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Your new oxygen analyzer is a precision device designed 
to give you years of measuring a wide range of oxygen 
concentrations. This analyzer features sensor technology 
developed exclusively by Analytical Industries Inc.  

For a discussion of the various analyzer’s performance see 
section 11 Specifications of this Instructions for Use. 

The analyzers are designed to measure the oxygen con-
centration in inert gases, gaseous hydrocarbons, hydrogen 
and a variety of gas mixtures. To obtain maximum perfor-
mance from your new oxygen analyzer, please read and 
follow the guidelines provided in this Instructions for Use. 

Every effort has been made to select the most reliable 
state of the art materials and components; and, to design 
the analyzer for superior performance and minimal cost of 
ownership. This analyzer was tested thoroughly by the 
manufacturer prior to shipment for best performance.  

However, these devices do require service from time to 
time. The warranty included herein plus a staff of trained 
professional technicians to quickly service your analyzer is 
your assurance that we stand behind every analyzer sold.   

The serial number of this analyzer may be found on the 
side the analyzer. You should note the serial number in 
the space provided and retains this Owner’s Manual as a 
permanent record of your purchase, for future reference 
and for warranty considerations.  

 

Serial Number:  _______________________ 

 

Analytical Industries Inc. appreciates your business and 
pledges to make every effort to maintain the highest pos-
sible quality standards with respect to product design, 
manufacturing and service. 

 

Intended Use 

The Explosion Proof Series of Oxygen Analyzers are de-
signed with an explosion proof enclosure, flame arrestors, 
breather device, actuators and certified for use in hazard-
ous areas as noted at the right. 
 
GPR-18MS: 10 PPB to 1000 PPM oxygen contamination 
in inert, hydrocarbon, He, H2 and mixed gases streams. 
 
GPR-18: 50 PPB to 1% oxygen contamination in inert, 
hydrocarbon, He, H2, mixed, and acid (CO2) gas streams. 
 
GPR-28: 0.05% to 100% oxygen measurements in inert, 
hydrocarbon, He, H2, mixed and acid (CO2) gas streams. 
 
The analyzers share a common configuration, the differ-
ences separating the analyzers involves only the sensor as 
dictated by the level of oxygen analysis.    

Technical Description 
Oxygen Analyzer 

Manufacturer:  Analytical Industries Inc. 

Types: GPR-18MS, GPR-18, GPR-28 

ATEX: Certificate: INERIS 07ATEX0025X 

          Standards: EN IEC 60079-0:2018 

                          EN 60079-1:2014 

          Marking:                    II 2 G      

                          Ex db IIB or IIB+H2 T6 Gb  

IECEx: Certificate: IECEx INE 19.0054X 

          Standards:  IEC 60079-0:2017 

                           IEC 60079-1:2014 

           Marking:    Ex db IIB or IIB+H2 T6 Gb 

Tamb = -20°C to +60°C  
 
Flameproof Enclosure 

Manufacturer:  Killark 

Type: EXB N34 cover, window and three buttons 

         EXB N34 box, 3 holes ½”NPT, 2 holes ¾”NPT 

ATEX: Certificate:  PTB 07ATEX1025U  

          Standards:  EN 60079-0:2006 

                           EN 60079-1:2004  

                           EN 61241-0:2006 

                           EN 61241-1:2004 

           Marking:           II 2 G      

                           Ex d IIB+H2 T6 

IECEx: Certificate: IECEx QPS 17.0013U 

          Standards:  IEC 60079-0:2017 Edition: 7.0 

                           IEC 60079-1:2014-06 Edition: 7.0 

                           IEC 60079-31:2013 Edition: 2 

          Marking:     Ex db IIB+H2 T6 Gb 

Tamb = -20°C to +60°C  

Volume : 13L 

Maximum power dissipated: 93W 
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Flameproof Controller 

Manufacturer:  Killark 

Type:  EXB N34  

ATEX: Certificate:  PTB 07ATEX1024 

          Standards:  EN 60079-0:2006 

                           EN 60079-1:2004  

                           EN 61241-0:2006 

                           EN 61241-1:2004 

          Marking:           II 2 G      

                           Ex db IIB+H2 T6 or T5 Gb 

IECEx: Certificate: IECEx QPS 17.0014X 

          Standards:  IEC 60079-0:2017 Edition: 7.0 

                           IEC 60079-1:2014-06 Edition: 7.0 

                           IEC 60079-31:2013 Edition: 2 

          Marking:     Ex db IIB+H2 T6 Gb 

Tamb = -20°C to +60°C  
 
 
Flame Arrestors and Breather 

Manufacturer: Michell Instruments 

Type: FA-2-A Flame Arrestors and BR-2-A Breathers 

ATEX: Certificate: SIRA16ATEX1366U 

          Standard:  EN 60079-0:2012/A11:2013 

                          EN 60079-1:2014 

                          EN 60079-31:2014 

          Marking:          II 2 G D      

                          Ex db IIB+H2 T6 Gb 

IECEx: Certificate: IECEx SIR 16.0117U 

          Standards:  IEC 60079-0:2011 Edition: 6.0 

                           IEC 60079-1:2014-06 Edition: 7.0 

                           IEC 60079-31:2013 Edition 2 

          Marking:     Ex db IIB+H2 T6 Gb 

Tamb: -40°C to +60°C  

Limitations: Tsmax = 69,8°C 

                 Volume max 55L 

                  Pr = 40 bar 

 

 
 

 

Containment system with limited release (presence 
of fittings) 
Description: The sample gas is completely confined inside 
                  1/8” stainless steel tubing with Swagelock 
                  type ferrule and ring compression fittings, 
                  taped and tightened to Swagelock’s instruct- 
                  tions, until exiting the enclosure.  
Inlet pressure: specified regulated to 5-30 psig. 
Flowrate: sample gas entering the enclosure: 1-2 SCFH  
Test realized according to annex G of EN/IEC 60079-
1:2014 for certification. 
 
Cable gland  
Analytical Industries does not supply the cable gland. It is 
the responsibility of the user to install a cable gland that 
complies with local regulations.  
 
A unique label reflecting the sample above is permanently 
affixed to the enclosure to identify every analyzer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The analyzer must be installed in accordance with: 

 
EN 60079-14 = 2014; IEC 60079-14=2013 
EN 60079-17 = 2014; IEC 60079-17=2013 
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Theory of Operation 
 
These analyzers consist of two PCB assemblies, sample 
system including sample flow control valve and flow me-
ter, sensor housing, and, incorporate a variety of ad-
vanced electrochemical galvanic fuel cell type sensors for 
PPB, PPM and % range oxygen measurements. 
 
An optional temperature controlled heater system is avail-
able that enhances the stability of the oxygen reading and 
is recommended for outdoor installations or when temper-
atures vary regularly. 
 
In standard configuration the alarm controls are integral 
to the main PCB and cannot accessed from the outside of 
analyzer (to prevent tampering with alarm set points), 
however, as an option, the alarm controls can be accessed 
externally when fitted with approved actuators.  
 
Sensor Technology 
As described in preceding Intended Use section, the ana-
lyzers share a common configuration owing to the require-
ments of their certification as explosion proof equipment. 
The differences that separate the analyzers involves only 
the sensor as dictated by the level of oxygen analysis.  
Oxygen enters the sensor, simultaneously oxidizes the 
anode and reduces the cathode to produce a linear electri-
cal current signal output proportional to the oxygen con-
centration in the gas phase.  
 
Advanced sensor technology permeates the range of oxy-
gen sensors which are: 

 specific to oxygen with superior accuracy 

 generate a signal output that is both linear over all 
ranges and virtually constant over its life time 

 exhibits superior stability and fast response time  

 requires no maintenance or electrolyte additions 

 easily replaced in the field like a battery 

 offer the best warranty and service in the industry 
 
GPR-18MS: Measures 10 PPB to 1000 PPM oxygen con-
tamination in inert, hydrocarbon, He, H2 and mixed gases 
streams. It is based on a proprietary design, the Pico-
Ion™ oxygen sensor which is specific to oxygen and pro-
duces a current signal output 80x greater than conven-
tional electrochemical fuel cells and equal to Coulometric 
wet cells.  

 
The Pico-Ion sensor features a proprietary sensing 
electrode that generates the 80x increase in signal 
output and a unique gas delivery path that mini-
mizes the amount of unreacted oxygen that can 
dissolve into the electrolyte and slow offline re-
covery time.  

Sensitivity, stability and recovery time are improved while 
significantly reducing the temperature dependence of the 
sensor’s signal output which contributes to excellent long 
term stability. 
 
GPR-18: Measures 50 PPB to 1% oxygen contamination 
in inert, hydrocarbon, He, H2, mixed, and acid (CO2) gas 
streams. Proprietary advancements in design and chemis-
try add significant advantages to an extremely versatile 
oxygen sensing technology.  
 
These PPM oxygen sensors exhibit superior accuracy and 
stability, recover from exposure to air to PPM levels in 
minutes with a longer life and warranty period. The XLT 
version offers an extended operating range of -20°C to 
50°C and excellent compatibility for measuring PPM oxy-
gen levels in applications involving natural gas and bever-
age grade CO2 containing up to 100% CO2. 
 
GPR-28: 0.05% to 100% oxygen measurements in inert, 
hydrocarbon, He, H2, mixed and acid (CO2) gas streams. 
Proprietary advancements aid in the transition from PPM 
to low percentage range measurements all the way to 
100% pure oxygen. 
 
In addition to superior accuracy and stability, the percent 
oxygen sensor offer the longest life and extended temper-
ature range in the industry. The XLT version also offer an 
extended operating range of -20°C to 50°C and excellent 
compatibility for measuring oxygen levels in applications 
containing varying concentrations of CO2.  
 
Signal Processing Electronics 
The signal generated by the sensor is processed by an 
integrated electronic circuit. The first stage amplifies the 
signal. The second stage eliminates the low frequency 
noise. The third stage employs a high frequency filter and 
compensates for signal output variations caused by ambi-
ent temperature changes.  
 
The result is a very stable signal. Sample oxygen is ana-
lyzed very accurately. Response time of 90% of full scale 
is less than 30 seconds (actual experience may vary due 
to the integrity of sample line connections, dead volume 
and flow rate selected) on all ranges under ambient moni-
toring conditions. Sensitivity is typically 0.5% of full scale 
low range. Oxygen readings may be recorded by an exter-
nal device via an isolated 4-20mA and 0-1V signal output. 
 
Overall performance is enhanced by an optional tempera-
ture controlled heater system that controls the tempera-
ture around the sensor at a pre-set temperature. 
 
Power to the analyzers is supplied by an integral universal 
110/230 VAC power supply. Connections of the appropri-
ate AC line voltage are hard wired to screw type terminal 
blocks. Power requirement related to the optional heater 
system is specific to 100/110VAC or 220/230VAC, supply 
power as indicated near the power input terminal. 
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7KLV�VHFWLRQ�VXPPDUL]HV� WKH�JHQHUDO�SUHFDXWLRQV�DQG�RS�
HUDWLQJ�LQIRUPDWLRQ�IRU�WKH�([SORVLRQ�3URRI�6HULHV�2[\JHQ�
$QDO\]HUV� WKDW� PXVW� EH� REVHUYHG� WR� SUHYHQW� GDPDJH� WR�
WKH�DQDO\]HU�DQG�LQMXU\�WR�WKH�RSHUDWRU�� 

7KH�UHPDLQLQJ�VHFWLRQV�SURYLGH�VSHFLILF�DGGLWLRQDO�LQVWUXF�
WLRQV� IRU� RSWLPL]LQJ� WKH� DQDO\]HU¶V� SHUIRUPDQFH� LQ� LQHUW�
VDPSOH� JDVHV�� $QDO\WLFDO� ,QGXVWULHV� ,QF�� ZLOO� QRW� EH� UH�
VSRQVLEOH� IRU� GDPDJHV� UHVXOWLQJ� IURP� WKH� LQVWDOODWLRQ� RU�
RSHUDWLRQ�RI�WKH�DQDO\]HU�LQ�D�PDQQHU�QRW�FRQVLVWHQW�ZLWK�
WKHVH�,QVWUXFWLRQV�IRU�8VH�� 

 

 

'2�127�XVH� D� VDPSOH� SXPS�GRZQVWUHDP�RI� WKH�
*35-��06��7KLV�DQDO\]HU�HPSOR\V�D� IL[HG� UHVWULF�
WRU� DV� RSSRVHG� WR� WKH� DGMXVWDEOH�PHWHULQJ� YDOYH�
IRXQG� LQ� WKH� *35-��� DQG� *35-���� $WWHPSWLQJ� WR�
SXOO� WKH� VDPSOH� ZLWK� WKH� UHVWULFWRU� LQ� SODFH� ZLOO�
GUDZ�D�YDFXXP�DQG�SHUPDQHQWO\�GDPDJH�WKH�R[\�
JHQ�VHQVRU�LQ�WKH�*35-��06�� 
 
)RU�DSSOLFDWLRQV�ZLWK�VDPSOHV�DW�DPELHQW�RU�QHJD�
WLYH� SUHVVXUH�� SRVLWLRQLQJ� D� VDPSOH� SXPS� XS�
VWUHDP�RI� DQ\� RI� WKH� DQDO\]HUV� UHTXLUHV� VRXUFLQJ�
DQG� HPSLULFDOO\� FRQILUPLQJ� WKH� SXPS¶V� OHDN� UDWH�
�LQHYLWDEOH�� LV� ZLWKLQ� WKH� DFFHSWDEOH� DFFXUDF\�
UDQJH�RI�WKH�PHDVXUHPHQW� 

� 

 

 
7URXEOHVKRRWLQJ��&RQVXOW�WKH�JXLGHOLQHV�LQ�VHFWLRQ���IRU�
DGYLFH�RQ�WKH�FRPPRQ�RSHUDWLQJ�HUURUV�EHIRUH�FRQFOXGLQJ�
WKDW�\RXU�DQDO\]HU�LV�IDXOW\��'R�QRW�DWWHPSW�WR�VHUYLFH�WKH�
DQDO\]HU� EH\RQG� WKRVH� PHDQV� GHVFULEHG� LQ� WKH� ,QVWUXF�
WLRQV�IRU�8VH� 

 
6HUYLFHDELOLW\��6HH�VHFWLRQ���0DLQWHQDQFH��:KLOH�
QRQH�RI�WKH�FRPSRQHQWV�DUH�VHUYLFHDEOH� LQ�WKHP�
VHOYHV�� VHH� 6HFWLRQ� �� 6SDUH� 3DUWV� LV� SURYLGHG� LQ�
WKH�XQOLNHO\�HYHQW�D�FRPSRQHQW�IDLOV�DQG�KDV�WR�EH�
UHSODFHG�� 

 
3OHDVH� UHYLHZ� VHFWLRQ� �� :DUUDQW\�� '2� 127� DW�
WHPSW� WR� VHUYLFH� WKH� DQDO\]HU� RU� UHSODFH� FRPSR�
QHQW�SDUWV�RQ�\RXU�RZQ��FRQVXOW� WKH� IDFWRU\�RU�D�
IDFWRU\�WUDLQHG�VHUYLFH�WHFKQLFLDQ�� 
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Unpack & Inspect 
1. Examine the condition of the packaging, remove the 

contents identified below and inspect.  

 Oxygen Analyzer 

 Instructions for Use (e-copy on thumb drive) 

 Quality Control & Calibration Certification (sec 12) 

 Chart Recording of Qualification Test 
2. Verify the contents against the packing slip.  
3. Open the analyzer door, remove any shipping materi-

als and inspect with particular attention to compo-
nents that may have come loose during transport. 

4. Report any apparent damage or missing items to the 
carrier and factory immediately (909-392-6900 or  
info@aii1.com). DO NOT proceed if damage is noted.  

  

Overview 
The following sections provide key information about the 
sensors, influence of operating conditions, sample system 
requirements, mounting the analyzer, electrical connec-
tions, gas connections, establishing power to the analyzer 
and installing the oxygen sensor.  

 
Install in accordance with ATEX Directives and 
IECEx Scheme: 
 

EN 60079-14:2014; IECEx 60079-14:2013 
EN 60079-17:2014; IECEx 60079-17:2013 

 

Sensors  
The GPR series sensor is available with all analyzers and 
recommended for all inert and hydrocarbon gas streams, 
whereas, the XLT series sensor is available only with the 
GPR-18 and GPR-28 analyzers and is recommended for 
background gases with more than 0.5% CO2 on a continu-
al basis.  

 
Avoid prolonged exposure to air or high O2 levels. 

  
GPR-12-2000 MS PPB oxygen sensors are susceptible 
to damage from prolonged exposure to > 1000 PPM O2.  
 
GPR-12-333 PPM sensors last 4-6 months in prolonged 
exposure to air but generate a > 1-2 PPM O2 offset in the 
reading on zero gas. XLT-12-333 PPM sensors expire 
after 5-7 days in air. 
 
GPR-11-32 and XLT-11-24 % sensors are not adversely 
affected by exposure to ambient air. 

 
See section 11 Specifications for the expected life 
of an oxygen sensor which is inversely proportion-
al to changes in the oxygen concentration and 
pressure and exponential (2.54%/C) to sample 
temperature, e.g. if an analyzer is continuously 
operated at 35C, expect the sensor life to be re-
duced by ~30%. 

Operating  Conditions 
 
Temperature of the sample gas must be within the rec-
ommended operating range specified in section 11 before 
it enters the analyzer.  

 
Hot sample gases can easily be cooled to ambient 
temperature by using a coiled 10 foot length of 
¼” stainless steel tubing. On an intermittent ba-
sis, the analyzer may be operated at 50 degree C.  

 
Sample Inlet Pressure 
The analyzers are designed for flowing samples under 
positive pressure, see section 11 Specifications. 
 
If the analyzer is equipped with an optional H2S scrubber 
and or a coalescing filter, inlet sample pressure must not 
exceed 30 PSIG. 

 
For sampling gases at near atmospheric pressure 
or under slight vacuum an external sample pump 
can be used to either push or draw the sample 
gas from the process, move it through the analyz-
er for analysis and to vent. 

The positioning of the sample pump either up-
stream or downstream of the analyzer requires 
making an informed decision: 

1. The rate at which air (oxygen) leaks into the pump 
should be empirically determined.  

2. The user’s accuracy requirements must be assessed in 
light of the actual leak rate of the sample pump.  

3. If the sample pump has a low enough leak rate to      
meet the user’s accuracy requirements (a) position 
the pump upstream of the analyzer to draw the sam-
ple and push it through the analyzer, (b) the analyz-
er’s flow control device upstream of the sensor regu-
lates the flowrate of the sample, a point that is critical 
to the GPR-18MS, (c) the possibility of damaging the 
oxygen sensor is minimized, (d) this approach is the 
exception rather than the rule. 

 
4. To meet the user’s accuracy requirements or inability 

to confirm the actual leak rate of the sample pump 
position the pump downstream of the analyzer as the 
safest approach to obtaining reliable measurements. 

 
GPR-18MS uses a fixed restrictor to control the 
flowrate which renders this analyzer unsuitable             
for use with a pump downstream of the analyzer. 
 
GPR-18 and GPR-28 use an adjustable valve to             
control the flow rate. When a pump is positioned            
downstream of the analyzer, the adjustable valve            
MUST BE COMPLETELY OPEN to avoid drawing a            
vacuum directly on and permanently damaging            
the oxygen sensor.  
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Sample Vent Pressure 
In positive sample pressure applications, the sample must 
be vented to ambient or in a vent line with pressure less 
than the sample inlet pressure.  
 
If the sample is vented to a line at a pressure above or 
below ambient, a back-pressure regulator must be in-
stalled downstream of the oxygen sensor and set at least 
1 PSIG higher that the line pressure of the vent to ensure 
a constant pressure on the sensor. 

 
When employing a back-pressure regulator to 
overcome a higher vent line pressure, e.g. venting 
a sample to a flare line, (a) set the back-pressure 
gradually to avoid drawing a vacuum on the sen-
sor and (b) calibrate the analyzer after the back-
pressure regulator has been set. 

 
Sample System 

 
Sample Gas Stream: Ensure that the sample 
gas composition and application conditions are 
consistent with the specifications of the analyzer. 
If in doubt, consult factory to ensure the analyzer 
is suitable for specific gas analysis. 

 
Material and Components 
The analyzers are equipped with necessary sample han-
dling components. However, if the analyzer was pur-
chased without a sample handling system, the user may 
be required to install the necessary sample handling com-
ponents.  
 

When designing a sample system, use of stainless 
steel tubing, fittings and valves is essential for 
maintaining the integrity of the sample gas 
stream. 

 
Removal of Contaminant Gases:  In certain applica-
tion, it may be necessary to remove any contaminants 
that may interfere with measurements. Typically, a gas-
specific scrubber is used to remove interfering gases such 
as oxides of sulfur and nitrogen or hydrogen sulfide.  
 

The presence of such interfering gases can result 
in false oxygen readings and reduction in the ex-
pected life of the sensor. Consult factory for rec-
ommendations concerning the proper selection 
and installation of scrubber or filter components. 

 

 
 

 

 

 

 

 

Mounting  
 
The analyzers are packaged in an aluminum wall mount 
enclosure with dimensions of 13.25” x 17.25” x 10.75” 
which carries ATEX / IECEx certifications and IP66 rating.  
 

Only authorized trained personnel should install 
this analyzer. Installation must comply with local, 
state, country regulations and the ATEX standards 
identified above. 

 
DO NOT connect electrical power until the 
analyzer is properly mounted. 

 
The analyzer is designed for mounting on a flat vertical 
surface (mount approximately 5 feet above the floor) by 
bolting the mounting feet attached to the rear of the en-
closure the mounting surface using 1/2" or M12 diameter 
steel bolt and washers 
 

Inspect and clean the machined surfaces of both 
the bottom base and the hinged cover of the en-
closure. The sealing surfaces must be inspected 
and free of nicks, dirt or any foreign particle build-
up that would prevent a proper seal.  

 
Closing the enclosure:  
1. Wipe the sealing surfaces with a clean lint-free cloth.  
2. Apply a light coating of Killark "LUBG" lubricant to the 

sealing surfaces.  
3. Close the hinged cover and mate to bottom base. 
4. Install the bolts thru the cover into bottom base,  
5. Finger tighten, 
6. Torque the bolts to 30 ft/lbs. 
 

After installation, the unit must be inspected regu-
larly to verify the enclosure mounting bolts are 
tight and in good condition, the cover bolts are 
torqued to 30 ft/lbs., conduit/cable gland connec-
tions are intact and free of corrosion. 

 
Should the flange surface be damaged, NEVER 
attempt to rework the surface of flange in the 
field. Consult the analyzer or enclosure manufac-
turer identified by one of the red metal labels af-
fixed to the enclosure.  

 
See enclosure diagram on following page. 
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3.4 



����,QVWDOODWLRQ�������������������������������� 

5HY���������� Analytical Industries Inc. 

3.5 

(OHFWULFDO�&RQQHFWLRQV 
 
7KH� DQDO\]HU� HOHFWURQLFV� LQFOXGLQJ� WKH� RSWLRQDO�
LQWHJUDO�KHDWHU�V\VWHP�DUH�SRZHUHG�E\�D�XQLYHUVDO�
$&�SRZHU�VXSSO\�WKDW�RSHUDWHV�RQ�����RU�����9$&�
SRZHU�ZKLFK�PXVW�EH�VSHFLILHG�DW�RUGHU�HQWU\��7KH�
DQDO\]HU¶V�SRZHU�UDWLQJ�LV�ORFDWHG�QHDU�WKH�SRZHU�
LQSXW�WHUPLQDO� 

 
,QVWDOO� FDEOH� JODQGV�� VL]H� ���´-���137-0�� RU� FRQ�
GXLW�XVLQJ�DQ�DSSURYHG�HOHFWULFDO�FRQGXFWLQJ�W\SH�
OXEULFDQW�RQ� WKH� WKUHDGV��7KH�JODQGV�DQG� FRQGXLW�
PXVW�EH�HLWKHU�D� WDSHUHG�W\SH�WKUHDG�FRQIRUPLQJ�
WR�$16,�$60(�%�������VWDQGDUG�RU�DQ�,62�PHWULF�
WKUHDG�VWDQGDUG� 
 
6XSSO\�SRZHU�WR�WKH�DQDO\]HU�RQO\�DV�UDWHG�E\�WKH�
VSHFLILFDWLRQ�DQG�PDUNLQJV�RQ�WKH�DQDO\]HU�HQFOR�
VXUH�� 
 
7KH� DFFHVVRULHV� XVHG� IRU� FDEOH� JODQG� HQWU\�� VL]H�
���´-��� 137-0�� PXVW� EH� FRYHUHG� E\� D� VHSDUDWH�
$7(;�FHUWLILFDWH�DQG�PXVW�EH�VXLWDEOH� WR�EH�XVHG�
ZLWK�WKH�HQFORVXUH��VHH�$SSHQGL[�$� 
 
(QVXUH�WKDW�WKH�DQDO\]HU�LV�SURSHUO\�JURXQGHG��VHH�
LOOXVWUDWLRQ�EHORZ��DQG�PHHWV�WKH�UHTXLUHPHQWV�RI�
UHFRPPHQGHG�ORFDO�HOHFWULFDO�VWDQGDUGV� 
 

3RZHU� &RQVXPSWLRQ�� 7KH� DQDO\]HU� FRQVXPHV� D�PD[L�
PXP����ZDWWV�RI�SRZHU�ZLWKRXW� WKH�RSWLRQDO�KHDWHU� DQG�
���ZDWWV�ZLWK�WKH�EXLOW-LQ�RSWLRQDO�KHDWHU�V\VWHP� 
 
3RZHU� PXVW� EH� VXSSOLHG� WKURXJK� D� VHSDUDWH� FRQGXLW� RQ�
WKH�OHIW�VLGH�RI�WKH�HQFORVXUH��VHH�GUDZLQJ�SUHYLRXV�SDJH�� 
 
8VH� D� VKLHOGHG� SRZHU� FRUG� ZLWK� PLQLPXP� RI� ��� JDXJH�
ZLUHV�� ,I� HTXLSSHG� ZLWK� WKH� RSWLRQDO� LQWHJUDO� KHDWHU� V\V�
WHP�� WKH� UHTXLUHG� LQWHUQDO� ZLULQJ� WR� WKH� KHDWHU� DQG� FRQ�
WUROOHU�KDV�EHHQ�LQVWDOOHG�DW�WKH�IDFWRU\�� 
 
7KH� XVHU� VLPSO\� FRQQHFWV� DQ� DSSURSULDWH� VRXUFH� RI� $&�
SRZHU��WR�WKH�SRZHU�WHUPLQDO�DV� LOOXVWUDWHG�EHORZ���%ULQJ�
WKH� RXWSXW� DQG� DODUP� FRQQHFWLRQV� WKURXJK� DQ� DSSURYHG�
����-���137-0�FRQGXLW�ILWWLQJ�RQ�WKH�ULJKW�VLGH�RI�WKH�HQ�
FORVXUH��VHH�GUDZLQJ�SUHYLRXV�SDJH�� 

 
7KH� HOHFWURQLFV� DUH� UDWHG� IRU� ���� RU� ���� 9$&��
6XSSO\� DSSURSULDWH� $&� SRZHU� RI� WKH� SRZHU�� $Q�
LPSURSHU� YROWDJH� FRXOG� SHUPDQHQWO\� GDPDJH� WKH�
KHDWLQJ� V\VWHP�� 'R� QRW� UHPRYH� WKH� SURWHFWLYH�
3OH[L-JODVV� SDQHO� WKDW� FRYHUV� WKH� 3&%�� 7KH� FRYHU�
SUHYHQWV� WKH�XVHU� IURP� WRXFKLQJ�DQ\�RI� WKH�/,9(�
FLUFXLWU\�RQ�WKH�3&%� 
 
,I�DXWKRUL]HG�E\�WKH� IDFWRU\�WR�UHSODFHPHQW�IDLOHG�
FRPSRQHQWV� LQ� WKH� DQDO\]HU�� GLVFRQQHFW� WKH� $&�
SRZHU�VRXUFH�WR�DYRLG�HOHFWULF�VKRFN��7KHUH� LV�QR�
$&�SRZHU�SUHVHQW�RQ�WKH�FLUFXLW�ERDUG�DVVHPEOLHV�
PRXQWHG�RQ�LQVLGH�RI�DQDO\]HU�GRRU� 
 

6HH�SRZHU�DQG�HOHFWULFDO�IHDWXUH�FRQQHFWLRQV��LQWHUFRQQHF�
WLRQ�ZLULQJ�DQG�RSWLRQDO�KHDWHU�ZLULQJ�GLDJUDPV�DORQJ�ZLWK�
LQVWDOODWLRQ�SURFHGXUHV�RQ�WKH�IROORZLQJ�SDJHV� 
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3URFHGXUH� 
�� ,QVHUW�WKH�SRZHU�FDEOH�WKURXJK�WKH�XVHU�VXSSOLHG�$7(;�DSSURYHG�FRQGXLW�ILWWLQJ�RQ�WKH�OHIW�VLGH�RI�WKH�DQDO\]HU� 
�� ,QVHUW�WKH�VLJQDO�RXWSXW�FDEOH�V��WKURXJK�WKH�XVHU�VXSSOLHG�$7(;�DSSURYHG�FRQGXLW�ILWWLQJV�RQ�WKH�ULJKW�VLGH�RI�WKH�

DQDO\]HU� 
�� 6WULS�WKH�HQGV�RI�WKH�ZLUHV�DSSUR[LPDWHO\�ó�LQFK� 
�� /RRVHQ�WKH�WHUPLQDO�VFUHZV�� LQVHUW�WKH�EDUH�ZLUH� LQWR�WKH�DSSURSULDWH�WHUPLQDOV�DQG�UH-WLJKWHQ�ZLWK�D�VPDOO�EODGHG�

VFUHZGULYHU�� 
�� 1RWH��,I�HTXLSSHG�ZLWK�WKH�RSWLRQDO�WHPSHUDWXUH-FRQWUROOHG�KHDWHU�V\VWHP��WKH�QHFHVVDU\�ZLULQJ�WR�WKH�KHDWHU�DQG�

FRQWUROOHU�KDV�EHHQ� LQVWDOOHG�DW�WKH�IDFWRU\�DQG�QR�DGGLWLRQDO�FRQQHFWLRQV�DUH�UHTXLUHG��7KH�SRZHU�FRQQHFWLRQ�VHU�
YLFHV�ERWK�WKH�DQDO\]HU�HOHFWURQLFV�DQG�WHPSHUDWXUH-FRQWUROOHG�KHDWHU�V\VWHP� 

�� &RQQHFW�WKH�SRZHU�JURXQG�GLUHFWO\�WR�WKH�JURXQG�WHUPLQDO�RQ�WKH�LQVLGH�RI�WKH�DQDO\]HU�FDVH��VHH�SUHYLRXV�SDJH�� 
�� 3DFN�DQG�VHDO�WKH�VHDO� ILWWLQJV�EULQJLQJ�SRZHU�WR�DQG�WDNLQJ�DQDORJ�RXWSXWV�DQG�DODUP�LQWHUFRQQHFWLRQ�ZLULQJ�IURP�

WKH�DQDO\]HU�DV�UHFRPPHQGHG�LQ�$SSHQGL[�$� 
�� (VWDEOLVK�SRZHU�WR�WKH�DQDO\]HU�DIWHU�PDNLQJ�JDV�FRQQHFWLRQV�DV�EHORZ�RQFH�LQVWDOODWLRQ�LV�FRPSOHWH� 
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*DV�&RQQHFWLRQV 
 
7KH�DQDO\]HU¶V� IORZ� WKURXJK�FRQILJXUDWLRQ� LV�GHVLJQHG� IRU�
SRVLWLYH� SUHVVXUH� VDPSOHV� DQG� UHTXLUHV� FRQQHFWLRQ� WR��
���
´� GLDPHWHU� FRPSUHVVLRQ� WXEH� ILWWLQJV�� $GGUHVVLQJ� GLI�
IHUHQW�VDPSOH�FRQGLWLRQV�ZDV�GLVFXVVHG�SUHYLRXVO\� 
 
&RPSOHPHQWLQJ� WKH� SHUIRUPDQFH� FDSDELOLWLHV� RI� WKH� 33%�
�*35-���06��DQG�330��*35-����R[\JHQ�VHQVRU�LV�D�VDP�
SOH� V\VWHP� FRQVLVWLQJ� RI� VWDLQOHVV� VWHHO� DQG� JODVV�ZHWWHG�
SDUWV�� D� XQLTXH� SURYHQ� OHDN-WLJKW� VHQVRU� KRXVLQJ� GHVLJQ�
DQG�D�VDPSOH�E\SDVV�V\VWHP�� 

 
7KH�E\SDVV�V\VWHP�LVRODWHV�WKH�VHQVRU�IURP�H[SR�
VXUH� WR� KLJK� R[\JHQ� FRQFHQWUDWLRQ� GXULQJ�
WUDQVSRUW�� XSVHW� FRQGLWLRQV� DQG� URXWLQH� PDLQWH�
QDQFH�DQG�EULQJ� WKH�DQDO\]HU�RQ-OLQH�DW�33%�DQG�
330�OHYHOV�YHU\�TXLFNO\��7KH�VDPSOH�E\SDVV�YDOYH�
LV�QRW�UHTXLUHG�IRU�WKH�*35-���� 

 

 

(VWDEOLVK�3RZHU�WR�(OHFWURQLFV 
 
&RQQHFW�D�SRZHU�FDEOH�WR�DQDO\]HU¶V�SRZHU�WHUPLQDO�EORFN��
7KH�HOHFWURQLFV�DUH�UDWHG�IRU�D�SRZHU�LQSXW�RI�����RU�����
9$&���-���+]��:LWK�RSWLRQDO�WHPSHUDWXUH-FRQWUROOHG�KHDW�
HU� V\VWHP�� KRZHYHU�� VXSSO\� RQO\� WKH� YROWDJH� QRWHG� QHDU�
WKH�SRZHU�WHUPLQDO� 
 
7KH�/&'�GLVSOD\�ZLOO�OLJKW�XS�ZKHQ�SRZHU�LV�DSSOLHG�WR�WKH�
DQDO\]HU��$VVXPLQJ�WKH�DQDO\]HU�KDV�EHHQ�LQVWDOOHG�DV�GL�
UHFWHG� DERYH�� DQG� WKH� VHQVRU� KDV� EHHQ� LQVWDOOHG� DW� WKH�
IDFWRU\��WKH�UHDGLQJ�GLVSOD\HG�ZKHQ�WKH�DQDO\]HU�LV�WXUQHG�
RQ�� UHIOHFWV� WKH� R[\JHQ� YDOXH� XQGHU� VWDWLF� FRQGLWLRQ� �L�H��
WKH� D[LRP� WKDW� DOO� YDOYHV� DQG� ILWWLQJV� OHDN�� WKH� VHQVRU� LV�
ORRNLQJ� DW� HTXLOLEULXP� SRLQW� RI� R[\JHQ� GLIIXVLQJ� LQWR� WKH�
VDPSOH�V\VWHP�DQG�R[\JHQ�FRQVXPHG�E\�WKH�VHQVRU�� 

 
,QVWDOOLQJ�WKH�2[\JHQ�6HQVRU� 
 
$QDO\]HUV� DUH� VKLSSHG� ZLWK� WKH� R[\JHQ�
VHQVRU� WKDW� WKH� DQDO\]HU� ZDV� FDOLEUDWHG��
TXDOLILHG�DQG�WHVWHG�ZLWK�DW�WKH�IDFWRU\�DV�
GRFXPHQWHG�E\�WKH�4XDOLW\�&RQWURO�	�&DOLEUDWLRQ�&HUWLILFD�
WLRQ�DQG�FKDUW�UHFRUGLQJV�LQ�VHFWLRQ����� 
 
&LUFXPVWDQFHV�YDU\�EXW�QRUPDOO\�WKH�R[\JHQ�VHQVRU�LV�LQ�
VWDOOHG�SULRU� WR� VKLSPHQW�DQG� WKH�DQDO\]HU� LV� IXOO\�RSHUD�
WLRQDO�RXW�RI�WKH�ER[�� 
 

,I�WKH�R[\JHQ�VHQVRU�ZDV�VKLSSHG�VHSDUDWH�
O\� RU� LI� D� QHZ� R[\JHQ� VHQVRU� PXVW� EH� LQ�
VWDOOHG� LQ� WKH� ILHOG�� LW� ZLOO� EH� QHFHVVDU\� WR�
LQVWDOO�D�QHZ�VHQVRU� 
 
7KH�VHQVRU�LV�VHDOHG�LQ�D�VSHFLDO�EDJ�XQGHU�DSSOL�
FDWLRQ� FRQGLWLRQV�� '2� 127� RSHQ� WKH� EDJ� XQWLO�
UHDG\�WR�LQVWDOO�WKH�VHQVRU�� 
 
'2�127�RSHQ�WKH�R[\JHQ�VHQVRU��7KH�VHQVRU�FRQ�
WDLQV� D� FRUURVLYH� OLTXLG� HOHFWURO\WH� WKDW� FRXOG� EH�
KDUPIXO�LI�WRXFKHG�RU�LQJHVWHG��UHIHU�WR�VHFWLRQ����
6DIHW\� 'DWD� 6KHHW�� $YRLG� FRQWDFW�ZLWK� DQ\� OLTXLG�
RU�FU\VWDO�W\SH�SRZGHU�LQ�RU�DURXQG�WKH�VHQVRU�RU�
VHQVRU�KRXVLQJ��DV�HLWKHU�FRXOG�EH�D�IRUP�RI�HOHF�
WURO\WH�� 6SHQW� VHQVRU� RU� D� OHDNLQJ� VHQVRU� VKRXOG�
EH� GLVSRVHG� RI� LQ� DFFRUGDQFH� ZLWK� ORFDO� UHJXOD�
WLRQV� 
 
$IWHU� VHQVRU� LQVWDOODWLRQ�� WKH� DQDO\]HU� PXVW� EH�
FDOLEUDWHG� WR� HQVXUH� FRUUHFW� VDPSOH� DQDO\VLV�� 5H�
YLHZ� VHFWLRQ� �� &DOLEUDWLRQ� WR� GHWHUPLQH� ZKHWKHU�
WKH�QH[W�VWHS�LV�=HUR�RU�6SDQ�&DOLEUDWLRQ� 
 
'HSHQGLQJ�RQ�WKH�FLUFXPVWDQFHV�DQG�W\SH�RI�R[\�
JHQ� VHQVRU�� WKHUH� DUH� VHYHUDO� SURFHGXUHV� ZLWK�
GLIIHUHQW�UHTXLUHPHQWV�DV�GHVFULEHG�RQ�QH[W�SDJH� 
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3URFHGXUH�$SSOLFDEOH�WR�*35-���06�DQG�*35-��� LI�
=HUR�&DOLEUDWLRQ�LV�WR�IROORZ��VHFWLRQ���&DOLEUDWLRQ�� 
�� 6HOHFW� WKH� DQDO\]HU¶V� KLJKHVW� UDQJH� DYDLODEOH� UDQJH��

DGMXVW�DV�WKH�UHDGLQJ�WUHQGV�GRZQZDUG� 
�� ,QLWLDWH�WKH�IORZ�RI�D�KLJK�SXULW\�1��]HUR�JDV��UHJXODWH�

WKH�SUHVVXUH�WR�WKH�ORZHVW�YDOXH�H[SHFWHG�LQ�WKH�VDP�
SOH� JDV� DQG� WKHQ� VHW� WKH� IORZ� UDWH�� VHH� VHFWLRQ� ���
6SHFLILFDWLRQ� 

�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�6DPSOH�SRVLWLRQ�
EHIRUH�LQVWDOOLQJ�WKH�R[\JHQ�VHQVRU� 

�� 8VH�WKH������ZUHQFK�VXSSOLHG�WR�ORRVHQ�WKH�FODPS�EROW�
XQGHU�WKH�VHQVRU�KRXVLQJ� 

�� :LWK� WKH�EROW� ORRVH�� URWDWH� WKH�XSSHU� VHQVRU�KRXVLQJ�
����WR�GLVHQJDJH�LW�IURP�WKH�FODPS� 

�� 5HPRYH�WKH�R[\JHQ�VHQVRU�IURP�WKH�EDJ��LI� UHSODF�
LQJ�DQ�H[LVWLQJ�VHQVRU�VHH�VHFWLRQ���� 

�� 3ODFH�WKH�R[\JHQ�VHQVRU� LQ�WKH�ERWWRP�VHFWLRQ�RI�WKH�
VHQVRU�KRXVLQJ��3&%�IDFLQJ�XS� 

�� 5HPRYH�WKH�WZR�UHG�VKRUWLQJ�VWULSV��LQFOXGLQJ�WKH�JROG�
ULEERQ��IURP�WKH�VHQVRU¶V�3&%� 

�� 3ODFH�WKH�XSSHU�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ�RYHU�WKH�
R[\JHQ�VHQVRU��JHQWO\�SXVK�GRZQZDUG�DQG�URWDWH�����
WR�HQJDJH�WKH�FODPS� 

��� 8VH�WKH������ZUHQFK�WR�UH-WLJKWHQ�WKH�FODPS�EROW� 
��� 7KH�DQDO\]HU�ZLOO�GLVSOD\�WKH�2��FRQWHQW�RI�WKH�JDV�� 
��� &RQILUP�WKH�GRZQZDUG�WUHQG�RI�WKH�2��FRQFHQWUDWLRQ�

ZLWK�DQ�H[WHUQDO�UHFRUGLQJ�GHYLFH�� 
��� 3URFHHG�WR�VHFWLRQ���&DOLEUDWLRQ�WR�FRPSOHWH�=HUR�&DOL�

EUDWLRQ� 
 

3URFHGXUH� $SSOLFDEOH� WR� *35-��� 06�� *35-��� DQG�
*35-���LI�6SDQ�&DOLEUDWLRQ�LV�WR�IROORZ� 
�� 6HOHFW� WKH� UDQJH� WKDW� DFFRPPRGDWHV� WKH�2�� FRQWHQW�

RI�WKH�VSDQ�JDV��VHH�VHFWLRQ����6SHFLILFDWLRQ� 
�� ,QLWLDWH�WKH�IORZ�RI�VSDQ�JDV��UHJXODWH�WKH�SUHVVXUH�WR�

WKH�ORZHVW�YDOXH�H[SHFWHG�LQ�WKH�VDPSOH�JDV�DQG�WKHQ�
VHW�WKH�IORZ�UDWH��VHH�VHFWLRQ����6SHFLILFDWLRQ� 

�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�6DPSOH�SRVLWLRQ�
EHIRUH�LQVWDOOLQJ�WKH�R[\JHQ�VHQVRU� 

�� 8VH�WKH������ZUHQFK�VXSSOLHG�WR�ORRVHQ�WKH�FODPS�EROW�
XQGHU�WKH�VHQVRU�KRXVLQJ� 

�� :LWK� WKH�EROW� ORRVH�� URWDWH� WKH�XSSHU� VHQVRU�KRXVLQJ�
����WR�GLVHQJDJH�LW�IURP�WKH�FODPS� 

�� 5HPRYH�WKH�R[\JHQ�VHQVRU�IURP�WKH�EDJ��LI� UHSODF�
LQJ�DQ�H[LVWLQJ�VHQVRU��VHH�VHFWLRQ���� 

�� ,PPHGLDWHO\� SODFH� WKH� R[\JHQ� VHQVRU� LQ� WKH� ERWWRP�
VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ��3&%�IDFLQJ�XS�� 

�� 5HPRYH�WKH�WZR�UHG�VKRUWLQJ�VWULSV��LQFOXGLQJ�WKH�JROG�
ULEERQ��IURP�WKH�VHQVRU¶V�3&%� 

�� 3ODFH�WKH�XSSHU�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ�RYHU�WKH�
R[\JHQ�VHQVRU��JHQWO\�SXVK�GRZQZDUG 

��� DQG�URWDWH�����WR�HQJDJH�WKH�FODPS� 
��� 8VH�WKH������ZUHQFK�WR�UH-WLJKWHQ�WKH�FODPS�EROW� 
��� 7KH�DQDO\]HU�ZLOO� LPPHGLDWHO\�GLVSOD\�R[\JHQ�FRQWHQW�

RI�WKH�JDV�� 
��� &RQILUP�WKH�GRZQZDUG�WUHQG�RI�WKH�2��FRQFHQWUDWLRQ�

ZLWK�DQ�H[WHUQDO�UHFRUGLQJ�GHYLFH�� 
��� 3URFHHG�WR�VHFWLRQ���&DOLEUDWLRQ� 

 

 

 

 

3URFHGXUH�$SSOLFDEOH� WR�*35-���DQG�*35-��� LI�$LU�
&DOLEUDWLRQ�LV�WR�IROORZ� 
�� 6HOHFW�WKH�UDQJH�RI�WKH�DQDO\]HU�WR�WKH��-����UDQJH� 
�� ,QLWLDWH�WKH�IORZ�RI�VDPSOH�JDV��UHJXODWH�WKH�SUHVVXUH�

WR�ORZHVW�YDOXH�H[SHFWHG�LQ�WKH�VDPSOH 
�� *DV�DQG�WKHQ�VHW�WKH�IORZ�UDWH��VHH�VHFWLRQ����6SHFLIL�

FDWLRQ� 
�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�6DPSOH�SRVLWLRQ�

EHIRUH�LQVWDOOLQJ�WKH�R[\JHQ�VHQVRU� 
�� 8VH�WKH������ZUHQFK�VXSSOLHG�WR�ORRVHQ�WKH�FODPS�EROW�

XQGHU�WKH�VHQVRU�KRXVLQJ� 
�� $IWHU�ORRVHQLQJ�WKH�EROW��URWDWH�WKH�XSSHU�VHQVRU�KRXV�

LQJ�����WR�GLVHQJDJH�LW�IURP�WKH�FODPS� 
�� 5HPRYH�WKH�R[\JHQ�VHQVRU�IURP�WKH�EDJ��LI� UHSODF�

LQJ�DQ�H[LVWLQJ�VHQVRU��VHH�VHFWLRQ����� 
�� 5HPRYH�WKH�WZR�UHG�VKRUWLQJ�VWULSV��LQFOXGLQJ�WKH�JROG�

ULEERQ��IURP�WKH�VHQVRU�3&%� 
�� 3URFHHG�WR�VHFWLRQ���&DOLEUDWLRQ�DQG�IROORZ�WKH�

$LU�&DOLEUDWLRQ�SURFHGXUH� 
��� 8SRQ�FRPSOHWLRQ�RI�WKH�$LU�&DOLEUDWLRQ�SURFHGXUH��LP�

PHGLDWHO\�SODFH�WKH�QHZ�VHQVRU�LQ�WKH�ERWWRP�VHFWLRQ��
3&%�IDFLQJ�XS�� 

��� 3ODFH�WKH�XSSHU�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ�RYHU�WKH�
VHQVRU��JHQWO\�SXVK�GRZQZDUG�DQG� URWDWH����� WR�HQ�
JDJH�WKH�FODPS� 

��� 8VH�WKH������ZUHQFK�WR�UH-WLJKWHQ�WKH�FODPS�EROW� 
��� 7KH�DQDO\]HU�ZLOO� LPPHGLDWHO\�GLVSOD\� WKH�2��FRQWHQW�

RI�WKH�JDV�� 
��� &RQILUP�WKH�GRZQZDUG�WUHQG�RI�WKH�2��FRQFHQWUDWLRQ�

ZLWK�DQ�H[WHUQDO�UHFRUGLQJ�GHYLFH�� 
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,Q�RUGHU� WR�DFFXUDWHO\�PHDVXUH�WKH�R[\JHQ�FRQFHQWUDWLRQ�
LQ�D�VDPSOH�JDV�VWUHDP��LW�LV�QHFHVVDU\�WR�FDOLEUDWH��DGMXVW�
WKH�DFFXUDF\��WKH�DQDO\]HU�HOHFWURQLFV�WR�WKH�R[\JHQ�VHQ�
VRU¶V� VLJQDO� RXWSXW�ZKHQ� H[SRVHG� WR� FHUWLILHG� JDV� VWDQG�
DUG�� &DOLEUDWLRQ� FDQ� LQYROYH� RQH� RU� ERWK� =HUR� DQG� 6SDQ�
&DOLEUDWLRQV�� 

 
7KH� XVHU� LV� UHVSRQVLEOH� IRU� PDNLQJ� SURYLVLRQ� IRU�
FDOLEUDWLRQ� JDVHV� DQG� UHJXODWLQJ� WKH� VDPSOH� DQG�
VSDQ�JDV�SUHVVXUH�DQG�IORZ�DV�GHVFULEHG�EHORZ� 

 
5HFRPPHQGDWLRQ��&RQVLGHU� LQVWDOOLQJ��-ZD\�YDOYHV�EH�
IRUH� WKH� VDPSOH� LQOHW� WR�SURYLGH�D�SHUPDQHQW� FRQQHFWLRQ�
IRU�=HUR�JDV��LI�UHTXLUHG��DQG�RU�6SDQ�JDV�DQG�D�PHDQV�RI�
VZLWFKLQJ� IURP� 6$03/(� WR� =(52� RU� 63$1� JDV� DQG� YLFH�
YHUVD�ZLWKRXW�EUHDNLQJ�JDV�OLQH�FRQQHFWLRQV��7KLV�DUUDQJH�
PHQW� HOLPLQDWHV� WKH� SRVVLELOLW\� RI� H[SRVLQJ� WKH� VHQVRU� WR�
KLJK� R[\JHQ� ZKHQ� FKDQJLQJ� JDV� OLQHV� WR� VZLWFK� JDV�
VRXUFHV��� 
 

$FFXUDF\� 
 
6LQJOH� 3RLQW� &DOLEUDWLRQ���7KH�JDOYDQLF�R[\JHQ�VHQVRU�
JHQHUDWHV�DQ�HOHFWULFDO�FXUUHQW�WKDW�LV�ERWK�OLQHDU�DQG�SUR�
SRUWLRQDO�WR�WKH�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�VDPSOH�JDV�� 
 
,Q�WKH�DEVHQFH�RI�R[\JHQ��WKH�VHQVRU�H[KLELWV�DQ�DEVROXWH�
]HUR��H�J��WKH�R[\JHQ�VHQVRU�GRHV� QRW�JHQHUDWH�D�FXUUHQW�
VLJQDO�RXWSXW�LQ�WKH�DEVHQFH�RI�R[\JHQ��*LYHQ�WKH�VSHFLILF�
LW\�� OLQHDULW\� DQG� DEVROXWH� ]HUR� SURSHUWLHV�� D� VLQJOH� SRLQW�
FDOLEUDWLRQ�RI�WKH�DQDO\]HU�LV�SRVVLEOH� 
 
3UHVVXUH�� �*DOYDQLF�R[\JHQ�VHQVRUV�DUH�DFFXUDWH�DW�DQ\�
SUHVVXUH� SURYLGHG� WKH� SUHVVXUH� LV� FRQVWDQW��2[\JHQ� VHQ�
VRUV�DUH�VHQVLWLYH�WR�WKH�SDUWLDO�SUHVVXUH�RI�R[\JHQ�LQ�WKH�
VDPSOH�JDV�DQG�WKHLU�RXWSXW�LV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�
R[\JHQ� PROHFXOHV� 
SHU� XQLW� YROXPH
� RI� WKH� VDPSOH� JDV��
7KH�QXPEHU�RI�R[\JHQ�PROHFXOHV�SHU�XQLW�YROXPH�ZLOO� LQ�
FUHDVH�SURSRUWLRQDOO\�ZLWK�SUHVVXUH�� 

 
([SHFWHG� VHQVRU� OLIH� LV� LQYHUVHO\� SURSRUWLRQDO� WR�
SUHVVXUH�� 
 

%HFDXVH�SUHVVXUH�YDULHV� LQ�UHDO�ZRUOG�DSSOLFDWLRQV��D� IORZ�
FRQWURO�GHYLFH� LV�SRVLWLRQHG�EHWZHHQ�WKH�SUHVVXUH�UHJXOD�
WRU� DQG� WKH� R[\JHQ� VHQVRU� WR� UHGXFH� DQG� VWDELOL]H� WKH�
SUHVVXUH� DW� WKH� R[\JHQ� VHQVRU�� 7KH� W\SH� RI� IORZ� FRQWURO�
YDOYH�RU� IL[HG�UHVWULFWRU�YDULHV�ZLWK� WKH� IORZ�VHQVLWLYLW\�RI�
WKH�R[\JHQ�VHQVRU�� 
 
7KH�*35-��06�R[\JHQ�VHQVRU� LV�PRUH� IORZ�VHQVLWLYH�DQG�
UHTXLUHV� WKH� SUHFLVLRQ� RI� D� IORZ� UHVWULFWRU�� ZKHUHDV�� WKH�
PHPEUDQH�FODG�R[\JHQ�VHQVRUV�IRXQG�LQ�WKH�*35-���DQG�
*35-���DUH�QRW�IORZ�VHQVLWLYH�DQG�XVH�D�PHWHULQJ�YDOYH�WR�
PDLQWDLQ�WKH�SUHVVXUH� 
 

 

)ORZ� GHYLFHV� FDQ� PLQLPL]H� WKH� LQIOXHQFH� RI� LQ�
FUHDVLQJ� SUHVVXUH� EXW� GURSV� LQ� SUHVVXUH� DFWXDOO\�
FKDQJH�WKH�SDUWLDO�SUHVVXUH�DW�WKH�R[\JHQ�VHQVRU� 
 
7R� SUHYHQW� HUUDWLF� R[\JHQ� UHDGLQJV�� VHW� WKH� IORZ�
UDWH�RQO\�DIWHU�WKH�SUHVVXUH�LV�UHJXODWHG��VHH�VHF�
WLRQ����6SHFLILFDWLRQV��DW� WKH� ORZHVW�SUHVVXUH�DQ�
WLFLSDWHG�XQGHU�VDPSOLQJ�FRQGLWLRQV�� 
 
 

7HPSHUDWXUH�� �7KH�UDWH�DW�ZKLFK�R[\JHQ�PROHFXOHV�GLI�
IXVH� LQWR� WKH� VHQVRU� LV� FRQWUROOHG� E\� D� 7HIORQ�PHPEUDQH�
RWKHUZLVH� NQRZQ�DV� DQ� 
R[\JHQ�GLIIXVLRQ� OLPLWLQJ� EDUULHU��
$OO�GLIIXVLRQ�SURFHVVHV�DUH�WHPSHUDWXUH�VHQVLWLYH��WKH�VHQ�
VRU¶V�HOHFWULFDO�VLJQDO�RXWSXW�DOVR�YDULHV�ZLWK�WHPSHUDWXUH� 

 
&KDQJHV�LQ�WHPSHUDWXUH�UHVXOW�LQ�D��������&�YDUL�
DWLRQ�LQ�WKH�VHQVRU¶V�VLJQDO�RXWSXW�ZKLFK�LQYHUVHO\�
DIIHFWV�H[SHFWHG�VHQVRU�OLIH� 

 
:LWK� UHIHUHQFH� WR� 'DOWRQ¶V� /DZ� RI� SDUWLDO� SUHVVXUH�� WKH�
R[\JHQ� GLIIXVLRQ� OLPLWLQJ� EDUULHU� DOORZV� DQG� UHTXLUHV� D�
VPDOO� DPRXQW� RI� WKH� DFWXDO� VDPSOH� WR� SHUPHDWH� LQWR� WKH�
VHQVRU� WR�PDNH� WKH� R[\JHQ�PHDVXUHPHQW�� 7KLV� SURYLGHV�
VHYHUDO�SHUIRUPDQFH�DGYDQWDJHV� 
�� 8QDIIHFWHG�E\�FKDQJHV�LQ�IORZ�UDWH������WR����6&)+� 
�� 8QDIIHFWHG� E\� FKDQJHV� LQ� EDFNJURXQG� JDVHV� �H[FHSW�

*35-��-�����06�3LFR�,RQ�33%�R[\JHQ�VHQVRU�� 
�� 8QDIIHFWHG�E\�PRLVWXUH�DQG�SDUWLFXODWHV��� 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

$�WHPSHUDWXUH�FRPSHQVDWLRQ�FLUFXLW�RIIVHWV�WKH��������&�
YDULDWLRQ�LQ�WKH�VHQVRU¶V�VLJQDO�RXWSXW�RQFH�WKH�HOHFWURQLFV�
DQG�VHQVRU¶V�GLIIXVLRQ�EDUULHU�DQG�HOHFWURO\WH�UHDFK�HTXLOLE�
ULXP��$FFXUDF\�LV�����IXOO�VFDOH�UDQJH�RYHU�WKH�RSHUDWLQJ�
WHPSHUDWXUH�UDQJH��VHH�VHFWLRQ����6SHFLILFDWLRQV�� 

 
$�YDULDWLRQ�RI�a����)�SURGXFHV������)6��HUURU�LQ�
WKH�2��UHDGLQJ�XQWLO�HTXLOLEULXP�LV�UHDFKHG� 

 
7R�SUHYHQW�HUUDWLF� R[\JHQ� UHDGLQJV�� FDOLEUDWH� WKH�
DQDO\]HU�DW�WKH�WHPSHUDWXUH�QHDUHVW�WKH�WHPSHUD�
WXUH�DQWLFLSDWHG�XQGHU�VDPSOLQJ�FRQGLWLRQV 
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4.2 

&DOLEUDWLRQ�*DV�3UHSDUDWLRQ� 
,W�LV�HVVHQWLDO�WKDW�ZKHQ�XVLQJ�D�FHUWLILHG�VWDQGDUG�]HUR�RU�
VSDQ�JDV�WR�DGMXVW�WKH�DQDO\]HU�VHQVLWLYLW\�WKDW�WKH�LQWHJUL�
W\� RI� WKH� JDV� LV�PDLQWDLQHG� GXULQJ� LQVWDOODWLRQ� RI� D� SUHV�
VXUH� UHJXODWRU� �RQ� WKH� JDV� F\OLQGHU�� WR� UHJXODWH� WKH� JDV�
SUHVVXUH�ZKHQ�PDNLQJ� 
JDV�FRQQHFWLRQ�WR�WKH�DQDO\]HU� 
 
5HTXLUHG�&RPSRQHQWV� 
�� &HUWLILHG�]HUR�RU�VSDQ��DV�UHFRPPHQGHG�LQ�VHFWLRQ����

6SHFLILFDWLRQV��JDV�F\OLQGHU�� 
�� 5HJXODWRU�WR�VHW�JDV�SUHVVXUH�WR��-���SVLJ� 
�� 6XLWDEOH�ILWWLQJV�DQG����´�RU������GLD��PHWDO�WXELQJ�WR�

FRQQHFW�WKH�UHJXODWRU�WR�WKH�IORZ�PHWHU�DQDO\]HU�6$0�
3/(�,1�LQOHW 

�� 6XLWDEOH� ILWWLQJ�DQG����´�RU������PHWDO� WXELQJ�WR�FRQ�
QHFW� IURP� WKH� IORZ� PHWHU� YHQW� WR� WKH� DQDO\]HU� WXEH�
ILWWLQJ�GHVLJQDWHG�DV�6$03/(�287��8VH�DGGLWLRQDO�IORZ�
PHWHU�RQO\�LI�WKH�DQDO\]HU�LV�QRW�HTXLSSHG�ZLWK�DQ�LQ�
WHJUDO�IORZ�PHWHU�� 

 
3URFHGXUH� 
�� :LWK� WKH� VSDQ� JDV� F\OLQGHU� YDOYH� FORVHG�� LQVWDOO� WKH�

UHJXODWRU�RQ�WKH�F\OLQGHU� 
�� 2SHQ�WKH�UHJXODWRU¶V�H[LW�YDOYH�DQG�SDUWLDOO\�RSHQ�WKH�

SUHVVXUH�UHJXODWRU¶V�FRQWURO�NQRE� 
�� 2SHQ�VOLJKWO\�WKH�F\OLQGHU�YDOYH� 
�� /RRVHQ�WKH�QXW�FRQQHFWLQJ�WKH�UHJXODWRU� WR� WKH�F\OLQ�

GHU�DQG�EOHHG�WKH�SUHVVXUH�UHJXODWRU� 
�� 5HWLJKWHQ�WKH�QXW�FRQQHFWLQJ�WKH�UHJXODWRU�WR�WKH�F\O�

LQGHU� 
�� $GMXVW� WKH� UHJXODWRU� H[LW� YDOYH� DQG� VORZO\� EOHHG� WKH�

SUHVVXUH�UHJXODWRU� 
�� 2SHQ�WKH�F\OLQGHU�YDOYH�FRPSOHWHO\�DQG�WKHQ�FORVH�WKH�

UHJXODWRU�H[LW�YDOYH� 
�� 6HW� WKH�SUHVVXUH�DV� VSHFLILHG� LQ� VHFWLRQ����XVLQJ� WKH�

SUHVVXUH�UHJXODWRU¶V�FRQWURO�NQRE� 
�� &DXWLRQ�� 'R�QRW�H[FHHG�WKH�UHFRPPHQGHG�IORZ�UDWH��

([FHVVLYH�IORZ�UDWH�FRXOG�FDXVH�EDFNSUHVVXUH�RQ�VHQ�
VRU�DQG�PD\�UHVXOW�LQ�HUURQHRXV�UHDGLQJV�DQG�SHUPD�
QHQW�GDPDJH�WR�VHQVRU��� 

 

=HUR�&DOLEUDWLRQ� 
 
=HUR� &DOLEUDWLRQ� �SUHFHGLQJ� 6SDQ� &DOLEUDWLRQ�� LV�
UHTXLUHG�IRU�RSWLPXP�DFFXUDF\�RQO\�ZKHQ�DQDO\]�
LQJ�D�VDPSOH�ZLWK�DQ�H[SHFWHG�YDOXH�RI� OHVV�WKDQ�
���WR�����RI�WKH�PRVW�VHQVLWLYH�UDQJH�DYDLODEOH��
3HUIRUP�D�=HUR�&DOLEUDWLRQ�ZKHQ�LQLWLDOO\�LQVWDOOLQJ�
WKH� DQDO\]HU�� WKH� FXVWRPHU¶V� VDPSOH� V\VWHP� LV�
LQWHUUXSWHG��DQG�D�QHZ�VHQVRU�LV�LQVWDOOHG���� 
 
=HUR� &DOLEUDWLRQ� SURGXFHV� DQ� DGMXVWPHQW� WKDW� LV�
WRR� VPDOO� WR� DIIHFW� WKH� DFFXUDF\� DQG� WKXV� LV� QRW�
UHFRPPHQGHG�IRU�WKH�IROORZLQJ�PHDVXUHPHQWV�� 
�� $ERYH� ���� RI� WKH�PRVW� VHQVLWLYH� UDQJHV� RQ�

WKH�*35-���06�DQG�*35-���� 
�� ���� RI� SHUFHQW� UDQJH� DSSOLFDWLRQV� LQYROYLQJ�

WKH� *35-���� ZKLFK� KDV� QR� =HUR� &DOLEUDWLRQ�
FDSDELOLW\�� 

,Q� WKHRU\��WKH�JDOYDQLF�IXHO�FHOO�W\SH�R[\JHQ�VHQVRU�KDV�
DQ�DEVROXWH�]HUR�PHDQLQJ�LW�GRHV�JHQHUDWH�D�VLJQDO�RXWSXW�
ZKHQ�H[SRVHG�WR�DQ�R[\JHQ�IUHH�]HUR�JDV�� 
 
,Q� UHDOLW\��WKH�VHQVRU�JHQHUDWHV�D�VLJQDO�RXWSXW�RU�SRVL�
WLYH�R[\JHQ�UHDGLQJ�ZKHQ�VDPSOLQJ�D�]HUR�JDV�GXH�WR� 
 
�� 0LQRU�OHDNDJH�LQ�WKH�VDPSOH�OLQH�FRQQHFWLRQV� 
�� ,PSXULWLHV�LQ�WKH�]HUR�JDV��H�J��DFFXUDF\���WDJ� 
�� 7ROHUDQFHV�RI�WKH�HOHFWURQLF�FRPSRQHQWV� 
�� /DFN� RI� TXDOLW\� FRQWURO� GXULQJ� PDQXIDFWXULQJ� RI� WKH�

VHQVRU�WKDW�UHVXOWV�LQ�UHVLGXDO�R[\JHQ�GLVVROYHG�LQVLGH�
WKH�VHQVRU� 

 
7KH�WHUP�=(52� 2))6(7� LV�DSSOLHG�WR�WKH�IXOO\�VWDELOL]HG�
R[\JHQ�UHDGLQJ�HYLGHQFHG�E\�D�IODW�KRUL]RQWDO�WUHQG�RQ�DQ�
H[WHUQDO�UHFRUGLQJ�GHYLFH�DIWHU���-���KRXUV�RI�FRQWLQXRXV�
H[SRVXUH�WR�IORZLQJ�KLJK�SXULW\�]HUR�JDV� 
 
7KLV�KRUL]RQWDO�WUHQG�LQGLFDWHV�� 
�� 7KH� VHQVRU� KDV� FRQVXPHG� DOO� WKH� R[\JHQ� WKDW� GLV�

VROYHG� LQWR� WKH�VHQVRU¶V�HOHFWURO\WH�GXULQJ� LQVWDOODWLRQ�
RU�H[SRVXUH�WR�KLJK�OHYHOV�RI�R[\JHQ�� 

�� 7KH�UHPDLQLQJ�R[\JHQ�YDOXH�UHSUHVHQWV�WKH�VXP�WRWDO�
RI�HOHPHQWV��-��OLVWHG�DERYH� 

�� 7KH�=(52�2))6(7�YDOXH� WKH�DQDO\]HU�HOHFWURQLFV�ZLOO�
GHGXFW� IURP� DOO� VXEVHTXHQW� UHDGLQJV� LQFOXGLQJ� 6SDQ�
&DOLEUDWLRQ�IRU�RSWLPXP�DFFXUDF\�� 

 
7KH�PDQXIDFWXUHU¶V�4XDOLW\�&RQWURO�WHVWLQJ�SULRU�WR�
VKLSPHQW�FRQILUPV�WKH�]HUR�RIIVHW��DERYH��LV�ZLWKLQ�
DFFHSWDEOH� OLPLWV�� +RZHYHU�� RZLQJ� WR� WKH�GLIIHU�
HQFHV� LQ� WKH� XVHU¶V� VDPSOH� V\VWHP� OHDNDJH� DQG�
]HUR�JDV�DFFXUDF\��QR�=HUR�&DOLEUDWLRQ�DGMXVWPHQW�
LV�PDGH�E\�WKH�IDFWRU\�� 
 
7KH�IROORZLQJ�=HUR�&DOLEUDWLRQ�SURFHGXUH�DVVXPHV�
WKH�XVHU�LV�LQVWDOOLQJ�WKH�DQDO\]HU�IRU�WKH�ILUVW�WLPH�� 
 

3URFHGXUH�IRU�=HUR�&DOLEUDWLRQ� 
�� &RQQHFW� WKH� ]HUR� JDV� WR� HLWKHU� WKH� VDPSOH� LQOHW� RU�

=HUR�6SDQ�YDOYH�LI�SUHVHQW�� 
�� &RQQHFW� DQ� H[WHUQDO� UHFRUGLQJ� GHYLFH� WR�PRQLWRU� WKH�

WUHQG� RI� WKH� UHDGLQJ� WR� WKH� �-�9�RU� �-���P$�DQDORJ�
VLJQDO�RXWSXWV� 

�� 5HIHU�WR�VHFWLRQ����6SHFLILFDWLRQV�DQG�VHW�WKH�SUHVVXUH�
DQG�IORZ�UDWH�DV�VSHFLILHG� 

�� ,QLWLDWH�WKH�IORZ�RI�XOWUD-KLJK�SXULW\�QLWURJHQ�]HUR�JDV�
WR�WKH�DQDO\]HU�� 

�� $OORZ���-���KRXUV�IRU�WKH�2��WUHQG�WR�VWDELOL]H�SDUDOOHO�
WR�WKH�;�D[LV�RQ�WKH�H[WHUQDO�UHFRUGLQJ�GHYLFH�� 

 
������7KH�WLPH�UHTXLUHG�IRU�VWDELOL]DWLRQ��FOHDQ-XS� 
������UHFRYHU\��SXUJH�GRZQ�GHSHQGV�RQ� 

L� ,I�WKH�JDV�OLQHV�ZHUH�DGHTXDWHO\�SXUJHG� 
LL� 4XDOLW\�RI�WKH�]HUR�JDV�� 
LLL� /HQJWK�RI�WLPH�WKH�VHQVRU�ZDV�H[SRVHG�WR�

DPELHQW�DLU�GXULQJ�LQVWDOODWLRQ��H�J��UHG�VKRUW�
LQJ�GHYLFHV�UHPRYHG��XQVKRUWHG��EHIRUH�EHLQJ�
FRQQHFWHG��VKRUWHG��WR�WKH�XSSHU�VHFWLRQ�RI�
WKH�VHQVRU�KRXVLQJ� 

������ 
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6SDQ�&DOLEUDWLRQ 
,QYROYHV�SHULRGLFDOO\� DGMXVWLQJ� WKH�DQDO\]HU�HOHFWURQLFV� WR�
WKH�VHQVRU¶V�VLJQDO�RXWSXW�ZKHQ�LW�LV�H[SRVHG�WR�D�JDV�ZLWK�
D�NQRZQ�R[\JHQ�FRQWHQW��VHH�EHORZ�RU�VHFWLRQ����� 

 
5HFRPPHQGHG�&DOLEUDWLRQ�*DVHV��� 
u *35-���06��FHUWLILHG�VSDQ�JDV�RI����-��330�

R[\JHQ�EDODQFH�QLWURJHQ� 
u *35-����FHUWLILHG�VSDQ�JDV�RI���-���330�

R[\JHQ�EDODQFH�QLWURJHQ�RU�FOHDQ�VRXUFH�DP�
ELHQW�DLU�������R[\JHQ� 

u *35-����FOHDQ�VRXUFH�RI�DPELHQW�DLU�������
R[\JHQ�RU�D�FHUWLILHG�VSDQ�JDV�R[\JHQ�EDODQFH�
ZLWK�WKH�R[\JHQ�FRQWHQW�DSSUR[LPDWLQJ���–
����RI�)6� 

 
7KH� IUHTXHQF\� RI� FDOLEUDWLRQ� YDULHV� ZLWK� WKH� DSSOLFDWLRQ�
FRQGLWLRQV��WKH�GHJUHH�RI�DFFXUDF\�UHTXLUHG�DQG�WKH�4XDOL�
W\�$VVXUDQFH�UHTXLUHPHQWV�RI�WKH�XVHU�� 

 
(QVXUH�DFFXUDF\��DOORZ�WKH�R[\JHQ�UHDGLQJ�WR�VWD�
ELOL]H� RQ� WKH� FHUWLILHG� VSDQ� JDV� VWDQGDUG� EHIRUH�
PDNLQJ�WKH�6SDQ�&DOLEUDWLRQ�DGMXVWPHQW� 

 
7KH�6SDQ�&DOLEUDWLRQ�SURFHVV�LWVHOI�RQO\�WDNHV���-
���PLQXWHV��+RZHYHU�� WKH� WLPH� UHTXLUHG� WR� EULQJ�
WKH�DQDO\]HU�EDFN�RQ-OLQH� FDQ�YDU\�GHSHQGLQJ�RQ�
WKH�VSDQ�JDV�XVHG��H[SRVXUH�WLPH�DQG�SXUJLQJ�WKH�
VHQVRU�DIWHU�6SDQ�&DOLEUDWLRQ�ZLWK�WKH�ORZHVW�R[\�
JHQ�FRQFHQWUDWLRQ�JDV�DYDLODEOH�� 

 
5HFRPPHQGDWLRQV� WR� PLQLPL]H� GRZQWLPH�
�VHH�5HFRYHU\�VHFWLRQ����6SHFLILFDWLRQV�� 
 
*35-���06�33%�2[\JHQ�$QDO\]HU�� 
�� 0LQLPL]H� H[SRVXUH� RI� WKH� VHQVRU� WR� DLU�ZKHQ�

LQVWDOOLQJ�QHZ�VHQVRU�� 
�� '2� 127� FDOLEUDWH� ZLWK� VSDQ� JDV� FRQWDLQLQJ�

PRUH�WKDQ�����330�R[\JHQ�EDODQFH�QLWURJHQ�� 
�� &KDQJH� WKH� JDV� OLQH� LPPHGLDWHO\� XSRQ� FRP�

SOHWLRQ� RI� 6SDQ� &DOLEUDWLRQ� WR� ORZHVW� R[\JHQ�
FRQFHQWUDWLRQ�JDV�DYDLODEOH�DQG�SXUJH� 

L� SODFH�WKH�6DPSOH�%\SDVV�YDOYH� LQ� WKH�
%\SDVV�SRVLWLRQ� 

LL� FKDQJH� WKH� JDV� OLQHV� IURP� 6SDQ� WR�
ORZHVW� R[\JHQ� FRQFHQWUDWLRQ� JDV�
DYDLODEOH� 

LLL� LQLWLDWH� WKH� IORZ� RI� ORZ� R[\JHQ� FRQ�
FHQWUDWLRQ�JDV�DQG�SXUJH�WKH�JDV�OLQHV�
IRU����VHFRQGV� 

LY� SODFH�WKH�6DPSOH�%\SDVV�YDOYH� LQ� WKH�
6DPSOH� SRVLWLRQ�� DOORZ� WKH� DQDO\]HU�
UHDGLQJ�WR�VWDELOL]H� 

�� ,I� WKH� ORZHVW� R[\JHQ� FRQFHQWUDWLRQ� JDV� ZDV�
QRW�WKH�VDPSOH�JDV��UHSHDW�����DERYH�ZLWK�WKH�������������������������������������
VDPSOH�JDV�� 

 
*35-����$V�DERYH��H[FHSW����LV�QRW�DSSOLFDEOH������������ 
 
*35-����1R�VSHFLDO�UHTXLUHPHQWV� 

�� ,I�DIWHU���KRXUV��WKH�R[\JHQ�YDOXH�GLVSOD\HG�LV�QRW�EH�
ORZ���330��SHUIRUP�D� FRPSOHWH� FKHFN�RI� DOO� H[WHUQDO�
VDPSOH�V\VWHP�FRQQHFWLRQV�DQG�DOORZ�WKH�]HUR�JDV�WR�
IORZ�RYHUQLJKW�EHIRUH�FRQFOXGLQJ�WKH�VHQVRU� LV�GHIHF�
WLYH�DQG�QRWLI\LQJ�WKH�IDFWRU\� 

�� 2QFH� WKH� DQDO\]HU� UHDGLQJ� VWDELOL]HV�� WKH� UHDGLQJ�
VKRXOG� EH� ZHOO� EHORZ� ���� RI� WKH� PRVW� VHQVLWLYH�
UDQJH��WKH�OLPLW�RI�WKH�=(52�2))6(7�DGMXVWPHQW� 

 
3UHPDWXUHO\�DGMXVWLQJ�WKH�=(52�FRQWURO�NQRE�ZLOO�
UHVXOW� LQ� HUURQHRXV� ORZ� RU� HYHQ� QHJDWLYH� R[\JHQ�
UHDGLQJV�ZKHQ� VDPSOLQJ� JDVHV�ZLWK� YHU\� ORZ�2��
FRQFHQWUDWLRQV� 

 
�� 7XUQ�WKH�=(52�NQRE�RQ�WKH�DQDO\]HU¶V� IURQW�SDQHO�ò�

WXUQ�DW�D�WLPH�XQWLO�WKH�DQDO\]HU�GLVSOD\�UHDGV������WR�
FRPSOHWH� WKH�=HUR�&DOLEUDWLRQ�DQG�DFWLYDWH� WKH�=(52�
2))6(7� 

�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�%\SDVV�SRVLWLRQ�
EHIRUH�GLVFRQQHFWLQJ�WKH�]HUR�JDV�OLQH� 

��� &RQQHFW�WKH�VSDQ�JDV�OLQH�DV�GHVFULEHG�SUHYLRXVO\�DQG�
DOORZ�WKH�VSDQ�JDV�WR�IORZ�IRU����VHFRQGV�WR�SXUJH�WKH�
DPELHQW�DLU�WKURXJK�WKH�JDV�OLQHV� 

��� 3URFHHG�WR�63$1�&$/,%5$7,21 
 
 
6XEVHTXHQW�=HUR�&DOLEUDWLRQ�UHTXLUHV�HOLPL�
QDWLQJ�WKH�SUHYLRXV�=(52�2))6(7 

 
&KDQJHV�VXFK�DV� 
u 5HSODFLQJ�WKH�R[\JHQ�VHQVRU� 
u 6HUYLFLQJ�WKH�XVHU¶V�VDPSOH�V\VWHP 
u 5HSODFLQJ�DQ�HOHFWURQLF�3&%�RU�RWKHU�FRPSRQHQW 
u &RUUHFWLQJ� IRU� ]HUR� GULIW� DV� GHWHUPLQHG� E\� UHSHDWLQJ�

WKH�=HUR�&DOLEUDWLRQ�SURFHGXUH�DERYH� 
 
UHTXLUH�HOLPLQDWLQJ�WKH�SULRU�=(52�2))6(7�DQG�SHUIRUPLQJ�
D�QHZ�=HUR�&DOLEUDWLRQ�WR�HVWDEOLVK�D�QHZ�=(52�2))6(7� 
 
3URFHGXUH�IRU�(OLPLQDWLQJ�WKH�=HUR�2IIVHW� 
�� /RRVHQ�WKH�WRS�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ��WZLVW�LW�

���GHJUHHV�DQG�SXOO�LW�XS�XQWLO�LW�GLVHQJDJHV�IURP�WKH�
VHQVRU�� 

�� 7KH� UHVXOWLQJ� UHDGLQJ� UHSUHVHQWV� WKH� =(52� 2))6(7�
VWRUHG�LQ�WKH�DQDO\]HU�HOHFWURQLFV� 

�� $OORZ�WKH�UHDGLQJ�WR�VWDELOL]H� 
�� $GMXVW� WKH� =(52� NQRE� RQ� WKH� DQDO\]HU¶V� IURQW� SDQHO�

XQWLO�WKH�DQDO\]HU�UHDGV������� 
ϱ͘ $IWHU�HOLPLQDWLQJ�WKH�=(52�2))6(7��WKH�UHDGLQJ�RQ�DOO�

UDQJHV�VKRXOG�EH�]HUR�ZLWK���-�RQH�GLJLW�RI�WKH�UDQJH� 
 
,QVWDOO�WKH�R[\JHQ�VHQVRU�DQG�SHUIRUP�D�QHZ�=HUR�&DOLEUD�
WLRQ�DV�GHVFULEHG�DERYH� 
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��� $IWHU�DLU�FDOLEUDWLRQ�� UHLQVWDOO� WKH�VHQVRU�DV�SUHYLRXVO\�

GHVFULEHG� 
��� :LWK�VDPSOH�JDV�IORZLQJ��WKH�R[\JHQ�UHDGLQJ�ZLOO�VWDUW�

WUHQGLQJ�GRZQ�� 
��� 0DQXDOO\� WXUQ� WKH� 5$1*(� VHOHFWRU� VZLWFK� WR� ORZHU�

UDQJHV�DQG�IROORZ�WKH�SURJUHVV�RI�WKH�VHQVRU¶V�UHFRY�
HU\��VHH�VHFWLRQ����6SHFLILFDWLRQV� 

��� 3URFHHG�WR�6$03/,1*� 
 
 

6DPSOLQJ 
 
$IWHU�=(52�DQG�63$1�FDOLEUDWLRQ��WKH�DQDO\]HU�LV�UHDG\�WR�
DQDO\]H� WKH� VDPSOH� JDV� VWUHDP�� 6HOHFW� WKH� DSSURSULDWH�
UDQJH�RI�LQWHUHVW�E\�WXUQLQJ�WKH�5$1*(�VHOHFWRU�VZLWFK�WR�
WKH�GHVLUHG�UDQJH� 

 
,I� WKH� R[\JHQ� FRQFHQWUDWLRQ� LV� KLJKHU� WKDQ� WKH�
VHOHFWHG�UDQJH��WKH�GLVSOD\�ZLOO�VKRZ��--�LQGLFDWLQJ�
RYHU-UDQJH�FRQGLWLRQ��,I�WKLV�RFFXUV��VHOHFW�D�KLJK�
HU�UDQJH�XQWLO�WKH�GLVSOD\�VKRZ�R[\JHQ�UHDGLQJ� 

 
$GMXVW�WKH�IORZ�UDWH�LI�QHFHVVDU\�DV�VSHFLILHG�LQ�VHFWLRQ���� 
 
 
 

3URFHGXUH�6SDQ�*DV�&DOLEUDWLRQ� 
�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�%\SDVV�SRVLWLRQ� 
�� &RQQHFW�WKH�VSDQ�JDV�OLQH�WR�HLWKHU�WKH�6$03/(�,1/(7�

RU�=HUR�6SDQ�YDOYH�LI�SUHVHQW� 
�� &RQQHFW� D� PHWDO� YHQW� OLQH� WR� WKH� ILWWLQJ� GHVLJQDWHG�

6$03/(�287�RU�9(17� 
�� 2SWLRQDO�� &RQQHFW� DQ� H[WHUQDO� UHFRUGLQJ� GHYLFH� WR�

PRQLWRU� WKH�WUHQG�RI� WKH�UHDGLQJ�WR� WKH��-�9�RU��-���
P$�DQDORJ�VLJQDO�RXWSXWV� 

�� $VVXUH�WKHUH�DUH�QR�UHVWULFWLRQV�LQ�WKH�YHQW�OLQH� 
�� ,QLWLDWH�WKH�IORZ�RI�WKH�VSDQ�JDV�WR�WKH�DQDO\]HU� 
�� 6HW�WKH�SUHVVXUH�DQG�IORZ�UDWH�DV�GHVFULEHG�LQ�WKH�SUH�

FHGLQJ�VXE-VHFWLRQ�WLWOHG�$FFXUDF\� 
�� 3XUJH�WKH�JDV�OLQHV�ZLWK�VSDQ�JDV�IRU����VHFRQGV�� 
�� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�6DPSOH�SRVLWLRQ� 
��� 7KH�VHQVRU�ZLOO�GHWHFW�WKH�R[\JHQ�FRQWHQW�LQ�WKH�VSDQ�

JDV�DQG�WKH�DQDO\]HU¶V�UHDGLQJ�ZLOO�PRYH�WRZDUG�LW� 
��� (QVXUH�DFFXUDF\��DOORZ�WKH�R[\JHQ�UHDGLQJ�WR�VWDELOL]H�

���-��� PLQXWHV�� RQ� WKH� FHUWLILHG� VSDQ� JDV� VWDQGDUG�
EHIRUH�PDNLQJ�WKH�6SDQ�&DOLEUDWLRQ�DGMXVWPHQW� 

��� 7XUQ�WKH�63$1�NQRE�RQ�WKH�DQDO\]HU¶V� IURQW�SDQHO�ò�
WXUQ�DW� D� WLPH�XQWLO� WKH�DQDO\]HU�GLVSOD\V� WKH�R[\JHQ�
FRQWHQW�RI�WKH�FHUWLILHG�VSDQ�JDV�VWDQGDUG� 

��� 3ODFH�WKH�6DPSOH�%\SDVV�YDOYH�LQ�WKH�%\SDVV�SRVLWLRQ�
EHIRUH�GLVFRQQHFWLQJ�WKH�VSDQ�JDV�OLQH� 

��� &RQQHFW� WKH� VDPSOH� JDV� OLQH� DV� GHVFULEHG� SUHYLRXVO\�
DQG� DOORZ� WKH� VDPSOH� JDV� WR� IORZ� IRU� ��� VHFRQGV� WR�
SXUJH�WKH�DPELHQW�DLU�WKURXJK�WKH�JDV�OLQHV�� 

��� 3URFHHG�WR�6$03/,1*� 
 
 
3URFHGXUH�$PELHQW�$LU�&DOLEUDWLRQ�� 
 

'2�127�FDOLEUDWH�WKH�*35-��06�ZLWK�D�VSDQ�JDV�
FRQWDLQLQJ� PRUH� WKDQ� ���� 330� R[\JHQ� EDODQFH�
QLWURJHQ� 
 

�� 3ODFH� WKH� DQDO\]HU� LQ� WKH� 2;<*(1� PRGH� DQG� VHOHFW�
WKH�&$/���-�����UDQJH�� 

�� $FFHVV� WKH� LQWHULRU� RI� WKH� DQDO\]HU� E\� UHPRYLQJ� WKH�
EROWV�VHFXULQJ�WKH�IURQW�GRRU�� 

�� 8VLQJ� WKH� ����� ZUHQFK� VXSSOLHG�� ORRVHQ� EXW� GR� QRW�
UHPRYH�WKH�FODPS�EROW�KROGLQJ�WKH�WZR�VHFWLRQV�RI�WKH�
VHQVRU�KRXVLQJ� 

�� 5RWDWH�WKH�XSSHU�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ�����WR�
GLVHQJDJH�IURP�WKH�FODPS� 

�� 5HPRYH�WKH�XSSHU�VHFWLRQ�E\�SXOOLQJ�LW�VWUDLJKW�XS�DQG�
OHW�LW�UHVW�RQ�\RXU��VW�DQG��QG�ILQJHUV� 

�� :LWK�\RXU�RWKHU�KDQG��UHPRYH�WKH�R[\JHQ�VHQVRU�IURP�
WKH�ERWWRP�VHFWLRQ�RI�WKH�KRXVLQJ� 

�� 3ODFH� WKH� VHQVRU� LQ� WKH� XSSHU� VHFWLRQ� RI� WKH� VHQVRU�
KRXVLQJ�HQVXULQJ�WKH�3&%�FRQWDFWV�WKH�WZR�JROG�SLQV� 

�� 8VH�\RXU� WKXPE��VHH�SKRWR� ULJKW�� WR�KROG� WKH�VHQVRU�
DQG�XSSHU�VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ�WRJHWKHU� 

�� :LWK� WKH� VHQVRU� H[SRVHG� WR� DPELHQW� DLU� –� DOORZ� WKH�
UHDGLQJ�WR�VWDELOL]H�IRU��-��PLQXWHV� 

�� $IWHU� WKH�UHDGLQJ�VWDELOL]HV�� WXUQ� WKH�63$1�NQRE�XQWLO�
WKH�/('�GLVSOD\�UHDGV�WKH�������� 
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5.1 

$V�GHWDLOHG� LQ�VHFWLRQ���,QWURGXFWLRQ�� WKH�([SORVLRQ�3URRI�
6HULHV�RI�2[\JHQ�$QDO\]HUV�DUH�GHVLJQHG�ZLWK�DQ�H[SORVLRQ�
SURRI� HQFORVXUH�� IODPH� DUUHVWRUV�� EUHDWKHU� GHYLFH�� DFWXD�
WRUV�DQG�$7(;�FHUWLILHG�IRU�XVH�LQ�KD]DUGRXV�DUHDV�� 
 
7KH� SUHFHGLQJ� VHFWLRQV� ��� ��� �� GHWDLO� WKH� EDVLF� GR¶V� DQG�
GRQ¶WV��VHWXS�DQG�FDOLEUDWLRQ�LQIRUPDWLRQ��UHYLHZ�WKHP� 
�� 
7KH� DQDO\]HUV� VKDUH� D� FRPPRQ� FRQILJXUDWLRQ�� WKH� GLIIHU�
HQFHV�VHSDUDWLQJ�WKH�DQDO\]HUV�LQYROYHV�RQO\�WKH�VHQVRU�DV�
GLFWDWHG�E\�WKH�OHYHO�RI�R[\JHQ�DQDO\VLV���� 
 

$QDO\]HU�)HDWXUHV 
 
2[\JHQ�'LVSOD\ 
7KH�DQDO\]HUV�DUH�HTXLSSHG�ZLWK�D��-����GLJLW�/('�GLVSOD\�
WKDW�VKRZV�R[\JHQ�FRQFHQWUDWLRQ�IURP�33%�WR���OHYHO�GH�
SHQGLQJ�RQ�WKH�UDQJH�RI�DQDO\VLV�VHOHFWHG� 
 
'LVSOD\�0RGH�6HOHFWLRQ 
7KH�',63/$<�6(/(&7�VOLGH�VZLWFK��FLUFOHG�LQ�UHG�LQ�SKRWR�
DW� ULJKW�� LV� ORFDWHG�RQ�WKH�PDLQ�VLJQDO�SURFHVVLQJ�3&%�$-
�����PRXQWHG� RQ� WKH� LQVLGH� RI� DQDO\]HU� IURQW� GRRU�� 7KH�
VOLGH�VZLWFK�KDV�EHHQ�VHW�WR�WKH�2��SRVLWLRQ�DW�WKH�IDFWRU\��
$GYDQFH�WKLV�VOLGH�VZLWFK�WR�VHOHFW�RQH�RI�WKH�WKUHH�DYDLOD�
EOH�',63/$<�PRGHV��� 
 

2;<*(1�WR�GLVSOD\�WKH�R[\JHQ�UHDGLQJ 
$/$50���WR�VHW�$ODUP���6HW�SRLQW 
$/$50���WR�VHW�$ODUP���6HW�SRLQW 

 
2[\JHQ�$ODUPV 
7KH� DQDO\]HUV� DUH� HTXLSSHG� ZLWK� WZR� XVHU� DGMXVWDEOH�
DODUPV�WKDW�ZKHQ�DFWLYDWHG�WULJJHU�63'7�)RUP�&��QRUPDOO\�
FORVHG��QRQ-ODWFKLQJ�UHOD\V�UDWHG�#��$����9'&�RU����9$&�
UHVLVWLYH�� 
 
7KH�DODUP�VHW�SRLQW�UHSUHVHQWV�D�YDOXH��:KHQ�WKH�R[\JHQ�
UHDGLQJ� H[FHHGV� $/$50� �� �KLJK� DODUP�� RU� IDOOV� EHORZ�
$/$50����ORZ�DODUP��VHW�SRLQW��WKH�FRUUHVSRQGLQJ�UHOD\�LV�
DFWLYDWHG�� 
 

7KH�DODUPV�DUH�IXOO\�DGMXVWDEOH�E\�WKH�WZR�SRWHQ�
WLRPHWHUV� DFFHVVLEOH� IURP� WKH� DX[LOLDU\� SDQHO�
�FLUFOHG�LQ�\HOORZ�LQ�WKH�SKRWR�DW�ULJKW��RQ�WKH�LQ�
VLGH�RI� WKH�GRRU�ZLWK�D�VPDOO�EODGHG�VFUHZGULYHU��
2SWLRQDOO\�� WKH� DODUP� FRQWUROV� PLJKW� KDYH� EHHQ�
LQVWDOOHG�H[WHUQDO� WR� WKH�DQDO\]HU�E\�XVLQJ�DFWXD�
WRUV� 

 
7R�FRQILJXUH�DODUPV�DV�³)DLO�VDIH´��LQDFWLYH�ZKHQ�
HQHUJL]HG��-�FRQQHFW�SRVLWLYH�OHDG�WR�12�DQG�QHJ�
DWLYH�WR�WKH�&��FRPPRQ�RU�QHXWUDO�� 
 
7R� FRQQHFW� WR� DQ� DFWLYH� UHOD\�� FRQQHFW� WKH� OLYH�
FDEOH�WR�WKH�FRPPRQ�WHUPLQDO�&�DQG�WKH�VHFRQG�
DU\�FDEOH�WR�WKH�QRUPDOO\�RSHQ�12�WHUPLQDO�� 
 
7R� EUHDN� WKH� FRQQHFWLRQ� XSRQ� UHOD\� DFWLYDWLRQ��
FRQQHFW� WKH� VHFRQGDU\� FDEOH� WR� WKH� QRUPDOO\�
FORVHG�1&�WHUPLQDO����� 

� 

7R�SUHYHQW�FKDWWHULQJ�RI�WKH�UHOD\V��WKH�DODUP�ZLOO�
UHPDLQ�DFWLYH�XQWLO� WKH�R[\JHQ� UHDGLQJ�KDV� IDOOHQ�
���EHORZ�WKH�DODUP�VHW�SRLQW��KLJK�DODUP��RU�ULV�
HQ����DERYH�WKH�DODUP�VHW�SRLQW��ORZ�DODUP��DIWHU�
WKH�DODUP�ZDV�DFWLYDWHG� 

 
3URFHGXUH��VHH�SKRWR�EHORZ�� 
�� 2SHQ� WKH� IURQW� GRRU� WR� DFFHVV� WKH� ',63/$<� 6(/(&7�

VOLGH�VZLWFK��KLJKOLJKWHG�LQ�UHG��ORFDWHG�RQ�WKH�$-�����
3&%�$VVHPEO\�0DLQ�'LVSOD\� 

�� 6OLGH�WKH�VZLWFK�WR�WKH�$/0���KLJK��RU�$/0���ORZ��� 
�� 7KH�/('�GLVSOD\�LQGLFDWHV�WKH�FXUUHQW�DODUP�VHW�SRLQW� 
�� 7KH�VHW�SRLQW�LV�GLVSOD\HG�DV�D�YDOXH�RQ�D�JLYHQ�UDQJH� 
�� 8VH�D�VPDOO�EODGHG�VFUHZGULYHU�WR�DGMXVW�WKH�SRWHQWL�

RPHWHU�VORZO\��D�ò�D�WXUQ�DW�D�WLPH�WR�DOORZ�WKH�HOHF�
WURQLF� SURFHVVLQJ� WR� FDWFK� XS� �� �� �� XQWLO� WKH� GLVSOD\�
UHDGV�WKH�GHVLUHG�DODUP�VHW�SRLQW�YDOXH�� 

�� 2QFH�WKH�DODUP�YDOXHV�DUH�VHW��VOLGH�WKH�',63/$<�6(�
/(&7�VZLWFK�EDFN�WR�2;<*(1�SRVLWLRQ�� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3RZHU�)DLO�$ODUP 
$�GU\�FRQWDFW�UDWHG�DW��$�#����9'&�LV�SURYLGHG�DV�D�SRZ�
HU� IDLOXUH�DODUP��7KH�FRQWDFW� LV�QRUPDOO\�RSHQ�EXW�FORVHV�
ZKHQ� WKH�SRZHU� WR� WKH�DQDO\]HU� LV� VZLWFKHG�RII� RU� LQWHU�
UXSWHG�� 
 
6HQVRU�)DLO�$ODUP 
$�UHOD\�FRQWDFW�UDWHG�DW��$�#����9'&�LV�SURYLGHG�IRU�VHQ�
VRU� IDLO� DODUP�� 7KH� FRQWDFW� LV� QRUPDOO\� RSHQ� EXW� FORVHV�
ZKHQ�R[\JHQ�VLJQDO�JRHV�WR�]HUR�RU�IDOOV�EHORZ�]HUR�� 

 
$GMXVWLQJ�WKH�=(52�2))6(7�WR�������DFWLYDWHV�WKH�
6HQVRU� )DLOXUH� $ODUP� SRVVLEO\� FDXVLQJ� D� VSLNH� LQ�
WKH�WUHQG�DQDO\VLV��7R�DYRLG�WKH�PRPHQWDU\�VSLNH��
VHW� WKH� =(52� 2))6(7� WR� ����� 330�� 7KH� VHQVRU�
IDLOXUH� DODUP� EHFRPHV� DFWLYH� ZKHQ� WKH� GLVSOD\�
LQGLFDWHV�µ���¶�RQ�DQ\�UDQJH�RI�WKH�DQDO\]HU�� 
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6LJQDO�2XWSXWV 
7KH� DQDO\]HU� SURYLGHV� DQ� LVRODWHG� �-��P$� VLJQDO� RXWSXW�
DQG�D��-�9� IXOO� VFDOH�VLJQDO�RXWSXW� IRU�H[WHUQDO� UHFRUGLQJ�
GHYLFHV��7KH�LQWHJUDO�,&�RQ�WKH�PDLQ�3&%�FRQYHUWV�WKH��-
�9�VLJQDO�ZLWK�QHJDWLYH�JURXQG�WR�D��-��P$�IXOO\�LVRODWHG�
VLJQDO��$�ILQHU�DGMXVWPHQW�RI�WKH�]HUR�RIIVHW�RI�WKH��-��P$�
FRQYHUWHU� FDQ� EH� SURYLGHG� E\� D� SRWHQWLRPHWHU�� 5����
PRXQWHG� RQ� WKH�PDLQ� 3&%�$VVHPEO\�� &RQVXOW� IDFWRU\� IRU�
LQVWUXFWLRQV�� 

 
'2�127� VXSSO\� DQ\� YROWDJH� WR� HLWKHU� RI� WKH� WZR�
WHUPLQDOV� RI� WKH� �-��P$� FRQYHUWHU�� 6XSSO\LQJ�
SRZHU� WR� �-��� P$� ,&� ZLOO� SHUPDQHQWO\� GDPDJH�
WKH�,&��7KH�LQWHJUDO��-��P$�FRQYHUWHU�LV�LQWHUQDOO\�
SRZHUHG�DQG�GRHV�QRW�UHTXLUH�H[WHUQDO�SRZHU�� 
 

5DQJH�,' 
$�YROWDJH�RXWSXW�FRUUHVSRQGLQJ�WR�HDFK�UDQJH�LV�SURYLGHG��
7KH�RXWSXW�RI�WKH�KLJKHVW�UDQJH��QRUPDOO\�&$/��LV��9��7KH�
UDQJH� ,'� YROWDJH�ZLOO� FKDQJH�E\� �9�ZLWK� HDFK� UHPDLQLQJ�
UDQJH� 
 
7HPSHUDWXUH�&RQWUROOHG�+HDWHU�6\VWHP 
,I� WKH� RSWLRQDO� WHPSHUDWXUH� FRQWUROOHG� KHDWHU� V\VWHP� LV�
LQVWDOOHG��WKH�WHPS�FRQWUROOHU�LV�DFFHVVLEOH�RQO\�E\�RSHQLQJ�
WKH�IURQW�GRRU�RI�WKH�HQFORVXUH��7KH�FRQWUROOHU�LV�3,'�DQG�
LV�VHW�DW�WKH�IDFWRU\�WR�PDLQWDLQ�WKH�DQDO\]HU�LQWHULRU�WHP�
SHUDWXUH�DW����)�� 

 
'2� 127� FKDQJH� WKLV� VHWWLQJ�� $� KLJKHU� WHPSHUD�
WXUH�VHWWLQJ�PD\�GUDVWLFDOO\�UHGXFH�VHQVRU�OLIH�DQG�
SRVVLEO\� FDXVH� GDPDJH� WR� WKH� HOHFWURQLF� FLUFXLWU\�
RI� ERWK� WKH� FRQWUROOHU� DQG� WKH� DQDO\]HU�� :KHQ�
SRZHU� LV� DSSOLHG� WR� WKH� WHPSHUDWXUH� FRQWUROOHU��
WKH� FRQWUROOHU� LQLWLDOO\� WXQHV� LWVHOI� DQG� WKHQ�PDLQ�
WDLQV�WKH�WHPSHUDWXUH�DW�WKH�VHW�SRLQW�� 

 
,W�LV�UHFRPPHQGHG�WKDW�DW�LQLWLDO�VWDUW-XS��RU�ZKHQ�UHSODF�
LQJ� R[\JHQ� VHQVRU� RU�ZKHQ� WURXEOH� VKRRWLQJ�� VHW� WKH� VHW�
SRLQW�DURXQG����)�WR�WXUQ�KHDWHU�RII��WR�SUHYHQW�RYHUKHDW�
LQJ�RI�KHDWHU�HOHPHQW��� 

 
.HHS�WKH�DQDO\]HU� IURQW�GRRU�FORVHG�DQG�VHFXUHO\�
IDVWHQHG�ZKHQ�WKH�WHPSHUDWXUH�FRQWUROOHU�LV�21� 

 
+HDWHU�5XQDZD\�3URWHFWLRQ 
$V�SDUW�RI�WKH�RSWLRQDO�WHPSHUDWXUH�FRQWUROOHG�KHDWHU�V\V�
WHP�� WKH�DQDO\]HU� LV�SURWHFWHG� LQ� WKH�HYHQW� WKH� WHPSHUD�
WXUH�FRQWUROOHU�VKRXOG�IDLO�DQG�WKHUHE\�DOORZLQJ�WKH�KHDWHU�
WR�UXQDZD\�GDPDJLQJ�WKH�LQWHULRU�RI�WKH�DQDO\VLV�XQLW�� 
 
7KH�SURWHFWLRQ�LV�SURYLGHG�E\�D�-��W\SH�GHYLFH�SRVLWLRQHG�
EHWZHHQ� WKH� WHPSHUDWXUH� FRQWUROOHU� DQG� WKH� KHDWHU�� 7KLV�
GHYLFH�FXWV�RII�SRZHU� WR� WKH�KHDWHU� LI� WHPSHUDWXUH� LQVLGH�
WKH�HQFORVXUH�H[FHHGV����&�����R)���6KRXOG�WKH�)��GHYLFH�
IDLO��FRUUHFW�WKH�SUREOHP�DQG�UHSODFH�-�� 
 
� 

5.2 

5DQJH�6HOHFWLRQ 
6HH�VHFWLRQ����6SHFLILFDWLRQV��WKH�DQDO\]HUV�DUH�HTXLSSHG�
ZLWK� IRXU� ���� VWDQGDUG�PHDVXULQJ� UDQJHV�� 7KH�*35-��� LV�
HTXLSSHG� ZLWK� D� �WK� UDQJH� RI� �-���� IRU� DLU� FDOLEUDWLRQ�
RQO\�� 7KH� UDQJHV� DYDLODEOH� DUH� LQGLFDWHG� DURXQG� WKH�
5$1*(�VHOHFWRU�NQRE� ORFDWHG� LQ� WKH�FHQWHU�RI� WKH�FRQWURO�
SDQHO� RI� WKH� DQDO\]HU�� 6LPSO\� WXUQ� WKH� SRLQWHU� RQ� WKH�
5$1*(�NQRE�WR�WKH�GHVLUHG�UDQJH� 

 
,I� WKH� R[\JHQ� FRQFHQWUDWLRQ� LV� KLJKHU� WKDQ� WKH�
VHOHFWHG�UDQJH��WKH�GLVSOD\�ZLOO�VKRZ��----�LQGLFDW�
LQJ� RYHU-UDQJH� FRQGLWLRQ�� 6HOHFW� D� KLJKHU� UDQJH�
XQWLO�WKH�R[\JHQ�UHDGLQJ�LV�GLVSOD\HG� 

 
%HIRUH�FRQFOXGLQJ�WKH�VHQVRU�LV�QRW�³FRPLQJ�GRZQ�
WR�H[SHFWHG�SSE�RU�330�OHYHOV´�RU�³LV�QRW�UHVSRQG�
LQJ�WR�VDPSOH�JDV´� 
�� &RQILUP� WKDW� WKH� GLVSOD\� VHOHFWRU� VZLWFK�

�KLJKOLJKWHG�LQ�UHG�LQ�SKRWR�RQ�SUHYLRXV�SDJH��
LQVLGH� RI� WKH� HQFORVXUH� GRRU� LV� SRVLWLRQHG� WR�
WKH�IDU�ULJKW�LQ�WKH�2;<*(1�',63/$<� 

�� 3HUIRUP�D� IORZ� WHVW�DV�GHVFULEHG� LQ�VHFWLRQ���
7URXEOHVKRRWLQJ�WR�FKHFN�IRU�OHDNV�LQ�WKH�VDP�
SOH�V\VWHP�FRQQHFWLRQV� 

�� 3HUIRUP� D� 6SDQ� &DOLEUDWLRQ�� DV� WKLV� FRQGLWLRQ�
FRXOG� UHVXOW� IURP� QRW� DOORZLQJ� WKH� R[\JHQ�
UHDGLQJ�WR�VWDELOL]H�EHIRUH�PDNLQJ�WKH�DGMXVW�
PHQW� 

 
6WDQGE\� 
u 7KH�DQDO\]HU�KDV�QR�VSHFLDO�VWRUDJH�UHTXLUHPHQWV�� 
u 7KH�VHQVRU�VKRXOG�UHPDLQ�LQVWDOOHG�LQ�WKH�VHQVRU�KRXV�

LQJ�GXULQJ�VWRUDJH�SHULRGV�–�SODFH�WKH��-ZD\�6$03/(�
%<3$66�FURVVRYHU�YDOYH�LQ�WKH�%<3$66�SRVLWLRQ� 

u 6WRUH�WKH�DQDO\]HU�ZLWK�SRZHU�2))� 
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6.1 

7KH�H[WHQW�RI� WKH�PDLQWHQDQFH�UHTXLUHPHQWV�RI� WKLV�DQD�
O\]HU� LQYROYHV� SHULRGLFDOO\� UHSODFLQJ� WKH� R[\JHQ� VHQVRU��
FOHDQLQJ�DQG� OXEULFDWLQJ� WKH�R-ULQJ� LQ� WKH� VHQVRU� KRXVLQJ�
DQG�WKH�PDFKLQHG�VXUIDFHV�RI�WKH�DQDO\]HU�FRYHU�DQG�ERW�
WRP�VHFWLRQ�� 

 
:KLOH�QRQH�RI� WKH�FRPSRQHQWV�DUH�VHUYLFHDEOH� LQ�
WKHPVHOYHV��WKH�VHFWLRQ���6SDUH�3DUWV� LV�SURYLGHG�
LQ�WKH�XQOLNHO\�HYHQW�D�FRPSRQHQW�IDLOV�DQG�KDV�WR�
EH�UHSODFHG�� 
 
'2� 127� DWWHPSW� WR� VHUYLFH� WKH� DQDO\]HU� RU� UH�
SODFH� FRPSRQHQW� SDUWV� RQ� \RXU� RZQ�� FRQVXOW� WKH�
IDFWRU\� RU� D� IDFWRU\� WUDLQHG� VHUYLFH� WHFKQLFLDQ��
3OHDVH�UHYLHZ�VHFWLRQ���:DUUDQW\� 
 

6HQVRU�5HSODFHPHQW 
 
3HULRGLFDOO\�� WKH� R[\JHQ� VHQVRU� ZLOO� UHTXLUH� UHSODFHPHQW��
6HFWLRQ� ��� 6SHFLILFDWLRQV� GHILQHV� WKH� QRUPDO� RSHUDWLQJ�
FRQGLWLRQV� DQG� H[SHFWHG� OLIH� RI� WKH� YDULRXV� VHQVRUV� HP�
SOR\HG�E\�WKH�YDULRXV�DQDO\]HUV�� 
 
6HFWLRQ� �� &DOLEUDWLRQ�� $FFXUDF\� GHILQHV� WKH� IDFWRUV� WKDW�
FDQ� LQIOXHQFH� WKH� H[SHFWHG� OLIH� RI� DQ� R[\JHQ�� ,Q� UHDOLW\��
H[SHFWHG�VHQVRU�OLIH�LV�GHWHUPLQHG�E\�D�QXPEHU�RI�IDFWRUV�
WKDW�DUH�LQIOXHQFHG�E\�WKH�XVHU�DQG�WKHUHIRUH�YLUWXDOO\�LP�
SRVVLEOH�WR�SUHGLFW�� 

 
'2�127�RSHQ�WKH�R[\JHQ�VHQVRU��7KH�VHQVRU�FRQ�
WDLQV� D� FRUURVLYH� OLTXLG� HOHFWURO\WH� WKDW� FRXOG� EH�
KDUPIXO�LI�WRXFKHG�RU�LQJHVWHG��UHIHU�WR�VHFWLRQ�����
6DIHW\�'DWD�6KHHW�IRU�LQIRUPDWLRQ� 

 
,QVWDOO�WKH�UHSODFHPHQW�R[\JHQ�VHQVRU�DV�RXWOLQHG�
LQ� VHFWLRQ� �� ,QVWDOODWLRQ�� ,QVWDOOLQJ� WKH� 2[\JHQ�
6HQVRU� 
 
5HPRYH�WKH�H[LVWLQJ�VHQVRU�DQG�GLVSRVH�RI�LQ�DF�
FRUGDQFH�ZLWK�ORFDO�UHJXODWLRQV� 

 
 
 
 
� 

$QDO\]HU�(QFORVXUH 
 
,QVSHFW�DQG�FOHDQ�WKH�PDFKLQHG�VXUIDFHV�RI�ERWK�WKH�ERW�
WRP�EDVH�DQG�WKH�KLQJHG�FRYHU�RI�WKH�HQFORVXUH�� 
 
7KH�VHDOLQJ�VXUIDFHV�PXVW�EH�LQVSHFWHG�DQG�IUHH�RI�QLFNV��
GLUW�RU�DQ\� IRUHLJQ�SDUWLFOH�EXLOG-XS� WKDW�ZRXOG�SUHYHQW�D�
SURSHU�VHDO�� 
 
&OHDQLQJ�	�&ORVLQJ�WKH�HQFORVXUH�� 
�� :LSH�WKH�VHDOLQJ�VXUIDFHV�ZLWK�D�FOHDQ�OLQW-IUHH�FORWK�� 
�� $SSO\�D�OLJKW�FRDWLQJ�RI�.LOODUN��/8%*��OXEULFDQW�WR�WKH�

VHDOLQJ�VXUIDFHV�� 
�� &ORVH�WKH�KLQJHG�FRYHU�DQG�PDWH�WR�ERWWRP�EDVH� 
�� ,QVWDOO�WKH�EROWV�WKUX�WKH�FRYHU�LQWR�ERWWRP�EDVH�� 
�� )LQJHU�WLJKWHQ� 
�� 7RUTXH�WKH�EROWV�WR����IW�OEV� 
 

$IWHU�LQVWDOODWLRQ��WKH�XQLW�PXVW�EH�LQVSHFWHG�UHJX�
ODUO\� WR� YHULI\� WKH� HQFORVXUH� PRXQWLQJ� EROWV� DUH�
WLJKW� DQG� LQ� JRRG� FRQGLWLRQ�� WKH� FRYHU� EROWV� DUH�
WRUTXHG� WR� ��IW�OEV��� FRQGXLW�FDEOH� JODQG� FRQQHF�
WLRQV�DUH�LQWDFW�DQG�IUHH�RI�FRUURVLRQ� 

 
 
'2�127�DWWHPSW�WR�UHSDLU�WKH�IODQJH�VHDOLQJ�VXU�
IDFHV�VKRXOG�WKH\�DSSHDU�WR�EH�GDPDJHG��WKH\�DUH�
QRW�LQWHQGHG�WR�EH�UHSDLUHG��&RQWDFW�WKH�DQDO\]HU�
RU�HQFORVXUH�PDQXIDFWXUHU�LGHQWLILHG�E\�RQH�RI�WKH�
UHG�PHWDO�ODEHOV�DIIL[HG�WR�WKH�HQFORVXUH�� 

 
7URXEOHVKRRWLQJ��&RQVXOW�WKH�JXLGHOLQHV�LQ�VHFWLRQ���IRU�
DGYLFH�RQ�WKH�FRPPRQ�RSHUDWLQJ�HUURUV�EHIRUH�FRQFOXGLQJ�
WKDW�\RXU�DQDO\]HU�LV�IDXOW\��'R�QRW�DWWHPSW�WR�VHUYLFH�WKH�
DQDO\]HU� EH\RQG� WKRVH� PHDQV� GHVFULEHG� LQ� WKH� ,QVWUXF�
WLRQV�IRU�8VH� 
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'HVFULSWLRQ *35-���06 *35-�� *35-�� 

2[\JHQ�6HQVRU�V� *35-��-�����06� 
*35-��-��� *35-��-�� 

;/7-��-������������
�&2��%DFNJURXQG� 

;/7-��-��������������������������
�&2��%DFNJURXQG� 

        

3&%�$VV\�3RZHU���,QWHUFRQQHFWLRQ $-����-06� $-����-0 $-����-& 

 �  
6DPSOH�3DQHO�$VV\ $-���� $-���� 

6HQVRU�+RXVLQJ�$VV\�66 $-����-�-�-�� $-����-�-�-� 

6HQVRU�+RXVLQJ�66�8SSHU�$VV\�Z�&DEOH %-����-%-�-�� %-����-$-�-�� 

9DOYH��-ZD\�6DPSOH�%\SDVV 9$/9-���� 1RW�$SSOLFDEOH 

$PSOLILHU�(�,�FRQYHUWHU ,&-���� 

%UHDWKHU�'HYLFH������137 (1&/-����� 

&RQWUROOHU�7HPSHUDWXUH &75/-���� 

)ODPH�$UUHVWRU������137 ),71-���� 

)ORZPHWHU�$VV\ $-���� 

)ORZPHWHU�66��0D[�,QOHW�����SVLJ�������)137��6FDOH�� )075-���� 

)XVH�+ROGHU�IRU�75��)XVH )86(-���� 

)XVH��$�75��6HULHV����9$& )86(-���� 

+HDWHU�5RG���:����9$& +75-���� 

/&'�����'*7��9)6����������� 075-���� 

2-5LQJ�9LWRQ�%ODFN�6L]H�-��� 251*-���� 

3&%�$VV\�0DLQ���'LVSOD\ $-����-& 

6HQVRU�+RXVLQJ�66�%RWWRP�$VV\ $-����-� 

6HQVRU�7HPSHUDWXUH�3HSL�-��5XQDZD\�3URWHFWRU 6165-���� 

7HPSHUDWXUH�6HQVRU�57' 6165-���� 

 � � �  
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6\PSWRP 

 

 
3RVVLEOH�&DXVH 

 
5HFRPPHQGHG�$FWLRQ 

  
6ORZ�UHFRYHU\�RU�
UHVSRQVH�WLPH 
  
  
  
  
  
  
  
  
  
  

  
$W�LQVWDOODWLRQ��GHIHFWLYH�VHQVRU 
  
  
)DLOXUH�WR�SXUJH�JDV�OLQHV�ZLWK�%\SDVV��DLU�
OHDN�LQ�FRQQHFWLRQV��GHDG�OHJV��GLVWDQFH�RI�
VDPSOH�OLQH��ORZ�IORZ�UDWH��YROXPH�RI�RS�
WLRQDO�ILOWHUV�DQG�VFUXEEHUV 
  
  
$EQRUPDOLW\�LQ�]HUR�JDV 
  
'DPDJHG�LQ�VHUYLFH�-�SURORQJHG�H[SRVXUH�
WR�DLU��HOHFWURO\WH�OHDN 
  
6HQVRU�QHDULQJ�HQG�RI�OLIH 
  

  
5HSODFH�VHQVRU�LI�UHFRYHU\�XQDFFHSWDEOH�RU�2��
UHDGLQJ�IDLOV�WR�UHDFK�����RI�ORZHVW�UDQJH 
  
/HDN�WHVW�WKH�HQWLUH�VDPSOH�V\VWHP� 
9DU\�WKH�IORZ�UDWH��LI�WKH�2��UHDGLQJ�FKDQJHV�
LQYHUVHO\�ZLWK�WKH�FKDQJH�LQ�IORZ�UDWH�LQGLFDWHV�
DQ�DLU�OHDN�-�FRUUHFW�VRXUFH�RI�OHDN 
  
4XDOLI\�]HUR�JDV��XVLQJ�SRUWDEOH�DQDO\]HU� 
  
  
5HSODFH�VHQVRU 
  
5HSODFH�VHQVRU 
  

  
+LJK�2��UHDGLQJ 
DIWHU�LQVWDOOLQJ�RU�
UHSODFLQJ�VHQVRU 

  
$QDO\]HU�FDOLEUDWHG�EHIRUH�VHQVRU�VWDELOL]HG�
FDXVHG�E\� 
����3URORQJHG�H[SRVXUH�WR�DPELHQW�DLU��
ZRUVH�LI�VHQVRU�ZDV�XQVKRUWHG 
����$LU�OHDN�LQ�VDPSOH�V\VWHP�FRQQHFWLRQ�V� 
����$EQRUPDOLW\�LQ�]HUR�JDV 
  

  
$OORZ�2��UHDGLQJ�WR�VWDELOL]H�EHIRUH�PDNLQJ�WKH�
VSDQ�FDOLEUDWLRQ�DGMXVWPHQW 
&RQWLQXH�SXUJH�ZLWK�]HUR�JDV 
  
/HDN�WHVW�WKH�HQWLUH�VDPSOH�V\VWHP��DERYH� 
4XDOLI\�]HUR�JDV��XVLQJ�SRUWDEOH�DQDO\]HU� 
  

  
+LJK�2��UHDGLQJ 
6DPSOLQJ 

  
)ORZ�UDWH�H[FHHGV�OLPLWV 
  
3UHVVXUL]HG�VHQVRU 
  
,PSURSHU�VHQVRU�-�&2��DIIHFWV�*35�VHQVRU 
  
$EQRUPDOLW\�LQ�JDV 
  

  
&RUUHFW�SUHVVXUH�DQG�IORZ�UDWH 
  
5HPRYH�UHVWULFWLRQ�RQ�YHQW�OLQH��UHSODFH�VHQVRU 
  
8VH�;/7�VHQVRU�ZKHQ�&2��RU�DFLG�JDVHV�DUH�
SUHVHQW 
  
4XDOLI\�WKH�JDV��XVH�D�SRUWDEOH�DQDO\]HU� 

  
5HDGLQJ�GRHVQ¶W�
DJUHH�WR�H[�
SHFWHG�2��YDOXHV 
  

  
3UHVVXUH�DQG�WHPSHUDWXUH�RI�WKH�VDPSOH�LV�
GLIIHUHQW�WKDQ�VSDQ�JDV 
  
$EQRUPDOLW\�LQ�JDV 
  
)DLOXUH�WR�DOORZ�UHDGLQJ�WR�VWDELOL]H�EHIRUH�
]HUR�DQG�RU�VSDQ�FDOLEUDWLRQ�DGMXVWPHQWV 
  
&DOLEUDWLRQ�HUURU�FDXVHG�E\�WXUQLQJ�WKH�]H�
UR�DQG�RU�VSDQ�SRWHQWLRPHWHU�PRUH�WKDQ�
ò�WXUQ�DW�D�WLPH��HOHFWURQLFV�QHHG�WLPH�WR�
NHHS�XS 
  

  
&DOLEUDWH�WKH�DQDO\]HU��FDOLEUDWH�DW�SUHVVXUH�
DQG�WHPSHUDWXUH�RI�VDPSOH� 
  
4XDOLI\�WKH�JDV��XVH�D�SRUWDEOH�DQDO\]HU� 
  
5HSHDW�FDOLEUDWLRQ�SURFHGXUH�DQG�DOORZ�UHDGLQJ�
�VHQVRU��WR�VWDELOL]H 
  
5HSHDW�FDOLEUDWLRQ��DOORZ�UHDGLQJ�WR�VWDELOL]H�
DQG�PDNH�DGMXVWPHQWV�ò�WXUQ�DW�D�WLPH 
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6\PSWRP 

 

 
3RVVLEOH�&DXVH 

 
5HFRPPHQGHG�$FWLRQ 

  
(UUDWLF�2��UHDGLQJ 
 
  
  
  
  
  
  
  

  
&KDQJH�LQ�VDPSOH�SUHVVXUH 
  
  
'LUW\�HOHFWULFDO�FRQWDFWV�LQ�XSSHU�VHFWLRQ�
RI�VHQVRU�KRXVLQJ 
  
&RUURGHG�VROGHU�MRLQWV�RQ�VHQVRU�3&%�
IURP�FRUURVLYH�VDPSOH�RU�HOHFWURO\WH�OHDN�
DJH�IURP�VHQVRU 
  
&RUURGHG�VSULQJ�ORDGHG�FRQWDFW�LQ�XSSHU�
VHFWLRQ�RI�VHQVRU�KRXVLQJ�IURP�OLTXLG�LQ�
VDPSOH�RU�HOHFWURO\WH�OHDNDJH�IURP�VHQVRU 
  
  
  
/LTXLG�FRYHULQJ�VHQVLQJ�DUHD 
  
  
3UHVHQFH�RI�LQWHUIHUHQFH�JDVHV 
  
3UHVHQFH�RI�VXOIXU�JDVHV�DQG�RU�&2� 
  
8QDXWKRUL]HG�PDLQWHQDQFH 
  

  
5HSHDW�FDOLEUDWLRQ�DW�WKH�WHPSHUDWXUH�DQG�
SUHVVXUH�RI�VDPSOH 
  
&OHDQ�FRQWDFWV�ZLWK�DOFRKRO��PLQLPL]H�H[SRVXUH�
WLPH�RI�06�VHQVRU�WR�DPELHQW�DLU�WR�H[WHQW�SRV�
VLEOH� 
  
5HSODFH�VHQVRU�DQG�UHWXUQ�VHQVRU�WR�WKH�IDFWRU\�
IRU�ZDUUDQW\�GHWHUPLQDWLRQ 
  
8SSHU�VHFWLRQ�RI�VHQVRU�KRXVLQJ��&OHDQ�
FRQWDFWV�ZLWK�DOFRKRO��IORZ�VDPSOH�RU�]HUR�JDV�
IRU��-��KRXUV�WR�IOXVK�VDPSOH�V\VWHP�DQG�VHQ�
VRU�KRXVLQJ 
6HQVRU��5HSODFH�LI�OHDNLQJ�DQG�UHWXUQ�LW�WR�WKH�
IDFWRU\�IRU�ZDUUDQW\�GHWHUPLQDWLRQ 
  
:LSH�ZLWK�DOFRKRO�DQG�OLQW�IUHH�WRZHO�RU�IORZ�
VDPSOH�RU�]HUR�JDV�IRU��-��KRXUV�WR�IOXVK 
  
&RQVXOW�IDFWRU\ 
  
5HSODFH�VHQVRU�DQG�LQVWDOO�VFUXEEHU��FRQWDFW�
IDFWRU\ 
  
5HSODFH�VHQVRU��REWDLQ�DXWKRUL]HG�VHUYLFH 
  

  
1R�2��UHDGLQJ 
1HJDWLYH�2��UHDG�
LQJ 

  
)DLOXUH�RI�DQ�HOHFWURQLF�FRPSRQHQW�RU�
SRZHU�VXUJH�WKDW�VHQGV�D�FKDUJH�WR�WKH�
VHQVRU 
  
3UHVVXUL]LQJ�WKH�VHQVRU�E\� 
  
D��)ORZLQJ�JDV�WR�WKH�VHQVRU�ZLWK�WKH�
YHQW�UHVWULFWHG�RU�6+87�2))�YDOYH�FORVHG�
DQG�VXGGHQO\�UHPRYLQJ�WKH�UH�
VWULFWLRQ GUDZV�D�YDFXXP�DQG�FDQ�GDP�
DJH�WKH�VHQVRU�DQG�RU�FDXVH�HOHFWURO\WH�
OHDNDJH 
 
E��'UDZLQJ�D�YDFXXP�RQ�WKH�VHQVRU�E\�
SDUWLDOO\�RSHQLQJ�WKH�)/2:�YDOYH�XS�
VWUHDP�RI�WKH�VHQVRU�ZKHQ�XVLQJ�D�SXPS�
GRZQVWUHDP�WR�GUDZ�VDPSOH�IURP�D�SUR�
FHVV�DW�DWPRVSKHULF�SUHVVXUH�RU�D�VOLJKW�
YDFXXP�FDQ�GDPDJH�WKH�VHQVRU�DQG�
FDXVH�LW�WR�OHDN�HOHFWURO\WH 

  
6HUYLFH�WKH�DQDO\]HU��FKHFN�WKH�SRZHU�VRXUFH�
DQG�7+(1�UHSODFH�WKH�VHQVRU 
  
,QWURGXFH�VSDQ�JDV�WR�GHWHUPLQH�LI�WKH�VHQVRU�
UHVSRQGV� 
  
,I�VXFFHVVIXO�FDOLEUDWH�WKH�DQDO\]HU�DQG�UHVXPH�
VDPSOLQJ 
  
,I�QRW�VXFFHVVIXO��LQVSHFW�IRU�HOHFWURO\WH�OHDN�
DJH��FKHFN�DQG�FOHDQ�WKH�FRQWDFWV�LQ�WKH�XSSHU�
VHFWLRQ�RI�WKH�VHQVRU�KRXVLQJ��IORZ�D�OLWWOH�
ZDUP�ZDWHU�IROORZHG�E\�DLU�RU�FOHDQ�VDPSOH�
WKURXJK�WKH�DQDO\]HU�IRU��-��KRXUV�WR�SXVK�WKH�
HOHFWURO\WH�WKURXJK�WKH�VDPSOH�V\VWHP�DQG�
7+(1�UHSODFH�WKH�VHQVRU 
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7KH�GHVLJQ�DQG�PDQXIDFWXUH�RI�$QDO\WLFDO�,QGXVWULHV�,QF��R[\JHQ�DQDO\]HUV�DQG�R[\JHQ�VHQVRUV�DUH�SHUIRUPHG�
XQGHU�D�FHUWLILHG�4XDOLW\�$VVXUDQFH�6\VWHP�WKDW�FRQIRUPV�WR�HVWDEOLVKHG�VWDQGDUGV�DQG�LQFRUSRUDWHV�VWDWH�RI�WKH�
DUW�PDWHULDOV�DQG�FRPSRQHQWV�IRU�VXSHULRU�SHUIRUPDQFH�DQG�PLQLPDO�FRVW�RI�RZQHUVKLS��3ULRU�WR�VKLSPHQW�HYHU\�
DQDO\]HU�LV�WKRURXJKO\�WHVWHG�E\�WKH�PDQXIDFWXUHU�DQG�GRFXPHQWHG�LQ�WKH�IRUP�RI�D�4XDOLW\�&RQWURO�&HUWLILFDWLRQ�
WKDW�LV�LQFOXGHG�LQ�WKH�2ZQHU¶V�0DQXDO�DFFRPSDQ\LQJ�HYHU\�DQDO\]HU��:KHQ�RSHUDWHG�DQG�PDLQWDLQHG�LQ�DFFRUG�
DQFH�ZLWK�WKH�2ZQHU¶V�0DQXDO��WKH�XQLWV�ZLOO�SURYLGH�PDQ\�\HDUV�RI�UHOLDEOH�VHUYLFH� 
 
&RYHUDJH 
8QGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV��WKH�DQDO\]HUV�DQG�VHQVRUV�DUH�ZDUUDQWHG�WR�EH�IUHH�RI�GHIHFWV�LQ�PDWHULDOV�
DQG�ZRUNPDQVKLS�IRU�WKH�SHULRG�VSHFLILHG�LQ�DFFRUGDQFH�ZLWK�WKH�PRVW�UHFHQW�SXEOLVKHG�VSHFLILFDWLRQV��VDLG�SHUL�
RG�EHJLQV�ZLWK�WKH�GDWH�RI�VKLSPHQW�E\�WKH�PDQXIDFWXUHU��7KH�PDQXIDFWXUHU�LQIRUPDWLRQ�DQG�VHULDO�QXPEHU�RI�
WKLV�DQDO\]HU�DUH�ORFDWHG�RQ�WKH�UHDU�RI�WKH�DQDO\]HU��$QDO\WLFDO�,QGXVWULHV�,QF��UHVHUYHV�WKH�ULJKW�LQ�LWV�VROH�GLV�
FUHWLRQ�WR�LQYDOLGDWH�WKLV�ZDUUDQW\�LI�WKH�VHULDO�QXPEHU�GRHV�QRW�DSSHDU�RQ�WKH�DQDO\]HU�� 
 
,I�\RXU�$QDO\WLFDO�,QGXVWULHV�,QF��DQDO\]HU�DQG�RU�R[\JHQ�VHQVRU� LV�GHWHUPLQHG�WR�EH�GHIHFWLYH�ZLWK�UHVSHFW�WR�
PDWHULDO�DQG�RU�ZRUNPDQVKLS��ZH�ZLOO�UHSDLU�LW�RU��DW�RXU�RSWLRQ��UHSODFH�LW�DW�QR�FKDUJH�WR�\RX��,I�ZH�FKRRVH�WR�
UHSDLU�\RXU�SXUFKDVH��ZH�PD\�XVH�QHZ�RU�UHFRQGLWLRQHG�UHSODFHPHQW�SDUWV��,I�ZH�FKRRVH�WR�UHSODFH�\RXU�$QDO\W�
LFDO�,QGXVWULHV�,QF��DQDO\]HU��ZH�PD\�UHSODFH�LW�ZLWK�D�QHZ�RU�UHFRQGLWLRQHG�RQH�RI�WKH�VDPH�RU�XSJUDGHG�GH�
VLJQ��7KLV�ZDUUDQW\�DSSOLHV�WR�DOO�PRQLWRUV��DQDO\]HUV�DQG�VHQVRUV�SXUFKDVHG�ZRUOGZLGH��,W� LV�WKH�RQO\�RQH�ZH�
ZLOO�JLYH��DQG�LW�VHWV�IRUWK�DOO�RXU�UHVSRQVLELOLWLHV�� 
 
7KHUH�DUH�QR�RWKHU�H[SUHVV�ZDUUDQWLHV��7KLV�ZDUUDQW\�LV�OLPLWHG�WR�WKH�ILUVW�FXVWRPHU�ZKR�VXEPLWV�D�FODLP�IRU�D�
JLYHQ� VHULDO� QXPEHU� DQG�RU� WKH� DERYH�ZDUUDQW\� SHULRG�� 8QGHU� QR� FLUFXPVWDQFHV�ZLOO� WKH�ZDUUDQW\� H[WHQG� WR�
PRUH�WKDQ�RQH�FXVWRPHU�RU�EH\RQG�WKH�ZDUUDQW\�SHULRG�� 
 
/LPLWDWLRQV� 
$QDO\WLFDO�,QGXVWULHV�,QF��ZLOO�QRW�SD\�IRU��ORVV�RI�WLPH��LQFRQYHQLHQFH��ORVV�RI�XVH�RI�\RXU�$QDO\WLFDO�,QGXVWULHV�
,QF��DQDO\]HU�RU�SURSHUW\�GDPDJH�FDXVHG�E\�\RXU�$QDO\WLFDO�,QGXVWULHV�,QF��DQDO\]HU�RU�LWV�IDLOXUH�WR�ZRUN��DQ\�
VSHFLDO�� LQFLGHQWDO�RU�FRQVHTXHQWLDO�GDPDJHV��RU�DQ\�GDPDJH�UHVXOWLQJ�IURP�DOWHUDWLRQV��PLVXVH�RU�DEXVH��ODFN�
RI�SURSHU�PDLQWHQDQFH��XQDXWKRUL]HG�UHSDLU�RU�PRGLILFDWLRQ�RI�WKH�DQDO\]HU��DIIL[LQJ�RI�DQ\�DWWDFKPHQW�QRW�SUR�
YLGHG�ZLWK�WKH�DQDO\]HU�RU�RWKHU�IDLOXUH�WR�IROORZ�WKH�2ZQHU¶V�0DQXDO��6RPH�VWDWHV�DQG�SURYLQFHV�GR�QRW�DOORZ�
OLPLWDWLRQV�RQ�KRZ�DQ�LPSOLHG�ZDUUDQW\�ODVWV�RU�WKH�H[FOXVLRQ�RI�LQFLGHQWDO�RU�FRQVHTXHQWLDO�GDPDJHV��WKHVH�H[�
FOXVLRQV�PD\�QRW�DSSO\�� 
 
([FOXVLRQV 
7KLV�ZDUUDQW\�GRHV�QRW�FRYHU�LQVWDOODWLRQ��GHIHFWV�UHVXOWLQJ�IURP�DFFLGHQWV��GDPDJH�ZKLOH�LQ�WUDQVLW�WR�RXU�VHU�
YLFH� ORFDWLRQ��GDPDJH� UHVXOWLQJ� IURP�DOWHUDWLRQV��PLVXVH�RU� DEXVH�� ODFN�RI�SURSHU�PDLQWHQDQFH�� XQDXWKRUL]HG�
UHSDLU�RU�PRGLILFDWLRQ�RI�WKH�DQDO\]HU��DIIL[LQJ�RI�DQ\�ODEHO�RU�DWWDFKPHQW�QRW�SURYLGHG�ZLWK�WKH�DQDO\]HU��ILUH��
IORRG��RU�DFWV�RI�*RG��RU�RWKHU�IDLOXUH�WR�IROORZ�WKH�2ZQHU¶V�0DQXDO� 
 
6HUYLFH 
&DOO�$QDO\WLFDO�,QGXVWULHV�,QF��DW����-���-������RU�H-PDLO�LQIR#DLL��FRP��EHWZHHQ� 
 

�����$0�DQG�������30�367�������0RQGD\�WKUX�7KXUVGD\� 
�����$0�DQG�������30�367�������)ULGD\�� 
 

7UDLQHG�WHFKQLFLDQV�ZLOO�DVVLVW�\RX�LQ�GLDJQRVLQJ�WKH�SUREOHP�DQG�DUUDQJH�WR�VXSSO\�\RX�ZLWK�WKH�UHTXLUHG�SDUWV��
<RX�PD\�REWDLQ�ZDUUDQW\�VHUYLFH�E\�UHWXUQLQJ�\RX�DQDO\]HU��SRVWDJH�SUHSDLG�WR��� 
 

$QDO\WLFDO�,QGXVWULHV�,QF� 
�����0HWURSROLWDQ�3ODFH 
3RPRQD��&D�������86$ 
 

%H�VXUH�WR�SDFN�WKH�DQDO\]HU�VHFXUHO\��,QFOXGH�\RXU�QDPH��DGGUHVV��WHOHSKRQH�QXPEHU��DQG�D�GHVFULSWLRQ�RI�WKH�
RSHUDWLQJ�SUREOHP��$IWHU�UHSDLULQJ�RU��DW�RXU�RSWLRQ�� UHSODFLQJ�\RXU�$QDO\WLFDO�,QGXVWULHV�,QF��DQDO\]HU��ZH�ZLOO�
VKLS�LW�WR�\RX�DW�QR�FRVW�IRU�SDUWV�DQG�ODERU� 
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Product Name: Oxygen Sensor (Series AII, GPR, PSR, Private Label derivations) 
 

Manufacturer: Analytical Industries Inc. 
2855 Metropolitan Place, Pomona, CA 92767 USA 

Contact Information: Tel: 909-392-6900, Fax: 909-392-3665, email: info@aii1.com 
 

Date Prepared: January 1, 1995 
Date Revised: January 1, 2013 

 
  II.  Hazardous Ingredients / Composition  

 
Material C.A.S. # Quantity OSHA PEL ACGIH 

Lead (Pb) 7439-92-1 5-25 gms 0.05 mg/m3 0.15 mg/m3 
Potassium Hydroxide (KOH) 1310-58-3 1-10 ml 2 mg/m3 2 mg/m3 

 
     III.  Health Hazard Data  

 

 Lead (Pb) - Anode Potassium Hydroxide (KOH) - Electrolyte 

Routes of Entry: Inhalation: Very unlikely. Very unlikely. 
Ingestion: May be harmful or fatal if swallowed. May be harmful or fatal if swallowed. 
Skin: NA Contact may cause irritation or chemical burns. 
Eyes: NA Contact may cause irritation or chemical burns. 

Acute Effects: NA Corrosive, harmful if swallowed, inhaled or absorbed 
through the skin. Very destructive to tissue of the 
mucous membranes, stomach, mouth, upper 
respiratory tract, eyes and skin. 

Chronic Effects: Very unlikely due to product content. May 
cause disease of blood and blood organs, 
kidneys, liver, a decrease in fertility, damage 
to the reproductive system and damage to 
the fetus of a pregnant woman. 

Prolonged exposure is destructive to tissue. 

Symptoms of Exposure: Loss of sleep and appetite, metallic taste 
and fatigue. For detail information refer to 
29 CFR 1910.1025, Appendix A 

Slippery to touch, burning sensation to skin and eyes. 

Carcinogenicity: IARC class 2B (lead is possibly carcinogenic 
to human beings) 

NA 

OSHA: If airborne exposure exceed action level 
refer to OSHA Lead Standard 1910.1025 

NA 

NTP: NA NA 

Medical Conditions Generally Disease of the blood and blood forming Preexisting skin or eye disorders may be more 
Aggravated by Exposure: organs, hypertension, kidneys, nervous 

and possibly reproductive systems. 
susceptible to the effects of the electrolyte. 
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  IV.  Emergency First Aid Procedures  

Page 2 of 5 

 

 

 

Lead (Pb) - Anode NA 
 

Potassium Hydroxide (KOH) - Electrolyte Following any event: Obtain medical attention immediately. 
 

Skin or eye contact: Immediately flush with generous amounts of water. 
Continue flushing with water for 15 minutes. 
Remove all contaminated clothing. 

 
Ingestion: Drink generous amounts of water. 

DO NOT INDUCE VOMITING. 
 

Inhalation: Relocate to source of clean ambient air. 

 
  V.  Fire and Explosion Hazard Data  

 
Material Flash Point Flammable Limits LEL UEL 

Lead (Pb) NA NA NA NA 
Potassium Hydroxide (KOH) NA NA NA NA 

Unusual Fire / Explosion Hazards: NA 
   

 
Extinguishing Media: No specific agents recommended, use media appropriate to fire conditions. 

 
Special Equipment: NIOSH / OSHA approved self-contained breathing apparatus, protective clothing to prevent 

contact with skin and eyes. 

 
  VI.  Cleanup Procedures  

 
Saturate a paper towel with tap water and wipe down the area. 
Repeat several times with a new paper towel. 
Used or contaminated paper towels are considered hazardous waste, refer to section XIII. Disposal Considerations. 

 
    VII.  Precautions for Safe Handling and Use  

 
Attention: Under normal circumstances the lead anode and potassium hydroxide electrolyte are sealed inside the oxygen sensor 

which is then\ sealed in a polyethylene bag and placed in a cardboard box for shipment) and do not present a health 
hazard. The following guidelines are provided in the event an oxygen sensor leaks electrolyte. 

 
Protective Measures: Before installing (initially or replacement) a new oxygen sensor, open the cardboard box and check 

for electrolyte leakage inside the polyethylene bag. Some bags are clear and easily inspected, 
 

Other bags are not clear and like sensor housings inside analyzers must be opened to be inspected. 
A clear liquid inside the clear polyethylene bag indicates an electrolyte leak, do not open the bag. 

 
Anytime the oxygen sensor is not readily visible always open slowly and visually inspect for evidence of 
a clear liquid indicating an electrolyte leak. 

 
Refer to section VIII. Personal Protection recommendations for hand, skin and eye protection 
when handling oxygen sensors that have leaked electrolyte. 
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  VIII.  Personal Protection Exposure Controls  
 

Eye Protection: Chemical splash goggles. 
Hand Protection: Rubber or latex gloves. 
Other Protective Clothing: Apron, face shield. 
Ventilation: NA 

 
  IX.  Physical / Chemical Characteristics  

 
Material / Component: Lead (Pb) - Anode Potassium Hydroxide (KOH) - Electrolyte 

 
Boiling Point (°C): 1744 1320 
Specific Gravity: 11.34 2.04 
Vapor Pressure: NA NA 
Melting Point (°C): 328 360 
Density: NA NA 
Evaporation Rate: NA NA 
Solubility in Water: Insoluble Complete 

 
Odor / Physical Appearance: Odorless, solid, silver gray Odorless, crystals, white or slightly yellow 

(When combined with H2O - odorless, clear liquid) 

 
  X.  Stability and Reactivity  

 
Material / Component: Lead (Pb) - Anode Potassium Hydroxide (KOH) - Electrolyte 

Stability: Stable Stable 

Incompatibilities: NA Aluminum, organic materials, acid chlorides, acid 
anhydrides, magnesium, copper. 
Avoid contact with acids and hydrogen peroxide >52%. 

Hazardous Decomposition: NA Toxic fumes. 

Hazardous Polymerization: NA Will not occur. 

 
  XI.  Toxicological Information  

 
Toxicity to Animals: Calculated value for KOH electrolyte solution - acute oral toxicity (LD50): 2730 mg/kg (Rat) 

Mutagenicity: Lead tested positive as a mutagen in the Ames test. 

    XII.  Ecological Information  
 

Ecotoxicity: The LC50 of lead for the daphnia magna is 3.6 mg/l, and 5.1 mg/l for the daphnia pulex. 
 

Environmental Fate: Lead is bioaccumulative in most aquatic life and mammals. It is highly mobile as dust or fumes 
(30 mesh is the smallest particle size found inside the oxygen sensor), yet forms complexes with 
organic material which limits its mobility. 
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XIV. Transport Information 

XV. Regulatory Information 

U.S. Federal Regulations 

 

 
 

Waste must be disposed of in accordance with Federal, State and Local environmental control regulations. If discarded in its purchased 
form, this product is hazardous by its characteristics of toxicity and corrosivity under RCRA. 

 
EPA Waste Number: D008, D002 

 
DOT Information: Corrosive liquid, basic, inorganic, n.o.s. (potassium hydroxide, lead), 8, UN 3266, II. 

Follow all Federal, State and Local regulations. 
 

 

DOT: Regulated. Meets criteria for Small Quantity Exceptions of 49 CFR 173.4 
 

IATA: Regulated. Meets criteria for IATA Dangerous Goods in Excepted Quantities, Section 2.7 
 

 

 

1) OSHA Hazardous by definition of Haz Com Std. 29 CFR 1910.1200 

2) SARA TITLE III Sec 302 (40 CFR Part 365): Not Applicable as to chemical name, CAS#, %, TPQ lbs., RQ 

Sec 311 & 312: YES as to Acute and Chronic Health Hazard; 
NO as to Fire and Sudden Release of Pressure Hazard, Reactive 

 
Sec 313 (40 CFR Part 372): This product contains the following toxic chemicals subject to the 

reporting requirements of Section 313, of Title III of the Superfund 
Amendments and Reauthorization Act of 1986 and 40 CFR Part 372 

 
Chemical Name CAS # Lead Content 

Lead 7439-92-1 5-25 gms 

 
3) TSCA (Toxic Substances Control Act): Components of this product are listed on the TSCA inventory. 

 
4) CERCLA Section 102(A) (40 CFR Part 302) - Hazardous Substances and Reportable Quantities 

 
Chemical Name CAS # RQ 

Lead 7439-92-1 10 lbs. 
Potassium Hydroxide 1310-58-3 1,000 lbs. 

(solid)   

 
5) State Regulations California Proposition 65: WARNING: This product contains lead, a chemical known to the State of 

California to cause cancer, birth defects or other reproductive harm. 
 

Massachusetts: Potassium Hydroxide is a listed chemical. 

Pennsylvania: Potassium Hydroxide is a listed chemical. 

XIII. Disposal Considerations 
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  International Regulations  
 

Canada: Canadian Environmental Protection Act (CEPA) Potassium Hydroxide, liquid, is on the Domestic 
Substances List (DSL) and is acceptable for use 
under the provisions of CEPA. 

 
WHMIS: Chemical Name Class 

Potassium Hydroxide D-2A: Material causing other VERY TOXIC effects. 
E: Corrosive liquid 

Lead D-2A: Material causing other VERY TOXIC effects. 
 

European Community: Potassium Hydroxide R35 - Causes severe burns. 
 (liquid) R42 - May cause sensitization by inhalation. 
  R36/37/38 - Irritating to eyes, respiratory system and skin. 

 
   XVI.  Other Information  

 
All chemicals may pose unknown hazards and should be used with caution. While the information contained in this Material Safety Data 
Sheet is believed to be correct and is offered for your information, consideration and investigation, Analytical Industries Inc. assumes no 
responsibility for the completeness or accuracy of the information contained herein. 
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  I.  Product Identification  
 

Product Name: Oxygen Sensor (Series XLT, Private Label derivations) 
 

Manufacturer: Analytical Industries Inc. 
2855 Metropolitan Place, Pomona, CA 92767 USA 

Contact Information: Tel: 909-392-6900, Fax: 909-392-3665, email: info@aii1.com 
 

Date Prepared: January 1, 1995 
Date Revised: January 1, 2013 

 
  II.  Hazardous Ingredients / Composition  

 
Material C.A.S. # Quantity OSHA PEL ACGIH 

Lead (Pb) 7439-92-1 5-10 gms 0.03 mg/m3 0.15 mg/m3 
Acetic Acid, Glacial* 64-19-7 1-3 ml TWA 10 ppm TLV 10 ppm; STEL 15 ppm 

*Data pertains to concentrations >80%, actual solution >10% but not >80% 

Lead Acetate, Trihydrate 6080-56-4 < 1 ml 0.05 mg(Pb)/m3 0.15 mg(Pb)/m3 
Potassium Acetate 127-08-2 < 1 ml NA NA 

 

     III.  Health Hazard Data  
 

Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 
(Electrolyte) 

 
Routes of Entry: Inhalation: Very unlikely. Very unlikely (liquid electrolyte). 

Ingestion: May be harmful or fatal May be harmful or fatal if swallowed. 
 

Skin: 
if swallowed. 

NA 
 

Contact may cause irritation or chemical burns. 
Eyes: NA Contact may cause irritation or chemical burns. 

Acute Effects: NA Corrosive, harmful if swallowed, inhaled or absorbed through the skin. 
Headache, nausea, vomiting, dizziness, gastrointestinal irritation. 

Chronic Effects: Very unlikely due to 
product content. May 
cause disease of blood 
and blood organs, 
kidneys, liver, a decrease 
in fertility, damage 
to the reproductive 
system and damage to 
the fetus of a pregnant 
woman. 

Anemia, kidney damage, blurred vision, lead build-up in the central 
nervous system. 

Symptoms of Exposure: Loss of sleep and appe- 
tite, metallic taste and 
fatigue. For detail infor- 
mation refer to 29 CFR 
1910.1025, Appendix A 

Tightness and pain in the chest, coughing, difficult breathing. 
Slippery to touch, burning sensation to skin and eyes. 
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Carcinogenicity: IARC class 2B (lead is 
possibly carcinogenic to 
to human beings) 

None identified. IARC animal carcinogen. None identified. 

OSHA: If airborne exposure 
exceeds action level 
refer to OSHA Lead 
Standard 1910.1025 

NA NA NA 

NTP: NA NA NA NA 

Medical Conditions Generally 
Aggravated by Exposure: 

Disease of the blood and 
blood forming organs, 
hypertension, kidneys, 
nervous and possibly 
reproductive systems. 

Diseases of respiratory 
system and skin. 

None identified. None identified. 

 

  IV.  Emergency First Aid Procedures  
 

Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 
(Electrolyte) 

 
Following any event: NA Obtain medical attention immediately. 

Skin or eye contact: 
 

Immediately flush with generous amounts of water. 
Continue flushing with water for 15 minutes. 

Remove all contaminated clothing. 

Ingestion: 
 

Drink generous amounts of water. DO NOT INDUCE VOMITING. 

Inhalation: 
 

Relocate to source of clean ambient air. 

 
 

  V.  Fire and Explosion Hazard Data  
 

Material Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 
(Electrolyte) 

 
Flash Point 
Flammable Limits 

NA 
NA 

NA 
NA 

LEL NA NA 
UEL NA NA 

Unusual Fire / Explosion Hazards NA NA 

Extinguishing Media: NA No specific agents recommended, use media appropriate to fire conditions. 
 

Special Equipment: NIOSH / OSHA approved self-contained breathing apparatus, protective clothing to prevent 
contact with skin and eyes. 

 
  VI.  Cleanup Procedures  

 
Saturate a paper towel with tap water and wipe down the area. 
Repeat several times with a new paper towel. 
Used or contaminated paper towels are considered hazardous waste, refer to section XIII. Disposal Considerations. 
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    VII.  Precautions for Safe Handling and Use  
 

Attention: Under normal circumstances the lead anode and potassium hydroxide electrolyte are sealed inside the oxygen sensor 
which is then\ sealed in a polyethylene bag and placed in a cardboard box for shipment) and do not present a health 
hazard. The following guidelines are provided in the event an oxygen sensor leaks electrolyte. 

 
Protective Measures: Before installing (initially or replacement) a new oxygen sensor, open the cardboard box and check 

for electrolyte leakage inside the polyethylene bag. Some bags are clear and easily inspected, 
 

Other bags are not clear and like sensor housings inside analyzers must be opened to be inspected. 
A clear liquid inside the clear polyethylene bag indicates an electrolyte leak, do not open the bag. 

 
Anytime the oxygen sensor is not readily visible always open slowly and visually inspect for evidence o 
a clear liquid indicating an electrolyte leak. 

 
Refer to section VIII. Personal Protection recommendations for hand, skin and eye protection 
when handling oxygen sensors that have leaked electrolyte. 

 
  VIII.  Personal Protection Exposure Controls  

 
Eye Protection: Chemical splash goggles. 
Hand Protection: Rubber or latex gloves. 
Other Protective Clothing: Apron, face shield. 
Ventilation: NA 

 
  IX.  Physical / Chemical Characteristics  

 
Material / Component: Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 

(Electrolyte) 

Boiling Point (°C): 1744 
 

NA 
Specific Gravity: 11.34  1.01 
Vapor Pressure: NA  NA 
Melting Point (°C): 328  NA 
Density: NA  NA 
Evaporation Rate: 
Solubility in Water: 

NA 
Insoluble 

 NA 
Complete 

Odor / Physical Appearance: Odorless, solid, silver gray 
 

Vinegar like odor, clear liquid. 

 
  X.  Stability and Reactivity  

 
Material / Component: Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 

(Electrolyte) 
 

Stability: Stable Stable 
Incompatibilities: NA Bases, oxidizing agents, non-precious metals, copper. 
Hazardous Decomposition: NA Toxic fumes. 
Hazardous Polymerization: NA Will not occur. 
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  XI.  Toxicological Information  
 

Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 
 

Toxicity to Animals: Acute oral toxicity LD50 Acute oral toxicity LD50: 2730 mg/kg (Rat). 

Mutagenicity: Tested positive as a 
mutagen in Ames test. 

NA 

 
    XII.  Ecological Information  

 
Ecotoxicity: The LC50 of lead for the daphnia magna is 3.6 mg/l, and 5.1 mg/l for the daphnia pulex. 

 
Environmental Fate: Lead is bioaccumulative in most aquatic life and mammals. It is highly mobile as dust or fumes 

(30 mesh is the smallest particle size found inside the oxygen sensor), yet forms complexes with 
organic material which limits its mobility. 

 
   XIII.  Disposal Considerations  

 
Waste must be disposed of in accordance with Federal, State and Local environmental control regulations. If discarded in its purchased 
form, this product is hazardous by its characteristics of toxicity and corrosivity under RCRA. 

 
Material / Component: Lead (Pb) - Anode Acetic Acid Lead Acetate Potassium Acetate 

(Electrolyte) 

EPA Waste Number:  D008 D002 U144 NA 

DOT Information: Corrosive liquid, acidic, inorganic, n.o.s. (lead, acetic acid), 8, UN 3266, II. 
Follow all Federal, State and Local regulations. 

 
   XIV.  Transport Information  

 
DOT: Regulated. Meets criteria for Small Quantity Exceptions of 49 CFR 173.4 

 
IATA: Regulated. Meets criteria for IATA Dangerous Goods in Excepted Quantities, Section 2.7 
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U.S. Federal Regulations 

International Regulations 

 

 
 

 

1) OSHA Hazardous by definition of Haz Com Std. 29 CFR 1910.1200 

2) SARA TITLE III Sec 302 (40 CFR Part 365): Not Applicable as to chemical name, CAS#, %, TPQ lbs., RQ 

Sec 311 & 312: YES as to Acute and Chronic Health Hazard; 
NO as to Fire and Sudden Release of Pressure Hazard, Reactive 

 
Sec 313 (40 CFR Part 372): This product contains the following toxic chemicals subject to the 

reporting requirements of Section 313, of Title III of the Superfund 
Amendments and Reauthorization Act of 1986 and 40 CFR Part 372 

 
Chemical Name CAS # Lead Content 

 

Lead 7439-92-1 5-25 gms 
 

3) TSCA (Toxic Substances Control Act): Components of this product are listed on the TSCA inventory. 
 

4) CERCLA Section 102(A) (40 CFR Part 302) - Hazardous Substances and Reportable Quantities 
 

Chemical Name CAS # RQ 
 

Lead 7439-92-1 10 lbs. 
 

 

Canada: Canadian Environmental Protection Act (CEPA): Potassium Hydroxide, liquid, is on the Domestic 
Substances List (DSL) and is acceptable for use 
under the provisions of CEPA. 

 
WHMIS: Chemical Name Class 

 

Acetic Acid, Lead Acetate D-2A: Material causing other VERY TOXIC effects 
E: Corrosive liquid 

 
Lead D-2A: Material causing other VERY TOXIC effects 

 
European Community: Acetic Acid, Lead 

Acetate (liquid): 
R10-35 - Causes severe burns. 
R42 - May cause sensitization by inhalation. 
R36/37/38 - Irritating to eyes, respiratory system and skin. 

XVI. Other Information   

 
All chemicals may pose unknown hazards and should be used with caution. While the information contained in this Material Safety Data 
Sheet is believed to be correct and is offered for your information, consideration and investigation, Analytical Industries Inc. assumes n 
responsibility for the completeness or accuracy of the information contained herein. 

XV. Regulatory Information 



11.  Specifications 

2855 Metropolitan Place, Pomona, CA 91767 USA   ♦   Tel: 909-392-6900, www.aii1.com, e-mail: info@aii1.com        Rev 12/11/19 

ATEX / IECEx Certified  for Hazardous Area Use 

                
Full Featured O2 Analyzers with Advanced Galvanic Sensor Technology 

   

 Directive 2014/34/EU; IECEx Scheme 
 

ATEX Certificate: INERIS 07ATEX0025X 

IECEx Certificate:  IECEx INE 19.0054X 

 

                                II 2 G      

 Ex db IIB or IIB+H2 T6 Gb  

3 Analyzers PPB, PPM, % 

1 State of the Art Platform 

Sensitivity 0.5% Full Scale 

4-20 mA Signal Output 

2 Field Adjustable Alarms 

SS Wetted Parts 

Sample / Bypass Valve 

Flame Arrestors 

Breather Device 

 

ISO 9001 : 2015 Certified 



11.  Specifications 
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Technical  Specifications 

 

Accuracy: + 1% of FS range under constant conditions  

Analysis Ranges: 0-1 PPM, 0-10, 0-100, 0-1000 PPM FS 0-10, 0-100, 0-1000 PPM, 0-1%, 0-25%  0-1%, 0-5%, 0-10%, 0-25%  FS 

Application: 10 PPB to 1000 PPM oxygen contamina-
tion in inert, hydrocarbon, He, H2 and 

mixed gases streams 

50 PPB to 1% oxygen contamination in 
inert, hydrocarbon, He, H2, mixed, and 

acid (CO2) gas streams (a) 

0.05% to 100% oxygen measurements in 
inert, hydrocarbon, He, H2, mixed and 

acid (CO2) gas streams  (b) 

ATEX // IECEx 

 Classification: II 2 G     Ex db IIB or IIB+H2 T6 Gb   //   Ex db IIB or IIB+H2 T6 Gb 

Alarms: 2 adjustable form C relay contacts non-latching; sensor and power failure  

Calibration: 1 month intervals using certified gas of  
7.5 - 9 PPM O2 balance N2  

1 month intervals using certified gas of  
75 - 90 PPM O2 balance N2 or 20.9% air 

1 month intervals using 20.9% air 

Compensation: Temperature  

Connections: 1/4" compression tube fittings  

Controls: Explosion proof actuators for range selection, zero and span calibration adjustments  

Display: 3-1/2 digit bright red LCD; resolution .001 PPM  

Enclosure: Unpainted aluminum 16” x 18” x 11” wall mount, 70 lbs.  

Flow Sensitivity: Flow sensitive, 1 SCFH recommended Not flow sensitive, 1-2 SCFH recommended, 2 SCFH max 

Linearity: < 1% over all ranges  

Pressure: Inlet - regulate to 20-50 psig max;   
Vent - atmospheric not to exceed +5” 

Inlet - regulate to 5-30 psig max;  
Vent - atmospheric not to exceed +14” water column  

Power: Specify 100/120 or 220/240 VAC  

Recovery Time: O2 Level     Duration     O2 Target      Recovery O2 Level     Duration     O2 Target     Recovery on O2 Level     Duration     O2 Target     Recovery 

      Air          30 sec          1 PPM         45 min       Air          2 min         10 PPM        60 min *       Air          2 min        0.1% PPM    < 30 sec 

    9 PPM        2 min         10 PPB         10 min       Air          2 min          1 PPM        20 min **  

    1 PPM        5 min         10 PPB         15 min  * Installation   ** In service for 2 weeks at 1  

Response Time: 90% of final FS reading < 20 seconds 90% of final FS reading < 10 seconds  

Sample System: Flow control and bypass valves; flow indicator  Flowmeter with integral valve 

Sensitivity: < 0.5% of FS range  

Sensor Model: GPR-12-2000MS GPR-12-333  (a) GPR-11-32  (b) 

Sensor Life: 12 mos in < 100 PPM O2 at 25ºC and 1 24 mos in < 1000 PPM O2 at 25ºC and 1 32 mos in air at 25ºC and 1 atm 

Signal Output: 4-20mA isolated and 0-1V  

Temp. Range: Enclosure –20º to +60ºC  

Temp. Range: Sensor 0º to 45ºC Sensor 0º to 45ºC (GPR), -10º to +45ºC (XLT) 

Warranty: 12 months analyzer; 12 months sensor  

Wetted Parts: 300 series stainless steel   

 Optional Equipment Optional Equipment Optional Equipment 

 Not suitable for CO2 background gas (a)  XLT-12-333 with > 0.5% CO2  present (b)  XLT-11-24 with > 0.5% CO2 present 

 Temperature controlled heater system  

 Sample conditioning systems - contact factory  



    
 
 

11/5/19   Rev 3 

12.  Quality Control & Calibration Certification 
 
Date: Customer: Order No: PASS BY 
 
Model: GPR-18 MS Explosion Proof PPB Oxygen Analyzer S/N   
Sensor: GPR-12-2000 MS PPB Oxygen Sensor S/N   
Configuration:      A-1106-C          PCB Assembly Main / Display 

     A-1107-MS2      PCB Assembly Power / Interconnection 
     A-1004-4-3-14   Sensor Housing 
     A-4753             Sample Panel (A-4565 Flowmeter Assy, Bypass Valve) 
 

 
 
 
 

Model: GPR-18 Explosion Proof PPM Oxygen Analyzer S/N   
Sensor: (    )  GPR-12-333 PPM Oxygen Sensor  

S/N 
  

 (    )  XLT-12-333 PPM Oxygen Sensor 
Configuration:      A-1106-C         PCB Assembly Main / Display 

     A-1107-M         PCB Assembly Power / Interconnection 
     A-1004-4-3-5   Sensor Housing 
     A-4753            Sample Panel (A-4565 Flowmeter Assy, Bypass Valve) 
 

 

Model: GPR-28 Explosion Proof % Oxygen Analyzer S/N   
Sensor: (    )  GPR-11-32 Oxygen Sensor  

S/N 
  

 (    )  XLT-11-24 Oxygen Sensor 
Configuration:      A-1106-C         PCB Assembly Main / Display 

     A-1107-C         PCB Assembly Power / Interconnection 
     A-1004-4-3-5   Sensor Housing 
     A-4565            Flowmeter Assy 

 
 
 
 
 

Certification: (    )  ATEX               II 2 G  Ex db IIB or IIB+H2 T6 or T5 Gb   

Accessories : Owner’s Manual  
Other: Wetted parts: 300 series stainless steel  
                      FITN-1262   Flame Arrestor ½” NPT  
                      ENCL-1146  Breather Device ½” NPT  
Power: Standard power:  (   ) 100/110 VAC or (   ) 220/240 VAC  
 Heater system:    (   ) 100/110 VAC or (   ) 220/240 VAC; controller set at 85° F  
   
Test: Electronics: LED indicators: range, alarms  
  4-20mA offset  
  Alarm relays activate/deactivate with changes in O2 concentration  
  Analog signal output 0-1V and 4-20mA  
  Range ID contacts  
  Baseline drift on zero gas <  2% F.S. over 24 hour period  
    
 Gas: Noise level <  1.0% FS  
  Span adjustment within 10-50% FS  
  Peak to peak over / under shoot < 0.5% FS  
  Overall inspection for physical defects  
    
 Final: Close flow control valve and close shut off valve for shipment (18MS / 18 only)  
  Inspect overall and check accessories  
   
Options:   
   
   
Delivery:   
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A.1 

Regulations regarding equipment certified for use in haz-
ardous areas require electrical connections be protected 
by conduit and/or cable gland entry. Analytical Industries 
Inc. recognizes the need of safe operation of this analyzer 
and strongly recommends the user to adhere to all lo-
cal safety related directives during installation and opera-
tion. 
 

The accessories used for cable gland entry, size 
3/4”-14 NPT-M, must be covered by a separate cer-
tificate in accordance with the standards: 

 
EN 60079-0=2014; IEC 60079-14=2013 
EN 60079-1=2014; IEC 60079-17=2013 

 
And they must be suitable to be used with the enclosure 
and the type of hazardous location: 
 
                              II 2 G 

           Ex db IIB or IIB+H2 T6 Gb 

Electrical connections require approved explosion proof 
sealing fittings and packing around wires and cables com-
ing into or going out of the enclosure. Conduit seals and 
fittings must be certified "Ex d" components per EN60079-
1 whose design and installation comply with ATEX stand-
ards for hazardous locations 
 

Sealing fittings must be installed within 18" of this 
enclosure for IIB + H2 locations. 

 
All unused openings must be closed with a Killark CUP, 
CUPX, PLUG, GO-8177 series close=up plug or an Ex d 
certified close-up plug or sealing plug. 
 

Explosion Proof Packing Fiber (non-asbestos) 
 
For use as packing at the hub of sealing fittings. Use only 
ATEX approved packing fiber.  

 
These instructions are supplied in good faith from 
information which we believe to be reliable. How-
ever, since users and not Analytical Industries Inc. 
control the application, installation and operation 
of our products, users therefore assume all associ-
ated risk and liability. 
 
Contact and/or exposure may cause skin, lung or 
eye irritation. Use gloves and long sleeve coveralls 
to protect skin. Use a mask or respirator to pre-
vent inhalation or eye contact during application.  
 

Directions:  
1. To prevent leakage of the liquid cement, tamp pack-

ing fiber between and around conductors where they 
enter fitting  

2. Ensure conductors DO NOT contact each other or the 
fitting wall.  

3. Leave enough space inside the fitting - space/ length 
equivalent to the inside diameter of the conduit but 
not less than 5/8”. 

 
 

Explosion Proof Sealing Cement 
 
Directions:   
1. After tamping packing fiber between and around con-

ductors, prepare the sealing resin. 
2. Use only ATEX approved sealant.  
3. Prepare the sealant by mixing the resin catalyzing 

agent as recommended by the manufacturer.  
4. Apply the resin as recommended by the manufacturer. 

 
The following sealant for sealing fittings is ATEX 
approved.  

 
ELFIT RESIN (Part A) CRV420 
ELFIT CATHALIZING AGENT (Part B) CRV420H72 

 
5. Mixture ratio: 100 grams Part A to 25 grams Part B 
6. Blend mixture to obtain a homogeneous compound.  
7. Immediately fill the sealing connection. 
8. Cure 72 hours for the mixture to setup. 
 

Consult manufacturer instructions for complete 
details related to mixing two components and 
pouring the resulting resin in the sealing fittings. 
 
Engage at least five threads on all fill plugs.  
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