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1.  Please state your name, current title, and business address. 1 

My name is Alfred Williams, Geotechnical Engineer, 3801 Doris Lane, Round Rock, 2 

Texas 78644 3 

  4 

2. Please summarize your educational background and professional experience. 5 

I received my Bachelor of Science in Civil Engineering from the Georgia Institute of 6 

Technology.  I worked at RRC Power & Energy (“RRC”), LLC from April 2012 to 7 

February 2020.  Currently, I am a Geotechnical Department Manager at Beyond 8 

Engineering & Testing, LLC.  Beyond Engineering & Testing, LLC is an engineering 9 

consultant firm that provides geotechnical engineering and laboratory testing services to 10 

RRC.  My duties, as a Geotechnical Engineer while at RRC, mainly consisted of managing 11 

crew/field personnel to conduct subsurface explorations, assigning and assessing 12 

laboratory tests to characterize properties of soil and bedrock, assess geohazards and 13 

groundwater conditions that pose a risk to structures, bearing capacity and settlement 14 

analysis of shallow foundations for wind turbine design and bearing capacity and 15 

settlement analysis of shallow foundations and skin friction and axial capacity of deep 16 

foundations at ancillary structure locations.   17 

 18 

I have worked on numerous utility-scale wind project throughout the United States.  Of 19 

these projects, many of them contained geohazards, such as flooding, expansive/collapsible 20 

soils, seismic activity or development of karst features, which required analysis to ensure 21 

the stability of the proposed structure.  I received my initial Professional Engineer License 22 

in the State of Texas, and I am currently licensed in the states of Nebraska, Ohio, 23 

Pennsylvania, South Dakota, Texas, and Wyoming.  My resume is attached as Attachment 24 

AW-1. 25 

  26 

3.  On whose behalf are you offering testimony? 27 

 I am testifying on behalf of the Applicant in the case, Firelands Wind, LLC (“Applicant” 28 

or “Firelands”), which is seeking to develop the proposed Emerson Creek Wind Farm 29 

(“Project”). 30 

 31 



 
 

Testimony of Alfred Williams  Page 3 of 9 
 

 

4.  What is the purpose of your testimony? 1 

 The purpose of my testimony is to describe the information presented in the Groundwater, 2 

Hydrogeological, and Geotechnical Report, which was prepared by Hull & Associates, Inc. 3 

(“Hull Report”), and is Exhibit E to the Application for Certificate of Environmental 4 

Compatibility and Public Need filed on January 31, 2019 (“Application”).  In addition, I 5 

am testifying with regard to the Geotechnical Report dated April 29, 2020 that was 6 

prepared by RRC (“RRC Report”) and is Attachment AW-2 to my testimony.  I am 7 

prepared to testify generally regarding groundwater, geologic, geotechnical conditions and 8 

construction recommendations as they may pertain to the Project.  My testimony, together 9 

with the other witnesses for Firelands testifying in this case, supports the Ohio Power Siting 10 

Board’s (“Board’s”) adoption of the Joint Stipulation and Recommendation 11 

(“Stipulation”), which was filed in this docket on September 11, 2020, and is being offered 12 

in this proceeding as Joint Exhibit 1. 13 

 14 

5.  Please describe the history of your involvement with the Project. 15 

RRC was authorized by Apex Clean Energy Management, LLC (“Apex”) to perform a 16 

geotechnical subsurface exploration and geotechnical engineering evaluation for the 17 

Project.  The purpose of the geotechnical engineering study was to explore and evaluate 18 

subsurface conditions at the proposed building sites, geological/geotechnical risk hazard 19 

assessments and develop geotechnical design and construction recommendations for the 20 

Project.  The subsurface exploration program consisted of geotechnical borings at most of 21 

the proposed wind turbine sites, temporary standpipe piezometers to obtain periodic 22 

groundwater levels and laboratory testing program to characterize properties of soil and 23 

bedrock encountered at the Project site. 24 

 25 

6.  Please describe the requirements set forth in the rule of the Board and the 26 

documentation provided by Firelands in response to the requirements. 27 

In accordance with Ohio Administrative Code (“O.A.C.”) Rule 4906-04-08, Firelands 28 

submitted the following information: 29 

• An evaluation of the impact to public and private water supplies due to construction 30 

and operation of the proposed facility. 31 
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• An evaluation of the impact to public and private water supplies due to pollution control 1 

equipment failures. 2 

• Existing maps of aquifers, water wells, and drinking water source protection areas that 3 

may be directly affected by the proposed facility. 4 

• How construction and operation of the facility will comply with any drinking water 5 

source protection plans near the Project area. 6 

• An analysis of the prospects of floods for the area, including the probability of 7 

occurrences and likely consequences of various flood stages, and plans to mitigate any 8 

likely adverse consequences. 9 

• A description of the suitability of the site geology and plans to remedy any 10 

inadequacies. 11 

• A description of the suitability of soil for grading, compaction, and drainage, and plans 12 

to remedy any inadequacies and restore the soils during post-construction reclamation. 13 

• A description of plans for the test borings, including closure plans for such borings and 14 

a timeline for providing the test boring logs and the following information to the Board: 15 

(i) subsurface soil properties; (ii) static water level; (iii) rock quality description; (iv) 16 

percent recovery; and (v) depth and description of bedrock contact. 17 

 18 

The Hull Report and the RRC Report address each of these requirements set forth within 19 

the Board’s rules. 20 

 21 

7.  What is the role of you and your firm in regards to the RRC Report? 22 

RRC was authorized by Apex to perform a geotechnical study including a subsurface 23 

exploration program and provide geotechnical design and construction recommendations 24 

at the Project.  The subsurface exploration program consisted of geotechnical borings at 25 

each of the proposed wind turbine sites, with the exception of Turbine Nos. 2, 5, 38, 55, 26 

84, 85, and 86.  Temporary standpipe pipe piezometers were also installed at turbine sites, 27 

in order to facilitate periodic groundwater measurements.  The RRC Report provides 28 

geotechnical design and construction recommendations including, 29 

• A description of the suitability of the site geology and plans to remedy any 30 

inadequacies. 31 
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• A description of the suitability of soil for grading, compaction, and drainage, and plans 1 

to remedy any inadequacies and restore the soils during post-construction reclamation. 2 

• A description of plans for the test borings, including closure plans for such borings and 3 

a timeline for providing the test boring logs and the following information to the Board: 4 

(i) subsurface soil properties; (ii) static water level; (iii) rock quality description; (iv) 5 

percent recovery; and (v) depth and description of bedrock contact. 6 

 7 

8.  What work have you performed on this Project? 8 

I oversaw the subsurface exploration and geotechnical engineering evaluation for the 9 

Project.  I reviewed the findings and results of the investigations and developed 10 

geotechnical design and construction recommendations for the Project. 11 

 12 

9.  Please generally summarize the findings of the RRC Report. 13 

Based on the findings and results of the subsurface exploration, the site is suitable for the 14 

proposed construction.  Soils were encountered in each of the geotechnical borings and 15 

extended to the top of bedrock, which was encountered at depths in the range of 2 to 49 16 

feet below existing site grade.  Bedrock at the Project site mainly consisted of shale and 17 

limestone from the Ohio Shale, Prout Limestone, Delaware Limestone, and Columbus 18 

Limestone formations.   19 

 20 

Portions of the Project lie within areas where there may be a potential for karst features to 21 

develop.  Karst is a type of topography that forms over soluble bedrock such as limestone, 22 

dolomite or evaporites, such as gypsum.  The development of karst is a process due to the 23 

movement of water.  Water percolates through soil towards soluble bedrock and becomes 24 

more acidic as is absorbs more carbon dioxide, which leads to a carbonic acid solution.  25 

Eventually water will encounter fractures and fissures which allow water to move through 26 

the bedrock mass.  Due to the increased acidity of the water, a chemical reaction occurs 27 

between the water and carbonate bedrock, which leads to dissolution of the carbonate 28 

bedrock, specifically calcium carbonate.  This dissolution of carbonate bedrock leads to 29 

the development of fissures, tubes and eventually caves.   30 

 31 
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Overtime, the dissolution of carbonate bedrock may create a complex network of conduits 1 

for water movement and storage.  Surface water will continue to infiltrate through the soil 2 

above the bedrock mass, and as the water moves through the soil sediment may be 3 

transported into this network of conduits.  Overtime, as more of the soil sediment is 4 

transported into the bedrock mass, cavities may form within the soil mass at or above the 5 

bedrock interface or channels may form within the soil mass.  Since soils have very little 6 

tensile strength, eventually the soil mass above the cavity will experience settlement or a 7 

potential collapse, depending on the size of the void.  This land subsidence when caused 8 

by development of karst is typically called sinkholes.  Areas that are prone to karst 9 

development can be identified by the presence of sinkholes, throats, and springs.  From an 10 

engineering standpoint it is important to ensure buildings or structures do not experience 11 

settlements that may lead to failure or serviceability concerns.   12 

 13 

Most of the proposed turbine sites are located in the Ohio Shale Formation, which is not 14 

prone to karst development.  However, in the northwestern portion of the Project site 15 

underlying bedrock formations consist of limestone, such as the Prout Limestone, 16 

Delaware Limestone and Columbus Limestone formations.  Limestone is a type of 17 

carbonate bedrock and may be susceptible to karst features such as voids and other solution 18 

cavities.  At the Project site, the Columbus Limestone is known for its susceptibility to 19 

karst development.  The aforementioned karst formations occurring within 20 feet below 20 

the ground surface have a high probability of occurring.  These formations when occurring 21 

at 20 to 100 feet below the ground surface, depending on size and depth, the probability 22 

can be considered as low to moderate.  The probability of occurring can be reduced by 23 

performing remedial measures such as bedrock grouting. 24 

 25 

Turbine sites that are located within the Ohio Shale Formation are found to have a low 26 

probability to karst development.  Turbine sites that are located within the Prout Limestone, 27 

Delaware Limestone, and Columbus Limestone formations have a low to high risk of karst 28 

development.  Based on the geotechnical investigations, potential solution cavities within 29 

bedrock were encountered during the drilling activities, such as Turbine Nos. 24 and 42.  30 

In addition, based on available geologic maps and literature, Turbine Nos. 73 and 74 are 31 
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near mapped karst features.  At sites where the karst hazard assessment indicated a 1 

moderate to high probability associated with karst development, RRC recommends 2 

additional testing/investigations, such as Electrical Imaging or Void Assessment.  At sites 3 

where karst features are identified, RRC recommends bedrock grouting to remediate the 4 

karst features encountered in limestone bedrock formations.  The purpose of bedrock 5 

grouting is to reduce the movement of water in soluble bedrock, preventing possible land 6 

subsidence to occur.  Since sites are situated at higher elevations, compared to surrounding 7 

land, bedrock grouting is not anticipated to induce flooding of surrounding areas.   It is 8 

RRC’s opinion that once the remedial measures are performed the risk of karst 9 

development is anticipated to be low. 10 

 11 

10. What degree of confidence do you have in the RRC Report? 12 

I have a high degree of scientific certainty in the findings and recommendations in the RRC 13 

Report.  This conclusion stems from:  14 

1. The detailed subsurface exploration program completed at the project site, and 15 

review of the Logs of Boring and field and laboratory test results obtained from the 16 

geotechnical investigations. 17 

2. Review of available geologic maps and literature within the Project area. 18 

3. RRC’s experience with design and construction of wind projects with similar 19 

geological conditions of karst development and geotechnical conditions in this 20 

region and across the United States.  RRC has implemented void assessment and 21 

mitigation measures in other wind projects with successful outcomes.   22 

 23 

11.  Please explain what, if any, additional testing needs to be performed prior to 24 

construction.  25 

Based on review of Logs of Boring and geologic maps and literature, a moderate to high 26 

probability of karst development was identified at Turbine Nos. 24, 25, 26, 43, 73, 74 and 27 

75.  At these sites, RRC recommends to perform additional subsurface investigations, such 28 

as Electrical Imaging, or remediate potential solution cavities encountered during drilling 29 

activities with additional void assessments and grouting.  The purpose of Electrical 30 

Imaging is to assess the presence of solution cavities within the bedrock mass, which would 31 
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indicate a potential of karst development.  If results of the Electrical Imaging indicate there 1 

is not a presence of solution cavities or karst development, the probability of karst 2 

development can be considered low and remedial measures such as bedrock grouting will 3 

not be required.  RRC’s opinion that once the remedial measures are performed the 4 

probability of karst development is anticipated to be low. 5 

  6 

12.  Do the Board’s rules require that a final geotechnical report be prepared before 7 

 construction begins? 8 

 Yes. O.A.C. Rule 4906-4-09(A)(2)(b)(i) requires that Firelands submit a fully detailed 9 

geotechnical exploration and evaluation 60 days before the preconstruction conference. 10 

This final report will address whether proposed turbine locations are located above karst 11 

formations and whether potential mitigation measures are recommended. 12 

 13 

13.  Have you reviewed the Stipulation that was filed in this docket on September 11, 14 

2020? 15 

Yes.   16 

 17 

14. Is it your opinion that Condition 2 laid out in the Stipulation requires the Applicant 18 

to comply with O.A.C. Rule 4906-4-09(A)(2)(b)(i)? 19 

 Yes.  20 

 21 

15. Are your opinions and conclusions in your testimony made with a reasonable degree 22 

of scientific certainty? 23 

Yes. 24 

 25 

16.  Does this conclude your testimony? 26 

Yes.  However, I reserve the right to update this testimony to respond to any further 27 

testimony, reports, and/or evidence submitted in this case. 28 
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CERTIFICATE OF SERVICE 
 
The Ohio Power Siting Board’s e-filing system will electronically serve notice of the filing 

of this document on the parties referenced in the service list of the docket card who have 
electronically subscribed to these cases.  In addition, the undersigned certifies that a copy of the 
foregoing document is also being served upon the persons below this 11th day of September, 2020.  

 
     /s/ Christine M.T. Pirik    

      Christine M.T. Pirik (0029759) 
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 Education 
 Bachelor of Science, Civil 

Engineering, Georgia Institute of 
Technology, Atlanta, GA 

PE Registration 
 Minnesota 
 Nebraska 
 Ohio 
 Pennsylvania 
 South Carolina 
 South Dakota 
 Texas 
 Wyoming 

Alfred Williams has over 7 years of experience in 
geotechnical engineering and project management involving 
wind and solar energy projects.  He has been active for the 
past 7 years in the wind industry providing geotechnical 
recommendations for the design of wind turbine generator 
and ancillary structure foundations.  His responsibilities 
include engineering analysis, project management of 
numerous projects and developing proposals for 
geotechnical engineering services of wind energy projects.  
He is proficient in field site investigations, geotechnical site 
characterization, bearing capacity and settlement analysis of 
shallow and deep foundations and pavement analysis.   
    

Project Experience    
 
 Turtle Creek Wind Project – St. Ansgar, IA: This 193 MW project consisted of construction of 56 

wind turbine generators.  Duties included managing field subsurface exploration, performing 
subsurface characterization, analyzing field and laboratory data, performing risk assessment due to 
voids and karst formations and recommending mitigation measures, generating geotechnical 
calculations and writing the geotechnical report. 
 

 Pegasus Wind Project – Caro, MI:  This 150 MW project consisted of construction of 60 wind 
turbine generators.  Duties included managing field subsurface exploration, reviewing and 
interpreting CPT data for bearing capacity and settlement analyses of wind turbine foundations, 
providing technical input of selection of confirmation SPT borings and MASW seismic survey 
locations, and writing the geotechnical report. 

 
 Blue Summit II Wind Project – Vernon, TX:  This 100 MW project consisted of construction of 41 

wind turbine generators.  Duties included managing field subsurface exploration, performing 
subsurface characterization, analysis of field and laboratory data, generating geotechnical 
calculations and writing geotechnical reports. 

 
 Minco IV and V Wind Projects – Hinton, OK:  This 350 MW project consisted of construction of 172 

wind turbine generators.  Duties included managing field subsurface exploration, performing 
subsurface characterization, analysis of field and laboratory data, generating geotechnical 
calculations and writing geotechnical reports. 
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Industry Tenure  _______________________________________________________________ 
 
Beyond Engineering and Testing: Geotechnical Group Manager (2020-Current) 
 
RRC Power & Energy: Geotechnical Engineer (2012-2020) 
 
RRC Power & Energy: Construction Materials Testing Technician (2012-2013) 
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������������

� ��������	���
�����������������������������	���������������������� �!"�#�$�%��&'()'(*(*�+���,��((�

-./01�23234�51678819:1:�;<=>?.019@�A0=>:�BC1DD=C1D�E7C�B.DD>?1�F.@1C.0�;.C@G�BC1DD=C1D�HIJKLMIN�OPQK� RISSMTK�UVKWWMXMKYJ�VW�ZIJKLIN�[ILJ\�RLKSS]LK̂�_Q� [̀]MTINKYJ�aN]Mb�RLKSS]LK�WVL�RISSMTK�ZIJKLIN�[ILJ\�RLKSS]LK�cQSWdWJe�fghi�jklgm� nopq� nrsot�jhuv�jklgm� pons� pwtot�xlyzm{kuz|j}hgz�~zv�k���� sorp� rqsot���}z�z��l�hgzu{���zmm��zm�glm{zv�h�k�z�h�z��hmzv�ku�hu�h�z�h�z�{k{hg��ul{��zl�}{�k���nt������k��ku�ml{z��ghi�huv�mhuv�mklgm��huv��st������k���zv�k��o���k��mklgm��zgk��{}z���zz��h{z��m���h�z��}iv�km{h{l����zmm��z�m}k�gv��z�hvvzv�{k�{}z�gh{z�hg�zh�{}���zmm��z��huv�{}z�z��l�hgzu{��g�lv���zmm��zm�m}k�gv��z��hg��gh{zv��mlu��{}z�z��z�{l�z��ul{��zl�}{m��{}z�h�k�z�{k{hg��ul{��zl�}{�ylu�m��no�������y�g{l�glzv��i�{}z�h���k��lh{z�zh�{}���zmm��z��kz��l�lzu{���k���h�������o���}z�h�k�z�zh�{}���zmm��z��hg�zm�vk�uk{�lu�g�vz�mh�z{i��h�{k�mo��j���}h��z�gkhvm�m}k�gv�hgmk��z��kumlvz�zv��}z�z�h���k��lh{zo���}z��hg�zm�h��gi�kugi�{k��hmzm��}z�z�{}z���k�uv�m���h�z�lm�gz�zgo���z�m}k�gv��z��ku{h�{zv�{k���k�lvz�m�l{h�gz��hg�zm��k���hmzm��}z�z�{}z���k�uv�m���h�z�lm�mgk�zvo�������KMS�MX�UVYSMbKLIJMVYS���k��m{���{��hg�vzml�um��hmzv���ku�{}z�nt�s��u{z�uh{lkuhg�~�lgvlu��fkvz���~f����z�z�zu�z�s���jl{z�fghmm���m}k�gv��z��mzv��k������ml{zm�hm��h�{�k��{}lm���k�z�{o���}z� h��zv�j�z�{�hg��zm�kumz�¡��zgz�h{lku��k��{}z���mz�kuv��¢���huv�m}k�{��z�lkvm��¢j���z�z��ky��{zv��mlu��{}z�£ojo�jzlmyl���zml�u� h�m��z���hmzv�h��gl�h{lku�¤�k��hy�vz�zgk�zv��i�{}z�£ul{zv�j{h{zm��zkgk�l�hg�j���zi��£j�j����z�z�zu�z�r�o���h�gz�so�o��m�yyh�l¥zm��z�kyyzuvzv�mzlmyl���h�hyz{z�m�{k��z��mzv�lu�{}z�vzml�uo��-./01�23¦3§�51678819:1:�̈1>D8>6�B.C.81@1CD��RILI�KJKL� ©KXV��KYbKb�UINX]NIJKb�ªIN]K�jj�«� h��zv�j�z�{�hg��zm�kumz�¡��zgz�h{lku�h{�j}k�{�¤z�lkv��ton�jz�kuv�� to�nw�j��«� h��zv�j�z�{�hg��zm�kumz�¡��zgz�h{lku�h{���jz�kuv�¤z�lkv� tots���h��jl{z�fkz��l�lzu{��«�jl{z�fghmm��� �o������jl{z�fkz��l�lzu{��«�jl{z�fghmm��� no���



������������

� ��������	���
�����������������������������	���������������������� �!"�#�$�%��&'()'(*(*�+���,��(-�
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-.//�011233�45678693�6:7�;<6:2�=673�>23?@:�6:7�;5:3A<B1A?5:�4215CC2:76A?5:3�011233�45678693D�EF�GH�IJK�JLMNKHFOLMGLP�FQOF�RKGSOFN�OTTNHH�KIOMUOVH�UGWW�XN�XJGWF�YIK�TILHFKJTFGIL�OLM�ZOGLFNLOLTN�RJKRIHNH[��\KOYYGT�SIWJZNH�MJKGLP�TILHFKJTFGIL�OKN�OLFGTGROFNM�FI�XN�YKN]JNLF�UGFQ�QNOSV�N]JGRZNLF�JFGWĜGLP�FQN�OTTNHH�KIOMUOVH[��_IWWIUGLP�FQN�TILHFKJTFGIL�RNKGIM̀�FQN�FKOYYGT�SIWJZNH�UGWW�XN�WGPQF�OLM�SNQGTWNH�OTTNHHGLP�FQN�KIOMUOVH�UGWW�PNLNKOWWV�TILHGHF�IY�RGTaJR�FKJTaH�OLM�ITTOHGILOW�HGLPWN�OLM�ZJWFGb�JLGF�FKJTa�FKOYYGT[��\QN�HNTFGIL�FQGTaLNHH�MNHGPL�HQIJWM�XN�XOHNM�JRIL�FQN�ZNFQIMIWIPV�IJFWGLNM�XV�FQN�cZNKGTOL�cHHITGOFGIL�IY�dFOFN�eGPQUOVH�OLM�\KOLHRIKFOFGIL�fYYGTGOWH�gccde\fh�YIK�MNHGPL�IY�OPPKNPOFNbHJKYOTNM�KIOMUOVH�giNYNKNLTN�jkh[��\QN�HJKYGTGOW�ZOFNKGOWH�NLTIJLFNKNM�UGFQGL�O�ZOlIKGFV�IY�FQN�XIKGLPH�GLMGTOFNM�LOFGSN�HIGWH�TILHGHFGLP�IY�TWOV�OLM�HOLM�HIGWH�UGFQ�SOKVGLP�OZIJLFH�IY�HGWF�OLM�PKOSNW[��\QN�HOLM�HIGWH�OKN�PNLNKOWWV�TILHGMNKNM�FI�XN�O�ZIMNKOFN�ZOFNKGOW�GL�FNKZH�IY�HJRRIKFGLP�SNQGTJWOK�OLM�TILHFKJTFGIL�FKOYYGT�OH�MNYGLNM�XV�ccde\f�UQNL�JHNM�YIK�HJRRIKF�IY�ROSNZNLF�HFKJTFJKNH̀�UQGWN�FQN�TWOV�HIGWH�OKN�PNLNKOWWV�TILHGMNKNM�OH�RIIK�ZOFNKGOW�FI�HJRRIKF�ROSNZNLF�HFKJTFJKNH[��mOXIKOFIKV�noi�FNHFGLP�GLMGTOFNM�FQN�HJXPKOMN�HIGWH�YIK�FQN�RKGSOFN�OTTNHH�KIOMUOVH�UQNL�TIZROTFNM�FI�OXIJF�pqr�IY�FQN�ZOsGZJZ�MKV�MNLHGFV�OH�MNFNKZGLNM�XV�cd\t�uvpw�OF�IRFGZJZ�ZIGHFJKN�TILFNLF�QOSN�noi�SOWJN�KOLPGLP�YKIZ�j[x�FI�j[yr[��\QN�OTTNHH�KIOMUOVH�OTFJOW�ROSNZNLF�FQGTaLNHH�HQIJWM�XN�MNFNKZGLNM�XV�FQN�MNHGPLzXJGWM�TILFKOTFIK̀�aNNRGLP�GL�ZGLM�FQN�YKN]JNLTV̀�MJKOFGIL�OLM�KN]JGKNZNLFH�IY�FQN�FJKXGLN�ZOLJYOTFJKNK[��{KGIK�FI�FQN�RWOTNZNLF�IY�FQN�OPPKNPOFN�XOHN�ZOFNKGOWH�OWILP�OTTNHH�KIOMUOV�OWGPLZNLFH̀�HFKGRRGLP�OLM�KNZISOW�IY�NsGHFGLP�SNPNFOFGIL�OLM�IFQNK�MNWNFNKGIJH�ZOFNKGOWH�YKIZ�FQN�RKIRIHNM�KIOMUOV�OWGPLZNLF�HQIJWM�XN�RNKYIKZNM[��\IRHIGW�OLM�IKPOLGTH�TIJWM�XN�JR�FI�OXIJF�x|�GLTQNH�IK�ZIKN�GL�FQGTaLNHH�GL�HIZN�OKNOH�OLM�HQIJWM�LIF�XN�OWWIUNM�YIK�JHN�GL�HFKJTFJKOW�OKNOH�IK�OWILP�KIOMUOV�OWGPLZNLFH[��\QN�HJXPKOMN�OWILP�OTTNHH�KIOMUOVH�HQIJWM�XN�HTOKGYGNM�FI�O�ZGLGZJZ�MNRFQ�IY�jk�GLTQNH}�ZIGHFJKN�TILMGFGILNM�UGFQGL�k�RNKTNLF�IY�FQN�IRFGZJZ�ZIGHFJKN�TILFNLF�OLM�KNbTIZROTFNM�FI�O�ZGLGZJZ�IY�pqr�IY�FQN�ZOsGZJZ�MKV�MNLHGFV�OH�MNFNKZGLNM�GL�OTTIKMOLTN�UGFQ�cd\t�uvpw[��\QN�NsRIHNM�HJXPKOMN�HQIJWM�FQNL�XN�RKIIYbKIWWNM�RKGIK�FI�FQN�RWOTNZNLF�IY�FQN�OPPKNPOFN�XOHN�TIJKHN�ZOFNKGOWH�FI�OHHNHH�FQN�RKNHNLTN�IY�HIYF�OKNOH�OLM�FQN�LNNM�YIK�KNZNMGOW�ZNOHJKNH̀�GY�OLV[��EL�OKNOH�UQNKN�XNMKITa�GH�NLTIJLFNKNM�OF�FQN�HJKYOTǸ�RKIIY�KIWW�GH�LIF�LNTNHHOKV[��EL�OKNOH�UQNKN�NsTNHHGSN�~RJZRGLP��IY�FQN�HJXPKOMN�GH�IXHNKSNM̀�TILHGMNKOFGIL�HQIJWM�XN�PGSNL�FI�RWOTGLP�PNIPKGM�g\NLHOK�oGOsGOW�\VRN�k�IK�N]JGSOWNLFh�IL�FIR�IY�PNIFNsFGWN�gtGKOYG�e{�qy|�IK�N]JGSOWNLFh�OXISN�FQN�NsRIHNM�HJXPKOMN�HIGWH̀�IFQNKUGHN�KNZISOW�IY�JLHJGFOXWN�HIGWH�GL�FQNHN�OKNOH�OLM�KNbTIZROTFGIL�OLMzIK�KNRWOTNZNLF�UGFQ�PKOLJWOK�HIGWH�UGWW�XN�KN]JGKNM[��cPPKNPOFN�XOHN�ZOFNKGOWH�HQIJWM�XN�TIZROTFNM�FI�O�ZGLGZJZ�IY�pqr�IY�cd\t�ujqqy�IK�O�ZGLGZJZ�IY�pwr�IY�cd\t�uvpw�OLM�UGFQGL�kr�IY�FQN�IRFGZJZ�ZIGHFJKN�TILFNLF[�nILHGMNKOFGIL�TIJWM�XN�OWHI�XN�PGSNL�FI�RNKYIKZGLP�O�TNZNLF�IK�WGZN�ZGs�MNHGPL�FI�HFOXGWĜN�FQN�HJXPKOMN�HIGWH�HJRRIKFGLP�ROSNZNLF�HFKJTFJKNH�OH�OL�OWFNKLOFGSN[��cPPKNPOFN�XOHN�FQGTaLNHH�YIK�HFOXGWĜNM�OTTNHH�KIOMUOV�HNTFGILH�TIJWM�XN�KNMJTNM[��
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]� �!���W.�4&V�-m�4V��4�,4�,�4�@�D
nopqrst�uqppv�wxty�zqs{p|}�~�nqxp��ty���qst�us�t}xpr�����ps}p|�tx|����p�sq}�~����ptyx��u�-4����!!�#��� "4V�0,�E�40+�,�4V���!-���,��&0 "D���V������!� 4�!�,0,40�04#�0,�&��&@��4�1�@,0 "�4V��m-��-Y0 "���@�40- C�!�������,��&0 "��DE��F$�YV�!����,4�04�+�&- ��!4,�m��4�4-�+�4�!,D��/�  �!��!!�#�,@!��#,�Y�!����!m-!+�1�"� �!���#�0 ��&&-!1� &��Y04V�%


�,41�F�������%


�]@01��m-!�:��,@!0 "�
�!4V���,0,40�04#$�]!-@ 1�%+��1� &��� 1�
�!4V�W@!m�&��2-4� 40��,�-m���]!-@ 10 "�W#,4�+D��� 1��W�:�]̂=D

'()b��Lc7efg�M�8P� '()b����	�'�J�M�f7��jP '()b��'�	�'�J�M�f7��jP �''�(���������(�����(���������Z���I ��� ����cg���5ei�(�jej8e�e8��MhKP

�)���(���������Z�\���B(\����	�����J���



��������	���
�����������������������������	�����������������������������������������	

� !"#$%�&"!!'�()%*�+"$,!-.�/!-.")-0/�1!#)#.)2).3��45"2!3�0.��1�6789

:;::<:;::=:;::>:;::?:;::@::;::@<:;::@=:;::@>:;::@?:;::

: @: <: A: =: B: >: C:

DEEFGHIJ�KLHMJGNMFL�OHPNP
JNQNJR�STUV

WGXYH�ZEFMNI[�S\JV�]̂_̂̀a



��������	 
�����	��� ��������������� �������� !�
!�"#$%�&!'()*+��� 
,�"-.!��"��/�01!2�3".4�'5 (�67�89���6: ;<�=����>�*����*�? 
"1�� !2�@A".!��.A!51�-%�B@�����C	��D E�F��G>E>�*�H��C	��D�G�FG���E>I���J�)?� 3 "�5$���.A2$ ��KL:�MNOP �QRS�*(��*��? T� !��� $U�TV%�015W�X !2%�T1#W5�Y".Z!%�<"$�[(��*O������?�0�!!�"�E31!�;�5W.2�\C�(]���? �
;��̂".A!2���-1-5 !����-5�"��)�����*: ��>�E�__<̀ ���������)��H�;�5�"��A""�!5D��,�����,�;�5�"���-1-5 !'�D��'BW,���a===�/BW,]*	��? EQ������b)���*��	C��	���? >�G����������(�)O*)]�	�b[�?���� ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP�F� E � =F��� EEF�> =FQ�� EQF�G E�F��� E � �F��� �GF=� �F��� �=F>Q �=F���� �� Q �FEE� �>F�Q �FE�� �>F�G �>F�>�� ��k Q �FG=� �EF�> �FG>� ��F�� ��FQ=E� ��k Q �FQG� ��F�Q �FQ>� ��F�� ��FQGQ� ��k Q �F�=� Q>F>Q �F�=� Q>F>Q Q>F>Ql.5�-D

�̂!�" ��X/�5'W�.m�5W��5�-5�-�5�A�F
nopqrst�uqppv�wxty�zqs{p|}�~�nqxp��ty���qst�us�t}xpr�����ps}p|�tx|����p�sq}�~����ptyx��u�.5 ���"" $���!#5W�1-���51,�-�5W���".���-� '1!#F���W����� "�!5�"�-1-51�15$�1-�' �'A� 5�2�A-1!#�5W��m.��.Z1!#���A 51.!D�"�������-� '1!#��F��EG%�ZW�"��� -5�15�,�'.!��"5-�m��5�5.�,�5�"-F��0�!!�"��"" $�-A"��$-�Z�"����"m.",�2�#�!�" ��$�1!� ''."2 !'��Z15W�&


�-52�G�������&


�̂A12��m."�;� -A"1!#�
 "5W���-1-51�15$%�̂".A!2�&,��2 !'�� !2�
 "5W�XA"m '��3.5�!51 �-�.m� �̂".A!21!#�X$-5�,F�� !2��X�;�̂�>F

()*b��Lc8efg�M�9P� ()*b����	�(�J�M�f8��jP ()*b��(�	�(�J�M�f8��jP �((�)���������)�����)���������[���I ��� ����cg���6ei�)�jej9e�e9��MhKP

�*���)���������[�]���C)]����	�����J���



��������	���
�����������������������������	�����������������������������������������	

� !"#$%�&"!!'�()%*�+"$,!-.�/!-.")-0/�1!#)#.)2).3��45"2!3�0.��1�6789

:;::<:;::=:;::>:;::?:;::@:;::A:;::B:;::C:;::

: <: =: >: ?: @: A: B:

DEEFGHIJ�KLHMJGNMFL�OHPNP
JNQNJR�STUV

WGXYH�ZEFMNI[�S\JV�]̂_̂̀a



��������	 
�����	��� ��������������� �������� !�
!�"#$%�&!'()*+��� 
,�"-.!��"��/�01!2�3".4�'5 (�67�89���6: ;<�=������*����*�> 
"1�� !2�?@".!��.@!51�-%�A?�����B	��C D�E�=D�=F�*�G��B	��C�F�E�����HI���J�)>� 3 "�5$���.@2$ ��KL:�MNOP Q�RS�*(��*��> T� !��� $U�TV%��" '��W !2%�T1#X5�Y".Z!%�<"$�[(��*O������>�0�!!�"�D31!�;�5X.2�\B�(]���> �
;��̂".@!2���-1-5 !����-5�"��)�����*: �H�HDQ__<̀ ���������)��G�;�5�"��@""�!5C��,�����,�;�5�"���-1-5 !'�C��'AX,���a===�/AX,]*	��> D�Q�����b)���*��	B��	���> ��F����������(�)O*)]�	�b[�>���� ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP ]�9�����cdefg�MhP �6ei�)�jej9e�e9��MhKP�EH D � HE�H� �DE�D �E�H� �FE=H ��EF�H D � �ED�� ��E=� �ED�� �QE�� �QE���� �� � �E�F� ��E�� �E��� �=EH� ��E���� ��k � �ED�� ��E== �EH�� �=EH� �FE��D� ��k � �E�H� �=E�D �E��� �=E=� �=EH��� ��k � �E�=� ��EF� �E�=� ��EF� ��EF�l.5�-C

�̂!�" ��W/�5'X�.m�5X��5�-5�-�5�@�E
nopqrst�uqppv�wxty�zqs{p|}�~�nqxp��ty���qst�us�t}xpr�����ps}p|�tx|����p�sq}�~����ptyx��u�.5 ���"" $���!#5X�1-�Q�51,�-�5X���".���-� '1!#E���X����� "�!5�"�-1-51�15$�1-�' �'@� 5�2�@-1!#�5X��m.��.Z1!#���@ 51.!C�"�������-� '1!#��EQ�DF%�ZX�"��� -5�15�,�'.!��"5-�m��5�5.�,�5�"-E��0�!!�"��"" $�-@"��$-�Z�"����"m.",�2�#�!�" ��$�1!� ''."2 !'��Z15X�&


�-52�F�������&


�̂@12��m."�;� -@"1!#�
 "5X���-1-51�15$%�̂".@!2�&,��2 !'�� !2�
 "5X�W@"m '��3.5�!51 �-�.m� �̂".@!21!#�W$-5�,E�� !2��W�;�̂H�E

()*b��Lc8efg�M�9P� ()*b����	�(�J�M�f8��jP ()*b��(�	�(�J�M�f8��jP �((�)���������)�����)���������[���I ��� ����cg���6ei�)�jej9e�e9��MhKP

�*���)���������[�]���B)]����	�����J���



��������	���
�����������������������������	�����������������������������������������	

� !"#$%�&"!!'�()%*�+"$,!-.�/!-.")-0/�1!#)#.)2).3��45"2!3�0.��1�6789

:;::<;::
=:;::=<;::>:;::><;::?:;::?<;::

: =: >: ?: @: <: A: B:

CDDEFGHI�JKGLIFMLEK�NGOMO
IMPMIQ�RSTU

VFWXG�YDELMHZ�R[IU�\]̂_]̀



��������	 
������������	��� ��������������� � !"�#$!���
�!%&'(�)�*+,-.��� 
/!%����#%!!0�1��2�3%�4!*� +�56�78���59 :;�<����=�-����-�> 
%�!���2�?%���#����!�(�@?�����A	��B C�D�EF=EG�-�H��A	��B�IF�D=ECJEFK���L�,>� #$�2' ��MN9�OPQR GGST�-+��-��> U!���#$�'V#UW(�1��X����2(�U�&X���%�Y�(�;%'�Z+��-Q������>�1!��!%�CI3���:!�X�2�[A�+\���> �
:#�]%��2��!������!�̂!��!%��,�����-9 �J=JCG__;̀ ���������,��H�:!�!%�#%%!��B��/��I���/�:!�!%��!������*!B��*@X/�I��a<<<�0@X/\-	��> CEG�����b,���-��	A��	���> =�F����������+�,Q-,\�	�bZ�>���# \�8�����cdefg�OhR �5ei�,�jej8e�e8��OhMR \�8�����cdefg�OhR �5ei�,�jej8e�e8��OhMR \�8�����cdefg�OhR �5ei�,�jej8e�e8��OhMR�DJ C � <EDC�� <�D�E ���DE�� ��=D== ���D��� C � JJD��� ��JD�F JFD��� ���DC� ��FDGC�DJ C � G�D=�� <GDF< GCDE�� <<DGC <EDE�� C � ��D=�� FED<� �GDG�� F<D�� FFD�JG C � �=D�=� <<D�= �=DFJ� ���DJ� ���DFCJ C � ��D�J� ��=DE= ��D�C� ��ED�< ���D<G= �� E FD��� ���D�C <D<�� �G�DEJ ���DC��� �� E =D��� �GCDG= =DCJ� �C�DE� �GFDC<�J �� E JD�<� �CED�C JD�E� �J�D�G �CFDJ<�� ��k E GDFF� �CFDJC GDF�� �CED�C �C=DG<G� ��k E �DEC� �J�DE� �DE�� �J�DCJ �J�D�GCJ ��k E �D=E� �J�DE� �DF=� �E�D�F �JEDGC=� ��k E �DG�� �=EDF= �DG�� �=JDJG �=ED����� ��k Ek �D��� �<GDGG �D��� �<GDGG �<GDGG�J� ��k Ek �D=�� ��GDFE �DE<� �<FD�� ���D<<��� ��k Ek �DC<� �F=DJ< �DJ�� �<JD�C �<�DC�l��!�B

]!�!%�$��0!�*X��m��X!��!����!�� D
nopqrst�uqppv�wxty�zqs{p|}�~�nqxp��ty���qst�us�t}xpr�����ps}p|�tx|����p�sq}�~����ptyx��u�̂��$��%%�'�$!�&�X����G���/!���X!� %��!�� �*��&D��̂X!��  �%!���%!��������'����*�$*$��!2����&��X!�m�$$�Y��&�!������B�%��� ���� �*��&��DG�CF(�YX!%!�$������!/�*���!%���m!!�����/!�!%�D��1!��!%��%%�'��%�!'��Y!%!� !%m�%/!2�&!�!%�$$'�����**�%2��*!�Y��X�)


���2�F�I������)


�]�2!�m�%�:!��%��&�
�%�X��!��������'(�]%��2�)/ !2��*!���2�
�%�X��%m�*!�3��!����$���m���]%��2��&��'��!/D����2���̂ :�]IJ=D

+,-b��Nc7efg�O�8R� +,-b����	�+�L�O�f7��jR +,-b��+�	�+�L�O�f7��jR �++�,���������,�����,���������Z���K ��� ����cg���5ei�,�jej8e�e8��OhMR

�-���,���������Z�\���A,\����	�����L���



��������	���
�����������������������������	�����������������������������������������	

� !"#$%�&"!!'�()%*�+"$,!-.�/!-.")-0/�1!#)#.)2).3��45"2!3�0.��1�456#.0.)$%�

7877
97877
:77877
:97877
;77877
;97877

7 97 :77 :97 ;77 ;97

<==>?@AB�CD@EB?FE>D�G@HFH
BFIFBJ�KLMN

O?PQ@�R=>EFAS�KTBN�UVWXVY



� ��������������������������������������

������������	��
����	������	�����������������������������������������
��������	�����	�����	�������� �!"���#�$!��$�%&'�����()*!�+�*��$��,-./�

�01.2�3&�!�4$!&�*�3&55&��6����5&��7�38�-099,�:�#;�����-<9=---=-<1<�>4?;����-<9=---=//1.���@&A �&!"��5)*4B$&5����������������� �CDEF�GHIJKLF�CMJNIO�IKIJCDP�QJIIR�SEPT�ULJK�VJDWIQG�PILJ�XIFFINMIY�DHED� Z[\�]̂_̀�����abcdebcf�ghbi� �JJQ�Vjklm�n�Iolmpq�rstu�Tjmvw�Fxol�Jjyoz�Jj{|Y�G}�~s��������������cf���i� ��IDGHIJK�MCLY�FFQ��



�

� ��

�������	
���������������������������������������������������������������������������������������������������������� �����������!"#$%&'�
$##(�)*'+�,-$"�.$&/#01�'#-$�2#33#45#6��7*&8����
�
&"9-'*#%�����������������������������������������������������������������������������������:��;�������������������������������������<�� ������������<������������������������������������������� ��=���������������������>�������������������:�����,*#3+��#%1*'?�-'+�@&*3�@-"93*'?A��;��������������������������������������������BCD���������������������� ���������E���������FF��<��GFH�I�-J3#�KL:�����������������<��� ��=���������������������MN��������������N�����������������������������������������������������������<�O�����MN����� ����������:�P��������<����������������������������<����������������������������������������������Q������������=��:��;������������������������������������ ����
:��P�N��������������������������� ������������������������������������������������������������ �����������RSTUVSWX��.YZ[\\\���������������� ���������������:��������������������������������������������������������P]]]�̂ ��������B�!!!�__[Z[\K̀D:��a� ����������������������������������������������������������Y@�b:��;���������������������������������������������������������������������������������:�c��������������������������������������������E�:�:���������������� ����������������������������<����������������B�������D<���������������<����������������������<����:<������������� ���������������������������������:�;��������<������������������������������������������������������ �� �������������������>���������������:��dVS�eUUefVSg�UehiS�jWSkSlU�mefUnei�olmTWXeUoTl�Tl�UVS�knhknWmefS�fTlgoUoTlk�eU�UVS�kjSfomof�USkU�joU�iTfeUoTlkp�lT�qeWWelUSS�ok�SrjWSkkSg�TW�oXjioSg�UVeU�XeUSWoeik�TW�fTlgoUoTlk�TUVSW�UVel�UVTkS�gSkfWohSg�Xes�lTU�hS�SlfTnlUSWSg�eiTlt�UVS�fehiS�WTnUSu���v-J&$-1&$w��#%1*'?A����;���������������������� ��xxy����������������z{|}~�����~|�|}�|�����}�z�~|����z|�z��������H�����������cc��������� �����:��;�����������������������������������������P]]]����������MM�N�GF�:��;����������������������������-J3#�[�����������������������������������������������,*?5$#�K8�����
&""#'1%A����Y"J*#'1��#"9#$-15$#A��P�N����������������������������������������������������������������� ������������������������������������:����������������������������<������� ���������������������������������������E����������������������������:��;���������� ����=����������������������������� ��������:�������������������� ��� ��������������� ����ONM���:<����������������� �����C��y������������:��



�

� ��

��������	�
���������	���	�	��	
������������	�������������������	������������������
�������������������������� ���������!�"�������������	������
����������
����������������	������������������������������	�������������	������#���$%&'(&�)*+,'),�-(�./�0*-�1'2&�'+0�3-&(,.*+(�*4�./�5&�)'+�6&�*/�/-4,1&4�'((.(,'+)&7��89:;<9=>�?@A����B.C&(1�$',&%��



�

� ��

��������	�
�������������������������� ��������� ���������� ��������������� ��������������� !�� "�	�������#���������$��%�� !	&�'(�� ��!���&#�������)*�+�,�-)+./0� �,1,23.24� +5415232.6� 4� .12� .4� 789:;�<=>�?@=A�:B�C=;D�-?E0�/� .1F� 63��� .1/� 6F�)*�+�4�-)+�50� �,1,6�33�� +5415,,/3�� 4� .16� .3� 789:;�GH=;�?@=A�:B�C=;D�-?G0�/� 31.� .F��� 31,� ./�)*�+�/� �,142F55/� +5413556,3� 4� 615� .2� GIJK>�789:;�GH=;�?@=A�:B�C=;D�-?G0�/� .1.� 6F��� .1,� 65�)*�+���-)+250� �,1/,..,/� +54133.232� 4� .16� �5� L=8M�789:;�C=;DA�GH=;�?@=A�-?G0�/� 313� 62��� 31�� 6,�)*�+�6�-CNO0� �,14.5F4�� +5413.63�F� 4� .12� .6� L=8M�789:;�GH=;�?@=A�:B�C=;D�-?G0�/� .1F� .���� .1/� .4����� ������P�	�����#���#%������������Q������"���R�PS	TS�� ��&#����������!�� ���#���������$��%�� !	&�'(�� U����#��!���������V�� �#%������%����'��W��(��� �#%�)*�+�,�-)+./0� 789:;�<=>�?@=A�:B�C=;D�-?E0� 3�� 44,� 4,� F6�)*�+�4�-)+�50� 789:;�GH=;�?@=A�:B�C=;D�-?G0� F2� 4./� ,6� F5�)*�+�/� GIJK>�789:;�GH=;�?@=A�:B�C=;D�-?G0� 52� 4/�� ,.� FF�)*�+���-)+250� L=8M�789:;�C=;DA�GH=;�?@=A�-?G0� .2� ,35� ,3� ,2��)*�+�6�-CNO0� L=8M�789:;�GH=;�?@=A�:B�C=;D�-?G0� 3F� 4�.� 4,� F/�� �����



�

� �� �



�����������	
������������������	
�����
�������������������� �!! � ����

"##$%&'(�)�



��������	��
��������
�������������������

����������������������
���������������������

���� ��
 !� ��"�

�#$� % ��
�����&��&��&'�

&�('���('������
('���(

'���(')(
*+,�-.�/

0000*1,
0000

000000
0000

1/�-.�2
0000*1,

*345,00
,6,,200

000000
/2�-.�*,

0000*1,
437,,00

,6,,800
000000

8*,�-.�*4
0000*/,

0000
00*1,3,,,*3,,

,1,,6,,,4
4*4�-.�1,

0000*/,
0000

00*1,3,,,*3,,
,1,,6,,,4

9.-:;<+=>>:?�/�@:
:-�.@�;.AB�;C.DBE�F:�G:H

B:I-:E�ED:�-.�;:J;.GJB
�K.A;-D?:�ICJGH:6

��������	L�
�����&����
�������M�������������

N�������������������
���������������������

�� ��O #�&P '�&�('������('�
��('���(

*+,�-.�/
*1,000

00000
00

1/�-.�2
*1,00*34

5,001675
*1

/2�-.�*,
*1,00437

,,001675
1,,

8*,�-.�*4
*/,/*0

013,,,00
00

4*4�-.�1,
*/,/*0

013,,,00
00

��������	Q�
�RN��� 	
�MSN��� 	��#�&P����

���������������������
��������

*+,�-.�/ 1/�-.�2 /2�-.�*, 8*,�-.�*4 4*4�-.�1, 9.-:;<
00

TUVWX
00

����� ���������Y� '����(
��������������

%�'�&�(
T.@-�ZBJ[�\*] T-A@@�ZBJ[�̂_.�̀?::�aJ

-:?�\/]
T-A@@�ZBJ[�̂_.�̀?::�aJ

-:?�\/] a:Jb�c.Ib�\7] a:Jb�c.Ib�\7]
/8,

����� ���������Y� '����(
"���������d�#�&P� ��������&�����

����ef g����� '���h�M��(
����h�����"���� �P���N��&����� 'N�iL	 ('�(� '���(������������� R�������'P��(

�% �
0000 jklmnop�qmllr�stpu

�vmowlxy�z�jmtl�{pu�|}
mop�qo}pytln~���to �������������������

�������������
00 4, 4,

\1] �V�KAGAKDK�F.GE�B:G
H-C�.@�*,�@::-�AG�F:E?.I

b�JGE�*4�@::-�AG�;.AB;�A;
�?:I.KK:GE:E6��X;-AK

J-:E�F.GE�;-?:GH-C�J?:
�@.?�H?J�A-[�H?.D-�JGIC.

?;6��ccZ�?:I.KK:GE;
�H?.D-�JGIC.?�IJ>JIA-A:

;�F:��:?A@A:E�F[�>DBB0.D
-�

-:;-6�:;AHG�E:>-C�-.�H?.DGÊ
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