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Sammanfattning
Denna rapport utgör en del av det arbete som utförts på uppdrag av ANDRA rörande flöde och
transportmekanismer i naturliga, sprickiga medier.

Vi presenterar här CEA/DMTs bidrag till Task 5 i SKBs Task Force. Denna uppgift syftade till att
integrera modeller för grundvattenflöde och modeller för hydrokemisk mixning under de förhållanden
som rådde i Äspölaboratoriet under tillredning av ramp och schakt.

Arbetet som gjorts inkluderar modellering av de hydrauliska problemen och transport och blandning
av olika vattentyper i de vattenledande strukturerna på platsen. Kalibreringen följde principen att nå
bästa lösning på problemet, och inkluderade känslighetsanalys för att utvärdera osäkerheten hos
kalibreringsprocessen.

Men, eftersom CEA/DMT kom med i Task 5 så sent som i april 1999, kunde arbetet endast inkludera
delar av hela kalibreringsarbetet och endast känslighetsanalys av vissa parametrar i systemet.
Ytterligare arbete behövs beträffande transportdelarna i modellen.

Resultat från studien av det hydrauliska problemet visar att de hydrauliska data som presenterats
(vattenledande strukturens geometri, transmissivitet, randvillkor) är tämligen stabila.
Densitetseffekter, som är beroende av salthalten, visade sig vara betydelsefulla för djupare delar av
modellen, och bör modelleras.

Användning av transportdata leder till ytterligare förfining av modellen, även om transportparametrar
och data om blandningsproportioner medför stora, potentiella osäkerheter. Preliminära resultat visar
att systemet är känsligt för sådana parametrar som start- och randvillkor samt transportparametrar
(speciellt dispersionskoefficienter). Detta ska beaktas i kalibreringsstrategin liksom i diskussionen av
den globala utvärderingen av modellens konsistens.
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ô



� ���������
	 -

É.
 Ë0/1�NÊ 2 3 É H�4 5 Ë�H�6©É H87 Ë0
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�#km�/LN�¢� Ç ìvì_ìzOxQ³^ªr_UXqPUXS3^=|yg,{P|R[3O§½«W/{/S3W¶Y_Q3U�ÁÂqPOR[3U�Uj|RUXg,UXqv[ pjYPi/U�i/Uj¡_Y_[3Uji$[3Y�Q3[u{Pi/ORUjQ³O;qQ3[uS3{Ppj[u{/S�^=|ag,UjpjM/^_qPORpjQX­msÂ{PORiõg,UjpjM/^_qPORpjQG^_qPi�[uMPUXS3g,ORpjQ¥»¿Q3UjUGS\Ub`�UXSVUXqPpjU¥��k��/LN��� Ç ì_ì_ìL� Ç '�¾®��#YZqPpjUXS3qPO;qPr¥[bMPU¹^_W/WP|RORpX^=[3ORYZqPQò`�YZS²[uMPU��G^=Q�[3U¹o#UXW¶Y_Q3OR[3YZS\OxUjQ£­y[bMPU¹pjYPi/U�pjY=¡_UXSVQ�[uMPUz`�Y_|R|RY=cNO;qPrQ3pjORUXq_[3O§Átp�ÁtUj|Ri/Q�)?¬��PitSVY_r_UjY_|RY_rv�_­1LNMPUXS3ghOxpjQ£­�o�YZpjd�^_qPiG�PY_OR|#��UjpwM/^_qPORpjQX­¢æ�UjYZpjMPUXg,ORQ3[uSV�_­4^_qPi[uMPUN`fY_|R|RY=cNO;qPr?pjYP{/WP|xO;qPr_QF)�L4S3^_qPQbW/YZSV[\½«æmUjYPpwMPUXg,ORQ3[bSV�_­ZLNMPUXS�g,Y=½«¬��ZitS3^v{P|xORpjQX­}¬N�PitSVY=½~��UjpjM/^_qPORpjQX­LNMPUXS3g,Y=½«¬��PitSVY=½~��UjpwM/^vqPOxpjQ£�
�#km�/LN�¢� Ç ìvì_ì³�/Uj|RYZqPr_Q,[3Yz[uMPU]pj|;^=Q3Q,Y=`NM_YP�P±«Ujpj[©YZSVORUXqv[3UjiOM�pjYZi/UjQX�zÀf[aORQ,Q3[uS�{Ppj[u{/SVUji@^=Q?^M_|RO��/S�^_SV�JM Y=`�YPW/UXS3^=[�YZSVQy^=pj[�O�qPr�YZqòYZ�P±VUjpj[3QX�NLNMPUjQ3U©YZW/UXS�^=[3YZSVQ�g]^£�Æ�¶U�)#O�¾�i/O§¦�UXSVUXqv[3O;^=|f­·Qu{PpjMT^=Q^,rZS3^=i/ORUXqv[X­·^,|;^_WP|;^=pjO;^_q·­1^,[�O�ghUai/UXSVOR¡�^�[3OR¡_U_­¢�;�;�;�×­_`fYZS#[bMPUaQ3Y_|;{P[3ORYZqzY=`�^,[uS�^_qPQuW/YPSV[NUj¸/{/^=[3ORYZq�`fYZSO�qPQ�[u^_qPpjU�P¢ORO;¾mr_UjYPg,Uj[uSVORpX^=|f­4Qu{PpjM�^=QmQ3UjrZghUXq_[u^�[3ORYZq�Y=`N^³|RO;qPU O;q9^³qZ{/g,�/UXS©Y=`#Uj¸ä{/^�|�Q3UjrZghUXq_[3Q£­`�YZS�[uMPU]g,UjQuMPO;qPrzYZW/UXS3^�[3ORYZqPQQP·ORORO�¾©|RY_r_ORpX^=|f­BUj[3p_�aLNMPU,YZ�P±VUjpj[3Qmg]^£�T�/U]Q�pX^=|;^_Sj­·¡_Ujpj[3YPSj­t[�UXqPQ3YZSVO;^=|ÁtUj|xi/Q£­¢YZSmW/^_SV[�QaY=`y^³g,UjQuMPO;qPrt­�YZSmg,YZSVU²Q3O;g]WP|R��Át|RUjQX�³��YZSVU,r_UXqPUXS3^�|x|R�9[uMPUj��^_SVU ^vW/W/SVYZW/SVO;^=[3U[3Y][uMPU©pjYZqPpjUXWP[3Qmg]^_qPO;W/{P|;^=[3Uji��_��UXqPr_O;qPUjUXSVQX�#kõg²^=pXSVY=½~|;^_qPrZ{/^�r_Ua^=|R|RY�c�Qy[uMPUmpjYPg]g,YZqz{PQ3UXS#[3Yg]^_qPO;W/{P|;^=[3Um[uMPUNYPW/UXS3^=[�YZSVQ�^vqPi YZ�ä±«Ujpj[3Q£�1�mqPUmY=`�[uMPUyW/S\O�qPpjO;W/^=|4^=i/¡�^_qv[u^=rvUjQ�Y=`�[uMPORQ#Q3[uS3{Ppj[b{/SVUNORQ[uM/^=[�[bMPUyYZW¶UXS3^=[3YPSVQ�^_S\UNO;qPi/UXW/UXqPi/UXqv[��/^=Q�Oxpa�/S\OxpjdvQ�^vqPiÆqPY_[¤i/Uji/ORpX^=[3Uji³[3Y,^?W/^vSV[3ORpX{P|;^_S#^_W/WP|ROxpX^�½[3ORYZq·��Àf[#ORQN[uMPUmpjYPg]g,YZq�{PQ3UXS¤cyMPORpwMz^=Q3Q3UXg,�P|RUjQ#[uMPUmYZW¶UXS3^=[3YZS\Q�O;q�YZSVi/UXS#[�YaQ3Y_|R¡_UaMPORQyW/^vSV[3ORpX{P|;^_SW/SVYZ�P|RUXg³�#À¿`¢[uMPUmYZW/UXS�^=[3YZS#i/YPUjQyqPY_[�Uj�ZORQ3[�OR[yg]^£�Æ�¶Umi/Uj¡_Uj|RYZW/Uji��v� [bMPU?{PQ3UXSj�
LNMPU,^X¡=^=OR|;^_�P|RU]QuW/^=[3O;^=|4i/ORQ3pXSVUj[3O��X^=[�OxYPqz`�YPS3g,{P|�^�[3ORYZqPQ�^vSVUaQ3[b^_qPit^_SVi�æa^=|RUXS3dvO;q³ÁÂqPOR[3U,Uj|RUXg,UXqv[^_qPiÆghOx�PUji³M_�/�/SVORi�ÁÂqPOR[3UyUj|RUXg,UXqv[X�#LNMPUNr_UjYPg,Uj[uSV�]g]^£�]�/U,´jn]­ Ç n]­Zê=nç^vqPi ^=�POxQ��äg,Uj[bSVORp_��LNMPU[3O;g,Uai/ORQ3pXSVUj[�OR�X^�[3ORYZqPQmQ3pjMPUXg,UjQ�^vSVUa[uMPU©Q3[u^_qPit^vSVi³YZqPUjQ]»¿Uj�äWP|RORpjOR[X­·O;g]WP|RORpjOx[£­��;�;�§¾j��Ã�S\Ub½«W/SVYZpjUjQ�Q3YZSVQ»fg,UjQuMPO;qPr©`�YPS4Uj�ä^_g²WP|xUX¾#^_qPi�W/Y_Q3[\½«W/SVYZpjUjQ�Q3YZSVQm»¿rZS3^_W/MPORpjQX­}�;�;�ë¾©^_SVUyW/^vSV[3Q�Y�`Â[uMPU�pjYZi/U_�¢�#YP{/WP|xO;qPr_QcNOR[uM³Y_[bMPUXS�pjYPi/UjQm^_SVUaW/YvQ3Q3O;�P|RU_�
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t>uWv wyx*z>{|x~}��;���p�N�C�Qx��1};�n�;x*�
LNMPU]pjYZqPit{Ppj[3YPSai/YPg]^=O;qPQ?^=|RYZqPU³^_SVU�MPUXSVU][u^_d�UXq�O;q_[3Y�^=pjpjYZ{/qv[X�³LNMPU g]^�[uSVOR���P|xYPpjd_Q,pjYZ{P|Ri@�/UO�qv[3UjrZS�^=[3Uji�O;q�`~{/SV[uMPUXSmg,YPi/Uj|RO;qPr¹Q�[3UXWPQX­�[bMPUjO�S�O;g]W/YZS\[u^_qPpjU²`�YZS�[bS3^_qPQuW¶YZSV[mW/SVYZ�P|RUXg,Q?�¶UjO;qPr¯W¶Y=½[3UXq_[�O�^�|x|R�³O;g]W¶YZSV[u^_qv[X�
LNMPU,r_UjYZghUj[uSV�TY�`�[uMPU©`~S3^=pj[u{/SVUjQmORQ©[u^_d=UXqzUj�/WP|xORpjOR[3|R�@O;q_[�YT^=pjpjYZ{/qv[mO�q¯[uMPU g,UjQuMPO;qPrt�,�·SVYZg[uMPUaO;qPOR[3O;^=| Ç ´�`~S3^=pj[u{/SVUjQmW/SVY=¡POxi/UjizO;q³[uMPU©i/Uj|xOR¡_UXS\OxUjQ£­�´Xè]S\UXg]^=O;q³O;q³[bMPU?g,YPi/Uj|*)#�¢�*´X�·­t���°ê¶­�¢���/­�l��N´_­�l�� Ç ­4ly�¤ê/­�l�� ô l©­�ly� ô �·­�l�lN�*´_­�l�lN� Ç ­�l�l��°ê¶­�lyl�� ô ­�lyl��J�/­�l�lN�Jè/­lyl����/­t�P�*�¢´_´v��L�MPUmY_[uMPUXS#YZqPUjQ�c�UXS\UmUj|xO;g,O;q/^=[�UjiG^=QN[uMPUj��i/YZq,� [�[u^_d=UmW/^_SV[NO;qò[uMPU�stY=cJcyMPUXqg]^=[uSVOR���P|RYZpjdvQh^vSVU qPY_[,g,YZi/Uj|RUjiç»fqPYv[aO;q_[�UXSVQ3Ujpj[3Uji@�_��[u{/q/qPUj|N^_qPiªQuM/^£`f[aYZS�pjYZq/qPUjpj[3Uji9[3Y¹^_qO�qv[3UXSVQ�Ujpj[3Uji³`~S3^=pj[u{/S\UX¾j�
LNMPUmi/YZg²^=O;q³Q3O��jUaORQ Ç dZg�� Ç dPg���´XdZg ^=QyW/SVY=¡POxi/UjizO;q³[uMPUmi/Uj|ROR¡_UXSVORUjQX�
Ã�S�^=pj[3ORpX^=|R|R�]QuW/UX^vd_O;qPrt­/[bMPUyr_UjYPg,Uj[uSVORpX^=|¶`�UX^=[b{/SVUjQ�^_S\UN[uSVUX^=[�Uji ^=QNê=nJYZ�ä±«Ujpj[3Q#^=Q�S\Uj¸ä{PO;SVUjiT�v�[uMPUaW/SVUjQ3UXqv[y¡vUXSVQ3ORYZq�Y=`��#km�/LN�¢� Ç ì_ìvì/����UaW/S\YZpjUjUji�^=Q#`fY_|R|xY=cNQ£�
´_�N¬��ZitS�^_{P|ROxp�pjYZqPit{Ppj[3YPSVQai/YZg²^=O;qPQ?^_SVU©ÁÂSVQ�[aYZ�P[u^�O�qPUji9^=Q Ç n�YZ�P±VUjpj[3Qm`~SVYZg�^vq¹^v{P[3YZg]^=[�Oxpg,UjQbM�r_UXqPUXS3^=[3YPS�)¤Àfna�¢km�·���·YPpX^=[3ORYZqPQ�pjYZS3S\UjQuW/YZqPi/O;qPr�[3Y]O;qv[3UXSVQ3Ujpj[3ORYZqPQm^_SVUmORi/UXqv[3O§ÁtUji��
Ç �Nê=n `�UX^�[u{/SVUjQm^_SVUarvUXqPUXS3^=[3Ujiz`~SVYZg�[uMPUjQ�UhWP|;^_qPQa�v�T[bS3^_qPQ3|;^=[3ORYZq�)y^²i/UXWP[uMzORQa^£¦�Ujpj[3Uji��mÀ~q[uMPORQ�YZW/UXS�^=[3ORYZq·­·qPYZi/UjQm|RYPpX^=[3Uji¹^�[y[uMPU©Uj�Z[bSVUXg,OR[3ORUjQyY�`�[uMPUjQ3U?{/qPOR[3Q£­tpjYZS�SVUjQuW/YPqPi/O�qPr³[�YÆ^_qO;qv[3UXSVQ3Ujpj[3ORYZq�c�Ox[bM³^_qPY_[uMPUXS¤pjYZqPit{Ppj[3O;qPr²`�UX^�[u{/SVUm^_SVUmORi/UXq_[�OëÁtUji��NL�MPUyUj|RUXg,UXqv[3Q�r_UXqPUXS3^=[3Uji^_S\UyW/SVORQug]^=[�Oxp_�#LNMPU�r_UjYZg,Uj[bSV�©`�YZS�[uMPU�[u{/q/qPUj|1^_qPi�QuM/^£`f[3Q�cN^=Q¤YZ�P[u^=O;qPUjiT�v�$� i/ORr_r_O;qPr��/ê=n`fUX^=[u{/SVUjQ�O�qv[3Y][bMPUaM_�PitS3^_{P|RORp,pjYZqPit{Ppj[3YZSNê�nçi/YZg²^=O;qPQyr_UXqPUXS�^=[3Uji��
ê/�NLNMPUmO;qv[3UXSVQ3Ujpj[�OxYPqPQy^_SVUmqPY_[Ni/ORQ3pXSVUj[�OR�jUji��#LNMPU�ÁÂq/^=|Br_UjYZg,Uj[uS\OxpX^�|¨ghYZi/Uj|·pjYZqPQ3ORQ3[�QNY=`�´Xè,ê=n{/qPOR[3QNpjYPS3SVUjQuW¶YZqPi/O;qPr [3Y²[uMPUmpjYZqPit{Ppj[3O;qPr²`�UX^=[b{/SVUjQySVUj[u^�O�qPUjiTMPUXS\U_­Â^=Q#c#Uj|R|1^=Qy^hQ3�ZQ�[3UXg Y=`SVUj|;^=[�OxYPqPQ�W/S\Y�¡PORi/O;qPr][uMPUmpjYZq/qPUjpj[3OR¡POR[3ORUjQ�^=[¤[uMPUmUj�P[uSVUXg,OR[3ORUjQNY=`�[uMPUjQ�U]´Xèa{/qPOR[3QX�¤LNMPUjQ3Ua^_SVUqPUjpjUjQ3Qb^_SV��`fYZS#[uMPU]g,YPi/Uj|RO�qPr³Y�`¢stY�c6^_qPi�UX{P|xUXS\O�^vqT[bS3^_qPQuW¶YZSV[NQ3O;qPpjU]pjYPq_[3O;qP{POR[«�TS\Uj|�^�[3ORYZqPQ^_S\UmO�g²W/Y_Q3Uji��/^=Q3Uji³YZqò[uMPUXg³�
LNMPU©`�Y_|R|RY=cNO;qPrTpjYZg²g,UXq_[�Qa^_SVU?qPUjpjUjQ�Qu^_SV��[3Y³{/qPi/UXSVQ3[u^vqPi�[uMPORQmr_UjYZg,Uj[bSVORpX^=|�g,YPi/Uj|�^_qPi�MPY�c6OR[pX^_q��/U,YZW/UXS�^=[3ORYZq/^=|f�mk pj|�^�Q3Q3ORpX^=|�YPWP[3ORYZqzc�YP{P|xi��¶U?[�YÆg,YPi/Uj|¢[uMPU,pjYZqPit{Ppj[3O;qPrò`�UX^=[b{/SVUjQ�^�Q Ç n{/qPOx[�QX�]LNMPORQac#YZ{P|Ri��/U]Y�`�qPYT{PQ3U MPUXS\U]Q3O;qPpjU][uMPU,¡_UXSVQ�OxYPq�Y=`�[bMPU?pjYPi/U]c#U,c#YZS3d=UjizYZq�i/ORiGqPY_[^=|R|xY=c Ç n*g,YZi/Uj|RO;qPr³cNOR[uMPO;q�ê=nõW/SVYZ�P|RUXg,Q£��LNMPUaqPUj�P[�Oxi/UX^²pjYZqPQ3ORQ3[�QyY=`�^©`~{P|R|x�Tê�nõg,YZi/Uj|f�#LNMPUg,UjQuMPO;qPr Y�`�Q3YPg,U�`ÄS�^=pj[u{/SVUmO;qv[3UXSVQ3Ujpj[3ORYZqPQaW/S\Y�¡vUji³pX{/g?�¶UXSVQ3YZghUmit{PU?[�Y?[bMPU?SVUj|;^=[3OR¡_U©Uj�Z[�UXqPQ3ORYZqPQY=`1[uMPUmg,UjQuMPUjQX�¤�PYt­PO�qv[3UXSVQ�Ujpj[3ORYZqPQNc#UXSVUmqPY_[�g,UjQbMPUji³r_UjYZg,Uj[uS\OxpX^�|x|R�³�/{P[NpjYZqv[3O;qZ{POR[V�]Y=`BstY�c�^_qPi[uS3^_qPQuW¶YZSV[#¡�^vSVO;^_�P|RUjQycN^=Q#O;g]W/YvQ3Uji¹^=[¤`~S3^=pj[u{/S\UmO�qv[3UXSVQ�Ujpj[3ORYZq�cNOR[uMPO;q³[uMPUmQ�O�g,{P|;^=[3ORYZqzW/SVYPpjUjit{/SVU_�LNMPORQmpjYZq_[�O�qP{POR[V�³OxQa^�pwMPORUj¡_Uji��v�T^,pj|;^=Q3Q3ORpX^=|*��^�rZS3^_qPr_O;^_qzg,{P|x[�O�WP|RORUXSVQ,g,Uj[uMPYPi��Nk*itS3^£cy�/^=pjd²Y=`[uMPORQaQ3[uS�^=[3Ujr_�³ORQ?qPUj¡vUXSV[uMPUj|RUjQ3Q,[uM/^=[aW/^_S\[3ORpj|xU²[uS3^=pjd_O;qPr�W/SVYZpjUjit{/S\U W/SVY=¡ZORi/Uji�O;qª[uMPU,pjYZi/U�pjYZ{P|RiqPY_[y�/U,{PQ3UjiTQ�O�qPpjU,qPY]r_UjYZghUj[uSVORpX^=|�pjYZqv[3O;qP{POx[V��Uj�ZORQ3[m�/Uj[Vc#UjUXq�[uMPU�`ÄS3^�pj[u{/SVUjQX�
LNMPU#[u{/q/qPUj|/ORQ�SVUXW/SVUjQ�UXq_[3Uji��_�,^yW/SVORQug²^=[3ORpNUj|RUXg,UXqv[�»¿i/O;^_g,Uj[�UXS¢^_SVYZ{/qPi,é_ì_g]¾BcyMPUXSVUy�¶YZ{/qPiP½^_SV��pjYZqPi/OR[3ORYZqPQ ^_S\U]O;g]W/Y_Q�Uji��Tk�QudvO;q9Ub¦¨Ujpj[©ORQ?O;qv[uSVYPit{PpjUji@O;q�[uMPU²ÁÂSVQ3[,g,UjQuM�YPq�[uMPU²[u{/q/qPUj|Q3ORi/U_�]LNMPORQaUb¦�Ujpj[aSVUXW/SVUjQ3UXqv[3Qm[Vc#YÆW/MPUXqPYPg,UXq/^�)�ÁÂSVQ3[£­·rZSVYZ{P[3O;qPr³cyMPORpjM�cN^=Q�UXg]WP|RY��vUji�it{/SVO;qPr[uMPU]Uj�PpX^X¡=^=[3ORYZq�[�YT|RO;g,OR[?[bMPU]O;qvstY�c Y=`NcN^=[3UXS�O;q_[�YT[uMPU][b{/q/qPUj|�­4Q3UjpjYPqPi�­1[bMPU ^=pjpX{/S3^=[�U]i/O;^_g,Ub½[3UXSmY=`N[uMPU²[u{/q/qPUj|#OxQ]qPY_[©i/O;SVUjpj[3|R� ghYZi/Uj|RUji@MPUXSVUÆ�/{P[]�v��g,UX^_qPQaY�`�O;qv[uSVYPit{PpjO;qPrG^TSVUjQ�OxQ�[u^_qPpjU^=pjpjYZ{/qv[3O;qPr]`fYZS¤[uMPUmitS3^£cNi/Y=cyq�Y=¡_UXS¤[uMPORQ�i/OxQ�[u^_qPpjU_�
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è_�/´ ô ghUjQuMPUjQy^_SVUaS\Uj¸ä{PO;SVUjiz[3Y SVUXW/SVUjQ�UXq_[N[bMPOxQ�Q3�PQ3[3UXg�O;qPpj|;{Pi/O;qPrT[u{/q/qPUj|4^_qPi³QuM/^£`f[3QX�
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EW-1S

EW-7
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Tunnel

Shaft
NE-1

NNW-8

NNW-1

NNW-4

NNW-5

NNW-6

SFZ11

NNW-7

�¢ORrZ{/SVU Ç �;´�)�¬��PitS3^_{P|RORp?pjYPqPit{Ppj[3YZSVQX­PQuM/^�`�[y^vqPi³[u{/q/qPUj|f�#nmYZg]^=O;q�Q3O��jU Ç dZg�� Ç dPg ��´XdZg
kN[][bMPUTW/SVUjQ3UXqv[ Q3[b^=[3U_­¤YZqP|R�@[uMPU³`~S3^=pj[u{/S\UTqPUj[«c#YZS�d�ORQ pjYZqPQ�Oxi/UXS\Uji��J�Â{/S\[uMPUXS]WP|;^_qPQ³pjYZ{P|RiO�qPpj|;{Pi/UGghYZi/Uj|RO;qPrGY�`�[uMPUTg²^=[uSVOR�@�P|xYPpjQ³�_�@g,UX^_qPQ]Y�`�^zi/YZg]^�O�q�pjYZ{/WP|RO;qPr¥W/SVYZpjUjit{/S\U_�¥LNMPORQW/SVYZpjUjit{/S\UÆ»¿i/YZg²^=O;q�i/UjpjYZg]W/YvQ3OR[3ORYZq/¾�QuMPYZ{P|Ri¹W/S\Y�¡vUyO;qv[3UXSVUjQ3[3O;qPr²`�YPS#[Vc�Y]SVUX^�Q3YZqPQN^=[N|RUX^=Q3[F)

+ ��O;qPUj[3ORpjQ�`fYZS©stY=c'^_qPi$[uS3^_qPQuW¶YZSV[,O;q$[uMPU³pjYZqPQ3ORi/UXSVUji�i/YZg]^�O�qPQ�»×`~S3^=pj[u{/S\UTqPUj[«c#YZS�d�^_qPig]^�[uSVOR���P|xYPpjd_Qu¾,^_S\U]¡_UXSV��i/O§¦�UXSVUXq_[£�³kyQ,Qu{PpjM·­4¡_UXSV��i/O§¦�UXSVUXq_[,[3O;g,U³^_qPi�QbW/^=pjU i/ORQ3pXS\Uj[3O§½Qu^�[3ORYZq³Q3[bS3^=[3Ujr_ORUjQy^vSVU?SVUj¸/{PO;SVUji��yÀeq�W/^_SV[3ORpX{P|;^_Sj­·g,YPi/Uj|xO;qPrz[uMPUacyMPYv|xU©Q3�PQ3[3UXg�^=Q�^hQ3O;qPr_|RUi/YZg²^=O;qT»¿Q3YmcNOR[uM²^�pjYZg]g,YZqh[3O;g,UNQ3[3UXW/¾4c#YZ{P|Ri S\Uj¸ä{PO;SVU�¡_UXSV��ÁÂqPUyi/ORQ3pXSVUj[�OxQb^=[3ORYZq�»f^=[¢|RUX^=Q3[O;q²[uMPU��P|RYPpwdvQ#[3Y=cN^_SVi/Q�[bMPU#`ÄS�^=pj[u{/SVU�O;q_[3UXS«`Ä^=pjUX¾�[3YarP{/^_S3^_qv[V�h^�r_YPYZi�i/�äq/^vg,ORpyUjQ3[�O�g²^=[3ORYZqY=`4[uMPUm[uS3^_qPQbW/YZSV[Ng]^�Q3QNUj�PpwM/^_qPrvUjQy�/Uj[Vc#UjUXq³�/Y_[bM�i/YZg]^=O;qPQX�#�/{PpwM³^²SVUj¸ä{PORQ3OR[3U©O;g]W/Y_Q�UjQ�^QuW¶UjpjO;^=|�W/S\YZpjUjit{/SVUT»fW¶Y_[3UXqv[3O;^=|R|R�³i/OëÅ�pX{P|x[b¾�`�YZS�[uMPUai/ORQ3pXSVUj[�OxQb^=[3ORYZqzY=`¢[uMPUaQ3�PQ3[3UXg ^_qPiTpX^_q|RUX^=i�[3Y?^�|;^_SVr_UmqZ{/g,�¶UXS¢Y=`1g,UjQuMPUjQ£�¢�tYZS�g,UXS¢Q3[b{Pi/OxUjQNW/SVY=¡_Uji²[uM/^=[�pjYP^_SVQ3UyghUjQuMPO;qPrh^�pXSVY_Q3Q[uMPUmO;qv[3UXSe`~^=pjUjQ�|xUX^�iT[3Y]Y=¡_UXS¤UjQ3[�O�g²^=[3ORYZq³Y�`�g]^�[uSVOR� i/O§¦1{PQ3ORYZq�W/SVYPpjUjQ3Q3UjQ]»¿Q3Uj¡_UXS�^=|·[3UXq_[bM�Y=`W¶UXSVpjUXq_[�Qu¾N^=QNc#Uj|R|1^=Q�^©`Ä^�|xQ�Umi/�äq/^_ghOxp³»¿[3UXg]W¶YZS3^=|;¾NS\UjQuW/YZqPQ�UaY=`1[bMPU?�P|RYZpjdvQX�
+ nmYZg²^=O;q�i/UjpjYZg²W/Y_Q3OR[3ORYZq$W/Y_[�UXq_[3O;^=|R|R�@|RUX^=i/Q][3Y�Qu^£¡PO;qPr¹pjYPg]W/{P[3UXS©[3O;g,U³Q3O;qPpjU¹S\UjQ3Y_|;{P[3ORYZqYZq�Qug]^=|R|RUXS�Qu{/�$i/YZg]^�O�qPQT^vSVUTpjM/^=O;qPUjiJ^_qPi�Q3Uj¡_UXS3^=|�[3O;g,U�Q3[3UXWPQ�pX^_q��/U�i/YZqPUz`�YPS]YZqPUQu{/�PQ��ZQ3[�UXg `�YPS�YPqP|x�³YPqPUm`fYZS¤[uMPUmY_[uMPUXSj�

lNUj¡_UXS\[uMPUj|RUjQ3QypjYPq_¡_UXS\r_UXqPpjUaM/^=QN[3Y��/UaYP�P[u^=O;qPUji³`fYZS¤[uMPU?W/S\YZ�P|RUXg�[uS\UX^=[3Uji��

�
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�¢ORrZ{/SVU Ç � Ç )¢¬��ZitS3^v{P|xORp©pjYZqPit{Ppj[3YZSVQ
t>u�t ��zF��x*���K��� �¡�n��{|xp�;���p�¢�£�¢�¥¤�x*�¦},�8� zN�K§¨z�© ��� �ª}��;��� �,¤«z¢�,}
LNMPU c#YZS�d³ORQ]W/UXSe`fYZS3g,UjiªcNOR[uMPO;q9[uMPU �#km�/LN�¢� Ç ìvì_ì�pjYZi/U9� Ç '«�³À~q9SVUj|;^=[3ORYZqªcNOR[uM�[bMPUÆW/SVUjQ�UXq_[[u^=Qud}­1�#km�/LN��� Ç ì_ì_ì³^=|R|RY=cNQm`fYZSm[bMPU]`fY_|R|RY�c�O�qPr�g,YPi/Uj|RO;qPrt�T�mqPUTg]^£�¹S\Ub`�UXS�[3Y
��¬ D � ��� ­��®#¯%,'«­��¬ D �Q���Q­���#a°��±'�^_qPi���¬ D � ��� ­��¨#�²�'V�

+ �P[u^�[3ORYZq/^_SV� ^vqPiT[uS3^vqPQ3ORUXq_[#stY=ca�
+ L4S3^_qPQuW¶YZSV[#Y=`¢pjYZqPpjUXqv[uS3^=[3ORYZq²ÁtUj|Ri/Qa�v�Æ^�i/¡_Ujpj[3ORYZq³^_qPizi/OxQbW/UXSVQ3ORYZq·­}i/O§¦1{PQ3ORYZq·�
+ �#YP{/WP|xO;qPr³�/Uj[Vc#UjUXq�stY=cJ^_qPiTpjYPqPpjUXq_[uS�^=[3ORYZq�[uS3^vqPQuW/YZS\[�[�Y ^=pjpjYZ{/qv[#`fYZS¤i/UXqPQ3OR[«�³Ub¦�Ujpj[3Q£�
+ Ã¢^_S\[3ORpj|xUm[bS3^=pjd_O;qPr W/SVYPpjUjit{/SVU_�
+ æ�UjYZpjMPUXg,ORQ3[uSV��O;qPpj|;{Pi/O�qPrzpjYZ{/WP|RO;qPr³cNOR[uM�[uS3^_qPQbW/YZSV[£�
�ÂS\YZg�[uMPUjQ�U_­¢YZqP|R��[uMPU³êò`Ä{/qPpj[3ORYZq/^�|xOR[3ORUjQ�c#UXSVU UXg²WP|xY=�_Uji@O;qª[uMPUTW/SVUjQ3UXqv[,Q3[u{Pi/�_��Ã¢^_SV[3ORpj|RU[uS3^=pjd_O;qPr�cN^=QNqPY_[�{PQ�Uji¹�/UjpX^v{PQ3U,[uMPUar_UjYPg,Uj[uSV��r_UXqPUXS3^=[�Uji³pjYZ{P|Ri¯qPYv[NÁt[N[bMPU?SVUj¸/{PO;SVUXg,UXqv[3QN`fYZSW/^_SV[3ORpj|RU,[uS3^=pjd_O;qPr9)N^=Qyg,UXqv[3ORYZqPUji��/Ub`fYZSVU_­}[uMPU,r_UjYZghUj[uSV��Y=`�[bMPU?O;qv[3UXSVQ3Ujpj[�OxYPqTORQmqPY_[�Uj�äWP|RORpjOR[3|R�[u^_d=UXq©O;q_[�Ya^=pjpjYZ{/qv[X�1LNMPU�pjYZq_[�O�qP{POR[V�aY=`·[uMPU#i/Oë¦�UXSVUXqv[¢ÁtUj|Ri/Q¤OxQ¤rZ{/^_S3^vq_[3UjUji�`�YPS4[uMPU#O�qv[3UXSVQ�Ujpj[3ORYZqPQ�_��O;g]W/YvQ3O;qPrGSVUj|;^=[3ORYZqPQ,cNOR[uMPO;q9[uMPU]pjYPi/UT�v�³�B^=rZS3^_qPrvO�^vq�g,{P|x[�O�WP|RORUXSVQX��k�Q,Qu{PpjM·­1[bMPUÆSVUj¸/{PO;SVUb½g,UXq_[²Y=`�W/SVYPit{PpjO;qPr¥^=i/¡_Ujpj[3OR¡_U³[uS�^X¡vUj|�[3O;g,UjQ ^vqPi¥[uS3^£¡_Uj|#W/^=[uMPQ][�Y¹[bMPU³pjYZq_[bSVY_|NW/Y_O;qv[3Q]c#YZ{P|RiSVUj¸ä{PO;SVU�^_qPY_[uMPUXS²g,Uj[uMPYPi��¥LNMPORQ i/O§Å pX{P|R[V�@cN^=Q]pjO;SVpX{/g©¡_UXqv[3Uji¥�v�¥�/^=pwdª[uS3^vqPQuW/YZS\[3O;qPrGW/{P|RQ3UjQY=`�pjYPqPpjUXq_[uS�^=[3ORYZqª`~SVYZg [uMPU³pjYPq_[uS\Y_|yW/YvO�qv[3Q ^vqPi@`fY_|R|xY=c�[bMPU¹g]^=�PO;g,{/g Y=`m[uMPU¹WP|;{/g,U_��LNMPORQg,Uj[uMPYPiÆW/SVYPit{PpjUji³Q3YZghUjcyM/^=[�O;q/^=pjpX{/S�^=[3UaSVUjQu{P|R[3Q¤`fYZS�S\UX^=Q3YZqPQ#Q3[u^�[3Uji �/Uj|RY=ca��l�YarvUjYZpjMPUXg,ORQ3[uSV�OxQmg,YPi/Uj|RUji¹MPUXSVU_�
LNMPU,Uj¸/{/^=[3ORYZqPQaQ�Y_|R¡_Uji�`fYZSN[bMPU,stY=cõ^_qPi�[uS3^_qPQuW¶YZSV[aW/SVYP�P|xUXg&^_SVU,[uMPU©`fY_|R|xY=cNO;qPr@»¿YZqPU]g]^£�SVUXW/YZS\[N[3Y���´1µ¶�Q­9� · D�¸�¹ #Oº±'1YZS#pj|;^=Q3Q�OxpX^�|x|R�z[3Y���»��F¼ D � = � ¸�½ %¶¾¥'�¾n)

é
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�tYPS�[bMPUmna^_SVpj��¡_Uj|RYZpjOR[V��)

¿ ÀÁÃÂ Ä Å0Æ ÀÇ¨ÈLÂ ¿ Å ÀÇ�É&ÊÌË ì » Ç �;´£¾

+ Ä Mv�ZitS3^v{P|xORp©pjYZqPit{Ppj[3OR¡ZOR[V� »ÎÍ�Ï�ÐX¾�P
+ Å rPS3^£¡ZOR[V�]pjYPUbÅ pjORUXq_[]»lÍ�Ï�Ð Ñj¾nP
+ É]^�|x[�Ox[b{Pi/UÆ»lÍ³¾nP
+Ò¿ »ÎÓ Å Ï�Í�Ôj¾nP
+ÕÀÁ6na^_SVpj�]¡_Uj|RYPpjOR[«��»lÍ�Ï�Ð£¾ P
+ È6[3Yv[u^=|�W/SVUjQ3Qu{/S\U »lÈnÖZ¾®�
��^=Q3Q#pjYZqPQ3UXS\¡�^=[3ORYZqòORQNUj�äW/S\UjQ3Q3Uji¹^�Q )

×¢Ø Ù@ÚJÛÚ�Ü Â ÀÇ Ù ¿ ÀÁ.Ë ì » Ç � Ç ¾
�¼OR[uM × Ø Ë�Ý;Ï ÅßÞ ­JÝ9`fYZS#Q3[3YPS3^=[3OR¡POx[V�¹»Ý½«¾N^_qPi Þ `fYZS�`ÄS3^�pj[u{/SVUmYZW¶UXqPO�qPr�»lÍ³¾j�
L4S3^_qPQuW¶YZSV[#Uj¸ä{/^�[3ORYZq�`fYZS¤[uMPUapjYPqPpjUXq_[uS�^=[3ORYZq²`~S3^=pj[3ORYZq�à9ORQNr_OR¡_UXqT�v�9)

Úßá àÚ�Ü Â ÀÇ Ù à ÀÁ Ë ÀÇ Ù Æ »lâ�ãäÂæåâ ¾ ÀÇ à Ê » Ç �ëêv¾

+ á W¶YZSVY_Q3OR[V��»×½«¾�P
+ â ã i/O§¦1{PQ3ORYZqzpjYPUbÅ pjORUXq_[]»lÍ Ñ Ï�ÐX¾nP
+ åâ i/ORQuW/UXS\Q3OR¡ZOR[V� [�UXqPQ3YZSy»ÎÍ�ÑIÏ�Ð£¾¢ORQNMPUXSVU�i/O�^�r_YZq/^=|}O�q²[uMPUN|RYPpX^=|·¡_Uj|RYZpjOR[V� �/^=Q�U PÂ»lâèçOË�éäçëêìÁíê`fYZS#[uMPU©|RYZqPr_OR[u{Pi/O;q/^=|�i/ORQuW¶UXSVQ3OR¡POx[V�¥»lÍ Ñ Ï�ÐX¾�^_qPi9â�îäËïéUîIêìÁíêv`fYZS#[bS3^_qPQ3¡_UXS\Qu^=|�i/ORQuW¶UXSVQ3OR¡ZOR[V�»lÍ�ÑWÏ�Ð£¾3¾j�péäç¨Uj[�é;î¤pjYZUbÅ�pjOxUXqv[3Q]»lÍ³¾j�
LNMPUGS\UjQ3Y_|;{P[3ORYZq�OxQ�W¶UXSe`�YPS3g,Uji*�_����OR�ZUji*^_qPi*¬N�/�/SVORiç�¢O;qPOR[3U¥��|xUXghUXq_[�g,Uj[uMPYPi��
LNMPORQg,Uj[uMPYPi�­tcyMPORpjM�SVUjQuW/Ujpj[�Q�g]^�Q3QypjYPqPQ3UXSV¡�^�[3ORYZq·­ÂW/S\Y�¡PORi/UjQmr_YPYZi³¸/{/^=|ROR[«�òstY=cç^_qPi�pjYZqPpjUXqv[uS3^=[3ORYZqÁtUj|xi/QG»�pjYZq_[�O�qP{POR[V�¥^_qPi¥pjYZqPQ�UXSV¡�^=[�OxYPq¥Y�`a[uMPU¹g]^�Q3Qu¾©`fYZS]MPUj[3UXS\Y_r_UXqPUjYZ{PQ�Q3OR[u{/^=[3ORYZq�pjYZg]g,YPqP|x�UXqPpjYZ{/q_[�UXSVUji�O;q�q/^=[u{/S3^=|B`fYZS3g]^=[�OxYPqPQ®�lð~µ D�ñ � ­�· D ­�»�ò D�ó �äô��%¶¾¥'«�n�·Uj[a{PQaSVUXg,O;qPi�[bM/^=[y[bMPOxQ�`fYZSe½g?{P|;^=[�OxYPqaQ�Y_|R¡_UjQ¢Q3O;g,{P|x[b^_qPUjYZ{PQ3|R�,[uMPU¤sÂ{P�aUj¸/{/^=[3ORYZqPQy»¿na^vSVpj��stY=c ^_qPi]g]^�Q3Q�sÂ{P�/¾¢^_qPi©[uMPUNg]^=Q3Q�/^=|;^_qPpjUaUj¸/{/^=[3ORYZq9»fMPUX^=iT^_qPi³pjYZqPpjUXqv[uS3^�[3ORYZq/¾j�
�Â{P|R|�O;g]WP|RORpjOR[aQ3pjMPUXg,UjQy^vSVUa{PQ3Uji³`fYZS¤stY=cJ^_qPiz[uS3^_qPQuW¶YZSV[NW/SVYZ�P|RUXg³�
�tYPSN[uMPU,Q3O;g,{P|;^=[3ORYZq�W/SVY=¡POxi/Uji�­4^_SVYZ{/qPi9�_ì_ì_ì�g,UjQuMPUjQmc#UXSVU]SVUj¸/{PO;SVUji�­ Ç ì_ì²[3O;g,U,Q3[3UXWPQmc#UXSVU{PQ3Uji³`fYZS�[uMPU�stY=c W/SVYP�P|xUXg »f�/^=Q�Oxp©[3O;g,U,O;q_[3UXS\¡�^=|�ORQa^_S\YZ{/qPi Ç ì²it^X�PQu¾N^vqPiTcN^=QySVUbÁÂqPUjiò`�YPSN[uMPU[uS3^_qPQuW¶YZSV[�W/SVYP�P|xUXgò��LNMPU#stY=c¼W/S\YZ�P|RUXg*O;qPpj|;{Pi/UjQN[uS3^_qPQ�OxUXqv[��¶YZ{/qPit^_SV�²pjYZqPi/OR[3ORYZqPQN^_qPi SVUj¸/{PO;SVUjQ^_SVYZ{/qPi�´a��Ã*õ6MPYZ{/Sj�
LNMPUN[V�/W/UNY�`¨g,YPi/Uj|RO�qPr²pjYZqPQ3ORi/UXSVUji²`�YZS4[bMPUNO;q_[3UXS\Q3Ujpj[3ORYZq�»fqPY_[�g,UjQuMPUji³�/{P[�pjYPq_[3O;qP{POR[«�,Y=`�[uMPUQ3Y_|;{P[3ORYZq³O;g]W¶Y_Q3Uji��_�³g,UX^_qPQ�Y=`ö��^�rZS3^_qPr_O;^_q³g,{P|R[3O;WP|R�_UXSVQu¾mS\Uj¸ä{PO;SVUjQ�[Vc�Y©pjYZg]g,UXqv[3Q )

µ
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+ LNMPORQ]|RUX^=i/Q�[3YGqPUjrv|xUjpj[�O�qPr@[bMPU³Q3O��jUTY=`m[uMPU³O;q_[�UXSVQ3Ujpj[3ORYZq�¡_Y_|;{/g,U_�¥LNMPORQ�ORQÆqPUj¡_UXS\[uMPUj|RUjQ3QpjYZqPQ�Oxi/UXS\Uji�[3YT�/U�qPY_[mO;g]W/YZS\[u^_qv[�MPUXSVU²pjYZg]W/^_SVUji�[3Y³[bMPUh{/qPpjUXS\[u^=O;q_[�OxUjQ©O;q�[uMPU W¶Y_Q3OR[3ORYZqY=`4[uMPUapjYZqPit{Ppj[�YZS#i/YZg]^�O�qPQ£�
+ �}YZS©[uMPU UjYv|xO;^_q�[uS3^_qPQbW/YZSV[,g,YPi/Uj|xO;qPrt­#pjYPq_[3O;qP{POR[«�9Y=`ypjYPqPpjUXq_[uS�^=[3ORYZq9^=[,[uMPU³O;q_[3UXS\Q3Ujpj[3ORYZqg,UX^vqPQNpjYZg]WP|RUj[3U,g,OR�ZO;qPrt­}pj|;^=Q3Q3ORpX^=|1^�Q3Qu{/g]WP[3ORYZqòcyMPORpwMòORQ�g]^�i/Um[uM/SVYZ{PrZMPYP{P[�[bMPUaQ3[u{Pi/�_�
À~q©YZS\i/UXS�[3Y�[u^_d�U¢`~{P|x|R�,pjYZ{/WP|RUji]Qu^�|xO;qPOR[V�,i/UXqPQ3OR[«�,Ub¦�Ujpj[3Q4O;q_[3Ya^�pjpjYZ{/q_[£­X[uS�^_qPQuW/YPSV[1pX^�|xpX{P|;^=[�OxYPqOxQaS\Uj¸ä{PO;SVUji�^_qPi�pjYZ{/WP|RO;qPrTORQ�i/YZqPU]�_�T^_qzOR[3UXS3^�[3OR¡_U?g,Uj[bMPYZi��/Uj[Vc#UjUXqT�¶Y_[uMzUj¸/{/^=[3ORYZqPQX��À~qz[uMPORQpX^=Q3U_­£Q3O;g?{P|;^=[�OxYPqaY�`tpjYZ{/WP|RUjiastY=c@SVUj¸/{PO�S\UjQ�g,YPSVU�[uM/^vqm[3UXq©MPYZ{/SVQ4Y=`¶��Ã*õª`fYZS·r_YPYZi©pjYZqv¡_UXSVr_UXqPpjU_�LNMPORQTORQTcyMv�¥^9|RO;g,OR[3Uji qP{/g,�/UXSòY=`?pjYZ{/WP|RUjiJQ�O�g,{P|;^=[3ORYZqPQzc#UXSVU�W/UXSe`fYZS3g,Uji�­�[uMPU�pX^=|RO;�/S3^=[�OxYPqW/SVYZpjUjit{/S\Uy�/UjO;qPr©`Ä{P|§Át|R|RUji [b^_d_O;qPrmYZqP|R�]W/UXS�g]^_qPUXqv[¢i/UXqPQ3OR[«�,Ub¦�Ujpj[3Q¢O;qv[3Ya^=pjpjYZ{/qv[X�4�Â{P|R|R�,pjYZ{/WP|RUjii/UXqPQ3OR[«�ªUb¦¨Ujpj[�Q?c#UXSVU²[uMPUXq�|;^=[�UXS?^�i/i/UjiG[3Yz[uMPU�Q3Uj|RUjpj[3Uji@YZWP[3O;g]^=|¤pX^=|RO;�/S3^=[3Uji¥g,YPi/Uj|#[3YTQ�[u{Pi/�[uMPUjO;SNO;qvsÂ{PUXqPpjU_�NL4S3^_qPQuW¶YZSV[#pX^=|RpX{P|;^=[3ORYZqPQaSVUj¸/{PO;SVU?^_S\YZ{/qPi ô MPYZ{/SVQ£�
LNMPU]�/YP{/qPit^_SV��pjYZqPi/OR[3ORYZqPQm`fYZS�[uMPU©stY=cõW/SVYZ�P|RUXg&^_SVUa[b^_d=UXqò`ÄS\YZg�[uMPU]SVUjr_ORYZq/^=|�ghYZi/Uj|��v���û ñ �Q­ =W= A ­$#OºJ'�»H»�� ¸ � ñ � � ½ ü�ü ¾¤O�qPpj|;{Pi/O;qPr³W/SVUjQ3Qu{/SVUjQ#^=Q�c#Uj|R|Â^�Q�Qu^=|RO;qPOR[V�,ÁtUj|Ri/QX��l�YmstY=c¥ORQ#pjYZqPQ3ORiP½UXSVUji³`fYZS#[uMPU,�/Y_[�[3YZg�|RO;g,OR[mY=`¢[uMPUag,YPi/Uj|��N�¨O�ghOx[�UjiGSVUjpjM/^_SVr_UmORQ�[u^_d=UXq²`fYZS#[uMPU@�kyQbW �Y r_UjYPg,Uj[uSV�»×`ÄS\YZg��³g]g]�=�vUX^_SN[�YTì_¾m^_qPi�O;g]W¶Y_Q3Uji@W/SVUjQ3Qu{/SVUjQ,^_SVU,pjYZqPQ3ORi/UXSVUjiª`fYZS�[uMPU �#^=|R[3ORp]Q3UX^¶�,kN[ug,Y=½QuW/MPUXSVORp W/SVUjQ3Qb{/SVU,OxQmO;g]W¶Y_Q3Uji�O;q�[bMPU?[b{/q/qPUj|�^_qPi�QuM/^£`f[3Q�^�Qy[uMPU,Uj�PpX^£¡�^=[3ORYZq�W/SVYPpjUjUji/QX�,À~qvstY=cNQO�qv[3Y�[uMPU³[u{/q/qPUj|�^_SVU�Q3O;g?{P|;^=[�Uji¥^_qPiGpjYPg]W/^_SVUji@[3Y�[uMPU³g,UX^=Qb{/SVUji@YZqPUjQ,[3Y=cN^_SVi/QapX^�|xO;�/S3^�[3ORYZq·�naS3^£cNi/Y=cyqPQag,UX^=Qu{/S\Uji�O;q�i/O§¦�UXSVUXqv[?�/YPSVUXMPY_|RUjQ]^_SVU,O;qPpjYZS3W/YPS3^=[3Uji9O;q_[3Yz[uMPU]pX^=|RO;�/S3^=[�OxYPqGW/SVYPpjUb½it{/SVU?^=Q�c�Uj|R|f�
�tYPS#[uMPU,[uS3^_qPQbW/YZSV[�Y=` ô [V�äW¶UjQyY=`�cN^=[�UXSVQX­}[uMPUaO;qPOR[3O;^=|�^vqPi¹�/YP{/qPit^_SV�TpjYPqPi/Ox[�OxYPqPQ?^_SVU©[u^_d=UXq`ÄSVYPgõ[bMPUmO�qv[3UXS3W¶Y_|;^=[3ORYZqzSVUjQu{P|R[3Qy�v� ��ê]W/S\Y�¡PORi/Uji³O;q³it^=[u^�»�� ¸ � ñ �Q� ½ ºj��L#c#Y,[V�äW¶UjQNY=`��¶YZ{/qPit^_SV�pjYZqPi/OR[3ORYZqPQNc#UXSVUNpjYZqPQ�Oxi/UXS\Uji�­Z[bMPUyYZqPU�pjYZS3SVUjQuW¶YZqPi/O;qPr][3Ym[uMPU�Q3OR[u{/^=[�OxYPq �¶Ub`�YZS\Uy^_qPi³^£`�[�UXS4[u{/q/qPUj|pjYZqPQ3[uS3{Ppj[�OxYPq·�

t>u�ý þÿ�¢�����F�;�1}¥��z>� ¤��>�¢�¥x
na{PUm[3Y,YZ{/S#|;^=[3Ua^_S�SVOR¡�^=|·O;q³[uMPUaL4^=QudP�©Y=`¢[uMPUaL1^�Qud,�tYPSVpjU_­PYZqP|R�T^a|RO;g,OR[3Uji�^_g,YP{/q_[#Y=`¢it^=[u^,M/^=Q�/UjUXq³[b^_d=UXq�O;q_[�Y ^=pjpjYZ{/qv[X��LNMPUjQ�UmO�qv¡_Y_|R¡_U�)

+ l�^=[u{/S3^�|�stY�c ^=[T[bMPUGQ3OR[3U9�/Ub`fYZSVU9Uj�ZpX^£¡�^�[3ORYZqJc�Ox[bMJpjYZg²W/^_SVORQ3YZq�c�Ox[bMJ[uMPU@SVUjQu{P|R[3Q��v���û ñ � ­ =W= A ­�#Oºß'«�
+ ÀeqvstY�c$O;q][uMPU�[u{/q/qPUj|tit{/SVO;qPr,[uMPUNUj�PpX^£¡�^=[�OxYPq]^=Q�c#Uj|R|Â^�Q¢itS3^£cNi/Y=cyq©O�q²[uMPUNi/O§¦�UXSVUXqv[��¶YZSVUb½MPY_|RUjQNO;qv[3UXSVQ3Ujpj[�O�qPr�[uMPU�`ÄS�^=pj[u{/SVUaqPUj[Vc#YZS3d�)���km�/ì Ç ­/��km�/ì ô [3Y]��km�/ì_µ]^_qPiT��km�·´Xê,^_qPi��km�·´ ô �¢LNMPUyMv�PitS3^_{P|RORpypX^=|RO;�/S3^=[�OxYPq]UXqPpj|RY_Q3UjQ#M_�PitS3^_{P|RORpmpjM/^_S3^=pj[3UXS\OxQ�[3ORpjQ�Y=`·[uMPU#`~S3^=pj[u{/SVUjQ )g]^�O�qP|R�,`~S3^=pj[b{/SVUN[uS3^vqPQug,ORQ3Q3OR¡POx[V�]^_qPi]rPSVYZ{P[3O;qPrt�¢�P[3YZS�^=[3OR¡ZOR[V�,pjYZ{P|RiÆqPYv[��/U�pX^=|RO;�/S3^=[3Uji�it{PU[3Y,[uMPU©QuM/^_W¶UmY=`�[bMPUag,UX^=Qu{/SVUjizQ3ORrZq/^=|RQX�
+ l�Y W/S\YZW/UXS²pX^=|RO;�/S3^=[3ORYZq�Y�`a[uMPUT[uS�^_qPQuW/YPSV[]pjM/^_S3^=pj[3UXS\OxQ�[3ORpjQ³c�^�Q]i/YZqPU�it{PU�[3Y ^ª|;^=pjd9Y=`[3O;g,U_�*LNMPUzit^=[u^ª[u^_d=UXq�O;q_[3Y¥^�pjpjYZ{/q_[³^_SVU�g,OR�ZO;qPr¥W/SVYPW/YZSV[�OxYPqPQ³Y=`a[uMPUTcN^=[�UXSVQÆ^�[ [uMPUpjYZqv[uSVYv|1W/Y_O;qv[3Qa�v�³�¯ê�g,YPi/Uj|RO�qPr@»¿pb`3�®»�� ¸ � ñ �Q� ½�ü ²j¾j�m�¢|RUXg,UXqv[3QmY=`�^²Q3UXqPQ3OR[3OR¡POx[V��^_q/^=|R�PQ3ORQ^_S\UaW/SVY=¡ZORi/Uji¹�¶Uj|RY�c©�

´Xì
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LNMPU³S3^=[3ORYZq/^�|xU³�/UXMPO;qPi$[uMPORQ?pX^�|xO;�/S3^�[3ORYZq@W/M/^=Q3U�ORQ?|RYPYZdvO�qPr¯`�YZS©^zQ3O;qPr_|RU
��� = · = A�¸�� ·l� A ­T[b^_d=½O�qPr³[bMPU?it^�[u^ W/S\Y�¡PORi/Uji�O;q_[�YÆ^=pjpjYP{/q_[a^_qPiz[uMPUXqzpjYZqPit{Ppj[aQ�UXqPQ3OR[3OR¡ZOR[V��^_q/^=|R�ZQ�OxQm[�Y Uj¡=^=|;{/^=[3U][uMPUO�g²W/YZSV[b^_qPpjUaY=`¢UX^=pjM³W/^_S3^_ghUj[3UXS#^=QNc#Uj|R|1^=QN[uMPUa{/qPpjUXS\[u^=O;q_[V�T^=Q�Q3YZpjO;^=[�Uji��
LNMPU�ÁtrZ{/S\UjQNpjYZS3SVUjQbW/YZqPi/O;qPr³[3Y,[uMPUaSVUjQb{P|x[�Q�^_S\UaW/SVY=¡ZORi/UjiTO;qòQ3Ujpj[3ORYZqTê¶�

���
	��
� ���������������������
�mqP|x�9it^=[u^ò`~SVYZg&q/^=[u{/S3^=|�stY=c pjYPqPi/Ox[�OxYPqPQ ^=Q,c#Uj|x|N^=Q,[u{/q/qPUj|#pjYZqPQ�[uS3{Ppj[3ORYZq9M/^£¡_UÆ�¶UjUXq9[u^_d=UXqO�qv[3Y ^�pjpjYZ{/q_[£��LNMPUm[3UjQ3[�QySVUj|;^=[3Uji³[3Y���Ã�L Ç M/^X¡vUaqPY_[y�/UjUXqz{PQ3Uji��
��Um{PQ3Uji³[uMPU�r_UjYZg,Uj[bSV�,Y=`1[uMPUaMv�ZitS�^_{P|ROxpmpjYPqPit{Ppj[3YZSVQNW/SVY=¡POxi/Uji³O;q�[uMPUmit^�[u^mi/Uj|ROR¡_UXSVORUjQ »¿Q3UjUQ3Ujpj[3ORYZq Ç �×´X¾j�a�PYzpX^=|RO��/S�^=[3ORYZq�pjYZS�SVUjQuW/YPqPi/Qa[3Y³pjMPYZYvQ3O;qPr³[uS3^_qPQughOxQ�Q3OR¡ZOR[V��^=Qmc#Uj|x|#^=QmQ3[3YPS3^=[3OR¡POx[V�¡�^=|;{PUjQ][3Y��/UT^=Q�Q3YZpjO;^=[�UjiG[3Yz[uMPU³M_�PitS3^_{P|RORpTpjYZqPit{Ppj[�YZSVQ?^�Q?c#Uj|R|N^=Qa¡=^=|;{PUjQ,`fYZS©rZSVYZ{P[3O;qPr�^=Q3Q3Y=½pjO�^�[3Uji@cNOR[uM9UX^=pjMGMv�PitS3^_{P|RORpTpjYZqPit{Ppj[3YPS,i/YZg]^=O;qJ»H� ´ µJ�Q­$� · D�¸�¹ #Oº±'«­¢W/^=r_U�´X�vµ_¾j�zk'pjYZqPQ�[u^_qv[[uS3^_qPQughOxQ�Q3OR¡ZOR[V�G^=Qmc#Uj|R|N^=Qm¸ä{/^vq_[3OR[V��Y=`NrZSVYZ{P[�O�qPrzORQ?pjYPqPQ3ORi/UXSVUji W¶UXS©pjYZqPit{Ppj[3YZS�i/YZg]^=O;q·�³LNMPUpX^=|RO��/S�^=[3ORYZq9cN^=Qag]^=i/U³�v�¹[bSV�ZO;qPrz[3YTpjYZghU][3Y³Át[�[3O;qPr¹[bMPU][u{/q/qPUj|#O;qvstY�c�it^=[b^³^=Qac#Uj|R|N^=Qa[uMPUW/SVUjQ3Qu{/SVU�g,UX^=Qu{/SVUXghUXq_[3Qmc�Ox[bMPO�qª[uMPU �¶YZSVUXMPY_|RUjQ,��k��/ì Ç ­1��km�/ì ô [3YT��km�/ì_µz^_qPiG��km�·´Xê³^_qPi��k��·´ ô ��LNMPUmO;qvstY=c6O�qv[3Y�[uMPUm[u{/q/qPUj|¢W/SVY=¡_Uji³[3Y]�/U,[uMPUaghY_Q3[NQ3UXqPQ�Ox[�Ox¡vUa[3Y][bMPUm[uS3^_qPQughOxQ�Q3OR¡ZOR[V�_­[uMPU]W/SVUjQ3Qu{/SVUjQa^�|xYPqPr³[uMPU?�¶YZSVUXMPY_|RUjQa|RUjQ3QmQ�UXqPQ3OR[3OR¡_U_�a�·SVYZg�^ W/S�^=pj[3ORpX^=|�W/YvO�qv[mY=`�¡PORUjca­·`fYZS�UX^=pwM[u{/q/qPUj|#Q3Ujpj[3ORYZq·­4pjYZqv[uSVO;�/{P[3ORYZqPQ,pjYZS3SVUjQbW/YZqPi/O;qPr�[3YT[bMPU]i/O§¦¨UXS\UXq_[,pjYZqPit{Ppj[3YPSmi/YZg]^�O�qPQ,O;qv¡_Y_|R¡_Ujic�UXS\U�itS3^£cyq�»¿Q3UjU#Q3Ujpj[3ORYZq,ê_¾�^vqPi?[bS3^_qPQug,ORQ3Q�Ox¡POR[3ORUjQ�^=i=±3{PQ3[3Uji�`�YPS�[uMPU#pjYZqPit{Ppj[�YZS�i/YPg]^=O;qPQ�WP|;^X�PO;qPr^�i/YZg,O;q/^_qv[�SVY_|RU_�¢LNMPUNitS�^Xc�i/Y�c�qag,UX^=Qb{/SVUji ^=[4[uMPUy�¶YZSVUXMPY_|RUjQ�|RYPpX^=[3ORYZqPQ#W/SVY=¡_Uji,O�q�^=rZS\UjUXg,UXq_[£�LNMPORQy|RUX^=i/Qm{PQN[3Y][bMPUmpjYZqPpj|;{PQ3ORYZqz[uM/^=[#[uMPUaQ��ZQ3[�UXgõORQ�r_|RYZ�/^=|R|R�TpjYZqPQ�OxQ�[3UXq_[£�
À~q$^zÁÂSVQ3[�SVY=c�Y=`mQ3O;g?{P|;^=[�OxYPqPQ³c�UTg²^=i/U¹^_q$^=[3[3UXg²WP[?[�YG^=pjMPOxUj¡vU¯^¯pX^=|RO��/S�^=[3ORYZq$cNOR[uMPYZ{P[pjYZqPQ3ORi/UXSVO;qPr�rZSVYP{P[3O;qPrt�³��U]pjYP{P|xi@[bMZ{PQ,SVUX^=pjMG^zS3^=[uMPUXS�pjYZqPQ3ORQ3[3UXqv[,Q3Y_|;{P[3ORYZq�»¿pjYZg]W/^_S\Uji�cNOR[uM[uMPU#it^=[u^�W/SVY=¡ZORi/Ujit¾¢�v�?SVUjit{PpjO;qPra[bMPU�[uS3^vqPQug,ORQ3Q3OR¡POx[V�,¡�^�|�{PUjQ�^�Q3Q3YPpjO�^�[3Uji,cNOR[uM,g]^=±VYZSBpjYZqPit{Ppj[3O;qPr`�UX^=[b{/SVUjQN|RO;d=U?l��N´a^vqPiTly�¤ê/�¢lNUj¡_UXS\[uMPUj|RUjQ3QX­}rZSVYZ{P[3O;qPr,cN^=QNO;qv[uSVYPit{PpjUjiTit{/SVO;qPr�[uMPUaW/SVY_rZS\UjQ3Q#Y=`[uMPU Uj�PpX^£¡�^=[�OxYPq�[3Yz|RO�ghOx[²[uMPU O;qvstY=cNQ,O;q_[�Y¹[bMPU [u{/q/qPUj|f��ÀÄ[?ORQ]^=Q,Qu{PpjMGqPUjpjUjQ�Qu^_SV��[�YT[u^_d�U][uMPORQUb¦¨Ujpj[�O;q_[�YT^=pjpjYZ{/qv[X�m�PO�qPpjU²YZqP|R�TrZSVYP{P[3O;qPr³¡_Y_|;{/g,UjQa^_SVU,W/SVY=¡ZORi/UjiG^vqPi¯qPYv[�W¶UXS3g,UX^_�POR|ROR[3ORUjQa`fYZSO�qPQ�[u^_qPpjU_­#[uMPORQ�¸ä{/^_qv[3OR[V�GORQ�i/Uj[3UXS3g,O;qPUji$cNOR[uMPO;q¥[bMPU³pX^=|RO��/S�^=[3ORYZq�W/SVYPpjUjit{/SVU_�¼L�MPU¹SVUjQuW¶Ujpj[3OR¡_UO�g²W/YZSV[b^_qPpjUmY=`1rZS\YZ{P[3O;qPr©`�YZS¤UX^=pjM²|xYPpX^=[3ORYZq�ORQN[b^_d=UXq²O�qv[3Y]^=pjpjYZ{/qv[X��æ©SVYZ{P[3O;qPr,ORQNpjYZqPQ3ORi/UXSVUji�`fYZS[uMPUNpjYZqPit{Ppj[3YPS�i/YPg]^=O;qPQ�l��N´�^_qPiÆl���ê�»¿pjYZg]W/^vSVU#cNOR[uM][bMPUNit^=[u^�`ÄSVYPg[��´1µ¶�Q­9�Q· D�¸�¹ #OºJ'V­ZW/^=r_U´X�_µ_¾j­PqPY,rZSVYZ{P[3O;qPr]�/UjO;qPr]O;qv[uSVYPit{PpjUji�`�YPS�[bMPUyY_[bMPUXS¢pjYZqPit{Ppj[3YPSVQ#i/YZg]^=O;qPQNO;q�[uMPUmg,YPi/Uj|��¤LNMPUjQ3U|xYPpX^=[3ORYZqPQ©O;qPi/UjUjiGpjYZS�SVUjQuW/YPqPi�[3Y�[uMPU g]^�±«YZS�O;qvstY=cõS3^=[3UjQmO;q�[uMPU�g,YZi/Uj|RUji�Q��ZQ3[�UXg³�a�·SVYZg�[uMPUW/Y_O;qv[mY=`�¡PORUjc*Y=`�[uMPU©pX^=|RO��/S�^=[3ORYZq�W/SVYPpjUjit{/SVU_­·[uMPUaQ�UXqPQ3OR[3OR¡ZOR[V�T[3Y�[uMPU©[uS3^_qPQughOxQ�Q3OR¡ZOR[3ORUjQaO;qò[uMPUjQ3UpjYZqPit{Ppj[3YZS#i/YPg]^=O;qPQycN^=QNSVUjit{PpjUji��
LNMPORQapX^�|xO;�/S3^�[3ORYZqGW/S\YZpjUjit{/SVU�^=O;g,Q?MPUXSVU�^=[a^�Q3O;qPr_|RU³��� = · = A�¸�� ·l� A ­}�]lNUj¡_UXS\[uMPUj|RUjQ3QX­�[bMPUXSVU]ORQqPY_[a{/qPORpjOx[V�9Y=`�[bMPOxQ©Q3Y_|;{P[3ORYZq·����U W/S\YZpjUjUji/Uji@�/^=Q3Uji�YPq�[uMPU]pjYZqv[uSVO;�/{P[3ORYZq¯Y=`NUX^=pwM¯pjYZqPit{Ppj[3YZSi/YZg]^=O;qz[3Y�[uMPU,[3Y_[u^=|BO�qvstY=ca�mLNMPU,[uS�^_qPQug,ORQ3Q3OR¡POR[3ORUjQapjYZS3S\UjQuW/YZqPi/O;qPrz[3Y [bMPU?pjYPqPit{Ppj[3YZS�i/YZg]^=O;qWP|�^£�PO;qPr ^�g]^�±«YZS©SVY_|RU³O;q@[uMPU�[3Y_[b^=|�O;qvstY=c'c#UXSVU�pjM/^_qPr_Uji@cyMPUXSVUX^�Q?[bMPU³Y_[uMPUXSVQ,c#UXSVUTd=UXWP[]^=[[uMPU,Qu^_g,U©¡�^=|;{PU_�aLNMPORQaW/SVYPpjUjit{/SVU W/S\Y�¡PORi/UjQmi/O;SVUjpj[mO;qPQ3ORrZM_[mO;qv[3Y³[uMPU,Q3UXqPQ3OR[3OR¡POR[«�zY=`�[uMPU,Q3�PQ3[3UXg[3Y][uS3^vqPQug,ORQ3Q3OR¡POx[�OxUjQa^�Q3Q3YPpjO�^�[3UjiTcNOR[uMòUX^=pjM�pjYZqPit{Ppj[3YZS�i/YZg]^=O;q·�#�}YZS#O;qPQ3[u^_qPpjU_­·SVUjQu{P|R[3Qm^_SVUm¡vUXSV�Q3UXqPQ3OR[3OR¡_U�[3YT[uMPU²[uS3^_qPQughOxQ�Q3OR¡ZOR[V��¡�^=|;{PUjQ]^=Q3Q3YPpjO;^=[3Uji9[3Y³[uMPU g²^=O;q�pjYZqPit{Ppj[�YZSVQX­BcyMPUXSVUX^=Q©[uS3^_qPQV½g,ORQ3Q3OR¡ZOR[3ORUjQ³^=Q3Q3YPpjO;^=[3Uji@[3Y�g,O;qPYZS©YZqPUjQ²pX^_q,� []�/U³i/Uj[3UXS�g,O;qPUji@cNOR[uMPO;q¥^_qªYZSVi/UXS©Y=`�g²^=rZqPOR[u{Pi/U�/^=Q3UjiTYPq�[uMPU�stY=cçW/SVYZ�P|RUXg pX^=|RO��/S�^=[3ORYZq·�
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LNMPU�[uS3^_qPQbg,ORQ3Q3OR¡ZOR[V�]¡=^=|;{PUjQy^£¦�Ujpj[3Uji�[3Y,[uMPUypjYPqPit{Ppj[3YZS¤i/YZg]^=O;qPQN^_SVUmW/SVY=¡POxi/UjiT�¶Uj|RY�cõ»fL4^_�·�Ç �;´N^_qPi]�¢ORrt� Ç �§ê_¾j­=rZSVYP{P[3O;qPracN^=Q¢pjMPY_Q3UXq,YZqh[uMPUy�/^=Q3ORQ#Y=`·[uMPUNit^=[u^©^£¡�^=OR|;^_�P|RUh»���´1µ¶�Q­C�Q· D�¸�¹ #ßºJ'«­W/^=r_U]´X�_µv¾�^vqPi¹^=Q3Q�YZpjO;^=[3Uji³[�Yhl��N´©^_qPi¹l���ê/�
�#YPqPit{Ppj[3YZS#i/YZg²^=O;q L4S3^_qPQbg,ORQ3Q3OR¡ZOR[3ORUjQaW/SVYPW/Y_Q3Uji L4S3^_qPQughOxQ�Q3OR¡ZOR[3ORUjQmpX^=|RO;�/S3^=[3Uji

»
 Z´Xì"!$#aÍ�ÑIÏ�ÐX¾ »
 Z´£ì"!$# Í�ÑaÏ�Ð£¾
���*´X� ´ Ç � ´ Ç �
�¢�Jê ´Q�/� ´Xê/�ëè
�¢��� ´X�/� ´ Ç �
l��N´ ÇvÇ ì/� Ç_Ç ì/�
l�� Ç �;´ Ç �ëévì
l���ê ê Ç ì/� ê_ì_ì/�
l�� ô l ê/´_� Ç �¶�
ly� ô � ê/´_� ê/´v�
l�lN�*´ é/�ëè ´_�×´
l�lN� Ç Ç=ô � ê/�
l�lN�Jê Ç ì/� Ç ì¶�
l�lN� ô èv�/�ëì ´_´_�ë�
l�lN�J� ô � ô �
l�lN�Jè ´ ô � ´ ô �
l�lN��� �/�ë� �/�
�P�*�¢´_´ ê/�ëè ê/�§è

L1^_�P|RU Ç �;´�)¢L4S3^_qPQug,ORQ3Q�Ox¡POR[V� ¡=^=|;{PUjQ�^�Q3Q3YPpjO�^�[3Uji³[3Ya[bMPUypjYZqPit{Ppj[�YZS¢i/YZg²^=O;qPQX­t�/Ub`fYZSVUm^_qPi³^£`f[3UXS4Át[
k�Q g,UXqv[3ORYZqPUji�­�[bMPUTpjYZqPQ3ORQ3[�UXqPpj�@Y=`y[uMPU³pX^=|RO;�/S3^=[�OxYPq¥c�Ox[bM9[uMPUT^_�/Y=¡_UTghUXq_[3ORYZqPUji$it^=[u^zORQ`Ä^=O;SV|R�,r_YPYZi��¢�mqP|R� g,O;qPYZS�pwM/^vqPr_UjQ�cNOR[uMPO;q²[uMPU#[uS3^_qPQbg,ORQ3Q3OR¡ZOR[V�,¡�^=|;{PUjQ#c#UXSVUySVUj¸/{PO;SVUji]O;q²YZSVi/UXS4[3Y^=pwMPORUj¡_U,r_YPYPi�Át[3QX�#kmq³Uj�PpjUXWP[3ORYZqzY=`�|RO�ghOx[�Uji�O;g]W/YZS\[u^_qPpjUaQbMPYZ{P|Ri¯qPUj¡vUXSV[uMPUj|RUjQ3Qa�/U,g,UXqv[3ORYZqPUji;)Qu^=[3ORQV`~^=pj[3YZS\�TpX^=|RO;�/S3^=[3ORYZq¯`fYZSmpjYZqPit{Ppj[�YZSmi/YZg²^=O;q�lyl�� ô c#YZ{P|RiGM/^£¡_U S\Uj¸ä{PO;SVUji9Q3[uSVYPqPr_UXS�pjYZqv½[uS3^=Q3[�Q�O;q�[uMPU�|xUj¡vUj|xQ�Y=`1rZSVYP{P[3O;qPrh^�Q3Q3YPpjO�^�[3Uji [�Y?[bMPUyi/O§¦�UXSVUXqv[yW/YZS\[3ORYZqPQ#cyMPUXSVU�[uMPUy[b{/q/qPUj|1g,UjUj[3Q[uMPORQ¢pjYZqPit{Ppj[3YZSBi/YZg]^=O;q·�4Àf[¢c#YZ{P|Ri?M/^£¡_U#�/UjUXq,qPUjpjUjQ3Qu^_S\�m[3YNO;q_[bSVYZit{PpjUN^�¡�^_S\O�^v�P|xU#[uS�^_qPQug,ORQ3Q3OR¡POR[«�ÁtUj|xi�cNOR[uMPO;qz[uMPUmpjYZqPit{Ppj[�YZSNi/YPg]^=O;q�YZSN^=|R[3UXS�q/^=[3OR¡_Uj|R�¹g,YPi/O§`��³[bMPUmr_UjYZg,Uj[uS\� Y=`¢[uMPU©pjYZqPit{Ppj[3YZSi/YZg]^=O;q·��LNMPORQmM/^=QyqPY_[��/UjUXq³i/YPqPU?MPUXSVUa^_qPiTghOxrPM_[yM/^£¡_UmpjYPqPQ3Uj¸ä{PUXqPpjUjQ�`fYZS#[uMPUm¸/{/^=|ROR[«�³Y�`�[uMPUW/SVUji/ORpj[3ORYZqPQaW/SVY=¡ZORi/UjizO�qò[uMPU�`fY_|R|xY=cNO;qPrt�
�¤YZ{/qPit^_SV��pjYZqPi/OR[3ORYZqPQªc�UXS\UGd=UXWP[�pjYZqPQ3[u^vq_[TMPUXSVU@^=pjpjYZS\i/O�qPr�[3Y$[uMPU@SVUjr_ORYZq/^=|,g,YZi/Uj|]�v���û ñ �Q­ =W= A ­$#OºJ'V�NlNY�Q3UXqPQ3OR[3OR¡POx[V��^_q/^=|R�ZQ�OxQm[�YÆ�¶YZ{/qPit^_SV�³pjYZqPi/OR[3ORYZqPQ©cN^=QNpjYZqPit{Ppj[3Uji���lNUj¡vUXSV[uMPUb½|xUjQ�Q�^_q©Ub¦¨Ujpj[4O;q_[bSVYZit{PpjUji��_�mO;g]W¶Y_Q3O;qPr?�¶YZ{/qPit^_SV�©pjYZqPi/OR[3ORYZqPQ�^=[¢^�ÁÂqPOx[�UNi/ORQ3[u^_qPpjU#cN^=Q4YZ�PQ3UXSV¡_UjicyMPUXq�pjYZqPQ3ORi/UXSVO;qPr�[uMPU]O;qvstY=cNQ©O�qv[3Y³[uMPU�g]^=O;q���^�Q3[m��UjQ3[mpjYZqPit{Ppj[�O�qPrò`�UX^�[u{/SVUjQ«)�[uMPUjQ�U {/qPOR[3QSVUjpjUjOR¡_U�ghYZSVUNO;qvstY=c$`ÄSVYPg6[uMPUNQ3ORi/UjQ#Y=`�[uMPUNpX^=|RpX{P|;^=[3ORYZq�i/YPg]^=O;q]pj|RY_Q�UjQ3[�[3Y©[uMPUN[u{/q/qPUj|f­t^vqPi]|RUjQ3Q`ÄSVYPg�Y_[uMPUXS¤i/O;SVUjpj[3ORYZqPQX�#LNMPORQ�O�qv[uSVYPit{PpjUjQm^]�PO;^=Qyc�MPOxpjM³cN^=QNqPY_[�`Ä{/SV[bMPUXS#Q3[u{Pi/ORUji��
û¥· A � D !¶��G A �&% G �"� ­�· = c#UXSVU,d=UXWP[y^=pjpjYZS\i/O�qPr³[�Y][uMPUa¡=^=|;{PUjQaW/SVY=¡ZORi/Uji��_����´1µ¶� ­$� · D�¸ ¹ #Oº±'�O;q[uMPU,`fYZS3g,{P|;^³SVUj|;^=[3O;qPrT[uS�^_qPQug,ORQ3Q3OR¡POR[«��^_qPiªQ3[3YZS3^�r_U,pjYZUbÅ pjORUXqv[Æ»fW/^�r_U Ç ´ ô ¾j�?L�MPU]it^=[u^�QuMPY=cõ^¡_UXSV��¸ä{PORpjd³SVUjQuW/YPqPQ3UaO;q³[�UXS3g,QNY=`¢O;qvstY=cçcyMPUXqòpXSVY_Q3Q�O�qPr�^,pjYZqPit{Ppj[3O;qPr³i/YZg]^�O�q·�¤�Â{/S\[uMPUXS3g,YZS\U_­
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T (m2/s)
> 5.32E−09
< 3.06E−05

 2.44E−07

 1.68E−06

 3.11E−06

 4.54E−06

 5.98E−06

 7.41E−06

 8.84E−06

 1.03E−05

 1.17E−05

 1.31E−05

 1.46E−05

 1.60E−05

 1.74E−05

 1.89E−05

 2.03E−05

 2.17E−05

 2.32E−05

 2.46E−05

 2.60E−05

 2.75E−05

 2.89E−05

 3.03E−05

NE3NE1

�¢ORrZ{/SVU Ç �ëêO)¢L4S3^_qPQughOxQ�Q3OR¡ZOR[3ORUjQmpX^=|RO;�/S3^=[3Ujiò`�YPS�[bMPUapjYZqPit{Ppj[3YPS#i/YZg]^=O;qPQ
Q3YZg,U©Y=`�[bMPUapX{/SV¡_UjQ�QuMPY=c6[uM/^=[N[uMPU©pjYZqPit{Ppj[3YZS�i/YZg]^�O�qz^_W/W/^_SVUXqv[3|R�³pjYZqPQ3ORQ3[�QyY=`�i/O§¦�UXSVUXqv[N`~S3^=pb½[u{/SVUjQ]QuW/S\UX^=i/O;qPr�|;^_SVr_UXS,[bM/^_q�[bMPUT^=pj[u{/^=|¤`~S3^=pj[u{/SVU�Q3O��jU¹ghYZi/Uj|RUji��¥ÀeqPi/UjUji�­#[uMPUTSVUX^=|¤`~S3^=pj[u{/SVUSVUX^=pj[3Q#¸/{POxpjd=UXS#^_qPi³Q3YPg,Uy[�O�ghU�^£`f[3UXS¤[uMPUmg,YPi/Uj|xUjiò`ÄS�^=pj[u{/SVUNO;q³^©cN^£�?[bM/^=[#pX^_q,� [N�/Um^=pjpjYZ{/qv[3Uji`�YZS¢�v�?^�Q�[3YZS3^=[�Ox¡POR[V�aUb¦�Ujpj[X�4kyQ�^�pjYPqPQ3Uj¸ä{PUXqPpjU_­P[uMPU�Q3O;g?{P|;^=[�OxYPqPQ�i/YZqPUy{PQ�Uji ^�[3O;g,UNQ3[�UXW]^_SVYZ{/qPiÇ ì,it^£�ZQ#|RUX^=i/O;qPr³[3Y]Q�UXSVORUjQNY=`¢¸ä{/^=Q�O1W/UXS3g²^_qPUXq_[�pX^=|RpX{P|�^�[3ORYZqPQX�
�Â{/S\[uMPUXS©pX^=|RO��/S�^=[3ORYZq@Q�[3UXWPQ]c#YZ{P|Ri¥^_qv�ZcN^£���/U¹qPUjpjUjQ�Qu^_SV�_�9�¢ORrZ{/SVUTê/�×´_´]QuMPY=cNQ,O;qPpXSVUX^=Q�O�qPritS3^£cNi/Y=cyq©i/Oë¦�UXSVUXqPpjUjQ�`�YZS�|;^_SVr_UN[�O�ghUjQX��LNMPORQ�O;qPpXSVUX^�Q3UaW/SVYZ�/^_�P|R� M/^�Q�[Vc#Yag]^=O;q S\UX^=Q3YZqPQX�B�¢O;SVQ3[X­[3Y_[u^=|·O;qvstY=cJO;q³[uMPUmQ��ZQ3[�UXg�i/UjpXSVUX^=Q3UjQ�^=QN[uMPUm[u{/q/qPUj|BUj�ZpX^£¡�^�[3ORYZq³M/^=Qy^=|;SVUX^�i/�TSVUX^=pjMPUji³Ox[�QNUXqPi��LNMPORQ¢OxQ¢W/SVYZ�/^v�P|x�©it{PU#[3Yy^=i/i/OR[3ORYZq/^=|PrZSVYP{P[3O;qPryO;q©[uMPU�[b{/q/qPUj|t^_qPiaQuM/^�`�[3QBcyMPORpwM©ORQ�qPY_[�pjYZqPQ�Oxi/UXS\UjiO�q²YZ{/S¤g,YZi/Uj|f���PUjpjYPqPi�­/pX^=|RO;�/S3^=[3ORYZq²QuMPYZ{P|RiT�/U�O;g]W/SVY=¡_Uji�­vUjQuW/UjpjO;^=|R|R��`�YPS¢i/UjUXW/UXS¤pjYZqv[uSVYv|tW/Y_O;qv[3QSVUX^=pjMPUji¹^=[#|;^=[3UXS#[�O�ghUjQyY=`¢[uMPUmUj�PpX^£¡�^=[3ORYZq·�

���
	��'� ()��*,+�-.�/�0�.12�������������
ü�Ñ£û·Ï�ðXá4Ò·ÑXÐ²Òtâyð®ûtÜÝÖÄÏ¨Ö×Ð43¼û·Ï�Ó�Öfã�á4ÒÂÑ£Ðjû·Ï�Õ=Û�ÒtâmÓ�Û}Ï�ðXÖ×Ð53@Û76�Û/Õ=ÐXð
��U4ÁÂSVQ3[3|R�ag]^�i/U¢Q3O;g?{P|;^=[�OxYPqPQ1|RO;g,OR[3Uji,[3YN[uS�^_qPQuW/YPSV[·Y=`äQb^=|RO�qPOR[V�a�/Ub`fYZSVU¢c#U�g,Y=¡_UjimYPq�[3YN[uS3^vqPQuW/YZS\[Y=`·`�YZ{/S�[V�äW¶UjQ�Y�`¨cN^=[�UXSB`�YZS�Q3O;g,{P|�^�[3ORYZqPQ#`fYZS�g,OR�PO;qPrhW/S\YZW/YZS\[3ORYZqPQX��LNMPUjQ�UyQ3O;g,{P|;^=[3ORYZqPQN^_SVU��/^=Q3UjiYZq©[uMPU�it^=[b^N[u^vd=UXq�`~SVYZg6SVUjr_ORYZq/^=|/g,YPi/Uj|ä�v�«� û ñ � ­ =W= A ­$#OºJ'tW/SVY=¡ZORi/O;qPrmO;qPOR[3O;^=|tpjYZqPi/OR[3ORYZqPQ#^=Q4c�Uj|R|^=Qa�/YZ{/qPit^vSV��pjYZqPi/OR[3ORYZqPQX� L�MPUj�¹W/SVY=¡POxi/U²[uMPU �/^=Q3ORQ�`�YZS�pjYP{/WP|xUji9g,YZi/Uj|RO;qPr�Y=`�i/UXqPQ�Ox[V��Ub¦�Ujpj[3QX�lNY]pX^�|xO;�/S3^�[3ORYZq³cN^=Qy^�[3[3UXg]WP[3Uji²`fYZS#[uMPUmQu^�|xO;qPOR[V�_�
k6pjYZg]W/^_SVORQ3YPq�c�^�Q�pjYPqPit{Ppj[3Ujiz`�YZS¤[uMPUaW/^vS3^_g,Uj[3UXS�Q3Uj[NpjYZS3S\UjQuW/YZqPi/O;qPr�[3Y,[uMPU���� = · = A�¸�� ·l� A ­
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YZ�P[u^=O;qPUjiz`ÄS\YZg�[bMPUhMv�PitS3^_{P|RORp]pX^=|RO;�/S3^=[3ORYZq�W/M/^=Q3U_�©LNM/SVUjUa[V�/W/UjQmY=`�Q�O�g,{P|;^=[3ORYZqPQmc#UXSVU]g]^�i/Ua[3Y^=i/itSVUjQ3QN[bMPUaORQ3Qu{PU©Y=`1i/UXqPQ3OR[V�³Ub¦�Ujpj[3Q )

+ �PO;g,{P|;^=[3ORYZq³O;qPpj|;{Pi/O;qPr³`~{P|R|1pjYZ{/WP|RO;qPrT�/Uj[Vc#UjUXq²stY=cç^_qPi³[uS�^_qPQuW/YPSV[#Y=`�Qb^=|RO�qPOR[V�³ÁtUj|Ri��
+ �PO;g,{P|;^=[3ORYZq@c�Ox[bMPYZ{P[ pjYP{/WP|xO;qPr�)³[uMPUzO�qPOR[3O;^=|�Qu^=|RO;qPOR[V�@ÁtUj|Ri¥ORQ³qPY_[][uS3^vqPQuW/YZS\[3Uji@Q3Y�[uM/^=[W¶UXS3g]^_qPUXqv[Ni/UXqPQ3OR[V�³Ub¦�Ujpj[3Qy^_SVUm[bSVUX^=[3Uji²`�YPS#[uMPU�stY=cçW/SVYZ�P|RUXg³�
+ �PO;g,{P|;^=[3ORYZq³c�Ox[bMPYZ{P[y^_qv� i/UXqPQ�Ox[V�³Ub¦�Ujpj[?»×`~SVUjQuMvcN^=[3UXS¤ORQNpjYZqPQ3ORi/UXSVUjit¾®�
æm|RYZ�/^�|x|R�_­¢[bMPU]Uj�ZpX^£¡=^=[3ORYZq�pXSVUX^�[3UjQ?^òi/UXW/SVUjQ3Q3ORYZqªpjY_|R|RUjpj[3O;qPr�cN^=[3UXS�`~SVYZg�^=|R|�^vSVYZ{/qPi��³LNMPORQ|xUX^�i/Q?[�Y³[uS3^_qPQuW¶YZSV[mY=`N[uMPU²i/Oë¦�UXSVUXqv[a[V�/W/UjQ©Y=`�cN^=[3UXS\Qm[3Y=c�^vSVi/Qy[bMPU][u{/q/qPUj|RQ]^_qPiGQbM/^£`�[�QX�]LNMPORQO�qPpj|;{Pi/UjQ�`~SVUjQuMvcN^=[3UXS4`~SVYZg [3Y]�¶Uj|xY=c �k�QuW �Yt­P|RY=cJQu^=|RO;qPOR[V� cN^=[3UXS�`~SVYZg [uMPUm�#^=|R[3ORp?�PUX^]^=[¤[uMPUm[3YZWY=`N[uMPU g,YPi/Uj|RUjiGi/YZg²^=O;q·­�MPORrZMPUXS©i/UXqPQ3OR[V��Qu^=|RO;qPUTæm|;^=pjO;^=|¤c�^�[3UXS�`ÄS\YZg�[uMPU]Q3ORi/UjQ,Y=`N[uMPU ghYZi/Uj|^_qPiT�/SVO;qPU,c�^�[3UXS�`ÄSVYPgõ[bMPUai/UjUXW/UXS�W/^_SV[�Q�Y�`�[uMPU©i/YZg]^=O;q·�
LNMPU©pX^=|RO��/S�^=[3ORYZq�W/M/^=Q3U]M/^=Qm�/UjUXqzpjYZqPit{Ppj[3Uji9�/^=Q3UjiTYPq³Q3O;g,{P|;^=[3ORYZqPQmO;qPpj|;{Pi/O�q¶r¹W¶UXS3g]^_qPUXqv[i/UXqPQ3OR[«�9Ub¦�Ujpj[3QT»¿Of� U_��c�Ox[bMPYZ{P[]pjYZ{/WP|RO;qPrZ¾²O�q9YPSVi/UXS©[3Y�SVUjit{PpjU³[uMPU³pjYZg]W/{P[�UXS,[3O;g,U_��k�Q]g,UXqv½[3ORYZqPUji¹�¶Ub`�YZS\U_­/[uMPUmQ3[u{Pi/��Y=`¢[uMPUmO;g]W/YPSV[u^_qPpjU�`�YZS¤i/UXqPQ3OR[V�³Ub¦�Ujpj[3QyM/^=Q��/UjUXq³pjYPqPit{Ppj[3Uji³`fYZS¤[uMPORQpX^=|RO��/S�^=[3UjiT[bS3^_qPQug,ORQ3Q�Ox¡POR[V�TW/^_S3^_g,Uj[�UXS�Q�Uj[X�
o#UjQu{P|R[3Q¤QuMPY=cG[bM/^=[1i/UXqPQ�Ox[V�©Ub¦¨Ujpj[�Q�^_SVU#Y=`tc#UX^_d�O;g]W/YPSV[u^_qPpjU#`fYZSB[uMPU¤stY=c W/SVYP�P|xUXg�»¿O;q©[3UXS3g,QY=`�O�qvstY=cJO;qv[3Ya[bMPUy[u{/q/qPUj|�^=Q#c#Uj|R|Â^=QNW/SVUjQ�Qu{/SVUjQ#O;q][uMPUm�/YPSVUXMPY_|RUjQu¾j��L�MPUyUj�PpX^£¡�^=[3ORYZq²Y=`1[bMPUN[u{/qv½qPUj|�pX^_{PQ3UjQ�[uMPUag]^�±«YZS#W¶UXSV[u{/S3�/^=[�OxYPq³^_qPiTi/UXqPQ3OR[V�³Ub¦�Ujpj[3QN^_SVUmQ3ORi/U©Ub¦¨Ujpj[�QX�LNMPORQaORQaqPY_[�[uS3{PU©`�YPSN[uMPU,[uS�^_qPQuW/YPSV[yY�`�cN^=[3UXSVQ£�N��OR�ZO;qPr¹W/S\YZW/YZS\[3ORYZqPQmYZ�P[u^=O;qPUjiz`fYZSm^,`~{P|R|¢pjYZ{v½WP|xO;qPrzQ3O;g?{P|;^=[�OxYPq¹^vqPiT`fYZS�^,`~SVUjQuMvcN^=[3UXS#pX^�|xpX{P|;^=[�OxYPq�QuMPY=ca­t^=Qm^�r_|RYZ�/^=|¢S3{P|RU_­·c#UX^_d�i/O§¦�UXSVUXqPpjUjQ`�YZS�pjYZqv[uSVY_|·W/Y_O;qv[3Q#pj|xYvQ3Um[3Ya[bMPUyQu{/S«`Ä^=pjU]»¿[V�/WPOxpX^�|x|R�³�NÃ Ç ­ä��Ã�ê/­P�NÃ ô ­P�NÃ�èv¾¢cyMPUXSVUX^�Q�|;^_S\r_UXS¤i/Oë`¿½`�UXSVUXqPpjUjQ¤O;qacN^=[�UXS1W/SVYPW/YZSV[�OxYPqPQy»fSVYZ{PrZMP|R�,^=[1[bMPU�YPSVi/UXS�Y�`1´Xì�8]¾BpX^_q,�/U#`fYZ{/qPi©`fYZS�i/UjUXW¶UXS¢pjYZqv[uSVYv|W/Y_O;qv[N|RYZpX^=[�OxYPqPQ�»Ä�NÃ�é/­P�NÃ�µ¶­ä��ÃN´_´X¾®����YZSVUNi/Uj[b^=OR|xUjizO;q_[3UXS�W/SVUj[u^=[3ORYZqPQ¤`fYZS¤[uMPUjQ3UmSVUjQu{P|R[3QN^_SVUmqPY_[Q3[uS3^=ORrZMv[V`fYZSVcN^_SVi9^_qPi@c#YZ{P|Ri¥SVUj¸ä{PO;SVUò`Ä{/S\[uMPUXS]^_q/^=|R�PQ3ORQX�¥¬�Y=c�Uj¡vUXSj­¢YZqP|R�9Q3|ROxrPM_[�i/O§¦¨UXS\UXqPpjUjQ O;q[uMPU?g,OR�PO;qPrTW/SVYZW/YPSV[3ORYZqPQ�pjYZ{P|Ri¹�/U©`fYZ{/qPi¹�¶Uj[Vc�UjUXqÆ`Ä{P|R|4pjYZ{/WP|RUji�pX^=|RpX{P|�^�[3ORYZqPQ?^_qPizQ3O;g,{P|�^�[3ORYZqPQ[u^_dvO�qPr�W/UXS3g]^vqPUXq_[�i/UXqPQ3OR[V� Ub¦�Ujpj[3QNO;qv[3Y ^=pjpjYP{/q_[X�
�PYt­4`fYZS�[uMPUTS3^_qPr_U�Y=`�W/^vS3^_g,Uj[3UXS\QapjYZqPQ3ORi/UXSVUji�`�YPSa[bMPOxQ9��� = · = A�¸�� ·l� A ­t­�^vqPi�`fYZS©[uMPU³O;qPOR[3O;^=|^_qPiÆ�¶YZ{/qPit^_SV�²pjYZqPi/OR[3ORYZqPQyY�`¨Qb^=|RO�qPOR[V��Uj�Z[uS�^=pj[3Uji²`ÄSVYPg���û ñ �Q­ =I= A ­�#OºJ'V­ZOR[N^_W/W¶UX^_SVQ#[uM/^=[¤i/UXqPQ3OR[«�Ub¦¨Ujpj[�Q]QuMPYZ{P|Ri¼W/S\Ub`�UXS3^v�P|x�¥�¶UT[u^vd=UXq�O;qv[3Y@^=pjpjYZ{/qv[?O;q�[uMPUTQ3O;g,{P|;^=[3ORYZqPQ³^_qPi@[uM/^=[]W¶UXS3g]^_qPUXqv[i/UXqPQ3OR[«�³Ub¦�Ujpj[3Q�^_SVUmQu{vÅ pjORUXqv[X�
k�`~{/SV[uMPUXS¤pjYZg]ghUXq_[#YZq²[uMPORQySVUjQu{P|R[#ORQN[uM/^=[#i/ORQ3pXSVUXW/^vqPpjOxUjQ�O;q³g,OR�ZO;qPr³W/SVYZW¶YZSV[3ORYZqPQN^_SVU�pjYZg©½W/^_S3^_�P|RUyMPUXSVUa»f�¶Uj[Vc�UjUXq©Q3O;g,{P|;^=[3ORYZq,c�Ox[bM?^vqPi]cNOR[uMPYZ{P[¢i/UXqPQ3OR[V�aUb¦�Ujpj[3Qb¾4[3Yyc�M/^=[¢pjYZ{P|Ri �/U¤`fYZ{/qPiO�q©[uMPUNW/SVUj|RO;g,O;q/^_SV�²Q3UXqPQ3OR[3OR¡ZOR[V�?^vq/^=|R�ZQ3ORQ#SVUXW/YZS\[3Uji?�¶Uj|xY=c$pjYZqPpjUXS3qPO;qPra[uMPU¤O;qvsÂ{PUXqPpjUyY=`Â�¶YZ{/qPit^_SV�pjYZqPi/OR[3ORYZqPQX�TLNMPORQ]g,UX^_qPQ,^_g,YZqPrzY_[uMPUXSVQ©[uM/^=[a^òQ3YZ{/qPi9pX^=|RO��/S�^=[3ORYZq9W/SVYZpjUjit{/S\U]`fYZSm[bMPU]cyMPY_|RUQ3�ZQ�[3UXg�QuMPYZ{P|RizQuMPYZ{P|Ri¹SVUj|R�T{/W¶YZqT^,rvYZYPiTg]^=[3pjM²Y=`�Qb^=|RO�qPOR[V�Tit^�[u^/�

Ú*Ö:91ÖÄÏ·ÞGÒ}âNß,û/ÐjÛäÑ=ð
��U¹W/SVY=¡PORi/UTO;q$[uMPU³`fY_|R|RY�c�O�qPr9Q3O;g,{P|;^=[3ORYZqPQ�`fYZS,[uS3^vqPQuW/YZS\[ W/SVYZ�P|RUXg
[u^_dvO�qPrª`fYZ{/S,cN^=[3UXSVQ²O�qv[3Y^=pjpjYZ{/qv[X�NLNMPUjQ3U,c#UXSVUa[b^_d=UXq�O;q�^=rZSVUjUXg,UXqv[�cNOR[uM³[uMPU,SVUb`fUXSVUXqPpjU,c�^�[3UXSVQ#`~SVYZg � ´ µJ�Q­9�Q· D�¸�¹ #OºJ'^_qPi [bMPUyit^=[b^mi/Uj|ROR¡_UXSVORUjQ®)��¹Uj[�UjYZSVORp_­Z�#^=|R[3ORp_­tæ�|�^�pjO�^�|¨^vqPiÆ�#SVO;qPU_�#LNMPUyO;qPOR[3O;^=|�pjYPqPi/Ox[�OxYPq³^=Q#c�Uj|R|
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�#YPq_[uS\Y_|�W/Y_O;qv[�qP{/g,�/UXS �¤YZSVUXMPYv|xU
�NÃ Ç �Pkmì_é/´Xê_��½��Pkmì_é_�_ìv�
�NÃ$ê �Pk?´Xê Ç �_��½��Pk?´ Ç_Ç µ=k�½���k?´£ì_è/´jk
�NÃ ô �Pk Ç ì�� ô k
�NÃ$� �Pk Ç �_é_ê�k
�NÃ$è ��k,´Q�_�_��k
�NÃ$é ��kmê/´_´Xì�k
�NÃ$µ ��kmê_ê_é_��k
�NÃ�´Xì ��km�/ì_ê
�NÃ�´_´ ��km�/ì��

L4^_�P|RU Ç � Ç )¢�#YZqv[uSVY_|·W/Y_O;qv[3Q�pjYZqPQ3ORi/UXSVUji¹^vqPiTpjYZS3S\UjQuW/YZqPi/O;qPr³�/YZS\UXMPY_|RU?SVUb`fUXSVUXqPpjUjQ
na{PU³[3YG^¯|�^�pwdªY=`m[3O;g,U_­NqPY�pX^=|RO;�/S3^=[3ORYZq�M/^=Q��/UjUXq9`~{P|§Át|R|xUji��6LNMPU¹Mv�PitS3^_{P|RORp¯W/^vS3^_g,Uj[3UXS\Qc�UXS\U?YP�P[u^=O;qPUji�`~SVYZg�[uMPU W/S\Uj¡ZORYZ{PQ,M_�PitS3^_{P|RORp pX^�|xO;�/S3^�[3ORYZq�W/M/^=Q3U_�]L�MPU][uS3^_qPQbW/YZSV[aW/^vS3^_g,Uj[3UXS\QO�qPpj|;{Pi/O;qPr,`~S3^=pj[u{/S\U�^vW/UXSV[u{/S\UjQ�»¿YZS¢W¶YZSVY_Q�Ox[�OxUjQb¾�^=Q¢c#Uj|R|t^=Q¢i/ORQuW/UXS\Q3ORYZq�pjYZUbÅ�pjOxUXqv[3Q#^_SVU#[u^_d=UXq�`~SVYZg��´1µ¶�Q­9�Q· D�¸�¹ #OºJ'V­ZQ�Ujpj[3ORYZqTé/�¢LNMPUjQ�Ua¸/{/^_q_[�Ox[�OxUjQm^_SVUa^�Q�`fY_|R|RY=cNQ®)
+ E;� D GQ· � �H� D ? �Q�W· � ��� = ^_SVU]O;qv[uSVYPit{PpjUji ^=Q,W/YZS\Y_Q3OR[3ORUjQ,O�qª[uMPU ghYZi/Uj|f�TLNMPU�^_W/UXSV[b{/SVU ¡=^=|;{PUjQ^_S\UNpwMPYvQ3UXq ^�pjpjYZSVi/O;qPr][3Y©[uMPUyUj¸/{/^=[3ORYZq�SVUj|;^=[3O;qPr][�Ya[uMPU�[uS3^_qPQbg,ORQ3Q3OR¡ZOR[V�$)�;�Ë*´ Ù ôZÇ é.</=?> @ Ñ ÔO;q�� ´ µJ�Q­$� · D�¸�¹ #Oº±'«�
+ oN{P|RUjQ�`fYZS,[uMPU�»�� =ë? � � = � ñ �"· ½�ñQD�¸�� � = ^_SVUTW/SVY=¡POxi/Uji��_��� ´ µJ�Q­$� · D�¸�¹ #Oº±'«­#W/^=r_U ô ì ô �@��U[3YPYZd�MPUXSVU³i/ORQuW¶UXSVQ3OR¡ZOR[V�¥¡=^=|;{PUjQ]pjYZg]W/^vS3^_�P|RU³[3Y�[uMPU�Q3O��jUTY=`y[bMPU Uj|RUXg,UXqv[3Q]Y=`�[uMPUTg,UjQuM·­cyMPORpjMzOxQaS\YZ{PrZMP|R�¹�_ì�g `fYZSN[bMPU?|RYZqPrvOx[b{Pi/O�q/^�|�pjYZg]W¶YZqPUXqv[�^_qPi@´Xì�g `fYZSN[bMPUa[uS3^vqPQ3¡_UXSVQ3UpjYZg²W/YZqPUXqv[X�¥l�YGQ�UXqPQ3OR[3OR¡ZOR[V�¥^_q/^=|R�PQ3ORQ [3Yª[uMPORQÆW/^_S�^_g,Uj[3UXS,cN^=Q,pjYZqPit{Ppj[�Uji°^�|x[bMPYZ{PrZM9OR[WP|;^£�ZQ�^]W/Y_[�UXq_[3O;^=|R|R�T|;^_S\r_UaSVY_|RUa^=QNQ�[u^=[3UjiT�¶Uj|xY=ca�
LNMPU S\UjQu{P|R[3Q]W/SVY=¡ZORi/Uji@MPUXSVU]it^=[3U��/^=pwdz[3Yz[uMPU W/SVUji/ORpj[3ORYZq@S\UjQu{P|R[3Qai/Uj|ROR¡_UXSVUji@O;qªnmUjpjUXg?�¶UXS´Xµ_µ_µ/�Bna{PUy[�Ya^m|;^=pjd,Y=`Â[�O�ghU_­_`~{/SV[uMPUXS�pX^=|RO;�/S3^=[3ORYZq�Q3[�UXWPQ�c#UXSVUyqPY_[�`Ä{P|§Át|R|RUji���L�MPUjQ3UyQ�[3UXWPQ�c#YZ{P|RiqPUj¡_UXSV[uMPUj|RUjQ3Qa�¶UhqPUjpjUjQ�Qu^_SV�³[3Y�SVUbÁÂqPU,[uMPU?g,YPi/Uj|f�yLNMPU©Q3[uS3^�[3Ujr_� WP|;^_q/qPUji�O;qPpj|;{Pi/Uji�pX^=|RO;�/S3^=[�OxYPqpjYZqPQ3ORi/UXSVO;qPr³��ê?ghOx�PO;qPrTW/SVYZW¶YZSV[3ORYZq³SVUjQb{P|x[�Qy^=QySVUb`fUXSVUXqPpjU��ëg,UX^=Qu{/S\UXg,UXq_[�QQ�;�
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k�ÁÂSVQ3[NQ3[�UXW�pX^=|RO��/S�^=[3ORYZq³Q�[uS3^=[3Ujrv�]pjYZ{P|RiT[uMPUXS\UaO;q_¡vY_|R¡_UmQ3Uj¡_UXS3^�|�pX^=[3Ujr_YPSVORUjQNY=`�W/^_S3^_g,Uj[�UXSVQn)
+ ¬��ZitS�^_{P|ROxp�W/^_S3^_ghUj[3UXSVQ�)][uS�^_qPQug,ORQ3Q3OR¡POR[3ORUjQÆ^_qPi@rPSVYZ{P[3O;qPr�¸ä{/^vq_[3OR[3ORUjQ³^=Q3Q3YPpjO;^=[3Uji@[3Y�[uMPUpjYZqPit{Ppj[�YZS·i/YZg]^�O�qPQ£��Ã¤SVUj|RO;g,O;q/^_SV�?S\UjQu{P|R[3Q1QbMPY�c#Uji,qPUj¡_UXSV[uMPUj|RUjQ3Q4[uM/^=[�Q�UXqPQ3OR[3OR¡ZOR[V�aORQ¢S3^=[uMPUXSc#UX^_dh`�YPS�[bMPUa[uS3^vqPQug,ORQ3Q3OR¡POx[V�³Q3Uj[�QNpjYZqPQ3ORi/UXSVUji�cyMPORpjM³c#UXSVUmpX^=|RO;�/S3^=[3Uji�YZq�[bMPUmstY=cçW/SVYZ�v½|RUXg³�
+ L4S3^_qPQuW¶YZSV[NW/^_S3^vg,Uj[3UXSVQ )�[uS3^_qPQuW¶YZSV[N^_W¶UXSV[u{/SVUjQX­¶i/OxQbW/UXSVQ3OR¡POR[«�@»f{/qPpjUXSV[u^�O�qòit^=[u^_¾®�
+ L4S3^_qPQuW¶YZSV[a�¶YZ{/qPit^_SV�G^vqPiGO;qPOR[3O;^=|#pjYZqPi/OR[3ORYZqPQ¹»¿YP�P[u^=O;qPUji�cNOR[uM9{/qPpjUXSV[u^=O;qv[3ORUjQ]^=Q3Q3YPpjO;^=[3Uji�v� ��ê,g,YPi/Uj|RO�qPr³YPq³^]S3^=[uMPUXS�SVYZ{PrZM�rZS\Oxit¾®�

LNMPUaO;qvsÂ{PUXqPpjU,Y=`�[uMPUjQ3UaW/^vS3^_g,Uj[3UXS\QNORQ�W¶Y_[3UXqv[3O;^=|R|x�zO;g]W/YZS\[u^_qv[X�¢kmg,YZqPr][uMPUXgò­t�/YZ{/qPit^vSV�³pjYZqv½i/Ox[�OxYPqPQa^_SVUaW/Yv[3UXq_[�O�^�|x|R�zO�g²W/YZSV[b^_q_[�Q3O;qPpjU?^=i/¡_Ujpj[�Ox¡vUa[uS3^£¡_Uj|·[3O;g,UjQm^_SVUaS�^=[uMPUXS#¸/{PORpwd²`fYZS#pjYZqv[uSVYv|W/Y_O;qv[3QmO;qT[bMPU?¡PORpjO;qPOx[V��Y=`#[uMPUaQu{/S«`Ä^=pjU]^=Q�QuMPY=cyqz�/Uj|RY=c6`ÄSVYPg'�/^=pjd³[bS3^=pjd_O;qPr³^_q/^=|R�ZQ�OxQ£�aL�Y�YZ{/SYZWPO;qPOxYPq�[uMPU²i/OxQbW/UXSVQ3OR¡POR[«�9¡�^�|�{PUjQ,pjYZqPQ�Oxi/UXS\Uji g,ORrZMv[?W/S\Y�¡vU?O;g]W¶YZSV[u^vq_[a^=Q©c#Uj|x|f�³LNMPORQaORQ,�/^=Q3UjiYZq][bMPUN`~^=pj[#[uM/^=[#c#UNÁÂS\Q3[3|R�]pjYZqPit{Ppj[3UjiT^©Q3O;g,{P|;^=[3ORYZq�pjYZqPQ�Oxi/UXS\O�qPr�ORQ3Y_[uS\YZWPORpmi/OxQbW/UXSVQ3OR¡POR[«�³c�MPOxpjM|xUX^�i][3YmQ3|RORrZMv[3|R�?i/O§¦�UXSVUXqv[�SVUjQb{P|x[�Q¢O�q²[3UXS3ghQ1Y=`�g,OR�ZO;qPr]W/SVYZW¶YZSV[3ORYZqPQ4`~SVYZg�[uMPUy�/^�Q3U#pX^=Q3UySVUXW¶YZSV[3UjiMPUXSVUÆ»¿|;^=[�UXS3^=|·i/ORQuW/UXSVQ�Ox¡POR[V�¹�/UjO;qPr�YZqPUmÁ/`f[uM�Y=`¢[uMPUm|RYZqPr_OR[u{Pi/O;q/^=|;¾j�
kmqPY_[uMPUXS©i/O;SVUjpj[3ORYZq9Y=`�S\UjQ3UX^_SVpjM�`fYZS©pX^=|RO;�/S3^=[3ORYZq9pjYP{P|xi$O;qPpj|�{Pi/U�SVUbÁÂqPUXg,UXqv[]Y=`y[bMPUÆg,YPi/Uj|f­UjQuW/UjpjO;^=|R|R�Ò)
+ k�pwMPORUj¡_UT^ª�/Uj[3[3UXS©i/UjQ3pXS\O�WP[�OxYPq@Y=`NstY=c�O;q9[uMPU³¡PORpjO;qPOx[V�@Y=`�[uMPU³Qu{/Se`~^=pjU9) O;q@W/^_S\[3ORpX{P|�^vSj­O;qPpj|;{Pi/U]^]qPYZq³Qb^=[u{/S3^=[�Uji«�jYZqPUa�¶Uj|RY�c �k�QuW �Y]|RO;g,OR[3O;qPrT[uMPUm��Uj[3UjYZS\OxpmcN^=[�UXS�O;qvstY=cNQX�
+ Ã¤SVY=¡ZORi/Um|;^_SVr_UXS�W/SVYZW/YPSV[3ORYZqPQNY=`�æm|;^=pjO;^=|4cN^=[3UXS#�v� c#YZS3dvO;qPr]YZq�[uMPUmO;qPOR[3O;^=|�^_qPiT�¶YZ{/qPit^_SV�pjYZqPi/OR[3ORYZqPQmYPSNYZqò[uMPU,r_UjYZg,Uj[bSV� Y�`�[uMPUapjYZqPit{Ppj[�YZS�i/YZg]^=O;qPQ]»¿O;qzYZi/UXS�[3Y²O�qv[uSVYPit{PpjU]qPUjcpjYZq/qPUjpj[�OxYPqPQy[3Y,[uMPU,æm|;^=pjO;^=|�cN^=[�UXS�S\UjQ3UXSV¡_Y_O;SVQb¾j�
õ�qPpjUXSV[u^=O;qv[3ORUjQ?SVUjrZ^vSVi/O;qPrT[uMPU,r_|RYZ�/^=|¢Q��ZQ3[�UXg�W/SVY=¡ZORi/U qP{/g,UXSVYZ{PQ,^=pjpjUXWP[u^_�P|RU]cN^£�PQyY=`#pX^=|RO§½�/S3^=[3O;qPr][uMPU�Q3�PQ3[3UXg³�¤LNMPUaS3^=[3ORYZq/^�|xUmY�`1[uMPU�pX^=|RO��/S�^=[3ORYZqTW/S\YZpjUjit{/SVU©cyMPORpwM�cN^=QNqPY_[N{/qPi/UXSV[b^_d=UXqit{PU?[�Y ^]|;^=pjd�Y=`�[3O;g,U_­}c#YZ{P|Ri��/U,[3Y]YZ�P[b^=O;qT^��/UjQ3[�Q3Y_|;{P[3ORYZq�^_qPi�W/SVY=¡POxi/U,S3^_qPr_UjQ�Y=`�^=pjpX{/S�^=pj��_��Q3UXqPQ3OR[3OR¡POx[V��^_q/^=|R�ZQ�OxQ£�

A ûtÕ=à9ÐXÑ£ûtÕ=à�ÖÄÏÂÞ9â~Ò·Ñ Õ=ÒBÏtÐXÑ£ÒÂÜ#á4ÒÂÖÄÏtÐXð
��U,i/Uj¡_Uj|RYZW/Uji@^ W/S\YZpjUjit{/SVU²[3Y Q�O�g,{P|;^=[3U²[uMPU,[uS3^£¡_Uj|�[3O;g,UjQ�`~SVYZg [uMPU,|RO;g,OR[3Q,Y=`�[uMPU,i/YZg]^=O;qz[3Y[uMPUypjYPq_[uS\Y_|tW/Y_O;qv[3Q#it{/SVO;qPr,[uMPUy[bS3^_qPQ3ORUXqv[¢stY=c�r_UXqPUXS3^=[3Uji��_�][bMPUN[u{/q/qPUj|·Uj�ZpX^£¡=^=[3ORYZq·��LNMPORQNW/SVY=½pjUjit{/SVUmORQ�qPYv[�^©[V�äWPORpX^=|·�/^=pwdh[uS3^=pjd_O;qPr,W/SVYZpjUjit{/S\Ua�/^=Q3Uji�YZq W/^vSV[3ORpj|RUm[uS3^=pjd_O;qPrt�¢LNMPORQ#pjYZ{P|RiTqPY_[�/U ^=pjMPORUj¡_UjiGMPUXSVU,Q3O;qPpjU�pjYZqPit{Ppj[3YZS�i/YPg]^=O;qPQa^_SVU]qPY_[mr_UjYPg,Uj[uSVORpX^=|R|R��pjYZq/qPUjpj[3Uji�O;q�YZ{/SmghYZi/Uj|�/{P[,stY=c'^_qPi@[uS3^vqPQuW/YZS\[?ORQ�Q3O;g,{P|�^�[3Uji¥O;g]W¶Y_Q3O;qPrGpjYPq_[3O;qP{POR[«�@Y�`�[uMPU�ÁtUj|Ri/Q³^=[][uMPU³O;qv[3UXSe`~^=pjUjQX�
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�G^=[3UXS#O;qvstY=cNQmO;qz[uMPUa[b{/q/qPUj|�W/SVY=¡_Ujiz¡_UXSV�³Q3UXqPQ�Ox[�Ox¡vU?[�Y [uMPU©[uS3^_qPQbg,ORQ3Q3OR¡ZOR[V�T^_qPi�rZSVYP{P[3O;qPr ^_qPi^=QmQu{PpjM�c#UXSVU g,YZS\U?O;g]W¶YZSV[u^vq_[m[uM/^�[m[uMPU]W/SVUjQ3Qu{/SVUjQ,^=[m[uMPU �¶YZSVUXMPY_|RUjQX�²kyQmQ�[u^=[3Uji��/Ub`fYZSVU_­4[uMPUpX^=|RO��/S�^=[3ORYZq�ORQ³pjYZqPQ3ORQ3[�UXq_[X� LNMPU�Uj�ZpjUXWP[3ORYZq��¶UjO�qPr�`�YPS l�lN� ô `fYZS²cyMPORpwM$i/O§¦�UXSVUXq_[³|RUj¡_Uj|RQzY=`rZSVYZ{P[3O;qPr]YPSN^,¡�^vSVO;^_�P|RUa[uS3^vqPQug,ORQ3Q3OR¡POx[V�³c#YZ{P|RiT�/U,SVUj¸/{PO�S\Uji »¿pb`3�¢Q3Ujpj[3ORYZq Ç �ëê_¾®�

TUNNEL : SECTION 682m TO 1030m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .50

 1.00

 1.50

 2.00

 2.50

 3.00

 3.50

 4.00

 4.50

 5.00

X1.E2

SITE

CALCUL

CONTRIB. EW_7

CONTRIB. NE_3

CONTRIB. NE_4N

P:Q?R TUNNEL : SECTION 1372m TO 1584m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .20

  .40

  .60

  .80

 1.00

 1.20

 1.40

 1.60

X1.E2

SITE

CALCUL

CONTRIB. EW_3

P�STR

TUNNEL : SECTION 1372m TO 1584m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .20

  .40

  .60

  .80

 1.00

 1.20

 1.40

 1.60

X1.E2

SITE

CALCUL

CONTRIB. EW_3

P:U�R TUNNEL : SECTION 1659m TO 1745m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−5.00

  .00

 5.00

10.00

15.00

20.00

25.00

30.00

35.00

SITE

CALCUL

CONTRIB. NNW_7

P:VWR
�¢OxrP{/SVUaê/� Ç )¢ÀeqvstY�c�QyO;qv[3Y [bMPUa[u{/q/qPUj|B`�YPS#i/O§¦¨UXS\UXq_[�[u{/q/qPUj|¢Q3Ujpj[3ORYZqPQ£�#�¹UX^�Qu{/SVUji¹^vqPiTQ3O;g,{P|;^=[3UjiSVUjQb{P|x[�Q�^=Q�^©`Ä{/qPpj[�OxYPq³Y=`1[�O�ghU

Ç ì



S(÷aVYX�VNMNe�_Q\�` bdqag�f�]a��bdqa_a]�_aúQ\p_ahaqaqQ\�f j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

TUNNEL : SECTION 1745m TO 1883m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−5.00

  .00

 5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

SITE

CALCUL

CONTRIB. NE_2

CONTRIB. NNW_1

CONTRIB. NNW_2

P:Q?R TUNNEL : SECTION 1883m TO 2028m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−10.00

  .00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

SITE

CALCUL

CONTRIB. NNW_4

P�STR

TUNNEL : SECTION 2028m TO 2178m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .20

  .40

  .60

  .80

 1.00

 1.20

 1.40

X1.E2

SITE

CALCUL

CONTRIB. NNW_4

P:U�R TUNNEL : SECTION 2178m TO 2357m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−20.00

  .00

20.00

40.00

60.00

80.00

100.00

SITE

CALCUL

CONTRIB. NNW_1

CONTRIB. NNW_2

CONTRIB. NNW_7

P:VWR
�¢OxrP{/SVUaê/�ëêO)¢ÀeqvstY�c�QyO;qv[3Y [bMPUa[u{/q/qPUj|B`�YPS#i/O§¦¨UXS\UXq_[�[u{/q/qPUj|¢Q3Ujpj[3ORYZqPQ£�#�¹UX^�Qu{/SVUji¹^vqPiTQ3O;g,{P|;^=[3UjiSVUjQb{P|x[�Q�^=Q�^©`Ä{/qPpj[�OxYPq³Y=`1[�O�ghU

Ç ´



S(÷aVYX�VNMNe�_Q\�` bdqag�f�]a��bdqa_a]�_aúQ\p_ahaqaqQ\�f j�eailknmpoJbdqaeafpr;\Is�]Q`�_

TUNNEL : SECTION 2357m TO 2496m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

 1.00

 2.00

 3.00

 4.00

 5.00

 6.00

 7.00

 8.00

SITE

CALCUL

CONTRIB. NE_2

P:Q?R TUNNEL : SECTION 2587m TO 2699m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−10.00

  .00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

SITE

CALCUL

CONTRIB. NNW_7

P�STR

TUNNEL : SECTION 2699m TO 2840m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

−5.00

  .00

 5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

SITE

CALCUL

CONTRIB. NNW_1

CONTRIB. NNW_2

P:U�R TUNNEL : SECTION 2840m TO 2994m

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .20

  .40

  .60

  .80

 1.00

 1.20

X1.E2

SITE

CALCUL

CONTRIB. NE_2

CONTRIB. NNW_4

P:VWR
�¢OxrP{/SVUaê/� ô )¢ÀeqvstY�c�QyO;qv[3Y [bMPUa[u{/q/qPUj|B`�YPS#i/O§¦¨UXS\UXq_[�[u{/q/qPUj|¢Q3Ujpj[3ORYZqPQ£�#�¹UX^�Qu{/SVUji¹^vqPiTQ3O;g,{P|;^=[3UjiSVUjQb{P|x[�Q�^=Q�^©`Ä{/qPpj[�OxYPq³Y=`1[�O�ghU

Ç_Ç



S(÷aVYX�VNMNe�_Q\�` bdqag�f�]a��bdqa_a]�_aúQ\p_ahaqaqQ\�f j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

TIME(DAYS)

INFLOW(L/MN)

  .25   .54   .83  1.12  1.41  1.70  1.99  2.28  2.57  2.86  3.15

X1.E3

  .00

  .20

  .40

  .60

  .80

 1.00

 1.20

 1.40

 1.60

 1.80

X1.E3

SITE

CALCUL

�¢OxrP{/SVUaê/�ë�O)¢LBY_[u^=|4O;qvstY=c*O�qv[3Y³[uMPU©[u{/q/qPUj|�^_qPi�QuM/^£`f[3Qm^=Qa^h`Ä{/qPpj[3ORYZq¯Y=`�[3O;g,U_�a�PO;g,{P|;^=[3Uji�^_qPig,UX^�Qu{/SVUji¹S\UjQu{P|R[3Q

TIME(DAYS)

INFLOW(L/MN)

   .25    .44    .63    .82   1.01   1.20   1.39   1.58   1.77   1.96   2.15

X1.E3

   .00

   .50

  1.00

  1.50

  2.00

  2.50

  3.00

  3.50

  4.00

  4.50

X1.E3

SITE

CALCUL

�¢OxrP{/SVUaê/�ëèO)¢LBY_[u^=|�O;qvstY=c
O;q_[�Y¥[uMPU�[u{/q/qPUj|,^_qPi�QuM/^£`f[3QT�/Ub`fYZSVU�pX^=|RO;�/S3^=[3ORYZq·���PO;g?{P|;^=[�Ujiç^_qPig,UX^�Qu{/SVUji¹S\UjQu{P|R[3Q

Ç ê



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailknmpoJbdqaeafpr;\Is�]Q`�_

ý>u�t Y��(�~© ��z�©��æ�W� }0� xZ��zN�;x[�>z���x��
LNMPU]Uj�/W/SVUjQ3Q3ORYZqPQ�`�YZS�[uMPU]g,UX^_q�UXS�SVYZS]»&\"]t¾m^_qPi9^=pjpX{/S3^=pj�@»lâ^]}¾aW/SVY=¡PORi/Uji�YZqzÁtrZ{/S\U ê/�;´_´,^_SVU[uMPU�`�Yv|x|RY=cNO;qPr9) \"]¨ËZ_a`bdc�e »&]�fbhg ]�ib ¾j k\"]1»ÎÖ Þ Ð£¾pË _ `b:c�e êl]$fb g ]mib êj k

â^]�Ëon _a`b:c�e »&]$fb g ]mib g \"]t¾ Ñj k
cyMPUXSVU j ORQN[uMPU©[3Y_[u^�|ÂqP{/g?�¶UXSNY�`�g,UX^=Qu{/S\UjiT¡�^�|�{PUjQ£­J]�i�Q�[u^_qPi/Q#`fYZS#pX^=|RO;�/S3^=[�Uji¹MPUX^=i³¡=^=|;{PUjQX­J]�f`�YZS�g,UX^=Qu{/SVUjiTMPUX^�iT¡�^�|�{PUjQ£�

Ç=ô



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

KAS02  547.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −35.00

 −30.00

 −25.00

 −20.00

 −15.00

 −10.00

 −5.00

   .00

  5.00

MEAS. AT 547.0m

SIM. AT 733.1m

P:Q?R KAS04  290.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −90.00

 −80.00

 −70.00

 −60.00

 −50.00

 −40.00

 −30.00

 −20.00

−10.00

   .00

 10.00

MEAS. AT 290.0m

SIM. AT 330.9m

P�STR

KAS05  467.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

−100.00

 −80.00

 −60.00

 −40.00

 −20.00

   .00

 20.00

MEAS. AT 467.0m

SIM. AT 452.3m

P:U�R KAS06  100.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −25.00

 −20.00

 −15.00

 −10.00

 −5.00

   .00

  5.00

MEAS. AT 100.0m

SIM. AT  78.9m

P:VWR
�¢OxrP{/SVUaê/�Y�O)¢Ã¤SVUjQ3Qu{/SVUjQ#O;q²i/Oë¦�UXSVUXqv[N�/YZS\UXMPY_|RUjQ�Q�Ujpj[3ORYZqPQN�/Uj|RY=c
�k�QuW �Yt���¹UX^�Qu{/SVUji ^_qPi�Q3O;g,{P|;^=[3Uji^=Q�^©`Ä{/qPpj[�OxYPq³Y=`¢[3O;g,U

Ç �



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailknmpoJbdqaeafpr;\Is�]Q`�_

KAS06  216.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −70.00

 −60.00

 −50.00

 −40.00

 −30.00

 −20.00

−10.00

   .00

 10.00

MEAS. AT 216.0m

SIM. AT 220.0m

P:Q?R KAS06  399.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −1.20

 −1.00

  −.80

  −.60

  −.40

  −.20

   .00

   .20

X1.E2

MEAS. AT 399.0m

SIM. AT 425.3m

P�STR

KAS07   60.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −60.00

 −50.00

 −40.00

 −30.00

 −20.00

−10.00

   .00

 10.00

MEAS. AT  60.0m

SIM. AT  81.6m

P:U�R KAS07  245.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −90.00

 −80.00

 −70.00

 −60.00

 −50.00

 −40.00

 −30.00

 −20.00

−10.00

   .00

 10.00

MEAS. AT 245.0m

SIM. AT 217.7m

P:VWR
�¢OxrP{/SVUaê/�ëéO)¢Ã¤SVUjQ3Qu{/SVUjQ#O;q²i/Oë¦�UXSVUXqv[N�/YZS\UXMPY_|RUjQ�Q�Ujpj[3ORYZqPQN�/Uj|RY=c
�k�QuW �Yt���¹UX^�Qu{/SVUji ^_qPi�Q3O;g,{P|;^=[3Uji^=Q�^©`Ä{/qPpj[�OxYPq³Y=`¢[3O;g,U

Ç è



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

KAS07  552.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −14.00

 −12.00

−10.00

 −8.00

 −6.00

 −4.00

 −2.00

   .00

  2.00

  4.00

MEAS. AT 552.0m

SIM. AT 558.9m

P:Q?R KAS08   70.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −90.00

 −80.00

 −70.00

 −60.00

 −50.00

 −40.00

 −30.00

 −20.00

−10.00

   .00

 10.00

MEAS. AT  70.0m

SIM. AT  38.4m

P�STR

KAS08  570.0

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −14.00

 −12.00

−10.00

 −8.00

 −6.00

 −4.00

 −2.00

   .00

  2.00

  4.00

MEAS. AT 570.0m

SIM. AT 586.5m

P:U�R KAS09  105.9

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −14.00

 −12.00

−10.00

 −8.00

 −6.00

 −4.00

 −2.00

   .00

  2.00

MEAS. AT 105.9m

SIM. AT  71.9m

P:VWR
�¢OxrP{/SVUaê/�ëµO)¢Ã¤SVUjQ3Qu{/SVUjQ#O;q²i/Oë¦�UXSVUXqv[N�/YZS\UXMPY_|RUjQ�Q�Ujpj[3ORYZqPQN�/Uj|RY=c
�k�QuW �Yt���¹UX^�Qu{/SVUji ^_qPi�Q3O;g,{P|;^=[3Uji^=Q�^©`Ä{/qPpj[�OxYPq³Y=`¢[3O;g,U

Ç �



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailknmpoJbdqaeafpr;\Is�]Q`�_

KAS09  412.7

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

−10.00

 −8.00

 −6.00

 −4.00

 −2.00

   .00

  2.00

  4.00

MEAS. AT 412.7m

SIM. AT 445.9m

P:Q?R KAS13  210.8

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −1.60

 −1.40

 −1.20

 −1.00

  −.80

  −.60

  −.40

  −.20

   .00

   .20

X1.E2

MEAS. AT 210.8m

SIM. AT 190.6m

P�STR

KAS13  280.6

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −1.80

 −1.60

 −1.40

 −1.20

 −1.00

  −.80

  −.60

  −.40

  −.20

   .00

   .20

X1.E2

MEAS. AT 280.6m

SIM. AT 221.4m

P:U�R KAS14   91.6

TIME(DAYS)

P(m)

   .20    .34    .48    .62    .76    .90   1.04   1.18   1.32   1.46   1.60

X1.E3

 −12.00

−10.00

 −8.00

 −6.00

 −4.00

 −2.00

   .00

  2.00

MEAS. AT  91.6m

SIM. AT  32.7m

P:VWR
�¢OxrP{/SVUaê/�;´Xìß)�Ã¤SVUjQ3Qu{/S\UjQ1O;qmi/O§¦�UXSVUXqv[��¶YZSVUXMPY_|RUjQ¢Q3Ujpj[�OxYPqPQ��¶Uj|xY=c��k�QuW �Yt�B�¹UX^�Qu{/SVUji?^vqPiaQ3O;g,{P|;^=[3Uji^�Qy^©`~{/qPpj[3ORYZq³Y=`¢[3O;g,U

Ç é



S(÷aV TWVNX;`aeH�;�Q]a�;q1bdqN_aúQ\~ùI] `Q\�úa] f�\�i j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

MEAN ERROR AND ACCURACY

TIME(DAYS)

P(M)

  2.00   3.00   4.00   5.00   6.00   7.00   8.00   9.00  10.00

X1.E2

 −5.00

   .00

  5.00

 10.00

 15.00

 20.00

dh

dh(abs)

Dh

�¢ORrZ{/SVUaê/�×´_´�)4nmO§¦¨UXS\UXqPpjUjQy�/Uj[Vc#UjUXq³Q3O;g,{P|;^=[3Uji�^_qPiTg,UX^=Qu{/S\Uji¹W/SVUjQ3Qb{/SVUjQ

Ç µ



S(÷aV ÷aV��Nblpabdq?q s�`W]�s�]Q`�_abd] qai;e�_1_aúQ\pca] qa_a`I] f*s�] bdqa_ai j�eailknmpoJbdqaeafpr;\Is�]Q`�_

ý>u�ý ���sr �W�ut ¤F�(z�¤�zN�,}¥��zn� �y� }�}0� x �pzn�N}��(z��$¤�z��W�N}¥�

 

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

 70.00

 80.00

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:Q?R0v,wyx{z}|�w�~"��w��lx{z���P
�?���5�F���4�����?���4���y�5�0R  

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

 70.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P�S�RJv�w�x{z}|�wy~���w��lx{z��/P
�������?�5�y�����?���s�4�y�5���
�������4�{����R

 

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

 70.00

 80.00

 90.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:U�R0v�w�x{z}|�wy~���wy�lx{z��)P
�����y���y�4��R  

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

 70.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:V.R0v,wyx{z}|�w�~"��w��lx{z���P
�?���5�y�4�5��R
�¢OxrP{/SVUaê/�;´ Ç )1��OR�PO�qPr�W/SVYZW/YPSV[3ORYZqPQ�Y�`¨[bMPUN`fYZ{/S¢cN^=[�UXSVQ�^=[¢pjYPq_[uS\Y_|ÂW¶Y_O;q_[3QN^=Q#^�`~{/qPpj[3ORYZq�Y=`�[3O;g,U_���UX^=Qb{/SVUjiT^_qPiTQ�O�g,{P|;^=[3Uji

ê_ì



S(÷aV ÷aV��Nblpabdq?q s�`W]�s�]Q`�_abd] qai;e�_1_aúQ\pca] qa_a`I] f*s�] bdqa_ai j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

 

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:Q?R0v,wyx{z}|�wy~���w��lx{z��)P:�����s�4�5�y��R  

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

 10.00

 20.00

 30.00

 40.00

 50.00

 60.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P�STR�v,w�x{z}|�wy~"�Twy�lx{z����)P:�����?�4��R

 

TIME(DAYS)

C(%)

   .00    .50   1.00   1.50   2.00   2.50   3.00

X1.E3

   .00

  5.00

 10.00

 15.00

 20.00

 25.00

 30.00

 35.00

 40.00

 45.00

 50.00

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:U�R0v�w�x{z}|�wy~���wy�lx{z��4��P:���������4R
�¢OxrP{/SVUaê/�;´Xêß)1��OR�PO�qPr�W/SVYZW/YPSV[3ORYZqPQ�Y�`¨[bMPUN`fYZ{/S¢cN^=[�UXSVQ�^=[¢pjYPq_[uS\Y_|ÂW¶Y_O;q_[3QN^=Q#^�`~{/qPpj[3ORYZq�Y=`�[3O;g,U_���UX^=Qb{/SVUjiT^_qPiTQ�O�g,{P|;^=[3Uji

ê/´



S(÷aV ÷aV��Nblpabdq?q s�`W]�s�]Q`�_abd] qai;e�_1_aúQ\pca] qa_a`I] f*s�] bdqa_ai j�eailknmpoJbdqaeafpr;\Is�]Q`�_

TIME(DAYS)

C(%)

   .0    .50   1.0   1.50   2.0   2.50   3.0

X1.E3

   .0

 10.0

 20.0

 30.0

 40.0

 50.0

 60.0

 70.0

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P:Q?R0v,wyx{z}|�wy~���w��lx{z��)P:�����{�4���4��R
TIME(DAYS)

C(%)

   .0    .50   1.0   1.50   2.0   2.50   3.0

X1.E3

 10.0

 15.0

 20.0

 25.0

 30.0

 35.0

 40.0

 45.0

S. BRINE

S. GLACIAL

S. METEORIC

S. BALTIC

M. BRINE

M. GLACIAL

M. METEORIC

M. BALTIC

P�STR0v�w�x{z}|�wy~���w��lx{z��)P:�����5�4�?����R
�¢OxrP{/SVUaê/�;´ ô )1��OR�PO�qPr³W/SVYZW¶YZSV[3ORYZqPQ�Y=`1[uMPU�`fYZ{/S¤cN^=[3UXSVQN^=[NW/SVUji/ORpj[3ORYZqòpjYZq_[bSVY_|�W/Y_O;qv[3Qy^=QN^©`~{/qPpb½[�OxYPq³Y=`1[�O�ghU_����UX^=Qu{/S\UjiT^_qPi³Q3O;g,{P|�^�[3Uji

ê Ç



S(÷aV �aV[øO]QqacQ\�qa_a`ae�_abd] q g�bY\�fH�Qi,e�_¢�Qbdg�gI\�`Q\�qa_*_abY^O\�i�]Qg�_aúQ\*\ypIcae��He�_abd] q j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

ý>u
� þÿz>� �px1�N}��(� }¥��z>� �íx������ �1} ����¡�xp�;x �N}ÿ},�W{|x��Òz���}�� xïx�r �p��¢1�1}¥��zn�
LNMPU�r_|RYZ�/^=|mUj¡_Y_|;{P[3ORYZq°Y=`?[uMPU�i/O§¦�UXSVUXqv[³c�^�[3UXSVQ�OxQzQu^=[3ORQV`~^=pj[3YPSV��)@��S\O�qPU9^_qPiJæm|;^=pjO;^=|acN^=[�UXSQuW/SVUX^=i/O;qPr²`ÄSVYPg �¶Uj|RY�c©­t��Uj[3UjYZS\Oxp�`~SVYZg [uMPUm|;^_qPi¹^_qPiT�#^=|R[3ORp�`ÄSVYPg�[uMPUmQ3UX^]W¶Y_Q3OR[3ORYZqPQX�

ê_ê



S(÷aV �aV[øO]QqacQ\�qa_a`ae�_abd] q g�bY\�fH�Qi,e�_¢�Qbdg�gI\�`Q\�qa_*_abY^O\�i�]Qg�_aúQ\*\ypIcae��He�_abd] q j�eailknmpoJbdqaeafpr;\Is�]Q`�_

BRINE (%)
> 1.05E−02
< 3.75E+01

  .30

  2.1

  3.8

  5.6

  7.3

  9.1

  11.

  13.

  14.

  16.

  18.

  20.

  21.

  23.

  25.

  27.

  28.

  30.

  32.

  34.

  35.

  37.P:Q?R,��|&�lxW£�¤,Q4z&£
|0�{|�wy��w�|�z}�¥wyx
GLACIAL(%)

> 9.81E−01
< 4.47E+01

  1.3

  3.4

  5.4

  7.5

  9.5

  12.

  14.

  16.

  18.

  20.

  22.

  24.

  26.

  28.

  30.

  32.

  34.

  36.

  38.

  40.

  42.

  44.P�S�R0¦�~¥Q5U
�¥Qy~J¤,Q4z&£�|,�F|�w���wy|�z}�¥w�x
�¢OxrP{/SVUaê/�;´X�ß)1��OR�PO�qPr9W/SVYZW/YPSV[3ORYZqPQ,Y=`��#SVO;qPUT^_qPi@æm|;^=pjO;^=|#cN^=[3UXSVQ,^=[,[3O;g,U�´ ô ì_µòit^X�PQT»¿UXqPi9Y=`Uj�PpX^£¡�^=[�OxYPq/¾

ê ô



S(÷aV �aV[øO]QqacQ\�qa_a`ae�_abd] q g�bY\�fH�Qi,e�_¢�Qbdg�gI\�`Q\�qa_*_abY^O\�i�]Qg�_aúQ\*\ypIcae��He�_abd] q j�eailk�m�oJbdqaeafpr;\Is�]Q`�_

METEORIC(%)
> 5.29E−03
< 8.56E+01

  .67

  4.7

  8.7

  13.

  17.

  21.

  25.

  29.

  33.

  37.

  41.

  45.

  49.

  53.

  57.

  61.

  65.

  69.

  73.

  77.

  81.

  85.P:Q�R�§�£�z&£�wy|&�¥U�¤,Q4z&£�|��{|�wy�Twy|�z}�¥wyx
MARINE(%)

> 1.07E+01
< 9.97E+01

  11.

  16.

  20.

  24.

  28.

  32.

  36.

  41.

  45.

  49.

  53.

  57.

  61.

  66.

  70.

  74.

  78.

  82.

  87.

  91.

  95.

  99.P�STR,�,Qy~¥z}�¥U�¤JQ4z&£
|,�{|�wy�Twy|�z}�¥wyx
�¢OxrP{/SVUaê/�;´Xèß)1��OR�PO�qPr³W/SVYZW¶YZSV[3ORYZqPQ�Y=`¢��Uj[3UjYZSVORpa^_qPi���^�|x[�Oxp©cN^=[3UXSVQy^�[�[�O�ghU ´ ô ìvµait^£�PQ?»¿UXqPizY=`Uj�PpX^£¡�^=[�OxYPq/¾

ê_�
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�tYZS¤[uMPUaMv�ZitS�^_{P|ROxp]W/SVYP�P|xUXgò­/r_YPYZi³pjYZqPQ�OxQ�[3UXqPpj� |RUj¡_Uj|4pjYZ{P|Ri¹�¶Ua^=pjMPOxUj¡vUji³`fYZS¤[uMPUag,YPi/Uj|�O;g]WP|RUb½g,UXq_[�Uji��¹l�Uj¡_UXSV[uMPUj|RUjQ3Q£­¢[uMPU³�/UjQ3[,Q3Y_|;{P[3ORYZq@W/S\Y�¡PORi/Uji@ORQhqPYv[?{/qPOR¸ä{PU�^=QaQbMPY�c�qG�v��Q3UXqPQ3OR[3OR¡ZOR[V�^_q/^=|R�ZQ�OxQ�pjYZqPit{Ppj[3Ujiz[uM/SVYZ{PrPMPYZ{P[N[uMPUmpX^=|RO;�/S3^=[�OxYPq·�
À~qPpjYPS3W/YZS�^=[3ORYZqªY=`�g,OR�PO�qPr9W/SVYZW/YPSV[3ORYZq9it^=[u^òO;q_[3Y�[uMPUTghYZi/Uj|N^=|R|RY=cNQ©`�YZS©OR[3Q]SVUbÁÂqPUXg,UXqv[]O;q[uMPU Q�UXqPQ3U³[uM/^=[]Mv�ZitS3^v{P|xORpzpX^=|RO��/S�^=[3ORYZq9Y=`y[bMPU Q3�PQ3[3UXg SVUj¸/{PO;SVUjQ]O;g]W/SVY=¡_UXghUXq_[X��l�Uj¡_UXSV[bMPUj|xUjQ�QX­W/SVUj|RO�ghO�q/^vSV�TSVUjQu{P|R[3QN�/^=Q3Uji�YZq²Q3UXqPQ3OR[3OR¡POx[V�³^_q/^=|R�PQ3ORQNQuMPY=c¥[uM/^�[¢`~{/SV[uMPUXS¤|RUj¡_Uj|·Y=`�{/qPpjUXSV[u^�O�qv[V� ^_SVUO�qv[uSVYPit{PpjUji9[u^_dvO�qPr³[bS3^_qPQuW¶YZSV[mit^=[u^�O;qv[3Y¹^�pjpjYZ{/q_[£�?LNMPUjQ�U]O;q_¡_Yv|x¡vU {/qPpjUXSV[u^=O;qv[3ORUjQ,O�qª[uS3^vqPQuW/YZS\[W/^_S3^_g,Uj[�UXSVQ�^=Q¢c#Uj|R|�^=Q�pX^�|xO;�/S3^�[3ORYZq]it^�[u^m|RO;d=Umg,OR�ZO;qPr W/SVYPW/YZSV[�OxYPqPQ�YZ�P[u^�O�qPUji²`~SVYZg6��êa�/^=Q�Uji YZqQ3pX^_SVpjUag,UX^�Qu{/SVUXg,UXqv[3QX�
�m{/S³W/SVUjQ3UXqv[T|RUj¡_Uj|mY�`?c#YZS3d�YZq$[uMPU�Q3�PQ3[3UXg�i/YPUjQTqPY_[T^=|R|RY=c�`fYZS�pjYZqPpj|;{PQ3ORYZqPQ�YZq$r_|RYZ�/^=|pjYZqPQ3ORQ3[3UXqPpj��Y=`a[uMPU�g,YPi/Uj|mO;qPpj|;{Pi/O�qPrJMv�ZitS�^_{P|ROxp9^=Q³c#Uj|x|m^=Q³[uS�^_qPQuW/YPSV[]it^=[u^¶� l�Uj¡_UXSV[bMPUj|xUjQ�QX­{/qPpjUXSV[u^=O;qv[«�²pjYZqPpjUXS3qPO;qPr [bS3^_qPQuW¶YZSV[�W/^vS3^_g,Uj[3UXS\Q�^�Q�c#Uj|R|�^=Q#it^=[u^©^_SVU�O�g²W/YZSV[b^_q_[N^_qPi³QbMPYZ{P|RiT�/U[u^_d=UXq�O;qv[3Y ^=pjpjYZ{/qv[NO;q³[bMPUa^_q/^=|R�ZQ�OxQm^_qPiz[uMPUmpX^=|RO;�/S3^=[3ORYZqòQ3[uS3^=[�Ujr_�_�
�ÂS\YZg'^³qP{/g,UXSVORpX^=|�W¶Y_O;q_[mY�`�¡POxUjc©­�[uMPORQmc#YZS3d�cNOR|R|�|RUX^=i/Q,{PQmO;q�[uMPU©`Ä{P[b{/SVU,[3Y i/Uj¡vUj|xYPW�^_qPiO�g²WP|xUXghUXq_[zO�q��#km�/LN��� Ç ì_ì_ì�[uMPU�g,OR�ZUjiJMv�ä�/S\Oxi$ÁÂqPOR[3U�Uj|RUXg,UXqv[�`fYZS3g,{P|;^=[3ORYZq9`fYZShstY=c'^_qPi[uS3^_qPQuW¶YZSV[mO;q¯`ÄS3^�pj[u{/SVUjiGqPUj[Vc#YZS3d}­·`~S3^=pj[u{/S\UjQ?�/UjO;qPr Ç n�YP�P±«Ujpj[�QX� Ã¢^_S\[3ORpj|xU�[uS3^�pwdvO;qPr¹W/SVYPpjUjit{/SVUcNOR|x|¢�/U,^=it^_WP[3UjiT^�QNc#Uj|x|f�
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�;´W' �k�QuW �Y ¬�^_SViTo#YPpwd���^_�¶YZS3^=[�YZSV�²½y´Xì,�_UX^_S\Q�Y�`�SVUjQ�UX^_SVpjM·�t�/�m����´Xµ_µ_è¶�
� Ç '?�#km�/LN�¢� Ç ìvì_ì¨)N´£µ_µ��/��­ = � �¯® =±° D ­ �¶D�¸¥² �Q­�! ¸ � = µ ñ �Q� = � A ­ ¹ �N�¢k*SVUXW/YPSV[X�·´Xµ_µ��¶�
�lðpµ D�ñ �Q­�· D ­�»�ò DHó �äô��%¶¾�'?æ²��³µ´,¶"·�¸$¹,ºç^vqPi¼»t�)½�¶�¾�¾"¿ÁÀ¸·­ ¼ D · µ¶� ° D ·l�"G D�¸ ° A »�� ¸ = D ­�»ÃÂ ­��"·l�� ¸ � ° � ­�· =,Ä A �N�H� = �Q� ñQA � � = � ° �J¸�D ·l� A ­ÆÅ = �"­�! ¸ � ? µ D = � ² ° �J¸ ·l� ? µ D = � D ­�» ° �J¸ ·l� G A °¢? A ­ D ­�·7Ç A�È =· µ¶� A�� !�µ ? A � A�� =É° �W»�� DJ¹ �P[u{Pi/ORUjQ³O�q�g]^�[uMPUXg]^=[3ORpjQ³^_qPi�OR[3QÆ^vW/WP|xORpX^=[�OxYPqPQX�/Ê¢Y_|f��´Q�/­Nl�YZSV[uM¬�Y_|R|�^vqPi��1´Xµvé_è/�
��¬ D �Q���Q­���#&%,',�N�0Ë�¶�Ì�Ìm¸$¹0¸·­�¼9�:Í&�I»ÏÎ ½ �a�W� »�E*� ­�� ·l�ÑÐ ¸ � ° � ­�· =�Ä A �¨·l� D ­ =@? A �W· A Än? A�¸"¸�� · D ­�· = � ½� ­�»�� �"!J� A�� ­�» ÈpD ·l�Q�b�1Ã¤SVYZp_�·Y�`�[bMPU][3UXqv[uMzO�qv[X�BpjYZqv`\�BYZqzÁÂqPOR[3U�Uj|RUXg,UXq_[�QaO;q�sÂ{PORi/QX�¢L4{PpjQ3YZq·­kmSVO��jYZq/^/��´Xµvµ_é
��¬ D �Q���Q­���#�²�',�N��Ë±¶�ÌmÌm¸$¹�¸·­,û¥G µ¢ô� ° D = »���»�� óµ� = � A ­9G A ­ ñ �IG ·l� A ­C�Q­[ô� ¸ ô� ° � ­�· = Â1­�� =±° �CÍ�·l� = µ ½FÒ�a�W� »�� = �/oN^_W/W/YPSV[����¢k�½�nm�¯L��_µ_�_�_è¶´Xê/�0Óë�"­ Ä �H�Q­�Gaµ?Ô_�
��¬ D �Q���Q­���#a°��±'?�N��Ë�¶�ÌmÌ�¸$¹0¸·­ÕÐ�Í�·l� ­ = � A ­[»�� ¸RD ° ô�Q· µ A »��8»�� = ô� ¸ ô� ° �Q­�· = Â ­�� =Ö° �:Í&·l� = µ ½FÒ�a�W� »�� =N×DÒ¸RD �¦ô� = A�¸�� ·l� A ­ »�� = ô�5Ø �¶D ·l� A ­ = »��9¬ D �HG ½ � ­��äô�@!J� ° ��·l� D ­ = � · A � ���£��oN^_W/W¶YZSV[T�N��k½�nm��LN�_µ ô �_�_è_è/�0Óë� ­ Ä ��� ­�G µ?Ô��
��»��F¼ D � = � ¸�½ %¶¾¥'?æ]�mÙ�¸ÕÚÕ¶�¿JÛFÜ
Ý4Þ¤­,Î ½ »�� A !�ô� A�¸�A !¶� �uØ �¶D ­�·l� · D ·l� ñ � ¹ ��km�/�/�ml�´Xµ_é/´_�ß �JD ­�·l� · D ·l� ñ �ÁÎ ½ »�� A !¶� A�¸�A ! ½ �Pky�#k�na�¢��Àe�JÃ�oN�¤�/��´Xµvé_è
��´1µ¶�Q­9�Q· D�¸�¹ #OºJ'?À���à)´0¸$¹¢­_æ²��áãâ�Û?º"¶�¾�ÛFä�¹�­Xom�"å$º�¶�¹0¾�ä�¿JÛv­�Ã4�{æoÜ}ç�Ìm¸$¿mè¤� < û�éµêëÎ�´�ì Ò�í � ATÒ= GQ� �Q­�·l� Â G�� ñ D�¸��¶D ·l� A ­ ü #�#Oº�î¥² ¹ ¼ A »�� ¸ = � D = �W» A ­ = �"·l�FGaµ D � D GQ·l�Q�W�Cï D ·l� A ­ ü #&%¶¾ Ò�ü #�#�² ¹ L�UjpjM/qPO§½pX^=|�o#UXW¶YZSV[X�·�/�m��[3UjpjM/qPORpX^=|1SVUXW¶YZSV[yµ���½«ì_è/�
��û ñ �Q­ =W= A ­$#OºJ'®õ©��å$·�¸$¹0ÛFÛ{ä�¹¢� < �H�@!J� A ­ D�¸;D ­ D�¸�½ = � = A Ä !J� A�� ­�» ÈpD ·l� ��Ç A�È D ­�» = D�¸ �"­��"· ½ � ­£· µJ�:<>=@? :A�D �H� D �t�/�m�$[3UjpjM/qPOxpX^�|�SVUXW¶YZSV[yµ��£½«ì_µ/�
����������� � !�#&%('hÃ4��æoÜ}ç�Ì�¸$¿mè¤� :<>=@? :ACB,D = ��E A �HGI� A ­ ° A »�� ¸"¸ � ­�! A Ä !¶� A�� ­�» ÈpD ·l�Q��Ç A�ÈÒD ­�»¨·l� D ­ = Ò? A �I· A Ä = A�¸�� ·l� = Ò é ¸�D ­ Ä A � ° A »�� ¸ ¸ �"­�!�· D = �«²=�}�/�m�JW/SVY_rZS\UjQ3QNSVUXW/YZS\[yµ_é£½«ì��¶�
� :<n=ë? :A9B,D = � E A �HGI��'«)¢�ªUX�³Q3OR[3Ua{/qPi/UXS�^=i/itSVUjQ3QMv[3[uW,)ë�_��cNcNca� QbdZ�·� Q�UX�=YZg,QudP�/�£`fY_SVQudPqPO�qPrP�_^=QuW¶YZ�=[V`~�=O;qPi/Uj�Â�§M_[ug
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MODELLING QUESTIONNAIRE FOR
TASK 5, CEA
worked October 1999

This is a Modelling Questionnaire prepared by SKB based on discussions within the Task Force group.
It should be answered when reporting Task 5 in order to simplify the evaluation process of the
modelling exercise. Preferably, include this response in an appendix to your forthcoming report.

1. SCOPE AND ISSUES
a) What was the purpose for your participation in Task 5? Test our code and modelling capacities on a

real test case with a good data base.
b) What issues did you wish to address through participation in Task 5? Flow and transport within a

fractured network. Non uniqueness of the solutions for the calibration. Importance of density effects
at the site. Importance of transport data with natural tracers and consistency with the different tests
done.

2. CONCEPTUAL MODEL AND DATA BASE
a) Please describe your models using the tables 1-3 in the appendix.
b) To what extent have you used the data sets delivered? Please fill in Table 4 in the appendix.
c) Specify more exactly what data in the data sets you actually used? Please fill in “Comments” in Table

4
d) What additional data did you use if any and what assumptions were made to fill in data not provided

in the Data Distributions but required by your model? Please add in the last part of Table 4.
e) Which processes are the most significant for the situation at the Äspö site during the simulation

period? Hydraulic consequences of the excavation of the tunnel.

3. MODEL GEOMETRY/STRUCTURAL MODEL
a) How did you geometrically represent the ÄSPÖ site and its features/zones? All features are 3D, we

started from 2D fractures from an automatic mesh generator (IDEAS). Finally fracture intersections
are not represented but accounted for by means of continuity relations.

b) Which features were considered the most significant for the understanding of flow and transport in
the ÄSPÖ site, and why? NE1, NE3 and NNW4 played a dominant role in the flow calibration.

c) Motivate selected numerical discretization in relation to used values of correlation length and/or
dispersion length. Little freedom exists for the meshing, time steps had to be adjusted. In the vicinity
of the tunnel and because of the importance of the velocities, precision is not optimal.

4a. MATERIAL PROPERTIES - HYDROGEOLOGY
a) How did you represent the material properties in the hydraulic units used to represent the ÄSPÖ

SITE? Constant for each conductor domain. Grouting values affected are constant per conductor
domain. Storage coefficients constant.

b) What is the basis for your assumptions regarding material properties? Used data provided in Rhen
reports.

c) Which assumptions were the most significant, and why?

4b. CHEMICAL REACTIONS - HYDROCHEMISTRY
a) What chemical reactions did you include? No chemistry !
b) What is the basis for your assumptions regarding the chosen chemical reactions?
c) Which reactions were the most significant, and why?
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5a. BOUNDARY CONDITIONS FOR HYDROGEOLOGICAL MODEL
a) What boundary conditions were used in the modelling of the ÄSPÖ site tests? The ones from

Svensson regional model and were kept constant throughout the tunnel progression.
b) What was the basis for your assumptions regarding boundary conditions? Interpolation from a model

based on a larger regional domain. The values were kept constant during the test.
c) Which assumptions were the most significant, and why? No sensitivity analysis was fulfilled.

5b. BOUNDARY/INITIAL CONDITIONS FOR HYDROCHEMICAL MODEL
a) What boundary conditions were used in the modelling of the ÄSPÖ site tests? The ones from M3

model (before and after excavation) for boundary conditions and initial conditions from M3 before
excavation.

b) What was the basis for your assumptions regarding boundary conditions? Boundary conditions were
chosen from M3 for consistency reasons since results are compared with M3 at control points. The
data was interpolated from M3 grid.

c) Which assumptions were the most significant, and why? Behavior in the upper part of the model
depends strongly on boundary conditions due to quick transfer times.

6. MODEL CALIBRATION
a) To what extent did you calibrate your model on the provided hydraulic information? (Steady state

and transient hydraulic head etc.) First compare model with stationary results by Svensson
corresponding to situation before excavation and mean transmissivities provided. Then modify
transmissivity values as well as resistance values corresponding to grouting in the tunnel.
Calibration was done mostly based on contributions from involved fractures to the total inflow in the
different portions of the tunnel since inflows proved more sensitive than pressures in boreholes.

b) To what extent did you calibrate your model on the provided "transport data"? (Breakthrough curves
etc.) No calibration. Only elements of sensitivity analysis.

c) To what extent did you calibrate your model on the provided hydrochemical data? (Mixing ratios;
density/salinity etc.) Same answer.

d) What parameters did you vary? Elements of sensitivity to dispersivity were made and sensitivity to
this parameter seems to be important. Sensitivity to boundary conditions (conditions before and after
tunnel excavation).

e) Which parameters were the most significant, and why? Density effects proved important.
f) Compare the calibrated model parameters with the initial data base - comments? Calibrated and

initial data base are rather consistent for the modelling work done. It seems a fair and reliable vision
of the site is available.

7. SENSITIVITY ANALYSIS
Identify the sensitivity in your model output to:
a) the discretization used : weak for flow but stronger for transport through dispersivity values chosen.
b) the transmissivity/hydraulic conductivity (distribution) used : Strong for main conductors NE1 and

NE3, weaker for the others.
c) transport parameters used : (see 6.d).
d) chemical mixing parameters used (not studied).
e) chemical reaction parameters used (not modelled).
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8. LESSONS LEARNED
a) Given your experience in implementing and modelling the ÄSPÖ site, what changes do you

recommend with regards to:
 - Experimental site characterisation? OK
 - Presentation of characterisation data? OK
 - Performance measures and presentation formats? OK
b) What additional site-specific data would be required to make a more reliable prediction of the tracer

experiments? More about dispersivity and fracture variability in regional scale conducting features.
Presence of non saturated flow phenomena below Äspö ?

c) What conclusions can be made regarding your conceptual model utilised for the exercise? It is still at
a preliminary stage, and would require further calibration if time was provided. It is nevertheless
sensitive to boundary and initial conditions (M3) as well as to dispersivity coefficients used.

d) What additional generic research results are required to improve the ability to carry out predictive
modelling of transport on the site scale?

9. RESOLUTION OF ISSUES AND UNCERTAINTIES
a) What inferences did you make regarding the descriptive structural-hydraulic model on the site scale

for the ÄSPÖ site? All parameters for flow and transport do not vary among the fractures which are
deterministically considered and taken planar.

b)  What inference did you make regarding the active hydochemical processes, hydrochemical data
provided and the hydrochemical changes calculated? All along the line of the reports by Rhen.

c) What issues did your model application resolve? Importance of density effects. Fairly good
consistency for the Hydraulic model.

d) What additional issues were raised by the model application? Improve the code in the future by
including 2D features within 3D problems.

10. INTEGRATION OF THE HYDOGEOLOGICAL AND HYDROCHEMICAL MODELLING
a) How did you integrate the hydrogeological and hydro chemical work? Remained at a preliminary

stage due to a lack of time.
b) How can the integration of the hydrogeological and hydrochemical work be improved? At the point

where we are, mostly by moving forth and back between both models
c) Hydrogeologist: How has the hydrochemistry contributed to your understanding of the hydrogeology

around the Äspö site? Mixing proportions provide information about the origins and travel times for
the waters. These data are nevertheless uncertain.

d) Hydrochemist: How has the hydrogeology contributed to your understanding of the hydrochemistry
around the Äspö site? We stuck to mixing proportions without chemical reactions, so that flow plays
a dominant role.
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Table 1 Description of model for water flow calculations
TOPIC Example Our Model
Type of model Stochastic continuum model Deterministic

Process description Darcy´s flow including density
driven flow. (Transport equation for
salinity is used for calculation of
the density)

Darcy´s flow including density driven flow. (The coupling
with salinity transport was made optional, calibration was
done without coupling to save time). Transport of salinity
fields.

Geometric framework
and parameters

Model size: 1.8x1.8x1 km3 .

Deterministic features: All
deterministic features provided in
the data set.

Rock outside the deterministic
features modelled as stochastic
continuum.

Model size 2x2x1km3

Deterministic features: kept 16 : EW1S, EW3, EW7, NE1,
NE2, NE3, NE4N, NE4S, NNW1, NNW2, NNW3, NNW4,
NNW5, NNW6, NNW7, SFZ11. The other ones are not
intersected neither by the above ones nor the tunnel and
shaft.

Rock outside the deterministic features is not modelled

Material properties and
hydrological properties

Deterministic features:
Transmissivity (T), Storativity(S)

Rock outside deterministic
features: Hydraulic conductivity(K),
Specific storage (Ss)

Deterministic features: Transmissivity (T), Storativity(S)

Spatial assignment
method

Deterministic features: Constant
within each feature ( T,S). No
changes due to calibration.

Rock outside deterministic
features: (K,Ss) lognormal
distribution with correlation length
xx. Mean, standard deviation and
correlation based on calibration of
the model

Deterministic features: Constant within each feature (T,S).
T values were changed during the calibration. Grouting is
taken into account.

Boundary conditions Surface: Constant flux.
Sea: Constant head
Vertical-North: Fixed pressure
based on vertical salinity
distribution.
Vertical-East: Fixed pressure
based on vertical salinity
distribution.
Vertical-South:  Fixed pressure
based on vertical salinity
distribution.
Vertical-West: Fixed pressure
based on vertical salinity
distribution.
Bottom: No flux.

Linear change by time based
regional simulations for
undisturbed conditions and with
Äspö tunnel present.

Surface: Constant recharge on Aspo.
Sea: Constant head
Vertical : Head picked up from regional model by
Svensson as well as salinity distributions
Bottom: No flux.

Numerical tool PHOENICS CASTEM2000

Numerical method Finite volume method Mixed and Hybrid Finite Elements Method

Output parameters Head, flow  and salinity field. Head, flow, concentration fields
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Table 2 Description of model for tracer transport calculations
TOPIC EXAMPLE Our model
Type of model Stochastic continuum model Deterministic

Process description Advection and diffusion, spreading
due to spatially variable velocity
and molecular diffusion.

Advection and diffusion, spreading due to spatially variable velocity
and molecular diffusion.

Geometric framework
and parameters

Model size: 1.8x1.8x1 km3 .

Deterministic features: All
deterministic features provided in
the data set.

Rock outside the deterministic
features modelled as stochastic
continuum.

Same as for flow problem:

Deterministic features: kept 16 : EW1S, EW3, EW7, NE1, NE2,
NE3, NE4N, NE4S, NNW1, NNW2, NNW3, NNW4, NNW5, NNW6,
NNW7, SFZ11.

Rock outside the deterministic features is not modelled

Material properties Flow porosity (ne) Flow porosity (ne)

Spatial assignment
method

ne based on hydraulic conductivity
value (TR 97-06) for each cell in
model, including deterministic
features and rock outside these
features.

ne based on hydraulic conductivity value (TR 97-06) for each cell in
model

Boundary conditions Mixing ratios for endmembers as
provided as initial conditions in
data sets.

Mixing ratios for endmembers as provided as initial conditions in
data sets

Numerical tool PHOENICS CASTEM2000

Numerical method Particle tracking method or
tracking components by solving
the advection/diffusion equation
for each component

Transport of 4 concentration fields

Output parameters Breakthrough curves Concentration fields and breakthrough curves
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Table 3 Description of model for chemical reactions calculations
TOPIC EXAMPLE Our model
Type of model xxx No chemical reaction was modelled

Process description Mixing.
Reactions: Xx, Yy,Zz,Dd…..

Geometric framework
and parameters

Modelling reactions within one
fracture zone, NE-1.

Reaction parameters Xx: a=ff, b=gg,…
Yy: c=.
Zz: d=...

Spatial distribution of
reactions assumed

Xx: seafloor sediments
Yz:  Bedrock below sea,
superficial
Dd: Bedrock ground surface,
superficial
Yz:  Bedrock below sea, at depth
Zz: Bedrock ground surface, at
depth
Yy, Zz: near tunnel

Boundary/initial
conditions for the
reactions

Xx: aaa…
Yy: bbb…

Numerical tool Phreeque

Numerical method xx

Output parameters xx



C. GRENIER AND L.-V. BENET                        APPENDIX  A                                          TASK 5 FINAL REPORT

45

Table 4a Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

1 Hydrochemical data 1 -
1a Surface bore holes- undisturbed

conditions, Äspö-Laxemar
-

1b Surface bore holes- disturbed
conditions (by tunnel excavation),
Äspö

-

1c Surface bore holes- undisturbed
conditions, Ävrö

-

1d Surface bore holes- sampled during
drilling, Äspö

-

1e Data related to the Redox experiment -
1f Tunnel and tunnel bore holes-

disturbed conditions
-

2 Hydogeological data 1 P M
2a1 Annual mean air temperature -
2a2 Annual mean precipitation p
2a3 Annual mean evapotranspiration p
2b1 Tunnel front position by time P M
2b2 Shaft position by time P
2c1 Geometry of main tunnel P
2c2 Geometry of shafts P
2d Hydrochemistry at weirs ( Cloride,

pH, Electrical conductivity, period:
July 1993- Aug 1993)

-

2e Geometry of the deterministic large
hydraulic features ( Most of them are
fracture zones)

P

Table 4b Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

3 Hydrogeological data 2
3a Monthly mean flow rates measured at

weirs. Tunnel section 0-2900m, period
May 1991 – January 1994

P

3b Piezometric levels for period June 1st

1991 – May 21st 1993. Values with 30
days interval ( Task 3 data set)

P

3c Salinity levels in bore hole sections for
period -Sept  1993. ( Task 3 data set)

M

3d Undisturbed piezometric levels p
3e Co-ordinates for bore hole sections p
3f Piezometric levels for period July 1st

1990 – January 24st 1994. Daily
values.

Pp

4 Hydochemical data 2 PM
4a Chemical components, mixing

proportions and deviations for all bore
hole sections used in the M3
calculations

P
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4b Bore holes with time series, > 3
samples (part of 4a)

P

4c Bore holes sections interpreted to
intersect deterministic large hydraulic
features ( Most of them are fracture
zones ) (part of 4a)

4d Chemical components, mixing
proportions and deviations. Grid data
based on interpolation. Undisturbed
conditions

P

4e Chemical components, mixing
proportions and deviations. Grid data
based on interpolation. Disturbed
conditions (by tunnel excavation)

P

4f Boundary and initial conditions.
Chemical components, mixing
proportions and deviations (1989).
Grid data for vertical boundaries based
on interpolation. Undisturbed
conditions

PM

4g Boundary conditions after tunnel
construction (1996) Chemical
components, mixing proportions and
deviations. Grid data for vertical
boundaries based on interpolation.
Disturbed conditions (by tunnel
excavation)

P

Table 4c Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

5 Geographic data 1
5a Äspö coast line -
5b Topography of Äspö and the nearby

surroundings
-

6 Hydro tests and tracer tests -
6a Large scale interference tests ( 19

tests)
-

6b Long time pump and tracer test, LPT2 -

7 Hydochemical data 3, update of data
delivery 4 based on new endmembers.
Recommended to be used instead of 4.

-

7a Chemical components, mixing
proportions and deviations for all bore
hole sections used in the M3
calculations

-

7b Bore holes with time series, > 3
samples (part of 7a)

-

7c Bore holes sections interpreted to
intersect deterministic large hydraulic
features ( Most of them are fracture
zones ) (part of 7a)

-

7d Chemical components, mixing
proportions and deviations. Grid data
based on interpolation. Undisturbed

-
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conditions
7e Chemical components, mixing

proportions and deviations. Grid data
based on interpolation. Disturbed
conditions (by tunnel excavation)

-

7f Boundary and initial conditions.
Chemical components, mixing
proportions and deviations (1989).
Grid data for vertical boundaries based
on interpolation. Undisturbed
conditions

7g Boundary conditions after tunnel
construction (1996) Chemical
components, mixing proportions and
deviations. Grid data for vertical
boundaries based on interpolation.
Disturbed conditions (by tunnel
excavation)

Table 4d Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

8 Performance measures and reporting 1
8a Performance measures
8b Suggested control points. 6 points in

tunnel section 0-2900m and 3 point in
tunnel section 2900-3600m.

8c Suggested flowchart for illustration of
modelling

9 Hydrogeological data 3
9a Monthly mean flow rates measured at

weirs. Tunnel section 0-3600m,
period: May 1991- Dec 1996.

10 Geographic data 2
10a Topography of Äspö and the nearby

surroundings ( larger area than 5b)
10b Co-ordinates for wetlands -
10c Co-ordinates for lakes -
10d Co-ordinates for catchments -
10e Co-ordinates for streams -
10f Co-ordinate transformation Äspö

system- RAK
-

11 Boundary and initial conditions
11a Pressure before tunnel construction,

from the regional SKB model (TR 97-
09)

M

11b Salinity before tunnel construction,
from the regional SKB model (TR 97-
09)

M

11c Pressure after tunnel construction,
from the regional SKB model (TR 97-
09)

M

11d Salinity after tunnel construction, from
the regional SKB model (TR 97-09)

M
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Table 4e Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

12 Performance measures and reporting 2
12a Suggested control points. 6 points in

tunnel section 0-2900m and 3 point in
tunnel section 2900-3600m ( same as
8b) and 2 outside the tunnel.

13 Transport parameters compiled
13a LPT2 tracer tests P
13b Tracer test during passage of fracture

zone NE-1
-

13c Redox tracer tests -
13d TRUE-1 tracer tests -

14 Hydrochemical data 4 -
14a Groundwater reactions to consider

within TASK5 modelling (Description
of  how M3 calculates the contribution
of reactions and identifying
dominating reactions based on the M3
calculations.

15 Co-ordinates for  the test sections
defining the control points

16 Co-ordinates for bore holes drilled
from the tunnel
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Table 4f Summary of data usage
Data
del.
No

Data Importance of data
(see notes)

Comment

17 Hydogeological data - prediction
period

17a Hydrochemistry at weirs ( Cloride,
pH, Electrical conductivity, period:
July 1993- Dec 1995)

17b Piezometric levels for period July 1st

1990 – Dec 1996. Daily values.

18 Hydochemical data - prediction
period.

18a Chemical components, mixing
proportions and deviations for all bore
hole sections used in the M3
calculations. Data for tunnel section
2900-3600m.

18b Bore holes with time series, > 3
samples (part of 18a)

18c Bore holes sections interpreted to
intersect deterministic large hydraulic
features ( Most of them are fracture
zones ) (part of 18a)

Other data ( part of data to Task 1, 3
and 4)
Fracture orientation, fracture spacing
and trace length – tunnel data

M

Fracture orientation, fracture spacing–
mapping of cores

M

Fracture orientation, fracture spacing
and trace length – mapping of
outcrops

M

P = data of great importance for quantitative estimation of model parameters
p = data of less importance for quantitative estimation of model parameters
M = data of great importance used qualitatively for setting up model
m = data of less importance used qualitatively for setting up model
X = data useful as general background information
- = data not used




