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=� [ghq� g^� l`]�egfalgjaf_� hdYf� ak� hjgna\]\� af� =LLAJ@ET� =+� P`]�egfalgjaf_� hdYf� [gflYafk� \]lYad]\�

af^gjeYlagf�gf�l`]�e]l`g\gdg_q�mk]\� ^gj� l`]�hjg_jYe+� �@mjaf_� l`]�/-.4�egfalgjaf_�hjg_jYe)� l`]�

^gddgoaf_�\]naYlagfk�̂ jge�l`]�egfalgjaf_�hdYf�o]j]�eY\]7

( P`]�nlms IKJEPKNEJC LNKCN=I EJ?HQ@A@ PDA BQHH DEOPKNE?=H HEOP KB 70$O =J@ $=N>KJUHO N=PDAN PD=J PDA LH=J]O

hjghgk]\�dakl�o`a[`�ogmd\�̀ Yn]�j]egn]\�g^�k]n]jYd�RK?k�Yf\�?YjZgfqdk�̂ jge�l`]�hjg_jYe8�Yf\)

( @]dYq]\�kYehdaf_�^jge�k[`]\md]\�\Yqk�lg�Ynga\�kYehdaf_�gf�\Yqk�o`]f�l`]�BY[adalq�oYk�fgl�af�gh]jYlagf�

&km[`�Yk�gf�o]]c]f\k�gj�klYlmlgjq�̀ gda\Yqk'+

-), HNX[WVYT�<]R\`RYPc�NYQ�H`O^_NYPR�AV^_

=�dakl�g^�l`]�[gehgmf\k)�Zq�lqh]�&RK?)�hYjla[mdYl]k�Yf\�e]lYdk) Yf\ [YjZgfqdk'�af[dm\]\�af�l`]�/-.4

egfalgjaf_�hjg_jYe�Yj]�̂ gmf\�af�PYZd]�.)�PYZd]�/)�Yf\�PYZd]�0 j]kh][lan]dq+ =k�fgl]\�YZgn])�l`]k]�daklk�

\g�fgl�af[dm\]�l`]�hjghgk]\�j]egnYdk�hml�̂ gjoYj\�af�l`]�/-.2�egfalgjaf_�hdYf+

Ef�kmeeYjq)�Y�k]ja]k�g^�[gf[mjj]fl�/1/1*`gmj�&ea\fa_`l�lg�ea\fa_`l ` ]Ykl]jf�klYf\Yj\�lae]'�kYehd]ko]j]�

lYc]f�Yl�log�&/'�egfalgjaf_�dg[Ylagfk�ZYk]\�gf�l`]�lo]dn]*\Yq�JYlagfYd�=aj�LgddmlYfl�Omjn]addYf[]�&J=LO'�

[q[d]+��P`]�fmeZ]j�g^�kYehd]k�[gdd][l]\ nYja]\�Zq�l`]�lqh]�g^�[gehgmf\�Yk�k`gof�af�PYZd]�1+�Ba_mj]�.
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IYf_Yf]k] 4106*6363*2
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P`Yddame 411-*/5/5*-

Paf 411-*0.0.*2
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?Y\eame 411-*1010*6

?`jgeame 411-*1414*0
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=[]lgf] 3434*3131*.
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RK?k,POL,I]lYdk
./�kYehd]�\Yqk�gf�l`]�./�\Yq�J=LO�[q[d]�Z]_affaf_�

IYq�./)�/-.3+�

?YjZgfqdk�Yf\�

I]j[mjq
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@Yl] RK? POL�%�I]lYdk ?YjZgfqdk I]j[mjq ?gee]flk

IYq�.-)�/-.4 T T Jgl�Y�J=LO�@Yq

IYq�.6)�/-.4 T T

IYq�0.)�/-.4 T T

Fmf�./)�/-.4 T T

Fmf�/4)�/-.4 T T T T Jgl�Y�J=LO�@Yq

Fmd�-3)�/-.4 T T

Fmd�.5)�/-.4 T T T T

=m_�-/)�/-.4 T T T T Jgl�Y�J=LO�@Yq

=m_�.2)�/-.4 T T

=m_�/0)�/-.4 T T

O]h�-4)�/-.4 T T Jgl�Y�J=LO�@Yq

O]h�//)�/-.4 T T Jgl�Y�J=LO�@Yq
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<VT`]R�, ( BZYV_Z]VYT�AZPN_VZY^

South Site

North Site
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-)- HNX[WR�8ZWWRP_VZY�NYQ�6YNWc^V^�E]ZPRQ`]R^

=�kmeeYjq�g^�l`]�kYehdaf_�e]\aY)�YfYdqla[Yd�e]l`g\)�Yf\�klYf\Yj\�e]l`g\k�mk]\�\mjaf_�l`]�egfalgjaf_�

hjg_jYe�ak�hj]k]fl]\�af�PYZd]�3+� P`]�hjg[]\mj]k mk]\�^gj�kYehd]�[gdd][lagf�Yf\�YfYdqkak�Yj]�\]k[jaZ]\�

af�\]lYad�af�l`]�/-.2�egfalgjaf_�hdYf+

P`]j]�o]j]�fg�\]naYlagfk�^jge�l`]�/-.2�egfalgjaf_�hdYf�\mjaf_�l`]�/-.4 egfalgjaf_�hjg_jYe�oal`�

j]kh][l�lg�kYehd]�[gdd][lagf�Yf\�YfYdqkak�hjg[]\mj]k�Yf\�e]l`g\k+

INOWR�1 ( HNX[WVYT�NYQ�BRN^`]RXRY_�BR_UZQ^

LYjYe]l]j OYehd]�I]\aY =fYdqla[Yd�I]l`g\ OlYf\Yj\�I]l`g\

RK? 3H�]nY[mYl]\ [Yfakl]jk C?,IO@ QO�AL=�PK*.2Y

POL CdYkk*^aZj]�̂ adl]jk CjYnae]lja[ QO�AL=�EK/*.

I]lYdk�Yf\�LYjla[mdYl]�

I]j[mjq
CdYkk*^aZj]�̂ adl]jk

E?L�IO QO�AL=�3-.->

?R== QO�AL=�414.=

?YjZgfqdk Hh�@JDL�[Yjlja\_] DLH? QO�AL=�PK*..Y�Yf\�EL*3=3=

I]j[mjq�RYhgmj ?Yjmdal]�lmZ]k =[a\�ApljY[lagf�?R==
QO�AL=�414-�Yf\�KOD=�E@*

.1-

-). BR_RZ]ZWZTVPNW�9N_N

Hg[Ydar]\� oaf\� kh]]\)� \aj][lagf� Yf\� jYaf^Ydd� \YlY� oYk� gZlYaf]\� ^jge� l`]� f]YjZq� OYjfaY*HYeZlgf�

Afnajgfe]flYd�=kkg[aYlagf� &OHA='�egfalgjaf_�Yf\�e]l]gjgdg_a[Yd�klYlagf� dg[Yl]\�f]Yj�l`]�[gjf]j�g^�

Iggj]�Haf]�Yf\�Da_`oYq�1-+ P`]k]�\YlY�o]j]�mk]\�lg�\g[me]fl�l`]�o]Yl`]j�[gf\alagfk�\mjaf_�]Y[`�

kYehdaf_�h]jag\�Yf\�[gf^aje�l`]�]pl]fl�g^�\gofoaf\�kal] hgkalagfaf_,kgmj[]�Yda_fe]fl+�

P`]�dg[Ylagf�g^�l`]�Iggj]�Haf]�egfalgjaf_�klYlagf�oal`�j]kh][l�lg�l`]�BY[adalq�ak�k`gof�af�Ba_mj]�/+
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GR[Z]_�#�0+41+ d�ENTR�,,,,

<VT`]R�- ( AZPN_VZY�ZS�BZZ]R�AVYR�BZYV_Z]VYT�H_N_VZY

.).) FJ6A?IM�6HHJG6C8;

KNPA?D� h]jkgff]d ljYaf]\� Yf\� hjg^a[a]fl� af� l`]k]�e]l`g\k�o]j]� j]khgfkaZd]� ^gj� l`]� [gdd][lagf� g^�

kYehd]k�Yf\�̂ gddgo]\�l`]�Yhhda[YZd]�OlYf\Yj\�Kh]jYlaf_�Ljg[]\mj]k�Yf\,gj�afkljme]fl�eYfmYdk+� PYZd]�

4 daklk�l`]�nYjagmk�M=,M?�e]Ykmj]k+�
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INOWR�2 ( F6*F8�BRN^`]R^

6P_VaV_c BRN^`]R

OYehdaf_�

=hhYjYlmk
( ?YdaZjYlagf�g^�]imahe]fl�Yl�YhhjghjaYl]�afl]jnYdk

( Bdgo�[`][ck�Z]^gj]�Yf\�Y^l]j�]Y[`�kYehd]�afl]jnYd�&v.-$�[jal]jagf'

OYehd]

?gdd][lagf

( =dd�kYehd]�h]jag\k�afalaYl]\�Yl�ea\fa_`l�&]Ykl]jf�klYf\Yj\�lae]'

( ?gdd][lagf�Yl�.+2�lg�/+-�e]l]jk�YZgn]�_jgmf\�&/+2�e]l]jk�̂ gj�POL,I]lYdk'

( =dd�kYehd]k�oadd�Z]�[gdd][l]\�kaemdlYf]gmkdq

( Ba]d\�ZdYfc�[gdd][lagf�e]\aY�&/-$�g^�kYehd]k'�oadd�Z]�mladar]\�l`Yl�Yj]�`Yf\d]\�Yf\�YfYdqr]\�af�l`]�

kYe]�eYff]j�Yk j]_mdYj�kYehd]k�&oal`gml�Yaj�^dgo'�lg�Ykk]kk�Yfq�\]l][lYZd]�[gflYeafYlagf+��Ba]d\�

ZdYfck�Yj]�fgl�Yhhda[YZd]�̂ gj�RK?k�[gdd][l]\�af�[Yfakl]jk

( Ljgnakagf�̂ gj�IKA?? lg�[gf\m[l�Ym\alk

OYehd]

?gfljgd

( Lj][YmlagfYjq�e]Ykmj]k�o]j]�^gddgo]\�\mjaf_�l`]�[gdd][lagf,klgjY_],ljYfk^]j�g^�kYehd]k�hjagj�lg�

YfYdqkak� lg� eYaflYaf� kYehd]� afl]_jalq)� Ydgf_� oal`� hjgh]j� kYehd]� a\]fla^a[Ylagf)� Yf\� j][gj\af_�

hjg[]\mj]k�

( klgjY_]�af�[daeYl]�[gfljgdd]\)�gj_Yfa[�kgdn]fl�̂ j]]�]fnajgfe]fl�

( k`ahe]fl�lg�dYZ�naY�[gmja]j�af�hjgl][lan]�[Yk]k�oal`af�0�\Yqk�g^�]phgkmj]�oal`�a[]�hYck�a^�Yhhda[YZd]

OYehd]

=fYdqkak

( Qk]�g^�?=H=�Y[[j]\al]\�dYZgjYlgja]k�&IYppYe�=fYdqla[k�Yf\�=HO�Afnajgfe]flYd'

( @g[me]fl]\�e]l`g\k�Yf\�hjg[]\mj]k

N][gj\

G]]haf_

( =dd�kYehdaf_�e]\aY,[Yfakl]jk�Ykka_f]\�mfaim]�a\]fla^a[Ylagf�fmeZ]jk

( Qk]�g^�^a]d\�OYehdaf_�Hg_k�lg�j][gj\7��kYehd]�[Yfakl]j�E+@+)�kYehd]�ljYaf�E+@+)�gh]jYlgj�fYe]�Yf\�

ka_fYlmj])�kYehd]�dg[Ylagf)�\Yl]�Yf\�lae])�kYehd]�klYjl�Yf\�klgh�lae]k)�YfYdqkak�j]imaj]e]fl)�kYehd]�

^dgok)�o]Yl`]j�gZk]jnYlagfk)�Yf\�gl`]j�af^gjeYlagf�gj�gZk]jnYlagfk�&g\gmjk)�f]YjZq�Y[lanala]k�oal`�

hgl]flaYd�aehY[l)�]l[+'

( ?`Yaf�g^�?mklg\q�̂ gjek�̂ gj�kYehd]�ljY[caf_

/)/) G;HJAIH�6C9�9?H8JHH?DCDC

P`]�[gf[mjj]fl�fgjl`�Yf\�kgml`�lo]flq*^gmj�̀ gmj�e]Ykmj]e]flk�[gee]f[]\�Yl�----�̀ gmjk�gf�IYq�

.-)�/-.4�&AYkl]jf�OlYf\Yj\�Pae]'�Yf\�]f\]\�gf�/1--�̀ gmjk�O]hl]eZ]j�//)�/-.4+ P`]�kYehdaf_�

k[`]\md]�_]f]jYddq�̂ gddgo]\�l`]�J=LO�k[`]\md])�oal`�Y\bmkle]flk�Yk�f]]\]\�lg�Ynga\�kYehdaf_�gf�\Yqk

o`]j]�l`]�̂ Y[adalq�oYk�fgl�gh]jYlaf_+� =�kmeeYjq�g^�l`]�kYehd]�\Yl]k�Yf\�o`a[`�[gehgmf\�_jgmhk�

o]j]�af[dm\]\�gf�]Y[`�\Yq�[Yf�Z]�̂ gmf\�af�PYZd]�2 ]Yjda]j�af�l`ak�\g[me]fl+

?gehgf]fl�d]n]dk�o]j]�lqha[Yddq�̂ gmf\�lg�Z]�]al`]j�fgf*\]l][lYZd])�gj�n]jq�dgo�af�l`]�̂ a]d\�ZdYfc�

kYehd]k�g^�l`]�nYjagmk�Yhhda[YZd]�[gdd][lagf�e]\aY+�=[[gj\af_dq)�Yfq�\]l][lYZd]�kmZklYf[]k�af�l`]�

e]\aY�ZdYfck�o]j]�fgl�kmZljY[l]\�̂ jge�l`]�kYehd]�j]kmdlk8�o`]j]Zq)�l`]�kYehd] j]kmdlk�[gmd\�l`]f�Z]�

[gfka\]j]\�lg�Z]�egj]�[gfk]jnYlan]+��Ef�Y\\alagf)�Yfq�fgf*\]l][lYZd]�gj�ljY[]�kmZklYf[]k�af�l`]�kYehd]�

[gdd][lagf�e]\aY�o]j]�Ykka_f]\�Y�r]jg�nYdm])�Yk�\gf]�hj]nagmkdq+��Ef�[Yk]k�g^�dYZgjYlgjq�\mhda[Yl]�

kYehd]�YfYdqk]k)�l`]�̀ a_`]kl�&egkl�[gfk]jnYlan]'�j]kmdlk�o]j]�Ydkg�mk]\+ PYZmdYl]\�kmeeYja]k�g^�l`]�

e]Ykmj]\�j]kmdlk�Yj]�af\a[Yl]\�af�l`]�j]hgjl�l]pl�oal`�Ydd�af\ana\mYd�e]Ykmj]\�nYdm]k�hjgna\]\�af�l`]�

Yhh]f\a[]k+
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/), BR_RZ]ZWZTVPNW�9N_N

I]l]gjgdg_a[Yd�\YlY�^gj� l`]�/-.4 IKJEPKNEJC LANEK@ S=O P=GAJ BNKI 4-&"]O .KKNA -EJA IKJEPKNEJC

klYlagf�&j]^]j�lg�klYlagf�dg[Ylagf�af�Ba_mj]�/'+'+

P`]�/1/1*`gmj�Yn]jY_]�e]l]gjgdg_a[Yd�[gf\alagfk�l`Yl�g[[mjj]\�\mjaf_�l`]�k]d][l]\�egfalgjaf_�\Yqk�Yj]�

kmeeYjar]\� af�PYZd]�5 Yf\�BaBa_mj]�0+� Oh][a^a[� af^gjeYlagf�^gj�]Y[`�`gmj�g^�]Y[`�egfalgjaf_�\Yq� ak�

hjgna\]\�af PYZd]�6+

P`]�\]kaj]\�oaf\�\aj][lagf�ak�̂ jge�l`]�kgml`]Ykl�lg�kgml`o]kl�imY\jYfl�o`a[`�j]kmdlk�af�l`]�egfalgjaf_�

afkljme]flk�Yda_faf_�mhoaf\�Yf\�\gofoaf\�g^�gh]jYlagfk+ Bgj�l`]�/-.4 egfalgjaf_�hjg_jYe)�l`]j]�

o]j]�̂ gmj�\Yqk�o`]j]�l`ak�oaf\�\aj][lagf�g[[mjj]\�̂ gj�Y�ka_fa^a[Yfl�fmeZ]j�g^�̀ gmjk7

( Fmdq�3 ` .2�̀ gmjk

( Fmdq�.5 ` .5�̀ gmjk

( =m_mkl�/� ` .4�̀ gmjk

( O]hl]eZ]j�//� ` .1�̀ gmjk

@Yadq�e]Yf�l]eh]jYlmj]k�jYf_]\�̂ jge�4+3 lg�/4�?�Yf\�\Yadq�Yn]jY_]�oaf\�kh]]\k�jYf_]\�̂ jge�1+6 lg�/3�

ch`+� NYaf^Ydd�oYk�e]Ykmj]\�gf�l`j]]�\Yqk�` Fmdq�3)�=m_mkl�/)�Yf\�=m_mkl�.2+�OYehdaf_�dg[Yd]k�Yf\�oaf\�

jgk]k�̂ gj�l`]�kh][a^a[�egfalgjaf_�\Yqk�&a+]+)�/1*`gmj�̂ j]im]f[a]k'�Yj]�k`gof�af�BaBa_mj]�0+

/)- KD8�8ZYPRY_]N_VZY^

P`]�e]Ykmj]\�[gf[]fljYlagfk�g^�kh][aYl]\ RK?k�\mjaf_�l`]�egfalgjaf_�kmjn]q�Yj]�kmeeYjar]\�af PYZd]�

.-.-)� Ydgf_�oal`� Y� [gehYjakgf� g^� l`]�eYpaeme�/1*`gmj� d]n]dk�oal`� YnYadYZd]� k[`]\md]� 0� klYf\Yj\k+��

Ef\ana\mYd�[gf[]fljYlagfk�^gj�]Y[`�kYehd]�Yj]�lYZmdYl]\�af =LLAJ@ET�>+ P`]�kmeeYjar]\�\YlY�hjgna\]�

l`]�Yjal`e]la[�e]Yfk)�Yk�o]dd�Yk�jYf_]k)�̂ gj�l`]�lo]dn]�e]Ykmj]e]fl�k]lk)�Ydgf_�oal`�l`]�k[`]\md]�0�/1*

`gmj�klYf\Yj\k+�� El�[Yf�Z]�k]]f�^jge�l`]�e]Yf�[gf[]fljYlagfk�l`Yl�/1 g^�l`]�15�lYj_]l�[gehgmf\k�

j]hgjl]\�o]j]�fgf*\]l][lYZd]�af�Ydd�e]Ykmj]e]flk�Yl�Zgl`�egfalgjaf_�kal]k+�

=k�Ydkg�k`gof�af�PYZd]�.-.-)�Y�[gehYjakgf�oYk�eY\]�Z]lo]]f�l`]�eYpaeme�e]Ykmj]\�[gf[]fljYlagfk�Yl�

l`]�fgjl`�Yf\� kgml`� kal]k)�oal`� l`]� k[`]\md]�0� klYf\Yj\k &gj� _ma\]daf]�gj�==M?�Yk�Yhhda[YZd]'+� � Ef�

hjY[la[Yddq�Ydd�[Yk]k)�l`]�eYpaeme�e]Ykmj]\�d]n]dk�o]j]�d]kk�l`Yf�.$�g^�l`]�klYf\Yj\k�Yf\�egkl�g^�l`]�

[gehgmf\�eYpaeme�[gf[]fljYlagfk�o]j]�Y�n]jq�keYdd�̂ jY[lagf�g^�l`]k]�j]_mdYlgjq�daealk+��

P`]�`a_`]kl�h]j[]flY_] oYkYk j]hgjl]\�^gj�Z]fr]f]�&55+4$�g^�l`]�/1�`gmj�/+0�x_,e0 ==M?'�Yl�l`]�fgjl`�

kal] gf�O]hl]eZ]j�4+� =�kda_`ldq�d]kk�[gf[]fljYlagf�oYk�Ydkg�gZk]jn]\�gf�=m_mkl�/0�Yl�l`]�fgjl`�egfalgj+�

Dgo]n]j8�gf�Zgl`�g^�l`]k]�\Yqk�l`]�oaf\�oYk�Zdgoaf_�̂ jge�Y�o]kl]jf�\aj][lagf�o`]j]�l`ak�egfalgj�oYk�

fgl� \gofoaf\�g^� l`]� BY[adalq+� P`]�gfdq�gl`]j�\]l][l]\�Z]fr]f]� [gf[]fljYlagf�oYk� Yl� 00$�g^� l`]�

klYf\Yj\�Yl�l`]�kgml`�egfalgj�gf�=m_mkl�/+�Kf�l`ak�\Yq�l`]�oaf\�oYk�Zdgoaf_�̂ jge�l`]�kgml`�o]kl�oal`�
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l`]�kgml`�egfalgj�mhoaf\�g^�l`]�^Y[adalq+� ?gf[]fljYlagfk�Yl�l`]�fgjl`)�\gofoaf\�egfalgj�o]j]�Z]dgo�

\]l][lagf�daealk+

/). EN]_VP`WN_R�NYQ�BR_NW�8ZX[ZYRY_�8ZYPRY_]N_VZY^

=�kmeeYjq�g^�l`]�e]Ykmj]\�POL�Yf\�Ykkg[aYl]\�]d]e]flYd�[gf[]fljYlagfk�ak�k`gof�af�PYZd]�.... oal`�

af\ana\mYd�egfalgjaf_�j]kmdlk�af =LLAJ@ET�>+��POL�[gf[]fljYlagfk�j]hgjl]\�Yl�l`]�fgjl`�kal]�o]j]�lqha[Yddq�

kaeadYj�gj�`a_`]j l`Yf�l`gk]�g^�l`]�kgml`�dg[Ylagf�l`jgm_`gml�l`]�kYehdaf_�hjg_jYe+��P`]�`a_`]kl�POL�

[gf[]fljYlagf�kYehd]\�\mjaf_�egfalgjaf_�hjg_jYe�oYk�4-�x_,e0 Yl�l`]�fgjl`�kal]�gf�Fmf]�/4+� P`ak�

eYpaeme�nYdm]�ak�o]dd�Z]dgo�l`]�O[`+�0�klYf\Yj\�g^�./-�x_,e0 ^gj�hYjla[mdYl]+

Bgj�\Yqk�o`]j]�l`]�\]kaj]\�mhoaf\,\gofoaf\�egfalgj�Yda_fe]fl�oYk�Y[`a]n]\)�hYjla[mdYl]�]eakkagfk�

o]j]�e]Ykmj]\�af�kaeadYj�imYflala]k�Yl�Zgl`�egfalgjk+

=k� lYZmdYl]\� af�PYZd]�.... Yf\ =LLAJ@ET�>)�faf] g^�l`]�]d]e]flYd�[gfklalm]flk�g^�POL� &l`Yddame)� laf)�

Yflaegfq)� Yjk]fa[)� Z]jqddame)� [Y\eame)� [gZYdl)� nYfY\ame� Yf\� k]d]fame'� o]j]� [gfkakl]fldq� fgf*

\]l][lYZd]� Yl� Zgl`�egfalgjaf_� kal]k+ P`]� [gehYjakgf� ^gj� ]d]e]flYd� ajgf� af� l`]k]�\YlY� Y_Yafkl� l`]�

klYf\Yj\�d]n]d�g^�e]lYdda[�ajgf�oYk�n]jq�[gfk]jnYlan]�kaf[]�gfdq�Y�^jY[lagf�g^�l`]�e]Ykmj]\�]d]e]fl�&a^�

Yfq'�[gmd\�Z]�]ph][l]\�lg�[gehjak]�e]lYdda[�ajgf &a+]+)�hYjla[mdYl]�ajgf�ak�dac]dq�lg�]pakl�hjaeYjadq�Yk�ajgf�

gpgpa\]k)�kYdlk)�kada[Yl]k)�]l[+'+� Dgo]n]j)�e]Ykmj]\�d]n]dk�g^�Ydd�g^�l`]�]d]e]flYd�e]lYdk�o]j]�Z]dgo�Yfq�

j]kh][lan]�klYf\Yj\k+

/)/ 8N]OZYcW�8ZYPRY_]N_VZY^

P`]�e]Ykmj]\�kh][aYl]\�[YjZgfqd�[gf[]fljYlagfk�Yj]�kmeeYjar]\�af�PYZd]�././oal`�af\ana\mYd�\Yadq�d]n]dk�

k`gof�af =LLAJ@ET�>+ K^�l`]�]a_`l�kh][a]k)�̂ gjeYd\]`q\]�oYk�l`]�gfdq�[gehgmf\ \]l][l]\�af�Ydd�g^�l`]�

kYehd]k+� ?gf[]fljYlagfk�g^�̂ gjeYd\]`q\]�o]j]�lqha[Yddq�.�x_,e0 gj�d]kk�oal`�̀ a_`]j�nYdm]k�fgl]\�Yl�l`]�

kgml`�kal]�^gj�log�gml�g^�l`j]]�g^�l`]�kYehdaf_�\Yqk+� Dgo]n]j)�Y [gehYjYlan]dq�`a_`]j�nYdm]�g^�11+/�

x_,e0)�35$�g^�l`]�O[`+�0�klYf\Yj\)�oYk�kYehd]\�Yl�l`]�fgjl`�kal]�gf�Fmdq�.5+ P`]�oaf\�oYk�Zdgoaf_�̂ jge�

l`]�kgml`*kgml`o]kl�\aj][lagf�gf�l`ak�\Yq�oal`�l`]�fgjl`�kal]�\gofoaf\�g^�l`]�BY[adalq+

/)0 BR]P`]c�8ZYPRY_]N_VZY^

>gl`�hYjla[mdYl]�Yf\�nYhgmj�h`Yk]�e]j[mjq�[gehgf]flk�o]j]�e]Ykmj]\�Yk�k`gof�af�PYZd]�.0.0)�oal`�

af\ana\mYd�\Yadq�j]kmdlk�af�=hh]f\ap�.+� RYhgmj�h`Yk]�e]j[mjq�oYk�fgl�\]l][l]\�af�Yfq�g^�l`]�kYehd]k�

Yf\�gfdq�keYdd�imYflala]k�g^�hYjla[d]�h`Yk]�e]j[mjq�o]j]�e]Ykmj]\� af�Ydd�g^�l`]�l`j]]�`a_`*ngdme]�

kYehd]�^adl]jk &k]]�Ydkg PYZd]�....'+��P`]�[geZaf]\�j]kmdlk�Yl�l`]�eYpaeme�[gf[]fljYlagf�j]hj]k]fl]\�

gfdq� Y� keYdd� ^jY[lagf� g^� l`]� lglYd� e]j[mjq� /1*`gmj� klYf\Yj\+� � =dl`gm_`� lglYd� e]j[mjq� d]n]dk� `Yn]�

\][j]Yk]\�gn]j�l`]�hYkl�q]Yjk)�al�emkl�Z]�j][g_far]\�l`Yl�Ylegkh`]ja[�e]j[mjq�lqha[Yddq�]paklk�Yl�n]jq�

dgo�[gf[]fljYlagfk�Yf\�hjaeYjadq�af�l`]�nYhgmj�^gje+� P`]j]^gj])�l`]�Yhhda]\�e]Ykmj]e]fl�l][`faim]�



8WRNY�>N]OZ]^�;YaV]ZYXRY_NW�HR]aVPR^�?YP)�ANXO_ZY�<NPVWV_c�6XOVRY_�6V]�BZYV_Z]VYT�-+,2

GR[Z]_�#�0+41+ d�ENTR�,0,0

^gj�e]j[mjq�nYhgmj)�o`ad]�Y\]imYl]�̂ gj�[gehYjakgf�g^�j]kmdlk�lg�l`]�Y[[]hl]\�[jal]jagf)�̀ Yk�afkm^^a[a]fl�

k]fkalanalq�̂ gj�imYfla^a[Ylagf+

0)0) 8DC8AJH?DCH

?d]Yf�DYjZgjk�ak�j]imaj]\�lg�[gf\m[l�[]jlYaf�̂ ]f[]daf]�YeZa]fl�Yaj�e]Ykmj]e]flk�Yl�alk�?gjmffY�BY[adalq�

gf�Yf�YffmYd�ZYkak�Yk�Y�[gf\alagf�g^�l`]�gh]jYlagfYd�Afnajgfe]flYd�?gehdaYf[]�=hhjgnYd�̂ gj�l`]�̂ Y[adalq+��

=�lglYd�g^�lo]dn]�hYajk�g^�kaemdlYf]gmk�fgjl`,kgml`�^ap]\�dg[Ylagf�kh][aYl]\�RK?�e]Ykmj]e]flk�o]j]�

[gf\m[l]\�Zq�kYehdaf_�̂ gj�/1*`gmj�h]jag\k)�afalaYl]\�Yl�ea\fa_`l�&]Ykl]jf�klYf\Yj\�lae]'�̂ gddgoaf_��l`]�

lo]dn]�\Yq�J=LO�[q[d]�Y\bmkl]\�lg�]fkmj]�fg�kYehd]k�o]j]�lYc]f�gf�\Yqk�o`]j]�l`]�BY[adalq�oYk�fgl�af

gh]jYlagf+� OYehdaf_�g[[mjj]\�\mjaf_�IYq�l`jgm_`�O]hl]eZ]j�/-.4+� OaeadYjdq)�/1*`gmj�kYehd]k�o]j]�

Ydkg� [gdd][l]\� ^gj� kmZk]im]fl� YfYdqkak� g^� POL� Yf\� k]d][l]\� ]d]e]flYd� [gfklalm]flk� Ydgf_� oal`� l`]�

Y[imakalagf�g^�dg[Yd�e]l]gjgdg_a[Yd�\YlY�̂ gj�l`]k]�lae]*^jYe]k+� P`j]]�kYehd]�k]lk�g^�kh][aYl]\�[YjZgfqdk�

Yf\�YajZgjf]�e]j[mjq�o]j]�[gdd][l]\8�gf]�af�]Y[`�g^�Fmf])�Fmdq�Yf\�=m_mkl�[gf[mjj]fl�oal`�l`]�RK?�Yf\�

POL�e]Ykmj]e]flk+��P`]�d]n]dk�g^�Ydd�[gfklalm]flk�e]Ykmj]\�o]j]�[gehYj]\�oal`�Yfq�Yhhda[YZd]�K+N]_+�

1.6�O[`]\md]�0�klYf\Yj\k)�gj�o`]j]�fg�klYf\Yj\�]paklk)�l`]�j]d]nYfl�_ma\]daf]�gj�==M?+

I]l]gjgdg_a[Yd�\YlY�af\a[Yl]\�l`Yl�̂ gmj�g^�l`]�lo]dn]�egfalgjaf_�\Yqk�̀ Y\�ka_fa^a[Yfl�fmeZ]jk�g^�̀ gmjk�

oal`�oaf\k�Zdgoaf_�^jge�l`]�kgml`o]kl�lg�kgml`]Ykl�imY\jYfl�o`]j]�l`]�fgjl`�Yf\�kgml`�egfalgjk�

ogmd\�Z]�Yda_f]\�\gofoaf\�Yf\�mhoaf\�j]kh][lan]dq+

Igkl�e]Ykmj]\�RK?�[gf[]fljYlagfk�o]j]�d]kk�l`Yf�.$�g^�l`]�k[`]\md]�0�klYf\Yj\k)�_ma\]daf]k�gj�==M?k+�

P`]�[gehgmf\�e]Ykmj]\�Yl�l`]�`a_`]kl�h]j[]flY_]�g^�Y�klYf\Yj\)�_ma\]daf])�gj�==M?�oYk�Z]fr]f])�

o`a[`�oYk�̂ gmf\�af�[gf[]fljYlagfk�mh�lg�55+4�$�g^�alk�/1�̀ gmj�==M?+�Jg�RK?�kh][a]k�o]j]�e]Ykmj]\�af�

[gf[]fljYlagfk�_j]Yl]j�l`Yf�l`]aj�j]kh][lan]�klYf\Yj\)�_ma\]daf])�gj�==M?+

I]Ykmj]\� [gf[]fljYlagfk� g^� lglYd� hYjla[mdYl]� Yf\� kh][aYl]\� hYjla[mdYl]k� o]j]� Ydd� d]kk� l`Yf� l`]aj�

j]kh][lan]�klYf\Yj\)�_ma\]daf])�gj�==M?+��PglYd�hYjla[mdYl]�oYk�e]Ykmj]\�af�[gf[]fljYlagfk�g^�mh�lg�25$�

g^�l`]�/1�̀ gmj�klYf\Yj\+�K^�l`]�kh][aYl]\�[gehgf]flk)�ajgf�̀ Y\�oYk�e]Ykmj]\�Yl�l`]�̀ a_`]kl�h]j[]flY_]�

g^�alk�daeal)�Yl�/1$+

K^�l`]�kh][aYl]\�[YjZgfqd�e]Ykmj]e]flk)�gfdq�̂ gjeYd\]`q\]�oYk�\]l][l]\�gf�Ydd�g[[Ykagfk�Yl�Zgl`�kal]k)�

Ydl`gm_` ^gjeYd\]`q\]�[gf[]fljYlagfk�o]j]�_]f]jYddq�dgo�af�[gehYjakgf�lg�l`]�klYf\Yj\)�l`]j]�oYk�gf]�

e]Ykmj]e]fl�o`]j]�Y�[gf[]fljYlagf�g^�34+6$�g^�l`]�klYf\Yj\�oYk�̂ gmf\+�

LYjla[mdYl]�e]j[mjq�oYk�e]Ykmj]\�af�keYdd�imYflala]k)�o`ad]�nYhgmj�e]j[mjq�oYk�fgl�\]l][l]\�af�Yfq�g^�

l`]�kYehd]k+�PglYd�e]j[mjq�oYk�e]Ykmj]\�af�[gf[]fljYlagfk�g^�o]dd�Z]dgo�&9-+.$'�g^�alk�k[`]\md]�0�

klYf\Yj\�af�Ydd�kYehd]k+



8WRNY�>N]OZ]^�;YaV]ZYXRY_NW�HR]aVPR^�?YP)�ANXO_ZY�<NPVWV_c�6XOVRY_�6V]�BZYV_Z]VYT�-+,2

GR[Z]_�#�0+41+ d�ENTR�,1,1

INOWR�3 ( H`XXN]c�ZS�-/(>Z`]�BR_RZ]ZWZTVPNW�9N_N�SZ]�?YQVaVQ`NW�BZYV_Z]VYT�9Nc^

OYehd]�@Yl]

Lj]nYadaf_

Saf\

@aj][lagf

Saf\

Oh]]\

&ce,`'

P]eh]jYlmj]

&'?'?'

NYaf^Ydd

&ee'

?Yhlmj]\�

@gofoaf\

OAOA*OS�

MmY\jYfl

&Dgmjk'

IYq�.-)�/-.4
AOA 3+2+2 .... -+- 1

IYq�.6)�/-.4
J /3/3 4+3 -+- -

IYq�0.)�/-.4
SOS .0.0 .3.3 -+- 6

Fmf�./) /-.4
SOS .5.5 /4/4 -+- 2

Fmf�/4)�/-.4
SJS 6+5 .3.3 -+- 2

Fmd�-3)�/-.4
OSOS 5+0 /0/0 0+/2 .2.2

Fmd�.5)�/-.4
OOS 4+. //// -+- .5.5

=m_�-/)�/-.4
OSOS 4+3 //// -+42 .4.4

=m_�.2)�/-.4
JAJA 4+2 /-/- -+2- /

=m_�/0)�/-.4
SJS 5+/ .4.4 -+- -

O]h�-4)�/-.4
S ././ .0.0 -+- -

O]h�//)�/-.4
OOA 1+6 /0/0 -+- .1.1

Jgl]7 NYf_]k�ZYk]\�gf�`gmjdq�Yn]jY_]\�\YlY�g^�l`]�f]YjZq�OHA=�Iggj]�Haf]�&.-�e'�e]l]gjgdg_a[Yd�klYlagf�

gn]j�l`]�/1*`gmj�afl]jnYdk�o`a[`�[gaf[a\]\�oal`�l`]�af\ana\mYd�kYehd]�h]jag\k�&k]]�Ydkg PYZd]�6'+'+

Lj]nYadaf_�oaf\�\aj][lagf�ak�l`]�[dgk]kl�\aj][lagf�lg�l`]�j]kmdlYfl�oaf\�n][lgj�^gj�l`]�\Yq�Yk�[gehml]\�

Zq�SNLHKP�Ra]o�kg^loYj]+�?%-* 4*57/6&16 8*(624 .5 6-* )20.1&16 ).4*(6.21 24 0*&1 /4;0.=487�81�=30�

?0.=8;<$� +34<�4<�.,5.>5,=0/�-A�.869>=472�=30�?0.=8;�;0<>5=,7=�8;�?0.=8;�<>6�81�=30�>74=�?0.=8;<�=3,=�

;09;0<07=�=30�?,;48><�/4;0.=487<�47�=30�/,=,$� +30�6,274=>/0�81�=30�;0<>5=,7=�?0.=8;�;09;0<07=<�=30�60,7�

4*57/6&16 8*(624 /*1,6->@



8WRNY�>N]OZ]^�;YaV]ZYXRY_NW�HR]aVPR^�?YP)�ANXO_ZY�<NPVWV_c�6XOVRY_�6V]�BZYV_Z]VYT�-+,2

GR[Z]_�#�0+41+ d�ENTR�,2,2

<V<VT`]R�. W LVYQ�GZ^R^�SZ]�HNX[WVYT�ER]VZQ^�%-/(U]^'�XVQYVTU_�_Z�XVQYVTU_&

BNc�,+ BNc�.,

@`YR�,- @`Wc�1

@`Wc�,3 6`T`^_�,0

6`T`^_�-. HR[_RXOR]�--

Jgl]k7

.+.+ Naf_k�gf�oaf\�jgk]�\aY_jYek�eYjc�2)�.-)�.1)�.6)�Yf\�/1�̀ gmjk+�>Yj�

d]f_l`�af\a[Yl]k�l`]�fmeZ]j�g^�̀ gmjk ^jge l`Yl�oaf\�\aj][lagf+



8WRNY�>N]OZ]^�;YaV]ZYXRY_NW�HR]aVPR^�?YP)�ANXO_ZY�<NPVWV_c�6XOVRY_�6V]�BZYV_Z]VYT�-+,2

GR[Z]_�#�0+41+ d�ENTR�,3,3

INOWR�4 ( H`XXN]c�ZS�>Z`]Wc�BR_RZ]ZWZTVPNW�9N_N

UUUU*IIII*@@�̀ `7ee
SOSO

ch`

S@.-

@]_j]]k

N=EJ

eeee

PAIL

?

>Yj

eZYj

/-.4*-2-2*.-�-7-- 0+. 6-6- - 5+6 .-.3

/-.4*-2-2*.-�.7-- -+4 .6- - 5+/ .-.2

/-.4*-2-2*.-�/7-- / 3/3/ - 3 .-.3

/-.4*-2-2*.-�07-- 0+. 5.5. - 1+6 .-.4

/-.4*-2-2*.-�17-- 1+2 ../ - 2+. .-.4

/-.4*-2-2*.-�27-- /+5 6666 - 2+/ .-.4

/-.4*-2-2*.-�37-- 2+. 6.6. - 3+6 .-.5

/-.4*-2-2*.-�47-- .... ./. - 4+6 .-.5

/-.4*-2-2*.-�57-- 6+3 ./6 - 6+2 .-.5

/-.4*-2-2*.-�67-- 2+/ ..2 - .-+3 .-.6

/-.4*-2-2*.-�.-7-- 4+3 ... - ..+/ .-.6

/-.4*-2-2*.-�..7-- 3+0 ./- - .0+6 .-.5

/-.4*-2-2*.-�./7-- 2+4 ..- - .2+. .-.4

/-.4*-2-2*.-�.07-- 4+0 6161 - .2+6 .-.4

/-.4*-2-2*.-�.17-- 5+0 6-6- - .2+2 .-.5

/-.4*-2-2*.-�.27-- .-+/ 5656 - .3+1 .-.4

/-.4*-2-2*.-�.37-- .-+5 6/6/ - .3+4 .-.3

/-.4*-2-2*.-�.47-- 6+6 .-0 - .2+5 .-.3

/-.4*-2-2*.-�.57-- 4+6 5656 - .1+. .-.3

/-.4*-2-2*.-�.67-- 2 .0- - ./+0 .-.3

/-.4*-2-2*.-�/-7-- 4+6 .12 - ..+/ .-.3

/-.4*-2-2*.-�/.7-- 4+. ./2 - .-+1 .-.4

/-.4*-2-2*.-�//7-- 3+2 .-3 - 6+3 .-.2

/-.4*-2-2*.-�/07-- 5+/ 6/6/ - 6+1 .-.3

/-.4*-2-2*.6�-7--.6�-7-- .6+/.6+/ 003003 - .0+6.0+6 .-.2.-.2

/-.4*-2-2*.6�.7--.6�.7-- /1/1 014014 - ..+1..+1 .-.2.-.2

/-.4*-2-2*.6�/7--.6�/7-- /0+0/0+0 012012 - 6+26+2 .-.2.-.2

/-.4*-2-2*.6�07--.6�07-- /2+5/2+5 022022 - 5+/5+/ .-.4.-.4

/-.4*-2-2*.6�17--.6�17-- /3+1/3+1 3 - 4+.4+. .-.5.-.5

/-.4*-2-2*.6�27--.6�27-- /2+4/2+4 5 - 3+63+6 .-.5.-.5

/-.4*-2-2*.6�37--.6�37-- /1+3/1+3 2 - 4+.4+. .-/-.-/-

/-.4*-2-2*.6�47--.6�47-- /1+6/1+6 .... - 3+03+0 .-/..-/.

/-.4*-2-2*.6�57--.6�57-- /3+0/3+0 3 - 3+13+1 .-/..-/.

/-.4*-2-2*.6�67--.6�67-- /5/5 .... - 2+42+4 .-/..-/.

/-.4*-2-2*.6�.-7--.6�.-7-- /4+//4+/ 4 - 4 .-//.-//

/-.4*-2-2*.6�..7--.6�..7-- 0-+00-+0 4 - 4 .-/..-/.

/-.4*-2-2*.6�./7--.6�./7-- /2+5/2+5 1 - 4+54+5 .-//.-//

/-.4*-2-2*.6�.07--.6�.07-- 0-+30-+3 .0.0 - 5+/5+/ .-/0.-/0

/-.4*-2-2*.6�.17--.6�.17-- 0.0. 6 - 4+64+6 .-/..-/.

/-.4*-2-2*.6�.27--.6�.27-- /2+5/2+5 3 - 3+43+4 .-//.-//

/-.4*-2-2*.6�.37--.6�.37-- /4/4 ././ - 3+03+0 .-/-.-/-

/-.4*-2-2*.6�.47--.6�.47-- /5+1/5+1 4 - 3+/3+/ .-//.-//

/-.4*-2-2*.6�.57--.6�.57-- 01+101+1 6 - 3+03+0 .-/..-/.

/-.4*-2-2*.6�.67--.6�.67-- /4+5/4+5 ././ - 3+53+5 .-/0.-/0

/-.4*-2-2*.6�/-7--.6�/-7-- /0+5/0+5 .3.3 - 3+03+0 .-/..-/.

/-.4*-2-2*.6�/.7--.6�/.7-- //+3//+3 ././ - 4+.4+. .-/0.-/0

/-.4*-2-2*.6�//7--.6�//7-- /-+2/-+2 ././ - 4+54+5 .-/0.-/0

/-.4*-2-2*.6�/07--.6�/07-- /-+1/-+1 .5.5 - 5+55+5 .-/..-/.

INOWR�4 ( H`XXN]c�ZS�>Z`]Wc�BR_RZ]ZWZTVPNW�9N_N

UUUU*IIII*@@�̀ `7ee
SOSO

ch`

S@.-

@]_j]]k

N=EJ

eeee

PAIL

?

>Yj

eZYj

/-.4*-2-2*0.�-7-- 4+/ .52 - ..+0 .-./

/-.4*-2-2*0.�.7-- 1+1 //5 - ..+4 .-.0

/-.4*-2-2*0.�/7-- 3+4 //1 - ..+4 .-.1

/-.4*-2-2*0.�07-- 5+4 /-4 - ..+3 .-.0

/-.4*-2-2*0.�17-- 3+5 //5 - .... .-./

/-.4*-2-2*0.�27-- 3+3 /// - ..+3 .-.0

/-.4*-2-2*0.�37-- 5+4 /10 - .0+6 .-.0

/-.4*-2-2*0.�47-- .2+1 /00 - .2+5 .-.0

/-.4*-2-2*0.�57-- .3+0 /12 - .4+/ .-./

/-.4*-2-2*0.�67-- .4+4 /23 - .5+2 .-.0

/-.4*-2-2*0.�.-7-- .5+6 /21 - .6+/ .-./

/-.4*-2-2*0.�..7-- /./. /35 - .6+1 .-./

/-.4*-2-2*0.�./7-- /0/0 /3- - .6+6 .-./

/-.4*-2-2*0.�.07-- /0+2 /3/ - /./. .-./

/-.4*-2-2*0.�.17-- //// /33 - /-+5 .-./

/-.4*-2-2*0.�.27-- /0+0 /3/ - /.+3 .-./

/-.4*-2-2*0.�.37-- .5+1 /5. - /.+/ .-./

/-.4*-2-2*0.�.47-- .2+5 /56 - /-+2 .-./

/-.4*-2-2*0.�.57-- ./+6 0-/ - .5+0 .-.0

/-.4*-2-2*0.�.67-- ..+4 0.- - .4+. .-.1

/-.4*-2-2*0.�/-7-- 5+. 0/0 - .2+5 .-.2

/-.4*-2-2*0.�/.7-- 1+4 0/- - .3.3 .-.2

/-.4*-2-2*0.�//7-- /+5 .5- - .0+. .-.2

/-.4*-2-2*0.�/07-- 1+3 .41 - ..+. .-.2

/-.4*-3-3*./�-7--./�-7-- .-+2 /2./2. - /.+1/.+1 .-.2.-.2

/-.4*-3-3*./�.7--./�.7-- .-+3 /03/03 - /-+3/-+3 .-.3.-.3

/-.4*-3-3*./�/7--./�/7-- .0+/ ////// - /-+./-+. .-.3.-.3

/-.4*-3-3*./�07--./�07-- ./+. /03/03 - /-+0/-+0 .-.3.-.3

/-.4*-3-3*./�17--./�17-- ..+6 /1//1/ - /-+0/-+0 .-.3.-.3

/-.4*-3-3*./�27--./�27-- .0+3 /1./1. - /./. .-.2.-.2

/-.4*-3-3*./�37--./�37-- .3+6 /0-/0- - //+1//+1 .-.2.-.2

/-.4*-3-3*./�47--./�47-- /-+. /06/06 - /1+3/1+3 .-.4.-.4

/-.4*-3-3*./�57--./�57-- /0+5 /14/14 - /3+3/3+3 .-.3.-.3

/-.4*-3-3*./�67--./�67-- /1+3 /10/10 - /4+1/4+1 .-.0.-.0

/-.4*-3-3*./�.-7-- /4+2 /11/11 - /4+6/4+6 .-.2.-.2

/-.4*-3-3*./�..7-- /5+6 /1-/1- - 0-+40-+4 .-.1.-.1

/-.4*-3-3*./�./7-- 02+2 /04/04 - 0/+.0/+. .-.1.-.1

/-.4*-3-3*./�.07-- 0/+0 /06/06 - 0/0/ .-.0.-.0

/-.4*-3-3*./�.17-- /6+5 /11/11 - 00+.00+. .-.0.-.0

/-.4*-3-3*./�.27-- /3+/ /11/11 - 00+300+3 .-.0.-.0

/-.4*-3-3*./�.37-- /0+/ /05/05 - 00+300+3 .-.1.-.1

/-.4*-3-3*./�.47-- .4+5 /34/34 - 0.+50.+5 .-.-.-.-

/-.4*-3-3*./�.57-- .0+0 /4//4/ - 0-+20-+2 .-.0.-.0

/-.4*-3-3*./�.67-- 6+4 /35/35 - /5+6/5+6 .-.0.-.0

/-.4*-3-3*./�/-7-- 4+3 /14/14 - /4+2/4+2 .-.0.-.0

/-.4*-3-3*./�/.7-- 1+1 .0.0 - /3+//3+/ .-./.-./

/-.4*-3-3*./�//7-- 4+2 0606 - /0+4/0+4 .-.1.-.1

/-.4*-3-3*./�/07-- /+1 .03.03 - //+2//+2 .-.2.-.2
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/-.4*-3-3*/4�-7-- ..+5 /5. - ./+1 .-.2

/-.4*-3-3*/4�.7-- 6+3 /41 - .-+4 .-.2

/-.4*-3-3*/4�/7-- 6+6 /45 - .-+0 .-.1

/-.4*-3-3*/4�07-- ..+0 /6- - .-+2 .-.2

/-.4*-3-3*/4�17-- 6+1 /56 - .-+1 .-.2

/-.4*-3-3*/4�27-- 6+1 /6/ - .-+0 .-.3

/-.4*-3-3*/4�37-- 6 0-4 - ..+6 .-.3

/-.4*-3-3*/4�47-- .-.- 0-6 - .0+. .-.4

/-.4*-3-3*/4�57-- ..+6 0-6 - .2+/ .-.4

/-.4*-3-3*/4�67-- .1+1 0-5 - .3+2 .-.5

/-.4*-3-3*/4�.-7-- .2+4 0.5 - .4+4 .-.4

/-.4*-3-3*/4�..7-- .2+0 0.4 - .6.6 .-.5

/-.4*-3-3*/4�./7-- ..+5 0-4 - .6+5 .-.5

/-.4*-3-3*/4�.07-- .0+. /62 - .6+/ .-.4

/-.4*-3-3*/4�.17-- .1+6 /54 - /-+/ .-.5

/-.4*-3-3*/4�.27-- ./+5 /5. - /.+. .-.3

/-.4*-3-3*/4�.37-- ..+0 0/0 - /-/- .-.4

/-.4*-3-3*/4�.47-- 5+3 00. - .5+0 .-.4

/-.4*-3-3*/4�.57-- 3+4 /56 - .6+/ .-.3

/-.4*-3-3*/4�.67-- 0+6 /11 - .5+. .-.3

/-.4*-3-3*/4�/-7-- 1+6 /-- - .4+0 .-.3

/-.4*-3-3*/4�/.7-- 0+1 .64 - .1+. .-.4

/-.4*-3-3*/4�//7-- 0+0 /-3 - .0+1 .-.4

/-.4*-3-3*/4�/07-- 0+0 //4 - ./+6 .-.5

/-.4*-4-4*-3�-7---3�-7-- /+1/+1 /.2/.2 - .3+5.3+5 .-.5.-.5

/-.4*-4-4*-3�.7---3�.7-- /+./+. .04.04 - .3.3 .-.5.-.5

/-.4*-4-4*-3�/7---3�/7-- 1+.1+. ./6./6 - .2+4.2+4 .-.5.-.5

/-.4*-4-4*-3�07---3�07-- /+5/+5 .2-.2- - .1+3.1+3 .-.4.-.4

/-.4*-4-4*-3�17---3�17-- .+1.+1 /-5/-5 - .1+..1+. .-.4.-.4

/-.4*-4-4*-3�27---3�27-- 0+.0+. .56.56 - .1+4.1+4 .-.4.-.4

/-.4*-4-4*-3�37---3�37-- .+5.+5 /-4/-4 - /-/- .-.4.-.4

/-.4*-4-4*-3�47---3�47-- 0+50+5 /52/52 - /-+4/-+4 .-.5.-.5

/-.4*-4-4*-3�57---3�57-- 3+/3+/ /24/24 - /0+6/0+6 .-.4.-.4

/-.4*-4-4*-3�67---3�67-- 4 /36/36 - /2+6/2+6 .-.4.-.4

/-.4*-4-4*-3�.-7---3�.-7-- 2+.2+. /52/52 - /2+6/2+6 .-.4.-.4

/-.4*-4-4*-3�..7---3�..7-- 1+.1+. /30/30 - /4+4/4+4 .-.3.-.3

/-.4*-4-4*-3�./7---3�./7-- 4+/4+/ /02/02 - /4+6/4+6 .-.2.-.2

/-.4*-4-4*-3�.07---3�.07-- ..+4..+4 //5//5 - 0-0- .-.3.-.3

/-.4*-4-4*-3�.17---3�.17-- ./+6./+6 /.4/.4 - 0-+30-+3 .-.1.-.1

/-.4*-4-4*-3�.27---3�.27-- .6+3.6+3 ////// - /6+3/6+3 .-.0.-.0

/-.4*-4-4*-3�.37---3�.37-- /-/- //2//2 - /6+//6+/ .-.0.-.0

/-.4*-4-4*-3�.47---3�.47-- .4+2.4+2 //-//- - /5+4/5+4 .-.0.-.0

/-.4*-4-4*-3�.57---3�.57-- .2+3.2+3 /.//./ - /4+4/4+4 .-.0.-.0

/-.4*-4-4*-3�.67---3�.67-- ./+../+. /-5/-5 - /2+1/2+1 .-./.-./

/-.4*-4-4*-3�/-7---3�/-7-- 5+35+3 .65.65 - //+3//+3 .-...-..

/-.4*-4-4*-3�/.7---3�/.7-- 6+56+5 .6..6. - /.+3/.+3 .-./.-./

/-.4*-4-4*-3�//7---3�//7-- .+3.+3 .5/.5/ - /.+0/.+0 .-./.-./

/-.4*-4-4*-3�/07---3�/07-- .5+..5+. 2/2/ 0+/20+/2 /-+0/-+0 .-...-..
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/-.4*-4-4*.5�-7-- 1+5 4343 - .2+/ .-.6

/-.4*-4-4*.5�.7-- /+1 .10 - .1+6 .-.4

/-.4*-4-4*.5�/7-- .+6 /-3 - .1+/ .-.6

/-.4*-4-4*.5�07-- 0+5 /-- - .0+1 .-.6

/-.4*-4-4*.5�17-- .+4 //3 - .0+2 .-.5

/-.4*-4-4*.5�27-- .+3 .03 - .1.1 .-.6

/-.4*-4-4*.5�37-- .+6 .-6 - .3+0 .-.6

/-.4*-4-4*.5�47-- /+3 .3- - /-+1 .-/-

/-.4*-4-4*.5�57-- 4+2 /.2 - /0+2 .-/-

/-.4*-4-4*.5�67-- 6+2 /.2 - /3/3 .-.6

/-.4*-4-4*.5�.-7-- 4+4 /03 - /3+2 .-/-

/-.4*-4-4*.5�..7-- 3+3 /1/ - /4/4 .-.6

/-.4*-4-4*.5�./7-- 2+3 /10 - /4+/ .-.6

/-.4*-4-4*.5�.07-- 6+3 /05 - /5+. .-.6

/-.4*-4-4*.5�.17-- .-+2 /02 - /5+4 .-.5

/-.4*-4-4*.5�.27-- .0+1 /.5 - /6/6 .-.6

/-.4*-4-4*.5�.37-- .2+3 /-0 - /5+. .-.4

/-.4*-4-4*.5�.47-- .2+3 .6- - /4+3 .-.5

/-.4*-4-4*.5�.57-- ./+3 .64 - /3+3 .-.4

/-.4*-4-4*.5�.67-- 4+0 .51 - /1+4 .-.5

/-.4*-4-4*.5�/-7-- 6 .4- - /.+3 .-.4

/-.4*-4-4*.5�/.7-- 3+2 .34 - /-/- .-.4

/-.4*-4-4*.5�//7-- 3+/ .45 - .6+. .-.5

/-.4*-4-4*.5�/07-- 2+3 .5/ - .5+4 .-.5

/-.4*-5-5*-/�-7---/�-7-- 2+1 /.-/.- - .6+2.6+2 .-.3.-.3

/-.4*-5-5*-/�.7---/�.7-- /+/ //3//3 - .5+0.5+0 .-.3.-.3

/-.4*-5-5*-/�/7---/�/7-- 0+0 .2/.2/ - .4+/.4+/ .-.3.-.3

/-.4*-5-5*-/�07---/�07-- 0+0 .23.23 - .3+2.3+2 .-.4.-.4

/-.4*-5-5*-/�17---/�17-- 2+5 /.//./ - .4+..4+. .-.4.-.4

/-.4*-5-5*-/�27---/�27-- 3+4 /11/11 - .4+3.4+3 .-.4.-.4

/-.4*-5-5*-/�37---/�37-- 2+1 /.5/.5 - /-+2/-+2 .-.5.-.5

/-.4*-5-5*-/�47---/�47-- 4+6 /12/12 - /0+./0+. .-.5.-.5

/-.4*-5-5*-/�57---/�57-- 5+/ /0./0. - /2+./2+. .-.4.-.4

/-.4*-5-5*-/�67---/�67-- 6+1 //0//0 - /4+1/4+1 .-.5.-.5

/-.4*-5-5*-/�.-7-- ..+3 //2//2 - /5+3/5+3 .-.3.-.3

/-.4*-5-5*-/�..7--..7-- .2+3 //5//5 - /5+3/5+3 .-.4.-.4

/-.4*-5-5*-/�./7-- .2+/ //.//. - /6+2/6+2 .-.4.-.4

/-.4*-5-5*-/�.07-- .3+/ /-1/-1 - 0-+.0-+. .-.4.-.4

/-.4*-5-5*-/�.17-- .2+3 /03/03 - /4+0/4+0 .-.3.-.3

/-.4*-5-5*-/�.27-- .-+3 /30/30 -+42 /.+3/.+3 .-.3.-.3

/-.4*-5-5*-/�.37-- 5+5 //4//4 - /-+5/-+5 .-.3.-.3

/-.4*-5-5*-/�.47-- 6+. /04/04 - /./. .-.3.-.3

/-.4*-5-5*-/�.57-- 1+6 .63.63 - /.+5/.+5 .-.2.-.2

/-.4*-5-5*-/�.67-- 0+/ /1-/1- - /-+5/-+5 .-.2.-.2

/-.4*-5-5*-/�/-7-- / /25/25 - .6+0.6+0 .-.4.-.4

/-.4*-5-5*-/�/.7-- 0+/ .05.05 - .6+/.6+/ .-.4.-.4

/-.4*-5-5*-/�//7-- 0+6 .64.64 - .5+2.5+2 .-.4.-.4

/-.4*-5-5*-/�/07-- 0+6 .30.30 - .4+2.4+2 .-.4.-.4
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/-.4*-5-5*.2�-7-- 0 0/2 - .5+0 .-..

/-.4*-5-5*.2�.7-- 0+6 6.6. - .3+5 .-.-

/-.4*-5-5*.2�/7-- 1+4 6262 - .3.3 .-..

/-.4*-5-5*.2�07-- 1+2 .-. - .2+2 .-..

/-.4*-5-5*.2�17-- /+4 ./. - .2+2 .-..

/-.4*-5-5*.2�27-- .+4 .-- - .2+2 .-..

/-.4*-5-5*.2�37-- 0+5 /6- -+/2 .4+. .-..

/-.4*-5-5*.2�47-- 2 /22 -+/2 .5.5 .-.-

/-.4*-5-5*.2�57-- 0+. /02 - .5+6 .-./

/-.4*-5-5*.2�67-- 3 004 - /.+1 .-./

/-.4*-5-5*.2�.-7-- 6 02/ - /1+. .-.-

/-.4*-5-5*.2�..7-- .-+1 025 - /0+4 .-.0

/-.4*-5-5*.2�./7-- ..+3 /3/3 - /0+4 .-.0

/-.4*-5-5*.2�.07-- .-+1 .5.5 - /0+5 .-.0

/-.4*-5-5*.2�.17-- ./+4 .2.2 - /2+3 .-.0

/-.4*-5-5*.2�.27-- .3+0 1313 - /0+6 .-.1

/-.4*-5-5*.2�.37-- .1+2 1414 - /0+5 .-.0

/-.4*-5-5*.2�.47-- ./+0 1414 - /0+4 .-.1

/-.4*-5-5*.2�.57-- ..+6 1212 - //+3 .-./

/-.4*-5-5*.2�.67-- 4+2 0505 - .6+1 .-.1

/-.4*-5-5*.2�/-7-- 6+2 /5/5 - .5+1 .-.3

/-.4*-5-5*.2�/.7-- 5 1/1/ - .4+1 .-.2

/-.4*-5-5*.2�//7-- 1+1 1111 - .3+5 .-.2

/-.4*-5-5*.2�/07-- .+6 6363 - .2+/ .-.2

/-.4*-5-5*/0�-7--/0�-7-- 5+35+3 /5//5/ - .1+3.1+3 .-./.-./

/-.4*-5-5*/0�.7--/0�.7-- 6 /51/51 - .1+4.1+4 .-./.-./

/-.4*-5-5*/0�/7--/0�/7-- 2+62+6 /51/51 - .1.1 .-./.-./

/-.4*-5-5*/0�07--/0�07-- 2+52+5 /4./4. - .0+/.0+/ .-.0.-.0

/-.4*-5-5*/0�17--/0�17-- 1+51+5 /24/24 - ./+2./+2 .-.0.-.0

/-.4*-5-5*/0�27--/0�27-- 2+02+0 /24/24 - ./+/./+/ .-.0.-.0

/-.4*-5-5*/0�37--/0�37-- 4+64+6 /41/41 - .0+6.0+6 .-.1.-.1

/-.4*-5-5*/0�47--/0�47-- ./+0./+0 /43/43 - .3.3 .-.0.-.0

/-.4*-5-5*/0�57--/0�57-- ..+5..+5 /63/63 - .4+3.4+3 .-.0.-.0

/-.4*-5-5*/0�67--/0�67-- ..+4..+4 0-30-3 - .6+..6+. .-.0.-.0

/-.4*-5-5*/0�.-7--/0�.-7-- ..+5..+5 /66/66 - /-+3/-+3 .-.1.-.1

/-.4*-5-5*/0�..7--/0�..7-- .0+..0+. /66/66 - /-+5/-+5 .-.0.-.0

/-.4*-5-5*/0�./7--/0�./7-- .0+2.0+2 0-.0-. - /.+1/.+1 .-.1.-.1

/-.4*-5-5*/0�.07--/0�.07-- .0+3.0+3 /6-/6- - //+1//+1 .-.1.-.1

/-.4*-5-5*/0�.17--/0�.17-- .2+..2+. 0/60/6 - /.+//.+/ .-.1.-.1

/-.4*-5-5*/0�.27--/0�.27-- 6+46+4 0-.0-. - /.+4/.+4 .-.0.-.0

/-.4*-5-5*/0�.37--/0�.37-- 5+25+2 /66/66 - /.+//.+/ .-.0.-.0

/-.4*-5-5*/0�.47--/0�.47-- 4+04+0 2626 - .6+1.6+1 .-.1.-.1

/-.4*-5-5*/0�.57--/0�.57-- 1+/1+/ /41/41 - .5+/.5+/ .-.1.-.1

/-.4*-5-5*/0�.67--/0�.67-- . 4343 - .3+4.3+4 .-.1.-.1

/-.4*-5-5*/0�/-7--/0�/-7-- .+0.+0 //.//. - .1+1.1+1 .-.1.-.1

/-.4*-5-5*/0�/.7--/0�/.7-- /+./+. .1.1 - .0+4.0+4 .-.2.-.2

/-.4*-5-5*/0�//7--/0�//7-- 3+/3+/ 2 - .1+0.1+0 .-.1.-.1

/-.4*-5-5*/0�/07--/0�/07-- 3+13+1 /6/6 - .1+3.1+3 .-.3.-.3
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/-.4*-6-6*-4�-7-- /+5 /2. - .-.- .-./

/-.4*-6-6*-4�.7-- 6 /44 - .-+5 .-.0

/-.4*-6-6*-4�/7-- 5+5 /46 - 6+6 .-.0

/-.4*-6-6*-4�07-- 6+4 /44 - 6+5 .-./

/-.4*-6-6*-4�17-- 6 /45 - 6+1 .-./

/-.4*-6-6*-4�27-- ..+3 /45 - 5+5 .-./

/-.4*-6-6*-4�37-- ..+4 /46 - 6+0 .-.0

/-.4*-6-6*-4�47-- ..+1 /43 - .-+1 .-.0

/-.4*-6-6*-4�57-- .-+. /4. - ..+5 .-.0

/-.4*-6-6*-4�67-- ..+/ /5/ - .0+5 .-.0

/-.4*-6-6*-4�.-7-- .1+6 /53 - .2+2 .-.1

/-.4*-6-6*-4�..7-- .1+6 /63 - .3+4 .-.0

/-.4*-6-6*-4�./7-- .1+5 /55 - .4+1 .-.0

/-.4*-6-6*-4�.07-- .1+/ /5- - .4+. .-.1

/-.4*-6-6*-4�.17-- .0+6 /4- - .6+. .-.1

/-.4*-6-6*-4�.27-- .2+5 /40 - .5+5 .-.0

/-.4*-6-6*-4�.37-- ./+2 /5. - .4+6 .-./

/-.4*-6-6*-4�.47-- .1.1 /5- - .2+6 .-.1

/-.4*-6-6*-4�.57-- .3+2 /4/ - .0+5 .-.2

/-.4*-6-6*-4�.67-- ./+2 /4/ - ./+6 .-.2

/-.4*-6-6*-4�/-7-- ..+0 /4/ - ./+1 .-.3

/-.4*-6-6*-4�/.7-- ..+1 /4- - ..+2 .-.3

/-.4*-6-6*-4�//7-- 6+4 /40 - ..+1 .-.3

/-.4*-6-6*-4�/07-- 4+5 /40 - ..+3 .-.4

/-.4*-6-6*//�-7--//�-7-- 0 /00/00 - .5+/.5+/ .-/-.-/-

/-.4*-6-6*//�.7--//�.7-- / /6//6/ - .4+6.4+6 .-/-.-/-

/-.4*-6-6*//�/7--//�/7-- 1+0 .--.-- - .4+1.4+1 .-/-.-/-

/-.4*-6-6*//�07--//�07-- .+2 5353 - .4+6.4+6 .-.6.-.6

/-.4*-6-6*//�17--//�17-- /+2 2.2. - .3+2.3+2 .-/..-/.

/-.4*-6-6*//�27--//�27-- 1+6 5/5/ - .4+..4+. .-/..-/.

/-.4*-6-6*//�37--//�37-- 1+2 .-/.-/ - .4+5.4+5 .-/..-/.

/-.4*-6-6*//�47--//�47-- 1+/ ./1./1 - .6.6 .-/-.-/-

/-.4*-6-6*//�57--//�57-- 1+. .14.14 - //+2//+2 .-/..-/.

/-.4*-6-6*//�67--//�67-- 1+/ .1-.1- - /2+2/2+2 .-/-.-/-

/-.4*-6-6*//�.-7-- 0+3 .43.43 - /5+2/5+2 .-.6.-.6

/-.4*-6-6*//�..7-- 3+3 .13.13 - /5+4/5+4 .-.6.-.6

/-.4*-6-6*//�./7-- 0+3 .15.15 - /6+4/6+4 .-/-.-/-

/-.4*-6-6*//�.07-- 2+0 ..6..6 - 0-+/0-+/ .-.5.-.5

/-.4*-6-6*//�.17-- 0+5 .15.15 - 0.+10.+1 .-.5.-.5

/-.4*-6-6*//�.27-- 2+4 .45.45 - 0.+30.+3 .-.6.-.6

/-.4*-6-6*//�.37-- .-+4 /11/11 - 0-+40-+4 .-.6.-.6

/-.4*-6-6*//�.47-- 5+3 /16/16 - /6/6 .-.6.-.6

/-.4*-6-6*//�.57-- 3+5 .56.56 - /2+5/2+5 .-.6.-.6

/-.4*-6-6*//�.67-- 4+5 .3/.3/ - //// .-.6.-.6

/-.4*-6-6*//�/-7-- 4 .26.26 - /./. .-.6.-.6

/-.4*-6-6*//�/.7-- 2+4 .3..3. - .6+5.6+5 .-.6.-.6

/-.4*-6-6*//�//7-- 0+. .31.31 - .6+0.6+0 .-.6.-.6

/-.4*-6-6*//�/07-- 0+/ .62.62 - .4+6.4+6 .-/-.-/-
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/1/1*`j�

Ol\�

&k[`�0'

/1/1*`j�

Ol\

&k[`�0'

?YjZgf�P]ljY[`dgja\] 2323*/0/0*2 /+1 f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\

Ekghjghqd�=d[g`gd 3434*3030*- 4)0-- 05+4/ f\f\ 11-+-- 1+.1 f\f\ /0+-- 3+- -+0

=[]lgf] 3434*3131*. ..)5-- .3+16 1+0- 01+3- .3+03 2+.- 00+4- -+0 -+0

?`dgjg^gje 3434*3333*0 . f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\

>]fr]f] 4.4.*1010*/ /+0( -+-3 f\f\ -+35 -+01 f\f\ /+-1 /6+3 55+4

.).).*Pja[`dgjg]l`Yf] 4.4.*2222*3 ..2)--- f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\

Rafqd�?`dgja\] 4242*-.-.*1 . f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\

@a[`dgjge]l`Yf] 4242*-6-6*/ //- -+./ f\f\ .+10 -+02 f\f\ /+36 -+4 .+/

.).*@a[`dgjg]l`Yf] 4242*0101*0 .32 f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\ f\f\
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INTRODUCTION 

Clean Harbors has conducted various ambient air monitoring programs at their Telfer Road 
facility since the 1990’s.  The current Air Monitoring Plan was approved by the Ontario Ministry 
of Environment and Climate Change (MOECC) and initiated in June 2011 (ORTECH – P5061-2, 
June 21, 2011).    This Plan was reviewed by the MOECC in August 2015, resulting in a number 
of suggested changes to the program.  As solicited by Clean Harbors, this plan outlines the 
general methods to conduct the monitoring requirements and recommendations from Clean 
Harbors and the MOECC. 
 
The monitoring plan includes the following proposed changes: 
 

 Relocation of the north monitoring site; 

 Update of the target VOC list; and 

 Update of the aldehyde and ketone (Carbonyls) target list. 
 
The primary emphasis of this monitoring program is directed toward potential fugitive emission 
releases from the landfill and other low-level facility sources.  The target substances were 
selected to characterize the property line concentrations related to these emissions and 
include: 
 

 An extensive group of speciated volatile organic compounds (VOCs); 

 Total suspended particulate matter (TSP) and metals; 

 Vapour and particulate mercury (Mercury); and 

 Specific aldehyde and ketone constituents (Carbonyls). 
 

1.  Proposed Approach 

1.1    General Synopsis of Approach 

The primary objective of the ambient air monitoring program is to measure specific airborne 
target compounds at or near the facility perimeter by established procedures to verify that 
concentrations are within accepted regulatory limits.   
 
Concurrent 24-hour sampling will be conducted at two fixed locations.  The north site will be 
located at the north perimeter on top of the berm with the south site at some distance from 
the southerly fence line. 
 
The measured data will be provided to Clean Harbors as soon as possible after each sample day 
and a study report will be prepared annually upon completion of all measurement sets. 

 

1.2 Monitoring Locations 

The north and south fixed monitoring locations are shown on the map in Figure 1.  The current 
north site is within the perimeter fencing of the north property line (Petrolia Line) at the base of 



 

Clean Harbors Environmental Services Inc., Ambient Air Monitoring Plan 
Report #50881-1 | Page 4 of 10 

the sloped berm which is adjacent to the exposed waste landfill area.  It was recommended by 
the MOECC that this site be moved to the top of the berm approximately 150 metres east of the 
present location (see Figure 1).  This new location will mitigate all possible obstructions 
between the monitoring site and the facility, with the emphasis directed toward measuring 
maximum potential constituent levels from the active landfill operations under southerly wind 
regimes.  The south site will remain at its present location and is south of the facility on a 
property at the corner of Telfer Road and Rokeby Line.  The locale is upwind of all facility 
operations under southerly quadrant wind conditions and is sited to minimize possible 
particulate contributions from the adjacent gravel road (Telfer Road).  The monitoring position 
of both the north and south locations will be fixed throughout the survey period. 
 

Figure 1 
North and South Sampling Locations 

 

South Site

North Site
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1.3  Sample Storage & Transportation 

Before and after sample collection, the sample media and canisters will be stored at the 
ORTECH laboratory in an appropriate, clean, temperature controlled environment.  Exposed 
sample media and canisters will be packed in protective cases (with ice packs if required) and 
shipped via courier to the analytical laboratory within three days of exposure.  Chain of custody 
records will be maintained for all samples. 

 

1.4  Sample Collection and Analysis 

In order to maintain consistency with previous monitoring at the facility, essentially the same 
measurement methods will be used for concurrent monitoring as shown below in Table 1. 

 

 
Table 1 

Measurement Methods 
 

Parameter Sample Media Analytical Method Standard Method 

VOC 
6L evacuated 

canisters 
GC/MSD US EPA TO-15a 

TSP Glass-fibre filters Gravimetric US EPA IO2-1 

Metals and Particulate 

Mercury 
Glass-fibre filters 

ICP MS US EPA 6010B 

CVAA US EPA 7471A 

Carbonyls Lp DNHP cartridge HPLC US EPA TO-11a and IP-6A 

Mercury Vapour Carulite tubes 
Acid Extraction 
CVAA 

US EPA 7470 and  

OSHA ID-140 

 

VOC - Twenty-four hour whole air upwind and downwind samples will be collected into 
stainless steel electropolished 6 L evacuated canisters at a constant flow rate following EPA 
method TO-15.  The canisters and flow controllers will be provided, cleaned, proofed and 
analyzed by a CALA accredited laboratory. 
   
Proofing consists of taking one canister and its associated sampling train and flow controller 
from each batch of cleaned canisters and performing an analysis to ensure that the cleaning 
process was adequate.  The sampling trains and flow controllers will be leak checked and the 
flow verified before shipping from the laboratory.  Each canister will be inspected for damage 
upon receipt from the laboratory and after a period of acclimatization, the operator will record 
the “as received” vacuum reading (should be ≥ -29 inches Hg).  Prior to sampling, the vacuum 
will be checked again, and if significantly different (i.e., not within 3 inches Hg) the canister will 
not be used and will be returned to the laboratory.  The precleaned stainless steel sampling 
train consists of a ¼ inch sampling inlet, a 2 micron sintered steel particulate filter, a critical 
orifice (designed for 24-hour sampling), a flow controller and a vacuum gauge.  Each sampling 
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train has a unique identification number that will be recorded.  The critical orifice and flow 
controller will accurately maintain a constant flow despite changes in vacuum over a range of    
-30 to -5 inches Hg in a 24-hour period.  Prior to the scheduled sampling period the canisters 
will be removed from their respective protective containers and positioned such that the 
sampling inlet is approximately 1.5 meters above ground.  Initial and final canister vacuum 
readings will be recorded for each sample along with ambient temperature and pressure.  Final 
readings should be between -5 and -8 inches Hg to ensure a valid sample.   
 
The extensive list of target compounds is found in Table 2.  As some of the compounds are not 
found on the typical laboratory T0-15 list offered by commercial laboratories, the lab must 
procure custom certified calibration gas standards and develop methods for these additional 
compounds.  Clean Harbors conducted a comprehensive review of their latest Emission 
Summary and Dispersion Modelling (ESDM) report with respect to the compound list and it is 
recommended that the thirteen highlighted compounds be removed from the target list, with 
the following rational.  For seven of the compounds, the total point of impingement (POI) 
concentrations (modelled and fugitive) were less than 1% of their respective POI standards:  
Chlorodifluoromethane, 2-Methyl Butane, 3-Methyl Pentane, p-Cymene, 2-Methyl Pentane, 
Nonane and 3-Methyl Hexane.  The following six compounds were not found on the latest 
ESDM compound list:  1,1,2-Trichloro-1,2,2-Trifluoroethane, 1,2,Dichlorobenzene, 
Chlorobenzene, Ethyl Acetate, 1,2,3,-Trimethylbenzene and o-Ethyl Toluene.  The remainder of 
the compounds is covered by the standard EPA TO-15 list with the addition of naphthalene and 
2-Propenenitrile. 
 

Table 2 
VOC Compound List 

 
Compound CAS No. Compound CAS No. 

Carbon Tetrachloride 56-23-5 Ethyl Benzene 100-41-4 
Isopropyl Alcohol 67-63-0 Styrene 100-42-5 

Acetone 67-64-1 1,4-Dichlorobenzene 106-46-7 

Chloroform 67-66-3 1,2-Dibromoethane 106-93-4 

Benzene 71-43-2 1,2-Dichloroethane 107-06-2 

1,1,1-Trichloroethane 71-55-6 2-Propenenitrile 107-13-1 

Vinyl Chloride 75-01-4 2-Methyl Pentane 107-83-5 

Dichloromethane 75-09-2 MIBK 108-10-1 

1,1-Dichloroethane 75-34-3 m/p-Xylene 108-38-3/106-42-3 

1,1-Dichloroethene 75-35-4 1,3,5-Trimethylbenzene 108-67-8 

Chlorodifluoromethane 75-45-6 Toluene 108-88-3 

Trichlorofluoromethane 75-69-4 Chlorobenzene 108-90-7 

Dichlorodifluoromethane 75-71-8 Hexane 110-54-3 

1,1,2-Trichloro-1,2,2-Trifluoroethane 76-13-1 Cyclohexane 110-82-7 

2-Methyl Butane 78-78-4 Nonane 111-84-2 

1,2-Dichloropropane 78-87-5 1,2,4-Trichlorobenzene 120-82-1 

MEK 78-93-3 Tetrachloroethene 127-18-4 

Trichloroethene 79-01-6 Ethyl Acetate 141-78-6 

Naphthalene 91-20-3 Heptane 142-82-5 

o-Xylene 95-47-6 1,2-Dichloroethene (Cis) 156-59-2 

1,2-Dichlorobenzene 95-50-1 1,2-Dichloroethene (Trans) 156-60-5 

1,2,4-Trimethylbenzene 95-63-6 1,2,3-Trimethylbenzene 526-73-8 

3-Methyl Pentane 96-14-0 3-Methyl Hexane 589-34-4 

p-Cymene 99-87-6 o-Ethyl Toluene  611-14-3 
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TSP/Metals - Total suspended particulate matter will be measured for 24-hour periods by 
sampling on preweighed glass fibre filters using conventional high-volume sampling units and 
operated according to standard techniques.  These samplers will be calibrated on a quarterly 
basis utilizing calibration equipment that is certified against a reference or transfer standard 
traceable to a recognized national primary standard.  At each sample interval, performance 
checks will be conducted to ensure that the flows are within ±10% of the required flow (40 
CFM).  TSP will be determined gravimetrically and subsequent filter particulate analysis by a 
CALA accredited laboratory will be done using inductively coupled plasma emission 
spectroscopy with mass spectrometric detection (ICP-MS) for 17 trace elements (Table 3).  A 
portion of the filter after extraction will also be analyzed by cold vapour atomic absorption 
spectroscopy (CVAA) for particulate mercury, as understood to be required by MOECC, in 
general accordance with published standard methods.  The target list of TSP and metals will 
remain unchanged from the June 21, 2011 Monitoring Plan.   

 
Table 3 

TSP and Metals 
 

Parameter CAS No. 

Total Suspended Particulate (TSP) Not available 

Antimony 7440-36-0 

Arsenic 7440-38-2 

Barium 7440-39-3 

Beryllium 7440-41-4 

Cadmium 7440-43-9 

Chromium 7440-47-3 

Cobalt 7440-48-4 

Copper 7440-50-8 

Iron 15438-31-0 

Lead 7439-92-1 

Manganese 7439-96-5 

Nickel 7440-02-0 

Selenium 7782-49-2 

Thallium 7440-28-0 

Tin 7440-31-5 

Vanadium 7440-62-2 

Zinc 7440-66-6 

 
 

Carbonyls – Speciated aldehyde and ketone compounds (Table 4) will be measured, as in past 
years, by sampling for 24-hours on SepPak (Lp DNHP) cartridges with subsequent analysis by 
high performance liquid chromatography (HPLC) with ultraviolet (UV) detection following US 
EPA Compendium Method T0-11a and US EPA Analytical Method IP-6A.  The sampling units, 
consisting of diaphragm pumps, flow controllers and timers within protective enclosures, will be 
operated at an approximately 1 L/min flowrate to achieve approximately 1.5 m3 total air 
volume through the DNHP-coated adsorbents (i.e., low pressure drop 2,4-
Dinitrophenylhydrazine cartridges).  The flows will be checked before and after each sample 
interval using NIST-traceable flow standards (i.e. BIOS Dry Cal).  Analyses will be conducted by a 
CALA accredited laboratory and results will be compared with the associated 24-hour Standards 
and AAQC for the applicable species.   
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The list of carbonyl compounds was compared by Clean Harbors to their latest ESDM and it is 
recommended that the seven highlighted parameters be deleted from the target list leaving 
Formaldehyde as the single compound on the list.  Five of these compounds (Acetaldehyde, 
Acrolein, Glutaraldehyde, Propionaldehyde and n-Butyraldehyde) are not emitted by Clean 
Harbors according to their ESDM report and Acetone is already included in the VOC target list.  
Benzaldehyde’s total POI concentration (modelled and fugitive) was less than 1% of its 
respective POI standard. 

 
TABLE 4 

Carbonyls 
 

Parameter CAS No. 

Formaldehyde 50-00-0 

Acetone 67-64-1 

Acetaldehyde 75-07-0 

Benzaldehyde 100-52-7 

Acrolein 107-02-08 

Glutaraldehyde 111-30-8 

Propionaldehyde (Propanal) 123-38-6 

n-Butyraldehyde (n-Butanal) 123-72-3 

 
 

Mercury - Mercury vapour will be collected, as in past years, for 24-hour periods onto 
adsorbent sample tubes based generally on OSHA Method ID-140 and analyzed following US 
EPA Method 7470.  The carulite adsorbent tubes (6 mm diameter and 80 mm length), 
containing Hydrar (i.e., similar to hopcalite material composition), will use the same sampling 
apparatus as the carbonyls and will be similarly checked for proper flows before and after each 
sample period.  The flow rates will be maintained at approximately 70 mL/min to collect total 
sample volumes of about 0.1 m3.  The samples will be analyzed by a CALA accredited laboratory 
utilizing cold vapour atomic absorption (CVAA) spectroscopy with ultraviolet (UV) detection.  
The particulate mercury result, determined by extraction, will be combined with the vapour 
phase mercury level for comparison with the applicable standards and AAQC. 

 
 

1.5 Meteorological Measurements 

Localized wind speed, direction and rainfall data will be obtained from the nearby Sarnia-
Lambton Environmental Association (SLEA) monitoring and meteorological station (Moore 
Line).  These data will be used to document the weather conditions during each sampling 
period and confirm the extent of downwind site positioning/source alignment.   

 
 

1.6 Measurement Frequency and Scheduling 

All samples will be collected over a twenty-four hour period from midnight to midnight (eastern 
standard time) initiated on the twelve day NAPS cycle. Measurement frequency and scheduling 
are shown in Table 5. 
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Table 5 
Measurement Frequencies 

 
Constituent Frequency and Schedule  

VOCs/TSP/Metals 12 sample days on the 12 day NAPS cycle beginning May 12, 2016 

Formaldehyde and 
Mercury 

One sample day per month for June, July and August taken on a day when VOCs/TSP/Metal 
samples are collected 

 
 

2. Quality Assurance 

To maintain an appropriate level of quality assurance with regard to the monitoring, various 
quality assurance practices will be incorporated into the sampling and analysis methods, as 
routinely done, in an effort to enhance the measurement validity.  These will include all 
pertinent items from the applicable methods as well as the MOECC’s Operations Manual for Air 
Quality Monitoring in Ontario (March 2008). 

 
2.1 Quality Assurance Program 

ORTECH personnel, trained and proficient in these methods, will be responsible for the 
collection of samples and will follow applicable Standard Operating Procedures and/or 
instrument manuals.  Table 6 lists the various QA/QC measures.  

 
Table 6 

QA/QC Measures 
 

Activity Measure 

 
Sampling 
Apparatus 

 
 Calibration of equipment at appropriate intervals 

 Flow checks before and after each sample interval (±10% criterion)  
 

Sample 
Collection 

 All sample periods will start at midnight 

 Collection at 1.5 to 2.0 meters above ground (2.5 meters for TSP/Metals) 

 All samples will be collected simultaneously 

 Field blank collection media (20% of samples) will be utilized that are handled and analyzed in the 
same manner as regular samples (without air flow) to assess any detectable contamination.  Field 
blanks are not applicable for VOCs collected in canisters 

 Provision for MOE to conduct audits 
 

Sample 
Control 

 Precautionary measures will be followed during the collection/storage/transfer of samples prior to 
analysis to maintain sample integrity, along with proper sample identification, and recording 
procedures  

 Storage in climate controlled, organic solvent free environment  

 Shipment to lab via courier in protective cases within 3 days of exposure 
 

Sample 
Analysis 

 Use of CALA accredited laboratories 

 Documented methods and procedures 
 

Record 
Keeping 

 All sampling media/canisters will have unique identification numbers 

 Use of field Sampling Logs to record:  sample canister I.D., sample train I.D., operator’s name and 
signature, sample location, date and time, sample start and stop times, analysis requirement, sample 
flows, weather observations, and other information or observations (odours, nearby activities with 
potential impact, etc.) 

 Chain of Custody forms for sample tracking (sample placement, collection times, sample identification 
numbers) 
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3. Reporting 
 

Analytical results will be reported as soon as possible to Clean Harbors and will include all 
applicable QA/QC and meteorological information.  These data will be summarized in tables and 
compared to applicable air quality standards and AAQC.  
 
An annual summary report will be prepared after the final set of monitoring data is received 
from the contract laboratory.  Unless otherwise required, the report will include a description 
of the measurement procedures along with specific data and summarized tabulations such as: 
 

 A summary of the various measurement results collected each sampling location; 

 Summaries of the meteorological data, including wind speed and direction, acquired for 
 each sample interval; 

 Comparison of the various constituents to applicable twenty-four hour air quality 
 standards or AAQC; and 

 Electronic copy of time stamped (Eastern Standard) constituent measurements and 
 meteorological data. 

 
All data (uncensored, but flagged as appropriate) will be made available in electronic format 
and will include any recorded local meteorological data. 
 

 

4. Annual Program Review 
 

The MOECC and Clean Harbors will review the results of the sampling program each year and, 
based upon this review of the data, the program will be re-evaluated for the following year.  
This review will include the measurement frequency and scheduling as well as the target 
compound list and sampling locations.  This program may change in the future as the 
understanding of the monitoring data and the proposed landfill expansion evolves.  Any 
proposed modifications to the air monitoring program will be submitted to the Regional 
Director of the MOECC for approval prior to implementation. 

 
 

 

 
Rod Brooks 
Sarnia Manager 
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