[` VW -+ +++ _. eWdS UdWgeq egd ^S ba[`fW z Wef { Vg Xgfgd TSee[` bd[`U[bS^ VW Ua^^WUfW VWe WSgj) :W ^[Wg Wef

SdY[^Wgj' ^W TSee[` eWdS Va`U qfS`UZW)

, L`W ge[`W VW fdS[fW_W`f VW ^�WSg' ebqU[X[cgW Sgj TWea[`e VW ^S bqd[aVW VW Ua`efdgUf[a` $LK< VW Ua`efdgUf[a`% eWdS

S_q`SYqW VS`e g` Ua`fW`Wgd' n Uufq Vg TSee[`) :WffW ge[`W' V�g`W USbSU[fq VW ,0 _. bSd ZWgdW fdS[fWdS ^�SdeW`[U Wf ^W XWd

bagd dqba`VdW Sgj Ud[frdWe VW ^S ;+,4 Wf Vg I<DDD;)

- CW ^[Wg dWfW`g bagd ^We efqd[^We VW Ua`efdgUf[a` eWdS Vk`S_[fq $USdfW I(::<(1+9(,%) 8g fafS^' g` ha^g_W VW 3++ +++ _.

eWdS USeeq n ^�[`fqd[Wgd V�g`W egdXSUW VW / ZWUfSdWe) L` ha^g_W VW .-+ +++ _. eWdS Ua`USeeq' W` VWgj qb[eaVWe' bg[e

Vqb^SUq egd g`W la`W VW .20 _ j ,-0 _ $/1 320 _-%' UW[`fgdqW V�g`W TWd_W bagd k sfdW ^Wee[hq) :WffW S[dW VW efaU]SYW

bagd ^We efqd[^We Ua`USeeqe $ShWU S`Y^W VW dWbae VW .0x% bagddS XSU[^W_W`f dWUWha[d ^We VWgj qb[eaVWe VW ,1+ +++ _.VW

_Sfqd[W^ bagd ^Wee[hSYW) CWe WSgj VW VdS[`SYW VW ^S la`W UW[`fgdqW V�g`W TWd_W eWda`f Ua^^WUfqWe VS`e g` TSee[`

fW_badS[dW VW 0++ _. Wf ba_bqWe hWde ^W TSee[` bd[`U[bS^ ha[e[` VW ^�LK< VW Ua`efdgUf[a`)

. CW dqe[VgW^ VWe efqd[^We USeeqe' UaddWeba`VS`f n g` ha^g_W VW /3+ +++ _.' eWdh[dS Sgj See[eWe VWe dagfWe) :We efqd[^We

eWda`f ^Wee[hqe [` e[fg) CWe WSgj VW ^Wee[hSYW eWda`f qYS^W_W`f Ua^^WUfqWe n ^�S[VW VW TWd_We VS`e ^W TSee[` fW_badS[dW'

V[d[YqWe Sg TSee[` bd[`U[bS^ bg[e n ^�LK< VW Ua`efdgUf[a`) @^ Wef n `afWd cgW ^W e[fW Vk`S_[fq `W Xad_WdS bSe g`W XaeeW

_S[e b^gfuf g`W Ua^^[`W fda`cgqW)

CW ^[j[h[Sf Ua^^WUfq eWdS USdSUfqd[eq ShS`f Wf Sbdre ea` fdS[fW_W`f n ^�LK< VW Ua`efdgUf[a`)

JW^a` ^W _aVr^W YqaUZ[_[cgW dqS^[eq W` -+-,' [^ Wef bdqhg' W` VqTgf VW ^Wee[hSYW' cgW ^W ^[j[h[Sf Ua`f[W``W VWe _qfSgj V[eeage

$9S' 8Y' 8e' :g' =W' D`' ?Y' GT Wf Q`% W` Ua`UW`fdSf[a` egbqd[WgdW Sg Ud[frdW VW dqegdYW`UW VWe WSgj eagfWddS[`We' cgW ^S

Ua`UW`fdSf[a` W` SdeW`[U ea[f Sg(VWeege VW ^S `ad_W Vg I<DDD; Wf cgW ^S Ua`UW`fdSf[a` W` XWd ea[f Sg(VWeege Vg Ud[frdW VW

^S ;+,4) KS`f cgW ^We WSgj VW ^Wee[hSYW `W dWebWUfWda`f bSe ^W I<DDD; ag ^S ;+,4' W^^We eWda`f dWfW`gWe VS`e ^W TSee[`)

<`X[`' [^ Wef [_badfS`f VW `afWd cgW ^W VWe[Y` VW_WgdW bdq^[_[`S[dW Wf cg�g` VWe[Y` X[`S^ eWdS bdqeW`fq ^ade VW ^S VW_S`VW VW

UWdf[X[USf V�Sgfad[eSf[a` VW Ua`efdgUf[a`)
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Contexte 

@S ^`][]bSc` \wO T]c`\W OcQc\S W\T]`[ObW]\ `SZObWdS i ZO _cSabW]\ 779&. RO\a ZwkbcRS RwW[^OQb
`kdWakS% OZ]`a _cwWZ ZwOdOWb TOWb RO\a aO `k^]\aS b`O\a[WaS S\ XcW\ +)+)' @S ^`][]bSc` R]Wb STTSQbcS`
c\S [WaS i X]c` RS ZO `k^]\aS b`O\a[WaS S\ XcW\ +)+) S\ T]\QbW]\ RS Zw]^bW[WaObW]\ RS
ZwO[k\OUS[S\b Rc aWbS [W\WS` ]c XcabWTWS` ^]c`_c]W QS \wSab ^Oa\kQSaaOW`S'

Question

8kbS`[W\S`% ^]c` QVOQc\S RSa Sa^lQSa OdWOW`Sa [WU`Ob`WQSa _cW a]\b acaQS^bWPZSa RwcbWZWaS` ZSa
[WZWSce Vc[WRSa #W\QZcO\b ZSa Sa^lQSa OdWOW`Sa S\ ^k`WZ$% ZS \][P`S RS Q]c^ZSa \WQVSc`a #[]fS\ Sb
[OeW[c[$ ^O` VSQbO`S _cW aS`]\b OTTSQbka ^O` ZO ^S`bS RS QVOQc\S RSa U`O\RSa QObkU]`WSa RS
[WZWSce Vc[WRSa OW\aW _cS ZO ac^S`TWQWS ^S`RcS RS QVOQc\S RS QSa QObkU]`WSa'
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@O `k^]\aS i ZO _cSabW]\ 779&. T]c`\WS S\ +)+) Sab `S^`WaS QW&POa% S\ f W\QZcO\b ZSa R]\\kSa i X]c` ac` ZSa ac^S`TWQWSa

RS [WZWSce Vc[WRSa ^`kaS\ba RO\a ZO g]\S RwkbcRS Sb b]cQVka ^O` ZS ^`]XSb'

<` UW cg[ Ua`UWd`W ^We WebrUWe egeUWbf[T^We V�gf[^[eWd ^We _[^[Wgj Zg_[VWe' ^We Va``qWe dqUa^fqWe VS`e ., efSf[a`e W` -+,2 a`f

qfq gf[^[eqWe Wf U^SeeqWe VS`e fda[e fkbWe VW _[^[Wgj Zg_[VWe) :We VWd`[Wde ea`f ^We fagdT[rdWe aghWdfWe $` 7 ,4%' ^We fagdT[rdWe
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av ^We qd[USUqWe Va_[`W`f) Gagd UW cg[ Wef Vg _Wd^W V�8_qd[cgW' UW^g[(U[ `[UZW VS`e g`W hSd[qfq V�ZST[fSf $MS`VWdZaXX Wf
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cg[eUS^We dag[^^Wgj bagddS[W`f sfdW [_bSUfqe bSd ^W bda\Wf' e[ ^�a` Ua`e[VrdW ^�W`eW_T^W VWe _[^[Wgj Zg_[VWe [`hW`fad[qe

$fST^WSg I(::<(0(.%)
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Contexte 

7]\QS`\O\b ZO a]ca&_cSabW]\ 5% ZO QO`bS /&*/ RS ZwkbcRS RwW[^OQb `kdWakS \wW\QZcb ^Oa RS g]\S
bO[^]\ RS .)) [lb`Sa' @S ^`][]bSc` R]Wb OX]cbS` c\S g]\S bO[^]\ RS .)) [lb`Sa i ZO QO`bS'

Sous-question A

8kQ`W`S Sb QO`b]U`O^VWS`% RO\a ZO g]\S RwW\TZcS\QS% ZSa VOPWbOba _cW ^`kaS\bS\b ZSa QO`OQbk`WabW_cSa
PW]^VfaW_cSa RSa VOPWbOba VWdS`\Oce T`k_cS\bka ^O` ZS QO`WP]c RSa P]Wa #FO\UWTS` bO`O\Rca
QO`WP]c$% ^]^cZObW]\ P]`kOZS #QO`WP]c P]`kOZ$% ^]c` OQQ][^ZW` aSa ^`]QSaaca dWbOce k\c[k`ka i
ZwO\\SeS < Rc ^`]U`O[[S RS `kbOPZWaaS[S\b RS ZwSa^lQS #9\dW`]\\S[S\b 7O\ORO% +)*+$'

Contexte

7]\QS`\O\b ZO a]ca&_cSabW]\ 6% ZO `k^]\aS Rc ^`][]bSc` b`O\a[WaS S\ XcW\ +)+) Sab RWTTk`S\bS Sb
^Zca Q][^ZlbS _cS QS _cW Sab ^`kaS\bk RO\a ZwkbcRS RwW[^OQb `kdWakS' @S ^`][]bSc` R]Wb STTSQbcS`
c\S [WaS i X]c` RS ZO `k^]\aS b`O\a[WaS S\ XcW\ +)+) S\ f W\bkU`O\b ZSa []RWTWQObW]\a Oaa]QWkSa i
Zw]^bW[WaObW]\ RS ZwO[k\OUS[S\b Rc aWbS [W\WS`'

Sous-question B

t ZO Zc[Wl`S RS ZO QO`b]U`O^VWS ^`]RcWbS S\ 5% _cO\bWTWS` ZSa ^S`bSa RwVOPWbOba VWdS`\Oce
^]bS\bWSZZSa ZWkSa Oc ^`]XSb% OW\aW _cS ZSa ^S`bSa ^]bS\bWSZZSa Oaa]QWkSa i ZO g]\S bO[^]\ Sb `kdWaS`
ZwO\OZfaS RSa STTSba `kaWRcSZa Rc ^`]XSb ac` ZS QO`WP]c P]`kOZ'

F&779&**5 3

CWe ZST[fSfe cg[ bdqeW`fW`f ^We USdSUfqd[ef[cgWe T[abZke[cgWe VWe ZST[fSfe Z[hWd`Sgj XdqcgW`fqe bSd ^W USd[Tag VWe Ta[e

q`g_qdqe n ^�S``WjW ? Vg bdaYdS__W VW dqfST^[eeW_W`f VW ^�WebrUW $<`h[da``W_W`f :S`SVS' -+-+% a`f qfq VqUd[fWe n ^S

eWUf[a` 1).)-), VW ^S VWgj[r_W hWde[a` VW ^�m@<)

CS USdfW 1(,1 VW ^S VWgj[r_W hWde[a` VW ^�m@<' bdqeW`fqW [U[' S qfq _aV[X[qW SX[` V�k [`U^gdW g`W la`W fS_ba` VW 0++ _)
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CW fST^WSg 1(.. bdqeW`fq VS`e ^S VWgj[r_W hWde[a` VW ^�m@< `W fW`S[f bSe Ua_bfW VWe VWd`[rdWe _aV[X[USf[a`e dW^[qWe n

^�abf[_[eSf[a` Vg bda\Wf) :We egbWdX[U[We a`f qfq dWUS^Ug^qWe Wf bdqeW`fqWe Sg fST^WSg 1(.. U[(TSe' n bSdf[d VW ^S la`W

V�[`X^gW`UW VW 0++ _ Sgfagd VWe [`XdSefdgUfgdWe VW ^S _[`W' bdqeW`fqWe n ^S USdfW VW ^S eage(cgWef[a` 8) CWe _aV[X[USf[a`e Sg

fWjfW VW ^S VWgj[r_W hWde[a` VW ^�m@< $bdqeW`fq W` [fS^[cgW b^ge TSe% a`f qYS^W_W`f qfq WXXWUfgqWe' Wf _[eWe W` YdSe)

GOPYSOb /&,, 5[OYe`S RS` VOPWaOa` ]\aS[aWSY S[ ]j_W\RS VWcS_[OYS Sa RS ZW`S&PO` Rb QO_WP\b P\_jOY RO[` YO ]\_aW\[

RS YO f\[S RoW[TYbS[QS RS YO ZW[S ]_\XSajS Sa V\_` RS` ]S_ab_POaW\[` O[aV_\]W^bS` ]S_ZO[S[aS`

ZONE D'INFLUENCE (1066,3 HA) 

Total perturbé (feu) non perturbé 

ha % ha % ha % 

Habitat potentiel en période hivernale 

Pessière noire à lichen 42,55 3,99 0,12 0,01 42,43 3,98 

Pessière noire à mousse 1,21 0,11 1,21 0,11 

Pinède grise 10,65 1,00 1,33 0,12 9,32 0,87 

Tourbière boisée 193,56 18,15 4,01 0,38 189,55 17,78 

Dénudé sec 17,93 1,68 9,52 0,89 8,41 0,79 

Emprise boisé 3,59 0,34 0,44 0,04 3,15 0,30 

Sous-total 269,49 25,27 15,43 1,45 254,07 23,83 

Habitat potentiel de mise-bas, de post mise-bas et de rut 

Tourbière arbustive 164,64 15,44 10,08 0,95 154,56 14,49 

Tourbière ouverte 368,79 34,59 109,56 10,27 259,23 24,31 

Emprise tourbière ouverte ombrotrophe 3,75 0,35 0,09 0,01 3,66 0,34 

Sous-total 537,17 50,38 119,73 11,23 417,45 39,15 

Total habitat potentiel annuel 806,66 75,65 135,16 12,68 671,52 62,98 

Autres groupements non retenus comme habitat potentiel 

Lac ou mare 12,94 1,21 1,10 0,10 1,10 0,10 

Affleurement rocheux 53,55 5,02 52,87 4,96 0,68 0,06 

Anthropique 22,71 2,13 18,23 1,71 18,23 1,71 

Arbustaie 154,38 14,48 114,83 10,77 39,55 3,71 

Aulnaie crispée 7,66 0,72 3,44 0,32 3,44 0,32 

Brûlis 8,34 0,78 1,23 0,12 7,11 0,67 

Emprise littorale 0,06 0,01     0,06 0,01 

Sous-total 259,64 24,35 191,70 17,98 70,17 6,58 

1066,30 100,00 326,86 30,65 741,69 69,56 



PLI
GH.,-)-./2.),,
I:@> 00

FBG> => EBMABNF ;:B>)C:F>L
KoIHGL>L :==BMBHGG>EE>L w E: =>NQBzF> =>F:G=> =yBG?HKF:MBHG K>nN> => Ey:@>G<> =$oO:EN:MBHG
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;S`e ^S la`W V�[`X^gW`UW VW ^S _[`W bda\WfqW Wf Zade VWe bWdfgdTSf[a`e S`fZdab[cgWe bWd_S`W`fWe' ^W _[^[Wg n ^�qfSf `SfgdW^

$eS`e bWdfgdTSf[a`% Wef Ua`ef[fgq V�q^q_W`fe T[abZke[cgWe `W dqba`VS`f bSe n VWe Ud[frdWe V�ZST[fSf n YdS`VW qUZW^^W bagd ^W

USd[Tag TadqS^ VS`e g`W fdre YdS`VW bdabadf[a`) :WffW e[fgSf[a` Wef Ua__g`W n ^�qUZW^^W Vg bSkeSYW W` bqd[bZqd[W Vg bda\Wf

_[`[Wd) ;S`e ^�W`eW_T^W' ^W fWdd[fa[dW bdqeW`fW fdre bWg VW dW^[WX _a`fSY`Wgj ag fWddS[`e a`Vg^qe XShad[eS`f' `afS__W`f'

^�ZST[fSf Z[hWd`S^ Vg USd[Tag TadqS^)

Les habitats à grande échelle sont très fragmentés et représentent généralement des îlots de faibles superficies de pressière 

noire à lichens et des tourbières boisées. Leur répartition spatiale ne répond pas, notamment, au critère de grande étendue 

de forêts contiguës pour représenter un habitat hivernal pour le caribou boréal. De plus, le relief de la zone est 

généralement uniforme. Nous pouvons donc considérer qu’il n’y a aucun habitat potentiel pour la période hivernale pour 

le caribou boréal dans l’empreinte de la mine ni dans sa zone d’influence de 500 m.  

Toujours dans la portion de la zone d’influence de la mine projetée et hors des perturbations anthropiques permanentes, 

les proportions des habitats à grande échelle couvrent 269,49 ha, soit 25,3 % de la zone d’influence. De cette superficie, 

15,4 ha, soit 1,5 % de la zone d’influence, ont été affectés par des feux récents. Les superficies de ces habitats à grande 

échelle, non perturbés par les feux récents, couvrent donc 254,1 ha, soit 23,8 % de la zone d’influence non perturbée par 

les éléments anthropiques permanents.

Concernant les tourbières arbustives et ouvertes qui pourraient représenter des habitats utilisés en période de mise bas, de 

poste mise bas et de rut, elles couvrent respectivement 164,6 et 368,8 ha, soit 15,4 % et 34,6 % de la zone d’influence de la 

mine projetée non perturbée par les éléments anthropiques permanents. De ces tourbières, une proportion de 11,2 % de la 

zone d’étude a été affectée par des feux récents. Ainsi, les superficies de ces tourbières non affectées par les feux 

représentent au total 417,5 ha, soit 39,2 % de la zone d’influence de la mine non soumise aux perturbations anthropiques.  

L’habitat de mise bas disponible dans la zone d’influence du projet offre actuellement une très faible probabilité d’être 

sélectionné par les femelles au cours de cette période, d’autant plus que ce type de milieu (tourbières arbustives ou 

ouvertes) est très commun, à proximité de l’empreinte du projet et également à l’échelle de la région de la Baie-James.  

Gagd UW cg[ Wef VW ^�W_bdW[`fW VW ^S _[`W' ^We bWdfWe V�ZST[fSfe bafW`f[W^e W` bqd[aVW Z[hWd`S^W' USgeqWe bSd ^�W_bdW[`fW Vg

bda\Wf [`U^gS`f g`W la`W fS_ba` VW 0+ _rfdWe Sgfagd VWe [`XdSefdgUfgdWe' eW UZ[XXdW`f n ,-3'0 ZS $fST^WSg I(::<(,,(,%) <`

dWf[dS`f ^We egbWdX[U[We bWdfgdTqWe bSd ^W XWg' UW ea`f X[`S^W_W`f ,,3'4 ZS VW bWdfWe V�ZST[fSfe bafW`f[W^e W` bqd[aVW Z[hWd`S^W

cg[ eWda`f SXXWUfqe) 8g fafS^' -,. ZS VW fagdT[rdWe SdTgef[hWe Wf aghWdfWe ea`f qYS^W_W`f SXXWUfqe bSd ^�W_bdW[`fW VW ^S _[`W)

@^ Wef baee[T^W VW dWfW`[d cgW' VS`e g`W SbbdaUZW fdre Ua`eWdhSfd[UW $VW bdqUSgf[a`%' ^W bda\Wf USgeWdS g`W bWdfgdTSf[a`

SVV[f[a``W^^W VW 12,'0 ZS V�ZST[fSf bagd ^W USd[Tag TadqS^ VS`e ^S la`W V�[`X^gW`UW VW ^S _[`W bda\WfqW' W` k [`U^gS`f ^We

fagdT[rdWe SdTgef[hWe Wf aghWdfWe) ;W UWffW egbWdX[U[W' W`h[da` -43', ZS eWdS[W`f SeeaU[qe n g`W S^fqdSf[a` VS`e ^�W_bdW[`fW VW

^S _[`W bda\Wfq)

CWe egbWdX[U[We [VW`f[X[qWe VS`e ^S la`W V�[`X^gW`UW S[`e[ cgW VS`e ^�W_bd[eW VW ^S _[`W' `W _aV[X[W`f bSe ^�S`S^keW VWe WXXWfe

dqe[VgW^e Vg bda\Wf egd ^W USd[Tag XadWef[Wd' `[ UW^g[ VWe WXXWfe Ug_g^Sf[Xe' fW^ cgW bdqeW`fqe Sg UZSb[fdW 2 Wf 3 VW ^S VWgj[r_W

hWde[a` VW ^�m@<)
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GOPYSOb E&779&**&* 5[OYe`S RS` VOPWaOa` ]\aS[aWSY` S[ ]j_W\RS VWcS_[OYS Sa RS ZW`S&PO` Rb QO_WP\b P\_jOY RO[` YO

]\_aW\[ RS YoSZ]_SW[aS RS YO ZW[S ]_\XSajS Sa V\_` RS` ]S_ab_POaW\[` O[aV_\]W^bS` ]S_ZO[S[aS`

9@CE9=AG9 89 ?5 @=A9 #--2%12$

G\aOY ]S_ab_Pj #TSb$ [\[ ]S_ab_Pj

\U # \U # \U #

<OPWaOa ]\aS[aWSY S[ ]j_W\RS VWcS_[OYS

IYgg]sfY bc]fY p `]W\Yb -4(-. 0(,/ -4(-. 0(,/

IYgg]sfY bc]fY p aciggY

I]bsXY [f]gY -(2- ,(/2 ,(,/ ,(,- -(14 ,(/1

McifV]sfY Vc]grY 5-(-5 .,(.3 ,(,0 ,(,- 5-(-1 .,(.2

=rbiXr gYW -3(12 /(5, 5(1. .(-. 4(,0 -(35

>adf]gY Vc]gr

Sous-total *+1%-1 +1%./ 2%.2 +%*, **1%12 +/%-,

<OPWaOa ]\aS[aWSY RS ZW`S&PO`% RS ]\`a ZW`S&PO` Sa RS _ba

McifV]sfY UfVigh]jY 3.(// -2(,4 ,(03 ,(-- 3-(42 -1(53

McifV]sfY cijYfhY -0,(25 /-(.3 //(.5 3(0, -,3(0, ./(43

>adf]gY hcifV]sfY cijYfhY caVfchfcd\Y

Sous-total +*,%)+ -0%,. ,,%0/ 0%.) *02%+/ ,2%1.

G\aOY VOPWaOa ]\aS[aWSY O[[bSY 341,50 75,91 43,35 9,64 298,15 66,27

5ba_S` U_\b]SZS[a` [\[ _SaS[b` Q\ZZS VOPWaOa ]\aS[aWSY

EUW ci aUfY ,(21 ,(-0 ,(,, ,(21 ,(-0

:ZZ`YifYaYbh fcW\Yik 1.(-3 --(2, 1-(01 --(00 ,(3. ,(-2

:bh\fcd]eiY ,(42 ,(-5 ,(,5 ,(,. ,(33 ,(-3

:fVighU]Y 1/(,, --(34 /.(24 3(.2 .,(/. 0(1.

:i`bU]Y Wf]gdrY -(3- ,(/4 ,(,. ,(,, -(25 ,(/4

;fu`]g

>adf]gY `]hhcfU`Y

Sous-total *)1%,2 +-%)2 1-%+- *1%0+ +-%*. .%,0

--2%12 *))%)) *+0%.2 +1%,/ ,++%,) 0*%/-
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Contexte 

D]c` QSa _cOb`S a]ca&_cSabW]\a% ZO `k^]\aS Rc ^`][]bSc` b`O\a[WaS S\ XcW\ +)+) Sab RWTTk`S\bS Sb
^Zca Q][^ZlbS _cS QS _cW Sab ^`kaS\bk RO\a ZwkbcRS RwW[^OQb `kdWakS' 9\ ^OUS .* RS ZO `k^]\aS RS
XcW\ +)+)% ZS ^`][]bSc` RkQ`Wb ZSa STTSba `kaWRcSZa ac` ZS QO`WP]c% OZ]`a _cS ZSa STTSba `kaWRcSZa a]\b
O[OZUO[ka ^]c` ZwS\aS[PZS RS ZO U`O\RS TOc\S RO\a ZwkbcRS RwW[^OQb `kdWakS' @S ^`][]bSc` R]Wb
STTSQbcS` c\S [WaS i X]c` RS ZO `k^]\aS b`O\a[WaS S\ XcW\ +)+) S\ f W\bkU`O\b ZSa []RWTWQObW]\a
Oaa]QWkSa i Zw]^bW[WaObW]\ RS ZwO[k\OUS[S\b Rc aWbS [W\WS`' =Z R]Wb kUOZS[S\b ak^O`S` QVOQc\ RSa
STTSba `kaWRcSZa ^]c` QVO_cS Sa^lQS'

Sous-question A

:]c`\W` ZSa U`O\RSa ZWU\Sa Rc ^`]U`O[[S RS ac`dSWZZO\QS S\dW`]\\S[S\bOZS RSa Sa^lQSa S\ ^k`WZ
_cS ZS ^`][]bSc` awS\UOUS i [Sbb`S S\ ucd`S% \]bO[[S\b S\ QS _cW Q]\QS`\S ZS QO`WP]c P]`kOZ'
@S ^`][]bSc` ^Scb aS `kTk`S` i ZO aSQbW]\ 1 #D`]U`O[[S RS acWdW Sb RS ac`dSWZZO\QS$ RSa @WU\Sa
RW`SQb`WQSa ^]c` ZO ^`k^O`ObW]\ Rwc\S kbcRS RwW[^OQb S\dW`]\\S[S\bOZ OTW\ Rw]PbS\W` ZO ZWabS RSa
kZk[S\ba _cwc\ bSZ ^`]U`O[[S RSd`OWb Q]\bS\W`'

Sous-question B  

=RS\bWTWS` ZSa [Sac`Sa _cW aS`]\b [WaSa S\ ucd`S ^]c` [W\W[WaS` ZSa STTSba Rc ^`]XSb ac` ZS QO`WP]c
RSa P]Wa ORdS\O\b ZO RkbSQbW]\ RwW\RWdWRca RO\a ZwOW`S Rc ^`]XSb ]c RO\a aO g]\S RwW\TZcS\QS'

Sous-question C

FkdWaS` Sb RkQ`W`S ZwS\aS[PZS RSa STTSba Rc ^`]XSb ac` ZS QO`WP]c Sb a]\ VOPWbOb% \]bO[[S\b ZS
Rk`O\US[S\b% ZSa `Wa_cSa RS Q]ZZWaW]\a Sb ZO ^]ZZcbW]\ Sb ZSc`a Q]\ak_cS\QSa kdS\bcSZZSa ac` ZSa
]PXSQbWTa Rc ^`]U`O[[S RS `kbOPZWaaS[S\b'

Sous-question D

FkdWaS` ZSa [Sac`Sa RwObbk\cObW]\ ^`]^]akSa OW\aW _cS ZO RSaQ`W^bW]\ RSa STTSba `kaWRcSZa'

F&779&*+5 3

:a__W _W`f[a``q VS`e ^�m@<' ^S bdaTST[^[fq cg�g` USd[Tag XdqcgW`fW ^W eWUfWgd ShS`f ^S hW`gW VW ^S _[`W Wef Vq\n fdre XS[T^W)

<` Ua`efdgUf[a` Wf W` abqdSf[a`' Ua`e[VqdS`f ^�[`fW`e[fq VWe SUf[h[fqe egd ^W e[fW _[`[Wd S[`e[ cgW ^W Ua_badfW_W`f V�qh[fW_W`f

VWe la`We V�SUf[h[fqe Zg_S[`We bSd UWffW WebrUW' [^ Wef bWg bdaTST^W cgW' e[ g` USd[Tag e�ShW`fgdS[f VS`e ^S la`W V�[`X^gW`UW VW

0++ _ Sgfagd VWe [`XdSefdgUfgdWe _[`[rdWe' cg�[^ k VW_WgdW bagd g`W ^a`YgW bqd[aVW) :�Wef bagdcga[ SgUg` bdaYdS__W VW

egdhW[^^S`UW ebqU[X[cgW_W`f dW^[q Sg USd[Tag `�Wef bdqhg) H]cbST]Wa% bSZ _cwW\RW_ck Oc QVO^Wb`S *) RS Zwh=9% ZS ^`][]bSc`

awS\UOUS i Q`kS` c\S bOPZS RS b`OdOWZ Q]\X]W\bS #;@7=% 9Oab[OW\ Sb KOaYOUO\WaV$ Oc aSW\ RS ZO_cSZZS aS`O RWaQcbk ZS

acWdW ac` ZS QO`WP]c i STTSQbcS`' 7S acWdW ^]c``OWb ^S`[Sbb`S RS T]c`\W` c\ ^]`b`OWb ^Zca ^`kQWa RS ZwcbWZWaObW]\ ^OaakS Sb

^`kdcS Rc QO`WP]c ac` ZSa bS``OW\a RS b`O^^OUS F9+% F9,% J7,,% J7,.% F)1 #Sb F9* aW `S_cWa$' =Z ^S`[Sbb`OWb

kUOZS[S\b ZO `kQ]ZbS Rc aOd]W` b`ORWbW]\\SZ Q]\QS`\O\b ZO T`OU[S\bObW]\ RS ZwVOPWbOb Rc QO`WP]c' 7S acWdW ^S`[Sbb`OWb

OW\aW RwkZOP]`S` RSa [Sac`Sa ORk_cObSa OTW\ RwObbk\cS` ZSa STTSba ^]aaWPZSa Rc ^`]XSb ac` ZO `kQ]ZbS RS QO`WP]ca RSa P]Wa

Sb [WU`ObSc` ^]c` ZSa cbWZWaObSc`a OQbcSZa Sb Tcbc`a Rc bS``Wb]W`S' =Z ^O`bWQW^S`O OcaaW i ZO b`O\a[WaaW]\ RSa aOd]W`a RO\a

ZSa Q][[c\Ocbka ac` ZS QO`WP]c Sb a]\ abObcb r aS\aWPZS s% OTW\ RS ^`][]cd]W` ZSa P]\\Sa ^`ObW_cSa Q`WSa Sb ZO

^`kaS`dObW]\ RS ZO `Saa]c`QS ^]c` ZSa Uk\k`ObW]\a Tcbc`Sa% _cW ^]c``OWS\b Q][^bS` c\ \][P`S Q`]WaaO\b RS XSc\Sa

QVOaaSc`a'
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;We qfgVWe a`f U^S[dW_W`f Vq_a`fdq cgW ^W USd[Tag TadqS^ SUUq^rdW n ^�SbbdaUZW V�g`W dagfW cg�[^ Va[f fdShWdeWd

$CWTa` Wf S^)' -+,.%) CW fkbW VW dagfW [`X^gW`UW ^S dqba`eW Vg USd[Tag TadqS^ cg[ qh[fW egdfagf UW^^We V�[_badfS`UW $dagfW

bShqW' USfqYad[We , Wf -% n XadfW [`fW`e[fq V�geSYW' S^ade cgW ^We eW`f[Wde fagd[ef[cgWe Wf UZW_[`e eS[ea``[Wde ea`f b^gfuf gf[^[eqe

$M[efW`We Wf S^)' -++3%) :WffW dqba`eW V�qh[fW_W`f VWe dagfWe e�[`fW`e[X[W UZWl ^We USd[Tage XW_W^^We bW`VS`f ^S bqd[aVW VW

_[eW TSe Wf W` bqd[aVW V�q^WhSYW VW ^Wgd XSa`) L`W qfgVW XS[f _W`f[a` cgW ^�[_bSUf VWe UZW_[`e egd ^W USd[Tag XadWef[Wd Wef

_a[`e e[Y`[X[USf[X W` bqd[aVW Wef[hS^W $-, \g[` (,/ eWbfW_TdW% UZWl ^We XW_W^^We `a` eg[fqWe $Jf(CSgdW`f' D)(?)'

9WSgUZWe`W' ;) Wf CWe_Wd[eWe' =)' -+,/%) :�Wef baee[T^W_W`f Va`U Sg Uagde VW UWffW bqd[aVW cg�g` USd[Tag eWdS[f b^ge bdab[UW

VW XdqcgW`fWd ^S la`W V�[`X^gW`UW Vg bda\Wf' e[ ^W d[ecgW VW bdqeW`UW VW_WgdW) Cade VW UWffW bqd[aVW' ^We W_b^akqe eWda`f

eW`e[T[^[eqe n ^S bdqeW`UW bafW`f[W^^W Vg USd[Tag)

DS^Ydq ^S fdre XS[T^W bdaTST[^[fq cgW VWe USd[Tage XdqcgW`fW`f ^S la`W V�[`X^gW`UW Vg bda\Wf' >C:@ hS fagf VW _s_W' bSd

_WegdW VW bdqUSgf[a`' _WffdW W` b^SUW g` ekefr_W VW Ua__g`[USf[a` bWd_WffS`f VW e[Y`S^Wd Sgj Ua`VgUfWgde VW US_[a`e

fagfWe aTeWdhSf[a`e ag [`V[UWe VW bdqeW`UW VW USd[Tage egd ^S dagfW n bdaj[_[fq VW ^S la`W V�[`X^gW`UW VW ^S _[`W Wf egd ^S

dagfW VW ^S 9S[W(AS_We)

:a__W _WegdW bdqhW`f[hW cg[ h[eW `afS__W`f n bdqhW`[d ^We Ua^^[e[a`e' >C:@ [`fqYdWdS g` _aVg^W egd ^W USd[Tag TadqS^ VS`e

^S Xad_Sf[a` VWe W_b^akqe Wf VWe eage(fdS[fS`fe) :WffW Xad_Sf[a` SgdS bagd aT\WUf[Xe VW ^We eW`e[T[^[eWd n ^S bdqUSd[fq Vg

USd[Tag TadqS^' VW VqhW^abbWd ^Wgd Sbf[fgVW n V[ef[`YgWd V�qhW`fgW^e [`V[UWe VW bdqeW`UW' S[`e[ cgW VW ^We [`Xad_Wd Vg ekefr_W

VW Ua`fdu^W Wf Vg b^S` V�SUf[a` W` USe VW bdqeW`UW)

F&779&*+6 3

J[ g` USd[Tag qfS[f aTeWdhq n bdaj[_[fq ag VS`e ^S la`W V�[`X^gW`UW Vg bda\Wf' eS bdqeW`UW eWdS[f dSbbadfqW Sg dWeba`eST^W VWe

abqdSf[a`e Wf Sg dWeba`eST^W VW ^�W`h[da``W_W`f) C�[`Xad_Sf[a` eWdS[f hS^[VqW Wf' Sg TWea[`' ^We W_b^akqe bafW`f[W^^W_W`f W`

Ua`fSUf ShWU ^�[`V[h[Vge eWdS[W`f [`Xad_qe VW ^S e[fgSf[a` bagd SgY_W`fWd ^Wgd `[hWSg VW h[Y[^S`UW Wf ^[_[fWd ^We d[ecgWe VW

VqdS`YW_W`f ag VW Ua^^[e[a`) CW TgdWSg dqY[a`S^ VWe SYW`fe VW bdafWUf[a` VW ^S XSg`W eWdS[f Sgee[ Sh[eq) J[ ^We SYW`fe VW

bdafWUf[a` VW ^S XSg`W' W` Ua^^STadSf[a` ShWU >C:@' \gYW`f cg�[^ k S g` d[ecgW bagd g` USd[Tag bdqeW`f VS`e ^S la`W VW ^S _[`W

ag Vg UZW_[` VW fdS`ebadf Vg _[`WdS[' >C:@ bdabaeWdS ^We S\gefW_W`fe eg[hS`fe n eWe abqdSf[a`e bagd ^[_[fWd ^W d[ecgW VW

VqdS`YW_W`f Wf VW Ua^^[e[a`' Wf UW' \gecg�n UW cgW ^W d[ecgW ea[f qUSdfq) :a__W' bSd WjW_b^W 5

— WXXWUfgWd ^W fdS`ebadf Vg _[`WdS[ bSd Ua`ha[e VW b^ge[Wgde US_[a`e bagd dqVg[dW ^W bSeeSYW dqYg^[Wd VW US_[a`e)

GSd S[^^Wgde' ^We aTeWdhSf[a`e VW USd[Tage Vg eWUfWgd cg[ eWda`f Ua`e[Y`qWe bagdda`f sfdW fdS`e_[eWe Sg D==G bagd cgW UWe

aTeWdhSf[a`e bg[eeW`f sfdW [`fqYdqe Sg eg[h[ VWe Vqb^SUW_W`fe VWe USd[Tage badfWgde VW Ua^^[Wde(q_WffWgde W` Uagde) @^ eWdS

S^ade baee[T^W V�[VW`f[X[Wd e[ g` ag VWe [`V[h[Vge ea`f egeUWbf[T^We VW eq\agd`Wd W` bqd[aVW VW _[eW(TSe ag V�Z[hWd`SYW n

bdaj[_[fq VW ^S la`W V�[`X^gW`UW VW ^S _[`W) ;S`e g`W fW^^W e[fgSf[a`' VWe _WegdWe WjUWbf[a``W^^We eWda`f Ua`hW`ge ShWU ^W

D==G bagd Sffq`gWd ^We [_bSUfe egd UWe USd[Tage)
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DS^Ydq ^S XS[T^W bdaTST[^[fq cgW UW^S egdh[W``W' Wf Ua__W _W`f[a``q n ^�m@<' n ^�qfSbW VW bdqbSdSf[a` Vg fWddS[` Wf VgdS`f ^We

bZSeWe VW Ua`efdgUf[a` Wf V�Wjb^a[fSf[a`' ^W d[ecgW `g^ Ua`UWd`S`f ^S baee[T[^[fq VW Ua^^[e[a` V�g` hqZ[Ug^W ShWU g` USd[Tag

`�Wj[efW bSe) 8X[` VW _[`[_[eWd UW d[ecgW' ^We la`We n b^ge ZSgf d[ecgW VW Ua^^[e[a` ShWU ^S YdS`VW XSg`W eWda`f [VW`f[X[qWe bSd

VWe bS``WSgj VW e[Y`S^[eSf[a`) @^ Wef qYS^W_W`f [_badfS`f VW `afWd cg�[^ `�k SgdS SgUg` fdS`ebadf egd ^S dagfW VW ^S 9S[W(AS_We

^S `g[f' UW cg[ Ua`fd[TgWdS n dqVg[dW e[Y`[X[USf[hW_W`f ^W d[ecgW VW Ua^^[e[a`)

FgfdW ^We _adfS^[fqe baghS`f VqUag^Wd V[dWUfW_W`f Vg fdS`ebadf Wf VW ^S U[dUg^Sf[a` ^ade VWe fdShSgj VW bdqbSdSf[a`' VW

Ua`efdgUf[a` Wf V�Wjb^a[fSf[a`' UWdfS[`We SUf[h[fqe ea`f egeUWbf[T^We VW _aV[X[Wd ^W Ua_badfW_W`f `SfgdW^ Vg USd[Tag TadqS^'

bSdf[Ug^[rdW_W`f VW bdahacgWd ^�qh[fW_W`f Vg eWUfWgd)
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CWe Vqb^SUW_W`fe Vg USd[Tag TadqS^' e[ VWe [`V[h[Vge e�ShW`fgdS[W`f VS`e ^�W_bdW[`fW ag ^S la`W V�[`X^gW`UW Vg bda\Wf'

bagddS[W`f sfdW SXXWUfqe bSd ^�qU^S[dSYW Sdf[X[U[W^' ^W Tdg[f' ^We bagee[rdWe' ^We h[TdSf[a`e ^ade VWe eSgfSYWe Wf bSd ^S bdqeW`UW

Zg_S[`W) Gagd dqVg[dW UWe [_bSUfe bafW`f[W^e' ^We qcg[bW_W`fe n _afWgd eWda`f `afS__W`f _g`[e VW e[^W`U[Wgj bWdXad_S`fe Wf

W` Ta` qfSf SX[` VW _[`[_[eWd ^W VqdS`YW_W`f bSd ^W Tdg[f) CWe eSgfSYWe eWda`f dqS^[eqe ^W \agd _[`[_[eS`f S[`e[ ^W VqdS`YW_W`f

^S `g[f)

Kdre bWg V�[_bSUfe ea`f SffW`Vge Ua`UWd`S`f ^S ^g_[rdW egd ^W USd[Tag TadqS^) JW^a` ^We Ua``S[eeS`UWe SUfgW^^We' [^ `�Wj[efW

SgUg`W qfgVW eU[W`f[X[cgW cg[ VaUg_W`fW ^�WXXWf VW ^S ^g_[rdW egd ^W USd[Tag TadqS^) CW UZSb[fdW / Vg z GdaYdS__W VW

dqfST^[eeW_W`f Vg USd[Tag VWe Ta[e $Rangifer tarandus caribou%' babg^Sf[a` TadqS^W' Sg :S`SVS ~ -+,- { [VW`f[X[W g` `[hWSg

VW bdqaUUgbSf[a` XS[T^W n _akW` W` UW cg[ Ua`UWd`W ^We bWdfgdTSf[a`e bSd ^W Tdg[f Wf ^S ^g_[rdW)

:a__W bdqU[eq n ^�m@< Ua`UWd`S`f ^We [_bSUfe VW ^S ^g_[rdW' VS`e ^W Ua`fWjfW Vg bda\Wf' ^We WXXWfe W`h[da``W_W`fSgj VW ^S

^g_[rdW Sdf[X[U[W^^W `aUfgd`W egd ^W _[^[Wg T[a^aY[cgW ea`f Ua`e[Vqdqe Ua__W `a` e[Y`[X[USf[Xe W` dS[ea` Vg XS[T^W `[hWSg VW

^g_[rdW Yq`qdq hWde ^W U[W^ Wf ^�STeW`UW VW ^g_[rdW [`fdge[hW n ^S ^[_[fW VW ^S la`W V�qfgVW ^aUS^W) ;We _WegdWe ebqU[X[cgWe

eWda`f fagf VW _s_W Sbb^[cgqWe SX[` V�Sffq`gWd ^We WXXWfe VW ^S ^g_[rdW Sdf[X[U[W^^W `aUfgd`W egd ^W _[^[Wg Zg_S[` Wf ^W _[^[Wg

T[a^aY[cgW)

CWe ^g_[rdWe Sg e[fW _[`[Wd eWda`f ad[W`fqWe hWde ^S egdXSUW n qU^S[dWd' UW cg[ ^[_[fWdS ^Wgd dSka``W_W`f) :a`UWd`S`f ^S ^g_[rdW

VWe hqZ[Ug^We VW fdS`ebadf' ^Wgd ad[W`fSf[a` hWde ^W UZW_[` [`Vg[f g`W XS[T^W badfqW Vg dSka``W_W`f Zade VW ^S dagfW' Wf UW'

V�SgfS`f b^ge cgW ^S ha[W bagd dW^[Wd ^S _[`W Wf ^S dagfW VW ^S 9S[W(AS_We n bdaj[_[fq Vg dW^S[e dagf[Wd Vg ]_ .3, Wef n fagfWX[`

[`U^geW VS`e ^�W_bd[eW VW ^S _[`W Wf cgW' VS`e ^S _WegdW Vg baee[T^W' ^We TadVgdWe VW_WgdWda`f Ta[eqWe) :a`UWd`S`f ^S

bagee[rdW' g` b^S` VW YWef[a` S qfq VqhW^abbq SX[` VW _[`[_[eWd ^S bagee[rdW Yq`qdqW bSd ^S _S`gfW`f[a` VW efqd[^We Wf VWe

dqe[Vge _[`[Wde) :W b^S` Wef bdqeW`fq n ^�S``WjW : VW ^S VWgj[r_W hWde[a` VW ^�m@<)

CWe WXXWfe baee[T^We VW ^S ^g_[rdW `W bWghW`f VW fagfW qh[VW`UW WjUqVWd ^S la`W V�[`X^gW`UW VW 0++ _ Ua`e[VqdqW

bdqUqVW__W`f' Wf UW' cg�[^ e�SY[eeW VW ^�qU^S[dSYW egd ^W e[fW ag VW UW^g[ VWe US_[a`e VW fdS`ebadf VW _[`WdS[) @^ W` Wef VW

_s_W bagd ^�q_[ee[a` VW bagee[rdWe) Eage `�SbbdqZW`Va`e Va`U SgUg` WXXWf e[Y`[X[USf[X egd ^W USd[Tag TadqS^) ISbbW^a`e cgW

UW VWd`[Wd qh[fW ^W VqdS`YW_W`f S`fZdab[cgW Wf cgW ^S bdqeW`UW bafW`f[W^^W Vg USd[Tag VS`e ^S la`W V�qfgVW ag n bdaj[_[fq VW

^�W_bdW[`fW Vg bda\Wf Wef fdre bWg bdaTST^W) <` WXXWf' ^We Ua``S[eeS`UWe SUfgW^^We `age [`V[cgW`f cgW ^�WebrUW S fdre bWg gf[^[eq

^S la`W V�qfgVW Sg Uagde VW ^S VWd`[rdW VqUW``[W' cg�[^ e�SY[eeW VWe USd[Tage XadWef[Wde ag VWe USd[Tage _[YdSfWgde)

:a__W _W`f[a``q VS`e ^S VWgj[r_W hWde[a` VW ^�m@< $eWUf[a` 1).)-),%' ^S la`W V�qfgVW aXXdW VW XS[T^We Ua`V[f[a`e V�ZST[fSfe

bagd ^W USd[Tag W` dS[ea` VW ea` `[hWSg VW bWdfgdTSf[a` q^Whq Wf Vg XS[f cgW ^�WebrUW S fdre bWg gf[^[eq ^S la`W V�qfgVW Sg Uagde

VW ^S VWd`[rdW VqUW``[W) GSd Ua`eqcgW`f' eS bdaTST[^[fq dqW^^W VW bdqeW`UW VS`e ^S la`W V�qfgVW Wef \gYqW `a` e[Y`[X[USf[hW n

Uagdf Wf _akW` fWd_We)

CWe [`Xad_Sf[a`e dqUa^fqWe Sgbdre VWe Ua__g`Sgfqe SgfaUZfa`We $eWUf[a` 1)/)1), VW ^S VWgj[r_W hWde[a` VW ^�m@<%'

Ua`X[d_W`f V�S[^^Wgde ^W XS[T^W bafW`f[W^ VW bdqeW`UW Vg USd[Tag VS`e ^S la`W V�qfgVW) <` WXXWf' ^We gf[^[eSfWgde Vg fWdd[fa[dW Vg

fWddS[` VW fdSbbSYW I<- a`f XS[f _W`f[a` cgW ^We USd[Tage _[YdSfWgde ea`f VW _a[`e W` _a[`e `a_TdWgj egd fagf ^W fWdd[fa[dW Wf

cg�[^e `�a`f bSe qfq aTeWdhqe W` -+,3(-+,4) @^ eW_T^W cgW VWbg[e cgW ^We XWgj a`f dShSYq ^We Xadsfe VS`e UWffW la`W' ^W USd[Tag

_[YdSfWgd `�k ea[f b^ge bdqeW`f) HgS`f Sg USd[Tag XadWef[Wd' [^ Wef cgW^cgWXa[e aTeWdhq Sg egV Vg fWddS[` I<- $n ^�agWef VW ^S

dagfW VW ^S 9S[W(AS_We%' Wf UW eWUfWgd Ua`ef[fgWdS[f' eW^a` g` gf[^[eSfWgd' ^S ^[_[fW `adV VW ^�S[dW VW XdqcgW`fSf[a` VW UWffW

WebrUW) L`W Ua`eg^fSf[a` dqUW`fW S qYS^W_W`f qfq dqS^[eqW W` VqUW_TdW -+,4 Sgbdre VWe gf[^[eSfWgde Vg fWdd[fa[dW VW ^S

Ua__g`Sgfq V�<Sef_S[`' SX[` VW _WffdW n \agd ^We [`Xad_Sf[a`e Vg eSha[d fdSV[f[a``W^ Ua`UWd`S`f ^W USd[Tag) Cade VW UW^^W(U['

^We _StfdWe VW fdSbbSYW cgWef[a``qe $M:.. Wf M:.0% a`f Ua`X[d_q cg�[^ `�k ShS[f \S_S[e Wg V�WXXWUf[Xe [_badfS`fe VW UWffW

WebrUW VS`e ^W eWUfWgd' Wf UW' _s_W ShS`f ^We bWdfgdTSf[a`e dqbqfqWe VWe [`UW`V[We)
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:WbW`VS`f' bagd ^W USe bWg bdaTST^W av VWe USd[Tage e�ShW`fgdWdS[W`f VS`e ^S la`W V�qfgVW' ^We W_b^akqe eWda`f eW`e[T[^[eqe n

^�[_badfS`UW VW dSbbadfWd fagfW aTeWdhSf[a` WXXWUfgqW) CW USe qUZqS`f' UWe aTeWdhSf[a`e eWda`f Ua^^[YqWe VS`e g` dWY[efdW) GSd

S[^^Wgde' T[W` cgW ^ade VWe V[hWdeWe SUf[h[fqe VW Ua`eg^fSf[a`e _W`qWe' ^We geSYWe fdSV[f[a``W^e Vg USd[Tag a`f qfq bWg qhacgqe

$eWUf[a` 1)/)1), VW ^S VWgj[r_W hWde[a` VW ^�m@<%' Vre ^We Sgfad[eSf[a`e dWpgWe' ^W bda_afWgd e�W`YSYW n UdqWd g`W fST^W VW

fdShS[^ Ua`\a[`fW $>S^Sjk' <Sef_S[` Wf NSe]SYS`[eZ% Sg eW[` VW ^ScgW^^W eWdS V[eUgfq ^�qhW`fgW^ eg[h[ n WXXWUfgWd egd UWffW

WebrUW $ha[d eage(cgWef[a` 8 ag UZSb[fdW ,+ VW ^S VWgj[r_W hWde[a` VW ^�m@<%) GSd Ua`eqcgW`f' UWffW Ua_baeS`fW eW`e[T^W `W

`age SbbSdS[f bSe _W`SUqW bSd ^We SUf[h[fqe VW Ua`efdgUf[a` Wf V�Wjb^a[fSf[a` Vg bda\Wf Wf S[`e[' SgUg` [_bSUf e[Y`[X[USf[X `�Wef

S`f[U[bq bagd ^W USd[Tag)

CWe WXXWfe VqUd[fe [U[ W` ^[W` ShWU ^Wgde Ua`eqcgW`UWe qhW`fgW^^We egd ^We aT\WUf[Xe Vg bdaYdS__W VW dqfST^[eeW_W`f ea`f fdS[fqe

n ^S eage(cgWef[a` ;)

F&779&*+8 3

DS^Ydq cg�[^ VW_WgdW bWg bdaTST^W cgW ^W USd[Tag ea[f dW`Ua`fdq n bdaj[_[fq VWe [`efS^^Sf[a`e _[`[rdWe' ^W

fST^WSg I(::<(,-(, bdqeW`fW ^�qhS^gSf[a` VWe WXXWfe bafW`f[W^e Vg bda\Wf Wf VWe _WegdWe V�Sffq`gSf[a` bdabaeqWe W` ^[W` ShWU

^We bd[`U[bS^We _W`SUWe Wf `[hWSg VW bdqaUUgbSf[a` Vg bdaYdS__W VW dqfST^[eeW_W`f Vg USd[Tag VWe Ta[e $Rangifer tarandus

USd[Tag%' babg^Sf[a` TadqS^W' Sg :S`SVS ~ -+,- $UZSb[fdW / _W`SUWe%) 9[W` cgW ^We WXXWfe Vg bda\Wf ea[W`f Yq`qdS^W_W`f

V�[_badfS`UW _[`WgdW egd ^W USd[Tag TadqS^ $UW VWd`[Wd eW Ua`UW`fdS`f T[W` Sg egV Wf egV(Wef VWe [`efS^^Sf[a`e Wf cgW ^�ZST[fSf

Vg eWUfWgd Vg bda\Wf `�Wef bSe VW cgS^[fq' >C:@ Ua`eW`f' bSd bdqUSgf[a`' n _WffdW W` Sbb^[USf[a` VWe _WegdWe V�Sffq`gSf[a`

bagd dqVg[dW ^We WXXWfe bafW`f[W^e e[ g` ag VWe USd[Tage ea`f dSbbadfqe bdre Vg e[fW _[`[Wd W` bZSeWe VW Ua`efdgUf[a` Wf

V�abqdSf[a`) Jg[fW n ^�Wjb^a[fSf[a` VW ^S _[`W' bdqU[ea`e cgW ^S _S\ad[fq Vg e[fW eWdS dWefSgdqW Wf XWdS Va`U ^�aT\Wf VW

dWhqYqfS^[eSf[a` bagd SffW[`VdW g` qfSf `SfgdW^' e[_[^S[dW n UW^g[ V�ad[Y[`W $S``WjW ; VW ^S VWgj[r_W hWde[a` VW ^�m@<%) Gagd

^�W`eW_T^W VWe eagdUWe V�[_bSUfe [VW`f[X[qWe W` bqd[aVW VW bdqbSdSf[a`' VW Ua`efdgUf[a` Wf V�Wjb^a[fSf[a`' ^�Sbb^[USf[a` VWe

_WegdWe V�Sffq`gSf[a` bdabaeqWe Ua`fd[TgWdS n dqVg[dW ^�[`fW`e[fq' ^�qfW`VgW' ^S VgdqW Wf ^�[_badfS`UW VW ^�[_bSUf dqe[VgW^ egd

^W USd[Tag TadqS^)

8[`e[' eg[fW n ^�Sbb^[USf[a` VW UWe _WegdWe Wf Ua`e[VqdS`f cgW ^W USd[Tag Wf ea` ZST[fSf `W eW fdaghW`f bSe VS`e ^�S[dW

V�[`X^gW`UW Vg bda\Wf' ^�[`fW`e[fq VW ^�[_bSUf Wef Ua`e[VqdqW XS[T^W) Ja` qfW`VgW Wef ^aUS^W bg[ecgW ^We [_bSUfe Ua`e[Vqdqe

eWda`f WeeW`f[W^^W_W`f ^[_[fqe Sg e[fW _[`[Wd ag n ea` S[dW V�[`X^gW`UW) CS VgdqW Wef Ua`e[VqdqW _akW``W bg[ecgW ^�[_bSUf

e�qfW`VdS egd fagfW ^S VgdqW VW h[W VW ^S _[`W' ea[f g`W bqd[aVW V�W`h[da` -+ S`e) >^aTS^W_W`f' ^�[_badfS`UW VW ^�[_bSUf egd ^W

USd[Tag TadqS^ Wef \gYqW _[`WgdW) CW bda\Wf `�SgdS SgUg` WXXWf dqe[VgW^ e[Y`[X[USf[X egd ^W USd[Tag TadqS^ Wf UW' bagd fagfWe ^We

bZSeWe Vg bda\Wf)
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GOPYSOb E&779&*+&* gcOYbOaW\[ RS` STTSa` ]\aS[aWSY` `b_ YS QO_WP\b P\_jOY Sa ZS`b_S` RoOaaj[bOaW\[ S[ T\[QaW\[ RS`

ZS[OQS` WRS[aWTWjS` Ob ]YO[ RS _jaOPYW``SZS[a

CEB;E5@@9 89 EgG56?=FF9@9AG 8H 75E=6BH 89F 6B=F

@S[OQS
AWcSOb RS

]_j\QQb]OaW\[* gcOYbOaW\[ RS` STTSa` @S`b_S RoOaaj[bOaW\[

:`hrfUh]cb XY `y\UV]hUh
%dYfhY( Xr[fUXUh]cb ci
ZfU[aYbhUh]cb& WUigrY
dUf `Yg UWh]j]hrg
\iaU]bYg Xyih]`]gUh]cb
XYg hYffYg

o`Yjr

BbhYbg]hr 6 ZU]V`Y
ohYbXiY 6 `cWU`Y
=ifrY 6 aclYbbY
BadcfhUbWY 6 a]bYifY
IfcVUV]`]hr XycWWiffYbWY 6
ZcfhY

<cbWYbhfUh]cb XYg ]aacV]`]gUh]cbg Yh ]bZfUghfiWhifYg Xi g]hY
a]b]Yf p dfck]a]hr XY `U fcihY XY `U ;U]Y)CUaYg Yh Xi fY`U]g
fcih]Yf Xi _a /4-
<cbWYbhfUh]cb XYg ]bghU``Uh]cbg XY `U a]bY XUbg ib gYWhYif
Xr^p dYfhifVr XY ZUqcb dYfaUbYbhY dUf `Yg ]bZfUghfiWhifYg
dfrgYbhYg*
F]gY Yb d`UWY XyibY hUV`Y XY hfUjU]` Wcb^c]bhY Ui gY]b XY
`UeiY``Y gYfU X]gWihr `yrjYbhiY` gi]j] p YZZYWhiYf gif WYhhY
YgdsWY
?YfaYhifY Yh fYVc]gYaYbh XY `U fcihY Yh Xi g]hY a]b]Yf %d\UgY
XY ZYfaYhifY&*

IfrXUh]cb
%Ui[aYbhUh]cb XY
`yYZZ]WUW]hr XYg
dfrXUhYifg&

o`Yjr

BbhYbg]hr 6 ZU]V`Y
ohYbXiY 6 `cWU`Y
=ifrY 6 aclYbbY
BadcfhUbWY 6 a]bYifY
IfcVUV]`]hr XycWWiffYbWY 6
hfsg ZU]V`Y

If]j]`r[]Yf `Yg YggYbWYg frg]bYigYg dcif `Y fYVc]gYaYbh Yb
d\UgY XY ZYfaYhifY*

IYfhifVUh]cbg dUf `Y Vfi]h
Yh `U `ia]sfY

?U]V`Y p aclYb

BbhYbg]hr 6 ZU]V`Y
ohYbXiY 6 `cWU`Y
=ifrY 6 aclYbbY
BadcfhUbWY6 a]bYifY
IfcVUV]`]hr XycWWiffYbWY 6
?U]V`Y

;fi]h 6
>ZZYWhiYf `Y hfUbgdcfh Xi a]bYfU] dUf Wcbjc]g XY WUa]cbg g]
dfrgYbWY XY WUf]Vcig XUbg `U mcbY Xy]bZ`iYbWY*
g^bW]SZS[a` h Z\aSb_` Zb[W` RS `WYS[QWSbd ]S_T\_ZO[a`
Sa S[ P\[ jaOa'
Eia]sfY 6

Nh]`]gYf XYg `ia]sfYg ei] dfcXi]gYbh ib rW`U]fU[Y gcVfY
Hf]YbhYf `Y Z`ik `ia]bYik jYfg `U gifZUWY p rW`U]fYf
E]a]hYf( UihUbh eiY dcgg]V`Y( `U drf]cXY Yh `U XifrY
Xyih]`]gUh]cb XYg rW`U]fU[Yg
BbghU``Yf XYg `ia]sfYg Z]kYg XY aUb]sfY p rj]hYf `Yg
XrVcfXYaYbhg XY `ia]sfY \cfg XYg YgdUWYg p rW`U]fYf
<cbgYfjYf XYg mcbYg hUadcb jr[rhU`Yg UZ]b XY `]a]hYf `U
`ia]sfY dfc^YhrY jYfg `Yg gYWhYifg Ybj]fcbbUbhg

<c``]g]cbg UjYW XYg
jr\]Wi`Yg

?U]V`Y

BbhYbg]hr 6 ZU]V`Y
ohYbXiY 6 `cWU`Y
=ifrY6 aclYbbY
BadcfhUbWY 6 a]bYifY
IfcVUV]`]hr
XycWWiffYbWY 6 hfsg ZU]V`Y

IUfh]W]dYf Ui gi]j] XY `yrjc`ih]cb XYg dcdi`Uh]cbg `cWU`Yg
XY WUf]Vci VcfrU` Yb Wc``UVcfUh]cb UjYW `Y F??I
?cfaUh]cb XYg Yad`clrg
LlghsaY XY Wcaaib]WUh]cb ]bhYfbY %UjYW `Yg Yad`clrg&
Yh YkhYfbY %UjYW `Y F??I&
BbghU``Uh]cb XY dUbbYUik XY g][bU`]gUh]cb gif `U fcihY XY
`U ;U]Y)CUaYg

>b WUg XY dfrgYbWY XY WUf]Vcig 6
>ZZYWhiYf `Y hfUbgdcfh Xi a]bYfU] dUf Wcbjc]g XY WUa]cbg

, E[hWSg VW bdqaUUgbSf[a` 5 e[Y`[X[W cgW ^S YWef[a` VW ^S _W`SUW dWbdqeW`fW g`W bdqaUUgbSf[a` $q^WhqW' _akW``W ag XS[T^W% bagd ^W dqfST^[eeW_W`f VW
^�WebrUW' Ua`Xad_q_W`f Sgj aT\WUf[Xe W` _Sf[rdW VW babg^Sf[a` Wf VW dqbSdf[f[a` $<`h[da``W_W`f :S`SVS' -+,-%)
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Contexte 

7]\QS`\O\b ZO _cSabW]\ 779&*,% ZO `k^]\aS Rc ^`][]bSc` b`O\a[WaS S\ XcW\ +)+) Sab RWTTk`S\bS Sb
^Zca Q][^ZlbS _cS QS _cW Sab ^`kaS\bk RO\a ZwkbcRS RwW[^OQb `kdWakS' 8O\a ZO `k^]\aS b`O\a[WaS S\
XcW\ +)+)% ZS ^`][]bSc` TOWb c\S O\OZfaS RSa STTSba Qc[cZObWTa ac` ZS QO`WP]c% OZ]`a _cS ZwkbcRS
RwW[^OQb `kdWakS ^`kQWaS _cS ZS QO`WP]c \wO ^Oa kbk `SbS\c Q][[S Q][^]aO\bS dOZ]`WakS RO\a
ZwkdOZcObW]\ RSa STTSba Qc[cZObWTa' @S ^`][]bSc` R]Wb STTSQbcS` c\S [WaS i X]c` RS ZO `k^]\aS
b`O\a[WaS S\ XcW\ +)+) S\ f W\bkU`O\b ZSa []RWTWQObW]\a Oaa]QWkSa i Zw]^bW[WaObW]\ RS
ZwO[k\OUS[S\b Rc aWbS [W\WS`'

GW ZS ^`][]bSc` XcUS b]cX]c`a _cS ZS QO`WP]c \S R]Wb ^Oa mb`S `SbS\c Q][[S Q][^]aO\bS dOZ]`WakS
^]c` ZwkdOZcObW]\ RSa STTSba Qc[cZObWTa% WZ R]Wb T]c`\W` c\ O`Uc[S\bOW`S RkbOWZZk i QSb STTSb'

Sous-question A

D`kaS\bS` c\S O\OZfaS RSa STTSba Qc[cZObWTa ac` ZS QO`WP]c RSa P]Wa S\ ^`S\O\b S\ Q][^bS ZSa
VOPWbOba `Sb`]cdka i ZwW\bk`WSc` RS ZO g]\S RwkbcRS RS .) YWZ][lb`Sa _cW ^`kaS\bS\b ZSa
QO`OQbk`WabW_cSa PW]^VfaW_cSa `S_cWaSa ^O` QSZcW&QW ^]c` OQQ][^ZW` aSa ^`]QSaaca dWbOce'

Sous-question B

9\ T]\QbW]\ RS ZO g]\S RwkbcRS RS .) YWZ][lb`Sa% RkQ`W`S ZSa Q]\ak_cS\QSa RSa STTSba Qc[cZObWTa ac`
ZSa ]PXSQbWTa S\ [ObWl`S RS ^]^cZObW]\ Sb RS `k^O`bWbW]\ WRS\bWTWka RO\a ZS ^`]U`O[[S RS
`kbOPZWaaS[S\b Rc QO`WP]c RSa P]Wa Sb _cW a]\b ZSa acWdO\ba 3

p AOW\bS\W` ZwSTTSQbWT RS ZO ^]^cZObW]\ Z]QOZS'

p AOW\bS\W` ZwkbOb RS ZwVOPWbOb S\ bS`[Sa RS ac^S`TWQWS Sb RSa bf^Sa RwVOPWbOba \]\ ^S`bc`Pka%
^]c` Oaac`S` ZwOcb]acTTWaO\QS RS ZO ^]^cZObW]\ Z]QOZS Rc QO`WP]c RSa P]Wa' =Z awOUWb RS [OW\bS\W`
c\ [W\W[c[ RS /. " RwVOPWbOb \]\ ^S`bc`Pk OW\aW _cS ZO RWa^]\WPWZWbk RSa Obb`WPcba
PW]^VfaW_cSa \kQSaaOW`Sa Oc QO`WP]c RSa P]Wa'

F&779&*, 3

9[W` cgW `age Ska`e Xagd`[ g`W S`S^keW VWe WXXWfe Ug_g^Sf[Xe egd ^W USd[Tag VWe Ta[e' babg^Sf[a` TadqS^W' VS`e ^W USVdW VW ^S

dqba`eW n ^S cgWef[a` ::<(,. fdS`e_[eW W` \g[` -+-+' `age Sha`e Ua`e[Vqdq cgW UWffW WebrUW `W VWhS[f bSe sfdW dWfW`gW

Ua__W Ua_baeS`fW hS^ad[eqW bagd ^�qhS^gSf[a` VWe WXXWfe Ug_g^Sf[Xe bdqeW`fqW Sg UZSb[fdW 3 VW ^�qfgVW V�[_bSUf dqh[eqW

VqbaeqW W` \g[^^Wf -+-,) CS eWUf[a` 3)/ VS`e ^ScgW^^W `age \gef[X[a`e ^W UZa[j VWe Ua_baeS`fWe hS^ad[eqW dWfW`gWe VW_WgdW ^S

_s_W n ^S eg[fW VW ^�abf[_[eSf[a` VW ^�S_q`SYW_W`f Vg e[fW _[`[Wd) J[ ^�8m@: \gYW cg�g`W S`S^keW VWe WXXWfe Ug_g^Sf[Xe egd

^W USd[Tag VWe Ta[e Wef fag\agde dWcg[eW' `age bdabaea`e ^W fWjfW eg[hS`f cg[ Ua`e[efW W` g`W SVSbfSf[a` VW ^S dqba`eW n ^S

cgWef[a` ::<(,. n ^S eg[fW VW ^�abf[_[eSf[a` VW ^�S_q`SYW_W`f Vg e[fW _[`[Wd 5

Comme précisé à l’ÉIE, le taux de perturbation actuel de l’habitat a été évalué à l’échelle de la zone d’étude, soit dans un 

rayon de 50 km du centre de la mine projetée, représentant une superficie de l’ordre de 7 850 km² (carte 6-16 de l’ÉIE). 

Globalement, les éléments anthropiques perturbent 7 % de la zone d’étude. Le relais routier du km 381 de la route de la 

Baie-James ainsi que la route elle-même, à proximité de la mine projetée, concentre l’activité humaine et représente une 

source significative de perturbations de l’habitat du caribou forestier dans ce secteur. 

Il n’y a pas d’activités forestières à des fins industrielles dans la zone d’étude, ce qui la préserve des importantes 

perturbations anthropiques engendrées par la récolte de la matière ligneuse et la présence de réseaux de chemins forestiers. 

Les perturbations anthropiques de l’habitat sont principalement associées à des aires industrielles (mines) et de production 

hydroélectrique, à des structures linéaires (route, ligne de transport électrique) et à quelques occupations du territoire.  
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La section 8.5 de l’ÉIE décrit les principaux projets, actions ou événements liés aux composantes valorisées. À l’échelle de la 

zone d’étude correspondant à un rayon de 50 kilomètres à partir du centre de la mine projetée, il existe, à notre 

connaissance, très peu de projets de grande envergure qui ont une probabilité de se réaliser pendant la période d’opération 

de la mine (environ 19 ans). Les activités anthropiques prévisibles, incluant le projet minier, ne sont donc pas des éléments 

susceptibles d’avoir de conséquences significatives sur les objectifs en matière de population et de répartition identifiées 

dans le programme de rétablissement du caribou boréal.  

La principale source de perturbation de l’habitat du caribou dans la zone d’étude est d’origine naturelle. Elle est associée 

aux grandes aires de feux qui ont affecté la zone d’étude au cours des 40 dernières années. À eux seuls, les feux ont perturbé 

l’habitat du caribou dans la zone d’étude dans une proportion de 66 %. Ces aires de feu chevauchent la majeure partie des 

zones perturbées par des éléments anthropiques, de telle sorte que le pourcentage de perturbation totale (naturelle et 

anthropique) de la zone d’étude est évalué à environ 68 %.  

Sur la carte RCCE-13-A (fournie dans le document transmis en juin 2020 et présentée à nouveau ici), les caractéristiques du 

milieu dans la zone d’étude sont présentées afin de donner une image de la disponibilité actuelle d’habitat dans la zone 

d’étude selon la base de données du circa 2000-vectorielle, 2009. Aucune évaluation quantitative n’a été effectuée pour 

chaque type d’habitat présentant les caractéristiques biophysiques requises par le caribou boréal pour accomplir ses 

processus vitaux et décrit à l’annexe H du programme de rétablissement de l’espèce. Il ne serait pas scientifiquement valide 

d’effectuer cet exercice car il n’apporterait aucun fondement valable démontrant que les populations de caribous 

susceptibles de fréquenter la zone seront en mesure d’accomplir leur processus vital ou non.  

Dans les faits, pour arriver à une telle démonstration, il serait nécessaire de procéder à l’évaluation des disponibilités 

d’habitats à l’échelle de l’aire de répartition de ces populations et non à celle de l’aire d’étude. Il est injustifiable de 

demander de s’engager dans un tel exercice qui est davantage de la responsabilité et des niveaux de compétence du 

Gouvernement du Québec, voir même en collaboration avec des institutions de recherche universitaires. Pour ce faire, il 

serait nécessaire dans un premier temps d’actualiser l’aire de répartition des populations locales, de préciser les 

caractéristiques de chaque type d’habitat sélectionné par ces populations pour accomplir ses processus vitaux, et ceci en 

cohérence avec des bases de données actualisées des caractéristiques biophysiques du milieu à l’échelle de l’aire de 

répartition. Ceci consisterait à une mise à jour de l’étude sur la sélection d’habitats du caribou forestier en forêt boréale 

québécoise et des cartes de probabilités d’occurrence du caribou boréal par population locale.  

La carte RCCE-13-A permet d’apprécier qualitativement les caractéristiques du milieu non perturbé dans la zone d’étude 

pouvant offrir des conditions d’habitats pour le caribou boréal. D’importants massifs de forêt ont été récemment perturbés 

par des feux de 2000 à 2016 et ont, de toute évidence, réduit la disponibilité d’habitats pour le caribou boréal dans la zone 

d’étude. Dans les faits, la mosaïque est assez représentative du cycle naturel de régénération de l’habitat de l’espèce régie 

par les feux de grande superficie qui caractérise le nord du Québec. Toutefois, d’importants massifs non perturbés 

demeurent présents principalement dans les secteurs sud et est de la zone d’étude. Ces massifs résiduels présentent une 

bonne hétérogénéité des caractéristiques biophysiques requises par le caribou boréal pour accomplir ses processus vitaux. 

Ils renferment en effet une forte proportion de peuplements résineux matures de différentes densités, de dénudés secs, de 

milieux humides, et des secteurs de lichens pour permettre au caribou boréal de répondre à ces besoins sur une période 

annuelle. De plus, ces massifs sont reliés par des corridors non perturbés permettant de préserver une connectivité entre eux. 

Cette connectivité peut aussi permettre de relier les habitats de la zone avec les principaux secteurs occupés par le caribou 

boréal des populations Nottaway au sud et d’Assinica au sud-est. 
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Ces massifs ne sont pas touchés par le projet et il ne devrait donc pas y avoir d’effet cumulatif sur l’habitat du caribou 

boréal. Toutefois, cet habitat a été perturbé par les feux et le développement anthropique passé et pourrait être perturbé à 

nouveau par de futurs projets non connus à ce jour. La perte d’habitat engendrée par le projet n’est pas considérée comme 

de l’habitat de qualité mais pourrait être considérée comme une perte/fragmentation supplémentaire de l’habitat dans ce 

rayon d’étude. À l’échelle du 50 km, la perte d’habitat reliée au projet est de moins de 0,1 % et est située dans un secteur où 

les caractéristiques offrent peu de qualité au caribou pour satisfaire son cycle vital. 

Comme mentionné précédemment selon les connaissances scientifiques et les connaissances traditionnelles cries, 

historiquement le caribou boréal ne fréquentait pas la zone d’étude. Il est donc peu probable que le projet ait un effet 

significatif sur l’effectif des populations susceptibles de fréquenter la zone d’étude. Dans les faits, la zone d’étude est 

localisée au nord de l’aire de répartition de la population de caribous de la population de Nottaway. 

Comme mentionné à l’ÉIE, l’approche probabiliste appliquée par ECCC, mise à jour en 2011 (Environnement 

Canada, 2011), a démontré avec clarté que 70 % de la variation enregistrée dans le recrutement des populations de caribous 

forestiers s’explique par une seule variable qui regroupe les taux de perturbation anthropique et naturelle (feux de forêt). 

Ainsi, l’analyse du taux de perturbation de l’habitat apparait comme un indicateur pertinent pour caractériser les conditions 

actuelles de l’habitat dans la zone d’étude et contribue à maintenir l’effectif de la population.  

En appliquant une approche très conservatrice (de précaution), le projet causerait une perturbation additionnelle de 

671,5 ha d’habitat pour le caribou boréal dans la zone d’influence de la mine projetée. De cette superficie, 298,1 ha à une 

perte fonctionnelle dans la zone d’influence de 500 m en périphérie de celle-ci. En considérant une perturbation 

additionnelle de  671,5 ha, le taux de perturbation de la zone d’étude de 7 850 km² augmenterait de 0,09 %. Même en 

considérant l’ensemble de la zone d’influence de la mine actuellement non perturbée par des éléments anthropiques ou 

naturels (environ 806,7 ha), le pourcentage de perturbation de la zone d’étude augmenterait de 0,10 %.  

Il est probable qu’une certaine portion des aires brûlées ait la capacité de se régénérer et d’offrir dans le futur des 

conditions propices pour le caribou forestier. En observant la carte R-CCE 13-A, on remarque principalement dans la 

portion ouest de la zone d’étude, des aires de feux des années de 1980 à 1989. Théoriquement, ces vieilles aires de feux ne 

sont plus considérées comme des perturbations de l’habitat du caribou forestier. Cependant, la majorité de celles-ci ont été 

rebrulées lors de feux récents.  

L’arrêt de la chasse au caribou migrateur depuis 2018 peut aussi permettre de réduire les prélèvements accidentels de 

caribou boréal dans la zone de chevauchement des aires de répartition des deux écotypes et ainsi contribuer 

significativement au maintien des effectifs des populations de caribou boréal susceptibles de fréquenter la zone d’étude. 

Finalement, les conséquences des effets potentiels du projet qui pourraient se cumuler aux effets passés, actuels ou futurs 

dans une zone de 50 km, n’ont pas de répercussions significatives sur le maintien des populations locales situées plus au sud 

et sur le maintien de l’état de l’habitat en termes de superficie. 
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Introduction 

WSP Canada (WSP) have requested Golder Associates (UK) Ltd (Golder) to update surface water quality 

predictions for the Galaxy Lithium James Bay Pegmatite Project in Quebec Canada. This technical 

memorandum outlines the background, methodology and results of the update. 

Background 

The geochemical models for contact water quality predictions of the Galaxy Lithium James Bay Pegmatite 

Project in Quebec Canada were originally developed by WSP UK in 20181 and updated in 20192. The original 

study was used to support the engineering design and environmental assessment of the project. Galaxy 

subsequently completed a Value Engineering Exercise for the project. As a result of value engineering, several 

project components were relocated or modified, necessitating updates to the geochemical models to predict the 

discharge from the north water management pond (NWMP) and the water quality of the pit lake. In early 2021, 

WSP Canada engaged WSP USA to update the geochemical models and results were reported in the WSP 

report  Final 3. 

The diabase (dolorite) lithology initially had been planned to be used for road construction. Therefore, this 

lithology was not taken into account in the 2018, 2019 and June 2021 water quality models. However, mine 

plans were subsequently changed to deposit diabase in the waste rock facility. Accordingly, the geochemical 

models to predict the discharge from the north water management pond (NWMP) and the water quality of the 

pit lake require updating to determine if this lithology has any impact on the predicted water qualities. The 

updated modelling results are summarized in this technical memorandum.  

Project scope 

The previous geochemical models had been constructed using geochemical test data for representative waste 

rock mixtures which intentionally excluded the diabase lithology. The objective of this project was to update the 

geochemical models for the operational NWMP and the post-closure pit lake to include the geochemical data 

about the diabase lithology, and to calculate revised contact water qualities using Microsoft Excel and the 

1 - -02562-00_GC_R1, August 2018. 

2 WSP (2019), Galaxy Lithium Project: Update to facility water quality modelling technical memorandum, 08 November 2019 

3 WSP (2021), pdate to surface water quality modelling , Project No.: 31402949, June 2021. 
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geochemical modelling software PHREEQC.  The model results have been screened against applicable water 

quality standards to highlight any potential compliance risks. 

Methodology 

The general modelling 

quality modelling 31402949, June 2021).  The only change relates to integrating the kinetic 

geochemical test data for the diabase lithology which was generated by WSP (2020)4. 

The proportion of diabase in the total waste rock mass was calculated from the mass of diabase in the pit that 

will be extracted and sent to the waste rock and tailings storage facility (WRTSF) totaling 685,125 tons (email 

by Dominique Thiffault, 22 September 2021) and the total waste rock mass in the WRTSF of 129,900,000 t (EIA 

Chapter 4, section 4.8.25), yielding a proportion 0.53% of diabase in the total waste rock mass in the WRTSF. 

In the previous geochemical models for the NWMP and for the pit lake, contact water quality of waste rock had 

been estimated from a humidity cell test (HCT) performed on a waste rock composite which contains all the 

waste rock lithologies except diabase, in proportions equivalent to the expected tonnages that will be extracted 

from the pit. Early HCT data (average concentrations from weeks 1-4, see Table 1, had been used to estimate 

the water quality of waste rock runoff and seepage. 

Average HCT leachate quality data of the diabase HCT from weeks 1-4 has been used to calculate a weighted 

average leachate water quality for composite waste rock which contains 0.53% of diabase, and all the other 

lithologies in the previous proportions (Table 1). The new calculated HCT leachate water quality for waste rock 

with diabase (last column of Table 1), which is very similar to the previous HCT data for waste rock without 

diabase due to the small proportion of diabase in the waste rock assemblage, was substituted into the 

geochemical models to replace previous HCT data for waste rock without diabase. 

All other input data, including site layout, water balances, material quantities in the different facilities etc. 

remained the same as in the 2021 model update. The modelling results are presented in the next sections. 

Table 1 : Early HCT data for composite waste rock without diabase, diabase and weighted average 
leachate water quality for waste rock with diabase 

Parameter Unit Unsaturated Waste Rock 
Composite HCT, week 1 - 4 

Unsaturated Diabase 
HCT, week 1 - 4 

Unsaturated Waste Rock with 
diabase (weighted), week 1 - 4 

Proportion % 99.47% 0.53% Weighted average 

pH s.u. 7.600 8.238 7.603 

Alkalinity mg/L 
CaCO3

28.00 21.75 27.97 

Redox potential mV 289.50 208.50 289.07 

Ca mg/L 8.25 5.35 8.23 

Mg mg/L 1.47 1.60 1.47 

K mg/L 10.11 1.05 10.06 

4 WSP (2020) -James - Resultats des Essais Cinetiques en Colonnes - Minerai et Diabase, Galaxy Lithium (Canada) 
Inc. , Project No : 191-01753- , March 2020. 

5 - Environmental Impact Assessment - -12362-00, July 
2021 (Version 2).
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Parameter Unit Unsaturated Waste Rock 
Composite HCT, week 1 - 4 

Unsaturated Diabase 
HCT, week 1 - 4 

Unsaturated Waste Rock with 
diabase (weighted), week 1 - 4 

Na mg/L 6.28 9.02 6.30 

SO4 mg/L 14.00 5.53 13.96 

Al mg/L 0.11 3.04 0.13 

Sb mg/L 0.00185 0.00045 0.00184 

Ag mg/L 0.000025 0.000064 0.000025 

As mg/L 0.15 0.01 0.14 

Ba mg/L 0.0119 0.0320 0.0120 

Be mg/L 0.000006 0.000045 0.000006 

Bi mg/L 0.000012 0.000059 0.000012 

B mg/L 0.0300 0.0383 0.0300 

Cd mg/L 0.000006 0.000078 0.000007 

Cr mg/L 0.00021 0.00213 0.00022 

Co mg/L 0.00051 0.00285 0.00052 

Cu mg/L 0.00031 0.00248 0.00032 

Sn mg/L 0.0289 0.0009 0.0288 

Fe mg/L 0.0610 5.0325 0.0872 

Hg mg/L 5.00E-06 1.25E-05 5.04E-06 

Li mg/L 0.41 0.03 0.41 

Mn mg/L 0.026 0.052 0.026 

Mo mg/L 0.0023 0.0009 0.0023 

Ni mg/L 0.0033 0.0030 0.0033 

Pb mg/L 0.0001 0.0055 0.0001 

Se mg/L 0.0003 0.0001 0.0003 

Sr mg/L 0.103 0.038 0.103 

Tl mg/L 0.000042 0.000032 0.000042 

Th mg/L 0.000063 0.000163 0.000063 

Ti mg/L 0.0035 0.2258 0.0047 

U mg/L 0.00698 0.00013 0.00694 

V mg/L 0.0014 0.0142 0.0015 

Zn mg/L 0.0010 0.0195 0.0011 
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North Water Management Pond Modelling Results 

The NWMP modelling results for wet and dry conditions are presented in Table 2 to Table 4 for select months 

in LOM years 3, 9, and 19.  The months were selected to represent summer/fall conditions, as the water balance 

model is not as robust for winter months.   

The numerical results are almost identical to those obtained by WSP (2021) without the diabase data. Very 

minor variations are observed for a small number of parameters in the third significant digit (i.e., variations of 

less than 1%). Similar to the WSP 2021 results and previous models, solute loads in the dry climate scenarios 

are typically around double those of the wet climate scenarios, as there is less dilution for the released mass 

load from the waste, tailings, and pit wall rock in the dry climate scenario.  

The results are compared to the following water quality standards: 

Average Monthly Concentration limits defined by Directive 019 (D019), and 

Maximum Authorized Monthly Mean Concentration (MAMMC) as defined in the Metal and Diamond Mining 

Effluent Regulations (MMER, SOR/2002-222).  

While D019 limits remain the same as in the previous model report, MAMMC values have decreased in the 

2021 MMER edition.  Therefore, for the revised model, arsenic displays more frequent exceedances against 

MMER.  Exceedances of arsenic against D019 remain the same as previously observed, occurring during late 

mine life (years 9 and 19) in dry conditions. 
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Table 2 : Water management pond geochemical modelling results  LOM Year 3 - summer. 

Parameters Unit Year 3 Dry Year 3 Wet D019 MMER

Physical-chemical July August Sept July August Sept 

pH -- 7.6 7.6 7.6 7.4 7.4 7.4 6.5 - 9.5 6.0 - 9.5

Alkalinity  

(as CaCO3) 
mg/L 

18.3 17.9 17.5 10.8 10.7 10.4 

Major ions

Calcium mg/L 34.1 33.6 33.1 18.9 18.6 18.2 

Chloride mg/L 0.3 0.4 0.4 0.3 0.4 0.4 

Magnesium mg/L 6.1 6.0 5.9 3.5 3.4 3.3 

Potassium mg/L 39.0 38.4 37.8 21.2 20.8 20.4 

Sodium mg/L 29.2 28.7 28.3 16.4 16.1 15.8 

Sulphate mg/L 35.4 35.0 34.5 35.3 34.7 34.0 

Trace Metals

Aluminum mg/L 0.005 0.005 0.005 0.003 0.003 0.003 

Antimony mg/L 0.007 0.006 0.006 0.004 0.004 0.003 

Silver mg/L 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 

Arsenic mg/L 0.144 0.152 0.155 0.103 0.110 0.109 0.2 0.1

Barium mg/L 0.08 0.08 0.08 0.05 0.04 0.04 

Beryllium mg/L 1.09E-06 1.09E-06 1.09E-06 1.10E-06 1.10E-06 1.12E-06 

Cadmium mg/L 0.00016 0.00016 0.00016 0.00013 0.00012 0.00012 

Chromium mg/L 0.013 0.012 0.012 0.006 0.006 0.006 

Cobalt mg/L 0.004 0.004 0.004 0.003 0.003 0.002 

Copper mg/L 4.19E-05 4.14E-05 4.10E-05 4.21E-05 4.17E-05 4.20E-05 0.3 0.1

Iron mg/L 7.94E-05 8.06E-05 8.19E-05 1.14E-04 1.15E-04 1.17E-04 3

Lithium mg/L 2.0 2.0 1.9 1.1 1.1 1.0 

Manganese mg/L 1.89E-04 1.98E-04 2.07E-04 4.90E-04 4.98E-04 5.22E-04 

Mercury mg/L 4.69E-05 4.54E-05 4.44E-05 2.87E-05 2.75E-05 2.72E-05 

Molybdenum mg/L 0.0100 0.0098 0.0096 0.0054 0.0053 0.0052 

Nickel mg/L 0.008 0.008 0.008 0.008 0.008 0.008 0.5 0.25

Lead mg/L 2.12E-05 2.09E-05 2.09E-05 1.52E-05 1.48E-05 1.50E-05 0.2 0.08

Selenium mg/L 0.0012 0.0012 0.0012 0.0007 0.0007 0.0007 

Strontium mg/L 0.42 0.41 0.41 0.23 0.23 0.22 

Uranium mg/L 0.067 0.065 0.063 0.034 0.033 0.032 

Vanadium mg/L 0.0054 0.0055 0.0056 0.0039 0.0038 0.0038 

Zinc mg/L 0.021 0.021 0.022 0.027 0.026 0.026 0.5 0.4
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Table 3 : Water management pond geochemical modelling results  LOM Year 9 - summer 

Parameters Unit Year 9 Dry Year 9 Wet D019 MMER

Physical-chemical July August Sept July August Sept 

pH -- 7.7 7.7 7.7 7.5 7.5 7.5 6.5 - 9.5 6.0 - 9.5

Alkalinity  

(as CaCO3) 
mg/L 

21.0 20.5 20.2 13.8 13.7 13.5 

Major ions

Calcium mg/L 37.0 36.7 36.3 20.8 20.5 20.2 

Chloride mg/L 0.3 0.3 0.3 0.3 0.3 0.3 

Magnesium mg/L 6.6 6.6 6.5 3.8 3.7 3.7 

Potassium mg/L 42.2 41.8 41.4 23.0 22.7 22.3 

Sodium mg/L 31.8 31.5 31.1 18.2 18.0 17.8 

Sulphate mg/L 38.9 38.6 38.3 38.8 38.3 37.8 

Trace Metals

Aluminum mg/L 0.006 0.006 0.006 0.004 0.004 0.004 

Antimony mg/L 0.007 0.007 0.007 0.004 0.004 0.004 

Silver mg/L 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 

Arsenic mg/L 0.193 0.210 0.210 0.134 0.147 0.143 0.2 0.1

Barium mg/L 0.07 0.07 0.07 0.05 0.05 0.05 

Beryllium mg/L 1.11E-06 1.10E-06 1.11E-06 1.02E-06 1.01E-06 1.04E-06 

Cadmium mg/L 0.00015 0.00015 0.00015 0.00012 0.00011 0.00011 

Chromium mg/L 0.012 0.012 0.012 0.006 0.006 0.006 

Cobalt mg/L 0.004 0.003 0.003 0.003 0.002 0.002 

Copper mg/L 4.49E-05 4.40E-05 4.32E-05 4.03E-05 3.96E-05 3.89E-05 0.3 0.1

Iron mg/L 7.31E-05 7.42E-05 7.48E-05 9.50E-05 9.55E-05 9.66E-05 3

Lithium mg/L 2.2 2.1 2.1 1.2 1.2 1.1 

Manganese mg/L 0.00015 0.00016 0.00016 0.00031 0.00031 0.00032 

Mercury mg/L 5.05E-05 4.86E-05 4.82E-05 3.10E-05 2.94E-05 2.96E-05 

Molybdenum mg/L 0.0107 0.0106 0.0105 0.0059 0.0058 0.0057 

Nickel mg/L 0.008 0.008 0.008 0.007 0.007 0.007 0.5 0.25

Lead mg/L 2.34E-05 2.32E-05 2.34E-05 1.59E-05 1.56E-05 1.59E-05 0.2 0.08

Selenium mg/L 0.0013 0.0013 0.0013 0.0008 0.0008 0.0007 

Strontium mg/L 0.46 0.45 0.45 0.26 0.25 0.25 

Uranium mg/L 0.068 0.066 0.065 0.036 0.034 0.033 

Vanadium mg/L 0.0063 0.0064 0.0065 0.0042 0.0042 0.0042 

Zinc mg/L 0.019 0.019 0.020 0.022 0.021 0.021 0.5 0.4
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Table 4 : Water management pond geochemical modelling results  LOM Year 19 - summer 

Parameters Unit Year 19 Dry Year 19 Wet D019 MMER

Physical-chemical July August Sept July August Sept 

pH -- 7.6 7.6 7.6 7.4 7.4 7.4 6.5 - 9.5 6.0 - 9.5

Alkalinity  

(as CaCO3) 
mg/L 

18.2 17.6 17.3 11.4 11.1 10.9 

Major ions

Calcium mg/L 38.0 37.6 37.2 21.1 20.9 20.5 

Chloride mg/L 0.2 0.2 0.2 0.2 0.2 0.2 

Magnesium mg/L 6.8 6.7 6.7 3.8 3.8 3.7 

Potassium mg/L 43.9 43.5 43.0 23.9 23.7 23.3 

Sodium mg/L 32.0 31.6 31.2 18.0 17.8 17.5 

Sulphate mg/L 40.1 39.8 39.3 39.9 39.5 38.9 

Trace Metals

Aluminum mg/L 0.005 0.005 0.005 0.003 0.003 0.003 

Antimony mg/L 0.007 0.007 0.007 0.004 0.004 0.004 

Silver mg/L 0.0003 0.0003 0.0003 0.0002 0.0002 0.0002 

Arsenic mg/L 0.234 0.252 0.250 0.146 0.158 0.154 0.2 0.1

Barium mg/L 0.07 0.07 0.07 0.05 0.05 0.05 

Beryllium mg/L 1.07E-06 1.07E-06 1.10E-06 1.07E-06 1.08E-06 1.12E-06 

Cadmium mg/L 0.00016 0.00015 0.00015 0.00012 0.00012 0.00012 

Chromium mg/L 0.012 0.011 0.011 0.006 0.006 0.006 

Cobalt mg/L 0.004 0.004 0.004 0.003 0.003 0.003 

Copper mg/L 4.33E-05 4.24E-05 4.17E-05 4.28E-05 4.25E-05 4.20E-05 0.3 0.1

Iron mg/L 8.04E-05 8.23E-05 8.31E-05 1.10E-04 1.12E-04 1.13E-04 3

Lithium mg/L 2.2 2.1 2.1 1.2 1.2 1.2 

Manganese mg/L 0.00020 0.00021 0.00022 0.00045 0.00047 0.00049 

Mercury mg/L 4.64E-05 4.45E-05 4.39E-05 2.94E-05 2.79E-05 2.80E-05 

Molybdenum mg/L 0.0110 0.0109 0.0107 0.0060 0.0059 0.0058 

Nickel mg/L 0.009 0.009 0.009 0.008 0.008 0.008 0.5 0.25

Lead mg/L 2.26E-05 2.24E-05 2.29E-05 1.60E-05 1.57E-05 1.62E-05 0.2 0.08

Selenium mg/L 0.0014 0.0014 0.0014 0.0008 0.0008 0.0008 

Strontium mg/L 0.47 0.47 0.46 0.26 0.26 0.25 

Uranium mg/L 0.067 0.064 0.063 0.036 0.034 0.033 

Vanadium mg/L 0.0072 0.0072 0.0072 0.0046 0.0045 0.0045 

Zinc mg/L 0.021 0.021 0.022 0.026 0.024 0.025 0.5 0.4



Dominique Thiffault Reference No.  21498033.TM1.B0

WSP Canada Inc., Quebec 21 October 2021

8

Pit Lake Model Results 

The results for the water quality at the end of the pit lake filling time, at the point of discharge from the lake, are 

tabulated in Table 5. This includes both the low groundwater inflow scenario (post-closure year 138), and the 

high groundwater inflow scenario (post-closure year 98). The results of the revised model are again very similar 

to those of the previous model without diabase. 

The simulated pH for both the low inflow and high inflow scenarios is pH 8.0, compliant with D019 and MMER 

average monthly limits. 

Dissolved arsenic in both scenarios is greater than 0.1 mg/L, therefore exceeding the new MMER limit, and 

relatively close to the Directive 019 limit of 0.2 mg/L. All other parameters are compliant with both Directive 019 

and MMER average monthly limits.  

A separate model was created to evaluate the progression of the water quality throughout the period of the filling 

of the pit for scenario 1 (low flow) and this model returned similar results to the static model run for the end of 

the pit lake filling time. The pH was between 8.0 and 8.1 throughout filling of the pit lake (Figure 1).  

The final static filled mix for the pit lake has a dissolved arsenic concentration of 0.168 mg/L (Figure 2), 

exceeding MMER average monthly limits, but less than the D019 criteria. However, Figure 2 shows that the 

initial estimated concentration for arsenic at the beginning of the pit lake filling mix has an arsenic concentration 

of 0.222 mg/L, also above the D019 limit. The arsenic concentration continues to exceed the D019 limit for the 

first 59 years of pit filling. Following ongoing dilution, the arsenic concentration decreases over time but still 

exceeds MMER. 

Table 5 : Modelling results of the final water quality in the pit lake 

Parameters Units Modelling Results Water Quality Regulations 

Scenario 1 
Low Inflow 

Scenario 2 
High Inflow 

Directive 019: 
Average Monthly 
Concentration 

MMER: Maximum 
Authorized Monthly Mean 
Concentration 

pH - 8.0 8.0 6,5 - 9,5 6,0 - 9,5 

Alkalinity (as 
CaCO3) 

mg L-1

41.8 45.4 

Major ions 

Calcium mg L-1 10.6 10.9 

Chloride mg L-1 0.3 0.6 

Magnesium mg L-1 2.3 2.4 

Potassium mg L-1 11.8 9.6 

Sodium mg L-1 10.8 13.0 

Sulphate mg SO4 L-1 16.9 16.0 

Trace Metals 

Aluminium mg L-1 0.012 0.013 
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Parameters Units Modelling Results Water Quality Regulations 

Scenario 1 
Low Inflow 

Scenario 2 
High Inflow 

Directive 019: 
Average Monthly 
Concentration 

MMER: Maximum 
Authorized Monthly Mean 
Concentration 

Antimony mg L-1 0.00181 0.00141 

Silver mg L-1 0.00004 0.00004 

Arsenic mg L-1 0.167 0.150 0.2 0.1 

Barium mg L-1 0.033 0.034 

Beryllium mg L-1 0.0002 0.0002 

Cadmium mg L-1 1.42E-05 1.47E-05 

Chromium mg L-1 0.005 0.005 

Cobalt mg L-1 0.001 0.001 

Copper mg L-1 0.00203 0.00235 0.3 0.1 

Iron mg L-1 0.03 0.0177 3 

Lithium mg L-1 0.58 0.61 

Manganese mg L-1 0.075 0.098 

Mercury mg L-1 5.37E-06 4.26E-06 

Molybdenum mg L-1 0.00264 0.00240 

Nickel mg L-1 0.007 0.006 0.5 0.25 

Lead mg L-1 0.001 0.001 0.2 0.08 

Selenium mg L-1 0.00047 0.00046 

Strontium mg L-1 0.13 0.14 

Uranium mg L-1 0.007 0.005 

Vanadium mg L-1 0.005 0.004 

Zinc mg L-1
0.006 0.007 0.5 0.4 
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Figure 1 : pH Evolution Over Pit Lake Filling Time. 

Figure 2 : Arsenic Evolution Over Pit Lake Filling Time 
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Summary 

The water quality models of the Galaxy Lithium James Bay Pegmatite Project in Quebec Canada have been 

updated to assess the impact of depositing diabase in the waste rock and tailings storage facility (WRTSF) 

instead of using it for road construction. Under current mine plans, it is expected that the proportion of diabase 

in the total waste rock mass in the WRTSF will be about 0.53%. 

A new representative contact water quality for waste rock runoff and seepage was calculated from humidity cell 

test (HCT) data for a waste rock composite which contained all lithologies except diabase in proportions 

representative of the waste rock extraction schedule, and HCT data for diabase. This revised contact water 

quality was substituted into the previous geochemical models for the North Water Management Pond (NWMP) 

and the post-closure pit lake. 

The predicted water qualities for both models with diabase are very similar to the results obtained previously by 

the models without diabase, due to the small proportion of diabase in the overall waste rock assemblage. 

The modelling results have been compared to the following water quality standards: 

Average Monthly Concentration limits defined by Directive 019 (D019), and 

Maximum Authorized Monthly Mean Concentration (MAMMC) as defined in the Metal and Diamond Mining 

Effluent Regulations (MMER, SOR/2002-222).  

The MAMMC values have decreased in the 2021 MMER edition.  

For the NWMP model, predicted water qualities display regular arsenic exceedances against the revised MMER 

limits and occasional exceedances against D019. 

For the pit lake model, predicted arsenic concentrations exceed the new MMER limit throughout the simulated 

period, and also exceed the D019 limit for the first 59 years of pit filling.   

Closing 

This technical memorandum has been senior reviewed by David Love (Technical Director, Geochemistry).  

We trust that the geochemical model updates and results presented herein meet your requirements. Please 

contact the undersigned if you have comments or queries or if you require any clarifications or modifications. 

Golder Associates (UK) Ltd 

Tobias Roetting Gareth Digges La Touche 

Principal Hydrogeochemist Technical Director 
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