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REVISED RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

301-8280

SRP Section:

07.01 – Instrumentation and Controls – Introduction

Application Section: 7.1
Date of RAI Issued:

11/10/2015

Question No. 07.01-52
The staff reviewed the response to RAI 34-7870, Question 7.1-9 and found that additional
information was needed as described below.
10 CFR 50.36(c)(1)(ii)(A) states, in part, “Limiting safety system settings for nuclear reactors
are settings for automatic protective devices related to those variables having significant
safety functions. Where a limiting safety system setting is specified for a variable on which a
safety limit has been placed, the setting must be so chosen that automatic protective action
will correct the abnormal situation before a safety limit is exceeded.” Technical Report (TeR)
APR1400-Z-J-NR-14005, Rev.0, “Setpoint Methodology for Plant Protection System,”
describes the setpoint methodology applied to the Plant Protection System (PPS) and
Diverse Protection System (DPS) for the APR1400 and states conformance to BTP 7-12,
Regulatory Guide 1.105 - Rev.3, and Regulatory Issue Summary (RIS) 2006-17.
For Question 7.1-9, staff requested a description on when reset setpoints would be used for
reactor trip functions and the basis for manually changing the setpoint value. Also, describe
how the new "fixed value" setpoint is determined and how this new setpoint is consistent with
the more restrictive setpoint. The applicant responded by stating that "the low pressurizer
pressure trip is provided to trip the reactor when the measured pressurizer pressure falls to a
low preset value. At pressures below the normal operating range, this setpoint can be
manually decreased to a fixed increment below the existing pressurizer pressure down to a
minimum value. The incremental and minimum values are given in Table 7.2-4. This provides
the capability to trip the reactor when required during plant cooldown.” The section also
states, “The low SG pressure trip is provided to trip the reactor when the measured SG
pressure falls below a preset value. At SG pressure below normal, the setpoint can be
manually decreased to a fixed increment below the existing system pressure. This is used
during plant cooldown. The fixed increment is provided in Table 7.2-4.” Regarding the “fixed
value” APR1400 FSAR Tier 2, Chapter 7, Table 7.2-4 (2 of 2), Note (4), states, “Setpoint can
be manually decreased to a fixed increment below existing pressure as pressure is reduced
during controlled plant cooldown and is automatically increased as pressure is increased
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maintaining a fixed increment. This fixed increment is 28 kg/cm2 (400 psi) for pressurizer
pressure and 14 kg/cm2 (200 psi) for steam generator pressure.” The staff finds the response
acceptable since applicant plans to use manual reduction of the setpoints for low pressurizer
pressure and low SG pressure trips to shut down the plant without any unnecessary
protective actions for plant cooldown. However, it is not clear to the staff if one Setpoint Reset
switch on the Safety Console applies to both low pressurizer pressure and low SG pressure
trips or if there are two switches, one for each manual reduction. Clarify the capability of the
Setpoint Reset switch.

Response – (Rev.2)
There are two Setpoint Reset switches on the Safety Console. One switch applies to the low
pressurizer pressure (LPP) and the other switch applies to the low steam generator pressure
(LSGP) trip. As shown in Attachment 1, the two Setpoint Reset switches have been
incorporated into Sections 4.7.1.3 and 4.7.3 of the Safety I&C System Technical Report
(APR1400-Z-J-NR-14001-P, Rev.1) issued in May 2017.
The manual reduction of the LPP and LSGP setpoints is used to shut down the plant without
an unnecessary protective action for plant cooldown. The manual reset setpoint is determined
by subtracting the offset from the measured process value. The offsets that are defined as a
predetermined amount between the measured process value and the newly determined
setpoint for the LPP and LSGP trips are 28.1 kg/cm2 (400 psi) and 14.1 kg/cm2 (200 psi),
respectively. Since the manual reset setpoints are restrictively determined not to exceed the
corresponding offset, they are multiple setpoints that meet the requirement of IEEE 603,
clause 6.8.2.
The variable overpower (VO) and low reactor coolant flow (LRCF) trip setpoints are also
multiple setponts because they are restrictively determined by the constraints including ceiling,
floor, rate, and step. However, the low steam generator level (LSGL) trip parameter does not
have multiple setpoints because the LSGL trip setpoint is not a variable setpoint but a fixed
one, as shown in DCD Table 7.2-4.
Therefore, multiple setpoints listed in DCD Table 7.2-4 are the LPP, LSGP, VO, and LRCF
trip setpoints. Sections 7.2.3.4 and 7.4.3.3.5 of DCD Chapter 7 will be revised to incorporate
multiple setpoints, as shown in Attachment 2. In addition, Section A.6.8 of the Safety I&C
System Technical Report (APR1400-Z-J-NR-14001-P, Rev.1) will be maintained with the
exception of incorporating the changed title of the setpoint methodology technical report, as
shown in Attachment 3.
Supplemental Response to NRC comments on BTP 7-21
NRC Comment:
APR1400-Z-J-NR-14013-P, Rev.0, “Response Time Analysis of Safety I&C System,” Section
A.1.2, “Conformance,” first sentence, makes the following statement.
“The analytical limit of the Setpoint Methodology for Plant Protection System (Reference
3) and the response times in Tables 7.2-5 and 7.3-7 of DCD Sections 7.2 and 7.3 are
credited in the safety analysis of DCD Chapter 15.”
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There needs to be a change of the referenced “Setpoint Methodology for Plant Protection
System” to “Setpoint Methodology for Safety-Related Instrumentation” to reflect the latest
draft (RAI 07.01-41). Also, revise [reference 3] in Section 8 as well and reflect the latest
revision. This same change also needs to be made in DCD Chapter 15 (Reference 77).
Please verify any other parts of the DCA where this change is needed.
KHNP Response:
Based on the final response to RAI 301-8280, Question 07.01-41, APR1400-Z-J-NR-14005-P,
“Setpoint Methodology for Safety-Related Instrumentation,” Rev. 2 will be issued. APR1400Z-J-NR-14013-P, Rev.1 “Response Time Analysis of Safety I&C System” will be revised to
incorporate the modified title of APR1400-Z-J-NR-14005-P, Rev. 2 into Item [3] of Section 8,
as shown in Attachment 4.
Refer to the response to Question 2 below regarding Reference 77 in DCD Chapter 15.
References 72 and 74 in DCD Chapter 7 will be revised as shown in Attachment 5.
References 8 and 13 in APR1400-Z-J-NR-14001-P, Rev.1 will also be revised as shown in
Attachment 6. In addition, the issue date will be reflected after the revision of each technical
report is completed.
NRC Comment:
Another item is the safety analysis establishes ALs and response times needed to ensure
safety and they are reflected in Chapter 15. Chapter 7 evaluates that the setpoint
methodology will create setpoints starting at the ALs from Chapter 15. Chapter 7 also
verifies that the response time for the I&C portion for any specific safety function falls
within the response times assumed and established in Chapter 15 (typically milliseconds
versus seconds).Therefore, any tables in Chapter 7 would reflect I&C time response, with
possible overall statement to confirm that the time responses from Chapter 15 would be
met. This point needs to be clear in the Response Time Analysis TeR. In addition,
discussion provided in DCD Section 15.0.0.9, “Methodology for Determining
Uncertainties” (portions quoted below) is misleading and incorrectly implies that the
ANSI/ISA-67.04-1994 setpoint methodology is used is establishing the analytical limits
used in Chapter 15 safety analysis. The AL values established in Chapter 15 safety
analysis are used as inputs to the setpoint calculations performed in accordance the ISA
methodology. The instrument setpoint calculations do not establish the AL.KHNP to
confirm this conflict and correct the statements in Chapter 15 accordingly.
15.0.0.9 Methodology for Determining Uncertainties
Existing uncertainties in an instrument signal are classified as random or bias errors.
Random errors are basic measurement uncertainties or variations that exist in any repeated
measurement. These errors are usually caused by the combination of numerous effects that
exist in any measurement. An exact value of a random error cannot be predicted for a specific
measurement. To account for the random errors, the unsystematic errors are enveloped by
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upper and lower limits, around the measured value, that bound the most probable value for the
instrumentation output at any instance.
Bias errors do not exhibit random normal distribution characteristics; rather, they exhibit a
correlated, predictable, fixed, or systematic behavior. A bias exists where there is a
known offset of measurement from the ideal value. Both random and bias error effects of
an instrument measurement loop are evaluated. Uncertainties inherent in the signal
communication process are accommodated by the method of setpoint calculation
recommended by ANSI/ISA-67.04-1994, “Setpoints for Nuclear Safety-Related
Instrumentation.” To establish the total uncertainty in an instrument or measurement, the
various random and bias error effects are combined. The errors that are considered
random are combined using statistical formulae such as the square-root-sum-of-thesquares. Bias errors are algebraically combined. Finally, the resultant random and bias
errors are algebraically combined to yield a total uncertainty. Some events analyzed in
the safety analysis result in a more severe environment for protection system equipment
than others. As a result, the expected total equipment uncertainties can be event-specific,
and a trip parameter can have an accident setpoint for each design basis event. The
setpoints presented in Table 15.0-2 are determined based on the methodology presented
above. The main methodology for determining uncertainties and the detailed uncertainty
values are provided in Reference 51, which is based on NRC RG 1.105, Rev. 3,
“Setpoints for Safety- Related Instrumentation.” The setpoint methodology for plant
protection system safety- Related Instrumentation is provided in Reference 77.
KHNP Response:
Since analytical limits assumed in performing safety analysis do not consider the safety I&C
system channel’s uncertainties, the trip setpoints described in DCD Chapter 7 are determined
considering all related uncertainties in accordance with ANSI/ISA-67.04-1994 as endorsed by
NRC RG 1.105, Rev. 3. DCD Section 15.0.0.9, however, was prepared to provide the concept
on methodology for determining uncertainty. Therefore, Section 15.0.0.9 will be deleted as
shown in Attachment 7 because the analytical limits in Table 15.0-2 of DCD Chapter 15 are
not relevant to the setpoint determination methodology, but they are determined only by
safety analysis.
Impact on DCD
Sections 7.1.5, 7.2.3.4 and 7.4.3.3.5 of DCD Chapter 7 will be revised as indicated in the
attachments 2 and 5.
Sections 15.0.0.9 and 15.0.5 of DCD Chapter 15 will be revised as indicated in the
attachment 7.
Impact on PRA
There is no impact on the PRA.
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Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
Sections 4.7.1.3 and 4.7.4 of the TeR APR1400-Z-J-NR-14001-P/NP, Rev.1 has been issued
as indicated in the attachment 1. Sections A.6.8 and 9 of the TeR APR1400-Z-J-NR-14001P/NP, Rev.1 will be revised as indicated in the attachments 3 and 6 respectively.
Section 8 of the TeR APR1400-Z-J-NR-14013-P/NP, Rev.1 will be revised as indicated in the
attachment 4.
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Automatic protective action is initiated by the RPS to provide reasonable assurance of
adequate protection of the fuel, fuel cladding, and RCS boundary during specified AOOs.
Automatic protective action is initiated by the RPS to aid the ESF systems in limiting the
consequences of the accidents.
The Chapter 15 safety analysis addresses PAs and AOOs including single CEA ejection,
load rejection, and turbine trip. Control functions to mitigate the consequences of a plant
load rejection and turbine trip are addressed in Subsection 7.7.1.1. The RPS has no reliance
on plant instrument air or cooling water to vital equipment.
7.2.3.3

Test and Inspection

The RPS complies with the test requirements of IEEE Std. 338. Test intervals and their
Multiple Setpoints
bases are included in the Technical Specifications (Chapter 16).
Periodic testing complies with NRC RG 1.22 and NRC RG 1.118.
7.2.3.4

Restrictive Setpoints

Restrictive setpoints are not used for the RPS.
7.2.3.5

Conformance to General Design Criteria

Not Used
Multiple setpoints comply with the restrictive
setpoint requirement of IEEE std. 603, as
described in Reference 26.

Conformance with the applicable GDC is described in Reference 26, and cross references
to relevant information are provided in Table 7.1-1.
7.2.3.6

Conformance with IEEE Std. 603

Conformance with IEEE Std. 603 is described in Reference 26.
7.2.3.7

Conformance with IEEE Std. 7-4.3.2

Conformance with IEEE Std. 7-4.3.2 is described in Reference 26.
7.2.4
COL 7.2(1)

Combined License Information
The COL applicant is to provide site-specific CPCS startup test
requirement.
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7.4.3.3.2

Loss of Cooling Water to Vital Equipment

Loss of cooling water to vital equipment does not affect the safe shutdown function because
the safety-related component cooling water system has two separate divisions of cooling
water systems. Therefore, the loss of a single division does not hinder the safe shutdown
function.
7.4.3.3.3

Loss of safety-related HVAC system

The safety-related HVAC systems connected to I&C equipment rooms or remote
multiplexer rooms of each division maintain the mild (non-harsh) environments to meet the
cabinet environmental design requirements.
A long-term loss of safety-related HVAC system may result in a loss of safety-related I&C
equipment. However, divisional redundancy ensures that if there is a loss of safety-related
I&C equipment that takes one safety division out of service, the second safety division will
remain in service to perform the required safety function.
7.4.3.3.4

Plant Load Rejection, Turbine Trip, and Loss of Offsite Power

In the event of a LOOP associated with plant load rejection or turbine trip, the power for
safe shutdown is provided by the EDGs. The EDGs provide power for operation of pumps
and valves; the batteries or EDGs via the battery chargers provide power for operation of
instrumentation and control systems required to actuate and control essential components.
Multiple Setpoints
7.4.3.3.5

Restrictive Setpoints

There are no restrictive setpoints for the APR1400.
7.4.4

Combined License Information

Not Used
Multiple setpoints comply with the restrictive
setpoint requirement of IEEE std. 603, as
described in Reference 4.

No combined license (COL) information is required with regard to Section 7.4.
7.4.5

References

1.

Regulatory Guide 1.189, “Fire Protection for Nuclear Power Plants,” Rev. 2, U.S.
Nuclear Regulatory Commission, April 2009.

2.

IEEE Std. 603-1991, “IEEE Standard Criteria for Safety Systems for Nuclear Power
Generating Stations,” Institute of Electrical and Electronics Engineers, 1991.
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Analysis:
The bypasses are always set manually as there are no automatic bypass provisions for maintenance
bypasses for the PPS.
The bypass of the PPS parameters results in 2-out-of-3 coincidence logic. The bypass of the BOP
ESFAS changes 1-out-of-2 logic to 1-out-of-1 logic.
The BISI in the MCR are designed to meet the RG 1.47. The PPS channel can be placed in Manual
Bypass mode to facilitate maintenance activities. Indication is provided in the main control room
whenever a PPS channel has been administratively bypassed for maintenance or taken out of service.
The PPS is designed to permit an inoperable channel to be placed in a bypass condition for the purpose
of troubleshooting or periodic test of a redundant channel. If the PPS channel has been bypassed for any
purpose, a signal is provided to allow this condition to be continuously indicated in the MCR. During such
operation, the PPS continues to satisfy the SFC.
The FMEA for the PPS assumes that one of the initial conditions is a PPS channel is placed in the
Bypass Mode. This initial condition imposed on the FMEA determines the overall effect of an evaluated
failure on the safety system’s capability to perform the required safety functions in this non-conservative
mode.
The PPS supports maintenance activities, such as periodic maintenance, instrument loop testing,
troubleshooting, etc. Access to features beyond displaying data such as the maintenance bypass would
be under strict administrative and physical controls. These activities would be performed in accordance
with site-specific administrative (procedural) and physical-access controls to set and/or change
addressable constants, setpoints, and testing while the channel is in bypass mode. Such procedures
would require manipulation of the FE keyswitch.
RPS and ESFAS parameters can be bypassed for maintenance. When one channel is in bypass, the
coincidence logic in the LCL reverts to 2-out-of-3. The administrative procedure prohibits more than one
channel from being placed in bypass.
The protection functions of the RPS and ESFAS are maintained while the system is bypassed.
A.6.8

Setpoints

"6.8.1

Clause 6.8:

6.8.1

“6.8.1 The allowance for uncertainties between the process analytical limit documented in Clause 4, item
d) and the device setpoint shall be determined using a documented methodology. Refer to ANSI/ISA
S67.04-1994.
6.8.2 Where it is necessary to provide multiple setpoints for adequate protection for a particular mode of
operation or set of operating conditions, the design shall provide positive means of ensuring that the more
restrictive setpoint is used when required. The devices used to prevent improper use of less restrictive
setpoints shall be part of the sense and command features.”
Analysis:

6.8.2
Where
it is
necessary
to provide
multiple setpoints
for adequate
protection
for a particular
The safety
I&C
system
conforms
to ISA-S67.04-1994
as described
in the Setpoint
Methodology
for PPSmode
TeR.
of operation or set of operating conditions, the design shall provide positive means of ensuring that the
more restrictive setpoint is used when required. The devices used to prevent improper use of less
restrictive setpoints shall be part of the sense and command features."
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The environment considered when determining errors is the most detrimental realistic environment
calculated or postulated to exist until the worst case time of the required RPS or ESFAS. This
environment may be different for different events analyzed. For the setpoint calculation, the accident
environment error calculation for process equipment uses the environmental conditions up to the longest
required time of trip or actuation that results in the largest errors, thus providing additional conservatism
to the resulting setpoints.
The reference leg heating component uncertainties for SG level also take into account pressure and
temperature variation within the SG.
For all temperature and pressure setpoints, the trip will be initiated at a point that is not at saturation for
the equipment. For level setpoints, no analysis setpoint is within 5% of the ends of the level span.
When the pressure (or temperature) reaches to saturation condition, the pressure (or temperature) is not
increased by temperature (or pressure). The temperature (or pressure) could not be used for trip
parameter in this range. Therefore, the trip shall be initiated before saturation condition.
Analysis setpoint for high level is determined to be less than 95% and analysis setpoint for low level to be
more than 5%. This is to protect the equipment considering delay time.
Manual reduction of the setpoints for low pressurizer pressure and low SG pressure trips is used for the
controlled reduction of pressurizer pressure and SG pressure. The setpoint reductions are initiated by the
MCR SC two pushbutton switches for each division, one pushbutton switch for the pressurizer pressure
and one pushbutton switch for both SG pressures within the division. This method of setpoint reduction
provides positive assurance that the setpoint is never decreased below the existing pressure by more
than a predetermined amount.
The variable overpower trip setpoint tracks the actual reactor power from a minimum value to a high value
or vice versa, if the power changes slowly enough. The variable overpower trip setpoint is designed with a
maximum rate of decrease or increase. If the actual power increases at too rapid rate, it will catch up with
the more slowly increasing setpoint and cause a trip.
The low reactor coolant flow trip setpoint automatically tracks below the input variables by a fixed margin
for all decreasing inputs with a rate less than the rate limit. The setpoint decreases at a fixed rate for all
decreasing input variable changes greater than the rate limit. If the input variable decreases at too rapid
rate, it will catch up with the more slowly decreasing setpoint and cause a trip. The setpoint automatically
increases as the input variable increases.
Safety-Related Instrumentation
Refer to the Setpoint Methodology for Plant Protection System TeR for detailed setpoint methodology.
A.7

Execute Features - Functional and Design Requirements

A.7.1

Automatic Control

Clause 7.1:
“Capability shall be incorporated in the execute features to receive and act upon automatic control signals
from the sense and command features consistent with 4.4 of the design basis.”

6.8.2 Where it is necessary to provide multiple setpoints for adequate protection for a
particular mode of operation or set of operating conditions, the design shall provide positive
means of ensuring that the more restrictive setpoint is used when required. The devices used
The RTSG is operated automatically by automatic reactor trip signal.
to prevent improper use of less restrictive setpoints shall be part of the sense and command
features.
The ESF components
are activated automatically by the ESF-CCS.
Analysis:
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,Q DGGLWLRQ RSHUDWRU HUURUV DUH FRQVLGHUHG LQ GHYHORSLQJ HYHQW LQLWLDWRUV DQG LQ OLPLWLQJ
VLQJOHIDLOXUHV VHH6XEVHFWLRQIRUDPRUHGHWDLOHGGHVFULSWLRQ 
2SHUDWRU DFWLRQV UHTXLUHG WR PLWLJDWH DFFLGHQWV DUH GHVFULEHG LQ WKH HYHQW HYDOXDWLRQ
VXEVHFWLRQV


/RVVRI2IIVLWH$OWHUQDWLQJ&XUUHQW $& 3RZHU
71B

$OO HYHQW DQDO\VHV UHVXOWLQJ LQ D WXUELQH JHQHUDWRU WULS FRQVLGHU WKH ORVV RI RIIVLWH SRZHU
/223 ZKLOHDSSO\LQJWKHVDPHDFFHSWDQFHFULWHULDIRUWKHHYHQWZLWKDQGZLWKRXW/223 
,QWKHDQDO\VHVIRUZKLFKWKH/223LVDVVXPHGWRUHVXOWIURPDWXUELQHWULSWKHWLPHGHOD\
EHWZHHQ WKH WXUELQH WULS DQG /223 LV DVVXPHG WR EH ]HUR  +RZHYHU D VHFRQG WLPH
GHOD\FDQEHDVVXPHGEHWZHHQUHDFWRUWULSEUHDNHUVRSHQLQJDQGWKHWXUELQHWULSEHFDXVHRI
WKH WXUELQH WULS GHOD\ FLUFXLWV  7KLV WLPH GHOD\ LV DVVXPHG LQ WKH &($ PLVRSHUDWLRQ DQG
&($HMHFWLRQHYHQWVZKLOHWKHRWKHUHYHQWVGRQRWXVHWKHWLPHGHOD\FRQVHUYDWLYHO\


/RQJ7HUP&RROLQJ

15.0.0.9

72B

Intentionally Blank

7KH RSHUDWRU FDQ LQLWLDWH D FRQWUROOHG V\VWHP FRROGRZQ E\ XVLQJ WKH DX[LOLDU\ IHHGZDWHU
$): V\VWHPLQFRQMXQFWLRQZLWKWKHDWPRVSKHULFGXPSYDOYHV $'9V   ,QWKHDEVHQFH
RIDIRUFHGUHDFWRUFRRODQWIORZ5&6KHDWLVUHPRYHGE\QDWXUDOFLUFXODWLRQDORQJZLWKWKH
VWHDP JHQHUDWRUV 6*V   $IWHU WKH UHDFWRU FRRODQW WHPSHUDWXUH DQG SUHVVXUH KDYH EHHQ
UHGXFHGWRDSSUR[LPDWHO\°& °) DQGNJFP$ SVLD UHVSHFWLYHO\WKH
VKXWGRZQFRROLQJV\VWHP 6&6 LVSXWLQWRRSHUDWLRQWRUHGXFHWKH5&6WHPSHUDWXUHWRWKH
FROGVKXWGRZQFRQGLWLRQ  $Q\HYHQWVSHFLILFDVVXPSWLRQVIRUWKHWUDQVLWLRQWRVKXWGRZQ
FRQGLWLRQVXVLQJWKH6&6DUHGHVFULEHGLQWKHUHOHYDQWHYHQWVSHFLILFVDIHW\DQDO\VLVVHFWLRQ


0HWKRGRORJ\IRU'HWHUPLQLQJ8QFHUWDLQWLHV

Intentionally Blank

73B

([LVWLQJ XQFHUWDLQWLHV LQ DQ LQVWUXPHQW VLJQDO DUH FODVVLILHG DV UDQGRP RU ELDV HUURUV 
5DQGRPHUURUVDUHEDVLFPHDVXUHPHQWXQFHUWDLQWLHVRUYDULDWLRQVWKDWH[LVWLQDQ\UHSHDWHG
PHDVXUHPHQW  7KHVH HUURUV DUH XVXDOO\ FDXVHG E\ WKH FRPELQDWLRQ RI QXPHURXV HIIHFWV
WKDWH[LVWLQDQ\PHDVXUHPHQW  $QH[DFWYDOXHRIDUDQGRPHUURUFDQQRWEHSUHGLFWHGIRUD
VSHFLILF PHDVXUHPHQW  7R DFFRXQW IRU WKH UDQGRP HUURUV WKH XQV\VWHPDWLF HUURUV DUH
HQYHORSHG E\ XSSHU DQG ORZHU OLPLWV DURXQG WKH PHDVXUHG YDOXH WKDW ERXQG WKH PRVW
SUREDEOHYDOXHIRUWKHLQVWUXPHQWDWLRQRXWSXWDWDQ\LQVWDQFH  
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%LDVHUURUVGRQRWH[KLELWUDQGRPQRUPDOGLVWULEXWLRQFKDUDFWHULVWLFVUDWKHUWKH\H[KLELWD
FRUUHODWHGSUHGLFWDEOHIL[HGRUV\VWHPDWLFEHKDYLRU  $ELDVH[LVWVZKHUHWKHUHLVDNQRZQ
RIIVHW RI PHDVXUHPHQW IURP WKH LGHDO YDOXH  %RWK UDQGRP DQG ELDV HUURU HIIHFWV RI DQ
LQVWUXPHQW PHDVXUHPHQW ORRS DUH HYDOXDWHG  8QFHUWDLQWLHV LQKHUHQW LQ WKH VLJQDO
FRPPXQLFDWLRQ SURFHVV DUH DFFRPPRGDWHG E\ WKH PHWKRG RI VHWSRLQW FDOFXODWLRQ
UHFRPPHQGHG E\ $16,,6$ ³6HWSRLQWV IRU 1XFOHDU 6DIHW\5HODWHG
,QVWUXPHQWDWLRQ´
7RHVWDEOLVKWKHWRWDOXQFHUWDLQW\LQDQLQVWUXPHQWRUPHDVXUHPHQWWKHYDULRXVUDQGRPDQG
ELDV HUURU HIIHFWV DUH FRPELQHG  7KH HUURUV WKDW DUH FRQVLGHUHG UDQGRP DUH FRPELQHG
XVLQJ VWDWLVWLFDO IRUPXODH VXFK DV WKH VTXDUHURRWVXPRIWKHVTXDUHV  %LDV HUURUV DUH
DOJHEUDLFDOO\ FRPELQHG  )LQDOO\ WKH UHVXOWDQW UDQGRP DQG ELDV HUURUV DUH DOJHEUDLFDOO\
FRPELQHGWR\LHOGDWRWDOXQFHUWDLQW\
6RPH HYHQWV DQDO\]HG LQ WKH VDIHW\ DQDO\VLV UHVXOW LQ D PRUH VHYHUH HQYLURQPHQW IRU
SURWHFWLRQ V\VWHP HTXLSPHQW WKDQ RWKHUV  $V D UHVXOW WKH H[SHFWHG WRWDO HTXLSPHQW
XQFHUWDLQWLHVFDQEHHYHQWVSHFLILFDQGDWULSSDUDPHWHUFDQKDYHDQDFFLGHQWVHWSRLQWIRU
HDFKGHVLJQEDVLVHYHQW
7KHVHWSRLQWVSUHVHQWHGLQ7DEOHDUHGHWHUPLQHGEDVHGRQWKHPHWKRGRORJ\SUHVHQWHG
DERYH  7KHPDLQPHWKRGRORJ\IRUGHWHUPLQLQJXQFHUWDLQWLHVDQGWKHGHWDLOHGXQFHUWDLQW\
YDOXHVDUHSURYLGHGLQ5HIHUHQFHZKLFKLVEDVHGRQ15&5*5HY³6HWSRLQWV
IRU 6DIHW\5HODWHG ,QVWUXPHQWDWLRQ´  7KH VHWSRLQW PHWKRGRORJ\ IRU SODQW SURWHFWLRQ
V\VWHPLVSURYLGHGLQ5HIHUHQFH


7KHUPDO&RQGXFWLYLW\'HJUDGDWLRQ
74B

7KH HIIHFWV RI WKHUPDO FRQGXFWLYLW\ GHJUDGDWLRQ 7&'  RQ QRQ/2&$ DQG /2&$
HYDOXDWLRQVH[FHSWIRUD&($HMHFWLRQDFFLGHQWDQG/%/2&$DUHQHJOLJLEOH  7KHHIIHFWV
DUHSURYLGHGLQ5HIHUHQFH
7KH UHVXOWV RI WKH HYDOXDWLRQ RI D &($ HMHFWLRQ DFFLGHQW DQG /%/2&$ DUH SURYLGHG LQ
6XEVHFWLRQVDQGUHVSHFWLYHO\


5DGLRORJLFDO&RQVHTXHQFH$QDO\VLV8VLQJ$OWHUQDWLYH6RXUFH7HUPV
1B

7KLV VXEVHFWLRQ LV QRW DSSOLFDEOH WR WKH $35 EHFDXVH LW LV SUHSDUHG WR UHYLHZ WKH
DSSOLFDWLRQ IRU WKH LQLWLDO LPSOHPHQWDWLRQ RI DQ DOWHUQDWLYH VRXUFH WHUPV $67
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 185(*³1XFOHDU5HJXODWRU\&RPPLVVLRQ6WDQGDUG5HYLHZ3ODQ6HFWLRQ
%UDQFK7HFKQLFDO3RVLWLRQ´5HY861XFOHDU5HJXODWRU\&RPPLVVLRQ0DUFK

 185(*³1XFOHDU5HJXODWRU\&RPPLVVLRQ6WDQGDUG5HYLHZ3ODQ´6HFWLRQ
³2YHUKHDG+HDY\/RDG+DQGOLQJ6\VWHPV´5HY861XFOHDU5HJXODWRU\
&RPPLVVLRQ0DUFK
 $16,1³$PHULFDQ1DWLRQDO6WDQGDUGIRU6SHFLDO/LIWLQJ'HYLFHVIRU6KLSSLQJ
&RQWDLQHUV:HLJKLQJ3RXQGV NJ RU0RUHIRU1XFOHDU0DWHULDOV´
$PHULFDQ1DWLRQDO6WDQGDUGV,QVWLWXWH
 185(*³&RQWURORI+HDY\/RDGVDW1XFOHDU3RZHU3ODQW´861XFOHDU
5HJXODWRU\&RPPLVVLRQ-XO\
 $16,$16³'HVLJQ5HTXLUHPHQWVIRU/LJKW:DWHU5HDFWRU6SHQW)XHO6WRUDJH
)DFLOLWLHVDW1XFOHDU3RZHU3ODQWV´$PHULFDQ1XFOHDU6RFLHW\
 $16,$16³'HVLJQ5HTXLUHPHQWVIRU/LJKW:DWHU5HDFWRU)XHO+DQGOLQJ
6\VWHPV´$PHULFDQ1XFOHDU6RFLHW\
 185(*³6LQJOH)DLOXUH3URRI&UDQHVIRU1XFOHDU3RZHU3ODQWV´861XFOHDU
5HJXODWRU\&RPPLVVLRQ0D\
 $GYDQFHG/LJKW:DWHU5HDFWRU8WLOLW\5HTXLUHPHQWV'RFXPHQW³)XHOLQJDQG
5HIXHOLQJ6\VWHPV´5HY(OHFWULF3RZHU5HVHDUFK,QVWLWXWH)HEUXDU\
 5HJXODWRU\*XLGH³$VVXPSWLRQV8VHGIRU(YDOXDWLQJWKH3RWHQWLDO&RQVHTXHQFHV
RID)XHO+DQGOLQJ$FFLGHQWLQWKH)XHO+DQGOLQJDQG6WRUDJH)DFLOLW\IRU%RLOLQJDQG
3UHVVXUL]HG:DWHU5HDFWRUV´861XFOHDU5HJXODWRU\&RPPLVVLRQ0DUFK
51. (Deleted)
 $35=-153³8QFHUWDLQW\0HWKRGRORJ\DQG$SSOLFDWLRQIRU
,QVWUXPHQWDWLRQ´5HY.+13)HEUXDU\
 2DN5LGJH1DWLRQDO/DERUDWRU\&01<&'6&$/(³0RGXODU&RGH
6\VWHPIRU3HUIRUPLQJ6WDQGDUGL]HG&RPSXWHU$QDO\VHVIRU/LFHQVLQJ(YDOXDWLRQIRU
:RUNVWDWLRQDQG3HUVRQDO&RPSXWHU´
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&(13'3 3URSULHWDU\ ³675,.,1,,$&\OLQGULFDO*HRPHWU\)XHO5RG+HDW
7UDQVIHU3URJUDP 0RGLILFDWLRQV ´6XSSOHPHQW&RPEXVWLRQ(QJLQHHULQJ,QF
)HEUXDU\ 
&(13' 3URSULHWDU\ ³675,.,1,,$&\OLQGULFDO*HRPHWU\)XHO5RG+HDW
7UDQVIHU3URJUDP´6XSSOHPHQW3&RPEXVWLRQ(QJLQHHULQJ,QF$XJXVW 
&(13' 3URSULHWDU\ ³675,.,1,,$&\OLQGULFDO*HRPHWU\)XHO5RG+HDW
7UDQVIHU3URJUDP´6XSSOHPHQW3&RPEXVWLRQ(QJLQHHULQJ,QF$SULO
 &(13'3 3URSULHWDU\ ³3$5&+$)2575$1,9'LJLWDO3URJUDPWR(YDOXDWH
3RRO%RLOLQJ$[LDO5RGDQG&RRODQW+HDWXS´&RPEXVWLRQ(QJLQHHULQJ,QF$XJXVW

&(13'3 3URSULHWDU\ ³3$5&+$)2575$1,9'LJLWDO3URJUDPWR(YDOXDWH
3RRO%RLOLQJ$[LDO5RGDQG&RRODQW+HDWXS 0RGLILFDWLRQV ´6XSSOHPHQW
&RPEXVWLRQ(QJLQHHULQJ,QF)HEUXDU\
 $35)$153³3RVW/2&$/RQJ7HUP&RROLQJ(YDOXDWLRQ0RGHO´
.+136HSWHPEHU
 &(13'3$ 3URSULHWDU\ ³&()XHO(YDOXDWLRQ0RGHO´&RPEXVWLRQ
(QJLQHHULQJ,QF-XO\
&(1 % 3$ 3URSULHWDU\ ³,PSURYHPHQWVWR)XHO(YDOXDWLRQ0RGHO´
&RPEXVWLRQ(QJLQHHULQJ,QF$XJXVW
&(1 % 3 3URSULHWDU\ ³,PSURYHPHQWVWR)XHO(YDOXDWLRQ0RGHO´6XSSOHPHQW
3$&RPEXVWLRQ(QJLQHHULQJ,QF-DQXDU\
 &(1³-XVWLILFDWLRQRI7ULS7ZR/HDYH7ZR5HDFWRU&RRODQW3XPS7ULS6WUDWHJ\´
5HY&RPEXVWLRQ(QJLQHHULQJ,QF0D\
 $35=$153³1RQ/2&$6DIHW\$QDO\VLV0HWKRGRORJ\´5HY
.+13)HEUXDU\
77. (Deleted)
 $35=-153³6HWSRLQW0HWKRGRORJ\IRU3ODQW3URWHFWLRQ6\VWHP´5HY
.+13)HEUXDU\
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