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1.0 Purpose and Scope

This procedure prescribes the Sandia National Laboratories (SNL) Nuclear Waste
Management Program (NWMP) procedure for measuring moisture content in the WIPP
underground salt with TroxlerTM model 3223 Neutron Probes.  Calibration and operation
guidelines are included in the procedure (see Appendix A).  This SP is in support of
activities described in TP 99-04, Section 5.5 for moisture content analysis of the Disturbed
Rock Zone (DRZ).  Both SNL and Westinghouse Waste Isolation Division (WID) personnel
will use this SP.

Acronyms and definitions for terms used in this procedure may be found in the NWMP
Glossary located at the Sandia National Laboratories (SNL) NWMP On-line Documents web
site.

2.0 Implementation Actions

The TroxlerTM 3223 moisture gauge is an off-the-shelf item that includes a comprehensive
manual for operating instructions.  This SP will refer to the manual where appropriate and
include additional procedures for operating a custom data acquisition system, SNL
radioactive source control, and specific procedures for use in WIPP salt and the WIPP
underground. SNL staff (org. 6821) will provide design, implementation and technical
assistance for the DRZ monitoring program.  This SP is specifically for the operation of the
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TroxlerTM gauge in measuring moisture content of the DRZ. WID personnel will be
responsible for monitoring program once it is in place.  Data identification and use from the
measurements are described in TP99-04 Section 6.1.4.

2.1 Neutron Probe Operation

Standard operating instructions for the Neutron Probe is described in Section II of the
manual for Troxler 3200 series moisture gauges (see Appendix A).  A custom data
acquisition system has been added for more versatility in counting.  The following describes
the operation of this system.  The data acquisition is accomplished by interfacing an
Eberline Smart Portable (ESP-2) radiation instrument to the direct output of the Neutron
Probe.  The ESP-2 is a data logging, microcomputer-based, portable radiation instrument,
designed to operate with radiation detectors. It is designed for radiation counting and allows
multiple readings (up to 500), to be stored and later output to a computer or printer.  The
ESP-2 may also be used in remote areas operated solely by a computer via its RS232
serial communications port.

The ESP-2 features a liquid crystal display (LCD) along with a single row of seven multi-
function pushbutton switches as it interface to the user.  Data are presented in either
scientific or floating point notation and have selectable measurement units.  Complete
detector configuration including High Voltage (HV) setting, calibration, and operating mode
can be specified for up to three different detectors and stored by the ESP-2.  In our case,
the Troxler unit contains its own HV supply, so the HV on the ESP-2 was disabled.  In
operation, the detector signal is input to the computer and converted to count rate.  The
basic unit is counts per second.  The Scaler Mode,(Integrating or Average Rate) allows the
user to select a counting period over which the computer integrates the detector’s signal.  In
the Scaler mode the first line of the LCD displays the time remaining in the counting period.
The second line shows the cumulative “events”.  At the end of the counting period the
instrument displays the length of the counting period and the total number of events or
radiation units detected.  The ESP-2 stores logging information such as the date, time,
instrument number, user ID, detector selected, operating mode, calibration, and each data
point collected.

The ESP-2 is powered by six “C” cell alkaline batteries.  These batteries provide
approximately 300 hours of continuous use.  The ESP-2 senses low battery conditions at
0.95Vdc/cell and signals the user by blinking the first character on the display.  This
indicates that at least 2 hours of operation remain before the end of battery life.  To allow
battery change without loss of memory the ESP-2 uses a charged capacitor to supply power
to the computer. If extended continuous use of the ESP-2 is anticipated, an optional ac
power unit will be incorporated into the unit.
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2.2 Source Control

The Am-241/Be sealed radioactive source in the probe must be registered with the SNL
Source and Device Control Program prior to acceptance by SNL.  A primary and secondary
custodian of the source must be chosen.  Changes in source custodian(s) must also be
registered with the SNL Source and Device Control Program.

2.3 Calibration in WIPP Salt

Calibration procedures are described in Section IX of the manual for TroxlerTM 3200 series
moisture gauges (see Appendix A).  For WIPP salt, four standards were made to generate
a calibration curve for moisture in salt.  These standards were developed to give equivalent
Hydrogen contents for water volume fractions of 0%, 2.5%, 5%, and 15%.  Detailed
information regarding the standards is in the DRZ Moisture Studies laboratory notebook
(Org. 6821, task # 1.2.01.09.03.02).  Using these WIPP salt standards, follow the
instructions described in Section IX of the manual for TroxlerTM 3200 series moisture
gauges (see Appendix A).  Calibration must be done quarterly and recorded in a laboratory
notebook.

2.4 Moisture Measurements in the DRZ

The moisture measurements in the DRZ will be performed by placing the probe of the
moisture gauge into the aluminum lined 1.75 in diameter bore-holes in the panel walls.  The
bore-holes will be drilled according to SP 9-? and rubber stoppers are to be placed in the
tubing when not in use to keep moisture from transferring in or out of the bore-hole.  The
probe will be placed at various depths of interest into the panel wall.  Distance into the wall
can be measured and controlled using cable stops on the probe’s cable.  These cable stops
are metal rings that attach to the cable and access port for the cable in the probe housing.
Proceed as follows:

1) First install all tubes so they protrude the same distance out of the panel wall.
This will enable stops to be fastened and used for all tubes.

2) Then mark the shallowest depth measurement by placing the cable stop the
distance the tube is out of the wall plus the desired depth above the centerline of
the probe.

3) Then place stops at desired intervals above the first stop.

The measurement at each depth must taken in time intervals such that at least 10,000
counts are obtained.  The counts and count time must be recorded by saving data on disk
before measurement of the next desired depth.  It may take several hours to obtain the
required counts and the system may be left unattended during this time.
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2.5 Safety and Training

The safety concerns regarding the Neutron Probe are solely due to the Am-241/Be radiation
source.  Section X of the manual for Troxler 3200 series moisture gauges (see Appendix A)
thoroughly describes the radiation characteristics and handling procedures for the moisture
gauge.  In addition, users of the moisture gauge must have Radiological Worker II training.

3.0 Records

Calibration data shall be recorded in laboratory notebooks and DRZ moisture data shall be
recorded on disk and stored separately from the data acquisition system for the moisture
gauge. These records shall be prepared and submitted to the NWMP Records Center in
accordance with NP 17-1 (Records).  The following table summarizes the QA records
requirements.

QA Record Preparer Records Submitter

• Gauge Calibration Technician/PI Technician/PI

• Lab Notebook Technician/PI Technician/PI

• Data Disk Technician/PI Technician/PI
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 4.0 Appendices

 
Appendix A:  Excerpts from the TroxlerTM Series 3200 Manual.
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,,�$� *(77,1*�$&48$,17('

7KH� ����� 6HULHV� RI� LQVWUXPHQWV� SURYLGH� D� IDVW� DQG� HFRQRPLFDO� PHWKRG� IRU
GHWHUPLQLQJ� WKH� PRLVWXUH� FRQWHQW� RI� PDWHULDOV�� %HIRUH� \RX� DWWHPSW� WR� XVH
\RXU�JDXJH��VSHQG�D�IHZ�PLQXWHV�OHDUQLQJ�LWV�IHDWXUHV�DQG�FRQWUROV��7KLV
VHFWLRQ� ZLOO� DFW� DV� D� ´'U\� 5XQµ� WR� DFTXDLQW� \RX� ZLWK� WKH� LQVWUXPHQW�
5HPRYH�WKH�JDXJH�DQG�DFFHVVRULHV�IURP�WKH�VKLSSLQJ�FDVH�DQG�LGHQWLI\�DOO
WKH� LWHPV� E\� UHIHUULQJ� WR� )LJXUH� ����� � $� EULHI� GHVFULSWLRQ� RI� WKH� SDUWV
LV�

*DXJH� 3RUWDEOH�LQVWUXPHQW�FRQWDLQLQJ�DOO�HOHFWURQLF�PRGXOHV��UH�
FKDUJHDEOH� EDWWHU\� SDFNV�� DQG� UDGLRDFWLYH� VRXUFH�� 7KH
UHIHUHQFH� VWDQGDUG�� EDWWHULHV�� KLJK� YROWDJH� SRZHU� VXSSO\�
DQG� RWKHU� HOHFWURQLFV� DUH� ORFDWHG� LQ� WKH� JDXJH� ERG\�� 7KH
GHWHFWRU�� UDGLRDFWLYH� VRXUFH�� � DQG� SUHDPSOLILHU� � DUH
ORFDWHG�LQ�WKH�SUREH�ZKLFK�FRPHV�RXW�RI�WKH�ERWWRP�RI�WKH
XQLW�

5HIHUHQFH 7KLV�SLHFH��RI��SRO\HWKHOHQH��FRQWDLQHG�ZLWKLQ��WKH��JDXJH
6WDQGDUG� VHUYHV� WZR� SXUSRVHV�� )LUVW�� LW� LV� XVHG� WR� HVWDEOLVK� WKH

VWDQGDUG� FRXQWV� DJDLQVW� ZKLFK� DOO� PHDVXUHPHQWV� DUH
SURSRUWLRQDO�� VHFRQG�� LW� VHUYHV� DV� D� NQRZQ� UHSHDWDEOH
UHIHUHQFH�IRU�FKHFNLQJ�ORQJ�WHUP�VWDELOLW\�

&KDUJHU� 7ZR�FKDUJHUV��DUH�VXSSOLHG��5HIHU�WR�6HFWLRQ�9�$�IRU�XVH
RI�WKHVH�XQLWV�

�����*DXJH�DQG�$FFHVVRULHV
)LJXUH��³�

752;/(5 ���
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7KH�FDOLEUDWLRQ�RI�WKLV�LQVWUXPHQW�LV�PDGH�LQ�WHUPV�RI�D�UDWLR�WR�D�VWDQ�
GDUG�FRXQW�PDGH�ZLWK�WKH�SUREH� VHFXUHG� ZLWKLQ� WKH� JDXJH� ERG\�� )RU� WKLV
UHDVRQ�� PHDVXUHPHQWV� PDGH� ZLWK� � WKH� LQVWUXPHQW� FDQ� EH� QR� PRUH� DFFXUDWH
WKDQ�WKH�DFFXUDF\�RI�WKH�VWDQGDUG�FRXQW���7KH�RSHUDWRU�VKRXOG�WKHUHIRUH
XVH� FDUH� WR� HVWDEOLVK� WKH� VWDQGDUG� FRXQW�� $� ORJ� VKRXOG� EH� NHSW� RI� WKH
FRXQWV�WKURXJKRXW�WKH�OLIH�RI�WKH�LQVWUXPHQW�VLQFH�WKLV�ZLOO�HVWDEOLVK�D
QRUP�IRU�WKH�UDWH�RI�FKDQJH�SHU�XQLW�WLPH�DQG�DOORZ�WKH�XVHU�WR�GHWHUPLQH
ZKHQ�D�GHIHFW�RFFXUV�HLWKHU�LQ�WKH�SURFHGXUH�RU�WKH�LQVWUXPHQW�

,Q� JHQHUDO�� D� VXGGHQ� VKLIW� RI� PRUH� WKDQ� ��� LQ� DQ� LQGLYLGXDO� VWDQGDUG
FRXQW�� DV� FRPSDUHG� WR� WKH� DYHUDJH� RI� WKH� SUHYLRXV� IRXU�� LQGLFDWHV� VRPH
DEQRUPDOLW\�LQ�JDXJH�RSHUDWLRQ�RU�SURFHGXUH�

:KLOH� DFFXPXODWLQJ� D� VWDQGDUG� FRXQW�� WKH� JDXJH� VKRXOG� EH� DW� URRP
WHPSHUDWXUH�RU�DW�OHDVW�EHWZHHQ����DQG����&����³���)���7KH�PDWHULDO�XVHG
WR�FRQVWUXFW�WKH�UHIHUHQFH�VWDQGDUG�FRQWUDFWV�DQG�H[SDQGV�ZLWK�FKDQJHV�LQ
WHPSHUDWXUH���7KHVH�FKDQJHV�FDQ�DIIHFW�WKH�VWDQGDUG�FRXQW�DQG�WKHUHIRUH
WKH� PHDVXUHPHQW� UHVXOWV�� � 3ODFH� WKH� JDXJH� RQ� WKH� DFFHVV� WXELQJ�� 7KLV
VKRXOG�EH�DW�OHDVW�WZR�PHWHUV��VL[�IHHW��DZD\�IURP�DQ\�EXLOGLQJ�RU�RWKHU
ODUJH� VWUXFWXUH� DQG� DW� OHDVW� WHQ� PHWHUV� �WKLUW\� IHHW�� IURP� DQ\� RWKHU
VRXUFH�RI�QHXWURQV�

7KH�SUREH�PXVW�EH�VHFXUHG�ZLWKLQ��WKH�JDXJH�ERG\�DQG�ORFNHG�LQ�SODFH�E\
WKH�JDXJH�ORFN�RQ�WRS�RI�WKH�LQVWUXPHQW�

7KH�JDXJH�FDQ�QRZ�EH�XVHG�WR�DFFXPXODWH��FRXQW��WKH�VWDQGDUG�FRXQW�

��� 752;/(5
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,,³$���������6(5,(6�&21752/�)81&7,216�$1'�23(5$7,216

7KH�GDWD�SURFHVVRU�PRGXOH�XVHG�LQ�WKH�������6HULHV�RI�JDXJHV�FRQWDLQV�D
�3��PLFURSURFHVVRU��DV�LWV�NH\�FRPSRQHQW���7KH��3��KDV�EHHQ��SURJUDPPHG
WR� SURYLGH� D� YDULHW\� RI� IXQFWLRQV�� � :KLOH� � WKH� FRPSXWDWLRQDO� SRZHU� RI
WKLV� PRGXOH� LV� TXLWH� ODUJH�� FRQVLGHUDEOH� HIIRUW� ZDV� VSHQW� PDNLQJ� WKH
XQLW�DV�HDV\�WR�XVH�DV�SRVVLEOH�

D� %HORZ� LV� D� IXQFWLRQDO� GHVFULSWLRQ� RI� WKH� ����� 6HULHV� FRQWUROV�� 7KH
QXPEHU��EHIRUH��WKH��GHVFULSWLRQ��FRUUHVSRQGV�WR�WKH�ODEHOV�LQ��)LJ�
XUH�����

� 7KH�LQVWUXPHQW�GLVSOD\�LV�D�W\SH�RI�OLTXLG�FU\VWDO���,Q��DGGLWLRQ
WR� GLVSOD\LQJ� DFFXPXODWHG� FRXQWV� DQG� FRPSXWHG� UHVXOWV�� � LW� � DOVR
KDV�VWDWXV�LQGLFDWRUV�DV�VKRZQ�EHORZ�

(55�� $FFXPXODWLRQ� LQ� SURJUHVV� RU� D� FRPSXWDWLRQDO� HUURU� KDV
RFFXUHG�

%$7�� /RZ� EDWWHU\� ZDUQLQJ�� ,QVWUXPHQW� EDWWHU\� LV� LQ� QHHG� RI
UHFKDUJH�� 7KH� JDXJH� ZLOO� VWLOO� IXQFWLRQ� QRUPDOO\� IRU
VHYHUDO�KRXUV�EHIRUH�LW�DXWRPDWLFDOO\�VKXWV�RII�

³ ��'LVSOD\HG�QXPEHU�LV�QHJDWLYH�LQ�YDOXH�

� 32:(5�7,0(� VZLWFK� WXUQV� WKH� XQLW� RQ� DQG� DOVR� VHOHFWV� WKH� WLPH
SHULRG� IRU� DQ� DFFXPXODWLRQ�� 7KH� 6/2:�� 1250�� RU� )$67� SRVLWLRQV
FRUUHVSRQG� WR� DFFXPXODWH� SHULRGV� RI� �� PLQXWHV�� �� PLQXWH�� RU� ����
PLQXWH��UHVSHFWLYHO\�

�����6HULHV�)URQW�3DQHO�&RQWUROV
)LJXUH��³�

752;/(5 ���
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� 67$57���7KLV�SXVKEXWWRQ�VZLWFK�LQLWLDWHV�HLWKHU�D�VWDQGDUG�FRXQW
RU� D� PHDVXUHPHQW� FRXQW� GHSHQGLQJ� RQ� WKH� SRVLWLRQ� RI� WKH� ',63/$<
VZLWFK��,I�WKH�',63/$<�VZLWFK�LV�LQ�RQH�RI�WKH� FRPSXWDLRQDO� SR�
VLWLRQV�� WKH� XQLW� ZLOO� DOVR� PDNH� D� FRPSXWDWLRQ� RI� WKH� PHDVXUHG
PRLVWXUH� LPPHGLDWHO\� IROORZLQJ� WKH� � PHDVXUHPHQW� FRXQW�� � 7KLV
VZLWFK�LV�DOVR�XVHG�WR�HQWHU�D�SURJUDP�WR�DOWHU�WKH�JDXJH�FDOL�
EUDWLRQ�

� ',63/$<���7KH�GLVSOD\�VZLWFK�KDV��PDQ\�SRVLWLRQV�ZKLFK�LQVWUXFW
WKH��3�WR�SHUIRUP�FHUWDLQ�LQVWUXFWLRQV�

67'�&2817���7KLV�SRVLWLRQ�WHOOV�WKH��3�WR�GLVSOD\�WKH�QXPEHU
VWRUHG� LQ� WKH� VWDQGDUG� FRXQW� UHJLVWHU�� 7KH� �3� DVVXPHV� WKDW
DQ\� FRXQW� WDNHQ� LQ� WKLV� SRVLWLRQ� LV� WKH� VWDQGDUG� FRXQW�
7KHUHIRUH�� WKH� SUREH� PXVW� EH� VHFXUHG� LQVLGH� WKH� JDXJH� ERG\
DQG�WKH�32:(5�7,0(�VZLWFK�SODFHG�RQ�6/2:�

0($6�&2817���7KLV�SRVLWLRQ�WHOOV�WKH��3�WR�GLVSOD\�WKH�QXP�
EHU�VWRUHG�LQ�WKH�PHDVXUH�FRXQW�UHJLVWHU���7KH�SUREH�VKRXOG
EH� LQ� WKH� PDWHULDO� WR� EH� WHVWHG� DQG� WKH� 32:(5�7,0(� VZLWFK
XVXDOO\�VHW�WR�1250�

3&)�� NJ�P��� DQG� �92/� �� 7KHVH� SRVLWLRQV� LQVWUXFW� WKH� �3� WR
FRPSXWH� � WKH� PRLVWXUH� FRQWHQW� LQ� WKH� VHOHFWHG� XQLWV�� XVLQJ
WKH�FXUUHQWO\�VWRUHG�YDOXHV�IRU�67'�&2817��0($6�&2817��=(52�
DQG� 6/23(�� ,I� WKH� ',63/$<� VZLWFK� LV� SODFHG� LQ� RQH� RI� WKHVH
SRVLWLRQV� SULRU� WR� DFFXPXODWLQJ� D� VWDQGDUG� FRXQW�� DQ� HUURU
PHVVDJH� ZLOO� EH� GLVSOD\HG�� ,I� D� VWDQGDUG� FRXQW� � KDV� EHHQ
WDNHQ� EXW� QR� PHDVXUH� FRXQW�� D� YDOXH� ZLOO� EH� FRPSXWHG� DQG
GLVSOD\HG��$Q�H[SODQDWLRQ�RI�WKLV�UHVXOW�LV�FRYHUHG�LQ� VHF�
WLRQ�,,³%³��

=(52�� � 6/23(� �� 7KHVH� WZR� SRVLWLRQV� DOORZ� WKH� XVHU� WR� DOWHU
WKH� JDXJH·V� IDFWRU\� FDOLEUDWLRQ� WR� FRUUHFW� IRU� HUURUV� ZKLFK
PD\� H[LVW� LQ� KLV� SDUWLFXODU� DSSOLFDWLRQ�� 7KH� XVH� RI� WKHVH
IXQFWLRQV�LV�FRYHUHG�LQ�VHFWLRQ�,,³$³�³M�

7(67���7KLV�SRVLWLRQ�LQLWLDWHV�D�F\FOLF�WHVW�RI�WKH�GLVSOD\
�6HH� 6HFWLRQ� ,,�%³���� � ,I� WKH� JDXJH� SDVVHV� WKLV� WHVW�� \RX
FDQ�DVVXPH���ZLWK�D�KLJK�GHJUHH�RI��FRQILGHQFH���WKDW��WKH��3
LV�IXQFWLRQLQJ�QRUPDOO\�

� 2))6(7���7KH�WZR�SXVKEXWWRQV�ODEHOHG�,1&�DQG�'(&�DUH�XVHG�LQ�FRQ�
MXQFWLRQ�ZLWK�WKH�=(52�DQG�6/23(�IXQFWLRQV�WR�DOWHU�WKH�FDOLEUD�
WLRQ�

��� 752;/(5
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1RZ� WKDW� \RX� DUH� IDPLOLDU� ZLWK� WKH� FRQWUROV� RI� WKH� ����� 6HULHV�
SURFHHG�DV�EHORZ�WR�XVH�WKH�JDXJH�

E� 3ODFH� WKH� JDXJH� RQ� WKH� DFFHVV� WXELQJ� DGKHULQJ� WR� WKH� SUHFDXWLRQV
RXWOLQHG�LQ�VHFWLRQ�,,³$³��

F� 7XUQ�WKH�32:(5�7,0(�VZLWFK�WR�6/2:����7KH�VWDQGDUG�FRXQW�ZLOO�DOZD\V
EH� WDNHQ� LQ� WKH� 6/2:� SRVLWLRQ�� � 3ODFH� WKH� ',63/$<� � VZLWFK� RQ� 67'
&2817�

G� $OORZ� DW� OHDVW� WHQ� PLQXWHV� WR� HODSVH� DIWHU� SRZHULQJ� WKH� LQVWUXPHQW
EHIRUH�WDNLQJ�WKH�VWDQGDUG�FRXQW�

H� 'HSUHVV�67$57�DQG�QRWH�WKDW�(55�DSSHDUV�LQ�WKH�XSSHU�OHIW�FRUQHU�RI
WKH� GLVSOD\�� 'XULQJ� WKH� IRXU�PLQXWH� SHULRG� WKH� YDOXH� LQ� WKH� GLVSOD\
ZLOO�EH�LQFUHDVLQJ�DW�D�UDQGRP�UDWH���7KLV�YDOXH�ZLOO�UHPDLQ�LQ�WKH
�3�XQWLO�DQRWKHU�VWDQGDUG�FRXQW�LV�WDNHQ�RU�WKH�LQVWUXPHQW�LV�WXUQHG
RII�� � ,W� FDQ� EH� GLVSOD\HG� DQG� UHDG� DW� DQ\� WLPH� E\� SODFLQJ� � WKH
',63/$<�VZLWFK�RQ�67'�&2817�

I� 8QORFN�WKH�WKH�SUREH�ORFN�ORFDWHG�RQ�WRS�RI�WKH�JDXJH�ERG\�WR�DOORZ
WKH� SUREH� WR� GURS� LQWR� WKH� DFFHVV� WXELQJ�� /RZHU� WKH� SUREH� LQWR� WKH
WXELQJ�WR�WKH�GHVLUHG�GHSWK��QRWLQJ�WKH�GHSWK�E\�WKH�PDUNLQJV�RQ�WKH
FDEOH�� 6HFXUH� WKH� SUREH� DW� WKH� GHVLUHG� GHSWK� XVLQJ� WKH� FDEOH� FODPS
SURYLGHG�

J� 6HW� WKH� 32:(5�7,0(� VZLWFK� RQ� 1250� DQG� WKH� ',63/$<� VZLWFK� RQ� 0($6
&2817��WKHQ�GHSUHVV�67$57���(55�ZLOO�DSSHDU�LQ�WKH�GLVSOD\��LQGLFDW�
LQJ� WKDW� DQ� DFFXPXODWLRQ� LV� WDNLQJ� SODFH�� � $W� WKH� HQG� RI� WKH� 1250
SHULRG�� � (55� ZLOO� GLVDSSHDU� DQG� WKH� UHJLVWHU� ZLOO� LQGLFDWH� WKH
PRLVWXUH�PHDVXUHPHQW�FRXQW�

K� ,I� WKH� ',63/$<� VZLWFK� LV� QRZ� SODFHG� LQ� DQ\� RI� WKH� 02,6785(� &217(17
SRVLWLRQV�� WKH� YDOXH� ZLOO� EH� GLVSOD\HG� LQ� WKH� VHOHFWHG� XQLWV� RI
PHDVXUHPHQW�

L� $VVXPLQJ�WKDW� D� XQLW� RI� PHDVXUHPHQW� KDV� EHHQ� VHOHFWHG�� 67$57� PD\� EH
GHSUHVVHG�� WKH� JDXJH� ZLOO� DFFXPXODWH�� FRPSXWH� DQG� GLVSOD\� WKH
PHDVXUHG�YDOXH��ZLWKRXW�KDYLQJ�WR�JR�WKURXJK�WKH�YDULRXV�SRVLWLRQV�RI
WKH�GLVSOD\�VZLWFK�

752;/(5 ���
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M� ,I�DQ�HUURU�H[LVWV�GXH�WR�WKH�QDWXUH�RI�WKH�PDWHULDO�DQG�WKH�FRUUHFW
YDOXH�RI� PRLVWXUH� LV� NQRZQ�� WZR� PHWKRGV� RI� FRUUHFWLQJ� WKH� � FDOLEUD�
WLRQ� DUH� DYDLODEOH�� 7KH� SURSHU� RQH� WR� XVH� LV� FRYHUHG� LQ� VHFWLRQ
BBBBBRI� WKH� PDQXDO�� 3URFHHG� ZLWK� WKH� IROORZLQJ� SURFHGXUHV� ZLWK� WKH
ODVW�PRLVWXUH�FRQWHQW�GLVSOD\HG�IURP�DERYH�

=(52���0RYH�WKH�',63/$<�VZLWFK�WR�=(52��WKH�GLVSOD\�ZLOO�LQGLFDWH
������ � 3UHVV� 67$57�� � WKH� SURFHVVRU� LV� QRZ� LQ� D� SURJUDP� WR� FKDQJH
WKH� JDXJH� FDOLEUDWLRQ� E\� VLPSO\� RIIVHWWLQJ� WKH� HQWLUH� HTXDWLRQ�
6XFFHVVIXO�HQWU\�LQWR� WKH� SURJUDP� LV� HYLGHQFHG� E\� WKH� � DSSHDUDQFH
RI� FRORQV� LQ� WKH� GLVSOD\�� 3UHVVLQJ� ,1&� RU� '(&� ZLOO� LQFUHDVH� RU
GHFUHDVH� WKH� GLVSOD\HG� YDOXH�� � 0RYH� WKH� ',63/$<� VZLWFK� WR� RQH� RI
WKH� 02,6785(� &217(17� SRVLWLRQV� DQG� WKH� ,1&� RU� '(&� VZLWFKHV� ZLOO
DOWHU� WKH� FRPSXWHG� YDOXH� XQWLO� WKH� FRUUHFW� YDOXH� LV� UHDFKHG�
5HWXUQ�WKH�',63/$<�VZLWFK�WR�=(52�DQG�SUHVV�67$57�WR�H[LW�WKH�=(52
VKLIW� PRGH�� 6XFFHVVIXO� H[LW� IURP� WKH� SURJUDP� LV� HYLGHQFHG� E\� WKH
GLVDSSHDUDQFH� RI� WKH� FRORQV� LQ� WKH� GLVSOD\�� � 7KH� ILQDO� � YDOXH� RI
WKH�RIIVHW�VKRXOG�EH�UHFRUGHG�IRU�IXWXUH�XVH�

6/23(� �� 0RYH� WKH� � ',63/$<� VZLWFK� WR� 6/23(�� WKH� GLVSOD\� ZLOO
LQGLFDWH���������3UHVV�67$57���WKH��SURFHVVRU�LV�QRZ�LQ�D�SURJUDP
WR�FKDQJH�WKH�JDXJH�FDOLEUDWLRQ�E\�FKDQJLQJ�WKH�VORSH�RI�WKH�HTXD�
WLRQ�� 7KH� SURFHGXUH� LV� WKH� VDPH� DV� GHVFULEHG� DERYH� XQGHU� =(52�
7KH�ILQDO�YDOXH�IRU�VORSH�VKRXOG�DOVR�EH�UHFRUGHG�IRU�IXWXUH�XVH�

=(52�DQG�6/23(�FDQ�EH�UHVWRUHG�WR�WKHLU�LQLWLDO�YDOXHV�E\�XVLQJ�WKH
SURFHGXUHV� GHVFULEHG� DERYH� RU� E\� VLPSO\� WXUQLQJ� RII� WKH� LQVWUXPHQW�
7KH� =(52� � DQG� � 6/23(� YDOXHV� REWDLQHG� LQ� WKH� IRUHJRLQJ� SURFHGXUHV
VKRXOG�EH�UHFRUGHG�IRU�IXWXUH�FRUUHFWLRQ�RQ�WKH�VDPH�W\SH�PDWHULDO�

��� 752;/(5
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,,�%�������6(5,(6�7(67�)81&7,216

7KH� ����� 6HULHV� FRQWDLQV� D� �3� �0LFURSURFHVVRU�� ZKLFK� FRQWUROV� WKH
PDMRULW\� RI� WKH� LQVWUXPHQW·V� IXQFWLRQV�� 7KH� �3�� LQ� FRQMXQFWLRQ� ZLWK� LWV
FU\VWDO� RVFLOODWRU�� SURYLGHV� WKH� WLPH� VWDQGDUG� IRU� WKH� DFFXPXODWLRQ
F\FOH�� 7KH� �3� DOVR� XSGDWHV� WKH� GLVSOD\�� DFFXPXODWHV� WKH� GDWD� FRXQWV�
UHVSRQGV�WR�WKH�URWDU\�VZLWFKHV��DQG�JHQHUDWHV�DQ�HUURU�FRGH�LI�LPSURSHU
RSHUDWLRQ� LV� GHWHFWHG�� 7KHUHIRUH�� WKH� �3� PXVW� EH� RSHUDWLRQDO� EHIRUH� DQ\
WHVW� FDQ� EH� SHUIRUPHG�� )RUWXQDWHO\�� LI� WKH� �3� IDLOV�� LW� QRUPDOO\� IDLOV
FDWDVWURSKLFDOO\�� ,I� WKH� GLVSOD\� LQGLFDWHV� IRXU� ]HURV� ZKHQ� WKH� � LQVWUX�
PHQW�LV�WXUQHG�RQ��WKH��3�LV�SUREDEO\�ZRUNLQJ�QRUPDOO\�

,,�%����$/$50�%8==(5

$Q�DODUP�LV�HQFORVHG�LQ�WKH�XQLW��,W�ZLOO�EHHS�XSRQ�FRPSOHWLRQ�RI�FHU�
WDLQ� RSHUDWLRQV� DQG� DOVR� XSRQ� FHUWDLQ� HUURU� FRQGLWLRQV�� %HORZ� LV� D
OLVW����RI����WKH����FRQGLWLRQV����XQGHU����ZKLFK���DQ���DODUP����RFFXUV�

3RZHU�XS������������ 6LQJOH�EHHS�WR��LQGLFDWH�FRUUHFW�VWDUW�XS�VHTXHQFH�

(QG�RI�$FFXPXODWH��� 6LQJOH�EHHS�WR�LQGLFDWH�WKH�HQG�RI�DQ�DFFXPXODWLRQ
SHULRG�

2SHUDWLRQDO�(UURUV�� 5HSHWLWLYH� EHHSV� IRU� D� VL[� VHFRQG� LQWHUYDO�� 7KH
DODUP� ZLOO� EH� DFFRPSDQLHG� E\� D� GLVSOD\� HUURU� FRGH
WKDW� LQGLFDWHV� D� ´QRQ³VWDQGDUG� XVH� SURFHGXUHµ�
7KH�RSHUDWRU�KDV�VL[�VHFRQGV�WR�FKDQJH�WKH�PRGH�RI
RSHUDWLRQ� EHIRUH� SULRU� GDWD� LV� GHVWUR\HG� E\� WKH
SHQGLQJ� RSHUDWLRQ�� 6HH� (UURU� &RGHV� ��� DQG� ��� LQ
VHFWLRQ�,,³%���

752;/(5 ���
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,,�%����(5525�&2'(6

,I�WKH��3�GHWHFWV�DQ�HUURU�FRQGLWLRQ�LW�ZLOO�KDOW�QRUPDO�RSHUDWLRQ�DQG
EHJLQ� LQGLFDWLQJ� DQ� HUURU� FRGH� YLD� WKH� GLVSOD\�� 7KH� (55� V\PERO� DQG� D
WZR�GLJLW�QXPEHU�DUH�IODVKHG�RQ�DQG�RII��%HORZ�LV�D�OLVW�RI� WKH� HUURU
FRGHV�

(5525
&2'(

,1',&$7('
)$,/85(�02'(

352%$%/(
&$86( &200(176

�� 1XPEHU�WR�EH�GLVSOD\HG
H[FHHGV�GLVSOD\�UDQJH

3RVLWLRQ�RI�32:(5�7,0(
VZLWFK�ZDV�FKDQJHG
GXULQJ�DQ�DFFXPXODWLRQ

�� �3�DWWHPSWHG�WR�GLYLGH
E\�]HUR

6WDQGDUG�FRXQW�LV�]HUR $FFXPXODWH�D
VWDQGDUG�FRXQW

�� 3RVLWLYH�RYHUIORZ 6WDQGDUG�RU�PHDVXUH
FRXQWV�DUH�QRW�YDOLG

&RPSDUH�FRXQWV
ZLWK�SDVW�GDWD

�� 1HJDWLYH�RYHUIORZ
>�3�DWWHPSWHG�D�PDWK
RSHUDWLRQ�RQ�D�QXPEHU
WKDW�H[FHHGHG�WKH
FDSDFLW\�RI�WKH�GHYLFH@

25
6ORSH�RI�FDOLEUDWLRQ
FXUYH�ZDV�DOWHUHG
GUDVWLFDOO\

�� ,PSURSHU�H[LW�IURP
LQFUHPHQW�GHFUHPHQW
URXWLQH

$WWHPSWHG�WR�HQWHU�WHVW
URXWLQH�ZKLOH�VWLOO�LQ
LQFUHPHQW�GHFUHPHQW�PRGH

�� ,PSURSHU�RSHUDWLRQ $WWHPSWHG�WR�DFFXPXODWH
D�PHDVXUH�FRXQW�EHIRUH
D�VWDQGDUG�FRXQW

�� 2SHQ�',63/$<�VZLWFK 'HIHFWLYH�VZLWFK�RU�KDUG�
ZDUH�IDLOXUH��VZLWFK�QRW
SURSHUO\�VHDWHG�LQ�GHWHQWV�

1RWH�� 7KH� IROORZLQJ� HUURU� FRGHV� UHVXOW� IURP� QRQ�VWDQGDUG� XVH� SURFHGXUHV�
6LQFH� WKHVH� W\SHV� RI� HUURUV� DUH� QRUPDOO\� XQLQWHQWLRQDO�� WKH� �3� ZLOO
LQGLFDWH�WKH�HUURU�FRGH�IRU�DSSUR[LPDWHO\�VL[� VHFRQGV� EHIRUH� LW� SHUIRUPV
WKH� VHOHFWHG� RSHUDWLRQ�� ,I� WKH� VHOHFWHG� RSHUDWLRQ� ZDV� XQLQWHQWLRQDO�� \RX
PD\� VHOHFW� WKH� GHVLUHG� IXQFWLRQ� ZLWKLQ� WKH� VL[� VHFRQG� LQWHUYDO� ZLWKRXW
GHVWUR\LQJ�WKH�GDWD�

�� 1RQ�YDOLG�FRQGLWLRQ
IRU�VWDQGDUG�FRXQW

$WWHPSWHG�WR�DFFXPXODWH
D�VWDQGDUG�FRXQW�LQ�WKH
)$67�RU�1250�SRVLWLRQ

6WDQGDUG�FRXQWV
VKRXOG�DOZD\V�EH
WDNHQ�LQ�WKH�6/2:
SRVLWLRQ

�� 5HSHWLWLYH�VWDQGDUG
FRXQWV

$WWHPSWHG�WR�DFFXPXODWH
WZR�VXFFHVVLYH�VWDQGDUG
FRXQWV

2SHUDWRU�HUURU
QRUPDOO\�FDXVHG�E\
IRUJHWWLQJ�WR�FKDQJH
WKH�',63/$<�VZLWFK
DIWHU�D�VWDQGDUG
FRXQW

752;/(5 ���
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,,�%�� 6(/)�7(67�5287,1(

,I�WKH��3�LV�ZRUNLQJ��DQ�LQWHUQDO�VHOI�WHVW�URXWLQH�FDQ�EH�XVHG�WR�YHU�
LI\� SURSHU� RSHUDWLRQ�� :KLOH� WKLV� URXWLQH� DSSHDUV� WR� EH� RQO\� FKHFNLQJ
WKH� GLVSOD\�� WKH� HQWLUH� �3� PXVW� EH� RSHUDWLRQDO� WR� SHUIRUP� WKLV� WHVW�
,I� WKH� �3� VXFFHVVIXOO\� H[HFXWHV� WKLV� URXWLQH�� \RX� PD\� VDIHO\� DVVXPH
WKDW�WKH�GLJLWDO�SRUWLRQ�RI�WKH�HOHFWURQLFV�LV�ZRUNLQJ�QRUPDOO\�

7KH��URXWLQH�SURGXFHV��D�F\FOLF
QXPEHU��VHTXHQFH��WKDW��ULSSOHV
DFURVV�WKH��GLVSOD\���7KH�H[DFW
VHTXHQFH�LV�VKRZQ�DW��WKH�ORZHU
ULJKW���%\�ZDWFKLQJ��HDFK�GLJLW
´FRXQW�XSµ�\RX�FDQ��YHULI\�WKDW
WKH��/&'���/LTXLG��&U\VWDO�'LV�
SOD\���LWV�DVVRFLDWHG�HOHFWURQ�
LFV���DQG��WKH��3�DUH�RSHUDWLQJ
FRUUHFWO\�

'LVSOD\�7HVW�6HTXHQFH
)LJXUH����

,,�%³���7(67�&20387$7,21

$W� WKH� ERWWRP� RI� WKH� &DOLEUDWLRQ� 'DWD� 6KHHW� IRU� WKH� ����� 6HULHV� *DXJH
�VHH�ILJXUH�����IRU�DQ�H[DPSOH��LV�D�KHDGLQJ�ODEHOHG�7(67�9$/8(6��:LWK
D� UDWLR� RI� RQH� �LH�� 06�  � 0&�� DQG� WKH� VWDWHG� FRQGLWLRQV� RI� VORSH� DQG
RIIVHW�� WKH� JDXJH� VKRXOG� GLVSOD\� WKHVH� YDOXHV�� �7KLV� FRQGLWLRQ� LV� PHW
LPPHGLDWHO\� DIWHU� WDNLQJ� D� VWDQGDUG� FRXQW��� ,I� WKH� YDOXHV� FDOFXODWHG
E\�WKH�JDXJH�GR�QRW�DJUHH�ZLWK�WKRVH�RQ�WKH�VKHHW��HLWKHU�WKH�JDXJH�LV
GHIHFWLYH�RU�WKH�&DOLEUDWLRQ�'DWD�6KHHW�LV�IRU�DQRWKHU�JDXJH�

752;/(5 ���
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,;��)$&725<�&$/,%5$7,21

,;�$��&$/,%5$7,21�67$1'$5'6�$1'�352&('85(

0DQ\�DWWHPSWV�KDYH�EHHQ�PDGH�WR�FUHDWH�VDWLVIDFWRU\�VWDEOH�PRLVWXUH�VWDQ�
GDUGV�HLWKHU�E\�XVLQJ�DFWXDO�ZDWHU�DQG�VRLO�PL[HV�RU�VLPXODWLQJ�PRLVWXUH
E\� PL[HV� RI� K\GURJHQ� EHDULQJ� PDWHULDOV� ZLWK� RWKHU� PDWHULDOV� VLPXODWLQJ
VRLOV�� 6RPH� DUH� WRWDOO\� LQDFFXUDWH� DQG� RWKHUV� DUH� YHU\� XQVWDEOH� XQOHVV
SDUWLFXODU� DWWHQWLRQ� LV� PDGH� WR� PDLQWDLQLQJ� ZDWHU� OHYHOV� DQG� SUHYHQWLQJ
HYDSRUDWLRQ�

'XULQJ�WKH�GHYHORSPHQW�RI�WKLV�JDXJH�DQG�RWKHUV��7UR[OHU�(OHFWURQLF�/DER�
UDWRULHV��,QF��GHYHORSHG�D�VHW�RI�VWDQGDUGV�PDGH�IURP�ODPLQDWHG�VKHHWV�RI
SODVWLF� DQG� D� QRQ�DEVRUEHU� RI� WKHUPDO� QHXWURQV�� 7KH� SURFHVV� KDV� EHHQ
SDWHQWHG�� 'XULQJ� WKH� SURFHVV� RI� PDQXIDFWXUH� WKH� UDWLR� RI� SODVWLF� �RU
RWKHU� K\GURJHQ� EHDULQJ� PDWHULDO�� DQG� QRQ�DEVRUEHU� FDQ� EH� DFFXUDWHO\� FRQ�
WUROOHG�� /DPLQDWLRQV� ZHUH� FKRVHQ� WR� LQVXUH� XQLIRUPLW\� UDWKHU� WKDQ� PL[LQJ
RI�VPDOO�SDUWLFOHV�ZKLFK�WHQG�WR�VHJUHJDWH�GXH�WR�WKH�GLIIHUHQFHV�LQ�VSH�
FLILF� JUDYLW\�� 7KH� PDWHULDOV� DUH� QRQ�K\GURVFRSLF� DQG� KDYH� ]HUR� YRLGV� VR
FKDQJHV�LQ�KXPLGLW\�GR�QRW�DIIHFW�WKH�HTXLYDOHQW�ZDWHU�FRQWHQW�

7KH�VWDQGDUGV�UDQJH�IURP�]HUR�PRLVWXUH�HTXLYDOHQW�WR�ZHOO�RYHU������PRLV�
WXUH³HTXLYDOHQW�� 6HYHUDO� PHWKRGV� ZHUH� XVHG� WR� GHWHUPLQH� WKH� HTXLYDOHQW
PRLVWXUH� FRQWHQW� LQ� UHODWLRQ� WR� VRLOV� ZKLFK� FRQWDLQ� QR� ´ERXQG� K\GURJHQµ
QRU�WKHUPDO�QHXWURQ�DEVRUELQJ�HOHPHQWV��LH��VLOLFD�VDQG��

)LUVW�� WKH� WKHUPDOL]LQJ� DQG� DEVRUSWLRQ� FURVV� VHFWLRQV� RI� ZDWHU� ZHUH� FRP�
SXWHG�DQG�FRPSDUHG�WR�WKH�VDPH�TXDQWLWLHV�RI�WKH�SODVWLF�ZKLFK�ZHUH�XVHG�
:KLOH� WKLV� FRPSDULVLRQ� JDYH� UHDVRQDEOH� UHVXOWV�� LW� ZDV� IHOW� WKDW� HUURUV
ZRXOG�UHVXOW�GXH�WR�UHVRQDQFHV�ZKLFK�RFFXU�DW�HQHUJLHV�DERYH�WKHUPDO��EXW
OHVV� WKDQ� WKH� RULJLQDO� QHXWURQ� HQHUJ\�� 7KLV� FRXOG� RFFXU� GXH� WR� UH�
SODFHPHQW� RI� WKH� R[\JHQ� FRQWHQW� RI� ZDWHU� ZLWK� WKH� FDUERQ� FRQWHQW� RI� WKH
SODVWLF�

$�QXFOHDU�PRLVWXUH�JDXJH�FDQ�EH�GHVLJQHG�ZLWK�D�UHVSRQVH�ZKLFK��DOWKRXJK
QRW�OLQHDU��FDQ�EH�GHVFULEHG�E\�XVLQJ�D�SRO\QRPLDO�RYHU�D�UDQJH�ZHOO�SDVW
WKH�HTXLYDOHQW�K\GURJHQ�FRQWHQW�RI�SXUH�ZDWHU��$�PHWKRG�ZDV�FKRVHQ�ZKLFK
FRQVLVWV�RI�FDOLEUDWLQJ�WKH�JDXJH�DJDLQVW�SHUFHQW�SODVWLF�DQG�WKHQ�PDNLQJ
D�PHDVXUHPHQW�LQ�SXUH�ZDWHU�WR�GHWHUPLQH�WKH�HTXLYDOHQW�ZDWHU�FRQWHQW�RI
WKH� YDULRXV� VWDQGDUGV�� 7KH� UHVXOWLQJ� FDOLEUDWLRQ� ZDV� FKHFNHG� DJDLQVW
VDWXUDWHG� DQG� GUDLQHG� VDQG� VWDQGDUGV� WKXV� YHULILQJ� WKH� UHVXOWV� WR� ZLWKLQ
D�IHZ�SHUFHQW�

7KH� FRXQW� UDWLR� GDWD� LV� UHGXFHG� E\� OHDVW�VTXDUHV³ILW� WR� D� WKLUG� RUGHU
SRO\QRPLDO�

0� �$����2I���6�$�;���$�;
����$�;

��

:KHUH��0� �0RLVWXUH�&RQWHQW $���$���$���DQG�$�� �&RHIILFLHQWV

����;� �&RXQW�5DWLR�RU ���2I� �2IIVHW��QRUPDOO\��]HUR�

������ �0HDVXUHPHQW�&RXQW ����6� �6ORSH��QRUPDOO\��RQH�

��������6WDQGDUG�&RXQW
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,;³$��02,6785(�&$/,%5$7,21��FRQW·G�

7KH�FDOLEUDWLRQ�ZKLFK�LV�VXSSOLHG�ZLWK�WKH�LQVWUXPHQW�LV�SULQWHG�LQ�WDEX³
ODU�IRUP�ZLWK�WKH�RIIVHW�VHW�DW�]HUR�DQG�WKH�VORSH�VHW�DW�RQH�

7KH� HTXDWLRQ� ZKLFK� LV� SURJUDPPHG� LQWR� WKH� JDXJH� LV� LGHQWLFDO� WR� WKDW
VKRZQ�EHIRUH��7KH�YDOXH�RI�RIIVHW�LV�]HUR�DQG�WKH�VORSH�LV�������IRU�WKH
SULQWHG�FDOLEUDWLRQ��3URYLVLRQ�LV�EXLOW�LQWR�WKH�LQVWUXPHQW� WR� DOORZ� WKH
XVHU�WR�DOWHU�WKH�YDOXHV�RI�RIIVHW�RU�VORSH�LQ�RUGHU�WR�FKDQJH�WKH�FDOL�
EUDWLRQ�RI�WKH�LQVWUXPHQW�IRU�XVH�RQ�PDWHULDOV�ZKLFK�PD\�FRQWDLQ�K\GURJHQ
RWKHU�WKDQ�IUHH�ZDWHU�DQG�HOHPHQWV�ZKLFK�FDQ�DEVRUE�WKHUPDO�QHXWURQV��VHH
VHFWLRQ�,9�)��

7KH� ZD\� LQ� ZKLFK� FKDQJHV� LQ� RIIVHW� DQG� VORSH� DIIHFW� JDXJH� UHVSRQVH� LV
VKRZQ�LQ�)LJXUH��³��

����

���

���

���

���

���

����

02,6785(�&2817�5$7,2��0&�06�

0RLVWXUH�*DXJH�5HVSRQVH
)LJXUH����

��� 752;/(5
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$� SULQWHG� FRYHU� VKHHW� LV� VXSSOLHG� ZLWK� WKH� JDXJHV�� 7KH� VKHHW� GHILQHV
VHYHUDO� SDUDPHWHUV� ZKLFK� QHHG� WR� EH� H[SODLQHG�� 7KH� YDOXHV� DUH� OLVWHG� LQ
6,� XQLWV� DQG� PD\� EH� FRQYHUWHG� E\� WKH� XVHU� WR� DQ\� GHVLUHG� XQLWV�� � $Q
H[DPSOH�RI�WKLV�VKHHW�LV�VKRZQ�LQ�ILJXUH�����

�� 7KH�VHFWLRQ�KHDGHG�&DOLEUDWLRQ�&RXQW�5DWH�'DWD�LV�VLPSO\�WKH�YDOXHV�RI
WKH�PRLVWXUH�HTXLYDOHQF\�RI�WKH�VWDQGDUGV�ZKLFK�ZHUH�XVHG�DQG�WKH�FRXQWV
DQG�FRXQW�UDWLRV�REWDLQHG�LQ�WKH�YDULRXV�FDOLEUDWLRQ�VWDQGDUGV�

�� 7KH� VHFRQG� VHFWLRQ� FRQWDLQV� WKH� GDWD� IURP� WKH� WKLUG� RUGHU� UHJUHVVLRQ
DQDO\VLV�LQFOXGLQJ�WKH�HUURUV��FRUUHODWLRQ�FRHIILFLHQW��DQG�WKH�VWDQGDUG
HUURU� RI� HVWLPDWH�� 7KH� FRHIILFLHQWV� OLVWHG� DSSO\� WR� WKH� HTXDWLRQ� LQ
VHFWLRQ�,;�$�

�� 6LQFH� WKH� SUHFLVLRQ� YDULHV� RYHU� WKH� UDQJH� RI� XVH�� WKH� WKLUG� VHFWLRQ
OLVWV�WKH�YDOXH�RI�SUHFLVLRQ�IRU�D�UDQJH�RI�PRLVWXUH�FRQWHQWV�

�� 7KH�ODVW�VHFWLRQ�OLVWV�WKH�PRLVWXUH�YDOXHV�ZKLFK�ZLOO�EH�REWDLQHG�LI�D
PRLVWXUH�FRQWHQW�LV�SURFHVVHG�E\�WKH�JDXJH�IRU�D�FRXQW�UDWLR�RI�������
7KH� XVH� RI� WKLV� YDOXH� LV� H[SODLQHG� LQ� VHFWLRQ� ,,�%³��� 7KH� YDOXHV� LQ
ILJXUH��³��LV�DQ�H[DPSOH�RQO\��WKH�DFWXDO�YDOXHV�IRU�D�SDUWLFXODU�JDXJH
DUH�SULQWHG�RQ�WKDW�JDXJH·V�GDWD�VKHHW�

752;/(5 ���
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7KH�TXDQWLWLHV�RI�UDGLRDFWLYH�PDWHULDO�FRQWDLQHG�LQ�7UR[OHU�PRLVWXUH�JDXJHV
DUH� TXLWH� VPDOO�� DQG� DQ� RSHUDWRU� PD\� VDIHO\� XVH� D� JDXJH� GDLO\� ZLWKRXW
UHFHLYLQJ� DQ\� ERGLO\� GDPDJH� GXH� WR� UDGLDWLRQ�� ,Q� DGGLWLRQ�� HDFK� UDGLR�
DFWLYH�VRXUFH�LV�GRXEO\�HQFDSVXODWHG�WR�DIIRUG�HYHQ�JUHDWHU�SURWHFWLRQ�IRU
WKH� RSHUDWRU�� +RZHYHU�� DOO� UDGLRDFWLYH� VRXUFHV�� QR� PDWWHU� KRZ� VPDOO�
VKRXOG�EH�KDQGOHG�ZLWK�FDUH�

7KH�SXUSRVH�RI�WKLV�VHFWLRQ�LV�WR�DFTXDLQW�WKH�RSHUDWRU�ZLWK�WKH�W\SHV�DQG
FKDUDFWHULVWLFV� RI� UDGLDWLRQV� ZLWK� ZKLFK� KH� ZLOO� EH� ZRUNLQJ�� DQG� WR� GH�
VFULEH� WKH� URXWLQH� KDQGOLQJ� SURFHGXUHV� DQG� SUHFDXWLRQV� ZKLFK� VKRXOG� EH
IROORZHG�LQ�RUGHU�WR��REWDLQ�VDIH�DQG�HIILFLHQW�RSHUDWLRQ�RI�7UR[OHU�JDXJHV�

;�$� 5$',$7,21�&+$5$&7(5,67,&6

;�$����7<3(6�2)�5$',$7,21

7KH� UDGLRDFWLYH� VRXUFH� LQ� WKLV� JDXJH� HPLWV� WKUHH� W\SHV� RI� UDGLDWLRQ
ZKLFK� WKH� RSHUDWRU� VKRXOG� NQRZ� DERXW�� DOSKD� SDUWLFOHV�� SKRWRQV�� DQG
QHXWURQV�� 2I� WKHVH� WKUHH�� � WKH� DOSKD� SDUWLFOHV� DUH� FRPSOHWHO\� � VWRSSHG
E\�WKH�ZDOOV�RI�WKH�VRXUFH�FRQWDLQHU�

3KRWRQV� �VRPHWLPHV� FDOOHG� JDPPD� UD\V�� DUH� D� IRUP� RI� HOHFWURPDJQHWLF
UDGLDWLRQ�� VRPHZKDW� VLPLODU� WR� UDGLR� ZDYHV� DQG� OLJKW� UD\V�� DQG� DUH
HOHFWULFDOO\� QHXWUDO�� +RZHYHU�� XQOLNH� OLJKW� UD\V�� SKRWRQV� DUH� YHU\
SHQHWUDWLQJ� DQG� PD\� SDVV� WKURXJK� VHYHUDO� LQFKHV� RI� OHDG� RU� FRQFUHWH
ZLWKRXW� EHLQJ� DOWHUHG�� 7KH� HQHUJ\� RI� D� SKRWRQ� LV� XVXDOO\� H[SUHVVHG� LQ
XQLWV� RI� PLOOLRQV� RI� HOHFWURQ� YROWV�� RU� 0H9�� 7KLV� QHHG� QRW� EH� GLV�
FXVVHG� DQ\� IXUWKHU� H[FHSW� WR� VWDWH� WKDW�� LQ� JHQHUDO�� WKH� KLJKHU� WKH
HQHUJ\��WKH�PRUH�SHQHWUDWLQJ�WKH�SKRWRQ�ZLOO�EH�

:KHQ� D� SKRWRQ� �JDPPD� UD\�� HQWHUV� D� VODE� RI� PDWHULDO�� DQ\� RI� WKUHH
WKLQJV� PD\� KDSSHQ�� )LUVW�� WKH� SKRWRQ� PD\� EH� DEVRUEHG� �VWRSSHG�� E\� WKH
PDWHULDO�� 6HFRQG�� WKH� SKRWRQ� PD\� EH� GHIOHFWHG� RU� ´VFDWWHUHGµ� LQ� WKH
PDWHULDO�� DQG� FRPH� RXW� RI� WKH� PDWHULDO� ZLWK� D� GLIIHUHQW� GLUHFWLRQ� DQG
ORZHU� HQHUJ\� WKDQ� ZKHQ� LW� HQWHUHG� �RI� FRXUVH�� VRPHWLPHV� WKH� SKRWRQ� LV
VFDWWHUHG� VHYHUDO� WLPHV� EHIRUH� EHLQJ� DEVRUEHG� RU� FRPLQJ� RXW� RI� WKH
PDWHULDO��� 7KLUG�� WKH� SKRWRQ� PD\� SDVV� WKURXJK� WKH� PDWHULDO� ZLWKRXW
EHLQJ�VFDWWHUHG�RU�DEVRUEHG�

,W� LV� LPSRVVLEOH� WR� DFFXUDWHO\� SUHGLFW� ZKDW� ZLOO� KDSSHQ� WR� D� VLQJOH
SKRWRQ� HQWHULQJ� D� JLYHQ� PDWHULDO�� +RZHYHU�� LI� D� EHDP� RI� SKRWRQV� LV
GLUHFWHG� DW� WKH� PDWHULDO�� LW� LV� SRVVLEOH� WR� FDOFXODWH� WKH� SHUFHQWDJHV
RI� WKH� EHDP� WKDW� ZLOO� EH� DEVRUEHG�� VFDWWHUHG�� RU� WUDQVPLWWHG�� 7KH
SHUFHQWDJH�RI�SKRWRQV�WKDW�ZLOO�SDVV�WKURXJK�D�PDWHULDO�GHSHQGV�PRVWO\�RQ
WKH� HQHUJ\� RI� WKH� SKRWRQV� DQG� WKH� GHQVLW\� RI� WKH� PDWHULDO�� � � )RU
H[DPSOH��LI�D�EHDP�RI������0H9�SKRWRQV�LV�GLUHFWHG�DW�FRQFUHWH�ZKLFK�LV
����PP�������LQFKHV��WKLFN������ RI� WKH� EHDP� ZRXOG� EH� WUDQVPLWWHG�� +RZ�
HYHU��RQO\����PP�������LQFKHV��RI�OHDG�ZRXOG�EH�UHTXLUHG�WR�UHGXFH�WKH
VDPH�EHDP�WR������EHFDXVH�OHDG�LV�PXFK�GHQVHU�WKDQ�FRQFUHWH�

752;/(5 ��³�
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;�$��� 7<3(6�2)�5$',$7,21��FRQW·G�

1HXWURQV� DUH� YHU\� VPDOO�� GHQVH� SDUWLFOHV�� 7KH\� DUH� HOHFWULFDOO\� QHX�
WUDO� DQG� TXLWH� SHQHWUDWLQJ�� 8QOLNH� JDPPD� UD\V�� WKH� SHQHWUDWLQJ� SRZHU
RI� QHXWURQV� WKURXJK� D� PDWHULDO� GRHV� QRW� GHSHQG� RQ� WKH� GHQVLW\� RI� WKH
PDWHULDO�� EXW� RQ� WKH� PDWHULDO� FRPSRVLWLRQ�� 1HXWURQV� DUH� VORZHG� GRZQ
PRVW�HIIHFWLYHO\�E\�D�PDWHULDO�FRQWDLQLQJ�D�KLJK�SHUFHQWDJH�RI�K\GURJHQ
�VXFK�DV�ZDWHU�RU�SRO\HWK\OHQH���)RU�WKLV�UHDVRQ��QHXWURQV� DUH� XVHG� WR
PHDVXUH�WKH�PRLVWXUH�FRQWHQW�RI�VRLOV�DQG�RWKHU�PDWHULDOV�

;�$��� 5$',$7,21�81,76

$OWKRXJK� WKHUH� DUH� PDQ\� XQLWV� RI� UDGLDWLRQ� PHDVXUHPHQWV�� WKH� RSHUDWRU
RI� WKH� JDXJH� QHHG� RQO\� EH� IDPLOLDU� ZLWK� WZR� RI� WKHP�� � 7KHVH� DUH� WKH
FXULH��&L��DQG�WKH�5RHQWJHQ�(TXLYDOHQW�0DQ��UHP���7KH� FXULH� LV� GHILQHG

DV� WKH� TXDQWLW\� RI� DQ\� UDGLRDFWLYH� PDWHULDO� JLYLQJ� ���� [� ����

GLVLQWHJUDWLRQV� SHU� VHFRQG� DQG� LV� DSSUR[LPDWHO\� HTXLYDOHQW� WR� WKH
QXPEHU� RI� GLVLQWHJUDWLRQV� LQ� RQH� JUDP� RI� UDGLXP³����� 7KH� VRXUFH� XVHG
LQ�WKLV�JDXJH�LV�VPDOO�DQG�LV�H[SUHVVHG�LQ�PLOOLFXULHV��P&L��

7KH� HIIHFW� RI� WKH� YDULRXV� W\SHV� RI� UDGLDWLRQ� RQ� WKH� KXPDQ� ERG\� LV
GHILQHG�DV�WKH�TXDQWLW\�RI�UDGLDWLRQ�RI�DQ\�W\SH�WKDW�SURGXFHV�WKH�VDPH
HIIHFW�LQ�PDQ�DV�WKDW�UHVXOWLQJ�IURP�WKH�DEVRUSWLRQ�RI�RQH�URHQWJHQ�RI
[�RU�JDPPD�UDGLDWLRQ��7KH�XQLW�LV�WKH�´URHQWJHQ� HTXLYDOHQW� PDQµ� �UHP��
6LQFH� WKH� DEVRUEHG� GRVH� LV� JHQHUDOO\� VPDOO� ZKHQ� ZRUNLQJ� ZLWK� WKLV
HTXLSPHQW��WKH�PLOOLUHP��PUHP��LV�JHQHUDOO\�XVHG�

7KH� QHXWURQ� GRVH� UDWH� �PUHP�KRXU�� DW� DQ\� SRLQW� IURP� WKH� XQVKLHOGHG
DPHULFLXP³����EHU\OOLXP� VRXUFH� FDQ� EH� FDOFXODWHG� IRU� DQ\� GLVWDQFH� �'�

LQ� PLOOLPHWHUV� DQG� LV� HTXDO� WR� �������'�� �� )RU� VHYHUDO� YDOXHV� RI� ´'µ�
WKH�GRVH�UDWH�LQ�PUHP�KRXU�LV�JLYHQ�LQ�WKH�WDEOH�EHORZ�

'LVWDQFH 1HXWURQ�'RVH
�PP� 5DWH��PUHP�KU�

���� �����

���� ����

���� ����

���� ����

���� �����

'RVH�5DWH�IRU�DQ�8QVKLHOGHG������6HULHV�6RXUFH
)LJXUH���³�
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;�$����7<3(6�2)�6285&(6

7KH� ����� 6HULHV� RI� LQVWUXPHQWV� LV� RQO\� DYDLODEOH� ZLWK� DPHULFLXP�����
EHU\OOLXP�QHXWURQ�VRXUFHV�

7KH� VRXUFH� PHHWV� RU� H[FHHHGV� 15&�� '27�� DQG� ,$7$� UHJXODWLRQV� IRU
´63(&,$/� )250µ� RU� VHDOHG� VRXUFHV�� ([FHSW� IRU� WKH� GLUHFW� UDGLDWLRQ
KD]DUGV��WKH�VRXUFHV�DUH�H[WUHPHO\�VDIH�

7KH� VRXUFH� LV� D� FRPSDFWHG� PL[WXUH� RI� DPHULFLXP� R[LGH� DQG� WKH� EHU\OOLXP
PHWDO� WDUJHW�� 7KH� PL[WXUH� QRPLQDOO\� FRQWDLQV� ��� P&L� RI� DPHULFLXP�����
7KH� PL[WXUH� LV� IXVLRQ� ZHOGHG� LQ� WZR� VHSDUDWH� VWDLQOHVV� VWHHO� FDSVXOHV
DQG�LV�FRQWDLQHG�ZLWKLQ�WKH�SUREH�

7KH� DPHULFLXP����� PDWHULDO� GHFD\V� ZLWK� WKH� HPLVVLRQ� D� ����� 0H9� DOSKD
SDUWLFOH� DQG� D� JDPPD� SKRWRQ� RI� ����� 0H9�� 7KH� KDOI³OLIH� RI� WKLV� GHFD\
LV� ���� \HDUV�� 2WKHU� PLQRU� GDXJKWHU� SURGXFW� HPLVVLRQV� DUH� SUHVHQW�� EXW

QRW� VLJQLILFDQW�� 7KH� JDPPD� \LHOG� RI� ���� [� ���� SKRWRQV� SHU� VHFRQG� LV

PDLQO\� DEVRUEHG� E\� WKH� FDSVXOH� DORQJ� ZLWK� DOO� RI� WKH� ���� [� ���� DOSKDV
SHU� VHFRQG�� 6RPH� RI� WKH� DOSKDV� DUH� DEVRUEHG� E\� WKH� EHU\OOLXP� WDUJHW

PDWHULDO�� SURGXFLQJ� D� %H��α�Q�&��� UHDFWLRQ�� 2WKHU� DOSKD� SDUW�
LFOHV� DUH� VHOI�DEVRUEHG� E\� WKH� DPHULFLXP������ 7KH� FDUERQ���� KDV� H[FHVV
HQHUJ\� DQG� SURGXFHV� D� VPDOO� TXDQWLW\� RI� ���� 0H9� SKRWRQV�� 7KH� ILQDO

UHVXOW� LV� HIIHFWLYHO\� D� QHXWURQ� VRXUFH� RI� ���� [� ���� QHXWURQV� SHU

VHFRQG� ZLWK� DQ� DYHUDJH� HQHUJ\� RI� ���� 0H9� DQG� OHVV� WKDQ� ���� [� ���

JDPPDV�SHU�VHFRQG�DW�DQ�HQHUJ\�RI������0H9�

;�$����(;32685(�/,0,7$7,216

,Q�RUGHU�WR�SURWHFW�SHUVRQQHO�IURP�RYHUH[SRVXUH�WR�UDGLDWLRQ��WKH�8��6�
+XFOHDU� 5HJXODWRU\� &RULLLa�VVLRQ� DQG� WKH� )HGHUDO� 5DGLDWLRQ� &RXQFLO� KDYH
HVWDEOLVKHG� H[SRVXUH� OLPLWV� IRU� UDGLDWLRQ� ZRUNHUV�� 7KHVH� OLPLWV� KDYH
DOVR� EHHQ� DGRSWHG� E\� WKH� YDULRXV� DJUHHPHQW� VWDWHV�� 7KH� OLPLWV�� H[�
SUHVVHG�LQ�PUHPV��DUH�UHSURGXFHG�LQ�WKH�IROORZLQJ�WDEOH�

7\SH�RI�([SRVXUH 0LOOLUHP�/LPLWV�IRU
���ZHHNV ��ZHHN�UDWH

6HQVLWLYH�5HJLRQV
�ZKROH�ERG\��H\HV�
JRQDGV��VNXOO� ����� ��

.LGQH\V��VSOHHQ��OXQJV��OLYHU ����� ���

6NLQ�RI�ZKROH�ERG\ ����� ���

+DQGV��DUPV��IHHW��DQNOHV ������ �����

([SRVXUH�/LPLWV�IRU�5DGLDWLRQ�:RUNHUV
)LJXUH���³�
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;�$����(;32685(�/,0,7$7,216��FRQW·G�

$�OLFHQVHH�PD\�SHUPLW�DQ�LQGLYLGXDO�WR�UHFHLYH�D�GRVH�WR�WKH�ZKROH�ERG\
JUHDWHU� WKDQ� WKDW� DERYH�� SURYLGHG�� ���� WKH� GRVH� GXULQJ� WKH� ��� ZHHN
TXDUWHU�GRHV�QRW�H[FHHG���UHLQV�DQG�����WKH�GRVH�WR�WKH�ZKROH�ERG\�GRHV
QRW�H[FHHG��>���[���1����@UHPV���ZKHUH��1��HTXDOV��WKH��LQGLYLGXDO·V��DJH�

7KHVH� OLPLWV� DUH� LQWHQGHG� WR� EH� KLJKO\� FRQVHUYDWLYH�� DQG� GR� QRW� UHSUH�
VHQW� WKH� DEVROXWH� PD[LPXP� H[SRVXUH� D� SHUVRQ� FRXOG� UHFHLYH� ZLWKRXW
EHFRPLQJ�LOO�RU�VXIIHULQJ�UDGLDWLRQ�GDPDJH���+RZHYHU���LW��LV�DGYLVDEOH
WR� UHPDLQ� DV� PXFK� EHORZ� WKH� OLPLWV� DV� SRVVLEOH�� 7KLV� FDQ� EH� GRQH� TXLWH
HDVLO\� ZLWK� 7UR[OHU� JDXJHV�� E\� IROORZLQJ� HVWDEOLVKHG� KDQGOLQJ� SURFH�
GXUHV�

;�$����3527(&7,21�$*$,167�5$',$7,21

7KHUH� DUH� WKUHH� EDVLF� ZD\V� LQ� ZKLFK� D� SHUVRQ� FDQ� SURWHFW� KLPVHOI� IURP
UDGLDWLRQ�� 7LPH�� 'LVWDQFH�� DQG� 6KLHOGLQJ�� 8VXDOO\� QR� VLQJOH� PHWKRG� LV
UHOLHG� XSRQ� WR� EH� D� FRPSOHWH� UDGLDWLRQ� SURWHFWLRQ� SURJUDP�� 5DWKHU�
DOO� WKUHH� DUH� XWLOL]HG�� WKH� UHODWLYH� FRQWULEXWLRQ� RI� HDFK� PHWKRG� LV
GHWHUPLQHG�E\�WKH�FLUFXPVWDQFHV�RI�WKH�UDGLDWLRQ�H[SRVXUH�

;�$���D��7,0(

7LPH� FDQ� EH� YHU\� HIIHFWLYH� LQ� UHGXFLQJ� UDGLDWLRQ� H[SRVXUH�� 9HU\
VLPSO\�� E\� OLPLWLQJ� RQH·V� WLPH� FORVH� WR� D� VRXUFH� RI� UDGLDWLRQ�� WKH
UDGLDWLRQ� GRVH� LV� ORZHUHG� SURSRUWLRQDWHO\�� � ,Q� RWKHU� ZRUGV� LI� LW
LVQ·W�QHFHVVDU\�WR�EH�FORVH�WR�WKH�JDXJH��GRQ·W�EH�

;�$���E��',67$1&(

$V� D� SHUVRQ� PRYHV� DZD\� IURP� D� VRXUFH�� WKH� DPRXQW� RI� UDGLDWLRQ� ZKLFK
KH� LV� UHFHLYLQJ� IURP� WKH� VRXUFH� IDOOV� RII� VKDUSO\�� ,Q� IDFW�� WKH
UDGLDWLRQ� REH\V� WKH� ´LQYHUVH� VTXDUHµ� ODZ� ZKLFK� VWDWHV� WKDW� WKH
UDGLDWLRQ� LQWHQVLW\� GHFUHDVHV� DV� WKH� LQYHUVH� VTXDUH� RI� WKH� GLVWDQFH
IURP� WKH� FHQWHU� RI� WKH� VRXUFH� WR� WKH� ´WDUJHWµ�� 6WDWHG� PDWKHPDWL�
FDOO\��WKH�LQYHUVH�VTXDUH�ODZ�LV�

,�'�
�� �,�'�

� :KHUH�,� �,QWHQVLW\�DQG

'� �'LVWDQFH

)RU�H[DPSOH��LI�D�SHUVRQ�VWDQGLQJ�RQH�IRRW�IURP�D�VRXUFH�ZHUH�UHFHLY�
LQJ� IRUW\� PLOOLUHPV� SHU� KRXU�� PRYLQJ� EDFN� DQRWKHU� IRRW� ZRXOG� FXW� WKH
LQWHQVLW\�WR�WHQ�PLOOLUHPV�SHU�KRXU���%\�PRYLQJ�EDFN��WKH�SHUVRQ�SUH�
VHQWV� D� VPDOOHU� ´WDUJHW� DUHDµ� WR� WKH� VRXUFH�� � 7KH� LQYHUVH� VTXDUH� ODZ
LV�LOOXVWUDWHG�E\�WKH�GDWD�LQ�ILJXUH���³��
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;�$��� 3527(&7,21�$*$,167�5$',$7,21��FRQW·G�

;�$���F� 6+,(/',1*

7KH� WKLUG� PHWKRG� RI� UDGLDWLRQ� SURWHFWLRQ� LV� WKH� SODFLQJ� PDWHULDO� EH�
WZHHQ� WKH� VRXUFH� DQG� WKH� WDUJHW�� 7R� D� UHDVRQDEOH� DSSUR[LPDWLRQ�� LW
PDNHV� QR� GLIIHUHQFH� ZKHUH� WKH� VKLHOGLQJ� PDWHULDO� LV� SODFHG� EHWZHHQ
WKH� VRXUFH� DQG� WKH� WDUJHW�� DV� ORQJ� DV� WKH� WKLFNQHVV� RI� WKH� VKLHOG
UHPDLQV�WKH�VDPH�

$V� ZDV� PHQWLRQHG� HDUOLHU�� GHQVH� PDWHULDO� SURYLGHV� WKH� EHVW� VKLHOGLQJ
DJDLQVW� JDPPD� UDGLDWLRQ�� ZKLOH� K\GURJHQHRXV� �K\GURJHQ� FRQWDLQLQJ�
PDWHULDO� DIIRUGV� JRRG� SURWHFWLRQ� DJDLQVW� QHXWURQV�� 7KH� ����� VHULHV
JDXJHV� XVH� OHDG� DV� WKH� ELRORJLFDO� VKLHOG� IRU� JDPPD� UDGLDWLRQ� DQG
SRO\HWK\OHQH�DV�VKLHOGLQJ�IRU�QHXWURQV�

7KH� QHXWURQ� GRVH� UDWH� LV� DOVR� NHSW� WR� UHDVRQDEOH� OHYHOV� E\� OLPLWLQJ
WKH� QHXWURQ� \LHOG� RI� WKH� VRXUFH�� 'RVH� UDWHV� IRU� D� ����� 6HULHV� JDXJH
DUH� VKRZQ� EHORZ�� 7KH� GRVH� UDWHV� JLYHQ� DUH� WKH� KLJKHVW� OHYHOV� DURXQG
RU�RYHU�WKH�LQVWUXPHQW�

'LVWDQFH
�0HWHUV� 7RS�RU�%RWWRP 6LGHV +DQGOH

6XUIDFH ���� ���� ����

��� ���� ���� �

��� ���� ���� �

��� ���� ���� �

�����6HULHV�'RVH�5DWHV�LQ�PUHP�KU
)LJXUH���³�

;�$����23(5$725�(;32685(

8VLQJ�WKH�GRVH�UDWH�GDWD�IRU�WKH������DQG�H[SRVXUH�OLPLWV�DV�SUHVFULEHG
E\� WKH� 8�� 6�� 1�� 5�� &��� LW� FDQ� HDVLO\� EH� VKRZQ� WKDW� QR� KD]DUGRXV� H[SR�
VXUH�FDQ�EH�UHFHLYHG�E\�WKH�RSHUDWRU�LI�UHDVRQDEOH�SURFHGXUHV�DUH�XVHG�
$V�DQ�H[DPSOH��WKH�RSHUDWRU�FRXOG�SODFH�KLV�ERG\�RQ�WKH�VXUIDFH�RI�WKH
LQVWUXPHQW�IRU����KRXUV�HDFK�ZHHN�EHIRUH�UHDFKLQJ�WKH�PD[LPXP�OHYHO�IRU
WKH� ERG\�� $VVXPLQJ� D� GLVWDQFH� RI� ���� PHWHUV� ���� ,QFKHV�� IURP� WKH� LQ�
VWUXPHQW� GXULQJ� RSHUDWLRQ�� KH� FRXOG� XVH� WKH� LQVWUXPHQW� IRU� ����� KRXUV
HDFK� ZHHN� ZLWKRXW� H[FHHGLQJ� WKH� PD[LPXP� OHYHOV� IRU� WKH� VHQVLWLYH� SDUWV
RI�KLV�ERG\��2EYLRXVO\��WKHVH�FRQGLWLRQV�ZRXOG�QHYHU�QRUPDOO\�H[LVW�

8QGHU� DYHUDJH� FRQGLWLRQV�� D� IXOO� WLPH� RSHUDWRU� ZRUNLQJ� D� ��� KRXU� ZHHN
FDQ�H[SHFW�WR�UHFHLYH�DERXW���PUHP�SHU�ZHHN�RU����PUHP�SHU����ZHHNV�WR
KLV�ZKROH�ERG\�DQG�DSSUR[LPDWHO\����� KLJKHU� WR� KLV� KDQGV�� 7KLV� GRVH� LV
RQO\����RI�WKH�PD[LPXP�OHYHO�IRU�UDGLDWLRQ�ZRUNHUV�
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;�%��+$1'/,1*�352&('85(6

7KLV� LQVWUXPHQW� ZDV� GHVLJQHG� ZLWK� RSHUDWRU� VDIHW\� DV� D� SULPH� FRQVLGHU�
DWLRQ�� +RZHYHU�� DV� ZLWK� DQ\� SLHFH� RI� SRWHQWLDOO\� KD]DUGRXV� HTXLSPHQW�
VRPH�JHQHUDO�SUHFDXWLRQV�VKRXOG�EH�REVHUYHG�

�� 'R�QRW�RSHUDWH�RU�DWWHPSW�WR�RSHUDWH�WKH�LQVWUXPHQW�XQOHVV�\RX�KDYH
EHHQ�DXWKRUL]HG�WR�GR�VR�

�� ,I� UHTXLUHG� E\� \RXU� OLFHQVH� RU� RUJDQL]DWLRQDO� SURFHGXUHV�� ZHDU� D
ILOP� EDGJH� RU� RWKHU� GRVH� PHDVXUHPHQW� GHYLFH� ZKHQ� XVLQJ� RU� WUDQV�
SRUWLQJ�WKH�LQVWUXPHQW�

�� :KLOH� H[SRVXUH� GRVH� OHYHOV� DUH� ZHOO� ZLWKLQ� OLPLWV� IRU� UDGLDWLRQ
ZRUNHUV�� QHYHU� H[SRVH� \RXUVHOI� WR� WKH� EDUH� VRXUFH� ZLWKRXW� VXIIL�
FLHQW�UHDVRQ�IRU�MXVWLILFDWLRQ�RI�WKH�DGGLWLRQDO�GRVH�

�� .HHS� DOO� XQDXWKRUL]HG� SHUVRQV� RXW� RI� WKH� RSHUDWLQJ� DUHD�� $� VXJ�
JHVWHG�GLVWDQFH�LV���PHWHUV�����IHHW���7KH�JHQHUDO� SXEOLF� PXVW� QRW
EH�XQQHFHVVDULO\�H[SRVHG�WR�UDGLDWLRQ�

�� 0DLQWDLQ� VHFXULW\� RI� WKH� LQVWUXPHQW� DW� DOO� WLPHV�� 7KH� LQVWUXPHQW
VKRXOG� EH� NHSW� LQ� D� ORFNHG� YHKLFOH� ZKHQ� WUDQVSRUWHG�� :KHQ� VWRUHG�
WKH� DUHD� VKRXOG� EH� ORFNHG�� 1RW� RQO\� LV� LW� DQ� H[SHQVLYH� SLHFH� RI
HTXLSPHQW�EXW��LI�VWROHQ��FRXOG�EH�DEDQGRQHG�XQGHU�FRQGLWLRQV�ZKLFK
FRXOG�EH�D�KD]DUG�WR�WKH�JHQHUDO�SXEOLF�

�� (YHU\� XVHU� RUJDQL]DWLRQ� KDV� VWDQGDUG� RSHUDWLQJ� SURFHGXUHV�� WKH
RSHUDWRU� VKRXOG� IROORZ� WKRVH� SURFHGXUHV� DQG� UHSRUW� DQ\� WKDW� KH
IHHOV�XQVDIH�

�� ,QVXUH� WKDW� WKH� JDXJH� KDV� KDG� OHDN� WHVWV� SHUIRUPHG� DW� WKH� SURSHU
LQWHUYDOV��DV�UHTXLUHG�E\�\RXU�5DGLRDFWLYH�0DWHULDOV�/LFHQVH�

�� ,I� \RX� KDYH� DQ\� GRXEWV� DERXW� XVH� RI� WKH� LQVWUXPHQW�� $6.�� <RXU
5DGLRORJLFDO�6DIHW\�2IILFHU�KDV�WKH�DQVZHU�RU�FDQ�REWDLQ�RQH�

;�&��',6326$/

7LWOH� ��� &)5�� SDUW� ��� RI� WKH� )HGHUDO� 5HJXODWLRQV� DQG� 5HJXODWLRQV� RI� WKH
$JUHHPHQW� 6WDWHV� UHTXLUH� WKDW� GLVSRVLWLRQ� RI� UDGLRDFWLYH� PDWHULDOV� EH
DFFRPSOLVKHG�E\�YHU\�UHVWULFWLYH�PHWKRGV�

,Q� JHQHUDO�� QR� OLFHQVHH� VKDOO� GLVSRVH� RI� OLFHQVHG� PDWHULDO� H[FHSW� E\
WUDQVIHU� WR� DQ� DXWKRUL]HG� UHFHLSLHQW� DV� SURYLGHG� E\� UHJXODWLRQV�� 7KH
PDWHULDO�PD\�EH�UHWXUQHG�WR�WKH�IDFWRU\�IRU�GLVSRVLWLRQ�RU�PD\�EH�VROG�DV
DQ� LQVWUXPHQW� WR� DQRWKHU� OLFHQVHG� XVHU�� ,I� WKH� LQVWUXPHQW� LV� GDPDJHG
EH\RQG� UHSDLU�� WKH� VRXUFH� PD\� EH� WUDQVIHUUHG� WR� DQ� DSSURYHG� EXULDO
IDFLOLW\�DV�SURYLGHG�E\�)HGHUDO�DQG�6WDWH�5HJXODWLRQV�

;�'��6(&85,7<

5HJX�DWLRQV�UHTXLUH�WKDW�ORFNV�EH�PDLQWDLQHG�RQ�UDGLRJUDSKLF�HTXLSPHQW�WR
SUHYHQW�DFFLGHQWDO�H[SRVXUH�RI�D�VHDOHG�VRXUFH�ZKHQ�QRW�XQGHU�WKH�GLUHFW
VXSHUYLVLRQ� RI� DSSURYHG� SHUVRQQHO�� ,Q� DGGLWLRQ�� VWRUDJH� FRQWDLQHUV� VKDOO
EH� SK\VLFDOO\� VHFXUHG� WR� SUHYHQW� WDPSHULQJ� RU� UHPRYDO� E\� XQDXWKRUL]HG
SHUVRQQHO�

���� 752;/(5
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7KH�OLFHQVHH�VKDOO�QRW�SHUPLW�DQ\�SHUVRQ�WR�XVH�WKLV�HTXLSPHQW�XQOHVV�DW
DOO�WLPHV�WKH�XVHU�LV�LQ�WKH�SRVVHVVLRQ�RI�WKH�SURSHU�IRUP�RI�GRVLPHWU\�
'RVLPHWU\�UHSRUWV�VKDOO�EH�PDLQWDLQHG�IRU�LQVSHFWLRQ�

7KH� GRVLPHWU\� UHTXLUHPHQW� PD\� EH� ZDLYHG� XSRQ� DSSOLFDWLRQ� E\� WKH� OLFHQVHH
LI� LW� FDQ� EH� GHPRQVWUDWHG� WKDW� WKH� ZDLYHU� LV� DXWKRUL]HG� E\� ODZ� DQG� ZLOO
QRW�UHVXOW�LQ�XQGXH�KD]DUG�WR�OLIH�RU�SURSHUW\�

;�)� 5(&25'6�$1'�5(32576

�� (DFK� OLFHQVHH� VKDOO� FRQGXFW� D� TXDUWHUO\� SK\VLFDO� LQYHQWRU\� WR� DFFRXQW
IRU� DOO� VHDOHG� VRXUFHV� UHFHLYHG� DQG� SRVVHVVHG� XQGHU� KLV� OLFHQVH�� 7KH
LQYHQWRU\�UHFRUG�VKDOO�EH�PDLQWDLQHG�IRU�LQVSHFWLRQ�

�� (DFK� OLFHQVHH� VKDOO� KDYH� DOO� VHDOHG� VRXUFHV� OHDN� WHVWHG� DW� LQWHUYDOV
QRW� WR� H[FHHG� VL[� PRQWKV�� :KHQ� D� VRXUFH� LV� WUDQVIHUUHG� DQG� WKH� OHDN
WHVW� FHUWLILFDWLRQ� LV� DEVHQW�� WKH� VRXUFH� VKDOO� QRW� EH� SXW� LQWR� XVH
XQWLO�LW�LV�OHDN�WHVWHG�

752;/(5 ����


