RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/12/2013
US-APWR Design Certification
Mitsubishi Heavy Industries
Docket No.52-021
RAI NO.: NO. 750-5675 REVISION 2
SRP SECTION: 19 — Probabilistic Risk Assessment and Severe Accident Evaluation
APPLICATION SECTION: 19
DATE OF RAI ISSUE: 04/28/2011

QUESTION NO. : 19-513

The staff requested additional information (RAI Questions 19-97, 19-98 and 19-364) regarding
the implementation of the approach that was followed to determine PRA success criteria. In
some cases, credit is taken in the T-H analysis of “bounding” sequences involving multiple
failures for more than the minimum set of equipment that could be available based on the
success criteria. In other cases, it is not clear whether some “success” sequences are bounded
by an analyzed “success” sequence. In addition, there are no T-H analyses performed to
support the assumed success criteria of some mitigating systems and functions, such as the
alternate containment cooling function. Please perform a systematic investigation to
demonstrate the robustness of the assumed PRA success criteria for all “success” sequences
of significant frequency.

ANSWER:
Alternate Containment Cooling

The success criterion used in the US-APWR PRA for alternate containment cooling using
containment fan cooler units is one component cooling water (CCW) pump and two
containment fan cooler units. To demonstrate that this success criterion maintains long-term
containment integrity, MHI performed two MAAP analyses using the analysis conditions listed in
Table 19.513-1. As shown in Figure 19.513-1 for Case 1 (two containment fan cooler units),
containment pressure rises for 13 hours following the initiating event until reaching the
containment design pressure. When the containment design pressure is reached, the
alternate containment cooling is established, and the pressure subsides as long as heat
removal via the containment fan cooler units remains available. In Case 2 (one containment
fan cooler unit), containment pressure will continue to rise following the establishment of
alternate decay heat removal using only one containment fan cooler. When the containment
spray system using containment spray/residual heat removal (CS/RHR) pumps is available, the
decay heat from the containment can be removed via the CS/RHR heat exchangers. However,

19-513-1



to operate alternate containment cooling with containment fan cooler units, the CS/RHR heat
exchanger must be isolated from the CCW so that the alternate containment cooling does not
degrade CCWS cooling to other CCWS loads. The US-APWR PRA assumes that failure to
isolate the CS/RHR heat exchangers from the CCW system results in loss of the containment
cooling function with the containment fan cooler units. Each containment fan cooler unit
requires a CCW flow rate of approximately 100m®hr (400 gpm). Each CCW pump is capable
of supplying CCW with approximately 1,000m?hr (4,000 gpm), thus one CCW pump has the
capacity to supply sufficient cooling water to all four containment fan cooler units if the CS/RHR
heat exchangers are isolated. Therefore, the success criterion of one CCW pump and two
containment fan cooler units is appropriate for alternate containment cooling using containment
fan cooler units. DCD Table 19.1-15 incorporating the MAAP analysis results was provided in
the original response to this RAI (Ref: UAP-HF-11201, dated June 30, 2011). (The US-APWR
PRA model does not need to be revised to reflect the discussion.)

Systematic Search

DCD Tables 19.1-15 and 19.1-16 summarize the typical results of T-H analyses and success
criteria for each initiating event. MHI performed a systematic search to identify success
sequences not supported by T-H analyses. As a result of the systematic search, the following
system sequences were identified as having mitigation functions without support by T-H
analysis:

(1) RCS depressurization by secondary side cooling for alternate core cooling using CS/RHR
pumps and heat exchangers, which is used for initiating events MLOCA, SLOCA, VSLOCA,
PLOCW and LOOP. (Core cooling)

(2) RCS depressurization by secondary side cooling for alternate containment cooling using
CS/RHR pumps and heat exchangers, which is used for initiating events MLOCA, SLOCA,
VSLOCA, PLOCW and LOOP. (Containment integrity)

(3) RHR operation following an isolation failure of a ruptured SG in SGTR event (Sequence #3
in DCD Figure 19.1-1 sheet 5 of 19)

(4) SGTR sequence with no safety injection following the isolation of the ruptured SG
(Sequence #20 in DCD Figure 19.1-1 sheet 5 of 19)

(5) RCS depressurization following a SGTR event with success of ruptured SG isolation (Event
Heading “DEP” in DCD Figure 19.1-1 sheet 5 of 19).

(6) SGTR sequences following failure of RHR operation with isolation failure of a ruptured SG
in SGTR event (Sequences #4, #5, and #7 in DCD Figure 19.1-1 sheet 5 of 19)

The T-H analyses results for the above six scenarios are provided as follows:

(1) RCS depressurization by secondary side cooling for alternate core cooling using CS/RHR
pumps and heat exchangers (Core cooling)

Originally, MHI performed T-H analyses assuming that four emergency feedwater (EFW)
pumps and four main steam depressurization valves (MSDVs) were available for RCS
depressurization via secondary side cooling to support alternate core cooling with CS/RHR
pumps and heat exchangers (See DCD Rev. 4 Table 19.1-15 No. 1.5). Based on
engineering judgment, the success criterion used in the PRA was three EFW pumps and
three MSDVs. MHI has now performed MAAP analyses that support the PRA success
criteria.
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Three T-H analyses were performed to investigate the capacity of alternate core cooling
using CS/RHR pumps and heat exchangers. Table 19.513-2 provides the system
conditions and the peak cladding temperature (PCT); Figure 19.513-2 shows the maximum
fuel cladding temperature as a function of time. The cases depict two break sizes.

Cases 1 and 2 differ only in the assumed time for the start of core cooling. For all cases, it
was determined that PCT is much less than 1400°F, which is the MAAP criterion for core
damage, and that three EFW pumps and three MSDVs are sufficient to prevent core
damage, thus affirming the DCD Table 19.1-16 success criteria of three EFW pumps and
three MSDVs for alternate core cooling using CS/RHR pumps.

The T-H analysis results do not affect the current PRA model. DCD Table 19.1-15 ltem
No. 1.5 will be revised, as shown in the attached markups.

(2) RCS depressurization by secondary side cooling for alternate containment cooling using
CS/RHR pumps and heat exchangers (Containment integrity)

MHI performed T-H analyses assuming four EFW pumps and four MSDVs were available
for RCS depressurization via secondary side cooling to support alternate containment
cooling with CS/RHR pumps and heat exchangers (See Table 19.1-15, Iltem No 2.3).
Based on engineering judgment, the success criterion used in the PRA was three EFW
pumps and three MSDVs. MHI has now performed MAAP analyses to demonstrate that
the success criterion used in the PRA does not result in exceeding the containment
ultimate pressure.

Two additional T-H analyses were conducted to investigate the alternate containment
cooling function using CS/RHR pumps. Table 19.513-3 provides the system conditions
and the maximum containment pressure; Figure 19.513-3 illustrates containment pressure
versus time. For both cases, containment pressure within 24 hours after the initiating
event did not exceed the containment design pressure (216 psia). Therefore, MHI
concludes that containment integrity could be maintained using one CS/RHR pump and
heat exchanger with three EFW pumps and three MSDVs.

The T-H analysis results do not impact the PRA model. DCD Table 19.1-15 Item No. 2.3
will be revised, as shown in attached markups.

(3) RHR operation following an isolation failure of a ruptured SG in SGTR event (Sequence #3
in DCD Figure 19.1-1 sheet 5 of 19)

This RAI response provides the MARVEL-M thermal-hydraulic analysis results to
demonstrate that Sequence #3 in DCD Figure 19.1-1 sheet 5 does not result in core
damage. Table 19.513-4 lists the PRA results presented in DCD Rev. 4 and MARVEL-M
analysis conditions; mitigating systems are essentially the same as those modeled in the
PRA, aside from the number of SGs and MSDVs assumed in the PRA. These differences
do not affect the PRA results because the heat removal capability in this case is not
dependent on the number of steam generators. The PRA success criteria will be updated
for consistency with the MARVEL-M analyses, as discussed below.

Table 19.513-5 and Figure 19.513-4 show the time sequence and time variation of typical
system behavior for these sequences, respectively. Approximately 75 minutes after the
initiating event, the RCS is depressurized sufficiently to permit RHR operation. But, the
RCS temperature still exceeds the RHR operation condition (i.e., greater than 350°F).

Operators manually open at least one SDV to reduce the RCS temperature, establishing
RHR operation at approximately 173 minutes. After that, long-term decay heat removal
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can be achieved by one CS/RHR pump and heat exchanger. As depicted in Figures
19.513-4 (2) and (3), the RCS temperature of each loop is below the saturation
temperature indicating that no boiling will occur in the RCS. Also note that, as shown in
Figure 19.513-4 (4), there is no SG overfill. After that, the RCS is depressurized to
atmospheric conditions by RHR operation in order to terminate the leakage via the
ruptured tube, maintaining RCS makeup using charging injection.

From the above, it is reasonable to assume that the aforementioned configuration is
sufficient to prevent core damage. The success criteria in the PRA will be updated to be
consistent with the MARVEL-M analysis conditions listed in Table 19.513-4. DCD Table
19.1-15 Item No. 3.5 will be added, as shown in attached markups. The model change
does not affect PRA results and PRA insights such as the dominant core damage
scenarios, importance measures, or uncertainty analyses results. This is because the
dominant cutset consists of a combination of human errors, considering their dependency,
rather than a combination of component failures.

(4) SGTR sequence with no safety injection following the isolation of the ruptured SG
(Sequence #20 in DCD Figure 19.1-1 sheet 5 of 19)

This RAI response provides the MARVEL-M thermal-hydraulic analysis results for
Sequence #20 in DCD Figure 19.1-1 sheet 5, based on analysis conditions in Table
19.513-6. Table 19.513-7 and Figure 19.513-5 show the time progression for this
scenario and time variation of typical parameters, respectively. In this scenario, the RCS
was depressurized using decay heat removal with two SGs available with flow from one
EFW pump, and no Sl pumps. As depressurization proceeds, the pressure difference
between the RCS and secondary side system gradually becomes less, resulting in a
decreasing leak rate through the ruptured SG tube to within the capability of the charging
system.

The result has no impact on success criteria used in the PRA. The result will be
incorporated into DCD Table 19.1-15, as Item No. 3.6, as shown in attached markups.

(5) RCS depressurization following a SGTR event with success of ruptured SG isolation (Event
Heading “DEP” in DCD Figure 19.1-1 sheet 5 of 19)

There are several methods to depressurize the RCS. The basis, including the T-H
analysis results, is provided in Tables 19.514-2 and 19.514-3 and Figure 19.514-3 of the
amended response to RAI 750-5675 Question 19-514.

(6) SGTR sequence followed by failure of RHR operation with isolation failure of a ruptured SG
(Sequences #4, #5, and #7 in DCD Figure 19.1-1 sheet 5 of 19)

Cooling and recirculation scenarios (Sequences #4, #5, and #7) will be eliminated because
failure of RHR operation (top event “CRA”) following a failure to isolate the ruptured SG
(top event “SGI”) would directly lead to core damage. The model change does not have a
significant effect on the PRA results and PRA insights such as the dominant core damage
scenarios, importance measures, or uncertainty analyses results. This is because the
frequency of core damage scenarios with failure of RHR operation following an isolation
failure of a ruptured SG is on the order of 10°/RY, which is three orders of magnitude lower
than the total CDF. Figure 19.513-6 illustrates the elimination of the cooling and
recirculation scenarios.
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Table 19.513-8 summarizes the basis of the success criteria and the relevant sequence number
of event trees in DCD Figure 19.1-1 for events other than SGTR and Figure 19.513-6 for SGTR
event. All of the success sequences (i.e., those not resulting in core damage) are supported
by T-H analysis provided in DCD Table 19.1-15 (after inclusion of the DCD markups shown in
this response).

In addition to the operator actions mentioned above, there are some typographical errors in the
loss of offsite power (LOOP) event tree (DCD Rev. 4 Figure 19.1-1 Sheets 13, 14 and 16) and
the tree will be revised as depicted in Figure 19.513-7. However, these changes do not affect
the calculated CDF because the PRA assumes a probability of 1.0 for RCP seal LOCA. Also,
Table 19.1-15 will be corrected to replace “MSRV” used in DCD Rev. 4 with “MSDV”, where
appropriate.
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Table 19.513-1 MAAP Analysis Conditions for Alternate Containment Cooling

Case 1 2

Initiating Event LOCA with 8 inch break size
High Head Injection 4/4
Alternate Core Injection 0/4
Accumulators 4/4
Containment Spray 0/4
Heat Exchanger 4/4
Emergency Feedwater 4/4
SG Secondary Side Cooling 0/4

RCS Depressurization Disabled
Containment Fan Cooler Units 2/4 1/4
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Table 19.513-2 Analysis Conditions and Typical Results for RCS Depressurization by

Secondary Side Cooling (Alternate Core Cooling)

(for containment spray)

Case 1 Case 2 Case 3
Initiating Event Hot :;ergeaSkinch Hot l;er%:kinch Hot Eg:kinch
Number of SI Pumps 0 0 0
Number of Accumulators 4 4 4
Number of EFW Pumps 3 3 3
Number of CS/RHR Pumps 0 0 0

Alternate core

Alternate core

Alternate core

cooling by 1 cooling by 1 cooling by 1
Other Measures CS/RHR pump | CS/RHR pump | CS/RHR pump
and and and

3 MSDVs 3 MSDVs 3 MSDVs
at 10min at 30min at 30min

Computer Code MAAP 4.0.6 MAAP 4.0.6 MAAP 4.0.6

ang Results PCT = 643°F PCT = 643°F PCT = 639°F
<1400°F <1400°F <1400°F
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Table 19.513-3 Analysis Conditions and Typical Results for RCS Depressurization by

Secondary Side Cooling (Alternate Containment Heat Removal)

Case 1

Case 2

Initiating Event

Hot leg 8 inch break

Hot leg 2 inch break

(for containment spray)

Number of SI Pumps 4 4
Number of Accumulators 4 4
Number of EFW Pumps 3 3

Number of CS/RHR Pumps 0 0

Other Measures

Alternate containment
heat removal by 1
CS/RHR pump and

Alternate containment
heat removal by 1
CS/RHR pump and

and Results

approximately 40 psia
<216 psia \°*

3 MSDVs 3 MSDVs
at 30min at 30min
MAAP 4.0.6 MAAP 4.0.6
Maximum containment | Maximum containment
Computer Code . i
pressure is pressure is

approximately 50 psia
< 216 psia "

Note: Containment ultimate pressure = 216 psia
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Table 19.513-4 Analysis Conditions for SGTR Event
(DCD Figure 19.1-1, Sheet 5, Sequence #3)

Condition

PRA Note1

MARVEL-M Analysis

Ruptured Loop

A-Loop with 0.66 inch diameter break

ECCS

18

| Pump

Heat Removal via SGs

2 EFW Pumps to 2 SGs
or

1 EFW Pump to 2 SGs

with tie-line valves open

1 EFW Pump to 3 SGs
with tie-line valves open No'¢ 2

RCS Depressurization by
Secondary Side Cooling

1 EFW Pump to 1 SG with 1
MSDV

1 EFW Pump to 3SGs with 3
MSDVS Note 2

RCS Depressurization by
SDV

1

SDV

Injection Control

Stop Running S| Pump

and

Start 1 Charging pump

RHR Operation

1 CS/RHR Pump and 1 CS/RHR Hx

Faulted Loop

A-Loop with stuck open of MSRV

Note

1: This is the success criteria used in the PRA results presented in DCD Rev.4. The success
criteria in the PRA, MUAP-07030, will be updated to be consistent with the condition used in
MARVEL-M analysis when MUAP-07030 is updated.
2: A-SG is unavailable due to initiating event.
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Table 19.513-5 Time Following SGTR Event (with Isolation Failure of “A” Ruptured SG)

Event Time (min.)
SG tube rupture 0
Reactor Trip 10.0
Main Feedwater Isolation 10.0
EFW Actuation (3 EFW pumps) 12.3
Ruptured Loop-A SG Isolation N’ 20.0
EFW Isolation of Ruptured Loop-A SG Nt 2 N/A
3 MSDVs Open (RCS Depressurization) 25.0
ECCS Actuation (1 SI pump) V€2 26.8
RCS Depressurization by SDV 44.9
(to restore Pressurizer Water Level) )
ECCS Termination and Charging Flow Restore 65.7
RCS Depressurization by SDV 70.7
(to reach RHR Condition) '
RHR Operation No*¢4 172.5
Note
1. MSIV on a ruptured loop is closed. Then, MSRV remains stuck open.
2. EFW pump is assumed not to supply EFW to a ruptured SG.
3. Sl pump is automatically actuated by low pressurizer pressure.
4. RHR operation is implemented when RCS pressure and temperature is below 400 psig

and 350 °F, respectively.
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Table 19.513-6 Analysis Conditions
(No Core Injection, DCD Figure 19.1-1, Sheet 5, Sequence 20)

Condition MARVEL-M Analysis
Ruptured Loop A-Loop with 0.66 inch diameter break
ECCS No S| Pump
1 EFW Pump to 2 SGs " ?with
Heat Removal via SGs "¢ tie-line open
and no MSDVs

Note
1: This condition is based on success criteria for this sequence
2: This evaluation assumes that only C-EFW pump supplies EFW to C and D-SGs.

Table 19.513-7 Time Sequences Followed by SGTR Event (No Core Injection)

Event Time (min.)
SG tube rupture 0
Reactor Trip 10.0
Main Feedwater Isolation 10.0
EFW Actuation (1 EFW pump to 2 SGs) N 12.3
Ruptured Loop-A SG Isolation N*¢? 20.0
ECCS Actuation "® N/A

Note

1. A-loop is the ruptured loop. B SG is assumed to be unavailable. C and D SGs are
supplied EFW by one available EFW pump.

2. Operators manually close MSIV of the ruptured loop.

3. ECCS actuation signal is initiated at 21.7 min, but no SI pump is running.

19-513-17



3000

—RCS

2500 | — Ruptured SG
. — Intact SG
©
@ 2000
2
L 1500 |
>
% e e
® 1000
g -]

500
0
0 50 100 150 200 250 300
Time [min]
(1) Pressure of RCS, Ruptured (A-Loop) and Intact (C-Loop) Loops

700
_ — Saturation
°,_,|__. — Hot Leg
o — Cold Leg
2
o
8
£ 600 |
[}
|_
o L
S -
-
<

500

0 50 100 150 200 250 300

Time [min]

(2) Saturation Temperature, Hot Leg and Cold Leg Temperature on Ruptured Loop

Figure 19.513-5 Analysis Results of Sequence with No Core Injection Function
(Sheet 1 of 2)

19-513-18



700

C-Loop Temperature [F ]

— Saturation
—Hot Leg
—Cold Leg
600
A
-
500
0 50 100 150 200 250 300

Time [min]

(3) Saturation Temperature, Hot Leg and Cold Leg Temperature on Intact Loop

10000

8000  SG Secondary Volume (7220ft)

6000 |
4000 r

2000 |

Ruptured SG Volume [ft 3]

0 50 100 150 200 250 300
Time [min]

(4) A Ruptured SG Water Volume

Figure 19.513-5 Analysis Results of Sequence with No Core Injection Function
(Sheet 2 of 2)

19-513-19



n O (@]
o O] [ONOCNONO] | 200 [ONO)
o n »
g %)
w!DKDDDQXXQKQQQKDDE
gOOOOOOOOOOOOOOOOO
o <
-t worn0 2 d¥R2FILROER
Buljooo| 2
JuswureIu0o Bjeus)y| &

(lerowsal yeaH) YHY/SO

CXD

(Aeuds|
JUBWIUIBIUOD) HYHY/SD

CSA

aAl_A
uoljezunssaidap Ajejeg|

BLA1

(uonesado
HHY) "HY/SO)

RA

|013U09 UoIoafu|

HT

QS Aq
uolnjezunssaidap SOY

PZR

Buijooo
apis Alepuooas Aq
uoljiezunssaidep SOY

SRB

abees| ajeulws)
0} uopeiznssaidap SOY

DEP

9S painydni jo uolje|os|

SGl

SHS BIA [BAOWAI JesH

EFC

wo)sAs
uonoaful peay ybiH

HIC

duy Jojoeay

RTA

ainydny
aqgn] Jojessuss) wesls

SGTR

Figure 19.513-6 Revised SGTR Event Tree

19-513-20



pawnsse s| wajsAs uonebiiw sy} ‘YOO Yealq adid abie| 104 ‘apow (Aeids Juswuiejuo)) HYHH/SO wouy apow (Buljood 8109 ajeusslly) YHH/SD 03 dn-aul abueyd oy uonoe Joyesado palinbay :(Z) 8joN
‘a|qe|leAe s| saul| [AQ ElIA uoioslul peay ybiy pue ‘s|gejieAeun S| aul] Uaxoiq 8y} BIA Uojoa(ul J0je|nwinody YOO Yealq adid abie| Joy pawnsse s yealq adid 6] pjoo SOy (1) 810N

1¢-€16-61

"abewep 8100 alojaq ejesado 0} swi) ybnous Jou si 818y} 8SNEDS( B|ge|ieA_UN 8] 0}

‘(lerowal yeaH) YHY/SD pue (Buljood 8100 ajeula)ly) YHY/SD Jo) uonoe Jojesado wiopad 0} awi) JUSIOINSUl 0} dNP Pa}IPalId
jou s (Buljooo 2102 BjeUIs}Y) YHY/SD @Snedaq si siy] "0Jez s| Aouanbaly 8y} pue YOO Yealq obJe| JO 981} JUSAS BU) Ul POSSIPPE S| OLIBUSIS SS829NS SIY |
ve#
- XH pue dwnd YHY/SO ¥/l - duind - SO0V €/Z | BueDssaoong
HHY/SO Y/l o
“(lenowal yeaH) YHY/SD pue (Buijood 8100 8jeula)ly) YHY/SD 104 uonoe Jojyelado wiopad 0} awi) JUsIdINSUl 0} aNp Paypaid
10U si (Bulj0od 8102 B)eUIBYY) YHY/SD @Snedaq si sy 0Jaz s| Aouanbaiy ayy pue YOO Yealq abie| Jo 981} JUBAS BU} Ul PaSSaIPPE S| OLIBUSDS SS829NS SIY |
Gett
Bl wswIIe00 b7z - - duind - SO0V €12 SUOWO
: $S900N
puE MO Z/L HHY/SO v/l S
‘(lenowal yeaH) YHY/SD pue (Buljood 8109 ajeula)ly) YHY/SD 40} uonoe Jojesado wiopad 0} awi) JUIOINSUl O} dNp Pa}IPalId
jou s (Bulj0od 2102 B)jeUIS}Y) YHY/SD @Snedaq si siy] "0Jaz s| Aouanbaiy 8y} pue YOO Yealq obJe| JO 981} JUSAS BU) Ul POSSIPPE S| OLIBUSDS SS809NS SIY |
o - - XH pue dwind YHY/SO ¥/l duind - SO0V €/2 UMD
HHY/SO v/L 900N
‘(lenowal yeaH) YHY/SDO pue (Buljood 8102 ajeuldly) YHH/SD 104 uonoe Joyesado wiopad 0} awiy JUsIDINSUl 0} NP Paypald
jou st (Bulj0o2 2102 BjeulsllY) YHY/SD @Snedaq si sy "0Jaz s| Aouanbauy sy} pue YOO Yealq abJe| Jo 981} JUSAS BU} Ul POSSAIPPE S| OLIBUSIS SS829NS SIY |
v ela)l
- XH pue dwnd YHY/SO ¥/ - - sdiS ¥/z SO0V €12 LoD
$S900Ng
. _ R R oo oo Sl-L'6l ®iqel
L ¥'Z 'ON L'l 'ON L'L 'ON ul siseg
”mn S}lUN J3|002 uey euewo
cH# JuswiUI_luOD §/Z - - - sdIS ¥/2 SO0V €/2 sse0ong
pue MDD 2/L
_ _ o R - - Sl-L'6l @qel
L' 'ON 1’} 'ON L'l 'ON ur siseg
L#
- - XH pue dwind YHY/SO ¥/l - sdis ¥z SO0V €/2 UMD
0] 0] $$900Ng
1-1'61 1 (lerowau ( ( (Bul00d
|eAowal JeaH) YHY/SD pue wiaysAs uonoalul wa)shs
ainbi4 aog juswWuUIBUOD 1E9H) HHY/SO pue , (Buljood Keids 1UBLILIBILO 2102 9)jeuIa)Yy) 25U UBI LOlEINUNOD
10 991} JUAAD sjeussyy 2100 8jeUIBlY) ¥HY/SD ( } [eJu0D) YHY/SO HHY/SO peay ybiH 1e| "
ur Jaquinu
@ouanbag uoIoUN} [EAOWSI JBBY JUSWIUIBIUOD g [BAOWAI Jeay Aeda( uonouny uoposful 8109

BLIBJID SSB29NS JUSAT (Saydul 8 <) YOO yeaig adid abie
(52 30 | 199YS) eLIBIID SSBIING 10} Y21edg d1jewd)sAg Jo s)nsay  8-£15°61 dlqeL




¢ecels6l

'a|ge|leA_UN S| SUI| USY0IJ 8U} BIA UoH0a[ul Jojye|nwnooe pue Buljood 8100 ajeula)|y "uonds(ul Jojeinwnooe pue Buljood 8100 sjeuls)je 1o} pawnsse s| yealq adid Ba| pjoo SOy :(g) 210N
‘apouwl (Aeids Juswuieiuo)) YHH/SO wouy apow (buljood 8109 ajeusdlly) YHH/SD 03 dn-aul| abueyd 0y uoijoe Jojesado pasinbay :(z) 810N
'a|ge|leA_UN S| BUl| UdX 0. 8y} eIA uonoalul peay YbiH ‘waysAs uonoslul peay ybiy Joy pawnsse s| yealq adid |AQ (1) 810N

R €C ON . €C ON S'L ON R Z'L 'ON Sl-L'6l ®lqeL
‘T’Z ON ‘G'L 'ON ‘¥l 'ON I’} 'ON ui siseq
62# pauado
- ) - SAQSI ¥/€pue sdwnd dwnd ¥HY/SO €/1 - SOOV €/ | BUBOSS800NS
dwnd (e) (e) S
XH pug AUNG dHY/SO €/} M43 /€ PUE SOS /e
. R R - S'L ON _ Z'} 'ON Sl-L'6l dlqeL
veoN §LoN 'L "ON 4L ON ur siseg
NN«MM S}IUN 49002 Uey pauado SAASIN ¥/€ eoo
JUsWIUIBUOD /g - - pue sdwnd M43 /€ (o dwnd YHY/SO €/1 - (£ SOOV €12 $8900Ng
pue dMOD /L pue s9S /¢
R R o oo S'L ON _ Z'L 'ON Sl-L'6L 8lqeL
beoN SN V') "ON I "ON u siseg
oz# pauado SAQSIN v/€
) ) () XH pue dwnd } euall)
pue sdwnd M43 /€ ( dwnd ¥YHY/SO €/1 SO0V €12
$5900N
HHY/SO v/l pue S9S b/e S
R €C ON . €7 ON _ Z'L 'ON Z'L 'ON Sl-L'6L ®lqeL
‘T’Z ON I’} 'ON I’} 'ON ui siseq
- o cmcomo mwow_\,_ vIe eLalI)
- 7 - pue sdwnd )43 ¥/€ - wmdIS /L (¢ SOJV €/2 ‘a0
XH pue dwnd YHH/SO €/1 pUE SOS b/e v € $5900NS
e Z'L 'ON Z'L ON Sl-L'6l ®lqeL
o - - - ¢ . ¢ .
6# Ve oOoN L'l 'ON L'l 'ON ui siseq
L S}IUN 49002 Uey
G# euaj)
zi juswiuleluod /g - - - - wmdIS €/l () SO0V €/2 $5900Ng
pue dMOD /L
R R L'z ON _ cl ..oz [ ..oz Sl-L'6l dlqel
1L 'ON 1"l 'ON ul siseg
L4 ) ) xH pue dwnd ) B s euaI)
HHY/SO /L wmdIS /L () SO0V €/2 $8900Ng
(lenowsau
-1’61 Buijooo (Ierowa jeaH) 189H) ¥HY/SO Buijoo9 apis Alepuooes (o (Butooo waysAs uonosful woysAs
anbi4 aoa juswureiucd HHY/SD PUE ) (Buijood pue (Aeids Aq uoneziunsseidep SOY 2100 EMEE_/.\V HHY/SD pesy ybiH 10)B|NWN20Y
JO 9391} JUBAD sleuss)y 8100 SjeuIs)|Y) YHY/SD juswuiejuo)) T '
ul Jeaquinu HHY/SO
@ouanbag

uonouUNy [BAOWAI JE8Y JUSWIUIBIUOD % [eAOWal Jeay Aeoaq

uonouny uoposful 8109

BLI9}ID SS999NG JUBAT (SBYdUl § - Z) YOO Yeag adid wnipap
(52 30 Z 199YS) eLIBIID SSBIING 10} Y21edg d1jewd)sAg Jo s)nsay  8-£15°61 dlqeL




€¢-€1G-61

20 -1’61 9|qe
- EL o - - £Z ON 1’ ON - €1 ON - stpueyuoaoa | Y GOt
pauado saAjen
pauado a:wxh_u_-wz pue SpoJ |0J}U0D
v SAQSW p/g M33 v/ 69/99 PUE SVA L/l
XH pue dwnd pue sOs /2 =IE1Te)
; “uH/so b1 ; ; pue ¥O ; wdIS €/ ; g0 ssa00ng
sdwnd p\43 p/g sdwnd SpOoJ |0J}U0D
ue s ue s
pue s9s /¢ M43 b/z 69/99 pue SSdY ¥/¢
pue s9s /2
-1’61 9|qe
72 ON - - - - 1’ ON - €1 ON - sipueyupaoa | QL SHEL
pauado sanjeA
MM spun ahxu-\m,\_mn_ﬂ_w\r SPOJ [0J}U0D
o 19]009 UEy ] ] ] ] DUE $9S $/2 ) ) 69/99 pue sva /1 eUOID
74 JUBWIUIBJUOD Ho wdIS €/l d0 $$900Ng
y/Z pue sdwnd SPOJ |0J}U0D
es
dMOD 2/1L M43 b1z 69/99 pue sSdy ¥/¢
pue s9s /g
R B - B B - B o - _ . Sl-1'61 @qeL
1'C 'ON L’€ 'ON €1 ON Sl pue +'yd aod ul siseg
pauado saAjen
a:wxﬁ_u_-\w,\_,uu_vm._‘_w: SPOJ |0JU0D
\# xH pue dwnd pue s9S /g 69/99 pue Sva L/L eusiI)
- - - - - diS €/L - (e}
HHY/SO v/L Qmo . W $pO) |04UCO $5900Ng
sdwn
ue s
M43 p/z 69/99 pue SSdY ¥/
pue s9s /¢
(lenowsau (lenowsau 6
L-1'61 6 ulj002 apIS (2 (BUIj00D "
6 u1j00o 1e9H) ¥HY/SO | ¥edH) "HY/SO SAleA A1epuooss Aq sOS eI 2100 weyshs wosAs
ainbi4 juswiulejuoo pue ., (Buijooo pue (Aeids uonezunssaidep d : uonoalul () du3 Jojoeay
ana jo ooy 6100 MEWeIY) JUBWILIENIOD) foses uonezinssaldep | |eAowal jeaH | ojeulsyy) peay UBIH 10}B|NWN22Y
y SOd HHY/SO ’
wa%mwm HHY/SO HHY/SO
w.ocw:cwm uonouny uonouny

|eAOWal Jeay JUSWIUIBIUOD @ [eAOWSI Jeay Aedaq

uonouny uoposful 810D

umopiNys Joyeay

BLIS}LID SS999NS JUSAT (SaYdUI Z - 2/L) VDO Yealg adid [lews

(SZ 40 € 393YS) eLIBID SSIING 10} YDIeag DHEWI)SAS JO SHNSAY  8-€15°61 dIqeL




¥2-€1G-61

. . G'L ON .
i €'Z ON i B €7 ON - . 3 2. . Gl-1'61 9|deL
s oN ‘o] oN L'€ 'ON G'L ON m ﬂ Mn Gl pue ¥’y aoa Ul siseq
pauado
oz psuado aAleA Bull-al} SpOJ [0J}U0D
XH pue dwnd SAQSW v/€ pue dwnd m43 o duwnd 69/99 PuE SYQ |/1 BusIIO
- - - pue v/l pue sOS /z - (£ 00V ¥/l tle}
YHY/SO /L sdwnd M43 bie 40 HHY/SO v/l SpoJ o1UOD sse00ng
puUe $OS /g sdwnd M43 69/99 PUE SSAY ¥/Z
vz Pue $OS Iz
SHON SL-1'61 elqeL
bz oN i i ) 'L ON L's 'ON Gl "ON - Z'L ON Gl pue ¥y aoa I S5
1 0N I siseq
pauado
€cH# sjyun pauado AAJeA aull-a1} SpOoJ [0J3U0D
‘el 19]00 e} SAQSW v/€ pue dwnd pm43 69/99 Pue SYA L/}
JusWIUIEIU0D - - - pue 7/L PUE SOS ¥/ i duind - © 00V Y/} ) o
b/z pue sdwnd M43 v/ ¥0 HHY/SO v/l SPOI |01U0D s
dMOD Z/L pue s9S /g sdwnd p43 69/99 Pue SSAY ¥/Z
/2 PUe SOS Iz
S+ON SL-1'61 elqeL
- 1'Z "ON - 'L "ON L'€ "ON 'L 'ON - Z'L ON Gl pue ¥y aoa Ul siseq
‘L) ON o
pauado
LI pauado aAleA BUll-al) SpOJ |0J}U0d
HHY/SO v/L sdwnd Md3 p/e 4O HHY/SO Vi1 © SpOJ |0/U0D $5900NS
pue sOS /¢ sdwnd m43 69/99 pue sSdy /¢
vz PUe SOS Iz
. (lenowau (|lerowau BuI00o oIS
4 r%r Buljood 1eeH) YHY/SO | ¥eeH) ¥HY/SO anen Arepucoss Aq sos (z (Bull00d wisyshs weyshs
ainbi4 JusWIUIEUOD | pue , (BuIjo0D pue (Aeids uopezunssaidep | - " e | ein erowa) 166 2100 9)BUIA)Y) uogoafur | () A1y Jojyoeey
aod o sjewelly | e100 Sjeussly) | JUSWUIBIUOD) Aioes nez P el 159H HHY/SO peay ybiy | ‘4! v
39} Juana UH/SO HHY/SO Sod
ul Jequinu
aouanbag uonouny uonouny

|[eAOWa] Jeay JUSWUIBIUOD 3 [eAowal jeay Aeoaq

uonouny uopoalul 810D

UMOpINYS J0joeaYy

BLIS}LID SS999NS JUSAT (SaYdUI Z - 2/L) VDO Yealg adid [lews
(SZ 30 ¥ 393YS) BLIBJID SSIING 10} YDIedS DEW)SAS JO SHNSAY  8-€15°61 dIqeL




GC-€1G-61

(L1161 @oUBIBjRY) G J3deyD Hoday BOIUYDD ] Vi d O} JojY (1) ®10N

191em paj|ids | &

Jo asnedaq a|qe|ieAe s| adid Ba| pjoo SOY EIA Uooa(ul Joye|nwnooe pue Buljood 8102 8jeuls)je ‘uofjoaful Jojeinwnode pue Buljood 8109 ajeuls)e o) pawnsse s yealq adid 63| pjod SOY H UsAT () 810N
‘apow (Aeids Juswuieuon) YHH/SD wouy dpow (Buljood 8109 ayeusdlly) YHH/SD o3 dn-aul abueyd o} uoioe Jojelado palinbay :(g) 810N
‘a|ge|leAeuN S| aul| UdX0.g 8y} eIA uonoalul peay ybiH uonosful peay ybiy 1oy pawnsse s| yeaiq adid |AQ (1) 810N

- R ¥'€ 'ON _ R R '€ 'ON R . Sl-1'6l 8lqeL
¥'C 'ON ‘e'¢ "ON ‘¢ "ON Sl pue v'yD Aaod ul siseq
Lv# sjun SpoJ [0J}U0D
‘6EH# 18]000 uey 69/99 pue Sva L/1L eusIID
juswiurejuod - - AAS Z/L - - - wdIS €/L - <[] $590Ng
p/z pue SpoJ [0J}u0D
dMOD /1L 69/99 pue sSdY ¥/2
R R - ¥'€ 'ON _ R R '€ 'ON R . Sl-1'6l 8lqeL
1'C 'ON ‘"¢ "ON ‘"¢ "ON Sl pue +'yD Adod ul siseg
SpoJ [0J3u0d
8e# 69/99 PUE SYQ L/}
XH pue duind AGS Z/b dis e/l Vo) SHIMO
- R - R R o R
HHY/SO /1L b SpOI [04UOD $$900Ng
69/99 pue ssdy ¥/2
(|lerowau (lenowsau
k-l 6L Buljo0d 188H) YHY/SO | 1e8H) ¥HY/SO anjen bul009 apis @ BUI000 | wershs
ainbig : Aiepuooss Aq sOS aloo woisAs
: juswiuIejuUOD pue ., (Buljooo pue (Aeuds uonezunssaldap uonoalul () du3 Jojoeay
ana jo uonezunssaidep | el jerowal JesH | 8leulsly) 101e|NWNO0Y v
ajeula)y 9109 9)jeuldly) juswuleyu0)) Ajojes peay ybiH
9al) JUaAd HHY/SO HHY/SO SO HHY/SO
ul Jlaquinu
aouanbag uopouny uonouny oDl 8100 uopouny
JeAowWwal Jeay JusWIUIRIUOD 3 [BAOWSI Jeay AedaQg umopinys Jojoeay

BLIS}LID SS999NS JUSAT (SaYdUI Z - 2/L) VDO Yealg adid [lews

(SZ 30 6 393YS) BLIBID SSIING 10} YDIeag DPEW)SAS JO SHNSAY  8-€15°61 dIqeL




9¢-€15-61

Sl 'ON -
2 0N - - - G’} ON 1€ ON g’} ON - ZLoN | sipueyuoaoa | MY GOHEE
L'} 'ON T
pauado
SlL# syun pauado aAleA BUIl-aN) SpoJ [0J}U0D
‘G# 18]000 uey SAASIN Y/ pue dwnd (43 dwnd 69/99 pue Sva L/L eusIID
juswiuIejuod - - - pue Y/l pue sOS /¢ - OOV ¥/l (6] i
p/z pue sdwnd M43 /€ }Te) HHY/SO v/k SpoJ [0J}U0D $8899NS
dMOD 2/1L pue s9S /¢ sdwnd M43 69/99 pPue sSdY /2
¥/ Pue s9S /¢
S'L ON .
- a|qe
- - 1'C 'ON - S'L 'ON 1'€ 'ON S'L 'ON - ‘T’ 'ON Sl pue +'yd Adod sk h_ M_mem L
IL oN 1Sl
pauado
ci pauado aAl_A BUIl-al) SpoJ [0J}U0D
- - XH pue duind - e e w\_ﬂmhwﬂwm@mw duind - v | e UM
HHY/SO v/L sdwnd M43 /s ¥o HHY/SO /L SpoJ [01U0D §8820Ng
pue s9S /¢ sdwnd p43 69/99 pue SSdY ¥/
¥/ pue s9S /¢
Y'LTYeE6
09 -1’61 9|qe.
- - - - - L'g 'ON - s aod - sipuepyogoa | SHh m_wmm L
€'l 'ON
pauado
N_M SAleA Bull-al) SpoJ [0J3u0d
pue dwnd p43 dHO 2/ 69/99 pue sva L/1L euBIID
- - - - - ¥/l pue s9S /¢ - <[e} - <[e} wm.mom:m
40 dIS v/l SpOJ |03u00
sdwnd M43 69/99 PUe SSdY ¥/2
¥/ pue s9S /¢
L6l Bulj00o awﬁf_w\mmmwmo «mom_%mmm“@ anen Buljooo apis o (Bulood | oags
ainbi4 . A1repuooss Aq sSOS al0o woisAs
: juswiuIelUOD pue , (Buijooo pue (Aeids uonjezunssaidap uonoaful du Joyoeay
ana jo 0] uonezunssaidap | eIA [eArowal JesH | 8leulsyy) 101e|NWNO0Y @
ajeula)y 9109 9)jeuldly) JUBWUIE)UOD) Ajajes peay ybiH
9al) JUaAd HHY/SO HHY/SO SO dHY/SO
ul Jlaquinu
aouanbag uopouny uopouny

|eAOWa] JeaY JUSWIUIBIUOD @ [eAOWal Jeay Aedaq

uonouny uoposful 810D

umopiNys Joyeay

eLIBJLI) SS8IING JUBAT (Saydul Z/| >) YOO Yeaig adid jlews Aiap
(52 40 9 199Yg) BLIBID SSBIING 10} YDIeds dljewd)shs Jo synsay  8-€15'61 dlgel




L2-€15-6L

(Lt-1°61 @ouaIBjRY) G J93deyD Hoday BOIUYDD ] Vi d 0} J8jeY (Z) ©10N
‘apouw (Aeids Juawuiejuo)) HYHH/SD wouy apow (Buljood 8109 ajeusdly) YHH/SD 03 dn-aull abueyd 0y uoioe Jojesado alinbay (1) 810N

o _ _ '€ ON _ _ _ ¥'€ 'ON _ . Gl-1'6l @lqeL
¥'Z ON o6 ‘ON 6 0N SLPue 40 @0Q Ul siseg
,mm# spun SPOJ [0J}U0D
Ve 18|00 uey 69/99 PUE SYA L/ euoD
JuswuIe}U0D - - AGS T/l - - - diS v/L - ¥0 s5000NS
/Z pue SpOJ [04}U0D
dMOD ¢/1L 69/99 PUB SSdY v/¢
_ _ - '€ ON _ _ _ '€ 'ON _ . Gl-1'61 @19eL
L2 ON o6 ‘ON 6 ‘0N SL Pue $'40 @oa fpea
ocH SpOJ |0J3U0D
- - XH pue dund AGS 2L - - - dis /1 - v o
HHY/SO v/ $p0J [O11UOD $S900Ng
69/99 PuUe SSdY /¢
- geon - - geN 1€ "ON gL "ON - TioN | sipueyuogoq | vLELOEL
‘T’Z ON ‘Gl 'ON ‘1] “ON ul siseg
pauado
Z14 pauado SABA BUII-O1} SpPOJ [04}U0D
X pue dwnd SAQSW ¥/ | pue dund M43 dwnd 69/99 PUE SYQ L/} euelIy
- - - pue ¥/l pue s9S /¢ - o0V ¥/l d0 {0
HHY/SO /b sdwnd M43 b/ 4o HHY/SO /b SpoJ J0NUOD sseoong
pue sOS p/¢ sdwnd M43 69/99 Pue ssdy /g
Y/C PUe SOS ¥/¢
L6 (lerowas (lerowaus BUI00D BpIS () (Burjooo
6 Buijooo 1eoH) YHY/SD | ¥edH) YHY/SO anjen Kiepuooss Aq $9S Y 5100 wayshs woyshs
e.nbi4 Juswureuoo | pue ,, (Buijood pue (Aeids | uonezunssaidep p uonoaful (o A Jojoeay
ana jo foie uonezunssaidap | eIA [eArowal JesH | 8leulsyy) 2oU UB! 10}e|NWNJOY
061] JUBAS djeusd|y 2100 SjeuIsyly) jJuswuIEu0)) 19jes soM HHY/SO peay ybiH
ul Jequinu HHY/SO HHY/SO
souanbeag uoouny uonouny

|eAOWal Jeay JUSWIUIBIUOD @ [eAOWal Jeay Aedaq

uonouny uonosful 8109

UMOPINYS J0joBDY

eLIBJLI) SS8IING JUBAT (Saydul Z/| >) YOO Yeaig adid jlews Aiap
(52 J0 L 199Yg) BLI9ID SS8IING 10} YDIeds dljewd)shs Jo synsay  8-€15'61 dlgel




8¢-€1G-61

LL#

¥'¢ ON

'€ 'ON
‘€€ ON

'€ ON
‘€€ ON

Gl pue
#'40 ddd

spun
18]000 uey
JUSWIUIBIUOD
¥/ pue
SdMOD ¢/L

NS ¢/L

dis ¥/1

spol
|0}U0d 69/99
pue sva /L

40

spol
|01}U02 69/99
pue ssdy v/¢

pajie4

papa9oong

Gl-1'61 dlqel
ul siseg

BUILIO
$S920Ng

8#

1'C ON

'€ 'ON
‘€’€ 'ON

'€ 'ON
‘€€ 'ON

Gl pue
¥'40 ddd

xH pue dwnd
HHY/SO v/

AAS ¢/

dIS v/l

spo.
[01}U02 69/99
pue sva /i

d0

spol
[013U0d 69/99
pue ssdy v/¢

pajie4

papa2oong

Gl-1'61 alqeL
ul siseg

eusly
$s800Ng

o3

(e

16’61 @InBi pue G-£1G'61 d|qel 99S) G'€ 'ON

Gl pue
¥'40 ddd

XH pue dwnd
HHY/SO v/

pauado
SaA|eA aull-al}
pue dwnd pA43
¥/l pue s9S ¢/
40
sdwnd pz43

€/C Pue s9s €/

10J3U00 uonoalul pue
dwnd Buibieyo g/|
aNv
AdS 2/
aNv
AdSIN
€/l pue 9s ¢/1L

dIS v/l

spol
|013U0d 69/99
pue sva /i

d0

spo.
|013U0d 69/99
pue ssdd v/¢

papasdong

pajied

Gl-1'61 alqeL
ul siseg

eusIlID
§S920NS

L#

1'€ 'ON

(n 8°€ ON
', "ON

€1 'ON

Gl pue
¥'40 add

pauado
SAAeA aull-al}
pue dwnd pp43
¥/l pue s9S ¢/
40
sdwnd p\43
€/C PUe s9S ¢€/¢

IS
JO uoneulwIs |
anv
suoloe
paJinbai /1

dis v/L

spol
[043U0d 69/99
pue sva /L

40

spol
[01}U02 69/99
PUe SSdY /¢

pepesoong

pepesoong

Gl-1'61 dlqeL
ul siseg

SIS
$S900Ng

asuodsal
VY sy} jo
9-€19'61

ainbi4 jo

938} JuUaAd
ur Jaquinu
aouanbag

Buijooo
JUBWIUIEJUOD
ajeulayy

(lerowau
1esH)
HHY/SO pue
(z (uonesado
HHY)
HHY/SO

(lenowsau
jesH)
HHY/SO
pue (Aeuds
Juswuieyuo))
HHY/SO

SOS BIA
|eAowal JeaH

(¢) WoISAS
Aepuooss
pue
SOy usamiaq
ainssaud jo
uonezienby

|0J3U0d
uonoafur pue AQS
Aq uonezunssaidep
SOy pue buljood
apis Alepuooss
Aq uonezunssaidap
Sod

OAleA
uolnjezunssaidap
Kejes

woalsAs
uonoalul
peay ybiH

duy Jojoeay

SOS BIA
|eAowal
jesH

w9S
patnydni
10 uole|os|

uonoUN} [EAOWSI JE8Y JUSLIUIBIUOD ¥ [BAOWAI Jeay Aeda(

uonpuoy

uonouny uoposlul 810D

uonouny
umopinys
Jo)oeay

uonIpuoy

(SZ 40 8 393YS) BLIBID SSIING 10} YDIedS DPEWI)SAS JO SHNSAY  8-€15°61 dIdeL

BLIBJID SS999NG JUdAT ainjdny 8gn] I0JeIdaudn) Wes)s




62-€1G-61

"$1G-61 UOHSBND G/9G-0G/ VY O} @suodsas papuswe sy Ul g-#1.G'6L 8nBi4 pue ¢-¢1G'61 PUB Z-¥1LG 61 SOIGEL 89S (1) 910N
sdwind juejooo Jojoeal Buiuels-as Aq Aeids Jazunssald ajen)oy -

JUSPIOOE BI9ASS IO} SOAJBA uolezunssaldep z/z uadQ -
Aeuds Aseljixne Jazunssaid ajenjoy -

AQS 2/} uedQ -

‘suoloe Jnoj Buimoj|o} Jo auo }ses)| je salinbay :(g) aloN
apow uonelado YHY 0} dn-aull abueyo 0} uonoe Jojesado salinbay :(g) 810N

{(anjen Ayojes weals

ulew pue (aAjea ssedAq auigin} 1o AISIN) PUB (BAJBA ¥00|g SAJBA Ja1|9J WES)S UlBW JO DAJEA JOI|81 Wea)s ulew)} pue aAjeA uole|os! 43 ‘uonelos 98 pasnydnd Joy saajea Buimoljoy ayy buisolD (1) aloN

cLc6L ainb e J-elc'aL alge| 89<) 9 0 Gl pue Gl-1'6l @9elL
(5-€15'6) 2inbl4 pue /-€1G'6) 9|qeL 89S) 9°€ 'ON yus ana Ul siseg
pauado spol
SOAJeA BUll-al} |013u0d 69/99
SL# pue dwnd M43 pue Svd L/l | POP8dINS | pOpadddNg eus)
- - - ue s - - - - o
/L P xoow €re mm_uwL sse0ong
sdwnd p43 |04}u0d 69/99
€/C Pue s9S ¢/ pue ssdy ¥/¢
(lenowsau (lerowau we)shs 10u69
asuodsal eaH) eaH) \mvm uoo9s uonoalul pue AQs
S 10 Buijooo 1eoH ue 1e9H e BIA ucm Aq uonezunssaidap EIN=IN woj)sAs SOS BIA W OS
vy ct JUSWIUIBJUOD HY/SO P dHY/SO OS E! P SOy pue Buljood uonezunssaidap | uonosful duy Jojoeay |leAowsal painydni
9-€15°6L (z (uonesado pue (Aeids |eAowsal JesH SOy usamiaq ) X 6
B 10 ojeulayy ") JUSWUIEIUOD) insseud o apIs Alepuooss VETIIS peay ybiH 1esH JO uone|os|
144 : Aq uonezunssaidap
981} JuaAs HHY/SO HHY/SO uopezijenb3 SOy
ul Jaquinu
aouanbag uonoun
uo[jouUN} [EAOWSI JBaY JUBWUIEIUOD % [eAowWwal Jeay AeoaQ uopipuo) uofjouny uoidaful 8100 umopinys uopipuo)
J010E9Y

BLI9)11D) SS929NG JUSAT ainjdny agn] I0jeIdUIL) Wedls
(SZ 30 6 199US) eLIB}ID SSIIING 10} Y21eaG JeWa)sAS JO S)NSAY  8-€15'6L dIqeL




0€-€1G-61

-1’6l 9|qe
'Z 'ON - '€ "ON '€ 'ON - Sl pue $'yd @dd ik h_ mm_rmm._mn_u L
SiL#
ol SpoJ [0J3u0d
‘G# Sjiun 48|002 uey 69/99 pue Sva L/L pained elusju)
‘o JUSWIUIBIUOD Y/ - AQS Z/L dISv/L - d0 $5900Ng
pue dMOD ¢/ SpOJ [04}U0D
69/99 pue sSdY ¥/
. e o o - _ . Sl-1'6l @qel
1'Z 'ON '€ "ON '€ 'ON Gl pue $'yd ada u siseg
- SpoJ [0J}U0d
o ) xH pue dwnd Ads 2L sS o ) 69/99 vﬂ_mo.w,qo L psyne4 BLBIID
HHY/SO v/l SPOJ (00D $§900NS
69/99 puUB SSdY /¢
-1’6l aI1qe
1'Z 'ON - - L'€ 'ON Sl pue ¥'yd aod s h_ w_rmm._n.n_“ L
SpOJ [0J}U0D (pesolo
443 pauado saAjeA aull-al}
‘ e 5
W . ) i . pue dwnd M43 b/l Pue $OS €/2 69/99 uw_%«d W uw“w_w_ow“m eLoID
¥Te) $S900Ng
sdwnd M43 €/ pue sos €/¢ P o
69/99 PUB SSdY /¢
(|lerowau
e cmmEc_r"w% woo Hmmﬂ_ww_\ﬂw_a\wm ° uol m%.ﬁmwo&o wiisAs uoposful SOS BIA [eAOWSI Jes duy Jojoes; uoneos!
ainbi4 doa 3 ey p! ezl p peay ybiH OS BlA | 1esH 1} J0j0ESY au|| wea)s ule
1O 931} JusA® sjeuss)y jusLIUIEIUOD) Kyojes
ul Jaquinu HHY/SO
aouanbag

uonoUNy [eAOWSI JB8Y JUBWIUIBIUOD

uonouny [eAowal yesy Aeoaq

uonouny
umopnys Jojoeey

uompuod

BLIB)LID SS829NG JUBAT AISIN Weajsumo( yealg aul wesls

(SZ 40 01 199YS) BLIBIID SSI2ING 10} YdIeag dPewa)sAs Jo s)Nsay  8-€15'61 dlqel




1€-€16-61

. Gl-1'6l dlqelL
¥'Z "ON - '€ "ON '€ "ON - Gl pue ¥'yd ada ul siseg
_m:“ SpOJ |0J}U0D
mmﬂ S]iun Jaj002 uey 69/99 PUE SV L/1 palned BLSIID
‘ot 1UBLUUIEIUOD /2 - AQs 2/ diS v/L - HO $5800NS
pue dMOD ¢/ SpoJ j0)uod
69/99 pue SSdY v/¢
. Gl-1'6l dlqeL
- 1'C ON '€ 'ON '€ 'ON - Gl pue $'4yo adod ul siseg
SpPOJ |0J}U0D
an 69/99 PuE SYA L/} pajned
‘T XH pue dwnd B eual)
- dIS ¥/1 d0
HHY/SO v/ nase/ SPOJ [U0D $5900NS
69/99 PUB SSdY /¢
Gl-L'6) @lqeL
1’2 ON - - L'€ ON §i pue +'40 aoa (pasop AISW g m_rwm_%
dooj painydnu /1 T
d0
paso|0 dAleA
SpPOJ |0J}U0D 3080 Weajs ulew
acH pauado saAjeA aull-a1}
‘V# pue dwind M43 b/L pue SOS £/z 69/99 anOw<o L doo| vom__wa:_ Ll euoD
R R - - H0 $S900Ng
sdwnd ue s9S §/z Spo. joluod pasold SAISN
M43 e/c PUE SO 69/99 PUE SSAM #/Z | doo] 10e1ul g/g)
papasdong
(lenowau
L6l Buijooo 1e9H) YHY/SO aneA i Lone(os|
ainbi4 JUSWUIBJUOD pue (Aeids uonezunssaidap Eﬂﬂ%;:%%ﬂw.g SOS BIA [EAOWSI JeaH duy Jojoesy oUl| WEB)S UiEpy
aosaio sjeuss)y JUSWUIBJUOD) Aijes :
991} JUBAD HHY/SO
u Jaquinu uonouny
@ouanbag

uooUNy [eAOWSI JBBY JUBWIUIBIUOD

uonouny [eaowal yeay Aeoaq

umopinys Jojoeay

uonpuon

BLIBJID SS999NG JUBAT AISIN Wweasysdn yealg sul weslg

(SZ 40 11 393US) BLIID SSIIING 10} Y21eag IYWA)SAS JO SHNSAY  8-€15°61 dlqeL




ce-€lG6l1

- _ o o - R . Sl-L'6) @qel
¥'C ON ¥'€ ON ¥'€ 'ON Sl pue +'yd aod ul siseq
M.H Frﬂ SpoJ |0Jju0d
‘o SHUN 18]000 Uey 69/99 pue sva L/1 peyne4 eusIID
ot JUSWIUIBIUOD /2 - AQS Z/L diIS v/L - d0 $5900N
S
pue dM2D Z/L SpOJ |04}U0D
69/99 pue sSdy ¥/2
B o o - B . Gl-161 @lqeL
L' 'ON ¥'€ ON ¥'€ 'ON Sl pue +'yd @od ul siseg
ZL4 SpOJ |0J}U0D
: 9)ne
o - XH pue dwnd AQS 2/L dIS v/l - 09199 _ow_mo@qn_ W P CHAO
HHY/SO v/L SPOJ [01U0O $5900Ng
69/99 pue sSdy ¥/¢
161 9lqe
1'C 'ON - - L'€ 'ON Sl pue $'yD aod (pasojo AISIN sk h_ m_rmm._mﬂ_u L
doo| painydnu /| T
<[e)
paso|o aA[eA
44 pauado saAjeA aull-a1} SPod [0.4u00 08D Wes)s ulew
W i ) ) ) pue dwnd A43 b/l PUE SOS £/2 69/99 pue sva L/L doo| paimdni |/} euoD
H0 wuohw__ﬁwucoo vwwo_w_m>_w_>_ S8600N3
sdwnd ue s
M43 ¢/ Pue SOS g/e 69/99 pue sSdy ¥/¢ dooj Joejul g/¢)
papaaoong
) (lerowau
_\._.%F Buijoco 129H) ¥HY/SO SABA wia)sAs uonoalul uolje|os|
8inbi4 JUSWUIBIUOD pue (Aeids uonezunssaidap eou UBIL SOS EIA [eAOWS JesH duy Jojoeay oIl LBaIS Ule
aosaio sjeuss)y JusWwUIBUOD) fiojes pESY UbIH ! Lees Ulen
991} JUaAD HHY/SO
ur Jaquinu
@ousnbag uonouny [eAOWal JeaY AB99( uonoun;

uonouNy [EAOWAI JE8Y JUsWUIeluo)

umopinys Joyeay

uopuoD

BLIBJLID SS99ING JUSAT Yealg dulT J9)eMpad
(5Z 30 Z| 199YS) BLIB}IID SS8IING 104 Y21eag dijews)sAg Jo sjnsay

8-€15°61 dl9eL




€€-€1G-61

<161 9|qE
¥'Z ON - ¢ "ON - - sipueyupaoa | Ty S oHt
o# SpOJ |0Jju0d
‘ SHUN J9j003 uey 69/99 pue Sva L/L
# _ AQS 2/ _ R euajI)
JUSWUIBJUOD §/Z pUE dIS b1 40 $S900Ng
pue dMOD ¢/1L Spo. |0J}u0d
69/99 Pue sSdY ¥/¢
-1°61 2l9E
- 1'Z 'ON '€ 'ON - - Gl pue $°'yo aod ik h M_mem_“ L
SpOJ |0J}U0D
e# ) xH pue dwnd AQS Z/1 ) ) 69/99 vwm%é L euewo
HHY/SO v/ pue dis y/L SPOJ [0NU0D $8900Ng
69/99 pue SSdY v/¢
i . i - . . Gl-1'61 @lqeL
1€ ON Gl pue ¥'y0 @od ul siseg
SpPOJ |0J}U0D
c# ) R ) sdwnd Jajempas} ) 69/99 Uﬂ_mo.w,qo b Beusl)
ulew /¢ pue s9S /¢ SPOJ [011UOD §5900NS
69/99 PUB SSdY /¢
-1'61 9|qE
- - - - 1'€ "ON sipueyupaoa | Ty S oHt
L pauado saAjeA aull-a1) mo\w%whcﬁv_mcoo /
- . . i pue dwnd (43 ¥/L PUE SOS b/Z "o va i euaIID
scund M3 512 PUE SO K1z SPos 1011109 seens
69/99 PUe SSdY ¥/¢
. (lerowau
Lol Buijooo 128H) YHY/SO warss
8Inbi4 JUSWUIBJUOD pue (Aeids pas|q pue pas4 SOS BIA [BAOWS) JeSH duy Jojoesy
aosaio 19)eMpad} Ule
ajeuId)y JusWUIBIUOD)
991} Juana HHM/SO
ul Jaquinu
souanbeg uonouny [eAowal yeay Aeosq uonouny

uonouNy [eAOWSI Je8y Juswuleluo)

UMopINys Jojoeay

(SZ 30 €| 199YS) BLIBIID SSI2ING 10} YdIeag dPewa)sAs Jo s)Nsay  8-€15'61 dlqel

BLIB}LID SS92ING JUSAT JUBISURI] [BIBUDD)




VE-€1G-61

-1'61 alqe
72 0N - b€ "ON - sipueyupaoa | Iy S oHt
G# SpOoJ |0Jju0d
‘cH# S}jiun J3j00d uey 69/99 pue Sva L/L
AAS ¢/ Beusiuy
JUBWUIBIUOD 1/Z - - ¥O
pue dMOO Z/L Pue dIS v/t Spo! [oU0D sse00ng
69/99 pue sSdy ¥/¢
- L' ON b'E ON - sipueyupaoa | Oy S oHt
- SpOJ [0JU0D
] vt pue dwnd AdS 2L ) 69/99 _ow_m%é o euowo
dHY/SO v/L pue dis ¥/ SPOJ [01UOD $s900Ng
69/99 pue sSdY /¢
-1'61 olqe
- - - 1€ ON sipuevupaoa | Ty SoHt
pauado aui-a1 SpOJ [0JU0D
L# abieyosip dwnd Jo seAjeA uone|os! 69/99 pue sva L/ euoD
- - - pue dwnd M43 /L PUB SOS ¥/2 0 $$009Ng
NTe) SpOJ [0JU0D
sdwnd M43 ¥/ PUe SOS /2 69/99 pue sSdY ¥/¢
) (lerowsal
Lol Buijooo 183H) ¥HY/SO
ainbi4 JUSWUIBJUOD pue (Aeids pos|q pue pes4 SOS BIA [BAOWSI JedH duy Jojoeey
aosaio sjeuss)y JUSWUIBJUOD)
90l] U9 JHY/SD
ul Jaquinu
@ousnbag uonouny [eAowal Jeay Aeoaq uonouny

uonouNy [eAOWSI B8y Juswiuleluo)

umopinys Jojoeay

BLI9)IID) SS929NG JUSAT MO|H JOJEMPad JO SSO
(5Z 30 1 199YS) BLIB}IID SS8IING 10} Y21eag d1jews)sAS Jo sjnsay

8-€15°61 dl9eL




GE-€1G-61

“JuUaAd MDD JO sso| B U 9|gejieaeun ase sdwnd pA43 USALIP-Jojow Om] () 810N
's|ie} Buljood Jusuodwod ajeuls)e UsYm ‘INd20 0} PAWNSSE S| YOO [B9S dOY :(Z) 910N
"ofewep 8102 Ul }nsal 0} paWINSSE S| JUaAs Bunenul siyy Buunp YOO 9AjeA Alajes uado ¥onjs jo 9oualindoQ (1) 810N

o e . Sl-1'6l @qeL
'€ 'ON ¢-v'€'6 9l9eL dod Sl pue $'yd Aaod ul siseg
pauado
aul-a1 abieyosip dwnd .- oaw,uﬁcam_wmw%\“o: SpOJ |0J3U0D
L# 10 sanjeA uonelos| pue dwnd Pailyo et "0 Wb 69/99 pue syd /1 Pa.1IN220 JON .
M43 d/L Z/) pue sOS ¥/ dwnd d0 wm.mou:w
do Jsyem uonosyoid aly z/1 SPod j0.3U00
sdwnd 69/99 pue sSdy ¥/C
M43 d/L /¢ pue s9S ¢/¢ Pue dHO 2/b
e eas
_w e SOS EIA [EAOWAI JesH (@ (uonoalul [e8s) Buljooo duy Joyoeay A:L/.\oo,qﬁnuu.hu_._ m>_nm_ww_
M._Mm_l_nﬂ_ umw\mv © . Jusuoduio Sjeuisily . Kyajes uado somsg
ul Jlaquinu uonauny uonouny
aouanbag |eAowa) wmms feoaq uopoa(ul [ess 4Oy | uopipuod

umopiNys Jojyesy

eLIB}lI) SS999NG JudAT 18)ep) Buljoo) Jusuodwo jo ssoT
(SZ 40 G1 399YS) BLIAYID SS229NS 10} Y2Ieag d1ews)shs Jo synsay  8-€1G°61 3lqel




9€-€1G-61

>0 R R o0 R _ R _ o Gl Sl-L'6l ®lqeL
gt ¥'Z oN T€ON V€N | pue yyp goa ul siseq
,mvu pauado auj-an
vt s abseyosip dwnd _o:cwwomm\ww
‘Lv# :
L 19]002 uey hﬂwww__ﬂ,:ﬂo_ﬁ_om_ pue sva L/L pa.n22Q0
‘G | uswulejuoo - - e son - - - - disz/ ¥76) EUeIY
a /z pue €/ p N_O.Om vic spol $5900NS
Y dMOD 2/L sdwnd M43 |013U02 69/99
€/ pue s9OS ¢/2 pue ssdy ¥/¢
R R " o - R o - Gl Gl-1'6l @1qeL
o o - - -
1'Z ON Z'€ ON YE€ON | bue yyn goq ul siseg
pauado aui-an
abseyosip dwnd Spol
Oov# O SOA|BA UONE|OSI 101302 69/99
‘CH } } XH pue dwnd pue dwnd pp43 ) R ) PUE SVQ /1 paLIno20 eua)
UHY/SD Z/L | €/ PUESOS b/Z dise/ wm“_,wh $5900Ng
o
wQE:QO>> 43 104Ju02 69/99
€/Z PUE SOS £/Z PUE SSdH v/e
- - - Z'€ ON - - - - - Gl Sl-L'6l ®lqeL
pue $'yd add ul siseg
pauado aul-an
abseyosip dwnd Spol
TH JO SOA[BA UONEOSI 1011U0S 69/99
L ) ) i pue dwnd M43 ) ] ) ] ) pue syq L/l | pesnooo JoN euown
€/l PUE SOS 1/Z do $5900Ng
"o spol
sdwnd p43 |03U03 69/99
€/Z pue s9s ¢/ pue ssdy /¢
) (lerowsy () (leAowal ) VOO
b1 6L Bullood | 1eSH) MHY/SO | 1e3H) YHY/SO o3 Awhwmnmwww o onjen  (Dutoo2 ) Woishs AN
ainbi4 juawulejuod | pue (Buljood pue (Aeids eI _mmvoEm: JesH | uonezunsseidsp uonezunssaldap srewsy) Joje|nwinooy | uonoaful duy Jojoeay 10 YO0
aonalo sjeulslly | 8100 ejeussyy) | juswulRUOD) ’ ey INETTEIS M_I V. peay ybiH aAeA Aiajes
o1} JUaND HHY/SO HHY/SO H/SD uedo yomig
ul Jaquinu
aouanbag uopouny
uonoUN} [BAOWAI JE8Y JUSWIUIBIUOD 9 [BAOWSI Jeay Aeoaq uonouny uonosful 8109 umopinys uonipuo)
Jojoeay

eLIB)LI) $S999Ng JudAg J83ep Buljoo) Jusuodwod jo ssoT [enued
(SZ 30 91 399YS) BLIID SS229NS 10} Y2Ieag d)ews)shs Jo synsay  8-€1G°61 3lqel




LE-€1G-6L

€'C 'ON €'C ON oo - Sl Sl-L'6l ®iqel
- iy - - iary - - O O - .
ZZoN G'L "ON 51 ON S ON pUE $'40 @DQ ul siseg
spol
6G# pauado |0J}U0D 69/99
‘goh %1 pue dwnd SAASIN €/€ dwnd pue sva L/L paind20 eLBIID
- HHY/SO 7L - - pue - HHY/SO o0V v/L - d0 sse00ong
sdwnd p43 €/€ 2/l spol
pue sog €/¢ |03u02 69/99
pue ssdy v/
- _ R R oo _ oo oo R Sl Sl-1'6l ®qel
¥'C ON Sl 'ON S'L 'ON S'L 'ON pue $'4d aod ul siseq
spol
Nwomw sjun pauado |0J}U0D 69/99
Szi 19]002 uey SAASW £/ dwnd pue sva L/1 paLIN22Q euoID
‘Gl juswiuleuod - - - pue - HHY/SO o0V /L - (6] mw.won.v:w
v/z pue sdwnd p43 €/€ 2/l spol
dMOD Z/L pue sog €/¢ |03u02 69/99
pue ssdy v/
R _ o R o _ - oo B Sl Sl-L'6l dqel
L'C 'ON Gl ON Gl ON G'L ON pue 445 aod ul siseg
spol
oG pauado |0J3U0d 69/99
e - - XH pue dund - e - w0 | 00w v - i I o
$S900N
UHY/SO 2k sdwnd M43 g/ ziL spos s
pue s9s ¢/¢ |011u0d 69/99
pue ssdy v/
€C ON o - _ R R o Sl Sl-L'6l @iqel
‘T’ ON ¢eON ECON veoN pue #'yd ddoa ul siseq
pauado aul-an
eb.eyosp dwind pauado _o.;cwwomw\oo
Sv# JO SOAJEA UOIE|OS]
‘Of XxH pue dwnd pue dwnd pp43 m>n__m__\w e/e B ) ) diszi pue M_MD 2 pa.nao euaj)
HHY/SO Z/L €/L PUBSOS V/Z | quund M43 /s spou $$900Ng
d0
sdwind p43 pue sog €/¢ |03u02 69/99
€/c pue s9s ¢/ Pue sSdd v/e
() (leroway () (lerowas BuIj00o (Buljooo © VOO
L-1'61 Buijooo 1B9H) ¥HY/SO | 1e8H) YHY/SO  SOS on_mANLmuroomm Aq SABA W 2100 (1) Wolshs |ees 40y
ainbi4 juswiulejuod pue (bujjooo pue (Aeids e _mMoEo_ Jesy | uonezunsseidap uolezunssaidap orewsIY) J0)e|NWN22Y | uondaful duy J0joe0y 10 YOO
ana o aleulayy 9100 9jeuldlly) | JuswWUIBIUO)) Sou Kojes HHM/SD peay ybiH anen Aajes
EEDRIVE/C) dHY/SO dHY/SO uado xomg
s auns
S uonoUNy [BAOWAI JE8Y JUSWIUIBIUOD % [BAOWSI Jeay AeoaQ uonouny uoposlul 810D umopinys uonipuo)
iojoeay

eLIB)LI) $S999Ng JudAg J83ep Buljoo) Jusuodwod jo ssoT [enued

(SZ 40 L1 199YS) BLIBJID SS32ING 10} YdIeag dPewa)sAs Jo s)nsay  8-€15'61 dlqel




8E-€1G-61

VOO Ieas 4Oy 03 pea| 0} pawnsse si dwnd Buibieys Agpuels Aq Buijood [eas 4Oy 4o ainjied :(g) 810N
‘Juana bBuneniul Aq pasnes DyAH 40 sso| 0} anp ajqejieaeun si dwnd pA43 /N g (Z) 810N
juaAe Buneniul 0} anp ajge|ieAeuNn ale sulel) g pue v :(1) 810N

- R ~ ~ R - ~ _ o Gl Gl-1'6l @19eL
veon vEoN V'€ ON | pueyuo aoa us siseg
spol
syun 104Ju0d 69/99
www 181000 ue} pue sva /1 pa1In2o0 euoD
juswiurejuod - - - - AQS 2/L - - dis ¢/i d0 wm.mo“_u:m
¥/ pue spol
dMOD 2/L |0JJu02 69/99
pue ssdy /¢
R R - _ R o - _ _ o - Sl Gl-1'6l @qeL
Ve ON Ve oN Ve oN pue +'yd ddd ul siseg
spol
10J3u0d 69/99
L1# ) ) x4 pue dwnd ) ) ) ) pue sva L/L pa4indo0 e
HHY/SO 2/ Ads gl dise/ mwﬂ_,wL $8300Ng
10Jju0d 69/99
pue sgdy /¢
) (lerowsy ) (lerowas BuIj00o (6uljoco © VOO
L-1'6l Buijooo | jedH) YHY/SO | ¥edH) YHY/SO sosen | epis tepucoss Aq anjeA W 100 () woyshs [eas dOy
ainbi4 juswiuIeluUOD pue (Buijood pue (Aeuds @ : : uonezunssaldap J0}e|nWNooY | uoioalul duy Jojoeay 10 YO0
leAowsal JesH | uopezunssaidep ajeulaly)
anaio aleulaly 9102 d)eulal|y) JUBWUIEJUOD) Rl JSEIENS peay ybiH anlen Ajojes
001} Uane UHY/SO UHY/SO Sod HHY/SO uado somg
ul ..w%w:c uonouny
oousnbes uoIOUNy [BAOWS JB8Y JUSWUIBIUOD ¥ [eAOwWwal Jeay Aeosq uonouny uonos(ul 8109 umopinys uonipuoy
Jojoeay

eusyly

$S899NG JuUsA] Jajep Buljoo) Jusuodwod Jo ssoT |eijied
(SZ 30 81 399YS) BLIIID SS229NS 10} Y2Ieag d1jews)shs Jo synsay  8-€1G°61 3lqel




6€-€1G-61

1G-0#
‘GG-O#
fon. -1’61 9|qe.
.mm.Ou +'Z "ON R B Z'¢ "ON R R _ _ e ON 61°UD aod Sl-L'6l ®lqeL
0S5-O#
‘91L-O#
‘Y1-O# .
TL-O# pauado aui-an
‘6-O# suun ab.eyosip dwnd o cwwoh paiinooo
‘vL-g# W JO SOAJeA Uolje|os] 10.3u02 69/99
. 189|002 uey pue sva /i
zL-a# pue dwnd p43 eusID
oo juswiuiejuoD - - - - - - dIS v/l d0
oL-g# ',-a# v/Z pue ¥/l pue sOg /¢ spou $$900Ng
‘CL-V# H0
. 0J}U0D
LV dMOD 2/L sdwnd M43 _MEM mmn_mm\w\w
‘6-V# ‘9-V# ¥/Z PUe SOS ¥/Z
-1’6l 9|qe
- - 1'Z 0N '€ 'ON - - - - p'€'ON | SL'UDada Gbl 6l el9el
6v-0# pauado aull-ai $po
8-O# abieyosip dwnd
. |0J}U0D 69/99 [sE=TNtekeTe}
o-ga# JO SOAJeA UOolje|os] Ue SYa L1
‘G-V# ) ) XH pue dwnd pue dwnd pA43 } ) B B diS vl P M_O / euaju)
HHY/SO v/1L ¥/l pue sOS /2 spou $S900Ng
H0
sdund 33 pue S5 11
¥/Z pUe SOS /¢
. . Sl-L'6l ®lqeL
- - - '€ ON - - - - - S1'uD add ur siseg
Ly-O#
. mv-,own peuado aulj-an ol
‘oot oot sbieyosp duind loauon 69/99 | pesnoo0 joN
o ‘o JO SOAjeA UOlje|os] .
WMH m@w i ; : pue dwnd (43 : ) } } ) P M_/Mn_ Wy eusI
es $S900N
vH -V 103 vcmoww 14 spou S
sdund 33 pue S5 11
¥/Z pUe SOS ¥/
(lenowsau (lenowau
6 jeoH) 189H) Bulj0od (Buljooa 1 VOO
- uljooo ue HHY/SD sOS apls Aiepuooss Aq ONEA 2100 wayshs €8S dOY
-1l JUSWIUIB)UOD YHY/SO P : uonezinssaidap J0Je|NWINODY | uonoaful duy Jojoeay 10 VD01
ainbi4 doa (Buijooo a100 pue (Aeids BIA [eAOWSI JeaH | uoneziunssaidap a)jeusally)
ajeulayy Aojes peay ybiH anjen Ayojes
10 @8} Jusns sjeulsyly) juswulEju0)) SOd dHY/SO uado yomg
urJsquinu HHY/SO HHY/SO
aouanbag uoiouny
uonoUN} [EAOWSI JB8Y JUSLIUIBILOD g [BAOWAI Jeay Aeda( uonouny uoposful 810D umopinys uonipuo)
Jojoeay

BLI9}IID SS9DING JUSAT JOMOd d}SHO JO SSOT
(SZ 40 61 399YS) BLIIID SS229NS 10} Y2Ieag d1ews)shs Jo synsay  8-€1G°61 dlqel




0-€1G-61

- _ _ o o _ oo oo _ . Gl-1'6l @lqeL
L1-O# ¥'C 'ON Z'€ ON S'L ON Sl 'ON Sl 'ON S1°Ud aoda ul siseg
‘19-0# pauado aull-a1} spol
‘0e-O# abieyosip dwnd P
. syun pauado |043U09 69/99
0C-O# JO SOAJEA UOljE|0S]
. 18]000 ue} SAASI /€ dwnd pue sya L/1L pannaoQ
Qz-a# pue dwnd pp43 eua)
‘ juswiurejuod - - pue - HHY/SO OOV ¥/l - d0 {an
8L-a# ¥/l pue s9S y/¢ $8800NS
. /g pue sdwnd p43 p/€ vIL spol
LT-V# 40
Ly dMOD /L sdwnd M43 pue s9s /¢ 104Ju0d 69/99
pue ssdy v/
¥/ PUe S9S /¢
_ _ - o - oo R . . _ . Sl-1'6l ®lqeL
1'C 'ON Z2'€ 'ON Sl ON Sl 'ON Sl 'ON S1°'ydo aoa ur siseg
pauado aull-an
65-0# ab1eyosip dwnd spol
. pauado |013U09 69/99
81-o# 4O SOAIEA UORE|0S| S dwnd ue 941N22
‘OL-g# ) ) XH pue dwnd pue dwnd pp43 >D%ﬁ vie ) HHM/SD 3OV bl ) P M_/Mun_ 2 P o euol)
‘G- ue s $s800N
SL-Vv# HHY/SO ¥/ P/l P moow YIZ | sqund M43 b/e il spoJ S
sdwnd M43 pue s9s /¢ 104Ju02 69/99
p/Z PUE SOS b/ PUE SSdd vie
R €'C 'ON R o - o R _ _ o . Sl-1'6l @lqeL
77 "ON '€ 'ON €'C ON ¥'¢ 'ON S1°'yo aoa ul siseg
pauado aull-a)3 spou
_Nm.On a6.eyos)p duind pauado |043U02 §9/99
bo# 40 SONBA UORBIOSH | o\ qoin pre pUE SYQ L/L | PaLNIOO
‘6-a# ) XH pue dwnd } pue dwnd pp43 pue ) B B diS v/l "0 eua)
‘8- ue s $$900N
8-V# HHY/SO v/ P/l P m_OOm YIZ | sqund M43 brs spoJ S
sdwnd m43 PUe $OS v/€ [0:3U0 69/99
¥/C PUB SOS ¥/2 Pue SSdd /e
(lenowsau (lenowsau
Buyoos 12oH) 120H) Butjo0o anleA (Butjooo wayshs _mmww_w.w_*
Lol EmE.c_mEoo YHY/SO pue UHY/SO SOS opis Alepuodss Aq uonezunssaidap 8109 J0}e|NWINOY | uonoaful duy Jojoeay 10 VD01
ainbi4 aoa olewly (Buijooo 8100 pue (Aeids BIA |eAOWSI JeaH | uonezunssaldep Aoes a)jeusally) pesy ybiy oAfen Kiojes
10 @al} Jusns ajeussyy) juswuieluo)) SOd dHY/SO ’ uado yomsg
urJsquinu dHY/SO dHY/SO
@ouanbag uoiouny
uolouN) [eAOWAI JB8Y JUSLWUIBIUOD ¥ [eAOWal Jeay Aedoaq uolouny uonoalul 8lo) umopinys uonipuo)
Joyoeay

BLIBJLID SS99ING JUBAT JIO9MOd B}ISHO 4O SSOT

(SZ 40 0Z 199YS) BLIBIID SS32ING 10} YdIeag dPeWa)sAS Jo s)Nsay  8-€15'61 dlqel




L¥-€16-61

o - . Sil-1'61 @lqel
vz ON _ N - - '€ 'ON - - '€ 'ON G1'yD ada ul siseg
.m.n_m_mn spou
. g m_u syun |043U00 69/99 pa.Inoo0
Ly-a# pue sva L/L
‘Si-a# 481000 uey 10N eusil)
Y juswIuIB}UOD - - - - AdS 2/L - - dIS v/l mww_uwL $5900Ng
e ¥/C pue
Yy-v#
dMOD Z/L |0J3u02 69/99
pue ssdy ¥/2
. . -L'61 ®lqeL
- - 1'Z 'ON - - '€ 'ON - - '€ 'ON G1'yd aoa sk r_m_ mwm_—.wmm
spol
7-a# _ﬂﬂﬁmwem@\r mww paiIndo0
‘Yi-a# X 10N el
H pue dwnd _ Hsy
‘op- - - - - a - dIS /I d0
e HHY/SO b/l Ads e/l 2 $5900Ng
1044U02 69/99
pue ssdy ¥/¢
€C ON o €'C 'ON . - - _ . Sl-1'61 @qel
- 57 ON - 2'¢ ON ‘'], "ON G’} ON G’} 'ON S1'yD adda ul siseg
pauado aull-ai} spou
89-Of mm_msom_u%m,% pausdo o1U0d 69/99
20 JO SBA[BA UOlje|oS] s dwnd 911N
) AQSIN Y/ wn pue Sva L/L P O eual
'se-a ] XH pue duwind - pue dwind mJ3 pue - UHY/SO | 00V il - e comanrs
Ye-v# HHY/SO v/l vIL PUBSOS VIZ | quind M43 p/e /L spo
d0
pue s9s /¢ 10Jju0d 69/99
sdwnd p\43 pue sSdY v/2
¥/Z pue S9S ¥/2
(lenowsau (lenowsau V0O
)
Buijood 1eoH) 189H) Buijooo A aAleA (Butjooo wajshs _mww d0od
L-1'6L JUBWIUIEILO0D HHY/SO pue dHY/SO SOS opis Aiepucoes Aq uoneziunsseidsp 8109 J0Je|NWINODY | uonoaful duy Jojoeay 10 ¥DO1
ainbi4 doa PN (Burjood 100 pue (Aeids BIA [eAOWI JeoH | uonezunssaidep " Rojes sjeula)y) peay ubin aneA Kiajes
JO 981} Jusnd H I a)jeulally) juswuIRU0D) SOY dHY/SO ’ uado Yonig
urJequinu HHY/SO HHY/SO
@ouanbag uoiouny
uoIoUN} [EAOWSI JBBY JUSWIUIBIUOD g [BAOWAI Jeay Aeda( uonouny uoposlul 810D umopinys uonIpuo)
Jojoeay

BLIBJLID SS99ING JUBAT JIO9MOd B}ISHO 4O SSOT

(SZ 40 1Z 199YS) BLIBIID SS2ING 10} YdIeag dPewWa)sAs Jo s)Nsay  8-€15'61 dlqel




cr-€16-61

'WYOO1 [eas 4Oy ul synsas dwnd buibieyd Agpueys Aq uonos|ul |eas 4Oy Jo ainjied :(|) 8}oN

. _ R _ B o _ _ o . Gl-1'6l @lqeL
¥'C ON '€ 'ON '€ 'ON S1°'yo0 aoa ul siseg
spol
ml
Mmm_w spun 10J3u02 69/99
‘9G-v# 19]002 ue} pue sya /L pa1indoQ eLowD L
‘9G-v# juswiurejuod - - - - AAS 2/ - - dIS v/l d0 mw.moo.:w
¥/ pue spou
dMOD 2/L 104Ju02 69/99
pue ssdd ¥/¢
_ _ - _ R o _ _ o . Sl-1'61 @lqeL
1'C ON '€ 'ON ¥'¢ 'ON S1°'yo aoa ul siseg
spol
oG-g# 1043u02 69/99
‘GG ) ) x4 pue dwnd ] ) ] ] pue sva /L pa1inao0 eusIID ol
HHY/SO P/l AAS Z/L dIS v/l wmﬁ_vw_ $8920Ng
104Ju0d 69/99
pue ssdy #/¢
(lenowsau (lenowsau
jeaH) jeaH) Buijooo (Bujooo ) VOO01
116l Bullood | sopue | uHYISO sos opis A1epuooes Aq ONER 2100 warshs 1888 dOY
JUBWIUIBJUOD : uonezunssaidep JojeINWiNooy | uonoslul duy Jojoeay 10 YOO1
ainbi4 aoa (Buijooo 8100 pue (Aeids BIA |eAOWSI JeaH | uonezunssaldep a)jeusally)
ajeulaly Aojes peay ybiH anjeA Ajajes
10 @al} Jusns ajeussyy) juswuieluo)) SOd dHY/SO uado yomsg
urJequinu dHY/SO HHY/SO
@ouanbag uoiouny
uonouUNy [EAOWSI 1B8Y JUBWIUIBJUOD ¥ [BAOWSI Jeay AedeQ uonouny uonoslul 8109 umopinys uonipuo)
lojoeay

BLI9}IID SS9DING JUSAT JOMOd d}SHO JO SSOT
(SZ 30 Zz 399YS) BLI9YID SS229NS 10} Y2Ieag d1ews)shs Jo synsay  8-€1G°61 3lqel




EV-€1G-61

‘JuaAa Buneniul 0} anp ajge|ieAeun s| sng 98 AY6'9 31 sse|D-g (1) 810N

o _ o _ _ Gl-1'6l dlqel
¥'Z ON ¥'¢ 'ON ul siseg
.m& S}lun 43002 Uey
v JUSWILIEIICO bz ; AQS 2/L . . BLaIID
: ue $5900N
PUB dMDD Z/L pue dis ¢/ S
-1°'61 9l9e
. 12 ON e ON . . mrcr_m_wm_% 1
e ; XH pue dwnd AQS 2/) _ ) ZIETe)
dHY/SO €/1 pue dis ¢/ $s900Ng
- - - o _ Gl-1'6l dlqel
CEON ul siseg
ct ) ) ) sdwnd Jajempas} ) BuBIID
ulew /¢ pue s9S /¢ $s900Ng
- - - _ o Gl-1'6l dlqel
C’€ON ul siseg
L# pauado saAjeA auj-al} pue
) ) ) ) dwnd (43 €/1 pue s9S /g eLsjID
pele) $S900Ng
sdwnd M43 €/2 Pue sOS /2
. () (lerowsy
E%F Buijooo 189H) YHY/SO weysks
ot JuSWUIBUGD pue (Aeuds 091q pUe pos J9)empasy ule (1) SOS BIA [BAOUISIIESH
wam_wmw ajeula)y Juswurguon) | PeeId PUE poed 1EMPOS) UIBIN
ul Jequinu HHY/SO
@ouanbag

uonouNy [eAOWSI B8y JUsWUIelu0)

uonouny [earowal yeay Aeosq

BLI9}11D SS929NG JUSAT Sng Ok [B}IA JO SSOT]
(SZ 30 £2 399YS) BLI9YID SS229NS 10} Y2Ieag d1jews)shs Jo synsay  8-€1G°61 3lqel




Yr-€1G-61

JuaAs Buneniul 0} anp s|qe|ieABUN S| PIEOGUOIMS 0P AGZL T} SSBID-Y (1) 910N

. . - - . Gl-1'6) alqeL
$'Z 'ON '€ 'ON ul siseg
o#
h S}iun 18009 ue.
| owuienon e . AGS Z/) . . BUBO
: e SS820N
PUE MO Z/1 PUe dIS €L s
- a|ge.
- 1'Z 0N g "N - - ey
e R XH pue dwnd AQS Z/L R ; eLsjlID
HHY/SO €/1L pue dIS ¢/l $$900Ng
- . - - . Gl-1'6) alqeL
C€ON ul siseg
o B ) B sdwnd Jajempasy } eual)
ulew /g pue sOS /2 $S900NS
-1 a|ge.
i . - - 2 “ON Gl-1'6) @lqeL
L# pauado saAjeA auj-al} pue
R ; R R dwnd M43 €/1 pue s9S /g elsllD
}S[e) SS900Ng
sdwnd M43 €/¢ pue s9S /g
) ) (lerowas
bl %F Bulj00d 1eaH) YHY/SO wesks
ol JuSWUIBUGS pue (Aeuds 99 Amm 99 ls)empes) uie (1) SOS BIA [BAOUISIIESH
wm%m%w sjeuIB)Y Juswulgjuop) | Po°I9 PUe PeSd 1EMPES} UIEN
Ul Jaquinu HHY/SO
aouanbag

uonouNy [eAOWAI Jeay JUsWUlejuo)

uonouny [earowal yeay Aeosq

BLI9}1ID SS929NG JUSAT Shg 9P |eHA JO SSOT
(SZ 30 vz 399YS) BLIIID SS229NS 10} Y2Ieag d1jews)shs Jo synsay  8-€1G°61 3lqel




Sr-€1G-61

671 'V9 JuBWILOENY (€AY 0£0L0-dVNIN) Hoday Y d HMJV-SN U} Ul paziiewwns si siseq ay L (1) 8)oN

"abewep _ Gl-1'6l 8lgel
2100 0] spea) ain|ie} 8|Buls 9SNEBOS] UONIPUOD SAIBAISSUOD 8U) SJ8 BLS)IO SS820NS 9S8y | ul siseg
soAjeA dojs
o cdwnd uado grozipue | OO | suqm pp pue sva oLl ¢
M43 sonjeA Ajajes dwnd Jajsuel 18N} 4O %56 N Te) - MWD
Yy UM $OS b/t abuel ajgemoye $5900Ng
Jazunssald /i pioe ouog g/l saAjeA dojs auiqin
Ulypm 91N
V/¥ Pue sSdy /¢
_ _ _ _ _ Gl Gl-1'6l 8lgel
pue +'yd aoda ul sisegq
Spol
L |013U0d 69/99 L
pue sva L/ oD
. . . B B do $5800Ng
spol
|01JU0d 69/99
pue ssdy ¥/¢
w-w%r sOg anleA Ajajes uonoalul (1) JUSIOLIS00
4nbly N ainjeladway duy suiqun duy Jopeay
mem_wmm BIA [eAOWal JesH Jazunssald pioe olog 101210pO/N
Mwmwﬂﬂmm |o1uoo ainssaid SOy |04U0D AlANOBSY

BlI8}1ID SS899NG JUBAT WRIDS JNOYYIM Judisuel] pajedionuy
(SZ 40 Gz 399YS) BLIAYID SS229NS 10} Y2Ieag d1jews)shs Jo synsay  8-€1G°61 3lqel




CD, TED2

€ £ = g
e | HE 5 § - s[5
. - I PO I N 2 O O B |- O O
g = ] @ ;_: 8 8 o § z E 2 E ‘58 E
o 2 z g g 3 3 g < 8 o 3 @ & 2 po o |t
2 O - E A N N L O L - e -
2 e oz 15 12 s LELIEs 1B 1B ORE B B 1B I EOE O |EZ |8
5 £ e © g 2 8y |23 |8 E ] b ] 35 o « @ 5§ e
S 5 & k] |3 e |22 |22 e 3 3 2 ® g I P |z 28 |
g s |12 [z |1 B fez leE B I I3 |8 | IR % a3 % (8B |f
S & & < 2 39 |55 |5 |8 2 2 T s < 4] o8 o 3 |=
LooP A [rRTa1| ops | ADG | EFO | sRv | PRB | PRC [ cwWR |sco1| sEL | Hik |FBa2| Acc | csa |crBa|cxB3|srad [FNAS| No. | conseq.
I 1 oK
2 oK
3 oK
4 CD, SED2
5 oK
7 CD, SLC
—18 oK
|_E9 OK
10 cD, SLC
1 oK
E— CD, sLC
13 oK
I:14 CD, SLC
—L—1 |
16 CD, SEI
17 oK
18 CD, SLC
19 CD, SEHS
20 CD, SES
21 CD, SEI
—| Ezz CD, SEHS
23 CD, SES
24 oK
—|__E25 CD, SEHF
26 CD, SEW
27 oK
28 CD, SLC
_EEZQ CD, SEHF
30 CD, SEW
31 CD, SEF
Eaz CD, SED
33 CD, SEI
35 CD, SES
36 CD, SEHF
37 CD, SEW
38 CD, SEHF
39 CD, SEW
40 CD, SEF
L. €D, SED
42 CD. SED2
43 oK
45 cn, SLe
—46 oK
L EX4 CD, SLC
48 CD, TEI
50 cD, TES
—i51 CD, TEF
Ls2 CD, TED
53 :
54 CD, SED
55 oK
57 CD, SLC
—1s8 oK
59 CD, SLC
60 CD, SEI
62 CD, SES
—63 CD, SEHF
64 CD, SEW
65 CD, SEI
—ches C. SEHS
67 CD, SES
68 CD, SEHF
69 CD, SEW
70 CD, SEHF
71 CD, SEW
72 CD, SEF
I cD, SED
74 CD. SED2
75 LOOP_B
76 ATWS

Figure 19.513-7 Event Tree (Loss of Offsite Power [1/4])
(Same as DCD Figure 19.1-1 Sheet 13 of 19)
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Figure 19.513-7 Event Tree (Loss of Offsite Power [2/4])
(Same as DCD Figure 19.1-1 Sheet 14 of 19)
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Figure 19.513-7 Event Tree (Loss of Offsite Power [4/4])

(Same as DCD Figure 19.1-1 Sheet 16 of 19)
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Impact on DCD

Changes associated with the original RAIl response (Ref. UAP-HF-11201, dated June 30, 2011)
to DCD Table 19.1-15 were incorporated in DCD Rev.4.

As part of this amended response, DCD Tables 19.1-15 and 19.1-16 will be revised as shown in
the attached markup. Note that the attached markup of DCD Table 19.1-15 also includes the
changes discussed in the amended response to RAI 750-5675 Question 19-514.

The PRA results in the DCD will be updated as part of the next revision of the PRA. After the
PRA is revised, then DCD Figure 19.1-1 sheets 5, 13, 14, and 16 will be revised as described in
this amended response (note that the revision to sheet 5 also includes the discussion in the
amended response to RAI 750-5675 Question 19-514).

Impact on R-COLA
Site-specific PRA model and results will be updated after the DCD PRA is revised.

Impact on PRA

SGTR event tree and the success criteria will be revised to incorporate the discussion in this
RAIl response. As discussed in this response, the model change has an insignificant impact
on the PRA results and risk profile.

Impact on Topical/Technical Report

US-APWR PRA Technical Report (MUAP-07030) will be revised to reflect the updated PRA
modeling and results in the next revision.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

12/12/2013
US-APWR Design Certification
Mitsubishi Heavy Industries
Docket No.52-021
RAI NO.: NO. 750-5675 REVISION 2
SRP SECTION: 19 — Probabilistic Risk Assessment and Severe Accident Evaluation
APPLICATION SECTION: 19
DATE OF RAI ISSUE: 04/28/2011

QUESTION NO. : 19-514

In RAI Question 19-108 the staff requested more information regarding the basis for not having
modeled in SGTR sequences an operator action to depressurize the RCS in order to equalize
primary and secondary pressures and stop the leak after the ruptured SG is isolated. MHI
responded that this operator action was assumed to be always successful because the
operator has plenty of time to perform such an action. The staff followed up with RAI Question
19-366 requesting more detailed justification. In response, MHI included a top event (event
DEP) in the SGTR event tree, which represents operator failure to equalize primary and
secondary pressures, without any quantification. The staff review finds that event DEP is highly
risk significant (e.g., risk achievement worth (RAW) value is about 4x10*%) and it is not obvious
without the benefit of a T-H analysis that its contribution to risk (e.g., as measured by the
Fussell-Vesely risk importance measure) is insignificant. Furthermore, if a cutoff probability of
1x10° is used for DEP, the sequence CDF would be 4x10°® per year, which is comparable to
the CDF of some of the reported dominant accident sequences. For these reasons, the failure
probability of DEP must be estimated and documented together with all key assumptions and
bases (e.g., T-H analysis) used in the estimation. In addition, event DEP should be addressed
in the accident sequence quantification and importance analysis.

ANSWER:

The SGTR event tree in DCD Rev. 4 Figure 19.1-1 Sheet 5 will be revised to match Figure
19.514-1, which illustrates the revisions. Model changes from the DCD Rev. 4 are discussed
below:

1. Unreliability of Event Heading “DEP”

Event heading “DEP”, which represents RCS depressurization, has been considered in a
ruptured SG isolation scenario. Any one of the following operator actions to depressurize

19-514-1




the RCS, combined with termination of SI, will terminate leakage from a ruptured tube:
(1) Open safety depressurization valves (SDVs)
(2) Start pressurizer auxiliary spray
(3) Open depressurization valves for severe accident

(4) Actuate pressurizer spray by re-starting reactor coolant pumps (RCPs)

There are several methods to depressurize the RCS and there is considerable time to take
the necessary operator actions. MHI estimated the time to overfill the ruptured SG using
the MARVEL-M code (the code is the same code used in DCD Chapter 15), with the
following conditions:

- Main feedwater system is isolated following a reactor trip

- EFW actuation and isolation signals are generated upon detection of low and high
SG water level, respectively. This calculation assumes conservatively that
operators manually actuate EFW pumps immediately following main feedwater
isolation.

- Inthe three intact loops, EFW is supplied to the three intact SGs following reactor
trip. (Note that this assumption is made for analyzing the time for operator actions
to depressurize and is different than the success criteria for secondary side
cooling.)

Table 19.514-1 and Figure 19.514-2 show the analysis results and time variation of the
ruptured SG water volume, respectively. The estimated time to SG overfill following a
SGTR event is approximately 2.7 hours after event initiation and the allowable time for these
operator actions is more than 2 hours after operators detect the reactor trip. For the
scenario in which the operator successfully isolates the ruptured loop, any one of the four
aforementioned operator actions plus termination of S| will result in successful
depressurization. The analysis result will be added in DCD Table 19.1-15, No. 3.7.

Other T-H analyses using the MARVEL-M code were conducted to demonstrate that there
are multiple methods for operator action to depressurize the RCS (“pressure equalization”),
based on the system conditions described in Table 19.514-2. Table 19.514-3 and Figure
19.514-3 show the analysis results and time variation of pressure of the RCS, a ruptured
loop and intact loop for each case, respectively. In all cases, any of the four operator
actions identified earlier can depressurize the primary system. For Cases 1 through 3,
when RCS pressure is depressurized down to the ruptured SG loop pressure, the
depressurization action is terminated. After that, the RCS is slightly pressurized due to the
decay heat from the reactor core, eventually ECCS (i.e., SI pumps) termination will stop
leakage via the ruptured tube. For Case 4, pressurizer spray with re-starting RCPs can
depressurize the RCS and ECCS termination enables leakage from the ruptured tube to
stop, as well as Cases 1 through 3. These results show that there are multiple options for
operator action to depressurize the RCS. The analysis result will be added in DCD Table
19.1-15, No. 3.8.

US-APWR emergency operating procedures (EOPs) will be symptom-based EOPs. As
provided in Chapter 9 of PRA Technical Report (MUAP-07030 Rev.3, Proprietary), the
symptom-based EOP type is assumed in the evaluation of human error probability. Before
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the operators implement any of the above four actions for depressurization, operators detect
the SGTR symptoms and manually close the main steam isolation valve (MSIV) on the
ruptured SG loop. This means that the operators identify the occurrence of the SGTR
event prior to implementing the action for depressurization. Because operators have taken
actions consistent with SGTR, the symptom-based procedures require depressurization;
thus, the failure probability of the RCS depressurization decision is considered to be
negligible. The human error probability of each of the above actions is evaluated by failure
probability of both cognition and action aspects.

Based on the results, the latest PRA modeled the unreliability of “DEP” as 0.0 due to the
multiple success paths for depressurization and the considerable time for the action. MHI
will update the human error probability of 1.0E-05, considering the available time for
operator action as well as number of alternate actions that operator can take as described
above.

Failure of RCS depressurization will lead to the ruptured SG overfilling which in turn results
in the failure to isolate the ruptured SG loop. The coolant traversing the ruptured SG tube
will flow into the main steam line potentially causing water hammer and/or failure of the main
steam safety valves to re-close, even if the EFW and main steam line are isolated. The
scenario is similar to the event heading SGI — failure to isolate the ruptured SG (event
heading “SGI”). In addition to human error probability for the RCS depressurization, the
probability of the water hammer caused by a ruptured SG overfilling due to failure of RCS
depressurization will be considered in this event heading.

2. Event Sequences following Failure of “DEP”

Event sequences following a ruptured SG overfilling (Figure 19.514-1 Sequences #2 — 11)
are the same as those following isolation failure of the ruptured SG (Figure 19.514-1
Sequences #12 — 21). The thermal/hydraulic analysis results are provided in the revised
response to RAI 750-5675 Question 19-513. The T-H analysis results in item (3) of the
revised response to RAI 750-5675 Question 19-513 are applicable to the sequences of #2
and #12 and the scenarios #3 — 8 and #13 — 17 will be eliminated, as discussed in Item (6) of
the response to RAI 750-5675 Question 19-513 (i.e., CS/RHR (RHR operation) failure
directly leads to core damage. Note that the same mitigation systems defense barriers
including RCS depressurization via “SRB,” safety depressurization via valve “PZR”, high
head injection control “HT,” and RHR operation “CRA” are available to prevent core damage.

Additionally, although the same components (i.e., SDVs) are used in the event headings
“‘DEP” and “PZR”, different basic events will be modeled in the PRA by reasons below:

- The action in “DEP” needs to be performed before the ruptured SG overfills and
the action in “PZR” must be implemented after SG overfilling. Timing to manually
open SDVs is different.

- The allowable time for “PZR” is much longer because the core is not damaged
while the S| pumps are operating.

According to the results summarized above, the re-estimated CDF following a SGTR and
total CDF are calculated to be 1.1E-08/RY and 1.0E-06/RY, respectively, which is an
increase of 1.0E-10/RY from the base case. FV importance and RAW of operator actions
for the RCS depressurization were estimated to be 7.5E-5 and 8.5, respectively. The
estimated importance measures indicate that if the actions have a success probability of 1,
the resulting CDF is decreased by 0.008% of the base case. Conversely, the CDF
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assuming no operator action to depressurize the RCS is 8.5E-06/RY, which is approximately
8.5 times of the base case CDF. The operator failure contributes less than 0.01% of the
total CDF. Likewise, human actions considered for “DEP” are identified as risk-significant.
Thus, these actions will be documented in the DCD Rev. 4 Table 19.1-119.

To maintain the success criteria mapping established in Question 19-513, the supporting
success criteria cases for SGTR from Table 19-513-8 that correspond to the successful
sequences in Figure 19.514-4 are provided in Table 19.514-4.
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Table 19.514-1 Time Sequence of SGTR Event (Time to SG Overfilling)

Event Time (min.)
SG tube rupture 0

Reactor Trip 10.0

Main Feedwater Isolation 10.0

EFW Actuation " 10.0

Main Steam Isolation Valve Close 20.0
of a ruptured loop

EFW lIsolation N2 25.0

ECCS Actuation "¢® N/A

SG Overfilling Nt 160.8

Note 1: Actuate all four EFW pumps followed by reactor trip

Note 2: Actuate EFW isolation upon detection of SG water level high

Note 3: ECCS not actuated because RCS pressure is not below the setpoint for
ECCS under this condition.

Note 4: Reach SG water volume of 7220 ft

10000

—

=

a

g 8000 - 5
4 SG Secondary Volume (7220 ft”)
e]

o

2 6000 | Ruptured SG Overfilling
)

x

<

B 4000 | Ruptured SG Isolation

o)

IS

=)

O .

> o000 | Reactor Trip .

5 and EFW Actuation

©

=

0
0 30 60 90 120 150 180 210 240

Time [min]

Figure 19.514-2 Time Variation of the Ruptured SG Water Volume
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Table 19.514-2 System Conditions for Pressure Equalization in SGTR Event

Initiating Event / Accident Sequence SGTR
Break Location A-SG
Number of Ruptured Tubes 1
Break Size 0.664 inch diameter
Number of S| Pumps (ECCS) 4/4
Number of EFW Pumps N’ 4/41to4 SGs
Number of SG Secondary Side Cooling N**? 3/4
Shv
Case 1 (1 out of 2)
Case 2 Pressurizer Auxiliary
Pressure Equalization Spray
Case 3 Depressurlzatlon_ Valve
for Severe Accident
Pressurizer Spray with
Case 4 RCP Re-starting

Note 1: EFW is supplied to all four SGs followed by reactor trip.

Note 2: SG secondary side cooling is performed using three intact SGs due to
isolation of a ruptured SG.
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Table 19.514-3 Time Following SGTR Event (Pressure Equalization)

Event Time (min.)
SG tube rupture 0
Reactor Trip 10.0
Main Feedwater Isolation 10.0
EFW Actuation 12.3
ECCS Actuation (4 SI pumps) 15.0
Main Steam Isolation Valve Close of a ruptured loop 20.0
EFW lIsolation 20.0
RCS Depressurization from the intact SGs 25.0
Case 1
Open One SDV 31.6
Close One SDV 32.4
ECCS Termination 33.0
Primary Leakage Termination 36.7
Case 2
Pressurizer Auxiliary Spray Actuation 31.6
Pressurizer Auxiliary Spray Termination 35.3
ECCS Termination 35.6
Primary Leakage Termination 39.2
Case 3
Open One DV for Severe Accident 31.6
Close One DV for Severe Accident 32.1
ECCS Termination 32.7
Primary Leakage Termination 36.3
Case 4
RCP Re-starting 36.6
Pressurizer Spray Actuation 36.6
Pressurizer Spray Termination 44.9
ECCS Termination 44.9
Primary Leakage Termination 46.8
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Table 19.514-4 SGTR Event Correspondence of Table 19.513-8 Success Criteria to Event
Tree Figure 19.514-4

Success Criteria case from SGTR Sequence number in event
section of Table 19.513-8 tree figure 19.514-4

#1

#2

#7
#12
#13
#15
#19

Al B B W N N -
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Impact on DCD

Changes associated with the original RAI response (Ref. UAP-HF-11201, dated June 30, 2011)
to DCD Table 19.1-119 were incorporated in DCD Rev.4.

As part of this amended response, DCD Table 19.1-119 will be revised as shown in the
attached markup. The changes to DCD Table 19.1-15 (No. 3.7 and 3.8) discussed in this
amended response are included in the markup provided with the amended response to RAI
750-5675 Question 19-513.

The PRA results in the DCD will be updated as part of the next revision of the PRA. Figure
19.514-4 will be used as the SGTR event tree in the next revision of the PRA. After the PRA s
revised, then DCD Figure 19.1-1 sheet 5 will be revised to be consistent with Figure 19.514-4.

Impact on R-COLA

R-COLA Part 2 FSAR Table 19.1-119R will be revised to be consistent with DCD Table
19.1-119.

Site-specific PRA model and results will be updated after the DCD PRA is revised.

Impact on PRA

SGTR event tree and the success criteria will be revised to incorporate the discussion in this
RAI response. As discussed in this response, the model change has an insignificant impact on
the PRA results and risk profile.

Impact on Topical/Technical Report

US-APWR PRA Technical Report (MUAP-07030) will be revised to reflect the updated PRA
modeling and results in the next revision.
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19. PROBABILISTIC RISK ASSESSMENT

AND SEVERE ACCIDENT EVALUATION

US-APWR Design Control Document

Table 19.1-119  Key Insights and Assumptions (Sheet 26 of 51)

Key Insights and Assumptions

Dispositions

35.

36.

37.

Misalignment of remote-operated valves (e.g. motor-operated
valves, air-operated valves), pumps and gas turbine generators after
test and maintenance will be fixed before initiating events occur.
Remote-operated valve open/close positions and control switch
positions are monitored in the main control room, so they will be
detected in a short time.

The controls and displays available in the US-APWR control room
are superior to conventional control room HSIs and, therefore,
human error probabilities in the US-APWR operation would be less
than those in conventional plants.

In the SGTR event, operators perform at least one action in addition

to the termination of Sl to equalize primary and secondary pressure
after the ruptured SG isolation.

- Open safety depressurization valves

- Start pressurizer auxiliary spray

- Open depressurization valves for severe accident

- Actuate pressurizer spray by restarting RCPs

19.1.4
19.15

COL 13.5(5)
COL 13.5(6)

Chapter 18
19.1

19.2.5
COL 13.5(6)
COL 19.3(6)

Tier 2

19.1-933

DCD_19-514
S01
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