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List of Acronyms and Abbreviations 
Acronym or Abbreviation Description 

௢& Celsius degrees 
௢) Fahrenheit degrees 

 Microgram per liter ܮȀ݃ߤ
 PKRV�FP Micromhos per centimeterߤ

AF Acre-feet 
AFY Acre-feet per year 
AGR Agricultural Supply (acronym used to describe beneficial use) 
amsl above mean sea level 
app Application 
AQUA Aquaculture (acronym used to describe beneficial use) 
ATSDR Agency for Toxic Substances and Disease Registry 
BDA Beaver dam analogue 
BLM United States Department of the Interior Bureau of Land 

Management 
BTEX Benzene, toluene, ethylbenzene, and xylenes 
CASGEM California Statewide Groundwater Elevation Monitoring Program 
CCR California Code of Regulations 
CDEC California Data Exchange Center 
cfs Cubic feet per second 
CGS California Geologic Survey 
CIMIS California Irrigation Management Information System 
cm Centimeter 
cms Cubic meters per second 
CNRA California Natural Resources Agency 
CRMP Coordinated Resource Management Planning Committee 
CSEHD County of Siskiyou Environmental Health Division 
CUL Native American Culture (acronym used to describe beneficial 

use) 
CWA Clean Water Act (U.S. federal law) 
DDW Division of Drinking Water 
DTSC California Department of Toxic Substances Control 
DTW Depth to Water 
DWR California Department of Water Resources 
EGP Etna General Plan 
ELAP Environmental Laboratory Accreditation Program 
ESA European Space Agency 
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ET Evapotranspiration 
FCWCD Siskiyou County Flood Control and Water Conservation District 
FJGP Fort Jones General Plan 
ft Foot/feet 
GAMA Groundwater Ambient Monitoring and Assessment Program 
gpd Gallons per day 
gpm Gallons per minute 
GSA Groundwater Sustainability Agency  
GSP Groundwater Sustainability Plan 
GWAC Groundwater Advisory Committee 
GWE Groundwater Elevation 
in Inch/inches 
IND Industrial Service Supply (acronym used to describe beneficial 

use) 
InSAR Interferometric Synthetic Aperture Radar 
KBMP Klamath Basin Monitoring Program 
km Kilometer/kilometers 
LAFCO Local Agency Formation Commission 
LEA Local enforcement agency 
LLNL Lawrence Livermore National Laboratory 
LUST Leaking underground storage tank 
m Meter/meters 

Pଷ Cubic meters 
Ma Million years ago 
MCL Maximum contaminant level 
MFR Mountain front recharge 
mg/L Milligrams per liter 
mi Mile/miles 
mm Millimeter 
MO Measurable Objective 
MOU Memorandum of understanding 
MT Minimum threshold  
MTBE Methyl tert-butyl ether 
MUN Municipal and Domestic Supply (acronym used to describe 

beneficial use) 
n.d. No date 
NCRWQCB California North Coast Regional Water Quality Control Board 
NOAA United States National Oceanic and Atmospheric Administration 
NRCS Natural Resources Conservation Service 
NWQMC National Water Quality Monitoring Council 
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OSWCR Online Systems for Well Completion Reports 
PLSS Public Land Survey System 
PMA Projects and Management Actions 
PRO Industrial Process Supply (acronym used to describe beneficial 

use) 
PVC Polyvinyl chloride 
QVIR Quartz Valley Indian Reservation 
RCD Siskiyou County Resource Conservation District 
RMP Representative Monitoring Point 
ROWD Report of Waste Discharge 
RP Reference Point 
SAGBI Soil Agricultural Banking Index 
SCADA Supervisory Control and Data Acquisition  
SCFCWCD Siskiyou County Flood Control and Water Conservation District 
SDAC Severely disadvantaged community 
SDWA Safe Drinking Water Act 
SGMA Sustainable Groundwater Management Act 
SI Sustainability Indicator 
SMC Sustainable Management Criteria 
SONCC ESU Southern Oregon Northern California Coast Evolutionary 

Significant Unit 
sq Square 
SRWC Scott River Watershed Council 
SRWT Scott River Water Trust 
SSURGO Soil Survey Geographic Database 
SSWD Scott Valley and Shasta Valley Watermaster District 
STORET Storage and Retrieval Data Warehouse (USEPA) 
SVAP Scott Valley Area Plan 
SVID Scott Valley Irrigation District 
SVIHM Scott Valley Integrated Hydrologic Model 
SWIF Scott Watershed Informational Forum 
SWRCB California State Water Resources Control Board 
TAC Technical Advisory Committee 
TAF Thousand acre-feet 
TBA Tert-butyl alcohol 
TDS Total dissolved solids 
TMDL Total Maximum Daily Load 
UR Undesirable Result 
U.S. United States 
UCCE University of California Cooperative Extension 
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UCD University of California, Davis 
UL Upper Limit 
USACE United States Army Corps of Engineers 
USDA United States Department of Agriculture 
USEPA United States Environmental Protection Agency 
USFS United States Forest Service 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
UST Underground storage tank 
WQO Water quality objective 

  



 1 

Glossary  
 
Term Definition 

Adjudicated Areas Where disputes over legal rights to groundwater have resulted in a court-issued 
ruling (known as an adjudication). Adjudications can cover an entire basin, a 
portion of a basin, or a group of basins. 

Basin Setting The physical setting, characteristics, and conditions of the basin.  

CASGEM The California Statewide Groundwater Elevation Monitoring Program  

Data Gap A lack of information that could limit the ability to evaluate whether a basin is 
being sustainably managed, that significantly affects understanding of the basin 
setting or that limits assessment of the efficacy of implementation of the 
groundwater sustainability plan.  

De Minimis Extractor A person who extracts, for domestic purposes, less than or equal to 2 acre-feet 
of groundwater per year.  

Groundwater 
Dependent 
Ecosystems 

Ecological communities or species that depend on groundwater emerging from 
aquifers or on groundwater occurring near the ground surface.   

Groundwater 
Sustainability 
Agency  

One or a combination of local agencies with water supply, water management or 
land use responsibilities may establish a Groundwater Sustainability Agency 
(GSA). The GSA holds the responsibility to develop and implement a 
groundwater sustainability plan.   

Groundwater 
Sustainability Plan 

A 20-year plan to ensure groundwater is managed sustainability within a 
groundwater basin.  

Hydrogeological 
Conceptual Model 

A description of the geologic and hydrologic setting that determines groundwater 
occurrence, movement, and general conditions in a basin or subbasin.  

Interconnected 
surface water 

Surface water that is hydraulically connected at any point by a continuous 
saturated zone to the underlying aquifer and the overlying surface water is not 
completely depleted.  

Interim Milestones periodic goals (defined every five years, at minimum), that are used to measure 
progress toward measurable objectives and the sustainability goal.    
 

Measurable Objective specific and quantifiable goals that are defined to reflect the desired groundwater 
conditions in the Basin and achieve the sustainability goal within 20 years. 
Measurable objectives are defined in relation to the six undesirable results and 
use the same metrics as minimum thresholds.  
 

Minimum Threshold  a quantitative value representative of groundwater conditions at a site (or sites), 
WKDW�� LI� H[FHHGHG�� PD\� FDXVH� DQ� XQGHVLUDEOH� UHVXOW�� 7KH� WHUP� ³PD[LPXP�
WKUHVKROG´� �0D[7) is the equivalent value for sustainable management criteria 
with a defined maximum limit (e.g., groundwater quality).  

Projects and 
Management Actions 

creation or modification of a physical structure / infrastructure (project) and 
creation of policies, procedures, or regulations (management actions) that are 
implemented to achieve Basin sustainability.  

Representative 
Monitoring Points 

for each sustainability indicator, a subset of the entire monitoring network where 
minimum thresholds, measurable objectives, and milestones are measured and 
evaluated.  
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SGMA Sustainable Groundwater Management Act, a three-bill package signed into 
California state law in 2014.  

Sustainability Goal The overarching goal for the Basin with respect to managing groundwater 
conditions to ensure the absence of undesirable results.  
 

Sustainability 
Indicators 

Six indicators defined under SGMA: chronic lowering of groundwater levels, 
reduction of groundwater storage, seawater intrusion, degraded groundwater 
quality, land subsidence, and depletions of interconnected surface water. These 
indicators describe groundwater-related conditions in the Basin and are used to 
determine occurrence of undesirable results (23 CCR 354.28(b)(1)-(6).) 
 

Sustainable 
Management Criteria  

Minimum thresholds, measurable objectives, and undesirable results, consistent 
with the sustainability goal, that must be defined for each sustainability indicator.   
 

Undesirable Result Conditions, defined under SGMA as:  
 
³«� RQH� RU� PRUH� RI� WKH� IROORZLQJ effects caused by groundwater conditions 
occurring throughout a basin:  

1. Chronic lowering of groundwater levels indicating a significant and 
unreasonable depletion of supply if continued over the planning and 
implementation horizon«.  
2. Significant and unreasonable reduction of groundwater storage.  
3. Significant and unreasonable seawater intrusion.  
4. Significant and unreasonable degraded water quality, including the 
migration of contaminant plumes that impair water supplies.  
5. Significant and unreasonable land subsidence that substantially 
interferes with surface land uses.  
6. Depletions of interconnected surface water that have significant and 
XQUHDVRQDEOH� DGYHUVH� LPSDFWV� RQ� EHQHILFLDO� XVHV� RI� WKH� VXUIDFH� ZDWHU�´�
(Wat. Code § 10721(x)(1)-(6).) 

 

Water Budget An estimated accounting of all the water (surface and groundwater) that flows 
into and out of a basin. 

Water Year The period from October 1 through and including the following September 30.  

Water Year Type A classification, provided by the Department of Water Resources that reflects 
the amount of annual precipitation in a basin.  
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+LJK 0RXQWDLQ /DNHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

,UULJDWLRQ (IILFLHQF\ ,PSURYHPHQWV � � � � � � � � � � � � � � � � � � � � � � � � � ���

0$5 	 ,/5 � 1):) 6FRWW 9DOOH\ 0DQDJHG $TXLIHU 5HFKDUJH 3URMHFW � � � � � � � � ���

0DQDJHG $TXLIHU 5HFKDUJH DQG ,Q�/LHX 5HFKDUJH � � � � � � � � � � � � � � � � � ���

9ROXQWDU\ 0DQDJHG /DQG 5HSXUSRVLQJ � � � � � � � � � � � � � � � � � � � � � � � ���

:HOO ,QYHQWRU\ 3URJUDP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 7,(5 ,,,� 3RWHQWLDO )XWXUH 3URMHFW DQG 0DQDJHPHQW $FWLRQV � � � � � � � � � � � � � ���

$OWHUQDWLYH� /RZHU (7 &URSV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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)ORRGSODLQ 5HFRQQHFWLRQ�([SDQVLRQ � � � � � � � � � � � � � � � � � � � � � � � � ���

5HVHUYRLUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

6HGLPHQW 5HPRYDO DQG 5LYHU 5HVWRUDWLRQ � � � � � � � � � � � � � � � � � � � � � ���

6WUDWHJLF *URXQGZDWHU 3XPSLQJ 5HVWULFWLRQ � � � � � � � � � � � � � � � � � � � � ���

:DWHUPDVWHU 3URJUDP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$GGLWLRQDO 30$V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 2WKHU 0DQDJHPHQW $FWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

0RQLWRULQJ $FWLYLWLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

9ROXQWDU\ :HOO 0HWHULQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

)XWXUH RI WKH %DVLQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

&KDSWHU �� 3ODQ ,PSOHPHQWDWLRQ� %XGJHW DQG 6FKHGXOH ���
���� 'HVFULSWLRQ RI *63 ,PSOHPHQWDWLRQ (OHPHQWV � � � � � � � � � � � � � � � � � � � � ���

����� 0DQDJHPHQW DQG DGPLQLVWUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � ���

����� ,PSOHPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 2XWUHDFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� (VWLPDWH RI *63 ,PSOHPHQWDWLRQ &RVWV � � � � � � � � � � � � � � � � � � � � � � � ���

��� 6FKHGXOH IRU ,PSOHPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� )XQGLQJ 6RXUFHV DQG 0HFKDQLVPV � � � � � � � � � � � � � � � � � � � � � � � � � ���

5HIHUHQFHV DQG 7HFKQLFDO 6WXGLHV ���
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/LVW RI )LJXUHV

� ,QWHUFRQQHFWHG 6XUIDFH :DWHUV �,6:V� LQ WKH 6FRWW 9DOOH\� $OO VXUIDFH ZDWHU UHDFKHV
RYHUO\LQJ WKH 6FRWW 9DOOH\ JURXQGZDWHU EDVLQ KDYH EHHQ GHVLJQDWHG DV ,6:V IRU
SXUSRVHV RI WKLV *63� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 6HOHFWHG ORQJ�WHUP JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV RYHU WLPH LQ ILYH ZHOOV�
RQH ORFDWHG LQ HDFK K\GURJHRORJLF ]RQH RI WKH 6FRWW 5LYHU 9DOOH\ *URXQGZDWHU %DVLQ� �

� 6FRWW 9DOOH\ %XOOHWLQ ��� EDVLQ ERXQGDU\ �':5 ����� DQG DUHD VXEMHFW WR WKH ����
6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������ � � � � � ��

� -XULVGLFWLRQDO DUHDV ZLWKLQ 6FRWW 9DOOH\� � � � � � � � � � � � � � � � � � � � � � � � ��
� %DVHG RQ WKH ���� 8�6� &HQVXV DUHDV LQ WKH 6FRWW 9DOOH\ :DWHUVKHG FODVVLILHG DV

'LVDGDYQWDJHG &RPPXQLWLHV �'$&V� DQG 6HYHUHOH\ 'LVDGYDQWDJHG &RPPXQLWLHV
�6'$&V� XVLQJ GDWD IURP WKH 'HSDUWPHQW RI :DWHU 5HVRXUFHV '$& 0DSSLQJ 7RRO
�KWWSV���JLV�ZDWHU�FD�JRY�DSS�GDFV��� � � � � � � � � � � � � � � � � � � � � � � � � ��

� &LW\ OLPLWV RI %DVLQ PXQLFLSDOLWLHV DQG VHOHFWHG URDGV� LQFOXGLQJ 6WDWH 5RXWH � DQG
VHYHUDO URDGV FURVVLQJ WKH 6FRWW 5LYHU� � � � � � � � � � � � � � � � � � � � � � � � ��

� /DQG XVHV ZLWKLQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ ERXQGDU\� $GDSWHG IURP WKH
���� ':5 /DQG 8VH 6XUYH\ �':5 ������ � � � � � � � � � � � � � � � � � � � � � ��

� &KRURSOHWK PDSV LQGLFDWLQJ QXPEHU RI GRPHVWLF �SDQHO $�� DJULFXOWXUDO SURGXFWLRQ
�SDQHO %�� DQG SXEOLF �SDQHO &�� :HOO &RPSOHWLRQ 5HSRUWV UHFRUGHG LQ HDFK 3XEOLF
/DQG 6XUYH\ 6\VWHP �3/66� 6HFWLRQ� $GDSWHG IURP GDWD LQ WKH ':52QOLQH 6\VWHP
IRU :HOO &RPSOHWLRQ 5HSRUWV �26:&5�� 3DQHO ' VKRZV WKH VXP RI SDQHOV $�&�
3/66 VHFWLRQV GHOLQHDWHG RQ PDSV DUH QRPLQDOO\ RQH VTXDUH PLOH� � � � � � � � � ��

� ,Q WKH &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP �&*03�� ZDWHU OHYHOV ZHUH
PHDVXUHG EHWZHHQ ���� DQG ���� LQ WKH ZHOOV VKRZQ� WKRXJK WKH GLVWULEXWLRQ DQG
WRWDO QXPEHU RI ZHOOV EHLQJ PHDVXUHG KDV YDULHG RYHU WLPH� � � � � � � � � � � � � ��

�� 7RSRJUDSK\ RI WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ DQG VXUURXQGLQJ ZDWHUVKHG� � � ��
�� $QQXDO �3DQHO $� DQG PRQWKO\ SUHFLSLWDWLRQ �3DQHO %� RYHU WKH ��������� UHFRUG DV

PHDVXUHG DW WKH )RUW -RQHV 5DQJHU ZHDWKHU VWDWLRQ �86&���������� � � � � � � � ��
�� 0RQWKO\ DYHUDJHV RI GDLO\ PD[LPXP DQG PLQLPXP DLU WHPSHUDWXUH �WRS SDQHO� RYHU

WKH ��������� UHFRUG DW WKH )RUW -RQHV 5DQJHU 6WDWLRQ �86&���������� DQG UHIHU�
HQFH HYDSRWUDQVSLUDWLRQ �(7� IURP ��������� FDOFXODWHG DW &,0,6 6WDWLRQ ��� QHDU
)RUW -RQHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� $QQXDO PD[LPXP VQRZ GHSWK PHDVXUHG DW HLJKW &DOLIRUQLD 'DWD ([FKDQJH &HQWHU
�&'(&� VQRZ VWDWLRQV LQ WKH 6FRWW 9DOOH\ ZDWHUVKHG� )RU PRUH LQIRUPDWLRQ VHH WDEOH
EHORZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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�� *HRORJLF IRUPDWLRQV DQG IDXOWV PDSSHG LQ WKH YLFLQLW\ RI WKH 6FRWW 9DOOH\ ZDWHUVKHG�
7KHPDSSHG JHRORJLF GDWD DUH WDNHQ IURP WKH ����*HRORJLF 0DS RI &DOLIRUQLD �&*6
������ ,Q WKH OHJHQG� JHRORJLF IRUPDWLRQV DUH OLVWHG LQ RUGHU IURP KLJKHVW WR ORZHVW
SURSRUWLRQDO DUHD YLVLEOH LQ WKH YLFLQLW\ RI WKH :DWHUVKHG� )RUPDWLRQ GHWDLOV LQFOXGHG
LQ 7DEOH �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ 0DS RI &URVV 6HFWLRQ /RFDWLRQV¶ � � � � � � � � � � ��
�� 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ &URVV 6HFWLRQ $�$¶ � � � � � � � � � � � � � � � � ��
�� 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ &URVV 6HFWLRQ '�'¶ � � � � � � � � � � � � � � � � ��
�� 6RLO FODVVLILFDWLRQV LQ 6FRWW 9DOOH\� � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 0DLQ WULEXWDULHV WR WKH 6FRWW 5LYHU DQG ORFDWLRQV RI VWUHDP JDXJHV� 6RPH JDXJHV

PDLQWDLQHG E\ 6LVNL\RX 5&' DUH QRW DYDLODEOH RQ &'(& DQG KDYH QRW EHHQ GHSLFWHG
KHUH� )RU DGGLWLRQDO LQIRUPDWLRQ RQ HDFK JDXJH� VHH VWUHDP JDXJH UHFRUG WDEOH� � � ��

�� 7RWDO DQQXDO IORZ UHFRUGHG DW WKH )RUW -RQHV 86*6 6WUHDP *DXJH ���������� IURP
ZDWHU \HDU ���� WKURXJK ����� 7KH PHGLDQ YDOXH IRU WKH UHFRUG ��������� LV LQ�
GLFDWHG DV D GDVKHG EURZQ OLQH DW ��� 7$) SHU \HDU� WKH ERXQGDULHV EHWZHHQ WKH
RWKHU TXDUWLOHV DUH VKRZQ DV GDVKHG EODFN OLQHV DW ��� DQG ��� 7$) SHU \HDU� � � � ��

�� 6WUHDPIORZ UHFRUG DW WKH )RUW -RQHV 86*6 6WUHDP *DXJH ���������� IURP ����
WKURXJK ����� :DWHU \HDUV VKRZQ DUH H[DPSOHV RI ZHW DQG GU\ \HDUV ����� DQG
����� UHVSHFWLYHO\�� DQG WZR \HDUV ZKLFK UHFHLYHG DYHUDJH WRWDO DQQXDO UDLQIDOO �����
DQG ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� +LVWRULFDO IORZV� DV PHDVXUHG DW WKH )RUW -RQHV JDXJH� LQ FRPSDULVRQ WR &'):
LQWHULP UHFRPPHQGHG IORZV �&'): ����� DQG WKH 86)6 ZDWHU ULJKW� � � � � � � � � ��

�� %DVHIORZ �L�H�� ODWH VXPPHU DQG IDOO� FRQGLWLRQV LQ WKH 6FRWW 5LYHU VWUHDP V\VWHP�
GXULQJ DQ DYHUDJH ZDWHU \HDU� 'DWD IURP 65:& ����� � � � � � � � � � � � � � � ��

�� ,QWHUFRQQHFWHG 6XUIDFH :DWHUV �,6:V� LQ WKH 6FRWW 9DOOH\� $OO VXUIDFH ZDWHU UHDFKHV
RYHUO\LQJ WKH 6FRWW 9DOOH\ JURXQGZDWHU EDVLQ KDYH EHHQ GHVLJQDWHG DV ,6:V IRU
SXUSRVHV RI WKLV *63� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 6SDWLRWHPSRUDO KHDW PDS RI VLPXODWHG IORZUDWHV EHWZHHQ JURXQGZDWHU DQG VXUIDFH
ZDWHU IRU WKH 6FRWW 5LYHU ZLWK JHRJUDSKLF ORFDWLRQV QRWHG� $IWHU 7ROOH\ ����� � � � � ��

�� *'( LQYHQWRU\ JHQHUDWHG IRU WKH %DVLQ� $Q HQODUJHG YHUVLRQ� ZKLFK LQFOXGHV SDUFHO
ERXQGDULHV� LV DWWDFKHG DV $SSHQGL[ ��%� � � � � � � � � � � � � � � � � � � � � � ���

�� )URP .QHFKWOH ������� )LJXUH ��� (VWLPDWHG HVFDSHPHQW E\ %URRG <HDU RI DGXOW DQG
JULVOH &RKR 6DOPRQ VDOPRQ UHWXUQLQJ WR WKH 6FRWW 5LYHU IURP ���������� ,QGLYLGXDO
%URRG <HDUV DUH UHSUHVHQWHG E\ GLIIHUHQW FRORUV� � � � � � � � � � � � � � � � � � � ���

�� )URP .QHFKWOH ����� )LJXUH ��� (VWLPDWHG HVFDSHPHQW RI &KLQRRN 6DOPRQ UHWXUQ�
LQJ WR WKH 6FRWW 5LYHU IURP ���������� � � � � � � � � � � � � � � � � � � � � � � � ���

�� 6FRWW 9DOOH\ *URXQGZDWHU (OHYDWLRQV� 0DUFK ����� � � � � � � � � � � � � � � � � ���
�� 6FRWW 9DOOH\ *URXQGZDWHU (OHYDWLRQV� 6HSWHPEHU ����� � � � � � � � � � � � � � � ���
�� 6HOHFWHG ORQJ�WHUP JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV RYHU WLPH LQ ILYH ZHOOV�

RQH ORFDWHG LQ HDFK K\GURJHRORJLF ]RQH RI WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ� � � ���
�� 6FRWW 9DOOH\ JURXQGZDWHU VWRUDJH XQLWV� DV SXEOLVKHG LQ )LJXUH �� LQ 0DFN ����� � � ���
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�� /RFDWLRQ RI NQRZQ µRSHQ¶ FRQWDPLQDWHG VLWHV LQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ� ���
�� ,Q6$5 7RWDO 6XEVLGHQFH LQ WKH 6&RWW 9DOOH\ *URXQGZDWHU %DVLQ %HWZHHQ -XQH ����

DQG 6HSWHPEHU ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� $QQXDO ZDWHU EXGJHWV IRU WKH WKUHH FRQFHSWXDO VXEV\VWHPV XVHG WR UHSUHVHQW WKH

K\GURORJ\ RI WKH %DVLQ� WKH VXUIDFH ZDWHU V\VWHP� WKH VRLO ]RQH� DQG WKH DTXLIHU� � � ���
�� 0RQWKO\ YDOXHV RI VHOHFWHG ZDWHU EXGJHW FRPSRQHQWV LQ � H[DPSOH ZDWHU \HDUV� � � ���
�� 7KH PRGHO GRPDLQ ERXQGDU\ DQG ZHOOV XVHG LQ WKH 69,+0 VLPXODWLRQ RI %DVLQ K\�

GURORJ\� $GGLWLRQDOO\� JHQHUDOL]HG K\GURJHRORJLF ]RQHV �DGDSWHG IURP 0DFN� �����
DUH VKRZQ� 7KHVH DUHDV UHSUHVHQW JHQHUDO ]RQHV LQ ZKLFK REVHUYHG ZDWHU OHYHO
UHFRUGV WHQG WR KDYH VLPLODU FKDUDFWHULVWLFV �H�J�� VHDVRQDO YDULDELOLW\ DQG RYHUDOO
GHSWK WR ZDWHU�� )RU PRUH LQIRUPDWLRQ VHH VHOHFWHG K\GURJUDSKV LQ 6HFWLRQ ��������
WKH IXOO K\GURJUDSKV FROOHFWLRQ LQ $SSHQGL[ ��&� DQG 7ROOH\ HW� DO ����� � � � � � � � ���

�� 0RQWKO\ FKDQJH LQ YROXPH RI ZDWHU VWRUHG LQ WKH VRLO ]RQH �WRS SDQHO� DQG JURXQGZD�
WHU DTXLIHU �ERWWRP SDQHO� 7RWDO VWRUDJH YROXPH DQG LQWHUDQQXDO YDULDELOLW\ DUH ERWK
JUHDWHU IRU WKH DTXLIHU WKDQ IRU WKH VRLO ]RQH� � � � � � � � � � � � � � � � � � � � � ���

�� &XPXODWLYH SUHFLSLWDWLRQ DQG UHIHUHQFH (7 IRU WKH IXWXUH SURMHFWHG FOLPDWH FRQGL�
WLRQV� ZLWK EDVHFDVH DQG IRXU ':5 FOLPDWH VFHQDULRV� 7KH ���� �1HDU� DQG ����
FHQWUDO WHQGHQF\ �)DU� VFHQDULRV SUHGLFW VLPLODU UDLQIDOO FRQGLWLRQV WR WKH %DVHFDVH�
ZKLOH WKH ���� '(: �'U\� DQG ���� :0: �:HW� VFHQDULRV VKRZ OHVV DQG PRUH FX�
PXODWLYH UDLQ� UHVSHFWLYHO\� &RQYHUVHO\� DOO VFHQDULRV SUHGLFW KLJKHU IXWXUH (7 WKDQ
WKH %DVHFDVH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� +LVWRULFDO UDLQIDOO IRU WKUHH VHOHFWHG SHULRGV ����������� ���������� DQG ����������
ZLWK ����� ���� DQG ���� LQFKHV UHVSHFWLYHO\� GHPRQVWUDWH WKDW FRQGLWLRQV LQ WKH ODVW
�� \HDUV KDYH EHHQ GULHU WKDQ WKH ODVW ��� ZKLFK KDYH EHHQ GULHU WKDQ WKH IXOO UHFRUG
SHULRG VLQFH ����� 7KH EDVHFDVH DQG WKUHH RI WKH IRXU IXWXUH VFHQDULRV H[FHHG WKH
KLVWRULF DYHUDJHV� ZKLOH WKH '(: �'U\� IXWXUH VFHQDULR ����� LQFKHV� LV RQ SDU ZLWK
WKH DYHUDJH RI WKH ODVW �� \HDUV ����� LQFKHV�� � � � � � � � � � � � � � � � � � � � ���

�� &XPXODWLYH JURXQGZDWHU VWRUDJH IRU WKH IXWXUH SURMHFWHG FOLPDWH FRQGLWLRQV� ZLWK
EDVHFDVH DQG IRXU ':5 FOLPDWH VFHQDULRV� � � � � � � � � � � � � � � � � � � � � ���

�� 3URMHFWHG IORZ DW WKH )RUW -RQHV *DXJH� LQ GLIIHUHQFH �FIV� IURP %DVHFDVH� IRU IRXU
IXWXUH SURMHFWHG FOLPDWH FKDQJH VFHQDULRV� 1HDU DQG )DU VFHQDULRV VKRZ PLQLPDO
GLIIHUHQFHV IURP KLVWRULFDO EDVHFDVH IORZ FRQGLWLRQV� 7KH 'U\ VFHQDULR VKRZV VRPH
SHULRGV RI QRWDEO\ UHGXFHG IORZ� ZKLOH WKH :HW VFHQDULR VKRZV VRPH \HDUV ZLWK
PXFK KLJKHU IORZ WKDQ KLVWRULFDO EDVHFDVH IORZ FRQGLWLRQV� � � � � � � � � � � � � � ���

�� 0HGLDQ IORZ YDOXHV IRU 6KDFNOHIRUG WULEXWDU\ LQIORZ� DQG VKDGHG DUHDV FRYHULQJ WKH
��WK���WK DQG �WK���WK SHUFHQWLOHV� IRU HDFK PRQWK LQ WKH ���\HDU SURMHFWHG PRGHO
SHULRG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 3RWHQWLDO 503V IRU WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN� � � � � ���
�� )HDWXUHV LQIRUPLQJ RU SRVVLEO\ DIIHFWHG E\ SURSRVHG JURXQGZDWHU HOHYDWLRQ PRQL�

WRULQJ QHWZRUN� 7KH GRPHVWLF ZHOOV GHSLFWHG KHUH DUH WKH LQFRPSOHWH VHW RI ZHOOV LQ
WKH %DVLQ ZLWK NQRZQ ORFDWLRQ DQG GRPHVWLF XVH W\SH� � � � � � � � � � � � � � � � ���

�� /RFDWLRQV RI H[LVWLQJ JURXQGZDWHU TXDOLW\ QHWZRUNV LQ 6FRWW 9DOOH\ ZLWK PRQLWRULQJ
IRU &2&V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

�� &RQFHSWXDO FURVV�VHFWLRQ DFURVV WKH YDOOH\ IORRU QHDU WKH 6FRWW 5LYHU �OHIW�� VKRZLQJ
WKH ODQG VXUIDFH �EURZQ� ZLWK FURS FRYHU� DQG WZR K\SRWKHWLFDO ZDWHU WDEOHV� DW D
JUDGLHQW RI DERXW ��� SHUFHQW� FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV� DQG
DW D JUDGLHQW RI DERXW ���� SHUFHQW� FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV�
*UDGLHQWV DUH DSSUR[LPDWH� 7KH LQVHUWHG WDEOH VKRZV WKH UHVXOWLQJ GLIIHUHQFH LQ
ZDWHU WDEOH GHSWK EHWZHHQ WKHVH WZR K\SRWKHWLFDO ZDWHU WDEOH ORFDWLRQV� DW GLIIHUHQW
GLVWDQFHV IURP WKH 6FRWW 5LYHU� 7KH FRQFHSWXDO FURVV�VHFWLRQ GRHV QRW DFFRXQW IRU
ZDWHU WDEOH LQIOXHQFHV IURP QHDUE\ SXPSLQJ� LUULJDWLRQ UHWXUQ IORZV� RU WULEXWDULHV� � � ���

�� 9LVXDO VFKHPDWLF RI VLPXODWLRQV XVHG WR FDOFXODWH 5HODWLYH 'HSOHWLRQ 5HYHUVDO LQ
IXWXUH VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW UHSRUWV� � � � � � � � � � � � � � � � ���

�� 7KHUPRPHWHU YLVXDOL]DWLRQ RI 60& GHILQLWLRQV IRU JURXQGZDWHU OHYHOV �:/�� � � � � � ���

�� ([DPSOH K\GURJUDSK YLVXDOL]DWLRQ RI 60& GHILQLWLRQV IRU JURXQGZDWHU OHYHOV� � � � � ���

�� 7KH SUREDELOLW\� RQ WKH [�D[LV� RI ZHOO GHSWKV �Q  ��� ZHOOV� DQG JURXQGZDWHU GHSWKV
�Q  �����PHDVXUHPHQWV� H[FHHGLQJ WKH GHSWK EHORZ JURXQG VXUIDFH OLVWHG RQ WKH \�
D[LV� 'LVSOD\V WKH RYHUDOO GLVWULEXWLRQ RI NQRZQ ZHOO GHSWKV DQG JURXQGZDWHU GHSWKV
PHDVXUHG ���������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 0LQLPXP WKUHVKROGV IRU WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN� � � ���

�� *URXQGZDWHU OHYHO VXVWDLQDEOH PDQDJHPHQW FULWHULD IORZ FKDUW� 7KH IORZ FKDUW GH�
SLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ WKDW JRHV LQWR GHYHORSLQJ VXVWDLQDEOH PDQDJH�
PHQW FULWHULD �60&�� PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR EH
WDNHQ EDVHG RQ PRQLWRULQJ UHVXOWV� � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 'HJUDGHG ZDWHU TXDOLW\ WKHUPRPHWHUV IRU WKH FRQVWLWXHQWV RI FRQFHUQ LQ 6FRWW 5LYHU
9DOOH\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 'HJUDGHG ZDWHU TXDOLW\ VXVWDLQDEOH PDQDJHPHQW FULWHULD IORZ FKDUW� 7KH IORZ FKDUW
GHSLFWV WKH KLJK�OHYHO GHFLVLRQ PDNLQJ WKDW JRHV LQWR GHYHORSLQJ VXVWDLQDEOH PDQ�
DJHPHQW FULWHULD �60&�� PRQLWRULQJ WR GHWHUPLQH LI FULWHULD DUH PHW� DQG DFWLRQV WR
EH WDNHQ EDVHG RQ PRQLWRULQJ UHVXOWV� � � � � � � � � � � � � � � � � � � � � � � � ���

�� &RQFHSWXDO RXWOLQH RI WKH VXVWDLQDEOH PDQDJHPHQW FULWHULD IRU LQWHUFRQQHFWHG VXU�
IDFH ZDWHU �UHYHUVDO RI VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ�� &XUUHQW
%DVLQ FRQGLWLRQV LQGLFDWH D QHHG WR LPSURYH FRQGLWLRQV IRU ILVK DQG WKH *63 IXUWKHUV
WKDW JRDO� 5HYHUVDO RI VWUHDP GHSOHWLRQ LV RQH DFWLRQ WKDW FDQ KHOS DFKLHYH WKDW
JRDO� 7KH PLQLPXP WKUHVKROG IRU VWUHDP GHSOHWLRQ UHYHUVDO LV KLJKHU WKDQ FXUUHQW
RU UHFHQW KLVWRULF FRQGLWLRQV� 7KH PLQLPXP WKUHVKROG GHHPHG WR UHIOHFW VXVWDLQDEOH
FRQGLWLRQV ZLOO EH HIIHFWLYH IURP ���� RQZDUG� 3ULRU WR ����� LQWHULP PLOHVWRQHV DUH
VHW IRU ����� ����� DQG ����� 7KH LQWHULP PLOHVWRQH IRU ���� LV HTXDO WR WKH ����
PLQLPXP WKUHVKROG� 7KH PHDVXUDEOH REMHFWLYH UHSUHVHQWV D SHUFHQWDJH RI VWUHDP
GHSOHWLRQ UHYHUVDO WKDW H[FHHGV WKH UHDVRQDEOH PDUJLQ RI RSHUDWLRQDO IOH[LELOLW\ IRU
LPSURYLQJ RYHUDOO FRQGLWLRQV LQ WKH EDVLQ� *UDSKLF PRGLILHG IURP &DOLIRUQLD ':5�
'UDIW 6XVWDLQDEOH 0DQDJHPHQW &ULWHULD %03� 1RYHPEHU ����� )LJXUH ��%� � � � � � ���
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

�� &RPSXWDWLRQ RI WKH 5HODWLYH 'HSOHWLRQ 5HYHUVDO DV WKH UDWLR RI 'HSOHWLRQ 5HYHUVDO
�GXH WR 30$V� DQG 7RWDO 'HSOHWLRQ� 7KH JUDSKLF DOVR VKRZV WKH FRPSXWDWLRQ RI
WKH 7RWDO 'HSOHWLRQ DQG WKH 'HSOHWLRQ 5HYHUVDO DV GHILQHG DERYH� 7KH 5HODWLYH
'HSOHWLRQ 5HYHUVDO LV D XQLWOHVV IUDFWLRQ� 0XOWLSOLHG E\ ���� LW KDV XQLWV RI SHUFHQW�
30$V PD\ OHDG WR OHVV WKDQ ��� SHUFHQW 5HODWLYH 'HSOHWLRQ 5HYHUVDO� RU HYHQ PRUH
WKDQ ��� SHUFHQW 5HODWLYH 'HSOHWLRQ 5HYHUVDO� -XVW OLNH 7RWDO 'HSOHWLRQ DQG SURMHFW
RU PDQDJHPHQW DFWLRQ�VSHFLILF 'HSOHWLRQ 5HYHUVDO� WKH 5HODWLYH 'HSOHWLRQ 5HYHUVDO
YDULHV IURP GD\ WR GD\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� *HQHUDO SURFHVV IRU LGHQWLILFDWLRQ DQG SULRULWL]DWLRQ RI 30$V� )XUWKHU GHWDLOV DUH
LQFOXGHG LQ &KDSWHU � DQG DSSHQGLFHV� � � � � � � � � � � � � � � � � � � � � � � � ���

�� $QQXDO SUHFLSLWDWLRQ RYHU WKH ��������� UHFRUG DV PHDVXUHG DW WKH )RUW -RQHV
5DQJHU ZHDWKHU VWDWLRQ �86&���������� � � � � � � � � � � � � � � � � � � � � � � ���

�� *63 LPSOHPHQWDWLRQ SURFHVV IRU WKH ILUVW ��\HDUV LPSOHPHQWDWLRQ� 7KH URDG PDS LV
H[SHFWHG WR EH VLPLODU IRU WKH IROORZLQJ ��\HDUV F\FOHV� � � � � � � � � � � � � � � � ���

�� *63 LPSOHPHQWDWLRQ VFKHGXOH� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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/LVW RI 7DEOHV

� 6FRWW 9DOOH\ *63 XQGHVLUDEOH UHVXOWV GHILQHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU� � � � � ��

� $FUHDJH DQG SHUFHQW RI WRWDO %DVLQ DUHD FRYHUHG E\ JHQHUDOL]HG ODQG XVHV DV UH�
SRUWHG LQ ':5¶V ���� ODQG XVH VXUYH\� � � � � � � � � � � � � � � � � � � � � � � � ��

� *URXQGZDWHU�UHODWHG 0DQDJHPHQW LQ 6FRWW 9DOOH\� � � � � � � � � � � � � � � � � � ��

� *URXQGZDWHU�UHODWHG 0RQLWRULQJ LQ 6FRWW 9DOOH\� � � � � � � � � � � � � � � � � � � ��

� *URXQGZDWHU�UHODWHG 3ODQV DQG PRGHOLQJ WRRO �69,+0� LQ 6FRWW 9DOOH\� � � � � � � � ��

� :DWHU ULJKWV DVVLJQHG WR 86)6 LQ WKH ���� 6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH� � � � � ��

� ,QWHULP LQVWUHDP IORZV IRU 6FRWW 5LYHU� DV PHDVXUHG DW WKH )RUW -RQHV *DXJH 86*6
�������� �&'): ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6WDWLRQ GHWDLOV DQG UHFRUG OHQJWK IRU 12$$ ZHDWKHU VWDWLRQV LQ DQG QHDU 6FRWW 9DOOH\�
5HFRUG HQG GDWHV ZLWKLQ WKH \HDU ���� VLPSO\ UHIOHFW WKH ODVW GDWH RI GRZQORDG RI
LQIRUPDWLRQ IURP WKRVH GDWDEDVHV DQG GR QRW UHIOHFW WKH DFWXDO HQG RI WKH UHFRUG� � � ��

� 6WDWLRQ GHWDLOV IRU &'(& VQRZ PHDVXUHPHQW VWDWLRQV LQ WKH 6FRWW 5LYHU ZDWHUVKHG� � ��

�� 'HWDLOV IRU JHRORJLF IRUPDWLRQV PDSSHG LQ WKH YLFLQLW\ RI WKH 6FRWW 5LYHU ZDWHUVKHG� � ��

�� 5HFHQW WRWDO ZDWHU XVH HVWLPDWHV �LQ DFUH�IHHW� E\ ':5 LQ WKH 6FRWW 5LYHU ZDWHUVKHG
�':5 ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� 6FRWW 9DOOH\ GDLO\ IORZ UHFRUGV IRU VWUHDP JDXJHV WKDW DUH ERWK KLVWRULFDO �LQDFWLYH�
DQG DFWLYHO\ UHFRUGLQJ GDWD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� (VWLPDWHG VWUHDP GHSOHWLRQ� LQ 6HSWHPEHU DQG 2FWREHU RI ���������� GXH WR
JURXQGZDWHU SXPSLQJ LQ WKUHH JHRJUDSKLF DUHDV GHILQHG E\ WKH $GMXGLFDWHG =RQH
�6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������ � � � � � � � � � � � � � � � � � � � � � ��

�� 9HJHWDWLRQ W\SHV ZLWKLQ WKH %DVLQ LGHQWLILHG E\ WKH 1&&$* 'DWDVHW DORQJ ZLWK WKHLU
PD[LPXP URRWLQJ GHSWK� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� )UHVKZDWHU VSHFLHV LQ 6FRWW 9DOOH\ RI VSHFLDO FRQFHUQ� EDVHG RQ LQIRUPDWLRQ SUR�
YLGHG E\ WKH 1DWXUH &RQVHUYDQF\ DQG VWDNHKROGHU LQSXW� DQG DV QRWHG LQ ,YH\ DQG
+HU]LQJHU ������� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�� /RFDWLRQV QRWHG LQ YDULRXV VWXGLHV DQG SODQV DV KLJK SULRULW\� KLJK XWLOL]DWLRQ� RU KLJK
SRWHQWLDO IRU FRKR VDOPRQ KDELWDW� DV GHVFULEHG LQ WKH SUHFHGLQJ WH[W� � � � � � � � � ���

�� *'( VSHFLHV SULRULWL]DWLRQ IRU PDQDJHPHQW� � � � � � � � � � � � � � � � � � � � � ���

�� 3URSHUWLHV RI JURXQGZDWHU VWRUDJH XQLWV LQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ DV
GHILQHG E\ 0DFN ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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�� 5HJXODWRU\ ZDWHU TXDOLW\ WKUHVKROGV IRU FRQVWLWXHQWV RI LQWHUHVW LQ WKH 6FRWW 9DOOH\
*URXQGZDWHU %DVLQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 6XPPDUL]HG DQQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH
6XUIDFH :DWHU �6:� VXEV\VWHP RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ
WKH VWUHDP QHWZRUN DV LQIORZV IURP WULEXWDU\ VWUHDPV DQG RYHUODQG IORZ HQWHULQJ
VWUHDPV� QHJDWLYH YDOXHV DUH ZDWHU OHDYLQJ WKH VWUHDP QHWZRUN DV GLYHUVLRQV WR WKH
)DUPHUV DQG 69,' GLWFKHV DQG RXWIORZ IURP WKH YDOOH\ WKURXJK WKH 6FRWW 5LYHU� 7KH
QHW GLUHFWLRQ RI VWUHDP OHDNDJH DQG WKH RYHUDOO FKDQJH LQ ZDWHU VWRUHG LQ WKH VWUHDP
V\VWHP FDQ EH ERWK QHJDWLYH DQG SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV� � � � � � � � � � ���

�� $QQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH /DQG DQG VRLO
VXEV\VWHP �/� RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ WKH VRLO YROXPH
DV SUHFLSLWDWLRQ DQG VXUIDFH ZDWHU �6:� RU JURXQGZDWHU �*:� LUULJDWLRQ� QHJDWLYH
YDOXHV DUH ZDWHU OHDYLQJ WKH VRLO YROXPH DV HYDSRWUDQVSLUDWLRQ �(7� DQG UHFKDUJH WR
WKH DTXLIHU� 7KH RYHUDOO FKDQJH LQ VWRUDJH LQ WKH VRLO YROXPH FDQ EH ERWK QHJDWLYH
DQG SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV� � � � � � � � � � � � � � � � � � � � � � � � � ���

�� $QQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH *URXQGZDWHU
�*:� VXEV\VWHP RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ WKH DTXLIHU DV
UHFKDUJH IURP WKH VRLO ]RQH� FDQDO VHHSDJH� DQG PRXQWDLQ IURQW UHFKDUJH �0)5��
QHJDWLYH YDOXHV DUH ZDWHU OHDYLQJ WKH DTXLIHU DV HYDSRWUDQVSLUDWLRQ �(7�� GLVFKDUJH
WR RYHUODQG IORZ� DQG SXPSHG ZDWHU IURP ZHOOV� 7KH QHW GLUHFWLRQ RI VWUHDP OHDN�
DJH DQG WKH RYHUDOO FKDQJH LQ ZDWHU VWRUHG LQ WKH DTXLIHU FDQ EH ERWK QHJDWLYH DQG
SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV�� � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 6XPPDU\ RI PRQLWRULQJ QHWZRUNV� PHWULFV� DQG QXPEHU RI VLWHV IRU VXVWDLQDELOLW\
LQGLFDWRUV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� :HOOV GHVLJQDWHG IRU SRWHQWLDO LQFOXVLRQ LQ WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQ�
LWRULQJ QHWZRUN DV 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503V�� 7KHUH DUH WZHQW\�RQH
3ULRULW\ � ZHOOV DQG HLJKW 3ULRULW\ � ZHOOV OLVWHG� WR DFKLHYH WKH FRYHUDJH RQ )LJXUH ��
:HOO GHSWK LV WDNHQ IURP :HOO &RPSOHWLRQ 5HSRUWV �:&5V�� HDFK ZHOO ZDV PDWFKHG
WR D :&5� EXW VRPH :&5V GR QRW FRQWDLQ GHSWK RU VFUHHQHG LQWHUYDO LQIRUPDWLRQ�
DQG WKHUH LV VRPH XQFHUWDLQW\ UHJDUGLQJ WKH DFFXUDF\ RI WKH PDWFK� � � � � � � � � ���

�� ([LVWLQJ DQG SODQQHG HOHPHQWV RI WKH JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN� 3HU
WKH PRQLWRULQJ VFKHGXOHV DYDLODEOH RQ (3$¶V 6DIH 'ULQNLQJ :DWHU ,QIRUPDWLRQ 6\V�
WHP �6':,6�� VSHFLILF FRQGXFWLYLW\ LV RQ D PRQLWRULQJ VFKHGXOH RI ��� PRQWKV IRU
HDFK RI WKH WZR DFWLYH ZHOOV LQ )RUW -RQHV� � � � � � � � � � � � � � � � � � � � � � ���

�� 0DMRU WULEXWDU\ VWUHDPV WR WKH 6FRWW 5LYHU DQG WKH SURSRUWLRQ RI WRWDO IORZ LQSXWV WR WKH
PRGHO GRPDLQ VLPXODWHG LQ 69,+0� 7KH VRXUFH IRU WKLV GDWD LV WKH DYDLODEOH WULEXWDU\
LQIORZ UHFRUGV� ZLWK PLVVLQJ GDLO\ YDOXHV LQWHUSRODWHG XVLQJ D VWUHDPIORZ UHJUHVVLRQ
PRGHO �VHH &KDSWHU �� &KDSWHU �������� DQG $SSHQGL[ ��) IRU PRUH LQIRUPDWLRQ�� � � ���
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

�� 2EMHFWLYHV� WULJJHUV DQG WKUHVKROGV IRU SURSRVHG 6FRWW 9DOOH\ 503V IRU JURXQGZD�
WHU HOHYDWLRQ� )DOO 5DQJH UHIHUV WR WKH PD[LPXP DQG PLQLPXP RI PHDVXUHPHQWV
FROOHFWHG DW HDFK ZHOO GXULQJ 6HSWHPEHU±1RYHPEHU� 7KH PLQLPXP 0HDVXUDEOH
2EMHFWLYH �02� LV VHW DV WKH ��WK SHUFHQWLOH RI WKH IDOO PHDVXUHPHQW UDQJH � L�H��
WKH PHDVXUHPHQW DW ZKLFK �� SHUFHQW RI JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV IDOO
EHORZ LW� 7KH SULPDU\ WULJJHU �37� LV VHW DW WKH KLVWRULF ORZ JURXQGZDWHU HOHYDWLRQ
PHDVXUHPHQW� 7KH 0LQLPXP 7KUHVKROG �07� LV VHW DW WKH KLVWRULF ORZ SOXV D EXIIHU�
7KH EXIIHU LV HLWKHU �� SHUFHQW RI WKH KLVWRULF ORZ� RU �� IHHW� ZKLFKHYHU LV VPDOOHU� � ���

�� &RQVWLWXHQWV RI FRQFHUQ DQG WKHLU DVVRFLDWHG PD[LPXP WKUHVKROGV� 0D[LPXP
WKUHVKROGV DOVR LQFOXGH D �� SHUFHQW DYHUDJH LQFUHDVH SHU \HDU RYHU WHQ \HDUV LQ
QR PRUH WKDQ �� SHUFHQW RI ZHOOV� DQG QR PRUH WKDQ �� SHUFHQW RI ZHOOV H[FHHGLQJ
WKH PD[LPXP WKUHVKROG IRU FRQFHQWUDWLRQ OLVWHG KHUH� � � � � � � � � � � � � � � � � ���

�� $YHUDJH RI GDLO\ VLPXODWHG VWUHDP GHSOHWLRQ �FIV� GXH WR JURXQGZDWHU SXPSLQJ RXW�
VLGH RI WKH DGMXGLFDWHG ]RQH� E\ FDOHQGDU \HDU� 6WUHDP GHSOHWLRQ ZDV FRPSXWHG XV�
LQJ 69,+0� E\ FRPSDULQJ WKH EDVH FDVH VFHQDULR �FDOLEUDWHG KLVWRULF PRGHO� DJDLQVW
D VFHQDULR� IRU WKH VDPH VLPXODWLRQ SHULRG� LQ ZKLFK QR JURXQGZDWHU SXPSLQJ RF�
FXUUHG RXWVLGH WKH DGMXGLFDWHG ]RQH� 'DLO\ VWUHDP GHSOHWLRQ >FIV@ LV WKH GLIIHUHQFH LQ
VLPXODWHG VWUHDPIORZ DW WKH )RUW -RQHV JDXJH EHWZHHQ WKH QR�JURXQGZDWHU SXPSLQJ
VFHQDULR �JHQHUDOO\ PRUH IORZ� DQG WKH EDVH VFHQDULR �JHQHUDOO\ OHVV IORZ�� 6WUHDP
GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ LV FXUUHQWO\ QRW DYDLODEOH IRU SHULRGV DIWHU
����� 69,+0 ZLOO EH UHJXODUO\ XSGDWHG GXULQJ WKH *63 LPSOHPHQWDWLRQ WR UHIOHFW
PRUH FXUUHQW FRQGLWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 3HUFHQW DQG DYHUDJH IORZUDWH �FIV� RI 7RWDO 6WUHDP 'HSOHWLRQ �GXH WR JURXQGZDWHU
SXPSLQJ LQ ZHOOV RXWVLGH RI WKH $GMXGLFDWHG =RQH�� IURP 6HS � WR 1RY ��� UHYHUVHG
E\ WKH ³JXLGLQJ´ PLQLPXP 30$� 0DQDJHG $TXLIHU 5HFKDUJH DQG ,Q�/LHX 5HFKDUJH
�0$5 DQG ,/5�� FDWHJRUL]HG E\ ZDWHU \HDU W\SH� DQG DGMXVWHG WR WKH ILQDO ���� PLQ�
LPXP WKUHVKROG RI �� SHUFHQW� :DWHU \HDU W\SH LV EDVHG RQ TXDUWLOHV RI WRWDO IORZ
UHFRUGHG DW WKH )RUW -RQHV 86*6 IORZ JDXJH� ZDWHU \HDUV ��������� �ZKHUH ZD�
WHU \HDUV VWDUW 2FW ��� ,0 LQGLFDWHV ,QWHULP 0LOHVWRQH� LQ XQLWV RI 3HUFHQW 'HSOHWLRQ
5HYHUVHG E\ 30$V� E\ ZDWHU \HDU W\SH� � � � � � � � � � � � � � � � � � � � � � � ���

�� 3URMHFWV DQG 0DQDJHPHQW $FWLRQV 6XPPDU\� � � � � � � � � � � � � � � � � � � � ���

�� 0RQLWRULQJ DQG 3ODQQHG ([SDQVLRQ IRU 6XVWDLQDEOH 0DQJHPHQW &ULWHULD LQ 6FRWW 9DOOH\����

�� 6XPPDU\ RI $QQXDO *63 2SHUDWLRQ DQG ,PSOHPHQWDWLRQ &RVWV� � � � � � � � � � � ���

�� 3RWHQWLDO )XQGLQJ 6RXUFHV IRU *63 ,PSOHPHQWDWLRQ� � � � � � � � � � � � � � � � � ���
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

/LVW RI $SSHQGLFHV

� $SSHQGL[ ��$ 6FRWW 9DOOH\ %DVLQ &RPPXQLFDWLRQ DQG (QJDJHPHQW 3ODQ

� $SSHQGL[ ��% 5HFRUG RI 3XEOLF 0HHWLQJV

� $SSHQGL[ ��& &RPPHQWV RQ 'UDIW *63

� $SSHQGL[ ��' 7ULEDO &RPPHQW 6XPPDU\

� $SSHQGL[ ��( .DUXN 0HPRUDQGXP RI 8QGHUVWDQGLQJ

� $SSHQGL[ ��) ':5 (OHPHQW *XLGH

� 'LJLWDO $SSHQGL[ ��$� 69,+0 6FHQDULR 'DLO\ )- )ORZV DQG 'HSOHWLRQ 9DOXHV

� $SSHQGL[ ��% 6FRWW 9DOOH\ *'(V� ZLWK 3DUFHO %RXQGDULHV �'�6L]H 6KHHW�

� $SSHQGL[ ��& +\GURJUDSKV

� $SSHQGL[ ��' :DWHU 4XDOLW\ $VVHVVPHQW

� $SSHQGL[ ��( 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0� ([WHQVLRQ 'RFXPHQWDWLRQ
DQG :DWHU %XGJHW 7DEOHV

� $SSHQGL[ ��) 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0� 'RFXPHQWDWLRQ ± 3UHYLRXV
5HSRUWV

� $SSHQGL[ ��$ 'DWD *DS $VVHVVPHQW

� $SSHQGL[ ��% 0RQLWRULQJ DQG 0HDVXUHPHQW 3URWRFROV

� $SSHQGL[ ��& 6FRW 9DOOH\ 'U\ :HOO 5LVN $QDO\VLV

� $SSHQGL[ ��' :DWHU 4XDOLW\ $VVHVVPHQW

� $SSHQGL[ ��$ 69,+0 6FHQDULR 5HVXOWV

� $SSHQGL[ ��% 'UDIW )LQDO 3URSRVDO IRU &RDOLWLRQ RI WKH :LOOLQJ 3URMHFW� *URXQGZDWHU 5HFKDUJH
3LORW 6WXG\ WR 'HWHUPLQH ,PVWUHDP %HQHILWV IRU WKH 6FRWW 5LYHU� 6LVNL\RX &RXQW\� &DOLIRUQLD

� $SSHQGL[ ��$ 30$ 3ULRULWL]DWLRQ DQG 6FRULQJ 6\VWHP

� $SSHQGL[ ��% $QQXDO 5HSRUWLQJ 7HPSODWH

� $SSHQGL[ ��& )LQDQFLDO $QDO\VLV IRU *63 ,PSOHPHQWDWLRQ

� $SSHQGL[ ��' 6LVNL\RX &RXQW\ $JULFXOWXUDO (FRQRPLFV $QDO\VLV &RQVLGHULQJ *URXQGZDWHU
5HJXODWLRQ

�



([HFXWLYH 6XPPDU\

(6��� ,1752'8&7,21 �&+$37(5 ��

%DFNJURXQG �6HFWLRQ ����

6HFWLRQ � GHVFULEHV WKH 6XVWDLQDEOH *URXQGZDWHU 0DQDJHPHQW $FW DQG WKH SXUSRVH RI WKH*URXQG�
ZDWHU 6XVWDLQDELOLW\ 3ODQ� 6HFWLRQ � DOVR LQWURGXFHV WKH PDQDJHPHQW VWUXFWXUH RI WKH DJHQFLHV
GHYHORSLQJ DQG LPSOHPHQWLQJ WKH *63�

7KH ���� 6XVWDLQDEOH *URXQGZDWHU 0DQDJHPHQW $FW �6*0$� ZDV HVWDEOLVKHG WR SURYLGH ORFDO
DQG UHJLRQDO DJHQFLHV WKH DXWKRULW\ WR VXVWDLQDEO\ PDQDJH JURXQGZDWHU UHVRXUFHV WKURXJK WKH
GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI *63V IRU KLJK DQG PHGLXP SULRULW\ VXEEDVLQV �H�J�� 6FRWW
9DOOH\�� ,Q DFFRUGDQFH ZLWK 6*0$� WKLV *63 ZDV GHYHORSHG DQG ZLOO EH LPSOHPHQWHG E\ *6$
UHSUHVHQWLQJ WKH %DVLQ� WKH 6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW�
7KH &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5� DQG WKH 6WDWH :DWHU 5HVRXUFHV &RQWURO
%RDUG �6WDWH %RDUG� SURYLGH SULPDU\ RYHUVLJKW IRU LPSOHPHQWDWLRQ RI 6*0$� ':5 DGRSWHG UHJ�
XODWLRQV WKDW VSHFLI\ WKH FRPSRQHQWV DQG HYDOXDWLRQ FULWHULD IRU JURXQGZDWHU VXVWDLQDELOLW\ SODQV�
DOWHUQDWLYHV WR *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQV �*63V�� DQG FRRUGLQDWLRQ DJUHHPHQWV WR LPSOH�
PHQW VXFK SODQV� 7R VDWLVI\ WKH UHTXLUHPHQWV RI 6*0$� ORFDO DJHQFLHV PXVW GR WKH IROORZLQJ�

� /RFDOO\ FRQWUROOHG DQG JRYHUQHG *URXQGZDWHU 6XVWDLQDELOLW\ $JHQFLHV �*6$V� PXVW EH IRUPHG
IRU DOO KLJK� DQG PHGLXP�SULRULW\ JURXQGZDWHU EDVLQV LQ &DOLIRUQLD�

� *6$V PXVW GHYHORS DQG LPSOHPHQW *63V RU $OWHUQDWLYHV WR *63V WKDW GHILQH D URDGPDS IRU
KRZ JURXQGZDWHU EDVLQV ZLOO UHDFK ORQJ�WHUP VXVWDLQDELOLW\�

� 7KH *63V PXVW FRQVLGHU VL[ VXVWDLQDELOLW\ LQGLFDWRUV GHILQHG DV� JURXQGZDWHU OHYHO GHFOLQH�
JURXQGZDWHU VWRUDJH UHGXFWLRQ� VHDZDWHU LQWUXVLRQ� ZDWHU TXDOLW\ GHJUDGDWLRQ� ODQG VXEVL�
GHQFH� DQG VXUIDFH�ZDWHU GHSOHWLRQ�

� *6$V PXVW VXEPLW DQQXDO UHSRUWV WR ':5 HDFK $SULO � IROORZLQJ DGRSWLRQ RI D *63�
� *URXQGZDWHU EDVLQV VKRXOG UHDFK VXVWDLQDELOLW\ ZLWKLQ �� \HDUV RI LPSOHPHQWLQJ WKHLU *63V�

7KLV *63 ZDV SUHSDUHG WR PHHW WKH UHJXODWRU\ UHTXLUHPHQWV HVWDEOLVKHG E\ ':5� 7KH FRPSOHWHG
*63 (OHPHQWV *XLGH LV RUJDQL]HG DFFRUGLQJ WR WKH *63 (PHUJHQF\ 5HJXODWLRQV VHFWLRQV RI WKH
&DOLIRUQLD &RGH RI 5HJXODWLRQV DQG LV SURYLGHG LQ $SSHQGL[ ��'�
3XUSRVH RI WKH *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ
7KH 6FRWW 9DOOH\ *63 RXWOLQHV D ���\HDU SODQ WR GLUHFW VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW DFWLY�
LWLHV WKDW FRQVLGHUV WKH QHHGV RI DOO XVHUV LQ WKH %DVLQ DQG HQVXUHV D YLDEOH JURXQGZDWHU UHVRXUFH
IRU EHQHILFLDO XVH E\ DJULFXOWXUDO� UHVLGHQWLDO� LQGXVWULDO� PXQLFLSDO DQG HFRORJLFDO XVHUV� 7KH LQLWLDO

�



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

*63 LV D VWDUWLQJ SRLQW WRZDUGV DFKLHYHPHQW RI WKH VXVWDLQDELOLW\ JRDO IRU WKH %DVLQ� $OWKRXJK DYDLO�
DEOH LQIRUPDWLRQ DQG PRQLWRULQJ GDWD KDYH EHHQ HYDOXDWHG WKURXJKRXW WKH *63 WR VHW VXVWDLQDEOH
PDQDJHPHQW FULWHULD DQG GHILQH SURMHFWV DQG PDQDJHPHQW DFWLRQV� WKHUH DUH JDSV LQ NQRZOHGJH
DQG DGGLWLRQDO PRQLWRULQJ UHTXLUHPHQWV� ,QIRUPDWLRQ JDLQHG LQ WKH ILUVW ILYH \HDUV RI SODQ LPSOH�
PHQWDWLRQ� DQG WKURXJK WKH SODQQHG PRQLWRULQJ QHWZRUN H[SDQVLRQV� ZLOO EH XVHG WR IXUWKHU UHILQH
WKH VWUDWHJ\ RXWOLQHG LQ WKLV GUDIW RI WKH *63� 7KH *6$ ZLOO ZRUN WRZDUGV LPSOHPHQWDWLRQ RI WKH
*63 WR PHHW DOO SURYLVLRQV RI WKH 6*0$ XVLQJ DYDLODEOH ORFDO� VWDWH� DQG IHGHUDO UHVRXUFHV� ,W
LV DQWLFLSDWHG WKDW FRRUGLQDWLRQ ZLWK RWKHU DJHQFLHV WKDW FRQGXFW PRQLWRULQJ DQG�RU PDQDJHPHQW
DFWLYLWLHV ZLOO RFFXU WKURXJKRXW *63 LPSOHPHQWDWLRQ WR IXQG DQG FRQGXFW WKLV LPSRUWDQW ZRUN� )HHV
RU RWKHU PHDQV PD\ EH UHTXLUHG WR VXSSRUW SURJUHVV WRZDUGV FRPSOLDQFH ZLWK 6*0$�

(6��� 3/$1 $5($ $1' %$6,1 6(77,1* �&+$37(5 ��

&KDSWHU � SURYLGHV DQ RYHUYLHZ RI WKH 6FRWW 9DOOH\ %DVLQ� 7KLV LQFOXGHV GHVFULSWLRQV RI SODQ DUHD�
UHOHYDQW DJHQFLHV DQG SURJUDPV� JURXQGZDWHU FRQGLWLRQV� ZDWHU TXDOLW\� LQWHUFRQQHFWHG VXUIDFH
ZDWHUV� DQG JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV� 7KHVH GHWDLOV LQIRUP WKH K\GURJHRORJLF FRQFHS�
WXDO PRGHO DQG ZDWHU EXGJHW GHYHORSHG IRU WKH %DVLQ ZKLFK ZLOO EH XVHG WR IUDPH WKH GLVFXVVLRQ
IRU VXVWDLQDEOH PDQDJHPHQW FULWHULD �&KDSWHU �� DQG SURMHFWV DQG PDQDJHPHQW DFWLRQV �&KDSWHU
���

'HVFULSWLRQ RI 3ODQ $UHD �6HFWLRQ ����

6XPPDU\ RI -XULVGLFWLRQDO $UHDV DQG 2WKHU )HDWXUHV �6HFWLRQ ������
7KH 6FRWW 9DOOH\ %DVLQ �WKH %DVLQ� LV D PHGLXP SULRULW\ EDVLQ ORFDWHG LQ 1RUWKHUQ &DOLIRUQLD� 7KH
%DVLQ LV VXUURXQGHG E\ VHYHUDO PRXQWDLQ UDQJHV WKDW DUH GUDLQHG E\ WKH 6FRWW 5LYHU DQG LWV WULE�
XWDULHV� 7ZR DUHDV LQ WKH %DVLQ DUH H[HPSW IURP 6*0$ UHTXLUHPHQWV WR IRUP *6$V RU GHYHORS
*63V� WKH LQWHUFRQQHFWHG ]RQH� DGMXGLFDWHG LQ ���� WKURXJK 'HFUHH 1R� ������ DQG WKH 4XDUW]
9DOOH\ ,QGLDQ 5HVHUYDWLRQ� ,UULJDWHG DJULFXOWXUH LV D SULPDU\ ODQG XVH LQ WKH %DVLQ� ODUJHO\ SDV�
WXUH DQG DOIDOID� 7KH SULPDU\ FRPPXQLWLHV LQ 6FRWW 9DOOH\ DUH WKH FLWLHV RI (WQD DQG )RUW -RQHV
DQG WKH FRPPXQLW\ RI *UHHQYLHZ� DOO RI ZKLFK IDOO ZLWKLQ WKH FDWHJRULHV RI 6HYHUHO\ 'LVDGYDQWDJHG
&RPPXQLWLHV �6'$&V� RU GLVDGYDQWDJHG FRPPXQLWLHV �'$&V� EDVHG RQ DQQXDO PHGLDQ KRXVHKROG
LQFRPH� 7KH SRSXODWLRQ RI WKH %DVLQ �LQFOXGLQJ WRZQV DQG UHVLGHQWV RI XQLQFRUSRUDWHG DUHDV� ZDV
DSSUR[LPDWHO\ ����� LQ WKH ���� FHQVXV �65:& DQG 6LVNL\RX 5&'� ������
&KURQRORJ\ RI *URXQGZDWHU 0DQDJHPHQW LQ 6FRWW 9DOOH\ �6HFWLRQ ������
&RRUGLQDWHG JURXQGZDWHU PDQDJHPHQW LQ 6FRWW 9DOOH\ GDWHV EDFN WR WKH ����V ZLWK WKH LQYHV�
WLJDWLRQ LQWR JURXQGZDWHU GHYHORSPHQW IRU LUULJDWLRQ� FRPSOHWHG E\ WKH &DOLIRUQLD 'HSDUWPHQW RI
:DWHU 5HVRXUFHV� 6LQFH WKHQ� OHJDO PHDVXUHV DQG UHSUHVHQWDWLYHV RI EHQHILFLDO XVHUV RI WKH
DUHD¶V JURXQGZDWHU DQG VXUIDFH ZDWHU FRQWULEXWHG WR HIIRUWV WR PDQDJH DQG SUHVHUYH ORFDO ZD�
WHU UHVRXUFHV� 6HFWLRQ ����� GRFXPHQWV 6FRWW 9DOOH\¶V KLVWRU\ RI JURXQGZDWHU PDQDJHPHQW� ZKLFK
LQFOXGHV NH\ SXEOLFDWLRQV� ZDWHU PDQDJHPHQW SURJUDPV� DQG WKH SDVVDJH RI UHOHYDQW OHJLVODWLRQ�
:DWHU 5HVRXUFHV 0RQLWRULQJ DQG 0DQDJHPHQW 3URJUDPV �6HFWLRQ ������
6HFWLRQ ����� GRFXPHQWVPRQLWRULQJ DQGPDQDJHPHQW RI VXUIDFH ZDWHU DQG JURXQGZDWHU UHVRXUFHV
LQ WKH %DVLQ DQG WKHLU UHODWLRQ WR *63 LPSOHPHQWDWLRQ� 7KHVH LQFOXGH IHGHUDO� VWDWH DQG ORFDO
DJHQFLHV DQG DVVRFLDWHG DFWLYLWLHV LQ 6FRWW 9DOOH\�
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/DQG 8VH (OHPHQWV RU 7RSLF &DWHJRULHV RI $SSOLFDEOH *HQHUDO 3ODQV �6HFWLRQ ������
$SSOLFDEOH ODQG XVH DQG FRPPXQLW\ SODQV LQ WKH %DVLQ DUH RXWOLQHG LQ 6HFWLRQ ����� LQFOXGLQJ WKH
6FRWW 9DOOH\ $UHD 3ODQ� )RUW -RQHV DQG (WQD *HQHUDO 3ODQV DQG :LOOLDPVRQ $FW /DQG�

$GGLWLRQDO *63 (OHPHQWV �6HFWLRQ ������
:HOO SROLFLHV� JURXQGZDWHU XVH UHJXODWLRQV DQG WKH UROH RI ODQG XVH SODQQLQJ DJHQFLHV DQG IHGHUDO
UHJXODWRU\ DJHQFLHV LQ *63 LPSOHPHQWDWLRQ DUH RXWOLQHG LQ 6HFWLRQ ������

%DVLQ 6HWWLQJ �6HFWLRQ ����

6HFWLRQ ��� LQFOXGHV GHVFULSWLRQV RI JHRORJLF IRUPDWLRQV DQG VWUXFWXUHV� DTXLIHUV� DQG SURSHUWLHV
RI JHRORJ\ UHODWHG WR JURXQGZDWHU� DPRQJ RWKHU UHODWHG FKDUDFWHULVWLFV RI WKH %DVLQ�

+\GURJHRORJLF &RQFHSWXDO 0RGHO �6HFWLRQ ������
7KH K\GURJHRORJLF FRQFHSWXDO PRGHO HQFRPSDVVHV SDUWV RI WKH %DVLQ VHWWLQJ LQFOXGLQJ LWV JHR�
JUDSKLFDO ORFDWLRQ� FOLPDWH� JHRORJ\� VRLOV� ODQG XVH DQG ZDWHU PDQDJHPHQW KLVWRU\� DQG K\GURORJ\
�6HFWLRQV ������� WKURXJK ���������

,GHQWLILFDWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU 6\VWHPV �6HFWLRQ ��������
,QWHUFRQQHFWHG VXUIDFH ZDWHU �,6:� LV GHILQHG DV VXUIDFH ZDWHU ZKLFK LV FRQQHFWHG WR JURXQGZDWHU
WKURXJK D FRQWLQXRXV VDWXUDWHG ]RQH� 6*0$ PDQGDWHV DQ DVVHVVPHQW RI WKH ORFDWLRQ� WLPLQJ� DQG
PDJQLWXGH RI ,6: GHSOHWLRQV� DQG WR GHPRQVWUDWH WKDW SURMHFWHG ,6: GHSOHWLRQV ZLOO QRW OHDG WR
VLJQLILFDQW DQG XQGHVLUDEOH UHVXOWV IRU EHQHILFLDO XVHV DQG XVHUV RI VXUIDFH ZDWHU�

7KH 6FRWW 5LYHU DQG LWV PDMRU WULEXWDULHV DUH DOO FRQVLGHUHG SDUW RI WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU
V\VWHP LQ WKH %DVLQ �)LJXUH ��� 7KH PDJQLWXGH DQG GLUHFWLRQ RI IORZ H[FKDQJH EHWZHHQ VXUIDFH
ZDWHU DQG JURXQGZDWHU YDULHV ERWK LQ WLPH DQG VSDWLDOO\ �L�H�� WKH JHRJUDSKLF GLVWULEXWLRQ RI JDLQLQJ
DQG ORVLQJ VWUHDP UHDFKHV LV QRW FRQVWDQW�� :KHQ WKLV IOX[ LV QHW SRVLWLYH LQWR WKH DTXLIHU� LW LV
FRPPRQO\ UHIHUUHG WR DV VWUHDP OHDNDJH� ZKHQ LW LV QHW SRVLWLYH LQWR WKH VWUHDP LW LV RIWHQ UHIHUUHG
WR DV JURXQGZDWHU GLVFKDUJH RU EDVHIORZ�

,Q PRVW \HDUV� WKH QHW GLUHFWLRQ RI VWUHDP�DTXLIHU IOX[ LV DV OHDNDJH LQWR WKH DTXLIHU� $ QHW DQQXDO
JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP V\VWHP RFFXUV RQO\ LQ WKH GULHVW ZDWHU \HDUV� 7KH ODUJHVW
QHW JURXQGZDWHU UHSOHQLVKPHQW IURP VWUHDPV RFFXUV LQ ZHW \HDUV� 6HDVRQDOO\� WKH PDJQLWXGH RI
OHDNDJH IURP WKH VWUHDPIORZ V\VWHP WR WKH DTXLIHU LV JUHDWHVW GXULQJ ODWH ZLQWHU DQG HDUO\ VSULQJ�
ZKLOH WKH PDJQLWXGH RI JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP LV JUHDWHVW LQ ODWH IDOO DW WKH HQG RI WKH
GU\ VHDVRQ� 6SDWLDOO\� LQ UHDFKHV DQG VHDVRQV ZKHQ WKH ULYHU LV QRW GU\� WKH PDLQVWHP 6FRWW 5LYHU
LV DOWHUQDWHO\ JDLQLQJ DQG ORVLQJ� ,Q RWKHU ZRUGV� ULYHU ZDWHU ZHDYHV LQ DQG RXW RI WKH DTXLIHU RQ
LWV MRXUQH\ VRXWK WR QRUWK DORQJ WKH YDOOH\ IORRU� 7KH XSSHU VHFWLRQV RI WULEXWDULHV WHQG WR EH ORVLQJ
VWUHDP UHDFKHV EXW FRQGLWLRQV GHSHQG RQ SUHFLSLWDWLRQ OHYHOV GXULQJ DQ\ JLYHQ ZDWHU \HDU�

,GHQWLILFDWLRQ RI *URXQGZDWHU 'HSHQGHQW (FRV\VWHPV �6HFWLRQ ��������
6*0$ UHIHUV WR *'(V DV ³HFRORJLFDO FRPPXQLWLHV RU VSHFLHV WKDW GHSHQG RQ JURXQGZDWHU HPHUJ�
LQJ IURP DTXLIHUV RU RQ JURXQGZDWHU RFFXUULQJ QHDU WKH JURXQG VXUIDFH´�

7KLV GHILQLWLRQ LQFOXGHV ERWK DUHDV RI YHJHWDWLRQ DQG IORZLQJ VXUIDFH ZDWHUV VXSSRUWLQJ DTXDWLF
HFRV\VWHPV� $ VXUIDFH:DWHU $G +RF &RPPLWWHH ZDV IRUPHG DQG FDWHJRUL]HG YHJHWDWLRQ *'(V DV
5LSDULDQ 9HJHWDWLRQ �DGMDFHQW WR IORZLQJ VXUIDFH ZDWHU� DQG 1RQ�5LSDULDQ *URXQGZDWHU�'HSHQGHQW
9HJHWDWLRQ �QRW DGMDFHQW WR IORZLQJ VXUIDFH ZDWHU EXW WKDW XWLOL]H VKDOORZ JURXQGZDWHU�� 0HPEHUV
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

RI WKLV FRPPLWWHH YHWWHG WKH PDSSHG JHRJUDSKLF H[WHQG LQYHQWRU\ DQG LQLWLDO GDWDVHW WR SURGXFH D
ILQDO PDS� *URXQGZDWHU GHSHQGHQW VSHFLHV DUH LGHQWLILHG IRU WKH %DVLQ� DQG KDELWDW UDQJHV ZHUH
FRQILUPHG WR YHULI\ WKH SUHVHQFH RI VSHFLHV LQ WKLV DUHD� 7KH DTXDWLF HFRV\VWHPV LQ WKH %DVLQ
DUH UHODWHG WR WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU LGHQWLILFDWLRQ GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ�
2I SDUWLFXODU LQWHUHVW LQ WKH %DVLQ LV WKH DTXDWLF KDELWDW XWLOL]HG E\ DQDGURPRXV ILVK LQFOXGLQJ FRKR
VDOPRQ� &KLQRRN VDOPRQ� DQG 6WHHOKHDG WURXW� 7KH OLIH F\FOHV� KDELWDW UHTXLUHPHQWV� SULRULW\ KDELWDW
ORFDWLRQV LQ WKH %DVLQ� DQG WKUHDWV DUH GLVFXVVHG IRU HDFK RI WKHVH VSHFLHV� 6SHFLHV ZHUH SULRULWL]HG
IRU PDQDJHPHQW EDVHG RQ WKHLU YXOQHUDELOLW\ WR FKDQJLQJ JURXQGZDWHU FRQGLWLRQV DQG GHSOHWLRQV
RI VXUIDFH ZDWHUV� 7KHVH SULRULWL]HG VSHFLHV DUH FRQVLGHUHG WKURXJKRXW WKH *63� SDUWLFXODUO\ LQ
VHWWLQJ WKH VXVWDLQDELOLW\ LQGLFDWRUV GHILQHG LQ &KDSWHU � DQG LGHQWLI\LQJ SURMHFWV DQG PDQDJHPHQW
DFWLRQV LGHQWLILHG LQ &KDSWHU ��

&XUUHQW DQG +LVWRULFDO *URXQGZDWHU &RQGLWLRQV �6HFWLRQ ������

*URXQGZDWHU (OHYDWLRQ ���������
*URXQGZDWHU OHYHOV LQ WKH %DVLQ KDYH UHPDLQHG UHODWLYHO\ FRQVLVWHQW IURP ���� WR ������ GHVSLWH
VLJQLILFDQW LQFUHDVHV LQ JURXQGZDWHU SXPSLQJ RYHU WKLV SHULRG� 6HDVRQDO F\FOLQJ RI JURXQGZDWHU
OHYHOV LV QRWHG WKURXJKRXW WKH %DVLQ� ZLWK GHFUHDVLQJ OHYHOV LQ WKH VXPPHU PRQWKV IROORZHG E\
LQFUHDVLQJ OHYHOV LQ WKH ZLQWHU PRQWKV� %DVHG RQ GDWD FROOHFWHG E\ WKH 6FRWW 9DOOH\ *URXQGZDWHU
0HDVXULQJ 3URJUDP IURP ���� WR ����� VHYHUDO ZHOOV VKRZHG GHFOLQHV LQ IDOO JURXQGZDWHU OHYHOV
ZLWK ORZHVW JURXQGZDWHU OHYHOV JHQHUDOO\ REVHUYHG LQ ����� WKRXJK VRPH ZHOOV KDG ORZHVW ZDWHU
OHYHO PHDVXUHPHQWV LQ ����� 'HFUHDVLQJ \HDU�RYHU�\HDU JURXQGZDWHU OHYHOV DUH DSSDUHQW GXULQJ
GURXJKW SHULRGV ����� WR ���� DQG ���� WR ������ 1R VLJQLILFDQW ORQJ�WHUP WUHQG LQ ZDWHU OHYHOV
ZDV QRWHG RYHU WKLV SHULRG� /RZ IDOO ZDWHU OHYHOV KDYH RFFXUUHG PRUH IUHTXHQWO\ RYHU WKH SDVW
WZR GHFDGHV DV GURXJKW FRQGLWLRQV KDYH EHHQ PRUH IUHTXHQW� +LVWRULF DQG UHFHQW ZDWHU OHYHO GDWD
GR QRW LQGLFDWH RYHUGUDIW RU ORQJ�WHUP GHFOLQHV LQ JURXQGZDWHU GDWD� *URXQGZDWHU PHDVXUHPHQWV
IURP VHOHFW ZHOOV LQ 6FRWW 9DOOH\ DUH VKRZQ LQ )LJXUH ��

(VWLPDWH RI *URXQGZDWHU 6WRUDJH ���������

*URXQGZDWHU VWRUDJH LV HVWLPDWHG EDVHG RQ WKH IRXQGDWLRQDO JHRORJLF UHSRUW IRU WKH %DVLQ� 2YHUDOO
JURXQGZDWHU VWRUDJH LQ WKH EDVLQ ZDV HVWLPDWHG DW ������� DFUH�IHHW �$)� ����(��� P��� GLV�
WULEXWHG WKURXJKRXW VL[ GLIIHUHQW JURXQGZDWHU XQLWV �0DFN ����� RYHU KDOI RI WKLV HVWLPDWHG JURXQG�
ZDWHU VWRUDJH FDSDFLW\ ORFDWHG LQ WKH 6FRWW 5LYHU IORRGSODLQ GHSRVLWV�

*URXQGZDWHU 4XDOLW\ �6HFWLRQ ��������

*URXQGZDWHU LQ WKH %DVLQ LV JHQHUDOO\ RI JRRG TXDOLW\ DQG PHHWV ORFDO QHHGV IRU PXQLFLSDO� GR�
PHVWLF� DQG DJULFXOWXUDO XVHV� :DWHU TXDOLW\ SDUDPHWHUV LQFOXGLQJ QLWUDWH� VSHFLILF FRQGXFWLYLW\� DQG
EHQ]HQH ZHUHPRQLWRUHG DQG FROOHFWHG IURP WKH *URXQGZDWHU $PELHQW 0RQLWRULQJ DQG $VVHVVPHQW
3URJUDP �*$0$� DQG RWKHU GDWD VRXUFHV� 7KRXJK JURXQGZDWHU TXDOLW\ GDWD GDWHV WR WKH ����V
IRU VRPH FRQVWLWXHQWV� UHFHQW GDWD IURP WKH SDVW �� \HDUV ����������� ZDV XVHG WR FKDUDFWHUL]H
%DVLQ JURXQGZDWHU TXDOLW\� 9DOXHV IRU PRVW RI WKH FRQVWLWXHQWV HYDOXDWHG LQ WKLV UHFHQW WLPHIUDPH
�DV GLVFXVVHG LQ $SSHQGL[ ��%�� GLG QRW VKRZ H[FHHGDQFHV RI WKH DVVRFLDWHG UHJXODWRU\ WKUHVKROG�
([FHHGDQFHV RI VHYHUDO FRQWDPLQDQWV LQFOXGLQJ EHQ]HQH ZHUH LVRODWHG WR NQRZQ FRQWDPLQDWHG
VLWHV LQ WKH %DVLQ ZKLFK DUH XQGHUJRLQJ WKH SURFHVV RI UHPHGLDWLRQ� 1LWUDWH GDWD GLG QRW VKRZ

�%DVHG RQ WKH VL[ ORQJ�WHUP UHFRUGV DYDLODEOH� WZR QHDU (WQD DQG IRXU QHDU WKH 6FRWW 5LYHU PDLQVWHP� QHDU DQG
QRUWK RI )RUW -RQHV
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)LJXUH �� 6HOHFWHG ORQJ�WHUP JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV RYHU WLPH LQ ILYH ZHOOV� RQH
ORFDWHG LQ HDFK K\GURJHRORJLF ]RQH RI WKH 6FRWW 5LYHU 9DOOH\ *URXQGZDWHU %DVLQ�
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H[FHHGDQFHV RI WKH PD[LPXP FRQWDPLQDQW OHYHO �0&/� RI �� PJ�/ DV 1� 6SHFLILF FRQGXFWLYLW\ YDO�
XHV ZHUH JHQHUDOO\ ORZHU WKDQ WKH UHFRPPHQGHG VHFRQGDU\ PD[LPXP FRQWDPLQDQW OHYHO �60&/��
+RZHYHU� WKH OLPLWHG VSDWLDO FRYHUDJH RI GDWD XVHG LQ WKH ZDWHU TXDOLW\ DVVHVVPHQW FRPELQHG ZLWK
FXUUHQW ODQG XVHV DQG DFWLYLWLHV PDNHV WKHVH FRQVWLWXHQWV SRWHQWLDO WKUHDWV WR JURXQG ZDWHU TXDO�
LW\� 7KLV LV VXSSRUWHG E\ D 1RUWK &RDVW 5HJLRQDO :DWHU 4XDOLW\ &RQWURO %RDUG �1&5:4&%� VWXG\
�1&5:4&% ����� ZKLFK LGHQWLILHG 6FRWW 9DOOH\ DV RQH RI WKH JURXQGZDWHU %DVLQV IDFLQJ WKUHDWV
WR JURXQGZDWHU TXDOLW\ GXH WR H[FHVVLYH VDOW DQG QXWULHQWV� 7KH NQRZQ FRQWDPLQDWHG VLWHV LQ WKH
%DVLQ DUH GHWDLOHG LQ WKLV VHFWLRQ� LQFOXGLQJ WZR OHDNLQJ XQGHUJURXQG VWRUDJH WDQN �/867� VLWHV DQG
WZR &DOLIRUQLD 'HSDUWPHQW RI 7R[LF 6XEVWDQFH &RQWURO �'76&� VLWHV� DQG WKH DVVRFLDWHG VWDWXV DQG
KLVWRU\ RI UHPHGLDWLRQ�

/DQG 6XEVLGHQFH &RQGLWLRQV �6HFWLRQ ��������

/DQG VXEVLGHQFH LV ORZHULQJ RI WKH JURXQG VXUIDFH HOHYDWLRQ� /LWWOH WR QR ODQG VXEVLGHQFH KDV EHHQ
REVHUYHG LQ WKH %DVLQ DQG JHQHUDOO\ UDQJHV IURP ��� WR ����� IW IURP ���� WR �����

6HDZDWHU ,QWUXVLRQ �6HFWLRQ ��������

6HDZDWHU LQWUXVLRQ LV QRW FRQVLGHUHG WR EH DQ LVVXH LQ WKH %DVLQ GXH WR WKH GLVWDQFH EHWZHHQ WKH
%DVLQ DQG WKH 3DFLILF 2FHDQ �ZKLFK LV PRUH WKDQ �� PLOHV WR WKH ZHVW� DQG WKH KLJK HOHYDWLRQ RI
ODQG VXUIDFH �JHQHUDOO\ PRUH WKDQ ����� IHHW DERYH PHDQ VHD OHYHO��

:DWHU %XGJHW �6HFWLRQ ������
7KH KLVWRULFDO ZDWHU EXGJHW IRU WKH %DVLQ ZDV HVWLPDWHG IRU WKH SHULRG 2FWREHU ���� WKURXJK
6HSWHPEHU ����� XVLQJ WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�� 7KLV ���\HDU PRGHO
SHULRG LQFOXGHV ZDWHU \HDUV UDQJLQJ IURP YHU\ GU\ �H�J�� ���� DQG ����� WR YHU\ ZHW �H�J�� ����
DQG ������ 2Q DQ LQWHUDQQXDO VFDOH� LW LQFOXGHV D PXOWL�\HDU ZHW SHULRG LQ WKH ODWH ����V DQG D
PXOWL�\HDU GU\ SHULRG LQ WKH ODWH ����V DQG PLG�����V� 7KH ZDWHU EXGJHW LV SUHVHQWHG DV IORZV LQWR
DQG RXW RI WKUHH VXEV\VWHPV RI WKH LQWHJUDWHG ZDWHUVKHG� WKH VXUIDFH ZDWHU� WKH VRLO ]RQH� DQG WKH
DTXLIHU�

$QQXDO WULEXWDU\ LQIORZ LQWR WKH %DVLQ LV E\ IDU WKH ODUJHVW LQSXW� DQG UDQJHV IURP �� WR ��� 7$)�
ZLWK D PHGLDQ RI ��� 7$)� 5DLQIDOO LQSXWV WR WKH VRLO ]RQH UDQJH IURP �� WR ��� 7$) �PHGLDQ ���
SHU \HDU� DQG D ODWHUDO IOX[ RI 0RXQWDLQ )URQW 5HFKDUJH �0)5� LV DVVXPHG FRQVWDQW DW ��� 7$)�
$QQXDO RXWIORZ IURP WKH %DVLQ RFFXUV ODUJHO\ DV 6FRWW 5LYHU IORZ H[LWLQJ WKH %DVLQ WR WKH QRUWKZHVW
�UDQJLQJ ���� WR ��� 7$)� PHGLDQ RI ������ WKRXJK D VLJQLILFDQW SRUWLRQ OHDYHV DV (7 ����� WR ���
7$)� PHGLDQ RI ������

,QWHUDQQXDO FKDQJH LQ VWRUDJH WHUPV DUH JUHDWHVW LQ WKH DTXLIHU VXEV\VWHP� UDQJLQJ IURP ��� WR ��
7$) ZLWK D PHGLDQ YDOXH RI �� ,Q WKH VRLO ]RQH VXEV\VWHP WKH FKDQJH LQ VWRUDJH UDQJHV IURP ��� WR
� 7$) ZLWK D PHGLDQ RI �� ,QSXWV DQG RXWIORZV DUH DOPRVW SHUIHFWO\ EDODQFHG LQ WKH VXUIDFH ZDWHU
VXEV\VWHP� ZLWK \HDU�RYHU�\HDU VXUIDFH ZDWHU VWRUDJH FKDQJH KDYLQJ D PD[LPXP YDOXH RI � 7$)
DQG D PHGLDQ RI ��

:LWKLQ WKH LQWHJUDWHGPRGHO� IOX[HV IURP HDFK VXEV\VWHP WR WKH RWKHU WZR VXEV\VWHPV DUH VLPXODWHG
DV GLVWLQFW FRPSRQHQWV �H�J� VWUHDP OHDNDJH� UHFKDUJH WKURXJK WKH VRLO ]RQH� DQG DSSOLHG LUULJDWLRQ
ZDWHU�� 7KLV VHFWLRQ FRQWDLQV D GHVFULSWLRQ RI HDFK ZDWHU EXGJHW FRPSRQHQW�

)LIW\�\HDU IXWXUH SURMHFWHG ZDWHU EXGJHWV ZHUH GHYHORSHG XVLQJ KLVWRULFDO K\GURFOLPDWH GDWD �IRU
ZDWHU \HDUV ���� WR ����� DQG IRXU FOLPDWH FKDQJH VFHQDULRV ZHUH DSSOLHG WR H[SORUH SRWHQWLDO
HIIHFWV RI JOREDO ZDUPLQJ RQ WKH 6FRWW 9DOOH\ ZDWHUVKHG�
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(6��� 6867$,1$%/( 0$1$*(0(17 &5,7(5,$ �&+$37(5 ��

&KDSWHU � EXLOGV RQ WKH LQIRUPDWLRQ SUHVHQWHG LQ WKH SUHYLRXV &KDSWHUV DQG GHWDLOV WKH NH\ VXV�
WDLQDELOLW\ FULWHULD GHYHORSHG IRU WKH *63 DQG DVVRFLDWHG PRQLWRULQJ QHWZRUNV�

6XVWDLQDELOLW\ *RDO DQG 6XVWDLQDELOLW\ ,QGLFDWRUV �6HFWLRQ ����
7KH 6XVWDLQDELOLW\ *RDO RI WKH %DVLQ LV WR PDLQWDLQ JURXQGZDWHU UHVRXUFHV LQ ZD\V WKDW EHVW VXSSRUW
WKH FRQWLQXHG DQG ORQJ�WHUP KHDOWK RI WKH SHRSOH� WKH HQYLURQPHQW� DQG WKH HFRQRP\ LQ 6FRWW 9DOOH\�
IRU JHQHUDWLRQV WR FRPH� 7KH *63 GHWDLOV VL[ VXVWDLQDELOLW\ LQGLFDWRUV ZLWK D JRDO RI SUHYHQWLQJ
XQGHVLUDEOH UHVXOWV WR DQ\ RQH RI WKH IROORZLQJ VXVWDLQDELOLW\ LQGLFDWRUV�

�� &KURQLF /RZHULQJ RI *URXQGZDWHU /HYHOV
�� 5HGXFWLRQ RI *URXQGZDWHU 6WRUDJH
�� 'HJUDGHG :DWHU 4XDOLW\
�� 'HSOHWLRQV RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU
�� 6HDZDWHU ,QWUXVLRQ
�� /DQG 6XEVLGHQFH

7DEOH � GHILQHV XQGHVLUDEOH UHVXOWV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU� 4XDQWLILDEOH PLQLPXP WKUHVK�
ROGV �07�� PHDVXUDEOH REMHFWLYHV �02�� DQG LQWHULPPLOHVWRQHV �,0� ZHUH DOVR GHYHORSHG DV FKHFN�
SRLQWV WKDW HYDOXDWH SURJUHVV PDGH WRZDUGV WKH VXVWDLQDELOLW\ JRDO DQG DUH TXDQWLILHG LQ &KDSWHU
� RI WKH *63� 0RQLWRULQJ ZHOOV WKURXJKRXW WKH %DVLQ ZLOO EH XVHG WR DVVHVV FRQGLWLRQV UHOHYDQW WR
HDFK VXVWDLQDELOLW\ LQGLFDWRU� 0RQLWRULQJ ZHOOV ZHUH VHOHFWHG EDVHG RQ ZHOO ORFDWLRQ� PRQLWRULQJ
KLVWRU\� ZHOO LQIRUPDWLRQ� DQG ZHOO DFFHVV� 7KH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�
DQG LWV IXWXUH XSGDWHV DUH XVHG WR PRQLWRU DQG DVVHVV WKH GHSOHWLRQV RI LQWHUFRQQHFWHG VXUIDFH
ZDWHU� 69,+0 ZDV GHYHORSHG DQG ZLOO FRQWLQXH WR EH XSGDWHG EDVHG RQ D ZLGH UDQJH RI SDVW
DQG RQJRLQJ PRQLWRULQJ DQG UHVHDUFK DFWLYLWLHV� LQFOXGLQJ ZDWHU OHYHO PHDVXUHPHQWV� VWUHDP JDJ�
LQJ� DTXLIHU DVVHVVPHQWV� DQG PRQLWRULQJ RI SURMHFWV DQG PDQDJHPHQW DFWLRQV� ,W UHSUHVHQWV WKH
VFLHQWLILFDOO\ DQG WHFKQRORJLFDOO\ PRVW DFFXUDWH DQG GHIHQVLEOH DSSURDFK WR PHDVXULQJ VWUHDP GH�
SOHWLRQ GXH WR JURXQGZDWHU XVH� DQG WKH UHYHUVDO RI VWUHDP GHSOHWLRQ GXH WR IXWXUH SURMHFWV DQG
PDQDJHPHQW DFWLRQV�

(6��� 352-(&76 $1' 0$1$*(0(17 $&7,216 72 $&+,(9(
6867$,1$%,/,7< �&+$37(5 ��

&KDSWHU � GHVFULEHV SDVW� FXUUHQW� DQG IXWXUH SURMHFWV PDQDJHPHQW DFWLRQV XVHG WR DFKLHYH WKH
6FRWW 9DOOH\ VXVWDLQDELOLW\ JRDO�

7R DFKLHYH WKH VXVWDLQDELOLW\ JRDOV IRU 6FRWW 5LYHU 9DOOH\ E\ ����� DQG WR DYRLG XQGHVLUDEOH UH�
VXOWV RYHU WKH UHPDLQGHU RI D ���\HDU SODQQLQJ KRUL]RQ� DV UHTXLUHG E\ 6*0$ UHJXODWLRQV� PXOWLSOH
SURMHFWV DQG PDQDJHPHQW DFWLRQV �30$V� KDYH EHHQ LGHQWLILHG DQG FRQVLGHUHG LQ WKLV *URXQGZD�
WHU 6XVWDLQDELOLW\ 3ODQ �*63��
3URMHFWV DQG PDQDJHPHQW DFWLRQV �30$V� DUH FDWHJRUL]HG LQWR WKUHH GLIIHUHQW WLHUV� DV IROORZV�
7LHU ,� ([LVWLQJ 30$V WKDW DUH FXUUHQWO\ EHLQJ LPSOHPHQWHG DQG DUH DQWLFLSDWHG WR FRQWLQXH
WR EH LPSOHPHQWHG�

�
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3URMHFWV LQ 7LHU , LQFOXGH 6FRWW 5LYHU WDLOLQJV VWUHDPIORZ DQG HFRORJLFDO EHQHILW UHVWRUDWLRQ SURMHFWV�
DPRQJ RWKHU VWUHDP UHVWRUDWLRQ SURMHFWV� 0DQDJHPHQW DFWLRQV LQ WKLV FDWHJRU\ LQFOXGH JURXQGZD�
WHU XVH UHVWULFWLRQV� WKH 6FRWW DQG 6KDVWD 9DOOH\ :DWHUPDVWHU 'LVWULFW� DQG WKH 6FRWW 5LYHU :DWHU
7UXVW OHDVLQJ SURJUDP�

7LHU ,,� 30$V SODQQHG IRU QHDU�WHUP LQLWLDWLRQ DQG LPSOHPHQWDWLRQ �����±����� E\ LQGLYLGXDO
PHPEHU DJHQFLHV�
7LHU ,, 30$V LQFOXGH D UHFKDUJH SURMHFW� YROXQWDU\ PDQDJHG ODQG UHSXUSRVLQJ� EHDYHU GDP DQD�
ORJXHV� LUULJDWLRQ HIILFLHQF\ LPSURYHPHQWV DQG DYRLGLQJ VLJQLILFDQW LQFUHDVH RI WRWDO QHW JURXQGZDWHU
XVH IURP WKH %DVLQ�

7LHU ,,,� $GGLWLRQDO 30$V WKDW PD\ EH LPSOHPHQWHG LQ WKH IXWXUH� DV QHFHVVDU\ �LQLWLDWLRQ
DQG�RU LPSOHPHQWDWLRQ ���� WR ������
7LHU ,,, 30$V� LGHQWLILHG DV SRWHQWLDO IXWXUH RSWLRQV� LQFOXGH PDQDJHG DTXLIHU UHFKDUJH �0$5� DQG
LQ�OLHX UHFKDUJH �,/5�� XWLOL]LQJ ORZHU (7 FURSV� UHVHUYRLUV� DQ H[SDQGHG ZDWHUPDVWHU SURJUDP� DQG
IORRGSODLQ UHFRQQHFWLRQ�

$GGLWLRQDOO\� RWKHU PDQDJHPHQW DFWLRQV DUH RXWOLQHG WKDW PD\ EH H[SORUHG GXULQJ *63 LPSOHPHQ�
WDWLRQ DUH RXWOLQHG�

(6��� 3/$1 ,03/(0(17$7,21� %8'*(7 $1' 6&+('8/(
�&+$37(5 ��

6HFWLRQ � GHWDLOV NH\ *63 LPSOHPHQWDWLRQ VWHSV DQG WLPHOLQHV� &RVW HVWLPDWHV DQG HOHPHQWV RI D
SODQ IRU IXQGLQJ *63 LPSOHPHQWDWLRQ DUH DOVR SUHVHQWHG LQ WKLV VHFWLRQ�

,PSOHPHQWDWLRQ RI WKH *63 ZLOO IRFXV RQ WKH IROORZLQJ VHYHUDO NH\ HOHPHQWV�

�� *6$ PDQDJHPHQW� DGPLQLVWUDWLRQ� OHJDO DQG GD\�WR�GD\ RSHUDWLRQV
�� ,PSOHPHQWDWLRQ RI WKH *63 PRQLWRULQJ SURJUDP DFWLYLWLHV
�� 7HFKQLFDO VXSSRUW� LQFOXGLQJ 69,+0 PRGHO XSGDWHV� 60& WUDFNLQJ� DQG RWKHU WHFKQLFDO DQDO�

\VLV
�� 5HSRUWLQJ� LQFOXGLQJ SUHSDUDWLRQ RI DQQXDO UHSRUWV DQG ��\HDU HYDOXDWLRQV DQG XSGDWHV
�� ,PSOHPHQWDWLRQ RI 30$V
�� 2QJRLQJ RXWUHDFK DFWLYLWLHV WR VWDNHKROGHUV

$QQXDO LPSOHPHQWDWLRQ RI WKH *63 RYHU WKH ���\HDU SODQQLQJ KRUL]RQ LV SURMHFWHG WR FRVW EHWZHHQ
�������� DQG ��������� 7KH *6$PD\ SXUVXH IXQGLQJ IURP VWDWH DQG IHGHUDO VRXUFHV IRU *63 LP�
SOHPHQWDWLRQ� $V WKH *63 LPSOHPHQWDWLRQ SURFHHGV� WKH *6$ ZLOO IXUWKHU HYDOXDWH IXQGLQJ PHFK�
DQLVPV DQG IHH FULWHULD DQG PD\ SHUIRUP D FRVW�EHQHILW DQDO\VLV RI IHH FROOHFWLRQ WR VXSSRUW FRQ�
VLGHUDWLRQ RI SRWHQWLDO UHILQHPHQWV�

WLWOH� ³6FRWW 9DOOH\ *URXQGZDWHU %DVLQ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ &KDSWHU �� ,QWURGXFWLRQ´

�



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

7DEOH �� 6FRWW 9DOOH\ *63 XQGHVLUDEOH UHVXOWV GHILQHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU�

6XVWDLQDELOLW\
,QGLFDWRU

8QGHVLUDEOH 5HVXOW 'HILQHG

&KURQLF /RZHU�
LQJ RI *URXQG�
ZDWHU /HYHOV

7KH IDOO ORZ ZDWHU OHYHO REVHUYDWLRQ LQ
DQ\ RI WKH UHSUHVHQWDWLYH PRQLWRULQJ
VLWHV LQ WKH %DVLQ IDOOV EHORZ WKH UH�
VSHFWLYH PLQLPXP WKUHVKROG IRU � FRQ�
VHFXWLYH \HDUV�

5HGXFWLRQ RI
*URXQGZDWHU
6WRUDJH

6DPH DV ´&KURQLF /RZHULQJ RI
*URXQGZDWHU /HYHOV�´

'HJUDGHG :D�
WHU 4XDOLW\

0RUH WKDQ ��� RI JURXQGZDWHU TXDOLW\
ZHOOV H[FHHG WKH UHVSHFWLYH PD[LPXP
WKUHVKROG IRU FRQFHQWUDWLRQ DQG�RU
FRQFHQWUDWLRQV LQ RYHU ��� RI JURXQG�
ZDWHU TXDOLW\ ZHOOV LQFUHDVH E\ PRUH
WKDQ ��� SHU \HDU� RQ DYHUDJH RYHU
WHQ \HDUV�

'HSOHWLRQV RI
,QWHUFRQQHFWHG
6XUIDFH :DWHU

7KH %DVLQ LV FXUUHQWO\ H[SHULHQFLQJ
XQGHVLUDEOH UHVXOWV ZLWK UHVSHFW WR WKLV
VXVWDLQDELOLW\ LQGLFDWRU� WKH XQGHVLU�
DEOH UHVXOW LV DYRLGHG E\ DFKLHYLQJ
DQ DYHUDJH VWUHDP GHSOHWLRQ UHYHU�
VDO RI DW OHDVW ��� RI WKH GHSOHWLRQ
FDXVHG E\ JURXQGZDWHU SXPSLQJ RXW�
VLGH RI WKH DGMXGLFDWHG ]RQH LQ ����
DQG ODWHU� DV GHILQHG E\ VSHFLILF UHIHU�
HQFH VFHQDULRV ZLWK 69,+0�

6HDZDWHU ,QWUX�
VLRQ

1RW DSSOLFDEOH IRU WKH %DVLQ�

/DQG 6XEVL�
GHQFH

*URXQGZDWHU SXPSLQJ LQGXFHG VXE�
VLGHQFH LV JUHDWHU WKDQ WKH PLQLPXP
WKUHVKROG RI ��� IW ����� P� LQ DQ\ VLQ�
JOH \HDU�

��
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

��� %DFNJURXQG DQG 3XUSRVH

,Q 6HSWHPEHU ����� *RYHUQRU -HUU\ %URZQ VLJQHG LQWR ODZ WKH 6XVWDLQDEOH *URXQGZDWHU 0DQDJH�
PHQW $FW �6*0$�� D WKUHH�ELOO OHJLVODWLYH SDFNDJH FRPSRVHG RI $VVHPEO\ %LOO �$%� ���� �'LFNLQ�
VRQ�� 6HQDWH %LOO �6%� ���� �3DYOH\� DQG 6% ���� �3DYOH\�� ZKLFK LV FRGLILHG LQ 6HFWLRQ �����
HW VHT� RI WKH &DOLIRUQLD :DWHU &RGH� 7KH OHJLVODWLRQ SURYLGHV D IUDPHZRUN IRU ORQJ�WHUP VXV�
WDLQDEOH JURXQGZDWHU PDQDJHPHQW DFURVV &DOLIRUQLD� 7KH LQWHQW RI 6*0$ LV WR SURYLGH ORFDO DQG
UHJLRQDO DJHQFLHV WKH DXWKRULW\ WR VXVWDLQDEO\ PDQDJH JURXQGZDWHU UHVRXUFHV WR KHOS SUHVHUYH
ZDWHU VXSSOLHV IRU H[LVWLQJ DQG SRWHQWLDO EHQHILFLDO XVHV DQG WR SURWHFW FRPPXQLWLHV� IDUPV� DQG
WKH HQYLURQPHQW DJDLQVW SURORQJHG GU\ SHULRGV DQG FOLPDWH FKDQJH�

7KH &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5� DQG WKH 6WDWH :DWHU 5HVRXUFHV &RQWURO
%RDUG �6WDWH %RDUG� SURYLGH SULPDU\ RYHUVLJKW IRU LPSOHPHQWDWLRQ RI 6*0$� ':5 DGRSWHG UHJ�
XODWLRQV WKDW VSHFLI\ WKH FRPSRQHQWV DQG HYDOXDWLRQ FULWHULD IRU JURXQGZDWHU VXVWDLQDELOLW\ SODQV�
DOWHUQDWLYHV WR *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQV �*63V�� DQG FRRUGLQDWLRQ DJUHHPHQWV WR LPSOH�
PHQW VXFK SODQV� 7R VDWLVI\ WKH UHTXLUHPHQWV RI 6*0$� ORFDO DJHQFLHV PXVW GR WKH IROORZLQJ�

� /RFDOO\ FRQWUROOHG DQG JRYHUQHG *URXQGZDWHU 6XVWDLQDELOLW\ $JHQFLHV �*6$V� PXVW EH IRUPHG
IRU DOO KLJK� DQG PHGLXP�SULRULW\ JURXQGZDWHU EDVLQV LQ &DOLIRUQLD�

� *6$V PXVW GHYHORS DQG LPSOHPHQW *63V RU $OWHUQDWLYHV WR *63V WKDW GHILQH D URDGPDS IRU
KRZ JURXQGZDWHU EDVLQV ZLOO UHDFK ORQJ�WHUP VXVWDLQDELOLW\�

� 7KH *63V PXVW FRQVLGHU VL[ VXVWDLQDELOLW\ LQGLFDWRUV GHILQHG DV� JURXQGZDWHU OHYHO GHFOLQH�
JURXQGZDWHU VWRUDJH UHGXFWLRQ� VHDZDWHU LQWUXVLRQ� ZDWHU TXDOLW\ GHJUDGDWLRQ� ODQG VXEVL�
GHQFH� DQG VXUIDFH�ZDWHU GHSOHWLRQ�

� *6$V PXVW VXEPLW DQQXDO UHSRUWV WR ':5 HDFK $SULO � IROORZLQJ DGRSWLRQ RI D *63 ZLWK WKH
ILUVW UHSRUW GXH $SULO ����� *URXQGZDWHU EDVLQV VKRXOG UHDFK VXVWDLQDELOLW\ ZLWKLQ �� \HDUV RI
LPSOHPHQWLQJ WKHLU *63V�

7KH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ �%DVLQ� LV D PHGLXP SULRULW\ EDVLQ LQ 6LVNL\RX &RXQW\ LQ 1RUWK�
HUQ &DOLIRUQLD� $ GHVFULSWLRQ RI WKH %DVLQ� LQFOXGLQJ D VXPPDU\ RI WKH MXULVGLFWLRQDO DUHDV� ZDWHU
UHVRXUFHV PRQLWRULQJ DQG PDQDJHPHQW� ODQG XVH� DQG JURXQGZDWHU FRQGLWLRQV DUH SUHVHQWHG LQ
&KDSWHU ��

,Q DFFRUGDQFH ZLWK 6*0$� WKLV *63 ZDV GHYHORSHG DQG ZLOO EH LPSOHPHQWHG E\ WKH *URXQGZDWHU
6XVWDLQDELOLW\ $JHQF\ �*6$� UHSUHVHQWLQJ WKH %DVLQ� WKH 6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU
&RQVHUYDWLRQ 'LVWULFW�

3HU 6*0$ UHTXLUHPHQWV� WKH *6$ LV UHVSRQVLEOH IRU GHYHORSLQJ DQG VXEPLWWLQJ D *URXQGZDWHU
6XVWDLQDELOLW\ 3ODQ E\ -DQXDU\ ��VW� ����� 7KH *6$ IHHOV WKH *63 ZLOO SURYLGH ORQJ�WHUP VXVWDLQ�
DELOLW\ IRU DOO EHQHILFLDO XVHV DQG XVHUV RI ZDWHU� 7KH *6$ DOVR DQWLFLSDWHV WKHVH SODQV ZLOO EH D
WRRO XVHG IRU WKH RYHUDUFKLQJ ZDWHUVKHG JRDO RI LPSURYLQJ ZDWHU PDQDJHPHQW LQ WKH ZDWHUVKHG
EULQJLQJ PXOWLSOH LQWHUHVWV WR WKH WDEOH WR UHVROYH ZDWHU FRQIOLFWV LQ WKH %DVLQ�

���� 6XVWDLQDELOLW\ *RDO

7KH RYHUDOO VXVWDLQDELOLW\ JRDO RI JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ LV WR PDLQWDLQ JURXQG�
ZDWHU UHVRXUFHV LQ ZD\V WKDW EHVW VXSSRUW WKH FRQWLQXHG DQG ORQJ�WHUP KHDOWK RI WKH SHRSOH� WKH

��
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HQYLURQPHQW� DQG WKH HFRQRP\ LQ WKH %DVLQ� IRU JHQHUDWLRQV WR FRPH� )XUWKHU GHVFULSWLRQ RI WKH
VXVWDLQDELOLW\ JRDO� DV LW UHODWHV WR WKH VXVWDLQDELOLW\ LQGLFDWRUV� LV LQFOXGHG LQ &KDSWHU ��

���� $JHQF\ ,QIRUPDWLRQ DQG 0DQDJHPHQW 6WUXFWXUH

������ $JHQF\ ,QIRUPDWLRQ

6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW
��� *UHHQKRUQ 5RDG
<UHND� &$ �����

������ 2UJDQL]DWLRQ DQG 0DQDJHPHQW 6WUXFWXUH

7KH 6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW LV WKH VROH *6$ IRU WKH %DVLQ�
7KH 6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW $FW �&DO 8QFRG� :DWHU 'HHU�
$FW ���� �� ����� ZDV DGRSWHG E\ WKH 6WDWH /HJLVODWXUH LQ ����� 7KLV $FW HVWDEOLVKHG D VSHFLDO
GLVWULFW RI WKH VDPH QDPH� DQG RI OLPLWHG SRZHUV WKDW FRXOG SURYLGH IORRG SURWHFWLRQ� ZDWHU FRQ�
VHUYDWLRQ� UHFUHDWLRQ DQG DHVWKHWLF HQKDQFHPHQW ZLWKLQ LWV ERXQGDULHV� $W WKH WLPH RI LWV FUHDWLRQ�
WKH MXULVGLFWLRQDO ERXQGDULHV RI WKH )ORRG 'LVWULFW ZHUH VPDOOHU WKDQ WKRVH RI WKH &RXQW\� ,Q �����
IROORZLQJ /RFDO $JHQF\ )RUPDWLRQ &RPPLVVLRQ �/$)&2� DFWLRQ� WKH EDODQFH RI WKH &RXQW\ ZDV
DQQH[HG LQWR WKH 'LVWULFW PDNLQJ LWV MXULVGLFWLRQDO ERXQGDULHV FRLQFLGH ZLWK WKH &RXQW\� 7KH 'LVWULFW
LV JRYHUQHG E\ D %RDUG RI 'LUHFWRUV WKDW LV FRPSRVHG RI WKH %RDUG RI 6XSHUYLVRUV� KRZHYHU� WKH
'LVWULFW LV D VHSDUDWH OHJDO HQWLW\ IURP WKH &RXQW\� ZLWK LQGHSHQGHQW ULJKWV DQG OLPLWHG SRZHUV VHW
IRUWK LQ LWV RULJLQDWLQJ DFW� 7KH 'LVWULFW¶V SXUSRVH LV WKH FRQVHUYDWLRQ DQG FRQWURO RI VWRUP� IORRG�
DQG RWKHU ZDWHUV DQG HQVXULQJ EHQHILFLDO XVH WKHUHRI�

������ /HJDO $XWKRULW\ RI WKH *6$

6LVNL\RX &RXQW\ 5HVROXWLRQ )/'������ DSSURYHG E\ WKH 'LVWULFW %RDUG RQ $SULO �WK� ���� DXWKRUL]HG
WKH 'LVWULFW WR DFW DV WKH *URXQGZDWHU 6XVWDLQDELOLW\ $JHQF\ IRU WKH %XWWH� 6FRWW DQG 6KDVWD 9DOOH\
JURXQGZDWHU EDVLQV�

������ &RQWDFW ,QIRUPDWLRQ IRU 3ODQ 0DQDJHU

7KH 6LVNL\RX &RXQW\ 1DWXUDO 5HVRXUFHV 'HSDUWPHQW LV GHVLJQDWHG DV WKH SODQ PDQDJHU� DQG FDQ
EH UHDFKHG DW�

���� )DLUODQH 5G
<UHND� &$ �����
3KRQH� ������������
6*0$#FR�VLVNL\RX�FD�XV

��
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������ (VWLPDWHG &RVW RI ,PSOHPHQWLQJ *63 DQG *6$¶V $SSURDFK WR 0HHW
&RVWV

7KH *6$ ZLOO SXUVXH DOO DYDLODEOH JUDQW IXQGLQJ RSSRUWXQLWLHV WR DVVLVW LQ FRYHULQJ WKH \HDUO\ FRVWV�
,Q FDVH \HDUO\ PDQDJHPHQW RI WKH SODQV UHTXLUHV DGGLWLRQDO SXEOLF IXQGV WR EH UDLVHG� WKH *6$
FRPPLVVLRQHG D IHH VWXG\ DV VXSSRUW� ,W LV H[SHFWHG WKDW WKH *6$ ZLOO PDQDJH LPSOHPHQWDWLRQ
DQG UHSRUWLQJ RI WKH *63� ZLWK VXSSRUW IURP RWKHU HQWLWLHV DV QHHGHG�

���� 1RWLFH DQG &RPPXQLFDWLRQ

������ 1RWLFH

*63 LQIRUPDWLRQ� *6$ %RDUG DQG $GYLVRU\ &RPPLWWHH PHHWLQJ VFKHGXOHV� DQG XVHIXO OLQNV FDQ
EH IRXQG DW WKH &RXQW\ RI 6LVNL\RX :HEVLWH��

7KH *6$ KROGV SXEOLFO\ QRWLFHG SXEOLF %RDUG DQG $GYLVRU\ &RPPLWWHH PHHWLQJV WR DOORZ VWDNH�
KROGHUV WR HQJDJH DQG SURYLGH LQSXW WKURXJKRXW WKH SURFHVV DV ZHOO DV PHHWLQJV ZLWK VSHFLILF
ZRUNLQJ JURXSV LQ WKH %DVLQ WR DGGUHVV VSHFLILF WHFKQLFDO WRSLFV RU TXHVWLRQV� $V WKH *63 LV GH�
YHORSHG DQG LPSOHPHQWHG� WKH ZHEVLWH ZLOO EH XSGDWHG DFFRUGLQJO\ ZLWK QHZ LQIRUPDWLRQ IRU SXEOLF
FRPPHQW� 1RWLFHV RI SXEOLF KHDULQJV DUH FRPPXQLFDWHG WKURXJK PXOWLSOH PHWKRGV LQFOXGLQJ ORFDO
QHZVSDSHUV DQG SRVWLQJV RQ WKH &RXQW\ RI 6LVNL\RX ZHEVLWH� DQG D 6*0$ HPDLO RXWUHDFK OLVW�
LQIRUPLQJ WKH SXEOLF RQ PHHWLQJ LQIRUPDWLRQ� VXEMHFW� DQG KRZ WR SURYLGH FRPPHQWV�

������ 'HFLVLRQ� 0DNLQJ 3URFHVV

7KH 6LVNL\RX &RXQW\ )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW LV JRYHUQHG E\ WKH 6LVNL\RX
&RXQW\ %RDUG RI 6XSHUYLVRUV DQG FRYHUV WKH HQWLUH ERXQGDULHV RI HDFK RI WKH WKUHH PHGLXP SULRULW\
EDVLQV� 7KH 'LVWULFW ZDV HQDFWHG LQ ���� WR SURYLGH IRU�

� WKH FRQWURO DQG FRQVHUYDWLRQ RI IORRG DQG VWRUP ZDWHUV
� WKH SURWHFWLRQ RI ZDWHUFRXUVHV� ZDWHUVKHGV� SXEOLF KLJKZD\V� DQG OLIH DQG SURSHUW\ IURP GDP�
DJH RU GHVWUXFWLRQ IURP VXFK ZDWHUV

� WKH DFTXLVLWLRQ� UHWHQWLRQ� DQG UHFODLPLQJ RI GUDLQDJH� VWRUP� IORRG� DQG RWKHU ZDWHUV DQG WR
VDYH� FRQVHUYH� DQG GLVWULEXWH VXFK ZDWHUV IRU EHQHILFLDO XVH ZLWKLQ WKH 'LVWULFW ERXQGDULHV

� WR UHSOHQLVK DQG DXJPHQW WKH VXSSO\ RI ZDWHU LQ QDWXUDO XQGHUJURXQG UHVHUYRLUV

7KH 'LVWULFW¶V %RDUG RI 'LUHFWRUV LV FRPSRVHG RI WKH 6LVNL\RX &RXQW\ %RDUG RI 6XSHUYLVRUV� ZKLFK
DUH HOHFWHG E\ WKH FLWL]HQV RI 6LVNL\RX &RXQW\� 7KH 'LVWULFW RSHUDWHV XQGHU WKH DXWKRULW\ RI WKH
%RDUG RI 'LUHFWRUV DQG 6LVNL\RX &RXQW\ 1DWXUDO 5HVRXUFHV VWDII PDQDJHV WKH *63 GHYHORSPHQW
DQG LPSOHPHQWDWLRQ�

'HFLVLRQV RI WKH 'LVWULFW DUH FRPSOHWHG SXUVXDQW WR D PDMRULW\ YRWH� $FWLRQV RI WKH %RDUG DUH LQ�
IRUPHGZLWK LQSXW RI WKH 6FRWW 9DOOH\ $GYLVRU\ &RPPLWWHH� D FRPPXQLW\��EDVHG RUJDQL]DWLRQ ZKRVH

�KWWSV���ZZZ�FR�VLVNL\RX�FD�XV�QDWXUDOUHVRXUFHV�SDJH�VXVWDLQDEOH�JURXQGZDWHU�PDQDJHPHQW�DFW�VJPD

��
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PHPEHUV DUH DSSRLQWHG E\ %RDUG PHPEHUV� 0HHWLQJV RI WKH $GYLVRU\ &RPPLWWHH DUH SXEOLFO\ QR�
WLFHG FRQVLVWHQW ZLWK WKH %URZQ $FW� 7KH SXEOLF� VWDNHKROGHU ZRUNLQJ JURXSV� DQG QRQ�SURILW RU�
JDQL]DWLRQV DUH HQFRXUDJHG WR SDUWLFLSDWH LQ *63 LPSOHPHQWDWLRQ DW SXEOLFO\ QRWLFHG %RDUG DQG
$GYLVRU\ &RPPLWWHH PHHWLQJV�

������ 3XEOLF 2XWUHDFK

�������� &RPPXQLFDWLRQ DQG (QJDJHPHQW 3ODQ
7KH 6LVNL\RX &RXQW\ *URXQGZDWHU 6XVWDLQDELOLW\ $JHQF\ GHYHORSHG D 6FRWW 9DOOH\ %DVLQ 6WDNH�
KROGHU &RPPXQLFDWLRQ DQG (QJDJHPHQW 3ODQ �&	( 3ODQ� WR HGXFDWH LQWHUHVWHG SDUWLHV DERXW ORFDO
6*0$ LPSOHPHQWDWLRQ� GHVFULEH WKH SKDVHV RI *63 GHYHORSPHQW� HQFRXUDJH SXEOLF SDUWLFLSDWLRQ
LQ WKH SURFHVV� DQG DGGUHVV QRWLFLQJ DQG FRPPXQLFDWLRQ UHTXLUHPHQWV LQ WKH ODZ �$SSHQGL[ ��$��
7KH &	( 3ODQ GHVFULEHV KRZ WKH ORFDO *6$ ZDV IRUPHG LQ 6LVNL\RX &RXQW\� WKH VXSSRUW UROH SOD\HG
E\ WHFKQLFDO DQG IDFLOLWDWLRQ FRQVXOWDQWV� DQG WKH SURFHVV E\ ZKLFK WKH *6$ ERDUG RI GLUHFWRUV �*6$
%RDUG�²ZLWK VXSSRUW IURP D VWDNHKROGHU DGYLVRU\ FRPPLWWHH²JDWKHUV� FRQVLGHUV� DQG UHVSRQGV
WR QHHGV DQG LQWHUHVWV RI FRQVWLWXHQWV WKURXJKRXW WKH FRPPXQLW\� &RQVHQVXV EXLOGLQJ LV D IRXQ�
GDWLRQDO SULQFLSOH RI DOO FRPPLWWHH GLVFXVVLRQV� DQG PHPEHUVKLS LV LQWHQGHG WR UHIOHFW WKH GLYHUVLW\
RI EHQHILFLDO JURXQGZDWHU XVHV DQG XVHUV LQ WKH %DVLQ� 7KH *6$ PDLQWDLQV D JRYHUQPHQW�WR�
JRYHUQPHQW UHODWLRQVKLS ZLWK DQ\ 1DWLYH $PHULFDQ 7ULEH LQ 6LVNL\RX &RXQW\ RU WKH ODUJHU .ODPDWK
5LYHU ZDWHUVKHG ZKLFK H[SUHVVHV LQWHUHVW LQ 6*0$� 7ULEDO UHSUHVHQWDWLYHV KDYH EHHQ DSSRLQWHG
WR WKH DGYLVRU\ FRPPLWWHHV LQ WKH 6FRWW 9DOOH\� 6KDVWD 9DOOH\ DQG %XWWH 9DOOH\ JURXQGZDWHU EDVLQV�
0RUHRYHU� 6LVNL\RX &RXQW\ DQG WKH .DUXN 7ULEH IRUPDOL]HG JRRG IDLWK FRPPXQLFDWLRQ SURWRFROV
DURXQG 6*0$ WKURXJK DQ HVWDEOLVKHG PHPRUDQGXP RI XQGHUVWDQGLQJ�

7KH 6FRWW 9DOOH\ &	( 3ODQ LQFOXGHV WKH IROORZLQJ RYHUDUFKLQJ SXEOLF RXWUHDFK JRDOV�

� 3URYLGH WKH *6$� $GYLVRU\ &RPPLWWHH� FRPPXQLW\ OHDGHUV DQG RWKHU EHQHILFLDO XVHUV D
URDGPDS WR HQVXUH EURDG XQGHUVWDQGLQJ DQG FRQVLVWHQW PHVVDJLQJ RI 6*0$ UHTXLUHPHQWV

� )RVWHU LQIRUPDWLRQ VKDULQJ� FRPPXQLFDWLRQ DQG FROODERUDWLRQ� DQG RSSRUWXQLWLHV IRU VWDNHKROG�
HUV WR KDYH PHDQLQJIXO LQSXW RQ WKH *6$ GHFLVLRQ�PDNLQJ SURFHVV

� 3URYLGH UHDVRQDEOH RSSRUWXQLWLHV IRU LQWHUHVWHG VWDNHKROGHUV WR UHFHLYH DQG XQGHUVWDQG WKH
WHFKQLFDO JURXQGZDWHU LQIRUPDWLRQ GHYHORSHG DV SDUW RI WKH *63 SURFHVV

� (QVXUH D FROODERUDWLYH *63 GHYHORSPHQW DQG LPSOHPHQWDWLRQ SURFHVV WKDW LV ZLGHO\ VHHQ LQ
WKH FRPPXQLW\ DV IDLU DQG UHVSHFWIXO WR WKH UDQJH RI LQWHUHVWHG RU DIIHFWHG VWDNHKROGHUV

� $VVLVW WKH *6$ LQ PHHWLQJ DOO 6*0$ FRPPXQLFDWLRQ DQG HQJDJHPHQW UHTXLUHPHQWV

6SHFLILF REMHFWLYHV ZKLFK KHOS WKH *6$ DFKLHYH WKHVH RYHUDUFKLQJ JRDOV LQFOXGH WKH IROORZLQJ�

� (GXFDWH VWDNHKROGHUV RQ�

± ,PSRUWDQW 6*0$ UHTXLUHPHQWV� HYHQWV DQG PLOHVWRQHV
± 7KH UROH� DXWKRULWLHV DQG UHVSRQVLELOLWLHV RI WKH ORFDO *6$ LQ 6LVNL\RX &RXQW\
± 7KH DGYLVRU\ FRPPLWWHH¶V UROH DQG KRZ WKH SXEOLF FDQ VWD\ LQIRUPHG RU LQYROYHG
± 7KH EHQHILWV RI KDYLQJ D WHFKQLFDOO\ UREXVW DQG EURDGO\ VXSSRUWHG *63
± 3RWHQWLDO FKDQJHV WR JURXQGZDWHU PRQLWRULQJ DQG PDQDJHPHQW XQGHU 6*0$
± +RZ WKH LQWHUHVWV RI EHQHILFLDO XVHV DQG XVHUV ZLOO EH FRQVLGHUHG XQGHU 6*0$

��
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� 'HYHORS VWUDWHJLHV DQG FRPPXQLFDWLRQ PHFKDQLVPV IRU REWDLQLQJ EURDG VWDNHKROGHU LQSXW DQG
IHHGEDFN WKDW LQIRUPV *63 GHYHORSPHQW

� &RRUGLQDWH RXWUHDFK DQG HQJDJHPHQW DFWLYLWLHV WKDW IRVWHU LQIRUPDWLRQ VKDULQJ� UDLVH DZDUH�
QHVV DQG HQFRXUDJH SXEOLF HQJDJHPHQW LQ 6*0$

� (QVXUH WKH QHHGV� LQWHUHVWV DQG SHUVSHFWLYHV RI DOO EHQHILFLDO XVHV DQG XVHUV DUH LGHQWLILHG�
GRFXPHQWHG DQG FRQVLGHUHG E\ WKH *6$ %RDUG

� 6XSSRUW ORFDO EHQHILFLDO XVHUV WR LGHQWLI\� SUHHPSW RU RWKHUZLVH SURDFWLYHO\ DGGUHVV DQG UHVROYH
GLIIHUHQW SHUVSHFWLYHV RU FRQIOLFWV RYHU JURXQGZDWHU XVH DQG PDQDJHPHQW

� 7UDFN DOO LQSXW UHFHLYHG E\ EHQHILFLDO XVHUV GXULQJ WKH *63 GHYHORSPHQW SURFHVV DQG GRFX�
PHQW *6$ %RDUG UHVSRQVHV DV LQSXW LV FRQVLGHUHG

� 'HYHORS VWUDWHJLHV DQG FRPPXQLFDWLRQ PHFKDQLVPV IRU ORQJ�WHUP *63 LPSOHPHQWDWLRQ

$ FRPSUHKHQVLYH OLVW RI LGHQWLILHG VWDNHKROGHU JURXSV LQ WKH %DVLQ LV LQFOXGHG LQ WKH &	( 3ODQ�
,QLWLDOO\ GHYHORSHG E\ *6$ VWDII� WKH OLVW ZDV UHYLHZHG DQG H[SDQGHG E\ WKH ORFDO 6*0$ DGYLVRU\
FRPPLWWHH� 7KH OLVW PD\ EH LPSURYHG DQG XSGDWHG DW DQ\ WLPH GXULQJ WKH *63 GHYHORSPHQW RU
LPSOHPHQWDWLRQ SURFHVV� 6WDNHKROGHU JURXSV LQFOXGHG LQ WKH OLVW UHSUHVHQW D SULRULW\ WDUJHW DXGLHQFH
IRU 6*0$�UHODWHG FRPPXQLFDWLRQ DQG HQJDJHPHQW�

7KH ILQDO VHFWLRQ RI WKH &	( 3ODQ GHVFULEHV RXWUHDFK VWUDWHJLHV ZKLFK WKH ORFDO *6$ HPSOR\V WR
HIIHFWLYHO\ DGYDQFH 6*0$ LPSOHPHQWDWLRQ� 6SHFLILF WRROV DQG IRUXPV LQFOXGH WKH IROORZLQJ�

� $GYLVRU\ FRPPLWWHH PHHWLQJV
� &RQVWLWXHQW EULHILQJV ZLWK ORFDO RUJDQL]DWLRQV
� 7ULEDO HQJDJHPHQW
� 3XEOLF PHHWLQJV DQG ZRUNVKRSV
� *6$ %RDUG PHHWLQJV
� &RRUGLQDWLRQ ZLWK ORFDO UHVRXUFH FRQVHUYDWLRQ GLVWULFWV
� &RRUGLQDWLRQ ZLWK VWDWH DQG IHGHUDO DJHQFLHV
� ,QWHJUDWLRQ RI UHOHYDQW VWXGLHV DQG PDWHULDOV
� ,QWHUHVWHG SDUWLHV OLVW
� ,QIRUPDWLRQDO PDWHULDOV
� &RXQW\ 6*0$ ZHEVLWH
� /RFDO PHGLD DQG SXEOLF VHUYLFH DQQRXQFHPHQWV

$W NH\ WLPHV� WKH ORFDO *6$ ZLOO HYDOXDWH WKH HIIHFWLYHQHVV DQG HIILFDF\ RI LWV &	( 3ODQV IRU HDFK
6*0$ JURXQGZDWHU EDVLQ LQ 6LVNL\RX &RXQW\� (YDOXDWLRQV ZLOO OLNHO\ RFFXU DW RU QHDU NH\ PLOH�
VWRQHV� VXFK DV WKH FRPSOHWLRQ RI D PDMRU SKDVH RI ZRUN RU VKRUWO\ EHIRUH RU DIWHU VXEPLVVLRQ RI
WKH *63 IRU HYDOXDWLRQ E\ WKH 'HSDUWPHQW RI :DWHU 5HVRXUFHV� $V QHHGHG� WKH &	( 3ODQ ZLOO EH
XSGDWHG WR EHVW VHUYH 6LVNL\RX &RXQW\� LWV FRQVWLWXHQWV� DQG DOO LWV FROODERUDWLYH SDUWQHUV LQ WKH
6*0$ LPSOHPHQWDWLRQ SURFHVV�

7KH *6$ LV FRPPLWWHG WR HQFRXUDJLQJ DFWLYH LQYROYHPHQW RI GLYHUVH VWDNHKROGHUV LQ WKH %DVLQ�
$OO *URXQGZDWHU $GYLVRU\ &RPPLWWHH PHHWLQJV ZHUH DYDLODEOH IRU PHPEHUV RI WKH SXEOLF WR DW�
WHQG� LQ DGGLWLRQ WR WKH SXEOLF ZRUNVKRSV KHOG� 0HHWLQJ LQIRUPDWLRQ DQG VFKHGXOLQJ ZDV OLVWHG
RQ WKH 6LVNL\RX &RXQW\ ZHEVLWH� 'UDIW YHUVLRQV RI *63 &KDSWHUV $ UHFRUG RI SXEOLF PHHWLQJV KHOG
WKURXJKRXW *63 GHYHORSPHQW LV LQFOXGHG LQ $SSHQGL[ ��%� ,Q DGGLWLRQ WR WKH SXEOLF PHHWLQJV OLVWHG�
WKH *6$ DQG WKH 7HFKQLFDO 7HDP FRPPXQLFDWHG GLUHFWO\ ZLWK WULEHV DQG ZLWK HQWLWLHV WKDW RSHUDWH
LQ WKH %DVLQ� 7KHVH LQFOXGH� WKH &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG :LOGOLIH� &DOWURXW� WKH 6FRWW

��
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5LYHU :DWHUVKHG &RXQFLO� WKH 6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW� WKH 6FRWW DQG 6KDVWD 9DO�
OH\ :DWHUPDVWHU 'LVWULFW� 6LVNL\RX &RXQW\ &RRSHUDWLYH ([WHQVLRQ� DQG WKH 6FRWW 9DOOH\ ,UULJDWLRQ
'LVWULFW�

�������� 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ %HQHILFLDO 8VHV DQG 8VHUV
*URXQGZDWHU LQ WKH %DVLQ VHUYHV WKH QHHGV RI FRPPXQLWLHV� IDUPV� DQG EXVLQHVVHV DQG SURYLGHV
KLJK TXDOLW\ GULQNLQJ ZDWHU WR XUEDQ DQG UXUDO UHVLGHQWV� LQ DGGLWLRQ WR KHOSLQJ WR VXVWDLQ YLWDO HFRV\V�
WHPV� %HQHILFLDO XVHV RI JURXQGZDWHU LQFOXGH ZDWHU IRU LUULJDWLRQ� DJULFXOWXUH� GRPHVWLF XVH� PX�
QLFLSDO XVH� DQG ZDWHU IRU WKH SURWHFWLRQ DQG HQKDQFHPHQW RI ILVK DQG ZLOGOLIH� %HQHILFLDO XVHV DQG
XVHUV RI WKH %DVLQ KDYH EHHQ LGHQWLILHG DV WKH IROORZLQJ�

� $JULFXOWXUDO XVHUV �IDUPHUV� UDQFKHUV� GDLU\ SURIHVVLRQDOV� QXUVHULHV�
� 5XUDO� $JULFXOWXUDO DQG 'RPHVWLF ZHOO RZQHUV
� 0XQLFLSDO ZHOO RSHUDWRUV
� 3XEOLF ZDWHU V\VWHPV
� /RFDO ODQG XVH SODQQLQJ DJHQFLHV
� (QYLURQPHQWDO XVHV DQG XVHUV RI JURXQGZDWHU� LQFOXGLQJ EXW QRW OLPLWHG WR KDELWDW WKDW VXS�
SRUWV ILVK� ELUGV� DQLPDOV� DQG LQVHFWV� HQGDQJHUHG VSHFLHV SURWHFWLRQ� SURWHFWLRQ RI EHQHILFLDO
KDELWDW IRU UHFUHDWLRQ DQG RWKHU VRFLHWDO EHQHILWV

� 5HFUHDWLRQDO XVHUV
� 6XUIDFH ZDWHU XVHUV
� 7ULEDO *RYHUQPHQWV
� 'LVDGYDQWDJHG FRPPXQLWLHV

�������� 3XEOLF (QJDJHPHQW 2SSRUWXQLWLHV
7KH *6$ LV FRPPLWWHG WR HQFRXUDJLQJ WKH DFWLYH LQYROYHPHQW RI GLYHUVH VRFLDO� FXOWXUDO� DQG HFR�
QRPLF HOHPHQWV RI WKH SRSXODWLRQ ZLWKLQ WKH JURXQGZDWHU EDVLQ� 7KH &RXQW\ RI 6LVNL\RX ZHE�
VLWH SURYLGHV LQIRUPDWLRQ UHJDUGLQJ *6$ %RDUG 0HHWLQJ IUHTXHQF\� EDFNJURXQG LQIRUPDWLRQ� GRF�
XPHQWV� VWDWXV XSGDWHV� DQG FRQWDFW LQIRUPDWLRQ� *63 XSGDWHV ZLOO EH LQFOXGHG DV QRWLFHG SHU
*6$ UHVSHFWLYH PHHWLQJ DJHQGDV WKDW DUH SXEOLVKHG LQ DGYDQFH� 0HHWLQJV SURYLGLQJ XSGDWHV RQ
*63 GHYHORSPHQW DUH VFKHGXOHG RQ UHJXODUO\� W\SLFDOO\ RQFH D PRQWK� WR LQIRUP WKH SXEOLF DQG
,QWHUHVWHG 3DUWLHV DQG SURYLGH RSSRUWXQLWLHV WR DVN TXHVWLRQV DQG PDNH VXJJHVWLRQV� 7KHVH PHHW�
LQJV DUH SRVWHG RQ WKH &RXQW\ RI 6LVNL\RX ZHEVLWH DQG DQQRXQFHG YLD HPDLO� $ IXOO OLVW RI SXEOLF
PHHWLQJV ZKHUH WKH *63 ZDV GLVFXVVHG RU FRQVLGHUHG DUH LQFOXGHG LQ $SSHQGL[ ��%�

,Q DGGLWLRQ� *63 6WDII ZLOO EH DYDLODEOH WKURXJKRXW WKH *63 GHYHORSPHQW SURFHVV WR FRPPXQLFDWH
DQG HQJDJH ZLWK ,QWHUHVWHG 3DUWLHV DQG WKH SXEOLF� ,QWHUHVWHG 3DUWLHV FDQ EH LQYROYHG LQ *63
GHYHORSPHQW E\ SURYLGLQJ LQSXW WKURXJKRXW WKH SURFHVV� 2WKHU DYHQXHV IRU SXEOLF HQJDJHPHQW
LQFOXGHG RU ZLOO LQFOXGH�

2WKHU DYHQXHV IRU SXEOLF HQJDJHPHQW LQFOXGHG RU ZLOO LQFOXGH�

� *6$%RDUGPHHWLQJV� 'XULQJ 3XEOLF FRPPHQW SHULRG RI DQ\ 6LVNL\RX &RXQW\ %RDUG RI 6XSHU�
YLVRUV RU 6LVNL\RX &RXQW\ )ORRG &RQWURO 	 :DWHU &RQVHUYDWLRQ 'LVWULFW �*6$� %RDUG PHHWLQJV

� 3XEOLF :RUNVKRSV� 3XEOLF ZRUNVKRSV DQG RSHQ KRXVHV ZHUH KHOG DV LQIRUPDWLRQ VHVVLRQV
DQG SURYLGHG WKH RSSRUWXQLW\ WR KDYH FRQYHUVDWLRQV ZLWK WKH SXEOLF� DQVZHU TXHVWLRQV� DQG
JDWKHU IHHGEDFN� $ OLVW RI WKH SXEOLF ZRUNVKRSV DQG RSHQ KRXVHV WKDW ZHUH KHOG GXULQJ *63
GHYHORSPHQW DUH LQFOXGHG LQ $SSHQGL[ ��%�

��
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� :RUNLQJ *URXSV� :RUNLQJ JURXSV PD\ EH IRUPHG GXULQJ *63 LPSOHPHQWDWLRQ WR SURYLGH
VSHFLILF LQSXW IURP ,QWHUHVWHG 3DUWLHV RU RQ VSHFLILF WRSLFV�

� &RPPHQWV� 2SSRUWXQLW\ IRU WKH SXEOLF RU LQWHUHVWHG SDUWLHV WR FRPPHQW RQ GUDIW *63 VHFWLRQV
RU FKDSWHUV LV SURYLGHG� 'UDIW FKDSWHUV ZHUH GLVFXVVHG� DORQJ ZLWK D VXPPDU\ RI FRPPHQWV
UHFHLYHG DQG SURSRVHG UHYLVLRQV� DW $GYLVRU\ &RPPLWWHH PHHWLQJV IROORZLQJ SXEOLF UHYLHZ
RI GUDIW *63 FKDSWHUV� 7KHVH PHHWLQJV SURYLGHG WKH RSSRUWXQLW\ IRU GLVFXVVLRQ RQ WKH PDLQ
FRPPHQWV UHFHLYHG DQG SURSRVHG UHYLVLRQV LQ UHVSRQVH WR WKLV IHHGEDFN� &RPPHQWV UHFHLYHG
WKURXJK WKLV SURFHVV� DQG WKH UHVSRQVHV SURYLGHG DUH LQFOXGHG LQ $SSHQGL[ ��&�

������ &RRUGLQDWLRQ

*6$ DQG 6LVNL\RX &RXQW\ VWDII KHOG FRRUGLQDWLRQ PHHWLQJV RU SKRQH FDOOV WR SURYLGH DGGLWLRQDO
LQSXW LQWR WKH *63 ZLWK YDULRXV VWDWH DJHQFLHV� 7ULEHV� 1*2¶V� RU PHPEHUV RI WKH SXEOLF� *6$
VWDII DOVR DWWHQGHG QRQ�6*0$ IRFXVHG ZRUNVKRSV WR SURYLGH XSGDWHV RU LQIRUPDWLRQ UHJDUGLQJ
6*0$ DQG WKH *63 GHYHORSPHQW� 6RPH KLJKOLJKWV RI WKRVH HIIRUWV DUH EHORZ�

� &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG :LOGOLIH

± *6$ VWDII KDV PRQWKO\ FRRUGLQDWLRQ PHHWLQJV ZLWK &'): VWDII WR GLVFXVV QXPHURXV WRS�
LFV� ZKLFK LQFOXGHV 6*0$ XSGDWHV DQG NH\ LWHPV DQG LVVXH¶V UHODWHG WR JURXQGZDWHU
PDQDJHPHQW�

� 1RUWK &RDVW 5HJLRQDO :DWHU 4XDOLW\ &RQWURO %RDUG

± 5HFHQWO\� *6$ VWDII DQG WKH WHFKQLFDO WHDP KDYH PHW ZLWK 5HJLRQDO %RDUG VWDII UHJDUGLQJ
HIIRUWV WR JDWKHU JURXQGZDWHU VDPSOHV� DQG WR GLVFXVV WKH UHODWLRQVKLS RI 7RWDO 0D[LPXP
'DLO\ /RDG �70'/� ZDLYHUV LQ 6FRWW DQG 6KDVWD 9DOOH\V DQG KRZ WKRVH ZLOO EH LPSDFWHG
RU SDUWQHUHG ZLWK SURMHFWV DQG PDQDJHPHQWV DFWLRQV LQ WKH *63� ,Q 6FRWW 9DOOH\� WKH 6FRWW
5LYHU WHPSHUDWXUH 70'/ LV SDUWLFXODUO\ UHOHYDQW�

± *6$ VWDII DQG WHFKQLFDO WHDP SDUWLFLSDWHG LQ D 6FRWW DQG 6KDVWD IORZ ZRUNLQJ JURXS� OHG
E\ 5HJLRQDO %RDUG VWDII� GXULQJ ZKLFK LPPHGLDWH SURMHFW QHHGV ZHUH GLVFXVVHG� LQFOXG�
LQJ *63�UHODWHG DFWLRQV� 'HYHORSPHQW RI WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU 60& ZDV
GLVFXVVHG� DQG PHPEHUV RI WKH ZRUNLQJ JURXS SURYLGHG FRPPHQWV DQG DVNHG TXHVWLRQV
WKDW ZHUH DQVZHUHG E\ WKH WHFKQLFDO WHDP�

� 4XDUW] 9DOOH\ 7ULEH
� <XURN 7ULEH
� .DUXN 7ULEH

± 7KH *6$ GHYHORSHG D 0HPRUDQGXP RI 8QGHUVWDQGLQJ �028� ZLWK WKH .DUXN 7ULEH UH�
JDUGLQJ LPSURYLQJ FRRUGLQDWLRQ DQG FRPPXQLFDWLRQ HIIRUWV UHODWHG WR *63 GHYHORSPHQW
ZKLFK SURYLGHG D EULGJH RI RSSRUWXQLW\ WR GLVFXVV DQG GHOLEHUDWH RQ *63 GHYHORSPHQW IRU
WKH 6FRWW DQG 6KDVWD EDVLQV� 7KLV WRRN PXOWLSOH PHHWLQJV� ZLWK YDOXDEOH DVVLVWDQFH IURP
':5 SURYLGHG )DFLOLWDWLRQ 6XSSRUW 6HUYLFHV� 7KH 028 �LQ $SSHQGL[ ��(� ZDV VLJQHG DQG
DSSURYHG E\ WKH 'LVWULFW %RDUG RQ 0DUFK ��� �����

� 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG

��
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± ,Q ����� RQ 1RYHPEHU ��WK DQG ��WK� *6$ DQG &RXQW\ VWDII� 'LVWULFW %RDUG PHPEHUV� PHW
ZLWK 6:5&% VWDII DQG WRXUHG DJULFXOWXUDO RSHUDWLRQV LQ WKH 6FRWW DQG 6KDVWD 9DOOH\V WR
GLVFXVV ZDWHU LVVXHV DQG REVHUYH RQ�JURXQG SURMHFWV EHLQJ SODQQHG RU LPSOHPHQWHG WKDW
LQ YDULRXV ZD\V ZLOO KHOS LPSURYH ERWK JURXQGZDWHU DQG VXUIDFH ZDWHU VRXUFHV�

� .ODPDWK &RDOLWLRQ RI WKH :LOOLQJ

± 1*2V� 7ULEHV� DQG LUULJDWRUV EURXJKW WRJHWKHU WR GHYHORS VROXWLRQV UHODWHG WR WKH .ODPDWK
%DVLQ FRQIOLFWV� &RXQW\ VWDII DQG WKH WHFKQLFDO WHDP KDYH LQWHUDFWHG ZLWK WKH JURXS DQG
GHYHORSHG SURMHFW LGHDV WKDW DUH ERWK EHLQJ LPSOHPHQWHG DQG LQ LQLWLDO GHVLJQ SKDVHV�
LQFOXGLQJ PDQDJHG DTXLIHU UHFKDUJH� VWRUDJH GHYHORSPHQW DQG LPSURYLQJ XSODQG ODNH
PDQDJHPHQW� 7KHVH SURMHFWV DUH IXUWKHU GHVFULEHG LQ &KDSWHU ��

� 6FRWW DQG 6KDVWD 9DOOH\ :DWHUPDVWHU 'LVWULFW

± *6$ VWDII DQG WKH WHFKQLFDO WHDP KDYH KDG PXOWLSOH PHHWLQJV ZLWK :DWHUPDVWHU 'LVWULFW
VWDII UHJDUGLQJ KRZ WKH *63V ZLOO QRW FRQIOLFW ZLWK WKH :DWHUPDVWHU GXWLHV RI XSKROGLQJ
WKH 6FRWW DQG 6KDVWD 9DOOH\ GHFUHHV� 7KH PHHWLQJV KDYH DOVR EHHQ EHQHILFLDO WR XQGHU�
VWDQGLQJ FXUUHQW GDWD UHODWHG WR IORZ DQG GHWHUPLQLQJ GDWD JDSV� WKDW ZLOO ERWK DLG LQ WKH
DFFXUDF\ DQG UHOLDELOLW\ RI ERWK EDVLQV UHVSHFWLYH QXPHULFDO PRGHOV�

���� *63 2UJDQL]DWLRQ

7KH *63 LV RUJDQL]HG LQ DFFRUGDQFH ZLWK WKH *63 (PHUJHQF\ 5HJXODWLRQV DQG VWDWXWRU\ SURYL�
VLRQV RI 6*0$� 7KH IRUPDW RI WKH *63 LV VLPLODU WR WKH RXWOLQH SURYLGHG E\ ':5¶V 6XVWDLQDEOH
*URXQGZDWHU 0DQDJHPHQW SURJUDP� $ EULHI VXPPDU\ RI HDFK *63 VHFWLRQ LV SURYLGHG EHORZ�

� ([HFXWLYH 6XPPDU\� 3URYLGHV D VXPPDU\ RI ZKDW LV LQFOXGHG LQ WKH *63�
� &KDSWHU � ± ,QWURGXFWLRQ� 7KH ,QWURGXFWLRQ LQFOXGHV WKH SXUSRVH DQG DGPLQLVWUDWLRQ RI WKH
*63� VXVWDLQDELOLW\ JRDO� DJHQF\ LQIRUPDWLRQ� DQG *63 RUJDQL]DWLRQ�

� &KDSWHU � ± 3ODQ $UHD DQG %DVLQ 6HWWLQJ� 3ODQ $UHD GHVFULEHV WKH JHRJUDSKLF VHWWLQJ�
H[LVWLQJ ZDWHU UHVRXUFHV SODQQLQJ DQG SURJUDPV� DQG DGGLWLRQDO *63 FRPSRQHQWV� 7KH %DVLQ
6HWWLQJ LQFOXGHV D GHWDLOHG GLVFXVVLRQ RI WKH K\GURJHRORJLF FRQFHSWXDO PRGHO XVHG WR SUHSDUH
WKH *63� FXUUHQW DQG KLVWRULFDO JURXQGZDWHU FRQGLWLRQV� IXWXUH JURXQGZDWHU FRQGLWLRQV DIWHU
DOORZDQFHV IRU JURZWK� ODQG XVH FKDQJHV� DQG FOLPDWH FKDQJH� DQG D GLVFXVVLRQ RI WKH DUHD¶V
FXUUHQW DQG IXWXUH JURXQGZDWHU EXGJHW�

� &KDSWHU � ± 6XVWDLQDEOH 0DQDJHPHQW &ULWHULD� ,QFOXGHV WKH VXVWDLQDELOLW\ JRDO� DGGUHVVHV
WKH PDQGDWHG VL[ VXVWDLQDELOLW\ LQGLFDWRUV WKDW PRQLWRU XQGHVLUDEOH UHVXOWV� GHILQHV WKH 0LQL�
PXP 7KUHVKROGV IRU HDFK XQGHVLUDEOH UHVXOW� DQG VHWV 0HDVXUDEOH 2EMHFWLYHV IRU WKH *63¶V
FRPSOHWH LPSOHPHQWDWLRQ� LQFOXGLQJ ,QWHULP 0LOHVWRQHV IRU LQWHUPHGLDWH SODQ \HDUV� 7KLV
&KDSWHU DOVR GHVFULEHV WKH QHWZRUN RI PRQLWRULQJ ZHOOV DQG RWKHU LQIRUPDWLRQ WR PHDVXUH
WKH *63¶V RXWFRPHV� DVVHVVHV WKH QHHG IRU LPSURYHPHQWV WR WKH QHWZRUN WR SURYLGH IXOO\
UHSUHVHQWDWLYH GDWD� DQG DGGUHVV PRQLWRULQJ SURWRFROV DQG GDWD DQDO\VLV WHFKQLTXHV�

� &KDSWHU � ± 3URMHFWV DQG 0DQDJHPHQW $FWLRQV WR $FKLHYH 6XVWDLQDELOLW\� 'HVFULEHV SR�
WHQWLDO SURMHFWV DQG PDQDJHPHQW DFWLRQV WKDW PD\ EH LPSOHPHQWHG LQ SXUVXLW RI VXVWDLQDELOLW\�
:KHUH DYDLODEOH� SURMHFW GHWDLOV LQFOXGH PHDVXUDEOH REMHFWLYHV WKDW DUH H[SHFWHG WR EHQH�
ILW IURP WKH SURMHFW RU PDQDJHPHQW DFWLRQ� UHTXLUHG SHUPLWV� DQWLFLSDWHG EHQHILWV� HVWLPDWHG
FRVWV� DQG KRZ WKH SURMHFW RU PDQDJHPHQW DFWLRQ ZLOO EH DFFRPSOLVKHG�

��
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� &KDSWHU � ± 3ODQ ,PSOHPHQWDWLRQ� 'HVFULEHV WKH *63 LPSOHPHQWDWLRQ SURFHVV� LQFOXGLQJ
HVWLPDWHG FRVWV� VRXUFHV RI IXQGLQJ� D SUHOLPLQDU\ VFKHGXOH WKURXJK IXOO LPSOHPHQWDWLRQ� GH�
VFULSWLRQ RI WKH UHTXLUHG GDWD PDQDJHPHQW V\VWHP� PHWKRGRORJ\ IRU DQQXDO UHSRUWLQJ� DQG
KRZ SURJUHVV HYDOXDWLRQV ZLOO EH FRQGXFWHG RYHU WLPH�

� $SSHQGLFHV ± 5HIHUHQFHV DQG 7HFKQLFDO 6WXGLHV� &RQWDLQV WKH UHIHUHQFHV DQG VRXUFHV
XVHG WR SUHSDUH WKLV *63�

± ':5 *63 (OHPHQWV *XLGH± 7KLV *63 ZDV SUHSDUHG WR PHHW WKH UHJXODWRU\ UHTXLUH�
PHQWV HVWDEOLVKHG E\ ':5� DV VKRZQ LQ WKH FRPSOHWHG *63 (OHPHQWV *XLGH� SURYLGHG
LQ $SSHQGL[ ��)� ZKLFK LV RUJDQL]HG DFFRUGLQJ WR WKH &DOLIRUQLD &RGH RI 5HJXODWLRQ 6HF�
WLRQV RI WKH *63 (PHUJHQF\ 5HJXODWLRQV�

��



&KDSWHU �� 3ODQ $UHD DQG %DVLQ 6HWWLQJ

��



��� 'HVFULSWLRQ RI WKH 3ODQ $UHD

����� 6XPPDU\ RI -XULVGLFWLRQDO $UHDV DQG 2WKHU )HDWXUHV

7KH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ �³%DVLQ´� LV ORFDWHG LQ WKH 6FRWW 5LYHU ZDWHUVKHG �³:DWHU�
VKHG´�� SDUW RI WKH ODUJHU .ODPDWK 5LYHU ZDWHUVKHG ZKLFK VSDQV VHFWLRQV RI 1RUWKHUQ &DOLIRUQLD
DQG 6RXWKHUQ 2UHJRQ� 8QGHU WKH ���� EDVLQ SULRULWL]DWLRQ FRQGXFWHG E\ WKH &DOLIRUQLD 'HSDUWPHQW
RI :DWHU 5HVRXUFHV �':5�� WKH %DVLQ �':5 %DVLQ ������ ZDV GHVLJQDWHG DV PHGLXP SULRULW\
�':5 ����E�� :LWK D OHQJWK RI �� PLOHV �PL� ��� NLORPHWHUV >NP@� DQG D ZLGWK WKDW YDULHV IURP ���
WR � PL ����� NP�� WKH %DVLQ FRYHUV D VXUIDFH DUHD RI ��� VT PL ���� VT NP�� 7KH %DVLQ ERXQGDU\�
VKRZQ LQ )LJXUH �� JHQHUDOO\ FRUUHVSRQGV WR WKH FRQWDFW EHWZHHQ WKH YDOOH\ DOOXYLXP DQG ROGHU
FRQVROLGDWHG URFN �':5 ������ 7KH VXUURXQGLQJ 6FRWW 5LYHU ZDWHUVKHG FRYHUV ��� VTXDUH PLOHV
������ VTXDUH NP��

6FRWW 9DOOH\ LV HQFLUFOHG E\ PRXQWDLQ UDQJHV ZLWK HOHYDWLRQV WKDW FDQ H[FHHG ����� IW ������ P�
DERYH PHDQ VHD OHYHO �DPVO�� 7KH 6FRWW %DU� 0DUEOH� 6DOPRQ� DQG 6FRWW 0RXQWDLQV ERXQG WKH
:DWHUVKHG WR WKH QRUWK� ZHVW� VRXWKZHVW� DQG VRXWK� UHVSHFWLYHO\� ZKLOH KLOOV DQG ULGJHV HDVW RI WKH
6FRWW 9DOOH\ GLYLGH WKH 6FRWW DQG 6KDVWD ZDWHUVKHGV� 7KH (DVW DQG 6RXWK )RUNV RI WKH 6FRWW 5LYHU
FRQYHUJH QHDU WKH FRPPXQLW\ RI &DOODKDQ� �� PL IURP LWV FRQIOXHQFH ZLWK WKH .ODPDWK 5LYHU� 7KH
6FRWW 5LYHU LV WKH PDLQ ZDWHU IHDWXUH LQ WKH %DVLQ� DQG LV RQH RI WKH PDMRU XQGDPPHG VWUHDPV LQ
&DOLIRUQLD� :LWKLQ WKH %DVLQ ERXQGDU\� WKH 6FRWW 5LYHU IORZV VRXWK WR QRUWK XQWLO LW WXUQV ZHVWZDUG
QHDU )RUW -RQHV� 7KH 6FRWW 5LYHU IORZV QRUWKZHVW RXW RI WKH %DVLQ� WUDYHOLQJ DURXQG WKH 6FRWW %DU
0RXQWDLQV WKURXJK D VWHHS FDQ\RQ WR MRLQ WKH .ODPDWK 5LYHU DW 5LYHU 0LOH ��� �+DUWHU DQG +LQHV
������ $ORQJ WKH FRXUVH RI WKH PDLQ VWHP RI WKH 6FRWW 5LYHU� WKH YDOOH\ IORRU VORSHV IURP ����� IW
���� P� DPVO DW WKH FRQIOXHQFH RI WKH (DVW DQG 6RXWK )RUNV WR ����� IW ���� P� DPVO LQ WKH QRUWKHUQ
SDUW RI WKH %DVLQ�

������� -XULVGLFWLRQDO $UHDV

$V WKH VROH *URXQGZDWHU 6XVWDLQDELOLW\ $JHQF\ �*6$� IRU WKH %DVLQ� WKH &RXQW\ RI 6LVNL\RX )ORRG
&RQWURO DQG:DWHU &RQVHUYDWLRQ 'LVWULFW �$JHQF\� LV UHVSRQVLEOH IRU WKH %DVLQ DUHDV FRYHUHG E\ WKLV
*URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ �*63�� 7KHUH DUH WZR DUHDV ZLWKLQ WKH %DVLQ WKDW DUH QRW UHTXLUHG
WR IRUP *6$V RU GHYHORS *63V XQGHU 6*0$� WKH LQWHUFRQQHFWHG ]RQH FRYHUHG E\ D JURXQGZDWHU
DGMXGLFDWLRQ �)LJXUH �� DQG WKH 4XDUW] 9DOOH\ ,QGLDQ 5HVHUYDWLRQ �)LJXUH ��� :KLOH RXWVLGH WKH
MXULVGLFWLRQ RI WKH *6$� WKHVH SRUWLRQV RI WKH %DVLQ DUH FRQVLGHUHG E\ WKH *63 DV WKH\ DUH ZLWKLQ
RU DGMDFHQW WR WKH *6$ DUHD� ,Q ����� WKH 6FRWW 5LYHU DQG VRPH RI WKH VXUURXQGLQJ LQWHUFRQQHFWHG
JURXQGZDWHU ZHUH DGMXGLFDWHG E\ GHFUHH 1R� ����� �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������
7KH JURXQGZDWHU DGMXGLFDWHG DUHD� FRYHULQJ DSSUR[LPDWHO\ ������ DFUHV ��� VT NP� RI WKH %DVLQ

��
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Fort Jones
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Watershed Boundary
Groundwater Basin (2018)
Scott River

Adjudicated Zone (1980)

Towns

Interstate 5
State Route 3

)LJXUH �� 6FRWW 9DOOH\ %XOOHWLQ ��� EDVLQ ERXQGDU\ �':5 ����� DQG DUHD VXEMHFW WR WKH ���� 6FRWW
5LYHU $GMXGLFDWLRQ 'HFUHH �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

�':5 ����F�� LV VXEMHFW WR DQQXDO UHSRUWLQJ UHTXLUHPHQWV� DV VSHFLILHG LQ :DWHU &RGH ���������
$GGLWLRQDOO\� EHFDXVH ZDWHU XVHUV RQ IHGHUDO WULEDO ODQGV DUH QRW VXEMHFW WR 6*0$� WKH 4XDUW] 9DOOH\
,QGLDQ 5HVHUYDWLRQ �49,5� LV H[HPSW IURP WKH $FW� KRZHYHU� D WULEDO UHSUHVHQWDWLYH LV D PHPEHU RI
WKH *6$ $GYLVRU\ &RPPLWWHH�

7KH %DVLQ ERXQGDU\ HQFRPSDVVHV WKH LQFRUSRUDWHG FRPPXQLWLHV RI (WQD DQG )RUW -RQHV� WKH XQ�
LQFRUSRUDWHG FRPPXQLWLHV RI &DOODKDQ� *UHHQYLHZ� DQG 4XDUW] 9DOOH\�0XJJLQVYLOOH� DQG WKH 49,5
RQ WULEDO WUXVW ODQGV� 7KH SRSXODWLRQ RI 6FRWW 9DOOH\ ZDV HVWLPDWHG DW ����� �65:& ������ LQFOXGLQJ
WKH SRSXODWLRQV RI WKH WZR LQFRUSRUDWHG WRZQV� ,Q WKH ���� &HQVXV WKH QXPEHU RI UHVLGHQWV RI )RUW
-RQHV DQG (WQD ZDV HVWLPDWHG DW ��� DQG ���� UHVSHFWLYHO\ �8�6� &HQVXV %XUHDX ������ 7KUHH
FRPPXQLWLHV LQ 6FRWW 9DOOH\ DUH FDWHJRUL]HG DV GLVDGYDQWDJHG� )RUW -RQHV� (WQD� DQG *UHHQYLHZ�
&RPPXQLWLHV ZLWK DQ DQQXDO PHGLDQ KRXVHKROG LQFRPH �0+,� RI OHVV WKDQ ��� RI WKH DYHUDJH
DQQXDO 0+, LQ &DOLIRUQLD DUH FODVVLILHG DV GLVDGYDQWDJHG FRPPXQLWLHV �'$&V�� ZKLOH FRPPXQLWLHV
ZLWK DQQXDO 0+,V RI OHVV WKDQ ��� RI &DOLIRUQLD¶V DYHUDJH DQQXDO 0+, DUH FRQVLGHUHG VHYHUHO\
GLVDGYDQWDJHG FRPPXQLWLHV �6'$&V�� %DVHG RQ WKH ����±���� $PHULFDQ &RPPXQLW\ 6XUYH\
)LYH <HDU (VWLPDWHV� WKH VWDWHZLGH DQQXDO 0+, LV �������� DQG )RUW -RQHV DQG (WQD ERWK TXDOLI\
DV 6'$&V ZLWK DQQXDO 0+,V RI ������� DQG �������� UHVSHFWLYHO\ �8�6� &HQVXV %XUHDX ������
*UHHQYLHZ LV OLVWHG LQ JRYHUQPHQW GDWDEDVHV DV D '$&� EXW QR 0+, GDWD DUH DYDLODEOH IRU WKLV FRP�
PXQLW\ �':5 ����D�� $ PDS RI WKH '$&V DQG 6'$&V LQ WKH %DVLQ LV VKRZQ LQ )LJXUH �� 7KHVH
FRPPXQLWLHV DQG WKHLU VRXUFHV RI ZDWHU DUH GLVFXVVHG IXUWKHU LQ 6HFWLRQ ������

������� 6HOHFWHG /DQG 8VHV

$ERXW WZR WKLUGV RI WKH ODQG ZLWKLQ WKH 6FRWW 5LYHU ZDWHUVKHG LV XQGHU SULYDWH RZQHUVKLS ZLWK WKH
UHPDLQLQJ DUHD PDQDJHG E\ 49,5� WKH 8QLWHG 6WDWHV �8�6�� 'HSDUWPHQW RI WKH ,QWHULRU %XUHDX
RI /DQG 0DQDJHPHQW �%/0� DQG 8�6� )RUHVW 6HUYLFH �86)6� �+DUWHU DQG +LQHV ������ 0XFK RI
WKH ZDWHUVKHG VXUURXQGLQJ 6FRWW 9DOOH\ LV 1DWLRQDO )RUHVW ODQG� 7KH 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW
�69,'� VHUYHV ZDWHU WR XVHUV HDVW RI WKH 6FRWW 5LYHU �)LJXUH ��� 7KH PXQLFLSDOLWLHV RI )RUW -RQHV
DQG (WQD FRYHU DSSUR[LPDWHO\ ��� SHUFHQW RI WKH %DVLQ DUHD �)LJXUH ��� $FFRUGLQJ WR ODQG XVH
VXUYH\V FRQGXFWHG E\ ':5 �':5 ������ KDOI RI WKH %DVLQ DUHD LV FRYHUHG E\ DJULFXOWXUH� ZLWK
PRVW RI WKDW VSOLW DSSUR[LPDWHO\ HYHQO\ EHWZHHQ SDVWXUH DQG DQ DOIDOID�JUDLQ URWDWLRQ �)LJXUH ���
$FUHDJHV DVVRFLDWHG ZLWK YDULRXV ���� ODQG XVHV VXUYH\HG E\ ':5 DUH LQFOXGHG LQ 7DEOH ��

7DEOH �� $FUHDJH DQG SHUFHQW RI WRWDO %DVLQ DUHD FRYHUHG E\ JHQHUDOL]HG ODQG XVHV DV UHSRUWHG LQ
':5¶V ���� ODQG XVH VXUYH\�

/DQG 8VH &DWHJRU\ $FUHV 3HUFHQW RI %DVLQ $UHD
1DWLYH 9HJHWDWLRQ ������ ����
3DVWXUH ������ ����
$OIDOID ������ ����
5HVLGHQWLDO ����� ���
*UDLQ ����� ���
8UEDQ ����� ���
:DWHU ��� ���
,GOH ��� ���
2WKHU &URSV ��� ���
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N

0 2 4 6 8 10 mi

Watershed
Groundwater Basin
Scott River

Adjudicated Area

Scott Valley Irrigation District
Quartz Valley Indian Reservation
National Forest

)LJXUH �� -XULVGLFWLRQDO DUHDV ZLWKLQ 6FRWW 9DOOH\�
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N

0 2 4 6 8 10 mi

Watershed
Groundwater Basin
Scott River
Watershed

Census Tract:DAC
Census Tract:SDACs

Place:DAC
Place:SDACs

)LJXUH �� %DVHG RQ WKH ���� 8�6� &HQVXV DUHDV LQ WKH 6FRWW 9DOOH\ :DWHUVKHG FODVVLILHG DV 'LVD�
GDYQWDJHG &RPPXQLWLHV �'$&V� DQG 6HYHUHOH\ 'LVDGYDQWDJHG &RPPXQLWLHV �6'$&V� XVLQJ GDWD
IURP WKH 'HSDUWPHQW RI :DWHU 5HVRXUFHV '$& 0DSSLQJ 7RRO �KWWSV���JLV�ZDWHU�FD�JRY�DSS�GDFV���

��

https://gis.water.ca.gov/app/dacs/
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)LJXUH �� &LW\ OLPLWV RI %DVLQ PXQLFLSDOLWLHV DQG VHOHFWHG URDGV� LQFOXGLQJ 6WDWH 5RXWH � DQG VHYHUDO
URDGV FURVVLQJ WKH 6FRWW 5LYHU�
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Pasture
Alfalfa
Grain
Other Crops
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Urban
Residential
Water
Native Vegetation

Groundwater Basin

)LJXUH �� /DQG XVHV ZLWKLQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ ERXQGDU\� $GDSWHG IURP WKH ����
':5 /DQG 8VH 6XUYH\ �':5 ������
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

������� :HOO 'ULOOLQJ 5HFRUGV

&DOLIRUQLD :DWHU &RGH 6HFWLRQ ������ HIIHFWLYH -DQXDU\ ����� UHTXLUHV DQ\RQH WKDW FRQVWUXFWV� DO�
WHUV� RU GHVWUR\V D ZDWHU ZHOO� FDWKRGLF SURWHFWLRQ ZHOO� JURXQGZDWHU PRQLWRULQJ ZHOO� RU JHRWKHUPDO
KHDW H[FKDQJH ZHOO WR ILOH D UHSRUW RI FRPSOHWLRQ ZLWK WKH 'HSDUWPHQW RI :DWHU 5HVRXUFHV ZLWKLQ
�� GD\V RI FRPSOHWLRQ RI WKH ZRUN� /RFDWLRQV RI H[LVWLQJ ZHOOV ZHUH DFFHVVHG YLD WKH SXEOLFO\ DYDLO�
DEOH ':5 2QOLQH 6\VWHP IRU :HOO &RPSOHWLRQ 5HSRUWV �26:&5� ':5 ����E�� $OWKRXJK WKHVH
GDWD DUH DJJUHJDWHG E\ 3XEOLF /DQG 6XUYH\ 6\VWHP �3/66� VHFWLRQ� LW LV SRVVLEOH WR YLVXDOL]H WKH
DSSUR[LPDWH GLVWULEXWLRQ �L�H�� ZHOO GHQVLW\� RI GRPHVWLF� DJULFXOWXUDO SURGXFWLRQ� DQG SXEOLF GULQNLQJ
ZDWHU ZHOOV LQ WKH %DVLQ �)LJXUH ��� %HFDXVH 26:&5 UHSUHVHQWV DQ LQGH[ RI :HOO &RPSOHWLRQ
5HSRUW UHFRUGV GDWLQJ EDFN PDQ\ GHFDGHV� WKLV GDWDVHW LQFOXGHV DEDQGRQHG RU GHVWUR\HG ZHOOV�
7KRXJK WKHUH FDQ EH TXDOLW\ FRQWURO LVVXHV VXFK DV LQDFFXUDWH� PLVVLQJ RU GXSOLFDWH UHFRUGV� 26�
:&5 LV QHYHUWKHOHVV D YDOXDEOH UHVRXUFH IRU JHQHUDO SODQQLQJ HIIRUWV� 8QGHU &DOLIRUQLD :DWHU
&RGH 6HFWLRQ ������ DQG XQGHU 7LWOH �� &KDSWHU � RI WKH 6LVNL\RX &RXQW\ &RGH RI 2UGLQDQFHV�
ZHOO FRPSOHWLRQ UHSRUWV DUH UHTXLUHG WR EH VXEPLWWHG IRU ZHOO FRQVWUXFWLRQ� GHVWUXFWLRQ� RU PRGLILFD�
WLRQ� 5HFRUGV RI WKHVH UHSRUWV DUH PDLQWDLQHG E\ ':5 DQG WKH &RXQW\ RI 6LVNL\RX (QYLURQPHQWDO
+HDOWK 'LYLVLRQ� 7KH &RXQW\ (QYLURQPHQWDO +HDOWK 'LYLVLRQ¶V UHFRUGV LQFOXGH QHZ ZHOOV� EXW GR QRW
LQFOXGH UHFRUGV RI ZHOO DEDQGRQPHQW RU UHSODFHPHQW�

����� &KURQRORJ\ RI *URXQGZDWHU 0DQDJHPHQW LQ 6FRWW 9DOOH\

*URXQGZDWHU UHVRXUFHV DUH DQ LQWHJUDO SDUW RI 6FRWW 9DOOH\¶V KLVWRU\� $ FKURQRORJ\ RI VLJQLILFDQW
JURXQGZDWHU HYHQWV LQ 6FRWW 9DOOH\� LQFOXGLQJ WKH SDVVDJH RI NH\ OHJLVODWLRQ DQG WKH GHYHORSPHQW
DQG SXEOLFDWLRQ RI LPSRUWDQW VWXGLHV� LV SURYLGHG EHORZ� 0DQ\ FRPSRQHQWV RI WKLV WLPHOLQH DUH
GLVFXVVHG LQ JUHDWHU GHWDLO WKURXJKRXW WKLV FKDSWHU� 7KLV FKURQRORJ\ ZDV SURYLGHG E\ 6DUL 6RP�
PDUVWURP ������� ZLWK DGGLWLRQDO GHWDLOV IURP VHOHFW VRXUFHV�

� ����±����� 6H\PRXU 0DFN� RI WKH 8�6� *HRORJLFDO 6XUYH\ �86*6�� FRQGXFWV D JURXQGZDWHU
LQYHVWLJDWLRQ �0DFN ������

� ����� $ 86*6 ZDWHU�VXSSO\ SDSHU� ³*HRORJ\ DQG *URXQG�:DWHU )HDWXUHV RI 6FRWW 9DOOH\
6LVNL\RX &RXQW\� &DOLIRUQLD´� LV SXEOLVKHG �0DFN ������

� ����� 7KH &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV LQYHVWLJDWHV JURXQGZDWHU GHYHORSPHQW
IRU XVH LQ LUULJDWLRQ DQG FRQFOXGHV WKDW GHYHORSPHQW RI JURXQGZDWHU VXSSO\ LV WKH PRUH FRVW�
HIIHFWLYH RSWLRQ WR SURYLGH ZDWHU IRU LUULJDWLRQ WKDQ VXUIDFH VWRUDJH GHYHORSPHQW �':5 ������

� ����� ,QLWLDWLRQ RI WKH DGMXGLFDWLRQ RI VXUIDFH DQG LQWHUFRQQHFWHG JURXQGZDWHU LQ WKH %DVLQ�
7KH 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW �69,'� SHWLWLRQV WKH 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG
�6:5&%�� SURPSWHG E\ FRQFHUQV RYHU WKH HIIHFWV RI JURXQGZDWHU SXPSLQJ RQ VXUIDFH ZDWHU
VXSSO\ �/DQJULGJH HW DO� ������

� ����� 7KH &DOLIRUQLD :DWHU &RGH LV PRGLILHG E\ WKH OHJLVODWXUH WR LQFOXGH JURXQGZDWHU WKDW LV
LQWHUFRQQHFWHG ZLWK WKH 6FRWW 5LYHU DV SDUW RI WKH VWUHDP V\VWHP�

� ����� 6:5&% JUDQWV 69,'¶V SHWLWLRQ IRU DGMXGLFDWLRQ DQG LQLWLDWHV DQ DVVHVVPHQW RI WKH
VWUHDP V\VWHP�

� ����±����� 6:5&% LQYHVWLJDWHV WKH VWUHDP V\VWHP DQG DGGV QXPHURXV ZDWHU VWDJH
UHFRUGHUV� WKH VXEVHTXHQW ³5HSRUW RQ 6XSSO\ DQG 8VH RI :DWHU´ LV SXEOLVKHG LQ �����

� ����� 6:5&% DSSURYHV D SHWLWLRQ PDGH E\ 86)6 WR H[WHQG WKH DUHD RI DGMXGLFDWLRQ WR WKH
FRQIOXHQFH ZLWK WKH .ODPDWK 5LYHU�

��
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Domestic Wells
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Production Wells
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Total Wells
1 to 10
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)LJXUH �� &KRURSOHWK PDSV LQGLFDWLQJ QXPEHU RI GRPHVWLF �SDQHO $�� DJULFXOWXUDO SURGXFWLRQ �SDQHO
%�� DQG SXEOLF �SDQHO &�� :HOO &RPSOHWLRQ 5HSRUWV UHFRUGHG LQ HDFK 3XEOLF /DQG 6XUYH\ 6\VWHP
�3/66� 6HFWLRQ� $GDSWHG IURP GDWD LQ WKH ':5 2QOLQH 6\VWHP IRU :HOO &RPSOHWLRQ 5HSRUWV �26�
:&5�� 3DQHO ' VKRZV WKH VXP RI SDQHOV $�&� 3/66 VHFWLRQV GHOLQHDWHG RQ PDSV DUH QRPLQDOO\
RQH VTXDUH PLOH�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

� ����� 6:5&% SXEOLVKHV ³5HSRUW RQ +\GURORJLF &RQGLWLRQV� 6FRWW 5LYHU 9DOOH\´�
� ����� $ 6:5&% HQJLQHHU SXEOLVKHV ³0HDVXUHPHQW RI 8VH RI :DWHU DQG 6WDWLF :DWHU /HYHOV
LQ :HOOV LQ 6FRWW 9DOOH\�����´

� ����� 7KH 6LVNL\RX &RXQW\ 6XSHULRU &RXUW DGMXGLFDWHV VXUIDFH ZDWHUV DQG LQWHUFRQQHFWHG
JURXQGZDWHU RI WKH 6FRWW 5LYHU VWUHDP V\VWHP XQGHU WKH 6FRWW 5LYHU 'HFUHH 1R� ������ 7KH
6FRWW 9DOOH\ $UHD 3ODQ DQG (QYLURQPHQWDO ,PSDFW 5HSRUW DUH DGRSWHG E\ WKH &RXQW\ %RDUG RI
6XSHUYLVRUV DV SDUW RI WKH *HQHUDO 3ODQ IRU WKH &RXQW\ �VHH 6HFWLRQ ����� IRU PRUH LQIRUPD�
WLRQ��

� ����� 7KH &RXQW\ RI 6LVNL\RX DGRSWV 6WDQGDUGV IRU :HOOV LQ 7LWOH �� &KDSWHU � RI WKH &RXQW\
&RGH RI 2UGLQDQFHV�

� ����� ':5 SXEOLVKHV ³6FRWW 5LYHU )ORZ $XJPHQWDWLRQ 6WXG\´�
� ����� 7KH ³)DOO )ORZV $FWLRQ 3ODQ´ LV DGRSWHG E\ WKH 6FRWW 5LYHU &RRUGLQDWHG 5HVRXUFH 0DQ�
DJHPHQW &RXQFLO WR DGGUHVV ORZ IORZV LQ WKH 6FRWW 5LYHU VWUHDP V\VWHP�

� ����� 7KH &RXQW\ RI 6LVNL\RX DGRSWV D JURXQGZDWHU 0DQDJHPHQW 2UGLQDQFH� UHVWULFWLQJ
JURXQGZDWHU H[SRUWV� FRQWDLQHG LQ 7LWOH �� &KDSWHU �� RI WKH &RXQW\ &RGH RI 2UGLQDQFHV�

� ����±����� 7KH 6FRWW 5LYHU :DWHUVKHG &RXQFLO UHSODFHV WKH &RRUGLQDWHG 5HVRXUFH 0DQ�
DJHPHQW 3ODQQLQJ �&503� &RPPLWWHH DQG KROGV :DWHU &RPPLWWHH PHHWLQJV�

� ����� 7KH 7RZQ RI )RUW -RQHV� IRU ZKLFK JURXQGZDWHU LV WKH VROH VRXUFH RI ZDWHU VXSSO\�
FRPSOHWHV LWV :DWHU 6WXG\�

� ����±����� 0LNH 'HDV �:DWHUFRXUVH (QJLQHHULQJ� PRGHOV 6FRWW 5LYHU DQG SXEOLVKHV UHSRUWV
RQ ZDWHU EDODQFH� UXQRII IRUHFDVW� DQG ZDWHU VXSSO\ LQGLFHV�

� ����±����� 7KH 1RUWK &RDVW 5HJLRQDO :DWHU %RDUG �1&5:4&% RU 5HJLRQDO :DWHU %RDUG�
DGRSWV WKH $FWLRQ 3ODQ IRU WKH 6FRWW 5LYHU :DWHUVKHG 6HGLPHQW DQG 7HPSHUDWXUH 7RWDO 0D[L�
PXP 'DLO\ /RDG �70'/� LQ 'HFHPEHU ���� DQG LW LV LQWHJUDWHG LQWR WKH :DWHU 4XDOLW\ &RQWURO
3ODQ IRU WKH 1RUWK &RDVW 5HJLRQ LQ ����� $ 6FRWW 9DOOH\ JURXQGZDWHU VWXG\ LV UHFRPPHQGHG
LQ WKLV GRFXPHQW�

� ����±����� )LYH SDUWQHUV� WKH 6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW �5&'�� 8�6� 'HSDUW�
PHQW RI $JULFXOWXUH 1DWXUDO 5HVRXUFH &RQVHUYDWLRQ 6HUYLFH �15&6�� 6FRWW 5LYHU :DWHUVKHG
&RXQFLO �65:&�� 8QLYHUVLW\ RI &DOLIRUQLD &RRSHUDWLYH ([WHQVLRQ �8&&(�� DQG WKH &RXQW\
RI 6LVNL\RX DGRSW D PHPRUDQGXP RI XQGHUVWDQGLQJ �028� IRU WKH 6FRWW 9DOOH\ &RPPXQLW\
*URXQGZDWHU 0HDVXULQJ 3URJUDP� 0RQWKO\ GDWD FROOHFWLRQ IURP �� WR �� ZHOOV FRPPHQFHV LQ
$SULO �����

� ����� 49,5 EHJLQV D JURXQGZDWHU PRQLWRULQJ SURJUDP RQ WKH 5HVHUYDWLRQ DQG EHJLQV WR
PRQLWRU VXUIDFH ZDWHU WKURXJKRXW WKH %DVLQ

� ����� 'U� 7KRPDV +DUWHU IURP WKH 8QLYHUVLW\ RI &DOLIRUQLD� 'DYLV �8&' RU 8& 'DYLV� EHJLQV
ZRUN ZLWK WKH :DWHU &RPPLWWHH DQG &RXQW\ LQYHVWLJDWLQJ JURXQGZDWHU LVVXHV LQ 6FRWW 9DOOH\�

� ����� 7KH ³6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 6WXG\ 3ODQ´ �+DUWHU DQG +LQHV ����� LV
DGRSWHG E\ WKH &RXQW\ %RDUG RI 6XSHUYLVRUV DQG VXEPLWWHG WR WKH 5HJLRQDO :DWHU %RDUG�
8&' DQG 65:& FRRUGLQDWH WR LPSOHPHQW WKH SODQ�

� ����� 3URYLVLRQ IRU WKH IRUPDWLRQ RI *URXQGZDWHU $GYLVRU\ &RPPLWWHHV �*:$&V� IRU JURXQG�
ZDWHU EDVLQV LQ WKH &RXQW\ RI 6LVNL\RX LV DGRSWHG LQ 7LWOH �� &KDSWHU �� RI WKH &RXQW\ &RGH
RI 2UGLQDQFH�

� ����±����� 7KH 6FRWW 9DOOH\ *:$& LV FUHDWHG LQ ���� DQG EHJLQV PHHWLQJ PRQWKO\ ZLWK WKH
SXEOLF DQG KROGLQJ PHHWLQJV ZLWK WKH �� DSSRLQWHG UHSUHVHQWDWLYHV RI PDMRU JURXQGZDWHU XVHUV
LQ WKH YDOOH\� :RUN EHJLQV ZLWK 8&&( RQ ORFDO ZDWHU XVH GDWD DQG ZLWK 8&' RQ JURXQGZDWHU
PRGHOLQJ�

� ����±����� /LWLJDWLRQ SURFHHGV UHJDUGLQJ 6LVNL\RX &RXQW\¶V GXW\ WR FRQVLGHU WKH 3XEOLF 7UXVW
ZKHQ WDNLQJ DFWLRQ WKDW DIIHFWV JURXQGZDWHU WKDW LV LQWHUFRQQHFWHG ZLWK WKH 6FRWW 5LYHU �D SXEOLF

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

WUXVW UHVRXUFH�� ,Q ����� WKH 7KLUG $SSHOODWH 'LVWULFW SXEOLVKHG DQ RSLQLRQ RQ WKH(QYLURQPHQWDO
/DZ )RXQGDWLRQ Y� 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG �³(/)´� ZKLFK QRWHG WKDW WKH &RXQW\
KDV D SXEOLF WUXVW GXW\ WR FRQVLGHU LI JURXQGZDWHU H[WUDFWLRQV LPSDFW SXEOLF WUXVW XVHV DQG WKDW
6*0$ GRHV QRW VXSHUVHGH� IXOILOO� RU UHSODFH WKH &RXQW\¶V SXEOLF WUXVW GXWLHV�

� ����� 7KH ³9ROXQWDU\ *URXQGZDWHU 0DQDJHPHQW 	 (QKDQFHPHQW 3ODQ IRU 6FRWW 9DOOH\´
�*:$& 3ODQ� LV SURGXFHG DQG DGRSWHG E\ WKH 6FRWW 9DOOH\ *:$&�

� ����� 6�6� 3DSDGRSRORXV 	 $VVRF�� D FRQVXOWDQW IRU WKH .DUXN 7ULEH� SUHSDUHV WKH UHSRUW
³*URXQGZDWHU &RQGLWLRQV LQ 6FRWW 9DOOH\� &DOLIRUQLD´�

� ����� 7KH &RXQW\ %RDUG RI 6XSHUYLVRUV DGRSWV WKH *:$& 3ODQ IROORZLQJ D SXEOLF FRPPHQW
SHULRG� 7KH UHSRUW ³6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO� 'DWD &ROOHFWLRQ� $QDO\VLV� DQG
:DWHU %XGJHW´ �)RJOLD HW DO� ����� LV VXEPLWWHG WR WKH 6:5&% DQG WKH 1&5:4&%�

� ����� 7KH &DOLIRUQLD /HJLVODWXUH DQG *RYHUQRU DSSURYH WKH 6XVWDLQDEOH *URXQGZDWHU 0DQ�
DJHPHQW $FW �6*0$�� 8QGHU WKLV $FW� WKH GHYHORSPHQW RI *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQV
�*63V� LV UHTXLUHG� 8QGHU LWV GHVLJQDWLRQ DV D PHGLXP SULRULW\ EDVLQ� WKH 6FRWW 9DOOH\ *63 LV
GXH E\ -DQXDU\ ��� �����

� ����� 7KH 6LVNL\RX &RXQW\¶V )ORRG &RQWURO DQG :DWHU &RQVHUYDWLRQ 'LVWULFW �)&:&'� EH�
FRPHV WKH *URXQGZDWHU 6XVWDLQDELOLW\ $JHQF\ �*6$� IRU WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ�

� ����� 7KH 6:5&% LVVXHV WKH ILUVW WHPSRUDU\ JURXQGZDWHU VWRUDJH SHUPLW WR 6FRWW 9DOOH\ WR
FDSWXUH DQG VWRUH ZLQWHU DQG VSULQJ IORZV IRU D ORFDO UHFKDUJH VWXG\ ZLWK WKH 69,' OHG E\
'U� +HOHQ 'DKONH IURP 8&'�

� ����� 7KH )&:&' HVWDEOLVKHG D QHZ 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ $GYLVRU\ &RPPLWWHH
RI QLQH PHPEHUV WKDW DUH UHSUHVHQWDWLYH RI EHQHILFLDO XVHUV DQG XVHUV RI JURXQGZDWHU LQ WKH
%DVLQ �5HVROXWLRQ 1R� )/' �������

� ����� 8& 'DYLV SXEOLVKHV UHSRUW RQ WKH LQLWLDO YHUVLRQ RI WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF
0RGHO� DV D SHHU�UHYLHZHG SXEOLFDWLRQ LQ &DOLIRUQLD $JULFXOWXUH� ���� �)RJOLD HW DO� ������

� ����� 8& 'DYLV SXEOLVKHV D FDOLEUDWHG XSGDWH RI WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO
DV D SHHU�UHYLHZHG SXEOLFDWLRQ LQ :DWHU 5HVRXUFHV 5HVHDUFK� ZLWK GDWD DYDLODEOH RQOLQH �7RO�
OH\� )RJOLD� DQG +DUWHU ������

����� :DWHU 5HVRXUFHV 0RQLWRULQJ DQG 0DQDJHPHQW 3URJUDPV

7KHUH LV VXEVWDQWLDO KLVWRULFDO DQG RQJRLQJ ZRUN LQ WKH %DVLQ DQG :DWHUVKHG UHODWHG WR PRQLWRULQJ
DQG PDQDJHPHQW RI VXUIDFH ZDWHU DQG JURXQGZDWHU UHVRXUFHV� $ VXPPDU\ RI WKHVH PRQLWRULQJ
DQG PDQDJHPHQW SURJUDPV LV LQFOXGHG LQ 7DEOH RI 3ODQV DQG 3URJUDPV� VKRZQ LQ 7DEOHV � � �� 7KH
IROORZLQJ VHFWLRQ GHVFULEHV HDFK PRQLWRULQJ DQG�RU PDQDJHPHQW SURJUDP DQG RXWOLQHV WKH FXUUHQW
XQGHUVWDQGLQJ RI �D� KRZ WKRVH SURJUDPV ZLOO EH LQFRUSRUDWHG LQWR *63 LPSOHPHQWDWLRQ DQG �E�
KRZ WKH\ PD\ OLPLW RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ�
7KH SURJUDPV GHVFULEHG LQFOXGH WKH IROORZLQJ�

� 8QLWHG 6WDWHV 'HSDUWPHQW RI $JULFXOWXUH �86'$� )RUHVW 6HUYLFH �86)6�
� 8QLWHG 6WDWHV *HRORJLFDO 6XUYH\ �86*6�
� (QGDQJHUHG 6SHFLHV &RQVHUYDWLRQ /DZV
� &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG :LOGOLIH �&'):�
� 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG �6:5&%�
� &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5�
� &DOLIRUQLD 6WDWHZLGH *URXQGZDWHU (OHYDWLRQ 0RQLWRULQJ 3URJUDP �&$6*(0�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

� :DWHU 4XDOLW\ &RQWURO 3ODQ IRU WKH 1RUWK &RDVW 5HJLRQ
� 6LVNL\RX &RXQW\ (QYLURQPHQWDO +HDOWK 'LYLVLRQ
� 6FRWW 5LYHU $GMXGLFDWLRQ
� 3XEOLF 7UXVW 'RFWULQH
� 6FRWW 9DOOH\ DQG 6KDVWD 9DOOH\ :DWHUPDVWHU 'LVWULFW
� 4XDUW] 9DOOH\ ,QGLDQ 5HVHUYDWLRQ
� 8QLYHUVLW\ RI &DOLIRUQLD� 'DYLV
� 8QLYHUVLW\ RI &DOLIRUQLD &RRSHUDWLYH ([WHQVLRQ
� 6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW �5&'�
� 6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH
� 6FRWW 9DOOH\ &RPPXQLW\ :HOO 0HDVXULQJ 3URJUDP
� 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW �69,'�
� 6FRWW 5LYHU :DWHUVKHG &RXQFLO �65:&�
� 6FRWW 5LYHU :DWHU 7UXVW �65:7�

��



6FRWW9DOOH\
*
URXQGZ

DWHU6XVWDLQDELOLW\
3ODQ

7DEOH �� *URXQGZDWHU�UHODWHG 0DQDJHPHQW LQ 6FRWW 9DOOH\�

$FWLYLW\ 7\SH 1DPH RI 2UJDQL]D�
WLRQ�V�

3ODQ�3URJUDP QDPH RU DF�
WLYLW\ VXPPDU\

<HDU�V� 5HJXODWRU\" :KDW LV UHJXODWHG"

0DQDJHPHQW 6XSHULRU &RXUW RI
6LVNL\RX &RXQW\ DQG
6WDWH :DWHU 5HVRXUFHV
&RQWURO %RDUG

6FRWW 5LYHU $GMXGLFDWLRQ ���� <HV 6XUIDFH ZDWHU GLYHU�
VLRQV DQG JURXQGZD�
WHU SXPSLQJ �ZLWKLQ
WKH ,QWHUFRQQHFWHG
=RQH�

0DQDJHPHQW 6FRWW 9DOOH\ DQG 6KDVWD
9DOOH\ :DWHUPDVWHU 'LV�
WULFW

:DWHUPDVWHU VHUYLFHV LQ
2UR )LQR� 6QLNWDZ� :LOG�
FDWW� 6KDFNOHIRUG� DQG 0LOO
&UHHNV

�����
����

<HV 6XUIDFH ZDWHU GLYHU�
VLRQV

0DQDJHPHQW 6FRWW 9DOOH\ DQG 6KDVWD
9DOOH\ :DWHUPDVWHU 'LV�
WULFW

:DWHUPDVWHU VHUYLFHV LQ
)UHQFK &UHHN

�����
SUHVHQW

<HV 6XUIDFH ZDWHU GLYHU�
VLRQV

0DQDJHPHQW &RXQW\ RI 6LVNL\RX (Q�
YLURQPHQWDO +HDOWK 'LYL�
VLRQ �&6(+'�

:HOO SHUPLWWLQJ� ZHOO FRP�
SOHWLRQ UHSRUWV� DQG HQ�
IRUFHPHQW RI WKH &RXQW\¶V
ZHOO RUGLQDQFHV

�����
SUHVHQW

<HV :HOO SHUPLWWLQJ

0DQDJHPHQW 6FRWW 9DOOH\ ,UULJDWLRQ
'LVWULFW

'LYHUWV DQG GLVWULEXWHV
6FRWW 5LYHU ZDWHU WR ��
ODQGRZQHUV

����V�
SUHVHQW

<HV 6XUIDFH ZDWHU GLYHU�
VLRQ DW 69,' GLWFK

0DQDJHPHQW 6FRWW 5LYHU :DWHUVKHG
&RXQFLO

6WUHDP KDELWDW UHVWRUDWLRQ
DQG FRQVWUXFWLRQ DQG VWXG\
RI EHDYHU GDP DQDORJV

�����
SUHVHQW

± ±

0DQDJHPHQW 6FRWW 5LYHU :DWHU 7UXVW 6HDVRQDO VXUIDFH ZDWHU
OHDVHV WR LPSURYH IORZ LQ
SULRULW\ ILVK KDELWDW

�����
����

± ±

��



6FRWW9DOOH\
*
URXQGZ

DWHU6XVWDLQDELOLW\
3ODQ

7DEOH �� *URXQGZDWHU�UHODWHG 0RQLWRULQJ LQ 6FRWW 9DOOH\�

$FWLYLW\ 7\SH 1DPH RI 2UJDQL]D�
WLRQ�V�

3ODQ�3URJUDP QDPH RU DF�
WLYLW\ VXPPDU\

<HDU�V� 5HJXODWRU\" :KDW LV UHJXODWHG"

0RQLWRULQJ *URXQGZDWHU $GYLVRU\
&RPPLWWHH

6FRWW 9DOOH\ &RPPXQLW\
:HOO 0HDVXULQJ 3URJUDP

�����
����

±

0RQLWRULQJ &DOLIRUQLD 'HSDUWPHQW RI
:DWHU 5HVRXUFHV

0RQLWRULQJ SURJUDPV� LQ�
FOXGLQJ &$6*(0 �JURXQG�
ZDWHU HOHYDWLRQ�� &,0,6
�DWPRVSKHULF ZDWHU GH�
PDQG� DQG SHULRGLF ODQG
XVH VXUYH\V

����V�
SUHVHQW

<HV $JHQF\ LV UHTXLUHG
WR FRQGXFW &$6*(0
JURXQGZDWHU HOHYD�
WLRQ PRQLWRULQJ WR
EH HOLJLEOH IRU VWDWH
IXQGLQJ

0RQLWRULQJ 8QLYHUVLW\ RI &DOLIRUQLD
&RRSHUDWLYH ([WHQVLRQ

)DUP $GYLVRU SURJUDP
�LQFOXGLQJ VRLO PRLVWXUH
DQG JURXQGZDWHU HOHYD�
WLRQ PRQLWRULQJ� VWXG\ RI
LUULJDWLRQ SUDFWLFHV DQG
FRQVHUYDWLRQ�

�����
SUHVHQW

± ±

0RQLWRULQJ 4XDUW] 9DOOH\ ,QGLDQ
5HVHUYDWLRQ (QYLURQ�
PHQWDO 'HSDUWPHQW

$QQXDO VXUIDFH DQG
JURXQGZDWHU TXDOLW\ PRQL�
WRULQJ

�����
����

± ±

0RQLWRULQJ 6LVNL\RX 5HVRXUFH &RQ�
VHUYDWLRQ 'LVWULFW

6XUIDFH ZDWHU JDXJLQJ�
VWUHDP WHPSHUDWXUH PRQ�
LWRULQJ� DTXDWLF VSHFLHV
PRQLWRULQJ �DPRQJ RWKHUV�

�����
SUHVHQW

± ±

0RQLWRULQJ 6FRWW 5LYHU :DWHUVKHG
&RXQFLO

6XUIDFH DQG JURXQGZD�
WHU HOHYDWLRQ DQG VWUHDP
WHPSHUDWXUH LQ YLFLQLW\
RI EHDYHU GDP DQDORJ
SURMHFWV

�����
SUHVHQW

± ±

0RQLWRULQJ .ODPDWK %DVLQ 0RQLWRU�
LQJ 3URJUDP

&RQVRUWLXP RI JURXSVPRQ�
LWRULQJ ZDWHU TXDOLW\ LQ WKH
.ODPDWK %DVLQ

�����
SUHVHQW

± ±

��



6FRWW9DOOH\
*
URXQGZ

DWHU6XVWDLQDELOLW\
3ODQ

7DEOH �� *URXQGZDWHU�UHODWHG 3ODQV DQG PRGHOLQJ WRRO �69,+0� LQ 6FRWW 9DOOH\�

$FWLYLW\ 7\SH 1DPH RI 2UJDQL]D�
WLRQ�V�

3ODQ�3URJUDP QDPH RU DF�
WLYLW\ VXPPDU\

<HDU�V� 5HJXODWRU\" :KDW LV UHJXODWHG"

3ODQ 1RUWK &RDVW 5HJLRQDO
:DWHU 4XDOLW\ &RQWURO
%RDUG

:DWHU 4XDOLW\ &RQWURO 3ODQ
IRU WKH 1RUWK &RDVW 5H�
JLRQ �%DVLQ 3ODQ� DQG 7R�
WDO 0D[LPXP 'DLO\ /RDGV
�70'/V�

���� <HV 2EMHFWLYHV VHW IRU
JURXQGZDWHU TXDOLW\
DQG VXUIDFH ZDWHU
TXDOLW\ DIIHFWHG E\
JURXQGZDWHU �H�J��
VWUHDP WHPSHUDWXUH�

3ODQ 8QLYHUVLW\ RI &DOLIRUQLD�
'DYLV

*URXQGZDWHU 6WXG\ 3ODQ ���� ± ±

3ODQ *URXQGZDWHU $GYLVRU\
&RPPLWWHH

*URXQGZDWHU 0DQDJHPHQW
DQG (QKDQFHPHQW 3ODQ

�����
����

±

3ODQ 6LVNL\RX 5HVRXUFH &RQ�
VHUYDWLRQ 'LVWULFW DQG
6FRWW 5LYHU :DWHUVKHG
&RXQFLO

6FRWW 5LYHU :DWHUVKHG 5L�
SDULDQ 5HVWRUDWLRQ 6WUDW�
HJ\ DQG 6FKHGXOH

���� ± ±

3ODQ 6FRWW 5LYHU :DWHUVKHG
&RXQFLO

6WUDWHJLF $FWLRQ 3ODQ ���� ± ±

7RRO 8QLYHUVLW\ RI &DOLIRUQLD�
'DYLV

6FRWW 9DOOH\ ,QWHJUDWHG +\�
GURORJLF 0RGHO �69,+0�

�����
SUHVHQW

± ±

��
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8QLWHG 6WDWHV )RUHVW 6HUYLFH

7KH 8�6� 'HSDUWPHQW RI $JULFXOWXUH �86'$� )RUHVW 6HUYLFH �86)6� LV D IHGHUDO DJHQF\ WKDW ZRUNV
WR PDQDJH DQG SURWHFW QDWXUDO IRUHVWV DQG JUDVVODQGV� 7KH 86'$ )RUHVW 6HUYLFH PDQDJHV WKH
.ODPDWK 1DWLRQDO )RUHVW ODQGV ORFDWHG ZLWKLQ DQG DURXQG WKH :DWHUVKHG� DV VKRZQ LQ )LJXUH ��
DQG RSHUDWHV WKH 6DOPRQ�6FRWW 5LYHU 5DQJHU 'LVWULFW� 7KH 6DOPRQ�6FRWW 5LYHU 5DQJHU 'LVWULFW LV
LQYROYHG LQ PRQLWRULQJ HIIRUWV LQ WKH %DVLQ �H�J�� DV WKH PHDVXULQJ DJHQF\ IRU VQRZ VWDWLRQV�� ,Q
DGGLWLRQ WR LQYROYHPHQW LQ PXOWLSOH UHVWRUDWLRQ� SODQQLQJ� DQG PRQLWRULQJ HIIRUWV� 86)6 ZDV JUDQWHG
D SULRULW\ LQVWUHDP ZDWHU ULJKW LQ WKH 6FRWW 5LYHU 6WUHDP 6\VWHP 'HFUHH 1R� ����� �6XSHULRU &RXUW
RI 6LVNL\RX &RXQW\ ������ 'DWD IURP 86)6 PRQLWRULQJ HIIRUWV DQG VWXGLHV DUH XVHG *63 WR FKDU�
DFWHUL]H %DVLQ FRQGLWLRQV DQG ZLOO EH XVHG WR LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV� :DWHU ULJKWV
DOORFDWHG WR 86)6 LQ WKH ���� 'HFUHH 7DEOH �� ZKLFK DUH QRW UHTXLUHG WR EH VXEMHFW WR WKLV *63� PD\
DIIHFW RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ� 7KH *6$ ZLOO VHHN WR FRRUGLQDWH
*63 PDQDJHPHQW DFWLRQV RU SURMHFWV ZLWK 86)6�

7DEOH �� :DWHU ULJKWV DVVLJQHG WR 86)6 LQ WKH ���� 6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH�

0RQWK RU 'DWHV ,QVWUHDP XVHV
IRU )LVK DQG
:LOGOLIH �FIV�

,QVWUHDP XVH IRU LQFUHPHQWDO ILVK
IORZV� DQG IRU UHFUHDWLRQDO� VFHQLF�
DQG DHVWKHWLF SXUSRVHV �FIV�

-DQXDU\ ��� ���
)HEUXDU\ ��� ���
0DUFK ��� ���
$SULO ��� ���
0D\ ��� ���
-XQH ���� ��� ���
-XQH ����� ��� ���
-XO\ ���� �� ���
-XO\ ����� �� ���
$XJXVW �� ��
6HSWHPEHU �� ��
2FWREHU �� ��
1RYHPEHU ��� ���
'HFHPEHU ��� ���

8QLWHG 6WDWHV *HRORJLFDO 6XUYH\ �86*6�

86*6 LV D VFLHQFH EXUHDX ZLWKLQ WKH 'HSDUWPHQW RI ,QWHULRU WKDW FROOHFWV DQG DQDO\]HV GDWD UHODWHG
WR QDWXUDO UHVRXUFHV� ,Q DGGLWLRQ WR WKH NH\ SXEOLFDWLRQ� ³*HRORJ\ DQG *URXQG�:DWHU )HDWXUHV RI
6FRWW 9DOOH\ 6LVNL\RX &RXQW\� &DOLIRUQLD´ �0DFN ������ 86*6 DOVR RSHUDWHV WKH VWUHDP JDXJH DW
6FRWW 5LYHU QHDU )RUW -RQHV �86*6 ���������� 7KH ���� SDSHU �0DFN ����� ZDV XVHG LQ WKLV *63
WR GHILQH PXFK RI WKH JHRORJLFDO FRPSRQHQW RI WKH %DVLQ VHWWLQJ� 7KH 86*6 VWUHDPIORZ GDWD ZDV
XVHG WKURXJKRXW WKLV *63� SDUWLFXODUO\ LQ FKDUDFWHUL]DWLRQ RI %DVLQ FRQGLWLRQV DQG LQ GHILQLWLRQ RI
WKH VXVWDLQDEOH PDQDJHPHQW FULWHULD IRU WKH GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\
LQGLFDWRU� ORFDWHG LQ &KDSWHU �� 0RQLWRULQJ DW WKH VWUHDP JDXJH �86*6 ��������� LV RQJRLQJ DQG
ZLOO EH XVHG ZLWK RWKHU GDWD WR LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO
IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ DUH H[SHFWHG LQ WKH %DVLQ GXH WR 86*6 RSHUDWLRQV�

��
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(QGDQJHUHG 6SHFLHV &RQVHUYDWLRQ /DZV

)HGHUDO (QGDQJHUHG 6SHFLHV $FW �(6$�

7KH (6$ RI ���� RXWOLQHV D VWUXFWXUH IRU SURWHFWLQJ DQG UHFRYHULQJ LPSHULOHG VSHFLHV DQG WKHLU
KDELWDWV� 8QGHU WKH (6$� VSHFLHV DUH FODVVLILHG DV ³HQGDQJHUHG´� UHIHUULQJ WR VSHFLHV LQ GDQJHU RI
H[WLQFWLRQ WKURXJKRXW D VLJQLILFDQW SRUWLRQ RI LWV UDQJH� RU ³WKUHDWHQHG´� UHIHUULQJ WR VSHFLHV OLNHO\ WR
EHFRPH HQGDQJHUHG LQ WKH IRUHVHHDEOH IXWXUH� 7KH (6$ LV DGPLQLVWHUHG E\ WZR IHGHUDO DJHQFLHV�
WKH ,QWHULRU 'HSDUWPHQW¶V 8�6� )LVK DQG :LOGOLIH 6HUYLFH �):6�� SULPDULO\ UHVSRQVLEOH IRU WHUUHV�
WULDO DQG IUHVKZDWHU VSHFLHV� DQG WKH &RPPHUFH 'HSDUWPHQW¶V 1DWLRQDO 0DULQH )LVKHULHV 6HUYLFH
�10)6� ZKLFK SULPDULO\ KDQGOHV PDULQH ZLOGOLIH DQG DQDGURPRXV ILVK� ,Q 6FRWW 9DOOH\� FRKR VDOPRQ
DUH OLVWHG DV WKUHDWHQHG XQGHU WKH (6$� DV SDUW RI WKH 6RXWKHUQ 2UHJRQ DQG 1RUWKHUQ &DOLIRUQLD
FRDVWV �621&&� HYROXWLRQDU\ VLJQLILFDQW XQLW �(68��

&DOLIRUQLD (QGDQJHUHG 6SHFLHV $FW �(6$�

7KH &DOLIRUQLD (QGDQJHUHG 6SHFLHV $FW �&(6$� ZDV ILUVW HQDFWHG LQ ���� ZLWK WKH SXUSRVH RI
FRQVHUYLQJ SODQW DQG DQLPDO VSHFLHV DW ULVN RI H[WLQFWLRQ� 6LPLODU WR WKH (6$� &(6$ LQFOXGHV
WKH GHVLJQDWLRQV ³HQGDQJHUHG´ DQG ³WKUHDWHQHG´� XVHG WR FODVVLI\ VSHFLHV� 'HILQLWLRQV IRU WKHVH
GHVLJQDWLRQV DUH VLPLODU WR WKRVH XQGHU WKH (6$ DQG DSSO\ WR QDWLYH VSHFLHV RU VXEVSHFLHV RI ELUG�
PDPPDO� ILVK� DPSKLELDQ� UHSWLOH� RU SODQW� $Q DGGLWLRQDO FDWHJRU\ ³FDQGLGDWH VSHFLHV´ H[LVWV XQGHU
&(6$ WKDW LQFOXGHV VSHFLHV RU VXEVSHFLHV WKDW KDYH EHHQ IRUPDOO\ QRWLFHG DV XQGHU UHYLHZ IRU
OLVWLQJ E\ WKH &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG:LOGOLIH� &RKR VDOPRQ DUH DOVR OLVWHG DV WKUHDWHQHG
XQGHU &(6$� $GGLWLRQDO GHWDLO RQ RWKHU VSHFLHV LQ 6FRWW 9DOOH\ OLVWHG XQGHU &(6$ FDQ EH IRXQG LQ
6HFWLRQ ������� DV SDUW RI WKH GLVFXVVLRQ RQ JURXQGZDWHU GHSHQGHQW HFRV\VWHPV �*'(V��

%RWK WKH (6$ DQG &(6$ DUH XVHG LQ WKH *63 WR JXLGH WKH LGHQWLILFDWLRQ RI NH\ VSHFLHV IRU FRQ�
VLGHUDWLRQ DV SDUW RI *'(V� /LVWHG VSHFLHV ZLOO FRQWLQXH WR EH FRQVLGHUHG WKURXJKRXW *63 LPSOH�
PHQWDWLRQ� DV SDUW RI DQ\ SURMHFW DQG PDQDJHPHQW DFWLRQV� DQG WR KHOS LQIRUP IXWXUH PDQDJHPHQW
GHFLVLRQV� 7KHVH HQGDQJHUHG VSHFLHV FRQVHUYDWLRQ ODZV PD\ OLPLW RSHUDWLRQDO IOH[LELOLW\ LQ *63
LPSOHPHQWDWLRQ� 7KH *6$ ZLOO LQFRUSRUDWH WKLV OHJLVODWLRQ LQWR LWV GHFLVLRQ�PDNLQJ DQG PD\ VHHN
WR FRRUGLQDWH ZLWK WKH UHOHYDQW VWDWH DQG IHGHUDO OHDG DJHQFLHV� DV QHFHVVDU\�

&DOLIRUQLD 'HSDUWPHQW RI )LVK DQG :LOGOLIH �&'):�

&'):� SUHYLRXVO\ NQRZQ DV WKH &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG *DPH �&')*�� LV UHVSRQVLEOH
IRU WKH FDUH DQG SURWHFWLRQ RI WKH &DOLIRUQLD¶V ILVK� ZLOGOLIH DQG SODQWV� HQIRUFLQJ WKH &DOLIRUQLD (Q�
GDQJHUHG 6SHFLHV $FW �&(6$�� DQG HQIRUFLQJ WKH )LVK DQG *DPH &RGH� � ���� HW VHT� &'):
LV UHVSRQVLEOH IRU LPSOHPHQWLQJ DQG HQIRUFLQJ UHJXODWLRQV VHW E\ WKH )LVK DQG *DPH &RPPLVVLRQ
DQG VKDUHV GDWD ZLWK WKH &RPPLVVLRQ WR VXSSRUW GHFLVLRQ�PDNLQJ� 8QGHU )LVK DQG *DPH &RGH
6HFWLRQ ����� &'): PXVW EH QRWLILHG SULRU WR DQ\ DFWLRQ WKDW PD\ DIIHFW ULYHUV� VWUHDPV RU ODNHV
WKURXJK� GLYHUVLRQ RU REVWUXFWLRQ RI QDWXUDO IORZ� PRGLILFDWLRQ RI WKH EHG� FKDQQHO RU EDQN� XVH RI
PDWHULDO IURP WKH ZDWHU ERG\ RU GHSRVLWLRQ RI PDWHULDOV LQWR WKH ZDWHU ERG\� D /DNH DQG 6WUHDPEHG
$OWHUDWLRQ $JUHHPHQW �/6$� LV UHTXLUHG LI WKHVH FKDQJHV VLJQLILFDQWO\ DIIHFW ILVK DQG ZLOGOLIH UH�
VRXUFHV� &'): DOVR LVVXHV SHUPLWV IRU VXUIDFH ZDWHU GLYHUVLRQV DQG ZRUNV ZLWK WKH 6:5&% WR
UHYLHZ DQG FRPPHQW RQ QHZ ZDWHU ULJKWV� FRQGLWLRQV IRU ZDWHU ULJKWV SHUPLWV� DQG FKDQJHV WR
H[LVWLQJ ZDWHU ULJKWV� DQG LGHQWLILHV GDWD QHHGV IRU HVWDEOLVKLQJ FRQGLWLRQV SURWHFWLYH RI ILVK DQG
ZLOGOLIH UHVRXUFHV� $GGLWLRQDOO\� &'): PDLQWDLQV D GDWDEDVH RI VSHFLHV OLVWHG XQGHU &(6$� UH�
YLHZV SHWLWLRQV IRU VSHFLHV OLVWLQJV XQGHU &(6$� DQG PDQDJHV UHJXODWRU\ SHUPLWWLQJ SURJUDPV IRU
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OLVWHG VSHFLHV� 6FRWW 5LYHU KDV EHHQ LGHQWLILHG E\ &'): DV D KLJK SULRULW\ ZDWHUVKHG IRU FRKR
VDOPRQ UHFRYHU\ DQG LV FRYHUHG LQ WKH VWDWHZLGH 5HFRYHU\ 6WUDWHJ\ IRU &DOLIRUQLD &RKR 6DOPRQ�
GHYHORSHG E\ &'): �&DOLIRUQLD )LVK DQG *DPH &RPLVVLRQ ������ ,QWHULP LQVWUHDP IORZ FULWHULD
7DEOH � KDYH EHHQ GHYHORSHG IRU WKH )RUW -RQHV *DXJH �86*6 ���������� 7KH FULWHULD ZHUH GH�
YHORSHG IRU 6FRWW 5LYHU WR EH DFFHSWDEOH IRU WKH DQDGURPRXV ILVK LQ WKH :DWHUVKHG� SDUWLFXODUO\ IRU
FRKR VDOPRQ� ZKLFK DUH OLVWHG XQGHU WKH )HGHUDO (QGDQJHUHG 6SHFLHV $FW DV ³WKUHDWHQHG´ �&'):
������ +RZHYHU� WKH\ KDYH QRW EHHQ UHYLHZHG DQG DGRSWHG E\ WKH 6WDWH :DWHU 5HVRXUFHV &RQWURO
%RDUG DQG GR QRW FRQVWLWXWH D UHJXODWRU\ LQVWUHDP IORZ UHTXLUHPHQW DW WKH WLPH ZKHQ WKLV 3ODQ ZDV
DGRSWHG� ,Q WKH :DWHUVKHG� &'): KDV EHHQ LQYROYHG LQ PRQLWRULQJ HIIRUWV IRU DQDGURPRXV ILVK
LQFOXGLQJ FRKR VDOPRQ ILVK FRXQWV� &KLQRRN VDOPRQ DGXOW FRXQWV� VSDZQHU VXUYH\V DQG MXYHQLOH
PRQLWRULQJ DV ZHOO DV ILVK UHVFXHV RI ERWK FRKR VDOPRQ DQG VWHHOKHDG �(6$ $VVRFLDWHV �����
.QHFKWOH DQG *LXGLFH ������

'DWD IURP &'): PRQLWRULQJ HIIRUWV LV XVHG IRU WKH *63 WR FKDUDFWHUL]H %DVLQ FRQGLWLRQV� SDUWLF�
XODUO\ LQ UHODWLRQ WR DQDGURPRXV ILVK� DQG ZLOO EH XVHG WR LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV�
*XLGDQFH ZDV DOVR SURYLGHG IURP &'): IRU VSHFLILF LQIRUPDWLRQ WR EH LQFOXGHG LQ WKH 6FRWW 9DOOH\
%DVLQ *63� 7KLV LQFOXGHV D OLVW RI DQDGURPRXV ILVK DQG VSHFLHV VXSSRUWHG E\ JURXQGZDWHU DQG
VXUIDFH ZDWHU LQ WKH %DVLQ ZKLFK DUH FRQVLGHUHG XQGHU WKH GLVFXVVLRQ RI *'(V LQ 6HFWLRQ �������
RI WKLV 3ODQ� &'): DOVR SURYLGHG YDOXDEOH UHVRXUFHV DQG WRROV IRU XVH LQ WKH LGHQWLILFDWLRQ RI *'(V
DQG HYDOXDWLRQ RI SRWHQWLDO WKUHDWV� 3URMHFWV DQG PDQDJHPHQW DFWLRQV GXULQJ WKH LPSOHPHQWDWLRQ
SKDVH RI WKH *63 PD\ UHTXLUH DXWKRUL]DWLRQ IURP &'): XQGHU &(6$ RU SXUVXDQW WR UHOHYDQW VHF�
WLRQV RI WKH )LVK DQG *DPH &RGH �L�H�� IRU PDQDJHG DTXLIHU UHFKDUJH SURMHFWV�� &'): RSHUDWLRQV
PD\ OLPLW RSHUDWLRQDO IOH[LELOLW\ DQG WKH *6$ ZLOO VHHN WR FRRUGLQDWH ZLWK &'): WKURXJKRXW *63
LPSOHPHQWDWLRQ�

6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG �6:5&%�

,Q DGGLWLRQ WR PDQDJLQJ D ZDWHU ULJKWV SHUPLWWLQJ OLFHQVLQJ SURJUDP� WKH 6WDWH :DWHU 5HVRXUFHV
&RQWURO %RDUG �6:5&%�� 'LYLVLRQ RI :DWHU 5LJKWV� LV DOVR UHVSRQVLEOH IRU FRQGXFWLQJ VWDWXWRU\
DQG FRXUW UHIHUHQFH DGMXGLFDWLRQV� 6WDWXWRU\ DGMXGLFDWLRQV� VXFK DV WKRVH LVVXHG IRU 6FRWW 5LYHU
������ DQG 6KDFNOHIRUG &UHHN ������� FRPSUHKHQVLYHO\ GHWHUPLQH ZDWHU ULJKWV LQ D VWUHDP V\V�
WHP DQG FDQ VWHP IURP SHWLWLRQ RI WKH 6:5&%� DV ZDV WKH FDVH IRU WKH 6FRWW 5LYHU $GMXGLFDWLRQ
�/DQJULGJH HW DO� ������ 7KH 6:5&% UHFHLYHV VWDWHPHQWV RI ZDWHU XVH DQG GLYHUVLRQ IURP VXU�
IDFH ZDWHU XVHUV LQ DFFRUGDQFH ZLWK 6% �� �6WDWH RI &DOLIRUQLD ������ ,Q 6FRWW 9DOOH\� WKH 6:5&%
'LYLVLRQ RI :DWHU 5LJKWV FRQWULEXWHG VHYHUDO NH\ DVVHVVPHQWV RI VXUIDFH ZDWHU DQG JURXQGZDWHU
LQ WKH %DVLQ DV OLVWHG LQ 6HFWLRQ ����� &KURQRORJ\ RI *URXQGZDWHU 0DQDJHPHQW LQ 6FRWW 9DOOH\�
DV ZHOO DV SUHSDULQJ WKH 6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH 1R� ����� DQG WKH VXSSRUWLQJ PDSV RI
LQWHUFRQQHFWHG JURXQGZDWHU�

7KH 6:5&%PD\ DOVR LVVXH FXUWDLOPHQW RUGHUV XQGHU GURXJKW HPHUJHQF\ FRQGLWLRQV� H�J�� LQ �����
����� 2Q $XJXVW ��� ����� WKH 6:5&% LVVXHG D GURXJKW HPHUJHQF\ RUGHU IRU WKH 6FRWW DQG 6KDVWD
5LYHU ZDWHUVKHGV WKDW DXWKRUL]HG WKH 'LYLVLRQ RI :DWHU 5LJKWV WR LVVXH FXUWDLOPHQW RUGHUV LQFOXGLQJ
FXUWDLOPHQW RUGHUV IRU JURXQGZDWHU SXPSHUV� 2Q 6HSWHPEHU ��� ����� FXUWDLOPHQW QRWLFHV ZHUH
VHQW WR DOO VXUIDFH ZDWHU GLYHUWHUV� WR DOO SXPSHUV ZLWKLQ WKH DGMXGLFDWHG ]RQH �VHH EHORZ�� DQG WR
DOO RYHUO\LQJ JURXQGZDWHU SXPSHUV RXWVLGH WKH DGMXGLFDWHG ]RQH LQ 6FRWW 9DOOH\� &HUWDLQ GRPHVWLF�
SXEOLF� DQG VWRFNZDWHU XVH ULJKWV ZHUH H[HPSW�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

7DEOH �� ,QWHULP LQVWUHDP IORZV IRU 6FRWW 5LYHU� DV PHDVXUHG DW WKH )RUW -RQHV *DXJH 86*6
�������� �&'): ������

7LPH 3HULRG 5HFRPPHQGHG )ORZ
-DQ � ± �� ��� FIV RU 1)
-DQ �� ± �� ��� FIV RU 1)
)HE � ± �� ��� FIV RU 1)
)HE �� ± �� ��� FIV RU 1)
0DU � ± �� ��� FIV RU 1)
0DU �� ± �� ��� FIV RU 1)
$SU � ± �� ��� FIV RU 1)
$SU �� ± �� ��� FIV RU 1)
0D\ � ± �� ��� FIV RU 1)
0D\ �� ± �� ��� FIV RU 1)
-XQ � ± �� ��� FIV RU 1)
-XQ �� ± �� ��� FIV RU 1)
-XO � ± �� ��� FIV RU 1)
-XO �� ± �� ��� FIV RU 1)
$XJ � ± �� �� FIV RU 1)
$XJ �� ± �� �� FIV RU 1)
6HS � ± �� �� FIV RU 1)
6HS �� ± �� �� FIV RU 1)
2FW � ± �� ��� FIV RU 1)
2FW �� ± �� ��� FIV RU 1)
1RY � ± �� ��� FIV RU 1)
1RY �� ± �� ��� FIV RU 1)
'HF � ± �� ��� FIV RU 1)
'HF �� ± �� ��� FIV RU 1)

&DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5�

':5 KDV ORQJ EHHQ DFWLYHO\ LQYROYHG LQ WKH PRQLWRULQJ DQGPDQDJHPHQW RI JURXQGZDWHU UHVRXUFHV
LQ WKH %DVLQ� 0XOWLSOH NH\ SXEOLFDWLRQV KDYH EHHQ DXWKRUHG E\ ':5 VLQFH WKH PLG�����V� DV
OLVWHG LQ 6HFWLRQ ����� &KURQRORJ\ RI *URXQGZDWHU 0DQDJHPHQW LQ 6FRWW 9DOOH\� ':5 IDFLOLWDWHV
GDWD FROOHFWLRQ LQ WKH %DVLQ WKURXJK SHULRGLF ODQG DQG ZDWHU XVH VXUYH\V� RSHUDWLRQ RI D &DOLIRUQLD
,UULJDWLRQ 0DQDJHPHQW ,QIRUPDWLRQ 6\VWHP �&,0,6� VWDWLRQ �RQOLQH VLQFH ������ DQG GDWD FROOHFWLRQ
IURP VWUHDP JDXJHV LQ WULEXWDULHV WR WKH 6FRWW 5LYHU� /RQJ�WHUP PRQLWRULQJ RI JURXQGZDWHU OHYHOV
KDV EHHQ FRQGXFWHG E\ ':5 VHPL�DQQXDOO\ LQ IRXU WR ILYH ZHOOV� ZLWK WKH HDUOLHVW UHFRUGV IURP WKH
����V �+DUWHU DQG +LQHV ������ 'DWD IURP ':5 PRQLWRULQJ HIIRUWV LV XVHG *63 WR FKDUDFWHUL]H
%DVLQ FRQGLWLRQV DQG ZLOO EH XVHG WR LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV�

&DOLIRUQLD 6WDWHZLGH *URXQGZDWHU (OHYDWLRQ 0RQLWRULQJ 3URJUDP

7KH &DOLIRUQLD 6WDWHZLGH *URXQGZDWHU (OHYDWLRQ 0RQLWRULQJ �&$6*(0� 3URJUDP FROOHFWV DQG FHQ�
WUDOL]HV JURXQGZDWHU HOHYDWLRQ GDWD DFURVV WKH VWDWH DQG PDNHV WKHP DYDLODEOH WR WKH SXEOLF� 7KH
&$6*(03URJUDP ZDV HVWDEOLVKHG LQ UHVSRQVH WR WKH SDVVDJH RI &DOLIRUQLD 6WDWH 6HQDWH %LOO ;���
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LQ ����� &XUUHQWO\� DOO &$6*(0 GDWD DUH PDGH DYDLODEOH WR WKH SXEOLF WKURXJK WKH LQWHUDFWLYH PDS�
SLQJ WRRO RQ WKH &$6*(0 3XEOLF 3RUWDO ZHEVLWH �':5 ����F�� $GGLWLRQDOO\� WKH IXOO GDWDVHW FDQ
EH UHWULHYHG IURP WKH &DOLIRUQLD 1DWXUDO 5HVRXUFHV $JHQF\ �&15$� 2SHQ 'DWD ZHEVLWH �&15$
������

,Q 6FRWW 9DOOH\� DV RI $XJXVW ����� WKHUH ZHUH IRXU &$6*(0 ZHOOV DQG HLJKW ZHOOV GHVLJQDWHG DV
³9ROXQWDU\´ VWDWXV PDSSHG ZLWKLQ WKH %DVLQ ERXQGDU\ �':5 ����F�� ³9ROXQWDU\´ VWDWXV LQGLFDWHV
WKDW WKH ZHOO RZQHU KDV FRQWULEXWHG ZDWHU OHYHO PHDVXUHPHQWV WR WKH &$6*(0 'DWDEDVH� EXW WKH
ZHOO LV QRW HQUROOHG LQ WKH &$6*(0 PRQLWRULQJ SURJUDP�

:HOO PRQLWRULQJ XQGHU WKH &$6*(0 3URJUDP LV RQJRLQJ RQ D PRQWKO\ EDVLV� SHUIRUPHG E\ 8&&(
DQG 6LVNL\RX &RXQW\ 1DWXUDO 5HVRXUFHV� &$6*(0 ZDWHU OHYHO GDWD DUH XVHG LQ WKH *63 WR FKDU�
DFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV DQG ZDWHU UHVRXUFHV �VHH 6HFWLRQ ������ DQG ZLOO EH XVHG ZLWK
RWKHU ZHOO GDWD WR LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ
*63 LPSOHPHQWDWLRQ DUH H[SHFWHG LQ WKH %DVLQ GXH WR WKH &$6*(0 3URJUDP�

:DWHU 4XDOLW\ &RQWURO 3ODQ IRU WKH 1RUWK &RDVW 5HJLRQ

*URXQGZDWHU TXDOLW\ ZLWKLQ 6FRWW 9DOOH\ LV UHJXODWHG XQGHU WKH 1RUWK &RDVW 5HJLRQDO :DWHU 4XDOLW\
&RQWURO %RDUG �1&5:4&%� :DWHU 4XDOLW\ &RQWURO 3ODQ IRU WKH 1RUWK &RDVW 5HJLRQ �%DVLQ 3ODQ�
�1&5:4&% ����F�� :DWHU TXDOLW\ REMHFWLYHV LQ WKH %DVLQ 3ODQ DUH EDVHG RQ WKH GHVLJQDWHG
EHQHILFLDO XVHV RI WKH ZDWHU ERG\ �1&5:4&% ����F�� 7DEOH ��� LQ WKH %DVLQ 3ODQ GHVLJQDWHV
DOO JURXQGZDWHUV ZLWK WKH IROORZLQJ H[LVWLQJ EHQHILFLDO XVHV RI� 0XQLFLSDO DQG 'RPHVWLF 6XSSO\
�081�� $JULFXOWXUDO 6XSSO\ �$*5�� ,QGXVWULDO 6HUYLFH 6XSSO\ �,1'�� DQG 1DWLYH $PHULFDQ &XOWXUH
�&8/�� 7KH %DVLQ 3ODQ DOVR GHVLJQDWHV JURXQGZDWHU ZLWK WKH SRWHQWLDO EHQHILFLDO XVHV RI ,QGXVWULDO
3URFHVV 6XSSO\ �352� DQG $TXDFXOWXUH �$48$� �1&5:4&% ����E�� 7KH 081 EHQHILFLDO XVH� D
GHVLJQDWLRQ DVVLJQHG WR ZDWHUV XVHG DV VRXUFHV RI KXPDQ GULQNLQJ ZDWHU� KDV WKH PRVW VWULQJHQW
ZDWHU TXDOLW\ REMHFWLYHV� 7KH %DVLQ 3ODQ UHIHUV WR WKH &DOLIRUQLD &RGH RI 5HJXODWLRQV IRU 'RPHV�
WLF :DWHU 4XDOLW\ DQG 0RQLWRULQJ 5HJXODWLRQV �7LWOH ��� IRU QHDUO\ DOO QXPHULF OLPLWV� ZDWHU TXDOLW\
REMHFWLYHV DUH IRXQG LQ &KDSWHU � RI WKH %DVLQ 3ODQ �1&5:4&% ����F��

:DWHU TXDOLW\ PRQLWRULQJ GDWD FROOHFWHG DQG�RU DVVHPEOHG E\ WKH 1&5:4&% KDV EHHQ XVHG LQ WKLV
*63 WR GHVFULEH FXUUHQW JURXQGZDWHU FRQGLWLRQV �VHH 6HFWLRQ ��������� :DWHU TXDOLW\ WKUHVKROGV VHW
E\ WKH 1&5:4&% IRU QLWUDWH DQG VSHFLILF FRQGXFWLYLW\ LQ WKH %DVLQ 3ODQ KDYH EHHQ DGRSWHG E\ WKH
*6$ DV 6XVWDLQDEOH 0DQDJHPHQW &ULWHULD IRU WKH ZDWHU TXDOLW\ VXVWDLQDELOLW\ LQGLFDWRU �VHH &KDSWHU
��� 1&5:4&% RSHUDWLRQV PD\ OLPLW RSHUDWLRQDO IOH[LELOLW\ DQG WKH *6$ ZLOO VHHN WR FRRUGLQDWH ZLWK
WKH 1&5:4&% WKURXJKRXW *63 LPSOHPHQWDWLRQ�

1RUWK &RDVW 5HJLRQ 7RWDO 0D[LPXP 'DLO\ /RDGV �70'/V�

6HFWLRQ ����G� RI WKH &OHDQ :DWHU $FW �&:$� UHTXLUHV WKDW VWDWHV PDLQWDLQ D OLVW RI LPSDLUHG ZDWHU
ERGLHV QRW DWWDLQLQJ ZDWHU TXDOLW\ VWDQGDUGV� 8QGHU WKH &:$� 7RWDO 0D[LPXP'DLO\ /RDGV �70'/V�
PXVW EH HVWDEOLVKHG IRU LPSDLUHG ZDWHUV� 70'/V UHJXODWLQJ VHGLPHQW DQG WHPSHUDWXUH LQ WKH 6FRWW
5LYHU ZDWHUVKHG ZHUH ILUVW SURPXOJDWHG LQ ���� �1&5:4&% ������ 7KH 6WDWH RI &DOLIRUQLD KDV
GHWHUPLQHG WKDW WKH ZDWHU TXDOLW\ VWDQGDUGV IRU WKH 6FRWW 5LYHU DUH H[FHHGHG GXH WR H[FHVVLYH VHG�
LPHQW DQG HOHYDWHG ZDWHU WHPSHUDWXUH� ,Q ����� WKH 1&5:4&% LQFRUSRUDWHG WKHVH 70'/V LQWR
WKH %DVLQ 3ODQ �1&5:4&% ����E�� ,Q ����� IXOILOOLQJ D GLUHFWLYH VHW IRUWK LQ WKH %DVLQ 3ODQ XSGDWH�
WKH 1&5:4&% FUHDWHG D PRQLWRULQJ SODQ WR GHWHUPLQH FRPSOLDQFH ZLWK ZDWHU TXDOLW\ VWDQGDUGV
DQG WKH SUHVHQFH RU DEVHQFH RI WUHQGV �1&5:4&% ������ 7KH SODQ SURSRVHG PRQLWRULQJ SDUDP�
HWHUV �H�J�� VSHFLILF PHDVXUHPHQWV UHODWHG WR VHGLPHQW ORDG DQG VWUHDP WHPSHUDWXUH�� VDPSOLQJ
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ORFDWLRQV� DQG PHDVXUDEOH PLOHVWRQHV� 7KH H[WHQW WR ZKLFK PRQLWRULQJ KDV EHHQ FDUULHG RXW LQ
\HDUV DIWHU SODQ DGRSWLRQ LV XQFOHDU�

6LQFH ����� WKH 1&5:4&% KDV ZDLYHG WKH UHTXLUHPHQW IRU GLVFKDUJHUV �HQWLWLHV RU LQGLYLGXDOV WKDW
PD\ GLVFKDUJH ZDVWH WR WKH 6FRWW 5LYHU� RU WKDW DUH UHVSRQVLEOH IRU FRQWUROOLQJ VXFK GLVFKDUJH�� LI
WKH\ ZHUH QRW DOUHDG\ FRYHUHG E\ DQ H[LVWLQJ SHUPLW� WR ILOH D 5HSRUW RI :DVWH 'LVFKDUJH �52:'�
DQG REWDLQ:DVWH 'LVFKDUJH 5HTXLUHPHQWV �:'5V� �1&5:4&% ����D�� 7KH ZDLYHU ZDV XSGDWHG
LQ ���� DQG ���� �1&5:4&% ����� 1&5:4&% ����F�� 7KH ���� 2UGHU ³ZDLYHV WKH UHTXLUH�
PHQW IRU 'LVFKDUJHUV WR ILOH D 52:' DQG REWDLQ :'5V IRU SDUWLHV ZKR LPSOHPHQW WKH UHTXLUHG
FRQGLWLRQV RI WKLV 2UGHU´� ZKLFK LQFOXGH ³VSHFLILF LPSOHPHQWDWLRQ DFWLRQV WKDW DSSO\ WR 'LVFKDUJHUV
UHVSRQVLEOH IRU URDG DQG VHGLPHQW ZDVWH GLVFKDUJH VLWHV� 'LVFKDUJHUV UHVSRQVLEOH IRU YHJHWDWLRQ
WKDW VKDGHV ZDWHU ERGLHV� DQG 'LVFKDUJHUV WKDW FRQGXFW JUD]LQJ DFWLYLWLHV´ �1&5:4&% ����D��
7KH ���� 2UGHU DOVR ³ZDLYHV WKH QHHG IRU :'5V IRU 'LVFKDUJHV RI SROOXWDQWV IRU DOO DFWLYLWLHV QRW
DOUHDG\ UHJXODWHG WKURXJK DQ H[LVWLQJ SURJUDP�´ VXFK DV WLPEHU KDUYHVW� GUHGJH DQG ILOO LQ�VWUHDP
PLQLQJ DFWLYLW\� FRQVWUXFWLRQ DFWLYLWLHV GLVWXUELQJ PRUH WKDQ DQ DFUH� DQG FRXQW\ URDG PDLQWHQDQFH
�1&5:4&% ����D�� 7KH 2UGHU LQVWHDG UHOLHV RQ SDUWLHV WR SDUWLFLSDWH LQ D FROODERUDWLYH SURJUDP
ZLWK 1&5:4&% WR LPSOHPHQW FRQGLWLRQV DQG PHDVXUHV LGHQWLILHG LQ WKH 70'/ DFWLRQ SODQ �7DEOH
���� RI WKH %DVLQ 3ODQ�� 7KH 70'/ DFWLRQ SODQ GRHV QRW VHW DQ\ PHDVXUHV IRU JURXQGZDWHU PDQ�
DJHPHQW� ,QVWHDG� WKH DFWLRQV IRFXV RQ LQFUHDVLQJ ULSDULDQ VKDGLQJ� OLPLWLQJ ZDUP UHWXUQ IORZV� DQG
DYRLGLQJ VHGLPHQW ORDG�

7KH UDWLRQDOH DQG GHYHORSPHQW KLVWRU\ RI WKH 70'/ SURJUDP LQ WKH 6FRWW 9DOOH\ ZDV VXPPDUL]HG
LQ WKH &RPPXQLW\ *URXQGZDWHU 6WXG\ 3ODQ �+DUWHU DQG +LQHV ������

(OHYDWHG ZDWHU WHPSHUDWXUHV LQ WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV KDYH UHVXOWHG LQ WKH
LPSDLUPHQW RI EHQHILFLDO XVHV RI ZDWHU DQG KDYH H[FHHGHG ZDWHU TXDOLW\ REMHFWLYHV� 7KH
SULPDU\ EHQHILFLDO XVHV LPSDLUHG LQ WKH 6FRWW 5LYHU ZDWHUVKHG DUH LQ UHODWLRQ WR WKH FROG
ZDWHU VDOPRQLG ILVKHU\� LQFOXGLQJ WKH PLJUDWLRQ� VSDZQLQJ� UHSURGXFWLRQ� DQG HDUO\ GHYHO�
RSPHQW RI FROG ZDWHU ILVK VXFK DV FRKR VDOPRQ �2QFRUK\QFKXV NLVXWFK�� &KLQRRN VDOPRQ
�2� WVKDZ\WVFKD�� DQG VWHHOKHDG WURXW �2� P\NLVV�� DV ZHOO DV FRQWDFW DQG QRQ�FRQWDFW
UHFUHDWLRQDO XVHV� 7KH FRKR VDOPRQ SRSXODWLRQ LQ WKLV ZDWHUVKHG LV OLVWHG DV WKUHDWHQHG
XQGHU WKH IHGHUDO (QGDQJHUHG 6SHFLHV $FW DQG WKH &DOLIRUQLD (QGDQJHUHG 6SHFLHV $FW�
7KH ZDWHU TXDOLW\ REMHFWLYH IRU WHPSHUDWXUH WKDW DSSOLHV WR WKH 6FRWW 5LYHU LV VWDWHG LQ WKH
%DVLQ 3ODQ� ³7KH QDWXUDO UHFHLYLQJ ZDWHU WHPSHUDWXUH RI LQWUDVWDWH ZDWHUV VKDOO QRW EH
DOWHUHG XQOHVV LW FDQ EH GHPRQVWUDWHG WR WKH VDWLVIDFWLRQ RI WKH 5HJLRQDO :DWHU %RDUG
WKDW VXFK DOWHUDWLRQ LQ WHPSHUDWXUH GRHV QRW DGYHUVHO\ DIIHFW EHQHILFLDO XVHV� $W QR WLPH
RU SODFH VKDOO WKH WHPSHUDWXUH RI DQ\ &2/' ZDWHU EH LQFUHDVHG E\ PRUH WKDQ �� ) DERYH
QDWXUDO UHFHLYLQJ ZDWHU WHPSHUDWXUH�´ 7KH SXUSRVH RI WKH 6FRWW 5LYHU 7HPSHUDWXUH 70'/
LV WR HVWLPDWH WKH DVVLPLODWLYH FDSDFLW\ RI WKH V\VWHP E\ LGHQWLI\LQJ WKH WRWDO ORDGV RI WKHU�
PDO LQSXWV WKDW FDQ EH GHOLYHUHG WR WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV ZLWKRXW FDXVLQJ DQ
H[FHHGDQFH RI ZDWHU TXDOLW\ VWDQGDUGV� 7KH 70'/ DOVR DOORFDWHV WKH WRWDO ORDGV DPRQJ
WKH VRXUFHV RI WKHUPDO ORDGLQJ LQ WKH ZDWHUVKHG� 7KH 70'/¶V WHPSHUDWXUH VRXUFH DQDO�
\VLV LGHQWLILHV WKH YDULRXV ZDWHU KHDWLQJ DQG FRROLQJ SURFHVVHV DQG VRXUFHV RI HOHYDWHG
ZDWHU WHPSHUDWXUHV LQ WKH 6FRWW 5LYHU ZDWHUVKHG� 7KH 1&5:4%¶V VRXUFH DQDO\VLV IRXQG
WKDW WKH SULPDU\ KXPDQ�FDXVHG IDFWRU DIIHFWLQJ VWUHDP WHPSHUDWXUHV LV LQFUHDVHG VRODU
UDGLDWLRQ UHVXOWLQJ IURP UHGXFWLRQV RI VKDGH SURYLGHG E\ YHJHWDWLRQ� *URXQGZDWHU LQIORZV
DUH DOVR D SULPDU\ GULYHU RI VWUHDP WHPSHUDWXUHV LQ WKH 6FRWW 9DOOH\� 'LYHUVLRQV RI VXU�
IDFH ZDWHU OHG WR UHODWLYHO\ VPDOO WHPSHUDWXUH LPSDFWV LQ WKH PDLQVWHP 6FRWW 5LYHU� EXW
KDYH WKH SRWHQWLDO WR DIIHFW WHPSHUDWXUHV LQ VPDOOHU WULEXWDULHV� ZKHUH WKH YROXPH RI ZDWHU
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GLYHUWHG LV ODUJH UHODWLYH WR WKH WRWDO IORZ� 0LFURFOLPDWH DOWHUDWLRQV DOVR KDYH WKH SRWHQWLDO
WR LPSDFW VWUHDP WHPSHUDWXUHV� 7R GHILQH VWUHDP VKDGH UHTXLUHPHQWV LQ WKH FRQWH[W RI
WKH ZDWHU TXDOLW\ REMHFWLYH IRU WHPSHUDWXUH� WKH 5HJLRQDO %RDUG DQG LWV FRQWUDFWRU� WKH
,QIRUPDWLRQ &HQWHU IRU WKH (QYLURQPHQW DW 8& 'DYLV� HVWLPDWHG WKH DPRXQW RI VKDGH WKDW
ZRXOG EH SURGXFHG E\ ULSDULDQ YHJHWDWLRQ XQGHU QDWXUDO FRQGLWLRQV� 7KH HVWLPDWHV ZHUH
GHYHORSHG EDVHG RQ KLVWRULF SKRWRV� FXUUHQW YHJHWDWLRQ� WKH ORFDWLRQ RI VWUHDPV� DQG D
GLJLWDO UHSUHVHQWDWLRQ RI WRSRJUDSK\� 7KH UHVXOWLQJ FDOFXODWLRQV RI VWUHDP VKDGH ZHUH
XVHG WR GHILQH WKH ORDG DOORFDWLRQ IRU VWUHDP VKDGH�

&KDSWHU � RI WKH ³6WDII 5HSRUW IRU WKH $FWLRQ 3ODQ IRU WKH 6FRWW 5LYHU :DWHUVKHG 6HGLPHQW DQG
7HPSHUDWXUH 7RWDO 0D[LPXP 'DLO\ /RDGV´ IXUWKHU LGHQWLILHV JURXQGZDWHU DFFUHWLRQ WR EH D VRXUFH
RI FROG ZDWHU WR WKH 6FRWW 5LYHU WKDW SURYLGHV IRU VLJQLILFDQW WHPSHUDWXUH FRQWURO LQ WKH VWUHDP�
*URXQGZDWHU HQWHULQJ WKH VWUHDP V\VWHP LV UHODWLYHO\ FROG �DERXW ���) WR ���)� DQG SOD\V D VLJQLI�
LFDQW UROH LQ FRROLQJ WKH VWUHDP GXULQJ WKH VXPPHU PRQWKV� 8VLQJ D VWUHDP WHPSHUDWXUH PRGHO�
WKH UHSRUW TXDQWLILHV WKH LPSDFW RI YDU\LQJ� DOEHLW K\SRWKHWLFDO DPRXQWV RI JURXQGZDWHU DFFUHWLRQ
RQ VWUHDP WHPSHUDWXUH WR GHPRQVWUDWH WKH VLJQLILFDQFH RI JURXQGZDWHU DFFUHWLRQ WR VWUHDP WHP�
SHUDWXUH� ,Q DGGLWLRQ� JURXQGZDWHU KDV DQ LQGLUHFW HIIHFW RQ VWUHDP WHPSHUDWXUH� $V ZDWHU OHYHO
HOHYDWLRQ HIIHFWV WKH TXDOLW\ RI WKH ULSDULDQ IRUHVW� ZKLFK LQ WXUQ HIIHFWV WKH H[SRVXUH RI WKH VWUHDP
WR GLUHFW VRODU UDGLDWLRQ�

7KH UHSRUW DOVR LGHQWLILHV IDFWRUV RWKHU WKDQ JURXQGZDWHU WKDW VLJQLILFDQWO\ DIIHFW VWUHDP WHPSHU�
DWXUH LQ WKH WULEXWDULHV DQG LQ WKH PDLQ VWHP� KLVWRULF UHGXFWLRQ RI WKH EHDYHU SRSXODWLRQ� KLVWRULF
VWUDLJKWHQLQJ DQG OHY\LQJ RI WKH PDLQ�VWHP 6FRWW 5LYHU� IORZ GLYHUVLRQV� WKH OLPLWHG H[WHQW RI WKH
PRGHUQ ULSDULDQ IRUHVW� DQG LQFUHDVHG VHGLPHQW ORDG�

)RU SXUSRVHV RI WKLV *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ� JURXQGZDWHU LPSDFWV RQ VWUHDP WHPSHUDWXUH
�D VWUHDP ZDWHU TXDOLW\ SDUDPHWHU� ZLOO EH FRQVLGHUHG LQ WKH FRQWH[W RI JURXQGZDWHU DFFUHWLRQ WR
WKH VWUHDP �GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRU� DQG LQ WKH FRQWH[W RI
ZDWHU OHYHO HOHYDWLRQ� DIIHFWLQJ ULSDULDQ YHJHWDWLRQ DQG RWKHU *'(V�

6LVNL\RX &RXQW\ (QYLURQPHQWDO +HDOWK 'LYLVLRQ

$V WKH ORFDO HQIRUFHPHQW DJHQF\ �/($�� WKH &RXQW\ RI 6LVNL\RX� (QYLURQPHQWDO +HDOWK 'LYLVLRQ
�&6(+'� FDUULHV RXW ZHOO SHUPLWWLQJ DQG HQIRUFHPHQW RI WKH &RXQW\¶V ZHOO RUGLQDQFHV �':5
����E�� :HOO SHUPLW DSSOLFDWLRQV PXVW EH VXEPLWWHG WR &6(+'� DV ZHOO DV ZHOO FRPSOHWLRQ UHSRUWV�
ZKLFK DUH DOVR UHTXLUHG WR EH VXEPLWWHG WR ':5� 7KH &6(+' PDLQWDLQV UHFRUGV RI ZHOO SHUPLW
DSSOLFDWLRQV DQG ZHOO FRPSOHWLRQ UHSRUWV IURP WKH &RXQW\ GDWLQJ EDFN WR ����� UHSRUWV SULRU WR WKLV
DUH PDLQWDLQHG E\ ':5 �&RXQW\ RI 6LVNL\RX ����D��

,QIRUPDWLRQ IURP &6(+' KDV EHHQ XVHG LQ WKH GHYHORSPHQW RI WKH *63� SDUWLFXODUO\ LQ FKDUDFWHUL]�
LQJ WKH UHJXODWRU\ HQYLURQPHQW DQG JURXQGZDWHU TXDOLW\� DV ZHOO DV JURXQGZDWHU TXDOLW\ SURJUDPV
ZLWKLQ WKH %DVLQ �VHH 6HFWLRQ ������� 2QJRLQJ PRQLWRULQJ LV H[SHFWHG WR LQIRUP IXWXUH *6$ PDQ�
DJHPHQW GHFLVLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ DUH H[SHFWHG LQ
WKH %DVLQ GXH WR &6(+' RSHUDWLRQV� WKRXJK FRRUGLQDWLRQ LV H[SHFWHG WR EH UHTXLUHG WKURXJKRXW
*63 GHYHORSPHQW DQG LPSOHPHQWDWLRQ�
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6FRWW 5LYHU $GMXGLFDWLRQ� ,QWHUFRQQHFWHG *URXQGZDWHU =RQH� DQG 3UHYLRXV
6XUIDFH :DWHU $GMXGLFDWLRQV

7KH 6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH� LVVXHG LQ ����� VHW IRUWK ULJKWV WR GLYHUW VXUIDFH ZDWHUV LQ WKH
³6FRWW 5LYHU VWUHDP V\VWHP´� DOO ULJKWV WR VXSSRUWLQJ XQGHUIORZ� DQG ULJKWV WR H[WUDFW ³JURXQGZDWHU
WKDW LV LQWHUFRQQHFWHG ZLWK WKH 6FRWW 5LYHU DV GHOLQHDWHG RQ WKH 6WDWH :DWHU 5HVRXUFHV &RQWURO
%RDUG PDS´ �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������ ,Q RUGHU IRU WKHVH ULJKWV WR EH LVVXHG� WKH
&DOLIRUQLD :DWHU &RGH ZDV PRGLILHG WR LQFOXGH LQWHUFRQQHFWHG JURXQGZDWHU DV SDUW RI WKH 6FRWW
5LYHU VWUHDP V\VWHP �� �������� PDNLQJ 6FRWW 9DOOH\ %DVLQ WKH ILUVW ZLWK OHJDOO\ GHWHUPLQHG K\GUR�
ORJLF LQWHUFRQQHFWLRQ� 7KH ³6FRWW 5LYHU VWUHDP V\VWHP´ ZDV GHILQHG DV ³WKH ZDWHUVKHG FRPSULVLQJ
WKH 6FRWW 5LYHU GUDLQDJH DUHD� H[FHSW )UHQFK &UHHN DQG 6KDFNOHIRUG &UHHN DQG WKHLU WULEXWDULHV�
IURP WKH KHDGZDWHUV WR WKH 86*6 JDXJLQJ VWDWLRQ RQ WKH 6FRWW 5LYHU EHORZ )RUW -RQHV« DQG
WKH PDLQVWHP RI WKH 6FRWW 5LYHU IURP WKLV JDXJLQJ VWDWLRQ WR WKH 6FRWW 5LYHU¶V FRQIOXHQFH ZLWK WKH
.ODPDWK 5LYHU� H[FOXGLQJ DOO VWUHDPV WULEXWDU\ WR WKH 6FRWW 5LYHU GRZQVWUHDP IURP VDLG JDXJLQJ
VWDWLRQ´ �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������
7KH ]RQH GHOLQHDWHG LQ WKH 'HFUHH LV JHQHUDOO\ UHIHUUHG WR DV WKH ,QWHUFRQQHFWHG =RQH DQG VKRZQ
DV WKH $GMXGLFDWHG $UHD� ,Q WKH ���� 'HFUHH LW ZDV LGHQWLILHG XVLQJ WKH GHILQLWLRQ EHORZ�

,QWHUFRQQHFWHG JURXQG ZDWHU PHDQV DOO JURXQG ZDWHU VR FORVHO\ DQG IUHHO\ FRQQHFWHG
ZLWK WKH VXUIDFH IORZ RI WKH 6FRWW 5LYHU WKDW DQ\ H[WUDFWLRQ RI VXFK JURXQG ZDWHU FDXVHV
D UHGXFWLRQ LQ WKH VXUIDFH IORZ LQ WKH 6FRWW 5LYHU SULRU WR WKH HQG RI D FXUUHQW LUULJDWLRQ
VHDVRQ� 7KH VXUIDFH SURMHFWLRQ RI VXFK LQWHUFRQQHFWHG JURXQG ZDWHU DV GHILQHG KHUHLQ LV
WKDW DUHD DGMDFHQW WR WKH 6FRWW 5LYHU DV GHOLQHDWHG RQ WKH 6:5&% PDS LQ WKH UHDFK IURP
WKH FRQIOXHQFH RI &ODUNV &UHHN DQG 6FRWW 5LYHU WR 0HDPEHU %ULGJH� �6XSHULRU &RXUW RI
6LVNL\RX &RXQW\ ������

7KH GHWHUPLQDWLRQ RI LQWHUFRQQHFWHG JURXQGZDWHU� DV UHTXLUHG E\ :DWHU &RGH 6HFWLRQ ������ LV
GHWDLOHG LQ D ���� 6:5&% UHSRUW ZKHUH LQWHUFRQQHFWHG JURXQGZDWHU ZDV GHOLQHDWHG DV WKH ³VXU�
IDFH SURMHFWLRQ RYHUO\LQJ WKH JURXQGZDWHU UHVHUYRLU IURP ZKLFK SXPSLQJ FRXOG WHQG WR FDXVH D
UHGXFWLRQ LQ 6FRWW 5LYHU IORZ EHIRUH WKH HQG RI WKH FXUUHQW LUULJDWLRQ VHDVRQ´ �6:5&% ������ 7KLV
GHOLQHDWLRQ ZDV EDVHG RQ UHYLHZ RI H[LVWLQJ JHRORJLF DQG K\GURORJLF GDWD� DORQJ ZLWK PLQRU ILHOG�
ZRUN� DQ H[DFW GHPDUFDWLRQ RI WKLV ]RQH ZDV QRW SRVVLEOH GXH WR D ODFN RI DYDLODEOH GDWD DQG
H[WHQVLYH WUDQVLWLRQ ]RQH EHWZHHQ LQWHUFRQQHFWHG JURXQGZDWHU DQG JURXQGZDWHU WKDW ZDV REYL�
RXVO\ QRW LQWHUFRQQHFWHG �6:5&% ������ 7KH GHOLQHDWLRQ LV FRQVLVWHQW ZLWK WKH ORFDWLRQ RI WKH
KLJK SHUPHDELOLW\ IORRGSODLQ GHSRVLWV LQ WKH %DVLQ DQG GRHV QRW LQFOXGH ORZHU SHUPHDELOLW\ XQLWV LQ
WKH %DVLQ �6:5&% ������ :DWHU ULJKWV IRU VXUIDFH ZDWHUV� ULJKWV VXSSRUWLQJ XQGHUIORZ DQG ULJKWV
WR LQWHUFRQQHFWHG JURXQGZDWHU DUH LQFOXGHG LQ WKH 6FRWW 5LYHU $GMXGLFDWLRQ� JURXQGZDWHU WKDW LV
QRW GHILQHG DV LQWHUFRQQHFWHG� DV VKRZQ RQ WKH ���� 6:5&% PDS� LV QRW DGMXGLFDWHG�
:DWHU ULJKWV WR LQWHUFRQQHFWHG JURXQGZDWHU DUH OLVWHG XQGHU ³6FKHGXOH &´ RI WKH DGMXGLFDWLRQ� 7KH
DPRXQW RI DOORFDWHG ZDWHU LV WKDW ZKLFK LV ³UHDVRQDEO\ UHTXLUHG WR LUULJDWH WKH DFUHDJH VKRZQ >«@�
5LJKWV IRU ODQGV LQ 6FKHGXOH & DUH QRW UHODWHG WR ULJKWV LQ 6FKHGXOH ' DQG PD\ EH H[HUFLVHG
LQGHSHQGHQWO\ IURP ULJKWV LQ 6FKHGXOHV %� '� DQG ( >«@´� ZKHUH 6FKHGXOHV %� '� DQG ( UHIHU WR
ZDWHU ULJKWV KROGHUV WR VXUIDFH ZDWHU RQ WULEXWDULHV� WKH PDLQ�VWHP 6FRWW 5LYHU� DQG WKH 6FRWW 5LYHU
EHORZ WKH )RUW -RQHV JDXJH� UHVSHFWLYHO\ �SDUDJUDSK �� RI WKH 6FRWW 5LYHU $GMXGLFDWLRQ��
6LQFH ����� WKH &RXQW\ KDV VXEPLWWHG D 6FRWW 5LYHU 6WUHDP 6\VWHP $QQXDO 5HSRUW WR ':5
WKURXJK WKH $GMXGLFDWHG %DVLQV $QQXDO 5HSRUWLQJ 6\VWHP �':5� &DOLIRUQLD 'HSDUWPHQW RI :D�
WHU 5HVRXUFHV �':5� ����E�� $Q HVWLPDWH RI \HDU�RYHU�\HDU FKDQJH LQ JURXQGZDWHU VWRUDJH LV
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FDOFXODWHG XVLQJ ZDWHU OHYHOV PHDVXUHG LQ WKH SULYDWH PRQLWRULQJ QHWZRUN GHVFULEHG EHORZ �VHH
VHFWLRQ RQ &RRSHUDWLYH &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP IRU WKH 6FRWW 9DOOH\ *URXQG�
ZDWHU $GYLVRU\ &RPPLWWHH�� DQG ZDWHU OHYHO�VWRUDJH UHODWLRQVKLSV VLPXODWHG XVLQJ WKH 6FRWW 9DOOH\
,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�� $Q HVWLPDWH RI WRWDO DQQXDO JURXQGZDWHU DQG VXUIDFH ZDWHU
XVH LV FDOFXODWHG XVLQJ DYHUDJH DQQXDO WRWDOV DVVHVVHG XVLQJ WKH 69,+0 �VHH 6HFWLRQ �������

,W LV H[SHFWHG WKDW DYDLODEOH JURXQGZDWHU PRQLWRULQJ GDWD DVVRFLDWHG ZLWK WKH 6FRWW 5LYHU $QQXDO
5HSRUW ZLOO EH XVHG WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV DQG ZDWHU UHVRXUFHV �VHH 6HFWLRQ
������ DQG ZLOO LQIRUP IXWXUH PDQDJHPHQW GHFLVLRQV� ,Q DGGLWLRQ� WKH *63 PD\ XVH JURXQGZDWHU
SXPSLQJ GDWD IURP UHFRUGHGZDWHU ULJKWV WR FRUURERUDWH ZDWHU EXGJHW HVWLPDWHV �VHH 6HFWLRQ �������
WKRXJK H[LVWLQJ SXEOLFO\ DYDLODEOH GDWD RQ JURXQGZDWHU SXPSLQJ PD\ EH RXW RI GDWH�

6SHFLILFDOO\� ZLWKLQ WKH $GMXGLFDWHG =RQH� JURXQGZDWHU SXPSHUV WKDW H[WUDFW IURP ³JURXQGZDWHU
WKDW LV LQWHUFRQQHFWHG ZLWK WKH 6FRWW 5LYHU´ DUH VXEMHFW WR UHSRUWLQJ H[WUDFWLRQ UDWHV� UHTXLUHG E\
65:&% VLQFH ���� �6:5&% ������ 5HTXLUHPHQWV IRU PHDVXULQJ DQG UHSRUWLQJ GLYHUVLRQV RI
ZDWHU ZHUH DGGHG XQGHU 6HQDWH %LOO ��� WKDW PDQGDWHG PHWHULQJ IRU GLYHUVLRQV RYHU ���DFUH IHHW
SHU \HDU �$)<� �6WDWH RI &DOLIRUQLD ����� 6:5&% ������

:DWHU ULJKWV DOORFDWHG LQ WKH ���� 'HFUHH� ZKLFK DUH QRW UHTXLUHG WR EH VXEMHFW WR WKLV *63� PD\
DIIHFW RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ� 7KH *6$ ZLOO VHHN WR FRRUGLQDWH
*63PDQDJHPHQW DFWLRQV RU SURMHFWV ZLWK ZDWHU ULJKW KROGHUV LQ WKH $GMXGLFDWHG =RQH WR WKH GHJUHH
WKDW WKHLU ZDWHU ULJKWV PD\ EH DIIHFWHG� :KLOH WKH $GMXGLFDWHG =RQH LV QRW RUJDQL]HG LQWR D ZDWHU
GLVWULFW RU VLPLODU RUJDQL]DWLRQ� ZDWHU ULJKWV KROGHUV LQ WKH $GMXGLFDWHG =RQH DUH UHSUHVHQWHG WKURXJK
VRPH PHPEHUV RI WKH *6$ $GYLVRU\ &RPPLWWHH�

2WKHU 6FRWW 5LYHU :DWHUVKHG 6XUIDFH :DWHU $GMXGLFDWLRQV

6XUIDFH ZDWHU GLYHUVLRQ ULJKWV IRU PXOWLSOH 6FRWW 5LYHU WULEXWDULHV ZHUH VHW IRUWK LQ DGMXGLFDWLRQ
GHFUHHV LQ WKH PLG�WZHQWLHWK FHQWXU\� 6SHFLILFDOO\� GHFUHHV ZHUH LVVXHG IRU 6KDFNOHIRUG DQG 0LOO
&UHHNV �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ����� DQG IRU )UHQFK &UHHN DQG LWV WULEXWDULHV �6XSHULRU
&RXUW RI 6LVNL\RX &RXQW\ ������

3ULRU WR ����� ':5 VHUYHG DV WKH :DWHUPDVWHU IRU )UHQFK� 2UR )LQR� 6KDFNOHIRUG� 6QLNWDZ DQG
:LOGFDW &UHHNV� 7KH 6FRWW 9DOOH\ DQG 6KDVWD 9DOOH\:DWHUPDVWHU 'LVWULFW �66:'� WRRN RYHU :DWHU�
PDVWHU UHVSRQVLELOLWLHV IURP ':5 LQ ����� ,Q ���� DQG ����� WKH 6FRWW 5LYHU :DWHUPDVWHU 6HUYLFH
$UHD ZDV UHGXFHG WR H[FOXGH 6KDFNOHIRUG� 0LOO� 2UR )LQR� DQG 6QLNWDZ &UHHNV �6XSHULRU &RXUW RI
6LVNL\RX &RXQW\ ������ 7KLV UHGXFWLRQ GLG QRW DIIHFW WKH ZDWHU ULJKWV DGMXGLFDWHG LQ UHOHYDQW GH�
FUHHV� $V RI -XO\ ����� :DWHUPDVWHU VHUYLFH DUHDV ZHUH VWLOO RSHUDWLRQDO IRU )UHQFK DQG :LOGFDW
&UHHNV�

3XEOLF 7UXVW 'RFWULQH

7KH SXEOLF WUXVW GRFWULQH LV D OHJDO GRFWULQH XQGHU ZKLFK WKH 6WDWH LV D 7UXVWHH WR SURWHFW UHVRXUFHV
LQFOXGLQJ ZDWHUV� WLGHODQGV� DQG ZLOGOLIH UHVRXUFHV RI WKH VWDWH� ZKLFK DUH KHOG LQ D WUXVW IRU DOO SHR�
SOH� ,Q ����� WKH (QYLURQPHQWDO /DZ )RXQGDWLRQ �(/)�� 3DFLILF &RDVW )HGHUDWLRQ RI )LVKHUPDQ¶V
$VVRFLDWHV� DQG WKH ,QVWLWXWH IRU )LVKHULHV 5HVRXUFHV ILOHG DJDLQVW WKH 6:5&% DQG WKH &RXQW\ RI
6LVNL\RX RYHU SHUPLWWLQJ RI ZHOOV QHDU 6FRWW 5LYHU� DOOHJLQJ WKDW WKHVH ZHOOV GHFUHDVHG IORZV LQ 6FRWW
5LYHU� GLPLQLVKLQJ VXLWDELOLW\ IRU UHFUHDWLRQDO XVHV RI 6FRWW 5LYHU DQG KDUPLQJ ILVK SRSXODWLRQV� 7KH
SHWLWLRQHUV DUJXHG WKDW WKH SXEOLF WUXVW GRFWULQH DSSOLHV WR JURXQGZDWHU WKDW LV K\GURORJLFDOO\ FRQ�
QHFWHG WR QDYLJDEOH VXUIDFH ZDWHU DQG VRXJKW DQ LQMXQFWLRQ WR VWRS WKH &RXQW\ IURP LVVXLQJ SHUPLWV
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IRU JURXQGZDWHU ZHOOV XQWLO LW FRPSOLHG ZLWK WKH SXEOLF WUXVW GRFWULQH� 7KH UXOLQJ E\ WKH WULDO FRXUW
DIILUPHG WKDW WKH &RXQW\ KDG D GXW\ WR FRQVLGHU WKH SXEOLF WUXVW GRFWULQH SULRU WR LVVXLQJ ZHOO SHUPLWV
DQG WKDW WKH GRFWULQH ³SURWHFWV QDYLJDEOH ZDWHUV IURP KDUP FDXVHG E\ H[WUDFWLRQ RI JURXQGZDWHU�
ZKHUH WKH JURXQGZDWHU LV VR FRQQHFWHG WR WKH QDYLJDEOH ZDWHU WKDW LWV H[WUDFWLRQ DGYHUVHO\ DIIHFWV
SXEOLF WUXVW XVHV´� $IWHU DQ DSSHDO� WKH 7KLUG $SSHOODWH 'LVWULFW SXEOLVKHG DQ RSLQLRQ LQ ���� RQ WKH
(QYLURQPHQWDO /DZ )RXQGDWLRQ Y� 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG �³(/)´� ZKLFK QRWHG WKDW
WKH &RXQW\ KDV D SXEOLF WUXVW GXW\� ZKHQ LVVXLQJ ZHOO SHUPLWV� WR FRQVLGHU LI JURXQGZDWHU H[WUDFWLRQV
LPSDFW SXEOLF WUXVW XVHV DQG WKDW 6*0$ GRHV QRW VXSHUVHGH� IXOILOO� RU UHSODFH WKH &RXQW\¶V SXEOLF
WUXVW GXWLHV�

7KH SXEOLF WUXVW GRFWULQH ZDV FRQVLGHUHG WKURXJKRXW GHYHORSPHQW RI WKH *63� HVSHFLDOO\ LQ UHODWLRQ
WR WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRU� DV GLVFXVVHG LQ &KDSWHU �� &RQVLGHU�
DWLRQ ZLOO EH JLYHQ WR WKH SXEOLF WUXVW GRFWULQH WKURXJKRXW *63 LPSOHPHQWDWLRQ DQG OLPLWDWLRQV WR
RSHUDWLRQDO IOH[LELOLW\ PD\ RFFXU GXH WR WKH SXEOLF WUXVW GRFWULQH� 7KH *6$ ZLOO VHHN WR HQVXUH WKDW
DQ\ SURMHFW DQG PDQDJHPHQW DFWLRQV LPSOHPHQWHG DUH LQ FRPSOLDQFH ZLWK WKH SXEOLF WUXVW GRFWULQH�

6FRWW 9DOOH\ DQG 6KDVWD 9DOOH\ :DWHUPDVWHU 'LVWULFW

7KH:DWHUPDVWHU PDQDJHV WKH GLYHUVLRQ RI VXUIDFH ZDWHU LQ DFFRUGDQFH ZLWK FRXUW DGMXGLFDWLRQV RU
DJUHHPHQWV� ZLWK VHUYLFH DUHDV WKDW DUH FRXUW�DSSRLQWHG RU UHTXHVWHG E\ ZDWHU XVHUV� 5HJXODWRU\
DFWLYLWLHV FRQGXFWHG E\ WKH ZDWHUPDVWHU LQFOXGH DGMXVWLQJ KHDGJDWHV DW GLYHUVLRQ SRLQWV WR UHGXFH
GLYHUVLRQ UDWHV LQ WKH HYHQW WKDW IORZV DUH WRR ORZ WR IXOILOO DOO ULJKWV RQ D JLYHQ WULEXWDU\� 7KH 6FRWW
9DOOH\ DQG 6KDVWD 9DOOH\ :DWHUPDVWHU 'LVWULFW �66:'� SURYLGHV :DWHUPDVWHU VHUYLFH WR ZDWHU
GLYHUVLRQ RZQHUV LQ WKH 6KDVWD 5LYHU DQG :LOORZ &UHHN ZDWHUVKHGV� DQG LQ WKH ZDWHUVKHGV RI WZR
6FRWW 5LYHU WULEXWDULHV� :LOGFDW DQG )UHQFK &UHHNV �66:' ������

&UHDWHG LQ ���� WKURXJK $VVHPEO\ %LOO ����� WKH 66:' LV D SXEOLF HQWLW\ DQG FRQVLGHUHG D VSHFLDO
GLVWULFW �/DQJULGJH HW DO� ������ 7KH 66:' ZDV DSSRLQWHG E\ WKH 6LVNL\RX &RXQW\ 6XSHULRU &RXUW
DV :DWHUPDVWHU IRU WKH 6FRWW DQG 6KDVWD 9DOOH\ 6HUYLFH $UHDV LQ 'HFHPEHU ���� DQG WRRN RYHU
:DWHUPDVWHU UHVSRQVLELOLWLHV IURP':5 LQ ����� 3ULRU WR ����� ':5SURYLGHG:DWHUPDVWHU VHUYLFH
WR 2UR )LQR� 6QLNWDZ DQG :LOGFDW &UHHNV� LQ DGGLWLRQ WR 6KDFNOHIRUG &UHHN DQG )UHQFK &UHHN�
8QGHU WKH ���� 6FRWW 5LYHU $GMXGLFDWLRQ 'HFUHH� :DWHUPDVWHU VHUYLFH ZDV RQO\ DSSRLQWHG IRU WZR
ZDWHU XVHUV RQ :LOGFDW &UHHN� :DWHUPDVWHU VHUYLFH ZDV UHTXHVWHG IURP ':5 E\ ZDWHU XVHUV
RQ 2UR )LQR DQG 6QLNWDZ &UHHNV� 3HWLWLRQV IRU UHGXFWLRQ LQ WKH 66:' VHUYLFH DUHD UHVXOWHG LQ
WKH GLVFRQWLQXDWLRQ RI :DWHUPDVWHU VHUYLFH WR 2UR )LQR DQG 6QLNWDZ &UHHNV LQ $SULO ����� DQG WR
6KDFNOHIRUG DQG 0LOO &UHHNV LQ $SULO ���� �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������ 7KLV UHGXFWLRQ
GLG QRW DIIHFW WKH ZDWHU ULJKWV DGMXGLFDWHG LQ UHOHYDQW GHFUHHV� &XUUHQWO\� WKH 66:' SURYLGHV
:DWHUPDVWHU VHUYLFHV WR )UHQFK &UHHN DQG :LOGFDW &UHHN�

5HFHQWO\� WKH 66:' LQWURGXFHG D YROXQWDU\ PRQLWRULQJ SURJUDP WR SURYLGH DIIRUGDEOH PRQLWRULQJ
VHUYLFHV IRU ZDWHU GLYHUVLRQV WKDW DUH QRW UHJXODWHG E\ WKH :DWHUPDVWHU� ZLWKLQ WKH ERXQGDULHV RI
WKH 6FRWW 5LYHU DQG 6KDVWD 5LYHU ZDWHUVKHGV �66:' ������

1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ DUH H[SHFWHG LQ WKH %DVLQ GXH WR
:DWHUPDVWHU DFWLYLWLHV� WKRXJK LW LV H[SHFWHG WKDW FRRUGLQDWLRQ ZLOO EH UHTXLUHG WR DOLJQ PDQDJHPHQW
DQG PRQLWRULQJ DFWLYLWLHV ZLWK RQJRLQJ :DWHUPDVWHU VHUYLFHV�
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4XDUW] 9DOOH\ ,QGLDQ 5HVHUYDWLRQ

7KH 4XDUW] 9DOOH\ ,QGLDQ 5HVHUYDWLRQ �49,5� (QYLURQPHQWDO 'HSDUWPHQW EHJDQ GHYHORSLQJ D :D�
WHU 3ROOXWLRQ &RQWURO 3URJUDP LQ ���� ZLWK WKH REMHFWLYH RI SURWHFWLQJ ORFDO ZDWHU UHVRXUFHV �5RELQ�
VRQ ������ 7KH 49,5 KDV FRQGXFWHG ZDWHU TXDOLW\ PRQLWRULQJ WKURXJKRXW WKH %DVLQ VLQFH �����

:DWHU TXDOLW\ LV DVVHVVHG DQQXDOO\ XVLQJ ZDWHU TXDOLW\ VWDQGDUGV DQG REMHFWLYHV IURP VRXUFHV
LQFOXGLQJ IHGHUDO� VWDWH� WULEDO� DQG� UHOHYDQW OLWHUDWXUH YDOXHV� 7KH ZDWHU TXDOLW\ PRQLWRULQJ HQFRP�
SDVVHV ERWK VXUIDFH DQG JURXQGZDWHU� 1XWULHQW DQG EDFWHULD JUDE VDPSOHV KDYH EHHQ FROOHFWHG
�����±SUHVHQW� IURP �� VXUIDFH ZDWHU VLWHV HLWKHU HYHU\ WZR ZHHNV RU PRQWKO\� 'LVFKDUJH PHD�
VXUHPHQWV KDYH EHHQ WDNHQ DW WKHVH �� VLWHV GXULQJ JUDE VDPSOLQJ� 7ZR UHDO�WLPH FRQWLQXRXV IORZ
JDXJHV ZHUH LQVWDOOHG LQ ���� DW 6KDFNOHIRUG DQG 0LOO &UHHNV� 6WDUWLQJ LQ ����� VWUHDP WHPSHU�
DWXUH LV PHDVXUHG FRQWLQXRXVO\ DW IRXUWHHQ VLWHV� XSVWUHDP RI 49,5� WKH (DVW DQG 6RXWK )RUN RI
6FRWW 5LYHU� WKH PDLQVWHP 6FRWW 5LYHU� DQG VHYHQ WULEXWDULHV VLWHV ZLWKLQ WKH 4XDUW] 9DOOH\ VXE�
EDVLQ� 7ZHQW\�VL[ GULQNLQJ ZDWHU ZHOOV KDYH EHHQ VDPSOHG VLQFH ���� IRU WRWDO FROLIRUP� (�FROL� S+�
WHPSHUDWXUH� VSHFLILF FRQGXFWLYLW\� DQG GLVVROYHG R[\JHQ� 6L[ RI WKHVH GULQNLQJ ZDWHU ZHOOV KDYH
PRQWKO\ VWDWLF ZDWHU OHYHO GDWD� 6WDWLF JURXQGZDWHU OHYHOV DQG WHPSHUDWXUH KDYH EHHQ PHDVXUHG
KRXUO\ VLQFH ���� DW �� PRQLWRULQJ ZHOOV �5RELQVRQ ������ 49,5 ZDV DSSURYHG E\ 8�6� (3$ IRU
WUHDWPHQW DV D VWDWH VWDWXV IRU UHJXODWLQJ ZDWHU TXDOLW\ ZLWKLQ WKH WULEDO WUXVW ODQGV�

49,5 DQG 5LYHUEHQG 6FLHQFHV KDYH GHYHORSHG D VWDWLVWLFDO PRGHO WR SUHGLFW GDLO\ ZDWHU WHPSHUD�
WXUHV DW 6FRWW 5LYHU 86*6 JDXJH XVLQJ IORZ DQG DLU WHPSHUDWXUH GDWD� 7KH PRGHO ZDV FDOLEUDWHG
ZLWK �� \HDUV RI GDWD LV FXUUHQWO\ XQGHUJRLQJ SHHU UHYLHZ �$VDULDQ DQG 5RELQVRQ ������ ,W LV IUHHO\
DYDLODEOH IURP DQ RQOLQH UHSRVLWRU\�

7KH 49,5 (QYLURQPHQWDO 'HSDUWPHQW KDV PDGH WKLV ZDWHU TXDOLW\ DQG ZDWHU OHYHO PRQLWRULQJ GDWD
DQG VWDWLVWLFDO PRGHO DYDLODEOH IRU XVH LQ *63 GHYHORSPHQW� 49,5 GDWD KDYH EHHQ XVHG WR FKDUDF�
WHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV DQG ZDWHU UHVRXUFHV �VHH 6HFWLRQ ������� DQG RQJRLQJ PRQLWRULQJ
LV H[SHFWHG WR LQIRUP IXWXUH *6$ PDQDJHPHQW GHFLVLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ
*63 LPSOHPHQWDWLRQ DUH H[SHFWHG LQ WKH %DVLQ GXH WR WKH 49,5 PRQLWRULQJ SURJUDP�

8QLYHUVLW\ RI &DOLIRUQLD� 'DYLV

*URXQGZDWHU 6WXG\ 3ODQ

)ROORZLQJ FRPSOHWLRQ RI WKH VWUHDP VKDGH ZRUN XQGHU WKH 70'/ SURJUDP� WKH 5HJLRQDO :DWHU
%RDUG� LQ FROODERUDWLRQ ZLWK WKH 8&'DYLV *URXQGZDWHU &RRSHUDWLYH ([WHQVLRQ 3URJUDP� GHYHORSHG
WKH 6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 6WXG\ 3ODQ �*URXQGZDWHU 6WXG\ 3ODQ� �+DUWHU DQG +LQHV
����� WKDW LGHQWLILHG DGGLWLRQDO UHVHDUFK QHHGHG WR VWXG\ WKH FRQQHFWLRQ EHWZHHQ JURXQGZDWHU DQG
VXUIDFH ZDWHU LQ WKH 6FRWW 5LYHU ZDWHUVKHG� WKH LPSDFWV RI JURXQGZDWHU XVH RQ VXUIDFH ZDWHU IORZ
DQG RQ WKH EHQHILFLDO XVHV DVVRFLDWHG ZLWK WKH FROG ZDWHU ILVKHU\� DQG WKH LPSDFWV RI JURXQGZDWHU
OHYHOV RQ WKH KHDOWK RI ULSDULDQ YHJHWDWLRQ� 7KH SODQ UHFRPPHQGHG GHYHORSPHQW RI WKH 6FRWW 9DOOH\
,QWHJUDWHG +\GURORJLF 0RGHO �69,+0� DV D NH\ GHFLVLRQ�PDNLQJ WRRO WR HYDOXDWH WKH SRWHQWLDO IRU
DOWHUQDWLYH JURXQGZDWHU PDQDJHPHQW PHDVXUHV WR LPSURYH VWUHDPIORZ DQG WHPSHUDWXUH�

7KH *URXQGZDWHU 6WXG\ 3ODQ DOVR SURPRWHG DGGLWLRQDO UHVHDUFK RQ LUULJDWLRQ ZDWHU XVH LQ DQG
HYDSRWUDQVSLUDWLRQ IURP DOIDOID ILHOGV LQ WKH 6FRWW 9DOOH\ �%� +DQVRQ HW DO� ����� )RJOLD HW DO� �����
6Q\GHU HW DO�� Q�G��� DTXLIHU K\GUDXOLF FRQGXFWLYLW\ �7ROOH\ ������ DQG 69,+0 DSSOLFDWLRQV WR SURYLGH
GHFLVLRQ�VXSSRUW WR WKH 6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH� 7KH *URXQGZDWHU 6WXG\
3ODQ ZDV DGRSWHG E\ WKH &RXQW\ RI 6LVNL\RX %RDUG RI 6XSHUYLVRUV LQ �����
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6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO�
7KH LQLWLDO 69,+0� UHFRPPHQGHG LQ WKH *URXQGZDWHU 6WXG\ 3ODQ� ZDV GHYHORSHG DQG FDOLEUDWHG E\
'U� )RJOLD DQG 'U� +DUWHU ������ DQG )RJOLD HW DO� ������� 6LJQLILFDQW PRGHO XSGDWHV DQG LPSURYHG
VHQVLWLYLW\ DQDO\VLV DQG PRGHO FDOLEUDWLRQ DUH GRFXPHQWHG LQ 7ROOH\ HW DO� ������� ZKLFK LQFOXGHV D
SXEOLF RQOLQH UHSRVLWRU\ RI WKH PRGHOLQJ V\VWHP� $Q LQLWLDO DSSOLFDWLRQ RI 69,+0 WR GHPRQVWUDWH WKH
EHQHILWV RI ZLQWHU UHFKDUJH DQG LQ OLHX UHFKDUJH GXULQJ ODWH ZLQWHU DQG VSULQJ VKRZHG WKDW VLJQLI�
LFDQW LPSURYHPHQWV LQ VWUHDPIORZ ZRXOG EH SRVVLEOH XVLQJ ODUJH�VFDOH UHFKDUJH SURMHFWV �7ROOH\�
)RJOLD� DQG +DUWHU� Q�G�D�� %RWK WKH LQLWLDO 69,+0 DQG WKH FXUUHQW 69,+0 ZHUH HPSOR\HG WR EHW�
WHU XQGHUVWDQG WKH OLQN EHWZHHQ JURXQGZDWHU SXPSLQJ LQ WKH %DVLQ DQG SRWHQWLDO VWUHDP GHSOHWLRQ
G\QDPLFV �)RJOLD� 0F1DOO\� DQG +DUWHU ����� 7ROOH\� )RJOLD� DQG +DUWHU� Q�G�E��
7KH GDWD FROOHFWHG DQG WKH WRROV GHYHORSHG E\ 8& 'DYLV DUH H[SHFWHG WR EH XVHG WKURXJKRXW *63
GHYHORSPHQW DQG WR LQIRUP PDQDJHPHQW RSWLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63
LPSOHPHQWDWLRQ LQ WKH %DVLQ DUH H[SHFWHG GXH WR 8& 'DYLV DFWLYLWLHV�
8QLYHUVLW\ RI &DOLIRUQLD &RRSHUDWLYH ([WHQVLRQ�
7KH 8QLYHUVLW\ RI &DOLIRUQLD &RRSHUDWLYH ([WHQVLRQ �8&&(� LQ 6LVNL\RX &RXQW\ LV MRLQWO\ IXQGHG
E\ WKH 8QLYHUVLW\ RI &DOLIRUQLD� WKH 8�6� 'HSDUWPHQW RI $JULFXOWXUH �86'$�� DQG WKH &RXQW\ RI
6LVNL\RX� 7KLV RIILFH LQFOXGHV WKH )DUP $GYLVRU ZKR ZRUNV ZLWK WKH &RXQW\ RI 6LVNL\RX $JULFXOWXUH
'HSDUWPHQW DQG FRQGXFWV UHVHDUFK DQG HGXFDWLRQDO SURJUDPV IRU JURZHUV RI SULPDU\ FURSV WR
LPSURYH SURILWDELOLW\ DQG PLQLPL]H HQYLURQPHQWDO LPSDFWV �5HJHQWV RI WKH 8QLYHUVLW\ RI &DOLIRUQLD
������ 7KH 6LVNL\RX &RXQW\ &RRSHUDWLYH ([WHQVLRQ RIILFH KDV FRQWULEXWHG YDOXDEOH UHVHDUFK DQG
HGXFDWLRQDO PDWHULDOV LQFOXGLQJ DQ DVVHVVPHQW RI LUULJDWLRQ ZDWHU FRQVHUYDWLRQ SRWHQWLDO �2UORII
������ LUULJDWLRQ VWUDWHJLHV XQGHU GURXJKW FRQGLWLRQV �2UORII DQG 8&&( ����� %� +DQVRQ� 2UORII� DQG
3XWQDP ������ DQG VRLO�PRLVWXUH PRQLWRULQJ �2UORII� +DQVRQ� DQG 3XWQDP ����� +DQVRQ� 2UORII�
DQG 3HWHUV ������ 2WKHU 8&&( LQYHVWLJDWLRQV KDYH LQFOXGHG VWXG\ RI SRWHQWLDO FOLPDWH HIIHFWV RQ
6FRWW 5LYHU IDOO IORZV �'UDNH� 7DWH� DQG &DUOVRQ ������ 7KH 8&&( KDV FRQWULEXWHG WR RWKHU HIIRUWV
LQ 6FRWW 9DOOH\ LQFOXGLQJ GHYHORSPHQW RI WKH 69,+0 E\ UHVHDUFKHUV DW 8& 'DYLV� ,Q ����������
8&&( PHDVXUHG DSSOLHG ZDWHU XVH RQ VHYHQ WR HLJKW DOIDOID IDUPV LQ 6FRWW 9DOOH\� WR EHWWHU LQIRUP
LUULJDWLRQ UXOHV LQ WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO� 5HSRUWV DQG GDWD IURP 8&&( DUH
XVHG LQ WKH *63 WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV� DQG WR LGHQWLI\ DQG DVVHVV SRWHQWLDO
PDQDJHPHQW DFWLRQV�

6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW

7KH 6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW �5&'� LV D VSHFLDO GLVWULFW WKDW ZDV IRUPHG LQ 0D\
���� �6LVNL\RX 5&' ������ 0DQDJHG E\ D %RDUG RI 'LUHFWRUV� ILYH PHPEHUV DSSRLQWHG E\ WKH
&RXQW\ %RDUG RI 6XSHUYLVRUV� WKH 5&' PDQDJHV VRLO� ZDWHU� DQG UHODWHG UHVRXUFHV DQG KDV WKH
DXWKRULW\ WR FDUU\ RXW FRQVHUYDWLRQ HIIRUWV ZLWKLQ LWV ERXQGDULHV� ZKLFK LQFOXGH SULYDWH DQG SXEOLF
ODQG LQ WKH 6FRWW DQG 6DOPRQ 5LYHU ZDWHUVKHGV DQG VHFWLRQV RI WKH .ODPDWK 5LYHU� 7KH PLVVLRQ
RI WKH 5&' LV WR ³LGHQWLI\ FRQVHUYDWLRQ DQG ZDWHUVKHG HQKDQFHPHQW QHHGV DQG RIIHU DVVLVWDQFH
WR ODQGRZQHUV DQG UHVRXUFH PDQDJHUV WR PHHW WKRVH QHHGV WKURXJK WHFKQLFDO� ILQDQFLDO DQG HGX�
FDWLRQDO OHDGHUVKLS´ �6LVNL\RX 5&' ������ :DWHU PRQLWRULQJ DQG PDQDJHPHQW DFWLYLWLHV IRFXV RQ
VXUIDFH ZDWHU VXSSO\ DQG TXDOLW\� 7KH 5&' DOVR KRXVHV DQGPDLQWDLQV D OLEUDU\ RI PDWHULDOV UHODWLQJ
WR WKH 6FRWW 5LYHU ZDWHUVKHG� 7KH 5&' VSRQVRUHG WKH 6FRWW 5LYHU :DWHUVKHG &RRUGLQDWHG 5H�
VRXUFH 0DQDJHPHQW 3ODQQLQJ �&503� &RPPLWWHH GXULQJ LWV H[LVWHQFH IURP ���� WR ���� �&503
DQG 65:& ������ 7KH &503 ZDV FRPSRVHG RI D GLYHUVH JURXS RI UHSUHVHQWDWLYHV ZLWK LQWHU�
HVWV LQ DGGUHVVLQJ ORFDO QDWXUDO UHVRXUFH LVVXHV �&503 DQG 65:& ������ 7KH &503 &RPPLWWHH
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VRXJKW WR DGGUHVV QDWXUDO UHVRXUFH SUREOHPV WKURXJK GHYHORSPHQW RI SODQV� IRU ZKLFK WKH 5&'
ZDV WKH LPSOHPHQWLQJ DJHQF\� 7KURXJK IRXU VXEFRPPLWWHHV� IRFXVHG RQ ZDWHU� XSODQG YHJHWDWLRQ
PDQDJHPHQW� ILVKHULHV ULSDULDQ KDELWDW� DQG DJULFXOWXUH� WKH &503 &RPPLWWHH JHQHUDWHG SODQV
DQG VWUDWHJLHV LQ DGGLWLRQ WR IDFLOLWDWLQJ GDWD FROOHFWLRQ DQG PRQLWRULQJ V\VWHPV �+REHQ ������

*UDQW�VXSSRUWHG PRQLWRULQJ DFWLYLWLHV E\ WKH 5&' LQFOXGH WKH RSHUDWLRQ RI VWUHDPIORZ JDXJLQJ
VWDWLRQV RQ WULEXWDULHV DQG WKH PDLQVWHP 6FRWW 5LYHU EHWZHHQ ���� DQG ���� �IXQGLQJ WR RSHUDWH
WKH VWUHDPIORZ VWDWLRQV ODSVHG LQ -DQXDU\ ������ PRQLWRULQJ RI VWUHDP WHPSHUDWXUH VLQFH �����
DQG PRQLWRULQJ RI DTXDWLF VSHFLHV� ZLWK D IRFXV RQ DQDGURPRXV ILVK VSHFLHV �6LVNL\RX 5&' ������
,Q SDUWLFXODU� WKH 5&' KDV SURGXFHG DQQXDO UHSRUWV RQ WKH FRQGLWLRQ RI 6FRWW 5LYHU FRKR VDOPRQ
VSDZQLQJ JURXQG VLQFH ���� �6LVNL\RX 5&' ������ ,Q �������� WKH 5&' SDUWQHUHG ZLWK RWKHUV WR
GHYHORS WKH &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP�

0DQDJHPHQW DFWLYLWLHV E\ WKH 5&' LQFOXGH VWUHDP EDQN VWDELOL]DWLRQ DQG ULSDULDQ SODQWLQJV� ZKLFK
KDYH EHHQ FRQGXFWHG RQ PRUH WKDQ ��� DFUHV RI WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV �6LVNL\RX 5&'
������ DJULFXOWXUDO�IRFXVHG SURMHFWV VXFK DV ULSDULDQ IHQFLQJ DQG LUULJDWLRQ ZDWHU FRQVHUYDWLRQ�
DQG ZRUN DVVRFLDWHG ZLWK LPSURYLQJ WKH FRQGLWLRQ RI 6FRWW 5LYHU ZDWHUVKHG ILVKHULHV� LQFOXGLQJ WKH
FRQVWUXFWLRQ RI RII�FKDQQHO UHDULQJ SRQGV� WKH DGGLWLRQ RI ODUJH ZRRG\ GHEULV WR VWUHDP FKDQQHOV
WR FUHDWH FRPSOH[ KDELWDW� DQG WKH LPSURYHPHQW RI ILVK SDVVDJH E\ LQVWDOOLQJ ILVK VFUHHQV RQ DOO
GLYHUVLRQV� ,Q ����� WKH 5&' ZRUNHG WRJHWKHU ZLWK WKH 6FRWW 5LYHU :DWHUVKHG &RXQFLO WR SURGXFH
WKH 6FRWW 5LYHU :DWHUVKHG 5LSDULDQ 5HVWRUDWLRQ 6WUDWHJ\ DQG 6FKHGXOH �65:& DQG 5&' ������
7KH SXUSRVH RI WKH GRFXPHQW LV ³WR LGHQWLI\ WKH PRVW DSSURSULDWH ORFDWLRQV DQG UHVWRUDWLRQ PHWKRGV
WR HQKDQFH WKH ULYHU HFRV\VWHP WR EHQHILW WKH ZLOGOLIH DQG DTXDWLF KHDOWK RI WKH 6FRWW 5LYHU´ DQG
³RXWOLQH PHWKRGV WR PHHW WKH LQWHQWLRQV RI WKH 6FRWW 5LYHU 70'/ >VHH EHORZ@� WR WKH IXOOHVW H[WHQW
SRVVLEOH´ �65:& DQG 5&' ������

5&' UHSRUWV DQG GDWD DUH XVHG LQ WKH *63 WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV �VHH 6HFWLRQ
������� DQG LW LV DQWLFLSDWHG WKDW WKH 5&'ZLOO EH D NH\ SDUWQHU IRU WKH*6$ LQ IXWXUH RSHUDWLRQV UHODWHG
WR VXVWDLQDEOH PDQDJHPHQW� LQFOXGLQJ PRQLWRULQJ DQG SRWHQWLDO PDQDJHPHQW DFWLRQV LGHQWLILHG LQ
WKH *63� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ DUH H[SHFWHG GXH WR 5&'
SURMHFWV DUH H[SHFWHG LQ WKH %DVLQ� WKRXJK FRRUGLQDWLRQ PD\ EH QHHGHG WR HQVXUH PDQDJHPHQW
DFWLYLWLHV DVVRFLDWHG ZLWK *63 LPSOHPHQWDWLRQ DUH KDUPRQL]HG ZLWK RQJRLQJ 5&' SURMHFWV�

6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH

$IWHU WKH 6LVNL\RX &RXQW\ %RDUG RI 6XSHUYLVRUV DGRSWHG WKH &RPPXQLW\ *URXQGZDWHU 6WXG\ 3ODQ
�+DUWHU DQG +LQHV ������ WKH %RDUG DSSRLQWHG WKH 6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH
�*:$&� LQ -DQXDU\ ����� 7KH *:$& PHW RQ D PRQWKO\ VFKHGXOH WR SURYLGH WHFKQLFDO DVVLVWDQFH
DQG VWDNHKROGHU LQSXW UHJDUGLQJ WKH LPSOHPHQWDWLRQ RI WKH ���� 3ODQ� 6SHFLILFDOO\� WKH *:$&
ZRUNHGZLWK 8&&( WR GHYHORS ORFDO ZDWHU XVH GDWD� LQFOXGLQJ D ��\HDU VRLO PRLVWXUH VWXG\ �6Q\GHU HW
DO�� Q�G��� ,Q ���� WKH *:$& SURGXFHG WKH ³9ROXQWDU\ *URXQGZDWHU 0DQDJHPHQW 	 (QKDQFHPHQW
3ODQ IRU 6FRWW 9DOOH\´ �*:$& 3ODQ� 6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH �*:$&� ������
ZKLFK ZDV DGRSWHG E\ WKH 6LVNL\RX &RXQW\ %RDUG RI 6XSHUYLVRUV LQ ���� DV DQ LQLWLDO VWUDWHJ\�
$OWKRXJK WKH *:$& LV DFNQRZOHGJHG KHUH� WKH FRPPLWWHH KDV QRW EHHQ DFWLYH RU KHOG PHHWLQJV
VLQFH WKH 6*0$ JURXQGZDWHU FRPPLWWHH XQGHU WKH *6$ ZDV IRUPHG�

7KH *6$ H[SHFWV WKDW ZDWHU XVH GDWD GHYHORSHG E\ WKH *:$&� DQG WKH PDQDJHPHQW RSWLRQV
RXWOLQHG LQ WKH *:$& 3ODQ� ZLOO EH XVHG WR LQIRUP *63 GHYHORSPHQW� 1R OLPLWDWLRQV WR RSHUDWLRQDO
IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ DUH H[SHFWHG GXH WR *:$& DFWLYLWLHV�
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6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP

&UHDWHG WKURXJK D 028 EHWZHHQ 6LVNL\RX 5HVRXUFH &RQVHUYDWLRQ 'LVWULFW �5&'�� 1DWXUDO 5H�
VRXUFH &RQVHUYDWLRQ 6HUYLFH �15&6�� 6FRWW 5LYHU :DWHUVKHG &RXQFLO �65:&�� 8QLYHUVLW\ RI &DO�
LIRUQLD &RRSHUDWLYH ([WHQVLRQ �8&&(�� DQG WKH &RXQW\ RI 6LVNL\RX� WKH 6FRWW 9DOOH\ &RPPXQLW\
*URXQGZDWHU 0HDVXULQJ 3URJUDP KDV FRRUGLQDWHG JURXQGZDWHU PRQLWRULQJ LQ 6FRWW 9DOOH\ VLQFH
���� �6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH �*:$&� ������ 3ULYDWH ZHOO RZQHUV SDUWLFL�
SDWH YROXQWDULO\ LQ WKLV JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQW SURJUDP DQG SDUWLFLSDWLRQ KDV UDQJHG
RYHU WLPH IURP �� WR �� ZHOOV� &XUUHQW ZHOOV LQ WKH JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQW SURJUDP
DUH VKRZQ LQ )LJXUH ��

7KH PRQWKO\ GDWD IURP WKH 6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP LV VXEPLWWHG
WR 8&&( DQG KDV EHHQ H[WUHPHO\ YDOXDEOH IRU JURXQGZDWHU PDQDJHPHQW LQ 6FRWW 9DOOH\� ,W KDV
EHHQ XVHG H[WHQVLYHO\ WR GDWH WR HVWLPDWH DQQXDO FKDQJH LQ JURXQGZDWHU VWRUDJH IRU WKH %DVLQ�
LQFOXGLQJ LQ WKH 6FRWW 5LYHU ,QWHUFRQQHFWHG =RQH �VHH DERYH VHFWLRQ RQ $GMXGLFDWLRQ IRU WKH 6FRWW
5LYHU ,QWHUFRQQHFWHG =RQH�� WR GHYHORS DQG FDOLEUDWH WKH 69,+0 QXPHULFDO JURXQGZDWHU PRGHO
�VHH 6HFWLRQ ������� DQG WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV �VHH 6HFWLRQ ������� $OWKRXJK
WKH SURJUDP XQGHUZHQW VLJQLILFDQW WXUQRYHU DQG UHGXFWLRQ LQ HQUROOHHV LQ ����� PRQLWRULQJ GDWD
LV H[SHFWHG WR LQIRUP IXWXUH *63 PDQDJHPHQW GHFLVLRQV� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\
LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ DUH H[SHFWHG GXH WR WKH FRRSHUDWLYH JURXQGZDWHU PRQLWRULQJ
SURJUDP�

6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW �69,'�

7KH 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW �69,'� LV D VSHFLDO GLVWULFW LQ 6FRWW 9DOOH\ WKDW GLYHUWV DQ DOORFDWHG
DPRXQW RI ZDWHU IURP WKH 6FRWW 5LYHU DQG FRQWUROV GLVWULEXWLRQ WR �� ODQGRZQHUV DQG ����� DFUHV
VHUYHG E\ 69,'� 69,' GHOLYHUV ZDWHU WR ODQGRZQHUV YLD DQ LUULJDWLRQ GLWFK� GDWLQJ EDFN WR WKH ����V�
WKDW VSDQV �� PL ��� NP� EHWZHHQ )RUW -RQHV DQG (WQD RQ WKH HDVW VLGH RI 6FRWW 9DOOH\� 7KH
GLYHUVLRQ GDP DW <RXQJ¶V 3RLQW� HDVW RI (WQD DW ULYHU PLOH ��� KDV D ODUJH ILVK ODGGHU WR SURYLGH
SDVVDJH IRU DGXOW DQG MXYHQLOH VDOPRQ DQG VWHHOKHDG� 69,' KDV WKUHH ERDUG PHPEHUV� HOHFWHG
E\ PHPEHUV RI WKH GLVWULFW� LQ DGGLWLRQ WR D GLWFK PDQDJHU DQG D FRPELQHG VHFUHWDU\ DQG WUHDVXUHU
�15&6 ������ :DWHU LV GLYHUWHG IURP WKH 6FRWW 5LYHU DQG WUDQVIHUUHG WR ODQGRZQHUV RQ D URWDWLRQ
VFKHGXOH� ZLWK RQH KRXU RI ZDWHU UHFHLYHG IRU HYHU\ WHQ DFUHV RI SURSHUW\ �3DUU\ ����� 15&6
������ /DQGRZQHUV DORQJ WKH GLWFK DUH FKDUJHG EDVHG RQ WKH LUULJDWHG DFUHDJH EHORZ WKH GLWFK�
7KH 69,' GLWFK� OLNH RWKHU GLWFKHV LQ 6FRWW 9DOOH\ LV XQOLQHG DQG VXEMHFW WR VLJQLILFDQW GLWFK ORVVHV
WKDW UHFKDUJH JURXQGZDWHU� 6:5&% ������ UHSRUWV LQGLYLGXDO GLWFK ORVVHV UDQJLQJ IURP ��� FIV WR
RYHU �� FIV IRU ODUJHU GLWFKHV� 15&6 DQG WKH 6FRWW 9DOOH\ 5&' �15&6 ����� 6LVNL\RX 5&' DQG
15&6 ����� DQDO\]HG GLWFK ORVVHV LQ WKH 69,' GLWFK� ZKLFK DPRXQWHG WR DQ DYHUDJH RI ��� FIV SHU
PLOH RU D WRWDO RI �� FIV RYHU WKH OHQJWK RI WKH FDQDO�

69,' RSHUDWLRQV DQG PDQDJHPHQW ZLOO OLNHO\ DIIHFW RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ
WKH %DVLQ� $Q\ PDQDJHPHQW DFWLRQV RU SURMHFWV LPSOHPHQWHG E\ WKH *6$ PXVW DYRLG LPSDFWLQJ
WKH 69,' ZDWHU ULJKW� ZKLFK LV D SRVW����� DSSURSULDWLYH ULJKW� ,Q ��������� D UHFKDUJH VWXG\
ZDV FRQGXFWHG ZLWK 69,' DQG WKH 8QLYHUVLW\ RI &DOLIRUQLD� 'DYLV �'DKONH ������ 69,' LV SDUW RI
WKH DFWLYH 6FRWW 5HFKDUJH 3URMHFW �DV GHVFULEHG LQ &KDSWHU ��� DQG LW LV DQWLFLSDWHG WKDW DGGLWLRQDO
UHFKDUJH SURMHFWV ZLOO EH FRQGXFWHG ZLWK 69,' GXULQJ LPSOHPHQWDWLRQ RI WKLV *63�
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)LJXUH �� ,Q WKH &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP �&*03�� ZDWHU OHYHOV ZHUH PHD�
VXUHG EHWZHHQ ���� DQG ���� LQ WKH ZHOOV VKRZQ� WKRXJK WKH GLVWULEXWLRQ DQG WRWDO QXPEHU RI ZHOOV
EHLQJ PHDVXUHG KDV YDULHG RYHU WLPH�
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6FRWW 5LYHU :DWHUVKHG &RXQFLO �65:&�

$V DQ RXWJURZWK RI WKH RULJLQDO 6FRWW 5LYHU &RRUGLQDWHG 5HVRXUFH 0DQDJHPHQW 3ODQQLQJ �&503�
&RPPLWWHH WKDW VWDUWHG LQ ����� WKH 6FRWW 5LYHU :DWHUVKHG &RXQFLO KDV SURYLGHG D SURFHVV IRU
FROODERUDWLRQ ZLWK WKH PDQ\ HQWLWLHV LQYROYHG LQ WKH :DWHUVKHG� VXFK DV WKURXJK WKH GHYHORSPHQW
RI WKH ���� 65:& 6WUDWHJLF $FWLRQ 3ODQ� 7KLV SODQ OLVWV D VXPPDU\ RI WKH 6FRWW 5LYHU 0RQLWRULQJ
3URJUDP DFWLYLWLHV E\ YDULRXV JURXSV DQG DJHQFLHV�

,Q ����� WKH 65:& ZLWK WKH 6LVNL\RX 5&' SURGXFHG WKH 6FRWW 5LYHU :DWHUVKHG 5LSDULDQ 5HVWRUD�
WLRQ 6WUDWHJ\ DQG 6FKHGXOH �65:& DQG 5&' ������ $V QRWHG DERYH� WKH SXUSRVH RI WKH GRFXPHQW
LV ³WR LGHQWLI\ WKH PRVW DSSURSULDWH ORFDWLRQV DQG UHVWRUDWLRQ PHWKRGV WR HQKDQFH WKH ULYHU HFRV\V�
WHP WR EHQHILW WKH ZLOGOLIH DQG DTXDWLF KHDOWK RI WKH 6FRWW 5LYHU´ DQG ³RXWOLQH PHWKRGV WR PHHW WKH
LQWHQWLRQV RI WKH 6FRWW 5LYHU 70'/� WR WKH IXOOHVW H[WHQW SRVVLEOH´ �65:& DQG 5&' ������

6LQFH ����� WKH 6:5& EXLOW DQG PRQLWRUV SLORW %HDYHU 'DP $QDORJXH �%'$� SURMHFWV LQ VHYHUDO OR�
FDWLRQV RQ 6FRWW 5LYHU WULEXWDULHV� LQFOXGLQJ 0RIIHWW� )UHQFK� 0LQHUV� DQG 6XJDU &UHHNV� 0RQLWRULQJ
DW WKHVH SURMHFWV LQFOXGHV FRQWLQXRXV ZDWHU HOHYDWLRQ LQ VKDOORZ JURXQGZDWHU DQG�RU WKH K\SRUKHLF
]RQH EHQHDWK WKH VWUHDP� DV ZHOO DV VWUHDP WHPSHUDWXUH� 7KH 65:& FRQGXFWV SXEOLF RXWUHDFK
LQFOXGLQJ SURMHFW WRXUV DQG SDUWLFLSDWLRQ LQ WKH 6FRWW :DWHUVKHG ,QIRUPDWLRQDO )RUXP �6:,)��

6:5& UHSRUWV DQG GDWD DUH XVHG LQ WKH *63 WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV �VHH 6HF�
WLRQ ������� DQG LW LV H[SHFWHG WKDW RQJRLQJ PRQLWRULQJ GDWD PD\ EH XVHG GXULQJ *63 LPSOHPHQ�
WDWLRQ� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ DUH H[SHFWHG
GXH WR 65:& RSHUDWLRQV� WKRXJK FRRUGLQDWLRQ PD\ EH QHHGHG WR HQVXUH PDQDJHPHQW DFWLYLWLHV
LQYROYHG ZLWK *63 LPSOHPHQWDWLRQ DUH KDUPRQL]HG ZLWK RQJRLQJ 65:& SURMHFWV�

6FRWW 5LYHU :DWHU 7UXVW �65:7�

$V VWDWHG RQ LWV RIILFLDO ZHEVLWH� WKH 6FRWW 5LYHU :DWHU 7UXVW �65:7�� IRUPHG LQ ����� ³LV D
FRPPXQLW\�VXSSRUWHG RUJDQL]DWLRQ WKDW RSHUDWHV ZLWK WKH FRRSHUDWLRQ RI ORFDO IDUPHUV� UDQFKHUV�
DJHQFLHV� DQG EXVLQHVVHV´ ZLWK D PLVVLRQ WR ³LPSURYH VWUHDP IORZ LQ SULRULW\ ILVK KDELWDW UHDFKHV RI
WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV WKURXJK WKH GHYHORSPHQW RI YROXQWDU\ ORQJ�WHUP DQG SHUPDQHQW
ZDWHU GHGLFDWLRQV ZLWK DJULFXOWXUDO SURGXFHUV´ �65:7 ������ $V RI 6HSWHPEHU ����� WKH SULRULW\
ILVK KDELWDW UHDFKHV LQFOXGH�

� 6KDFNOHIRUG &UHHN DQG LWV 0LOO &UHHN WULEXWDU\
� )UHQFK &UHHN DQG LWV 0LQHU¶V &UHHN WULEXWDU\
� 3DWWHUVRQ &UHHN �ZHVW� � XSSHU
� 6RXWK )RUN 6FRWW 5LYHU
� (DVW )RUN 6FRWW 5LYHU
� 6XJDU &UHHN
� 0DLQVWHP 6FRWW 5LYHU

7R HQKDQFH KDELWDW LQ WKHVH SULRULW\ UHDFKHV� WKH 65:7 FRQGXFWV D 6HDVRQDO :DWHU /HDVLQJ 3UR�
JUDP� ZKLFK UHTXHVWV ³ODQGRZQHUV WR IRUEHDU DOO RU SDUW RI WKHLU GHFUHHG ZDWHU ULJKW LQ H[FKDQJH
IRU IDLU ILQDQFLDO FRPSHQVDWLRQ´ �65:7 ������ 7R DVVHVV ³SK\VLFDO DQG ELRORJLFDO FKDQJHV UHVXOW�
LQJ IURP WKH ZDWHU OHDVHV´� WKH 65:7 SHUIRUPV UHJXODU PRQLWRULQJ� 6LQFH ����� WKH 65:7 KDV
VXPPDUL]HG WKH UHVXOWV RI WKLV PRQLWRULQJ LQ DQQXDO UHSRUWV �65:7 ������,Q DGGLWLRQ� EHJLQQLQJ LQ
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���� WKH 65:7 H[SDQGHG LWV IRFXV WR LQFOXGH 6FRWW 9DOOH\ JURXQGZDWHU� SDUWLFLSDWLQJ LQ JURXQG�
ZDWHU PHHWLQJV DQG DVVLVWLQJ ZLWK WKH JURXQGZDWHU UHFKDUJH SLORW SURMHFW LQ ���� �65:7 ������

65:7 UHSRUWV DQG GDWD KDYH EHHQ XVHG LQ WKH *63 WR FKDUDFWHUL]H KLVWRULFDO %DVLQ FRQGLWLRQV
�VHH 6HFWLRQ ������� DQG LW LV H[SHFWHG WKDW RQJRLQJ PRQLWRULQJ GDWD PD\ EH XVHG GXULQJ *63
LPSOHPHQWDWLRQ� 1R OLPLWDWLRQV WR RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ LQ WKH %DVLQ DUH
H[SHFWHG GXH WR 65:7 RSHUDWLRQV� WKRXJK FRRUGLQDWLRQ PD\ EH QHHGHG WR HQVXUH PDQDJHPHQW
DFWLYLWLHV LQYROYHG ZLWK *63 LPSOHPHQWDWLRQ DUH KDUPRQL]HG ZLWK RQJRLQJ 65:7 SURMHFWV�

����� /DQG 8VH (OHPHQWV RU 7RSLF &DWHJRULHV RI $SSOLFDEOH *HQ�
HUDO 3ODQV

������� *HQHUDO 3ODQV

7KH RYHUDUFKLQJ IUDPHZRUN IRU ODQG XVH DQG GHYHORSPHQW LQ WKH &RXQW\ RI 6LVNL\RX LV WKH &RXQW\ RI
6LVNL\RX *HQHUDO 3ODQ �*HQHUDO 3ODQ�� :LWKLQ WKLV FRXQW\ZLGH *HQHUDO 3ODQ� D FRPSRQHQW HQWLWOHG
WKH 6FRWW 9DOOH\ $UHD 3ODQ �69$3� 69$3 ����� ZDV FUHDWHG E\ D FLWL]HQV FRPPLWWHH VSHFLILFDOO\
IRU 6FRWW 9DOOH\� 7KH 69$3 ZDV VXSSRUWHG LQ DQ DGYLVRU\ YRWH E\ PHPEHUV RI WKH 6FRWW 9DOOH\
FRPPXQLW\ DQG ZDV ODWHU DGRSWHG LQ ���� LQ D MRLQW UHVROXWLRQ RI WKH 6LVNL\RX &RXQW\ %RDUG RI
6XSHUYLVRUV DQG WKH 6LVNL\RX &RXQW\ 3ODQQLQJ &RPPLVVLRQ �69$3 ������ &RPPXQLW\�VSHFLILF
*HQHUDO 3ODQV KDYH DOVR EHHQ GHYHORSHG LQ 6FRWW 9DOOH\ IRU WKH PXQLFLSDOLWLHV RI )RUW -RQHV DQG
(WQD� (OHPHQWV RI WKH *HQHUDO 3ODQV RXWOLQH JRDOV IRU ODQG XVH DQG GHYHORSPHQW� DQG PHFKDQLVPV
IRU DFKLHYLQJ WKRVH JRDOV LQFOXGH SROLFLHV DQG ]RQLQJ UHJXODWLRQV�

&RXQW\ RI 6LVNL\RX *HQHUDO 3ODQ

7KH &RXQW\¶V *HQHUDO 3ODQ VHUYHV DV D JXLGH IRU ODQG XVH GHFLVLRQV ZLWKLQ WKH &RXQW\� HQVXULQJ
DOLJQPHQW ZLWK FRPPXQLW\ REMHFWLYHV DQG SROLFLHV� :KLOH WKH *HQHUDO 3ODQ GRHV QRW SUHVFULEH ODQG
XVHV WR SDUFHOV RI ODQG� LW GRHV LGHQWLI\ DUHDV WKDW DUH QRW VXLWDEOH IRU VSHFLILF XVHV� 7KH FRPSRQHQWV
RI WKH *HQHUDO 3ODQ ZLWK WKH PRVW UHOHYDQFH WR WKH *63 LQFOXGH WKH &RQVHUYDWLRQ (OHPHQW� 2SHQ
6SDFH (OHPHQW� DQG 69$3 �69$3 ������ 0DQ\ RI WKH REMHFWLYHV DQG SROLFLHV ZLWKLQ WKH *HQHUDO
3ODQ DOLJQ ZLWK WKH DLPV RI WKH *63 DQG VLJQLILFDQW FKDQJHV WR ZDWHU VXSSO\ DVVXPSWLRQV ZLWKLQ
WKHVH SODQV DUH QRW DQWLFLSDWHG�

7KH &RQVHUYDWLRQ (OHPHQW RI WKH *HQHUDO 3ODQ UHFRJQL]HV WKH LPSRUWDQFH RI ZDWHU UHVRXUFHV LQ
WKH &RXQW\ DQG RXWOLQHV REMHFWLYHV IRU WKH FRQVHUYDWLRQ DQG SURWHFWLRQ RI WKHVH UHVRXUFHV WR HQVXUH
FRQWLQXHG EHQHILFLDO XVHV IRU SHRSOH DQG ZLOGOLIH� 0HWKRGV IRU DFKLHYLQJ WKHVH REMHFWLYHV LQFOXGH
ORFDO OHJLVODWLRQ� VXFK DV IORRGSODLQ ]RQLQJ DQG PDQGDWRU\ VHWEDFNV� VXEGLYLVLRQ UHJXODWLRQV� JUDG�
LQJ RUGLQDQFHV� DQG SXEOLFO\ PDQDJHG ODQGV WR HQVXUH SUHVHUYDWLRQ RI RSHQ VSDFHV IRU UHFUHDWLRQDO
XVH� 7KH LPSRUWDQFH RI ZDWHU UHVRXUFHV LV FOHDUO\ QRWHG� ³*URXQGZDWHU UHVRXUFHV� ZDWHU TXDOLW\
DQG IORRG FRQWURO UHPDLQ WKH PRVW LPSRUWDQW ODQG XVH GHWHUPLQDQWV ZLWKLQ WKH FRXQW\´ �&RXQW\ RI
6LVNL\RX ������ 6SHFLILF WRSLFV DGGUHVVHG LQFOXGH� SUHYHQWLQJ SROOXWLRQ IURP LQGXVWULDO DQG DJULFXO�
WXUDO ZDVWH� PDLQWDLQLQJ ZDWHU VXSSO\ DQG SODQQLQJ IRU IXWXUH H[SDQVLRQ� UHFODLPLQJ DQG UHF\FOLQJ
ZDVWHZDWHU� DQG SURWHFWLQJ ZDWHUVKHG DQG UHFKDUJH ODQGV IURP GHYHORSPHQW� 7KHVH REMHFWLYHV LQ
WKH &RQVHUYDWLRQ (OHPHQW PLUURU WKH REMHFWLYHV RI WKH *63� QDPHO\ HQVXULQJ D VXVWDLQDEOH ZDWHU
VXSSO\� WKH SURWHFWLRQ DQG SUHVHUYDWLRQ RI ZDWHUVKHG DQG ZDWHU UHFKDUJH ODQGV� DQG SUHYHQWLRQ RI
GHJUDGDWLRQ RI ZDWHU TXDOLW\�
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7KH 2SHQ 6SDFH (OHPHQW RI WKH *HQHUDO 3ODQ �&RXQW\ RI 6LVNL\RX ����� LQFOXGHV LQ LWV GHILQLWLRQ
RI RSHQ VSDFH DQ\ DUHD RI ODQG WKDW VHUYHV DV RSHQ VSDFH� ZDWHUVKHG� DQG JURXQGZDWHU UHFKDUJH
ODQG� DPRQJ RWKHU XVHV� 7KH LPSRUWDQFH RI SURWHFWLQJ WKHVH ODQGV LV UHFRJQL]HG IRU PDLQWDLQLQJ
ZDWHU TXDOLW\ DQG TXDQWLW\� 0HFKDQLVPV WR SUHVHUYH WKHVH VSDFHV LQFOXGH PDLQWDLQLQJ RU FUHDWLQJ
VFHQLF HDVHPHQW DJUHHPHQWV� SUHVHUYHV� RSHQ VSDFH DJUHHPHQWV� DQG GHVLJQDWLRQ RI ODQGV IRU
UHFUHDWLRQDO RU RSHQ VSDFH SXUSRVHV� $ SROLF\ IRU RSHQ VSDFH UHTXLUHPHQWV LV LQFOXGHG ZLWK PLQ�
LPXP WKUHVKROGV RI ��� RI SURSRVHG GHYHORSPHQWV DV RSHQ VSDFH� 3URWHFWLRQ RI RSHQ VSDFH IRU
KDELWDW� ZDWHU TXDOLW\� DQG ZDWHU TXDQWLW\ DOLJQ ZLWK WKH REMHFWLYHV RI WKH *63�

6FRWW 9DOOH\ $UHD 3ODQ

8QGHU WKH *HQHUDO 3ODQ� D ODQG XVH HOHPHQW ZDV DGRSWHG VSHFLILFDOO\ IRU 6FRWW 9DOOH\� 7KH 6FRWW
9DOOH\ $UHD 3ODQ �69$3� ZDV FUHDWHG E\ D FRPPLWWHH RI 6FRWW 9DOOH\ UHVLGHQWV ZLWK SXEOLF LQSXW DQG
DVVLVWDQFH IURP WKH &RXQW\ 3ODQQLQJ 'HSDUWPHQW DQG RWKHU SXEOLF DJHQFLHV� 7KH 69$3 FRQWDLQV
ERWK WKH /DQG 8VH (OHPHQW RI WKH *HQHUDO 3ODQ IRU 6FRWW 9DOOH\ DQG WKH DVVRFLDWHG (QYLURQPHQ�
WDO ,PSDFW 5HSRUW� 6HYHQ PDSV RI 6FRWW 9DOOH\ RXWOLQLQJ GHHU ZLQWHULQJ DUHDV� H[FHVVLYH VORSHV�
IORRGSODLQV� JRYHUQPHQW ODQGV� ODQGVOLGH DUHDV� DQG SULPH DJULFXOWXUDO ODQGV ZLWKLQ 6FRWW 9DOOH\
DUH DOVR LQFOXGHG LQ WKH *HQHUDO 3ODQ� (VWDEOLVKHG LQ UHVSRQVH WR D SODQQHG VXEGLYLVLRQ GHYHORS�
PHQW� WKH 69$3 ZDV FUHDWHG ZLWK WKH LQWHQW RI SURWHFWLQJ WKH SULPH DJULFXOWXUDO ODQG DQG QDWXUDO
UHVRXUFHV RI 6FRWW 9DOOH\ ZKLOH PDQDJLQJ JURZWK� ,W ZDV UDWLILHG RQ 1RYHPEHU ��� ����� DV SDUW
RI WKH &RXQW\ RI 6LVNL\RX *HQHUDO 3ODQ �69$3 ������ 7KH 69$3 LQFOXGHV ODQG XVH SROLFLHV WR
HQVXUH DOLJQPHQW ZLWK FRPPXQLW\ JRDOV� QDPHO\� SURWHFWLRQ RI WKH HFRQRPLF LQWHUHVWV� QDWXUDO UH�
VRXUFHV� ZLOGOLIH� DQG VDIHW\ RI WKH UHVLGHQWV RI 6FRWW 9DOOH\� 7KHVH SROLFLHV LQFOXGH JXLGHOLQHV IRU
ODQG XVH DQG GHYHORSPHQW LQ DUHDV DW ULVN IRU QDWXUDO KD]DUGV LQFOXGLQJ JHRORJLF KD]DUGV� IORRGLQJ�
DQG ZLOGILUH� 6SHFLILFDWLRQV IRU WKHVH DUHDV LQFOXGH SHUPLWWHG ODQG XVH� UHVLGHQWLDO GHQVLWLHV� DQG
UHTXLUHPHQWV IRU GHYHORSPHQW� )RU DUHDV ZLWK H[FHVVLYH VORSHV� UXQRII� ZDWHU TXDOLW\� DQG HURVLRQ
DUH FRQVLGHUHG LQ DGGLWLRQ WR VDIHW\ FRQFHUQV� &RQFHQWUDWLRQ RI JURZWK QHDU FRPPXQLWLHV DQG WKH
ORZ�GHQVLW\ GHYHORSPHQW SROLFLHV LQFOXGHG LQ WKH SODQ DUH LQFOXGHG WR DYRLG VWUDLQ RQ SXEOLF VHU�
YLFHV� LQ DGGLWLRQ WR HQYLURQPHQWDO� DHVWKHWLF� DQG HFRQRPLF LQWHUHVWV� 7KH 69$3 LQFOXGHV PDQ\ RI
WKH SROLFLHV IRXQG LQ WKH ODQG XVH HOHPHQW RI WKH *HQHUDO 3ODQ EXW FRQWDLQV PRUH VWULQJHQW SROLFLHV
IRU GHYHORSPHQW RI SULPH DJULFXOWXUDO ODQG� 7KHVH VWULFWHU SROLFLHV LQFOXGH PLQLPXP SDUFHO VL]H RI
�� DFUHV RQ SULPH DJULFXOWXUDO ODQGV DQG UHVWULFWLRQ RI ODQG XVH RQ SULPH DJULFXOWXUDO VRLOV WR SXEOLF
DQG DJULFXOWXUDO XVHV�

6XSSOHPHQWDU\� FRPPXQLW\�VSHFLILF SROLFLHV IRU JURZWK DUH LQFOXGHG LQ WKH 69$3� 7KHVH LQFOXGH
SHUPLWWHG GHQVLWLHV DQG ODQG XVHV� DV ZHOO DV JURZWK OLPLWV RU ³VSKHUHV RI LQIOXHQFH´ DURXQG WKH
FLWLHV RI )RUW -RQHV DQG (WQD� &RPPXQLW\ SODQV DUH DOVR LQFOXGHG IRU *UHHQYLHZ DQG &DOODKDQ�
'HQVLW\ VSHFLILFDWLRQV IRU WKHVH FLWLHV DUH LQFOXGHG WR DYRLG VWUDLQ RQ SXEOLF VHUYLFHV� ZDWHU TXDOLW\�
DQG ZDWHU TXDQWLW\�

7KH 69$3 LQFOXGHV PXOWLSOH JRDOV DQG SROLFLHV WKDW DOLJQ ZLWK WKRVH LQ WKH *63� 6SHFLILFDOO\� WKH
IRFXV RQ PDQDJLQJ JURZWK LQ D VXVWDLQDEOH ZD\ ZKLOH SURWHFWLQJ SULPH DJULFXOWXUDO ODQG� SULRULW\
KDELWDWV� DQG QDWXUDO UHVRXUFHV LV DQ RYHUDUFKLQJ WKHPH LQ ERWK WKH 69$3 DQG WKH *63� *LYHQ
WKLV DOLJQPHQW RI WKH REMHFWLYHV LQ WKH *63 DQG *HQHUDO 3ODQ� VLJQLILFDQW FKDQJHV WR FXUUHQW ZDWHU
VXSSO\ DVVXPSWLRQV DUH QRW DQWLFLSDWHG�

&RXQW\ RI 6LVNL\RX /DQG 8VH DQG =RQLQJ

0DQ\ RI WKH SXUSRVHV DQG SROLFLHV LQ WKH /DQG 8VH HOHPHQW RI WKH *HQHUDO 3ODQ DOLJQ ZLWK WKH
REMHFWLYHV RI WKH *63� ,Q SDUWLFXODU� WKH ³ZLVH XVH� FRQVHUYDWLRQ� GHYHORSPHQW DQG SURWHFWLRQ´
RI WKH &RXQW\¶V QDWXUDO UHVRXUFHV� SURWHFWLRQ RI ZLOGOLIH� DQG SUHYHQWLRQ RI SROOXWLRQ VXSSRUW WKH
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REMHFWLYHV RI WKH *63� 0HFKDQLVPV WR DFKLHYH WKHVH JRDOV LQFOXGH SHUPLWWHG DQG UHVWULFWHG XVHV
IRU ODQG SDUFHOV� DQG UHTXLUHPHQWV DQG VWLSXODWLRQV IRU ODQG XVH DQG GHYHORSPHQW�

:KLOH WKH *HQHUDO 3ODQ FRQWDLQV VWDQGDUGV� SROLFLHV� DQG REMHFWLYHV UHODWHG WR ]RQLQJ� LW GRHV QRW
UHJXODWH ODQG XVH� /DQG XVH LV UHJXODWHG WKURXJK WKH 6LVNL\RX &RXQW\ 0XQLFLSDO &RGH =RQLQJ
2UGLQDQFH� LQ 7LWOH ��� &KDSWHU �� EHJLQQLQJ ZLWK $UWLFOH �� �&RXQW\ RI 6LVNL\RX ������ 7KH &RXQW\
RI 6LVNL\RX =RQLQJ 2UGLQDQFH RXWOLQHV WKH SHUPLWWHG W\SHV RI ODQG XVH ZLWKLQ HDFK ]RQLQJ GLVWULFW�
=RQLQJ FDWHJRULHV LQFOXGH UHVLGHQWLDO� FRPPHUFLDO� LQGXVWULDO� DJULFXOWXUDO� IRUHVWU\� RSHQ VSDFH�
DQG IORRGSODLQV�

������� &RPPXQLW\ 3ODQV

)RUW -RQHV *HQHUDO 3ODQ

7KH 7RZQ RI )RUW -RQHV *HQHUDO 3ODQ �)-*3� 3DFLILF 0XQLFLSDO &RQVXOWDQWV ����� ZDV GHYHORSHG
WR JXLGH FRPPXQLW\ GHFLVLRQV UHODWHG WR ODQG XVH DQG GHYHORSPHQW� 7KH ���� YHUVLRQ RI WKH )-*3
LQFRUSRUDWHV D ORQJ�WHUP YLHZ RI SODQQLQJ GHFLVLRQV� H[WHQGLQJ WR WKH \HDU ���� DQG LQFOXGHV WKH
UHTXLUHG HOHPHQWV RI ODQG XVH� RSHQ VSDFH� QRLVH� VDIHW\� FLUFXODWLRQ� KRXVLQJ� DQG FRQVHUYDWLRQ
�3DFLILF 0XQLFLSDO &RQVXOWDQWV ������ $UHDV VXEMHFW WR WKH )-*3 LQFOXGH WKH 7RZQ¶V MXULVGLFWLRQ
DQG VSKHUH RI LQIOXHQFH� DV GHILQHG E\ WKH &RXQW\ RI 6LVNL\RX /RFDO $JHQF\ )RUPDWLRQ &RPPLVVLRQ
�/$)&2�� )RUW -RQHV LV GHSHQGHQW RQ JURXQGZDWHU IRU ZDWHU VXSSO\ ZLWK LWV SULPDU\ ZHOO ORFDWHG
LQ WKH LQWHUFRQQHFWHG ]RQH�

7KH XQLQFRUSRUDWHG DUHDV VXUURXQGLQJ )RUW -RQHV� RXWVLGH RI WKH VSKHUH RI LQIOXHQFH� DUH JXLGHG
E\ WKH ODQG XVH SROLFLHV LQ WKH 69$3� 7KH 69$3 DOVR LQFOXGHV SROLFLHV IRU ODQG XVH DQG GHYHO�
RSPHQW ZLWKLQ WKH VSKHUHV RI LQIOXHQFH RI )RUW -RQHV DQG (WQD� LQFOXGLQJ UHTXLUHPHQWV IRU IORRG
KD]DUG DUHDV� DOORZDQFH IRU LQFUHDVHG UHVLGHQWLDO GHQVLWLHV� DQG H[FOXVLRQ IURP SROLFLHV UHODWLQJ
WR UHVRXUFH PDSV� $GGLWLRQDOO\� WKH 69$3 VSHFLILHV WKDW GHFLVLRQV ZLWKLQ WKH VSKHUHV RI LQIOXHQFH
PXVW EH UHIHUUHG WR WKH UHOHYDQW PXQLFLSDOLW\ SULRU WR DQ\ GHFLVLRQV E\ WKH &RXQW\� 7KHUH LV IOH[LELO�
LW\ LQ ]RQLQJ DV WKH 7RZQ FDQ ]RQH WKH ODQG IROORZLQJ DQQH[DWLRQ� DV RSSRVHG WR SUH�]RQLQJ� 7KH
/DQG 8VH *RDOV DQG 3ROLFLHV LQ WKH )-*3 GHVFULEH SHUPLWWHG GHQVLWLHV� ORW FRYHUDJHV� ODQG XVH
GHVLJQDWLRQV� DQG FRQVLVWHQW ]RQLQJ GHVLJQDWLRQV� $VVXPSWLRQV UHODWHG WR ZDWHU VXSSO\ LQFOXGHG
LQ WKLV SODQ DUH QRW DQWLFLSDWHG WR FKDQJH DV D UHVXOW RI *63 LPSOHPHQWDWLRQ�

(WQD *HQHUDO 3ODQ

7KH &LW\ RI (WQD¶V *HQHUDO 3ODQ �(*3� 3DFLILF 0XQLFLSDO &RQVXOWDQWV ����� GHVFULEHV REMHFWLYHV
DQG SURJUDPV WR JXLGH GHFLVLRQ�PDNLQJ DV LW UHODWHV WR ODQG XVH DQG GHYHORSPHQW WR HQVXUH WKH
SK\VLFDO� HFRQRPLF� DQG VRFLDO ZHOO EHLQJ RI WKH FRPPXQLW\� 7KH (*3 LV DSSOLFDEOH WKURXJK <HDU
���� DQG LQFRUSRUDWHV DOO HOHPHQWV� DV UHTXLUHG E\ 6HFWLRQ ����� RI WKH &DOLIRUQLD *RYHUQPHQW
&RGH� ODQG XVH� FLUFXODWLRQ� KRXVLQJ� FRQVHUYDWLRQ� RSHQ VSDFH� QRLVH� DQG VDIHW\� *RDOV LQFOXGHG
LQ WKH (*3 WKDW DUH SDUWLFXODUO\ UHOHYDQW WR WKH *63 LQFOXGH *RDO /8�� WR SUHVHUYH WKH VPDOO�WRZQ
DWPRVSKHUH WKURXJK SURWHFWLRQ RI VFHQHU\ DQG RSHQ VSDFHV �3DFLILF 0XQLFLSDO &RQVXOWDQWV ������
(WQD UHOLHV RQ VXUIDFH ZDWHU IRU LWV ZDWHU VXSSO\� GLYHUWLQJ ZDWHU RII RI (WQD &UHHN�

������� :LOOLDPVRQ $FW /DQG

&RQWUDFWV XQGHU WKH &DOLIRUQLD /DQG &RQVHUYDWLRQ $FW RI ����� FRPPRQO\ NQRZQ DV WKH:LOOLDPVRQ
$FW� DUH XVHG WR SUHVHUYH RSHQ VSDFH DQG DJULFXOWXUDO ODQGV� /RFDO JRYHUQPHQWV DQG SULYDWH
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ODQGRZQHUV HQWHU LQWR YROXQWDU\ DJUHHPHQWV WR UHVWULFW ODQG IRU XVH LQ DJULFXOWXUH RU DV RSHQ VSDFH�
3ULYDWH ODQGRZQHUV WKDW HQWHU LQWR D :LOOLDPVRQ $FW FRQWUDFW EHQHILW IURP ORZHU SURSHUW\ WD[HV�
/DQGV WKDW DUH HOLJLEOH WR EH HQUROOHG XQGHU WKHVH FRQWUDFWV PXVW EH D PLQLPXP RI ��� DFUHV DQG
FDQ EH HQUROOHG DV HLWKHU 3ULPH RU 1RQ�3ULPH :LOOLDPVRQ $FW )DUPODQG� EDVHG RQ WKH SURGXFWLY�
LW\ VSHFLILFDWLRQV RXWOLQHG LQ *RYHUQPHQW &RGH � ������� ,Q WKH &RXQW\ RI 6LVNL\RX� DV RI �����
������ DFUHV ���� VT NP� ZHUH HQUROOHG DV 3ULPH /DQG DQG ������� DFUHV ������ VT NP� ZHUH
HQUROOHG DV 1RQ�3ULPH /DQG �&DOLIRUQLD 'HSDUWPHQW RI &RQVHUYDWLRQ �'2&� ������

������� 6LVNL\RX /DQG 7UXVW &RQVHUYDWLRQ (DVHPHQWV

6HYHUDO UDQFKHV DQG RWKHU ODQGRZQHUV LQ 6FRWW 9DOOH\ KDYH HQWHUHG FRQVHUYDWLRQ HDVHPHQWV ZLWK
WKH 6LVNL\RX /DQG 7UXVW� 7KHVH FRQVHUYDWLRQ HDVHPHQWV DUH OHJDO DJUHHPHQWV E\ D ODQGRZQHU
WKDW VSHFLI\ WKH IXWXUH XVH RI WKH ODQG� 5HVWULFWLRQV RQ ODQG XVHV SULPDULO\ OLPLW QRQ�DJULFXOWXUDO
GHYHORSPHQW EH\RQG H[LVWLQJ JRYHUQPHQWDO ODQG XVH SODQV� &RQVHUYDWLRQ HDVHPHQWV DUH DFTXLUHG
WKURXJK D YDULHW\ RI DSSURDFKHV� LQFOXGLQJ LQ H[FKDQJH IRU ILQDQFLDO FRPSHQVDWLRQ�

����� $GGLWLRQDO *63 (OHPHQWV

������� 3ROLFLHV JRYHUQLQJ ZHOOKHDG SURWHFWLRQ� ZHOO FRQVWUXFWLRQ� GHVWUXF�
WLRQ� DEDQGRQPHQW DQG ZHOO SHUPLWWLQJ

,Q WKH 6FRWW 9DOOH\ %DVLQ� ZHOOKHDG SURWHFWLRQ DQG ZHOO FRQVWUXFWLRQ� GHVWUXFWLRQ� DQG DEDQGRQPHQW
DUH FRQGXFWHG DFFRUGLQJ WR UHOHYDQW VWDWH JXLGHOLQHV�
:HOO VWDQGDUGV DUH FRGLILHG LQ 7LWOH �� &KDSWHU � RI WKH &RXQW\ &RGH EDVHG RQ DQ RUGLQDQFH DGRSWHG
LQ ����� 7KHVH ZHOO VWDQGDUGV GHILQH PLQLPXP UHTXLUHPHQWV� LQFOXGLQJ WKRVH IRU PRQLWRULQJ ZHOOV�
ZHOO FRQVWUXFWLRQ� GHFRQVWUXFWLRQ� DQG UHSDLU� ZLWK WKH REMHFWLYH RI SUHYHQWLQJ JURXQGZDWHU SROOXWLRQ
RU FRQWDPLQDWLRQ �&RXQW\ RI 6LVNL\RX ����E�� 3URFHVVHV DQG UHTXLUHPHQWV IRU ZHOO SHUPLWWLQJ�
LQVSHFWLRQV� DQG UHSRUWLQJ DUH LQFOXGHG LQ WKLV FKDSWHU�
7KH &6(+' LV WKH ORFDO HQIRUFHPHQW DJHQF\ ZLWK WKH DXWKRULW\ WR LVVXH ZHOO SHUPLWV LQ WKH &RXQW\�
:HOO SHUPLW DSSOLFDWLRQV UHTXLUH LQIRUPDWLRQ IURP WKH DSSOLFDQW DQG DQ DXWKRUL]HG ZHOO FRQWUDFWRU�
DORQJ ZLWK D IHH�
7KH &RXQW\ KDV ZRUNHG RQ REWDLQLQJ K\GURORJLFDO GDWD�PRGHOLQJ WR KHOS LQIRUP LQGLYLGXDO ZHOO
SHUPLWWLQJ GHFLVLRQV EHJLQQLQJ ZLWK WKH 6FRWW 9DOOH\� DQG SXEOLF GLVFXVVLRQ DQG GHFLVLRQ PDNLQJ
UHODWHG WR WKH LPSDFWV RI WKH SXEOLF WUXVW GRFWULQH RQ JURXQGZDWHU PDQDJHPHQW LV RQ�JRLQJ� 7KH
*6$ ZLOO ORRN IRU RSSRUWXQLWLHV WR FRRUGLQDWH ZLWK WKH &RXQW\ RQ SURYLGLQJ FROOHFWHG K\GURORJLF
LQIRUPDWLRQ WKDW PD\ DVVLVW WKH &RXQW\�

������� *URXQGZDWHU 8VH

(IIHFWLYH $XJXVW �� ����� 2UGLQDQFH ����� DPHQGHG &KDSWHU �� RI 7LWOH � RI WKH &RXQW\ 6LVNL\RX
&RGH RI 2UGLQDQFHV WR DGG $UWLFOH �� $UWLFOH � GHILQHV XVH RI JURXQGZDWHU IRU FXOWLYDWLRQ RI FDQQDELV
WR EH D ZDVWH DQG�RU XQUHDVRQDEOH XVH RI JURXQGZDWHU DQG SURKLELWV H[WUDFWLRQ DQG GLVFKDUJH RI
JURXQGZDWHU XQGHUO\LQJ WKH &RXQW\ IRU WKLV DFWLYLW\�
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������� *URXQGZDWHU ([WUDFWLRQ DQG ,OOHJDO &DQQDELV

2Q $XJXVW �� ����� 2UGLQDQFH ����� DPHQGHG &KDSWHU �� RI 7LWOH � RI WKH &RXQW\ 6LVNL\RX &RGH
WR DGG $UWLFOH �� $UWLFOH � ILQGV H[WUDFWLQJ DQG GLVFKDUJLQJ JURXQGZDWHU IRU LOOHJDO FXOWLYDWLRQ RI
FDQQDELV WR EH D SXEOLF QXLVDQFH DQG D ZDVWH DQG�RU XQUHDVRQDEOH XVH RI JURXQGZDWHU DQG SUR�
KLELWV WKLV DFWLYLW\� 2UGLQDQFH ����� ZDV UHSODFHG E\ 2UGLQDQFH ����� LQ WKH IDOO RI ����� KRZHYHU�
WKH VXEVWDQWLYH SURYLVLRQV RI WKH RUGLQDQFH UHPDLQ WKH VDPH�

6LVNL\RX &RXQW\ KDV DGRSWHG PXOWLSOH RUGLQDQFHV UHODWLQJ WR WKH UHJXODWLRQ RI FDQQDELV� &KDS�
WHU �� RI 7LWOH �� RI WKH 6LVNL\RX &RXQW\ &RGH SURKLELWV DOO FRPPHUFLDO FDQQDELV DFWLYLWLHV� DQG
&KDSWHU �� OLPLWV SHUVRQDO FDQQDELV FXOWLYDWLRQ WR WKH LQGRRU JURZWK RI D PD[LPXP RI �� SODQWV
RQ SUHPLVHV ZLWK D OHJDO ZDWHU VRXUFH DQG DQ RFFXSLHG� OHJDOO\ HVWDEOLVKHG UHVLGHQFH FRQQHFWHG
WR DQ DSSURYHG VHZHU RU VHSWLF V\VWHP� 3HUVRQDO FXOWLYDWRUV DUH DOVR SURKLELWHG IURP HQJDJLQJ LQ
XQODZIXO RU XQSHUPLWWHG VXUIDFH GUDZLQJ RI ZDWHU DQG�RU SHUPLWWLQJ LOOHJDO GLVFKDUJHV RI ZDWHU IURP
WKH SUHPLVHV�

������� *URXQGZDWHU ([SRUW

*URXQGZDWHU H[SRUW LV UHJXODWHG LQ WKH &RXQW\ XQGHU 7LWOH �� &KDSWHU �� RI WKH 6LVNL\RX &RXQW\
&RGH� 6LQFH ����� &KDSWHU �� KDV UHJXODWHG WKH H[WUDFWLRQ RI JURXQGZDWHU IURP %XOOHWLQ ���
EDVLQV XQGHUO\LQJ WKH &RXQW\ IRU XVH RXWVLGH RI WKH EDVLQ IURP ZKLFK LW ZDV H[WUDFWHG� ([FHSWLRQV
LQFOXGH �� JURXQGZDWHU H[WUDFWLRQV E\ D GLVWULFW SXUYH\RU RI ZDWHU IRU DJULFXOWXUDO� GRPHVWLF� RU
PXQLFLSDO XVH ZKHUH WKH GLVWULFW LV ORFDWHG SDUWLDOO\ ZLWKLQ WKH &RXQW\ DQG SDUWLDOO\ LQ DQRWKHU FRXQW\�
VR ORQJ DV H[WUDFWHG TXDQWLWLHV DUH FRPSDUDEOH WR KLVWRULFDO YDOXHV� DQG �� H[WUDFWLRQV WR ERRVW
KHDGV IRU SRUWLRQV RI WKHVH VDPH ZDWHU SXUYH\RU IDFLOLWLHV� FRQVLVWHQW ZLWK KLVWRULFDO SUDFWLFHV RI
WKH GLVWULFW� *URXQGZDWHU H[WUDFWLRQV IRU XVH RXWVLGH WKH &RXQW\ WKDW GR QRW IDOO ZLWKLQ WKH H[FHSWLRQV
DUH UHTXLUHG WR REWDLQ D SHUPLW IRU JURXQGZDWHU H[WUDFWLRQ� 3HUPLW DSSOLFDWLRQ SURFHVVHV� WLPHOLQHV�
DQG VSHFLILFDWLRQV DUH GHVFULEHG LQ WKLV RUGLQDQFH�

,Q 0D\ RI ����� 7LWOH �� &KDSWHU ��� ZDV DPHQGHG WR DGG $UWLFOH ���� ZKLFK UHJXODWHV� WKURXJK PLQ�
LVWHULDO SHUPLWWLQJ� WKH H[WUDFWLRQ RI JURXQGZDWHU IRU XVH RII WKH SDUFHO IURP ZKLFK LW ZDV H[WUDFWHG�
7KLV SURYLVLRQ UHTXLUHV H[WUDFWHG JURXQGZDWHU EH IRU XVHV DQG DFWLYLWLHV DOORZHG E\ WKH XQGHUO\�
LQJ ]RQLQJ GHVLJQDWLRQ RI WKH SDUFHO�V� UHFHLYLQJ WKH ZDWHU DQG GRHV QRW DSSO\ WR WKH H[WUDFWLRQ
RI ZDWHU IRU WKH SXUSRVHV RI VXSSO\LQJ LUULJDWLRQ GLVWULFWV� HPHUJHQF\ VHUYLFHV� ZHOO UHSOHQLVKPHQW
IRU SHUPLWWHG ZHOOV� D ³SXEOLF ZDWHU V\VWHP�´ D ³FRPPXQLW\ ZDWHU V\VWHP�´ D ³QRQFRPPXQLW\ ZDWHU
V\VWHP�´ RU ³VPDOO FRPPXQLW\ ZDWHU V\VWHP´ DV GHILQHG E\ WKH +HDOWK DQG 6DIHW\ &RGH� VHUYLQJ
UHVLGHQWV RI WKH &RXQW\ RI 6LVNL\RX�

������� 3ROLFLHV IRU GHDOLQJ ZLWK FRQWDPLQDWHG JURXQGZDWHU

0LJUDWLRQ RI FRQWDPLQDWHG JURXQGZDWHU IURP SRLQW VRXUFHV� VXFK DV OHDNLQJ IXHO WDQNV� LV PDQ�
DJHG WKURXJK FRRUGLQDWLRQ ZLWK 1&5:4&% RU '76&� 2SHQ FOHDQXS VLWHV DUH GLVFXVVHG LQ 6HFWLRQ
�������� VXEVHFWLRQ ³&RQWDPLQDWHG 6LWHV´� 1RQ�SRLQW VRXUFHV RI FRQWDPLQDWHG JURXQGZDWHU� VXFK
DV PD\ RFFXU ZLWK WKH DSSOLFDWLRQ RI SHVWLFLGHV� DUH GHVFULEHG LQ 6HFWLRQ ��������
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������� 5HSOHQLVKPHQW RI JURXQGZDWHU H[WUDFWLRQV DQG FRQMXQFWLYH XVH

1R DUWLILFLDO JURXQGZDWHU UHSOHQLVKPHQW RU FRQMXQFWLYH XVH SURMHFWV LQ 6FRWW 9DOOH\ DUH FXUUHQWO\
RSHUDWLRQDO� *URXQGZDWHU UHFKDUJH H[SHULPHQWV ZHUH FRQGXFWHG LQ 6FRWW 9DOOH\ LQ ���� DQG
���� �'DKONH HW DO� ����� DQG WKH 69,' LV DFWLYHO\ H[SORULQJ WKH IHDVLELOLW\ RI D 0DQDJHG $TXLIHU
5HFKDUJH SLORW SURMHFW� 7R FRQGXFW WKH JURXQGZDWHU UHFKDUJH H[SHULPHQWV LQ ���� DQG ����� WKH
6:5&% JUDQWHG D WHPSRUDU\ JURXQGZDWHU VWRUDJH SHUPLW� WKH ILUVW IRU WKLV DSSOLFDWLRQ RI ZDWHU
GLYHUVLRQ DQG XVH� WR DOORZ 69,' WR GLYHUW D PD[LPXP YROXPH RI ����� DFUH�IHHW RI ZDWHU GXULQJ
KLJK IORZV �6:5&% ������ 7KH GLYHUWHG ZDWHU ZDV DSSOLHG DW YDURLRXV DPRXQWV DW YDULRXV WLPHV
WR DOIDOID ILHOGV WR HYDOXDWH JURXQGZDWHU UHFKDUJH DQG FURS HIIHFWV �'DKONH HW DO� ������

������� &RRUGLQDWLRQ ZLWK ODQG XVH SODQQLQJ DJHQFLHV

/DQG XVH SODQQLQJ DJHQFLHV PD\ OLPLW RSHUDWLRQDO IOH[LELOLW\ LQ *63 LPSOHPHQWDWLRQ� /DQG XVH
SODQQLQJ DJHQF\ SROLFLHV RU JXLGDQFH PD\ OLPLW ORFDWLRQV DQG�RU VL]H RI SURSRVHG SURMHFWV �VHH
&KDSWHU ��� &RRUGLQDWLRQ ZLOO OLNHO\ EH UHTXLUHG ZLWK UHOHYDQW SODQQLQJ� SXEOLF ZRUNV DQG�RU ]RQLQJ
FRPPLVVLRQV�

������� 5HODWLRQVKLSV ZLWK VWDWH DQG IHGHUDO UHJXODWRU\ DJHQFLHV

7KH *6$ KDV UHODWLRQVKLSV ZLWK PXOWLSOH VWDWH� IHGHUDO DQG WULEDO DJHQFLHV� DV GHVFULEHG LQ WKH
6HFWLRQ ����� 0RQLWRULQJ DQG 0DQDJHPHQW 3URJUDPV� 7KHVH VWDWH DQG IHGHUDO DJHQFLHV LQFOXGH
&'):� 1&5:4%� 86)6� ':5 DQG 49,5� 7KH *6$ ZLOO FRQWLQXH WR FRRUGLQDWH DQG FROODERUDWH
ZLWK WKHVH DJHQFLHV WKURXJKRXW *63 GHYHORSPHQW DQG LPSOHPHQWDWLRQ�

��



��� %DVLQ 6HWWLQJ

����� +\GURJHRORJLF &RQFHSWXDO 0RGHO

������� *HRJUDSK\

7KH 6FRWW 5LYHU ZDWHUVKHG ���GLJLW +\GURORJLF 8QLW &RGH ��������� HQFRPSDVVHV ��� VTPL ������
VT NP� RI PRXQWDLQRXV WHUUDLQ FHQWHUHG RQ ��� VT PL ���� VT NP� RI YDOOH\ IORRU �)LJXUH ���� $ORQJ
WKH FRXUVH RI WKH PDLQVWHP RI WKH 6FRWW 5LYHU� WKH YDOOH\ IORRU VORSHV IURP ���� IW ���� P� DPVO
QHDU WKH FRQIOXHQFH ZLWK 6XJDU &UHHN WR ���� IW ���� P� DPVO DW WKH QRUWK HQG RI WKH 9DOOH\ �)LJXUH
���� 7KH DUHD WKDW RYHUOLHV WKH DTXLIHU �WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ� KHUHDIWHU WKH %DVLQ�
LQFOXGHV WKH EURDG FHQWUDO DUHD EHWZHHQ WKH FLWLHV RI )RUW -RQHV DQG (WQD DQG WKHPRXWKV RI PXOWLSOH
FDQ\RQV ZKLFK FRQYH\ WULEXWDULHV RQ WKH ZHVWHUQ VLGH RI WKH %DVLQ DQG DUH W\SLFDOO\ GU\ JXOFKHV RQ
WKH HDVWHUQ VLGH �)LJXUH ����

7KH YDOOH\ IORRU WUDQVLWLRQV VKDUSO\ WR WKH PRXQWDLQV ERUGHULQJ WKH 9DOOH\� DOO RI ZKLFK DUH VXEUDQJHV
RI WKH .ODPDWK 0RXQWDLQ 5DQJH� 7KH 6FRWW %DU� 0DUEOH� 6DOPRQ� DQG 6FRWW 0RXQWDLQV ERXQG WKH
:DWHUVKHG WR WKH QRUWK� ZHVW� VRXWKZHVW� DQG VRXWK� UHVSHFWLYHO\� 7KH PRXQWDLQV RQ WKH ZHVW VLGH
RI 6FRWW 9DOOH\ DUH VWHHSHU DQG UHDFK KLJKHU HOHYDWLRQV ������ WR ����� IW DPVO� ���� WR ���� P
DPVO� WKDQ WKH KLOOV WKDW ERUGHU WKH HDVW VLGH RI WKH 9DOOH\� NQRZQ DV WKH 0LQHUDO 5DQJH ������ WR
����� IW DPVO� ����� WR ����� P DPVO�� (OHYDWLRQV LQ WKH :DWHUVKHG UDQJH IURP ����� IW ������
P� DPVO RQ &KLQD 0RXQWDLQ� SDUW RI WKH 6FRWW 0RXQWDLQV� WR ����� IW ���� P� DPVO ZKHUH WKH 6FRWW
5LYHU MRLQV WKH .ODPDWK DW 5LYHU 0LOH ���� 7ULEXWDULHV WR WKH 6FRWW 5LYHU IURP WKH ZHVWHUQ PRXQWDLQV
KDYH GHSRVLWHG VWHHS DOOXYLDO IDQV RQ WKH YDOOH\ IORRU �0DFN ������

9HJHWDWLRQ RQ WKH PRXQWDLQV WR WKH QRUWK� VRXWK� DQG ZHVW RI 6FRWW 9DOOH\ PDLQO\ FRQVLVWV RI PL[HG
FRQLIHU DQG KDUGZRRG WUHH VSHFLHV �+DUWHU DQG +LQHV ����� 1&5:4&% ������ 7KH PRXQWDLQV
RQ WKH HDVWHUQ VLGH RI WKH :DWHUVKHG KRVW DQQXDO DQG SHUHQQLDO JUDVVHV DQG VKUXEV� LQ DGGL�
WLRQ WR FRQLIHU VWDQGV ZLWK SRQGHURVD SLQH �+DUWHU DQG +LQHV ������ 7KH 9DOOH\ DQG KHDGZDWHU
WULEXWDULHV RI WKH PRXQWDLQV VXUURXQGLQJ 6FRWW 9DOOH\ SURYLGH NH\ VSDZQLQJ DQG UHDULQJ KDELWDW
IRU QDWLYH DQDGURPRXV ILVK VSHFLHV� LQFOXGLQJ 2QFRUK\QFKXV WVFKDZ\WVFKD �&KLQRRN VDOPRQ� DQG
2QFRUK\QFKXV NLVXWFK �FRKR VDOPRQ�� &RKR VDOPRQ LQ WKH 6RXWKHUQ 2UHJRQ 1RUWKHUQ &DOLIRUQLD
&RDVW (YROXWLRQDU\ 6LJQLILFDQW 8QLW �621&& (68� DUH OLVWHG DV WKUHDWHQHG DW ERWK WKH IHGHUDO DQG
VWDWH OHYHOV �1&5:4&% ������

6L[ VXEZDWHUVKHGV� JURXSHG E\ JHRJUDSKLF UHJLRQ� KDYH EHHQ GHILQHG LQ 6FRWW 9DOOH\� WKH (DVW
+HDGZDWHUV� :HVW +HDGZDWHUV� WKH 9DOOH\� :HVWVLGH 0RXQWDLQV� WKH (DVWVLGH IRRWKLOOV DQG 0RIIHWW
&UHHN� DQG WKH &DQ\RQ �65:& ������

7KH (DVW +HDGZDWHUV HQFRPSDVV WKH (DVW )RUN RI WKH 6FRWW 5LYHU DERYH &DOODKDQ� ZKLFK GUDLQV
D ����� VT PL ���� VT NP� DUHD LQ WKH 6FRWW 0RXQWDLQV DQG FRQYHUJHV ZLWK WKH 6RXWK )RUN DW

��
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)LJXUH ��� 7RSRJUDSK\ RI WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ DQG VXUURXQGLQJ ZDWHUVKHG�
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

5LYHU 0LOH ��� (OHYDWLRQV UDQJH IURP ����� IW ����� P� RQ &KLQD 0RXQWDLQ WR ����� IW ���� P� DW
&DOODKDQ� WULEXWDULHV WHQG WR EH VPDOO DQG VWHHS� IORZLQJ LQWR ORZ JUDGLHQW FKDQQHOV DW WKH EDVH RI
YDOOH\V �65:& ������ /DQG XVHV LQ WKH VXUURXQGLQJ DUHDV DUH SUHGRPLQDQWO\ IRUHVW� UDQJHODQG�
DQG LUULJDWHG DJULFXOWXUH�
7KH :HVW +HDGZDWHUV HQFRPSDVV WKH 6RXWK )RUN RI WKH 6FRWW 5LYHU DERYH &DOODKDQ� ZKLFK GUDLQV
D ���� VT PL ������ VT NP� DUHD ZLWK HOHYDWLRQV IURP ����� IW ������ P� WR ����� IW ���� P� DW
&DOODKDQ �65:& ������ 7ULEXWDULHV DUH JHQHUDOO\ VPDOO DQG VWHHS DQG DUH LPSDFWHG E\ VQRZ
SDFN DQG UXQRII� /DQG LQ WKLV VXEZDWHUVKHG LV SUHGRPLQDQWO\ XVHG IRU FRPPHUFLDO IRUHVWODQG DQG
ZLOGHUQHVV DUHDV�
7KH 9DOOH\ HQFRPSDVVHV WKH DUHD IURP &DOODKDQ WR WKH ORZHU HQG RI 6FRWW 9DOOH\� /DQG LQ WKLV
DUHD LV SUHGRPLQDQWO\ XVHG IRU DJULFXOWXUH� 7KLV VXEZDWHUVKHG LQFOXGHV ��� ��� DFUHV ���� VT
NP� DQG LQFOXGHV WKH DOOXYLDO GHSRVLWV E\ WULEXWDULHV WR 6FRWW 9DOOH\ �65:& ������ )ORRG FRQ�
WURO DQG EDQN VWDELOL]DWLRQ PHDVXUHV KDYH EHHQ LPSOHPHQWHG DORQJ PXFK RI WKH FKDQQHO LQ WKLV
VXEZDWHUVKHG� 0DLQ WULEXWDULHV LQFOXGH )UHQFK� (WQD� DQG .LGGHU &UHHNV� 7KH PDLQVWHP RI WKH
6FRWW 5LYHU LQ WKLV VXEZDWHUVKHG KDV D VLQXRXV FKDQQHO SDWWHUQ� ZLWK D ZLGH� IODW IORRGSODLQ DQG
RII�FKDQQHO KDELWDW� 7KH DYHUDJH VORSH RI WKH 6FRWW 5LYHU LQ WKLV VXEZDWHUVKHG LV OHVV WKDQ ����
�65:& ������ 6WUHDPEHG FRPSRVLWLRQ YDULHV WKURXJKRXW WKLV VHFWLRQ IURP FREEOH�GRPLQDWHG LQ
WKH VWHHSHU UHDFKHV QHDU &DOODKDQ� VDQG�GRPLQDWHG LQ WKH ORZ�VORSH UHDFKHV E\ )RUW -RQHV DQG
FREEOH�GRPLQDWHG LQ WKH UHVW RI WKH FKDQQHO �65:& ����� 6RPPDUVWURP� .HOORJJ� DQG .HOORJJ
������
7KH :HVWVLGH 0RXQWDLQV DUH WKH VRXUFH RI VRPH RI WKH PDMRU WULEXWDU\ VWUHDPV WR 6FRWW 5LYHU
LQFOXGLQJ� 6XJDU &UHHN� )UHQFK &UHHN� (WQD &UHHN� .LGGHU�3DWWHUVRQ &UHHNV DQG 6KDFNOHIRUG�0LOO
&UHHNV� (OHYDWLRQV IDOO LQ WKH UDQJH RI ����� IW ���� P� LQ 4XDUW] 9DOOH\ WR ����� IW ������ P� DW
%RXOGHU 0RXQWDLQ� 7KLV VXEZDWHUVKHG GUDLQV ��� VT PL� ZLWK SUHFLSLWDWLRQ DW HOHYDWLRQV DERYH
����� IW ������ P� IDOOLQJ DV VQRZ �65:& ������ +HDGZDWHU WULEXWDULHV LQ WKLV DUHD DUH PRVWO\
VWHHS� VPDOO� DQG ORZ RUGHU ZLWK VWUHDPIORZV KHDYLO\ LQIOXHQFHG E\ VQRZIDOO� 7KHVH KLJK�JUDGLHQW
VWUHDPV IORZ LQWR ORZHU JUDGLHQW DOOXYLDO FKDQQHOV DW YDOOH\ ERWWRPV� 0RVW RI WKH ODQG LQ WKLV DUHD
LV ZLOGHUQHVV DQG FRPPHUFLDO IRUHVWODQG ZLWK VRPH UHVLGHQFHV LQ WKH ORZHU DUHDV�
7KH ODUJHVW ZDWHUVKHG LQ WKH (DVWVLGH )RRWKLOOV LV 0RIIHWW &UHHN ZKLFK GUDLQV ����� VT PL ���� VT
NP� ZLWK HOHYDWLRQV UDQJLQJ IURP ����� WR ����� IW ����±����� P� �65:& ������ 2WKHU VWUHDPV
LQ WKH HDVWVLGH IRRWKLOOV DUH HSKHPHUDO� 7KH &DQ\RQ LV D VPDOO VXEZDWHUVKHG WKDW LQFOXGHV �� PL
��� NP� RI WKH 6FRWW 5LYHU WKDW IORZV WKURXJK D VWHHS FDQ\RQ� DQG LV IHG E\ SHUHQQLDO WULEXWDULHV RI
&DQ\RQ� .HOVH\� 0LGGOH� 7RPSNLQV� DQG 0LOO &UHHNV �65:& ������

������� &OLPDWH

6FRWW 9DOOH\ KDV D 0HGLWHUUDQHDQ FOLPDWH ZLWK GLVWLQFWLYH VHDVRQV RI FRRO� ZHW ZLQWHUV DQG ZDUP�
GU\ VXPPHUV� 7KH RURJUDSKLF HIIHFW RI WKH PRXQWDLQV WR WKH ZHVW DQG VRXWK RI WKH 9DOOH\ FUHDWHV D
UDLQ�VKDGRZ LQ HDVWHUQ DUHDV RI WKH 9DOOH\� /RQJ�WHUP UHFRUGV DUH DYDLODEOH IURP 1DWLRQDO 2FHDQLF
DQG $WPRVSKHULF $GPLQLVWUDWLRQ �12$$� ZHDWKHU VWDWLRQV LQ DQG DURXQG 6FRWW 9DOOH\� UHOHYDQW
VWDWLRQV DUH OLVWHG LQ 7DEOH �� 7KH KLJKHU HOHYDWLRQ DUHDV WR WKH ZHVW DQG VRXWK RI WKH 9DOOH\
KLVWRULFDOO\ UHFHLYH JUHDWHU DQQXDO SUHFLSLWDWLRQ ���±�� LQFKHV >LQ@� ���±��� FHQWLPHWHUV >FP@� LQ
FRPSDULVRQ WR DQQXDO SUHFLSLWDWLRQ RQ WKH HDVW VLGH RI WKH 9DOOH\ ���±�� LQV� ��±�� FP� �65:&
������ $W HOHYDWLRQV EHORZ ����� IW ����� P�� SUHFLSLWDWLRQ PRVWO\ RFFXUV DV UDLQIDOO� DV LV WKH FDVH
RQ WKH YDOOH\ IORRU� 3UHFLSLWDWLRQ DFFXPXODWHV DV VQRZ LQ WKH VXUURXQGLQJ PRXQWDLQV� ZLWK D UDLQ�
VQRZ WUDQVLWLRQ ]RQH EHWZHHQ ����� DQG ����� IW ����� DQG ���� P� �0F,QQLV DQG :LOOLDPV ������

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

$FFXPXODWLRQ RI VQRZIDOO LQ WKH VXUURXQGLQJ PRXQWDLQV UHVXOWV LQ UXQRII GXULQJ VSULQJ PHOWLQJ �'HDV
DQG 7DQDND ������ /RQJ�WHUP PHDQ DQQXDO SUHFLSLWDWLRQ RQ WKH YDOOH\ IORRU LV �� LQ ��� FP� ZLWK
PRVW DFFXPXODWLRQ RFFXUULQJ GXULQJ WKH ZLQWHU DQG HDUO\ VSULQJ PRQWKV �2FWREHU±0D\�� ZLWK SHDN
SUHFLSLWDWLRQ LQ 'HFHPEHU DQG -DQXDU\ �)LJXUH ���� 0HDQ GDLO\ ORZ DQG KLJK WHPSHUDWXUHV IRU
-DQXDU\ DQG -XO\ DUH �� WR ��&HOVLXV �&� ��� WR ����)DKUHQKHLW �)�� DQG � WR ���& ��� WR ����)��
UHVSHFWLYHO\ �)LJXUH ���� 5HIHUHQFH HYDSRWUDQVSLUDWLRQ �(7� UDQJHV IURP ���� WR ���� LQ�GD\ �����
WR ���� FP�GD\� �)LJXUH ����

7KH ORQJ�WHUP KLVWRULFDO SUHFLSLWDWLRQ UHFRUG LQGLFDWHV WKDW UHFHQW DYHUDJH SUHFLSLWDWLRQ DQG VQRZIDOO
DUH ORZHU WKDQ OHYHOV UHFRUGHG LQ WKH PLGGOH RI WKH ��WK FHQWXU\� %HWZHHQ ���� DQG ����� WKH ���
\HDU WUDLOLQJ UROOLQJ DYHUDJH SUHFLSLWDWLRQ UDQJHG IURP ���� WR ���� LQ �����±���� FP� ZDWHU \HDUV
���� DQG ����� UHVSHFWLYHO\�� VLQFH ����� LW KDV UDQJHG EHWZHHQ ���� DQG ���� LQFKHV � ���������
FP�ZDWHU \HDUV ���� DQG ����� UHVSHFWLYHO\� )LJXUH ���� $GGLWLRQDOO\� DYHUDJH VQRZ GHSWK DW VQRZ
PHDVXUHPHQW VWDWLRQV QHDU WKH ZHVWHUQ ERXQGDU\ RI WKH :DWHUVKHG KDV JUDGXDOO\ GHFUHDVHG RYHU
WLPH� $OWKRXJK� DW WKUHH VWDWLRQV QHDU WKH VRXWKHUQ ERXQGDU\ RI WKH :DWHUVKHG WKH VQRZ GHSWKV
KDYH UHPDLQHG UHODWLYHO\ VWDEOH� 5HJUHVVLRQ OLQHV ILW WKURXJK WKH UHFRUG RI HDFK VWDWLRQ VXJJHVW
WKDW WKH DYHUDJH VQRZ GHSWKV LQ WKH ILYH ZHVWHUQ VWDWLRQV KDYH GHFOLQHG E\ ��� WR ���� LQ ���� WR
��� FP� SHU \HDU� ,Q WKH VRXWKHUQ SDUW RI WKH :DWHUVKHG� ORQJ�WHUP DYHUDJH VQRZ GHSWKV DW WKUHH
VWDWLRQV KDYH UHPDLQHG VWDEOH� LQFUHDVLQJ DW D UDWH EHWZHHQ ���� DQG ���� LQ ����� WR ��� FP� SHU
\HDU �)LJXUH ��� 7DEOH ��� 7KHUH KDV DOVR EHHQ D GHFUHDVH LQ WKH SHUFHQWDJH RI SUHFLSLWDWLRQ IDOOLQJ
DV VQRZ RQ D UHJLRQDO VFDOH RYHU WKH SDVW �� \HDUV� DV QRWHG E\ /\QQ HW� DO �������

7DEOH �� 6WDWLRQ GHWDLOV DQG UHFRUG OHQJWK IRU 12$$ ZHDWKHU VWDWLRQV LQ DQG QHDU 6FRWW 9DOOH\�
5HFRUG HQG GDWHV ZLWKLQ WKH \HDU ���� VLPSO\ UHIOHFW WKH ODVW GDWH RI GRZQORDG RI LQIRUPDWLRQ IURP
WKRVH GDWDEDVHV DQG GR QRW UHIOHFW WKH DFWXDO HQG RI WKH UHFRUG�

6WDWLRQ ,' 6WDWLRQ 1DPH (OHYDWLRQ
�IW DPVO�

6WDUW 'DWH (QG 'DWH 5HFRUG
/HQJWK
�\HDUV�

1R�
0LVVLQJ
'D\V

86�&$6.���� <5(.$ ��� :1:�
&$ 86

���� ���������� ���������� ���� ��

86&�������� &$//$+$1� &$
86

���� ���������� ���������� ���� ��

86&�������� (71$� &$ 86 ���� ���������� ���������� ���� ��
86&�������� )257 -21(6

5$1*(5 67$�
7,21� &$ 86

���� ���������� ���������� ���� ����

86&�������� *5((19,(:� &$
86

���� ���������� ���������� ���� ���

86&�������� <5(.$� &$ 86 ���� ���������� ���������� ����� ����

������� *HRORJ\

$ SRUWLRQ RI WKH &DOLIRUQLD *HRORJLF 6XUYH\ �&*6� GLJLWL]HG JHRORJLF PDS �&*6 ������ FHQWHUHG
RQ 6FRWW 9DOOH\� LV VKRZQ LQ )LJXUH ��� 'HVFULSWLRQV RI WKH JHRORJLF IRUPDWLRQV DUH SURYLGHG EHORZ
LQ 7DEOH ���

��
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7DEOH �� 6WDWLRQ GHWDLOV IRU &'(& VQRZ PHDVXUHPHQW VWDWLRQV LQ WKH 6FRWW 5LYHU ZDWHUVKHG�

6WDWLRQ
,'

6WDWLRQ 1DPH (OHYDWLRQ
�IW DPVO�

2SHUDWRU )LUVW
<HDU

/DVW
<HDU

$YJ�
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���� ���� ����
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PEY PDUEOH YDOOH\ ����� .1) 5DQJHU 'LVWULFW ���� ���� �����
PE� PLGGOH ERXOGHU

�
����� 86 %XUHDX RI 5HFODPDWLRQ ���� ���� ����

ORJ ORJ ODNH ����� .1) 5DQJHU 'LVWULFW ���� ���� ����
VFW VFRWW PRXQWDLQ ����� 86 %XUHDX RI 5HFODPDWLRQ ± ± ±
G\P G\QDPLWH

PHDGRZ
����� 6DOPRQ�6FRWW 5LYHU

5DQJHU 'LVWULFW
���� ���� ����

HWQ HWQD PRXQWDLQ ����� 6DOPRQ�6FRWW 5LYHU
5DQJHU 'LVWULFW

���� ���� ����

VZM VZDPS\ MRKQ ����� 6DOPRQ�6FRWW 5LYHU
5DQJHU 'LVWULFW

���� ���� ����

7KH %DVLQ ERXQGDU\ JHQHUDOO\ FRUUHVSRQGV WR WKH DUHD FRYHUHG E\ YDOOH\ DOOXYLXP� ERXQGHG E\ WKH
FRQWDFW EHWZHHQ WKH DOOXYLXP DQG ROGHU EHGURFN� DV VHHQ LQ )LJXUH ��� 7KH FRPSOH[ JHRORJ\ RI
6FRWW 9DOOH\ KDV SUHYLRXVO\ EHHQ VLPSOLILHG E\ JURXSLQJ JHRORJLF XQLWV LQWR IRXU PDLQ FDWHJRULHV�
4XDWHUQDU\ GHSRVLWV� JUDQLWLF EHGURFN� PDILF DQG XOWUDPDILF EHGURFN� DQG VHGLPHQWDU\ EHGURFN
�1&5:4&% ����� � *HQHUDOO\� 4XDWHUQDU\ GHSRVLWV DUH FRPSRVHG RI XQFRQVROLGDWHG JUDYHO VDQG
DQG VRLOV DQG PDNH XS WKH ORZ JUDGLHQW YDOOH\ IORRU� H[WHQGLQJ XS VRPH WULEXWDU\ YDOOH\V� 7KH
JUDQLWLF EHGURFN LV LQ WKH PRXQWDLQV WR WKH ZHVW RI WKH 9DOOH\� UDQJLQJ LQ FRPSRVLWLRQ IURP JUDQLWH
WR JUDQRGLRULWH �1&5:4&% ����� 0DFN ������ 0DILF DQG XOWUDPDILF EHGURFN LV ODUJHO\ DOWHUHG WR
VHUSHQWLQH DQG LV IRXQG LQ WKH 0DUEOH 0RXQWDLQV LQ WKH QRUWKHDVW SDUW RI WKH :DWHUVKHG DQG WKH
6FRWW 0RXQWDLQV LQ WKH VRXWKHDVW SDUW RI WKH :DWHUVKHG� 0DILF DQG XOWUDPDILF EHGURFN DOVR IRUP
D GLVFRQWLQXRXV EDQG� H[WHQGLQJ IURP WKH VRXWKHDVW WR QRUWKHDVW UHJLRQV RI WKH :DWHUVKHG� 0RVW
RI WKH :DWHUVKHG LV FRPSRVHG RI VHGLPHQWDU\ DQG PHWDPRUSKLF EHGURFN WKDW UDQJHV LQ DJH DQG
FRPSRVLWLRQ� 7KLV LQFOXGHV PHWDVHGLPHQWDU\ URFNV� ODUJHO\ 0HVR]RLF DQG 3DOHR]RLF LQ DJH� WKDW
DUH SDUW RI WKH :HVWHUQ 3DOHR]RLF DQG 7ULDVVLF EHOW� DQG SDUWV RI WKH (DVWHUQ .ODPDWK EHOW� LQFOXG�
LQJ PHWDVHGLPHQWDU\� PHWDYROFDQLFV� DQG 6LOXULDQ�2UGRYLFLDQ PDULQH URFNV �:DJQHU DQG 6DXFHGR
������ $ PRUH GHWDLOHG GHVFULSWLRQ RI WKH JHRORJ\ LV SURYLGHG EHORZ�

*HRORJLF +LVWRU\

6FRWW 9DOOH\ KDV WZR PDMRU JHRORJLF FRPSRQHQWV� WKH DOOXYLDO GHSRVLWV LQ WKH YDOOH\ DQG WKH XQ�
GHUO\LQJ EHGURFN� ZKLFK DOVR IRUPV WKH VXUURXQGLQJ PRXQWDLQV� 7KH %DVLQ LV SDUW RI WKH .ODPDWK
0RXQWDLQ 3URYLQFH� RQH RI WKH HOHYHQ JHRPRUSKLF SURYLQFHV ZLWKLQ &DOLIRUQLD� 7KH .ODPDWK 0RXQ�
WDLQ SURYLQFH ZDV FUHDWHG WKURXJK D VHULHV RI DFFUHWLRQDU\ HYHQWV GXULQJ WKH 3DOHR]RLF DQG 0HVR�
]RLF� 7HUUDQHV WKDW IRUP WKH EHGURFN LQ WKH 6FRWW 9DOOH\ DUHD ZHUH DFFUHWHG IURP ��� WR ��� PLOOLRQ
\HDUV DJR �0D� DQG LQFOXGH <UHND WHUUDQH� &HQWUDO 0HWDPRUSKLF EHOW� 6WXDUW )RUN WHUUDQH� DQG WKH

��
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WHUUDQHV RI WKH :HVWHUQ 3DOHR]RLF DQG 7ULDVVLF %HOW �)RJOLD HW DO� ������ ,QWUXVLYH HYHQWV UHVXOWHG
LQ WKH IRUPDWLRQ RI PDMRU SOXWRQV� LQFOXGLQJ 5XVVLDQ 3HDN� ORFDWHG WR WKH VRXWKZHVW RI 6FRWW 9DOOH\�
%HGURFN LQ WKH 6FRWW 9DOOH\ DUHD LV FRPSRVHG RI VOLJKWO\ PHWDPRUSKRVHG YROFDQLF DQG VHGLPHQWDU\
URFNV� PHGLXP WR KLJK JUDGH PHWDPRUSKLF URFNV� D VXLWH RI JUDQLWLF URFNV ZLWK FRPSRVLWLRQV IURP
JUDQLWH WR JUDQRGLRULWH� PDILF DQG XOWUDPDILF URFNV WKDW DUH PRVWO\ DOWHUHG WR VHUSHQWLQH� DQG PLQRU
DPRXQWV RI OLPHVWRQH �1&5:4&% ����� 0DFN ������

7KH ROGHVW RI WKH JHRORJLF IRUPDWLRQV WKDW IRUP WKH EHGURFN LQ 6FRWW 9DOOH\ LQFOXGH WKH $EUDPV
VHGLPHQWDU\ VHTXHQFH DQG 6DOPRQ YROFDQLF GHSRVLWV� IRUPDWLRQV WKDW OLNHO\ GDWH EDFN WR WKH SUH�
6LOXULDQ �0DFN ������ 6XEVHTXHQW PDULQH GHSRVLWV RI WKH &KDQFKHOXOOD IRUPDWLRQ DFFXPXODWHG GXU�
LQJ WKH 6LOXULDQ� FRLQFLGLQJ ZLWK D SHULRG RI VXEVLGHQFH� )ROORZLQJ GHSRVLWLRQ RI WKH &KDQFKHOXOOD�
WKHUH ZDV XSOLIW� PHWDPRUSKLVP� DQG HURVLRQ� IROORZHG E\ D SHULRG RI LQWHQVH YROFDQLF DFWLYLW\� 7KH
1HYDGDQ RURJHQ\� EHJLQQLQJ LQ WKH -XUDVVLF� UHVXOWHG LQ LQWHQVH IROGLQJ� IDXOWLQJ� DQG XSOLIW� ,J�
QHRXV LQWUXVLRQV ZHUH FRPPRQ WKURXJKRXW� DQG IROORZLQJ WKLV RURJHQ\� 'XULQJ WKH &UHWDFHRXV
SHULRG� WKH 6FRWW 9DOOH\ DUHD PD\ KDYH EHHQ FRPSOHWHO\ XQGHUZDWHU� FRYHUHG E\ D /DWH &UHWD�
FHRXV VHD� %\ WKH HQG RI WKLV SHULRG� XSOLIW UHVXOWHG LQ HOHYDWLRQ RI WKH PRXQWDLQV DERYH VHD OHYHO�
6XEVHTXHQW SHULRGV RI HURVLRQ DQG XSOLIW RFFXUUHG� ZLWK WKH IRUPDWLRQ RI 6FRWW 9DOOH\ WKRXJKW WR
KDYH WDNHQ SODFH GXULQJ WKH 4XDWHUQDU\ �0DFN ������

)ROGLQJ� IDXOWLQJ� DQG VKHDULQJ KDYH FDXVHG GHIRUPDWLRQ ZKLFK KDV� LQ WKH ODVW �±� PLOOLRQ \HDUV�
FDXVHG VXEVLGHQFH RI WKH YDOOH\ IORRU DQG XSOLIW RI WKH PRXQWDLQV �1&5:4&% ������ ,Q WKH 4XD�
WHUQDU\ DQG ODWH 7HUWLDU\� IDXOWLQJ UHVXOWHG LQ D GHSUHVVLRQ LQ WKH PLGGOH SRUWLRQ RI 6FRWW 9DOOH\�
ZKLFK OLHV VHYHUDO KXQGUHG IHHW ORZHU WKDQ WKH EHGURFN LQ WKH QRUWKHUQ SDUW RI WKH YDOOH\� 6WUHDPV
KDYH GHSRVLWHG VHGLPHQW WKURXJKRXW WKLV DUHD� UHVXOWLQJ LQ WKH DOOXYLDO ILOO WKDW FRPSULVHV WKH PDLQ
ZDWHU EHDULQJ XQLWV WRGD\�

7ULEXWDULHV RQ WKH ZHVWHUQ VLGH RI WKH YDOOH\ WKDW FRQYHUJHG ZLWK WKH 6FRWW 5LYHU HURGHG WKH ULGJHV
EHWZHHQ WKH ZHVWHUQ WULEXWDULHV DQG PDLQ YDOOH\� 5HFHQWO\� WKH EHGURFN EHORZ WKH YDOOH\ PRYHG
GRZQZDUG DORQJ WKH ZHVWHUQ PRXQWDLQ IDXOW DV WKH 6FRWW 5LYHU EHJDQ WR DJJUDGH� DQG WKH FRXUVH
RI WKH 6FRWW 5LYHU VKLIWHG WR IORZ DORQJ WKH HDVWHUQ VLGH RI WKH YDOOH\�

*HRORJLF 8QLWV

'HVFULSWLRQV RI WKH PDLQ VWUDWLJUDSKLF XQLWV LQ WKH 6FRWW 9DOOH\ DUHD� DV GHVFULEHG E\ 0DFN �������
DUH OLVWHG EHORZ IURP ROGHVW WR \RXQJHVW�

6DOPRQ DQG $EUDPV �3UH�6LOXULDQ�

7KH 6DOPRQ KRUQEOHQGH VFKLVW DQG $EUDPV PLFD VFKLVW DUH KLJKO\ PHWDPRUSKRVHG XQLWV WKRXJKW WR
EH 3UH�6LOXULDQ LQ DJH� 7KHVH IRUPDWLRQV DUH GLVWLQJXLVKHG E\ WKHLU KLJK GHJUHH RI PHWDPRUSKLVP
DQG UHSUHVHQW WKH ROGHVW IRUPDWLRQV LQ WKH DUHD �0DFN ������ 7KH $EUDPV LV D PHWDVHGLPHQWDU\
VHTXHQFH SUHGRPLQDQWO\ FRPSULVHG RI TXDUW]�PLFD VFKLVW� WKRXJK OLWKRORJ\ YDULHV ZLWK ORFDWLRQ�
$OWKRXJK KLJKO\ PHWDPRUSKRVHG� WKH VFKLVWRVLW\ PLUURUV WKH EHGGLQJ SODQHV RI WKH RULJLQDO VHGL�
PHQWDU\ GHSRVLWV� 7KH 6DOPRQ KRUQEOHQGH VFKLVW XQFRQIRUPDEO\ RYHUOLHV WKH $EUDPV� 3ULPDULO\
FRPSRVHG RI PHWDPRUSKRVHG YROFDQLF GHSRVLWV ZLWK LQWHUEHGGHG PHWDVHGLPHQWDU\ ZKLWH PDUEOH�
WKH 6DOPRQ IRUPDWLRQ VKRZV UHODWLYHO\ XQLIRUP OLWKRORJ\ WKURXJKRXW 6FRWW 9DOOH\ �0DFN ������

7KHVH WZR IRUPDWLRQV IRUP PRVW RI WKH EHGURFN RI WKH PRXQWDLQV VXUURXQGLQJ 6FRWW 9DOOH\� ZDWHU
IORZV WKURXJK IUDFWXUHV LQ WKHVH XQLWV WR IRUP VSULQJV�

&KDQFKHOXOOD �6LOXULDQ�

��
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7KH &KDQFKHOXOOD IRUPDWLRQ� FRPSRVHG RI JUHHQVWRQH DQG JUHHQVWRQH VFKLVW� XQFRQIRUPDEO\ RYHU�
OLHV WKH $EUDPV DQG 6DOPRQ IRUPDWLRQV� 7KLV 6LOXULDQ�DJH IRUPDWLRQ KDV EHHQ WHQWDWLYHO\ FRUUH�
ODWHG ZLWK +LQGV¶V &KDQFKHOXOOD IRUPDWLRQ� 7KHVH VWURQJO\ IROGHG� LQWHUEHGGHG OD\HUV RI FKHUW�
TXDUW]LWH� VODWH� SK\OOLWH� FKORULWH�VHULFLWH VFKLVW DQG OLPHVWRQH H[FHHG WKLFNQHVVHV RI ����� IW �����
P� DQG PDNH XS PRVW RI WKH EHGURFN LQ WKH VRXWKHUQ SRUWLRQ RI 6FRWW 9DOOH\� H[WHQGLQJ EHWZHHQ
&DOODKDQ DQG 6KDVWD 9DOOH\� :LWKLQ 6FRWW 9DOOH\ WKH &KDQFKHOXOOD KDV XQGHUJRQH VOLJKW PHWDPRU�
SKLVP� -RLQWLQJ LQ WKLV IRUPDWLRQ SURYLGHV SDWKZD\V IRU ZDWHU WR IORZ DQG IRUP VSULQJV�

*UHHQVWRQH �'HYRQLDQ�

*UHHQVWRQH DQG JUHHQVWRQH VFKLVWV KDYH EHHQ LGHQWLILHG DV SRVVLEO\ 'HYRQLDQ LQ DJH DQG XQFRQ�
IRUPDEO\ RYHUOLH WKH $EUDPV DQG 6DOPRQ IRUPDWLRQV LQ WKH QRUWK DQG ZHVWHUQ SRUWLRQV RI 6FRWW
9DOOH\� 7KH JUHHQVWRQH DQG JUHHQVWRQH VFKLVWV RI YROFDQLF RULJLQ FRQWDLQ OHQV�VKDSHG ROGHU VHG�
LPHQWDU\ EHGV� FRPSULVHG RI FKHUW� DUJLOOLWH� DQG OLPHVWRQH� 7KLV IRUPDWLRQ LV VWURQJO\ MRLQWHG� DO�
ORZLQJ ZDWHU WR IORZ WR VSULQJV�

6HUSHQWLQH �/DWH -XUDVVLF�

7KHVH LQWUXVLYH PDVVHV ZHUH RULJLQDOO\ SHULGRWLWH DQG KDYH EHHQ DOWHUHG WR VHUSHQWLQH� 7KH ODUJHVW
LQWUXVLRQV DUH LQ WKH QRUWKHUQ SDUW RI 6FRWW 9DOOH\ ZLWK VPDOOHU PDVVHV LQ WKH DUHD DURXQG &DOODKDQ�
7KH VHUSHQWLQH LV VWURQJO\ VKHDUHG DQG IUDFWXUHG� DOORZLQJ ZDWHU WR IORZ WR VSULQJV�

*UDQRGLRULWH �(DUO\ &UHWDFHRXV RU /DWH -XUDVVLF�

3UHGRPLQDQWO\ FRPSRVHG RI JUDQRGLRULWH� WKLV ERG\ LQWUXGHV WKH $EUDPV� 6DOPRQ� DQG *UHHQVWRQH
IRUPDWLRQV� 7KH JUDQRGLRULWH LV FRPPRQO\ VKHDUHG DQG VWURQJO\ MRLQWHG DQG ZDWHU WUDYHOV WKURXJK
WKHVH MRLQWV WR IHHG ZHVWHUQ WULEXWDU\ VWUHDPV�

$OOXYLDO )LOO

2OGHU $OOXYLXP �3OHLVWRFHQH�

7KH ROGHU DOOXYLXP LV FRPSRVHG RI SRRUO\ VRUWHG IDQ DQG WHUUDFH GHSRVLWV� OHVV WKDQ �� IW ��� P� LQ
WKLFNQHVV� 7KHVH GHSRVLWV ZHUH OLNHO\ IRUPHG EHWZHHQ SHULRGV RI XSOLIW DQG DUHPRVWO\ FRQFHQWUDWHG
DORQJ WKH HGJHV RI 6FRWW 9DOOH\� 7KH ROGHU DOOXYLXP LV FRQWLQXRXV LQ WKH VRXWKHUQ VHFWLRQV RI 6FRWW
9DOOH\ DQG LV SUHVHQW LQ GLVFRQWLQXRXV SDWFKHV QHDU 4XDUW] 9DOOH\ DQG (WQD &UHHN�

7KH ROGHU DOOXYLXP� SRRUO\ VRUWHG DQG OLPLWHG LQ H[WHQW� LV QRW NQRZQ WR EH D SURGXFWLYH DTXLIHU DQG
ZDWHU ZHOOV DUH SUHGRPLQDQWO\ ORFDWHG LQ WKH \RXQJHU DOOXYLXP�

<RXQJHU $OOXYLXP �5HFHQW�

7KH \RXQJHU DOOXYLXP LV FRPSRVHG RI FRQFXUUHQW VWUHDP FKDQQHO� IORRGSODLQ� DQG DOOXYLDO IDQ GH�
SRVLWV� )RUPLQJ DOOXYLDO SODLQV RI 2UR )LQR� 4XDUW] 9DOOH\� DQG 6FRWW 9DOOH\� WKH \RXQJHU DOOXYLXP
H[WHQGV XS WULEXWDULHV� 7KLQQLQJ WRZDUGV WKH YDOOH\ PDUJLQV� WKH \RXQJHU DOOXYLXP FDQ UHDFK WKLFN�
QHVVHV JUHDWHU WKDQ ��� IW ���� P� QHDU WKH FHQWHU RI 6FRWW 9DOOH\� 6SDWLDOO\� WKH FRPSRVLWLRQ RI WKH
DOOXYLXP LV YDULDEOH WKURXJKRXW 6FRWW 9DOOH\� $ORQJ WKH ZHVW VLGH RI WKH 9DOOH\� QRUWK RI (WQD� WKH
DOOXYLDO IDQ GHSRVLWV DUH FRPSRVHG RI ERXOGHUV DQG FREEOHV� &RPSRVLWLRQV LQ FKDQQHO GHSRVLWV RI
WULEXWDU\ VWUHDPV KDYH YDU\LQJ SURSRUWLRQV RI ERXOGHUV� JUDYHO� VDQG� DQG FOD\� 6HDVRQDO IORZ� DV
LQ 3DWWHUVRQ &UHHN DQG .LGGHU &UHHN� PD\ LQILOWUDWH PRUH SHUPHDEOH FKDQQHO GHSRVLWV� ZKLOH WKH
FKDQQHO GHSRVLWV XQGHUO\LQJ &U\VWDO &UHHN DUH PRUH LPSHUPHDEOH DQG PD\ DOORZ IRU VXVWDLQHG IORZ
WKURXJKRXW WKH VXPPHU VHDVRQ �0DFN ������ :LWK LQFUHDVLQJ GLVWDQFH GRZQVORSH LQ WKH YDOOH\�
SHUFHQWDJHV RI ILQHU SDUWLFOHV VXFK DV VDQG� VLOW� DQG FOD\ LQFUHDVH� 7KHVH DUHDV DUH OHVV SHUPH�
DEOH GXH WR WKH SUHVHQFH RI FOD\ EHGV� 7KH IORRGSODLQ GHSRVLWV EHWZHHQ (WQD DQG )RUW -RQHV KDYH
EHHQ IRXQG WR EH KLJKO\ SHUPHDEOH� FRPSRVHG SUHGRPLQDQWO\ RI VDQG DQG JUDYHO ZLWK DOWHUQDWLQJ
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FOD\ EHGV� :DWHU ZHOOV GULOOHG LQWR WKH OHQVHV RI VDQG DQG JUDYHO EHWZHHQ WKHVH FOD\ OD\HUV KDYH
EHHQ SURGXFWLYH�

6WUXFWXUHV

6FRWW 9DOOH\ LV VWURQJO\ PHWDPRUSKRVHG� IROGHG� DQG IDXOWHG� 1RWDEO\� D QRUWKZHVWZDUG�WUHQGLQJ
QRUPDO IDXOW� GLSSLQJ VWHHSO\ WR WKH HDVW� LV ORFDWHG DORQJ WKH ZHVWHUQ PRXQWDLQV� H[WHQGLQJ IURP
VRXWK RI &U\VWDO &UHHN WR 4XDUW] 9DOOH\ �0DFN ������ 7KH IDXOW WUDFH SDVVHV XQGHU WKH DOOXYLXP
RI 6FRWW 9DOOH\ VRXWK RI &U\VWDO &UHHN �)LJXUH ���� 5HODWLYH GLVSODFHPHQW EHWZHHQ WKH XSWKURZQ
VLGH RQ WKH ZHVW� DQG WKH GRZQWKURZQ VLGH RQ WKH HDVW FRXOG EH WKRXVDQGV RI IHHW >0DFN �������
)LJXUH ��@� 7KLV IDXOW� DQG VXEVHTXHQW FURVV IDXOWLQJ� DUH WKRXJKW WR KDYH RULJLQDWHG GXULQJ WKH
-XUDVVLF� D UHVXOW RI WKH 1HYDGDQ RURJHQ\� :LOGFDW &UHHN IROORZV WKH IDXOW ]RQH RI D KLJK�DQJOH�
QRUWKHDVWZDUG�VWULNLQJ UHYHUVH IDXOW� ORFDWHG � PLOH WR WKH QRUWK RI &DOODKDQ� 7KHUH DUH PDQ\
VPDOOHU� OHVV H[WHQVLYH IDXOWV WKURXJKRXW WKH YDOOH\� 0RYHPHQW DORQJ WKH ZHVWHUQ 6FRWW 9DOOH\
IDXOW DQG WKH *UHHQKRUQ IDXOW� ORFDWHG WR WKH QRUWK RI WKH YDOOH\� LV WKH PDLQ PHFKDQLVP IRU WKH
IRUPDWLRQ RI D WHFWRQLF JUDEHQ� RI ZKLFK 6FRWW 9DOOH\ IRUPV WKH ZHVWHUQ SRUWLRQ �)RJOLD HW DO� ������

$TXLIHUV

7KH %DVLQ XQGHUO\LQJ WKH DOOXYLDO IORRGSODLQ LV WKH SULPDU\ JURXQGZDWHU IHDWXUH LQ WKH DUHD� 9DOOH\
DOOXYLXP LV PRVWO\ 5HFHQW LQ DJH ZLWK D IHZ LVRODWHG 3OHLVWRFHQH VHFWLRQV DORQJ WKH HGJHV RI WKH
9DOOH\� $V GHILQHG E\ ':5 ������� WKH %DVLQ LV �� PL ���NP� LQ OHQJWK� ��� WR � PL ���� WR � NP� LQ
ZLGWK DQG FRYHUV D VXUIDFH DUHD RI ��� VT PL ���� VT NP�� 7KH SUHGRPLQDQW ZDWHU�EHDULQJ XQLWV LQ
6FRWW 9DOOH\ DUH 4XDWHUQDU\ VWUHDP FKDQQHO� IORRGSODLQ� DQG DOOXYLDO IDQ GHSRVLWV �':5 ������ 7KH
FRPELQHG WKLFNQHVV RI WKH ZDWHU�EHDULQJ XQLWV LV VRPHZKDW LUUHJXODU� ZLWK WKH JUHDWHVW WKLFNQHVVHV
�HVWLPDWHG DW ��� IHHW LQ 7ROOH\� )RJOLD� DQG +DUWHU ������ ORFDWHG LQ FHQWUDO�ZHVWHUQ UHJLRQ RI WKH
%DVLQ� DQG WKLQQLQJ RXW WRZDUGV WKH %DVLQ ERXQGDU\ �)LJXUHV �������

7KH %DVLQ LV UHFKDUJHG E\ LQILOWUDWLRQ IURP 6FRWW 5LYHU DQG LWV WULEXWDULHV� VQRZ PHOW� SUHFLSLWDWLRQ�
DQG ZDWHU XVHG IRU LUULJDWLRQ �0DFN ������ 5HFKDUJH DIIHFWV WKH JURXQGZDWHU OHYHOV� ORFDOO\ GHWHU�
PLQLQJ LI VHFWLRQV RI WKH 6FRWW 5LYHU DUH JDLQLQJ RU ORVLQJ VWUHDPV� ,Q GU\ \HDUV� VHFWLRQV RI WKH
6FRWW 5LYHU KDYH EHFRPH GHZDWHUHG DQG FKDQQHOV KDYH UXQ GU\ DV WKH ZDWHU WDEOH GURSSHG WR D
OHYHO EHQHDWK WKH ERWWRP RI WKH ULYHU FKDQQHO �1&5:4&% ������

7KH +RORFHQH VWUHDP FKDQQHO GHSRVLWV� FRPSULVHG RI XQFRQVROLGDWHG VDQGV� JUDYHOV� DQG FOD\V
WKDW ZHUH GHSRVLWHG E\ WKH 6FRWW 5LYHU� DUH XS WR ��� IW ��� P� LQ WKLFNQHVV �6:5&% ������ 3HU�
PHDELOLW\ YDULHV WKURXJKRXW WKHVH GHSRVLWV ZLWK WKH KLJKHVW SHUPHDELOLW\ QRWHG LQ WKH DOOXYLXP LQ
WKH HDVWHUQ SRUWLRQ RI 6FRWW 9DOOH\� D ��� PL ���� NP� ZLGH UHJLRQ EHWZHHQ (WQD DQG )RUW -RQHV�
7KLV DUHD LV QRWHG WR KDYH KLJK SHUPHDELOLW\ RI XS WR ����� JDOORQV SHU GD\ �JSG� �6:5&% ������
ZLWK VSHFLILF FDSDFLWLHV RI �� WR ��� JDOORQV SHU PLQXWH �JSP� SHU IRRW RI GUDZGRZQ �0DFN ������
:HOOV LQ WKLV UHJLRQ DUH PRVWO\ XVHG IRU LUULJDWLRQ� /RZHU SHUPHDELOLW\ DUHDV ORFDWHG RQ WKH IORRG�
SODLQ KDYH EHHQ IRXQG WR FRQWDLQ SRRUO\ VRUWHG JUDYHO DQG FOD\� SRWHQWLDOO\ UHSUHVHQWDWLYH RI DOOXYLDO
GHSRVLWV IRUP LQWHUPLWWHQW VWUHDPV IURP +DPOLQ *XOFK �0DFN ������ 5HJLRQV WR WKH ZHVW RI )RUW
-RQHV DQG WR WKH VRXWK RI (WQD FRQWDLQ PRVWO\ VKDOORZ� GRPHVWLF ZHOOV�

7R WKH ZHVW RI WKH 6FRWW 5LYHU IORRGSODLQ DUH WKH ORZHU SHUPHDELOLW\ DOOXYLDO IDQV� GHSRVLWHG E\
VWUHDPV WKDW GLVFKDUJH IURPPRXQWDLQV ZHVW RI WKH YDOOH\ �0DFN ������ *UDYHOO\ GHSRVLWV LQ VWUHDP
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FKDQQHOV DQG IDQV IURP :HVW 3DWWHUVRQ� .LGGHU� (WQD� DQG 6KDFNOHIRUG &UHHNV DUH WKH PRVW SHU�
PHDEOH RI WKHVH GHSRVLWV �0DFN ������ 'LVFKDUJH IURP WKH EDVH RI WKH DOOXYLDO IDQ GHSRVLWV LQ WKH
ZHVWHUQ SRUWLRQ RI 6FRWW 9DOOH\� EHWZHHQ (WQD DQG *UHHQYLHZ� KDV UHVXOWHG LQ D VHULHV RI ZHW DUHDV�
ZLWK WKH ZDWHU WDEOH FORVH WR RU DW ODQG VXUIDFH� 7KH PRVW QRWDEOH RI WKHVH DUHDV LV GXH WR GLVFKDUJH
RI ZDWHU IURP WKH :HVW 3DWWHUVRQ DQG .LGGHU &UHHN DOOXYLDO IDQV� :HOOV LQ WKH DOOXYLDO IDQ GHSRVLWV
JHQHUDOO\ WDS SHUPHDEOH VDQG DQG JUDYHO GHSRVLWV� FRQILQHG E\ LPSHUPHDEOH FOD\ OD\HUV DERYH
DQG EHORZ� 2Q WKH ZHVWHUQ VLGH RI WKH YDOOH\� D SHUFKHG ZDWHU WDEOH RI DSSUR[LPDWHO\ ��� DFUHV
���� VT NP� LV FRPSULVHG RI SHUPHDEOH DOOXYLDO IDQ PDWHULDO GHSRVLWHG E\ .LGGHU DQG :HVW 3DWWHU�
VRQ &UHHNV DQG LV ORFDWHG DERYH VLOW\ FOD\ GHSRVLWV� 6RXUFHV RI ZDWHU LQSXWV LQFOXGH SUHFLSLWDWLRQ
DQG VHHSDJH IURP WKH VSULQJV LQ WKH VXUURXQGLQJ EHGURFN� 7KH ROGHU DOOXYLXP LV QRW D VLJQLILFDQW
DTXLIHU DV LW LV JHQHUDOO\ VLWXDWHG LQ ORFDOL]HG DUHDV DERYH WKH ZDWHU WDEOH DQG DW WKH PDUJLQV RI WKH
%DVLQ ERXQGDU\� DQG LV OLPLWHG LQ H[WHQW �0DFN ������ :LWKLQ WKH K\GURJHRORJLF XQLWV LGHQWLILHG E\
0DFN ������� WKH VHGLPHQW VWUXFWXUH LV KLJKO\ KHWHURJHQHRXV� 'LJLWL]DWLRQ DQG UHYLHZ RI RYHU ILYH
KXQGUHG ZHOO ORJV GLG QRW LQGLFDWH WKH SUHVHQFH RI ODWHUDOO\ H[WHQVLYH� LGHQWLILDEOH FRQILQLQJ XQLWV
�)RJOLD HW DO� ������
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7DEOH ��� 'HWDLOV IRU JHRORJLF IRUPDWLRQV PDSSHG LQ WKH YLFLQLW\ RI WKH 6FRWW 5LYHU ZDWHUVKHG�

/DEHO *HQHUDO /LWKRORJ\ $JH 'HVFULSWLRQ
3] 0DULQH VHGL�

PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

3DOHR]RLF 8QGLYLGHG 3DOHR]RLF PHWDVHGLPHQWDU\
URFNV� ,QFOXGHV VODWH� VDQGVWRQH� VKDOH�
FKHUW� FRQJORPHUDWH� OLPHVWRQH� GRORPLWH�
PDUEOH� SK\OOLWH� VFKLVW� KRUQIHOV� DQG
TXDUW]LWH�

PY 0HWDYROFDQLF
URFNV

SUH�&HQR]RLF 8QGLYLGHG SUH�&HQR]RLF PHWDYROFDQLF
URFNV� ,QFOXGHV ODWLWH� GDFLWH� WXII� DQG
JUHHQVWRQH� FRPPRQO\ VFKLVWRVH�

XP 3OXWRQLF URFNV 0HVR]RLF 8OWUDPDILF URFNV� PRVWO\ VHUSHQWLQH� 0L�
QRU SHULGRWLWH� JDEEUR� DQG GLDEDVH� FKLHIO\
0HVR]RLF�

JU0] 3OXWRQLF URFNV 0HVR]RLF 0HVR]RLF JUDQLWH� TXDUW] PRQ]RQLWH� JUDQ�
RGLRULWH� DQG TXDUW] GLRULWH�

P 0L[HG URFNV SUH�&HQR]RLF 8QGLYLGHG SUH�&HQR]RLF PHWDVHGLPHQWDU\
DQG PHWDYROFDQLF URFNV RI JUHDW YDULHW\�
0RVWO\ VODWH� TXDUW]LWH� KRUQIHOV� FKHUW� SK\O�
OLWH� P\ORQLWH� VFKLVW� JQHLVV� DQG PLQRU
PDUEOH�

4 0DULQH DQG QRQ�
PDULQH �FRQWLQHQ�
WDO� VHGLPHQWDU\
URFNV

3OHLVWRFHQH�+RORFHQH $OOXYLXP� ODNH� SOD\D� DQG WHUUDFH GHSRVLWV�
XQFRQVROLGDWHG DQG VHPL�FRQVROLGDWHG�
0RVWO\ QRQPDULQH� EXW LQFOXGHV PDULQH
GHSRVLWV QHDU WKH FRDVW�

62 0DULQH VHGL�
PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

6LOXULDQ�2UGLYLFLDQ 6DQGVWRQH� VKDOH� FRQJORPHUDWH� FKHUW�
VODWH� TXDUW]LWH� KRUQIHOV� PDUEOH� GRORPLWH�
SK\OOLWH� VRPH JUHHQVWRQH�

JE 3OXWRQLF URFNV 0HVR]RLF *DEEUR DQG GDUN GLRULWLF URFNV� FKLHIO\
0HVR]RLF�

' 0DULQH VHGL�
PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

'HYRQLDQ /LPHVWRQH DQG GRORPLWH� VDQGVWRQH DQG
VKDOH� LQ SDUW WXIIDFHRXV�

VFK 0DULQH VHGL�
PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

3DOHR]RLF RU 0HVR]RLF 6FKLVWV RI YDULRXV W\SHV� PRVWO\ 3DOHR]RLF
RU 0HVR]RLF DJH� VRPH 3UHFDPEULDQ�

4J 1RQPDULQH �FRQWL�
QHQWDO� VHGLPHQ�
WDU\ URFNV

3OHLVWRFHQH�+RORFHQH *ODFLDO WLOO DQG PRUDLQHV� )RXQG DW KLJK HO�
HYDWLRQV PRVWO\ LQ WKH 6LHUUD 1HYDGD DQG
.ODPDWK 0RXQWDLQV�

.X 0DULQH VHGL�
PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

8SSHU &UHWDFHRXV 8SSHU &UHWDFHRXV VDQGVWRQH� VKDOH� DQG
FRQJORPHUDWH�

OV 0DULQH VHGL�
PHQWDU\ DQG
PHWDVHGLPHQWDU\
URFNV

3DOHR]RLF RU 0HVR]RLF /LPHVWRQH� GRORPLWH� DQG PDUEOH ZKRVH
DJH LV XQFHUWDLQ EXW SUREDEO\ 3DOHR]RLF RU
0HVR]RLF�

3]Y 0HWDYROFDQLF
URFNV

3DOHR]RLF 8QGLYLGHG 3DOHR]RLF PHWDYROFDQLF URFNV�
0RVWO\ IORZV� EUHFFLD� DQG WXII� LQFOXGLQJ
JUHHQVWRQH� GLDEDVH DQG SLOORZ ODYDV� PL�
QRU LQWHUEHGGHG VHGLPHQWDU\ URFNV�

ZDWHU /DNHV RU SRQGV
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������� 6RLOV

6RLOV LQ 6FRWW 9DOOH\ KDYH GHYHORSHG RQ WKH IORRGSODLQV� DOOXYLDO IDQV� DQG PRXQWDLQ VORSHV� ZLWK
GLVWLQFW FKDUDFWHULVWLFV LQ HDFK ORFDWLRQ� 7KH IROORZLQJ GLVFXVVLRQ UHIHUHQFHV PDS XQLWV� QDPHG IRU
PDMRU VRLO FRPSRQHQWV� LQ WKH ���� VRLO VXUYH\ RI FHQWUDO 6LVNL\RX &RXQW\ �86'$ ������ $ PDS RI
VRLO RUGHUV LQ WKH :DWHUVKHG LV VKRZQ LQ )LJXUH ��� 7KH VRLO VHULHV GLVFXVVHG EHORZ DUH PHPEHUV
RI WKH VRLO RUGHUV VKRZQ RQ WKLV PDS� 7KH 6HWWOHPH\HU� 'L\RX� 6WRQHU� 'X]HO� &RSVH\� %RQQHW� DQG
(VUR VRLOV DUH 0ROOLVROV� WKH 6WRQHU DQG 2GDV VRLOV DUH ,QFHSWLVROV� WKH 3LW VRLOV DUH 9HUWLVROV DQG
WKH 'HHW] VRLOV DUH (QWLVROV �86'$ ������
)ORRGSODLQ 6RLOV

7KH IORRGSODLQ VRLOV DUH GHHS DQG OHYHO WR JHQWO\ VORSLQJ� 7KHVH VRLOV FRQVLVW RI SRRUO\ WR VRPHZKDW
SRRUO\�GUDLQHG ORDPV GHULYHG IURP PHGLXP WR PRGHUDWHO\ ILQH�WH[WXUHG DOOXYLXP GHULYHG IURP YDUL�
RXV VRXUFH URFN� 7KHVH VRLOV WHQG WR KDYH D KLJK ZDWHU WDEOH DQG DUH SURQH WR IORRGLQJ LQ WKH ZLQWHU
DQG VSULQJ ZKHQ FRQWULEXWLRQV IURP UDLQIDOO DQG VQRZ PHOW DUH KLJK� 3UHVHQW RQ WKH IORRGSODLQV WR
WKH VRXWK RI )RUW -RQHV� 6HWWOHPH\HU DQG 'L\RX VRLOV KDYH ORZ VORSHV RI � WR �� DQG � WR ��
UHVSHFWLYHO\ DQG GUDLQDJH LV JHQHUDOO\ SRRU �86'$ ������ %RWK WKH 6HWWOHPH\HU DQG 'L\RX VRLOV
KDYH D VWUDWLILHG ORDP SURILOH ZLWK ILQH VDQG\ ORDP� VLOW ORDP� DQG VDQG\ FOD\ ORDP �86'$ ������
7KH IORRGSODLQ VRLOV DOVR LQFOXGH PLQRU DPRXQWV RI SRRUO\ GUDLQHG VRLOV LQFOXGLQJ &RSVH\� 2GDV�
3LW� DQG 6HWWOHPH\HU 9DULDQW VRLOV� FRQFHQWUDWHG QHDU VWUHDPV DQG LQ KLJKHU DUHDV LQ WKH IORRGSODLQ
LQ DGGLWLRQ WR %RQQHW DQG 'HHW] VRLOV� 7KH YHU\ SRRUO\�GUDLQHG (VUR VRLOV� ;HURIOXYHQWV� DQG 5LYHU�
ZDVK DUH SUHVHQW LQ WKH ORZHU DUHDV RI WKH IORRGSODLQ �86'$ ������ 7KH 6HWWOHPH\HU�'L\RX PDS
XQLW ZDV LGHQWLILHG DV SURYLGLQJ H[FHOOHQW KDELWDW IRU ELUGV DQG PDPPDOV �86'$ ������
$OOXYLDO )DQ 6RLOV

$OOXYLDO IDQV IRUP IURP VWHHS WULEXWDU\ VWUHDPV WKDW IORZ RQWR DOOXYLDO GHSRVLWV RI WKH PDLQVWHP DQG
WULEXWDULHV� 7KH SUHGRPLQDQW WULEXWDULHV IRUP H[SDQVLYH DOOXYLDO IDQV� ZKLFK VSUHDG LQWR WKH YDOOH\
�(6$ ������ 6RLOV WKDW DUH IRUPHG RQ DOOXYLDO IDQV DUH QHDUO\ OHYHO WR VWURQJO\ VORSHG JUDYHOO\
VDQG\ ORDPV WKDW DUH YHU\ GHHS DQG ZHOO GUDLQHG� 7KH DOOXYLXP IURP ZKLFK WKHVH VRLOV IRUPHG LV
PRGHUDWHO\ FRDUVH WR PHGLXP WH[WXUHG DQG LV GHULYHG IURP D YDULHW\ RI URFN VRXUFHV IURP WULEXWDU\
VRXUFH DUHDV� 6WRQHU 6RLOV DUH SULPDULO\ ORFDWHG RQ DOOXYLDO IDQV LQ 6FRWW 9DOOH\ DQG KDYH VORSHV
UDQJLQJ IURP � WR ���� 7KHVH VRLOV XVXDOO\ KDYH D SURILOH ZLWK D JUDYHOO\ VDQG\ ORDP DQG D YHU\
JUDYHOO\ ORDP VXEVRLO �86'$ ������ 7KLV XQLW DOVR LQFOXGHV PLQRU DPRXQWV RI WKH $WWHU VRLO� ZKLFK
LV VRPHZKDW H[FHVVLYHO\ GUDLQHG DQG FRQWDLQV URFN IUDJPHQWV� DQG WKH ZHOO GUDLQHG 'X]HO� .LQNHO�
DQG .LQGHJ VRLOV WKDW DUH ORFDWHG RQ WKH XSSHU VORSHV RI WKH DOOXYLDO IDQV� ,Q WKH XSSHU 0RIIHWW
&UHHN DUHD� %RQQHW VRLO FDQ DOVR EH SUHVHQW� ,W LV D JUDYHOO\ ORDP DQG D JUDYHOO\ ORDP VXEVRLO ZLWK
DFFXPXODWLRQ RI OLPH �86'$ ������
.ODPDWK 0RXQWDLQ 6RLOV

6RLOV WKDW GHYHORS RQ WKH VORSHV RI WKH .ODPDWK 0RXQWDLQ 5DQJH YDU\ LQ FKDUDFWHU IURP VKDOORZ WR
YHU\ GHHS� ZHOO GUDLQHG WR H[FHVVLYHO\ GUDLQHG DQG PHGLXP WR PRGHUDWHO\ FRDUVH WH[WXUHG �86'$
������
6RLO $JULFXOWXUDO %DQNLQJ ,QGH[ �6$*%,�

7KH 6RLO $JULFXOWXUDO %DQNLQJ ,QGH[ �6$*%,� LGHQWLILHV WKH SRWHQWLDO IRU JURXQGZDWHU UHFKDUJH RQ
DUHDV RI ODQG EDVHG RQ ILYH IDFWRUV� GHHS SHUFRODWLRQ� URRW ]RQH UHVLGHQFH WLPH� WRSRJUDSK\� FKHP�
LFDO OLPLWDWLRQV� DQG WKH FRQGLWLRQ RI VRLO VXUIDFHV �2¶*HHQ HW DO� ������ 6$*%, UDWLQJV IRU WKH VRLO
VHULHV LQ WKH 6FRWW 9DOOH\ DUHD FDQ EH YLHZHG RQ D ZHE DSSOLFDWLRQ �DSS�� GHYHORSHG E\ WKH &DOLIRU�
QLD 6RLO 5HVRXUFH /DE DW WKH 8QLYHUVLW\ RI &DOLIRUQLD DW 'DYLV DQG 8QLYHUVLW\ RI &DOLIRUQLD $JULFXOWXUH

��
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DQG 1DWXUDO 5HVRXUFHV �8& 'DYLV 6RLO 5HVRXUFH /DE DQG 8QLYHUVLW\ RI &DOLIRUQLD $JULFXOWXUH DQG
1DWXUDO 5HVRXUFHV ������ 7KH VRLOV RQ WKH YDOOH\ IORRU� SUHGRPLQDQWO\ RI WKH 6HWWOHPH\HU DQG 'L\RX
W\SH � KDYH 6$*%, UDWLQJV RI ³SRRU´� ,Q FRQWUDVW� DUHDV WKDW DUH SULPDULO\ FRPSRVHG RI 6WRQHU VRLOV�
ORFDWHG RQ WKH DOOXYLDO IDQV DW WKH HGJHV RI WKH YDOOH\ IORRU� KDYH D 6$*%, 5DWLQJ RI ³JRRG´� DQG
WKH LVRODWHG SDWFKHV RI VRLOV RI WKH $WWHU VHULHV KDYH 6$*%, UDWLQJV RI ³H[FHOOHQW´�

������� 'HYHORSPHQW RI /DQG DQG :DWHU 8VH

+LVWRULF 'HYHORSPHQW RI /DQG 8VH

/DQG PDQDJHPHQW SUDFWLFHV LQ WKH 6FRWW 9DOOH\ DQG WKH VXUURXQGLQJ XSODQG DUHDV KDYH KDG VLJ�
QLILFDQW LPSDFWV RQ WKH K\GURORJ\ DQG JHRPRUSKRORJ\ RI 6FRWW 9DOOH\ �(6$ ������ 3UDFWLFHV VXFK
DV EHDYHU UHPRYDO� PLQLQJ� WLPEHU� IORRG FRQWURO� SRSXODWLRQ JURZWK� DQG DJULFXOWXUH PHWKRGV KDYH
DOWHUHG WKH QDWXUDO ODQGVFDSH DQG LQIOXHQFHG FXUUHQW FRQGLWLRQV LQ WKH :DWHUVKHG �(6$ ������

+LVWRULFDOO\ LQKDELWHG E\ WKH 6KDVWD 7ULEH� DEXQGDQW QDWXUDO UHVRXUFHV GUHZ DGGLWLRQDO SHRSOH WR
WKH 6FRWW 9DOOH\ DUHD� +XGVRQ¶V %D\ &RPSDQ\ WUDSSHUV DUULYHG LQ 6FRWW 9DOOH\ LQ WKH ����V� DW D
WLPH ZKHQ EHDYHU ZHUH VR DEXQGDQW WKDW 6FRWW 9DOOH\ ZDV UHIHUUHG WR DV ³%HDYHU 9DOOH\´ �65:&
������ 7KH VXEVHTXHQW GHFOLQH LQ EHDYHU SRSXODWLRQ UHVXOWHG LQ WKH ORVV RI EHDYHU SRQGV DQG
GDPV �65:& ������7KH UHPRYDO RI EHDYHU SRSXODWLRQV IURP WKH DUHD UHSUHVHQWHG WKH ILUVW PDMRU
DQWKURSRJHQLF FKDQJH WR WKH 6FRWW 5LYHU VWUHDP V\VWHP� OLNHO\ DOWHULQJ WKH FKDQQHO PRUSKRORJ\
DQG LQIOXHQFLQJ WLPLQJ DQG GXUDWLRQ RI JURXQGZDWHU UHFKDUJH �.HQQHG\� 6KLOOLQJ� DQG 9LHUV ������

&RLQFLGLQJ ZLWK WKH &DOLIRUQLD *ROG 5XVK� JROG PLQHUV UHDFKHG 6FRWW 9DOOH\ LQ WKH HDUO\ ����V
�65:& ������ 0LQLQJ PHWKRGV� DQG FRUUHVSRQGLQJ LPSDFWV WR VWUHDPV DQG WKH VXUURXQGLQJ ODQG�
VFDSH� FKDQJHG RYHU WLPH� 3ODFHU JROG PLQLQJ LQ WKH ����V WRRN SODFH LQ 6KDFNOHIRUG &UHHN� 2UR
)LQR &UHHN� )UHQFK &UHHN� DQG LQ WKH (DVW DQG 6RXWK )RUNV RI 6FRWW 5LYHU �6RPPDUVWURP� .HOORJJ�
DQG .HOORJJ ������ +\GUDXOLF DQG VOXLFH PLQLQJ ZHUH SUHGRPLQDQW LQ WKH ����V� ODWHU GUHGJLQJ DF�
WLYLWLHV RQ WKH XSSHU 6FRWW 5LYHU DQG:LOGFDW &UHHN LQ WKH ����V WR HDUO\ ����V UHVXOWHG LQ H[WHQVLYH
PRYHPHQW RI PDWHULDO WKDW UHVXOWHG LQ WDLOLQJV SLOHV LQ WKH XSSHU 6FRWW 5LYHU )ORRGSODLQV �65:&
����� 6RPPDUVWURP� .HOORJJ� DQG .HOORJJ ������ +\GUDXOLF DQG GUHGJH PLQLQJ DFWLYLWLHV GLVWXUEHG
SRUWLRQV RI WKH ULYHU FKDQQHO �QRWDEO\ WKH ��PLOH UHDFK EHORZ WKH (DVW DQG 6RXWK )RUN FRQIOXHQFH
NQRZQ DV WKH ³'UHGJHU 7DLOLQJV´�� 7KLV GLVWXUEDQFH OHIW WKH 'UHGJHU 7DLOLQJV VWUHDPEHG FRPSRVHG
RI SULPDULO\ FREEOHV �ZLWK LPSOLFDWLRQV IRU ZDWHU UHWHQWLRQ DQG VWUHDP FRQQHFWLYLW\�� DQG VLJQLILFDQWO\
LQFUHDVHG VHGLPHQW ORDGV LQ WKH VWUHDPV� LQFUHDVLQJ WKH VXVFHSWLELOLW\ RI WKH PDLQ FKDQQHO WR IORRG�
LQJ �.HQQHG\� 6KLOOLQJ� DQG 9LHUV ������ 6PDOO�VFDOH JROG PLQLQJ DFWLYLW\ KDV FRQWLQXHG VLQFH ����
QHDU 6FRWW %DU� DQG PLQLQJ RI JUDYHO DQG VDQG FRQWLQXHG LQ WKH PDLQVWHP RI 6FRWW 5LYHU DQG .LGGHU
&UHHN �65:& ������

)ROORZLQJ LQIOX[ RI UHVLGHQWV GXULQJ WKH *ROG 5XVK� IDUPHUV DQG UDQFKHUV FXOWLYDWHG 6FRWW 9DOOH\
WR VXSSRUW WKH ORFDO SRSXODWLRQ� /DQG ZDV XVHG IRU FDWWOH UDQFKLQJ� SDVWXUH� DQG FURS FXOWLYDWLRQ�
SULPDULO\ JURZLQJ DOIDOID KD\ DQG JUDLQ �65:& ������ ,UULJDWHG DFUHDJH LQ 6FRWW 9DOOH\ IOXFWX�
DWHG EHWZHHQ ������ DQG ������ DFUHV EHWZHHQ ���� DQG ���� �(6$ $VVRFLDWHV ������ ,UULJDWHG
DFUHDJH LQ ����� EDVHG RQ ':5 ODQG XVH GDWD� ZDV ������ �':5� ������ 7KH PRVW UHFHQW HV�
WLPDWHV IRU WRWDO ZDWHU XVH LQ WKH 6FRWW 5LYHU ZDWHUVKHG LQFOXGHG D UDQJH RI ������ WR ������ $)
SHU \HDU LQ WKH \HDUV ��������� �':5� ������ 7DEOH ����

��
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Etna

Fort Jones

Basin Boundary
Alfisols
Andisols
Aridisols
Entisols
Inceptisols
Mollisols
Ultisols
Vertisols
No Soil
Bodies of Water
Data Not Available

)LJXUH ��� 6RLO FODVVLILFDWLRQV LQ 6FRWW 9DOOH\�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

7DEOH ��� 5HFHQW WRWDO ZDWHU XVH HVWLPDWHV �LQ DFUH�IHHW� E\ ':5 LQ WKH 6FRWW 5LYHU ZDWHUVKHG
�':5 ������

<HDU *UDLQ $OIDOID 3DVWXUH 7UXFN &URSV 2WKHU 'HFLGXRXV 7RWDO $)�\U
���� ����� ������ ������ ����� �� ������
���� ����� ������ ������ ����� ��� ������
���� ����� ������ ������ ����� � ������
���� ����� ������ ������ ����� � ������
���� ����� ������ ������ ����� � ������

7LPEHU KDUYHVW KDV KLVWRULFDOO\ EHHQ D PDMRU LQGXVWU\ LQ 6FRWW 9DOOH\� +RZHYHU� D GHFOLQH LQ WKH
WLPEHU LQGXVWU\� FRPELQHG ZLWK LQFUHDVHG UHJXODWLRQV DQG SURWHFWLRQV UHVXOWHG LQ UHGXFWLRQV LQ WLP�
EHU KDUYHVWV VLQFH WKH ����V ZLWK WKH ILQDO WZR WLPEHU PLOOV FORVLQJ LQ ���� �65:& ����� &KDUQOH\
HW DO� ������ ,Q D ���� ZDWHUVKHG DQDO\VLV� ORJJLQJ URDGV� VNLG WUDLOV� DQG RWKHU URDGV FRQVWUXFWHG
RQ KLJKO\ HURVLYH JUDQLWLF VRLOV ZHUH IRXQG WR FRQWULEXWH VLJQLILFDQW VRXUFHV RI VHGLPHQW WR WKH
VWUHDPEHGV RI WKH 6FRWW 5LYHU DQG FHUWDLQ WULEXWDULHV� 7KHVH KXPDQ DFWLYLWLHV FDXVHG DERXW D ���
LQFUHDVH LQ DFFHOHUDWHG VHGLPHQW \LHOG WR WKH VWUHDPV� 5HVXOWLQJ VHGLPHQWDWLRQ LQ ORZHU JUDGL�
HQW UHDFKHV QHJDWLYHO\ LPSDFWHG WKH TXDOLW\ RI VSDZQLQJ JUDYHOV DQG HJJ VXUYLYDO IRU VDOPRQ DQG
VWHHOKHDG �6RPPDUVWURP� .HOORJJ� DQG .HOORJJ ������ &OHDU�FXWWLQJ SUDFWLFHV LQ XSODQG IRUHVWV LQ�
FUHDVHG VHGLPHQW DQG HURVLRQ DQG UHVXOWHG LQ FKDQQHO DJJUDGDWLRQ �.HQQHG\� 6KLOOLQJ� DQG 9LHUV
������ ,Q 6FRWW 9DOOH\� WKH LPSDFWV IURP URDGV FRQVWUXFWHG RQ VWHHS DQG HURGLEOH VRLOV� SDUWLFXODUO\
LQ WKH VWHHSHU ZHVWHUQ DQG QRUWKZHVWHUQ VHFWLRQV RI WKH :DWHUVKHG� FRQWULEXWHG WR HURVLRQ DQG
VHGLPHQW ORDGLQJ WR VWUHDPV �1&5:4&% ������

1DWXUDO HYHQWV� VSHFLILFDOO\ PDMRU IORRGV� KDYH FRQWULEXWHG WR DOWHULQJ WKH ODQGVFDSH DQG VWUHDP
V\VWHP LQ 6FRWW 9DOOH\� )ORRGV KDYH EHHQ UHFRUGHG LQ 6FRWW 9DOOH\ VLQFH WKH ����V DQG ODUJH
IORRGLQJ HYHQWV� VXFK DV WKH ���� DQG ���� IORRGV� KDG SURIRXQG HIIHFWV RQ WKH 6FRWW 5LYHU� PRY�
LQJ ODUJH TXDQWLWLHV RI VHGLPHQW WR WKH 9DOOH\ IORRU �6RPPDUVWURP� .HOORJJ� DQG .HOORJJ ������
)ROORZLQJ IORRGLQJ WKDW RFFXUUHG LQ ����±����� WKH 8QLWHG 6WDWHV $UP\ &RUSV RI (QJLQHHUV LP�
SOHPHQWHG IORRG FRQWURO PHDVXUHV LQFOXGLQJ FRQVWUXFWLRQ RI OHYHHV DORQJ WKH PLGGOH VHFWLRQ RI WKH
6FRWW 5LYHU� FKDQQHO VWUDLJKWHQLQJ� DQG UHPRYDO RI ULSDULDQ YHJHWDWLRQ DQG GHEULV �65:& ������
)XUWKHU IORRGLQJ HYHQWV WKDW RFFXUUHG IURP ���� WR ���� FDXVHG LQFUHDVHG HURVLRQ DQG ZLGHQLQJ
RI WKH FKDQQHO� SURPSWLQJ DSSOLFDWLRQ RI ULSUDS IRU EDQN VWDELOL]DWLRQ DQG OHYHH FRQVWUXFWLRQ DORQJ
(WQD� .LGGHU� DQG 0RIIHWW &UHHNV �.HQQHG\� 6KLOOLQJ� DQG 9LHUV ������

,UULJDWLRQ 3UDFWLFHV

(DUO\ DJULFXOWXUDO DFWLYLWLHV� SULRU WR WKH ODWH ����V� ZHUH VXSSRUWHG PRVWO\ WKURXJK VXUIDFH ZDWHU
GLYHUVLRQV IURP WKH PDLQVWHP RI WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV� ,Q ����� LUULJDWHG DFUHDJH ZDV
UHSRUWHG WR WRWDO DURXQG ������ DFUHV ���� VT NP�� ZLWK DSSUR[LPDWHO\ ������ DFUHV ��� VT NP�
UHO\LQJ RQ VXUIDFH ZDWHU IRU LUULJDWLRQ� ������ ��� VT NP� DFUHV UHO\LQJ RQ QDWXUDO VXE�LUULJDWLRQ�
DQG ��� DFUHV ���� VT NP� GHSHQGHQW RQ ZHOOV �0DFN ������ 9HU\ OLWWOH JURXQGZDWHU SXPSLQJ
RFFXUUHG XQWLO WKH ����V� ,Q WKH HDUO\ ����V� JURXQGZDWHU UHSRUWHGO\ VXSSOLHG RQO\ ����� DFUH�IHHW
RI LUULJDWLRQ ZDWHU �':5 ���� >7DEOH ��@� �����

'XULQJ WKH ����V DQG ����V� HIILFLHQW ZKHHO�OLQH LUULJDWLRQ ZLWK VSULQNOHU V\VWHPV ZHUH LQWURGXFHG
WR 6FRWW 9DOOH\� QHFHVVLWDWLQJ SUHVVXUL]DWLRQ� :DWHU SXPSHG IURP ZHOOV SURYLGHG WKH QHFHVVDU\

��
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SUHVVXUH� EXW DOVR D PRUH FHUWDLQ ZDWHU VXSSO\� DOORZLQJ WR H[SDQG FURS DFUHDJH DQG WKH FURSSLQJ
VHDVRQ IRU DOIDOID� EXW DW PXFK KLJKHU LUULJDWLRQ HIILFLHQF\ WKDQ IORRG LUULJDWLRQ ZLWK VXUIDFH ZDWHU�
3ULRU WR WKH ����V� JURZHUV W\SLFDOO\ REWDLQHG WZR FXWWLQJV� ZLWK LUULJDWLRQ LQ DYHUDJH DQG GU\ \HDUV
VHL]LQJ VRPHWLPH LQ -XO\� $IWHU WKH ����V� JURXQGZDWHU�LUULJDWHG DOIDOID SURGXFHG WKUHH FXWWLQJV
ZLWK LUULJDWLRQ H[WHQGHG LQWR $XJXVW DQG HDUO\ 6HSWHPEHU� )XUWKHUPRUH� ZHOO GULOOLQJ LQFUHDVHG
IROORZLQJ SHULRGV RI GURXJKW� ZLWK WKH PRVW ZHOOV GULOOHG IROORZLQJ WKH GURXJKW RI ���� WR ����
DQG LQFUHDVLQJ DJDLQ LQ ���� �(6$ $VVRFLDWHV ������ 5HOLDQFH RQ JURXQGZDWHU IRU LUULJDWLRQ KDV
LQFUHDVHG IURP OHVV WKDQ �� LQ ���� ������ DFUH�IHHW RI JURXQGZDWHU DQG ������ DFUH�IHHW RI
VXUIDFH ZDWHU XVHG IRU LUULJDWLRQ� �0DFN ����� WR FORVHU WR ���� RQ DYHUDJH� RI ZDWHU IRU LUULJDWLRQ
IURP JURXQGZDWHU LQ UHFHQW \HDUV� XQGHU WKH VLPXODWHG SHULRG RI 2FWREHU �����6HSWHPEHU �����
DV HVWLPDWHG E\ 69,+0 �VHH 7DEOH �� LQ $SSHQGL[ ��(�� %\ ����� D VXUYH\ RI LUULJDWLRQ ZHOOV LQ
6FRWW 9DOOH\� XVLQJ &DOLIRUQLD ':5 ZHOO FRPSOHWLRQ UHSRUWV DQG VRPH RQ�VLWH YDOLGDWLRQ� IRXQG ���
DFWLYH LUULJDWLRQ ZHOOV �)RJOLD HW DO� ������

:KLOH WKH LUULJDWHG DFUHDJH KDV QRW VLJQLILFDQWO\ FKDQJHG LQ 6FRWW 9DOOH\ VLQFH WKH ODWH ����V� FURS
W\SHV KDYH WUDQVLWLRQHG ZLWK GHFUHDVLQJ DPRXQWV RI VPDOO JUDLQV DQG LQFUHDVLQJ DOIDOID WKURXJK WKH
����V �+DUWHU DQG +LQHV ������ ,Q WKH SDVW WZR GHFDGHV� WKH FHQWHU SLYRW PHWKRG KDV EHHQ DSSOLHG
IRU LUULJDWLRQ� D FKDQJH IURP WKH WUDGLWLRQDOO\ XVHG DQG OHVV HIILFLHQW ZKHHO�OLQH LUULJDWLRQ PHWKRG
�+DUWHU DQG +LQHV ������ 3ULPDU\ LUULJDWLRQ PHWKRGV XVHG LQ WKH 9DOOH\ DUH IORRG� ZKHHO�OLQH� DQG
FHQWHU�SLYRW� 2QH DUHD RI WKH 9DOOH\ NQRZQ DV WKH ³'LVFKDUJH =RQH´ DOVR XVHV VXE�LUULJDWLRQ� RU
GLUHFW XSWDNH RI ZDWHU IURP WKH DTXLIHU� DV JURXQGZDWHU OHYHOV DUH DW RU QHDU WKH ODQG VXUIDFH�

7\SLFDO LUULJDWLRQ DSSOLFDWLRQ HIILFLHQFLHV RI WKHVH WHFKQRORJLHV DUH ��� IRU IORRG �%URXZHU� 3ULQV�
DQG +HLEORHP ����� DQG ������ IRU ZKHHO�OLQH �+LOO ������ ,QFUHDVHG LUULJDWLRQ HIILFLHQFLHV IRU
ZKHHO�OLQH LUULJDWLRQ� ZKHQ FRPSDUHG WR IORRG LUULJDWLRQ� DUH SULPDULO\ WKH UHVXOW RI UHGXFHG UHWXUQ
IORZV WR JURXQGZDWHU �OHVV UHFKDUJH�� )RU FHQWHU�SLYRW WKH HIILFLHQF\ GHSHQGV RQ WKH DSSOLFDWLRQ
PHWKRG �0LWFKHOO HW DO� ������ 7KH PRVW FRPPRQ LV D FHQWHU�SLYRW ZLWK D PLG�HOHYDWLRQ VSUD\
DSSOLFDWLRQ �0(6$�� +LJKHU�HIILFLHQF\ DSSOLFDWLRQPHWKRGV� VXFK DV ORZ�HOHYDWLRQ VSUD\ DSSOLFDWLRQ
�/(6$� DQG ORZ�HQHUJ\ SUHFLVLRQ DSSOLFDWLRQ �/(3$�� KDYH EHHQ LQVWDOOHG LQ VRPH DUHDV RI WKH
9DOOH\ LQ UHFHQW \HDUV� $Q HVWLPDWHG ��� RI ILHOGV LQ 6FRWW 9DOOH\ ZHUH EHLQJ LUULJDWHG ZLWK WKHVH
KLJKHU�HIILFLHQF\ WHFKQRORJLHV DV RI 1RYHPEHU ���� �*DOGL ������� SHUV� FRPP��� WKRXJK D IXOO
LQYHQWRU\ ZRXOG EH QHFHVVDU\ WR PDNH DPRUH GHWDLOHG HVWLPDWH RI FXUUHQW DGRSWLRQ UDWHV� ,UULJDWLRQ
DSSOLFDWLRQ HIILFLHQFLHV IRU 0(6$� /(6$ DQG /(3$ KDYH EHHQ HVWLPDWHG DW ���� ��� DQG ���
�0LWFKHOO HW DO� ������ 7KHVH KLJKHU HIILFLHQFLHV DUH ODUJHO\ GXH WR UHGXFHG ORVVHV WR HYDSRUDWLRQ� LQ
SDUWLFXODU /(6$ DQG /(3$ V\VWHPV WKHUHIRUH OHDG WR PHDVXUDEOH UHGXFWLRQV LQ FRQVXPSWLYH ZDWHU
XVH�

:DWHU 'LYHUVLRQV

6WUHDP GLYHUVLRQV EHJDQ GXULQJ WKH HDUO\ JROG PLQLQJ HUD RI WKH ����V WR GHOLYHU ZDWHU WKURXJK
PLQLQJ GLWFKHV DQG IOXPHV RQ DOPRVW HYHU\ VWUHDP IURP WKH 6RXWK )RUN GRZQ WR 6FRWW %DU� +\GUDXOLF
DQG VOXLFH PLQLQJ LQ WKH ����V GLYHUWHG ODUJH YROXPHV RI ZDWHU WR ZDVK KLOOVLGHV IRU JROG UHFRYHU\�
6RPH RI WKHVH GLWFKHV ZHUH ODWHU FRQYHUWHG IRU LUULJDWLRQ XVH WR ILHOGV� �65:& ������ 'LYHUVLRQV
DUH FXUUHQWO\ XVHG IRU VWRFN ZDWHULQJ DQG GRPHVWLF SXUSRVHV WKURXJKRXW WKH \HDU DQG LUULJDWLRQ
GLYHUVLRQV JHQHUDOO\ RFFXU LQ WKH VSULQJ� VXPPHU� DQG HDUO\ IDOO �(6$ $VVRFLDWHV ������ 0RVW RI
WKH GLYHUVLRQV LQ 6FRWW 9DOOH\ DUH QRW PRQLWRUHG RU PDQDJHG E\ D ZDWHUPDVWHU�

8QGHU WKH 6FRWW 5LYHU 'HFUHH RI ����� ZDWHU ULJKWV ZHUH GHWHUPLQHG IRU WKH 6FRWW 5LYHU� WKH 6RXWK
)RUN DQG (DVW )RUN RI WKH 6FRWW 5LYHU� :LOGFDW &UHHN� 2UR )LQR &UHHN� RWKHU WULEXWDULHV DQG ODNHV�

��
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DQG D GHILQHG ]RQH RI LQWHUFRQQHFWHG VXUIDFH DQG JURXQGZDWHU� 7KLV LV GLVFXVVHG LQ GHWDLO LQ 6HF�
WLRQ ������ XQGHU ³6FRWW 5LYHU $GMXGLFDWLRQ´� 8QGHU WKLV GHFUHH� ZDWHU LV GLYHUWHG IRU LUULJDWLRQ IURP
$SULO WKURXJK PLG�2FWREHU� $OORFDWLRQV WR 86)6 ODQG IRU LQVWUHDP XVHV IRU ILVK DQG ZLOGOLIH DUH
DOVR LQFOXGHG XQGHU WKLV GHFUHH �6XSHULRU &RXUW RI 6LVNL\RX &RXQW\ ������ 7KH 6FRWW 5LYHU $GMX�
GLFDWLRQ LQFOXGHV JURXQGZDWHU XVHUV ZLWKLQ WKH DGMXGLFDWHG ]RQH� D ]RQH H[WHQGLQJ DSSUR[LPDWHO\
����� IHHW WR HLWKHU VLGH RI WKH 6FRWW 5LYHU �VHH 6HFWLRQ ������� 2I WKH DSSUR[LPDWHO\ ��� LUULJDWLRQ
ZHOOV� �� ZHOOV DUH HVWLPDWHG WR EH ORFDWHG ZLWKLQ WKH DGMXGLFDWHG ]RQH� :HOOV LQ WKLV ]RQH DUH
RIWHQ DPRQJ WKH KLJKHVW \LHOGLQJ ZHOOV ZLWKLQ 6FRWW 9DOOH\� 2Q DYHUDJH� QHDUO\ KDOI RI JURXQGZDWHU
SXPSLQJ LQ 6FRWW 9DOOH\ RFFXUV ZLWKLQ WKH DGMXGLFDWHG ]RQH� DV HVWLPDWHG ZLWK 69,+0 �VHH ZDWHU
EXGJHW GHWDLOV LQ 6HFWLRQ �������

7KHUH LV RQO\ RQH SHUPDQHQW GLYHUVLRQ GDP RQ 6FRWW 5LYHU� 69,'¶V <RXQJ¶V 'DP QHDU 5LYHU 0LOH
��� 7KH 69,' GLWFK GLYHUWV ZDWHU DW <RXQJ¶V SRLQW DQG KDV DQ DOORFDWLRQ RI �� FIV �6XSHULRU &RXUW
RI 6LVNL\RX &RXQW\ ������ $OVR ORFDWHG RQ WKH PDLQVWHP RI 6FRWW 5LYHU� )DUPHUV 'LWFK LV DOORFDWHG
���� FIV IURP WKH 6FRWW 5LYHU 'HFUHH DQG VXSSOLHV ZDWHU WR �� XVHUV IRU LUULJDWHG SDVWXUH �6XSHULRU
&RXUW RI 6LVNL\RX &RXQW\ ������

������� +\GURORJ\

7KH PDMRU VXUIDFH ZDWHU IHDWXUH LQ 6FRWW 9DOOH\ LV WKH 6FRWW 5LYHU� &RQWULEXWLQJ �� RI WKH .ODPDWK¶V
WRWDO DQQXDO UXQRII� WKH 6FRWW 5LYHU LV RQH RI WKH IRXU PDLQ WULEXWDULHV WR WKH .ODPDWK 5LYHU� ZLWK WKH
FRQIOXHQFH DW 5LYHU 0LOH ��� �+DUWHU DQG +LQHV ������ 0DMRU WULEXWDULHV WR WKH 6FRWW 5LYHU� VKRZQ LQ
)LJXUH ��� LQFOXGH 6KDFNOHIRUG�0LOO� .LGGHU� (WQD� )UHQFK� DQG 0RIIHWW &UHHNV� DV ZHOO DV WKH (DVW
DQG 6RXWK )RUNV RI 6FRWW 5LYHU �(6$ ������ 7KH (DVW )RUN RI WKH 6FRWW 5LYHU RULJLQDWHV RQ &KLQD
0RXQWDLQ DQG WKH 6RXWK )RUN RULJLQDWHV LQ WKH PRXQWDLQ ODNHV WR WKH VRXWKZHVW RI &DOODKDQ �(6$
������ $IWHU WKH WZR IRUNV FRQYHUJH DW &DOODKDQ� WKH 6FRWW 5LYHU PHDQGHUV WKURXJK WKH IODW ODQGV
RI WKH YDOOH\ DQG WKHQ GHVFHQGV LQWR D FDQ\RQ SULRU WR MRLQLQJ WKH .ODPDWK 5LYHU� 7KH 6FRWW 5LYHU LV
�� PL ��� NP� LQ OHQJWK� �� PL ��� NP� RI ZKLFK DUH ORFDWHG LQ 6FRWW 9DOOH\� IURP WKH FRQYHUJHQFH RI
WKH (DVW DQG 6RXWK )RUNV WR WKH KHDG RI WKH FDQ\RQ� 7KH SRUWLRQ RI 6FRWW 5LYHU WKDW IORZV WKURXJK
6FRWW 9DOOH\ LV D ORZHU JUDGH DUHD EHWZHHQ WKH VWHHSHU KHDGZDWHUV DQG WKH FDQ\RQ UHDFK RI WKH
ULYHU �(6$ ������

3UHFLSLWDWLRQ VWRUHG LQ WKH VQRZ SDFN LV DQ LPSRUWDQW ZDWHU VRXUFH RI ERWK VWUHDP IORZV DQG JURXQG�
ZDWHU UHFKDUJH� 7KH PRXQWDLQV WR WKH ZHVW RI 6FRWW 9DOOH\ DUH GUDLQHG E\ SHUHQQLDO VWUHDPV ZKLFK
WHQG WR IORZ VRXWKZHVW�WR�QRUWKHDVW �)LJXUH ���� 7KH PRVW VLJQLILFDQW RI WKHVH WULEXWDULHV KDYH
IRUPHG DOOXYLDO IDQV� RQ ZKLFK WKH VWUHDP FKDQQHOV EHFRPH EUDLGHG RU DQDVWRPRVLQJ SULRU WR MRLQ�
LQJ WKH 6FRWW 5LYHU �(6$ ������ 7KHVH DOOXYLDO IDQV DUH ORFDWLRQV ZKHUH JURXQGZDWHU UHFKDUJH
RFFXUV� �)RU PRUH GHWDLOV RQ LQWHUFRQQHFWHG VXUIDFH DQG JURXQGZDWHU G\QDPLFV� LQFOXGLQJ DUHDV
RI JURXQGZDWHU GLVFKDUJH DQG VHDVRQDO GU\ UHDFKHV� VHH WKH GHVFULSWLRQ XQGHU $TXLIHUV LQ 6HFWLRQ
��������� 7KH PRXQWDLQV WR WKH HDVW RI WKH 9DOOH\ UHFHLYH OHVV SUHFLSLWDWLRQ WKDQ WKH KLJKHU HOHYDWLRQ
ZHVWHUQ PRXQWDLQV DQG PDQ\ RI WKH HDVWHUQ VWUHDPV DUH HSKHPHUDO IRU PRVW RI WKHLU OHQJWK DQG
GR QRW UHDFK WKH 6FRWW 5LYHU� ZLWK WKH QRWDEOH H[FHSWLRQ RI 0RIIHWW &UHHN �(6$ ����� 1&5:4&%
������

6WUHDP IORZ UHFRUGV IRU QXPHURXV WULEXWDULHV DQG ULYHU UHDFKHV KDYH EHHQ PDLQWDLQHG E\ PXOWL�
SOH JRYHUQPHQW DJHQFLHV� SULPDULO\ WKH 86*6 DQG ':5 �7DEOH ���� 7KH IORZ UHFRUG UHOLHG RQ
PRVW IRU UHJLRQDO ZDWHU UHVRXUFH SODQQLQJ LV ORFDWHG RQ WKH 6FRWW 5LYHU QHDU )RUW -RQHV �86*6
���������� VSDQQLQJ IURP ���� WR WKH SUHVHQW GD\� 7KH HDUOLHVW UHFRUGV LQ WKH ZDWHUVKHG GDWH

��
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EDFN WR ����� ,Q DGGLWLRQ� RWKHU RUJDQL]DWLRQV RU LQGLYLGXDOV PD\ KDYH PDLQWDLQHG IORZ UHFRUGV WKDW
DUH QRW DFFHVVLEOH RQ SXEOLF ZHEVLWHV�

7DEOH ��� 6FRWW 9DOOH\ GDLO\ IORZ UHFRUGV IRU VWUHDP JDXJHV WKDW DUH ERWK KLVWRULFDO �LQDFWLYH� DQG
DFWLYHO\ UHFRUGLQJ GDWD�

6LWH 1R� 6WDWLRQ 1DPH 6WDUW 'DWH /DWHVW
'DWH

'D\V LQ
5HFRUG

$JHQF\
&RGH

�������� HI VFRWW U QU FDOODKDQ
FD

��������
��

��������
��

��� 86*6

�������� VFRWW U QU VFRWW EDU FD ��������
��

��������
��

��� 86*6

�������� VI VFRWW U QU FDOODKDQ
FD

��������
��

��������
��

��� 86*6

�������� VXJDU F QU FDOODKDQ FD ��������
��

��������
��

����� 86*6

�������� VKDFNOHIRUG F QU PXJ�
JLQVYLOOH FD

��������
��

��������
��

����� 86*6

�������� PRIIHWW F QU IRUW MRQHV
FD

��������
��

��������
��

����� 86*6

�������� HI VFRWW U EO KRXVWRQ F
QU FDOODKDQ FD

��������
��

��������
��

����� 86*6

�������� HI VFRWW U DE NDQJDURR
F QU FDOODKDQ FD

��������
��

��������
��

����� 86*6

�������� FHGDU JXOFK QU FDOOD�
KDQ FD

��������
��

��������
��

����� 86*6

�������� HI VFRWW U FDODKDQ FD ��������
��

��������
��

����� 86*6

�������� VFRWW U QU IRUW MRQHV FD ��������
��

��������
��

������ 86*6

6'$ VXJDU FN EOZ GDUEHH
GLWFK QU FDOODKDQ

��������
��

��������
��

����� ':5�152

6*1 VXJDU FN QU FDOODKDQ ��������
��

��������
��

����� ':5�152

)&& IUHQFK FUHHN DW KZ\ �
QHDU FDOODKDQ

��������
��

��������
��

����� ':5�152

6&. VKDFNOHIRUG FN QU
PXJJLQVYLOOH

��������
��

��������
��

����� ':5�152

''& GDUEHH GLWFK QU FDOOD�
KDQ

��������
��

��������
��

����� ':5�152

0HGLDQ DQQXDO UXQRII IURP 6FRWW 9DOOH\� PHDVXUHG DW WKH )RUW -RQHV 86*6 VWUHDP JDXJH
���������� ORFDWHG LQ WKH 6FRWW 5LYHU &DQ\RQ�� LV ��� WKRXVDQG DFUH�IW �7$)� )LJXUH ���� 'LV�
FKDUJH FDQ EH YDULDEOH EHWZHHQ GLIIHUHQW \HDUV� DV LOOXVWUDWHG LQ WKH %DVLQ¶V KLVWRU\ RI IORRGV DQG

�2QO\ ��� VTXDUH PLOHV ������ VTXDUH NP� RU ������ RI ZDWHUVKHG DUHD GUDLQV WR WKLV JDXJH� VR WKH IORZ PHDVXUHG
KHUH GRHV QRW UHSUHVHQW WKH 6FRWW 5LYHU¶V XOWLPDWH GLVFKDUJH WR WKH .ODPDWK 5LYHU� +RZHYHU� EHFDXVH WKH )RUW -RQHV
JDXJH IDOOV GRZQVWUHDP RI WKH YDVW PDMRULW\ RI ZDWHU SXPSLQJ RU GLYHUVLRQV LQ WKH ZDWHUVKHG� DQG EHFDXVH RI LWV
ORQJ SHULRG RI UHFRUG� IORZV PHDVXUHG DW WKLV JDXJH DUH XVHG WR LQIRUP PDQDJHPHQW GHFLVLRQV� HYDOXDWH ZDWHUVKHG
FRQGLWLRQV DQG DVVHVV WKH LPSDFWV RI 6FRWW 9DOOH\ ODQG DQG ZDWHU PDQDJHPHQW�

��
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)LJXUH ��� 0DLQ WULEXWDULHV WR WKH 6FRWW 5LYHU DQG ORFDWLRQV RI VWUHDP JDXJHV� 6RPH JDXJHV
PDLQWDLQHG E\ 6LVNL\RX 5&' DUH QRW DYDLODEOH RQ &'(& DQG KDYH QRW EHHQ GHSLFWHG KHUH� )RU
DGGLWLRQDO LQIRUPDWLRQ RQ HDFK JDXJH� VHH VWUHDP JDXJH UHFRUG WDEOH�
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GURXJKWV� 7KH WRWDO DYHUDJH DQQXDO 6FRWW 5LYHU IORZV UDQJH ZLGHO\ � IURP �� WR ���� WKRXVDQG
DFUH�IHHW SHU \HDU� )RU FRPSDULVRQ� DYHUDJH DQQXDO DSSOLHG ZDWHU QHHGV LQ 6FRWW 9DOOH\ DUH DERXW
�� WKRXVDQG DFUH�IHHW �ZLWK D UDQJH RI ����� 7$)� VHH $SSHQGL[ ��( IRU PRUH HVWLPDWHG ZDWHU
EXGJHW YDOXHV��

)ORZV YDU\ ZLGHO\ ZLWKLQ WKH VDPH \HDU� :LQWHU DQG VSULQJ IORZV �'HFHPEHU±0D\� DYHUDJH DERXW
����� FXELF IHHW SHU VHFRQG �FIV� ��� FXELF PHWHUV SHU VHFRQG �FPV�� EXW KDYH SHDNHG DW ������
FIV ������ FPV�� 0HDQ VXPPHU VWUHDPIORZ LV �� FIV ���� FPV�� EXW FRPPRQO\ GURSV EHORZ �� FIV
���� FPV� LQ WKH ODWH VXPPHU DQG HDUO\ IDOO� 0LQLPXP IORZV REVHUYHG VLQFH WKH GURXJKW RI ����
KDYH JHQHUDOO\ EHHQ ORZHU WKDQ WKH PLQLPXP IORZV REVHUYHG SUHYLRXVO\ �)LJXUH ���� 0RVW RI WKH
WULEXWDULHV FRQWULEXWLQJ WR WKH 6FRWW 5LYHU FRPH IURP WKH ZHVWHUQ VLGH RI WKH 9DOOH\� GXH WR WKH
HDVWHUQ PRXQWDLQV H[SHULHQFLQJ D UDLQ VKDGRZ HIIHFW DV VWRUPV JHQHUDOO\ WHQG WR WUDFN IURP ZHVW
WR HDVW LQ WKH DUHD� 7KH VWUHDPIORZ UHFRUG DW WKH )RUW -RQHV JDXJH IURP ZDWHU \HDUV ���� WKURXJK
���� LV VKRZQ LQ )LJXUH ���

,Q FRQWUDVW ZLWK WKH UHFRUG DW WKH )RUW -RQHV JDXJH� PXFK VKRUWHU VWUHDP IORZ UHFRUGV �RQH VHDVRQ
WR WZR GR]HQ VHDVRQV� ZHUH XVHG WR FKDUDFWHUL]H IORZ LQ WKH IROORZLQJ WULEXWDULHV )LJXUH ��� *DXJHV
RQ 6KDFNOHIRUG� )UHQFK� DQG 6XJDU &UHHNV� DQG (DVW DQG 6RXWK )RUNV DUH FXUUHQWO\ DFWLYH RU KDYH
UHFHQWO\ EHHQ UHDFWLYDWHG� +RZHYHU� DW WKH WLPH RI WKLV DQDO\VLV� RQO\ WKH \HDUV OLVWHG EHORZ ZHUH
XVHG DV LQSXWV WR WKLV YHUVLRQ RI WKH 69,+0�

� 6KDFNOHIRUG &UHHN ������������
� 0LOO &UHHN ������������
� 0RIIHWW &UHHN ������������
� .LGGHU &UHHN ������ �����������
� 3DWWHUVRQ &UHHN �������
� (WQD &UHHN ����������� ������
� )UHQFK &UHHN ������������
� 6XJDU &UHHN ����������� �����������
� 6RXWK )RUN 6FRWW 5LYHU ����������� ����������� DQG
� (DVW )RUN 6FRWW 5LYHU ����������� �����������

7KH PDJQLWXGH RI IORZV RQ WKHVH WULEXWDULHV LV FRUUHODWHG WR WKH PDJQLWXGH RI IORZ DW WKH )RUW
-RQHV JDXJH �)RJOLD HW DO� ����� 'HDV DQG 7DQDND ������ $OWKRXJK VHYHUDO RI WKHVH VWUHDPV
DUH HSKHPHUDO �QRWDEO\ 0RIIHWW�� WKH PDMRULW\ DUH SHUHQQLDO LQ WKH XSSHU ZDWHUVKHG EHIRUH WKH\
UHDFK WKH YDOOH\ IORRU �VHH )LJXUH �� LOOXVWUDWLQJ EDVHIORZ FRQGLWLRQV�� DQG WKXV DUH \HDU�URXQG
LQIORZV WR WKH VXUIDFH�DTXLIHU V\VWHP�

7KH QDWXUDO IORZ UHJLPH LQ WKH %DVLQ GHWHUPLQHV WKH NH\ HFRV\VWHP IXQFWLRQV DQG VXSSRUWV DTXDWLF
VSHFLHV LQ WKH %DVLQ �6HFWLRQ ��������� :LWKLQ WKH UHFHQWO\ GHYHORSHG IXQFWLRQDO IORZV IUDPHZRUN IRU
PDQDJLQJ &DOLIRUQLD ULYHUV �*UDQWKDP HW DO� ������ WKH 6FRWW 5LYHU V\VWHP IORZV H[KLELW ILYH PDLQ
QDWXUDO IXQFWLRQDO IORZ FRPSRQHQWV� IDOO SXOVH �RU ³IOXVK´� IORZ� ZLQWHU VWRUP IORZV� ZLQWHU EDVH�
IORZ� VSULQJ UHFHVV� DQG VXPPHU EDVHIORZ �VHH )LJXUHV �� DQG ���� 7KHVH ILYH IORZ FRPSRQHQWV
FKDUDFWHUL]H WKH VWURQJ VHDVRQDO YDULDWLRQV LQ IORZV LQ WKH 6FRWW 5LYHU V\VWHP� )DOO SXOVH IORZ LQ
WKLV %DVLQ LV WKH LQFUHDVLQJ GLVFKDUJH DIWHU WKH ILUVW VLJQLILFDQW SHULRG RI IDOO SUHFLSLWDWLRQ� W\SLFDOO\
EHJLQQLQJ VRPHWLPH EHWZHHQ 6HSWHPEHU DQG 1RYHPEHU� ZLQWHU VWRUP GLVFKDUJH UHIHUV WR SHDN
GLVFKDUJH SHULRGV� W\SLFDOO\ LQ -DQXDU\ RU )HEUXDU\� IHG E\ ZLQWHU VWRUPV� ZLWK LQWHUYHQLQJ FRQGL�
WLRQV RI ZLQWHU EDVHIORZ �W\SLFDOO\ VHYHUDO ��� FIV�� VSULQJ UHFHVV LV D SHULRG RI PRVWO\ GHFUHDVLQJ
EDVHIORZ� DV WKH VQRZ SDFN PHOWV RII� IURP $SULO WR -XO\� VXPPHU EDVHIORZ �IURP OHVV WKDQ �� FIV
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)LJXUH ��� 7RWDO DQQXDO IORZ UHFRUGHG DW WKH )RUW -RQHV 86*6 6WUHDP *DXJH ���������� IURP
ZDWHU \HDU ���� WKURXJK ����� 7KH PHGLDQ YDOXH IRU WKH UHFRUG ��������� LV LQGLFDWHG DV D
GDVKHG EURZQ OLQH DW ��� 7$) SHU \HDU� WKH ERXQGDULHV EHWZHHQ WKH RWKHU TXDUWLOHV DUH VKRZQ DV
GDVKHG EODFN OLQHV DW ��� DQG ��� 7$) SHU \HDU�
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)LJXUH ��� 6WUHDPIORZ UHFRUG DW WKH )RUW -RQHV 86*6 6WUHDP *DXJH ���������� IURP ����
WKURXJK ����� :DWHU \HDUV VKRZQ DUH H[DPSOHV RI ZHW DQG GU\ \HDUV ����� DQG ����� UHVSHF�
WLYHO\�� DQG WZR \HDUV ZKLFK UHFHLYHG DYHUDJH WRWDO DQQXDO UDLQIDOO ����� DQG ������
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In Sept−Nov of 1991−2018, historical flow met or exceeded CDFW flows
CDFW flows on 8%, and USFS flows on 38%, of days.1
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)LJXUH ��� +LVWRULFDO IORZV� DV PHDVXUHG DW WKH )RUW -RQHV JDXJH� LQ FRPSDULVRQ WR &'): LQWHULP
UHFRPPHQGHG IORZV �&'): ����� DQG WKH 86)6 ZDWHU ULJKW�
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Dry
Wet
Uncertain − No
Uncertain − Yes

)LJXUH ��� %DVHIORZ �L�H�� ODWH VXPPHU DQG IDOO� FRQGLWLRQV LQ WKH 6FRWW 5LYHU VWUHDP V\VWHP� GXULQJ
DQ DYHUDJH ZDWHU \HDU� 'DWD IURP 65:& �����
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WR RYHU �� FIV� LV D SHULRG RI UHODWLYHO\ VWHDG\ IORZ FRQGLWLRQV� IHG PRVWO\ E\ JURXQGZDWHU GLVFKDUJH
LQWR WKH 6FRWW 5LYHU V\VWHP� REVHUYHG LQ $XJXVW DQG 6HSWHPEHU �86)6 ������

(DFK RI WKHVH ILYH IORZ UHJLPH FRPSRQHQWV KDV NH\ LPSOLFDWLRQV IRU WKH HFRORJLFDO IXQFWLRQV RI
DTXDWLF VSHFLHV LQ WKH %DVLQ� SDUWLFXODUO\ DQDGURPRXV ILVK �PLJUDWLRQ WLPLQJ DQG OLIH KLVWRULHV RI
DQDGURPRXV ILVK LQ WKH %DVLQ DUH SURYLGHG LQ 6HFWLRQ ��������� 2I WKH ILYH IXQFWLRQDO IORZ FRPSR�
QHQWV� WKH WLPLQJ RI WKH VSULQJ UHFHVV� WKH DPRXQW RI VXPPHU EDVHIORZ� DQG WKH WLPLQJ RI WKH IDOO
SXOVH IORZ DUH SDUWLFXODUO\ LPSRUWDQW WR DQDGURPRXV ILVK LQ WKH 6FRWW 5LYHU V\VWHP �6HFWLRQ ��������
DQG PRVW VHQVLWLYH WR GHSOHWLRQ RI VXUIDFH ZDWHU GXH WR JURXQGZDWHU SXPSLQJ� 6SULQJ UHFHVVLRQ
IORZV DUH YLWDO IRU UHSURGXFWLRQ DQG PLJUDWLRQ DQG SOD\ D UROH LQ VHGLPHQW UHGLVWULEXWLRQ� 6XPPHU
DQG IDOO EDVHIORZV VXSSRUW VSHFLHV E\ SURYLGLQJ ZDWHU TXDOLW\ DQG TXDQWLWLHV GXULQJ WKH GU\ VHDVRQ�
)LQDOO\� WKH IDOO SXOVH IORZ LV LPSRUWDQW IRU IDOO PLJUDWLRQV� LQVWUHDP ZDWHU TXDOLW\ DQG WUDQVSRUWDWLRQ
RI QXWULHQWV �&()) ������

6WUHDPV LQ WKH 6FRWW 5LYHU ZDWHUVKHG LQFOXGH ERWK QDWXUDOO\ SHUHQQLDO DQG QDWXUDOO\ HSKHPHUDO
UHDFKHV �0DFN ������ ,Q SDUWLFXODU� WKH XSSHU UHDFKHV RI PRVW PDMRU WULEXWDULHV DUH SHUHQQLDO�
ZKLOH ORZHU UHDFKHV RI VRPH PDMRU WULEXWDULHV LQ WKH 6FRWW 9DOOH\ GU\ RXW HYHU\ \HDU �H�J�� .LGGHU
&UHHN EHWZHHQ WKH %DVLQ ERXQGDU\ DQG WKH FRQIOXHQFH ZLWK %LJ 6ORXJK� RU 0RIIHWW &UHHN IURP WKH
%DVLQ ERXQGDU\ WR WKH FRQIOXHQFH ZLWK WKH PDLQVWHP� VHH )LJXUH ���� 7KH GXUDWLRQ RI IORZ LQ WKHVH
HSKHPHUDO UHDFKHV LV KLJKO\ GHSHQGHQW RQ SUHFLSLWDWLRQ WLPLQJ DQG YROXPH� 'XULQJ WKH VXPPHU
EDVHIORZ VHDVRQ� PRVW WULEXWDULHV DUH GU\ RU LQFOXGH GU\ VHFWLRQV� DQG VXUIDFH IORZ LQ VRPH UHDFKHV
LV VXVWDLQHG E\ JURXQGZDWHU GLVFKDUJH� 3HUHQQLDO UHDFKHV LQFOXGH WKH (DVW DQG 6RXWK )RUNV DQG
SRUWLRQV RI )UHQFK DQG 6KDFNOHIRUG &UHHNV �)LJXUH ����

6LQFH WKH LQWURGXFWLRQ RI JURXQGZDWHU SXPSLQJ LQ WKH ����V �VHH 6HFWLRQ ��������� PLQLPXP VXP�
PHU EDVHIORZ DW WKH )RUW -RQHV JDXJH KDV EHHQ PHDVXUDEO\ ORZHU FRPSDUHG WR JDXJH PHDVXUH�
PHQWV IURP WKH ����V WR WKH ����V� IRU FRPSDUDEOH ZDWHU \HDU W\SHV� 1RWDEO\� LQ )LJXUH �� WKH
PLQLPXP IORZV UDUHO\ GLS EHORZ �� FIV SULRU WR WKH GU\ \HDU RI ����� LQ WKH GHFDGHV VLQFH �����
PLQLPXP IORZV EHORZ �� DUH URXWLQH� ,Q WKH �� \HDUV FRYHUHG E\ WKH 69,+0 PRGHO SHULRG ������
������ PHGLDQ IORZV LQ $XJXVW DQG 6HSWHPEHU KDYH EHHQ OHVV WKDQ �� FIV �)LJXUH ���� ZLWK PXFK
RI WKH 6FRWW 5LYHU DQG ORZHU WULEXWDULHV �ZLWKLQ WKH *6$ ERXQGDULHV� IDOOLQJ GU\ XQWLO WKH ILUVW PDMRU
IDOO SUHFLSLWDWLRQ HYHQWV �IDOO SXOVH IORZ�� /RZ VWUHDP IORZV KDYH HFRORJLFDO LPSOLFDWLRQV� SDUWLFX�
ODUO\ IRU DQDGURPRXV ILVK LQ WKH %DVLQ WKDW UHO\ RQ VXIILFLHQW IORZV IRU IDOO PLJUDWLRQV DQG IRU VXLWDEOH
KDELWDW �VHH GLVFXVVLRQ LQ 6HFWLRQV ������� DQG ���������

/RZHU EDVHIORZ FRQGLWLRQV VLQFH WKH ����V KDYH DOVR EHHQ DWWULEXWHG WR FOLPDWH FKDQJH LQ DGGL�
WLRQ WR WKH RQVHW RI JURXQGZDWHU SXPSLQJ DIWHU WKH ����V �VHH 6HFWLRQ ��������� DPRQJ RWKHUV�
*URXQGZDWHU SXPSLQJ KDV EHHQ VKRZQ WR EH WKH PRVW VLJQLILFDQW IDFWRU FDXVLQJ WKH GHFOLQH LQ
EDVH IORZ GXULQJ -XO\ DQG $XJXVW DIWHU WKH ����V UHODWLYH WR WKH SHULRG SULRU WR WKH ����V �9DQ
.LUN DQG 1DPDQ ������ ,Q FRQWUDVW� ORZHU EDVHIORZ LQ 6HSWHPEHU DQG 2FWREHU VLQFH WKH ����V
KDV EHHQ DWWULEXWHG WR FOLPDWH FKDQJH DV WKH GRPLQDQW IDFWRU �'UDNH� 7DWH� DQG &DUOVRQ ������
DOWKRXJK $VDULDQ DQG :DONHU ������ IRXQG WKDW IORZ GHFOLQHV LQ $XJXVW� 6HSWHPEHU� DQG 2FWREHU
ZHUH PXFK ODUJHU WKDQ FRXOG EH H[SODLQHG E\ SUHFLSLWDWLRQ DORQH� 2YHU WKH SDVW WZR GHFDGHV� WKH
UHODWLYH IUHTXHQF\ RI \HDUV ZLWK ORZ IORZV KDV EHHQ KLJKHU WKDQ LQ PRVW SHULRGV LQ WKH ��WK FHQ�
WXU\ GXULQJ ZKLFK 6FRWW 5LYHU IORZV DW )RUW -RQHV KDYH EHHQ PHDVXUHG �)LJXUH ���� $GGLWLRQDOO\�
WKH RQVHW RI WKH ZHW VHDVRQ� ZKHUH IORZV ULVH DERYH WKHLU ����WR��� FIV EDVHIORZ FRQGLWLRQV� KDV
WHQGHG WR IDOO ODWHU LQ WKH \HDU� ZLWK WKH DYHUDJH GDWH RI RQVHW VKLIWLQJ IURP PLG�WR�ODWH 6HSWHPEHU
LQ ZDWHU \HDUV ��������� WR HDUO\�WR�PLG�2FWREHU LQ ZDWHU \HDUV ���������� 7KLV KDV UHVXOWHG LQ
PRUH IUHTXHQW RFFXUUHQFH RI EDVHIORZ FRQGLWLRQV RI OHVV WKDQ �� FIV �)LJXUH ����
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������� ,GHQWLILFDWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH :DWHU 6\VWHPV

6*0$ FDOOV IRU WKH LGHQWLILFDWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHUV �,6:V� LQ HDFK *63� ,QWHUFRQ�
QHFWHG VWUHDPV RYHUO\LQJ WKH %DVLQ DUH LGHQWLILHG LQ )LJXUH ���

7KH GHILQLWLRQ RI DQ ,6: LV�

�� &&5 � ��� �R�� ³,QWHUFRQQHFWHG VXUIDFH ZDWHU´ UHIHUV WR VXUIDFH ZDWHU WKDW LV K\GUDXOL�
FDOO\ FRQQHFWHG DW DQ\ SRLQW E\ D FRQWLQXRXV VDWXUDWHG ]RQH WR WKH XQGHUO\LQJ DTXLIHU DQG
WKH RYHUO\LQJ VXUIDFH ZDWHU LV QRW FRPSOHWHO\ GHSOHWHG�

%HFDXVH WKH ZDWHU WDEOH LQ PDQ\ SDUWV RI 6FRWW 9DOOH\ FDQ EH UHODWLYHO\ VKDOORZ� WKH 6FRWW 5LYHU
VXUIDFH ZDWHU QHWZRUN FRQWDLQV PDQ\ PLOHV RI VWUHDP FKDQQHO WKDW DUH FRQQHFWHG WR JURXQGZDWHU�
7KH GLUHFWLRQ RI IORZ H[FKDQJH �L�H�� JDLQLQJ YV� ORVLQJ VWUHDP UHDFKHV� YDULHV RYHU ERWK VSDFH DQG
WLPH� DQG VLPXODWHG UDWHV RI VWUHDP OHDNDJH RU JURXQGZDWHU DFFUHWLRQ WR WULEXWDULHV DQG WKH 6FRWW
5LYHU FDQ YDU\ E\ RUGHUV RI PDJQLWXGH�

)LJXUH �� LOOXVWUDWHV WKHPRQWKO\ YDULDWLRQV LQ WKH DPRXQW DQG GLUHFWLRQ RI HVWLPDWHG ZDWHU H[FKDQJH
EHWZHHQ JURXQGZDWHU DQG VXUIDFH ZDWHU �DIWHU 7ROOH\� )RJOLD� DQG +DUWHU ������ /RVLQJ VHFWLRQV
DUH LQGLFDWHG E\ UHG FRORUV DQG WKH SRVLWLYH YDOXH RI WKH ORJDULWKP RI WKH UDWH RI VWUHDP OHDNDJH WR
JURXQGZDWHU� *DLQLQJ VWUHDP VHFWLRQV DUH LQGLFDWHG E\ EOXH FRORUV DQG WKH QHJDWLYH YDOXH RI WKH
ORJDULWKP RI WKH UDWH RI VWUHDP DFFUHWLRQ IURP JURXQGZDWHU� 7KH YHUWLFDO D[LV LQGLFDWHV WKH VWUHDP
PLOHDJH ORFDWLRQ DORQJ WKH PDLQ VWHP RI WKH 6FRWW 5LYHU ZLWK WKH ORZHVW� PRVW GRZQVWUHDP ORFDWLRQ
QHDU WKH )RUW -RQHV 86*6 VWUHDP JDXJH DW WKH WRS DQG WKH KLJKHVW� PRVW XSVWUHDP ORFDWLRQ QHDU
&DOODKDQ DW WKH ERWWRP� 7KH KRUL]RQWDO D[LV LQGLFDWHV WKH WLPH� EHJLQQLQJ ZLWK 2FWREHU ���� DQG
HQGLQJ ZLWK 6HSWHPEHU ����� :KLWH DUHDV LQGLFDWH ORFDWLRQV DQG WLPHV ZKHQ IORZ LQ WKH VWUHDPEHG
LV LQVLJQLILFDQW �HIIHFWLYHO\ GU\ VWUHDPEHG FRQGLWLRQV�� DOWKRXJK ORFDO� GLVFRQQHFWHG SRROV PD\ H[LVW
�QRW H[SOLFLWO\ PRGHOHG��

6LPLODU YDU\LQJ FRQGLWLRQV H[LVW DORQJ WKH WULEXWDULHV RI WKH 6FRWW 5LYHU ZKHUH WKH\ IORZ RYHU WKH
JURXQGZDWHU EDVLQ� +RZHYHU� WKH XSSHUPRVW VHFWLRQ RI WULEXWDULHV� QHDU WKH DSH[ RI WKHLU DOOXYLDO
IDQV �H�J�� QHDU (WQD DQG *UHHQYLHZ� FORVH WR WKH PRXQWDLQ IURQW� DUH JHQHUDOO\ ORVLQJ VWUHDPV
FRQWULEXWLQJ VLJQLILFDQW UHFKDUJH WR WKH JURXQGZDWHU V\VWHP�

2YHU WKH HQWLUHW\ RI WKH EDVLQ� WKH VWUHDPIORZ V\VWHP JHQHUDOO\ PDNHV D QHW JDLQ GXULQJ ZHW \HDUV�
EXW KDV D QHW ORVV WR JURXQGZDWHU GXULQJ GU\ \HDUV �VHH )LJXUH �� LQ WKH :DWHU %XGJHW VHFWLRQ��
*DLQV DQG ORVVHV DOVR IOXFWXDWH VHDVRQDOO\ �VHH )LJXUH �� LQ WKH :DWHU %XGJHW VHFWLRQ� ZLWK PRVW
ORVVHV GXULQJ WKH ODWH UDLQ\ VHDVRQ �-DQXDU\ WKURXJK 0D\� GXH WR WKH ODUJH DPRXQW RI UHFKDUJH
IURP WULEXWDULHV ZKHQ WKH\ ILUVW HQWHU WKH EDVLQ� RYHU WKH XSSHU DOOXYLDO IDQV� /DUJHVW QHW DFFUHWLRQ
RFFXUV GXULQJ WKH GU\ VHDVRQ� 'XULQJ WKDW SHULRG� UHFKDUJH IURP WKH WULEXWDULHV QHDU WKH PRXQWDLQ
IURQW LV VPDOO�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

Etna

Fort Jones

Clar
k

Crystal

Ea
st

 F
or

k

Etna
Fr

en
ch

Johnson

Kidder

Mill

M
ine

rs

M
offett

O
ro

 F
in

o

Patterson

Sh
ac

kle
for

d

Sou
th 

Fork

Sugar

Wildcat

0 1 2 3 4 5 mi
N

Interconnected Streams
Disconnected Streams

Towns

Groundwater Basin
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RYHUO\LQJ WKH 6FRWW 9DOOH\ JURXQGZDWHU EDVLQ KDYH EHHQ GHVLJQDWHG DV ,6:V IRU SXUSRVHV RI WKLV
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)LJXUH ��� 6SDWLRWHPSRUDO KHDW PDS RI VLPXODWHG IORZUDWHV EHWZHHQ JURXQGZDWHU DQG VXUIDFH
ZDWHU IRU WKH 6FRWW 5LYHU ZLWK JHRJUDSKLF ORFDWLRQV QRWHG� $IWHU 7ROOH\ �����

$FURVV WKH VWUHDP V\VWHP LQ 6FRWW 9DOOH\ �)LJXUH ���� WKHUH DUH QR NQRZQ VWUHDP UHDFKHV WKDW DUH
IORZLQJ DQG DOVR HQWLUHO\ DQG SHUPDQHQWO\ GLVFRQQHFWHG IURP JURXQGZDWHU� L�H�� UHDFKHV WKDW DUH
VHSDUDWHG IURP WKH ZDWHU WDEOH E\ WKLFN XQVDWXUDWHG ]RQHV� )RU SXUSRVHV RI WKLV SODQ� WKH 6FRWW
5LYHU DQG LWV PDMRU WULEXWDULHV �0LOO� 6KDFNOHIRUG� 2UR )LQR� 0RIIHWW� .LGGHU� 3DWWHUVRQ� &U\VWDO�

��



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

-RKQVRQ� (WQD� )UHQFK� 0LQHUV� 6XJDU� DQG :LOGFDW &UHHNV� 6RXWK )RUN DQG (DVW )RUN 6FRWW 5LYHU�
)LJXUH ��� DUH WKHUHIRUH DOO FRQVLGHUHG SDUW RI D VLQJOH LQWHUFRQQHFWHG VXUIDFH ZDWHU V\VWHP LQ
WKH EDVLQ� 7KH LQWHUFRQQHFWHG VXUIDFH ZDWHU V\VWHP VXSSRUWV VLJQLILFDQW ILVK KDELWDW DQG ULSDULDQ
YHJHWDWLRQ �VHH 6HFWLRQ ���������

$WWULEXWLQJ 6WUHDP 'HSOHWLRQ WR *URXQGZDWHU 8VH

7KH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �VHH 6HFWLRQ �������� 7ROOH\� )RJOLD� DQG +DUWHU
������� ZDV XVHG WR FRPSXWH WKH DPRXQW RI VWUHDP GHSOHWLRQ LQ LQWHUFRQQHFWHG VXUIDFH ZDWHU
GXH WR JURXQGZDWHU SXPSLQJ ZLWKLQ WKH EDVLQ DV D ZKROH� EXW DOVR VHSDUDWHO\ IRU ERWK� WKH DUHDV
RXWVLGH DQG ZLWKLQ WKH DGMXGLFDWHG ]RQH� 7KH DPRXQW RI VWUHDP GHSOHWLRQ LV FRPSXWHG IRU WKH ORFD�
WLRQ RI WKH )RUW -RQHV JDXJH� E\ PRQWK� IRU WKH SHULRG ���� ± ����� ,W LV FRPSXWHG E\ FRPSDULQJ
VLPXODWLRQ RI DFWXDO ���� ± ���� FRQGLWLRQV �EDVH FDVH FRQGLWLRQV� WR K\SRWKHWLFDO QR�SXPSLQJ
VFHQDULRV� HLWKHU RXWVLGH RU LQVLGH WKH DGMXGLFDWHG ]RQH RU DFURVV WKH HQWLUH EDVLQ�

,Q WKH QR�SXPSLQJ VFHQDULRV� LQGLYLGXDO ILHOGV WKDW SDUWO\ RU IXOO\ GHSHQG RQ JURXQGZDWHU IRU LUUL�
JDWLRQ DUH DVVXPHG WR UHYHUW WR QDWXUDO YHJHWDWLRQ� 1DWXUDO YHJHWDWLRQ LV DVVXPHG WR GHSHQG RQ
UDLQIDOO DQG VRLO PRLVWXUH WR PHHW LWV (7 GHPDQG� )RU WKH UHIHUHQFH VFHQDULR XVHG LQ WKH *63�
RQO\ YHJHWDWLRQ LQ WKH 'LVFKDUJH =RQH LV DVVXPHG WR EH DEOH WR FRQVXPH JURXQGZDWHU IRU (7� 7KH
'LVFKDUJH =RQH LV D NQRZQ DUHD RI YHU\ VKDOORZ JURXQGZDWHU LQ WKH ZHVWHUQ FHQWUDO %DVLQ� LQ D FRQ�
WLJXRXV DUHD RI VXE�LUULJDWHG SDVWXUH HDVW RI +LJKZD\ � EHWZHHQ *UHHQYLHZ DQG (WQD �)LJXUH ���
1DWXUDO YHJHWDWLRQ JURZLQJ HOVHZKHUH� LQ OLHX RI DJULFXOWXUH� LV DVVXPHG WR UHO\ RQ SUHFLSLWDWLRQ DQG
VWRUHG VRLO PRLVWXUH RQO\� ZLWK QR DFFHVV WR JURXQGZDWHU� 7KH SRWHQWLDO (7 RI QDWXUDO YHJHWDWLRQ LV
DVVXPHG WR EH ��� RI UHIHUHQFH (7 �ZHOO�ZDWHUHG JUDVV�� 7KHVH DVVXPSWLRQV DUH FRQVLVWHQW ZLWK
UHFHQW VWXGLHV RI QDWXUDO YHJHWDWLRQ �VXFK DV RDN VDYDQQDK DQG UDLQIHG JUDVVODQGV� WUDQVSLUDWLRQ
�0DXUHU HW DO� ����� +RZHV� )R[� DQG +XWWRQ ������ $FWXDO (7 LV FRPSXWHG E\ 69,+0 EDVHG
RQ DYDLODEOH VRLO PRLVWXUH DQG PD\ EH ORZHU WKDQ SRWHQWLDO (7 GXH WR VRLOV GU\LQJ RXW GXULQJ WKH
VXPPHU DQG IDOO�

:LWK VLPXODWLRQ RI WKHVH QR�SXPSLQJ VFHQDULRV LW LV SRVVLEOH WR HVWLPDWH WKH VWUHDP GHSOHWLRQ DW�
WULEXWDEOH WR JURXQGZDWHU LUULJDWLRQ LQVLGH WKH DGMXGLFDWHG ]RQH �,$=�� RXWVLGH WKH DGMXGLFDWHG ]RQH
�2$=�� DQG LQ WKH YDOOH\ RYHUDOO� E\ VLPSOH GLIIHUHQFLQJ�ӻӿկձբφ ਷ ӻӿգռ֎րվռ֎ր � ӹԔԟԛԔԣԘԞԝձ֐ֈ֋ք։ւӴբφ �DOO LQ FIV�

:KHUH�ӻӿկձբφ LV WKH )ORZ DW )RUW -RQHV *DXJH� 1R�3XPSLQJ LQ $UHD � 6FHQDULR�ӻӿգռ֎րվռ֎ր LV WKH )ORZ DW )RUW -RQHV *DXJH� %DVHFDVH� DQGӹԔԟԛԔԣԘԞԝձ֐ֈ֋ք։ւӴբφ
LV WKH 6WUHDP 'HSOHWLRQ DW )RUW -RQHV *DXJH GXH WR JURXQGZDWHU LUULJDWLRQ LQ $UHD �� ZKHUH ³$UHD
�´ HLWKHU FRUUHVSRQGV WR WKH HQWLUH EDVLQ� WR WKH DGMXGLFDWHG ]RQH� RU WR WKH DUHD RXWVLGH RI WKH
DGMXGLFDWHG ]RQH�

7KH GHSOHWLRQ LV DQ LPSRUWDQW PHWULF UHODWHG WR VXPPHU EDVHIORZ� %XW HTXDOO\ LPSRUWDQW IURP D
IXQFWLRQDO IORZV SHUVSHFWLYH DUH FKDQJHV LQ WKH WLPLQJ RI WKH VSULQJ UHFHVV DQG IDOO IOXVK IORZ WKDW
PD\ RFFXU GXH WR JURXQGZDWHU SXPSLQJ� 7KH VDPH VLPXODWLRQ VFHQDULRV XVHG WR FRPSXWH VWUHDP
GHSOHWLRQ FDQ DOVR EH XVHG WR FRPSXWH WKH FKDQJH LQ GDWH� IRU D JLYHQ \HDU� DW ZKLFK IORZV ILUVW IDOO
EHORZ �VSULQJ UHFHVV� RU H[FHHG �IDOO IOXVK IORZ� YDULRXV VWUHDPIORZ WKUHVKROGV� 7DEOH �� VKRZV WKH
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GLIIHUHQFH� PHDVXUHG LQ QXPEHU RI GD\V� RI WKH IDOO GDWH DW ZKLFK VLPXODWHG VWUHDPIORZ DW WKH )RUW
-RQHV JDXJH ILUVW H[FHHGV �� FIV �³'D\V RI (DUOLHU 5HFRQQHFWLRQ �)- )ORZ ! �� FIV�´�� EHWZHHQ WKH
QR�SXPSLQJ UHIHUHQFH VFHQDULR GHVFULEHG DERYH DQG WKH FDOLEUDWHG EDVHFDVH VFHQDULR �ZKHUH WKH
ODWWHU PRVW FORVHO\ VLPXODWHV DFWXDO FRQGLWLRQV RYHU WKH ��������� SHULRG�� 7DEOH �� SURYLGHV ERWK
WKH DYHUDJH VWUHDP GHSOHWLRQ IURP 6HSWHPEHU ��1RYHPEHU �� DQG WKH UDQJH RI GD\V RI HDUOLHU
UHFRQQHFWLRQ� EHWZHHQ ZDWHU \HDUV ���� DQG ����� 6HSWHPEHU WKURXJK 1RYHPEHU UHSUHVHQWV WKH
³FULWLFDO GU\ ZLQGRZ´ LQ ZKLFK ORZ IORZUDWHV PRVW LPSDFW HFRORJLFDO FRQGLWLRQV IRU VSDZQLQJ ILVK�

7KH DYHUDJH 6HSWHPEHU�1RYHPEHU PHDQ VWUHDP GHSOHWLRQ DWWULEXWDEOH WR SXPSLQJ LQ ZHOOV UHJ�
XODWHG XQGHU WKLV *63 LV �� FIV� �)RU D FRPSOHWH WDEOH RI VLPXODWHG GDLO\ VWUHDPIORZ DQG VWUHDP
GHSOHWLRQ UHVXOWV� VHH 'LJLWDO $SSHQGL[ ��$�� ,W LV RI VLPLODU PDJQLWXGH ��� FIV� IRU ZHOOV LQ WKH DG�
MXGLFDWHG ]RQH� 7KHLU FRPELQHG 6HSWHPEHU�1RYHPEHU VWUHDP GHSOHWLRQ HIIHFW �L�H�� WKH VWUHDP
GHSOHWLRQ DWWULEXWDEOH WR JURXQGZDWHU SXPSLQJ LQ DOO ZHOOV� KDV D PHDQ YDOXH RI �� FIV� ,Q \HDUV
ZKHQ IORZV GR QRW DOUHDG\ H[FHHG �� FIV WKURXJKRXW $XJXVW� IORZV FOLPE DERYH �� FIV DERXW � WR
� ZHHNV HDUOLHU XQGHU WKH QR�SXPSLQJ VFHQDULR�

,Q 7DEOH ��� ³6WUHDP 'HSOHWLRQ´ LQ FIV LV FDOFXODWHG DV WKH DYHUDJH �PHDQ� YDOXH RI WKH VLPXODWHG
DYHUDJH GDLO\ IORZUDWHV RQ DOO GD\V LQ WKH FULWLFDO GU\ ZLQGRZ RI 6HS�1RY� LQ DOO �� \HDUV ������
������ ³'D\V RI (DUOLHU 5HFRQQHFWLRQ �)- )ORZ ! �� FIV�´ UHIHUV WR WKH QXPEHU RI GD\V EHWZHHQ �D�
WKH ILUVW IDOO GDWH LQ WKH QR�SXPSLQJ VFHQDULR VLPXODWLRQ ZKHQ VWUHDP IORZ DW WKH )RUW -RQHV JDXJH
H[FHHGV �� FIV DQG �E� WKH GDWH IRU WKH VDPH HYHQW LQ WKH EDVHFDVH VLPXODWLRQ� 7KH GDWH LV ODWHU
LQ WKH EDVHFDVH VLPXODWLRQ GXH WR JURXQGZDWHU SXPSLQJ GXULQJ WKH VXPPHU� ,W LV FDOFXODWHG DV
WKH DYHUDJH �PHDQ� RI WKH �� \HDUO\ YDOXHV IRU ³GD\V RI HDUOLHU UHFRQQHFWLRQ´� :H ILQG WKDW VLPLODU
QXPEHUV RI ³'D\V RI (DUOLHU 5HFRQQHFWLRQ´ RFFXU ZKHQ IORZ WKUHVKROGV RI �� FIV� �� FIV� DQG ��
FIV DUH FRQVLGHUHG UDWKHU WKDQ �� FIV�

7DEOH ��� (VWLPDWHG VWUHDP GHSOHWLRQ� LQ 6HSWHPEHU DQG 2FWREHU RI ���������� GXH WR JURXQGZD�
WHU SXPSLQJ LQ WKUHH JHRJUDSKLF DUHDV GHILQHG E\ WKH $GMXGLFDWHG =RQH �6XSHULRU &RXUW RI 6LVNL\RX
&RXQW\ ������

:HOO $UHD $YHUDJH �0HDQ� 6WUHDP
'HSOHWLRQ� 6HS�1RY ¶���
¶��� GXH WR JURXQGZDWHU LU�
ULJDWLRQ LQ WKLV DUHD �FIV�

$YHUDJH �0HDQ� 'D\V RI
(DUOLHU 5HFRQQHFWLRQ �)-
)ORZ � �� FIV�� LQ \HDUV
¶���¶��� LI QR SXPSLQJ RF�
FXUUHG LQ WKLV DUHD

6*0$ :HOOV �:HOOV RXWVLGH $G�
MXGLFDWHG =RQH� 2$=�

�� FIV �� GD\V

$GMXGLFDWHG =RQH :HOOV �:HOOV
,QVLGH $GMXGLFDWHG =RQH� ,$=�

�� FIV �� GD\V

$OO SXPSLQJ �DOO ZHOOV� �� FIV �� GD\V

������� ,GHQWLILFDWLRQ RI *URXQGZDWHU 'HSHQGHQW (FRV\VWHPV

6HFWLRQ �������J� RI WKH *63 5HJXODWLRQV ��� &&5 � ��� HW VHT�� UHTXLUHV LGHQWLILFDWLRQ RI JURXQG�
ZDWHU GHSHQGHQW HFRV\VWHPV �*'(V�� 6HFWLRQ ����P� RI WKHVH UHJXODWLRQV UHIHUV WR *'(V DV
³HFRORJLFDO FRPPXQLWLHV RU VSHFLHV WKDW GHSHQG RQ JURXQGZDWHU HPHUJLQJ IURP DTXLIHUV RU RQ
JURXQGZDWHU RFFXUULQJ QHDU WKH JURXQG VXUIDFH�´
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6*0$ FDOOV IRU DQ LGHQWLILFDWLRQ RI JURXQGZDWHU GHSHQGHQW HFRV\VWHPV� LQFOXGLQJ ³SRWHQWLDOO\ UH�
ODWHG IDFWRUV VXFK DV LQVWUHDP IORZ UHTXLUHPHQWV� WKUHDWHQHG DQG HQGDQJHUHG VSHFLHV� DQG FULWLFDO
KDELWDW´ ��� &&5 � ��������
7KLV GHILQLWLRQ FRXOG WKHRUHWLFDOO\ FRYHU ERWK DUHDV RI YHJHWDWLRQ DQG IORZLQJ VXUIDFH ZDWHUV VXS�
SRUWLQJ DTXDWLF HFRV\VWHPV� )RU SXUSRVHV RI WKLV *63� ³*'(´ LV XVHG WR UHIHU WR D VSDWLDO DUHD
FRYHUHG E\ YHJHWDWLRQ WKDW LV REVHUYDEO\ GLVWLQFW IURP GU\�ODQG WHUUHVWULDO YHJHWDWLRQ� *'(V FRQVLVW�
LQJ RI SHUHQQLDO IORZLQJ VWUHDPV� HSKHPHUDO VWUHDPV ZKLFK DUH SHULRGLFDOO\ FRQQHFWHG WR WKH ZD�
WHU WDEOH� DQG QRQ�ULSDULDQ JURXQGZDWHU�GHSHQGHQW YHJHWDWLRQ DUH PDSSHG XQGHU ,QWHUFRQQHFWHG
6XUIDFH :DWHUV �VHH SUHYLRXV VHFWLRQ�� 6SHFLHV RFFXS\LQJ WKHVH *'(V DUH DGGUHVVHG ODWHU LQ WKLV
VHFWLRQ�
*'(V DUH FRQVLGHUHG WKURXJKRXW WKH *63� LQ WKLV VHFWLRQ� WKURXJK LGHQWLILFDWLRQ RI *'(V� GHIL�
QLWLRQ RI WKH QDWXUH DQG GHJUHH RI UHOLDQFH RQ JURXQGZDWHU� DQG SODQV IRU PDQDJHPHQW� LQ 6HF�
WLRQ �� WKURXJK FRQVLGHUDWLRQ LQ GHYHORSPHQW RI VXVWDLQDEOH PDQDJHPHQW FULWHULD DQG DVVRFLDWHG
PRQLWRULQJ QHWZRUNV� DQG LQ SURMHFW DQG PDQDJHPHQW DFWLRQV GHVFULEHG LQ 6HFWLRQ �� %DVHG RQ
WKLV LQYHQWRU\ DQG PDSSLQJ H[HUFLVH� WKH 60&V GHYHORSHG WR DGGUHVV VXVWDLQDELOLW\ LQGLFDWRUV IRU
JURXQGZDWHU OHYHOV �6HFWLRQ ������ DQG LQWHUFRQQHFWHG VXUIDFH ZDWHUV �6HFWLRQ ������ DUH H[SHFWHG
WR IRVWHU JURXQGZDWHU FRQGLWLRQV WKDW VXSSRUW *'(V�
:KLOH D SUHOLPLQDU\ DQDO\VLV RI WKH SUHVHQFH� H[WHQW� DQG KDELWDW UHTXLUHPHQWV RI WKH VSHFLHV LQ WKH
%DVLQ KDV EHHQ FRQGXFWHG KHUH� GDWD JDSV ZHUH LGHQWLILHG IRU WKLV VHFWLRQ� 7KHVH DUH GLVFXVVHG LQ
GHWDLO LQ $SSHQGL[ ��$ DQG DUH VXPPDUL]HG KHUH� $SSURDFKHV� LQFOXGLQJ VWXGLHV� LPSOHPHQWDWLRQ
RI DGGLWLRQDO PRQLWRULQJ DFWLYLWLHV DQG RWKHU SURMHFWV� WR ILOO WKHVH GDWD JDSV DUH GLVFXVVHG LQ &KDSWHU
�� 7KH GDWD JDSV LGHQWLILHG LQFOXGH�

� ([LVWHQFH RI JURXQGZDWHU�GHSHQGHQW YHJHWDWLRQ VXFK DV FRWWRQZRRG WUHHV RQ 0RIIHWW &UHHN�
SRWHQWLDOO\ GLIILFXOW WR REVHUYH XVLQJ UHPRWH PHWKRGV�

� (FRORJLFDO LQIRUPDWLRQ� VXFK DV�

± IORZ UHTXLUHPHQWV IRU MXYHQLOH VDOPRQ RXWPLJUDWLRQ
± VWHHOKHDG PLJUDWLRQ SRSXODWLRQ FRXQWV

� &RQILUPDWLRQ RI WKH H[WHQW RI WKH ,QWHUFRQQHFWHG 6XUIDFH :DWHU QHWZRUN �L�H�� WKH H[WHQW RI WKH
VXUIDFH ZDWHU V\VWHP EHQHDWK ZKLFK� GXULQJ DW OHDVW SDUW RI WKH \HDU� D FRQWLQXRXV VDWXUDWHG
]RQH H[LVWV�

� 2QJRLQJ HYDOXDWLRQ RI VDWHOOLWH LPDJHU\ �FDSWXUHG DW OHDVW WZLFH SHU \HDU� FRXOG SURYLGH LQIRU�
PDWLRQ RQ *'( FRQGLWLRQV RYHU WLPH

(QYLURQPHQWDO %HQHILFLDO :DWHU 8VHV DQG 8VHUV ZLWKLQ WKH %DVLQ

7R HVWDEOLVK VXVWDLQDEOH PDQDJHPHQW FULWHULD IRU WKH GHSOHWLRQ RI VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGL�
FDWRU� *6$V DUH UHTXLUHG WR SUHYHQW DGYHUVH LPSDFWV WR EHQHILFLDO XVHUV RI VXUIDFH ZDWHU� LQFOXGLQJ
HQYLURQPHQWDO DQG UHFUHDWLRQDO XVHV DQG XVHUV� 7KXV� LGHQWLI\LQJ WKHVH XVHUV DQG XVHV RI VXUIDFH
ZDWHU LV WKH ILUVW VWHS WR DGGUHVV XQGHVLUDEOH UHVXOWV GXH WR VXUIDFH ZDWHU GHSOHWLRQ�
7KH %DVLQ LV ORFDWHG LQ WKH &DOLIRUQLD HFRUHJLRQ RI .ODPDWK 0RXQWDLQV�&DOLIRUQLD +LJK 1RUWK &RDVW
5DQJH �(FRUHJLRQ ���� DV LGHQWLILHG E\ 86(3$ /HYHO ,,, (FRUHJLRQV RI &DOLIRUQLD�� 7KLV UHJLRQ LV

�*ULIILWK� *�(�� 2PHUQLN� -�0�� 6PLWK� '�:�� &RRN� 7�'�� 7DOO\Q� (�� 0RVHOH\� .�� DQG -RKQVRQ� &�%�� ����� (FRUH�
JLRQV RI &DOLIRUQLD �SRVWHU�� 8�6� *HRORJLFDO 6XUYH\ 2SHQ�)LOH 5HSRUW ����±����� ZLWK PDS� VFDOH ������������
��G[�GRL�RUJ���������RIU���������
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FKDUDFWHUL]HG E\ GLYHUVH IORUD� D PLOG� VXEKXPLG FOLPDWH� DQG ORQJ SHULRGV RI GURXJKW LQ VXPPHU
PRQWKV�

$ UHYLHZ RI WKH LQIRUPDWLRQ DYDLODEOH RQ &'):¶V ODQGV ZHEVLWH�� WKDW FDWDORJXHV 'HSDUWPHQW SURS�
HUWLHV DQG WKHLU PDQDJHG KDELWDW LPSRUWDQFH� VKRZV WKHUH DUH QR &'): ODQGV LQ WKH :DWHUVKHG�

$FFRUGLQJ WR WKH 1DWLRQDO :HWODQGV ,QYHQWRU\ �1:,��� KDELWDW LQ WKH PDLQVWHP DQG WULEXWDULHV LV
LGHQWLILHG DV ³ULYHULQH´ DQG IUHVKZDWHU HPHUJHQW ZHWODQGV DUH QRWHG RQ WKH ZHVW VLGH RI WKH YDOOH\�
PRVW QRWDEO\ EHWZHHQ .LGGHU &UHHN DQG 3DWWHUVRQ &UHHN �LQ WKH FHQWUDO�ZHVWHUQ UHJLRQ RI WKH
%DVLQ��

$V D ILUVW VWHS LQ FRQVLGHULQJ WKH SRWHQWLDO HIIHFWV RI %DVLQ RSHUDWLRQV RQ JURXQGZDWHU GHSHQGHQW
HFRV\VWHPV� WKH W\SHV DQG JHRJUDSKLF H[WHQW RI *'(V LQ WKH %DVLQ ZHUH LGHQWLILHG DQG PDSSHG�
6SDWLDO GDWDVHWV LQGLFDWLQJ WKH SUHVHQFH RI SRWHQWLDO *'(V� PDGH DYDLODEOH E\ WKH 1DWXUH &RQ�
VHUYDQF\ �WKH L*'( GDWDVHW� .ODXVPH\HU HW DO� �������� ZHUH XVHG DV D VWDUWLQJ SRLQW� 7KHVH
GDWDVHWV ZHUH HYDOXDWHG DJDLQVW JURXQGZDWHU GHSWK GDWD� ORFDO H[SHUWLVH� DQG VDWHOOLWH LPDJHU\
DQG FDWHJRUL]HG WR SURGXFH WKH PDSV LQ )LJXUH �� �DQG $SSHQGL[ ��%�� 0RUH VSHFLILFDOO\� WKH L*'(
GDWDVHW ZDV PDSSHG DJDLQVW DQ LQWHUSRODWHG DYHUDJHG GHSWK�WR�JURXQGZDWHU OHYHO� $Q L*'( SRO\�
JRQ ORFDWHG RQ WRS RI DQ LQWHUSRODWHG JURXQGZDWHU OHYHO ! �� IHHW EHORZ JURXQG VXUIDFH �EJV� ZDV
FODVVLILHG DV ³GLVFRQQHFWHG´ DQG LV QRW PDSSHG� 7KLV DSSOLHG WR D UHODWLYHO\ VPDOO QXPEHU RI SRO\�
JRQV� :KHUH JURXQGZDWHU ZDV � �� IHHW EJV� DQG DHULDO HYLGHQFH RI YHJHWDWLRQ ZDV SUHVHQW� L*'(
SRO\JRQV ZHUH FODVVLILHG DV HLWKHU 5LSDULDQ RU 1RQ�5LSDULDQ *URXQGZDWHU 'HSHQGHQW 9HJHWDWLRQ�
GHSHQGLQJ RQ SUR[LPLW\ WR D ULSDULDQ FRUULGRU�

2I FRXUVH� WKLV PDS PD\ EHFRPH RXWGDWHG� DQG JURXQG�EDVHG REVHUYDWLRQV RI *'(V PD\ EH PRUH
UHOLDEOH WKDQ UHPRWH GDWD DVVHVVPHQW� VR WKLV PDSPD\ EH XSGDWHG LQ WKH ��\HDU XSGDWH RI WKH *63�

*URXQGZDWHU 'HSHQGHQW 9HJHWDWLRQ 7\SHV

7KH 1DWXUDO &RPPXQLWLHV &RPPRQO\ $VVRFLDWHG ZLWK *URXQGZDWHU �1&&$*� GDWDVHW� SURYLGHV
YHJHWDWLRQ DQG ZHWODQG OD\HUV IRU HDFK RI WKH JURXQGZDWHU EDVLQV LGHQWLILHG LQ %XOOHWLQ ���� 7KHVH
OD\HUV LGHQWLI\ LQGLFDWRUV RI *'(V �L*'(V�� ZKLFK LGHQWLI\ WKH SKUHDWRSK\WLF YHJHWDWLRQ� SHUHQQLDO
VWUHDPV� DQG UHJXODUO\ IORRGHG QDWXUDO ZHWODQGV� LQ DGGLWLRQ WR VSULQJV DQG VHHSV WKDW PRVW OLNHO\
LQGLFDWH WKH SUHVHQFH RI� DQG GHSHQGHQFH RQ� JURXQGZDWHU�

9HJHWDWLRQ W\SHV LQFOXGHG LQ WKH GDWDVHW DUH OLVWHG LQ 7DEOH �� DORQJ ZLWK WKHLU PD[LPXP URRWLQJ
GHSWK� 1RQH RI WKHVH YHJHWDWLRQ W\SHV DUH OLVWHG DV HQGDQJHUHG� WKUHDWHQHG� RU UDUH DW WKH VWDWH RU
IHGHUDO OHYHO �&1''% ������ $ UHVWRUDWLRQ DQDO\VLV IRU 6FRWW 5LYHU ULSDULDQ YHJHWDWLRQ �5&' �����
DOVR LGHQWLILHV ZLOORZ DQG FRWWRQZRRG DV QDWLYH YHJHWDWLRQ�

�KWWSV���ZZZ�ZLOGOLIH�FD�JRY�/DQGV
�KWWSV���ZZZ�IZV�JRY�ZHWODQGV�GDWD�0DSSHU�KWPO
�KWWSV���JLV�ZDWHU�FD�JRY�DSS�1&'DWDVHW9LHZHU�

��

https://www.wildlife.ca.gov/Lands
https://www.fws.gov/wetlands/data/Mapper.html
https://gis.water.ca.gov/app/NCDatasetViewer/
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7DEOH ��� 9HJHWDWLRQ W\SHV ZLWKLQ WKH %DVLQ LGHQWLILHG E\ WKH 1&&$* 'DWDVHW DORQJ ZLWK WKHLU PD[LPXP URRWLQJ GHSWK�
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*'( 0DSSLQJ DQG ,QYHQWRU\ 0HWKRGV

)RXU PHPEHUV RI WKH 6FRWW 9DOOH\ *URXQGZDWHU $GYLVRU\ &RPPLWWHH DJUHHG WR IRUP D 6XUIDFH
:DWHU $G +RF &RPPLWWHH� 7KH JURXS ZDV FUHDWHG WR DVVLVW ZLWK WKH LGHQWLILFDWLRQ RI KLJK�SULRULW\
KDELWDW� GHILQH D KHDOWK\ K\GURORJLF V\VWHP LQ WKH %DVLQ� DQG GHILQH PHWULFV LQGLFDWLYH RI HFRV\VWHP
KHDOWK WR DVVLVW LQ WKH GHILQLWLRQ RI PHDVXUDEOH REMHFWLYHV� XQGHVLUDEOH UHVXOWV� DQG DVVRFLDWHG
PRQLWRULQJ DFWLYLWLHV� $ WRWDO RI VHYHQ PHHWLQJV ZHUH KHOG EHWZHHQ )HEUXDU\ ���� DQG 0DUFK
����� 7KH DG KRF FRPPLWWHH SURYLGHG GHWDLOHG FRQVXOWDWLRQ RQ WKH SUHVHQFH RU DEVHQFH RI SRWHQWLDO
*'(V RU JHQHUDO YHJHWDWLRQ FRQGLWLRQV LQ WKH *'( PDSSLQJ H[HUFLVH�

7KH 6XUIDFH :DWHU $G +RF &RPPLWWHH GHILQHG *'(V RSHUDWLRQDOO\ DV VXUIDFH ZDWHU HFRV\VWHPV
WKDW FDQ EH DIIHFWHG E\ SXPSLQJ RU DUWLILFLDOO\ UHFKDUJLQJ JURXQGZDWHU DQG�RU ULSDULDQ YHJHWDWLRQ�
7KH *'(V LQ WKH EDVLQ ZHUH FDWHJRUL]HG LQWR WZR PDMRU JURXSV�

�� *'(V WKDW DUH DGMDFHQW WR IORZLQJ VXUIDFH ZDWHU IRU PRVW RU DOO RI WKH WLPH� DQG ZKLFK PD\ UHO\
RQ JURXQGZDWHU VXSSOHPHQWDWLRQ RI VXUIDFH ZDWHUV �FDWHJRU\ QDPH� 5LSDULDQ 9HJHWDWLRQ��
DQG

�� *'(V WKDW DUH QHYHU RU UDUHO\ DGMDFHQW WR IORZLQJ VXUIDFH ZDWHU� EXW ZKLFK UHO\ GLUHFWO\ RQ
VKDOORZ JURXQGZDWHU �FDWHJRU\ QDPH� 1RQ�5LSDULDQ *URXQGZDWHU�'HSHQGHQW 9HJHWDWLRQ��

7KH L*'( GDWDVHW�� D GDWD SURGXFW FUHDWHG E\ WKH 1DWXUH &RQVHUYDQF\ �71&� WR DVVLVW *6$V
FRPSOHWH WKLV FRPSRQHQW RI WKHLU *63V �.ODXVPH\HU HW DO� ������ ZDV XVHG DV D VWDUWLQJ SRLQW IRU
WKH *'( LQYHQWRU\ H[HUFLVH� 7KH SUHVHQFH DQG JHRJUDSKLF H[WHQW RI WKLV JURXQGZDWHU GHSHQGHQW
YHJHWDWLRQ ZHUH YHULILHG WKURXJK DQ HYDOXDWLRQ E\ WKH DG KRF FRPPLWWHH� &KDQJHV WR WKH LQLWLDO
GDWDVHW ZHUH UHIOHFWHG LQ WKH *'( PDS E\ DGGLQJ ORFDOO\ UHFRJQL]HG *'(V RU UHPRYLQJ VRPH
*'( SRO\JRQV� 7KH UHVXOWLQJ PDS LV VKRZQ LQ )LJXUH �� DQG DGGLWLRQDO LQIRUPDWLRQ DERXW WKH
FDWHJRUL]DWLRQ SURFHVV LV GHVFULEHG EHORZ�

� 5LSDULDQ 9HJHWDWLRQ FDWHJRU\� 0RVW RI WKH *'(V LGHQWLILHG LQ WKH %DVLQ IDOO LQWR WKLV FDWHJRU\�
8VLQJ WKH EHVW FXUUHQWO\ DYDLODEOH GDWD� LW LV GLIILFXOW WR LGHQWLI\ ZKHWKHU WKH SUHVHQFH RI ULSDULDQ
YHJHWDWLRQ LV GHSHQGHQW RQ JURXQGZDWHU GLVFKDUJH RU LI LW LV VXVWDLQHG HQWLUHO\ E\ VXUIDFH IORZ
�H�J�� LI ULSDULDQ YHJHWDWLRQ LV SXOOLQJ ZDWHU IURP WKH K\SRUKHLF ]RQH LQ DUHDV ZKHUH JURXQGZD�
WHU DYDLODELOLW\ LV QRW D FRQWURO RQ YHJHWDWLRQ SUHVHQFH�� %HFDXVH WKH VWUHDP�DTXLIHU V\VWHP
LQ WKH %DVLQ LV VR LQWHUFRQQHFWHG� PRVW RI WKH VXUIDFH IORZ LQ PDMRU WULEXWDULHV FRXOG WKHR�
UHWLFDOO\ EH DIIHFWHG E\ JURXQGZDWHU H[WUDFWLRQ� VR DOO ULSDULDQ YHJHWDWLRQ FRXOG EH LQGLUHFWO\
GHSHQGHQW RQ JURXQGZDWHU� &RQVHTXHQWO\� DOO 5LSDULDQ 9HJHWDWLRQ PDSSHG LQ WKH %DVLQ ZDV
FRQVHUYDWLYHO\ LQFOXGHG LQ WKH *'( PDS�

� 1RQ�5LSDULDQ *URXQGZDWHU 'HSHQGHQW 9HJHWDWLRQ FDWHJRU\� :KHUH WKH FRPPLWWHH FRXOG WHQ�
WDWLYHO\ UXOH RXW WKH GHSHQGHQFH RI WKH YHJHWDWLRQ RQ VXUIDFH ZDWHU� HLWKHU EHFDXVH RI VXIIL�
FLHQW GLVWDQFH WR D VWUHDP FKDQQHO RU REYLRXV ODFN RI OXVK ULSDULDQ YHJHWDWLRQ� WKH FRPPLWWHH
GHVLJQDWHG VRPH SRO\JRQV DV D VHFRQG YHJHWDWLRQ FDWHJRU\ RI 1RQ�5LSDULDQ *URXQGZDWHU�
'HSHQGHQW 9HJHWDWLRQ �15�*'9�� 7R TXDOLI\ IRU WKLV FDWHJRU\� LW ZDV QHFHVVDU\ WKDW D *'(
DUHD EH REVHUYDEO\ GLVWLQFW IURP VXUURXQGLQJ GU\�ODQG WHUUHVWULDO YHJHWDWLRQ�

7KH 15�*'9 FDWHJRU\ ZRXOG LQFOXGH�
�KWWSV���JURXQGZDWHUUHVRXUFHKXE�RUJ�VJPD�WRROV�PDSSLQJ�LQGLFDWRUV�RI�JGHV

��

https://groundwaterresourcehub.org/sgma-tools/mapping-indicators-of-gdes
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� ZHWODQGV RU VZDPSV�
� YHJHWDWLRQ IHDWXUHV WKDW DSSHDU RQ VDWHOOLWH LPDJHU\ WR WUDFH VXEVXUIDFH GUDLQDJH IHDWXUHV EXW
GR QRW DSSHDU WR EH DGMDFHQW WR UXQQLQJ ZDWHU� DQG

� SDWFKHV RI XQXVXDOO\ OXVK RU GHQVH YHJHWDWLRQ RU WUHHV WKDW DUH XSKLOO RI� RU VXIILFLHQWO\ GLVWDQW
IURP� D VWUHDP FKDQQHO�

*URXQGZDWHU 'HSHQGHQW 6SHFLHV

7KLV VHFWLRQ GLVFXVVHV IDXQD VSHFLHV WKDW RFFXS\ *'(V FRQVLVWLQJ RI SHUHQQLDO IORZLQJ VWUHDPV
�DTXDWLF HFRV\VWHPV�� DV PDSSHG XQGHU ,QWHUFRQQHFWHG 6XUIDFH :DWHUV �VHH SUHYLRXV VHFWLRQ��
71& KDV SURYLGHG D OLVW RI IUHVKZDWHU VSHFLHV ORFDWHG ZLWKLQ HDFK JURXQGZDWHU EDVLQ LQ &DOLIRU�
QLD�� %DVHG RQ WKLV OLVW� WKHUH DUH D WRWDO RI HOHYHQ VSHFLHV LGHQWLILHG E\ WKH 6WDWH DV HQGDQJHUHG�
WKUHDWHQHG� RU VSHFLHV RI VSHFLDO FRQFHUQ ZLWKLQ WKH %DVLQ� LQFOXGLQJ WKRVH XQGHU UHYLHZ RU LQ WKH
FDQGLGDWH RU SHWLWLRQ SURFHVV �7DEOH ���� 2I WKH HOHYHQ WRWDO VSHFLHV ZLWK RQH RI WKHVH GHVLJQD�
WLRQV� WZR DUH WKUHDWHQHG VSHFLHV� RQH LV DQ HQGDQJHUHG VSHFLHV� IRXU DUH VSHFLDO VSHFLHV� DQG
IRXU DUH VSHFLHV RI VSHFLDO FRQFHUQ� 7KRXJK QRW LQFOXGHG RQ WKH 71& OLVW� WKH FDVFDGH IURJ� ZKLFK
LV XQGHU UHYLHZ IRU OLVWLQJ DW WKH VWDWH OHYHO� DQG WKH ZLOORZ IO\FDWFKHU� OLVWHG DV HQGDQJHUHG DW WKH
VWDWH OHYHO� ZHUH DOVR VXJJHVWHG IRU LQFOXVLRQ�

7DEOH ��� )UHVKZDWHU VSHFLHV LQ 6FRWW 9DOOH\ RI VSHFLDO FRQFHUQ� EDVHG RQ LQIRUPDWLRQ SURYLGHG E\
WKH 1DWXUH &RQVHUYDQF\ DQG VWDNHKROGHU LQSXW� DQG DV QRWHG LQ ,YH\ DQG +HU]LQJHU �������

6SHFLHV 6WDWH RI &DOLIRUQLD /LVWLQJ )HGHUDO /LVWLQJ
%DQN 6ZDOORZ 7KUHDWHQHG
:HVWHUQ 3RQG 7XUWOH 6SHFLDO &RQFHUQ
)RRWKLOO <HOORZ�OHJJHG )URJ 6SHFLDO &RQFHUQ 8QGHU 5HYLHZ LQ WKH &DQGLGDWH

RU 3HWLWLRQ 3URFHVV DW WKH )HG�
HUDO OHYHO

7ULFRORUHG %ODFNELUG 6SHFLDO &RQFHUQ %LUG RI &RQVHUYDWLRQ &RQFHUQ�
KDELWDW UDQJH QRW ZLWKLQ WKH
%DVLQ

*UHDWHU 6DQGKLOO &UDQH� 7KUHDWHQHG
<HOORZ�EUHDVWHG &KDW 6SHFLDO &RQFHUQ
$ &DYH 2EOLJDWH $PSKLSRG 6SHFLDO
&DOLIRUQLD )ORDWHU 6SHFLDO
:HVWHUQ 5LGJHG 0XVVHO 6SHFLDO
:HVWHUQ 3HDUOVKHOO 6SHFLDO
%DOG (DJOH (QGDQJHUHG %LUG RI &RQVHUYDWLRQ &RQFHUQ

7KH KDELWDW UDQJHV IRU HDFK RI WKHVH VSHFLHV ZHUH HYDOXDWHG XVLQJ &'):¶V %LRJHRJUDSKLF ,QIRU�
PDWLRQ DQG 2EVHUYDWLRQ 6\VWHP �%,26� 9LHZHU��� %,26 KRXVHV PDQ\ ELRORJLFDO DQG HQYLURQPHQ�
WDO GDWDVHWV LQFOXGLQJ WKH &DOLIRUQLD 1DWXUDO 'LYHUVLW\ 'DWDEDVH �&1''%�� ZKLFK LV DQ LQYHQWRU\
RI WKH VWDWXV DQG ORFDWLRQV RI UDUH SODQWV DQG DQLPDOV LQ &DOLIRUQLD� 7KH SUHVHQFH RI WKH *UHDWHU
6DQGKLOO FUDQH LQ 6FRWW 9DOOH\ LV DOVR QRWHG LQ ,YH\ DQG +HU]LJHU �������

�&DQ EH REWDLQHG IURP KWWSV���JURXQGZDWHUUHVRXUFHKXE�RUJ�VJPD�WRROV�HQYLURQPHQWDO�VXUIDFH�ZDWHU�
EHQHILFLDULHV�

��KWWSV���DSSV�ZLOGOLIH�FD�JRY�ELRV�

��

https://groundwaterresourcehub.org/sgma-tools/environmental-surface-water-beneficiaries/
https://groundwaterresourcehub.org/sgma-tools/environmental-surface-water-beneficiaries/
https://apps.wildlife.ca.gov/bios/
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Riparian Vegetation
Non−Riparian Groundwater− 
Dependent Vegetation
GDE Status Unclear

Dredger Tailings

)LJXUH ��� *'( LQYHQWRU\ JHQHUDWHG IRU WKH %DVLQ� $Q HQODUJHG YHUVLRQ� ZKLFK LQFOXGHV SDUFHO
ERXQGDULHV� LV DWWDFKHG DV $SSHQGL[ ��%�

���



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

$ SUHOLPLQDU\ YLVXDO DQDO\VLV RI WKH GDWD LQGLFDWHG WKDW WKH 7ULFRORUHG %ODFNELUG¶V KDELWDW UDQJH LV
QRW ZLWKLQ WKH %DVLQ¶V DUHD� 7KLV VSHFLHV LV WKHUHIRUH QRW LQFOXGHG LQ WKH OLVW RI *'( VSHFLHV IRU WKH
%DVLQ� 7KH HQWLUH %DVLQ DUHD LV ZLWKLQ WKH KDELWDW UDQJH RI WKH IRRWKLOO <HOORZ�OHJJHG )URJ� ZHVWHUQ
SRQG WXUWOH� EDOG HDJOH� DQG \HOORZ�EUHDVWHG FKDW� 7KH KDELWDW UDQJH IRU WKH EDQN VZDOORZ ZLWKLQ WKH
%DVLQ ERUGHUV WKH 6FRWW 5LYHU� 7KH UDQJHV RI WKH PXVVHO VSHFLHV �&DOLIRUQLD IORDWHU� ZHVWHUQ ULGJHG
PXVVHO� DQG ZHVWHUQ SHDUOVKHOO�� DUH FODVVLILHG DV ³XQNQRZQ´ LQ WKH 71& )UHVKZDWHU 6SHFLHV /LVW
DQG WKHLU SUHVHQFH LQ WKH %DVLQ LV EDVHG RQ UHSRUWHG SUHVHQFH LQ D IUHVKZDWHU PXVVHO VXUYH\��� 7KH
71& )UHVKZDWHU 6SHFLHV /LVW ZDV XVHG WR GHWHUPLQH WKH SUHVHQFH RI WKH FDYH REOLJDWH DPSKLSRG
EDVHG RQ WKH 1DWXUH6HUYH ([SORUHU GHVFULSWLRQV�� DQG 6XEWHUUDQHDQ ,QVWLWXWH GDWDEDVH���
)RU VSHFLHV ZLWK KDELWDW ZLWKLQ WKH %DVLQ� GHVFULSWLRQV RI JURXQGZDWHU UHOLDQFH� ZDWHU GHPDQG� DQG
RWKHU KDELWDW UHTXLUHPHQWV DUH SURYLGHG EHORZ�

� %DQN VZDOORZV VHDVRQDOO\ XVH DUHDV DORQJ ERGLHV RI ZDWHU� VXFK DV ULYHUV� VWUHDPV� UHVHU�
YRLUV� DQG RFHDQ FRDVWV� IRU QHVWLQJ� 7KLV VSHFLHV LV KLJKO\ FRORQLDO DQG EUHHGV LQ QHVWLQJ
EXUURZV WKDW DUH FRQVWUXFWHG LQ QHDU�YHUWLFDO EDQNV� 7KHLU GLHW FRQVLVWV RI DTXDWLF DQG WHU�
UHVWULDO LQVHFWV WKDW WKH\ FDWFK RYHU ZDWHU ERGLHV DQG DVVRFLDWHG IORRGSODLQ JUDVVODQGV� %DQN
VZDOORZV¶ UHSURGXFWLYH VXFFHVV DSSHDUV WR EH SRVLWLYHO\ DVVRFLDWHG ZLWK WKH SUHYLRXV ZLQWHU¶V
VWUHDPIORZ� VXJJHVWLQJ WKDW KLJKHU IORZV LQ ZLQWHU �SULRU WR WKH LQLWLDWLRQ RI QHVWLQJ� LPSURYH
QHVWLQJ KDELWDW DQG IRUDJLQJ FRQGLWLRQV� ,I JURXQGZDWHU GHSOHWLRQ UHVXOWV LQ UHGXFHG VWUHDP�
IORZ� WKH IRUDJLQJ VXFFHVV RI EDQN VZDOORZV PD\ EH GLPLQLVKHG GXH WR WKH UHGXFHG DYDLODELOLW\
RI DTXDWLF LQVHFWV�

� 7KH ZHVWHUQ SRQG WXUWOH¶V SUHIHUUHG KDELWDW LV SHUPDQHQW SRQGV� ODNHV� VWUHDPV� RU SHUPDQHQW
SRROV DORQJ LQWHUPLWWHQW VWUHDPV DVVRFLDWHG ZLWK VWDQGLQJ DQG VORZ�PRYLQJ ZDWHU� $ SRWHQ�
WLDOO\ LPSRUWDQW OLPLWLQJ IDFWRU IRU WKH:HVWHUQ SRQG WXUWOH LV WKH UHODWLRQVKLS EHWZHHQ ZDWHU OHYHO
DQG IORZ LQ RII�FKDQQHO ZDWHU ERGLHV� ZKLFK FDQ ERWK EH DIIHFWHG E\ JURXQGZDWHU SXPSLQJ�

� 7KH 1RUWKZHVW�1RUWK &RDVW FODGH RI IRRWKLOO \HOORZ�OHJJHG IURJ LV UDUHO\ HQFRXQWHUHG IDU IURP
SHUPDQHQW ZDWHU� 7DGSROHV UHTXLUH ZDWHU IRU DW OHDVW WKUHH RU IRXU PRQWKV ZKLOH FRPSOHWLQJ
WKHLU DTXDWLF GHYHORSPHQW� $GXOWV HDW ERWK DTXDWLF DQG WHUUHVWULDO LQYHUWHEUDWHV� DQG WKH WDG�
SROHV JUD]H DORQJ URFN\ VWUHDP ERWWRPV� *URXQGZDWHU SXPSLQJ WKDW LPSDLUV VWUHDPIORZ FRXOG
KDYH QHJDWLYH LPSDFWV RQ IRRWKLOO \HOORZ�OHJJHG IURJ SRSXODWLRQV�

� 7KH \HOORZ�EUHDVWHG FKDW LV D VHDVRQDO UHVLGHQW RI &DOLIRUQLD WKDW UHOLHV RQ ULSDULDQ KDELWDW DQG
IRRG VRXUFHV RI LQVHFWV DQG IUXLW� 7KH \HOORZ�EUHDVWHG FKDW VSHQGV VXPPHU PRQWKV LQ &DOLIRU�
QLD� DUULYLQJ DURXQG $SULO DQG PLJUDWLQJ WR 0H[LFR DQG *XDWHPDOD E\ WKH HQG RI 6HSWHPEHU�
$ NH\ WKUHDW WR SRSXODWLRQV LV ORVV RI ULSDULDQ KDELWDW �*UHHQ ������

� *UHDWHU 6DQGKLOO FUDQHV ZHUH DGGHG WR WKH 6WDWH OLVW RI WKUHDWHQHG ELUG VSHFLHV LQ ����� $
VXEVSHFLHV RI WKH VDQGKLOO FUDQH� WKH\ SUHGRPLQDQWO\ UHVLGH LQ IUHVKZDWHU ZHWODQGV� UHO\LQJ
RQ WKHVH DUHDV IRU QHVWLQJ JURXQGV� $V VXFK� *UHDWHU 6DQGKLOO FUDQHV DUH VXVFHSWLEOH WR
GHJUDGDWLRQ RI ZHWODQG KDELWDW DQG DUH WKUHDWHQHG E\ ORZHUHG JURXQGZDWHU WDEOHV� VWUHDP
GRZQFXWWLQJ� DQG WKH DVVRFLDWHG LPSDFWV WR ZHWODQG KDELWDWV�

� 7KH IUHVKZDWHU PXVVHOV RQ WKH OLVW �WKH &DOLIRUQLD IORDWHU� ZHVWHUQ ULGJHG PXVVHO� DQG ZHVWHUQ
SHDUOVKHOO� DOO OLYH LQ ODNHV DQG VWUHDPV DQG DUH RIWHQ IRXQG LQ DUHDV ZLWK VORZ FXUUHQWV DQG
VRIW VXEVWUDWHV� -XYHQLOH PXVVHOV XVH ILVK DV KRVWV� 7KUHDWV WR SRSXODWLRQV LQFOXGH KDELWDW
ORVV� FKDQJHV WR ZDWHU TXDOLW\ DQG WHPSHUDWXUH� DQG ORVV RI ILVK KRVW VSHFLHV�

��+RZDUG� -.� ����� 6HQVLWLYH )UHVKZDWHU 0XVVHO 6XUYH\V LQ WKH 3DFLILF 6RXWKZHVW 5HJLRQ� $VVHVVPHQW RI &RQ�
VHUYDWLRQ 6WDWXV �³0XVVHO 6LWHV )LQDO´�� 7KH 1DWXUH &RQVHUYDQF\� 6DQ )UDQFLVFR� &$�

��1DWXUH6HUYH� ����� 1DWXUH6HUYH ([SORUHU� $Q RQOLQH HQF\FORSHGLD RI OLIH >ZHE DSSOLFDWLRQ@� 9HUVLRQ ���� 1DWXUH�
6HUYH� $UOLQJWRQ� 9LUJLQLD� $YDLODEOH KWWS���ZZZ�QDWXUHVHUYH�RUJ�H[SORUHU��$FFHVVHG� ����������

��*UDHQLQJ� *�2� HW DO� ����� 8QSXEOLVKHG GDWD� GDWDEDVH UHSRUW� 7KH 6XEWHUUDQHDQ ,QVWLWXWH� &LWUXV +HLJKWV� &$�

���

http://www.natureserve.org/explorer
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� %DOG HDJOHV OLYH QHDU ZDWHU ERGLHV LQFOXGLQJ HVWXDULHV� ODNHV� UHVHUYRLUV� ULYHUV� DQG RFFDVLRQ�
DOO\ DORQJ FRDVWOLQHV� 7KH\ UHO\ RQ D GLHW SUHGRPLQDQWO\ FRPSULVHG RI ILVK� EXW WKDW DOVR PD\
LQFOXGH VPDOOHU FRORQLDO ZDWHUELUGV� ZDWHUIRZO� DQG VPDOO PDPPDOV� +LVWRULFDOO\� SRSXODWLRQV
KDYH EHHQ WKUHDWHQHG E\ KXQWLQJ� ORVV RI QHVWLQJ KDELWDW� DQG SRLVRQLQJ IURP WKH SHVWLFLGH
''7���

)LVKHULHV DQG $TXDWLF +DELWDW

7KH 6FRWW 5LYHU ZDWHUVKHG FRQWDLQV LPSRUWDQW KDELWDW IRU FRKR VDOPRQ �2QFRUK\QFKXV NLVXWFK��
&RKR VDOPRQ LQ WKH 6RXWKHUQ 2UHJRQ 1RUWKHUQ &DOLIRUQLD &RDVW (YROXWLRQDU\ 6LJQLILFDQW 8QLW
�621&& (68� KDYH EHHQ IHGHUDOO\ OLVWHG DV WKUHDWHQHG VLQFH ���� DQG KDYH EHHQ OLVWHG DV
WKUHDWHQHG E\ WKH &DOLIRUQLD )LVK DQG *DPH &RPPLVVLRQ VLQFH ���� �65:& ������ )RXU RWKHU
VSHFLHV RI VSHFLDO FRQFHUQ� DV OLVWHG E\ &'):��� UHO\ RQ WKH ZDWHUVKHG IRU KDELWDW� WKHVH LQFOXGH
&KLQRRN VDOPRQ �2QFRUK\QFKXV WVFKDZ\WVFKD�� VWHHOKHDG WURXW �2QFRUK\QFKXV P\NLVV�� 3DFLILF
ODPSUH\ �/� WULGHQWDWD�� DQG .ODPDWK 5LYHU ODPSUH\ �/DPSHWUD VLPLOLV��

$QDGURPRXV ILVK LQ 6FRWW 9DOOH\ GHSHQG RQ DFFHVV WR DQG VXLWDEOH KDELWDW LQ 6FRWW 5LYHU DQG WKH
VXUURXQGLQJ WULEXWDULHV IRU VSDZQLQJ� 2I SDUWLFXODU FRQFHUQ LV FRKR VDOPRQ GXH WR LWV OLVWLQJ XQGHU
ERWK WKH &DOLIRUQLD (QGDQJHUHG 6SHFLHV $FW DQG )HGHUDO (QGDQJHUHG 6SHFLHV $FW DQG WKH LGHQ�
WLILFDWLRQ RI 6FRWW 5LYHU DV D KLJK SULRULW\ ZDWHUVKHG IRU FRKR VDOPRQ UHFRYHU\��� .H\ WKUHDWV WR
DQDGURPRXV ILVK LQ WKH %DVLQ LQFOXGH LQVXIILFLHQW IORZV IRU ILVK SDVVDJH DQG KLJK VWUHDP WHPSHUD�
WXUHV GXULQJ FULWLFDO OLIH VWDJHV� 3ULRULW\ KDELWDW LQ 6FRWW 9DOOH\ XWLOL]HG E\ HDFK VSHFLHV LV GLVFXVVHG
EHORZ DORQJ ZLWK WKUHDWV WR WKHLU SRSXODWLRQV�

)LVKHULHVPRQLWRULQJ LQ 6FRWW 9DOOH\ LQFOXGHV� 6LVNL\RX 5&'¶V 6FRWW 5LYHU FRKR DQG&KLQRRN VDOPRQ
VSDZQLQJ JURXQG VXUYH\V� &'):¶V MXYHQLOH VDOPRQLG RXWPLJUDQW PRQLWRULQJ XVLQJ WKH 6FRWW 5LYHU
URWDU\ VFUHZ WUDS �H�J�� .QHFKWOH DQG *LXGLFH ������ &'):¶V .ODPDWK 5LYHU 3URMHFW YLGHR ILVK
FRXQWLQJ DQG FRRSHUDWLYH VSDZQLQJ JURXQG VXUYH\V�

&RKR 6DOPRQ
/LIH &\FOH

2I WKHLU WKUHH�\HDU OLIH F\FOH� FRKR VDOPRQ VSHQG WKH ILUVW �� PRQWKV RI OLIH LQ IUHVK ZDWHU IROORZHG E\
PLJUDWLRQ RXW WR WKH RFHDQ WR ILQLVK GHYHORSPHQW DQG� DIWHU �� PRQWKV� D UHWXUQ WR WKH IUHVKZDWHU
VWUHDP LQ ZKLFK WKH\ ZHUH ERUQ LQ RUGHU WR VSDZQ �65:& ������ $GXOW FRKR VDOPRQ PLJUDWH
IURP WKH RFHDQ� HQWHULQJ WKH .ODPDWK 5LYHU LQ WKH IDOO� XVXDOO\ VSDZQLQJ LQ 6FRWW 5LYHU IURP PLG�
2FWREHU WR HDUO\ -DQXDU\ �.QHFKWOH DQG *LXGLFH ������ 7KH WKUHH�\HDU F\FOH IURP ZKHQ FRKR
VDOPRQ DUH ODLG DV HJJV� WR ZKHQ WKH\ UHWXUQ WR VSDZQ UHVXOWV LQ EURRG \HDUV� %URRG \HDUV DUH
\HDUV LQ ZKLFK WKH PDMRULW\ RI WKH UHWXUQLQJ ILVKHV¶ SDUHQWV VSDZQHG DQG RFFXU RQ WKLV WKUHH�\HDU
F\FOH� +XQGUHGV RI WKRXVDQGV RI HJJV DUH GHSRVLWHG LQWR QHVWV LQ WKH JUDYHO� IHUWLOL]HG DQG EXULHG�
ZLWK LQFXEDWLRQ JHQHUDOO\ RFFXUULQJ IURP 1RYHPEHU WR $SULO �(6$ $VVRFLDWHV ������ $IWHU D SHULRG
RI XS WR WZR ZHHNV VSHQW LQ WKH JUDYHO� IU\ HPHUJH EHWZHHQ )HEUXDU\ DQG -XQH LQWR VKDOORZ� VORZ�
IORZLQJ ZDWHU� PRYLQJ LQWR GHHSHU ZDWHU E\ -XO\ DQG $XJXVW �(6$ $VVRFLDWHV ������ -XYHQLOH FRKR
VSHQG D IXOO \HDU LQ IUHVK ZDWHU EHIRUH EHJLQQLQJ WKHLU PLJUDWLRQ WR WKH RFHDQ IURP ODWH0DUFK WR -XQH

��KWWSV���ZZZ�IZV�JRY�PLGZHVW�HDJOH�1KLVWRU\�ELRORJXH�KWPO
��KWWSV���ZLOGOLIH�FD�JRY�&RQVHUYDWLRQ�66&�)LVKHV
��KWWSV���ZLOGOLIH�FD�JRY�&RQVHUYDWLRQ�:DWHUVKHGV�,QVWUHDP�)ORZ�6WXGLHV�6FRWW�6KDVWD�6WXG\
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https://wildlife.ca.gov/Conservation/Watersheds/Instream-Flow/Studies/Scott-Shasta-Study
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�(6$ $VVRFLDWHV ������ ,Q 6FRWW 5LYHU� FRKR VSDZQ LQ DFFHVVLEOH FROG ZDWHU� SHUHQQLDO VHFWLRQV RI
WULEXWDULHV ZKHUH MXYHQLOH FRKR VDOPRQ FDQ VXUYLYH WKH VXPPHU� SULRULW\ KDELWDW LV GLVFXVVHG IXUWKHU
XQGHU WKH ³3ULRULW\ +DELWDW LQ WKH %DVLQ´ VHFWLRQ� EHORZ�

+DELWDW 5HTXLUHPHQWV

&RKR VDOPRQ KDYH VSHFLILF KDELWDW UHTXLUHPHQWV IRU WKH PLJUDWLRQ� VSDZQLQJ� DQG UHDULQJ SKDVHV
RI WKHLU OLIH F\FOH WKDW DUH VSHQW LQ IUHVK ZDWHU� 7R PLJUDWH WR WKH GHVLUHG IUHVKZDWHU ULYHUV DQG WULE�
XWDULHV� VXIILFLHQW IORZV PXVW EH SUHVHQW� 'HVLUDEOH VSDZQLQJ KDELWDW FRQVLVWV RI VPDOOHU VWUHDPV
ZLWK JUDYHO OHVV WKDQ �� FP LQ GLDPHWHU� DQG FLUFXODWLQJ� R[\JHQ�ULFK ZDWHU �65:& ������ $G�
GLWLRQDOO\� KHDOWK\ ULSDULDQ YHJHWDWLRQ� WKH SUHVHQFH RI ODUJH ZRRG\ GHEULV �/:'� LQ WKH VWUHDP
FKDQQHO� DSSURSULDWH FKDQQHO VXEVWUDWH� ZDWHU YHORFLW\� IORZ YROXPHV DQG WLPLQJ� DQG DSSURSULDWH
ZDWHU WHPSHUDWXUHV DQG GLVVROYHG R[\JHQ OHYHOV DUH DOO IDFWRUV LQ GHILQLQJ VXLWDEOH KDELWDW IRU FRKR
VDOPRQ �(6$ $VVRFLDWHV ������

3ULRULW\ +DELWDW ,GHQWLILHG LQ WKH %DVLQ

7KHUH KDYH EHHQ PXOWLSOH HIIRUWV WR HYDOXDWH KDELWDW XWLOL]DWLRQ LQ WKH %DVLQ E\ FRKR VDOPRQ� $W WKH
IHGHUDO OHYHO� DV VWDWHG LQ WKH ���� 621&& &RKR 5HFRYHU 3ODQ �10)6 ������ &ULWLFDO +DELWDW IRU
FRKR VDOPRQ ZDV GHVLJQDWHG DV ³DOO DFFHVVLEOH UHDFKHV RI ULYHUV �LQFOXGLQJ HVWXDULQH DUHDV DQG
WULEXWDULHV� EHWZHHQ &DSH %ODQFR� 2UHJRQ� DQG 3XQWD *RUGD� &DOLIRUQLD ��� )5 ������ 0D\ ��
������´ 7KXV� DOO DFFHVVLEOH UHDFKHV LQ WKH 6FRWW 5LYHU ZDWHUVKHG DUH LQFOXGHG LQ WKLV FULWLFDO KDELWDW
GHVLJQDWLRQ� $W WKH UHJLRQDO DQG ORFDO OHYHO� WKH DQQXDO 6FRWW 5LYHU FRKR VDOPRQ VSDZQLQJ JURXQG
VXUYH\V KLJKOLJKW UHDFKHV ZLWK KLJK FRKR XWLOL]DWLRQ DFURVV PXOWLSOH \HDUV� 5HFRYHU\ VWUDWHJLHV IRU
FRKR VDOPRQ GHYHORSHG E\ DJHQFLHV LQFOXGLQJ &'): �&DOLIRUQLD )LVK DQG *DPH &RPLVVLRQ �����
LQFOXGH DQDO\VHV RI FULWLFDO KDELWDW LQ WKH ZDWHUVKHG� +LJK�TXDOLW\ KDELWDWV IRU FRKR DOVR KDYH EHHQ
FKDUDFWHUL]HG DV SDUW RI UHFRYHU\ HIIRUWV DQG XVHG WR SULRULWL]H ORFDWLRQV IRU UHVWRUDWLRQ� $ WDEOH
VXPPDUL]LQJ WKHVH UHVXOWV LV VKRZQ LQ 7DEOH ���

&RKR VSDZQLQJ JURXQG VXUYH\V ZHUH FRQGXFWHG LQ WKH 6FRWW 5LYHU ZDWHUVKHG EHJLQQLQJ LQ WKH
ZLQWHU RI ����±����� &HUWDLQ UHDFKHV VKRZ FRQVLVWHQW VSDZQLQJ DFWLYLW\ RYHU PXOWLSOH \HDUV� )RU
WKH ILUVW ILYH VXUYH\ VHDVRQV� ���� WKURXJK ����� ³KRWVSRWV´ IRU FRKR VSDZQLQJ ZHUH LGHQWLILHG DV
0LG�)UHQFK &UHHN� 0LQHU¶V &UHHN� /RZHU 0LOO &UHHN� /RZHU 6KDFNOHIRUG &UHHN� DQG /RZHU 6XJDU
&UHHN �6LVNL\RX 5&' ������ 6LPLODU REVHUYDWLRQV DUH LQFOXGHG LQ UHSRUWV IURP VXEVHTXHQW \HDUV�
7KH ��������� DQQXDO UHSRUW �6LVNL\RX 5&' ����� OLVWV /RZHU 0LOO DQG /RZHU 6KDFNOHIRUG FUHHNV
DV ORFDWLRQV ZLWK WKH KLJKHVW VSDZQLQJ GHQVLWLHV� IROORZHG E\ /RZHU 6XJDU &UHHN DQG /RZHU )UHQFK
&UHHN� 7KH HOHYHQ PRVW SURGXFWLYH WULEXWDULHV ZHUH LGHQWLILHG LQ WKH )LQDO 621&& &RKR 5HFRYHU\
3ODQ �10)6 ������ (DVW )RUN 6FRWW 5LYHU� 6RXWK )RUN 6FRWW 5LYHU� 6XJDU &UHHN� )UHQFK &UHHN�
0LQHU¶V &UHHN� (WQD &UHHN� .LGGHU &UHHN� 3DWWHUVRQ &UHHN� 6KDFNOHIRUG &UHHN� 0LOO &UHHN� DQG
&DQ\RQ &UHHN�

7KH &'): UHFRYHU\ VWUDWHJ\ IRU FRKR VDOPRQ �&DOLIRUQLD )LVK DQG *DPH &RPLVVLRQ ����� LQ�
FOXGHG WULEXWDULHV ZLWK NH\ SRSXODWLRQV WKDW QHHG WR EH LPSURYHG RU PDLQWDLQHG DQG ORFDWLRQV WR
HVWDEOLVK SRSXODWLRQV� ,Q WKH 6FRWW 5LYHU &RKR 6DOPRQ 5HFRYHU\ 8QLW� VWUHDPV OLVWHG DV KDYLQJ
NH\ SRSXODWLRQV WR PDLQWDLQ RU LPSURYH LQFOXGH� 0LOO &UHHN �QHDU 6FRWW %DU�� :RROLYHU &UHHN� .HOVH\
&UHHN� &DQ\RQ &UHHN� 6KDFNOHIRUG &UHHN� 0LOO &UHHN� 3DWWHUVRQ &UHHN� (WQD &UHHN� )UHQFK &UHHN�
0LQHUV &UHHN� 6XJDU &UHHN� 6RXWK )RUN 6FRWW 5LYHU� (DVW )RUN 6FRWW 5LYHU� DQG %LJ 0LOO &UHHN�

7KH LQWULQVLF SRWHQWLDO �,3�� WKH SRWHQWLDO RI D KDELWDW WR VXSSRUW FRKR VDOPRQ UHDULQJ RU VSDZQLQJ�
RI WULEXWDULHV LQ WKH ZDWHUVKHG ZHUH DVVHVVHG� SULPDULO\ WKURXJK XVH RI *,6� 7ULEXWDULHV LGHQWLILHG
DV KDYLQJ KLJK ,3 UHDFKHV �,3!����� LQFOXGH� 6KDFNOHIRUG &UHHN� 0LOO &UHHN� )UHQFK &UHHN� 0LQHUV
&UHHN� 6RXWK )RUN 6FRWW 5LYHU� 6XJDU &UHHN� :RROLYHU &UHHN� %LJ 0LOO &UHHN� (DVW )RUN 6FRWW 5LYHU�

���
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7DEOH ��� /RFDWLRQV QRWHG LQ YDULRXV VWXGLHV DQG SODQV DV KLJK SULRULW\� KLJK XWLOL]DWLRQ� RU KLJK
SRWHQWLDO IRU FRKR VDOPRQ KDELWDW� DV GHVFULEHG LQ WKH SUHFHGLQJ WH[W�

/RFDWLRQ )LQDO
621&&
&RKR
5HFRY�
HU\ 3ODQ
�10)6
�����

&'):
5HFRYHU\
6WUDWHJ\
IRU FRKR
VDOPRQ
�&')*
�����

&RKR
6SDZQLQJ
*URXQG
6XUYH\V

+LJK
,QWULQVLF
3RWHQWLDO
�10)6
�����

5HVWRUDWLRQ
3ULRULWL�
]DWLRQ
�65:&
�����

6FRWW
5LYHU :D�
WHU 7UXVW
�65:7
�����

(DVW )RUN 6FRWW 5LYHU ; ; ;
6RXWK )RUN 6FRWW
5LYHU

; ; ; ; ;

6XJDU &UHHN ; ; ; ; ; ;
)UHQFK &UHHN [ ; ; ; ; ;
0LQHUV &UHHN ; ; ; ; ;
(WQD &UHHN ; ; ;
.LGGHU &UHHN ;
3DWWHUVRQ &UHHN ; ; ;
6KDFNOHIRUG &UHHN ; ; ; ; ; ;
0LOO &UHHN ; ; ; ; ; ;
&DQ\RQ &UHHN ; ; ;
:RROLYHU &UHHN ; ;
.HOVH\ &UHHN ; ;
%LJ 0LOO &UHHN ;
:LOGFDW &UHHN ;
%RXOGHU &UHHN ;
1R\HV 9DOOH\ &UHHN ;
0RIIHWW &UHHN ;
7RPSNLQV &UHHN ;

3DWWHUVRQ &UHHN� :LOGFDW &UHHN� (WQD &UHHN� %RXOGHU &UHHN� 1R\HV 9DOOH\ &UHHN� 0RIIHWW &UHHN�
&DQ\RQ &UHHN� .HOVH\ &UHHN� 0LOO &UHHN �QHDU 6FRWW %DU�� DQG 7RPSNLQV &UHHN �10)6 ������

,GHQWLILFDWLRQ RI NH\ VDOPRQ VSDZQLQJ KDELWDW KDV DOVR EHHQ FRQGXFWHG WR VXSSRUW SULRULWL]DWLRQ
RI UHVWRUDWLRQ DFWLYLWLHV� $ ���� 5HVWRUDWLRQ 5HSRUW SURGXFHG E\ WKH 65:& DQG 6LVNL\RX 5&'
�65:& DQG 6LVNL\RX 5&' ����� LGHQWLILHG 5HDFK ,, RI 6FRWW 5LYHU �GRZQVWUHDP HQG RI WDLOLQJV WR
69,' GLYHUVLRQ VWUXFWXUH� DV D SULRULW\ DUHD IRU EDQN VWDELOL]DWLRQ WR SURWHFW FULWLFDO ILVK KDELWDW� $
VWXG\ FRPSOHWHG LQ ���� H[DPLQHG WKH PDLQVWHP 6FRWW 5LYHU DQG LWV WULEXWDULHV WR HYDOXDWH DQG
SULRULWL]H SRWHQWLDO VLWHV IRU UHVWRUDWLRQ EDVHG RQ YDOXH IRU FRKR UHDULQJ KDELWDW �65:& ������ ,Q
DGGLWLRQ WR HYDOXDWLQJ SRWHQWLDO UHVWRUDWLRQ VLWHV� WKLV UHSRUW FODVVLILHG VWUHDPV IRU SODQQLQJ SULRUL�
WL]DWLRQ DQG HYDOXDWHG KDELWDW FRQGLWLRQV IRU UHDFKHV LQ VWUHDPV FODVVLILHG LQ WKH WRS WZR WLHUV IRU
SULRULWL]DWLRQ� 3RWHQWLDO VLWHV ZHUH VFRUHG EDVHG RQ IRXU IDFWRUV� WKH SRWHQWLDO LQXQGDWLRQ DUHD DW
��� P DQG ��� P ZDWHU OHYHOV� WKH ULSDULDQ FRQGLWLRQ� WKH SUHVHQFH RI ZDWHU GXULQJ EDVH IORZ RI DQ
DYHUDJH ZDWHU \HDU� DQG WKH SUHVHQFH RI FRKR� 6WUHDPV LQ WKH SURMHFW DUHD ZHUH FDWHJRUL]HG E\
WLHUV IRU SODQQLQJ SULRULWL]DWLRQ� 7LHUV ZHUH GHYHORSHG XVLQJ WKH &'): NH\ VWUHDPV� 12$$ LQWULQ�
VLF SRWHQWLDO� GRFXPHQWHG FRKR XWLOL]DWLRQ� DQG H[LVWLQJ WHPSHUDWXUH LPSDLUPHQWV� 7KH FRQGLWLRQ
RI WKH H[LVWLQJ SK\VLFDO KDELWDW ZDV HYDOXDWHG IRU DOO UHDFKHV LQ 7LHU � DQG � VWUHDPV XVLQJ VWUHDP

���
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JUDGLHQW� EDVH IORZ FRQQHFWLYLW\ GXULQJ DQ DYHUDJH ZDWHU \HDU� FXUUHQW VWUHDP FRQILQHPHQW� DQG
ULSDULDQ FRQGLWLRQ� 5HDFKHV ZLWK ³H[FHOOHQW H[LVWLQJ SK\VLFDO KDELWDW´ ZHUH QRWHG IRU 6KDFNOHIRUG
&UHHN� 0LOO &UHHN� )UHQFK &UHHN� 6XJDU &UHHN� DQG WKH 6RXWK )RUN 6FRWW 5LYHU �65:& ������

6FRWW 5LYHU :DWHU 7UXVW DOVR LGHQWLILHV SULRULW\ UHDFKHV RQ WKHLU ZHEVLWH ZKLFK LQFOXGH� 6KDFNOHIRUG
&UHHN DQG LWV 0LOO &UHHN WULEXWDU\� )UHQFK &UHHN DQG LWV 0LQHU¶V &UHHN 7ULEXWDU\� 3DWWHUVRQ &UHHN�
6RXWK )RUN 6FRWW 5LYHU� (DVW )RUN 6FRWW 5LYHU� 6XJDU &UHHN� 0DLQVWHP 6FRWW 5LYHU �65:7 ������

3RSXODWLRQ 7UHQGV

(VWLPDWHG HVFDSHPHQWV RI FRKR VDOPRQ UHWXUQLQJ WR WKH 6FRWW 5LYHU KDV YDULHG VLQFH WKH VWDUW RI
YLGHR RSHUDWLRQV LQ 6FRWW 5LYHU LQ ���� �.QHFKWOH DQG *LXGLFH ������ 'XH WR WKH WKUHH�\HDU F\FOH
EHWZHHQ ZKHQ FRKR VDOPRQ DUH HJJV DQG ZKHQ WKH\ UHWXUQ WR WKH IUHVKZDWHU ORFDWLRQ LQ ZKLFK WKH\
KDWFKHG� EURRG \HDUV DUH LPSRUWDQW WR LGHQWLI\LQJ SRSXODWLRQ WUHQGV DV GHFUHDVHV WR D SDUWLFXODU
EURRG \HDU FDQ LPSDFW IXWXUH SRSXODWLRQV LQ WKH VDPH EURRG \HDU� ,Q )LJXUH �� �.QHFKWOH DQG
*LXGLFH ������ EURRG \HDUV DUH VKRZQ LQ GLIIHUHQW FRORUV DQG WKH EOXH EURRG \HDU UHWXUQLQJ LQ ����
LQFUHDVHG IURP WKDW REVHUYHG LQ �����

)LJXUH ��� )URP .QHFKWOH ������� )LJXUH ��� (VWLPDWHG HVFDSHPHQW E\ %URRG <HDU RI DGXOW DQG
JULVOH &RKR 6DOPRQ VDOPRQ UHWXUQLQJ WR WKH 6FRWW 5LYHU IURP ���������� ,QGLYLGXDO %URRG <HDUV
DUH UHSUHVHQWHG E\ GLIIHUHQW FRORUV�

&KLQRRN 6DOPRQ
7KRXJK WKH 6FRWW 5LYHU LV KLVWRULFDOO\ UXPRUHG WR KDYH VXSSRUWHG VSULQJ�UXQ &KLQRRN VDOPRQ SRS�
XODWLRQV� LW QRZ RQO\ VXSSRUWV IDOO�UXQ &KLQRRN VDOPRQ�

���
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/LIH &\FOH

)DOO�UXQ &KLQRRN VDOPRQ SULPDULO\ PLJUDWH WR WKH 6FRWW 5LYHU LQ 6HSWHPEHU DQG 2FWREHU GXULQJ
DGXOWKRRG �DJHG � WR � \HDUV�� 6SDZQLQJ RFFXUV PLG�6HSWHPEHU WR ODWH 'HFHPEHU� IROORZHG E\ LQ�
FXEDWLRQ DQG D SHULRG RI WZR WR WHQ ZHHNV LQ WKH JUDYHO EHIRUH HPHUJHQFH LQ LQ WKH VSULQJ �.QHFKWOH
DQG *LXGLFH ������ 7KH MXYHQLOH ILVK XVXDOO\ RXWPLJUDWH LQ WKH VSULQJ RU HDUO\ VXPPHU� JHQHUDOO\
LQ $SULO WR -XQH� IROORZLQJ D IHZ PRQWKV VSHQW LQ IUHVKZDWHU �(6$ $VVRFLDWHV ������ -XYHQLOH ILVK
WKHQ PDNH WKH MRXUQH\ WKURXJK ��� PLOHV RI WKH .ODPDWK 5LYHU EHIRUH HQWHULQJ WKH 3DFLILF 2FHDQ�

3ULRULW\ +DELWDW

7KH PDLQVWHP RI WKH 6FRWW 5LYHU� IURP WKH FRQIOXHQFH ZLWK WKH .ODPDWK 5LYHU WR )D\H /DQH� LV WKH
PDLQ DUHD XVHG E\ &KLQRRN VDOPRQ LQ WKH %DVLQ �(6$ $VVRFLDWHV ������ +DELWDW UHTXLUHPHQWV
DUH VLPLODU WR WKRVH IRU FRKR VDOPRQ ZLWK VXIILFLHQW VWUHDPIORZ� ZDWHU WHPSHUDWXUHV� DQG LQVWUHDP
FRYHU DOO LPSRUWDQW FRPSRQHQWV GHWHUPLQLQJ VXLWDEOH KDELWDW� WKRXJK &KLQRRN VDOPRQ SUHIHU WKH
ODUJHU JUDYHOV LQ WKH PDLQVWHP RI 6FRWW 5LYHU IRU VSDZQLQJ �(6$ $VVRFLDWHV ������ 1RWDEOH FRQ�
FHUQV LQFOXGH LQVXIILFLHQW VWUHDPIORZ GXULQJ PLJUDWLRQ IRU &KLQRRN VDOPRQ WR DVFHQG LQWR WKH YDOOH\
�.QHFKWOH DQG *LXGLFH ������

3RSXODWLRQ 7UHQGV

3RSXODWLRQ HVWLPDWHV RI &KLQRRN VDOPRQ UHWXUQLQJ WR WKH 6FRWW 5LYHU WR VSDZQ KDYH YDULHG VLQFH
����� ZLWK DQ DYHUDJH QXPEHU RI ����� ILVK �.QHFKWOH DQG *LXGLFH ������ 7KH ���� &KLQRRN
VDOPRQ UXQ� DW ��� ILVK� LV VLJQLILFDQWO\ ORZHU WKDQ WKH DYHUDJH� DQG FRQWLQXHV D GHFUHDVLQJ WUHQG
RYHU WKH SDVW � \HDUV DV VKRZQ LQ )LJXUH �� �.QHFKWOH DQG *LXGLFH ������

)LJXUH ��� )URP .QHFKWOH ����� )LJXUH ��� (VWLPDWHG HVFDSHPHQW RI &KLQRRN 6DOPRQ UHWXUQLQJ
WR WKH 6FRWW 5LYHU IURP ����������

���
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6WHHOKHDG 7URXW
/LIH &\FOH

:LWKLQ WKH %DVLQ� WKHUH DUH PXOWLSOH YDULDWLRQV RI VWHHOKHDG OLIH KLVWRULHV� 6WHHOKHDG OLIH F\FOHV YDU\�
ZLWK WKH DQDGURPRXV ILVKPLJUDWLQJ ZKLOH RWKHUV VSHQG WKHLU HQWLUH OLYHV LQ IUHVKZDWHU HQYLURQPHQWV�
)XUWKHU YDULDWLRQ LQFOXGHV WKH GHYHORSPHQWDO VWDJH DW ZKLFK VWHHOKHDG UHWXUQ WR IUHVKZDWHU� ZLWK
WKH VXPPHU UXQ� VWUHDP�PDWXULQJ� DQG ZLQWHU UXQ� RFHDQ�PDWXULQJ DV WKH WZR FDWHJRULHV �(6$ $V�
VRFLDWHV ������ 6WHHOKHDG FDQ VSDZQ PXOWLSOH WLPHV WKURXJKRXW WKHLU OLIH �(6$ $VVRFLDWHV ������
JHQHUDOO\ VSHQGLQJ RQH WR IRXU \HDUV LQ WKH RFHDQ DQG UHWXUQLQJ WR WKHLU QDWDO VWUHDPV WR VSDZQ�
*HQHUDOO\� VXPPHU VWHHOKHDG PLJUDWH WR WKH 6FRWW 5LYHU $SULO WR -XQH� IDOO VWHHOKHDG PLJUDWH $XJXVW
WKURXJK 2FWREHU� DQG ZLQWHU VWHHOKHDG PLJUDWH 1RYHPEHU WKURXJK 0DUFK ZLWK VSDZQLQJ VSDQQLQJ
IURP -DQXDU\ WR $SULO� 7KH LQFXEDWLRQ SHULRG ODVWV WKURXJK PLG�-XQH ZLWK IU\ HPHUJHQFH WKURXJK
PLG�-XO\� 7KHPDMRULW\ RI VWHHOKHDG VSHQG WZR \HDUV LQ IUHVKZDWHU� PLJUDWLQJ WR WKH RFHDQ DW DURXQG
WKUHH \HDUV RI DJH�

3ULRULW\ +DELWDW

6WHHOKHDG KDELWDW UHTXLUHPHQWV DUH YHU\ VLPLODU WR WKRVH IRU FRKR DQG &KLQRRN VDOPRQ� 0RQLWRULQJ
RI MXYHQLOH VWHHOKHDG LQ WKH )UHQFK &UHHN :DWHUVKHG IURP ��������� LQGLFDWHG WKH ORZHU UHDFKHV
RI WKH ZDWHUVKHG KDG D KLJKHU DEXQGDQFH RI VWHHOKHDG DQG WKDW ODUJHU LQGLYLGXDOV ZHUH ORFDWHG
LQ WKH VWHHSHU� KLJKHU YHORFLW\ UHDFKHV �&DOLIRUQLD 'HSDUWPHQW RI )LVK DQG *DPH �&')*� ������
6LQFH ����� 6LVNL\RX 5&'� &'):� DQG 65:& KDYH FROOHFWHG PRUH KDELWDW DQG SRSXODWLRQ GDWD�

/DPSUH\V
7KH 5LYHU ODPSUH\� .ODPDWK 5LYHU ODPSUH\� DQG 3DFLILF ODPSUH\ DUH OLVWHG XQGHU &'):¶V ILVK
VSHFLHV RI VSHFLDO FRQFHUQ �0R\OH� 4XLxRQHV� DQG .DW] ������

/LIH &\FOH

3DFLILF ODPSUH\V KDYH GLYHUVH OLIH KLVWRULHV� ZLWK VRPH ODPSUH\V PLJUDWLQJ WR WKH RFHDQ DQG RWK�
HUV UHPDLQLQJ LQ IUHVKZDWHU HQYLURQPHQWV� 0LJUDWLRQ IURP WKH RFHDQ WR IUHVKZDWHU HQYLURQPHQWV
JHQHUDOO\ RFFXUV IURP -DQXDU\ WKURXJK 0DUFK� WKRXJK PLJUDWLRQV KDYH EHHQ QRWHG GXULQJ VXPPHU
DQG ZLQWHU PRQWKV DV ZHOO �0R\OH� 4XLxRQHV� DQG .DW] ������ 6SDZQLQJ RFFXUV XS XQWLO WKH PRQWK
RI -XQH� )ROORZLQJ HPHUJHQFH� ODUYDH DUH WUDQVSRUWHG GRZQVWUHDP DQG EXUURZ LQWR WKH VDQG RU
PXG� ZKHUH WKH\ UHVLGH IRU �±� \HDUV XQWLO WKH\ PDWXUH LQWR DGXOWV� DW ZKLFK SRLQW WKH\ RXWPLJUDWH
WR WKH RFHDQ� 2XWPLJUDWLRQ LV WKRXJKW WR SHDN LQ WKH VSULQJ �0R\OH� 4XLxRQHV� DQG .DW] ������

3ULRULW\ +DELWDW

,Q WKH %DVLQ� VSDZQLQJ SULPDULO\ RFFXUV LQ WKH PDLQVWHP RI WKH 6FRWW 5LYHU RU WKH ODUJHU WULEXWDULHV
�(6$ $VVRFLDWHV ������ +DELWDW UHTXLUHPHQWV WKDW DUH VLPLODU WR VDOPRQLGV LQFOXGH WKH QHHG IRU
FROG� FOHDU ZDWHU RI VXLWDEOH WHPSHUDWXUH� 7KH UHTXLUHPHQW IRU VDQG DQG PXG IRU ODUYDH LV GLVWLQFW
IURP VDOPRQLG UHTXLUHPHQWV�

3RSXODWLRQ 7UHQGV

5HWXUQ QXPEHUV RI VWHHOKHDG DUH QRW ZHOO�NQRZQ IRU 6FRWW 5LYHU DV VWHHOKHDG PLJUDWLRQ RFFXUV
ODUJHO\ RXWVLGH RI WKH WLPH WKDW WKH 6FRWW 5LYHU )LVK &RXQW\ )DFLOLW\ LV RSHUDWLRQDO �.QHFKWOH DQG
*LXGLFH ������
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7KUHDWV WR 3ULRULWL]HG )LVK DQG $TXDWLF 6SHFLHV LQ WKH %DVLQ

'XH WR WKH VLPLODULWLHV LQ OLIH KLVWRULHV DQG KDELWDW� DQDGURPRXV ILVK VSHFLHV LQ WKH %DVLQ DUH IDFLQJ
VLPLODU WKUHDWV� 6WHSV KDYH EHHQ WDNHQ WR DGGUHVV UHTXLUHPHQWV IRU� DQG WKH WKUHDWV WR� DQDGUR�
PRXV ILVK VSHFLHV LQ WKH %DVLQ �SDUWLFXODUO\ IRU FRKR VDOPRQ�� LQFOXGLQJ WKH LQVWUHDP IORZ FULWHULD
GHYHORSHG E\ &'): DQG WKH WHPSHUDWXUH 70'/ UHTXLUHPHQWV�

$Q DQDO\VLV RI OLPLWLQJ IDFWRUV WR FRKR VDOPRQ FRPSOHWHG LQ ���� �65:& ����� KLJKOLJKWHG OLPLWLQJ
IDFWRUV WR FRKR LQ DOO OLIH VWDJHV� LQFOXGLQJ WKH VSDZQLQJ DQG LQFXEDWLRQ SKDVHV� WKH VXPPHU�IDOO
UHDULQJ SKDVH� ZLQWHU�VSULQJ UHDULQJ SKDVH� DQG VPROW RXWPLJUDWLRQ SKDVH� /LPLWLQJ IDFWRUV NQRZQ
LQ WKH %DVLQ ZHUH QRWHG WR LQFOXGH�

� +DELWDW � ODFN RI VXLWDEOH KDELWDW� SDUWLFXODUO\ IORRG SODLQ DQG VLGH�FKDQQHO KDELWDW GXH WR FKDQ�
QHO DOWHUDWLRQ� UHPRYDO RI ULSDULDQ YHJHWDWLRQ� DQG UHGXFWLRQ LQ ODUJH ZRRG\ GHEULV �/:'��

� )ORZ � ORZHU VXPPHU DQG IDOO IORZV FDQ LPSHGH RU GHOD\ DFFHVV WR VXLWDEOH KDELWDW� UHGXFH
WKH KDELWDW DYDLODEOH� DQG LQFUHDVH VWUHDP WHPSHUDWXUHV WKDW DUH RXWVLGH WKH SUHIHUUHG WHP�
SHUDWXUH UDQJH�

� :DWHU 4XDOLW\ � LQFUHDVHG VHGLPHQW LQ WKH VWUHDP ZKLFK FDQ UHVXOW LQ UHGXFHG FRQQHFWLYLW\
DQG UHGXFWLRQV LQ VXLWDEOH VSDZQLQJ KDELWDW GXH WR DOWHUDWLRQV LQ WKH VXEVWUDWH VL]H GLVWULEXWLRQ�

� 3RSXODWLRQ 6WUXFWXUH � GXH WR WKH WKUHH�\HDU F\FOLFDO EURRG \HDU VWUXFWXUH� GHFUHDVHV LQ SRS�
XODWLRQV LQ EURRG \HDUV FDQ EH SHUVLVW LQ IXWXUH \HDUV�

7KLV OLVW LV QRW H[FOXVLYH DQG RWKHU IDFWRUV PD\ DIIHFW ILVK SRSXODWLRQV�

0DQDJHPHQW $SSURDFK

*URXQGZDWHU GHSHQGHQW VSHFLHV ZHUH SULRULWL]HG IRU PDQDJHPHQW� SULPDULO\ IRFXVLQJ RQ DQDGUR�
PRXV ILVK VSHFLHV �FRKR VDOPRQ� &KLQRRN VDOPRQ DQG 6WHHOKHDG� DQG *'(V ORFDWHG DORQJ WKH
6FRWW 5LYHU� WULEXWDULHV� DQG ULSDULDQ FRUULGRUV� $GGUHVVLQJ WKH QHHGV RI WKHVH VSHFLHV FRYHU WKH
QHHGV RI RWKHU VSHFLDO�VWDWXV VSHFLHV VXFK DV WKH EDQN VZDOORZ� ZHVWHUQ SRQG WXUWOH� DQG EDOG
HDJOH WKDW XVH ULYHULQH KDELWDWV GXULQJ WKHLU YDULRXV OLIH VWDJHV� $GGLWLRQDOO\� VSHFLDO VWDWXV VSHFLHV
WKDW ZHUH QRW SULRULWL]HG IRU PDQDJHPHQW PD\ H[KLELW IOH[LEOH OLIH�KLVWRU\ VWUDWHJLHV� DUH OHVV VXV�
FHSWLEOH WR FKDQJLQJ JURXQGZDWHU FRQGLWLRQV� DQG�RU KDYH D GLIIHUHQW QDWXUH RU ORZHU GHJUHH RI
JURXQGZDWHU GHSHQGHQF\� 7KH VSHFLHV SULRULWL]HG IRU PDQDJHPHQW� DQG E\ H[WHQVLRQ� WKH VSHFLHV
ZKRVH QHHGV DUH FRYHUHG WKURXJK PDQDJHPHQW IRU SULRULWL]HG VSHFLHV �7DEOH ���� DUH FRQVLGHUHG
WKURXJKRXW WKLV *63� ,Q SDUWLFXODU� WKH LQFOXVLRQ RI PHWULFV LQ PRQLWRULQJ WKDW DUH UHODWHG GLUHFWO\
DQG LQGLUHFWO\ WR WKH FRQGLWLRQV RI SULRULW\ VSHFLHV� DQG LQ GHYHORSPHQW RI VXVWDLQDEOH PDQDJHPHQW
FULWHULD WKDW GLUHFWO\ RU LQGLUHFWO\ LPSURYH FRQGLWLRQV IRU WKHVH VSHFLHV�

����� &XUUHQW DQG +LVWRULFDO *URXQGZDWHU &RQGLWLRQV

������� *URXQGZDWHU (OHYDWLRQ 'DWD

*URXQGZDWHU HOHYDWLRQ FRQWRXUV IRU $SULO DQG 6HSWHPEHU RI ����� LQWHUSRODWHG IURPZDWHU OHYHO GDWD
FROOHFWHG LQ WKH 6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP� DUH SORWWHG RQ )LJXUHV

���



6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

7DEOH ��� *'( VSHFLHV SULRULWL]DWLRQ IRU PDQDJHPHQW�

6SHFLHV 3ULRULWL]HG
IRU 0DQDJHPHQW

6SHFLHV ZKRVH QHHGV DUH FRYHUHG WKURXJK
WKH PDQDJHPHQW IRU SULRULWL]HG VSHFLHV

&RKR VDOPRQ %DQN VZDOORZ
&KLQRRN VDOPRQ :HVWHUQ SRQG WXUWOH
6WHHOKHDG WURXW )RRWKLOO \HOORZ�OHJJHG IURJ
5LSDULDQ YHJHWDWLRQ *UHDWHU VDQGKLOO FUDQH

<HOORZ�EUHDVWHG FKDW
FDYH REOLJDWH DPSKLSRG
0XVVHO �&DOLIRUQLD IORDWHU� :HVWHUQ ULGJHG
PXVVHO� DQG :HVWHUQ SHDUOVKHOO�
%DOG (DJOH

�� DQG ��� 7KH HOHYDWLRQ RI WKH VWDWLF ZDWHU WDEOH LQ WKH %DVLQ EURDGO\ PLPLFV WKH WRSRJUDSK\�
PHDQLQJ WKDW LW VORSHV WRZDUGV WKH ULYHU IURP WKH HDVW DQG ZHVW� DQG GHFOLQHV PRUH JUDGXDOO\
QRUWKZDUG DORQJ WKH ORQJLWXGLQDO D[LV RI WKH YDOOH\� :DWHU OHYHOV DUH GHHSHVW FORVHU WR WKH PDUJLQV
RI WKH %DVLQ DQG WKH K\GUDXOLF JUDGLHQW LV VWHHSHU RQ WKH ZHVWHUQ PDUJLQ RI WKH YDOOH\ IORRU WKDQ
RQ WKH HDVWHUQ� 7KHVH VSDWLDO SDWWHUQV DUH HYLGHQW LQ ERWK WKH ZHW DQG GU\ VHDVRQV� +RZHYHU� LQ
WKH GU\ VHDVRQ WKH K\GUDXOLF JUDGLHQW SUHGLFWDEO\ EHFRPHV VKDOORZHU LQ VRPH DUHDV� VXFK DV QHDU
*UHHQYLHZ �)LJXUHV �� DQG ����
*URXQGZDWHU UHFKDUJH RFFXUV DV VWUHDP OHDNDJH� DV SHUFRODWLRQ WKURXJK WKH VRLO ]RQH �LQFOXGLQJ
XQGHU LUULJDWHG DJULFXOWXUDO ILHOGV�� DQG DORQJ WKH YDOOH\ PDUJLQ DV PRXQWDLQ IURQW UHFKDUJH �0)5��
*URXQGZDWHU OHDYHV WKH DTXLIHU WKURXJK JURXQGZDWHU SXPSLQJ IRU LUULJDWLRQ� GLVFKDUJH WR VWUHDPV�
DQG E\ GLUHFW HYDSRWUDQVSLUDWLRQ LQ DUHDV ZKHUH WKH ZDWHU WDEOH LV QHDU WKH ODQG VXUIDFH�
$V GLVFXVVHG XQGHU 6HFWLRQ �������� ,UULJDWLRQ 3UDFWLFHV� JURXQGZDWHU SXPSLQJ LQ 6FRWW 9DOOH\ KDV
LQFUHDVHG IURP WKH ����V WR SUHVHQW GD\� 5HOLDQFH RQ JURXQGZDWHU DV D VRXUFH IRU LUULJDWLRQ ZDWHU
KDV DOVR LQFUHDVHG IURP RYHU WKLV VDPH WLPH SHULRG �VHH ,UULJDWLRQ 3UDFWLFHV GLVFXVVLRQ��
%DVHG RQ ZHOO GDWD FROOHFWHG IURP ���� WR ����� JURXQGZDWHU OHYHOV LQ 6FRWW 9DOOH\ UHPDLQHG
UHODWLYHO\ FRQVLVWHQW� ZLWK VHDVRQDO F\FOLQJ RI ORZHUHG JURXQGZDWHU OHYHOV LQ WKH VXPPHU IROORZHG
E\ LQFUHDVHV LQ WKH ZLQWHU PRQWKV �+DUWHU DQG +LQHV ������ 7KLV WUHQG LV REVHUYHG WKURXJKRXW
WKH %DVLQ� 7KRXJK DQQXDO SUHFLSLWDWLRQ LQ WKH %DVLQ KDV EHHQ ORZHU RYHU WKH SDVW �� \HDUV� ZDWHU
OHYHOV KDYH UHPDLQHG VWHDG\� ZLWK VHDVRQDO IOXFWXDWLRQV� DV VHHQ LQ WKH ORQJ�WHUP K\GURJUDSKV RI
JURXQGZDWHU ZHOOV GLVSOD\HG LQ )LJXUH ��� 2YHU WKLV SHULRG ������������ WKHUH ZHUH D IHZ ZHOOV
ZLWK GHFOLQHV LQ IDOO ZDWHU OHYHOV EXW QR ZHOOV ZLWK VSULQJ ZDWHU OHYHO GHFOLQHV� %DVHG RQ GDWD IURP
WKH 6FRWW 9DOOH\ &RPPXQLW\ *URXQGZDWHU 0HDVXULQJ 3URJUDP� FROOHFWHG IURP ���� WR ����� ZDWHU
OHYHOV PHDVXUHG GXULQJ GU\ \HDUV ZHUH ORZHU WKDQ LQ DYHUDJH RU ZHW \HDUV DQG� ZLWK WKH H[FHSWLRQ
RI ���� DQG ����� FRQWLQXHG WR GHFUHDVH WKURXJKRXW GURXJKW SHULRGV �L�H�� ��������� DQG �����
������ +\GURJUDSKV IRU ZHOOV LQ 6FRWW 9DOOH\ DUH LQFOXGHG LQ $SSHQGL[ ��&� 7KH DYDLODELOLW\ RI ZDWHU
LV PRVW FULWLFDO GXULQJ VXPPHU DQG EHJLQQLQJ RI IDOO� D NH\ FRQFHUQ LQ 6FRWW 9DOOH\ IRU DJULFXOWXUDO
XVHV DQG IRU LQVWUHDP IORZV IRU ILVK� /RZHVW ZDWHU OHYHOV ZHUH JHQHUDOO\ REVHUYHG LQ ���� �IRU
WKH IHZ ZHOOV IRU ZKLFK ORQJ�WHUP ZDWHU OHYHO GDWD DUH DYDLODEOH� RU ���� �&RPPXQLW\ *URXQGZDWHU
0HDVXULQJ 3URJUDP�� ZLWK VRPH ZHOOV KDYLQJ ORZHVW ZDWHU OHYHO PHDVXUHPHQWV LQ ����� $ ZHOO ZLWK
ORQJ�WHUP REVHUYDWLRQ UHFRUGV LQGLFDWHV ORZHU IDOO ZDWHU OHYHOV DIWHU WKH ����V� ZKHQ FRPSDUHG WR
WKH SHULRG EHWZHHQ WKH ����V DQG ����V� 2WKHUZLVH� QR VLJQLILFDQW WUHQG LQ ZDWHU OHYHOV ZDV QRWHG
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RYHU WKLV SHULRG� +LVWRULF DQG UHFHQW ZDWHU OHYHO GDWD GR QRW LQGLFDWH RYHUGUDIW RU ORQJ�WHUP GHFOLQHV
LQ JURXQGZDWHU GDWD� +RZHYHU� WKH SDVW �� \HDUV KDYH VHHQ D KLJKHU IUHTXHQF\ RI GU\ \HDUV DQG
PRUH IUHTXHQW RFFXUUHQFH RI ORZ IDOO ZDWHU OHYHOV WKDQ KDV EHHQ REVHUYHG RQ IHZ ZHOOV GXULQJ WKH
SUHYLRXV �� \HDUV �)LJXUH ����

������� (VWLPDWH RI *URXQGZDWHU 6WRUDJH

2YHUDOO JURXQGZDWHU VWRUDJH LQ 6FRWW 9DOOH\ KDV EHHQ HVWLPDWHG DW ������� DFUH�IHHW �$)� ���� [ ���
P��� GLVWULEXWHG WKURXJKRXW VL[ GLIIHUHQW JURXQGZDWHU XQLWV �0DFN ������ 7KH SURSHUWLHV DVVRFLDWHG
ZLWK HDFK XQLW DUH OLVWHG LQ 7DEOH ��� 7KH VL[ LGHQWLILHG JURXQGZDWHU VWRUDJH XQLWV LQFOXGH WKH
IROORZLQJ �0DFN ����� +DUWHU DQG +LQHV ����� �)LJXUH ����

�� 7KH 6FRWW 5LYHU )ORRGSODLQ
�� :HVWHUQ 0RXQWDLQ $OOXYLDO )DQ 'LVFKDUJH =RQH
�� :HVWHUQ 0RXQWDLQ $OOXYLDO )DQV DQG 2UR )LQR 9DOOH\
�� 4XDUW] 9DOOH\
�� 0RIIHWW�0F$GDP &UHHN
�� +DPOLQ *XOFK
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6FRWW 9DOOH\ *URXQGZDWHU 6XVWDLQDELOLW\ 3ODQ

Groundwater elevation in Scott Valley, in feet above mean sea level.
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Groundwater elevation in Scott Valley, in feet above mean sea level.
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)LJXUH ��� 6HOHFWHG ORQJ�WHUP JURXQGZDWHU HOHYDWLRQ PHDVXUHPHQWV RYHU WLPH LQ ILYH ZHOOV� RQH
ORFDWHG LQ HDFK K\GURJHRORJLF ]RQH RI WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ�
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)LJXUH ��� 6FRWW 9DOOH\ JURXQGZDWHU VWRUDJH XQLWV� DV SXEOLVKHG LQ )LJXUH �� LQ 0DFN �����

7KH ODUJHVW RI WKH VL[ XQLWV LV WKH 6FRWW 5LYHU IORRGSODLQ� ZLWK DQ HVWLPDWHG JURXQGZDWHU VWRUDJH
FDSDFLW\ RI ������� $) ���� [ ��� P�� �0DFN ������ 'HSRVLWHG E\ WKH 6FRWW 5LYHU DQG LWV WULEXWDULHV�
WKH VWUHDP FKDQQHO DQG IORRGSODLQ GHSRVLWV DUH SUHGRPLQDQWO\ FRPSULVHG RI XQFRQVROLGDWHG VDQG
DQG JUDYHO ZLWK FOD\ �SHU ':5 ������� %XOOHWLQ ����� 7KH PRVW SHUPHDEOH IORRGSODLQ GHSRVLWV OLH
EHWZHHQ (WQD DQG )RUW -RQHV� 7KLV DUHD� ZLWK DQ DYHUDJH ZLGWK RI ��� PL ���� NP�� LV HVWLPDWHG WR
UHSUHVHQW PRVW RI WKH JURXQGZDWHU VWRUDJH LQ 6FRWW 9DOOH\ �0DFN ����� ':5 ������ 8QLWV �� �� DQG
� DUH DOO VLWXDWHG DORQJ WKH ZHVWHUQ HGJH RI WKH YDOOH\� 8QLW � LV VLWXDWHG DORQJ WKH ZHVWHUQ PRXQWDLQ
IDQV DQG LV XQGHUODLQ E\ ILQHU DOOXYLXP GHSRVLWHG E\ WULEXWDULHV� 8QLW � LV ORFDWHG DORQJ WKH ZHVWHUQ
PRXQWDLQV QRUWK RI (WQD WR *UHHQYLHZ� 7KH SHUPHDELOLW\ LV KLJK LQ JUDYHOO\ VHGLPHQWV DW WKH DSH[ RI
WKH IDQ DQG GHFUHDVHV GRZQVORSH ZLWK LQFUHDVLQJ SURSRUWLRQV RI FOD\ DQG VLOW� 8QLW � HQFRPSDVVHV
4XDUW] 9DOOH\ DQG LQFOXGHV URXQGHG ERXOGHUV� WKRXJKW WR EH PRGHUDWHO\ SHUPHDEOH� &RPSULVHG RI
WKH ODQG DGMDFHQW WR 0RIIHWW &UHHN DQG 0F$GDP &UHHN� 8QLW � LV PRGHUDWHO\ SHUPHDEOH� 6WUHDPV
LQ 8QLW �� ORFDWHG LQ WKH +DPOLQ *XOFK DUHD� DUH HSKHPHUDO DQG 8QLW � LV WKRXJKW WR EH WKH OHDVW
SHUPHDEOH RI WKH VWRUDJH XQLWV LQ 6FRWW 9DOOH\ �0DFN ������ 7KH JURXQGZDWHU VWRUDJH YDOXHV WKDW
KDYH EHHQ UHSRUWHG RQO\ UHIOHFW WKH DPRXQW RI JURXQGZDWHU LQ VWRUDJH DQG GR QRW UHSUHVHQW WKH
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DPRXQW RI XVDEOH JURXQGZDWHU LQ 6FRWW 9DOOH\� ZKLFK LV HVWLPDWHG WR EH OHVV WKDQ ������� $) ����
[ ��� P�� �0DFN ������

7DEOH ��� 3URSHUWLHV RI JURXQGZDWHU VWRUDJH XQLWV LQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ DV GHILQHG
E\ 0DFN ������

6WRUDJH 8QLW $YHUDJH 6SHFLILF <LHOG ��� *URXQGZDWHU 6WRUDJH &DSDFLW\ �DFUH�IHHW�
� �� �������
� � ������
� � ������
� �� ������
� �� ������
� � ������

6SHFLILF \LHOG DQG VWRUDWLYLW\ KDV EHHQ HVWLPDWHG XVLQJ WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO
�69,+0�� 6HDVRQDO FKDQJHV LQ REVHUYHG ZDWHU OHYHOV ZHUH XVHG WR FDOLEUDWH VSHFLILF \LHOG DQG
VWRUDWLYLW\ LQ WKH EDVLQ� 6HDVRQDO FKDQJHV LQ ZDWHU OHYHOV DUH GXH WR ORFDO JURXQGZDWHU SXPSLQJ
IRU LUULJDWLRQ GXULQJ $SULO WKURXJK 6HSWHPEHU RQO\�

8VLQJ WKH FDOLEUDWHG VSHFLILF \LHOG DQG VWRUDWLYLW\ LQ 69,+0� WKH PRGHO SURYLGHV D WLPH VHULHV RI
JURXQGZDWHU VWRUDJH FKDQJH UHODWLYH WR ����� IRU WKH SHULRG IURP ���� WR ���� �)LJXUH ����

������� *URXQGZDWHU 4XDOLW\

%DVLQ 2YHUYLHZ

:DWHU TXDOLW\ LQFOXGHV WKH SK\VLFDO� ELRORJLFDO� FKHPLFDO� DQG UDGLRORJLFDO TXDOLW\ RI ZDWHU� 7KH
SK\VLFDO SURSHUW\ RI ZDWHU RI PRVW LQWHUHVW WR ZDWHU TXDOLW\ LV WHPSHUDWXUH� $Q H[DPSOH RI D ELR�
ORJLFDO ZDWHU TXDOLW\ FRQVWLWXHQW LV (�FROL EDFWHULD� FRPPRQO\ XVHG DV DQ LQGLFDWRU VSHFLHV IRU IHFDO
ZDVWH FRQWDPLQDWLRQ� 5DGLRORJLFDO ZDWHU TXDOLW\ SDUDPHWHUV PHDVXUH WKH UDGLRDFWLYLW\ RI ZDWHU�
&KHPLFDO ZDWHU TXDOLW\ UHIHUV WR WKH FRQFHQWUDWLRQ RI WKRXVDQGV RI QDWXUDO DQG PDQXIDFWXUHG LQRU�
JDQLF DQG RUJDQLF FKHPLFDOV� $OO JURXQGZDWHU QDWXUDOO\ FRQWDLQV VRPHPLFURELDO PDWWHU� FKHPLFDOV�
DQG XVXDOO\ KDV ORZ OHYHOV RI UDGLRDFWLYLW\� ,QRUJDQLF FKHPLFDOV WKDW PDNH XS PRUH WKDQ ��� RI WKH
³WRWDO GLVVROYHG VROLGV´ �7'6� LQ JURXQGZDWHU LQFOXGH FDOFLXP �&D���� PDJQHVLXP �0J��� VRGLXP
�1D��� SRWDVVLXP �.��� FKORULGH �&O��� ELFDUERQDWH �+&2�

��� DQG VXOIDWH �62�
��� LRQV� :DWHU ZLWK

D 7'6 FRQFHQWUDWLRQ RI OHVV WKDQ ����� PJ�/ LV JHQHUDOO\ UHIHUUHG WR DV ³IUHVKZDWHU´� %UDFNLVK
ZDWHU KDV D 7'6 FRQFHQWUDWLRQ EHWZHHQ ����� PJ�/ DQG ������ PJ�/� ,Q VDOLQH ZDWHU� 7'6 H[�
FHHGV ������PJ�/�:DWHU KDUGQHVV W\SLFDOO\ UHIHUV WR WKH FRQFHQWUDWLRQ RI FDOFLXP DQGPDJQHVLXP
FDWLRQV LQ ZDWHU�

:KHQ RQH RU PXOWLSOH FRQVWLWXHQWV EHFRPH D FRQFHUQ IRU HLWKHU HFRV\VWHP KHDOWK� KXPDQ FRQ�
VXPSWLRQ� LQGXVWULDO RU FRPPHUFLDO XVHV� RU IRU DJULFXOWXUDO XVHV� WKH ZDWHU TXDOLW\ FRQVWLWXHQW RI
FRQFHUQ EHFRPHV D ³SROOXWDQW´ RU ³FRQWDPLQDQW´� *URXQGZDWHU TXDOLW\ LV LQIOXHQFHG E\ PDQ\ IDF�
WRUV ± SROOXWHG RU QRW ± LQFOXGLQJ HOHYDWLRQ� FOLPDWH� VRLO W\SHV� K\GURJHRORJ\� DQG KXPDQ DFWLYLWLHV�
:DWHU TXDOLW\ FRQVWLWXHQWV DUH WKHUHIRUH RIWHQ FDWHJRUL]HG DV ³QDWXUDOO\ RFFXUULQJ´� ³SRLQW VRXUFH´�
RU ³QRQ�SRLQW VRXUFH´ SROOXWDQWV� GHSHQGLQJ RQ ZKHWKHU ZDWHU TXDOLW\ LV WKH UHVXOW RI QDWXUDO SUR�
FHVVHV� FRQWDPLQDWLRQ IURP DQWKURSRJHQLF SRLQW VRXUFHV� RU RULJLQDWHV IURP GLIIXVH �QRQ�SRLQW�
VRXUFHV WKDW DUH WKH UHVXOW RI KXPDQ DFWLYLW\�
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*URXQGZDWHU LQ 6FRWW 9DOOH\ KDV EHHQ FKDUDFWHUL]HG DV FDOFLXP�PDJQHVLXP ELFDUERQDWH ZDWHU
�0DFN ������ *URXQGZDWHU TXDOLW\ LV FRUUHODWHG WR WKH IRXU PDMRU EHGURFN W\SHV LQ WKH %DVLQ� WKH
FU\VWDOOLQH URFNV RI WKH ZHVWHUQ PRXQWDLQV� VHUSHQWLQH� OLPHVWRQH DQG JUHHQVWRQH� WKH ILUVW WKUHH
EHGURFN W\SHV DUH DVVRFLDWHG ZLWK KLJK VRGLXP DQG SRWDVVLXP ZDWHUV� KLJK PDJQHVLXP ZDWHUV�
DQG ZDWHUV ZLWK KLJK VDOLQLW\ DQG KDUGQHVV� UHVSHFWLYHO\ �0DFN ������ $ VWXG\ FRQGXFWHG LQ WKH
VSULQJ DQG IDOO RI ���� IRXQG WKDW FRQFHQWUDWLRQV RI SRWDVVLXP� VXOIDWH� QLWUDWH� IOXRULGH� DQG ERURQ
ZHUH JHQHUDOO\ QHJOLJLEOH� DQG ORFDOO\ HOHYDWHG FRQFHQWUDWLRQV RI FKORULGH DQG QLWUDWH ZHUH DWWULEXWHG
WR DQWKURSRJHQLF FDXVHV �0DFN ������ 7'6 LQ WKH %DVLQ KDV EHHQ HVWLPDWHG WR UDQJH LQ FRQFHQ�
WUDWLRQ IURP �� WR ����� PJ�/ ZLWK DQ DYHUDJH RI ��� PJ�/ �':5 ������ *URXQGZDWHU KDUGQHVV
KDV KLVWRULFDOO\ EHHQ YDULDEOH WKURXJKRXW WKH %DVLQ DQG LV KLJKO\ GHSHQGHQW RQ WKH EHGURFN �0DFN
������ +DUG ZDWHUV KDYH SUHYLRXVO\ EHHQ GRFXPHQWHG RQ WKH HDVWHUQ VLGH RI WKH YDOOH\ DQG LQ
VSHFLILF DUHDV LQFOXGLQJ 0RIIHWW &UHHN� DQG 0F&RQQDKXH DQG +DPOLQ *XOFKHV �0DFN ������

$ VWXG\ E\ WKH 1&5:4&% LQ ����� SULRULWL]LQJ �� JURXQGZDWHU EDVLQV LQ WKH 1RUWK &RDVW 5HJLRQ
ZLWK WKUHDWV WR JURXQGZDWHU TXDOLW\ GXH WR H[FHVVLYH VDOWV DQG QXWULHQWV FDWHJRUL]HG 6FRWW 9DOOH\
DV ³KLJK´ SULRULW\ �1&5:4&% ������ %DVHG RQ WKH ZDWHU TXDOLW\ DQDO\VLV FRPSOHWHG E\ WKH 1&5�
:4&% ������� WKH SHUFHQWDJH RI ZHOOV LQ WKH %DVLQ IURP ��������� H[FHHGLQJ � PJ�/ QLWUDWH DV
1������� �� PJ�/ QLWUDWH DV 1 ������� ��� PJ�/ 7'6 �������� DQG ��� PJ�/ 7'6 ������� ZHUH
QRW KLJK� 7KH %DVLQ ZDV DVVLJQHG D VFRUH� IRU ³VWDWXV DQG WUHQGV LQ WKH FRQFHQWUDWLRQ RI VDOWV
DQG QXWULHQWV LQ JURXQGZDWHU´� RI � RXW RI D SRVVLEOH UDQJH RI ����� &DWHJRULHV LQ ZKLFK WKH %DVLQ
KDG KLJK VFRUHV �KLJKHU VFRUHV FRUUHVSRQG WR KLJKHU ULVN� LQFOXGHG� VRXUFHV RI VDOWV DQG QXWULHQWV
�H�J�� LUULJDWHG DJULFXOWXUH DQG FRQFHQWUDWHG DQLPDO IHHGLQJ RSHUDWLRQV �&$)2V�� GDLU\ RSHUDWLRQV��
RSHQ FOHDQXS FDVHV� DQG K\GURJHRORJLF IDFWRUV LQFOXGLQJ GHSWK WR JURXQGZDWHU DQG WKH K\GURJH�
RORJLFDOO\ YXOQHUDEOH DUHD� 7KH LQIRUPDWLRQ XVHG LQ WKH SULRULWL]DWLRQ SURFHVV LQFOXGHG WKH *$0$
GDWDEDVH� WKH ':5 6*0$ %DVLQ 3ULRULWL]DWLRQ 3URFHVV DQG WKH VHYHQ HYDOXDWLRQ IDFWRUV OLVWHG LQ
WKH 5HF\FOHG :DWHU 3ROLF\ �1&5:4&% ������

([LVWLQJ :DWHU 4XDOLW\ 0RQLWRULQJ 1HWZRUNV

:DWHU TXDOLW\ GDWD IRU OHDVW RQH FRQVWLWXHQW ± VRPHWLPHV PDQ\ ± DUH DYDLODEOH IRU VRPH ZHOOV LQ
WKH %DVLQ EXW QRW PRVW� 2I WKRVH ZHOOV IRU ZKLFK ZDWHU TXDOLW\ GDWD DUH DYDLODEOH� PRVW KDYH RQO\
EHHQ WHVWHG RQFH� VRPH DUH RU KDYH EHHQ WHVWHG PXOWLSOH WLPHV� DQG LQ IHZ FDVHV DUH WHVWHG RQ D
UHJXODU EDVLV �H�J�� DQQXDO� PRQWKO\�� 7KH VDPH ZHOO PD\ KDYH EHHQ WHVWHG IRU GLIIHUHQW SXUSRVHV
�H�J�� UHVHDUFK� UHJXODWRU\� RU WR SURYLGH RZQHU LQIRUPDWLRQ�� EXW PRVW RIWHQ� UHJXODWRU\ SURJUDPV
GULYH ZDWHU TXDOLW\ WHVWLQJ�

)RU WKLV *63� DOO DYDLODEOH ZDWHU TXDOLW\ GDWD� REWDLQHG IURP QXPHURXV DYDLODEOH VRXUFHV� DUH ILUVW
JURXSHG E\ WKH ZHOO IURP ZKHUH WKH PHDVXUHPHQWV ZHUH WDNHQ� :HOOV DUH WKHQ JURXSHG LQWR PRQ�
LWRULQJ ZHOO W\SH FDWHJRULHV� 7KHVH LQFOXGH�

3XEOLF ZDWHU VXSSO\ ZHOOV� $ SXEOLF ZDWHU V\VWHP ZHOO SURYLGHV ZDWHU IRU KXPDQ FRQVXPSWLRQ
LQFOXGLQJ GRPHVWLF� LQGXVWULDO� RU FRPPHUFLDO XVHV WR DW OHDVW �� VHUYLFH FRQQHFWLRQV� RU VHUYHV
DQ DYHUDJH RI DW OHDVW �� SHRSOH IRU D PLQLPXP RI �� GD\V SHU \HDU� $ SXEOLF ZDWHU V\VWHP PD\
EH SXEOLFO\ RU SULYDWHO\ RZQHG� 7KHUH DUH WKUHH SXEOLF VXSSO\ ZHOOV LQ WKH %DVLQ ZLWK ZDWHU TXDOLW\
GDWD FROOHFWHG LQ WKH SDVW WHQ \HDUV� 7KHVH LQFOXGH D SHUPDQHQW ZDWHU VXSSO\ ZHOO� RQH HPHUJHQF\
VXSSO\ ZHOO LQ )RUW -RQHV� DQG RQH ZHOO IRU .LGGHU &UHHN 2UFKDUG &DPS� 0RQLWRULQJ LV FRQGXFWHG
DW WKHVH ZHOOV LQ DFFRUGDQFH ZLWK &DOLIRUQLD 'LYLVLRQ RI 'ULQNLQJ :DWHU �'':� VWDQGDUGV DQG WKHVH
ZHOOV DUH WHVWHG DW UHJXODU LQWHUYDOV IRU D YDULHW\ RI ZDWHU TXDOLW\ FRQVWLWXHQWV� 'DWD DUH SXEOLFO\
DYDLODEOH WKURXJK RQOLQH GDWDEDVHV�
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6WDWH VPDOO ZDWHU VXSSO\ ZHOOV� :HOOV SURYLGLQJ ZDWHU IRU KXPDQ FRQVXPSWLRQ� VHUYLQJ � WR �� FRQ�
QHFWLRQV� 7KHVH ZHOOV DUH WHVWHG DW UHJXODU LQWHUYDOV ± EXW OHVV RIWHQ WKDQ SXEOLF ZDWHU VXSSO\ ZHOOV ±
IRU EDFWHULRORJLFDO LQGLFDWRUV DQG VDOLQLW\� 'DWD DUH SXEOLFO\ DYDLODEOH WKURXJK WKH &RXQW\ RI 6LVNL\RX
(QYLURQPHQWDO +HDOWK 'LYLVLRQ �&6(+'� EXW PD\ QRW EH DYDLODEOH WKURXJK RQOLQH GDWDEDVHV�

'RPHVWLF ZHOOV� )RU SXUSRVHV RI WKLV *63� WKLV ZHOO W\SH FDWHJRU\ LQFOXGHV ZHOOV VHUYLQJ ZDWHU IRU
KXPDQ FRQVXPSWLRQ LQ D VLQJOH KRXVHKROG RU IRU XS WR � FRQQHFWLRQV� 7KHVH ZHOOV DUH QRW W\SLFDOO\
WHVWHG� :KHQ WHVWHG� WHVW UHVXOWV DUH QRW W\SLFDOO\ UHSRUWHG LQ SXEOLFO\ DYDLODEOH RQOLQH GDWDEDVHV�
H[FHSW IRU ZKHQ WKHVH GDWD DUH XVHG IRU LQGLYLGXDO VWXGLHV RU UHVHDUFK SURMHFWV�

$JULFXOWXUDO ZHOOV� :HOOV WKDW SURYLGH LUULJDWLRQ ZDWHU� VWRFN ZDWHU� RU ZDWHU IRU RWKHU DJULFXOWXUDO
XVHV� EXW DUH QRW W\SLFDOO\ XVHG IRU KXPDQ FRQVXPSWLRQ� :KHQ WHVWHG� WHVW UHVXOWV DUH QRW W\SLFDOO\
UHSRUWHG LQ SXEOLFO\ DYDLODEOH RQOLQH GDWDEDVHV� H[FHSW IRU ZKHQ WKHVH GDWD DUH XVHG IRU LQGLYLGXDO
VWXGLHV RU UHVHDUFK SURMHFWV�

&RQWDPLQDWLRQ VLWH PRQLWRULQJ ZHOOV� 0RQLWRULQJ ZHOOV LQVWDOOHG DW UHJXODWHG KD]DUGRXV ZDVWH VLWHV
DQG RWKHU SRWHQWLDO FRQWDPLQDWLRQ VLWHV �H�J�� ODQGILOOV� IRU WKH SXUSRVH RI VLWH FKDUDFWHUL]DWLRQ� VLWH
UHPHGLDWLRQ� DQG UHJXODWRU\ FRPSOLDQFH� 7KHVH ZHOOV DUH W\SLFDOO\ FRPSOHWHG ZLWK � LQ �� FP� RU
� LQ ��� FP� GLDPHWHU SRO\YLQ\O FKORULGH �39&� SLSHV DQG VFUHHQHG DW RU QHDU WKH ZDWHU WDEOH�
7KH\ PD\ KDYH PXOWLSOH FRPSOHWLRQ GHSWKV �PXOWL�OHYHO PRQLWRULQJ�� EXW GHSWKV W\SLFDOO\ GR QRW
H[FHHG ��� IW ��� P� EHORZ WKH ZDWHU WDEOH� :DWHU VDPSOHV DUH FROOHFWHG DW IUHTXHQW LQWHUYDOV
�PRQWKO\� TXDUWHUO\� DQQXDOO\� DQG DQDO\]HG IRU D ZLGH UDQJH RI FRQVWLWXHQWV UHODWHG WR WKH W\SH RI
FRQWDPLQDWLRQ DVVRFLDWHG ZLWK WKH KD]DUGRXV ZDVWH VLWH�

5HVHDUFK PRQLWRULQJ ZHOOV� 0RQLWRULQJ ZHOOV LQVWDOOHG SULPDULO\ IRU UHVHDUFK� VWXGLHV� LQIRUPDWLRQ
FROOHFWLRQ� DPELHQW ZDWHU TXDOLW\ PRQLWRULQJ� RU RWKHU SXUSRVHV� 7KHVHZHOOV DUH W\SLFDOO\ FRPSOHWHG
ZLWK � LQ �� FP� RU � LQ ��� FP� GLDPHWHU 39& SLSHV DQG ZLWK VFUHHQV DW RU QHDU WKH ZDWHU WDEOH�
7KH\ PD\ KDYH PXOWLSOH FRPSOHWLRQ GHSWKV �PXOWL�OHYHO PRQLWRULQJ�� EXW GHSWKV W\SLFDOO\ GR QRW
H[FHHG ��� IW ��� P� EHORZ WKH ZDWHU WDEOH�

'DWD 6RXUFHV IRU &KDUDFWHUL]LQJ *URXQGZDWHU 4XDOLW\

7KH DVVHVVPHQW RI JURXQGZDWHU TXDOLW\ IRU WKH %DVLQ ZDV SUHSDUHG XVLQJ DYDLODEOH LQIRUPDWLRQ
REWDLQHG IURP WKH &DOLIRUQLD *URXQGZDWHU $PELHQW 0RQLWRULQJ DQG $VVHVVPHQW �*$0$� 3URJUDP
'DWDEDVH� ZKLFK LQFOXGHV ZDWHU TXDOLW\ LQIRUPDWLRQ FROOHFWHG E\ WKH &DOLIRUQLD 'HSDUWPHQW RI :D�
WHU 5HVRXUFHV �':5�� 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG �6:5&%�� 'LYLVLRQ RI 'ULQNLQJ :DWHU
�'':�� /DZUHQFH /LYHUPRUH 1DWLRQDO /DERUDWRU\ �//1/� VSHFLDO VWXGLHV� DQG WKH8QLWHG 6WDWHV*H�
RORJLFDO 6XUYH\ �86*6�� 7KHVH GDWD ZHUH DXJPHQWHG ZLWK GDWD IURP 49,5¶V PRQLWRULQJ SURJUDP
�GHVFULEHG LQ 6HFWLRQ ������� REWDLQHG IURP WKH 86(3$ 6WRUDJH DQG 5HWULHYDO 'DWD :DUHKRXVH
�6725(7�� DFFHVVHG WKURXJK WKH 1DWLRQDO :DWHU 4XDOLW\ 0RQLWRULQJ &RXQFLO¶V �1:40&� :DWHU
4XDOLW\ 3RUWDO� ,Q DGGLWLRQ WR XWLOL]LQJ *HR7UDFNHU *$0$ IRU EDVLQ�ZLGH ZDWHU TXDOLW\ DVVHVVPHQW�
*HR7UDFNHU ZDV VHDUFKHG LQGLYLGXDOO\ WR LGHQWLI\ GDWD DVVRFLDWHG ZLWK JURXQGZDWHU FRQWDPLQDQW
SOXPHV� *URXQGZDWHU TXDOLW\ GDWD� DV UHSRUWHG LQ *HR7UDFNHU *$0$� KDYH EHHQ FROOHFWHG LQ WKH
%DVLQ VLQFH ����� :LWKLQ WKH %DVLQ� D WRWDO RI ��� ZHOOV ZHUH LGHQWLILHG DQG XVHG WR FKDUDFWHUL]H
H[LVWLQJ ZDWHU TXDOLW\ EDVHG RQ D GDWD VFUHHQLQJ DQG HYDOXDWLRQ SURFHVV WKDW LGHQWLILHG FRQVWLWXHQWV
RI LQWHUHVW LPSRUWDQW WR VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW�
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&ODVVLILFDWLRQ RI :DWHU 4XDOLW\

7R GHWHUPLQH ZKDW JURXQGZDWHU TXDOLW\ FRQVWLWXHQWV LQ WKH %DVLQ PD\ EH RI FXUUHQW RU QHDU�IXWXUH
FRQFHUQ� D UHIHUHQFH VWDQGDUG ZDV GHILQHG WR ZKLFK JURXQGZDWHU TXDOLW\ GDWD ZHUH FRPSDUHG�
1XPHULF WKUHVKROGV DUH VHW E\ VWDWH DQG IHGHUDO DJHQFLHV WR SURWHFW ZDWHU XVHUV �HQYLURQPHQW�
KXPDQV� LQGXVWULDO� DQG DJULFXOWXUDO XVHUV�� 7KH QXPHULF VWDQGDUGV VHOHFWHG IRU WKH FXUUHQW DQDO\VLV
UHSUHVHQW DOO UHOHYDQW VWDWH DQG IHGHUDO GULQNLQJ ZDWHU VWDQGDUGV DQG VWDWH ZDWHU TXDOLW\ REMHFWLYHV
IRU WKH FRQVWLWXHQWV HYDOXDWHG DQG DUH FRQVLVWHQW ZLWK VWDWH DQG 5HJLRQDO :DWHU %RDUG DVVHVVPHQW
RI EHQHILFLDO XVH SURWHFWLRQ LQ JURXQGZDWHU� 7KH VWDQGDUGV DUH FRPSDUHG DJDLQVW JURXQGZDWHU
TXDOLW\ GDWD WR GHWHUPLQH LI D FRQVWLWXHQW¶V FRQFHQWUDWLRQ H[LVWV DERYH RU EHORZ WKH WKUHVKROG DQG
LV FXUUHQWO\ LPSDLULQJ RU PD\ LPSDLU EHQHILFLDO XVHV GHVLJQDWHG IRU JURXQGZDWHU DW VRPH SRLQW LQ
WKH IRUHVHHDEOH IXWXUH�

$OWKRXJK JURXQGZDWHU LV XWLOL]HG IRU D YDULHW\ RI SXUSRVHV� WKH XVH IRU KXPDQ FRQVXPSWLRQ UH�
TXLUHV WKDW VXSSOLHV PHHW VWULFW ZDWHU TXDOLW\ UHJXODWLRQV� 7KH IHGHUDO 6DIH 'ULQNLQJ :DWHU $FW
�6':$� SURWHFWV VXUIDFH ZDWHU DQG JURXQGZDWHU GULQNLQJ ZDWHU VXSSOLHV� 7KH 6':$ UHTXLUHV
WKH 8QLWHG 6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ �86(3$� WR GHYHORS HQIRUFHDEOH ZDWHU TXDOLW\
VWDQGDUGV IRU SXEOLF ZDWHU V\VWHPV� 7KH UHJXODWRU\ VWDQGDUGV DUH QDPHG PD[LPXP FRQWDPLQDQW
OHYHOV �0&/V� DQG WKH\ GLFWDWH WKH PD[LPXP FRQFHQWUDWLRQ DW ZKLFK D VSHFLILF FRQVWLWXHQW PD\ EH
SUHVHQW LQ SRWDEOH ZDWHU VRXUFHV� 7KHUH DUH WZR FDWHJRULHV RI 0&/V� 3ULPDU\ 0&/V ��R 0&/��
ZKLFK DUH HVWDEOLVKHG EDVHG RQ KXPDQ KHDOWK HIIHFWV IURP FRQWDPLQDQWV DQG DUH HQIRUFHDEOH VWDQ�
GDUGV IRU SXEOLF ZDWHU VXSSO\ ZHOOV DQG VWDWH VPDOO ZDWHU VXSSO\ ZHOOV� DQG 6HFRQGDU\ 0&/V ��R
0&/�� ZKLFK DUH XQHQIRUFHDEOH VWDQGDUGV HVWDEOLVKHG IRU FRQWDPLQDQWV WKDW PD\ QHJDWLYHO\ DIIHFW
WKH DHVWKHWLFV RI GULQNLQJ ZDWHU TXDOLW\� VXFK DV WDVWH� RGRU� RU DSSHDUDQFH�

7KH 6WDWH RI &DOLIRUQLD KDV GHYHORSHG GULQNLQJ ZDWHU VWDQGDUGV WKDW� IRU VRPH FRQVWLWXHQWV� DUH
VWULFWHU WKDQ WKRVH VHW DW WKH IHGHUDO OHYHO� 7KH %DVLQ LV UHJXODWHG XQGHU WKH 1RUWK &RDVW 5HJLRQDO
:DWHU 4XDOLW\ &RQWURO %RDUG �5HJLRQDO :DWHU %RDUG� DQG UHOHYDQW ZDWHU TXDOLW\ REMHFWLYHV �:42V�
DQG EHQHILFLDO XVHV DUH FRQWDLQHG LQ WKH :DWHU 4XDOLW\ &RQWURO 3ODQ IRU WKH 1RUWK &RDVW 5HJLRQ
�%DVLQ 3ODQ�� )RU ZDWHUV GHVLJQDWHG DV KDYLQJ D 0XQLFLSDO DQG 'RPHVWLF 6XSSO\ �081� EHQHIL�
FLDO XVH� WKH %DVLQ 3ODQ VSHFLILHV WKDW FKHPLFDO FRQVWLWXHQWV DUH QRW WR H[FHHG WKH 3ULPDU\ DQG
6HFRQGDU\ 0&/V HVWDEOLVKHG LQ 7LWOH �� RI WKH &DOLIRUQLD &RGH RI 5HJXODWLRQV �&&5� �KHUHDIWHU�
7LWOH ���� 7KH %DVLQ 3ODQ DOVR LQFOXGHV QXPHULF :42V DQG DVVRFLDWHG FDOFXODWLRQ UHTXLUHPHQWV
LQ JURXQGZDWHU IRU VHOHFW FRQVWLWXHQWV LQ WKH 6FRWW 9DOOH\ DTXLIHU�

&RQVWLWXHQWV PD\ KDYH RQH RU PRUH DSSOLFDEOH GULQNLQJ ZDWHU VWDQGDUGV RU :42V� )RU WKLV *63�
D SULRULWL]DWLRQ V\VWHP ZDV XVHG WR VHOHFW WKH DSSURSULDWH QXPHULF WKUHVKROG� 7KLV *63 XVHG WKH
VWULFWHVW YDOXH DPRQJ WKH VWDWH DQG IHGHUDO GULQNLQJ ZDWHU VWDQGDUGV DQG VWDWH :42V VSHFLILHG
LQ WKH %DVLQ 3ODQ IRU FRPSDULVRQ DJDLQVW DYDLODEOH JURXQGZDWHU GDWD� &RQVWLWXHQWV WKDW GR QRW
KDYH DQ HVWDEOLVKHG GULQNLQJ ZDWHU VWDQGDUG RU :42 ZHUH QRW DVVHVVHG� 7KH FRPSOHWH OLVW RI
FRQVWLWXHQWV� QXPHULF WKUHVKROGV� DQG DVVRFLDWHG UHJXODWRU\ VRXUFHV XVHG LQ WKH ZDWHU TXDOLW\ DV�
VHVVPHQW FDQ EH IRXQG LQ $SSHQGL[ ��'� %DVLQ JURXQGZDWHU TXDOLW\ GDWD REWDLQHG IRU HDFK ZHOO
VHOHFWHG IRU HYDOXDWLRQ ZHUH FRPSDUHG WR D UHOHYDQW QXPHULF WKUHVKROG�

0DSV ZHUH JHQHUDWHG IRU HDFK FRQVWLWXHQW RI LQWHUHVW VKRZLQJ ZHOO ORFDWLRQV DQG WKH QXPEHU RI
PHDVXUHPHQWV IRU D FRQVWLWXHQW FROOHFWHG DW D ZHOO �VHH $SSHQGL[ ��'�� *URXQGZDWHU TXDOLW\ GDWD
ZHUH IXUWKHU FDWHJRUL]HG E\ PDJQLWXGH RI GHWHFWLRQ DV D� QRW GHWHFWHG� E� GHWHFWHG EHORZ KDOI RI
WKH UHOHYDQW QXPHULF WKUHVKROG� F� GHWHFWHG EHORZ WKH UHOHYDQW QXPHULF WKUHVKROG� DQG G� GHWHFWHG
DERYH WKH UHOHYDQW QXPHULF WKUHVKROG�

7R DQDO\]H JURXQGZDWHU TXDOLW\ WKDW LV UHSUHVHQWDWLYH RI FXUUHQW FRQGLWLRQV LQ WKH %DVLQ� VHYHUDO
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DGGLWLRQDO ILOWHUV ZHUH DSSOLHG WR WKH GDWDVHW� 7KRXJK JURXQGZDWHU TXDOLW\ GDWD DUH DYDLODEOH GDWLQJ
EDFN WR ���� IRU VRPH FRQVWLWXHQWV� WKH GDWD HYDOXDWHG ZHUH OLPLWHG WR WKRVH FROOHFWHG IURP ����
WR ����� 5HVWULFWLQJ WKH WLPH VSDQ WR GDWD FROOHFWHG LQ WKH SDVW �� \HDUV LQFUHDVHV FRQILGHQFH
LQ GDWD TXDOLW\ DQG IRFXVHV WKH HYDOXDWLRQ RQ LQIRUPDWLRQ WKDW LV FRQVLGHUHG UHIOHFWLYH RI FXUUHQW
JURXQGZDWHU TXDOLW\ FRQGLWLRQV� $ VHSDUDWH VHULHV RI PDSV ZDV JHQHUDWHG IRU HDFK FRQVWLWXHQW RI
LQWHUHVW VKRZLQJ ZHOO ORFDWLRQV DQG WKH QXPEHU RI JURXQGZDWHU TXDOLW\ VDPSOHV FROOHFWHG DPRQJ
WKH ZHOOV GXULQJ WKH SDVW �� \HDUV ������������

)LQDOO\� IRU HDFK FRQVWLWXHQW� DQ HIIRUW ZDV XQGHUWDNHQ WR H[DPLQH FKDQJHV LQ JURXQGZDWHU TXDOLW\
RYHU WLPH DW D ORFDWLRQ� &RQVWLWXHQW GDWD FROOHFWHG LQ WKH SDVW �� \HDUV ����������� ZHUH IXUWKHU
OLPLWHG WR ZHOOV WKDW KDYH WKUHH RU PRUH ZDWHU TXDOLW\ PHDVXUHPHQWV� $ ILQDO VHULHV RI PDSV DQG
WLPH VHULHV SORWV VKRZLQJ GDWD FROOHFWHG IURP ���� WR ���� ZHUH JHQHUDWHG IRU HDFK FRQVWLWXHQW
DQG ZHOO FRPELQDWLRQ VKRZLQJ KRZ GDWD FRPSDUH WR UHOHYDQW QXPHULF WKUHVKROGV�

7KH DSSURDFK GHVFULEHG DERYH ZDV XVHG WR FRQVLGHU DOO FRQVWLWXHQWV RI LQWHUHVW DQG FKDUDFWHUL]H
JURXQGZDWHU TXDOLW\ LQ WKH %DVLQ� $SSHQGL[ ��' FRQWDLQV DGGLWLRQDO GHWDLOHG LQIRUPDWLRQ RQ WKH
PHWKRGRORJ\ XVHG WR DVVHVV JURXQGZDWHU TXDOLW\ GDWD LQ WKH %DVLQ�

%DVLQ *URXQGZDWHU 4XDOLW\

$OO JURXQGZDWHU TXDOLW\ FRQVWLWXHQWV PRQLWRUHG LQ WKH %DVLQ WKDW KDYH D QXPHULF WKUHVKROG ZHUH
LQLWLDOO\ FRQVLGHUHG� 7KH HYDOXDWLRQ SURFHVV GHVFULEHG DERYH VKRZHG WKH IROORZLQJ SDUDPHWHUV WR
EH LPSRUWDQW WR VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ� EHQ]HQH� QLWUDWH DQG VSHFLILF
FRQGXFWLYLW\� 7KH IROORZLQJ VXEVHFWLRQV SUHVHQW LQIRUPDWLRQ RQ WKHVH ZDWHU TXDOLW\ SDUDPHWHUV LQ
FRPSDULVRQ WR WKHLU UHOHYDQW UHJXODWRU\ WKUHVKROGV DQG KRZ WKH FRQVWLWXHQW PD\ SRWHQWLDOO\ LPSDFW
GHVLJQDWHG EHQHILFLDO XVHV LQ GLIIHUHQW UHJLRQV RI WKH %DVLQ� 7DEOH �� FRQWDLQV WKH OLVW RI FRQVWLWXHQWV
RI LQWHUHVW LGHQWLILHG IRU WKH %DVLQ DQG WKHLU DVVRFLDWHG UHJXODWRU\ WKUHVKROG�

7DEOH ��� 5HJXODWRU\ ZDWHU TXDOLW\ WKUHVKROGV IRU FRQVWLWXHQWV RI LQWHUHVW LQ WKH 6FRWW 9DOOH\ *URXQG�
ZDWHU %DVLQ�

&RQVWLWXHQW 5HJXODWRU\ %DVLV :DWHU 4XDOLW\ 7KUHVKROG
%HQ]HQH ��J�/� 7LWOH �� �
1LWUDWH �PJ�/� 7LWOH �� ��
6SHFLILF &RQGXFWLYLW\ ��PKRV�FP� %DVLQ 3ODQ ��� 8SSHU /LPLW ���
6SHFLILF &RQGXFWLYLW\ ��PKRV�FP� %DVLQ 3ODQ ��� 8SSHU /LPLW ���

0DSV DQG WLPH VHULHV SORWV IRU WKH JURXQGZDWHU TXDOLW\ FRQVWLWXHQWV RI LQWHUHVW DUH SUHVHQWHG LQ
$SSHQGL[ ��'�

%(1=(1(

%HQ]HQH LQ WKH HQYLURQPHQW JHQHUDOO\ RULJLQDWHV IURP DQWKURSRJHQLF VRXUFHV� WKRXJK OHVVHU
DPRXQWV FDQ EH DWWULEXWHG WR QDWXUDO VRXUFHV LQFOXGLQJ IRUHVW ILUHV �7LOOH\ DQG )U\ ������ %HQ]HQH
LV SULPDULO\ XVHG LQ JDVROLQH DQG LQ WKH FKHPLFDO DQG SKDUPDFHXWLFDO LQGXVWULHV DQG LV FRPPRQO\
DVVRFLDWHG ZLWK OHDNLQJ XQGHUJURXQG VWRUDJH WDQN �/867� VLWHV� &ODVVLILHG DV D NQRZQ KXPDQ
FDUFLQRJHQ E\ 86(3$ DQG WKH 'HSDUWPHQW RI +HDOWK DQG +XPDQ 6HUYLFHV� H[SRVXUH WR EHQ]HQH
KDV EHHQ OLQNHG WR LQFUHDVHG FDVHV RI OHXNHPLD LQ KXPDQV �$67'5 ������ /RQJ WHUP H[SRVXUH
FDQ DIIHFW WKH EORRG� FDXVLQJ ORVV RI ZKLWH EORRG FHOOV DQG GDPDJH WR WKH LPPXQH V\VWHP RU
FDXVLQJ ERQH PDUURZ GDPDJH� UHVXOWLQJ LQ D GHFUHDVH LQ SURGXFWLRQ RI UHG EORRG FHOOV DQG
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SRWHQWLDOO\ OHDGLQJ WR DQHPLD� $FXWH H[SRVXUH FDQ FDXVH GL]]LQHVV� UDSLG RU LUUHJXODU KHDUWEHDW�
LUULWDWLRQ WR WKH VWRPDFK DQG YRPLWLQJ DQG FDQ EH IDWDO DW YHU\ KLJK FRQFHQWUDWLRQV �$67'5 ������
7KH �R 0&/ IRU EHQ]HQH LV � PLFURJUDP SHU OLWHU��J�/�� DV GHILQHG LQ 7LWOH ���

5HFHQW PRQLWRULQJ IRU EHQ]HQH �EHWZHHQ ���� DQG ����� LQFOXGHV EDFNJURXQG PRQLWRULQJ LQ PX�
QLFLSDO ZHOOV DQG VLWH PRQLWRULQJ DW REVHUYDWLRQ ZHOOV DVVRFLDWHG ZLWK NQRZQ /867 VLWHV� 0RQLWRULQJ
GDWD FROOHFWHG LQ WKH PXQLFLSDO ZHOOV� DOO RI ZKLFK DUH QHDU )RUW -RQHV� DUH DOO EHORZ WKH �R 0&/�
0HDVXUHPHQWV WKDW H[FHHG � ��/ DUH IRXQG LQ WKH PRQLWRULQJ ZHOOV DVVRFLDWHG ZLWK WKH WZR RSHQ
/867 �/867� VLWHV QHDU (WQD� %DVHG RQ DYDLODEOH PRQLWRULQJ GDWD� WKHVH H[FHHGDQFHV DUH KLJKO\
ORFDOL]HG DQG DUH DWWULEXWHG WR WKH FRQWDPLQDQW SOXPHV IURP WKHVH /867 VLWHV� FXUUHQWO\ RYHUVHHQ
E\ WKH 1&5:4&%� :HOO ORFDWLRQV DQG GHWHFWLRQ PDJQLWXGHV RI EHQ]HQH GDWD� DQG DVVRFLDWHG WLPH
VHULHV� DUH VKRZQ LQ $SSHQGL[ ��'�

63(&,),& &21'8&7,9,7<

6SHFLILF FRQGXFWLYLW\ �HOHFWULFDO FRQGXFWLYLW\ QRUPDOL]HG WR D WHPSHUDWXUH RI ��R &� TXDQWLILHV WKH
DELOLW\ RI DQ HOHFWULF FXUUHQW WR SDVV WKURXJK ZDWHU DQG LV DQ LQGLUHFW PHDVXUH RI WKH GLVVROYHG LRQV
LQ WKH ZDWHU� 1DWXUDO DQG DQWKURSRJHQLF VRXUFHV FRQWULEXWH WR YDULDWLRQV LQ VSHFLILF FRQGXFWLYLW\ LQ
JURXQGZDWHU� ,QFUHDVHV RI VSHFLILF FRQGXFWLYLW\ LQ JURXQGZDWHU FDQ EH GXH WR GLVVROXWLRQ RI URFN
DQG RUJDQLF PDWHULDO DQG XSWDNH RI ZDWHU E\ SODQWV� DV ZHOO DV DQWKURSRJHQLF DFWLYLWLHV LQFOXGLQJ
WKH DSSOLFDWLRQ RI IHUWLOL]HUV� GLVFKDUJHV RI ZDVWHZDWHU� DQG GLVFKDUJHV IURP VHSWLF V\VWHPV RU
LQGXVWULDO IDFLOLWLHV� +LJK VSHFLILF FRQGXFWLYLW\ FDQ EH SUREOHPDWLF DV LW FDQ KDYH DGYHUVH HIIHFWV RQ
SODQW JURZWK DQG GULQNLQJ ZDWHU TXDOLW\�

6SHFLILF FRQGXFWLYLW\ PHDVXUHPHQWV REWDLQHG EHWZHHQ ���� DQG ���� DUH PRVWO\ ORFDWHG QHDU )RUW
-RQHV� ZLWK DGGLWLRQDO PRQLWRULQJ ORFDWLRQV QHDU WKH %DVLQ ERXQGDULHV DQG OLPLWHG PHDVXUHPHQWV LQ
WKH FHQWUDO SRUWLRQ RI WKH %DVLQ� ([FHHGDQFHV RI WKH ��� PLFURPKRV SHU FHQWLPHWHU ��PKRV�FP��
��� XSSHU OLPLW �8/� DQG ��� �PKRV�FP ��� XSSHU OLPLW 8/ VSHFLILHG LQ WKH %DVLQ 3ODQ ZHUH
QRWHG� 2QH ZHOO ZLWK FRQVLVWHQW PHDVXUHPHQWV VKRZV VSHFLILF FRQGXFWLYLW\ WR EH IDLUO\ VWDEOH RYHU
WLPH� +LVWRULFDO GDWD IRU VSHFLILF FRQGXFWLYLW\ DUH DOVR DYDLODEOH� $ PLQHUDO DQDO\VLV RI JURXQGZDWHU
LQ 6FRWW 9DOOH\ IURP ILYH ZHOOV EHWZHHQ 2FWREHU ���� DQG 6HSWHPEHU ����� VKRZV VSHFLILF FRQ�
GXFWLYLW\ YDOXHV UDQJLQJ IURP �� WR ��� �PKRV�FP �':5 ������ $GGLWLRQDO ZHOOV ZLWK FRQVLVWHQW
PHDVXUHPHQWV� DQG LQ GLIIHUHQW DUHDV RI WKH %DVLQ� DUH QHHGHG WR HYDOXDWH VSDWLDO DQG WHPSRUDO
WUHQGV LQ VSHFLILF FRQGXFWLYLW\� :HOO ORFDWLRQV DQG GHWHFWLRQ PDJQLWXGHV RI VSHFLILF FRQGXFWLYLW\
GDWD FROOHFWHG RYHU WKH SDVW �� \HDUV� DQG DVVRFLDWHG WLPH VHULHV� DUH VKRZQ LQ $SSHQGL[ ��'�

1,75$7(

1LWUDWH LV RQH RI WKH PRVW FRPPRQ JURXQGZDWHU FRQWDPLQDQWV DQG LV JHQHUDOO\ WKH ZDWHU TXDOLW\
FRQVWLWXHQW RI JUHDWHVW FRQFHUQ� 1DWXUDO FRQFHQWUDWLRQV RI QLWUDWH LQ JURXQGZDWHU DUH JHQHUDOO\
ORZ� ,Q DJULFXOWXUDO DUHDV� DSSOLFDWLRQ RI IHUWLOL]HUV RU DQLPDO ZDVWH FRQWDLQLQJ QLWURJHQ FDQ OHDG
WR HOHYDWHG QLWUDWH OHYHOV LQ JURXQGZDWHU� 2WKHU DQWKURSRJHQLF VRXUFHV� LQFOXGLQJ VHSWLF WDQNV�
ZDVWHZDWHU GLVFKDUJHV� DQG DJULFXOWXUDO ZDVWHZDWHU SRQGV PD\ DOVR OHDG WR HOHYDWHG QLWUDWH OHYHOV�
1LWUDWH SRVHV D KXPDQ KHDOWK ULVN� SDUWLFXODUO\ IRU LQIDQWV XQGHU WKH DJH RI � PRQWKV ZKR DUH
VXVFHSWLEOH WR PHWKHPRJORELQHPLD� D FRQGLWLRQ WKDW DIIHFWV WKH DELOLW\ RI UHG EORRG FHOOV WR FDUU\
DQG GLVWULEXWH R[\JHQ WR WKH ERG\� 7KH �R 0&/ IRU QLWUDWH LV �� PLOOLJUDPV SHU OLWHU DV QLWURJHQ
�PJ�/ DV 1��

5HFHQW QLWUDWH PHDVXUHPHQWV LQ WKH %DVLQ KDYH PRVWO\ EHHQ REWDLQHG QHDU WKH FLWLHV RI )RUW -RQHV
DQG (WQD DQG DORQJ WKH HGJHV RI WKH %DVLQ ERXQGDU\� EXW DUH OLPLWHG WKURXJKRXW WKH FHQWHU RI WKH
%DVLQ �VHH $SSHQGL[ ��'�� 'DWD WKURXJKRXW WKH FHQWHU RI WKH %DVLQ DUH DYDLODEOH SULRU WR ���� EXW
PD\ QRW EH UHSUHVHQWDWLYH RI FXUUHQW FRQGLWLRQV� 1LWUDWH FRQFHQWUDWLRQV PHDVXUHG LQ ZHOOV EHWZHHQ
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���� DQG ���� KDYH KLVWRULFDOO\ EHHQ EHORZ ��� PJ�/ DV 1 DQG DUH ZHOO EHORZ WKH �� PJ�/ DV 1
�R 0&/ ZLWK QR QRWHG H[FHHGDQFHV� ,Q DGGLWLRQ� FRQFHQWUDWLRQV KDYH EHHQ UHODWLYHO\ VWDEOH RYHU
WLPH� ZLWK OLWWOH RU QR YDULDWLRQ LQ WKH ZHOOV VHOHFWHG IRU HYDOXDWLRQ� $ UHFHQW VWXG\ HYDOXDWLQJ WUHQGV
LQ JURXQGZDWHU TXDOLW\ IRU �� FRQVWLWXHQWV LQ SXEOLF VXSSO\ ZHOOV WKURXJKRXW &DOLIRUQLD KDV VKRZQ
VLPLODU ILQGLQJV� FRQFHQWUDWLRQV RI QLWUDWH ZHUH FDWHJRUL]HG DV ³ORZ´� RU OHVV WKDQ �PJ�/ DV 1� IRU DOO
SXEOLF VXSSO\ ZHOOV LQ WKH %DVLQ ZLWK GDWD FROOHFWHG EHWZHHQ ���� DQG ���� �-XUJHQV HW DO� ������
2YHUDOO� DYDLODEOH GDWD LQGLFDWH WKDW WKH 6FRWW 5LYHU %DVLQ LV ZHOO EHORZ WKH �R 0&/ RI �� PJ�/ IRU
QLWUDWH DV 1� +RZHYHU� DGGLWLRQDO FXUUHQW PRQLWRULQJ GDWD QHDU WKH FHQWHU RI WKH %DVLQ DUH QHHGHG
IRU D FRPSOHWH GHWHUPLQDWLRQ RI QLWUDWH FRQFHQWUDWLRQV LQ WKH %DVLQ� :HOO ORFDWLRQV DQG GHWHFWLRQ
PDJQLWXGHV RI QLWUDWH GDWD FROOHFWHG RYHU WKH SDVW �� \HDUV� DQG DVVRFLDWHG WLPH VHULHV� DUH VKRZQ
LQ $SSHQGL[ ��'�

&RQWDPLQDWHG 6LWHV

*URXQGZDWHU PRQLWRULQJ DFWLYLWLHV DOVR WDNH SODFH LQ WKH %DVLQ LQ UHVSRQVH WR NQRZQ DQG SRWHQWLDO
VRXUFHV RI JURXQGZDWHU FRQWDPLQDWLRQ� LQFOXGLQJ IURP /867 VLWHV� 7KHVH VLWHV DUH VXEMHFW WR RYHU�
VLJKW E\ UHJXODWRU\ HQWLWLHV� DQG DQ\ PRQLWRULQJ DVVRFLDWHG ZLWK WKHVH VLWHV FDQ SURYLGH LQIRUPDWLRQ
DQG RSSRUWXQLWLHV WR LPSURYH WKH UHJLRQDO XQGHUVWDQGLQJ RI JURXQGZDWHU TXDOLW\�

7R LGHQWLI\ NQRZQ SOXPHV DQG FRQWDPLQDWLRQ ZLWKLQ WKH %DVLQ� 6:5&% *HR7UDFNHU ZDV UHYLHZHG
IRU DFWLYH FOHDQ�XS VLWHV RI DOO W\SHV� 7KH *HR7UDFNHU 'DWDEDVH VKRZV WZR RSHQ /867 VLWHV ZLWK
SRWHQWLDO RU DFWXDO JURXQGZDWHU FRQWDPLQDWLRQ ORFDWHG ZLWKLQ WKH %DVLQ� VKRZQ LQ )LJXUH ��� 8QGHU
WKH ³RSHQ´ FDWHJRU\� D FOHDQ�XS VWDWXV LV OLVWHG IRU HDFK VLWH ZKLFK SURYLGHV DGGLWLRQDO GHWDLO RQ
WKH FXUUHQW SKDVH RI WKH LQYHVWLJDWLRQ DQG UHPHGLDWLRQ DFWLYLWLHV DW WKH VLWH� 7KH /867 VLWHV LQ WKH
%DVLQ FDWHJRUL]HG DV ³FORVHG´ DUH VLWHV ZKHUH FRUUHFWLYH DFWLRQ KDV EHHQ WDNHQ DQG WKH FDVH DW
WKH VLWH KDV EHHQ IRUPDOO\ FORVHG� WKHVH VLWHV DUH QRW VKRZQ RQ )LJXUH ���

8QGHUJURXQG VWRUDJH WDQNV �867� DUH FRQWDLQHUV DQG WDQNV� LQFOXGLQJ SLSLQJ� WKDW DUH FRPSOHWHO\
RU VLJQLILFDQWO\ EHORZ JURXQG DQG DUH XVHG WR VWRUH SHWUROHXP RU RWKHU KD]DUGRXV VXEVWDQFHV� 6RLO�
JURXQGZDWHU� DQG VXUIDFH ZDWHU QHDU WKH VLWH FDQ DOO EH DIIHFWHG E\ UHOHDVHV IURP 867V� $ 867
EHFRPHV D SRWHQWLDO KD]DUG ZKHQ DQ\ SRUWLRQ RI LW OHDNV D KD]DUGRXV VXEVWDQFH DW ZKLFK SRLQW
LW LV FODVVLILHG DV D OHDNLQJ XQGHUJURXQG VWRUDJH WDQN �/867�� 7KH PDLQ FRQVWLWXHQWV RI FRQFHUQ
LQ FRQWDPLQDQW SOXPHV LQFOXGH EHQ]HQH� WROXHQH� HWK\OEHQ]HQH� DQG [\OHQHV �WKLV FROOHFWLRQ RI
RUJDQLF FRPSRXQGV LV FRPPRQO\ UHIHUUHG WR DV ³%7(;´�� ZKLFK DUH IRXQG LQ JDVROLQH� DQG WKH
JDVROLQH DGGLWLYH� PHWK\O WHUW�EXW\O HWKHU �07%(�� ,Q DGGLWLRQ WR EHQ]HQH� RWKHU FRQVWLWXHQWV LQ WKH
PRQLWRULQJ ZHOOV DVVRFLDWHG ZLWK WKH WZR RSHQ /867 VLWHV WKDW ZHUH IRXQG WR H[FHHG ZDWHU TXDOLW\
REMHFWLYHV LQFOXGH� HWK\OEHQ]HQH� 07%(� WHUW�%XW\O DOFRKRO �7%$�� WROXHQH� DQG [\OHQHV�

$ EULHI RYHUYLHZ RI QRWDEOH LQIRUPDWLRQ LV SURYLGHG EHORZ� KRZHYHU� DQ H[WHQVLYH VXPPDU\ IRU HDFK
RI WKH FRQWDPLQDWLRQ VLWHV LV QRW SUHVHQWHG�

&KHYURQ �������

7KLV VLWH LV ORFDWHG DW D IRUPHU IXHOLQJ IDFLOLW\ QHDU (WQD� 7KH FDVH �QXPEHU �76,���� KDV EHHQ
RSHQ VLQFH ����� 7KUHH 867V XVHG IRU JDVROLQH KDYH EHHQ UHPRYHG IURP WKH VLWH� RQH LQ 'H�
FHPEHU ���� DQG WZR LQ ���� IROORZLQJ D UHSRUWHG XQDXWKRUL]HG UHOHDVH RI SHWUROHXP� 7ZR 867V
UHPDLQHG DW WKH VLWH XQWLO 1RYHPEHU ����� 5HPHGLDWLRQ HIIRUWV KDYH LQFOXGHG VRLO H[FDYDWLRQ� DQG
PRQLWRULQJ KDV EHHQ FRQGXFWHG LQ VHYHQ JURXQGZDWHU ZHOOV DGMDFHQW WR WKH VLWH VLQFH ����� 7KH
SHWUROHXP UHOHDVH LV NQRZQ WR KDYH RFFXUUHG LQ WKH VRLO DQG VKDOORZ JURXQGZDWHU� EXW WKH IXOO H[�
WHQW RI WKH FRQWDPLQDWLRQ LV QRW NQRZQ� D ZRUN SODQ ZDV VXEPLWWHG WR WKH 1&5:4&% LQ $XJXVW
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���� WKDW SURSRVHG WR LQVWDOO IRXU DGGLWLRQDO JURXQGZDWHU PRQLWRULQJ ZHOOV WR GHILQH WKH H[WHQW RI
FRQWDPLQDWLRQ �6:5&% ����E��
6WHYH¶V 0RELO

7KLV VLWH ZDV SUHYLRXVO\ D FRPPHUFLDO IXHOLQJ IDFLOLW\ DQG LV QRZ YDFDQW� 7KH FDVH �QXPEHU
�76,���� RSHQHG LQ ���� DIWHU DQ XQDXWKRUL]HG UHOHDVH RI SHWUROHXP RFFXUUHG IROORZLQJ WKH UH�
PRYDO RI WKUHH JDVROLQH 867V� 5HPHGLDWLRQ HIIRUWV KDYH LQFOXGHG VRLO H[FDYDWLRQ LQ ����� �����
DQG ����� DQG R]RQH LQMHFWLRQV LQ ���� DQG EHWZHHQ ���� DQG ���� �6:5&% ����D�� 7KH PRVW
UHFHQW VXPPDU\ UHSRUW IRU WKH VLWH IURP 1RYHPEHU ���� FRQFOXGHG WKDW WKH VLWH GRHV QRW PHHW
WKH FULWHULD IRU FORVXUH GXH WR D ODFN RI VRLO YDSRU DQG VKDOORZ VRLO GDWD� FRQWLQXHG H[FHHGDQFH RI
JURXQGZDWHU TXDOLW\ REMHFWLYHV� DQG WKH OHQJWK RI WKH SOXPH �6:5&% ����D��
$GGLWLRQDOO\� WZR &DOLIRUQLD 'HSDUWPHQW RI 7R[LF 6XEVWDQFHV &RQWURO �'76&� VLWHV DUH ORFDWHG LQ WKH
%DVLQ� %RWK RI WKHVH VLWHV DUH DQ ³HYDOXDWLRQ´ W\SH VLWH� VLJQLI\LQJ WKDW FRQWDPLQDWLRQ LV VXVSHFWHG
EXW KDV QRW EHHQ WKRURXJKO\ LQYHVWLJDWHG RU FRQILUPHG� 7KHVH VLWHV DUH 4XDUW] 9DOOH\ 6WDPS 0LOO
DQG +MHUWDJHU 0LOO� ERWK GLVFRYHUHG LQ ����� 4XDUW] 9DOOH\ 6WDPS 0LOO KDV DUVHQLF DQG PHUFXU\
DV SRWHQWLDO FRQWDPLQDQWV RI FRQFHUQ LQ WKH VRLO VXUURXQGLQJ WKH IDFLOLW\ �'76& ����E�� 7KLV VLWH
KDV XQGHUJRQH VFUHHQLQJ DQG KDV EHHQ LQDFWLYH VLQFH ����� 2LO DQG ZDVWH WKDW SRWHQWLDOO\ FRQWDLQ
GLR[LQV DUH WKH FRQWDPLQDQWV RI FRQFHUQ DW WKH +MHUWDJHU 0LOO VLWH �'76& ����D�� $ SUHOLPLQDU\
DVVHVVPHQW RI WKLV VLWH IRXQG QR HYLGHQFH RI FKHPLFDO XVH RU GLVSRVDO DQG WKLV VLWH ZDV UHIHUUHG
WR DQRWKHU DJHQF\ LQ �����
%DVHG RQ DYDLODEOH ZDWHU TXDOLW\ GDWD� JURXQGZDWHU LQ WKH %DVLQ LV JHQHUDOO\ RI JRRG TXDOLW\ DQG
KDV UHODWLYHO\ FRQVLVWHQW ZDWHU TXDOLW\ FKDUDFWHULVWLFV ZKLFK PHHW ORFDO QHHGV IRU PXQLFLSDO� GR�
PHVWLF� DQG DJULFXOWXUDO XVHV �VHH $SSHQGL[ ��'�� 2QJRLQJ PRQLWRULQJ SURJUDPV VKRZ WKDW VRPH
FRQVWLWXHQWV� LQFOXGLQJ EHQ]HQH DQG VSHFLILF FRQGXFWLYLW\� H[FHHG ZDWHU TXDOLW\ VWDQGDUGV LQ SDUWV
RI WKH %DVLQ� ([FHHGDQFHV PD\ EH FDXVHG E\ ORFDOL]HG FRQGLWLRQV DQG PD\ QRW EH UHIOHFWLYH RI
UHJLRQDO ZDWHU TXDOLW\�
$YDLODEOHPRQLWRULQJ GDWD LQGLFDWH WKDW� VDOW DQG QXWULHQW FRQFHQWUDWLRQV DUH EHORZ OHYHOV RI FRQFHUQ�
ZLWK QR XSZDUG WUHQGV� $ IHZ LVRODWHG DUHDV KDYH KLJKHU FRQFHQWUDWLRQV� $ VXPPDU\ RI LQIRUPDWLRQ
DQG PHWKRGV XVHG WR DVVHVV FXUUHQW JURXQGZDWHU TXDOLW\ LQ WKH %DVLQ� DV ZHOO DV NH\ ILQGLQJV� DUH
SUHVHQWHG EHORZ� $ GHWDLOHG GHVFULSWLRQ RI LQIRUPDWLRQ� PHWKRGV� DQG DOO ILQGLQJV RI WKH DVVHVVPHQW
FDQ EH IRXQG LQ $SSHQGL[ ��' ± :DWHU 4XDOLW\ $VVHVVPHQW�
:KLOH FXUUHQW GDWD DUH XVHIXO WR GHWHUPLQH ORFDO JURXQGZDWHU FRQGLWLRQV� DGGLWLRQDO PRQLWRULQJ LV
QHFHVVDU\ WR GHYHORS D EDVLQ�ZLGH XQGHUVWDQGLQJ RI JURXQGZDWHU TXDOLW\ DQG JUHDWHU VSDWLDO DQG
WHPSRUDO FRYHUDJH ZRXOG LPSURYH WKH DELOLW\ WR HYDOXDWH WUHQGV LQ JURXQGZDWHU TXDOLW\� )URP D
UHYLHZ RI DOO DYDLODEOH LQIRUPDWLRQ� QRQH RI WKH FRQWDPLQDWHG VLWHV GHVFULEHG DERYH KDYH EHHQ
GHWHUPLQHG WR KDYH DQ LPSDFW RQ WKH DTXLIHU� DQG WKH SRWHQWLDO IRU JURXQGZDWHU SXPSLQJ WR LQGXFH
FRQWDPLQDQW SOXPH PRYHPHQW WRZDUGV ZDWHU VXSSO\ ZHOOV LV QHJOLJLEOH� &XUUHQWO\� WKHUH LV QRW
HQRXJK LQIRUPDWLRQ WR GHWHUPLQH LI WKH FRQWDPLQDQWV DUH VLQNLQJ RU ULVLQJ ZLWK JURXQGZDWHU OHYHOV�

������� /DQG 6XEVLGHQFH &RQGLWLRQV

/DQG VXEVLGHQFH LV QRW NQRZQ WR EH VLJQLILFDQW LQ 6FRWW 9DOOH\� 7KH 75( $OWDPLUD ,QWHUIHURPHWULF
6\QWKHWLF $SHUWXUH 5DGDU �,Q6$5� GDWDVHW SURYLGHV HVWLPDWHV RI YHUWLFDO GLVSODFHPHQW IURP -DQ�
XDU\ ���� WR -XQH ����� 7KH PDMRULW\ RI WKH YHUWLFDO GLVSODFHPHQW HVWLPDWHV LQ WKH %DVLQ DUH
SRVLWLYH� ZLWKLQ WKH UDQJH RI � WR ��� IW ����� FP�� ZKLOH HVWLPDWHV LQ RWKHU UDQJHV DUH EHWZHHQ �
DQG ����� ����� FP� IW �(6$ ������
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)LJXUH ��� /RFDWLRQ RI NQRZQ µRSHQ¶ FRQWDPLQDWHG VLWHV LQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ�
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/DQG VXEVLGHQFH LV WKH ORZHULQJ RI WKH JURXQG VXUIDFH HOHYDWLRQ� 7KLV LV RIWHQ FDXVHG E\ SXPSLQJ
JURXQGZDWHU IURP ZLWKLQ RU EHORZ WKLFN FOD\ OD\HUV� /DQG VXEVLGHQFH FDQ EH HODVWLF RU LQHODVWLF�
PHDQLQJ WKDW WKH OLWKRORJLF VWUXFWXUH RI WKH DTXLIHU FDQ FRPSUHVV RU H[SDQG HODVWLFDOO\ GXH WR ZDWHU
YROXPH FKDQJHV LQ WKH SRUH VSDFH RU LV GHWULPHQWDOO\ FROODSVHG ZKHQ ZDWHU LV ZLWKGUDZQ �LQHODV�
WLF�� ,QHODVWLF VXEVLGHQFH LV JHQHUDOO\ LUUHYHUVLEOH� (ODVWLF VXEVLGHQFH LV JHQHUDOO\ RI D VPDOOHU
PDJQLWXGH RI FKDQJH� DQG LV UHYHUVLEOH� DOORZLQJ IRU WKH ORZHULQJ DQG ULVLQJ RI WKH JURXQG VXUIDFH
DQG FDQ EH F\FOLFDO ZLWK VHDVRQDO FKDQJHV� /DQG VXEVLGHQFH� SDUWLFXODUO\ LQHODVWLF VXEVLGHQFH� LV
QRW NQRZQ WR EH KLVWRULFDOO\ RU FXUUHQWO\ VLJQLILFDQW LQ 6FRWW 9DOOH\� 7KH OLWKRORJ\ WKDW PD\ FDXVH
VXEVLGHQFH� SDUWLFXODUO\ WKLFN FOD\ XQLWV WKDW W\SLFDOO\ GHILQH WKH FRQILQLQJ OD\HUV RI DTXLIHUV IRXQG
LQ WKH &HQWUDO 9DOOH\ RI &DOLIRUQLD� DUH QRW SUHVHQW LQ 6FRWW 9DOOH\� 7KH JHRORJLFDOO\ UHFHQW� VKDOORZ
DOOXYLDO DTXLIHUV RI 6FRWW 9DOOH\ DUH ODUJHO\ LQVXVFHSWLEOH WR LQHODVWLF VXEVLGHQFH�

'DWD 6RXUFHV DQG 4XDOLW\

':5 KDV PDGH ,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU �,Q6$5� VDWHOOLWH GDWD DYDLODEOH RQ WKHLU
6*0$ 'DWD 9LHZHU ZHE PDS �(6$ ������ DV ZHOO DV GRZQORDGDEOH UDVWHU GDWDVHWV WR HVWLPDWH
VXEVLGHQFH �':5 FRQWUDFWHG 75( $OWDPLUD WR PDNH WKHVH GDWD DYDLODEOH�� 7KHVH DUH WKH RQO\
GDWD XVHG IRU HVWLPDWLQJ VXEVLGHQFH LQ WKLV *63 DV WKH\ DUH WKH RQO\ NQRZQ VXEVLGHQFH�UHODWHG
GDWD DYDLODEOH IRU WKLV %DVLQ� 7KH 75( $OWDPLUD ,Q6$5 GDWDVHW SURYLGHV HVWLPDWHV RI WRWDO YHUWLFDO
GLVSODFHPHQW IURP -XQH ���� WR 6HSWHPEHU ���� DQG LV VKRZQ LQ XVLQJ UDVWHU GDWD IURP WKH 75(
$OWDPLUD UHSRUW ��(6$ ������ ,W LV LPSRUWDQW WR QRWH WKDW WKH 75( $OWDPLUD ,Q6$5 GDWD UHIOHFW
ERWK HODVWLF DQG LQHODVWLF VXEVLGHQFH DQG LW FDQ EH GLIILFXOW WR LVRODWH D VLJQDO VROHO\ IRU RQO\ WKH
HODVWLF VXEVLGHQFH DPSOLWXGH� 9LVXDO LQVSHFWLRQ RI PRQWKO\ FKDQJHV LQ JURXQG HOHYDWLRQV W\SLFDOO\
VXJJHVWV WKDW HODVWLF VXEVLGHQFH LV ODUJHO\ VHDVRQDO DQG FDQ SRWHQWLDOO\ EH IDFWRUHG RXW RI WKH
VLJQDO� LI QHFHVVDU\�

'DWD 4XDOLW\

7KH 75( $OWDPLUD ,Q6$5 GDWD SURYLGHG E\ ':5 DUH VXEMHFW WR FRPSRXQGHG PHDVXUHPHQW DQG
UDVWHU FRQYHUVLRQ HUURUV� ':5 KDV VWDWHG WKDW IRU WKH WRWDO YHUWLFDO GLVSODFHPHQW PHDVXUHPHQWV�
WKH HUURUV DUH DV IROORZV �%UH]LQJ� SHUVRQDO FRPPXQLFDWLRQ��

�� 7KH HUURU EHWZHHQ ,Q6$5 GDWD DQG FRQWLQXRXV *36 GDWD LV ����� IW ��� PLOOLPHWHUV >PP@� ZLWK
D ��� FRQILGHQFH OHYHO�

�� 7KH PHDVXUHPHQW DFFXUDF\ ZKHQ FRQYHUWLQJ IURP WKH UDZ ,Q6$5 GDWD WR WKH PDSV SURYLGHG
E\ ':5 LV ����� IW ��� PP� ZLWK ��� FRQILGHQFH OHYHO�

7KH DGGLWLRQ RI WKHVH WZR HUURUV UHVXOWV LQ D FRPELQHG HUURU RI ��� IW ��� PP�� :KLOH QRW D UREXVW
VWDWLVWLFDO DQDO\VLV� LW GRHV SURYLGH D SRWHQWLDO HUURU HVWLPDWH IRU WKH 75( $OWDPLUD ,Q6$5 PDSV
SURYLGHG E\ ':5� $ ODQG VXUIDFH FKDQJH RI OHVV WKDQ ��� IW LV ZLWKLQ WKH QRLVH RI WKH GDWD DQG LV
OLNHO\ QRW LQGLFDWLYH RI JURXQGZDWHU�UHODWHG VXEVLGHQFH LQ WKH %DVLQ�
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'DWD $QDO\VLV

8VLQJ WKH 75( $OWDPLUD ,Q6$5 GDWDVHW SURYLGHG E\ ':5� LW LV REVHUYHG WKDW WKH PDMRULW\ RI WKH
YHUWLFDO GLVSODFHPHQW YDOXHV LQ WKH 6FRWW 9DOOH\ DUH HVVHQWLDOO\ QHDU�]HUR� ZLWK WKH PD[LPXP VXE�
VLGHQFH RI ����� IW ��� PP� �VHH )LJXUH ���� 7KHVH YDOXHV DUH ODUJHO\ ZLWKLQ RU OHVV WKDQ WKH VDPH
RUGHU RI PDJQLWXGH RI WKH FRPELQHG GDWD DQG UDVWHU FRQYHUVLRQ HUURU� VXJJHVWLQJ HVVHQWLDOO\ QRLVH�
RU DW OHDVW QRQ�JURXQGZDWHU UHODWHG DFWLYLW\ LQ WKH GDWD� $Q\ DFWXDO VLJQDOV DW WKLV OHYHO FRXOG EH
GXH WR D QXPEHU RI SRVVLEOH DFWLYLWLHV� LQFOXGLQJ ODQG XVH FKDQJH DQG�RU DJULFXOWXUDO RSHUDWLRQDO
DFWLYLWLHV DW WKH ILHOG VFDOH� )RU SHUVSHFWLYH� GXULQJ WKLV VDPH SHULRG� VHFWLRQV RI WKH 6DQ -RDTXLQ
9DOOH\ LQ &DOLIRUQLD¶V &HQWUDO 9DOOH\ H[SHULHQFHG XS WR a��� IW ���� P� RI VXEVLGHQFH �(6$ ������

������� 6HDZDWHU ,QWUXVLRQ

'XH WR WKH GLVWDQFH EHWZHHQ WKH 6FRWW 9DOOH\ *URXQGZDWHU %DVLQ DQG WKH 3DFLILF 2FHDQ� VHDZDWHU
LQWUXVLRQ LV QRW HYLGHQW QRU RI FRQFHUQ DQG WKHUHIRUH� LV QRW D VXVWDLQDELOLW\ LQGLFDWRU DSSOLFDEOH WR
WKH %DVLQ�
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vertical displacement [feet]
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)LJXUH ��� ,Q6$5 7RWDO 6XEVLGHQFH LQ WKH 6&RWW 9DOOH\ *URXQGZDWHU %DVLQ %HWZHHQ -XQH ����
DQG 6HSWHPEHU �����
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����� :DWHU %XGJHW ,QIRUPDWLRQ

������� +LVWRULFDO :DWHU %XGJHW ,QIRUPDWLRQ

7KH KLVWRULFDO ZDWHU EXGJHW IRU WKH %DVLQ ZDV HVWLPDWHG IRU WKH SHULRG 2FWREHU ���� WKURXJK
6HSWHPEHU ����� XVLQJ WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�� 7KLV ���\HDU PRGHO
SHULRG LQFOXGHV ZDWHU \HDUV UDQJLQJ IURP YHU\ GU\ �H�J�� ���� DQG ����� WR YHU\ ZHW �H�J�� ���� DQG
������ 2Q DQ LQWHUDQQXDO VFDOH� WKLV SHULRG LQFOXGHV RQH PXOWL�\HDU ZHW SHULRG LQ WKH ODWH ����V
DQG WZR PXOWL�\HDU GU\ SHULRGV LQ WKH ODWH ����V DQG PLG�����V� 7KH ':5 6*0$:DWHU <HDU 7\SH
GDWDVHW IRU 6FRWW 9DOOH\ ZDV XVHG WR LGHQWLI\ ZDWHU \HDU W\SHV IRU WKH ZDWHU EXGJHW DQDO\VHV�

%HFDXVH VXUIDFH ZDWHU FRQGLWLRQV DQG WKH SRWHQWLDO RFFXUUHQFH RI XQGHVLUDEOH UHVXOWV �GHILQHG
LQ &KDSWHU ���� DUH KHDYLO\ GHSHQGHQW RQ ZDWHU \HDU W\SH� WKLV VHFWLRQ ZLOO LQFOXGH ZDWHU EXGJHW
TXDQWLWLHV GXULQJ H[DPSOH ZHW ������� GU\ ������ DQG DYHUDJH UDLQIDOO \HDUV� DV ZHOO DV LQ WKH RYHUDOO
���\HDU PRGHO SHULRG� 7ZR \HDUV ZLWK QHDU�DYHUDJH DQQXDO UDLQIDOO ����� DQG ����� DUH XVHG WR
LOOXVWUDWH WKH HIIHFW RI WHPSRUDO GLVWULEXWLRQ RI UDLQIDOO ZLWKLQ D ZDWHU \HDU� ,Q ���� WKH UDLQ\ VHDVRQ
HQGHG HDUOLHU DQG UDLQ IHOO LQ D VPDOOHU QXPEHU RI ODUJHU VWRUPV WKDQ LQ �����

$QQXDO ZDWHU EXGJHWV IRU WKH IXOO PRGHO SHULRG DUH VKRZQ LQ )LJXUH �� DQG PRQWKO\ YDOXHV RI
VHOHFWHG EXGJHW FRPSRQHQWV DUH VKRZQ LQ )LJXUH �� IRU HDFK RI WKH IRXU H[DPSOH ZDWHU \HDUV�
7DEOHV �� WR �� VKRZ D VXPPDU\ RI WKHVH EXGJHWV� DQG GHWDLOV DUH SURYLGHG LQ $SSHQGL[ ��(�
7KH IROORZLQJ WZR VHFWLRQV SURYLGH DQ RYHUYLHZ RI WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJLF 0RGHO�
ZKLFK LV XVHG WR GHWHUPLQH WKH IXOO ZDWHU EXGJHW IRU WKH WKUHH K\GURORJLF VXEV\VWHPV RI WKH %DVLQ�
WKH VXUIDFH ZDWHU VXEV\VWHP� WKH ODQG VXEV\VWHP� DQG WKH JURXQGZDWHU VXEV\VWHP� 7KH EXGJHW
DOVR LQFOXGHV WKH WRWDO ZDWHU EXGJHW RI WKH %DVLQ� 7KH VHFRQG VHFWLRQ SURYLGHV D GHVFULSWLRQ RI WKH
ZDWHU EXGJHW VKRZQ LQ WKH )LJXUHV DQG 7DEOHV EHORZ DQG H[SODLQV WKH ZDWHU EXGJHW G\QDPLFV LQ WKH
FRQWH[W RI WKH EDVLQ K\GURJHRORJ\ DQG K\GURORJ\ GHVFULEHG LQ SUHYLRXV VHFWLRQV� 7KLV VXE�FKDSWHU
SURYLGHV FULWLFDO UDWLRQDOH IRU WKH GHVLJQ RI WKH PRQLWRULQJ QHWZRUNV� WKH GHVLJQ RI WKH VXVWDLQDEOH
PDQDJHPHQW FULWHULD� DQG WKH GHYHORSPHQW RI SURMHFW DQG PDQDJHPHQW DFWLRQV �&KDSWHUV � DQG
���
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7DEOH ��� 6XPPDUL]HG DQQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH 6XU�
IDFH :DWHU �6:� VXEV\VWHP RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ WKH VWUHDP QHWZRUN
DV LQIORZV IURP WULEXWDU\ VWUHDPV DQG RYHUODQG IORZ HQWHULQJ VWUHDPV� QHJDWLYH YDOXHV DUH ZDWHU
OHDYLQJ WKH VWUHDP QHWZRUN DV GLYHUVLRQV WR WKH )DUPHUV DQG 69,' GLWFKHV DQG RXWIORZ IURP WKH
YDOOH\ WKURXJK WKH 6FRWW 5LYHU� 7KH QHW GLUHFWLRQ RI VWUHDP OHDNDJH DQG WKH RYHUDOO FKDQJH LQ ZDWHU
VWRUHG LQ WKH VWUHDP V\VWHP FDQ EH ERWK QHJDWLYH DQG SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV�

6WDWLVWLF ,QIORZ 2YHUODQG )DUPHUV 'LY� 69,' 'LY� 6WUHDP /HDNDJH 2XWIORZ 6WRUDJH
0LQLPXP ��� � �� �� � ���� �
��WK �LOH ��� � �� �� �� ���� �
0HGLDQ ��� � �� �� �� ���� �
0HDQ ��� � �� �� �� ���� �
��WK �LOH ��� � �� �� � ���� �
0D[LPXP ��� � �� �� �� ���� �

7DEOH ��� $QQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH /DQG DQG VRLO VXE�
V\VWHP �/� RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ WKH VRLO YROXPH DV SUHFLSLWDWLRQ DQG
VXUIDFH ZDWHU �6:� RU JURXQGZDWHU �*:� LUULJDWLRQ� QHJDWLYH YDOXHV DUH ZDWHU OHDYLQJ WKH VRLO YRO�
XPH DV HYDSRWUDQVSLUDWLRQ �(7� DQG UHFKDUJH WR WKH DTXLIHU� 7KH RYHUDOO FKDQJH LQ VWRUDJH LQ WKH
VRLO YROXPH FDQ EH ERWK QHJDWLYH DQG SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV�

6WDWLVWLF 3UHFLS� 6: ,UULJDWLRQ *: ,UULJDWLRQ (7 5HFKDUJH 6WRUDJH
0LQLPXP �� �� �� ���� �� ��
��WK �LOH �� �� �� ���� ��� �
0HGLDQ �� �� �� ���� ��� ��
0HDQ �� �� �� ���� �� �
��WK �LOH ��� �� �� ���� ��� ��
0D[LPXP �� �� �� ���� ��� �

7DEOH ��� $QQXDO YDOXHV �7$)� IRU ZDWHU EXGJHW FRPSRQHQWV VLPXODWHG LQ WKH *URXQGZDWHU �*:�
VXEV\VWHP RI WKH 69,+0� 3RVLWLYH YDOXHV DUH ZDWHU HQWHULQJ WKH DTXLIHU DV UHFKDUJH IURP WKH VRLO
]RQH� FDQDO VHHSDJH� DQG PRXQWDLQ IURQW UHFKDUJH �0)5�� QHJDWLYH YDOXHV DUH ZDWHU OHDYLQJ WKH
DTXLIHU DV HYDSRWUDQVSLUDWLRQ �(7�� GLVFKDUJH WR RYHUODQG IORZ� DQG SXPSHG ZDWHU IURP ZHOOV� 7KH
QHW GLUHFWLRQ RI VWUHDP OHDNDJH DQG WKH RYHUDOO FKDQJH LQ ZDWHU VWRUHG LQ WKH DTXLIHU FDQ EH ERWK
QHJDWLYH DQG SRVLWLYH LQ GLIIHUHQW ZDWHU \HDUV��

6WDWLVWLF 5HFKDUJH (7 6WRUDJH 2YHUODQG 6WUHDP /HDNDJH :HOOV &DQDO DQG 0)5
0LQLPXP � �� �� �� �� ��� ��
��WK �LOH �� �� � �� � ��� ��
0HGLDQ �� �� ��� �� � ��� ��
0HDQ � �� �� �� � ��� ��
��WK �LOH �� �� ��� �� �� ��� ��
0D[LPXP �� �� � �� ��� ��� ��
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Annual Surface Water Budget
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)LJXUH ��� $QQXDO ZDWHU EXGJHWV IRU WKH WKUHH FRQFHSWXDO VXEV\VWHPV XVHG WR UHSUHVHQW WKH K\�
GURORJ\ RI WKH %DVLQ� WKH VXUIDFH ZDWHU V\VWHP� WKH VRLO ]RQH� DQG WKH DTXLIHU�
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)LJXUH ��� 0RQWKO\ YDOXHV RI VHOHFWHG ZDWHU EXGJHW FRPSRQHQWV LQ � H[DPSOH ZDWHU \HDUV�
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)LJXUH ��� 7KH PRGHO GRPDLQ ERXQGDU\ DQG ZHOOV XVHG LQ WKH 69,+0 VLPXODWLRQ RI %DVLQ K\GURO�
RJ\� $GGLWLRQDOO\� JHQHUDOL]HG K\GURJHRORJLF ]RQHV �DGDSWHG IURP 0DFN� ����� DUH VKRZQ� 7KHVH
DUHDV UHSUHVHQW JHQHUDO ]RQHV LQ ZKLFK REVHUYHG ZDWHU OHYHO UHFRUGV WHQG WR KDYH VLPLODU FKDUDF�
WHULVWLFV �H�J�� VHDVRQDO YDULDELOLW\ DQG RYHUDOO GHSWK WR ZDWHU�� )RU PRUH LQIRUPDWLRQ VHH VHOHFWHG
K\GURJUDSKV LQ 6HFWLRQ �������� WKH IXOO K\GURJUDSKV FROOHFWLRQ LQ $SSHQGL[ ��&� DQG 7ROOH\ HW� DO
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Monthly Relative Aquifer Storage

)LJXUH ��� 0RQWKO\ FKDQJH LQ YROXPH RI ZDWHU VWRUHG LQ WKH VRLO ]RQH �WRS SDQHO� DQG JURXQGZDWHU
DTXLIHU �ERWWRP SDQHO� 7RWDO VWRUDJH YROXPH DQG LQWHUDQQXDO YDULDELOLW\ DUH ERWK JUHDWHU IRU WKH
DTXLIHU WKDQ IRU WKH VRLO ]RQH�
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6XPPDU\ RI 0RGHO 'HYHORSPHQW

$ IRXU VXEV\VWHP PRGHO ZDV XVHG WR UHSUHVHQW WKH K\GURORJ\ RI WKH %DVLQ DQG LWV FRQQHFWLRQ WR
WKH VXUURXQGLQJ ZDWHUVKHG� 7KH IRXU VXE¤V\VWHPV DUH DV IROORZV�

� 8SSHU ZDWHUVKHG
� %DVLQ VXUIDFH ZDWHU V\VWHP �6:�
� %DVLQ ODQG V\VWHP �ODQG XVH DQG VRLO�YDGRVH ]RQH� �/�
� %DVLQ JURXQGZDWHU �DTXLIHU� �*:�

7KH 69,+0 ZDV XVHG WR HVWLPDWH WKH YDOXH RI LQIORZV IURP WKH XSSHU ZDWHUVKHG WR WKH %DVLQ
�³,QIORZ´ LQ 7DEOH ���� DQG WKH IOX[HV LQWR� RXW RI� DQG EHWZHHQ WKH WKUHH VXE�V\VWHPV ZLWKLQ WKH
%DVLQ �7DEOHV �� � ���� )XOO GRFXPHQWDWLRQ RQ 69,+0 FDQ EH IRXQG LQ $SSHQGL[ ��( DQG $SSHQGL[
��)�
,Q EULHI� WKH LQWHJUDWHG PRGHO FRQVLVWV RI WKUHH FDVFDGLQJ VXE�PRGHOV� D VWUHDPIORZ UHJUHVVLRQ
PRGHO WKDW HIIHFWLYHO\ UHSUHVHQWV WKH K\GURORJ\ RI WKH XSSHU ZDWHUVKHG IRU WKH VSHFLILF SXUSRVH
RI JHQHUDWLQJ GDLO\ VXUIDFH LQIORZV WR WKH %DVLQ� D VRLO ZDWHU EXGJHW PRGHO WKDW UHSUHVHQWV WKH
ODQG �ODQG XVH DQG VRLO� VXEV\VWHP �/� RI WKH EDVLQ� DQG D JURXQGZDWHU�VXUIDFH ZDWHU PRGHO WKDW
UHSUHVHQWV ERWK� WKH VXUIDFH ZDWHU �6:� DQG JURXQGZDWHU �*:� ZDWHU EXGJHW VXEV\VWHPV RI WKH
%DVLQ�
7KH 69,+0PRGHO GRPDLQ IRU WKH /� 6:� DQG *: VXEV\VWHPV FRUUHVSRQGV DSSUR[LPDWHO\ ZLWK WKH
FRQWDFW EHWZHHQ DOOXYLDO ILOO DQG EDVHPHQW URFN� WKH PRGHO GRPDLQ ERXQGDU\ LV LOOXVWUDWHG LQ )LJ�
XUH ��� 7KLV ERXQGDU\ LV WKHUHIRUH FRQVLVWHQW ZLWK �EXW QRW H[DFWO\ LGHQWLFDO WR� WKH %DVLQ ERXQGDU\�
:DWHU EXGJHW GLIIHUHQFHV GXH WR 69,+0 PRGHO ERXQGDULHV QRW EHLQJ LGHQWLFDO WR %DVLQ ERXQGDULHV
DUH FRQVLGHUHG QHJOLJLEOH IRU DOO SXUSRVHV RI WKH *63� 7KH QDUURZ �� ��� PLOH�� QHDUO\ WHQ PLOHV ORQJ
EXW VKDOORZ %DVLQ DOOXYLXP LQ WKH (DVW )RUN 6FRWW 5LYHU DQG 1R\HV 9DOOH\ &UHHN� DERYH &DOODKDQ�
LV LQFOXGHG LQ 69,+0 DV SDUW RI WKH XSSHU ZDWHUVKHG� EXW QRW DV SDUW RI WKH 6:� /� RU *: FDOFX�
ODWLRQV� *URXQGZDWHU XVH LQ WKH (DVW )RUN 6FRWW 5LYHU DQG 1R\HV 9DOOH\ &UHHN SRUWLRQ LV OLPLWHG
WR GRPHVWLF ZDWHU XVH� /HVV WKDQ ILYH GRPHVWLF ZHOOV DUH OLVWHG IRU WKLV SRUWLRQ RI WKH %DVLQ LQ WKH
':5 ZHOO FRPSOHWLRQ UHSRUWV GDWDEDVH�
7KH VWUHDPIORZ UHJUHVVLRQ PRGHO LV D VWDWLVWLFDO WRRO XVHG WR HVWLPDWH WULEXWDU\ LQIORZV DW WKH
YDOOH\ PDUJLQV� VXSSOHPHQWHG E\ JDXJHG XSSHU ZDWHUVKHG IORZV ZKHQ GDWD DUH DYDLODEOH �)RJOLD
HW DO� ������ 7KHVH HVWLPDWHV DUH EDVHG RQ VWDWLVWLFDO FRUUHODWLRQV ZLWK WKH IORZ DW WKH 86*6*DXJH
�������� �)RUW -RQHV *DXJH��
7KH ODQGVFDSH� VRLO� DQG XQGHUO\LQJ YDGRVH ]RQH RI WKH %DVLQ DQG WKHLU K\GURORJLF IOX[HV �/� DUH
VLPXODWHG LQ WKH VRLO ZDWHU EXGJHW PRGHO �6:%0� �)RJOLD HW DO� ������ 6:%0 FRPSXWHV JURXQG�
ZDWHU QHHGV DQG HYDSRWUDQVSLUDWLRQ RI FURSV DQG QDWLYH YHJHWDWLRQ IRU ����� LQGLYLGXDO SDUFHOV�
HDFK FKDUDFWHUL]HG E\ VRLO W\SH� FURS RU RWKHU ODQG XVH� ZKHWKHU RU QRW LW LV LUULJDWHG� WKH VRXUFH RI
LUULJDWLRQ ZDWHU �VXUIDFH ZDWHU GLYHUVLRQ� JURXQGZDWHU SXPSLQJ� RU ERWK� GHSHQGLQJ RQ DYDLODELOLW\
RI VXUIDFH ZDWHU�� DQG WKH W\SH RI LUULJDWLRQ �VXEVXUIDFH LUULJDWLRQ� IORRG LUULJDWLRQ� ZKHHO�OLQH VSULQ�
NOHU LUULJDWLRQ� FHQWHU SLYRW VSULQNOHU LUULJDWLRQ�� $JULFXOWXUDO LUULJDWLRQ LV FDOFXODWHG EDVHG RQ GDLO\
FURS GHPDQG� ZLWK DQ HIILFLHQF\ DVVLJQHG WR HDFK ILHOG EDVHG RQ VRXUFH RI LUULJDWLRQ ZDWHU DQG W\SH
RI LUULJDWLRQ� 3HUIHFW IDUPHU IRUHVLJKW LV DVVXPHG� ,UULJDWLRQ QHHGV DUH DVVXPHG WR EH PHW GDLO\�
DQG WKH ZDWHU YROXPH LV DWWULEXWHG WR HLWKHU GLYHUWHG VXUIDFH ZDWHU �L�H�� 6XUIDFH :DWHU ,UULJDWLRQ LQ
)LJXUH ��� RU SXPSHG JURXQGZDWHU �L�H�� *URXQGZDWHU ,UULJDWLRQ DQG :HOOV LQ )LJXUH ��� GHSHQGLQJ
RQ ZKLFK VRXUFH�V� LV �DUH� DYDLODEOH IRU HDFK ILHOG� *URXQGZDWHU SXPSLQJ QHHGV IRU D VSHFLILF
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SDUFHO DUH DVVLJQHG WR D NQRZQ LUULJDWLRQ ZHOO FORVHVW WR WKH SDUFHO� $GGLWLRQDOO\� DOO SUHFLSLWDWLRQ
IDOOLQJ RQ FXOWLYDWHG ILHOGV RU QDWLYH YHJHWDWLRQ LV DVVXPHG WR LQILOWUDWH LQWR WKH VRLO FROXPQ �L�H��
UXQRII� LV QHJOHFWHG� ZLWK WKH H[FHSWLRQ RI WKH ]RQH RI NQRZQ VKDOORZ JURXQGZDWHU UHIHUUHG WR DV
WKH ³'LVFKDUJH =RQH�´ 'LVFKDUJLQJ JURXQGZDWHU LQ WKLV DUHD LV UHIHUUHG WR DV ³2YHUODQG )ORZ´ LQ
WKH ZDWHU EXGJHW ILJXUHV�� :DWHU LQ H[FHVV RI WKH ZDWHU KROGLQJ FDSDFLW\ RI WKH URRW ]RQH� DIWHU
DFFRXQWLQJ IRU GDLO\ SUHFLSLWDWLRQ� LUULJDWLRQ� DQG HYDSRWUDQVSLUDWLRQ IURP D SDUFHO� SHUFRODWHV WR
EHORZ WKH URRW ]RQH WR UHFKDUJH JURXQGZDWHU� *LYHQ WKDW GHSWKV WR JURXQGZDWHU DUH W\SLFDOO\ OHVV
WKDQ �� WR �� IHHW� DQG EHFDXVH RI WKH VWUHVV SHULRG OHQJWK LQ 02')/2: �VHH EHORZ� WKH WUDYHO
WLPH LQ WKH GHHS XQVDWXUDWHG ]RQH LV QHJOHFWHG�
$ ILQLWH GLIIHUHQFH JURXQGZDWHU�VXUIDFH ZDWHUPRGHO VLPXODWHV VSDWLDO DQG WHPSRUDO JURXQGZDWHU
�*:� DQG VXUIDFH ZDWHU �6:� FRQGLWLRQV LQ WKH YDOOH\ RYHUO\LQJ WKH DOOXYLDO EDVLQ �02')/2:
PRGHO�� 7KH 02')/2: PRGHO VLPXODWHV WKH VSDWLDOO\ DQG WHPSRUDOO\ YDULDEOH G\QDPLFV�

� RI VWUHDPIORZ LQ WKH %DVLQ WULEXWDULHV DQG WKH PDLQ�VWHP 6FRWW 5LYHU
� RI JURXQGZDWHU IOX[HV
� RI ZDWHU OHYHO HOHYDWLRQV� DQG
� RI WKH JURXQGZDWHU�VXUIDFH ZDWHU H[FKDQJHV

7KHVH VLPXODWLRQ UHVXOWV DUH GULYHQ LQ WKH PRGHO E\ WKH %DVLQ¶V K\GURJHRORJLF SURSHUWLHV DQG E\
WKH VSDWLDOO\ DQG WHPSRUDOO\ YDULDEOH G\QDPLFV RI�

� WKH VXUIDFH LQIORZV DW WKH %DVLQ PDUJLQV� IORZLQJ LQWR WKH %DVLQ LQ WULEXWDULHV HPDQDWLQJ IURP
WKH VXUURXQGLQJ ZDWHUVKHG �FRPSXWHG E\ WKH VWUHDPIORZ UHJUHVVLRQ PRGHO RI WKH XSSHU ZD�
WHUVKHG��

� JURXQGZDWHU SXPSLQJ DQG UHFKDUJH �FRPSXWHG E\ 6:%0��
� JURXQGZDWHU HYDSRWUDQVSLUDWLRQ LQ VXE�LUULJDWHG V\VWHPV LQ WKH 'LVFKDUJH =RQH EHWZHHQ (WQD
DQG *UHHQYLHZ �GHWHUPLQHG E\ ODQG XVH (7 GHPDQG DV PRGHO LQSXW��

� DQG FDQDO DQG PRXQWDLQ IURQW UHFKDUJH QHDU WKH %DVLQ PDUJLQV �PRGHO LQSXW��

7KH LQWHJUDWHG 69,+0 LV ZHDNO\ FRXSOHG LQ WKDW FDOFXODWHG IOX[HV DUH SDVVHG IURP WKH ILUVW WZR VXE�
PRGHOV WR WKH 02')/2: PRGHO� EXW WKHUH DUH QR GLUHFW IHHGEDFNV IURP WKH 02')/2: PRGHO
WR WKH VWUHDPIORZ UHJUHVVLRQ PRGHO RU WR WKH 6:%0 �7ROOH\� )RJOLD� DQG +DUWHU ������ ,Q RWKHU
ZRUGV� WKH RXWFRPH RI WKH 02')/2: PRGHO VLPXODWLRQ GRHV QRW DIIHFW WKH RXWFRPH RI 6:%0 RU
WKH �XSSHU ZDWHUVKHG� VWUHDPIORZ UHJUHVVLRQ PRGHO� �$ ³IXOO\ FRXSOHG´ PRGHO ZRXOG VROYH IRU DOO
IOX[ YDOXHV VLPXOWDQHRXVO\� IRU HDFK WLPHVWHS��
69,+0 FRYHUV D SHULRG RI �� \HDUV� IURP 2FWREHU �� ���� WR 6HSWHPEHU ��� ����� 7KH PRGHO ZDV
FDOLEUDWHG IRU D SHULRG RI �� \HDUV� IURP 2FWREHU �� ���� WR 6HSWHPEHU ��� ���� �7ROOH\� )RJOLD�
DQG +DUWHU ������ 7HPSRUDO GLVFUHWL]DWLRQ LQ WKH VWUHDPIORZ UHJUHVVLRQ PRGHO� WKH 6:%0� DQG LQ
WKH 02')/2: PRGHO LV GDLO\� +RZHYHU� IRU WKH 02')/2: PRGHO� GDLO\ YDOXHV RI VWUHDP LQIORZ
IURP WKH XSSHU ZDWHUVKHG� SXPSLQJ� DQG UHFKDUJH� LQFOXGLQJ FDQDO DQG PRXQWDLQ IURQW UHFKDUJH�
DUH DJJUHJDWHG �DYHUDJHG� WR HDFK FDOHQGDU PRQWK DQG KHOG FRQVWDQW ZLWKLQ D FDOHQGDU PRQWK� ,Q
02')/2:� WKH FDOHQGDU PRQWK LV UHIHUUHG WR DV D ³VWUHVV SHULRG´�
7KH VSDWLDO GLVFUHWL]DWLRQ LQ 6:%0 ODUJHO\ IROORZV WKH GLJLWDO ODQG XVH PDSV SXEOLVKHG WR GDWH E\
WKH &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV� 7KH VSDWLDO GLVFUHWL]DWLRQ LQ 02')/2: LV ��� IW
���� P� KRUL]RQWDOO\ IRU ERWK� WKH DTXLIHU DQG WKH RYHUO\LQJ VWUHDP UHDFK� 9HUWLFDOO\� WKH DTXLIHU LV
UHSUHVHQWHG LQ WZR OD\HUV� ZKHUH WKH ILUVW OD\HU KDV D WKLFNQHVV RI �� IHHW� DQG WKH VHFRQG OD\HU LV
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XS WR ��� IHHW WKLFN� FRUUHVSRQGLQJ WR WKH GHSWK RI WKH DOOXYLDO EDVLQ� $FWXDO VWUHDP OHQJWK DQG ZLGWK
RYHUO\LQJ HDFK ��� P DTXLIHU JULG FHOO LV H[SOLFLWO\ UHSUHVHQWHG LQ WKH VWUHDP IORZ URXWLQJ SDFNDJH
�PRGXOH� LQSXW IRU 02')/2:�

+LVWRULFDO :DWHU %XGJHW &RPSRQHQWV

7KLV VHFWLRQ GHVFULEHV WKH IXOO ZDWHU EXGJHW RI WKH %DVLQ LQFOXGLQJ LQIORZV WR WKH %DVLQ� RXWIORZV
IURP WKH %DVLQ� DQG WKH LQWHUQDO IOX[HV EHWZHHQ WKH WKUHH K\GURORJLF VXEV\VWHPV RI WKH %DVLQ�
WKH VXUIDFH ZDWHU VXEV\VWHP� 6:� WKH ODQG VXEV\VWHP� /� DQG WKH JURXQGZDWHU VXEV\VWHP� *:
�':5� &DOLIRUQLD 'HSDUWPHQW RI :DWHU 5HVRXUFHV �':5� ����D�� 7KH VXEV\VWHPV LQWR� RXW RI� RU
EHWZHHQ ZKLFK WKH IOX[HV RFFXU DUH H[SOLFLWO\ LGHQWLILHG XVLQJ WKH 6:� /� DQG *: QRWDWLRQ�
:DWHU EXGJHW FRPSRQHQWV DUH GHVFULEHG LQ WKH IROORZLQJ FDWHJRULHV�

�� %DVLQ ,QIORZV
�� %DVLQ 2XWIORZV
�� )ORZV %HWZHHQ 6XUIDFH :DWHU DQG 6RLO =RQH �6: DQG /�
�� )ORZV %HWZHHQ 6XUIDFH :DWHU DQG *URXQGZDWHU �6: DQG *:�
�� )ORZV %HWZHHQ 6RLO =RQH DQG *URXQGZDWHU �/ DQG *:�
�� &KDQJH LQ 6WRUDJH

)LJXUH �� VKRZV WKH ZDWHU EXGJHWV RI HDFK RI WKRVH WKUHH VXEV\VWHPV� )OX[HV EHWZHHQ VXEV\V�
WHPV DUH VKRZQ WZLFH� LQ WKH VXEV\VWHP IURP ZKHUH WKH IOX[ RULJLQDWHV DV RXWSXW �QHJDWLYH IOX[�
DQDORJRXV WR DQ DFFRXQW ZLWKGUDZDO DW D EDQN�� DQG LQ WKH VXEV\VWHP LQWR ZKLFK WKH IOX[ RFFXUV DV
LQSXW �SRVLWLYH IOX[� DQDORJRXV WR DQ DFFRXQW GHSRVLW DW D EDQN��
7KLV VHFWLRQ DOVR GHVFULEHV VWRUDJH FKDQJHV LQ WKH VXEV\VWHPV� $Q LQFUHDVH LQ VWRUDJH RYHU D
SHULRG RI WLPH RFFXUV ZKHQ IOX[HV LQWR D VXEV\VWHP H[FHHG IOX[HV RXW RI WKH VXEV\VWHP RYHU WKDW
SHULRG RI WLPH �VLPLODU WR GHSRVLWV H[FHHGLQJ WKH DPRXQW RI ZLWKGUDZDOV LQ D EDQN DFFRXQW� WKH
DFFRXQW EDODQFH LQFUHDVHV�� ,Q )LJXUH ��� D VWRUDJH LQFUHDVH LV GHSLFWHG DV DGGLWLRQDO QHJDWLYH
EDU OHQJWK QHHGHG WR EDODQFH WKH QHJDWLYH EDU OHQJWK �IOX[HV RXW RI WKH VXEV\VWHP� ZLWK WKH SRVLWLYH
EDU OHQJWK �IOX[HV LQWR WKH VXEV\VWHP�� ,Q RWKHU ZRUGV� VWRUDJH LQFUHDVH LV GHSLFWHG DV LI LW ZHUH D
QHJDWLYH IOX[� 7KLV LV FRQVLVWHQW ZLWK DFFRXQWLQJ SULQFLSOHV LQ K\GURORJLF PRGHOLQJ�
6LPLODUO\� D GHFUHDVH LQ VWRUDJH RYHU D SHULRG RI WLPH RFFXUV ZKHQ IOX[HV LQWR D VXEV\VWHP DUH
OHVV WKDQ WKH IOX[HV RXW RI WKH VXEV\VWHP RYHU WKDW SHULRG RI WLPH �VLPLODU WR ZLWKGUDZDOV IURP D
EDQN DFFRXQW H[FHHGLQJ WKH GHSRVLWV LQWR WKH EDQN DFFRXQW� WKH DFFRXQW EDODQFH GHFUHDVHV�� ,Q
)LJXUH ��� D VWRUDJH GHFUHDVH LV GHSLFWHG DV DGGLWLRQDO SRVLWLYH EDU OHQJWK QHHGHG WR EDODQFH
WKH SRVLWLYH EDU OHQJWK �IOX[HV LQWR WKH VXEV\VWHP� ZLWK WKH QHJDWLYH EDU OHQJWK �IOX[HV RXW RI WKH
VXEV\VWHP�� ,Q RWKHU ZRUGV� VWRUDJH GHFUHDVH LV GHSLFWHG DV LI LW ZHUH D SRVLWLYH IOX[� FRQVLVWHQW
ZLWK K\GURORJLF PRGHOLQJ SUDFWLFH�

�� %DVLQ ,QIORZV

7KHUH DUH WKUHH LQIORZV LQ WKH KLVWRULF ZDWHU EXGJHW� SUHFLSLWDWLRQ RQ WKH YDOOH\ IORRU �WR /�� VXUIDFH
ZDWHU LQIORZ WR WKH %DVLQ IURP WKH XSSHU ZDWHUVKHG �WR 6:�� DQG VXEVXUIDFH LQIORZ RU PRXQWDLQ
IURQW UHFKDUJH IURP WKH VXUURXQGLQJ EHGURFN XQGHUO\LQJ WKH XSSHU ZDWHUVKHG �WR *:��
3UHFLSLWDWLRQ
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5DLQIDOO RQ WKH YDOOH\ IORRU LV D NH\ LQSXW LQ WKH 6:%0� 69,+0 DVVXPHV WKDW DOO SUHFLSLWDWLRQ IDOOLQJ
RQ FXOWLYDWHG ILHOGV RU QDWLYH YHJHWDWLRQ LQILOWUDWHV LQWR WKH VRLO FROXPQ �L�H�� UXQRII LV QHJOHFWHG�
�7ROOH\� )RJOLD� DQG +DUWHU ������
$OWKRXJK D ZHVW�WR�HDVW GHFUHDVLQJ UDLQIDOO JUDGLHQW KDV EHHQ REVHUYHG E\ 6FRWW 9DOOH\ UHVLGHQWV�
WKH ORFDWLRQV RI ZHDWKHU VWDWLRQV LQ WKH 6FRWW 9DOOH\ GRHV QRW DOORZ IRU UREXVW FDOFXODWLRQ RI WKLV
JUDGLHQW� $V D UHVXOW� XQLIRUP GDLO\ SUHFLSLWDWLRQ YDOXH IRU WKH HQWLUH PRGHO GRPDLQ LV DVVXPHG
�)RJOLD HW DO� ������ 7KDW XQLIRUP GDLO\ YDOXH LV WKH PHDQ RI WKH YDOXHV REVHUYHG RU HVWLPDWHG DW
WKH )RUW -RQHV DQG &DOODKDQ VWDWLRQV�
0LVVLQJ GD\V H[LVW LQ WKH UDLQIDOO UHFRUG IRU WKH )RUW -RQHV DQG &DOODKDQ VWDWLRQV RYHU WKH PRGHO
SHULRG� 2Q GD\V ZLWK PLVVLQJ GDWD� WKH YDOXH DW WKH )RUW -RQHV RU &DOODKDQ VWDWLRQ ZDV HVWLPDWHG
XVLQJ GDWD IURP VL[ 12$$ ZHDWKHU VWDWLRQV LQ WKH 6FRWW 9DOOH\ DQG LPPHGLDWH YLFLQLW\ �VHH 7DEOH �
DQG )RJOLD HW DO� ������ LQ $SSHQGL[ ��) IRU PRUH GHWDLOV�� 2Q GD\V ZKHUH SUHFLSLWDWLRQ LV OHVV WKDQ
��� RI WKH DWPRVSKHULF ZDWHU GHPDQG �UHIHUHQFH (7�� LW LV DVVXPHG WKDW WKH ZDWHU HYDSRUDWHV
EHIRUH LW LQILOWUDWHV EHORZ WKH VXUIDFH RI WKH VRLO� VR QR LQILOWUDWLRQ LV VLPXODWHG �7ROOH\� )RJOLD� DQG
+DUWHU ������
6XUIDFH :DWHU ,QIORZ

7KH VXUIDFH ZDWHU LQIORZV DUH GHULYHG IURPPRQWKO\ WULEXWDU\ IORZ YROXPHV WKDW DUH FDOFXODWHG XVLQJ
WKH VWUHDPIORZ UHJUHVVLRQ PRGHO �)RJOLD HW DO� ������ 7KHVH YDOXHV DUH SDVVHG WR WKH 6:%0 �/
EXGJHW� DV WKH PRQWKO\ YROXPH RI VXUIDFH ZDWHU DYDLODEOH IRU LUULJDWLRQ� 6XUIDFH ZDWHU LUULJDWLRQ
GLYHUVLRQV DUH FRPSXWHG DV D IXQFWLRQ RI LUULJDWLRQ GHPDQG� )DOO DQG ZLQWHU GLYHUVLRQV IRU VWRFN
ZDWHU DUH QRW PRQLWRUHG DQG DUH QRW LQFOXGHG LQ WKH FXUUHQW YHUVLRQ RI 69,+0� LI WKLV GDWD JDS
LV ILOOHG LQ WKH IXWXUH� XSGDWHV WR WKH 69,+0 PD\ DWWHPSW WR LQFRUSRUDWH WKHVH GLYHUVLRQV� 7KH
FRQFHSWXDO GLYHUVLRQ SRLQWV IURP WULEXWDU\ IORZV DUH MXVW RXWVLGH WKH %DVLQ ERXQGDU\� H[FHSW IRU WZR
LQWHUQDO GLYHUVLRQV �� 7$)� VHH EHORZ�� ZKLFK LV FRQVLVWHQW ZLWK PRVW GLYHUVLRQV RFFXUULQJ QHDU WKH
%DVLQ PDUJLQ� 7KH UHPDLQLQJ LQIORZ IURP WKH XSSHU ZDWHUVKHG �VWUHDPIORZ UHJUHVVLRQ PRGHO� LV
SDVVHG WR WKH 02')/2:PRGHO GRPDLQ DV VWUHDP LQIORZV �6: EXGJHW� �)RJOLD HW DO� ����� 7ROOH\�
)RJOLD� DQG +DUWHU ������ ,Q WKH ZDWHU EXGJHW VKRZQ LQ )LJXUH ��� WKH WRWDO VXUIDFH ZDWHU LQIORZ LV
WKH VXP RI ³,QIORZ´ LQWR WKH 6: EXGJHW DQG ³6: ,UULJDWLRQ´ LQ WKH / EXGJHW� PLQXV � 7$) WKDW DUH
GLYHUWHG IURP WKH PDLQVWHP 6FRWW 5LYHU WR ³6: ,UULJDWLRQ´ IURP ZLWKLQ WKH %DVLQ�
6XEVXUIDFH ,QIORZ RU 0RXQWDLQ )URQW 5HFKDUJH �0)5�

0RXQWDLQ )URQW 5HFKDUJH� WKH SKHQRPHQRQ RI GLIIXVH ZDWHU IORZ WKURXJK PRXQWDLQ VRLO RU IUDFWXUHG
EHGURFN LQWR WKH DOOXYLDO VHGLPHQWV RI DQ DTXLIHU DORQJ D YDOOH\ PDUJLQ� LV VLPXODWHG DORQJ WKH
ZHVWHUQ HGJH RI WKH PRGHO GRPDLQ� ,W LV HVWLPDWHG WR EH D YROXPH WKDW FKDQJHV PRQWK�WR�PRQWK
�L�H�� JUHDWHU UHFKDUJH GXULQJ WKH ZHW VHDVRQ� EXW ZKLFK LV LGHQWLFDO \HDU RYHU \HDU �VHH $SSHQGL[
��) IRU PRUH GHWDLOV��
'LVFXVVLRQ � %DVLQ ,QIORZV

$PRQJ WKH WKUHH LQIORZV� FDQDO DQG PRXQWDLQ IURQW UHFKDUJH LV D UHODWLYHO\ VPDOO DPRXQW� HVWLPDWHG
WR DYHUDJH �� 7$)� 6WUHDP LQIORZ �,QIORZ SOXV 6: ,UULJDWLRQ� LV WKH ODUJHVW VRXUFH RI ZDWHU IRU WKH
%DVLQ� ZLWK D PHGLDQ LQIORZ RI ��� 7$)� QHDUO\ � WLPHV ODUJHU WKDQ PHGLDQ SUHFLSLWDWLRQ RI �� 7$)�
%RWK RI WKHVH VRXUFHV RI ZDWHU YDU\ ZLGHO\ EHWZHHQ \HDUV� 3UHFLSLWDWLRQ YDULHV� IURP OHVV WKDQ KDOI
WKH PHGLDQ WR QHDUO\ WZLFH WKH PHGLDQ YDOXH ��� 7$) WR ��� 7$)�� 6WUHDP LQIORZ YDULHV HYHQ PRUH
ZLGHO\ IURP ��� 7$) WR ��� 7$)�:DWHU \HDU ���� KDG WKH KLJKHVW FRPELQHG LQIORZ DQG SUHFLSLWDWLRQ
���� 7$)�� :DWHU \HDU ���� ZDV WKH GULHVW \HDU� ZLWK D FRPELQHG XSSHU ZDWHUVKHG VWUHDP LQIORZ
DQG YDOOH\ SUHFLSLWDWLRQ RI ��� 7$)� 7KH YDULDELOLW\ LQ SUHFLSLWDWLRQ DQG XSSHU ZDWHUVKHG LQIORZV LV
HQWLUHO\ GULYHQ E\ FOLPDWH YDULDELOLW\�
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�� %DVLQ 2XWIORZV

7KH WKUHH RXWIORZV LQ WKH KLVWRULF ZDWHU EXGJHW FRPSRQHQW DUH WKH VXUIDFH ZDWHU RXWIORZ� VXEVXU�
IDFH RXWIORZ� DQG HYDSRWUDQVSLUDWLRQ�

6XUIDFH :DWHU 2XWIORZ

7KH VXUIDFH RXWOHW RI WKH 6FRWW 9DOOH\ LV QHDU WKH 86*6 *DXJH �������� �)RUW -RQHV *DXJH�
)LJXUH ���� 7KH UHFRUG RI IORZ DW WKLV ORFDWLRQ GDWHV EDFN WR WKH ����V DQG FRQWLQXHV WR WKH SUHVHQW
GD\ �)LJXUH ����

6XEVXUIDFH 2XWIORZ

6XEVXUIDFH RXWIORZ LV DVVXPHG WR EH QHJOLJLEOH� DQG DOO ZDWHU OHDYLQJ WKH 6FRWW 9DOOH\ LQ OLTXLG
SKDVH GRHV VR WKURXJK WKH 6FRWW 5LYHU�

(YDSRWUDQVSLUDWLRQ

(YDSRUDWLYH GHPDQG� RU HYDSRWUDQVSLUDWLRQ E\ FURSV DQG QDWLYH YHJHWDWLRQ �(7�� LV D NH\ YDULDEOH
DIIHFWLQJ WKH K\GURORJ\ RI WKH EDVLQ� 5HIHUHQFH (7 �(7�� LV PHDVXUHG DW &,0,6 6WDWLRQ ��� DQG
ZDV PRGHOHG IRU WKH SHULRG SULRU WR &,0,6 VWDWLRQ LQVWDOODWLRQ LQ ���� �)RJOLD HW DO� ����� 6Q\GHU�
2UDQJ� DQG 0DW\DF ������ �(7�� LV PXOWLSOLHG E\ FURS FRHIILFLHQWV RQ HDFK GD\ RI WKHLU JURZWK
F\FOH WR FDOFXODWH GDLO\ ZDWHU GHPDQG IRU HDFK FURS RU YHJHWDWLRQ W\SH �)RJOLD HW DO� ������ (7 LV
SULPDULO\ VLPXODWHG LQ WKH 6:%0� EXW D VPDOO DPRXQW RI (7 LV DOVR VLPXODWHG DV GLUHFW SODQW XSWDNH
IURP JURXQGZDWHU LQ WKH 02')/2: PRGHO �6HFWLRQ ���������

'LVFXVVLRQ ± %DVLQ 2XWIORZV

$PRQJ WKH WZR %DVLQ RXWIORZV� VXUIDFH ZDWHU RXWIORZ LV WKH ODUJHVW RYHU WKH ORQJ WHUP� PHGLDQ
VXUIDFH ZDWHU RXWIORZ LV ��� 7$)� VOLJKWO\ PRUH WKDQ PHGLDQ LQIORZ DIWHU VXUIDFH ZDWHU GLYHUVLRQV
DUH VXEWUDFWHG ���� 7$)�� 0HGLDQ HYDSRWUDQVSLUDWLRQ LV ��� 7$)� PRVWO\ ± EXW QRW H[FOXVLYHO\ ±
IURP DJULFXOWXUDO FURSV JURZQ LQ WKH %DVLQ�

7KH PDJQLWXGH RI VWUHDP RXWIORZ FORVHO\ IROORZV WKH PDJQLWXGH RI VWUHDP LQIORZV IURP WKH XSSHU
ZDWHUVKHG� DIWHU VXEWUDFWLQJ VXUIDFH ZDWHU GLYHUVLRQV� ,Q �� RI �� \HDUV� VWUHDP RXWIORZV H[FHHG
VWUHDP LQIORZV LQ WKH 6: EXGJHW �)LJXUH ���� 7KH ODUJHVW GLIIHUHQFHV EHWZHHQ LQIORZ DQG RXWIORZ
RFFXU LQ WKH ZHWWHVW \HDUV ������ ������ ZKHQ RXWIORZ H[FHHGV LQIORZ E\ QHDUO\ �� 7$)� ,Q � RI
�� \HDUV� PRVWO\ DPRQJ WKH GULHVW \HDUV ����������� ���������� ���������� ����������� VWUHDP
RXWIORZ LV VOLJKWO\ OHVV WKDQ VWUHDP LQIORZ� ZLWK WKH ODUJHVW GLIIHUHQFH EHLQJ �� 7$) LQ ���� �)LJ�
XUH ���� ([FHSW LQ VRPH RI WKH GULHVW \HDUV� WKH 6FRWW 9DOOH\ %DVLQ WKHUHIRUH LV D QHW FRQWULEXWRU WR
VWUHDP RXWIORZ IURP WKH 6FRWW 9DOOH\ ZDWHUVKHG

/LNH VXUIDFH ZDWHU LQIORZV� VXUIDFH ZDWHU RXWIORZV DUH KLJKO\ YDULDEOH EHWZHHQ \HDUV� UDQJLQJ IURP
�� DQG �� 7$) �LQ ���� DQG LQ ����� WR ��� 7$) �LQ ������ ,Q FRQWUDVW� HYDSRWUDQVSLUDWLRQ LV
PXFK OHVV YDULDEOH IURP \HDU WR \HDU� UDQJLQJ IURP �� 7$) �LQ ����� WR ��� 7$) �LQ ������ ,Q
KDOI RI \HDUV� HYDSRWUDQVSLUDWLRQ OLHV ZLWKLQ WKH QDUURZ UDQJH RI ��� 7$) WR ��� 7$)� 7KH H[LVWLQJ
YDULDELOLW\ LQ HYDSRWUDQVSLUDWLRQ ODUJHO\ UHIOHFWV \HDU�RYHU�\HDU GLIIHUHQFHV LQ DYHUDJH WHPSHUDWXUH
DQG LQ WKH QXPEHU RI GD\V ZLWK SUHFLSLWDWLRQ DQG VLJQLILFDQW FORXG FRYHU� 7KH ODFN RI ODUJHU YDULDELOLW\
LQ HYDSRWUDQVSLUDWLRQ UHIOHFWV WKH ODQG XVH LQ 6FRWW 9DOOH\� 3HUHQQLDO FURSV �DOIDOID DQG SDVWXUH� DQG
SHUHQQLDO QDWXUDO YHJHWDWLRQ LQ WKH %DVLQ PDNH XS PRVW RI WKH ODQG VXUIDFH�

(YHQ LQ WKH GULHVW \HDU ������� VWUHDP RXWIORZ LV RQO\ DERXW �� �� 7$)� OHVV WKDQ VWUHDP LQIORZ�
6LQFH WKH QHW VWUHDP FRQWULEXWLRQ HYHQ LQ ���� �� 7$)� WR YDOOH\ HYDSRWUDQVSLUDWLRQ LQ WKDW \HDU
���� 7$)� LV PLQLPDO� WKH UHPDLQLQJ FRQWULEXWLRQV WR (7 FRPH IURP VXUIDFH ZDWHU LUULJDWLRQ ���
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7$)�� PRXQWDLQ IURQW UHFKDUJH ��� 7$)�� SUHFLSLWDWLRQ ��� 7$)�� DQG WKH GHSOHWLRQ RI JURXQGZDWHU
DQG VRLO VWRUDJH ��� 7$) DQG � 7$)� UHVSHFWLYHO\��

�� )ORZV %HWZHHQ 6XUIDFH :DWHU DQG 6RLO =RQH

6XUIDFH :DWHU 'LYHUVLRQ IRU ,UULJDWLRQ

69,+0 VLPXODWHV WKH GLYHUVLRQ RI VXUIDFH ZDWHU DQG WKH DSSOLFDWLRQ RI WKDW ZDWHU WR ILHOGV DV LUULJD�
WLRQ� 7KH QXPEHU DQG W\SH RI DYDLODEOH ZDWHU VRXUFHV YDULHV EHWZHHQ ILHOGV� LQ ILHOGV ZLWK DFFHVV
WR ERWK VXUIDFH DQG JURXQGZDWHU� LW LV DVVXPHG WKDW LUULJDWRUV ZLOO XVH VXUIDFH ZDWHU ZKHQHYHU LW LV
DYDLODEOH� ,Q WKH ZDWHU EXGJHW ILJXUHV DQG WDEOHV� VXUIDFH ZDWHU GLYHUVLRQ IRU LUULJDWLRQ LV FRQVLG�
HUHG DQ LQIORZ WR WKH %DVLQ� QRW D GLYHUVLRQ IURP VWUHDPV ZLWKLQ WKH %DVLQ� ,W LV WKHUHIRUH VHSDUDWH
IURP WKH LQIORZ WR WKH VWUHDP FKDQQHOV �³,QIORZ´ LQ WKH 6: EXGJHW�� DV PRVW GLYHUVLRQV RFFXU QHDU
WKH %DVLQ PDUJLQV �VHH GLVFXVVLRQ DERYH�� ,Q 69,+0� WKH GLYHUVLRQV DUH FRQFHSWXDOO\ ORFDWHG DW
RU MXVW RXWVLGH WKH %DVLQ ERXQGDU\� ,Q WKH ZDWHU EXGJHW� WKHVH DSSHDU DV VXUIDFH ZDWHU LUULJDWLRQ�
ZKLFK DOVR LQFOXGH � 7$) IURP WKH )DUPHUV 'LWFK DQG 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW GLYHUVLRQ �VHH
EHORZ��
)DUPHUV 'LWFK DQG 6FRWW 9DOOH\ ,UULJDWLRQ 'LVWULFW 'LYHUVLRQ

7KHVH DUH WKH ODUJHVW GLYHUVLRQV ZLWKLQ 6FRWW 9DOOH\� ORFDWHG DORQJ WKH PDLQVWHP RI WKH 6FRWW 5LYHU�
7KH DPRXQW LV DVVXPHG FRQVWDQW HDFK \HDU� � 7$) WR )DUPHUV 'LWFK DQG � 7$) WR WKH 6FRWW 9DOOH\
,UULJDWLRQ 'LVWULFW� ,Q 69,+0� WKHVH GLYHUVLRQV DUH H[SOLFLWO\ UHSUHVHQWHG DW WKH DFWXDO GLYHUVLRQ
ORFDWLRQ� 7KLV LV DQ RXWIORZ IURP WKH 6: EXGJHW DQG DQ LQIORZ WR WKH / EXGJHW� ZKHUH LW LV FRXQWHG
DV SDUW RI VXUIDFH ZDWHU LUULJDWLRQ�

�� )ORZV %HWZHHQ 6XUIDFH :DWHU DQG *URXQGZDWHU

6WUHDP /HDNDJH DQG *URXQGZDWHU 'LVFKDUJH WR 6WUHDP

7KH IOX[ RI ZDWHU EHWZHHQ WKH VXUIDFH ZDWHU V\VWHP DQG WKH DTXLIHU LV VLPXODWHG LQ WKH 02')/2:
PRGHO XVLQJ WKH 6)5 �6WUHDPIORZ 5RXWLQJ� SDFNDJH �3UXGLF� .RQLNRZ� DQG %DQWD ����� 7ROOH\�
)RJOLD� DQG +DUWHU ������ :KHQ WKLV IOX[ LV QHW SRVLWLYH LQWR WKH DTXLIHU� LW LV FRPPRQO\ UHIHUUHG WR
DV VWUHDP OHDNDJH� ZKHQ LW LV QHW SRVLWLYH LQWR WKH VWUHDP� LW LV RIWHQ UHIHUUHG WR DV JURXQGZDWHU
GLVFKDUJH RU EDVHIORZ�
7KH DQQXDO QHW H[FKDQJH EHWZHHQ JURXQGZDWHU DQG VWUHDPV DFURVV WKH EDVLQ YDULHV IURP � 7$) RI
JURXQGZDWHU GLVFKDUJH LQWR WKH VWUHDP ������ WR �� 7$) RI VWUHDP ORVVHV WR JURXQGZDWHU ������� $
QHW JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP V\VWHP RFFXUV RQO\ LQ ���������� ���������� ����� �����
ZKLFK DUH DPRQJ WKH GULHVW \HDUV� 7KH ODUJHVW QHW JURXQGZDWHU UHSOHQLVKPHQW IURP VWUHDPV RFFXUV
LQ ZHW \HDUV� ZLWK ����� ���������� DQG ���� H[FHHGLQJ �� 7$)� 7KH PDMRULW\ RI WKH UHSOHQLVKPHQW
RFFXUV DORQJ WKH XSSHU DOOXYLDO IDQV RI WKH WULEXWDULHV� 0RVW RI WKH JURXQGZDWHU FRQWULEXWLRQ RFFXUV
DORQJ WKH YDOOH\ WURXJK �PDLQ�VWHP 6FRWW 5LYHU��
'UDLQV � 2YHUODQG )ORZ

7R VLPXODWH JURXQGZDWHU VHHSDJH LQ D UHJLRQ NQRZQ WR KDYH DQ HOHYDWHG ZDWHU WDEOH� ³GUDLQV´ ZHUH
SODFHG DW WKH ODQG VXUIDFH LQ WKH 'LVFKDUJH =RQH RQ WKH ZHVWHUQ VLGHG RI WKH %DVLQ �)LJXUH ����
*URXQGZDWHU HQWHULQJ WKHVH GUDLQV LV URXWHG WR D QHDUE\ VWUHDP VHJPHQW� DSSUR[LPDWLQJ RYHUODQG
IORZ �7ROOH\� )RJOLD� DQG +DUWHU ������ ³2YHUODQG´ IORZ DSSHDUV DV D QHJDWLYH WHUP LQ WKH *:
EXGJHW DQG DV D SRVLWLYH WHUP LQ WKH 6: EXGJHW� ,W UDQJHV IURP � WR �� 7$) ZLWK D PHGLDQ YDOXH
RI � 7$)�
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&DQDO 6HHSDJH IURP )DUPHUV 'LWFK DQG 69,' 'LWFK

7ZR XQOLQHG FDQDOV DUH XVHG WR WUDQVSRUW VXUIDFH ZDWHU IURP WKH 6FRWW 5LYHU WR GLYHUVLRQ SRLQWV
DORQJ WKH HDVWHUQ VLGH RI WKH %DVLQ PDUJLQ �)LJXUH ���� 6HHSDJH IURP WKHVH FDQDOV LQWR WKH DTXLIHU
LV HVWLPDWHG WR EH D YROXPH WKDW FKDQJHV PRQWK�WR�PRQWK �L�H�� JUHDWHU VHHSDJH GXULQJ WKH JURZLQJ
VHDVRQ� EXW ZKLFK LV LGHQWLFDO \HDU�RYHU�\HDU �VHH $SSHQGL[ ��) IRU PRUH GHWDLOV�� 7RJHWKHU ZLWK
PRXQWDLQ IURQW UHFKDUJH �DQ LQIORZ WR WKH %DVLQ�� WKLV DPRXQWV WR �� 7$) RI LQIORZ WR WKH *: EXGJHW�

�� )ORZV %HWZHHQ 6RLO =RQH DQG *URXQGZDWHU

5HFKDUJH WR $TXLIHU

(DFK GD\� D ILHOG�E\�ILHOG WLSSLQJ�EXFNHW PHWKRG LQ WKH 6:%0 VXE�PRGHO RI 69,+0 LV XVHG WR FDO�
FXODWH UHFKDUJH WKURXJK WKH VRLO ]RQH WR WKH DTXLIHU� 6RLO ]RQH LQSXWV DUH LQILOWUDWLQJ SUHFLSLWDWLRQ
DQG LUULJDWLRQ ZDWHU� DQG WKH GULYLQJ RXWSXW LV (7� 7KH ³EXFNHW´ LV WKH DVVXPHG ZDWHU VWRUDJH FD�
SDFLW\ LQ WKH VRLO URRWLQJ ]RQH� ZKLFK LV GHSHQGHQW RQ WKH VRLO W\SH RI WKH ILHOG� $Q\ VRLO PRLVWXUH LQ
H[FHVV RI WKH ILHOG FDSDFLW\ �WKH DPRXQW UHWDLQHG LQ JUDYLW\�GUDLQHG VRLO WKURXJK FDSLOODU\ IRUFHV� DW
WKH HQG RI HDFK GD\ LV DVVXPHG WR UHFKDUJH WR JURXQGZDWHU�
5HFKDUJH IURP WKH ODQG VXUIDFH RFFXUV SULPDULO\ LQ ZLQWHU PRQWKV EXW LV OLPLWHG ± H[FHSW XQGHU
IORRG LUULJDWLRQ ± GXULQJ WKH VXPPHU PRQWKV� /LNH SUHFLSLWDWLRQ� UHFKDUJH IURP WKH ODQGVFDSH LV
KLJKO\ YDULDEOH� UDQJLQJ IURP � 7$) WR �� 7$) ZLWK D PHGLDQ RI �� 7$)�
*URXQGZDWHU 3XPSLQJ

*URXQGZDWHU SXPSLQJ LV FRPSXWHG E\ WKH 6:%0 VXE�PRGHO RI 69,+0 WR PHHW (7 GHPDQG LQ
LUULJDWHG FURSV WKDW LV QRW PHW E\ SUHFLSLWDWLRQ� VXUIDFH ZDWHU LUULJDWLRQ� RU ± SULRU WR WKH EHJLQQLQJ
RI WKH LUULJDWLRQ VHDVRQ � E\ VRLO ZDWHU VWRUDJH� *URXQGZDWHU SXPSLQJ LV OLPLWHG WR ILHOGV ZLWK
JURXQGZDWHU DV WKH VRXUFH RI LUULJDWLRQ ZDWHU� 3XPSLQJ DOVR RFFXUV LQ ILHOGV GHVLJQDWHG DV KDYLQJ
DFFHVV WR VXUIDFH ZDWHU DQG JURXQGZDWHU� DIWHU VWUHDPIORZ LQIORZ IURP WKH XSSHU ZDWHUVKHG LV
LQVXIILFLHQW WR PHHW LUULJDWLRQ GHPDQGV� 7KH SXPSLQJ DPRXQW YDULHV DV D IXQFWLRQ RI VRLO W\SH�
FURS� DQG LUULJDWLRQ W\SH� ZKLFK LQ WXUQ GHWHUPLQH VRLO PRLVWXUH� LUULJDWLRQ HIILFLHQF\� (7� DPRQJ
RWKHUV� *URXQGZDWHU SXPSLQJ RQO\ RFFXUV GXULQJ WKH LUULJDWLRQ VHDVRQ� ZKLFK LV D IXQFWLRQ RI WKH
FURS W\SH DQG WKH G\QDPLFV RI VSULQJ VRLO PRLVWXUH GHSOHWLRQ �VHH )RJOLD HW DO� ������ IRU GHWDLOV��
$QQXDO JURXQGZDWHU SXPSLQJ YDULHV LQ UHVSRQVH WR DYDLODEOH SUHFLSLWDWLRQ DQG (7 GHPDQG� IURP
�� 7$) WR �� 7$)� ZLWK D PHGLDQ RI �� 7$)� 7KH ODUJHVW DPRXQW RI SXPSLQJ RFFXUV LQ ���� ���
7$)� DQG RWKHU GU\ \HDUV �DW RU DERYH �� 7$)� ����� ����� ���������� ����� ����� ������ 7KH
OHDVW DPRXQW RI SXPSLQJ LV REVHUYHG LQ \HDUV ZLWK H[FHSWLRQDOO\ ZHW VSULQJV ����� DQG ������
*URXQGZDWHU 8SWDNH E\ &URSV

,Q WKH 'LVFKDUJH =RQH RI ZHVWHUQ 6FRWW 9DOOH\� WKH ZDWHU WDEOH LV VXIILFLHQWO\ VKDOORZ WKDW VXE�
LUULJDWLRQ �GLUHFW FURS XSWDNH RI ZDWHU IURP WKH ZDWHU WDEOH� LV XVHG WR JURZ SDVWXUH� ,Q 69,+0� WKH
XVH RI JURXQGZDWHU E\ FURSV LV H[SOLFLWO\ VLPXODWHG WR VXSSOHPHQW VRLO PRLVWXUH FRQWULEXWLRQ WR (7�
ZKLFK LV DFFRXQWHG IRU LQ 6:%0 �7ROOH\� )RJOLD� DQG +DUWHU ������ $QQXDOO\� WKLV IOX[ WHUP LV � 7$)
RU OHVV�

�� &KDQJH LQ 6WRUDJH

&KDQJH LQ WKH VWRUHG YROXPH RI ZDWHU LV LOOXVWUDWHG LQ )LJXUH ���
6XUIDFH :DWHU 6WRUDJH
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&KDQJH LQ VWRUDJH LQ WKH VXUIDFH ZDWHU V\VWHP LV FDOFXODWHG LV 69,+0� $W DQ DQQXDO WLPHVFDOH� WKLV
EXGJHW FRPSRQHQW LV QHJOLJLEOH �)LJXUH ���� FRQVHTXHQWO\ LW LV QRW VKRZQ LQ )LJXUH ���

6RLO =RQH 6WRUDJH

7KH LQWHU�DQQXDO FKDQJH LQ WKH ZDWHU VWRUHG LQ WKH VRLO ]RQH �GHILQHG DV WKH WRS RI WKH VRLO WR WKH
ERWWRP RI WKH URRWLQJ ]RQH� RU � IW ���� P� EHORZ JURXQG� LQ 69,+0� UDQJHV IURP DQQXDO QHW ORVV
DV KLJK DV � 7$) WR DQ DQQXDO QHW JDLQ DV KLJK DV �� 7$) �)LJXUH ���� 6WRUDJH JDLQV DUH W\SLFDOO\
DVVRFLDWHG ZLWK ZHW DQG QHDU DYHUDJH \HDUV� VWRUDJH ORVVHV RFFXU GXULQJ QHDU DYHUDJH DQG GU\
\HDUV�

$TXLIHU 6WRUDJH

*URXQGZDWHU LV WKH ODUJHVW VWRUDJH FRPSRQHQW LQ WKH %DVLQ� $QQXDO FKDQJHV LQ JURXQGZDWHU VWRU�
DJH UDQJH IURP DV PXFK DV �� 7$) LQFUHDVH WR DV PXFK DV �� 7$) LQ GHFUHDVH RYHU D ���PRQWK
SHULRG� 2Q 6HSWHPEHU ��� ����� WRWDO JURXQGZDWHU VWRUDJH ZDV �� 7$) ORZHU WKDQ DW WKH EHJLQQLQJ
RI WKH VLPXODWLRQ SHULRG �2FWREHU �� ������ 2QH \HDU HDUOLHU� LQ ����� WRWDO JURXQGZDWHU VWRUDJH
ZDV � 7$) ORZHU WKDQ DW WKH EHJLQQLQJ RI WKH VLPXODWLRQ SHULRG �)LJXUH ���� /RZHVW JURXQGZDWHU
VWRUDJH GXULQJ WKH VLPXODWHG SHULRG ZDV LQ IDOO RI ���� DQG LQ IDOO RI ����� 7KH WKLUG ORZHVW VWRUDJH
RFFXUUHG LQ IDOO RI ����� $TXLIHU VWRUDJH G\QDPLFV GR QRW LQGLFDWH ORQJ�WHUP RYHUGUDIW FRQGLWLRQV�

������� *URXQGZDWHU '\QDPLFV LQ WKH 6FRWW 9DOOH\ $TXLIHU 6\VWHP� .H\ ,Q�
VLJKWV

7KH 6FRWW 9DOOH\ JURXQGZDWHU EDVLQ LV DQ LQWHUPRQWDQH DOOXYLDO EDVLQ VXUURXQGHG E\ DQ XSSHU
ZDWHUVKHG WKDW KDV KLJKO\ YDULDEOH QDWXUDO UXQRII� EXW QR VXUIDFH VWRUDJH UHVHUYRLUV� 7KH %DVLQ
LWVHOI JHQHUDWHV DGGLWLRQDO GLVFKDUJH WR WKH VWUHDP V\VWHP WKDW H[LWV WKH %DVLQ DQG WKH ODUJHU XSSHU
6FRWW 5LYHU ZDWHUVKHG MXVW DERYH WKH )RUW -RQHV JDXJH RQ WKH 6FRWW 5LYHU� 7KH JURXQGZDWHU
V\VWHP UHFHLYHV UHFKDUJH IURP ERWK� WKH VWUHDP V\VWHP� HVSHFLDOO\ DORQJ WKH XSSHU DOOXYLDO IDQV RI
WKH WULEXWDULHV� DQG IURP WKH ODQGVFDSH� *URXQGZDWHU GLVFKDUJHV LQWR WKH PDLQ�VWHP RI WKH 6FRWW
5LYHU� DQG LQWR WKH ORZHU VHFWLRQV RI WKH WULEXWDULHV� EXW DOVR HPHUJHV LQ VSULQJV DQG GUDLQDJHV
ZLWKLQ WKH 'LVFKDUJH =RQH� 5LSDULDQ YHJHWDWLRQ DORQJ WKH WULEXWDULHV DQG WKH PDLQ�VWHP 6FRWW
5LYHU WDSV LQWR VKDOORZ JURXQGZDWHU�

3UHFLSLWDWLRQ RFFXUV SUHGRPLQDQWO\ LQ WKH ZLQWHU PRQWKV� IURP 2FWREHU WKURXJK $SULO� ,UULJDWLRQ ZLWK
VXUIDFH ZDWHU DQG JURXQGZDWHU EHWZHHQ $SULO DQG 6HSWHPEHU LV XVHG WR JURZ SHUHQQLDO FURSV �DO�
IDOID� LQ RFFDVLRQDO URWDWLRQ ZLWK JUDLQV� DQG SDVWXUH�� *URXQGZDWHU KDV EHHQ XVHG IRU LUULJDWLRQ
VLQFH WKH ����V DQG KDV DOORZHG IRU DQ H[WHQGHG LUULJDWLRQ VHDVRQ� HVSHFLDOO\ RQ DOIDOID� *URXQG�
ZDWHU SXPSLQJ VLJQLILFDQWO\ DIIHFWV EDVHIORZ FRQGLWLRQV GXULQJ WKH VXPPHU�

:LQWHU UDLQV DQG ZLQWHU�VSULQJ UXQRII ILOO WKH DTXLIHU V\VWHP EHWZHHQ 2FWREHU DQG $SULO �)LJXUH ����
*URXQGZDWHU GLVFKDUJH WR VWUHDPV DORQJ WKH WKDOZHJ GUDLQV WKH DTXLIHU V\VWHP \HDU�URXQG�
*URXQGZDWHU SXPSLQJ IXUWKHU HQKDQFHV WKH QDWXUDO ORZHULQJ RI ZDWHU OHYHOV GXULQJ WKH GU\
VHDVRQ� OHDGLQJ WR OHVV EDVHIORZ�

:DWHU OHYHOV DUH KLJKHVW QHDU WKH YDOOH\ PDUJLQ DQG VORSH IURP ERWK VLGHV RI WKH YDOOH\ WRZDUG
WKH YDOOH\ WKDOZHJ� DORQJ WKH PDLQ�VWHP 6FRWW 5LYHU� +LJKHU UHFKDUJH GXULQJ WKH ZLQWHU PRQWKV
LQFUHDVHV WKH VORSH RI WKH ZDWHU WDEOH IURP WKH YDOOH\ PDUJLQV WRZDUG WKH WKDOZHJ� 7KH ODFN RI
UHFKDUJH IRU PRVW RI WKH GU\ SHULRG ORZHUV WKH VORSH RI WKH ZDWHU WDEOH WRZDUG WKH WKDOZHJ RYHU WKH
VXPPHU PRQWKV� GHFUHDVLQJ GLVFKDUJH IURP JURXQGZDWHU LQWR WKH 6FRWW 5LYHU V\VWHP� %HFDXVH WKH
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ZDWHU WDEOH VORSHV WRZDUG WKH PDLQ�VWHP 6FRWW 5LYHU� VHDVRQDO ZDWHU OHYHO IOXFWXDWLRQV DUH ODUJHVW
QHDU WKH YDOOH\ PDUJLQ DQG OHDVW QHDU WKH 6FRWW 5LYHU �VHH 6HFWLRQ ���������

6HDVRQDO YDULDELOLW\ RI UHFKDUJH LV DFFHQWXDWHG E\ \HDU�WR�\HDU FOLPDWH YDULDELOLW\� <HDUV ZLWK ORZ
SUHFLSLWDWLRQ OHDG WR D VPDOOHU VQRZ SDFN DQG ORZHU UXQRII IURP WKH VXUURXQGLQJ ZDWHUVKHG� KHQFH
OHVV UHFKDUJH IURP WKH WULEXWDULHV LQWR WKH DOOXYLDO IDQV� OHVV UHFKDUJH DFURVV WKH ODQGVFDSH RI WKH
%DVLQ� DQG WKHUHIRUH OHVV ZLQWHU JURXQGZDWHU VWRUDJH LQFUHDVH LQ WKH DTXLIHU V\VWHP� 7KLV LQ WXUQ
OHDGV WR D UHGXFHG VORSH RI WKH ZDWHU WDEOH WR WKH 6FRWW 5LYHU DW WKH EHJLQQLQJ RI WKH LUULJDWLRQ
VHDVRQ ZKHQ FRPSDUHG WR ZHWWHU \HDUV� DQG ORZHU ZLQWHU DQG VSULQJ ZDWHU OHYHOV� SDUWLFXODUO\ QHDU
WKH PDUJLQV RI WKH %DVLQ�

$Q\ VLJQLILFDQW ORQJ�WHUP GHFUHDVH RU LQFUHDVH RI ORQJ�WHUP SUHFLSLWDWLRQ WRWDOV RYHU WKH ZDWHUVKHG
ZLOO OHDG WR FRPPHQVXUDWH ORZHULQJ RU UDLVLQJ� UHVSHFWLYHO\� LQ WKH DYHUDJH VORSH RI WKH ZDWHU WDEOH
IURP WKH YDOOH\ PDUJLQV WRZDUG WKH 6FRWW 5LYHU WKDOZHJ� OHDGLQJ WR D G\QDPLF DGMXVWPHQW RI ZDWHU
OHYHOV� HYHQ XQGHU RWKHUZLVH LGHQWLFDO ODQG XVH DQG ODQG XVH PDQDJHPHQW FRQGLWLRQV� 7KHVH
FOLPDWH�LQGXFHG DGMXVWPHQWV ZLOO EH UHODWLYHO\ VPDOO QHDU WKH PDLQ�VWHP 6FRWW 5LYHU� EXW ODUJHU
QHDU WKH YDOOH\ PDUJLQV� 6XFK FKDQJHV� KRZHYHU� DUH XQOLNHO\ WR OHDG WR JURXQGZDWHU RYHUGUDIW�
+RZHYHU� WKH\ ZLOO DIIHFW EDVHIORZ FRQGLWLRQV� WKH WLPLQJ RI WKH VSULQJ UHFHVV LQ 6FRWW 5LYHU IORZV
DQG WKH DUULYDO RI WKH ILUVW IDOO IOXVK IORZV LQ WKH ULYHU V\VWHP�

6LPLODUO\� DQ\ LQFUHDVH RU UHGXFWLRQ LQ JURXQGZDWHU SXPSLQJ OHDGV WR DQ HTXDO GHFUHDVH RU LQFUHDVH
LQ JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP V\VWHPV� $Q\ PDQDJHG LQFUHDVH LQ UHFKDUJH ZLOO DOVR
OHDG WR DQ HTXDO LQFUHDVH LQ JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP V\VWHP ZLWKLQ WKH %DVLQ� 7KH
UHVSRQVH RI WKH JURXQGZDWHU GLVFKDUJH WR WKH VWUHDP V\VWHP ZLOO EH GHOD\HG UHODWLYH WR WKH WLPLQJ
RI WKH FKDQJHV LQ SXPSLQJ RU UHFKDUJH ± E\ D IHZ GD\V LI FKDQJHV RFFXU ZLWKLQ D IHZ WHQV RU
KXQGUHGV RI IHHW RI D VWUHDP� E\ ZHHNV WR PRQWKV LI WKH\ RFFXU DW ODUJHU GLVWDQFHV IURP WKH VWUHDP�
%XW ZKHQ WKHVH FKDQJHV RFFXU SHUPDQHQWO\ �HYHQ LI RQO\ VHDVRQDOO\ HDFK \HDU�� WKH DQQXDO WRWDO
FKDQJH WR JURXQGZDWHU GLVFKDUJH LQWR WKH VWUHDP V\VWHP ZLOO EH DSSUR[LPDWHO\ WKH VDPH DV WKH
FKDQJH LQ SXPSLQJ �OHDGLQJ WR OHVV GLVFKDUJH� RU LQ UHFKDUJH �OHDGLQJ WR PRUH GLVFKDUJH��

7KLV GHOD\ LQ WLPLQJ FDQ EH WDNHQ DGYDQWDJH RI ZLWK PDQDJHG DTXLIHU UHFKDUJH RU LQ�OLHX UHFKDUJH
GXULQJ SHULRGV RI H[FHVV IORZV LQ WKH VWUHDP V\VWHP� XVHG IRU UHFKDUJH RU LUULJDWLRQ �LQ OLHX RI
SXPSLQJ�� EXW FUHDWLQJ DGGLWLRQDO GLVFKDUJH RI JURXQGZDWHU WR WKH VWUHDP GXULQJ WKH FULWLFDO ORZ
IORZ SHULRG LQ WKH VXPPHU DQG �HDUO\� IDOO�

����� )XWXUH :DWHU %XGJHW

7KH IXWXUH SURMHFWHG ZDWHU EXGJHW FRQWDLQV DOO RI WKH VDPH FRPSRQHQWV DV WKH KLVWRULFDO ZDWHU
EXGJHW� IRU D GHVFULSWLRQ RI WKRVH WHUPV� VHH 6HFWLRQ ������ 7R LQIRUP ORQJ�WHUP K\GURORJLF SODQQLQJ�
WKH IXWXUH SURMHFWHG ZDWHU EXGJHW ZDV GHYHORSHG XVLQJ WKH IROORZLQJ PHWKRG�

�� 2EVHUYHG ZHDWKHU DQG VWUHDPIORZ SDUDPHWHUV IURP ZDWHU \HDUV ��������� ZHUH XVHG PXO�
WLSOH WLPHV WR PDNH D ���\HDU ³%DVHFDVH´ FOLPDWH UHFRUG �VHH $SSHQGL[ ��( IRU GHWDLOV�� 7KH
%DVHFDVH SURMHFWLRQ UHSUHVHQWV D K\SRWKHWLFDO IXWXUH SHULRG LQ ZKLFK FOLPDWH FRQGLWLRQV DUH
WKH VDPH DV FRQGLWLRQV IURP ����������

�� 7KH FOLPDWH�LQIOXHQFHG YDULDEOHV 3UHFLSLWDWLRQ �DV UDLQ�� 5HIHUHQFH (YDSRWUDQVSLUDWLRQ �(7UHI��
DQG WULEXWDU\ VWUHDP LQIORZ ZHUH DOWHUHG WR UHSUHVHQW IRXU FOLPDWH FKDQJH VFHQDULRV�
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� 1HDU�IXWXUH FOLPDWH� UHSUHVHQWLQJ FRQGLWLRQV LQ WKH \HDU ���� �KHOG RYHU WKH HQWLUH ���\HDU
SURMHFWLRQ�

� )DU�IXWXUH FOLPDWH� UHSUHVHQWLQJ FHQWUDO WHQGHQF\ RI SURMHFWHG FRQGLWLRQV LQ WKH \HDU ����
�KHOG RYHU WKH HQWLUH ���\HDU SURMHFWLRQ�

� )DU�IXWXUH FOLPDWH� :HW ZLWK 0RGHUDWH :DUPLQJ �:0:�� UHSUHVHQWLQJ WKH ZHWWHU H[WUHPH
RI SURMHFWHG FRQGLWLRQV LQ WKH \HDU ���� �KHOG RYHU WKH HQWLUH ���\HDU SURMHFWLRQ�

� )DU�IXWXUH FOLPDWH� 'U\ ZLWK ([WUHPH :DUPLQJ �'(:�� UHSUHVHQWLQJ WKH GULHU H[WUHPH RI
SURMHFWHG FRQGLWLRQV LQ WKH \HDU ���� �KHOG RYHU WKH HQWLUH ���\HDU SURMHFWLRQ�

�� 7KH 69,+0 ZDV UXQ IRU WKH ���\HDU SHULRG RI ZDWHU \HDUV ��������� IRU WKH %DVHFDVH DQG
DOO IRXU SURMHFWHG FOLPDWH FKDQJH VFHQDULRV�

)RU FRQYHQLHQFH� WKH VFHQDULRV GHVFULEHG LQ SRLQWV �D WR �G DERYH ZLOO EH UHIHUHQFHG DV WKH 1HDU�
)DU� :HW DQG 'U\ IXWXUH FOLPDWH VFHQDULRV� $GGLWLRQDO WDEOHV DQG ILJXUHV IRU DOO ILYH IXWXUH FOLPDWH
VFHQDULRV DUH LQFOXGHG LQ $SSHQGL[ ��(�

0HWKRG 'HWDLOV

7KH FOLPDWH UHFRUG IRU WKH SURMHFWHG ���\HDU SHULRG RI ZDWHU \HDUV ��������� �2FWREHU �����
6HSWHPEHU ����� ZDV FRQVWUXFWHG IURP PRGHO LQSXWV IRU WKH \HDUV ���������� 7KH PLQLPXP
ERXQG RI ���� ZDV LPSRVHG E\ (7UHI GDWD� ZKLFK LV QRW DYDLODEOH SULRU WR WKH 69,+0 KLVWRULFDO
PRGHO SHULRG� WKH PD[LPXP ERXQG RI ���� ZDV LPSRVHG E\ ':5 FKDQJH IDFWRUV� ZKLFK DUH RQO\
DYDLODEOH WKURXJK ���� �VHH $SSHQGL[ ��(��

8QGHU WKHLU 6*0$ FOLPDWH FKDQJH JXLGDQFH� ':5 SURYLGHG D GDWDVHW RI ³FKDQJH IDFWRUV´ ZKLFK
HDFK *6$ FDQ XVH WR FRQYHUW ORFDO KLVWRULFDO ZHDWKHU GDWD LQWR � GLIIHUHQW FOLPDWH FKDQJH VFHQDULRV
�':5� ����D�� &KDQJH IDFWRUV DUH JHRJUDSKLFDOO\ DQG WHPSRUDOO\ H[SOLFLW� *HRJUDSKLFDOO\� D JULG
RI �����GHJUHH UHVROXWLRQ FHOOV FRYHUV WKH H[WHQW RI &DOLIRUQLD� IRU HDFK RI WKHVH FHOOV� RQH FKDQJH
IDFWRUV DSSOLHV WR HDFK PRQWK� ����������

7KH FKDQJH IDFWRU FRQFHSW LV LQWHQGHG WR FRQYHUW DOO SDVW \HDUV WR D VLQJOH QHDU RU IDU IXWXUH \HDU�
IRU H[DPSOH� LPDJLQLQJ WKDW LQ D K\SRWKHWLFDO JULG FHOO� WKH ���� �1HDU� VFHQDULR FKDQJH IDFWRU IRU
(7 UHI LQ 0DUFK ���� ZDV ��� 7KLV ZRXOG LPSO\ WKDW� XQGHU WKH ORFDO UHVXOWV RI WKH JOREDO FOLPDWH
FKDQJH VFHQDULR XVHG WR LQIRUP WKLV JXLGDQFH� LI 0DUFK ���� KDG RFFXUUHG LQ WKH \HDU ����� WKHUH
ZRXOG EH �� PRUH (7 LQ WKDW JULG FHOO WKDQ KLVWRULFDOO\ REVHUYHG�

,PSOLFDWLRQV

7KH ���� �1HDU� DQG ���� FHQWUDO WHQGHQF\ �)DU� VFHQDULRV SUHGLFW VLPLODU UDLQIDOO FRQGLWLRQV WR
WKH %DVHFDVH� ZKLOH WKH ���� '(: �'U\� DQG ���� :0: �:HW� VFHQDULRV VKRZ OHVV DQG PRUH
FXPXODWLYH UDLQ� UHVSHFWLYHO\� &RQYHUVHO\� DOO VFHQDULRV SUHGLFW KLJKHU IXWXUH (7 WKDQ WKH %DVHFDVH
�)LJXUH ����

+LVWRULFDO UDLQIDOO IRU WKUHH VHOHFWHG SHULRGV ����������� ���������� DQG ���������� ZLWK �����
���� DQG ���� LQFKHV UHVSHFWLYHO\� GHPRQVWUDWH WKDW FRQGLWLRQV LQ WKH ODVW �� \HDUV KDYH EHHQ
GULHU WKDQ WKH ODVW ��� ZKLFK KDYH EHHQ GULHU WKDQ WKH IXOO UHFRUG SHULRG VLQFH ����� 7KH %DVHFDVH
DQG WKUHH RI WKH IRXU IXWXUH VFHQDULRV H[FHHG WKH KLVWRULF DYHUDJHV� ZKLOH WKH '(: �'U\� IXWXUH
VFHQDULR ����� LQFKHV� LV RQ SDU ZLWK WKH DYHUDJH RI WKH ODVW �� \HDUV ����� LQFKHV� �)LJXUH ����
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0RUH JURXQGZDWHU LV KHOG LQ DTXLIHU VWRUDJH LQ WKH :HW VFHQDULR� DQG OHVV LQ WKH 'U\ VFHQDULR
�)LJXUH ���� +RZHYHU� LQWHUDQQXDO YDULDELOLW\ LV D JUHDWHU GULYHU RI VWRUDJH FKDQJH WKDQ ZKLFK
FOLPDWH FKDQJH VFHQDULR LV VHOHFWHG� L�H�� LQ IXWXUH \HDU ���� WKH GLIIHUHQFH EHWZHHQ WKH :HW DQG
'U\ VFHQDULRV ZDV a� 7$)� EXW WKH UDQJH LQ RYHUDOO LQWHUDQQXDO YDULDELOLW\ LQ HDFK VFHQDULR LV JUHDWHU
WKDQ �� 7$) �)LJXUH ���� ,PSRUWDQWO\ IRU VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW� QRQH RI WKH IXWXUH
FOLPDWH VFHQDULRV LQGLFDWH WKDW WKH ORZHVW JURXQGZDWHU VWRUDJH SRLQWV GHFUHDVH RYHU WLPH� HYHQ
WKURXJK UHSHDWHG GHFDGDO ZHW�GU\ F\FOHV �)LJXUH ���� 7KLV VXJJHVWV WKDW ORQJ�WHUP RYHUGUDIW DQG
VXEVLGHQFH DUH XQOLNHO\ LQ DQ DTXLIHU V\VWHP DV VHDVRQDOO\ G\QDPLF DV WKH 6FRWW 5LYHU ZDWHUVKHG�
DW OHDVW XQGHU FOLPDWH FRQGLWLRQV DV H[WUHPH DV WKH 'U\ VFHQDULR� +RZHYHU� WKH ORZHVW SRLQW LQ
WKH FXPXODWLYH DTXLIHU VWRUDJH FXUYH IRU WKH 'U\ VFHQDULR LV W\SLFDOO\ VHYHUDO 7$) EHORZ WKH ORZHVW
SRLQW LQ WKH )DU RU %DVHFDVH VFHQDULRV� VXJJHVWLQJ WKDW GHHSHU VHDVRQDO GHILFLWV RI JURXQGZDWHU
VWRUDJH XQGHU VRPH FOLPDWH FKDQJH VFHQDULRV PD\ OHDG WR ORZHU GU\�VHDVRQ IORZV�

2YHUDOO� WKH HIIHFWV RI DOO IRXU FOLPDWH FKDQJH RQ JURXQGZDWHU DSSHDU WR EH VRPHZKDW PRGHUDWH
DQG D PDWWHU RI GHJUHH� FRQYHUVHO\� WKH LPSDFW RI IXWXUH FOLPDWH FRQGLWLRQV RQ VXUIDFH IORZV LV
KLJKO\ YDULDEOH GHSHQGLQJ RQ ZKLFK VFHQDULR LV VHOHFWHG �)LJXUH ���� 1HDU DQG )DU VFHQDULRV
VKRZ PLQLPDO GLIIHUHQFHV IURP KLVWRULFDO EDVHFDVH IORZ FRQGLWLRQV� 7KH 'U\ VFHQDULR VKRZV VRPH
SHULRGV RI QRWDEO\ UHGXFHG IORZ� ZKLOH WKH :HW VFHQDULR VKRZV VRPH \HDUV ZLWK PXFK KLJKHU IORZ
WKDQ KLVWRULFDO EDVHFDVH IORZ FRQGLWLRQV�

:KLOH WKLV LQLWLDO FOLPDWH DQDO\VLV LV D *63 UHTXLUHPHQW� LW GRHV QRW SURYLGH VXEVWDQWLDO LQIRUPDWLRQ
WR LQIRUP VXVWDLQDEOH PDQDJHPHQW� LQ SDUW EHFDXVH WKH ³'U\´ VFHQDULR PRUH RU OHVV PDWFKHV WKH
FOLPDWH RI WKH PRVW UHFHQW KLVWRULF GHFDGH� ZKLOH WKH ³:HW´ VFHQDULR VHHPV XQOLNHO\ EDVHG RQ WKH
SDVW �� \HDUV RI FOLPDWH SDWWHUQV� $GGLWLRQDO FOLPDWH DQDO\VLV ZLOO EH LQFRUSRUDWHG LQWR WKH IHDVLELOLW\
DVVHVVPHQW VWDJH RI LPSOHPHQWLQJ 3URMHFWV DQG 0DQDJHPHQW $FWLRQV �VHH &K� ���

$QDO\VLV /LPLWDWLRQ DQG )XWXUH ,PSURYHPHQW

7KH SULPDU\ OLPLWDWLRQ RI WKH IXWXUH ZDWHU EXGJHW DQDO\VLV LV WKDW LW OLNHO\ GRHV QRW H[SOLFLWO\ VLPXODWH
H[SHFWHG IXWXUH FKDQJHV LQ VQRZ PHOW G\QDPLFV� 7KH WULEXWDU\ LQIORZV KDYH EHHQ DOWHUHG E\ WKH
DSSOLFDWLRQ RI VWUHDPIORZ FKDQJH IDFWRUV SURYLGHG E\ ':5� (YHQ LQ WKH 'U\ ZLWK ([WUHPH:DUPLQJ
�'(:� VFHQDULR� WKH PRVW VLJQLILFDQW FKDQJH LQ WKH RYHUDOO K\GURJUDSK RI 6KDFNOHIRUG� D PDMRU
WULEXWDU\� LV D OHQJWKHQLQJ RI WKH GU\ VHDVRQ ODWHU LQWR WKH IDOO �)LJXUH ���� 7KH WLPLQJ RI WKH VSULQJ
UHFHVVLRQ UHPDLQV H[WUHPHO\ VLPLODU EHWZHHQ WKH EDVHFDVH DQG '(:�

7KLV GRHV QRW UHIOHFW NQRZQ DQG UHFHQWO\ REVHUYHG FKDQJHV LQ VSULQJ UHFHVVLRQ WLPLQJ� QDPHO\�
WKDW KLJKHU WHPSHUDWXUHV ZLOO FDXVH VQRZ PHOW WR RFFXU HDUOLHU LQ WKH \HDU� ,Q IXWXUH *63 XSGDWHV�
DGGLWLRQDO FOLPDWH FKDQJH DQDO\VLV WKDW H[SOLFLWO\ PRGHOV UHJLRQDO VQRZ SDFN G\QDPLFV PD\ DOORZ
IRU WULEXWDU\ LQIORZ HVWLPDWHV WKDW LQFRUSRUDWH WKLV SKHQRPHQRQ�
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ZLWK EDVHFDVH DQG IRXU ':5 FOLPDWH VFHQDULRV� 7KH ���� �1HDU� DQG ���� FHQWUDO WHQGHQF\ �)DU�
VFHQDULRV SUHGLFW VLPLODU UDLQIDOO FRQGLWLRQV WR WKH %DVHFDVH� ZKLOH WKH ���� '(: �'U\� DQG ����
:0: �:HW� VFHQDULRV VKRZ OHVV DQG PRUH FXPXODWLYH UDLQ� UHVSHFWLYHO\� &RQYHUVHO\� DOO VFHQDULRV
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IORZ� ZKLOH WKH :HW VFHQDULR VKRZV VRPH \HDUV ZLWK PXFK KLJKHU IORZ WKDQ KLVWRULFDO EDVHFDVH
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����� 6XVWDLQDEOH <LHOG

7KH VXVWDLQDEOH \LHOG ³PHDQV WKH PD[LPXP TXDQWLW\ RI ZDWHU� FDOFXODWHG RYHU D EDVH SHULRG UHS�
UHVHQWDWLYH RI ORQJ�WHUP FRQGLWLRQV LQ WKH EDVLQ DQG LQFOXGLQJ DQ\ WHPSRUDU\ VXUSOXV� WKDW FDQ EH
ZLWKGUDZQ DQQXDOO\ IURP D JURXQGZDWHU VXSSO\ ZLWKRXW FDXVLQJ DQ XQGHVLUDEOH UHVXOW´ �&DOLIRUQLD
:DWHU &RGH 6HFWLRQ �������

,Q WKLV SODQ� WKH VXVWDLQDEOH \LHOG LV GHILQHG DV WKH ORQJ�WHUP DYHUDJH DQQXDO JURXQGZDWHU SXPSLQJ
UDWH� DV GHILQHG E\ WKH ZDWHU EXGJHW SURFHVV� WKDW GRHV QRW FDXVH DQ XQGHVLUDEOH UHVXOW� &KDSWHU
� GHILQHV WKH ZDWHU EXGJHW SURFHVV DQG &KDSWHU � GHILQHV XQGHVLUDEOH UHVXOWV� :LWK UHVSHFW WR
WKH VXVWDLQDELOLW\ LQGLFDWRUV IRU ZDWHU OHYHO DQG JURXQGZDWHU VWRUDJH� WKH %DVLQ LV QRW LQ RYHUGUDIW
DQG KDV QRW LQFXUUHG XQGHVLUDEOH UHVXOWV� 6LQFH ����� RQJRLQJ JURXQGZDWHU SXPSLQJ DQG RQJRLQJ
JURXQGZDWHU PDQDJHPHQW DFWLRQV KDYH DOVR QRW LQFXUUHG QHZ XQGHVLUDEOH UHVXOWV ZLWK UHVSHFW
WR VXVWDLQDELOLW\ LQGLFDWRUV IRU ODQG VXEVLGHQFH� ZDWHU TXDOLW\� DQG WHUUHVWULDO *'(V� :DWHU OHYHOV
DQG JURXQGZDWHU VWRUDJH KDYH EHHQ LQ D ORQJ�WHUP G\QDPLF HTXLOLEULXP EHWZHHQ LQIORZV WR DQG
RXWIORZV IURP WKH DTXLIHU V\VWHP� )RU WKH 6FRWW 9DOOH\� WKH VXVWDLQDEOH \LHOG ZLWK UHVSHFW WR DOO
EXW WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRU ZRXOG EH HTXDO WR WKH ���\HDU
DYHUDJH DQQXDO JURXQGZDWHU SXPSLQJ RI �� WKRXVDQG $) DV HVWLPDWHG ZLWK 69,+0 IRU WKH
���� WR ���� SHULRG�

&KDSWHU � GHILQHV XQGHVLUDEOH UHVXOWV IRU WKH LQWHUFRQQHFWHG VXUIDFH ZDWHU �,6:� VXVWDLQDELOLW\ LQ�
GLFDWRU WKDW H[LVWHG GXULQJ WKH EDVHOLQH SHULRG DQG FRQWLQXH WR H[LVW� 7KH XQGHVLUDEOH UHVXOW RFFXUV
GXH WR LQWHUPLWWHQW DGYHUVH VWUHDP IORZ FRQGLWLRQV GXULQJ WKH VXPPHU DQG IDOO RI GU\ DQG VRPH
DYHUDJH ZDWHU \HDUV� $GYHUVH VWUHDP IORZ FRQGLWLRQV DUH WKRVH WKDW QHJDWLYHO\ DIIHFW WKH KDELWDW
RI DQDGURPRXV ILVK LQ WKH 6FRWW 5LYHU� 7KH *63 VHWV D PLQLPXP WKUHVKROG IRU ���� DQG WKHUHDIWHU�
7KH PLQLPXP WKUHVKROG UHTXLUHV WKDW FXUUHQW ORQJ�WHUP DYHUDJH VWUHDP GHSOHWLRQ RI ,6: GXULQJ
WKH FULWLFDO 6HSWHPEHU WR 1RYHPEHU SHULRG LV UHYHUVHG E\ DW OHDVW ��� �VHH &KDSWHU ������ WKURXJK
D FRPELQDWLRQ RI SURMHFWV DQG PDQDJHPHQW DFWLRQV �30$V�� 7KH HIIHFW RI VSHFLILF 30$V RU FRP�
ELQDWLRQV RI 30$V RQ VWUHDP GHSOHWLRQ UHYHUVDO LV TXDQWLILHG XVLQJ 69,+0 VFHQDULR DQDO\VLV �VHH
&KDSWHUV ����� DQG ������� ,PSRUWDQWO\� 30$V WR UHYHUVH VWUHDP GHSOHWLRQ PD\ LQFOXGH PDQDJHG
DTXLIHU UHFKDUJH� VRPH UHGXFWLRQ RI SXPSLQJ GHPDQG� ERWK� RU QHLWKHU �VHH &KDSWHU ���

69,+0 VLPXODWLRQV RI YDULRXV 30$ VFHQDULRV KDYH EHHQ SHUIRUPHG WR TXDQWLI\ WKH DPRXQW RI
VWUHDP GHSOHWLRQ UHYHUVDO DFFRPSOLVKHG �$SSHQGL[ ��$�� $W ��\HDU SODQ XSGDWHV� XSGDWHG 69,+0
VLPXODWLRQV ZLOO EH XVHG WR TXDQWLI\ WKH DPRXQW RI VWUHDP GHSOHWLRQ UHYHUVDO DFFRPSOLVKHG E\ DFWXDO
30$V WKDW ZLOO EH LPSOHPHQWHG DW WKDW WLPH� (DFK RI WKHVH �IXWXUH� VFHQDULR VLPXODWLRQV DOVR SUR�
YLGHV DQ HVWLPDWH RI WKH GLIIHUHQFH LQ ORQJ�WHUP DYHUDJH DQQXDO JURXQGZDWHU SXPSLQJ WKDW ZRXOG
RFFXU IRU D SDUWLFXODU 30$ RU FRPELQDWLRQ RI 30$V ZKHQ WKH\ DUH LPSOHPHQWHG �VHH &KDSWHU �����

7KH H[LVWLQJ SRUWIROLR RI VFHQDULR VLPXODWLRQV �$SSHQGL[ ��$� LQGLFDWH WKDW WKH DPRXQW RI ORQJ�
WHUP DYHUDJH JURXQGZDWHU SXPSLQJ WKDW FDQ RFFXU ZLWKRXW FDXVLQJ XQGHVLUDEOH UHVXOWV WR WKH ,6:
GHSHQGV RQ WKH WLPLQJ DQG ORFDWLRQ RI SXPSLQJ UHGXFWLRQV RU UHFKDUJH DVVRFLDWHG ZLWK 30$V� LI
DQ\� 7KLV LV GXH WR WKH IDFW WKDW DGYHUVH FRQGLWLRQV RFFXU LQWHUPLWWHQWO\ DQG RQO\ LQ VRPH ZDWHU
\HDUV� 7KHVH FRPSOH[LWLHV DOVR H[LVW EHFDXVH DGYHUVH FRQGLWLRQV LQ LQWHUFRQQHFWHG VXUIDFH ZDWHU
DUH FDXVHG QRW RQO\ E\ VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ� EXW DOVR DUH DIIHFWHG E\
VXUIDFH ZDWHU GLYHUVLRQV� QDWXUDO UHFKDUJH FRQGLWLRQV LQ WKH SUHFHGLQJ VSULQJ DQG ZLQWHU� UHWXUQ
IORZV IURP VXUIDFH ZDWHU DQG JURXQGZDWHU LUULJDWHG ILHOGV� DQG E\ RWKHU IDFWRUV �VHH &KDSWHU �����

$V D FRQVHTXHQFH� WKH VXVWDLQDEOH \LHOG ZLOO YDU\ ZLWK WKH VHOHFWHG SRUWIROLR RI 30$V WKDW DOORZ WKH
EDVLQ WR PHHW WKH VXVWDLQDEOH PDQDJHPHQW FULWHULD� )RU H[DPSOH�

���
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� 7KH *6$ PD\ FKRRVH WR EXLOG RII�VWUHDP VXUIDFH ZDWHU VWRUDJH WR UHYHUVH VWUHDP GHSOHWLRQ
GXULQJ FULWLFDO SHULRGV� 7KDW ZRXOG UHTXLUH QHLWKHU D UHGXFWLRQ LQ SXPSLQJ QRU DQ LQFUHDVH LQ
UHFKDUJH WR DYRLG WKH ,6: XQGHVLUDEOH UHVXOW� 7KH VXVWDLQDEOH \LHOG XQGHU WKLV 30$ LPSOH�
PHQWDWLRQ ZRXOG UHPDLQ DW ������ DFUH�IHHW�\HDU�

� 7KH *6$PD\ LPSOHPHQW 0$5 DQG ,/5 WR WKH H[WHQG GRFXPHQWHG LQ $SSHQGL[ �$� 7KH UHVXOW�
LQJ UHYHUVDO RI VWUHDP GHSOHWLRQ ZRXOG PHHW DQG H[FHHG WKH PLQLPXP WKUHVKROG UHTXLUHPHQWV�
69,+0 VLPXODWLRQV LQGLFDWH WKDW WKLV 30$ LQFUHDVHV ORQJ�WHUP DYHUDJH VWUHDPIORZ E\ DSSUR[�
LPDWHO\ ����� DFUH�IHHW�\HDU WKURXJK D FRPELQDWLRQ RI DQ DYHUDJH ������ DFUH�IHHW�\HDU RI
DGGLWLRQDO UHFKDUJH DQG ����� DFUH�IHHW�\HDU OHVV SXPSLQJ� 6LQFH DGGLWLRQDO UHFKDUJH GXULQJ
ZLQWHU DQG VSULQJ LV GHGLFDWHG WR HQKDQFH VXPPHU DQG IDOO VWUHDP IORZ �GHSOHWLRQ UHYHUVDO��
LW GRHV QRW DGG WR WKH VXVWDLQDEOH \LHOG RI WKH EDVLQ� :LWK ����� DFUH�IHHW�\HDU OHVV SXPSLQJ
�GXH WR WKH LQ�OLHX UHFKDUJH SURFHVV�� WKH VXVWDLQDEOH \LHOG XQGHU WKLV 30$ LPSOHPHQWDWLRQ
ZRXOG EH ������ DFUH�IHHW�\HDU�

� 7KH *6$ PD\ LPSOHPHQW D SURJUDP WR LQFUHDVH DYHUDJH LUULJDWLRQ HIILFLHQF\ E\ ���� DV GRF�
XPHQWHG LQ $SSHQGL[ ��$� 7KLV 30$ ZRXOG UHVXOW LQ DQ DYHUDJH ��� VWUHDP GHSOHWLRQ UH�
YHUVDO GXULQJ 6HSWHPEHU WR 1RYHPEHU� 7KLV ZRXOG DFKLHYH PRVW ± EXW QRW DOO ± RI WKH PLQL�
PXP WKUHVKROG GHSOHWLRQ UHYHUVDO ������ 69,+0 VLPXODWLRQV LQGLFDWH WKDW WKLV 30$ LQFUHDVHV
ORQJ�WHUP DYHUDJH VWUHDPIORZ E\ DSSUR[LPDWHO\ ����� DFUH�IHHW�\HDU WKURXJK D UHGXFWLRQ LQ
JURXQGZDWHU GHPDQG WKDW DYHUDJHV ����� DFUH�IHHW�\HDU� 5HWXUQ IORZ IURP LUULJDWHG ODQGV WR
JURXQGZDWHU ZRXOG DOVR EH UHGXFHG E\ ����� DFUH�IHHW�\HDU� RQ DYHUDJH� 7RWDO ORQJ�WHUP DY�
HUDJH JURXQGZDWHU SXPSLQJ XQGHU WKLV 30$ LPSOHPHQWDWLRQ ZRXOG EH ������ DFUH�IHHW�\HDU
������ DFUH�IHHW�\HDU OHVV WKDQ WKH FXUUHQW DYHUDJH DQQXDO EDVHOLQH SXPSLQJ�� $GGLWLRQDO
30$V ZRXOG EH QHHGHG WR PHHW WKH PLQLPXP WKUHVKROG DQG PHDVXUDEOH REMHFWLYH UHTXLUH�
PHQWV IRU GHSOHWLRQ UHYHUVDO� 7KH DGGLWLRQDO 30$ WR PHHW WKH VXVWDLQDELOLW\ FULWHULD IRU ,6:
PD\ EH 0$5� 0$5 GRHV QRW LQFUHDVH JURXQGZDWHU SXPSLQJ GHPDQG� 7KH VXVWDLQDEOH \LHOG
IRU WKLV FRPELQDWLRQ RI 30$V ZRXOG WKHUHIRUH EH ������ DFUH�IHHW�\HDU�

$V WKHVH H[DPSOHV LOOXVWUDWH� WKH VXVWDLQDEOH \LHOG WKDW DGGUHVVHV WKH XQGHVLUDEOH UHVXOW IRU WKH
,6: ZLOO EH D IXQFWLRQ RI WKH VSHFLILF 30$V WKDW ZLOO EH VHOHFWHG RYHU WKH LPSOHPHQWDWLRQ SHULRG�
7KH VXVWDLQDEOH \LHOG ZLOO WKHUHIRUH EH DQ DGMXVWPHQW WR WKH ���� ± ���� EDVHOLQH DYHUDJH DQQXDO
JURXQGZDWHU SXPSLQJ RI �� WKRXVDQG DFUH�IHHW� JLYHQ WKH UHGXFWLRQ �RU LQFUHDVH� LQ JURXQGZDWHU
SXPSLQJ DVVRFLDWHG ZLWK 30$V WKDW DUH LPSOHPHQWHG RYHU WKH FRPLQJ WZHQW\ \HDUV WR PHHW WKH
PHDVXUDEOH REMHFWLYH IRU WKH ,6: VXVWDLQDELOLW\ LQGLFDWRU DQG WR DYRLG ,6: XQGHVLUDEOH UHVXOWV�

7KH ORQJ�WHUP DYHUDJH JURXQGZDWHU SXPSLQJ UDWH ZLOO EH UHFRPSXWHG DW HDFK ��\HDU SODQ XS�
GDWH� JLYHQ WKH WKHQ�LPSOHPHQWHG 30$V� 7KH VXVWDLQDEOH \LHOG ZLOO EH WKH DPRXQW RI ORQJ�WHUP
DYHUDJH JURXQGZDWHU SXPSLQJ QHHGHG XQGHU WKH 30$V LPSOHPHQWHG E\ DQG DIWHU ���� WKDW DYRLG
WKH PLQLPXP WKUHVKROG DQG DFKLHYH WKH PHDVXUDEOH REMHFWLYH IRU WKH ,6: VXVWDLQDELOLW\ LQGLFDWRU
DV ZHOO DV WKH RWKHU VXVWDLQDELOLW\ LQGLFDWRUV� )XWXUH VLPXODWLRQV DQG DVVHVVPHQWV ZLOO DOVR FRQ�
VLGHU PHDVXUHG FKDQJHV LQ FOLPDWH DQG XSGDWH IXWXUH FOLPDWH SUHGLFWLRQV� &OLPDWH FKDQJH PD\
IXUWKHU LPSDFW WKH VXVWDLQDEOH \LHOG RI WKH %DVLQ�

���



&KDSWHU �� 6XVWDLQDEOH 0DQJHPHQW &ULWHULD
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��� ,QWURGXFWLRQ DQG 'HILQLWLRQ RI 7HUPV

7KLV VHFWLRQ GHILQHV VXVWDLQDEOH JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ WKURXJK GHVFULSWLRQ RI DQ
RYHUDOO VXVWDLQDELOLW\ JRDO IRU WKH %DVLQ� DQG WKURXJK GHVFULSWLRQ DQG TXDQWLILFDWLRQ RI VXVWDLQDEOH
PDQDJHPHQW FULWHULD �60&� IRU HDFK RI WKH VXVWDLQDELOLW\ LQGLFDWRUV� 6*0$ UHTXLUHV WKDW D *63
GHVLJQ WKH 60& WR DYRLG XQGHVLUDEOH UHVXOWV WKDW GLG QRW DOUHDG\ H[LVW SULRU WR ����� 7KH SODQ LV
QRW UHTXLUHG WR� EXW PD\ DOVR DGGUHVV XQGHVLUDEOH UHVXOWV WKDW RFFXUUHG EHIRUH -DQXDU\ �� ����
�&DOLIRUQLD :DWHU &RGH ��������E������ %XLOGLQJ RQ WKH %DVLQ FRQGLWLRQV GHVFULEHG LQ &KDSWHU ��
WKLV VHFWLRQ GHVFULEHV WKH SURFHVVHV DQG FULWHULD XVHG WR GHILQH WKH XQGHVLUDEOH UHVXOWV� PHDVXUDEOH
REMHFWLYHV� DQG PLQLPXP WKUHVKROGV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU�
7KH IROORZLQJ WHUPV� GHILQHG EHORZ� DUH XVHG WKURXJKRXW WKLV FKDSWHU�
6XVWDLQDELOLW\ *RDO� 7KH RYHUDUFKLQJ JRDO IRU WKH %DVLQ ZLWK UHVSHFW WR PDQDJLQJ JURXQGZDWHU
FRQGLWLRQV WR HQVXUH WKH DEVHQFH RI XQGHVLUDEOH UHVXOWV�
6XVWDLQDELOLW\ ,QGLFDWRUV �6,�� 6L[ LQGLFDWRUV GHILQHG XQGHU 6*0$� FKURQLF ORZHULQJ RI JURXQG�
ZDWHU OHYHOV� UHGXFWLRQ RI JURXQGZDWHU VWRUDJH� VHDZDWHU LQWUXVLRQ� GHJUDGHG JURXQGZDWHU TXDO�
LW\� ODQG VXEVLGHQFH� DQG GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU� 7KHVH LQGLFDWRUV GHVFULEH
JURXQGZDWHU�UHODWHG FRQGLWLRQV LQ WKH %DVLQ DQG DUH XVHG WR GHWHUPLQH RFFXUUHQFH RI XQGHVLUDEOH
UHVXOWV ��� &&5 ��������
6XVWDLQDEOH 0DQDJHPHQW &ULWHULD �60&�� 0LQLPXP WKUHVKROGV� PHDVXUDEOH REMHFWLYHV� DQG XQ�
GHVLUDEOH UHVXOWV� FRQVLVWHQW ZLWK WKH VXVWDLQDELOLW\ JRDO� WKDW PXVW EH GHILQHG IRU HDFK VXVWDLQDELOLW\
LQGLFDWRU�
8QGHVLUDEOH 5HVXOWV �85�� &RQGLWLRQV� GHILQHG XQGHU 6*0$ DV�

« RQH RU PRUH RI WKH IROORZLQJ HIIHFWV FDXVHG E\ JURXQGZDWHU FRQGLWLRQV RFFXUULQJ
WKURXJKRXW D EDVLQ�

�� &KURQLF ORZHULQJ RI JURXQGZDWHU OHYHOV LQGLFDWLQJ D VLJQLILFDQW DQG XQUHDVRQDEOH GH�
SOHWLRQ RI VXSSO\ LI FRQWLQXHG RYHU WKH SODQQLQJ DQG LPSOHPHQWDWLRQ KRUL]RQ«�

�� 6LJQLILFDQW DQG XQUHDVRQDEOH UHGXFWLRQ RI JURXQGZDWHU VWRUDJH�

�� 6LJQLILFDQW DQG XQUHDVRQDEOH VHDZDWHU LQWUXVLRQ�

�� 6LJQLILFDQW DQG XQUHDVRQDEOH GHJUDGHG ZDWHU TXDOLW\� LQFOXGLQJ WKH PLJUDWLRQ RI FRQ�
WDPLQDQW SOXPHV WKDW LPSDLU ZDWHU VXSSOLHV�

�� 6LJQLILFDQW DQG XQUHDVRQDEOH ODQG VXEVLGHQFH WKDW VXEVWDQWLDOO\ LQWHUIHUHV ZLWK VXU�
IDFH ODQG XVHV�

���
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�� 'HSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU WKDW KDYH VLJQLILFDQW DQG XQUHDVRQDEOH
DGYHUVH LPSDFWV RQ EHQHILFLDO XVHV RI WKH VXUIDFH ZDWHU�

0LQLPXP 7KUHVKROGV �0LQ7�� D TXDQWLWDWLYH YDOXH UHSUHVHQWDWLYH RI JURXQGZDWHU FRQGLWLRQV DW D
VLWH �RU VLWHV�� WKDW� LI H[FHHGHG� PD\ FDXVH DQ XQGHVLUDEOH UHVXOW� 7KH WHUP ³PD[LPXP WKUHVKROG´
�0D[7� LV WKH HTXLYDOHQW YDOXH IRU VXVWDLQDEOH PDQDJHPHQW FULWHULD ZLWK D GHILQHG PD[LPXP OLPLW
�H�J�� JURXQGZDWHU TXDOLW\��

0HDVXUDEOH 2EMHFWLYHV �02�� VSHFLILF DQG TXDQWLILDEOH JRDOV WKDW DUH GHILQHG WR UHIOHFW WKH GHVLUHG
JURXQGZDWHU FRQGLWLRQV LQ WKH %DVLQ DQG DFKLHYH WKH VXVWDLQDELOLW\ JRDO ZLWKLQ �� \HDUV� 0HDVXU�
DEOH REMHFWLYHV DUH GHILQHG LQ UHODWLRQ WR WKH VL[ XQGHVLUDEOH UHVXOWV DQG XVH WKH VDPH PHWULFV DV
PLQLPXP WKUHVKROGV�

,QWHULP 0LOHVWRQHV� SHULRGLF JRDOV �GHILQHG HYHU\ ILYH \HDUV� DW PLQLPXP�� WKDW DUH XVHG WR PHD�
VXUH SURJUHVV WRZDUG PHDVXUDEOH REMHFWLYHV DQG WKH VXVWDLQDELOLW\ JRDO�

5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503�� IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU� D VXEVHW RI WKH HQ�
WLUH PRQLWRULQJ QHWZRUN ZKHUH PLQLPXP WKUHVKROGV� PHDVXUDEOH REMHFWLYHV� DQG PLOHVWRQHV DUH
PHDVXUHG DQG HYDOXDWHG�

3URMHFWV DQG 0DQDJHPHQW $FWLRQV �30$V�� FUHDWLRQ RU PRGLILFDWLRQ RI D SK\VLFDO VWUXFWXUH �
LQIUDVWUXFWXUH �SURMHFW� DQG FUHDWLRQ RI SROLFLHV� SURFHGXUHV� RU UHJXODWLRQV �PDQDJHPHQW DFWLRQV�
WKDW DUH LPSOHPHQWHG WR DFKLHYH %DVLQ VXVWDLQDELOLW\�

���



��� 6XVWDLQDELOLW\ *RDO

7KH RYHUDOO VXVWDLQDELOLW\ JRDO RI JURXQGZDWHU PDQDJHPHQW LQ WKH %DVLQ LV WR PDLQWDLQ JURXQG�
ZDWHU UHVRXUFHV LQ ZD\V WKDW EHVW VXSSRUW WKH FRQWLQXHG DQG ORQJ�WHUP KHDOWK RI WKH SHRSOH� WKH
HQYLURQPHQW� DQG WKH HFRQRP\ LQ 6FRWW 9DOOH\� IRU JHQHUDWLRQV WR FRPH� 7KLV LQFOXGHV PDQDJLQJ
JURXQGZDWHU FRQGLWLRQV IRU HDFK RI WKH DSSOLFDEOH VXVWDLQDELOLW\ LQGLFDWRUV LQ WKH %DVLQ VR WKDW�

� *URXQGZDWHU HOHYDWLRQV DQG JURXQGZDWHU VWRUDJH GR QRW VLJQLILFDQWO\ GHFOLQH EHORZ WKHLU KLV�
WRULFDOO\ PHDVXUHG UDQJH� SURWHFW WKH H[LVWLQJ ZHOO LQIUDVWUXFWXUH IURP RXWDJHV� SURWHFW JURXQG�
ZDWHU GHSHQGHQW HFRV\VWHPV �*'(V�� DQG DYRLG VLJQLILFDQW DGGLWLRQDO VWUHDP GHSOHWLRQ GXH
WR JURXQGZDWHU SXPSLQJ�

� *URXQGZDWHU TXDOLW\ LV VXLWDEOH IRU WKH EHQHILFLDO XVHV LQ WKH %DVLQ DQG LV QRW VLJQLILFDQWO\ RU
XQUHDVRQDEO\ GHJUDGHG�

� 6LJQLILFDQW DQG XQUHDVRQDEOH ODQG VXEVLGHQFH LV SUHYHQWHG LQ WKH %DVLQ� ,QIUDVWUXFWXUH DQG
DJULFXOWXUDO SURGXFWLRQ LQ 6FRWW 9DOOH\ UHPDLQ VDIH IURP SHUPDQHQW VXEVLGHQFH RI ODQG VXUIDFH
HOHYDWLRQV�

� *URXQGZDWHU SXPSLQJ HIIHFWV RQ VWUHDP GHSOHWLRQ LQ WKH 6FRWW 5LYHU DUH QRW DOORZHG WR ZRUVHQ
EH\RQG FXUUHQW FRQGLWLRQV� 0RUHRYHU� VRPH HIIHFWV RI WKH H[LVWLQJ VWUHDP GHSOHWLRQ GXH WR
JURXQGZDWHU SXPSLQJ DUH UHYHUVHG WKURXJK SURMHFWV DQG PDQDJHPHQW DFWLRQV WKDW FRQVLGHU
DQG DUH FRQVLVWHQW ZLWK WKH SURJUDPPDWLF VWUXFWXUHV RI WKH 1&5:4&% %DVLQ 3ODQ �LQFOXGLQJ
WKH 70'/ $FWLRQ 3ODQ� DQG RI WKH 3XEOLF 7UXVW 'RFWULQH�

� 7KH *6$¶V JURXQGZDWHU PDQDJHPHQW LV HIILFLHQWO\ DQG HIIHFWLYHO\ LQWHJUDWHG ZLWK RWKHU ZDWHU�
VKHG DQG ODQG XVH SODQQLQJ DFWLYLWLHV WKURXJK FROODERUDWLRQV DQG SDUWQHUVKLSV ZLWK ORFDO� VWDWH�
DQG IHGHUDO DJHQFLHV� SULYDWH ODQGRZQHUV� DQG RWKHU RUJDQL]DWLRQV� WR DFKLHYH WKH EURDGHU
³ZDWHUVKHG JRDO´ RI VXIILFLHQW VXUIDFH ZDWHU IORZV WKDW VXVWDLQ KHDOWK\ HFRV\VWHP IXQFWLRQV�
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���� 0RQLWRULQJ 1HWZRUNV

7KH PRQLWRULQJ QHWZRUNV GHVFULEHG KHUH VXSSRUW GDWD FROOHFWLRQ WR PRQLWRU WKH FKURQLF ORZHULQJ RI
JURXQGZDWHU OHYHOV� UHGXFWLRQ RI JURXQGZDWHU LQ VWRUDJH� GHJUDGDWLRQ RI ZDWHU TXDOLW\� ODQG VXE�
VLGHQFH� DQG GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZDWHU VXVWDLQDELOLW\ LQGLFDWRUV� 7KH PRQLWRULQJ
QHWZRUNV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU DUH FULWLFDO WR GHPRQVWUDWLQJ WKH %DVLQ¶V VXVWDLQDELOLW\
RYHU WLPH� 1R PRQLWRULQJ QHWZRUN LV LGHQWLILHG IRU WKH VHDZDWHU LQWUXVLRQ VXVWDLQDELOLW\ LQGLFDWRU DV
LW LV QRW DSSOLFDEOH WR WKH %DVLQ�

3HU �� &&5 6HFWLRQ ������� PRQLWRULQJ QHWZRUNV VKRXOG EH GHVLJQHG WR�

� 'HPRQVWUDWH SURJUHVV WRZDUGV DFKLHYLQJ PHDVXUDEOH REMHFWLYHV GHVFULEHG LQ WKH 3ODQ�
� 0RQLWRU LPSDFWV WR WKH EHQHILFLDO XVHV RU XVHUV RI JURXQGZDWHU�
� 0RQLWRU FKDQJHV LQ JURXQGZDWHU FRQGLWLRQV UHODWLYH WR PHDVXUDEOH REMHFWLYHV DQG PLQLPXP
RU PD[LPXP WKUHVKROGV� DQG

� 4XDQWLI\ DQQXDO FKDQJHV LQ ZDWHU EXGJHW FRPSRQHQWV�

7KH PRQLWRULQJ QHWZRUNV IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU DUH FULWLFDO WR GHPRQVWUDWLQJ WKH %DVLQ¶V
VXVWDLQDELOLW\ RYHU WLPH�

0RQLWRULQJ QHWZRUNV DUH UHTXLUHG WR KDYH VXIILFLHQW VSDWLDO GHQVLW\ DQG WHPSRUDO UHVROXWLRQ WR HYDO�
XDWH WKH HIIHFWV DQG HIIHFWLYHQHVV RI 3ODQ LPSOHPHQWDWLRQ DQG UHSUHVHQW VHDVRQDO� VKRUW�WHUP� DQG
ORQJ�WHUP WUHQGV LQ JURXQGZDWHU FRQGLWLRQV DQG UHODWHG VXUIDFH FRQGLWLRQV� 6KRUW�WHUP LV FRQVLG�
HUHG KHUH WR EH D WLPH VSDQ RI � WR � \HDUV� DQG ORQJ�WHUP LV FRQVLGHUHG DV �±�� \HDUV� 0RQLWRULQJ
QHWZRUNV DUH QHFHVVDU\ WR PHDVXUH SURJUHVV DQG EHQHILWV RI DQ\ LPSOHPHQWHG SURMHFWV DQG PDQ�
DJHPHQW DFWLRQV� DQG WR PRQLWRU IRU DQ\ GLUHFW RU LQGLUHFW LPSDFWV GXH WR WKLV LPSOHPHQWDWLRQ �L�H��
HIIHFWV RQ RWKHU VXVWDLQDELOLW\ LQGLFDWRUV RU EHQHILFLDO XVHV DQG XVHUV� LQFOXGLQJ *'(V�� 7KH VSDWLDO
GHQVLWLHV DQG IUHTXHQF\ RI GDWD PHDVXUHPHQW DUH VSHFLILF WR PRQLWRULQJ REMHFWLYHV� WKH SDUDPHWHU
WR EHPHDVXUHG� GHJUHH RI JURXQGZDWHU XVH� DQG %DVLQ FRQGLWLRQV� DPRQJ RWKHU IDFWRUV� $ GHVFULS�
WLRQ RI WKH H[LVWLQJ DQG SODQQHG VSDWLDO GHQVLW\ DQG GDWD FROOHFWLRQ IUHTXHQF\ LV LQFOXGHG IRU HDFK
PRQLWRULQJ QHWZRUN� 'HWDLOHG GHVFULSWLRQV� DVVHVVPHQWV DQG SODQV IRU LPSURYHPHQW RI WKH PRQL�
WRULQJ QHWZRUN DUH SURYLGHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LQ WKH IROORZLQJ VHFWLRQV� $Q RYHUYLHZ
RI WKH PRQLWRULQJ QHWZRUN HVWDEOLVKHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LV SURYLGHG LQ 7DEOH ���

1RWHV UHJDUGLQJ 7DEOH ���

�� 7KLV WDEOH RQO\ LQFOXGHV PRQLWRULQJ QHWZRUNV XVHG WR PHDVXUH VXVWDLQDELOLW\ LQGLFDWRUV� ,W GRHV
QRW LQFOXGH DGGLWLRQDO PRQLWRULQJ QHFHVVDU\ WR PRQLWRU WKH YDULRXV ZDWHU EXGJHW FRPSRQHQWV
RI WKH %DVLQ� GHVFULEHG LQ &KDSWHU �� RU WR PRQLWRU WKH LPSOHPHQWDWLRQ RI SURMHFWV DQG PDQ�
DJHPHQW DFWLRQV� ZKLFK DUH GHVFULEHG LQ &KDSWHU ��

�� 7KH JURXQGZDWHU OHYHO PRQLWRULQJ QHWZRUN LV DOVR XVHG IRU PRQLWRULQJ QRQ�ULSDULDQ *'(V�
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7DEOH ��� 6XPPDU\ RI PRQLWRULQJ QHWZRUNV� PHWULFV� DQG QXPEHU RI VLWHV IRU VXVWDLQDELOLW\ LQGLFD�
WRUV�

6XVWDLQDELOLW\ ,QGLFDWRU 0HWULF 1XPEHU RI 6LWHV LQ
&XUUHQW 1HWZRUN

�� &KURQLF /RZHULQJ RI
*URXQGZDWHU /HYHOV

*URXQGZDWHU OHYHO �� �3ULRULW\ ��

�� 5HGXFWLRQ RI *URXQG�
ZDWHU 6WRUDJH

9ROXPH RI ZDWHU SHU \HDU� FRP�
SXWHG IURP ZDWHU OHYHO FKDQJHV

8VHV FKURQLF ORZHULQJ
RI JURXQGZDWHU OHYHOV
QHWZRUN

�� *URXQGZDWHU 4XDOLW\ &RQFHQWUDWLRQ RI VHOHFWHG ZDWHU
TXDOLW\ SDUDPHWHUV

�

�� /DQG VXEVLGHQFH /DQG VXUIDFH HOHYDWLRQ �PHD�
VXUHG UHPRWHO\�

6SDWLDOO\ FRQWLQXRXV

�� 6WUHDP GHSOHWLRQ GXH
WR JURXQGZDWHU SXPSLQJ

6WUHDP GHSOHWLRQ UHYHUVDO�
TXDQWLILHG DW WKH )RUW -RQHV
86*6 6WUHDP *DXJH WKURXJK
FRPSXWDWLRQ ZLWK 69,+0�
69,+0 LV EDVHG RQ ZDWHU OHYHO�
VWUHDPIORZ� ODQG XVH� ZDWHU
GLYHUVLRQV� DQG PXOWLSOH RWKHU
UHSHDWHG� FRQWLQXRXV� RU RQH�
WLPH PRQLWRULQJ GDWD�

6SDWLDOO\ FRQWLQXRXV
DQG LQWHJUDWHG LQWR
RQH PDVWHU 503

�� /DQG VXUIDFH HOHYDWLRQ FKDQJHV DUH PRQLWRUHG WKURXJK VDWHOOLWH UHPRWH VHQVLQJ�

,Q VXPPDU\� WKHUH DUH IRXU PRQLWRULQJ QHWZRUNV� D ZDWHU OHYHO PRQLWRULQJ QHWZRUN� D ZDWHU TXDO�
LW\ PRQLWRULQJ QHWZRUN� D ODQG VXEVLGHQFH PRQLWRULQJ V\VWHP� DQG D VWUHDP GHSOHWLRQ PRQLWRULQJ
V\VWHP� 7KH ILUVW WZR PRQLWRULQJ QHWZRUNV XWLOL]H LQGHSHQGHQW� EXW SRWHQWLDOO\ RYHUODSSLQJ� QHW�
ZRUNV RI ZHOOV� 7KH WKLUG XWLOL]HV VDWHOOLWH UHPRWH VHQVLQJ� DQG WKH IRXUWK XWLOL]HV WKH 6FRWW 9DOOH\
,QWHJUDWHG +\GURORJLF 0RGHO �69,+0�� ZKLFK LQFRUSRUDWHV QXPHURXV� GLYHUVH GDWDVHWV LQFOXGLQJ
ZDWHU OHYHO DQG VWUHDPIORZ PRQLWRULQJ GDWD� 'HWDLOHG GHVFULSWLRQV� DVVHVVPHQWV� DQG SODQV IRU IX�
WXUH LPSURYHPHQW RI WKH ZHOO PRQLWRULQJ QHWZRUNV DQG SURWRFROV IRU GDWD FROOHFWLRQ DQG PRQLWRULQJ
DUH DGGUHVVHG IRU HDFK VXVWDLQDELOLW\ LQGLFDWRU LQ WKH IROORZLQJ VHFWLRQV�

,GHQWLILFDWLRQ DQG (YDOXDWLRQ RI 3RWHQWLDO 'DWD *DSV
3HU �� &&5 6HFWLRQ ����O�� GDWD JDSV DUH GHILQHG DV� ³D ODFN RI LQIRUPDWLRQ WKDW VLJQLILFDQWO\ DI�
IHFWV WKH XQGHUVWDQGLQJ RI WKH EDVLQ VHWWLQJ RU HYDOXDWLRQ RI WKH HIILFDF\ RI 3ODQ LPSOHPHQWDWLRQ
DQG FRXOG OLPLW WKH DELOLW\ WR DVVHVV ZKHWKHU D EDVLQ LV EHLQJ VXVWDLQDEO\ PDQDJHG´� $ GHWDLOHG
GLVFXVVLRQ RI SRWHQWLDO GDWD JDSV� DQG VWUDWHJLHV IRU UHVROYLQJ WKHP� LV LQFOXGHG DV $SSHQGL[ ��$�
'DWD JDSV DUH SULPDULO\ DGGUHVVHG LQ WKLV FKDSWHU WKURXJK WKH µ$VVHVVPHQW DQG ,PSURYHPHQW RI
0RQLWRULQJ 1HWZRUNV¶� DVVRFLDWHG ZLWK HDFK VXVWDLQDELOLW\ LQGLFDWRU LQ WKH %DVLQ� 2I SDUWLFXODU IRFXV
IRU WKH PRQLWRULQJ QHWZRUNV DUH WKH DGHTXDF\ RI WKH QXPEHU RI VLWHV� IUHTXHQF\ RI PHDVXUHPHQW�
DQG VSDWLDO GLVWULEXWLRQ LQ WKH %DVLQ� ,Q DGGLWLRQ WR WKH PRQLWRULQJ QHWZRUN�VSHFLILF GDWD JDSV� LQ�
IRUPDWLRQ ZDV LGHQWLILHG WKDW ZRXOG EH YDOXDEOH WR FROOHFW� 7KLV LQIRUPDWLRQ LV YDOXDEOH WR VXSSRUW
LQFUHDVHG XQGHUVWDQGLQJ LQ WKH %DVLQ VHWWLQJ� XQGHUVWDQGLQJ RI FRQGLWLRQV LQ FRPSDULVRQ WR WKH
VXVWDLQDEOH PDQDJHPHQW FULWHULD� GDWD WR FDOLEUDWH RU XSGDWH WKH PRGHO� DQG WR PRQLWRU HIILFDF\
RI 30$V� 7KHVH DGGLWLRQDO PRQLWRULQJ RU LQIRUPDWLRQ UHTXLUHPHQWV GHSHQG RQ IXWXUH DYDLODELOLW\
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RI IXQGLQJ DQG DUH QRW \HW FRQVLGHUHG DPRQJ WKH *63 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503V��
7KH\ ZLOO EH FRQVLGHUHG DV SRWHQWLDO 503V DQG PD\ HYHQWXDOO\ EHFRPH SDUW RI WKH *63 QHWZRUN
DW WKH ��\HDU *63 XSGDWH� 7KH OLVW LQFOXGHV�

� 6WUHDPIORZ JDXJHV RQ WKH WULEXWDULHV WR 6FRWW 5LYHU
� 6WUHDPIORZ JDXJHV RQ WKH PDLQVWHP RI 6FRWW 5LYHU
� :HOOV QHDU WKH PDLQVWHP RI 6FRWW 5LYHU WR PHDVXUH JURXQGZDWHU OHYHOV �VHH &KDSWHU ������ IRU
XVH LQ 69,+0 PRGHO FDOLEUDWLRQ� DV SDUW RI ,6: PRQLWRULQJ� DQG IRU PHDVXULQJ 30$ HIILFDF\�

� $GGLWLRQDO ELRORJLFDO GDWD WKDW ZRXOG EH XVHIXO IRU PRQLWRULQJ DQG HYDOXDWLRQ RI *'(V LQFOXGLQJ
VWUHDPIORZ GHSOHWLRQ LPSDFWV RQ MXYHQLOH VDOPRQLGV

$ GHWDLOHG GLVFXVVLRQ RI WKHVH SRWHQWLDO GDWD JDSV DQG VXJJHVWHG DSSURDFK DQG PRQLWRULQJ SULRU�
LWL]DWLRQ FDQ EH IRXQG LQ $SSHQGL[ ��$� 7KH *6$ PD\ HQJDJH ZLWK RWKHU HQWLWLHV DQG ZDWHU XVHUV
WR FROODERUDWLYHO\ ILOO WKHVH GDWD JDSV DV DSSURSULDWH DQG IHDVLEOH�

1HWZRUN (QUROOPHQW DQG ([SDQVLRQ
:LWK WKH H[FHSWLRQV RI VWUHDPIORZ� ODQG VXEVLGHQFH� DQG VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU
SXPSLQJ� PRQLWRULQJ LV SHUIRUPHG XVLQJ ZHOOV� 6RPH ZHOOV ZLOO EH PRQLWRUHG IRU ZDWHU OHYHO� VRPH
IRU ZDWHU TXDOLW\� VRPH IRU ERWK� 3ULRU WR HQUROOLQJ ZHOOV LQWR WKH *6$¶V PRQLWRULQJ QHWZRUN� ZHOOV ZLOO
EH HYDOXDWHG� XVLQJ WKH VHOHFWLRQ FULWHULD OLVWHG EHORZ� WR GHWHUPLQH WKHLU VXLWDELOLW\� 7KH VHOHFWLRQ
FULWHULD IRU SRWHQWLDO ZHOOV WR EH DGGHG WR WKH PRQLWRULQJ QHWZRUN LQFOXGH WKH IROORZLQJ�

� :HOO /RFDWLRQ
� 0RQLWRULQJ +LVWRU\
� :HOO ,QIRUPDWLRQ
� :HOO $FWLYLW\ �H�J�� LV WKH ZHOO LQDFWLYH� URXWLQHO\ SXPSHG� HWF��
� :HOO $FFHVV

:HOO /RFDWLRQ

7KH ORFDWLRQ DQG GHVLJQ RI D ZHOO QHWZRUN LV LPSRUWDQW WR HQVXUH DGHTXDWH VSDWLDO GLVWULEXWLRQ� FRY�
HUDJH� DQG ZHOO GHQVLW\� 2EMHFWLYHV IRU QHWZRUN GHVLJQ LQFOXGH VXIILFLHQW FRYHUDJH DQG GHQVLW\ RI
ZHOOV WR FDSWXUH K\GUDXOLF JUDGLHQWV DQG RYHUDOO JURXQGZDWHU LQ VWRUDJH� $GGLWLRQDOO\� ZHOOV LPSRU�
WDQW IRU WKH PHDVXUHPHQW RI JURXQGZDWHU OHYHO DQG JURXQGZDWHU TXDOLW\ PXVW EH LQFOXGHG LQ DUHDV
ZLWKLQ RU DGMDFHQW WR SODQQHG *63 SURMHFWV DQG PDQDJHPHQW DFWLRQV DQG ORFDOO\ GHILQHG DUHDV
ZKHUH H[LVWLQJ RSHUDWLRQV DUH IRXQG WR SRVH D VLJQLILFDQW ULVN RI DIIHFWLQJ JURXQGZDWHU OHYHOV RU
TXDOLW\� 6WDWLVWLFDO PHWKRGV ZLOO EH XVHG WR DLG LQ H[WUDSRODWLQJ PHDVXUHPHQWV IURP D OLPLWHG QXP�
EHU RI PRQLWRULQJ VLWHV WR JURXQGZDWHU FRQGLWLRQV WKH HQWLUH %DVLQ WR PHDVXUH FRPSOLDQFH ZLWK WKH
PLQLPXP RU PD[LPXP WKUHVKROGV VHW DQG WR PHDVXUH SURJUHVV WRZDUGV LQWHULP PLOHVWRQHV�

0RQLWRULQJ +LVWRU\

:HOOV ZLWK D ORQJ PRQLWRULQJ UHFRUG SURYLGH YDOXDEOH KLVWRULFDO JURXQGZDWHU OHYHO RU ZDWHU TXDOLW\
GDWD DQG HQDEOH WKH DVVHVVPHQW RI ORQJ�WHUP WUHQGV� 6XFK ZHOOV ZHUH SUHIHUHQWLDOO\ VHOHFWHG IRU
D QHWZRUN RYHU ZHOOV ZLWK OLPLWHG PRQLWRULQJ GDWD�

:HOO ,QIRUPDWLRQ

,Q DGGLWLRQ WR ZHOO ORFDWLRQ� LQIRUPDWLRQ DERXW WKH FRQVWUXFWLRQ RI WKH ZHOO� LQFOXGLQJ WKH ZHOO GHSWK
DQG VFUHHQHG LQWHUYDO�V� LV QHFHVVDU\ WR SURYLGH FRQWH[W IRU WKH PHDVXUHPHQW WDNHQ DW WKH ZHOO�
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VXFK DV ZKLFK ZDWHU EHDULQJ IRUPDWLRQ LV EHLQJ VDPSOHG� :HOO LQIRUPDWLRQ LV FULWLFDO IRU DQ HIIHFWLYH
ZHOO QHWZRUN� VR WKH JURXQGZDWHU DTXLIHU FDQ EH HIILFLHQWO\ PRQLWRUHG� )RU ZHOOV WKDW DUH FDQGLGDWHV
IRU EHLQJ DGGHG WR WKH ZHOO QHWZRUN� WKH*6$ZLOO FRQWLQXH WR YHULI\ ZHOO LQIRUPDWLRQ ZLWK ZHOO ORJJLQJ�

:HOO $FFHVV�$JHQF\ 6XSSRUW

,Q RUGHU WR EH D IXQFWLRQDO FRPSRQHQW RI WKH PRQLWRULQJ QHWZRUN� WKH DELOLW\ WR JDLQ DFFHVV WR WKH
ZHOO WR FROOHFW VDPSOHV DW WKH UHTXLUHG IUHTXHQF\ LV FULWLFDO�

:HOOV LQ H[LVWLQJ PRQLWRULQJ SURJUDPV� SDUWLFXODUO\ IRU ZDWHU TXDOLW\� DUH ORFDWHG QHDU SRSXODWHG DU�
HDV� OHDYLQJ VHFWLRQV RI WKH UHPDLQGHU RI WKH %DVLQ ZLWKRXW PRQLWRULQJ GDWD� 7KH SODQQHG DGGLWLRQDO
ZHOOV IRU LQFOXVLRQ LQ D QHWZRUN DUH LQWHQGHG WR SURYLGH GDWD UHSUHVHQWDWLYH RI GLIIHUHQW ODQG XVHV�
DFWLYLWLHV� DQG JHRORJLF XQLWV WR LPSURYH XSRQ WKH H[LVWLQJ VSDWLDO FRYHUDJH LQ WKH %DVLQ� $Q\ ZHOOV
DGGHG WR WKH PRQLWRULQJ QHWZRUN ZLOO EH HYDOXDWHG XVLQJ WKH FULWHULD OLVWHG DERYH WR HQVXUH ZHOO VXLW�
DELOLW\� $ PRUH GHWDLOHG HYDOXDWLRQ RI WKH UHTXLUHG VSDWLDO GHQVLW\ DQG PRQLWRULQJ IUHTXHQF\ RI WKH
LQGLYLGXDO VXVWDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUN�V� KDV EHHQ FRQGXFWHG WR GHWHUPLQH DSSUR�
SULDWH DWWULEXWHV VR WKDW WKH PRQLWRULQJ QHWZRUN LV UHSUHVHQWDWLYH RI %DVLQ FRQGLWLRQV DQG HQDEOHV
HYDOXDWLRQV RI VHDVRQDO� VKRUW�WHUP� DQG ORQJ�WHUP WUHQGV�

7KH PRQLWRULQJ QHWZRUNV ZLOO FRQWLQXH WR EH GHYHORSHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� ,QGLYLGXDO
VXVWDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUNV ZLOO EH H[SDQGHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� DV
QHFHVVDU\� WR DGGUHVV PRQLWRULQJ REMHFWLYHV DQG VXSSRUW DQ\ SURMHFWV DQG PDQDJHPHQW DFWLRQV
�30$V�� ([SDQVLRQ RI LQGLYLGXDO VXVWDLQDELOLW\ LQGLFDWRU PRQLWRULQJ QHWZRUNV WKDW UHO\ RQ ZHOOV ZLOO
LQYROYH LGHQWLILFDWLRQ RI DGGLWLRQDO H[LVWLQJ ZHOOV LQ WKH %DVLQ WKDW FRXOG EH LQFOXGHG LQ WKH PRQLWRU�
LQJ QHWZRUN RQFH HYDOXDWHG� XVLQJ WKH VHOHFWLRQ FULWHULD� DQG DSSURYHG IRU LQFOXVLRQ LQ WKH QHWZRUN�
(YDOXDWLRQV RI WKH PRQLWRULQJ QHWZRUN ZLOO EH FRQGXFWHG DW OHDVW HYHU\ ILYH \HDUV WR GHWHUPLQH
ZKHWKHU DGGLWLRQDO ZHOOV DUH UHTXLUHG WR DFKLHYH VXIILFLHQW VSDWLDO GHQVLW\� ZKHWKHU ZHOOV DUH UHSUH�
VHQWDWLYH RI ODQG XVHV LQ WKH %DVLQ� DQG ZKHWKHU ZHOOV SURYLGH PRQLWRULQJ LQ NH\ DUHDV LGHQWLILHG E\
VWDNHKROGHUV� ,I DGGLWLRQDO VLWHV DUH UHTXLUHG WR HQVXUH VXIILFLHQW VSDWLDO GHQVLW\� WKHQ H[LVWLQJ ZHOOV
PD\ EH LGHQWLILHG RU QHZ ZHOOV PD\ EH FRQVWUXFWHG DW VHOHFW ORFDWLRQV� DV UHTXLUHG� 7KH PRQLWRULQJ
IUHTXHQF\ DQG WLPLQJ WKDW HQDEOH HYDOXDWLRQ RI VHDVRQDO� VKRUW�WHUP� DQG ORQJ�WHUP WUHQGV ZLOO DOVR
EH DVVHVVHG WKURXJKRXW *63 LPSOHPHQWDWLRQ� :KHUH LW LV QHFHVVDU\� WKH *6$ ZLOO FRRUGLQDWH ZLWK
H[LVWLQJ SURJUDPV WR GHYHORS DQ DJUHHPHQW IRU GDWD FROOHFWLRQ UHVSRQVLELOLWLHV� PRQLWRULQJ SURWR�
FROV DQG GDWD UHSRUWLQJ DQG VKDULQJ� )RU H[LVWLQJ PRQLWRULQJ SURJUDPV LPSOHPHQWHG E\ DJHQFLHV�
PRQLWRULQJ ZRXOG EH FRQGXFWHG E\ DJHQF\ SURJUDP VWDII RU WKHLU FRQWUDFWRUV� )RU ZDWHU TXDOLW\
PRQLWRULQJ� VDPSOHV ZLOO EH DQDO\]HG DW FRQWUDFWHG DQDO\WLFDO ODERUDWRULHV� 7R SUHYHQW ELDV DVVR�
FLDWHG ZLWK GDWH RI VDPSOH FROOHFWLRQ� DOO VDPSOHV VKRXOG EH FROOHFWHG RQ DSSUR[LPDWHO\ WKH VDPH
GDWH �L�H�� ��� �� GD\V RI HDFK RWKHU� HDFK \HDU�

����� *URXQGZDWHU (OHYDWLRQ 0RQLWRULQJ 1HWZRUN

������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KLV VHFWLRQ GHVFULEHV WKH SURFHVV XVHG WR VHOHFW ZHOOV DV SRWHQWLDO 5HSUHVHQWDWLYH 0RQLWRULQJ
3RLQWV �503V� IRU PRQLWRULQJ WKH *URXQGZDWHU (OHYDWLRQ VXVWDLQDELOLW\ LQGLFDWRU� 7KHVH ZHOOV DUH
PDSSHG LQ )LJXUH �� DQG OLVWHG LQ 7DEOH ��� )HDWXUHV SRWHQWLDOO\ DIIHFWHG E\ JURXQGZDWHU OHYHOV�
DQG WKHUHIRUH UHOHYDQW WR WKH VHOHFWLRQ RI WKH 503V� DUH VKRZQ LQ )LJXUH ��
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Proposed Scott RMPs

Well Priority
1
2

Coverage
Priority 1
Priority 2

)LJXUH ��� 3RWHQWLDO 503V IRU WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ QHWZRUN�
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GDEs

Riparian Vegetation
Non−Riparian Groundwater− 
Dependent Vegetation
GDE Status Unclear

Dredger Tailings

Other Features
Current or Historical 
 Monitoring Wells
DACs
Known Residential 
 Wells

Streams at baseflow
Dry
Wet
Uncertain − No
Uncertain − Yes

)LJXUH ��� )HDWXUHV LQIRUPLQJ RU SRVVLEO\ DIIHFWHG E\ SURSRVHG JURXQGZDWHU HOHYDWLRQ PRQLWRULQJ
QHWZRUN� 7KH GRPHVWLF ZHOOV GHSLFWHG KHUH DUH WKH LQFRPSOHWH VHW RI ZHOOV LQ WKH %DVLQ ZLWK NQRZQ
ORFDWLRQ DQG GRPHVWLF XVH W\SH�
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7KH REMHFWLYH RI WKH JURXQGZDWHU OHYHO PRQLWRULQJ QHWZRUN GHVLJQ LV WR FDSWXUH VXIILFLHQW VSDWLDO
DQG WHPSRUDO GHWDLO RI JURXQGZDWHU OHYHO FRQGLWLRQV WR DVVHVV JURXQGZDWHU OHYHO FKDQJHV RYHU
WLPH� JURXQGZDWHU IORZ GLUHFWLRQV� DQG K\GUDXOLF JUDGLHQWV EHWZHHQ DTXLIHUV DQG VXUIDFH ZDWHU
IHDWXUHV� 7KH PRQLWRULQJ QHWZRUN LV FULWLFDO IRU WKH *6$ WR VKRZ FRPSOLDQFH ZLWK 6*0$ DQG TXDQ�
WLWDWLYHO\ VKRZ WKH DEVHQFH RU LPSURYHPHQW RI XQGHVLUDEOH UHVXOWV� 7KH GHVLJQ RI WKH PRQLWRULQJ
QHWZRUN PXVW HQDEOH DGHTXDWH VSDWLDO FRYHUDJH �GLVWULEXWLRQ� GHQVLW\� WR GHVFULEH JURXQGZDWHU
OHYHO FRQGLWLRQV DW D ORFDO DQG %DVLQ�ZLGH VFDOH IRU DOO EHQHILFLDO XVHV� 5HYLVLRQV WR WKH PRQLWRULQJ
QHWZRUN DQG VFKHGXOH ZLOO EH FRQVLGHUHG DIWHU UHYLHZ RI WKH LQLWLDO ILYH \HDUV RI PRQLWRULQJ GDWD DQG
DV SDUW RI DQ\ IXWXUH *63 XSGDWHV�

0RQLWRULQJ 1HWZRUN 'HYHORSPHQW
&RQVLGHUDWLRQV IRU PDNLQJ WKH 503 VHOHFWLRQV LQFOXGHG� LQ RUGHU RI SULRULW\� VSDWLDO FRYHUDJH� GDWH
RI ODVW REVHUYDWLRQ� DQG SDUWLFLSDWLRQ LQ H[LVWLQJ PRQLWRULQJ SURJUDPV �VXFK DV ':5¶V &$6*(0 RU
WKH FRQWLQXRXV WUDQVGXFHU PHDVXUHPHQW QHWZRUN�� $OO RI WKH ZHOOV VHOHFWHG WR EH SRWHQWLDO 503V
DUH DVVRFLDWHG ZLWK ZDWHU OHYHO GDWD� DQG DOO EXW RQH ZHOO �=��� DUH DVVRFLDWHG ZLWK ZDWHU OHYHO
GDWD FROOHFWHG LQ WKH SDVW � \HDUV� :HOOV ZLWK UHFHQW GDWD ZHUH SULRULWL]HG EHFDXVH WKLV UHGXFHV
WKH OLNHOLKRRG WKDW D ZHOO KDV EHHQ GHVWUR\HG RU PDGH LQDFFHVVLEOH� ZHOO =�� ZDV ODVW PHDVXUHG
LQ ����� EXW ZDV LQFOXGHG DV D 3ULRULW\ � ZHOO GXH WR LWV SRVLWLRQ QHDU WKH ZHVWHUQ ERXQGDU\ RI WKH
%DVLQ�

6RPH RI WKH ZHOOV LQ WKH SRWHQWLDO 503 QHWZRUN DUH DOUHDG\ HQUROOHG LQ SURJUDPV VXFK DV &$6*(0�
WKH LQFOXVLRQ RI WKHVH ZHOOV LQ WKH ILQDOL]HG 503 QHWZRUN LV DOO EXW DVVXUHG EDUULQJ DQ XQOLNHO\ ZHOO
IDLOXUH� 7KH UHPDLQLQJ ZHOOV DUH SULYDWHO\ RZQHG� DQG GDWD JDWKHUHG WR GDWH LQ WKHVH ZHOOV KDV
EHHQ SURYLGHG YROXQWDULO\� $FFHVV DJUHHPHQWV ZLWK HDFK ZHOO RZQHU ZLOO QHHG WR EH ILQDOL]HG SULRU
WR WKHLU LQFOXVLRQ LQ WKH ILQDO 503 QHWZRUN�

&RQVLGHUDWLRQV IRU PDNLQJ WKH 503 VHOHFWLRQV LQFOXGH� LQ RUGHU RI SULRULW\� VSDWLDO FRYHUDJH� GDWH
RI ODVW ZDWHU OHYHO REVHUYDWLRQ� DQG LQFOXVLRQ LQ H[LVWLQJ PRQLWRULQJ SURJUDPV �VXFK DV ':5¶V &$6�
*(0 RU WKH FRQWLQXRXV WUDQVGXFHU PHDVXUHPHQW QHWZRUN�� $OO RI WKH ZHOOV VHOHFWHG WR EH SRWHQWLDO
503V DUH PRQLWRUHG IRU ZDWHU OHYHO� DQG DOO EXW WKUHH ZHOOV �=��� 1��� .�� SRVVHVV ZDWHU OHYHO
GDWD FROOHFWHG LQ WKH SDVW � \HDUV� :HOOV ZLWK UHFHQW GDWD ZHUH SULRULWL]HG EHFDXVH WKH SUHVHQFH RI
FXUUHQW GDWD UHGXFHV WKH OLNHOLKRRG WKDW D ZHOO KDV EHHQ GHVWUR\HG RU PDGH LQDFFHVVLEOH� WKH WKUHH
ZHOOV ZLWK ROGHU PHDVXUHPHQWV ZHUH LGHQWLILHG DV 3ULRULW\ � ZHOOV GXH WR WKHLU SRWHQWLDO WR SURYLGH
DGGLWLRQDO VSDWLDO FRYHUDJH�

)LYH RI WKH ZHOOV LQ WKH SRWHQWLDO 503 QHWZRUN DUH DOUHDG\ HQUROOHG LQ SURJUDPV VXFK DV &$6*(0�
WKH LQFOXVLRQ RI WKHVH ZHOOV LQ WKH ILQDOL]HG 503 QHWZRUN LV DOO EXW DVVXUHG EDUULQJ DQ XQOLNHO\
ZHOO IDLOXUH� 7KH UHPDLQLQJ ZHOOV DUH SULYDWHO\ RZQHG DQG GDWD JDWKHUHG WR GDWH IURP WKHVH ZHOOV
KDYH EHHQ SURYLGHG YROXQWDULO\� $FFHVV DJUHHPHQWV DUH FXUUHQWO\ RQO\ DYDLODEOH IRU ZHOOV ZLWK
WUDQVGXFHUV PDLQWDLQHG E\ /:$� 7KH FXUUHQW 8&$15 FRXQW\ UHSUHVHQWDWLYH� LQ FRRUGLQDWLRQ ZLWK
WKH *6$� LV SODQQLQJ WR VHHN DFFHVV DJUHHPHQWV ZLWK ZHOO RZQHUV QRW FXUUHQWO\ VLJQDWRULHV WR
DFFHVV DJUHHPHQWV�

6SDWLDO FRYHUDJH FULWHULD

':5¶V JXLGDQFH RQ PRQLWRULQJ QHWZRUNV �':5 ����� UHFRPPHQGV D UDQJH RI ZHOO GHQVLWLHV WR
DGHTXDWHO\ PRQLWRU JURXQGZDWHU UHVRXUFHV� ZLWK D PLQLPXP RI ��� ZHOOV DQG D PD[LPXP RI ��
ZHOOV SHU ��� VT PL ���� VT NP�� %HFDXVH WKH %DVLQ FRYHUV DSSUR[LPDWHO\ ��� VT PL ���� VT
NP�� WKHVH UHFRPPHQGDWLRQV ZRXOG WUDQVODWH GLUHFWO\ LQWR D UDQJH IURP � WR �� 503 ZHOOV� HYHQO\
VSDFHG LQ WKH %DVLQ� $W D PLQLPXP� RQH ZHOO PRQLWRULQJ HDFK RI WKH � GHILQHG K\GURJHRORJLF ]RQHV
�VHH )LJXUH �� LQ &KDSWHU �� &KDSWHU ������� RI WKLV *63 IRU WKH PDSSHG ]RQHV� ZRXOG EH GHVLUHG�
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VR WKH ORZ HQG RI WKLV UDQJH LV QRW VXLWDEOH IRU 6FRWW 9DOOH\� $GGLWLRQDOO\� LQ D SUHYLRXV PRQLWRULQJ
SURJUDP LQ WKH 6FRWW 9DOOH\� RSHUDWHG E\ WKH *URXQGZDWHU $GYLVRU\ &RXQFLO� WKH GHVLUHG GHQVLW\
ZDV ��PLOH �����NP� VSDFLQJ EHWZHHQ ZHOOV� 7R SURYLGH VRPH FRQWLQXLW\ ZLWK SUHYLRXV PRQLWRULQJ
HIIRUWV� DQG WR SURYLGH VRPH UHGXQGDQF\ LQ WKH HYHQW RI LQDFFHVVLEOH ZHOOV� D QHWZRUN RI SRWHQWLDO
503V ZDV VHOHFWHG XVLQJ D FRYHUDJH UDGLXV RI ���� PL ���� NP��
0HDVXUHPHQW VFKHGXOH

7KH ZDWHU HOHYDWLRQ LQ 503 ZHOOV ZLOO EH PHDVXUHG� DW D PLQLPXP� WZLFH SHU \HDU WR FDSWXUH WKH
IDOO ORZ DQG VSULQJ KLJK ZDWHU OHYHOV� :HOOV LQ WKH &RPPXQLW\ *URXQGZDWHU 0RQLWRULQJ 3URJUDP
QHWZRUN KDYH EHHQ PHDVXUHG PRQWKO\� ,Q VRPH ZHOOV� WUDQVGXFHUV PD\ SURYLGH GDLO\ RU KLJKHU
UHVROXWLRQ ZDWHU HOHYDWLRQ PHDVXUHPHQWV� ,Q ZHOOV ZLWKRXW WUDQVGXFHUV� DW OHDVW PRQWKO\ PDQXDO
PHDVXUHPHQWV RI VWDWLF ZDWHU OHYHOV LV UHFRPPHQGHG�

������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V GLVFXVVHG DERYH� WKH VSDWLDO GHQVLW\ DQG GLVWULEXWLRQ RI WKH ZHOOV LQ WKH PRQLWRULQJ QHWZRUN DUH
VXIILFLHQW DQG VDWLVI\ ':5¶V JXLGDQFH RQ ZHOO GHQVLW\ �':5 ������ 7KH FXUUHQW PRQLWRULQJ VFKHG�
XOHV RI PRQWKO\ PHDVXUHPHQWV LQ WKH &RPPXQLW\ *URXQGZDWHU 0RQLWRULQJ :HOOV DUH VXIILFLHQW WR
HYDOXDWH VHDVRQDO WUHQGV� WKRXJK FRQWLQXRXV PRQLWRULQJ SUREHV PD\ EH LQVWDOOHG LQ VRPH ORFDWLRQV
WR EHWWHU PRQLWRU WKH HIIHFWV RI 30$V RU LPSOHPHQWDWLRQ RI WLPHO\ PDQDJHPHQW DFWLRQV� (YDOXD�
WLRQV RI WKH QHWZRUN ZLOO RFFXU RQ D ILYH�\HDU EDVLV� $GGLWLRQDO ZHOOV PD\ EH DGGHG WKURXJKRXW *63
LPSOHPHQWDWLRQ LQ UHVSRQVH WR FKDQJHV LQ ODQG XVH� SURMHFW LPSOHPHQWDWLRQ� RU ZLWK QHZ ZDWHU OHYHO
FRQFHUQV�
0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� *URXQGZDWHU 6WRUDJH 0RQLWRULQJ 1HWZRUN

7KLV *63 ZLOO DGRSW JURXQGZDWHU OHYHOV DV D SUR[\ IRU JURXQGZDWHU VWRUDJH� 7KH JURXQGZDWHU
OHYHO QHWZRUN GHVFULEHG LQ &KDSWHU ����� ZLOO DOVR VHUYH DV WKH JURXQGZDWHU VWRUDJH QHWZRUN� 7KH
QHWZRUN FXUUHQWO\ SURYLGHV UHDVRQDEOH FRYHUDJH RI WKH PDMRU ZDWHU�EHDULQJ IRUPDWLRQV LQ WKH %DVLQ
DQG ZLOO SURYLGH UHDVRQDEOH HVWLPDWHV RI JURXQGZDWHU VWRUDJH� 7KH QHWZRUN DOVR LQFOXGHV PXQLFL�
SDO� DJULFXOWXUDO� DQG PXQLFLSDO ZHOOV RI VKDOORZ WR GHHS GHSWKV� ([SDQVLRQ RI WKH QHWZRUN WR FORVH
GDWD JDSV ZLOO EHQHILW WKH FKDUDFWHUL]DWLRQ RI ERWK WKH JURXQGZDWHU OHYHO DQG VWRUDJH VXVWDLQDELOLW\
LQGLFDWRUV�
+LVWRULF JURXQGZDWHU VWRUDJH FKDQJHV DUH FRPSXWHG ZLWK WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURORJ\
0RGHO �69,+0� VHH &KDSWHUV ������� DQG ������� 7KURXJKRXW WKH LPSOHPHQWDWLRQ SHULRG RI WKLV
3ODQ� XSGDWHV RI 69,+0 SURYLGH XSGDWHG WLPH VHULHV RI JURXQGZDWHU VWRUDJH FKDQJHV DW OHDVW
HYHU\ ILYH \HDUV�
7R REWDLQ JURXQGZDWHU VWRUDJH FKDQJHV IRU WKH PRVW UHFHQW� QRQ�VLPXODWHG SHULRG �FXUUHQWO\ ����
± ������ WKH ODWHVW YHUVLRQ RI 69,+0� FXUUHQWO\� IRU H[DPSOH� VLPXODWLQJ WKH SHULRG ����������
LV XVHG WR HVWDEOLVK D OLQHDU UHJUHVVLRQ HTXDWLRQ RI \HDU�VSHFLILF VSULQJ�WR�VSULQJ %DVLQ JURXQG�
ZDWHU VWRUDJH FKDQJH� ငԈԣԞԡԐԖԔ� DV D IXQFWLRQ RI WKH \HDU�VSHFLILF DYHUDJH 69,+0�VLPXODWHG
JURXQGZDWHU OHYHO FKDQJH� ငԌԁ� DW WKH 503 ORFDWLRQV RI WKH JURXQGZDWHU OHYHO QHWZRUN�ငԈԣԞԡԐԖԔ � ԘԝԣԔԡԢԔԒԣ � ԢԛԞԟԔ ੟ ငԌԁ
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ZKHUH ³LQWHUVHFW´ DQG ³VORSH´ DUH SDUDPHWHUV RI WKH OLQHDU UHJUHVVLRQ HTXDWLRQ� REWDLQHG IURP VWD�
WLVWLFDO DQDO\VLV RI ငԈԣԞԡԐԖԔ DQG ငԌԁ GXULQJ WKH VLPXODWLRQ SHULRG� 7KH UHJUHVVLRQ DQDO\VLV LV
SHUIRUPHG XVLQJ WKH VSHFLILF� DFWXDO PRQLWRULQJ ORFDWLRQV DYDLODEOH HDFK \HDU IRU VSULQJ�WR�VSULQJ
ZDWHU OHYHO FKDQJH REVHUYDWLRQV� 7KH ³LQWHUVHFW´ DQG ³VORSH´ SDUDPHWHUV LQ WKH DERYH HTXDWLRQ FDQ
EH XSGDWHG ZKHQ QHZ� XSGDWHG� RU UH�FDOLEUDWHG YHUVLRQV RI 69,+0 EHFRPH DYDLODEOH� RU ZKHQ
LQGLYLGXDO 503V LQ WKH ZDWHU OHYHO PRQLWRULQJ QHWZRUN DUH DGGHG RU UHPRYHG�

7KH DERYH HTXDWLRQ LV WKHQ XVHG WR DQQXDOO\ FRPSXWH JURXQGZDWHU VWRUDJH FKDQJH XVLQJ WKH DFWX�
DOO\ PHDVXUHG DYHUDJH FKDQJH LQ JURXQGZDWHU OHYHOV ZLWKLQ WKH %DVLQ¶V JURXQGZDWHU OHYHO PRQLWRU�
LQJ QHWZRUN� 7KH UHVXOWLQJ HVWLPDWH RI DQQXDO JURXQGZDWHU VWRUDJH FKDQJH �LQ XQLWV RI WKRXVDQG�
DFUH�IHHW� SRVLWLYH RU QHJDWLYH� LV WKHQ VXPPHG ZLWK SUHYLRXV \HDU¶V HVWLPDWHV DQG FRPELQHG ZLWK
WKH VLPXODWHG JURXQGZDWHU VWRUDJH FKDQJH WLPHOLQH IRU WKH KLVWRULF SHULRG �VHH &KDSWHU �������

7KLV UHJUHVVLRQ�EDVHG PHWKRG DOORZV IRU FRPSXWDWLRQ RI JURXQGZDWHU VWRUDJH FKDQJH IURP PHD�
VXUHG JURXQGZDWHU OHYHO PRQLWRULQJ IRU WKH \HDUV EHWZHHQ WKH HQG RI WKH 69,+0 VLPXODWLRQ SHULRG
�WR EH XSGDWHG DW OHDVW HYHU\ ILYH \HDUV� FXUUHQWO\ ����� DQG WKH FXUUHQW UHSRUWLQJ \HDU �FXUUHQWO\
������ $V 69,+0 LV XSGDWHG LQ WKH IXWXUH� UHJUHVVLRQ�EDVHG HVWLPDWHV RI JURXQGZDWHU VWRUDJH
FKDQJH IRU D JLYHQ \HDU �H�J�� IRU ����� PD\ EH UHSODFHG ZLWK WKH VLPXODWHG 69,+0 JURXQGZDWHU
VWRUDJH FKDQJHV IRU WKH VDPH \HDU�

,Q VXPPDU\� WKH FRPELQDWLRQ RI VLPXODWHG JURXQGZDWHU VWRUDJH FKDQJH LQ 69,+0 DQG UHJUHVVLRQ�
HVWLPDWHG JURXQGZDWHU VWRUDJH FKDQJHV IRU WKH SRVW�VLPXODWLRQ SHULRG SURYLGHV D WLPH VHULHV RI
FXPXODWLYH JURXQGZDWHU VWRUDJH FKDQJH IRU WKH HQWLUH SHULRG IURP ���� WR SUHVHQW WLPH �ZKHUH
³SUHVHQW WLPH´ LV WKH PRVW UHFHQW \HDU LQ WKH *63 LPSOHPHQWDWLRQ��

����� *URXQGZDWHU 4XDOLW\ 0RQLWRULQJ 1HWZRUN

�������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KH REMHFWLYH RI WKH JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN GHVLJQ LV WR FDSWXUH VXIILFLHQW VSDWLDO
DQG WHPSRUDO GHWDLO WR GHILQH JURXQGZDWHU TXDOLW\ FRQGLWLRQV ZLWK UHVSHFW WR WKH HVWDEOLVKHG PD[�
LPXP WKUHVKROGV DQG XQGHVLUDEOH UHVXOWV� DQG WR LGHQWLI\ WUHQGV LQ JURXQGZDWHU TXDOLW\ RYHU WLPH�
7KH QHWZRUN GDWD ZLOO SURYLGH DQ RQJRLQJ ZDWHU TXDOLW\ UHFRUG IRU IXWXUH DVVHVVPHQWV RI JURXQG�
ZDWHU TXDOLW\� $Q DVVHVVPHQW RI JURXQGZDWHU TXDOLW\ FRQGLWLRQV LQ WKH %DVLQ DQG D GHWHUPLQDWLRQ
RI WKH UHOHYDQW FRQVWLWXHQWV RI FRQFHUQ �&2&V� DUH SURYLGHG LQ &KDSWHU ������

7KH LQLWLDO JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN LV OLPLWHG WR ZHOOV WKDW DUH SDUW RI H[LVWLQJ� RQ�
JRLQJ PRQLWRULQJ SURJUDPV LQ WKH %DVLQ WKDW PRQLWRU IRU WKH WZR &2&V IRU ZKLFK 60& DUH VHW�
QLWUDWH DQG VSHFLILF FRQGXFWLYLW\� 7KH LQLWLDO 503 ZHOO QHWZRUN LV OLPLWHG WR DOO SXEOLF ZDWHU V\VWHP
ZHOOV��� DV VKRZQ LQ 7DEOH ��� 7KH SXEOLF ZDWHU V\VWHPV LQ WKH %DVLQ LQFOXGH WZR FRPPXQLW\ ZD�
WHU V\VWHP �&:6� ZHOOV LQ )RUW -RQHV� DQG RQH WUDQVLHQW QRQ�FRPPXQLW\ V\VWHP �71&:6� ZHOO
IRU .LGGHU &UHHN 2UFKDUG &DPS� $OO PRQLWRULQJ VFKHGXOHV IRU WKHVH ZHOOV ZHUH REWDLQHG IURP
WKH 6DIH 'ULQNLQJ :DWHU ,QIRUPDWLRQ 6\VWHP )HGHUDO 5HSRUWLQJ 6HUYLFHV 6\VWHP �6':,6���� 'DWD

��3XEOLF ZDWHU V\VWHP LV GHILQHG DV D V\VWHP WKDW VXSSOLHV ZDWHU WR �� RU PRUH FRQQHFWLRQV RU WR DW OHDVW �� SHRSOH
IRU �� RU PRUH GD\V SHU \HDU� 7KLV LQFOXGHV FRPPXQLW\� QRQ�FRPPXQLW\ QRQ�WUDQVLHQW DQG WUDQVLHQW ZDWHU V\VWHPV DV
GHILQHG LQ WKH 6DIH 'ULQNLQJ :DWHU $FW�

��KWWSV���VGZLV�ZDWHUERDUGV�FD�JRY�3'::�-63�10RQLWRULQJ6FKHGXOHV�MVS"WLQZV\VBLVBQXPEHU ����	WLQZV\VB
VWBFRGH &$	5HSRUW)RUPDW '::
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IURP WKHVH H[LVWLQJ SURJUDPV DUH QRW UHSUHVHQWDWLYH RI JURXQGZDWHU TXDOLW\ DVVRFLDWHG ZLWK DJUL�
FXOWXUDO LUULJDWLRQ� VWRFN ZDWHULQJ� GRPHVWLF ZHOOV� RU JURXQGZDWHU GLVFKDUJH WR VWUHDPV� 7KH ZHOOV
LQ WKH PRQLWRULQJ QHWZRUN DUH DOPRVW H[FOXVLYHO\ ORFDWHG ZLWKLQ DQG QHDU WKH VHPL�XUEDQ DUHDV RI
WKH %DVLQ DV VKRZQ LQ )LJXUH ��� $V WKH LQLWLDO PRQLWRULQJ QHWZRUN �7DEOH ��� KDV OLPLWHG VSDWLDO
FRYHUDJH� WKH QHWZRUN ZLOO EH DXJPHQWHG ZLWK DW OHDVW ILYH DGGLWLRQDO ZHOOV WKDW ZLOO EH DSSURSULDWHO\
ORFDWHG WR LPSURYH VSDWLDO FRYHUDJH RI WKH %DVLQ� $UHDV RI WKH %DVLQ ZLWK QR UHSUHVHQWDWLYH ZHOOV
H[HPSOLI\ ODUJH VSDWLDO GDWD JDSV� H[LVWLQJ ZHOOV LQ WKHVH DUHDV FDQ EH DGGHG WR WKH PRQLWRULQJ ZHOO
QHWZRUN RQFH WKH\ DUH HYDOXDWHG XVLQJ WKH VHOHFWLRQ FULWHULD� :HOO LQIRUPDWLRQ XVHG WR GHWHUPLQH
LI D SRWHQWLDO FDQGLGDWH ZHOO VKRXOG EH DGGHG WR WKH PRQLWRULQJ QHWZRUN FDQ EH FROOHFWHG WKURXJK
DFWLYLWLHV VXFK DV ZHOO ORJJLQJ� FDPHUD LQVSHFWLRQ� RU FROOHFWLRQ RI JUDE VDPSOHV� 7KH GHVLJQ RI
WKH H[SDQGHG PRQLWRULQJ QHWZRUN PXVW HQDEOH DGHTXDWH VSDWLDO FRYHUDJH �GLVWULEXWLRQ� GHQVLW\�
WKDW DOORZV FKDUDFWHUL]DWLRQ RI JURXQGZDWHU TXDOLW\ FRQGLWLRQV DW D ORFDO DQG %DVLQ�ZLGH VFDOH IRU
DOO EHQHILFLDO XVHV� ZKLFK WKH FXUUHQW PRQLWRULQJ QHWZRUN GRHV QRW� ,Q DGGLWLRQ WR WKH ZHOOV OLVWHG LQ
7DEOH ��� DGGLWLRQDO ZHOOV PD\ EH DGGHG WKURXJKRXW *63 LPSOHPHQWDWLRQ WR PHHW WKH REMHFWLYHV
RI WKH PRQLWRULQJ QHWZRUN LQ UHVSRQVH WR FKDQJHV LQ ODQG XVH� SURMHFW LPSOHPHQWDWLRQ� RU ZLWK QHZ
ZDWHU TXDOLW\ FRQFHUQV�
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)LJXUH ��� /RFDWLRQV RI H[LVWLQJ JURXQGZDWHU TXDOLW\ QHWZRUNV LQ 6FRWW 9DOOH\ ZLWK PRQLWRULQJ IRU
&2&V�

7KH SODQQHG DGGLWLRQDO ZHOOV DUH LQWHQGHG WR JDWKHU JURXQGZDWHU TXDOLW\ GDWD UHSUHVHQWDWLYH RI
GLIIHUHQW ODQG XVHV DQG DFWLYLWLHV� DQG WR LPSURYH XSRQ WKH H[LVWLQJ VSDWLDO FRYHUDJH LQ WKH %DVLQ�
7KLV LQFOXGHV ZHOOV WKDW DUH ORFDWHG LQ DUHDV ZLWK SRWHQWLDO ZDWHU TXDOLW\ FRQFHUQV� 6SHFLILFDOO\�
PRQLWRULQJ ZHOOV ZLOO EH DGGHG WR ORFDOO\ LGHQWLILHG VLWHV WKDW PD\ EH YXOQHUDEOH WR ZDWHU TXDOLW\
LPSDFWV� LQFOXGLQJ ORFDWLRQV XVHG IRU WKH ORDGLQJ DQG XQORDGLQJ RI FDWWOH� &DWWOH PDQXUH� GHSRVLWHG
LQ ODUJH DPRXQWV DW WKH ODQG VXUIDFH� PD\ FDXVH QLWUDWH FRQWDPLQDWLRQ RI JURXQGZDWHU� )XQGLQJ
KDV EHHQ PDGH DYDLODEOH WKURXJK 1&5:4&% IRU VDPSOH DQDO\VLV DQG UHVXOWV RI WKLV VDPSOLQJ
ZLOO EH XVHG WR KHOS LQIRUP WKH PRQLWRULQJ QHWZRUN H[SDQVLRQ� $Q\ ZHOOV DGGHG WR WKH PRQLWRULQJ
QHWZRUN ZLOO EH HYDOXDWHG XVLQJ WKH FULWHULD OLVWHG DERYH WR HQVXUH ZHOO VXLWDELOLW\�
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�������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V WKH H[LVWLQJ PRQLWRULQJ QHWZRUN KDV OLPLWHG VSDWLDO FRYHUDJH DQG LV QRW UHSUHVHQWDWLYH RI DOO ODQG
XVHV LQ WKH %DVLQ� DQ H[SDQVLRQ RI WKH QHWZRUN LV UHTXLUHG WR DGHTXDWHO\ FKDUDFWHUL]H DQG PRQ�
LWRU JURXQGZDWHU TXDOLW\ LQ WKH %DVLQ� $Q DVVHVVPHQW DQG H[SDQVLRQ RI WKH PRQLWRULQJ QHWZRUN
LV SODQQHG ZLWKLQ WKH ILUVW ILYH \HDUV RI *63 LPSOHPHQWDWLRQ� )XUWKHU HYDOXDWLRQV RI WKH PRQLWRU�
LQJ QHWZRUN ZLOO EH FRQGXFWHG� DW PLQLPXP� RQ D ILYH�\HDU EDVLV� SDUWLFXODUO\ ZLWK UHJDUG WR WKH
VXIILFLHQF\ RI WKH PRQLWRULQJ QHWZRUN LQ PHHWLQJ WKH PRQLWRULQJ REMHFWLYHV�

'DWD JDSV KDYH EHHQ LGHQWLILHG� SDUWLFXODUO\ LQ VSDWLDO FRYHUDJH RI WKH %DVLQ ZLWK PRQLWRULQJ GDWD
WKDW LV UHSUHVHQWDWLYH RI GLIIHUHQW ODQG XVHV DQG EHQHILFLDO XVHV LQ WKH %DVLQ �DOVR VHH $SSHQGL[
��$�� 7KHVH GDWD JDSV ZLOO EH DGGUHVVHG LQ WKH SODQQHG H[SDQVLRQ RI WKH QHWZRUN� DQG WKHVH GDWD
GHILFLHQFLHV ZLOO EH UHVROYHG WKURXJK WKH DGGLWLRQ RI VXLWDEOH H[LVWLQJ ZHOOV DQG FRQVWUXFWLRQ RI
QHZ ZHOOV� DV QHFHVVDU\� 7KH ORFDWLRQ DQG QXPEHU RI WKHVH ZHOOV ZLOO EH LQIRUPHG E\ WKH HYDOX�
DWLRQ FRPSOHWHG DV SDUW RI WKH PRQLWRULQJ QHWZRUN GHVLJQ� ,Q WKH 1RUWK &RDVW +\GURORJLF 5HJLRQ�
IRU H[DPSOH� GDLU\ RSHUDWRUV DUH UHTXLUHG WR PRQLWRU DQG UHSRUW JURXQGZDWHU GDWD WR 1&5:4&%�
PDNLQJ WKHVH ZHOOV SRVVLEOH FDQGLGDWHV IRU QHWZRUN H[SDQVLRQ� $QQXDO JURXQGZDWHU PRQLWRULQJ RI
QLWUDWH ZDV ILUVW UHTXLUHG LQ ���� DV SDUW RI WKH :DVWH 'LVFKDUJH 5HTXLUHPHQWV IRU 'DLULHV �2UGHU
1R� 5������������� 2UGHU 1R� 5����������� H[WHQGV WKH GDLU\ PRQLWRULQJ SURJUDP� EXW FKDQJHV
VDPSOLQJ IUHTXHQF\ WR HYHU\ WKUHH \HDUV DIWHU WKH \HDU ����� 7KH ���� 1&5:4&% UHSRUW 1RUWK
&RDVW +\GURORJLF 5HJLRQ 6DOW DQG 1XWULHQW 3ODQQLQJ *URXQGZDWHU %DVLQ (YDOXDWLRQ DQG 3ULRULWL]D�
WLRQ HPSKDVL]HV WKH QHHG IRU H[SDQGHG JURXQGZDWHU PRQLWRULQJ WKURXJK PRQLWRULQJ DQG UHSRUWLQJ
SURJUDPV �053V� LQ :DVWH 'LVFKDUJH 5HTXLUHPHQWV �:'5V� DQG :DLYHUV� $GGLWLRQDOO\� 5HJLRQDO
:DWHU %RDUG VWDII DUH DVVHVVLQJ D %DVLQ 3ODQ DPHQGPHQW IRU D *URXQGZDWHU 3URWHFWLRQ 6WUDWHJ\
ZLWK QHZ UHJXODWRU\ RSWLRQV RU VWUDWHJLHV �1&5:4&% ������ $GGLWLRQDO FDQGLGDWH ZHOOV LQFOXGH
GRPHVWLF ZHOOV� ZHOOV LQFOXGHG LQ WKH PRQLWRULQJ QHWZRUN IRU JURXQGZDWHU OHYHOV� DQG 4XDUW] 9DOOH\
,QGLDQ 5HVHUYDWLRQ �49,5� PRQLWRULQJ ZHOOV�

0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� 6XEVLGHQFH 0RQLWRULQJ 1HWZRUN

������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

,QWHUIHURPHWULF 6\QWKHWLF $SHUWXUH 5DGDU �,Q6$5� LV D VDWHOOLWH�EDVHG UHPRWH VHQVLQJ WHFKQLTXH
WKDW PHDVXUHV YHUWLFDO JURXQG VXUIDFH GLVSODFHPHQW FKDQJHV DW KLJK GHJUHHV RI PHDVXUHPHQW
UHVROXWLRQ DQG VSDWLDO GHWDLO� ':5 SURYLGHV YHUWLFDO GLVSODFHPHQW HVWLPDWHV GHULYHG IURP ,Q6$5
GDWD FROOHFWHG E\ WKH (XURSHDQ 6SDFH $JHQF\ 6HQWLQHO��$ VDWHOOLWH DQG SURFHVVHG XQGHU FRQWUDFW
ZLWK 75( $/7$0,5$ ,QF� 3RLQW GDWD DUH DYHUDJH YHUWLFDO GLVSODFHPHQWV RI D ����E\���� IW �����
E\�����P� DUHD DQG *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP �*,6� UDVWHUV DUH LQWHUSRODWHG IURP WKH SRLQW
GDWD� $V VKRZQ LQ )LJXUH �� LQ &KDSWHU �� VSDWLDO GLVWULEXWLRQ RI WKH SRLQW GDWD FRYHUV PRVW RI WKH
%DVLQ DQG WKH HQWLUH %DVLQ DUHD LV FRYHUHG WKURXJK LQWHUSRODWLRQ RI UDVWHUV� 7KH GDWD SURYLGH JRRG
WHPSRUDO FRYHUDJH DQG DUH DYDLODEOH RQ PXOWLSOH WLPHVFDOHV� 7KH DQQXDO UDVWHUV EHJLQ DQG HQG RQ
HDFK PRQWK RI WKH FRYHUHG \HDU DQG WKH FXPXODWLYH UDVWHUV DUH DYDLODEOH IRU WKH IXOO WLPH SHULRG
������������ 0RQWKO\ WLPHVHULHV DUH DYDLODEOH IRU HDFK SRLQW GDWD ORFDWLRQ�

5HSUHVHQWDWLYH 0RQLWRULQJ
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7KH ':5 �75( $/7$0,5$� ,Q6$5 GDWD ZLOO EH XVHG WR PRQLWRU VXEVLGHQFH LQ WKH %DVLQ� 7KHUH
DUH QR H[SOLFLWO\ LGHQWLILHG UHSUHVHQWDWLYH VXEVLGHQFH VLWHV EHFDXVH WKH VDWHOOLWH GDWD FRQVLVWV RI
WKRXVDQGV RI SRLQWV� )LJXUH �� LQ &KDSWHU � VKRZV WKH FRYHUDJH RI WKH VXEVLGHQFH PRQLWRULQJ
QHWZRUN� ZKLFK ZLOO PRQLWRU SRWHQWLDO VXUIDFH GHIRUPDWLRQ WUHQGV UHODWHG WR VXEVLGHQFH� 'DWD IURP
WKH VXEVLGHQFH PRQLWRULQJ QHWZRUN ZLOO EH UHYLHZHG DQQXDOO\� 7KH VXEVLGHQFH PRQLWRULQJ QHWZRUN
DOORZV VXIILFLHQW PRQLWRULQJ ERWK VSDWLDOO\ DQG WHPSRUDOO\ WR DGHTXDWHO\ DVVHVV WKDW WKH PHDVXUDEOH
REMHFWLYH LV EHLQJ PHW�

������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$V VXEVLGHQFH LV FXUUHQWO\ QRW D VLJQLILFDQW FRQFHUQ IRU WKH %DVLQ� DQG LV QRW OLNHO\ WR EH LQ WKH
IXWXUH� WKH ,Q6$5�EDVHG VXEVLGHQFH PRQLWRULQJ QHWZRUN DOORZV VXIILFLHQW PRQLWRULQJ ERWK VSDWLDOO\
DQG WHPSRUDOO\ WR DGHTXDWHO\ DVVHVV WKDW WKH PHDVXUDEOH REMHFWLYH �FXUUHQWO\ LQ DWWDLQPHQW� LV EH�
LQJ PDLQWDLQHG� ,Q DGGLWLRQ� WKH GDWD SURYLGHG E\ ':5 �75( $OWDPLUD� DUH VSDWLDOO\ DQG WHPSRUDOO\
DGHTXDWH IRU XQGHUVWDQGLQJ VKRUW�WHUP� VHDVRQDO� DQG ORQJ�WHUP WUHQGV LQ ODQG VXEVLGHQFH� DQG DUH
FRQVLVWHQW ZLWK WKH GDWD DQG UHSRUWLQJ VWDQGDUGV RXWOLQHG LQ 5HJ� � ������ +RZHYHU� GDWD JDSV GR
H[LVW LQ WKH VXEVLGHQFH QHWZRUN� LQFOXGLQJ WKH ODFN RI GDWD SULRU WR ���� DQG QR &RQWLQXRXV *OREDO
3RVLWLRQLQJ 6\VWHP �&*36� VWDWLRQV WR JURXQG WUXWK WKH VDWHOOLWH GDWD� 7KH ':5�75( $/7$0,5$
,Q6$5 GDWDVHW LV WKH RQO\ VXEVLGHQFH GDWDVHW FXUUHQWO\ DYDLODEOH IRU WKH %DVLQ DQG RQO\ KDV GDWD
H[WHQGLQJ EDFN WR ����� +LVWRULFDO VXEVLGHQFH GDWD PHDVXUHG SULRU WR ���� LV FXUUHQWO\ XQDYDLO�
DEOH� &RPSDUHG WR VDWHOOLWH GDWD� &*36 VWDWLRQV RIIHU JUHDWHU DFFXUDF\ DQG KLJKHU IUHTXHQF\ DQG
SURYLGH D JURXQG�WUXWK FKHFN RQ VDWHOOLWH GDWD� +RZHYHU� WKHUH DUH QR &*36 RU XVHIXO ERUHKROH
H[WHQVRPHWHU VWDWLRQV ORFDWHG ZLWKLQ RU QHDU WKH %DVLQ ERXQGDU\� 'XH WR OLWWOH FXUUHQW HYLGHQFH
RI VXEVLGHQFH VLQFH ���� �VHH &KDSWHU ��������� QR IXWXUH &*36 RU ERUHKROH H[WHQVRPHWHU VWD�
WLRQV DUH SURSRVHG IRU WKH %DVLQ DW WKLV WLPH� ,I VXEVLGHQFH EHFRPHV D FRQFHUQ LQ WKH IXWXUH� WKHQ
LQVWDOODWLRQ RI &*36 VWDWLRQV DQG�RU ERUHKROH H[WHQVRPHWHUV FDQ EH SURSRVHG� 7KH VXEVLGHQFH
PRQLWRULQJ QHWZRUN ZLOO EH XVHG WR GHWHUPLQH LI DQG ZKHUH IXWXUH &*36 VWDWLRQV ZRXOG EH LQVWDOOHG
RU JURXQG�EDVHG HOHYDWLRQ VXUYH\V SHUIRUPHG� ,Q DGGLWLRQ� LI VXEVLGHQFH DQRPDOLHV DUH GHWHFWHG
LQ WKH VXEVLGHQFH PRQLWRULQJ QHWZRUN� JURXQG WUXWKLQJ� HOHYDWLRQ VXUYH\LQJ� DQG *36 VWXGLHV PD\
EH FRQGXFWHG�

0RQLWRULQJ SURWRFROV IRU GDWD FROOHFWLRQ DUH SURYLGHG LQ $SSHQGL[ ��%�

����� 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH:DWHU 0RQLWRULQJ 1HW�
ZRUN

�������� 'HVFULSWLRQ RI 0RQLWRULQJ 1HWZRUN

7KH *63 5HJXODWLRQV SURYLGH WKDW WKH PRQLWRULQJ QHWZRUN IRU 'HSOHWLRQ RI ,QWHUFRQQHFWHG 6XUIDFH
:DWHU VKRXOG LQFOXGH ³>P@RQLWRU>LQJ@ VXUIDFH ZDWHU DQG JURXQGZDWHU ZKHUH LQWHUFRQQHFWHG VXUIDFH
ZDWHU FRQGLWLRQV H[LVW� WR FKDUDFWHUL]H VSDWLDO DQG WHPSRUDO H[FKDQJHV EHWZHHQ VXUIDFH ZDWHU DQG
JURXQGZDWHU DQG WR FDOLEUDWH DQG DSSO\ WKH WRROV DQG PHWKRGV QHFHVVDU\ WR FDOFXODWH GHSOHWLRQ RI
VXUIDFH ZDWHU FDXVHG E\ JURXQGZDWHU H[WUDFWLRQV´� ��� &&5 �������F������

*URXQGZDWHU /HYHOV DV 3UR[\ IRU 6WUHDP 'HSOHWLRQ 0RQLWRULQJ ± QRW VXLWDEOH
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:DWHU OHYHOV DUH QRW D VXLWDEOH SUR[\ IRU VXUIDFH ZDWHU GHSOHWLRQ LQ WKH 6FRWW 9DOOH\� DOWKRXJK WKH\
KDYH EHHQ SURSRVHG LQ RWKHU JURXQGZDWHU EDVLQV �H�J�� LQ WKH *63 DGRSWHG UHFHQWO\ E\ WKH 6DQWD
&UX] 0LG�&RXQW\ *URXQGZDWHU $JHQF\�� 7KLV LV EHFDXVH LQ WKH 6FRWW 9DOOH\ V\VWHP ��� JURXQG�
ZDWHU OHYHOV DUH DIIHFWHG E\ PDQ\ IDFWRUV LQFOXGLQJ� EXW QRW OLPLWHG WR JURXQGZDWHU XVH� DQG ���
WKH W\SLFDO YDULDELOLW\ LQGXFHG E\ VHDVRQDO FOLPDWH� UHFKDUJH� DQG SXPSLQJ FKDQJHV LV JUHDWHU WKDQ
WKH FKDQJH LQ KHDG WKDW ZRXOG FRUUHVSRQG WR D VLJQLILFDQW FKDQJH LQ RXWIORZ WR WKH VWUHDP V\VWHP�
,Q RWKHU ZRUGV� WKH KHDG GDWD FXUUHQWO\ DYDLODEOH DUH WRR QRLV\ WR EH XVHIXO IRU DVVHVVLQJ VWUHDP
GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ RU VWUHDP GHSOHWLRQ UHYHUVDO GXH WR VSHFLILF SURMHFWV DQG
PDQDJHPHQW DFWLRQV �30$V��
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7DEOH ��� :HOOV GHVLJQDWHG IRU SRWHQWLDO LQFOXVLRQ LQ WKH JURXQGZDWHU OHYHOV DQG VWRUDJH PRQLWRULQJ
QHWZRUN DV 5HSUHVHQWDWLYH 0RQLWRULQJ 3RLQWV �503V�� 7KHUH DUH WZHQW\�RQH 3ULRULW\ � ZHOOV DQG
HLJKW 3ULRULW\ � ZHOOV OLVWHG� WR DFKLHYH WKH FRYHUDJH RQ )LJXUH �� :HOO GHSWK LV WDNHQ IURP :HOO
&RPSOHWLRQ 5HSRUWV �:&5V�� HDFK ZHOO ZDV PDWFKHG WR D :&5� EXW VRPH :&5V GR QRW FRQWDLQ
GHSWK RU VFUHHQHG LQWHUYDO LQIRUPDWLRQ� DQG WKHUH LV VRPH XQFHUWDLQW\ UHJDUGLQJ WKH DFFXUDF\ RI
WKH PDWFK�

:HOO ,' :HOO 'HSWK �IW EJV� /DWLWXGH /RQJLWXGH 3ULRULW\
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7DEOH ��� ([LVWLQJ DQG SODQQHG HOHPHQWV RI WKH JURXQGZDWHU TXDOLW\ PRQLWRULQJ QHWZRUN� 3HU WKH
PRQLWRULQJ VFKHGXOHV DYDLODEOH RQ (3$¶V 6DIH 'ULQNLQJ :DWHU ,QIRUPDWLRQ 6\VWHP �6':,6�� VSH�
FLILF FRQGXFWLYLW\ LV RQ D PRQLWRULQJ VFKHGXOH RI ��� PRQWKV IRU HDFK RI WKH WZR DFWLYH ZHOOV LQ )RUW
-RQHV�

1DPH RI 1HWZRUN 1XPEHU RI
:HOOV

$JHQF\ &RQVWLWXHQW )UHTXHQF\

0XQLFLSDO � &LW\ RI )RUW -RQHV 1LWUDWH $QQXDOO\
0XQLFLSDO � &LW\ RI )RUW -RQHV 6SHFLILF

&RQGXFWLY�
LW\

3HULRGLFDOO\

3XEOLF :DWHU 6XS�
SO\

� .LGGHU &UHHN 2UFKDUG
&DPS

1LWUDWH $QQXDOO\

([SDQGHG *6$
0RQLWRULQJ 1HW�
ZRUN

$ PLQLPXP RI �
ZHOOV� VLWHV WR
EH GHWHUPLQHG

*6$ 1LWUDWH DQG
VSHFLILF
FRQGXFWLY�
LW\

)UHTXHQF\
WR EH GHWHU�
PLQHG�
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)LJXUH ��� &RQFHSWXDO FURVV�VHFWLRQ DFURVV WKH YDOOH\ IORRU QHDU WKH 6FRWW 5LYHU �OHIW�� VKRZLQJ WKH ODQG VXUIDFH �EURZQ� ZLWK FURS
FRYHU� DQG WZR K\SRWKHWLFDO ZDWHU WDEOHV� DW D JUDGLHQW RI DERXW ��� SHUFHQW� FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV� DQG DW D
JUDGLHQW RI DERXW ���� SHUFHQW� FRUUHVSRQGLQJ WR D EDVHIORZ RI DERXW �� FIV� *UDGLHQWV DUH DSSUR[LPDWH� 7KH LQVHUWHG WDEOH VKRZV
WKH UHVXOWLQJ GLIIHUHQFH LQ ZDWHU WDEOH GHSWK EHWZHHQ WKHVH WZR K\SRWKHWLFDO ZDWHU WDEOH ORFDWLRQV� DW GLIIHUHQW GLVWDQFHV IURP WKH
6FRWW 5LYHU� 7KH FRQFHSWXDO FURVV�VHFWLRQ GRHV QRW DFFRXQW IRU ZDWHU WDEOH LQIOXHQFHV IURP QHDUE\ SXPSLQJ� LUULJDWLRQ UHWXUQ IORZV�
RU WULEXWDULHV�
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6SHFLILFDOO\� WKH DYHUDJH GHFUHDVH LQ VXPPHU VWUHDPIORZ EHIRUH DQG DIWHU WKH ����V ����� DQG
���� FIV� UHVSHFWLYHO\ >���� DQG ���� FPV� UHVSHFWLYHO\@�� LV DSSUR[LPDWHO\ �� FIV ����� FPV� LQ
EDVHIORZ� 7KLV GLIIHUHQFH LQ EDVHIORZ LV FDXVHG E\ D %DVLQ DYHUDJH GHFOLQH LQ ZDWHU WDEOH JUDGLHQW
WRZDUG WKH 6FRWW 5LYHU �&KDSWHU �������� RI DSSUR[LPDWHO\ ����WKV RI RQH SHUFHQW �VHH )LJXUH ����
$W ��� IW ����� P� IURP 6FRWW 5LYHU� WKLV LV D � LQ ���� FP� GLIIHUHQFH LQ ZDWHU OHYHO LI WKH ZDWHU
WDEOH QH[W WR WKH 6FRWW 5LYHU UHPDLQV WKH VDPH� 7KLV LV PXFK VPDOOHU WKDQ WKH W\SLFDO WUDQVLHQW
YDULDWLRQV LQGXFHG E\ SXPSLQJ ZHOOV DQG VHDVRQDO FOLPDWH YDULDELOLW\ LQ ZDWHU OHYHOV PHDVXUHG LQ
PRQLWRULQJ ZHOOV QHDU WKH ULYHU �VHH &KDSWHU ��� $GGLWLRQDOO\� ZDWHU OHYHOV QHDU WKH VWUHDP ± DQG
PRUH VR DZD\ IURP WKH VWUHDP � DUH LQIOXHQFHG E\ IDFWRUV RWKHU WKDQ JURXQGZDWHU SXPSLQJ RXWVLGH
RI WKH $GMXGLFDWHG =RQH� LQFOXGLQJ SUR[LPLW\ WR WULEXWDULHV DQG WKHLU UHFKDUJH KLVWRU\� SUR[LPLW\ WR
ZHOOV DQG WKHLU SXPSLQJ KLVWRU\� LUULJDWLRQ PHWKRGV DQG DJULFXOWXUDO UHWXUQ IORZV LQ QHDUE\ ILHOGV�
DQG DTXLIHU KHWHURJHQHLW\�

)RU H[DPSOH� PRQWKO\ ZDWHU WDEOH GHSWK LQ ���� ± ���� LQ ³YDOOH\ IORRU´ ZHOOV YDULHG DFURVV ZHOOV
DQG WLPH� IURP OHVV WKDQ � IHHW WR RYHU �� IHHW �+DUWHU ������ 7KH PHGLDQ VXPPHU ZDWHU WDEOH
HOHYDWLRQ LQ GU\ \HDUV LV RQO\ DERXW � IHHW ORZHU WKDQ WKH PHGLDQ HOHYDWLRQ LQ DYHUDJH RU ZHW \HDUV�
%HWZHHQ GU\ \HDUV ZLWK VLPLODUO\ ORZ VWUHDP IORZV �OHVV WKDQ �� FIV DW WKH 86*6 )RUW -RQHV JDXJH�
H�J�� ����� ����� ������ GLIIHUHQFHV LQ PHGLDQ ZDWHU OHYHO RI ³YDOOH\ IORRU´ REVHUYDWLRQ ZHOOV ZHUH RQ
WKH RUGHU RI RQH WR WZR IHHW �+DUWHU ������ $V D UHVXOW RI WKH PDJQLWXGH RI WKHVH IOXFWXDWLRQV� SDUWO\
GXH WR WKH LQWHUIHUHQFH IURP K\GURORJLF LQSXWV�VWUHVVHV RWKHU WKDQ 30$V� ZDWHU OHYHO PRQLWRULQJ
LV QRW D VXLWDEOH WRRO WR PHDVXUH ZKHWKHU JURXQGZDWHU XVHUV¶ 30$V KDYH HIIHFWLYHO\ GHFUHDVHG
VWUHDP GHSOHWLRQ�

+RZHYHU� WKH *63 UHFRJQL]HV WKDW JURXQGZDWHU OHYHOV DUH IXQGDPHQWDOO\ OLQNHG ZLWK JURXQGZDWHU�
VWUHDP IOX[ UDWHV� DQG WKHVH PHDVXUHPHQWV FDQ EH XVHIXO ZKHQ MXGLFLRXVO\ XVHG LQ FRPELQDWLRQ
ZLWK WKH 69,+0� ,Q DGGLWLRQ� XVH RI REVHUYLQJ ORQJ�WHUP WUHQGV LQ WKH K\GUDXOLF JUDGLHQW EHWZHHQ WKH
DTXLIHU DQG VWUHDP KDV EHHQ VXJJHVWHG DV D WRRO WR FRPSO\ ZLWK 6*0$ UHTXLUHPHQWV IRU GHSOHWLRQ
RI LQWHUFRQQHFWHG VXUIDFH ZDWHU �+DOO HW DO� ������ :KLOH JURXQGZDWHU OHYHOV DV D SUR[\ IRU VWUHDP
GHSOHWLRQ PRQLWRULQJ DUH E\ WKHPVHOYHV QRW VXLWDEOH IRU WKH %DVLQ� WKHVH PHDVXUHPHQWV ZLOO EH
FROOHFWHG DQG XVHG WR DVVHVV ORQJ�WHUP WUHQGV LQ ZDWHU OHYHO JUDGLHQWV DQG WR DYRLG ORQJ�WHUP�
%DVLQ�VFDOH ZDWHU OHYHO GHFOLQHV �VHH &KDSWHUV ����� DQG ������� 7KHVH GDWD� DPRQJ PDQ\ RWKHUV�
DUH DOVR XVHG WR FDOLEUDWH DQG LPSURYH 69,+0� 69,+0 LQ WXUQ DFFRXQWV IRU DQG SURFHVVHV D PXFK
ZLGHU UDQJH RI UHOHYDQW ODQG XVH� K\GURORJLF� DQG JHRORJLF GDWD WKDW ZRXOG QRW EH UHIOHFWHG LQ
ZDWHU OHYHO GDWD DORQH� 8VLQJ PRUH DSSURSULDWH� FRPSUHKHQVLYH LQIRUPDWLRQ� LQFOXGLQJ PHDVXUHG
ZDWHU OHYHO G\QDPLFV� 69,+0 FRPSXWHV ZDWHU OHYHO FKDQJHV GXH WR 30$V DQG HVWLPDWHV VWUHDP
GHSOHWLRQ UHYHUVDO RFFXUULQJ VSHFLILFDOO\ GXH WR 30$V LQ ZD\V WKDW FDQQRW EH DFKLHYHG ZLWK ZDWHU
OHYHO PHDVXUHPHQWV DORQH �VHH EHORZ��

6WUHDPIORZ DV 3UR[\ IRU 6WUHDP 'HSOHWLRQ 0RQLWRULQJ ± QRW VXLWDEOH
'LUHFW PHDVXUHPHQW RI VWUHDPIORZ DW WKH )RUW -RQHV JDXJH LV DOVR QRW D VXLWDEOH SUR[\ IRU VXUIDFH
ZDWHU GHSOHWLRQ LQ WKH 6FRWW 9DOOH\ EHFDXVH LW LV DIIHFWHG E\ VHYHUDO IDFWRUV RWKHU WKDQ JURXQGZDWHU
XVH RXWVLGH WKH $GMXGLFDWHG =RQH� 7KH )RUW -RQHV JDXJH VWUHDPIORZ GXULQJ WKH VXPPHU EDVHIORZ
VHDVRQ LV D GLUHFW PHDVXUH RI WKH WRWDO JURXQGZDWHU FRQWULEXWLRQ IURP WKH 6FRWW 9DOOH\ %DVLQ WR WKH
VWUHDP� 7KDW JURXQGZDWHU FRQWULEXWLRQ WR VWUHDPIORZ LV D IXQFWLRQ RI JURXQGZDWHU XVH LQVLGH DQG
RXWVLGH WKH $GMXGLFDWHG =RQH� RI ZLQWHU DQG VSULQJ UHFKDUJH IURP SUHFLSLWDWLRQ DQG LUULJDWLRQ RQ WKH
YDOOH\ IORRU� RI ZLQWHU DQG VSULQJ UHFKDUJH IURP WULEXWDULHV RQ WKH XSSHU DOOXYLDO IDQV� RI PRXQWDLQ
IURQW UHFKDUJH� DQG RI VXUIDFH ZDWHU GLYHUVLRQV �&KDSWHU ���������� ,W LV D IXQFWLRQ RI ERWK� WKHLU WRWDO
DPRXQWV DQG WKH WHPSRUDO G\QDPLFV RI WKHVH DPRXQWV �SXPSLQJ� UHFKDUJH� GLYHUVLRQV� HWF���

/HJDO 5HTXLUHPHQWV IRU 4XDQWLI\LQJ 6WUHDP GHSOHWLRQ GXH WR *URXQGZDWHU 3XPSLQJ
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3HU �� &&5 6HFWLRQ �������F�� PLQLPXP WKUHVKROGV IRU GHSOHWLRQ RI LQWHUFRQQHFWHG VXUIDFH ZD�
WHU VKDOO EH D UDWH RU YROXPH RI VXUIDFH ZDWHU GHSOHWLRQ FDXVHG E\ JURXQGZDWHU XVH WKDW KDV DG�
YHUVH LPSDFWV RQ EHQHILFLDO XVHV RI WKH VXUIDFH ZDWHU� 0LQLPXP WKUHVKROGV UHSUHVHQW WKH WKUHVKROG
DERYH�EHORZ ZKLFK XQGHVLUDEOH UHVXOWV PD\ RFFXU� 7KH OHJDO UHTXLUHPHQWV IRU WKH PLQLPXP WKUHVK�
ROG DOORZ IRU WKH XVH RI D QXPHULFDO JURXQGZDWHU DQG VXUIDFH ZDWHU PRGHO WR TXDQWLI\ �³PRQLWRU´
RU ³PHDVXUH´� WKH DPRXQW RI VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ DQG WR VHW WKH
PLQLPXP WKUHVKROG XVLQJ WKH PRGHO�
4XDQWLI\LQJ 6WUHDP 'HSOHWLRQ GXH WR *URXQGZDWHU 3XPSLQJ ZLWK 69,+0
7KH QXPHULFDO PRGHO GHVFULEHG LQ &KDSWHU �� WKH 6FRWW 9DOOH\ ,QWHJUDWHG +\GURJHRORJLFDO 0RGHO
�69,+0�� LV WKH EHVW DYDLODEOH WRRO WR HYDOXDWH VXUIDFH ZDWHU GHSOHWLRQ 60& FRQGLWLRQV LQ 6FRWW
9DOOH\ DQG WR TXDQWLI\ WKH DPRXQW RI GHSOHWLRQ DWWULEXWDEOH WR JURXQGZDWHU XVH RXWVLGH RI WKH $G�
MXGLFDWHG =RQH� 7KH FXUUHQW YHUVLRQ RI 69,+0 VLPXODWHV 6FRWW 9DOOH\ FRQGLWLRQV IRU ����±����
FOLPDWH FRQGLWLRQV EDVHG RQ WKH EHVW DYDLODEOH LQIRUPDWLRQ� LQFOXGLQJ QXPHURXV FOLPDWH� SURGXFWLRQ
ZHOO� JHRJUDSKLF� JHRORJLF� DQG ODQG XVH PRQLWRULQJ GDWD IURP 6FRWW 9DOOH\ DQG FDOLEUDWHG DJDLQVW
KXQGUHGV RI VWUHDPIORZ DQG ZDWHU OHYHO PHDVXUHPHQWV� $ 6*0$�FRPSOLDQW VRIWZDUH �02')/2:
����� LV XVHG IRU 69,+0�
$IWHU *63 DGRSWLRQ LQ ����� WKH SURFHVV IRU FRPSXWLQJ �³PHDVXULQJ´� VWUHDP GHSOHWLRQ LQ D JLYHQ
PRQWK� VHDVRQ� RU ZDWHU \HDU ZLWK 69,+0 LV GHILQHG WKURXJK WKH IROORZLQJ VSHFLILF PRGHOLQJ SUR�
FHVV�

�� ³&XUUHQW´ LV GHILQHG DV D UHFHQWO\ FRPSOHWHG ZDWHU \HDU DW WKH WLPH QHZ VLPXODWLRQV DUH
LPSOHPHQWHG� )RU H[DPSOH� LI WKLV PRGHOLQJ H[HUFLVH LV LPSOHPHQWHG LQ ����� ³FXUUHQW´ PD\
EH WKH ZDWHU \HDU ���� RU �����

�� 7KHUH DUH WZR RSHUDWLQJ PRGHV IRU 69,+0�

� 7KH FDOLEUDWHG WLPHOLQH PRGH� 7KH FDOLEUDWHG 69,+0 YHUVLRQ LV LPSOHPHQWHG IRU D VLP�
XODWLRQ SHULRG IURP ���� WR FXUUHQW� UHSUHVHQWLQJ DFWXDO FOLPDWH DQG VWUHDP LQIORZ FRQGL�
WLRQV WR WKH %DVLQ IRU WKH SHULRG RI ���� WR FXUUHQW DQG UHSUHVHQWLQJ WKH DFWXDO KLVWRULFDO
HYROXWLRQ RI 30$V DQG RWKHU ODQG XVH DQG ODQG PDQDJHPHQW FKDQJHV LQ WKH %DVLQ� 7KLV
PRGH LV XVHG WR XSGDWH DQG UH�FDOLEUDWH 69,+0 XVLQJ WKUHH W\SHV RI GDWDVHWV �WDUJHW GDWD�
FRQFHSWXDO DQG LQSXW GDWD� DQG 30$ GDWD� VHH &KDSWHU ������� EHORZ��

� 7KH VFHQDULR PRGH� 7KH VFHQDULR PRGH FDQ EH WKRXJKW RI DV D IXWXUH WLPH SHULRG RI WKH
VDPH OHQJWK DV ���� WR FXUUHQW �DW WKH ZULWLQJ RI WKLV *63� D ���\HDU SHULRG IURP ���� WR
����� RYHU ZKLFK D VSHFLILF VFHQDULR LV LPSOHPHQWHG� IRU ³PHDVXUHPHQW´ SXUSRVHV� )RU DOO
VFHQDULR VLPXODWLRQV GHVFULEHG EHORZ �30$ 0RGHO� %$8 0RGHO� 1R 3XPSLQJ 5HIHUHQFH
0RGHO�� WKH PRQWKO\ �RU GDLO\� WLPH VHULHV RI FOLPDWH FRQGLWLRQV �SUHFLSLWDWLRQ� HYDSRWUDQ�
VSLUDWLRQ �(7�� LQIORZ IURP WULEXWDULHV� HWF�� LV WKDW IURP ���� WR FXUUHQW� %XW WKH VFHQDULRV
UHSUHVHQWHG �30$� %$8� 1R 3XPSLQJ� DUH VWDWLF RYHU WKH HQWLUH VLPXODWLRQ SHULRG� ZKHUH
³VWDWLF´ PHDQV WKDW WKH VHW RI 30$V �30$ SRUWIROLR�� %$8� RU 1R 3XPSLQJ FRQGLWLRQV GRHV
QRW FKDQJH LWV SDWWHUQ RU ODQG XVH DQG ODQG PDQDJHPHQW UXOH VHW RYHU WLPH� 7KH 30$
SRUWIROLR PD\ EH VWUXFWXUHG G\QDPLFDOO\� IRU H[DPSOH� LW PD\ LQFOXGH SURMHFWV WKDW RQO\
RFFXU LQ GU\ \HDUV RU UXQ RQO\ IURP -XO\ WR 6HSWHPEHU HDFK \HDU� EXW WKH VWUXFWXUH RI WKH
30$ SRUWIROLR UXOH VHW GRHV QRW FKDQJH� 7KLV FKDUDFWHULVWLF RI WKH VFHQDULR PRGH DOORZV
LW WR EH XVHG WR ³PHDVXUH´ VWUHDP GHSOHWLRQ DQG WKH UHYHUVDO RI VWUHDP GHSOHWLRQ GXH WR
VSHFLILF 30$V RU 30$ SRUWIROLRV RYHU D UHSUHVHQWDWLYH SHULRG RI WLPH�

�� ³0HDVXULQJ´ RU ³PRQLWRULQJ´ WKH LPSDFWV RQ VWUHDPIORZ IURP SURMHFWV DQG PDQDJHPHQW DF�
WLRQV �30$V� RU XQGHU DQ\ 1R 3XPSLQJ 5HIHUHQFH 0RGHO LV LPSOHPHQWHG E\ XVLQJ WKH PRGHO
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LQ ³VFHQDULR´ PRGH� 6SHFLILFDOO\� WKH FRPSXWDWLRQ �³PHDVXUHPHQW´� LV LPSOHPHQWHG E\ ILUVW
VLPXODWLQJ WZR VFHQDULRV DQG WKHQ FRPSXWLQJ WKH GLIIHUHQFH LQ RXWFRPHV �VWUHDPIORZ�� H�J��
EHWZHHQ WKH %$8 VLPXODWLRQ DQG WKH 30$ RU EHWZHHQ WKH %$8 VLPXODWLRQ DQG WKH 1R 3XPS�
LQJ 5HIHUHQFH 0RGHO VLPXODWLRQ� ,Q RWKHU ZRUGV� WKH LPSDFW RI DQ DFWLRQ �30$� 1R 3XPSLQJ
5HIHUHQFH� LV PHDVXUHG E\ UXQQLQJ WZR 69,+0 VFHQDULR VLPXODWLRQV� RQH VLPXODWLRQ ZLWK�
RXW WKH DFWLRQ DQG RQH VLPXODWLRQ ZLWK WKH DFWLRQ� (DFK VLPXODWLRQ SURYLGHV D WLPH VHULHV RI
PRQWKO\ VWUHDPIORZ LQIRUPDWLRQ IRU WKH ���\HDU �RU ORQJHU� VLPXODWLRQ SHULRG� )RU HDFK PRQWK
LQ WKH ���\HDU VLPXODWLRQ SHULRG ���� PRQWKV� WKH LPSDFW RI WKH DFWLRQ LV FRPSXWHG DV WKH GLI�
IHUHQFH LQ VWUHDPIORZ �PHDVXUHG LQ FIV� EHWZHHQ WKH WZR VFHQDULR VLPXODWLRQV� %HFDXVH WKH
PRGHO UXQV RYHU DW OHDVW �� \HDUV ������FXUUHQW�� WKH DSSURDFK DOORZV IRU FRPSXWLQJ �³PHD�
VXULQJ´� WKH VWUHDP GHSOHWLRQ UHYHUVDO �DQG UHPDLQLQJ VWUHDP GHSOHWLRQ� XQGHU D ZLGH UDQJH
RI ZHW� DYHUDJH� DQG GU\ \HDU FRQGLWLRQV ZLWK PRQWKO\ �RU GDLO\� YDU\LQJ� UHDO FOLPDWH FKDUDF�
WHULVWLFV DV REVHUYHG RYHU WKH SHULRG ���� WR FXUUHQW� 6RPH LPSRUWDQW FKDUDFWHULVWLFV RI WKHVH
FRPSXWDWLRQV �³PHDVXUHPHQWV´� DUH VXPPDUL]HG KHUH�

� &KDQJHV FDQ EH FRPSXWHG �³PHDVXUHG´� IRU DQ\ VSHFLILF GDWH �PRQWK� LQ WKH VLPXODWLRQ
SHULRG ������FXUUHQW�

� &KDQJHV FDQ EH FRPSXWHG �³PHDVXUHG´� DW DQ\ ORFDWLRQ ZLWKLQ WKH VWUHDP QHWZRUN LQ WKH
%DVLQ� 7KH VWUHDP QHWZRUN KDV D UHVROXWLRQ RI ��� IW ���� P��

� ,Q DGGLWLRQ WR FKDQJHV LQ IORZ� WKH WZR VLPXODWLRQV �ZLWK DQG ZLWKRXW DQ DFWLRQ� FDQ EH
XVHG WR DVVHVV WHPSRUDO FKDQJHV LQ WKH FKDUDFWHULVWLFV RI NH\ ³IXQFWLRQDO IORZ´ HOHPHQWV
�&KDSWHU �� &KDSWHU ��������� SDUWLFXODUO\ WKH DFFHOHUDWLRQ RU GHOD\ LQ VSULQJ UHFHVV IORZ
WLPLQJ DQG WKH GHOD\ RU DFFHOHUDWLRQ LQ WKH RQVHW RI WKH IDOO SXOVH IORZ LQ DQ\ JLYHQ \HDU�

� 7KH WZR VLPXODWLRQV FDQ DOVR EH XVHG WR DVVHVV WKH FKDQJHV LQ WKH OHQJWK RI GU\ VWUHDP
VHFWLRQV ZLWKLQ WKH VWUHDP QHWZRUN UHVXOWLQJ IURP 30$V� H�J�� DV D IXQFWLRQ RI ZDWHU \HDU
W\SH�

� 69,+0 FXUUHQWO\ XVHV PRQWKO\ ³VWUHVV SHULRGV´ �WLPH�YDU\LQJ PRGHO LQSXWV VXFK DV SUHFLS�
LWDWLRQ DUH SURYLGHG PRQWK�E\�PRQWK� UHIOHFWLQJ WKH DYHUDJH FRQGLWLRQ RYHU HDFK PRQWK��
EXW FRPSXWHV GDLO\ IORZV �DQG JURXQGZDWHU OHYHO FKDQJHV�� )ORZV FDQ EH DJJUHJDWHG E\
PRQWK� VHDVRQ� \HDU� RU ZDWHU�\HDU W\SH� )XWXUH YHUVLRQV RI 69,+0 PD\ XVH GDLO\ VWUHVV
SHULRGV�

� 1XPHURXV VWDWLVWLFV FDQ EH REWDLQHG IURP WKH PRGHO ZLWK UHVSHFW WR
± DEVROXWH IORZ GLIIHUHQFHV EHWZHHQ WZR VFHQDULRV�
± UHODWLYH IORZ GLIIHUHQFHV �D 30$ VFHQDULR FKDQJH UHODWLYH WR D 1R 3XPSLQJ 5HIHUHQFH
0RGHO FKDQJH��

± FKDQJHV LQ WKH WLPLQJ RI IORZV�
± DQG RWKHU FKDUDFWHULVWLFV�

�� %XVLQHVV DV 8VXDO 0RGHO �%$8 0RGHO� VFHQDULR� 69,+0 LV XVHG WR FRPSXWH GDLO\ VWUHDP�
IORZ DW WKH VDPH WLPHV DQG ORFDWLRQV DV WKH 30$ PRGHO� H[SOLFLWO\ H[FOXGLQJ DOO 30$ LPSOH�
PHQWDWLRQ RYHU WKH HQWLUH VLPXODWLRQ SHULRG� 7KLV VLPXODWLRQ UHSUHVHQWV WKH ³%XVLQHVV DV 8VXDO
0RGHO �%$8�´� D VFHQDULR LQ ZKLFK QR 30$V DUH LPSOHPHQWHG WKDW ZRXOG PDNH ZDWHU XVH PRUH
VXVWDLQDEOH WKDQ GXULQJ WKH EDVHOLQH SHULRG ������������ 7KLV YHUVLRQ LQFOXGHV UHSUHVHQWDWLYH
ODQG XVH DQG ODQG PDQDJHPHQW FRQGLWLRQV ZLWKRXW 30$V�

�� 3URMHFW DQG 0DQDJHPHQW $FWLRQ �30$ 0RGHO� VFHQDULR� 69,+0 LV XVHG WR FRPSXWH GDLO\
VWUHDPIORZ DW WKH )RUW -RQHV JDXJH �DQG RWKHU ORFDWLRQV� XQGHU DVVXPHG �IXWXUH� FRQGLWLRQV
ZLWK D VWDWLF LPSOHPHQWDWLRQ RI D VSHFLILF 30$ RI LQWHUHVW� D 30$ SRUWIROLR RI LQWHUHVW �VHH
&KDSWHU ��� RU WKH VSHFLILF 30$ SRUWIROLR UHSUHVHQWLQJ FXUUHQW �SRVW������ FRQGLWLRQV� 7KH
ODWWHU LV WKH ³&XUUHQW 30$ 3RUWIROLR 0RGHO´� 7KH 30$ PRGHOV DUH VLPXODWHG DV LI WKH VHW RI
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30$V� DV LV� ZHUH WR FRQWLQXH WKURXJKRXW WKH VLPXODWLRQ SHULRG� 7KH 30$ 0RGHO DOORZV IRU
HYDOXDWLRQ RI GHVLUHG RU FXUUHQW 30$ HIIHFWV RYHU D YDULHW\ RI FOLPDWH FRQGLWLRQV� 7KH &XUUHQW
30$ 3RUWIROLR 0RGHO LV WKH PRGHO XVHG IRU FRPSOLDQFH SXUSRVHV DQG WR ³PHDVXUH´ WKH VWUHDP
GHSOHWLRQ UHYHUVDO �DQG UHPDLQLQJ VWUHDP GHSOHWLRQ� XQGHU WKH FXUUHQW SRUWIROLR RI 30$V�

�� 1R 3XPSLQJ 5HIHUHQFH �13 0RGHO� VFHQDULR� )RU WKH 13 0RGHO� 69,+0 LV XVHG WR FRPSXWH
GDLO\ VWUHDPIORZ DW WKH VDPH WLPHV DQG ORFDWLRQV DV WKH 30$ 0RGHO� EXW IRU FRQGLWLRQV RI QR
SXPSLQJ RXWVLGH WKH $GMXGLFDWHG =RQH DQG QR LPSOHPHQWDWLRQ RI 30$V� 9DULRXV QR SXPSLQJ
VFHQDULRV KDYH EHHQ DQG FDQ EH FRQVWUXFWHG �VHH $SSHQGL[ ��$�

�� 7KH WRWDO VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU XVH RXWVLGH RI WKH $GMXGLFDWHG =RQH
�³7RWDO 'HSOHWLRQ´� LV FDOFXODWHG E\ WDNLQJ WKH GLIIHUHQFH LQ VLPXODWHG VWUHDPIORZ DW WKH )RUW
-RQHV JDXJH EHWZHHQ WKH %$8 0RGHO DQG WKH 13 5HIHUHQFH 0RGHO� 7KH WRWDO GHSOHWLRQ LV D
WLPH�VHULHV ZLWK GDLO\ YDOXHV RYHU WKH VLPXODWLRQ SHULRG� ,W LV PHDVXUHG LQ WKH VDPH XQLWV DV
DYHUDJH GDLO\ VWUHDPIORZ �FXELF�IHHW SHU VHFRQG� FIV�� EXW FDQ EH VXPPHG DV D FXPXODWLYH
YROXPH RYHU DPRQWK� VHDVRQ� RU ZDWHU�\HDU �WKRXVDQG DFUH�IHHW� 7$)�� DQG LW FDQ EH DYHUDJHG
RYHU WKH HQWLUH VLPXODWLRQ SHULRG� E\ ZDWHU�\HDU W\SH� DQG IRU VSHFLILF VHDVRQV�

�� 7KH VXUIDFH ZDWHU GHSOHWLRQ WKDW ZDV DYRLGHG E\ WKH LPSOHPHQWDWLRQ RI 30$V �³30$ 'H�
SOHWLRQ 5HYHUVDO´� LV FDOFXODWHG E\ WDNLQJ WKH GLIIHUHQFH LQ VLPXODWHG VWUHDPIORZ DW WKH )RUW
-RQHV JDXJH EHWZHHQ WKH 30$ 0RGHO DQG WKH %XVLQHVV DV 8VXDO 0RGHO� DQG FRPSDULQJ WKDW
GLIIHUHQFH WR 7RWDO 'HSOHWLRQ�ԉ ԞԣԐԛ ӹԔԟԛԔԣԘԞԝ <ԒԕԢ> � ԃԅnӷӶԊԅԂӶ ӹԔԟԛԔԣԘԞԝ ԇԔԥԔԡԢԐԛ <ԒԕԢ> � ԅԂӶ ਷ ӷӶԊԇԔԛԐԣԘԥԔ ԅԂӶ ӹԔԟԛԔԣԘԞԝ ԇԔԥԔԡԢԐԛ <�> � ��� ੟ ձծբ եր֋ևր֏ք֊։ ճր֑ր֍֎ռևյ ֊֏ռև եր֋ևր֏ք֊։

$ YLVXDO VFKHPDWLF RI WKLV IUDPHZRUN LV LQFOXGHG DV )LJXUH ���

:LWK WKLV IUDPHZRUN� WKH *6$ FDQ HVWLPDWH VWUHDPIORZ FKDQJHV �LQFOXGLQJ QXPHURXV VWDWLVWLFV RI
WKRVH FKDQJHV IRU DQ\ SHULRG RI LQWHUHVW� FDXVHG E\ WKH LPSOHPHQWDWLRQ RI 30$V RYHU WKH UDQJH
RI REVHUYHG� DFWXDO FOLPDWH FRQGLWLRQV� ,W FDQ DVVHVV WKH FKDQJHV UHODWLYH WR D VFHQDULR LQ ZKLFK
QR PDQDJHPHQW DFWLRQV ZHUH WDNHQ DQG FDOFXODWH WKH IUDFWLRQ RI WRWDO GHSOHWLRQ GXH WR SXPSLQJ
RXWVLGH WKH $GMXGLFDWHG =RQH WKDW ZDV UHYHUVHG E\ 30$V� $OO RI WKLV FDQ EH FDOFXODWHG XQGHU
WKH VSHFLILF ZHDWKHU FRQGLWLRQV H[SHULHQFHG� 7KH DPRXQW >FIV@ DQG IUDFWLRQ >�@ RI WRWDO GHSOHWLRQ
UHYHUVHG IRU WKH &XUUHQW 30$ 3RUWIROLR 0RGHO ZLOO EH UHSRUWHG LQ DQQXDO *6$ UHSRUWV�

7KLV LV GHVLJQHG WR EH DQ DGDSWLYH PDQDJHPHQW SURFHVV WKDW HYROYHV DV QHZ NQRZOHGJH LV JDLQHG�
7KH PRQLWRULQJ QHWZRUN DVVHVVPHQW VHFWLRQ EHORZ �&KDSWHU �������� GHVFULEHV LQ PRUH GHWDLO WKH
UHODWLRQVKLS EHWZHHQ WKH QXPHURXV GDWD FROOHFWLRQ HIIRUWV DQG WKH XSGDWLQJ SURFHVV RI 69,+0 DV
D PHDVXUHPHQW WRRO RI VWUHDP GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ RXWVLGH RI WKH $GMXGLFDWHG
=RQH�

���
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)LJXUH ��� 9LVXDO VFKHPDWLF RI VLPXODWLRQV XVHG WR FDOFXODWH 5HODWLYH 'HSOHWLRQ 5HYHUVDO LQ IXWXUH VXVWDLQDEOH JURXQGZDWHU PDQDJH�
PHQW UHSRUWV�
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$GGLWLRQDO 0RQLWRULQJ 5HODWHG WR ,QWHUFRQQHFWHG 6XUIDFH :DWHU
7RPRQLWRU IRU VXVWDLQDEOH UDWHV RI VXUIDFH IORZ GHSOHWLRQ� WKH *6$ZLOO DOVR UHO\ RQ H[LVWLQJ PRQLWRU�
LQJ SURJUDPV� 7KH *6$ SODQV WR FROODERUDWH ZLWK RWKHU HQWLWLHV WR DGG YHULILHG GDWD DQG DGGLWLRQDO
PRQLWRULQJ ORFDWLRQV WR ILOO GDWD JDSV�

6XUIDFH ZDWHU PRQLWRULQJ
7KH *6$ ZLOO FRQWLQXH WR UHO\ RQ WKH ORQJVWDQGLQJ IORZ UHFRUG RI WKH 6FRWW 5LYHU PRQLWRUHG DW WKH
)RUW -RQHV *DXJH �86*6� 6WDWLRQ ,' ����������

7KH IORZV LQ WULEXWDU\ VWUHDPV WR WKH 6FRWW 5LYHU FRQVWLWXWH D GDWD JDS� &XUUHQWO\� UHFRUGV RI
IORZUDWHV LQ WULEXWDU\ VWUHDPV DUH OLPLWHG� DQG IRU WKH 69,+0 VLPXODWLRQV� WKH WHPSRUDO JDSV LQ
WULEXWDU\ UHFRUGV DUH ILOOHG XVLQJ VWDWLVWLFDO FRUUHODWLRQV EHWZHHQ HDFK WULEXWDU\¶V UHFRUG DQG WKH
UHFRUG DW WKH 86*6 )RUW -RQHV JDXJH �&KDSWHU ��� $GGLWLRQDO PRQLWRULQJ RQ WULEXWDULHV ZRXOG SUR�
YLGH PRUH LQIRUPDWLRQ RQ VSHFLILF ZDWHU \HDU W\SH FRQGLWLRQV DQG LQIORZV WR LQWHUFRQQHFWHG VWUHDP
UHDFKHV� 6XFK WULEXWDU\ GDWD ZRXOG JHQHUDWH FULWLFDO WDUJHW GDWD �VHH &KDSWHU �������� WR LPSURYH
WKH UHOLDELOLW\ RI 69,+0�

%LRORJLFDO PRQLWRULQJ
([LVWLQJ ELRORJLFDO PRQLWRULQJ WKDW ZLOO EH XVHG WR DVVHVV WKH FRQGLWLRQ RI DTXDWLF DQG RWKHU
JURXQGZDWHU�GHSHQGHQW HFRV\VWHPV LQFOXGHV WKH &'): FDPHUD WUDS SURJUDP DQG ELRORJLFDO VXU�
YH\V FRQGXFWHG E\ WKH 6LVNL\RX &RXQW\ 5&' �5&'�� DQG MXYHQLOH VDOPRQLG RXWPLJUDQW PRQLWRULQJ
FRQGXFWHG E\ &'):�

6LQFH ����� &'): KDV RSHUDWHG D FDPHUD WUDS RQ WKH 6FRWW 5LYHU� QHDU WKH ERWWRP RI WKH 6FRWW
9DOOH\ VWUHDP V\VWHP� ,W LV ORFDWHG GRZQVWUHDP RI WKH )RUW -RQHV JDXJH DW ULYHU PLOH ���� ����� ��¶
�����´ 1� ���� ��¶ ����´:�� 7KH FDPHUD WUDS UHFRUGV WKH SDVVDJH RI PLJUDWLQJ VDOPRQLGV �.QHFKWOH
DQG *LXGLFH ������

6LQFH ����� WKH 5&' KDV FROOHFWHG GDWD RQ WKH ORFDWLRQ DQG DEXQGDQFH RI VDOPRQ UHGGV �JUDYHO
QHVWV ZKHUH HJJV DUH ODLG� LQ WKH ODWH IDOO DQG HDUO\ ZLQWHU� 7KHVH VXUYH\V LQFOXGH UHFRUGLQJ RI
UHGG ORFDWLRQV� RFFXUUHQFH RI DGXOW VSDZQLQJ VDOPRQ �ERWK OLYH DQG DV FDUFDVVHV�� DQG VWUHDP
FRQQHFWLYLW\ DQG IORZ FRQGLWLRQV�

$QQXDO MXYHQLOH VDOPRQLG PRQLWRULQJ KDV EHHQ RFFXUULQJ VLQFH ����� IROORZLQJ WKH LQVWDOODWLRQ RI
WKH 6FRWW 5LYHU URWDU\ WUDS� WKH 6FRWW 5LYHU -XYHQLOH 6DOPRQLG 2XWPLJUDQW VWXG\ ���� PRQLWRUHG
HPLJUDWLQJ &KLQRRN VDOPRQ� FRKR VDOPRQ DQG VWHHOKHDG WURXW �0DVVLH DQG 0RUURZ ������ $Q�
QXDO PRQLWRULQJ RI MXYHQLOH VDOPRQLGV LV SDUW RI ZRUN FRQGXFWHG E\ &'): DQG WKH 6KDVWD 9DOOH\
5HVRXUFH &RQVHUYDWLRQ 'LVWULFW RQ 6KDVWD DQG 6FRWW 5LYHUV�

$GGLWLRQDO ELRORJLFDO PRQLWRULQJ GDWD PD\ EH XVHG DV LW EHFRPHV DYDLODEOH WKURXJK RWKHU RUJDQL]D�
WLRQV DQG DJHQFLHV� )RU *63 DQG JURXQGZDWHU VXVWDLQDELOLW\ PRQLWRULQJ SXUSRVHV� QR GDWD JDSV
LQ ELRORJLFDO PRQLWRULQJ KDYH EHHQ LGHQWLILHG DW WKLV WLPH�

�������� $VVHVVPHQW DQG ,PSURYHPHQW RI 0RQLWRULQJ 1HWZRUN

$VVHVVLQJ DQG ,PSURYLQJ 69,+0
7KH 69,+0� DV D ³PRQLWRULQJ´ LQVWUXPHQW RI VXUIDFH ZDWHU GHSOHWLRQ GXH WR JURXQGZDWHU SXPSLQJ�
ZLOO EH DVVHVVHG DQG XSGDWHG HYHU\ � WR �� \HDUV� XWLOL]LQJ WKH GDWD DQG NQRZOHGJH XVHG IRU WKH
RULJLQDO�SUHYLRXV PRGHO GHYHORSPHQW XSGDWH SOXV DQ\ DGGLWLRQDO PRQLWRULQJ GDWD FROOHFWHG VLQFH
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WKH ODVW PRGHO XSGDWH� 1HZ GDWD WKDW ZLOO EH FRQVLGHUHG LQ WKH DVVHVVPHQW DQG XSGDWH RI 69,+0
IDOO LQWR WKUHH JHQHUDO FDWHJRULHV�

� 9DOLGDWLRQ DQG UH�FDOLEUDWLRQ GDWD �³WDUJHW´ GDWD�� 7KHVH DUH LQGHSHQGHQWO\ FROOHFWHG ILHOG GDWD�
W\SLFDOO\ FROOHFWHG RQ D GDLO\� PRQWKO\� RU VHDVRQDO EDVLV� WKDW DUH DOVR VLPXODWLRQ RXWFRPHV E\
69,+0� JURXQGZDWHU OHYHO PRQLWRULQJ GDWD DQG VWUHDPIORZ PHDVXUHPHQWV ZLWKLQ 6FRWW 9DOOH\
DQG DW WKH )RUW -RQHV JDXJH� 7KH\ DUH FRPPRQO\ XVHG DV FDOLEUDWLRQ WDUJHWV GXULQJ PRGHO
�UH��FDOLEUDWLRQ� ,Q RWKHU ZRUGV� UHDO PRQLWRULQJ GDWD DUH XVHG WR FRPSDUH PRGHO VLPXODWLRQ
UHVXOWV WR UHDOLW\ DQG WR DGMXVW WKH PRGHO �ZLWKLQ WKH OLPLWV RI WKH FRQFHSWXDO PRGHO� WR FORVHO\
VLPXODWH PHDVXUHG DQGPRQLWRUHG UHDO K\GURORJLF RXWFRPHV �JURXQGZDWHU OHYHOV� VWUHDPIORZ��

� &RQFHSWXDO PRGHO GDWD ± K\GURORJLF DQG K\GURJHRORJLF FRQGLWLRQV �FRQFHSW DQG ³LQSXW´ GDWD��
7KHVH DUH GDWD WKDW WKH PRGHO XVHV DV LQSXW DQG GDWD WKDW DUH XVHG WR SDUDPHWHUL]H RU FRQ�
FHSWXDOO\ GHVLJQ WKH PRGHO� 7KHVH W\SHV RI GDWD LQFOXGH� EXW DUH QRW OLPLWHG WR SUHFLSLWDWLRQ
GDWD� WULEXWDU\ LQIORZ GDWD WR WKH EDVLQ� K\GURJHRORJLF GDWD REWDLQHG IURP ZHOO ORJV DQG SXPS
WHVWV� DQG UHVHDUFK LQVLJKWV REWDLQHG IURP SURMHFWV WR IXUWKHU XQGHUVWDQG DQ\ K\GURORJLF VXE�
V\VWHPV ZLWKLQ 6FRWW 9DOOH\ �H�J�� JURXQGZDWHU�VXUIDFH ZDWHU LQWHUDFWLRQ PHDVXUHG ZLWK GLV�
WULEXWHG WHPSHUDWXUH VHQVLQJ WRROV RU D ORFDO QHWZRUN RI SLH]RPHWHUV� VHH *URXQGZDWHU 6WXG\
3ODQ ������

� 'DWD DERXW SURMHFWV DQG PDQDJHPHQW DFWLRQ LPSOHPHQWDWLRQ �³30$´ GDWD�� 7KHVH DUH �PRQ�
LWRULQJ� GDWD FROOHFWHG VSHFLILFDOO\ WR FKDUDFWHUL]H WKH LPSOHPHQWDWLRQ RI 30$V WR LQIRUP WKH
*6$� VWDNHKROGHUV� DQG WKH GHVLJQ RI IXWXUH PRGHO VFHQDULR XSGDWHV� 7KH VSHFLILF GDWDVHWV
FROOHFWHG DUH D IXQFWLRQ RI WKH 30$ DQG DUH GHVFULEHG LQ &KDSWHU �� ([DPSOHV LQFOXGH PRQWKO\
YROXPH DQG ORFDWLRQ RI ZDWHU UHFKDUJHG �0$5 30$�� DFUHDJH� ORFDWLRQ� DQG LUULJDWLRQ HIIL�
FLHQF\ RI LPSURYHG LUULJDWLRQ V\VWHPV �LUULJDWLRQ HIILFLHQF\ 30$�� DFUHDJH� FURS�ODQG XVH� DQG
SXPSLQJ�GLYHUVLRQ UHVWULFWLRQ FRQGLWLRQV DVVRFLDWHG ZLWK FRQVHUYDWLRQ HDVHPHQWV �YROXQWDU\
ODQG UHSXUSRVLQJ 30$��

7KH GDWD FROOHFWHG ZLOO EH XVHG WR XSGDWH WKH FDOLEUDWHG WLPHOLQH PRGH RI 69,+0 LQ WKUHH ZD\V�

�� &RQFHSWXDO 'DWD WR XSGDWH 69,+0 VLPXODWLRQ SHULRG� 3UHFLSLWDWLRQ DQG VWUHDPIORZ GDWD PHD�
VXUHG DW ZHDWKHU VWDWLRQV DQG WKH 86*6 )RUW -RQHV JDXJH �IURP ZKLFK WULEXWDU\ LQIORZV DUH
HVWLPDWHG XVLQJ DQ H[LVWLQJ VWDWLVWLFDO UHJUHVVLRQ PRGHO� ZLOO EH XVHG WR H[WHQG WKH VLPXODWLRQ
WLPH KRUL]RQ RI 69,+0 ZLWKRXW DQ\ SDUDPHWHU� ERXQGDU\ FRQGLWLRQ� RU VFHQDULR DGMXVWPHQWV WR
WKH RULJLQDO WLPH KRUL]RQ RI WKH PRGHO� 7KLV LV D UHODWLYHO\ LQH[SHQVLYH 69,+0 DSSOLFDWLRQ WKDW
DOORZV IRU XSGDWHG FRPSDULVRQ RI 69,+0 ZDWHU OHYHO DQG VWUHDPIORZ SUHGLFWLRQV DJDLQVW PHD�
VXUHG GDWD XQGHU EDVHOLQH DQG �H[LVWLQJ� VFHQDULR FRQGLWLRQV WKURXJK WKH PRVW FXUUHQW WLPH
SHULRG IRU ZKLFK GDWD DUH DYDLODEOH� 7KLV W\SH RI 69,+0 DSSOLFDWLRQ LV DQWLFLSDWHG WR RFFXU DW
OHDVW RQFH LQ HYHU\ ILYH�\HDU UHSRUWLQJ SHULRG� RU SRVVLEO\ DQQXDOO\�

�� 30$ 'DWD WR XSGDWH 69,+0 VLPXODWLRQ SHULRG� ,Q DGGLWLRQ WR ���� GDWD DERXW 30$ LPSOHPHQ�
WDWLRQ ZLOO EH XVHG WR XSGDWH WKH PRGHO WR LQFOXGH QHZ� DFWXDO 30$ LPSOHPHQWDWLRQ RQ WKH
FRUUHFW WLPHOLQH ZLWKLQ 69,+0� 7KLV SURYLGHV D PRGHO XSGDWH WKDW DSSURSULDWHO\ UHSUHVHQWV
UHFHQW FKDQJHV LQ 30$ LPSOHPHQWDWLRQ� 7KLV DOORZV IRU D PRUH FRQVLVWHQW HYDOXDWLRQ RI VLP�
XODWHG YHUVXV PHDVXUHG ZDWHU OHYHO DQG VWUHDPIORZ GDWD� 7KLV W\SH RI 69,+0 DSSOLFDWLRQ LV
DQWLFLSDWHG WR RFFXU DW OHDVW RQFH LQ HYHU\ ILYH�\HDU UHSRUWLQJ SHULRG�

�� &RQFHSWXDO� 30$� DQG 7DUJHW 'DWD WR XSGDWH 69,+0 DQG UH�FDOLEUDWH� ,Q DGGLWLRQ WR ��� DQG
���� FRQFHSWXDO PRGHO GDWD DUH XVHG WR XSGDWH PRGHO SDUDPHWHUV DQG PRGHO ERXQGDU\ FRQ�
GLWLRQV XQUHODWHG WR 30$V WR LPSURYH WKH FRQFHSWXDO PRGHO XQGHUO\LQJ 69,+0 EDVHG RQ QHZ
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LQVLJKWV DQG GDWD� 7KLV ZLOO W\SLFDOO\ �EXW QRW DXWRPDWLFDOO\� UHTXLUH D UH�FDOLEUDWLRQ RI WKH PRGHO
DJDLQVW PHDVXUHG YDOLGDWLRQ DQG UH�FDOLEUDWLRQ WDUJHW GDWD� $IWHU WKH UH�FDOLEUDWLRQ� DOO VFHQDU�
LRV RI LQWHUHVW DQG WKH WLPHOLQH RI VWUHDP GHSOHWLRQ UHYHUVDO DVVRFLDWHG ZLWK HDFK VFHQDULR RI
LQWHUHVW DQG DQ\ QHZ VFHQDULR RI LQWHUHVW ZLOO EH XSGDWHG XVLQJ WKH UH�FDOLEUDWHG PRGHO WR DOORZ
IRU FRQVLVWHQW FRPSDULVRQ RI VWUHDP GHSOHWLRQ DQG GHSOHWLRQ UHYHUVDO WKDW KDV UHVXOWHG RU ZLOO
UHVXOW IURP 30$V� 7KLV W\SH RI 69,+0 DSSOLFDWLRQ LV DQWLFLSDWHG WR RFFXU DW OHDVW HYHU\ WHQ
\HDUV�

)RU H[DPSOH� WKH YHUVLRQ RI 69,+0 XVHG LQ &KDSWHU � ZDV FDOLEUDWHG IRU WKH SHULRG ���������
�VWHS � DERYH�� WKHQ H[WHQGHG XVLQJ VWHS � DERYH WR FRYHU WKH SHULRG ����������
7KH DERYH SURWRFRO HQVXUHV WLJKW LQWHJUDWLRQ EHWZHHQ PRQLWRULQJ SURJUDPV� SURMHFWV DQG PDQ�
DJHPHQW DFWLRQ LPSOHPHQWDWLRQ� DQG 69,+0 DV D PRQLWRULQJ WRRO IRU VXUIDFH ZDWHU GHSOHWLRQ GXH
WR JURXQGZDWHU XVH� ,W SURYLGHV WKH PRVW DFFXUDWH HVWLPDWLRQ QRW RQO\ RI VWUHDP GHSOHWLRQ� EXW
DOVR QXPHURXV DVVRFLDWHG LQIRUPDWLRQ DERXW ZDWHU OHYHO G\QDPLFV� VWUHDPIORZ G\QDPLFV DQG WKHLU
VSDWLDO� VHDVRQDO� LQWHU�DQQXDO� DQG ZDWHU�\HDU�W\SH�GHSHQGHQW EHKDYLRU� ([DPSOHV RI IXWXUH ILHOG
PRQLWRULQJ GDWD XVHG WR DVVHVV DQG LPSURYH 69,+0 DUH OLVWHG EHORZ�

� 9DOLGDWLRQ DQG UH�FDOLEUDWLRQ GDWD �³WDUJHW´ GDWD��

± :DWHU OHYHO LQ WKH ZDWHU OHYHO PRQLWRULQJ QHWZRUN�
± 'DLO\ VWUHDPIORZ PHDVXUHG DW WKH )RUW -RQHV JDXJH RI WKH 6FRWW 5LYHU�
± 'DWD GRFXPHQWLQJ GDWHV DQG ORFDWLRQV RI GU\ VHFWLRQV LQ WKH VWUHDP QHWZRUN�
± /DVW GDWH RQ ZKLFK FHUWDLQ ORZ IORZ WULJJHUV DUH H[FHHGHG LQ WKH VSULQJ UHFHVVLRQ �H�J��
GDWH DW ZKLFK IORZ DW WKH )RUW -RQHV JDXJH IDOOV EHORZ ��� ��� �� RU �� FIV ���� FPV���

± )LUVW GDWH RQ ZKLFK FHUWDLQ ORZ IORZ WULJJHUV DUH UHDFKHG DV IORZ LQFUHDVHV LQ WKH IDOO �H�J��
GDWH DW ZKLFK IORZ DW WKH )RUW -RQHV JDXJH H[FHHGV ��� ��� �� RU �� FIV ���� FPV���

� +\GURORJLF DQG K\GURJHRORJLF FRQGLWLRQV �FRQFHSW DQG ³LQSXW´ GDWD��

± 3UHFLSLWDWLRQ GDWD IURP H[LVWLQJ FOLPDWH VWDWLRQV�
± 3RWHQWLDO (7 GDWD FRPSXWHG IRUP H[LVWLQJ FOLPDWH VWDWLRQV�
± 'DLO\ VWUHDPIORZ PHDVXUHG DW ORFDWLRQV QHDU WULEXWDU\ VWUHDP LQIORZ WR 6FRWW 9DOOH\ �H�J��
)UHQFK &UHHN JDXJH DW +Z\� ���

± 3XPS WHVW GDWD WKDW FRQWDLQ LQIRUPDWLRQ DERXW K\GURJHRORJLF SURSHUWLHV LQ WKH YLFLQLW\ RI
D ZHOO�

± *HRORJLF LQIRUPDWLRQ REWDLQHG IURP QHZ ZHOO GULOOLQJ ORJV�
± 'DWD FROOHFWHG LQ FRQMXQFWLRQ ZLWK UHVHDUFK DQG SLORW SURMHFWV FKDUDFWHUL]LQJ K\GURORJLF
DQG K\GURJHRORJLF FRQGLWLRQV LQ 6FRWW 9DOOH\�

± ,PSURYHG HVWLPDWHV RI XQLPSDLUHG WULEXWDU\ LQIORZV IURP WKH XSSHU ZDWHUVKHG WR WKH %DVLQ
DFFRXQWLQJ �H�J�� IRU WKH ORFDWLRQ RI H[LVWLQJ�KLVWRULF JDXJHV UHODWLYH WR GLYHUVLRQ ORFDWLRQV��

± $VVHVV WKH QHHG WR LQFRUSRUDWH IDOO�ZLQWHU VWRFNZDWHU GLYHUVLRQV
± 5HILQH VWUHVV�SHULRG VHWXS LQ 02')/2: �H�J�� GDLO\ LQVWHDG RI PRQWKO\�

� 'DWD DERXW SURMHFWV DQG PDQDJHPHQW DFWLRQV �³30$´ GDWD�� VHH &KDSWHU ��

± 'DWH ZKHQ FHUWDLQ 30$ SKDVHV EHJLQ�
± /RFDWLRQ RI 30$ LPSOHPHQWDWLRQ�


 7KH ORFDWLRQ RI DOO ILHOGV SDUWLFLSDWLQJ LQ 0$5 DFWLYLWLHV GXULQJ D JLYHQ ZDWHU \HDU�

 7KH ORFDWLRQ RI FRQVHUYDWLRQ HDVHPHQWV ZLWK DOWHUHG GLYHUVLRQ RU SXPSLQJ SDWWHUQV
GXULQJ D JLYHQ ZDWHU \HDU�
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 7KH ORFDWLRQ RI LPSURYHG LUULJDWLRQ V\VWHPV ZLWK KLJKHU LUULJDWLRQ HIILFLHQFLHV�
± 7LPLQJ DQG YROXPHV RI ZDWHU DVVRFLDWHG ZLWK 30$ LPSOHPHQWDWLRQ�


 7KH WRWDO YROXPH RI ZDWHU UHFKDUJHG LQ 0$5 DFWLYLWLHV GXULQJ D JLYHQ PRQWK RI D JLYHQ
ZDWHU \HDU�


 7KH DPRXQW RI VWUHDPIORZ GLYHUVLRQ GHGLFDWHG WR LQVWUHDP IORZ LQ D JLYHQ PRQWK RI D
JLYHQ ZDWHU \HDU�


 7KH DPRXQW RI SXPSLQJ FXUWDLOPHQW LPSOHPHQWHG LQ D JLYHQ PRQWK RI D JLYHQ ZDWHU
\HDU�


 7KH UHGXFWLRQ LQ (7 RYHU WKH WRWDO JURZLQJ VHDVRQ LQ D FRQVHUYDWLRQ HDVHPHQW�

 )LUVW LQVWDOODWLRQ GDWH RI LPSURYHG LUULJDWLRQ V\VWHPV ZLWK KLJKHU LUULJDWLRQ HIILFLHQFLHV
DQG HVWLPDWHG LPSURYHPHQWV LQ LUULJDWLRQ HIILFLHQF\�


 3HUIRUP DGGLWLRQDO VHQVLWLYLW\ DQDO\VLV RQ FRQFHSWXDO PRGHO LQSXWV DQG 30$ GDWD LQ�
SXWV�

$VVHVVLQJ DQG ,PSURYLQJ 5HODWHG 0RQLWRULQJ 1HWZRUNV
$V GLVFXVVHG DERYH� RQH PDMRU GDWD JDS LGHQWLILHG LV IORZV LQ WULEXWDU\ VWUHDPV� 7KRXJK VRPH
DFWLYH JDXJHV H[LVW RQ WULEXWDU\ VWUHDPV �QRWDEO\ RQ 6XJDU &UHHN� )UHQFK &UHHN DQG 6KDFNOHIRUG�
VHH WDEOH LQ &KDSWHU � &KDSWHU ��������� RWKHU PDMRU WULEXWDULHV GR QRW DSSHDU WR EH DFWLYHO\ JDXJHG
EDVHG RQ SXEOLFO\ DYDLODEOH GDWD� 'DWD JDSV LQ WULEXWDU\ IORZV ZLOO EH DGGUHVVHG WKURXJK SULRULWL]D�
WLRQ RI VWUHDPV IRU PHDVXUHPHQW DQG *6$ FRRUGLQDWLRQ ZLWK RWKHU DJHQFLHV IRU DGGLWLRQ RI VWUHDP
JDXJHV� 5HSHDWHG HYDOXDWLRQV RI WKH QHWZRUN ZLOO RFFXU RQ D ILYH�\HDU EDVLV� $GGLWLRQDO VWUHDP
JDXJHV PD\ EH LPSOHPHQWHG WKURXJKRXW *63 LPSOHPHQWDWLRQ SHULRG� 6WUHDPV VKRXOG EH SULRUL�
WL]HG DFFRUGLQJ WR KRZ PXFK IORZ HDFK VWUHDP FRQWULEXWHV WR WKH %DVLQ� $FFRUGLQJ WR HVWLPDWHG
IORZ YROXPHV LQ 69,+0� WKH ILYH KLJKHVW�SULRULW\ WULEXWDULHV IRU LQVWDOODWLRQ RI IORZ JDXJHV ZRXOG EH
(DVW DQG 6RXWK )RUN 6FRWW 5LYHU �SRVVLEO\ LPPHGLDWHO\ EHORZ WKHLU FRQIOXHQFH� DQG .LGGHU� (WQD�
DQG 6KDFNOHIRUG &UHHNV �7DEOH ���� )UHQFK &UHHN LV DOVR D SULRULW\ ORFDWLRQ IRU LQVWDOODWLRQ RI D
IORZ JDXJH GXH WR LWV YDOXH DV KDELWDW IRU FRKR VDOPRQ� D SULRULW\ *'( LQ WKH %DVLQ� ,I SRVVLEOH�
WKHVH JDXJHV VKRXOG EH ORFDWHG QHDU WKH %DVLQ ERXQGDU\ WR FDSWXUH IORZ FRQGLWLRQV EHIRUH VWUHDPV
LQWHUDFW ZLWK WKH DOOXYLDO DTXLIHU XQGHUO\LQJ WKH IODW YDOOH\ IORRU�
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