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This Texas Oil Spill Planning and Response Atlas contains maps and associated data to be
used in oil spill planning and response on the upper Texas coast (from the Texas-Louisiana
border to the mouth of the Colorado Rriver). These maps are the combined results of recent
mapping and data collection efforts by the Texas General Land Office (GLO) in cooperation
with other parties.  These efforts include the Habitat Priority Protection Area mapping
project, Environmental  Sensitivity  Index  (ESI)  mapping project, the Texas Coastal Natural
Resource Inventory (NRI), and other GIS-related data acquisition efforts.  Some of these
projects are summarized below.

This atlas has been created to aid spill responders in making planning and response judg-
ments and has been designed to present relevant data without giving the responder too
much information.

The GLO makes no representations or warranties regarding the accuracy or completeness
of data or information in this atlas, which is designed solely for use in oil spill planning and
response.  Maps in this atlas are not suitable for navigation,  and  do not purport to accu-
rately delinate boundaries between private and public land.  The habitat priority protection
area information and  biological  resource data are general and are not meant to replace on-
site evaluation.  The absence of resources or other map features on the response maps
does not necessarily indicate that they are not present.

All data on the maps are stored in digital form in a Geographic Information System (GIS)
maintained at the GLO.  Some data are to be revised periodically by personnel in the GLO
GIS Division.  For further information, contact the GLO GIS Division at (512) 463-5257.

Creation of this Atlas was supported jointly by the GLO Oil Spill Prevention and Response
Division and the National Oceanic and Atmospheric Administration (NOAA) Hazardous Ma-
terials Response and Assessment Division.  Project managers were Robert Martin, State
Scientific Support Coordinator, and Lee A. Smith, Director of GIS, of the GLO and Robert
Pavia, Chief of Scientific Support Coordination, of NOAA.

The documents and maps that form the basis of the habitat priority protection area layer
were compiled by personnel with the Texas Parks and Wildlife Department (TPWD)
Resource Protection Division led by Anne H. Walton.  David R. Sager and Donald E. Pitts,
Jr. of TPWD Resource Protection Division provided project oversight.

Biological resource data were collected as part of the Environmental Sensitivity Index (ESI)
mapping project, involving a series of projects and workshops with leading experts on the
Texas coast.  Participants included personnel with the GLO,TPWD, U.S. Fish and Wildlife
Service (USFWS), National Marine Fisheries Service, Texas A&M University-Galveston,
and a number of other entities.  ESI shoreline habitat classifications were mapped by Robert
A. Morton and William A. White of the University of Texas Bureau of Economic Geology
(BEG).  David Bezanson and Sterling Harris of GLO GIS Division collected and assimilated
the biological data used in the atlas.  Lee A. Smith and Robert Martin managed both the ESI
and the habitat priority protection area projects for the GLO.  Additional support for ESI
mapping projects in Texas is being provided by the U.S. Minerals Management Service
(MMS) in conjunction with Louisiana State University's Center for Coastal Energy and Envi-
ronmental Resources Program.

Under contract to NOAA, Research Planning, Inc.'s, (RPI) participation in the ESI mapping
project included Jacqueline Michel, Miles O. Hayes and Jeffrey Dahlin as the project
scientists, Joanne Halls as the project GIS manager, and E. Lee Dively, III who was respon-
sible for data automation and organization.  Field checking of the shoreline classification
was conducted by Miles Hayes in conjunction with Robert Morton of the BEG.  Dot Zaino
prepared the ESI project documentation.

Some data in this atlas were collected as part of the Texas Coastal Natural Resource Inven-
tory (NRI).  Support for the NRI was provided by the Texas Natural Resource Inventory
Trustees, which include the GLO, TPWD, and the Texas Natural Resource Conservation
Commission.

Design and cartographic production of the atlas was conducted by David Bezanson, Ron
Florence, Sterling Harris, Steven Marquardt, Lee A. Smith, and Marit Tenfjord of the GLO
GIS Division.  Publication preparation was provided be Leo S. Loza.  Cover art was created
by Alex Rodriguez of the GLO Graphics Division. 
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&RPSRQHQWV�RI�WKH�´+DELWDW�3ULRULW\�3URWHFWLRQ�$UHD�/D\HU�µ�¶(QYL�
URQPHQWDO�6HQVLWLYLW\�,QGH[�/D\HU�µ�´%LRORJLFDO�5HVRXUFHV�/D\HU�µ
DQG�FHUWDLQ�PHWDGDWD�UHVRXUFHV�ZHUH�EDVHG�SULPDULO\�RQ�DHULDO�SKR�
WRJUDSK\�DQG�VDWHOOLWH�LPDJHU\�DQG�UHIOHFW�RQO\�WKH�SHUFHLYHG�FRQGL�
WLRQV�DW�WKH�LQVWDQW�RI�WKH�LPDJHU\�RU�SKRWRJUDSK\��ZLWK�OLPLWHG
JURXQG�WUXWKLQJ���,Q�VRPH�DUHDV��WKH�ODQG�ZDWHU�LQWHUIDFH�LV�KHDYLO\
GHSHQGHQW�RQ�VHDVRQDO�DQG�ORQJ�WHUP�WLGDO�YDULDWLRQV��DQG�RQ
ZHDWKHU�FRQGLWLRQV�DW�WKH�WLPH�RI�WKH�SKRWRJUDSK�RU�LPDJH���7KH�LQ�
WHUSUHWHG�OLPLWV�RI�LQXQGDWLRQ��DQG�WKHUHIRUH�WKH�LQWHUSUHWHG�UDQJH�RI
´WLGDO�PXG�IODWV�µ�´PDUVK��ZHWODQG�µ�´LQXQGDWHG�DUHDV�µ�´LQWHUPLWWHQW
ZDWHU�ERG\µ�DQG�´VXEPHUJHG�DTXDWLF�YHJHWDWLRQµ�LQ�WKH�PDSV
ZKLFK�IROORZ��PD\�WKHUHIRUH�EH�VXEMHFW�WR�ZLGH�YDULDWLRQ�

8VH�RI�WKH�WHUP�´VKRUHOLQHµ�KHUHLQ�GRHV�QRW�UHIHU�WR�WKH�ERXQGDU\

EHWZHHQ�SXEOLF�DQG�SULYDWH�ODQG��QRU�GRHV�LW�UHIHU�WR�WKH�SODFH�WLGH�
ZDWHUV�LQWHUVHFW�XSODQG�SURSHUW\���´6KRUHOLQHµ�DV�XVHG�KHUHLQ�UHIHUV
WR�DUHDV��GHVFULEHG�E\�SRO\JRQV��DORQJ�WKH�7H[DV�FRDVW�ZKLFK�LQ�
FOXGH�KDELWDWV�OLVWHG�LQ�WKH�´(QYLURQPHQWDO�6HQVLWLYLW\�,QGH[�µ��2QO\
WKH�GHILQLWLRQV�DQG�GHVFULSWLRQV�FRQWDLQHG�KHUHLQ�ZLWK�UHJDUG�WR�´(Q�
YLURQPHQWDO�6HQVLWLYLW\�,QGH[µ�FODVVLILFDWLRQV�VKRXOG�EH�DVFULEHG�WR
WKH�OLVWHG�VKRUHOLQH�KDELWDWV���´5LSDULDQ�=RQHµ�GHVLJQDWLRQV�ZHUH
PDGH�ZLWKRXW�EHQHILW�RI�VFLHQWLILF�WHVWLQJ�IRU�WLGDO�LQIOXHQFH�DQG
VKRXOG�QRW�EH�XVHG�WR�LGHQWLI\�WKH�OLPLWV�RI�FRDVWDO�SXEOLF�ODQGV�
´6SRLO�'HSRVLWVµ�LQGLFDWHG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�IXOO�H[WHQW
RI�VXFK�IHDWXUHV�DQG�VKRXOG�QRW�EH�XVHG�DV�DQ�LQGLFDWLRQ�RI�IDVW
ODQG��QRU�WKH�GHPDUFDWLRQ�EHWZHHQ�XSODQGV�DQG�FRDVWDO�SXEOLF
ODQGV���6SRLO�GHSRVLWV�H[LVW�ZKLFK�PD\�QRW�EH�VKRZQ�RQ�WKHVH�PDSV�
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KDELWDW�SULRULW\�SURWHFWLRQ�DUHD�OD\HU�LV�LQWHQGHG�WR�DLG�UHVSRQGHUV�LQ
HVWDEOLVKLQJ�VKRUHOLQH�SURWHFWLRQ�SULRULWLHV��7KLV�LQIRUPDWLRQ�VKRXOG
EH�XVHG�LQ�WKH�LQLWLDO�VWDJHV�RI�D�VSLOO�ZKHQ�D�UHVSRQGHU�QHHGV�JXLG�
DQFH�LQ�VHWWLQJ�SURWHFWLRQ�SULRULWLHV�IRU�VHQVLWLYH�DUHDV�SULRU�WR�WKH�DU�
ULYDO�RI�ORFDO�ELRORJLFDO�H[SHUWV��2QFH�RQ�VFHQH��ORFDO�H[SHUWV�FDQ
XVH�WKH�PDSV�DV�D�VWDUWLQJ�SRLQW�WR�EH�PRGLILHG�EDVHG�RQ�UHFHQW
ILHOG�REVHUYDWLRQV�DQG�H[SHULHQFH��IRU�H[DPSOH��VKLIWV�LQ�QHVWLQJ�OR�
FDWLRQV�RU�IHHGLQJ�DUHDV�ZKLFK�FDQQRW�EH�FDSWXUHG�LQ�D�VWDWLF�PDS
IRUPDW���7KH�GDWD�DOVR�SURYLGH�D�VRXUFH�RI�LQIRUPDWLRQ�IRU�PDNLQJ
DUHD�DQG�IDFLOLW\�FRQWLQJHQF\�SODQV��

$�VLPSOH�UDQNLQJ�VFKHPH��KLJK��PHGLXP��ORZ��LV�XVHG�WR�SULRULWL]H
DUHDV�IRU�SURWHFWLRQ�IURP�RLO���$Q�DGGLWLRQDO�FDWHJRU\��FDXWLRQ�DUHD�
GHVFULEHV�DUHDV�ZKHUH�FDXWLRQ�VKRXOG�EH�H[HUFLVHG�LQ�PRYLQJ�YHV�
VHOV�DQG�HTXLSPHQW�GXH�WR�SUHVHQFH�RI�VHQVLWLYH�UHVRXUFHV��VXFK
DV�VHDJUDVVHV��RU�VSHFLHV�VXFK�DV�7H[DV�GLDPRQGEDFN�WHUUDSLQ�

7KH�*/2�FRQWUDFWHG�ZLWK�WKH�7H[DV�3DUNV�DQG�:LOGOLIH�'HSDUWPHQW
�73:'��WR�FRPSLOH�WKLV�GDWD�OD\HU�IRU�IRXU�7H[DV�ED\�V\VWHPV��,QIRU�
PDWLRQ�ZDV�FROOHFWHG�LQ���������XVLQJ�D�FRQVHQVXV�DSSURDFK
DPRQJ�ORFDO�H[SHUWV�DWWHQGLQJ�D�VHULHV�RI�ZRUNVKRSV��5HVXOWV�IURP
WKH�6DELQH�/DNH�DQG�*DOYHVWRQ�%D\�DUHD�ZRUNVKRSV�DUH�FRQWDLQHG
LQ�WKLV�DWODV��3DUWLFLSDQWV�LQ�WKH�ZRUNVKRSV�ZHUH�VHOHFWHG�IRU�WKHLU�H[�
SHUWLVH�ZLWK�WKH�ED\�V\VWHP�LQ�TXHVWLRQ��DQG�LQFOXGHG�UHSUHVHQWD�
WLYHV�IURP�VWDWH�DQG�IHGHUDO�DJHQFLHV��DFDGHPLD��LQGXVWU\��DQG
HQYLURQPHQWDO�JURXSV��DV�ZHOO�DV�ILVKLQJ�JXLGHV�DQG�VSLOO�UHVSRQVH
SHUVRQQHO��

$W�WKH�ZRUNVKRSV��SDUWLFLSDQWV�RXWOLQHG�WKH�GLVWULEXWLRQ�RI�LPSRUWDQW
FRDVWDO�UHVRXUFHV�RQ�8�6��*HRORJLFDO�6XUYH\��86*6�����
�WRSR�
JUDSKLF�TXDGUDQJOH�PDSV��3ULRULW\�UDQNLQJ�IRU�QDWXUDO�DUHDV�ZDV�GH�
WHUPLQHG�E\�FRQVHQVXV��7R�HQFRXUDJH�HIILFLHQW�PDSSLQJ�DQG
GHFLVLRQ�PDNLQJ��VPDOO�JURXSV�ZHUH�RUJDQL]HG�WR�DGGUHVV�VSHFLILF
UHVRXUFH�WKHPHV��7KHVH�UHVRXUFH�WKHPHV�ZHUH��ZHWODQGV�DQG�VXE�
PHUJHG�DTXDWLF�YHJHWDWLRQ��ELUGV�DQG�RWKHU�KLJKHU�YHUWHEUDWHV��R\V�
WHUV�DQG�FODPV��DQG�QXUVHU\�DUHDV�DQG�ILVKLQJ��0RGHUDWRUV�IRU�HDFK
JURXS�RI�H[SHUWV�JXLGHG�WKH�SURFHVV��ZKLOH�UHFRUGHUV�GRFXPHQWHG
WKH�GLVFXVVLRQV�DQG�GHFLVLRQV�PDGH�E\�WKH�H[SHUWV�

([SHUWV�GHOLQHDWHG�KDELWDWV�DV�SRO\JRQDO�DUHDV�RQ�PDSV�DQG�DV�

VLJQHG�KDELWDW�TXDOLW\�GHVLJQDWLRQV�EDVHG�RQ�TXDOLW\�RI�QDWXUDO�UH�
VRXUFHV�LQ�WKH�DUHD��QXPEHU�RI�IXQFWLRQV�LQ�WKH�QDWXUDO�FRPPXQLW\
�IRU�H[DPSOH��D�ZHWODQG�DUHD�PD\�DOVR�VHUYH�DV�D�QXUVHU\��DV�KDEL�
WDW�IRU�HQGDQJHUHG�VSHFLHV��DQG�EH�KHDYLO\�XVHG�E\�RWKHU�VSHFLHV�
DQG�WKH�DUHD
V�DELOLW\�WR�FRQWULEXWH�WR�UHVWRUDWLRQ�RI�VLPLODU�KDELWDWV
GDPDJHG�E\�D�VSLOO��7KHVH�TXDOLW\�YDOXHV�DUH�JLYHQ�IRU�HDFK�SRO\�
JRQ��RUJDQL]HG�E\�TXDG��LQ�WKH�GDWD�VXSSOHPHQW�RI�WKLV�DWODV��7KH
VHSDUDWH�UHVRXUFH�WRSLF�PDSV�ZHUH�FRPELQHG�LQWR�D�VLQJOH�VXP�
PDU\�PDS�IRU�HDFK�TXDGUDQJOH�

$JDLQ�XVLQJ�D�FRQVHQVXV�DSSURDFK��KDELWDW�SRO\JRQV�ZHUH�UHILQHG
DQG�SULRULWLHV�ZHUH�DVVLJQHG�E\�D�FRPPLWWHH�RI�RLO�VSLOO�H[SHULHQFHG
ELRORJLVWV�IROORZLQJ�WKH�JXLGDQFH�SURYLGHG�E\�WKH�ZRUNVKRS�SDUWLFL�
SDQWV��,Q�WKLV�SURFHVV��KDELWDW�TXDOLW\�GHVLJQDWLRQV�ZHUH�UHGXFHG�WR
WKH�WKUHH�KDELWDW�SULRULW\�UDQNLQJV��KLJK��PHGLXP��DQG�ORZ��DQG�RQH
VSHFLDO�FDWHJRU\��FDXWLRQ�DUHD���7KH�FRPPLWWHH�DVVLJQHG�WKHVH
UDQNLQJV�EDVHG�XSRQ�����XQLTXHQHVV�RI�UHVRXUFHV������WKH�QXPEHU
RI�UHVRXUFHV�SUHVHQW��DQG�����WKH�TXDOLW\�RI�WKH�UHVRXUFHV��5DUH�
WKUHDWHQHG�RU�HQGDQJHUHG�VSHFLHV�UHFHLYHG�KLJK�SULRULW\��0XOWLIXQF�
WLRQDO�V\VWHPV��VXFK�DV�SULPH�ZHWODQGV�WKDW�DUH�DOVR�\HDU�URXQG
ELUG�KDELWDW�DQG�QXUVHU\�DUHDV��UHFHLYHG�KLJKHU�SULRULW\�WKDQ�SULPH
DUHDV�IRU�RQO\�RQH�UHVRXUFH��7KRXJK�QDWXUDO�UHVRXUFHV�DUH�SUHVHQW
WKURXJKRXW�WKH�ED\�V\VWHP��RQO\�SULRULW\�DUHDV�DUH�VKRZQ�

7KH�KDELWDW�SULRULW\�UDQNLQJV�DQG�FDXWLRQ�DUHDV�DUH�SUHVHQWHG�DV�WKH
SULRULW\�SURWHFWLRQ�DUHDV�RQ�WKH�PDSV��$�VXPPDU\�RI�KDELWDW�TXDOLW\
GHVLJQDWLRQV�DQG�RWKHU�IDFWRUV�FRQWULEXWLQJ�WR�WKH�SULRULW\�UDQNLQJV
LV�SURYLGHG�LQ�WKH�GDWD�VXSSOHPHQW�

7KH�KDELWDW�SULRULW\�SURWHFWLRQ�DUHD�LQIRUPDWLRQ�LV�QRW�LQWHQGHG�WR�UH�
SODFH�WKH�LQSXW�RI�WKH�WUXVWHH�DJHQFLHV�RU�RWKHU�ORFDO�H[SHUWV�GXULQJ
DQ�RLO�VSLOO��7KH�JXLGDQFH�RI�ORFDO�H[SHUWV�LV�QHFHVVDU\�LQ�RUGHU�WR
REWDLQ�FXUUHQW�DQG�DFFXUDWH�LQIRUPDWLRQ�RQ�FRDVWDO�QDWXUDO�UH�
VRXUFHV��$OVR��WKLV�OD\HU�GRHV�QRW�LQFOXGH�DOO�QDWXUDO�UHVRXUFHV�RU
KDELWDWV�SUHVHQW��EXW�RQO\�SULRULW\�DUHDV��$FFXUDF\�RI�WKLV�GDWD�LV
JHQHUDO��WR�IDFLOLWDWH�XVH�RI�WKH�LQIRUPDWLRQ�GXULQJ�D�VSLOO�DQG�EH�
FDXVH�QDWXUDO�UHVRXUFHV�YDU\�LQ�ORFDWLRQ�DQG�DEXQGDQFH��7KH�KDEL�
WDW�SULRULW\�LQIRUPDWLRQ�ODFN�VXIILFLHQW�GHWDLO�DQG�DFFXUDF\�IRU�XVH�DV
WKH�EDVLV�RI�D�FRPSOHWH�QDWXUDO�UHVRXUFH�GDPDJH�DVVHVVPHQW�
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���(19,5210(17$/�6(16,7,9,7<�,1'(;�/$<(5 � $V � D
SDUW�RI�WKH�(QYLURQPHQWDO�6HQVLWLYLW\�,QGH[��(6,��0DSSLQJ�3URMHFW
VXSSRUWHG�MRLQWO\�E\�WKH�*/2�DQG�1DWLRQDO�2FHDQLF�DQG�$WPR�
VSKHULF�$GPLQLVWUDWLRQ��12$$���LQWHUWLGDO�KDELWDWV�RI�WKH�XSSHU�FRDVW
RI�7H[DV�ZHUH�PDSSHG�LQ���������DQG�LQGH[HG�DFFRUGLQJ�WR�UHOD�
WLYH�VHQVLWLYLW\�WR�RLO��:KHUH�DSSURSULDWH��PXOWLSOH�KDELWDWV�ZHUH�GHOLQ�
HDWHG�IRU�HDFK�VKRUHOLQH�VHJPHQW��7KLV�PDSSLQJ�ZDV�FRQGXFWHG�E\
FRDVWDO�VFLHQWLVWV�ZLWK�WKH�8QLYHUVLW\�RI�7H[DV�%XUHDX�RI�(FRQRPLF
*HRORJ\��%(*��RQ�86*6����
�WRSRJUDSKLF�TXDGUDQJOHV�XVLQJ�D
FRPELQDWLRQ�RI�UHFHQW�DHULDO�SKRWRJUDSKV��ORZ�DOWLWXGH�FRORU�YLGHR
VXUYH\V�WDNHQ�LQ�������DQG�REOLTXH�FRORU�VOLGHV�WDNHQ�LQ�������7KH
PDSV�ZHUH�WKHQ�ILHOG�FKHFNHG�GXULQJ�RYHUIOLJKWV�DQG�JURXQG�VWD�
WLRQV�LQ�-XQH������E\�FRDVWDO�JHRORJLVWV�IURP�5HVHDUFK�3ODQQLQJ�
,QF���53,��DQG�WKH�%(*�

3UHGLFWLRQ�RI�WKH�EHKDYLRU�DQG�SHUVLVWHQFH�RI�RLO�LQ�LQWHUWLGDO�KDELWDWV
LV�EDVHG�RQ�DQ�XQGHUVWDQGLQJ�RI�WKH�G\QDPLFV�RI�WKH�FRDVWDO�HQYL�
URQPHQWV��QRW�MXVW�WKH�VXEVWUDWH�W\SH�DQG�JUDLQ�VL]H��7KH�YXOQHUDELO�
LW\�RI�D�SDUWLFXODU�LQWHUWLGDO�KDELWDW�LV�DQ�LQWHJUDWLRQ�RI�WKH�IROORZLQJ
IDFWRUV�

���6KRUHOLQH�W\SH��VXEVWUDWH��JUDLQ�VL]H��WLGDO�HOHYDWLRQ��RULJLQ�

���([SRVXUH�WR�ZDYH�DQG�WLGDO�HQHUJ\

���%LRORJLFDO�SURGXFWLYLW\�DQG�VHQVLWLYLW\

���(DVH�RI�FOHDQXS

.H\�WR�WKH�VHQVLWLYLW\�UDQNLQJ�LV�DQ�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQ�
VKLSV�EHWZHHQ�SK\VLFDO�SURFHVVHV��VXEVWUDWH��VKRUHOLQH�W\SH��SURG�
XFW�W\SH��IDWH�DQG�HIIHFW��DQG�VHGLPHQW�WUDQVSRUW�SDWWHUQV��7KH
LQWHQVLW\�RI�HQHUJ\�H[SHQGHG�XSRQ�D�VKRUHOLQH�E\�ZDYH�DFWLRQ��WLGDO
FXUUHQWV�DQG�ULYHU�FXUUHQWV�GLUHFWO\�DIIHFWV�WKH�SHUVLVWHQFH�RI
VWUDQGHG�RLO��7KH�QHHG�IRU�VKRUHOLQH�FOHDQXS�DFWLYLWLHV�LV�GHWHUPLQHG
LQ�SDUW�E\�WKH�VSHHG�RI�QDWXUDO�SURFHVVHV�LQ�UHPRYDO�RI�RLO�VWUDQGHG
RQ�WKH�VKRUHOLQH�

7KH�(6,�UDQNV�VKRUHOLQH�HQYLURQPHQWV�DV�WR�UHODWLYH�VHQVLWLYLW\�WR�RLO�
SRWHQWLDO�ELRORJLFDO�LQMXU\�DQG�HDVH�RI�FOHDQXS��*HQHUDOO\�VSHDNLQJ�
DUHDV�H[SRVHG�WR�KLJK�OHYHOV�RI�SK\VLFDO�HQHUJ\��ZDYH�DFWLRQ�DQG
WLGDO�FXUUHQWV��DQG�ORZ�ELRORJLFDO�DFWLYLW\�UDQN�ORZ�RQ�WKH�VFDOH�
ZKLOH�VKHOWHUHG�DUHDV�ZLWK�DVVRFLDWHG�KLJK�ELRORJLFDO�DFWLYLW\�KDYH
WKH�KLJKHVW�UDQNLQJ��7KH�IROORZLQJ�VKRUHOLQH�KDELWDWV�ZHUH�GHOLQ�
HDWHG�IRU�7H[DV��SUHVHQWHG�LQ�RUGHU�RI�LQFUHDVLQJ�VHQVLWLYLW\�WR
VSLOOHG�RLO�

1) Exposed walls and other solid structures made of con-
crete, wood, or metal

2A) Scarps and steep slopes in clay

2B) Wave-cut clay platforms

3A) Fine-grained sand beaches

3B) Scarps and steep slopes in sand

4) Coarse-grained sand beaches  (not present in study area)

5) Mixed sand and gravel (shell) beaches

6A) Gravel (shell) beaches

6B) Exposed riprap structures

7) Exposed tidal flats

8A) Sheltered solid manmade structures

8B) Sheltered riprap structures

8C) Sheltered scarps

9) Sheltered tidal fats

10A) Salt and brackish water marshes

10B) Freshwater marshes (herbaceous vegetation)

10C) Freshwater swamps (woody vegetation)

(DFK�RI�WKHVH�VKRUHOLQH�W\SHV�LV�GHVFULEHG�LQ�SDJHV�LY²[LL�LQ�WHUPV
RI�SK\VLFDO�GHVFULSWLRQ��SUHGLFWHG�RLO�EHKDYLRU��DQG�UHVSRQVH�FRQVLG�
HUDWLRQV��

7KH�%(*�FRPSOHWHG�(6,�PDSSLQJ�IRU�WKH�XSSHU�7H[DV�FRDVW�IURP
6DELQH�3DVV�WR�%URZQ�&HGDU�&XW�'UHVVLQJ�3RLQW��)RXU�PDS�SDJHV
LQ�WKH�0DWDJRUGD�DUHD�ZKLFK�DUH�RXWVLGH�WKH�%(*·V�SURMHFW�DUHD
�0DWDJRUGD��0DWDJRUGD�6RXWKZHVW��3DODFLRV�1RUWKHDVW��3DODFLRV
6RXWKHDVW��LQFOXGH�VPDOOHU�VFDOH�(6,�GDWD�SXEOLVKHG�LQ������LQ�WKH
7H[DV�:DWHU�&RPPLVVLRQ
V�&RDVWDO�5HJLRQ�6SLOO�5HVSRQVH�0DS�6H�
ULHV��7KH�OHJHQG�RQ�WKHVH�PDS�SDJHV�UHIOHFWV�WKH�VRPHZKDW�GLIIHU�
HQW�LQYHQWRU\�VFKHPH�XVHG�E\�WKH�7H[DV�:DWHU�&RPPLVVLRQ��$Q
LQLWLDWLYH�WR�PDS�(6,�DQG�ELRORJLFDO�UHVRXUFHV�LQ�WKH�PLGGOH�7H[DV
FRDVW�DUHD��0DWDJRUGD�%D\�WR�&RUSXV�&KULVWL�%D\��KDV�EHHQ�DS�
SURYHG�DQG�ZLOO�EH�FRQGXFWHG�LQ���������E\�WKH�*/2�DQG�%(*�ZLWK
VXSSRUW�IURP�WKH�8�6��0LQHUDOV�0DQDJHPHQW�6HUYLFH�DQG�/RXLVLDQD
6WDWH�8QLYHUVLW\�

����%,2/2*,&$/�5(6285&(6�/$<(5 ,Q����������WKH�*/2
FRPSLOHG�LQIRUPDWLRQ�GHQRWLQJ�NH\�ELRORJLFDO�UHVRXUFHV�WKDW�PD\
EH�DW�ULVN�LQ�WKH�HYHQW�RI�DQ�RLO�VSLOO�RQ�WKH�XSSHU�7H[DV�FRDVW��6SH�
FLHV�ZHUH�LQFOXGHG�HLWKHU�EHFDXVH�RI�OLNHOLKRRG�RI�LPSDFW�E\�D�VSLOO
RU�WKUHDWHQHG�RU�HQGDQJHUHG�VWDWXV��0DMRU�FDWHJRULHV�RI�ELRORJLFDO
UHVRXUFHV�FRQVLGHUHG�ZHUH�PDPPDOV��ELUGV��ILVK��UHSWLOHV�DPSKLEL�
DQV��VKHOOILVK�DQG�SODQWV��5HFRUGV�RI�VSHFLHV�LQFLGHQFH�DUH�EDVHG
RQ�FRQYHUVDWLRQV�ZLWK�ILHOG�H[SHUWV�UHSUHVHQWLQJ�QXPHURXV�HQWLWLHV�
LQFOXGLQJ�WKH�73:'��*/2��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��86):6��
1DWLRQDO�0DULQH�)LVKHU LHV�6HUYLFH��7H[DV�$	0�8QLYHUVL W\�
*DOYHVWRQ��+RXVWRQ�$XGXERQ�6RFLHW\��DQG�RWKHUV��2FFXUUHQFHV�RI
FHUWDLQ�ILVK�DQG�VKHOOILVK�VSHFLHV�DUH�EDVHG�RQ�VDPSOLQJ�GDWD�FRP�
SLOHG�E\�WKH�73:'�&RDVWDO�)LVKHULHV�'LYLVLRQ�

7KH�ELRORJLFDO�UHVRXUFHV�OD\HU�DOVR�LQFOXGHV�ORFDWLRQV�PDSSHG�LQ
WKH�7H[DV�1DWXUDO�+HULWDJH�3URJUDP��71+3��GDWDEDVH��ZKLFK�LQ�
FOXGHV�UHSRUWHG�ORFDWLRQV�RI�UDUH��HQGDQJHUHG�DQG�WKUHDWHQHG�VSH�
FLHV�DQG�SODQW�FRPPXQLWLHV��7KH�71+3�GDWDEDVH��PDLQWDLQHG�E\
WKH�73:'��FRQWDLQV�KLVWRULFDO�DQG�UHFHQW�UHFRUGV�DQG�PD\�LQ�VRPH
LQVWDQFHV�QRW�LQGLFDWH�FXUUHQW�SUHVHQFH�RI�D�VSHFLHV�

6SDWLDO�GLVWULEXWLRQ�RI�VSHFLHV�LV�UHSUHVHQWHG�RQ�WKH�PDSV�E\�LFRQV�
7KH�QXPEHU�XQGHU�HDFK�LFRQ�RU�JURXS�RI�LFRQV��RU�UHVRXUFH�DW�ULVN
QXPEHU��5$5180���UHIHUHQFHV�WKH�OLVW�RI�VSHFLHV�UHFRUGV�LQ�WKH�WDE�
XODU�GDWD�VXSSOHPHQW��RUJDQL]HG�E\�TXDG���/LVWLQJ�RI�D�VSHFLHV�LQGL�
FDWHV�WKH�SUHVHQFH�RI�D�VSHFLHV�LQ�WKH�DUHD�ZKHUH�WKH�LFRQ�LV
SODFHG��JHQHUDOO\�VSHDNLQJ��PRVW�VSHFLHV�ZLOO�EH�SUHVHQW�LQ�VLPLODU
KDELWDWV�WKURXJKRXW�WKH�TXDG��H[FHSWLRQV�LQFOXGH�VRPH�UDUHU�VSH�
FLHV��HVSHFLDOO\�SODQWV��PDSSHG�E\�WKH�71+3��

7KH�WZHQW\�VSHFLHV�LFRQV�XVHG�RQ�WKH�PDSV��FRORU�FRGHG�E\�JURXS
�PDPPDOV��ELUGV��UHSWLOHV�DPSKLELDQV��ILVK��VKHOOILVK��DQG�SODQWV��
UHSUHVHQW�VXEJURXSV�RI�VSHFLHV�EDVHG�RQ�EHKDYLRU�DQG�WD[RQRP\�
6XEJURXSV�RI�ELUG�VSHFLHV�LQFOXGH�GLYLQJ�ELUGV��JXOOV�WHUQV��SDVVH�
ULQH�ELUGV��ZKLFK�DUH�XQOLNHO\�WR�EH�LPSDFWHG�E\�D�VSLOO���SHODJLF
ELUGV��VKRUHELUGV��ZDWHUIRZO��ZDGLQJ�ELUGV��DQG�UDSWRUV��0DPPDO
VSHFLHV�LQFOXGH�PXVWHOLGV��PLQN�DQG�ULYHU�RWWHU��DQG�GROSKLQV��$OO
ILVK�DUH�UHSUHVHQWHG�E\�D�VLQJOH�LFRQ��6KHOOILVK�DUH�GLYLGHG�LQWR
FUDEV��VKULPS��ELYDOYHV�DQG�JDVWURSRGV��5HSWLOH�DPSKLELDQ�VXE�
JURXSV�DUH�DOOLJDWRU��WXUWOHV��DQG�RWKHU��LQFOXGLQJ�VQDNHV��IURJV�DQG
RWKHU�VPDOO�UHSWLOHV��DQG�DPSKLELDQV���3ODQW�VSHFLHV�DUH�GLYLGHG�LQWR
WZR�VXEJURXSV��VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��DQG�WHUUHVWULDO
�XSODQG�DQG�HPHUJHQW�ZHWODQG��SODQWV��6XEPHUJHG�DTXDWLF�YHJHWD�
WLRQ�LQFOXGHV�ERWK�VHDJUDVVHV��ZLGJHRQ�JUDVV��VKRDO�JUDVV��WXUWOH
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JUDVV��DQG�IUHVKZDWHU�6$9��VXFK�DV�DOOLJDWRUZHHG��ZDWHU�FHOHU\�
DQG�QDLDGV���:HWODQG�SODQWV�LQFOXGH�URRWHG�HPHUJHQW�YHJHWDWLRQ
�FRUGJUDVV��UXVKHV��FDWWDLOV��

&RORQLDO�ZDWHUELUG�URRNHU\�DUHDV�DUH�VKDGHG�RQ�WKH�PDSV�ZLWK�D
SXUSOH�YHUWLFDO�KDWFK�SDWWHUQ��2\VWHU�UHHIV�LQ�*DOYHVWRQ�%D\�DUH
VKRZQ�DV�SRO\JRQV�ZLWK�D�EOXH�VKDGH�SDWWHUQ�ZLWKRXW�LFRQV�RU�WDEX�
ODU�GDWD��7KLV�LQIRUPDWLRQ�ZDV�FROOHFWHG�E\�ELRORJLVWV�OHG�E\�(ULF
3RZHOO�RI�7H[DV�$	0�8QLYHUVLW\��6XEPHUJHG�DTXDWLF�YHJHWDWLRQ�DU�
HDV�FODVVLILHG�E\�WKH�86):6�1DWLRQDO�:HWODQGV�,QYHQWRU\�DUH�LGHQWL�
ILHG�RQ�WKH�PDSV�E\�XVH�RI�D�VHDJUDVV�V\PERO��2WKHU�VSHFLHV
RFFXUUHQFHV�DUH�UHSUHVHQWHG�E\�LFRQV�RQO\�

7KH�DEVHQFH�RI�D�VSHFLHV�LQ�WKH�OLVW�GRHV�QRW�QHFHVVDULO\�LPSO\�WKDW
WKH�VSHFLHV�LV�QRW�SUHVHQW�DW�D�JLYHQ�ORFDWLRQ��0DQ\�FRDVWDO�VSHFLHV
DUH�VR�XELTXLWRXV�RU�DEXQGDQW�WKDW�WKH\�DUH�QRW�PDSSHG��IRU�H[DP�
SOH��JXOOV�DQG�EODFN�VNLPPHU�DUH�RQO\�UHFRUGHG�ZKHUH�EUHHGLQJ
SRSXODWLRQV�KDYH�EHHQ�FRXQWHG���DQG�RWKHU�VSHFLHV�DUH�RIWHQ�LQGL�
FDWHG�RQO\�E\�JHQHUDO�FDWHJRU\��VXFK�DV�ZDWHUIRZO�DQG�ZDGLQJ
ELUGV���7KHVH�VSHFLHV�WHQG�WR�SRSXODWH�VLPLODU�KDELWDWV��DQG�DUH�RQO\
UHFRUGHG�LQGLYLGXDOO\�ZKHUH�EUHHGLQJ�RU�KLJK�FRQFHQWUDWLRQ�DUHDV�
*HQHUDOO\�FRPPRQ�VSHFLHV�DUH�UHFRUGHG�DW�FHUWDLQ�ORFDWLRQV�WR�LQGL�
FDWH�WKH�JHQHUDO�FKDUDFWHULVWLFV�RI�WKH�VLWH�

7KH�WDEXODU�GDWD�VXSSOHPHQW�LQ�WKLV�DWODV�FRQWDLQV�OLVWV�RI�VSHFLHV
IRXQG�DW�HDFK�ORFDWLRQ�DQG�OLIH�KLVWRU\�LQIRUPDWLRQ�IRU�HDFK�VSHFLHV�
7KH�OLIH�KLVWRU\�DQG�VHDVRQDOLW\�LQIRUPDWLRQ�LV�JHQHUDO�IRU�HDFK�VSH�
FLHV��KRZHYHU��DQG�GRHV�QRW�QHFHVVDULO\�LQGLFDWH�WKDW�WKH�VSHFLHV
EUHHGV�DW�D�VSHFLILF�ORFDWLRQ�RU�LV�SUHVHQW�DW�D�SDUWLFXODU�WLPH��0DQ\
ELUG�DQG�ILVK�VSHFLHV�PLJUDWH�DQG�PD\�QRW�EH�SUHVHQW�DW�D�ORFDWLRQ
WKURXJKRXW�WKH�\HDU�

7KH�GDWD�VXSSOHPHQW�OLVWV�WKH�5$5180�RI�WKH�ORFDWLRQ�VKRZQ�RQ
WKH�PDSV��IROORZHG�E\�WKH�QDPHV�RI�UHFRUGHG�VSHFLHV��7KH�WKLUG
DQG�IRXUWK�FROXPQV�GHQRWH�VSHFLDO�VWDWXV�RI�D�VSHFLHV��LI�DQ\��H�J��
HQGDQJHUHG��(��RU�WKUHDWHQHG��7��VWDWXV�DV�GHVLJQDWHG�E\�HLWKHU�WKH
VWDWH��6��RU�IHGHUDO�JRYHUQPHQW��)���6RPH�RWKHU�VSHFLHV�RI�VSHFLDO
FRQFHUQ��6&��LQ�7H[DV�DUH�DOVR�QRWHG���7KH�ILIWK�FROXPQ�JLYHV��IRU
VRPH�UHFRUGV��HVWLPDWHG�UHODWLYH�FRQFHQWUDWLRQ�RI�VSHFLHV�DW�WKH�OR�
FDWLRQ��+,*+�RU�/2:���7KHVH�HVWLPDWHV�DUH�VXEMHFWLYH�YDOXHV
EDVHG�RQ�HLWKHU�ORFDO�H[SHUW�RSLQLRQV�RQ�UHODWLYH�VSHFLHV�FRQFHQWUD�
WLRQV�LQ�WKH�DUHD�RU��IRU�VRPH�UHFRUGV�RI�ILVK�DQG�FUXVWDFHDQV��VDP�
SOLQJ�GDWD�FRPSLOHG�E\�WKH�73:'�&RDVWDO�)LVKHULHV�'LYLVLRQ�
6SHFLHV�LQ�FRORQLDO�ZDWHUELUG�URRNHU\�DUHDV�PD\�KDYH�QXPHULF�FRQ�
FHQWUDWLRQ�YDOXHV�GHQRWLQJ�WKH�QXPEHU�RI�QHVWLQJ�SDLUV�RI�WKH�VSH�
FLHV�FRXQWHG�GXULQJ������ELUG�FRXQWV�

7KH�VSHFLHV�VHDVRQDOLW\�LV�VKRZQ�LQ�WKH�QH[W�WZHOYH�FROXPQV�DV
SUHVHQW�RU�DEVHQW�IRU�HDFK�PRQWK��,I�WKH�VSHFLHV�LV�SUHVHQW�RQ�WKH
XSSHU�7H[DV�FRDVW�GXULQJ�D�PRQWK��DQ�´;µ�LV�SODFHG�LQ�WKH�PRQWK
FROXPQ��$Q�´;µ�GRHV�QRW�QHFHVVDULO\�PHDQ�WKH�VSHFLHV�LV�SUHVHQW�RU
DEXQGDQW�DW�WKH�ORFDWLRQ�DW�D�SDUWLFXODU�WLPH��IRU�H[DPSOH��PDQ\�ILVK
VSHFLHV�PLJUDWH�VHDVRQDOO\�IURP�LQVKRUH�DUHDV�WR�QHDUVKRUH�DUHDV��
7KH�ODVW�FROXPQV�JLYH�OLIH�VWDJH�VHDVRQDOLW\�IRU�WKH�VSHFLHV�LQ
7H[DV��$JDLQ��WKLV�LQIRUPDWLRQ�LV�JHQHUDO�IRU�WKH�VSHFLHV�LQ�VRXWK�
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Shoreline Habitat Descriptions
EXPOSED WALLS AND OTHER SOLID STRUCTURES MADE 
OF CONCRETE, WOOD, OR METAL                                            ESI = 1
DESCRIPTION

• These structures are solid, man-made structures such as
seawalls, groins, revetments, piers, and port facilities.

• Many structures are constructed of concrete, wood, or
metal.

• Often there is no exposed beach at low water, but multiple
habitats are indicated if present.

• They are built to protect the shore from erosion by waves,
boat wakes, and currents, and thus are exposed to rapid
natural removal processes.

• They are heavily utilized by the public for fishing.
• Attached animals and plants are sparse.

PREDICTED OIL BEHAVIOR
• Oil is often held offshore by waves reflecting off the

steep structures.
• Any oil that is deposited is rapidly removed from

exposed areas.
• The most resistant oil would remain as a patchy band at

or above the high-tide line.

RESPONSE CONSIDERATIONS
• Cleanup is usually not required.
• Access can be difficult and dangerous.
• High-pressure water spraying may be required to:

- remove persistent oil;
- improve aesthetics; or
- prevent leaching of oil from the structure.

SCARPS AND STEEP SLOPES IN CLAY                                 ESI = 2A
DESCRIPTION

• These shoreline types are created by eroding bluffs that
are cut by waves, thus they are steep and narrow.

• They may represent natural shoreline features, such as
the high clay bluffs along east Trinity Bay, or form along
dredge spoil deposits and the Intracoastal Waterway.

• The clay is usually hard-packed and stiff, with an
irregular, cracked surface.

• Attached animals and plants are vary sparse.
• There can be accumulations of wood debris and wrack at

the base of the scarp.

PREDICTED OIL BEHAVIOR
• Oil will not adhere to the clay surface because it is

impermeable, wet, and steep.
• Oil can penetrate in intertidal sediments, if present.
• Persistence of oil is usually short-term, except in crevices.

RESPONSE CONSIDERATIONS
• Cleanup is usually not required.
• Access and trafficability are usually poor.
• Where the high-water area is accessible, it may be

feasible to remove heavy oil accumulations and oiled
debris.
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WAVE-CUT CLAY PLATFORMS                                                 ESI = 2B
DESCRIPTION

• These shoreline types form by wave or boat wake erosion
of muddy substrates along navigation channels, the Gulf
shoreline, and bay shores.

• They are characterized by a narrow shelf or platform
that can be flooded depending on water levels.

• There can be burrowing animals in the mud.
• They are of very limited extent along the upper coast of

Texas, restricted to the vicinity of High Island, just west
of Sabine Pass, and at Sargent Beach.

PREDICTED OIL BEHAVIOR

• Oil will not adhere to the wet clay surface, but could
penetrate the burrows if present and dry.

• Persistence of oil is usually short-term, except in wave
shadows or where the oil was deposited high above
normal wave activity.

RESPONSE CONSIDERATIONS

• Cleanup is usually not required.
• Where the high-tide area is accessible, it may be

feasible to manually remove heavy oil accumulations and
oiled debris.

• The muddy substrate cannot support heavy equipment,
and even foot traffic could disrupt the sediments and mix
oil deeper.

FINE-GRAINED SAND BEACHES                                            ESI = 3A
DESCRIPTION

• These beaches are generally flat and hard-packed; along
the Gulf shore they are 50 - 100 meters wide, whereas
along bay shores they are approximately 15 meters wide.

• Though they are predominately fine sand, there is often a
small amount of shell or shell hash.

• There can be heavy accumulations of wrack present.
• They occur along most of the barrier islands and

peninsulas on the Gulf shore, and are common along south
Galveston Bay, East Bay, and large spoil islands of the
Houston Ship Channel.

• They undergo gradual erosion/deposition cycles.
• They are heavily utilized by birds for nesting, foraging

and loafing.
• Upper beach fauna include ghost crabs and amphipods;

lower beach fauna can be dense, but are highly variable.
PREDICTED OIL BEHAVIOR

• Light oil accumulations will be deposited as oily swashes
or bands along the upper intertidal zone.

• Heavy oil accumulations will cover the entire beach
surface; oil will be lifted off the lower beach by the rising
water.

• Maximum penetration of oil into fine-grained sand is
about 10 cm.

• Burial of oiled layers by clean sand within the first few
weeks after a spill typically will be less than 30
centimeters along the upper beach face.

• Organisms living in the beach may be killed by
smothering or lethal oil concentrations in the interstitial
water.

• Biological impacts include temporary declines in infaunal
populations, which can also affect important shorebird
foraging areas.

RESPONSE CONSIDERATIONS

• These beaches are among the easiest shoreline types to
clean.

• Cleanup should concentrate on removing oil and oily
debris from the upper swash zone once oil has come
ashore.

• Activity through both oiled and dune areas should be
severely limited, to prevent contamination of clean areas.

• Manual cleanup, rather then road graders and front-end
loaders, is advised to minimize the volume of sand
removed from the shore and requiring disposal.

• All efforts should focus on preventing the mixture of oil
deeper into the sediments by vehicular and foot traffic.

• Mechanical reworking of lightly oiled sediments in the
upper intertidal zone can be effective along the Gulf
shore.
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SCARPS  AND STEEP SLOPES IN SAND                               ESI = 3B
DESCRIPTION

• This shoreline type occurs where sandy bluffs are undercut
by waves and slump.

• They normally form along embankments of sandy dredge-
spoil material.

• Some scarps are fronted by narrow beaches, if the erosion
rate is moderate or episodic.

• Biological utilization by infauna and birds is low.
PREDICTED OIL BEHAVIOR

• Oil will concentrate at the high water line, with the
potential for penetration up to 10 cm into the sandy
sediments.

• There is little potential for burial except when a major
slumping of the bluff occurs.

• Burial of oiled layers by clean sand within the first few
weeks typically will be less than 30 centimeters along the
upper beach face.

RESPONSE CONSIDERATIONS

• Cleanup should concentrate on the removal of oil from the
upper swash zone after all oil has come ashore.

• Manual cleanup is advised to minimize the volume of
sand removed from the shore and requiring disposal, and
to reduce the risk of increasing slumping and bluff erosion.

• All efforts should focus on preventing the mixture of oil
deeper into the sediments.

COARSE-GRAINED SAND BEACHES                                       ESI = 4
• Not present on the upper Texas coast.

MIXED SAND AND GRAVEL (SHELL) BEACHES             ESI = 5
DESCRIPTION

• These beaches have sediments composed of a mixture of
sand and shell.

• They occur on the Bolivar Peninsula, between High Island
and Sea Rim State Park, and along spoil islands in East
and West Bays and Galveston Bay.

• There can be large-scale changes in the sediment
distribution patterns along the Gulf shore depending upon
season, because of the transport of the sand fraction
offshore during storms.

• Because of sediment desiccation and mobility on exposed
beaches, densities of animals and plants are lower than
sand beaches.

PREDICTED OIL BEHAVIOR
• During small spills, oil will be deposited along and above

the upper swash zone.
• Large spills will spread across the entire intertidal area.
• Oil penetration into shelly zones may be up to 50cm,

however, in general, oil behavior is much like on a sand
beach.

• Burial of oil may be deep at and above the high-water
line, where oil tends to persist.

• Oil can be stranded in the coarse sediments on the lower
part of the beach, particularly if the oil is weathered or
emulsified.

RESPONSE CONSIDERATIONS
• Heavy accumulations of pooled oil from the upper

beachface should be removed quickly to prevent
penetration into the porous sediments.

• All oiled debris should be removed.
• Sediment removal should be limited as much as possible.
• Mechanical reworking of lightly oiled sediments from the

upper intertidal zone can be effective along the Gulf
shore.

• In-place tilling may be used to reach deeply buried oil
layers in the middle intertidal zone on exposed beaches,
as an alternative to sediment removal.
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GRAVEL(SHELL) BEACHES                                                          ESI = 6A
DESCRIPTION

• Gravel beaches in Texas are composed almost entirely of
shell.

• They can be very steep, with multiple wave-built berms
forming the upper beach.

• Shell beaches are common in bays near oyster reefs and
along spoil islands where the spoil is reworked by waves
into steep shell berms.

• Along the Gulf shore, gravel (shell) beaches are found at
Sargent Beach, San Luis Pass, and east of High Island.

• Because of sediment desiccation and mobility on exposed
beaches, there are low densities of animals and plants.

PREDICTED OIL BEHAVIOR

• Deep penetration of stranded oil is likely on gravel
beaches because of their very high permeability.

• On Gulf beaches, oil can be pushed over the high-water
and storm berms, pooling and persisting above the normal
zone of wave wash.

• Long-term persistence will be controlled by the depth of
penetration versus the depth of routine reworking by
waves.

• On the more sheltered bay shoreline, sheening and
formation of asphalt pavements is likely where
accumulations are heavy.

RESPONSE CONSIDERATIONS

• Heavy accumulations of pooled oil should be removed
quickly from the upper beach.

• All oiled debris should be removed.
• Sediment removal should be limited as much as possible.
• Low-to high-pressure flushing can be used to float oil

away from the sediments for recovery by skimmers or
sorbents.

• Mechanical reworking of oiled sediments in the upper
intertidal zone can be effective in areas regularly exposed
to wave activity (as evidenced by storm berms).

• In-place tilling may be used to reach deeply buried oil
layers in the middle intertidal zone on exposed beaches.

EXPOSED RIPRAP  STRUCTURES                                               ESI = 6B
DESCRIPTION

• Riprap structures are composed of cobble-to boulder-sized
blocks of rock or concrete.

• Riprap structures are placed for shoreline protection and
inlet stabilization.

• Attached biota on the riprap can be sparse.
• These structures are highly utilized for shore-based

fishing.
PREDICTED OIL BEHAVIOR

• Deep penetration of oil between the boulders is likely.
• Oil adheres readily to the rough rock surfaces.
• If oil is left uncleaned, it may cause chronic leaching until

the oil hardens.
RESPONSE CONSIDERATIONS

• When oil is fresh and liquid, high-pressure spraying
and/or water flooding may be effective, making sure to
recover all released oil.

• Heavy and weathered oils are more difficult to remove,
requiring scrapping and/or hot-water spraying.

• It may be necessary to remove heavily oiled riprap and
replace it.
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EXPOSED TIDAL FLATS                                                                        ESI = 7
DESCRIPTION

• Exposed tidal flats are composed primarily of sand and
minor amounts of shell and mud.

• Flats on the Gulf shore can support vehicular and foot
traffic, whereas those along bays are usually too soft.

• They are usually associated with another shoreline type
on the landward side of the flat and are most commonly
associated with tidal inlet systems.

• They can be submerged or exposed to air, depending on
water level and wind speed and direction.

• Biological utilization can be very high, with large
numbers of infauna, heavy use by birds for roosting and
foraging, and use by foraging fish.

• They are also highly utilized for recreational fishing.
PREDICTED OIL BEHAVIOR

• Oil does not usually adhere to the surface of exposed tidal
flats, but rather moves across the flat and accumulates at
the high-tide line.

• Oil may be deposited on the flat if concentrations are
heavy.

• Oil does not penetrate water-saturated sediments.
• Biological damage may be severe, primarily to infauna,

reducing food sources for birds and other predators.
RESPONSE CONSIDERATIONS

• Currents and waves can be very effective in natural
removal of the oil.

• Cleanup is very difficult (and possible only during low
water levels).

• The use of heavy machinery should be restricted to
prevent mixing of oil into the sediments.

• On exposed sand flats, oil will be removed naturally from
the flat and deposited on the adjacent beaches where
cleanup is more feasible.

SHELTERED SOLID MAN-MADE STRUCTURES            ESI = 8A
DESCRIPTION

• These structures are solid man-made structures such as
seawalls, groins, revetments, piers, and port facilities.

• Many structures are constructed of concrete, wood, or
metal.

• Often there is no exposed beach at low water, but multiple
habitats are indicated if present.

• Most of the structures in bays are designed to protect a
single lot, thus their composition, design, and condition
are highly variable.

• They can have high recreational use, particularly in
public areas.

• Attached animal and plant life can be sparse.
PREDICTED OIL BEHAVIOR

• Oil will adhere readily to the rough surface, particularly
along the high-water line, forming a distinct oil band.

• The lower intertidal zone usually stays wet (particularly
if algae covered), preventing oil from adhering to the
surface.

RESPONSE CONSIDERATIONS

• Cleanup is usually conducted for aesthetic reasons or to
prevent leaching of oil.

• Low- to high-pressure spraying at ambient water
temperatures is most effective when the oil is fresh.
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SHELTERED RIPRAP STRUCTURES                                         ESI = 8B
DESCRIPTION

• Riprap structures are composed of cobble- to boulder-sized
blocks of rock or concrete.

• These structures include revetments, seawalls, piers, and
docks constructed of impermeable materials such as
concrete.

• They are found inside harbors and bays in highly
developed areas, sheltered from direct exposure to waves.

PREDICTED OIL BEHAVIOR

• Deep penetration of oil between the boulders is likely.
• Oil adheres readily to the rough rock surfaces.
• If oil is left uncleaned, it may cause chronic leaching until

the oil hardens.
RESPONSE CONSIDERATIONS

• High-pressure spraying may be required to remove oil for
aesthetic reasons and to prevent leaching of oil from the
structure.

• Cleanup crews should make sure to recover all released
oil.

SHELTERED SCARPS                                                                        ESI = 8C
DESCRIPTION

• Sheltered scarps can be composed of clay formed by
dredge-spoil deposits in man-made waterways or steep
slopes composed of either clay or sand and covered with
terrestrial vegetation.

• There may be some fringing marsh along the water's edge.
PREDICTED OIL BEHAVIOR

• Oil will not adhere to the wet sediment surface, but could
penetrate the burrows if present and dry.

• Stranded oil will persist because of low energy setting.
RESPONSE CONSIDERATIONS

• Where the high-water area is accessible, it may be
feasible to manually remove heavy oil accumulations and
oiled debris.

• The muddy substrate cannot support heavy equipment,
and even foot traffic could disrupt the sediments and mix
oil deeper.
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SHELTERED TIDAL FLATS                                                                 ESI = 9
DESCRIPTION

• Sheltered tidal flats are composed primarily of silt and
clay with minor amounts of sand and shell.

• They are present in calm-water habitats, sheltered from
major wave activity, and are frequently fronted by
marshes.

• They also include wind-tidal flats that are regularly
inundated.

• Wave energy is very low, although there may be strong
currents on parts of the flat and in channels across the
flat .

• The sediments are very soft and cannot support even light
foot traffic in many areas.

• There can be large populations of shellfish, worms, and
snails.

• They are heavily utilized by birds for feeding and
roosting.

PREDICTED OIL BEHAVIOR

• Oil does not usually adhere to the surface of sheltered
tidal flats, but moves across the flat and accumulates at
the high-water line.

• Oil may be deposited on the flat if concentrations are
heavy.

• Oil will not penetrate the water-saturated sediments, but
could penetrate burrows and mud cracked sediments.

• In areas of high suspended sediments, sorption of oil can
result in deposition of contaminated sediments on the
flats.

• Biological damage may be severe.
RESPONSE CONSIDERATIONS

• These are high-priority areas necessitating the use of
spill protection devices to limit oil-spill impact;
deflection or sorbent booms and open water skimmers
should be used.

• Cleanup of the flat surface is very difficult because of the
soft substrate and many methods may be restricted.

• Low-pressure flushing and deployment of sorbents from
shallow-draft boats may be helpful.

SALT AND BRACKISH WATER MARSHES                     ESI = 10A
DESCRIPTION

• Marshes are intertidal wetlands containing emergent,
herbaceous vegetation.

• Width of the marsh can vary widely, from a narrow
fringe to extensive areas.

• They are relatively sheltered from waves and strong
currents.

• Sediments are composed of organic muds except on the
margins of barrier islands where sand is abundant.

• Resident flora and fauna are abundant, with numerous
species with high utilization by birds.

PREDICTED OIL BEHAVIOR

• Oil adheres readily to marsh vegetation.
• The band of coating will vary widely, depending upon the

water level at the time oil slicks are in the vegetation.
There may be multiple bands.

• Large slicks will persist through multiple water-level
changes and coat the entire stem from the high-water line
to the base.

• If the vegetation is thick, heavy oil coating will be
restricted to the outer fringe, although lighter oils can
penetrate deeper, to the limit of inundation.

• Medium to heavy oils do not readily adhere to or
penetrate the fine sediments, but can pool on the surface or
in burrows.

• Light oils can penetrate the top few centimeters of
sediment and deeply into burrows and cracks (up to one
meter).

RESPONSE CONSIDERATIONS

• Under light oiling, the best practice is to let the area recover
naturally.

• Heavy accumulations of pooled oil can be removed by vacuum, sorbents,
or low-pressure flushing.  During flushing, care must be taken to prevent
transporting oil to sensitive areas down slope or along shore.

• Cleanup activities should be carefully supervised to avoid vegetation
damage.

• Any cleanup activity must not mix the oil deeper into the sediments.
Trampling of the roots must be minimized.

• Cutting of oiled vegetation should only be considered when other
resources are at great risk from leaving oiled vegetation in place.
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FRESHWATER MARSHES (HERBACEOUS VEGETATION)
                                                                                                                       ESI=10B
DESCRIPTION

• Freshwater marshes are grassy wetlands composed of
freshwater vegetation.

• They occur upstream of brackish vegetation along major
rivers and tributary bayous and creeks.

• Those along major channels are exposed to strong currents
and boat wakes; inland areas are highly sheltered.

• The sediment substrate is seldom exposed since daily
water level changes are low; greater changes in water
levels result from floods and winds.

• Resident flora and fauna are abundant with numerous
species, with high utilization by birds.

• Along the upper coastline of Texas, they are present on
the Sabine River delta, along the Neches River, and
inland of the Trinity River delta.

PREDICTED OIL BEHAVIOR

• Oil adheres readily to marsh vegetation.
• The band of coating will vary widely, depending upon the

water level at the time oil slicks are in the vegetation.
There may be multiple bands.

• Large slicks will persist through multiple water level
changes and coat the entire stem from the high-water line
to the base.

• If vegetation is thick, heavy oil coating will be restricted
to the outer fringe, although lighter oils can penetrate to
the limit of the marsh.

RESPONSE CONSIDERATIONS

• Under light oiling, the best practice is to let the area
recover naturally.

• Heavy accumulations of pooled oil can be removed by
vacuum, sorbents, or low-pressure flushing.  During
flushing, care must be taken to prevent transporting oil to
sensitive areas down slope or along shore.

• Cleanup activities should be carefully supervised to
avoid vegetation damage.

• Any cleanup activity must not mix the oil deeper into the
sediments.  Trampling of the roots must be minimized.

• Cutting of oiled vegetation should only be considered
when other resources present are at great risk from
leaving the oiled vegetation in place.

FRESHWATER SWAMPS (WOODY VEGETATION)  ESI = 10C
DESCRIPTION

• Freshwater swamps consist of shrubs and hardwood
forested wetlands (essentially flooded forests).

• They are common along major river valleys, such as the
Sabine, Neches, Trinity, and San Jacinto.

• The sediments tend to be silty clay with large amounts of
organic debris.

• They are seasonally flooded, though there are many low,
permanently flooded areas.

• Resident flora and fauna are abundant with numerous
species.

PREDICTED OIL BEHAVIOR

• Oil behavior depends on whether the swamp is flooded or
not.

• During floods, most of the oil passes through the forest,
coating the vegetation above the water line, which
changes levels throughout the flood event.

• Woody vegetation is less sensitive than marshes to oil
coating.

• Some oil can be trapped and pooled on the swamp
floodplain as water levels drop.

• Penetration into the floodplain soils is usually limited
because of high water levels, muddy composition, surface
organic debris, and vegetation cover.

• Large amounts of oily debris can remain.
• During dry periods, terrestrial spills flow downhill and

accumulate in depressions or reach water bodies.

RESPONSE CONSIDERATIONS

• Under light oiling, the best practice is to let the area recover
naturally.

• Heavy accumulations of pooled oil can be removed by vacuum, manual
removal, or low-pressure flushing.  During flushing, care must be taken
to prevent transporting oil to sensitive areas down slope or along shore.

• Under stagnant water conditions, herding of oil with water spray may
be needed to push oil to collection areas.

• Oily debris can be removed where there is access.
• Any cleanup activity must not mix the oil deeper into the sediments.

Trampling of the roots must be minimized.
• Cutting of oiled vegetation should only be considered when other

resources present are at great risk from leaving the oiled vegetation in
place.

Oil Spill Planning and Response Atlas:  Upper Coast of Texas
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$XJ�²0D\
$XJ�²0D\

%HDFKHV��DOJDO�IODWV��FRDVWDO�DU�
HD��WKUHDWHQHG�LQ�8�6�

3XUSOH�JDOOLQXOH
3RUSK\UXOD�PDUWLQLFD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
$SU�²$XJ�
$OO�<HDU

$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
$SU�²6HS�

)UHVKZDWHU�VZDPSV��SRQGV��XQ�
FRPPRQ�LQ�ZLQWHU

5HGGLVK�HJUHW�
(JUHWWD�UXIHVFHQV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
$SU�²$XJ�
$OO�<HDU

$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
$SU�²6HS�

6KRUHV��VDOW�PDUVKHV��WLGDO�IODWV��
ZLQWHUV�RQ�ORZHU�FRDVW

5HGKHDG
$\WK\D�DPHULFDQD

$GXOW
-XYHQLOH

2FW²$SU��
2FW²$SU�

/DNHV��ED\V

5LQJ�ELOOHG�JXOO
/DUXV�GHODZDUHQVLV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

%D\V��*XOI��SLHUV��GXPSV

5LQJ�QHFNHG�GXFN
$\WK\D�FROODULV

$GXOW
-XYHQLOH

2FW�²0DU�
2FW�²0DU�

/DNHV��SRQGV��ULYHUV

5RVHDWH�VSRRQELOO
$MDLD�DMDMD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
$SU�²$XJ�
$OO�<HDU

$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
0D\²6HS�

0DUVKHV��IODWV��VKRUHV

5R\DO�WHUQ
7KDODVVHXV�PD[LPXV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
)HE�²$XJ��
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

6KDOORZ�RSHQ�ZDWHU��EHDFKHV��
ZLQWHUV�RQ�ORZHU�FRDVW

5XGG\�GXFN
2[\XUD�MDPDLFHQVLV

$GXOW
-XYHQLOH

2FW�²0DU�
2FW�²0DU�

/DNHV��ED\V��ULYHUV

5XGG\�WXUQVWRQH
$UHQLULD�LQWHUSUHV

$GXOW
-XYHQLOH

6HS�²0D\
6HS�²0D\

%HDFKHV��IODWV��ILHOGV

6DQGKLOO�FUDQH
*UXV�FDQDGHQVLV

$GXOW
-XYHQLOH

6HS�²$SU�
6HS�²$SU�

3UDLULHV��PDUVKHV

6DQGSLSHUV $GXOW
-XYHQLOH

$XJ�²0D\�
$XJ�²0D\

6KRUHOLQHV��WLGDO�IODWV

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

6DQGZLFK�WHUQ
7KDODVVHXV�
DQGYLFHQVLV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
)HE�²$XJ�
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

6KDOORZ�RSHQ�ZDWHU��EHDFKHV��
VSRLO�LVODQGV

6HDVLGH�VSDUURZ
$PPRVSL]D�PDULWLPD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
)HE�²6HS�
$OO�<HDU

0DU�²6HS�
0DU�²6HS�
0DU�²6HS�
0DU�²6HS�

&RDVWDO�PDUVKHV

6HPLSDOPDWHG�
VDQGSLSHU
(UHXQHWHV�SXVOOXV

$GXOW
-XYHQLOH

6HS�²0D\
6HS�²0D\

6KRUHOLQHV��IODWV

6KRUW�ELOOHG�GRZ�
LWFKHU
/LPQRGURPXV�JULVHXV

$GXOW
-XYHQLOH

6HS�²0D\
6HS�²0D\

2SHQ�ZDWHU��VKRUHOLQHV��VDOW�
PDUVK

6KRYHOHU
6SDWXOD�FO\SHDWD

$GXOW
-XYHQLOH

2FW�²$SU�
2FW�²$SU�

0DUVKHV��ODNHV��ED\V

6QRZ�JRRVH
&KHQ�K\SHUERUHD

$GXOW
-XYHQLOH

6HS�²0DU�
6HS�²0DU�

/DNHV��ILHOGV��ED\V��SUDLULHV

6QRZ\�HJUHW
/HXFRSKR\[�WKXOD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
$SU�²-XO�
$OO�<HDU
$SU�²-XO��
$SU�²-XO�
$SU�²-XO�
0D\�$XJ�

6KDOORZ�ZDWHU��PDUVKHV��IODWV��
VKRUHV

6QRZ\�SORYHU
&KDUDGULXV�
DOH[DQGULQXV

$GXOW
-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

8QFRPPRQ��EHDFKHV��IODWV

6RRW\�WHUQ
6WHUQD�IXVFDWD

$GXOW
-XYHQLOH

)HE�²2FW�
)HE�²2FW�

5DUH�RQ�XSSHU�FRDVW��*XOI��
EHDFKHV

6RUD
3RU]DQD�FDUROLQD

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU�

)UHVK�DQG�EUDFNLVK�PDUVKHV

6ZDOORZ�WDLOHG�NLWH
(ODQRLGHV�IRUILFDWXV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

0DU�²1RY�
$SU�²$XJ�
0DU�²1RY�
$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
0DU�²6HS�

8QFRPPRQ��EXW�PD\EH�UHFRYHU�
LQJ�IRUPHU�UDQJH��ULSDULDQ�DUHDV��
VZDPSV��FRDVWDO�SUDLULHV

7ULFRORUHG�KHURQ
(JUHWWD�WULFRORU

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
$SU�²$XJ�
$OO�<HDU

$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
0D\²6HS�

6KDOORZ�ZDWHU��PDUVKHV��IODWV��
ODNHV��YHJHWDWHG�VSRLO�LVODQGV

9LUJLQLD�UDLO
5DOOXV�OLPLFROD

$GXOW
-XYHQLOH

6HS�²0D\
6HS�²0D\

3RQGV��IUHVK�DQG�VDOW�PDUVKHV

:KLPEUHO
1XPHQLXV�SKDHRSXV

$GXOW
-XYHQLOH

$XJ��0D\
$XJ��0D\

6KRUHV��IODWV��PDUVKHV

:KLWH�LELV
(XGRFLPXV�DOEXV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
)HE�²-XQ�
$OO�<HDU

)HE�²-XQ�
)HE�²-XQ�
)HE�²-XQ�
0DU�²-XO�

0DUVKHV��ULFHILHOGV��VKRUHV

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW
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127(� 6RPH�VSHFLHV�DUH�UHFRUGHG�RQO\�E\�VXEJURXS��6XEJURXSV�OLVWHG�LQ
WKH�GDWD�DUH�

'LYLQJ�%LUGV� /RRQV��JUHEHV��SHOLFDQV�DQG�FRUPRUDQWV�

*XOOV�7HUQV� *XOOV��WHUQV��EODFN�VNLPPHU�

0LJUDWRU\�6RQJELUGV� 0DQ\�IDPLOLHV�RI�SDVVHULQH�ELUGV��ZDUEOHUV��VSDU�
URZV��HWF�

5DSWRUV� +DZNV��PHUOLQ��NHVWUHO��NLWHV�

6KRUHELUGV� 0D\�LQFOXGH�VDQGSLSHUV��SORYHUV��VDQGHUOLQJ��GRZLWFKHUV��GXQ�
OLQ��UHG�NQRW��ZLOOHW��\HOORZOHJV��UXGG\�WXUQVWRQH��FXUOHZV��$PHULFDQ�DYRFHW�
ZKLPEUHO��RU�RWKHU�VSHFLHV��6SHFLHV�YDU\�VRPHZKDW�DFFRUGLQJ�WR�KDELWDW�

:DGLQJ�%LUGV� +HURQV��HJUHWV��UDLOV��LELVHV��ELWWHUQV��URVHDWH�VSRRQELOO�
EODFN�QHFNHG�VWLOW��DQG�ZRRG�VWRUN��

:DWHUIRZO� 0D\�LQFOXGH�GXFNV��ZLJHRQ��WHDOV��JDGZDOO��SLQWDLO��VKRYHOHU�
VFDXSV��PHUJDQVHUV��PRWWOHG�GXFN��PDOODUG��ULQJ�QHFNHG�GXFN��ZRRG
GXFN��UHGKHDG��JROGHQH\H��EXIIOHKHDG��UXGG\�GXFN��FDQYDVEDFN���JHHVH�
$PHULFDQ�FRRW��DQG�$PHULFDQ�PRRUKHQ��6SHFLHV�ZLOO�YDU\�DFFRUGLQJ�WR
KDELWDW�

5(37,/(6

),6+

:KLWH�SHOLFDQ
3HOHFDQXV�
HU\WKURUK\QFKRV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
)HE�²$XJ�
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

2SHQ�ZDWHU��VKRUHOLQHV��VSRLO�LV�
ODQGV

:KLWH�IDFHG�LELV
3OHJDGLV�FKLKL

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
)HE�²$XJ�
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

8QFRPPRQ��PDUVKHV��ULFHILHOGV

:KLWH�IURQWHG�
JRRVH
$QVHU�DOELIURQV

$GXOW
-XYHQLOH

6HS�²0DU�
6HS�²0DU�

0DUVKHV��SUDLULHV��ILHOGV��ODNHV

:KLWH�WDLOHG�NLWH
(ODQXV�OHXFXUXV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

8QFRPPRQ��SUDLULHV��PDUVKHV

:LOOHW
&DWRSWURSKRUXV�
VHPLSDOPDWXV

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
$SU�²$XJ�
$OO�<HDU

$SU�²$XJ�
$SU�²$XJ�
$SU�²$XJ�
0D\²6HS�

6DOW�SUDLULHV��VKRUHV

:RRG�GXFN
$L[�VSRQVD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU
)HE�²$XJ�
$OO�<HDU

)HE�²$XJ�
)HE�²$XJ�
)HE�²$XJ�
0DU�²6HS�

5LYHUV��SRQGV��VZDPSV

:RRG�VWRUN
0\FWHULD�DPHULFDQD

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

6ZDPSV��PDUVKHV��RFFDVLRQDO�
EUHHGLQJ

<HOORZ�FURZQHG�
QLJKW�KHURQ
1\FWDQDVVD�YLRODFHD

$GXOW
$GXOW�%UHHGHU

-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ
)OHGJLQJ

$OO�<HDU�
$SU�²6HS�
$OO�<HDU

$SU�²6HS�
$SU�²6HS�
$SU�²6HS�
$SU�²6HS�

0DUVKHV��ZDWHUZD\V��ZRRGV

<HOORZOHJV
7ULQJD�VS�

$GXOW
-XYHQLOH

$XJ�²0D\
$XJ�²0D\

0DUVKHV��VKRUHV��PXGIODWV

<HOORZ�UDLO
&RWXUQLFRSV�
QRYHERUDFHQVLV

$GXOW
-XYHQLOH

6HS�²0DU�
6HS�²0DU�

8QFRPPRQ��EUDFNLVK�PDUVK��
WKLFNHWV

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

$PHULFDQ�DOOLJDWRU
$OOLJDWRU�
PLVVLVVLSSLHQVLV

$GXOW
-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ

$OO�<HDU
$OO�<HDU

-XQ�²6HS�
-XQ�²'HF�
-XO�²2FW�

0DUVKHV��VZDPSV��ULYHUV��HVWX�
DULHV

'LDPRQGEDFN�WHU�
UDSLQ
0DODFOHP\V�WHUUDSLQ

$GXOW
-XYHQLOH
1HVWLQJ
/D\LQJ
+DWFKLQJ

$OO�<HDU
$OO�<HDU
$SU��0D\
$SU��0D\
0D\²-XO�

8QFRPPRQ��HVWXDULHV��UHHIV��
VHDJUDVV�EHGV

*UHHQ�VHD�WXUWOH
&KHORQLD�P\GDVRQ

-XYHQLOH $OO�<HDU 7KUHDWHQHG�LQ�8�6���RFFDVLRQDO�
VWUDQGLQJV�RQ�EHDFK�LQ�VXPPHU

+DZNVELOO�VHD�WXUWOH
(UHWPRFKHO\V�
LPEULFDWD

$GXOW
-XYHQLOH

$SU�²2FW�
$SU�²2FW�

(QGDQJHUHG��UDUH��GHHS�ZDWHU
&RDVWDO�ZDWHUV��EHDFKHV��UHHIV

.HPS
V��$WODQWLF��
ULGOH\
/HSLGRFKHO\V�NHPSLL�

$GXOW
-XYHQLOH

0DU�²1RY�
$OO�<HDU

(QGDQJHUHG��VKDOORZ�FRDVWDO�
ZDWHUV��ED\V��SDVVHV

/HDWKHUEDFN�VHD�
WXUWOH
'HUPRFKHO\V�
FRULDFHD

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

(QGDQJHUHG��RIIVKRUH
2FFDVLRQDO�LQ�SDVVHV

/RJJHUKHDG�VHD�
WXUWOH
&DUHWWD�FDUHWWD

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

7KUHDWHQHG��RIIVKRUH��SDVVHV
2IIVKRUH��ODUJH�ED\V

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

$WODQWLF�FURDNHU
0LFURSRJRQLDV�
XQGXODWXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
1RY�²0DU�
$SU�²2FW�
$OO�<HDU�

%D\V��QHDUVKRUH
6KDOORZ�*XOI�ZDWHUV
6KDOORZ�ED\V��QHDUVKRUH
6KDOORZ�ED\V��QHDUVKRUH

%D\�DQFKRY\
$QFKRD�PLWFKLOOL

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
$OO�<HDU
$OO�<HDU
$OO�<HDU

%D\V��*XOI
%D\V��*XOI
%D\V��*XOI
%D\V��*XOI

%ODFN�GUXP
3RJRQLDV�FURPLV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
-DQ�²$SU�
-XO�²0DU�
$OO�<HDU

&RDVWDO�ED\V
/DUJH�SULPDU\�ED\V
(VWXDULQH�ZDWHUV
(VWXDULQH�ZDWHUV

%OXH�FDWILVK
,FWDOXUXV�IXUFDWXV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU�

,QODQG��RFFDVLRQDO�LQ�ED\V

&KDQQHO�FDWILVK
,FWDOXUXV�SXQFWDWXV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

)UHVKZDWHU

&UHYDOOH�MDFN
&DUDQ[�KLSSRV

3UHVHQW $OO�<HDU 2IIVKRUH��ED\V

)ORULGD�SRPSDQR
7UDFKLQRWXV�FDUROLQXV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

*XOI
*XOI��ED\V�LQ�VXPPHU

*DIIWRSVDLO�FDWILVK
%DJUH�PDULQXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0DU²-XO�
0D\²$XJ�
-XQ�²6HS�

'HHSHU�FKDQQHOV��QHDUVKRUH
6KDOORZ�*XOI�ZDWHUV
,QVKRUH
%D\V��*XOI��GHHSHU�LQ�ZLQWHU

*UD\�VQDSSHU
/XWMDQXV�JULVHXV

3UHVHQW $OO�<HDU 2IIVKRUH��UDUH�LQ�ED\V

*XOI�NLQJILVK
0HQWLFLUUKXV�OLWWRUDOLV

3UHVHQW $OO�<HDU 2IIVKRUH

*XOI�PHQKDGHQ
%UHYRRUWLD�SDWURQXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
1RY��)HE�
'HF�²0DU�
'HF�²0DU�

%D\V��QHDUVKRUH��RIIVKRUH
2IIVKRUH
8SSHU�ED\V
8SSHU�ED\V
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127(� 7KH�JHQHUDO�WHUP��FUXVWDFHDQV��LV�XVHG�WR�PHDQ�DOO�FRPPRQ�7H[DV
VSHFLHV��LQFOXGLQJ�EOXH�FUDE��EURZQ�DQG�ZKLWH�VKULPS��HWF�

+DUGKHDG��VHD��
FDWILVK
$ULXV�IHOLV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0D\²6HS�
-XQ�²2FW�
$OO�<HDU

%D\V��QHDUVKRUH
%D\V��QHDUVKRUH
%D\V��QHDUVKRUH
'HHSHU�ZDWHUV�LQ�ZLQWHU

,QODQG�VLOYHUVLGH
0HQLGLD�EHU\OOLQD

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0D\�6HS�
0D\�6HS�
$OO�<HDU

%D\V

.LOOLILVK
)XQGXOXV�VS�

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0DU�²6HS�
$SU�²6HS�
$OO�<HDU

%D\V��PDUJLQV
(VWXDULHV��HVS��YHJHWDWHG�DUHDV

/DUJHPRXWK�EDVV
0LFURSWHUXV�
VDOPRLGHV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
)HE�²$SU�
0DU�²0D\
$OO�<HDU

)UHVKZDWHU�ULYHUV��ODNHV

3LQILVK
/DJRGRQ�UKRPERLGHV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU�
0DU�²0D\
0DU�²0D\
$OO�<HDU

%D\V��LQOHWV��PDUVKHV��RIIVKRUH
2IIVKRUH
2IIVKRUH��PRYLQJ�LQWR�ED\V
%D\V��HVS��LQOHWV��VWUXFWXUHV

5HG�GUXP
6FLDHQRSV�RFHOODWXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
$XJ�²1RY�
6HS�²'HF�
$OO�<HDU�

%D\V��RIIVKRUH�LQ�ZLQWHU
*XOI�SDVVHV��QHDUVKRUH
6KDOORZ�ED\�ZDWHUV
6KDOORZ�ED\�ZDWHUV

6DQG�VHDWURXW
&\QRVFLRQ�DUHQDULXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0DU�²1RY�
0DU�²'HF�
$OO�<HDU�

2SHQ�ED\V��QHDUVKRUH�ZDWHUV
*XOI�SDVVHV��QHDUVKRUH
6DQG�ERWWRP�DUHDV
%D\V��VDQG�ERWWRP�DUHDV

6KHHSVKHDG
$UFKRVDUJXV�SURED�
WRFHSKDOXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0DU�²0D\
$SU�²$XJ�
$OO�<HDU

%D\V��HVSHFLDOO\�MHWWLHV
2IIVKRUH
2\VWHU�UHHIV��JUDVVEHGV
6KRUHV��HVS��MHWWLHV��EXONKHDGV

6KHHSVKHDG�PLQ�
QRZ
&\SULQRGRQ�YDULHJDWD

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0DU�²2FW�
0DU�²'HF�
$OO�<HDU

6KRUHOLQHV��VKDOORZ��ZDWHUV��
JUDVV�IODWV

6LOYHU�SHUFK�
%DLUGLHOOD�FKU\VRXUD

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU�
$SU��2FW�
$SU��2FW��
$OO�<HDU

%D\V

6RXWKHUQ�IORXQGHU
3DUDOLFKWK\V�
OHWKRVWLJPD

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU�
6HS�²'HF�
2FW�²'HF�
$OO�<HDU

%D\V��*XOI�LQ�ZLQWHU
2IIVKRUH
6KDOORZ�HVWXDULQH�ZDWHUV
6KDOORZ�HVWXDULQH�ZDWHUV

6RXWKHUQ�NLQJILVK�
�ZKLWLQJ�
0HQWLFLUUKXV�
DPHULFDQXV

3UHVHQW $OO�<HDU 2IIVKRUH��ED\V

6SDQLVK�PDFNHUHO
6FRPEHURPXV�
PDFXODWXV

3UHVHQW $OO�<HDU 2IIVKRUH��ED\V�LQ�VXPPHU

6SRW
/HLRVWRPXV�[DQWKXUXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
1RY�²)HE�
1RY�²)HE�
$OO�<HDU�

6KDOORZ�ED\V��QHDUVKRUH
1HDUVKRUH
0DUVKHV��QHDUVKRUH
6KDOORZ�ED\V��VHDJUDVV�EHGV

6SRWWHG�VHDWURXW
&\QRVFLRQ�QHEXORVXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
$OO�<HDU
$OO�<HDU
$OO�<HDU

%D\V��QHDUVKRUH�ZDWHUV
%D\V��HVSHFLDOO\�LQ�VXPPHU
6HDJUDVV�EHGV��ED\V��PDUVKHV
%D\V��HVS��VHDJUDVV�IODWV

6WULSHG�PXOOHW
0XJLO�FHSKDOXV

$GXOW
6SDZQLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
1RY�²)HE�
'HF��)HE�
$OO�<HDU

&RDVWDO�ZDWHUV�DQG�*XOI
*XOI
,QOHWV��VKDOORZ�ZDWHUV��ULYHUV
%D\V��ULYHUV

7DUSRQ
0HJDORSV�DWODQWLFXV

$GXOW
-XYHQLOH

$OO�<HDU
$OO�<HDU

2IIVKRUH��XQFRPPRQ�LQ�SDVVHV�
LQ�VXPPHU

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

:KLWH�FUDSSLH
3RPR[LV�DQQ\ODULV

3UHVHQW $OO�<HDU )UHVKZDWHU��RFFDVLRQDO�LQ�ED\V

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW

$PHULFDQ��HDVWHUQ��
R\VWHU
&UDVVRVWUHD�YLUJLQLFD

$GXOW
6SDZQLQJ

6SDW
-XYHQLOH

$OO�<HDU
0DU��1RY�
$SU�²1RY�
$OO�<HDU

%D\V

%OXH�FUDE
&DOOLQHFWHV�VDSLGXV

$GXOW
0DWLQJ
+DWFKLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
$SU�²-XQ�
$SU�²-XO�
0D\²6HS�
$OO�<HDU

%D\V��QHDUVKRUH

6KDOORZ�ED\V��VKRUHOLQHV
6KDOORZ�ED\�ZDWHUV��VKRUHOLQHV

%URZQ�VKULPS
3HQDHXV�D]WHFXV

$GXOW
6SDZQLQJ
(JJ�/DUYDO
-XYHQLOH

0DU�²1RY�
1RY�²0DU�
)HE�²-XQ�
0DU�²-XO�

2IIVKRUH��ED\V��*XOI�LQ�ZLQWHU
2IIVKRUH
%D\V��VKDOORZ�ZDWHU�DUHDV
%D\V��VKDOORZ�ZDWHU�DUHDV

&RPPRQ�UDQJLD�
5DQJLD�FXQHDWD

3UHVHQW $OO�<HDU %D\V�ZLWK�IUHVKZDWHU�LQIORZV�
�6DELQH�/DNH�7ULQLW\�%D\�

*UDVV�VKULPS
3DODHPRQHWHV�SXJLR

$GXOW
6SDZQLQJ
(JJ�/DUYDO
-XYHQLOH

$OO�<HDU
$OO�<HDU
$OO�<HDU
$OO�<HDU

%D\V��VKDOORZ�ZDWHU�DUHDV

/LJKWQLQJ�ZKHON
%XV\FRQ�FRQWUDULXP

3UHVHQW $OO�<HDU 8QFRPPRQ��ED\V

1RUWKHUQ�TXDKRJ
0HUFHQDULD�
PHUFHQDULD

3UHVHQW $OO�<HDU %D\V��HVS��JUDVV�EHGV��RFFD�
VLRQDOO\�RIIVKRUH

6WRQH�FUDE
0HQLSSH�PHUFHQDULD

$GXOW
0DWLQJ
/DUYDO
-XYHQLOH

$OO�<HDU
0D\²6HS�
-XQ�²6HS�
$OO�<HDU

6KRUHOLQHV��ULSUDS��SLHUV��UHHIV

:KLWH�VKULPS
3HQDHXV�VHWLIHUXV

$GXOW
6SDZQLQJ
(JJ�/DUYDO
-XYHQLOH

$OO�<HDU
0D\²2FW�
0D\²2FW�
$OO�<HDU

2SHQ�ED\V
2IIVKRUH
9HJHWDWHG�VKDOORZ�ED\V��ORZ�
VDOLQLW\

6SHFLHV /LIH�6WDJH 6HDVRQDOLW\ +DELWDW
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M E T A D A T A

$LUSRUWV
6RXUFHV��8�6��*HRORJLFDO�6XUYH\��86*6��'LJLWDO�/LQH�*UDSKV��7H[DV�'H�
SDUWPHQW�RI�7UDQVSRUWDWLRQ��7['27��ILOHV
6FDOH�����������
$FFXUDF\����������IHHW

$QFKRUDJH�$UHDV
6RXUFH��0LQHUDOV�0DQDJHPHQW�6HUYLFH��006�
6FDOH��1�$
$FFXUDF\��1�$

$TXDFXOWXUH�6LWHV
6RXUFH��7H[DV�*HQHUDO�/DQG�2IILFH��*/2��IURP�7H[DV�'HSDUWPHQW�RI�$JUL�
FXOWXUH�LQIRUPDWLRQ
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

$XGXERQ�6DQFWXDULHV
6RXUFH��*/2�GRFXPHQWV
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

%DWK\PHWU\
6RXUFH��1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ
6FDOHV�����������RU�EHWWHU
$FFXUDF\���������IHHW

%HDFK�$FFHVV�3RLQWV
6RXUFHV��*/2��IURP�'XQH�3URWHFWLRQ�DQG�%HDFK�$FFHVV�3ODQV�E\�-HIIHU�
VRQ�&RXQW\��&LW\�RI�3RUW�$UWKXU��&KDPEHUV�&RXQW\��&LW\�RI�*DOYHVWRQ��&LW\
RI�-DPDLFD�%HDFK��%UD]RULD�&RXQW\��6XUIVLGH�%HDFK��4XLQWDQD�%HDFK��0DW�
DJRUGD�&RXQW\��&LW\�RI�3RUW�$UDQVDV��&LW\�RI�&RUSXV�&KULVWL��1XHFHV
&RXQW\��.OHEHUJ�&RXQW\��&DPHURQ�&RXQW\��DQG�7RZQ�RI�6RXWK�3DGUH�,V�
ODQG�
6FDOH�RI�6RXUFH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

%LRORJLFDO�5HVRXUFHV
6RXUFH���*/2�5HVHDUFK�3ODQQLQJ�,QF��
6FDOH��1�$

%LUG�5RRNHU\�$UHDV
6RXUFH��*/2�7H[DV�&RORQLDO�:DWHUELUG�6RFLHW\
6FDOH����������
$FFXUDF\���������IHHW

%RDW�5DPSV
6RXUFH��7H[DV�3DUNV�DQG�:LOGOLIH�'HSDUWPHQW��73:'�
6FDOH����������
$FFXUDF\�RI��'DWD��9DULDEOH

&LW\�DQG�&RXQW\�3DUNV
6RXUFH��7['27�GLJLWDO�FRXQW\�PDS�VHULHV
6FDOH�������������������
$FFXUDF\���������WR�����IHHW

&LW\�/LPLWV
6RXUFH��7['27�GLJLWDO�FRXQW\�PDS�VHULHV
6FDOH�������������������
$FFXUDF\���������WR�����IHHW

&RXQW\�%RXQGDULHV
6RXUFH��7H[DV�1DWXUDO�5HVRXUFH�&RQVHUYDWLRQ�&RPPLVVLRQ��715&&�
6FDOH����������
$FFXUDF\���������IHHW

(QYLURQPHQWDO�6HQVLWLYLW\�,QGH[
6RXUFH��8QLYHUVLW\�RI�7H[DV�%XUHDX�RI�(FRQRPLF�*HRORJ\��%(*��
�IURP�DHULDO�SKRWRJUDSK\��YLGHRJUDSK\�DQG�*/2�GLJLWDO�GDWD�
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

(QYLURQPHQWDO�6HQVLWLYLW\�,QGH[���715&&
6RXUFH��715&&
6FDOH���$SSUR[LPDWHO\����������
$FFXUDF\���1RW�$YDLODEOH

+HOLSRUWV
6RXUFH��7['27�$YLDWLRQ�'LYLVLRQ
6FDOH��1�$
$FFXUDF\��1�$

+\GURJUDSK\
6RXUFH��*/2��FRPSLOHG�IURP�86*6�'LJLWDO�/LQH�*UDSKV�DQG�KDUGFRS\
PDSV��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�GLJLWDO�1DWLRQDO�:HWODQG�,QYHQWRU\�
DQG�GLJLWL]HG�DHULDO�SKRWRJUDSK\�IURP�-HIIHUVRQ�&RXQW\�$SSUDLVDO�'LVWULFW�
6RXWKHDVW�7H[DV�5HJLRQDO�3ODQQLQJ�&RXQFLO��DQG�RWKHU�VRXUFHV�
6FDOH�������������������
$FFXUDF\������������IHHW

0DULQDV
6RXUFH��*/2�
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

1DWLRQDO�:LOGOLIH�5HIXJHV
6RXUFH��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�5HDOW\�'LYLVLRQ
6FDOH����������
$FFXUDF\���������IHHW

2\VWHU�5HHIV
6RXUFH��(ULF�3RZHOO��7H[DV�$	0�8QLYHUVLW\
6FDOH����������
$FFXUDF\���������IHHW

3ULRULW\�3URWHFWLRQ�$UHDV
6RXUFH��73:'
6FDOH����������
$FFXUDF\���������IHHW

5DLOURDGV
6RXUFH��7['27�GLJLWDO�FRXQW\�PDS�VHULHV
6FDOH�������������������
$FFXUDF\�������������IHHW�

5RDGV�+LJKZD\V
6RXUFH��7['27�GLJLWDO�FRXQW\�PDS�VHULHV
6FDOH�������������������
$FFXUDF\���������IHHW

6KLS�&KDQQHOV�DQG�*XOI�,QWUDFRDVWDO�:DWHUZD\
6RXUFH��8�6��$UP\�&RUSV�RI�(QJLQHHUV�HQJLQHHULQJ�PDSV
6FDOH��%HWWHU�WKDQ���������
$FFXUDF\��%HWWHU�WKDQ��������IHHW

6WDWH�&RDVWDO�3UHVHUYHV
6RXUFH��73:'�DQG�7*/2�GRFXPHQWV
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

6WDWH�3DUNV�DQG�:LOGOLIH�0DQDJHPHQW�$UHDV
6RXUFH��73:'�DQG�7*/2�UHFRUGV��7['27�FRXQW\�PDS�VHULHV
6FDOH��9DULDEOH
$FFXUDF\��9DULDEOH

6KLSSLQJ�6DIHW\�)DLUZD\V
6RXUFH��006
6FDOH��1�$
$FFXUDF\��1�$

8�6��&RDVW�*XDUG�)DFLOLWLHV
6RXUFH��*/2��IURP�8�6��&RDVW�*XDUG�LQIRUPDWLRQ�
6FDOH��$SSUR[LPDWHO\���������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

:DVKRYHU�$UHDV
6RXUFH��%(*
6FDOH����������
$FFXUDF\��$SSUR[LPDWHO\��������IHHW

:DWHU�,QWDNHV
6RXUFH��*/2��EDVHG�RQ�715&&�KDUGFRS\�P\ODUV�
6FDOH�������������������
$FFXUDF\���������IHHW
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